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Abstract 

Key load-bearing reinforced concrete (RC) members might be against accidental 

impact loadings during their service period. The impact resisting-performance of these 

structural components shall therefore be properly evaluated for accidental dynamic 

loads. To ensure the structural safety, there is an increasing need to improve the 

crashworthiness of key structural components which are at risk from dynamic impact 

loads. Ultra-high performance fibre reinforced concrete (UHPC) with superior 

mechanical properties and damage tolerance demonstrated good impact and blast 

resistance. As an emerging material with a specially formulated mixture, a thorough 

understanding of its mechanical performance against quasi-static and impulsive 

loadings is deemed necessary. Towards this aim, a series of well-instrumented 

experimental tests and high-fidelity numerical studies are conducted in this study. 

UHPC and its application in structural protective design against low-velocity lateral 

impact loads are systematically studied.  

Chapter 1 presents the background, motivation, objective and outline of the 

current work.  

Chapter 2 provides a literature review on current study of impact load induced 

structural responses of RC and UHPC members.  

In Chapter 3, axially loaded UHPC and RC components with mono fibre 

reinforcement were tested against lateral impact loads. The drop weight test was 

carried out through a drop hammer collided the component from varying heights. 

UHPC components exhibited minor flexural damage, whereas RC components failed 

primarily by shearing. To further interpret the experimental data, associated numerical 

simulation was proposed. A Continuous Surface Cap Material model (CSCM) that 



 

2 

 

considered material triaxial strength, strain rate behaviour, compressive and tensile 

properties was developed for UHPC material. After numerical validation, the residual 

loading capacity of the UHPC members after impact loads was investigated through 

plenty of numerical tests. Impact mass-velocity (M-V) diagram and its equations were 

proposed to quick assess the damage of UHPC members.  

After confirming the effectiveness of UHPC components in resisting the lateral 

impact loads, fibre reinforcement effect in UHPC was studied to achieve better cost-

effectiveness. In Chapter 4, material property tests were conducted on UHPC with 

varying fibre reinforcing schemes. As compared to mono type fibre reinforcement, 

hybrid fibre reinforcement demonstrated better mechanical strength, especially the 

flexural strength. With notched three-point bending test results, tensile softening 

curves of UHPC were obtained, which was then used to quantify the fracture energy 

of UHPC strengthening with hybrid fibres. Then, the dynamic behaviour of RC 

members and UHPC members with mono and hybrid fibre reinforcement were 

experimentally characterized through the drop weight tests.  

The high mechanical strength and material ductility of UHPC enables structural 

design with reduced section size and alternative reinforcement. New structural 

designs, including hollow-core UHPC columns, steel wire mesh reinforced UHPC 

columns, are investigated against impact loads in Chapter 5. The impact 

performances of these UHPC members were experimentally and numerically 

examined. With the validated numerical model, energy absorption curves, dynamic 

shear force and bending moment distribution diagrams were derived. Based on 

current data, the cracking and shear failure mechanisms of UHPC members were 

studied.  
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To date, the application of UHPC in construction is hindered by the raw material 

cost and lack of design guidelines. Towards a more effective use of UHPC in structural 

protective design, in Chapter 6, structural strengthening with UHPC overlay was 

investigated based on drop-weight impact testing. Bonded and unbonded UHPC 

overlay with the RC component was considered. While both designs can improve the 

shear resisting performance of RC components, the unbonded strengthening design 

prevented early tensile cracking in the UHPC overlay; hence maximised the impact 

resistance and energy absorption of the strengthening overlay.  

Chapter 7 summaries the overall findings of the study and discuss future 

research work. 
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