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ABSTRACT 
 

     A two-stage finite element framework was employed to examine the impact and 
post-impact behaviour of axially preloaded circular hollow steel tubular (HST) members. 
During the first stage, axial preload and lateral impact were applied simultaneously, 
while in the second stage, the impact-induced deformation, stress, accumulated plastic 
deformation, and damage fields were transferred to a displacement-controlled axial 
analysis to evaluate the remaining bearing capacity. The ABAQUS/Explicit model was 
verified against available experimental data and showed satisfactory agreement in 
terms of the peak impact force, force–time history, and deformation pattern. The 
subsequent parametric investigation independently considered variations in impact 
mass, drop height, and impact location at axial preload levels of 0%, 10%, and 25%. 
The results showed that increasing the axial preload intensified local deformation and 
reduced both the impact resistance and residual bearing capacity. Even without axial 
preload, impact damage caused an approximately 39% reduction in axial capacity. 
Increasing either the impact mass or drop height increased the maximum deflection 
and damage index, with the detrimental effect becoming substantially more pronounced 
at higher axial preload levels. Moving the impact location towards the support increased 
the peak impact force but reduced the global deflection and overall capacity loss 
because of the higher local stiffness; however, severe localised folding developed near 
the support. Overall, the study highlights the interaction between impact severity and 
axial pre-compression in governing the post-impact performance of HST members and 
provides useful insight for damage assessment of impact-damaged steel tubular 
structures. 
  
Keywords: Hollow steel tubular members; low-velocity impact; impact mass; impact 
height; impact location; residual axial load-bearing capacity. 
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1. INTRODUCTION 
 
    Tubular members are extensively employed across a broad range of engineering 
applications. (MKK Metal, n.d.; Wardenier, 2000). They are commonly employed as 
load-carrying structural members, such as columns, and as scaffolding during the initial 
stages of construction (Chan, Gardner, & Law, 2010; Indian Association of Structural 
Engineers, 2021; Steel Tube Institute of North America, 2021). Tubular members are 
also used in pedestrian-safety structures, including railings and traffic or pedestrian 
bollards. Another important application is in pipelines, where they facilitate the efficient 
transportation of gases, hydrocarbons, and water (Nathan, Kulkarni, & Ahuja, 2013). 
Depending on their intended function and application, tubular members may be 
manufactured from different materials, including aluminium, mild steel, stainless steel, 
and, more recently, bimetallic materials. Among these, mild steel is the most commonly 
used material, whereas stainless steel is generally preferred in applications requiring 
higher strength. 

Throughout their operational life, tubular members may experience several 
forms of damage, with accidental impact representing a particularly significant concern 
(Norman Jones, 2011). Impact loads are generally accidental in nature, and most 
tubular structures are not specifically designed to resist such loading conditions (Seica, 
Packer, & Yankelevsky, 2019; Yu & Amdahl, 2018). The resulting damage depends 
mainly on the type and intensity of the impact. Therefore, from a design perspective, it 
is important to understand the deformation and failure modes that may develop in 
tubular members under impact loading (Ravaliya, Kumar, & Gupta, 2023; R. Zhang et 
al., 2025; R. Zhang, Zhi, & Fan, 2018a). Such understanding is necessary for the 
development of safer and more impact-resistant structural systems. Furthermore, it is 
equally important to determine whether an impact-damaged tubular member retains 
sufficient load-carrying capacity after the impact event. The evaluation of its residual 
strength can support the selection of an appropriate retrofitting strategy and enable 
prompt decisions regarding the continued use, repair, strengthening, or replacement of 
the damaged structure (Ravikumar & Thandavamoorthy, 2014; Xing, 2026; Zhao & 
Zhang, 2007). 
  Previous studies have examined the response of HST members under impact 
load by considering variations in boundary conditions and impact velocity, together with 
the development of rigid–plastic analytical models. (Jilin & Norman, 1991; N Jones & 
Shen, 1992; Ong & G, 1996) When HST members are employed as load-carrying 
columns, they are generally subjected to a pre-existing axial compressive load before 
any accidental lateral impact occurs. Accordingly, the present study focuses on mild-
steel HST members under combined axial preload and lateral impact, with particular 
emphasis on the interaction between these two loading actions. When an HST member 
is used as a structural column, it generally carries an existing axial load before being 
subjected to an accidental lateral impact. Pioneering experimental studies by 
Zeinoddini, Harding, & Parke, 2008; Zeinoddini, Parke, & Harding, 2002 employed a 
spring-assisted loading system to maintain the prescribed axial preload throughout the 
impact event. Their results demonstrated that axial preloading can significantly impair 
the impact performance of tubular members. Similar observations were subsequently 
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reported by   Sangani & Agarwal, 2026b, 2026a who additionally investigated the 
effects of projectile deformability, column length, and member stiffness. Finite element 
analysis (FEA) using commercial software has also been widely employed to reproduce 
the experimentally observed response. However, accurately representing complex 
contact interactions, material nonlinearity, and damage evolution remains challenging. 
A notable contribution in this regard was made by Al-Thairy & Wang, (2011) who 
numerically reproduced three principal failure modes: global buckling associated with 
the impact region, tensile tearing, and shear failure. Similar failure mechanisms were 
also successfully captured by Ravaliya & Gupta, (2024). 
 HST members subjected to impact may retain a certain level of residual 
strength; therefore, several researchers have investigated the axial load-carrying 
capacity remaining in impact-damaged specimens for different material and loading 
conditions (Cui, Zhai, & Meng, 2023; Noble, Nogal, Connor, & Pakrashi, 2015; Ravaliya 
& Gupta, 2026; Sangani & Agarwal, 2026a; B. Zhang & Yan, 2026). Although this 
residual capacity can be assessed experimentally in a relatively straightforward manner, 
its numerical evaluation is more challenging because the impact-induced stress, 
deformation, and damage states must be accurately transferred to the subsequent 
axial-loading analysis. Cui et al., 2023 and Ravaliya & Gupta, 2026 assessed the 
residual axial capacity of impact-damaged HST members and proposed a simplified 
formulation for its prediction. However, a significant research gap remains. Although the 
individual effects of several structural and impact-related parameters have been 
examined previously, the combined influence of impact-severity parameters, such as 
impact mass, drop height, and impact location, together with varying levels of axial 
preload, on the post-impact performance of HST members has not yet been 
systematically investigated. Addressing this gap constitutes the primary objective of the 
present study. 
 
2. FEA METHODOLOGY FOR IMPACT RESPONSE AND RESIDUAL BEARING 
CAPACITY 
 
     The post-impact damage assessment of circular HST members was evaluating  
using the nonlinear finite element software ABAQUS/Explicit (Dassault Systèmes, 
2021). Prior to describing the detailed modelling procedure, the adopted loading 
sequence is introduced to clarify how the impact response and the remaining axial 
load-carrying capacity were evaluated within the numerical framework. The complete 
loading procedure is illustrated in Fig. 1. 

The numerical analysis consists primarily of two stages. During the first stage, 
the HST member was exposed concurrently to axial preload and lateral impact. The 
axial preload is defined as a percentage of the initial axial load-bearing capacity of the 
undamaged member. Three preload levels, namely 0%, 10%, and 25%, are considered. 
Ravaliya & Gupta, 2026 assessed the impact and post-impact performance of HST 
members under varying axial preload. They reported a comparatively stable response 
up to 25% axial preload, followed by rapid degradation at higher preload levels. 
Accordingly, the present investigation is limited to axial preload levels of 0%, 10%, and 
25%. The axial preload is applied using a predefined amplitude Depending on the 
available reference data, this amplitude followed the experimentally measured load-cell 
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history or incorporated limited relaxation to represent the practical variation in 
maintaining the target axial load during impact (Cui et al., 2023). After completion of the 
impact stage, the impact force, lateral displacement, deformation characteristics, and 
resulting failure mode were evaluated. 
 

 

 
 

Fig. 1. FEA Loading Sequence for evaluating the post-impact residual strength of 
tubular members 

 
In the second stage, the axial resistance retained by the impact-damaged 

member was evaluated. The deformed configuration, stress field, plastic strain, and 
damage variables generated during the impact analysis were imported into a 
subsequent axial-loading step through the predefined initial-state option. Displacement-
controlled compression was then imposed at the same end used for applying the initial 
axial preload. The axial reaction was monitored throughout this stage, and its maximum 
value was taken as the residual bearing capacity (RBC) of the damaged HST member. 
This sequential procedure therefore allowed the impact response and the remaining 
axial load-carrying performance to be evaluated within a single numerical framework. 
 
     2.1 FEA Model Validation 
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     The finite element model adopted for the impact stage was verified using the 
experimental and numerical results of Li et al., (2019) for ultra-high-strength circular 
hollow steel tubes subjected to lateral impact while carrying an axial preload. The same 
sequential loading procedure described in the preceding section was adopted to 
reproduce the combined axial preload and impact conditions. In the reference 
experiments, an axial preload corresponding to 30% (32900 kN) of the axial load-
carrying capacity of the member was maintained during the impact event. Two 
specimens, designated T1 and T2, were considered for validation, and their geometric, 
material, and loading parameters are given in Table 1.   
 
Table 1: Geometric, material, and impact parameters of the specimens used for 
validation and comparison of peak impact forces 
 

Specimen -
ID 

(D × t) [mm] 

Axial 
Load 
level 
[in %] 

Impact 
Mass 
[kg] 

Impact 
Velocity 

[m/s] 

Yield 
Stress 
[MPa] 

Ultimate 
Stress 
[MPa] 

Peak 
Impact 
Force 
[kN] 

(Exp.) 

Peak 
Impact 

Force [kN] 
(FEA result 
of current 

simulation) 

T1 
(31.8 ×1.75) 

0.3 72 4.427 1283 1449 35.4 35.72 

T2 
(31.8 ×1.75) 

0.3 72 5.202 1283 1449 36.9 37.78 

 
 

 
 

Fig. 2: FEA Model for as per Li et al. (2019) experimental test set up 
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The steel tube was modeled as a deformable body using eight-node reduced-

integration solid elements (C3D8R-1mm mesh size at impact location , other region 
3mm). The impactor and end clamps were treated as rigid bodies and discretised using 
four-node rigid surface elements (R3D4). As shown in Fig. 2, the impactor had a 
rounded nose with a diameter of 30 mm and struck the tube at its mid-span. Surface-to-
surface contact was defined between the impactor and the steel tube. Hard contact was 
adopted in the normal direction, while a friction coefficient of 0.15 was specified for the 
tangential interaction. Contact between the tube and the rigid clamps was similarly 
defined, with a friction coefficient of 0.30. One end of the tube was fully restrained, 
whereas the opposite end was permitted to translate only in the axial direction to 
facilitate the application of the prescribed axial preload. The lateral translational 
degrees of freedom at this end were restrained, and the tube end was kinematically 
coupled to the loading reference point. The numerical configuration, including the 
specimen geometry, impactor dimensions, boundary conditions, and loading, is 
presented in Fig. 2. 
 

The predicted impact force–time histories for specimens T1 and T2 are 
compared with the experimental and numerical results of Li et al. (2019) in Fig. 3. For 
specimen T1, the experimentally measured peak impact force was 35.4 kN, whereas 
the present simulation predicted a value of 35.72 kN, corresponding to a difference of 
approximately 0.90%. For specimen T2, the experimental and predicted peak forces 
were 36.9 and 37.78 kN, respectively, resulting in a difference of approximately 2.38%. 
In addition to the peak forces, the present numerical model satisfactorily reproduced 
the overall development of the impact force, including the initial force rise, peak 
response, and subsequent unloading stage. 

 

 
 

Fig:3 Comparison of Impact-time history for validation of FEA model 
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Fig 4: Comparison of deflected shape for validation of FEA model  
 

The final deformation profiles and cross-sectional distortions obtained from the 
present simulation are compared with the experimental observations and numerical 
results reported by Li et al. (2019) in Fig. 4. The close agreement in the force–time 
response, peak impact force, and final deformation pattern confirms the reliability of the 
developed FEA model for simulating the impact response of axially preloaded HST 
members. The slight discrepancy observed in the force–time history is primarily 
attributed to differences in the boundary conditions and contact interaction between the 
tube and the clamps. These differences produce a comparatively stiffer numerical 
response, causing the drop hammer to rebound slightly earlier than in the experiment. 
Nevertheless, this deviation does not compromise the overall validity of the model, 
which is considered sufficiently reliable for the subsequent parametric investigation of 
impact-severity parameters. 
 
3. EFFECT OF IMPACT SEVERITY 
 

3.1 FEA Model for Impact-Severity Analysis 
For analyzing the effect of impact-severity parameters on circular HST 

members, a knife-edge impactor was considered. The loading sequence, material 
modelling, and contact definitions were adopted according to the numerical framework 
described in the preceding section. The knife-edge geometry was selected based on 
impactor configurations considered in the DET NORSKE VERITAS (DNV), (2010) 
recommendations for subsea pipeline impact assessment. Unlike conical impactors 
(Ravaliya & Gupta, 2024), which may cause highly concentrated penetration, or flat and 
hemispherical impactors (Nasery, Ağacakoca, & Yaman, 2020; Ravaliya & Gupta, 
2025; R. Zhang, Zhi, & Fan, 2018b; X. Zhang et al., 2023), the selected knife-edge 
impactor produces a distinct localized deformation pattern and is therefore suitable for 
examining the influence of impact severity. The circular HST member had an outer 
diameter of 100 mm, thickness of 4 mm, and a clear span of 1 m. The knife-edge 
impactor had overall dimensions of 300 mm × 100 mm × 100 mm, with an included 
edge angle of 90°. The impactor mass and initial velocity were assigned through its 
reference point, while both ends of the tubular member were kinematically coupled to 
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their respective end sections. The complete geometrical configuration, boundary 
conditions, and impactor dimensions are illustrated in Fig. 5. 
 

 
 

Fig. 5: Schematic representation of the circular HST member subjected to knife-edge 
impact 

 

 
 

Fig. 6: Mesh-convergence assessment 
 

A mesh convergence study was conducted to determine an element size that 
provides an appropriate balance between computational efficiency and accuracy. Since 
eight-node reduced-integration solid elements (C3D8R) were employed, sufficient 
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refinement was required in the impact region to accurately capture localized 
deformation and to minimise possible hourglass-related numerical effects (Kumbasar & 
Gider, 2021; Sun, 2006). Accordingly, a locally refined mesh was adopted near the 
impact location and the supports, while a comparatively coarser mesh was used in the 
remaining regions of the tube. The peak impact force and mid-span deflection were 
selected as the principal response parameters for assessing mesh convergence. As 
shown in Fig. 6 and Table 2, both responses gradually converged with increasing mesh 
density. Although further mesh refinement produced only minor changes in the 
predicted response, it resulted in a substantial increase in computational time. 
Therefore, the L2–G4 mesh configuration, consisting of a 2 mm local mesh and a 4 mm 
global mesh, was selected for the subsequent parametric analyses. This configuration 
provided satisfactory accuracy while maintaining reasonable computational efficiency. 
 

Table 2: Mesh-convergence study 
Mesh Size No. of Elements Impact Force 

(kN) 
Deflection 

(mm) 
Time (hr) 

G4 18648 104.15 75.44 0.176 

L3-G6 21008 106.37 80.98 0.207 

G3 33400 105.17 78.95 0.319 

L2-G4 94800 117.61 61.62 0.945 

G2 150000 113.81 61.47 1.25 

L1-G4 504000 115.38 60.28 7.48 

G1 1200000 115.66 60.29 13.82 

L= Local seeding, G=Global seeding (G4 =means 4mm global mesh size , 
L2= means 2mm local mesh size at selected region (see Fig. 7) 
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Fig. 7: Local and global mesh-seeding scheme adopted for the circular HST member 
 

The adopted mesh distribution is shown in Fig. 7. A local element size of 2 mm 
was assigned to a 100 mm-long region centered at the impact point and to 50 mm-long 
zones adjacent to each support. The remainder of the tubular member was discretised 
using a global mesh size of 4 mm. The total simulation time was 0.05 s, and all 
analyses were performed using an 18-core high-performance computing system. The 
steel tube was represented by an elastic–plastic constitutive model combined with 
displacement-based ductile damage evolution. The material and damage inputs for 
S355 steel were taken from Al-Thairy & Wang, (2011), with yield strength, ultimate 
tensile strength, and failure strain values of 388.75 MPa, 696.68 MPa, and 0.65, 
respectively. Because the damage-evolution parameter is related to the characteristic 
element length, the specified failure strain was transformed into an equivalent failure 
displacement. For the 2 mm elements used in the refined impact zone, the effective 
displacement at failure was obtained as 1.30 mm. 
 

3.2 Influence of Axial Preload on Baseline Impact and Post-Impact Response 
A reference configuration was established to examine the response of circular 

HST members at different axial preload levels. The member was impacted at mid-span 
by a 500 kg impactor released from a height of 1 m, providing an impact energy of 4.9 
kJ. Three axial preload levels, namely 0% AP (without axial preload), 10% AP, and 
25% AP, were investigated. The undamaged member had an axial load-bearing 
capacity of 475 kN; therefore, the applied axial preloads were 0, 47.5, and 118.75 kN 
for the 0%, 10%, and 25% AP cases, respectively. This reference case was used to 
examine the influence of axial preload on both the impact response and the residual 
bearing capacity. Subsequently, impact mass, drop height, and impact location were 
varied independently under each axial preload level, while all other parameters were 
maintained at their reference values.  

 

 
 

Fig. 8: Impact force characteristics and corresponding damage patterns under axial 
preload 
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Fig. 8 presents the impact force–time histories and corresponding deformation patterns 
for the three axial preload levels. The peak impact force decreased progressively with 
increasing axial preload because of the pre-existing compressive stress within the 
member. This trend was also reflected in the corresponding deformation patterns, in 
which increasing axial preload resulted in more pronounced localized deformation at 
the impact region. In all three cases, the knife-edge impactor produced localized 
indentation and folding across the diameter of the HST member. The resulting impact-
induced deformation subsequently influenced the post-impact axial behaviour of the 
member. 
 

 
 

Fig. 9: Comparison of post-impact performance and final failure configurations for 
different axial preload levels. 

 
Fig. 9 presents the post-impact response and final deformed configurations obtained 
during the residual bearing capacity assessment. Even in the absence of axial preload 
during impact, the residual bearing capacity was approximately 39% lower than the 
axial capacity of the undamaged member, demonstrating the significant influence of 
impact-induced damage. A further progressive reduction in residual capacity was 
observed as the axial preload increased from 10% to 25%. The final deformation 
patterns also showed that specimens subjected to higher axial preload experienced 
more severe localized bending. These observations confirmed the detrimental effect of 
axial preload on both the immediate impact response and the post-impact load-carrying 
capacity of circular HST members. In the subsequent parametric study, impact mass, 
drop height, and impact location were varied one at a time for each axial preload level. 
While one impact-severity parameter was changed, all other loading, geometric, and 
material parameters were kept identical to those of the reference case. 
 

3.3 Effect due to Impact Mass 
The influence of impact mass was investigated by considering impactor masses 

of 500, 800, and 1200 kg while maintaining the other loading parameters unchanged. 
An increase in impact mass resulted in a higher impact energy and consequently 
intensified the deformation and damage sustained by the HST member. The impact-
stage response was evaluated using the peak impact force and maximum mid-span 
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deflection, whereas the post-impact performance was assessed in terms of the residual 
bearing capacity (RBC) and damage index (DI). The damage index was defined as a 
normalised measure of capacity loss: 
 

 
 
Accordingly, represents an undamaged condition, whereas indicates 

complete loss of axial load-bearing capacity. 
 

 
 

Fig. 10 Variation in peak impact force and maximum deflection with impact mass at 
different axial preload levels. 

 
 

 
 

Fig. 11 Variation in residual bearing capacity and damage index with impact mass for 
different axial preload levels. 
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Fig. 10 shows the variation in peak impact force and maximum deflection with 

impact mass at different axial preload levels. For the 0% and 10% AP cases, the peak 
impact force increased with increasing impact mass. However, at 25% AP, the increase 
was comparatively limited, and a slight reduction was observed at the highest impact 
mass. This behaviour indicated that the highly preloaded member had already 
undergone substantial stiffness degradation and was therefore unable to develop a 
higher contact force. In contrast, the maximum mid-span deflection increased 
consistently with impact mass for all axial preload levels. The increase became more 
pronounced at higher preload levels, with the 25% AP case exhibiting the largest 
deformation. Thus, the combined increase in impact mass and axial preload 
considerably intensified the impact-induced deformation.  
 

Fig. 11 presents the residual bearing capacity and corresponding damage index 
after impact. At 0% AP, the RBC decreased from 293.25 kN for the 500 kg impactor to 
219.75 kN for the 1200 kg impactor. A more substantial reduction was observed in the 
presence of axial preload. At 25% AP, the residual capacity decreased from 154.74 kN 
at 500 kg to only 26.26 kN at 1200 kg. Correspondingly, the damage index increased 
from 0.39 to 0.54 for the 0% AP cases and from 0.68 to 0.95 for the 25% AP cases. 
These results demonstrated that impact mass had a significant adverse effect on post-
impact axial capacity, particularly when combined with a higher axial preload. The 
specimen subjected to a 1200 kg impactor and 25% AP retained only a small fraction of 
its original capacity, indicating a near-complete loss of structural functionality. 
 

3.4 Effect due to Impact Height 
 The effect of impact height was investigated by considering drop heights of 0.5, 
1.0, and 1.5 m for each axial preload level. Only the impact height was varied, while the 
impactor mass (500kg), impact location (Mid-span), specimen geometry, and other 
modelling parameters were maintained at their reference values.  
Since the impactor mass remained constant, increasing the drop height directly 
increased the impact energy. 
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Fig. 12 Variation in peak impact force and maximum deflection with impact height at 

different axial preload levels. 
 
Fig. 12 presents the variation in peak impact force and maximum mid-span deflection 
with impact height. The peak impact force increased consistently with increasing impact 
height for all axial preload levels. However, at a given impact height, the peak force 
decreased as the axial preload increased, indicating a reduction in the impact 
resistance of the preloaded member. The maximum deflection also increased with 
impact height, with the largest values observed for the 25% AP cases. This trend 
demonstrated that the combined effect of greater impact energy and axial preload 
intensified the deformation of the HST member. 
 
 

 
 
Fig. 13 Post-impact axial capacity and corresponding damage index under varying drop 

heights and axial preloads. 
Fig. 13 shows the variation in residual bearing capacity and damage index with impact 
height. At 0% AP, the residual capacity decreased from 388.65 kN at a drop height of 
0.5 m to 249.38 kN at 1.5 m. The reduction became more pronounced in the presence 
of axial preload; at 25% AP, the residual capacity decreased from 242.03 to 98.80 kN 
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over the same height range. Correspondingly, the damage index increased from 0.19 to 
0.48 for the 0% AP cases and from 0.50 to 0.80 for the 25% AP cases. These results 
confirmed that increasing the impact height adversely affected the post-impact axial 
capacity, particularly when combined with a higher axial preload. 
 

3.5 Effect due to Impact Location 
The effect of impact location was investigated by considering three positions 

along the member length: mid-span , quarter-span , 

and near-support  (Fig 14). The impact position was shifted 

progressively towards the sliding support, while the impactor mass (500kg), drop height 
(1m), and all other modelling parameters were maintained at their reference values. To 
maintain consistent discretization, local mesh refinement was applied over a 100 mm 
region centered at each impact location, in addition to the refined regions near the 
supports. 
 
 

 
Fig. 14 Impact locations considered along the circular HST member 

 

 
Fig. 15. Effect of shifting the impact position on peak force and maximum deflection. 
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Fig. 16. Post-impact axial capacity and damage index for varying impact positions. 
 
The peak impact force increased as the impact location moved from mid-span 

towards the support, whereas the maximum deflection decreased as shown in Fig. 15. 
This behaviour was observed at all axial preload levels. The shorter distance between 
the impact point and the support restricted global bending deformation and produced a 
comparatively stiffer impact response. Consequently, the near-support impact 
generated the highest impact force but the lowest lateral deflection. In contrast, the 
mid-span impact allowed greater global deformation and therefore produced the largest 
deflection. The residual bearing capacity also increased as the impact location 
approached the support. For the 0% AP case, the RBC increased from 293.25 kN at 
mid-span to 335.37 kN at . A similar trend was observed for the 10% and 25% AP 

cases. Correspondingly, the damage index decreased from 0.39 to 0.30 at 0% AP and 
from 0.68 to 0.62 at 25% AP. These results indicate that the reduced global 
deformation associated with near-support impact limited the overall loss of axial 
capacity. 
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Fig. 17 corresponding deformation patterns at various impact locations. 
  

However, the final deformation patterns showed increasingly localised distortion as the 
impact location approached the support. Although the near-support specimen retained 
a comparatively higher RBC, the concentrated folding and severe local deformation 
may result in an unstable damage condition that is less suitable for practical repair or 
continued structural use. Therefore, the residual bearing capacity alone should not be 
used to evaluate post-impact performance; the nature and location of the resulting 
failure mode should also be considered. 
 
4. CONCLUSIONS 
 
The present study evaluated the impact-stage response and post-impact axial capacity 
of circular HST members subjected to different axial preload levels. A validated two-
stage finite element framework was employed, in which impact mass, drop height, and 
impact location were varied independently for each preload condition. The principal 
findings obtained from the numerical investigation are summarised as follows: 

• Increasing the axial preload reduced the peak impact resistance and residual 
bearing capacity while intensifying local deformation. Even without axial preload, 
the impacted member experienced an approximately 39% reduction in axial 
capacity (Fig. 9) 

• Increasing the impact mass or drop height increased the impact energy, 
maximum deflection, and damage index, while progressively reducing the 
residual bearing capacity of the HST member. (Section 3.3 and Section 3.4) 

• The detrimental influence of impact severity was considerably amplified by axial 
preload. The most critical response occurred for the 1200 kg impactor combined 
with 25% axial preload, for which the damage index reached 0.95, indicating an 
almost complete loss of the original axial load-carrying capacity.(Fig. 11) 

• Moving the impact location from the mid-span towards the support increased the 
peak impact force but reduced the global deflection and overall capacity loss 
because of the higher stiffness near the support. (Fig. 15 and Fig. 16) 

• Although near-support impact resulted in a comparatively higher residual 
capacity, it produced severe localised folding near the support (Fig. 17). 
Therefore, the residual bearing capacity alone is insufficient for post-impact 
assessment, and the associated deformation and failure mode must also be 
considered. 
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