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Abstract: Twenty-four full-scale tests were carried out in order to investigate the post-fire behaviour of UHPCFST stub 9 

columns under axial compression after being exposed to elevated temperatures. The test parameters include cross-sectional 10 

size, heating mode, steel fibre content, and coarse aggregate content. The failure modes, cross-sectional historical 11 

maximum temperatures, axial load-deformation curves, and residual compressive capacities of the specimens are analysed. 12 

The test results revealed non-uniform and nonlinear distributions of the cross-sectional historical-max temperatures. It is 13 

found that the effect of historical temperature on the residual capacity of a UHPCFST column is more obvious with the 14 

increase of the heating rate and decrease of the cross-sectional size. Inspired by the concept of average temperature method 15 

under fire, a method for calculating the post-fire residual load capacity of CFST columns was proposed based on the 16 

average historical-max temperature of the cross-section. High accuracy has been found for using the proposed calculation 17 

method, therefore the work could serve as a reference for the post-fire assessment and strengthening of UHPCFST stub 18 

columns. 19 

 20 
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 22 

Nomenclature 23 

0N ,
maxTN  ultimate capacity of CFST column at room and after elevated temperature, respectively 

,TsN ,
max,s TN  ultimate capacity of steel tube at room and after elevated temperature, respectively 

,TcN ,
max,c TN  ultimate capacity of core concrete at room and after elevated temperature, respectively 

sA , cA  area of steel and concrete, respectively 

cT , sT  temperature of steel tube and core concrete, respectively 

cT , sT  average temperature of steel tube and core concrete, respectively 

,maxcT , ,maxsT  historical maximum temperature of steel tube and core concrete, respectively 

,maxcT , ,maxsT  average historical maximum temperature of steel tube and core concrete, respectively 

,Tsk , ,Tck  strength reduction factor of steel and concrete at elevated temperature, respectively 

,c Tk ,
max,c Tk  equivalent strength reduction factor of concrete at and after elevated temperature, respectively 

ckf , 
max,ck Tf  prism compressive strength of concrete at room and after elevated temperature, respectively 

sf ,
max,s Tf  yield strength of steel tube at room and after elevated temperature, respectively. 
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1 Introduction 1 

A building inevitably losses its original structure performance after being exposed to fire, which becomes a severe 2 

threat to the safety of human life if continuously using the damaged structure. However, demolishing buildings after fire 3 

could cause unnecessary waste of resources and environmental pollution. Therefore, evaluating the post-fire residual 4 

mechanical properties of structures is essential for sustainable development. Ultra-High performance concrete (UHPC) is 5 

usually with high strength, low porosity, and high durability [1, 2], which can effectively reduce the concrete consumption 6 

and meet the concept of ‘use less and last long’. However, UHPC has low ductility [3, 4] and is likely to experience explosive 7 

spalling at elevated temperatures [5-8] , which reduces its engineering reliability. The UHPC filled steel tube (UHPCFST) 8 

is such that the UHPC is filled into the steel tube. The confinement of the steel tube prevents the core UHPC from burst 9 

and enhance the ductility of UHPC. Meanwhile, the steel tube is less likely to buckle with the support of core UHPC, 10 

which makes it easier for repairing and strengthening after elevated temperatures. 11 

After being exposed to uniform fire, the post-fire structural performance of an UHPCFST column is related to the 12 

maximum temperature that every position of the cross-section is ever achieved during the heating and cooling phases, 13 

namely, the cross-sectional historical-max temperature field[9, 10], which is non-uniform and nonlinear within the cross-14 

section due to the thermal inertia of concrete. Therefore, the fire-induced deterioration of concrete materials is also non-15 

uniform and nonlinear, which brings huge challenges for predicting the post-fire structural performance of UHPCFST. 16 

Extensive studies [11-22]  have been carried out on the post-fire performance of CFST structures, covering parameters such 17 

as combustion mode, fire duration, and cross-sectional size, thickness of fire protection layer, steel strength, and non-18 

uniform fire distribution. However, the proposed empirical formula for predicting the residual load capacity of the CFST 19 

stub column was usually curve-fitted based on the tested and FEM results, which has little physical meaning, and its 20 

accuracy and scope of application are highly dependent on the quality of the regression samples. In addition, the previous 21 

studies mainly focused on the normal concrete with a strength below 80MPa. Compared to the normal strength concrete, 22 

UHPC has better thermal conductivity due to lower porosity [23, 24], thus the historical-max temperature field of the 23 

UHPCFST would be significantly different from CFST filled with normal concrete. The water in UHPC is hard to 24 

evaporate during the heating process, and the secondary pozzolanic reaction happens to the core UHPC with the unescaped 25 

water, leading to the improvement of the strength of core UHPC when the historical-max temperature is below a specific 26 

temperature (up to 600 ℃) [25-27]. Unlike UHPC, the strength of normal concrete continuously decreases with the increase 27 

of temperature. Different historical-max temperature fields and high temperature deterioration between UHPC and normal 28 

concrete will inevitably lead to the different post-fire performance. Thus, directly applying the existing research findings 29 

of normal CFST to UHPCFST would be questionable. 30 

In order to investigate the post-fire performance of UHPCFST columns, a total of Twenty-four full-scale UHPCFST 31 

stub columns were tested under axial compression load after being exposed to elevated temperatures. The test parameters 32 

include cross-sectional size, heating mode, steel fibre content, and coarse aggregate content. The cross-sectional historical-33 

max temperatures, axial load-deformation curves, failure modes, and residual compressive capacities of the specimens are 34 

analysed. A method for calculating residual bearing capacity of CFST columns after elevated temperatures has been 35 

proposed, where the novelty is that the residual bearing capacity is calculated based on the average historical-max 36 

temperature of the steel and concrete core cross-sections.  37 

2 Test program 38 

2.1 Specimen design 39 

The research parameters include cross-sectional size, heating mode, steel fibre content, and coarse aggregate content, 40 

which affect the historical-max temperature field and post-fire behaviour of UHPCFST columns. More specifically, two 41 
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steel tube diameters (D=219mm, 377mm), two heating modes (following ISO-834 standard curve and linear heating curve), 1 

Based on our previous work on the development of UHPC containing coarse aggregate and steel fibre volume[23, 28],two 2 

levels of steel fibre content (Vsf =0%, 2%) and three levels of coarse aggregate content (Vca =0%, 15%, 30%) were tested. 3 

As shown in Fig. 1, in T1 heating mode, the specimens were heated following the ISO-834 standard fire curve in the first 4 

3 hours and cooled down with the rate of 4.167℃/min under ISO-834 standard heating mode, which is the recommended 5 

heating mode in codes and widely adopted by other researchers [13,31]. In addition, in T2 heating mode the specimens were 6 

heated linearly up to 1000℃ in 3 hours with the rate of 5.4℃/min and cooled down with the rate of 4.167℃/min, which 7 

is designed as a comparison to standard fire to study the post-fire behaviour of the specimen subjected to a non-standard 8 

fire. A total of Twenty-four circular UHPCFST stub columns were prepared. The specimens were labelled as SiCAj-Tk-m, 9 

where S denotes the steel fibre and i refers to the corresponding volume fraction, CA indicates the coarse aggregate and j 10 

is the volume fraction, T represents the heating mode, k is the corresponding heating mode (T0 is the no heating mode, T1 11 

refers to the ISO-834 heating mode, and T2 denotes the linear heating mode), and m indicates the diameter of the steel 12 

tube (219mm or 377mm). More details of the specimens can be found in Table 1. 13 
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a) ISO-834 curve (T1) b) Linear heating curve(T2) 

Fig. 1 Heating mode 

Table 1 The details of the specimens 14 

Specimen ID 

Steel tube Core UHPC 
Confinement 

factorξ 

Heating 

mode 
Dimensions Properties  Volume fraction Properties 

D(mm) ds(mm) H(mm) fs (MPa) Vca Vsf fcu (MPa) 

S0CA0- T0-219 219 6 1000 440 0% 0% 85 0.50  T0 

S2CA0- T0-219 219 6 1000 440  0% 2% 111 0.45  T0 

S2CA15-T0-219 219 6 1000 440 15% 2% 125 0.41  T0 

S2CA30-T0-219 219 6 1000 440  30% 2% 131 0.38  T0 

S0CA0-T1-219 219 6 1000 440 0% 0% 85 0.50  T1 

S2CA0-T1-219 219 6 1000 440  0% 2% 111 0.45  T1 

S2CA15-T1-219 219 6 1000 440 15% 2% 125 0.41  T1 

S2CA30-T1-219 219 6 1000 440 30% 2% 131 0.38  T1 

S0CA0-T2-219 219 6 1000 440 0% 0% 85 0.50  T2 

S2CA0-T2-219 219 6 1000 440 0% 2% 111 0.45  T2 

S2CA15-T2-219 219 6 1000 440 15% 2% 125 0.41  T2 

S2CA30-T2-219 219 6 1000 440 30% 2% 131 0.38  T2 

S0CA0-T0-377 377 10 1200 354 0% 0% 85 0.56  T0 

S2CA0-T0-377 377 10 1200 354 0% 2% 111 0.43  T0 

S2CA15-T0-377 377 10 1200 354 15% 2% 125 0.38  T0 

S2CA30-T0-377 377 10 1200 354 30% 2% 131 0.37  T0 

S0CA0-T1-377 377 10 1200 354 0% 0% 85 0.56  T1 

S2CA0-T1-377 377 10 1200 354  0% 2% 111 0.43  T1 

S2CA15-T1-377 377 10 1200 354  15% 2% 125 0.38  T1 

S2CA30-T1-377 377 10 1200 354  30% 2% 131 0.37  T1 

S0CA0-T2-377 377 10 1200 354  0% 0% 85 0.56  T2 

S2CA0-T2-377 377 10 1200 354  0% 0% 111 0.43  T2 

S2CA15-T2-377 377 10 1200 354  0% 2% 125 0.38  T2 

S2CA30-T2-377 377 10 1200 354  15% 2% 131 0.37  T2 

Note: 1. 𝐻, 𝐷, and 𝑑𝑠 represent the height, diameter, and thickness of steel tube; 15 

Note: 2. Vca and Vsf   refer to coarse aggregate and steel fibre volume fraction, respectively;  16 
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Note: 3.ξ=(fs×As)/(fck×Ac) is the confinement factor of the UHPCFST columns at room temperature, where fs and fck are the yield strength 1 

of steel tube and the prism compressive strength of concrete, respectively；As and Ac are the cross-sectional area of steel and concrete, 2 

respectively. 3 

Note: T0, T1 and T2 are no heating mode, ISO-834 heating mode, and linear heating mode, respectively. 4 

Two types of steel tubes have been used, as shown in Fig. 2a) and dimensions presented in Table 1. 10mm thick end 5 

plates were welded at both ends of the steel tube before pouring concrete, and a hole with 100mm diameter was located in 6 

the centre of the top end plate to facilitate concrete casting. Four vent holes with the diameters of 20mm were drilled near 7 

the top and bottom of a steel tube for releasing steam pressure. Eight rib stiffeners were welded to the external wall at both 8 

ends of a column to strengthen the steel tube, thus the effect of vent holes can be eliminated. The columns were placed in 9 

an upright position and filled with concrete. An internal vibrator was used to consolidate the concrete inside the columns. 10 

The columns were left upright for 60 days before being stored horizontally at room temperature without any special curing. 11 

 12 

       

 

 

 

a) Geometry 

       
c) Thermocouples b) Temperature measurement points 

Fig. 2 Specimens geometry and temperature measured points 
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A total of Twenty-four thermocouples have been used to measure the temperatures at different directions and heights. 14 

Locations of thermocouples within a cross-section have been demonstrated in Fig. 2 a) and b), and more details on the 15 

arrangement of the thermocouples can be found in Reference[29]. It should be noted that the diameter of thermocouples is 16 

only 3mm and the cross-sectional area of all the thermocouples account for less than 1% of the core UHPC, thus the 17 

influence of thermocouples on the mechanical behaviour of the specimens can be ignored.  18 

2.2 Materials 19 

The mixture proportions of UHPC adopted in this study were shown in Table 2. Among them, P.I. 52.5 Portland 20 

cement, silica fume, and fly ash were used as the binder, and the water-to-binder ratio was uniformly set as 0.17. Quartz 21 

sand with a maximum size of 0.178 mm and basalt with a diameter of 5-10 mm were used as the fine aggregate (FA) and 22 
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coarse aggregate (CA), respectively. For releasing the steam pressure, polypropylene fibres (PPF) with a volume fraction 1 

of 0.2% and a diameter of 18-48 μm was adopted, while copper coated straight steel fibres (SF) with a length of 12 mm 2 

and an aspect ratio of 45 were utilized. Finally, to improve the workability of concrete, the superplasticizer (SP) with a 3 

water reduction capability of 35% was added. 4 

Table 2 Mixture proportions of UHPC (kg/m3) 5 

Mix No Cement Silica fume Fly ash water FA PPF SP SF CA 

S0CA0 875 109 109 186 1203 2 12 0 0 

S2CA0 858 107 107 182 1179 2 12 157 0 

S2CA15 726 91 91 154 998 2 10 157 375 

S2CA30 594 74 74 126 817 2 8 157 750 

Note: FA - fine aggregate, CA - coarse aggregate, SF - steel fibre, PPF - polypropylene fibre, and SP - superplasticizer. 6 
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a) Stress-strain curve of steel tube(6mm) b) Stress-strain curve of steel tube(10mm) 
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c) Tensile strength of steel d) High temperature reduction of the steel 
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e) Cube compression of concrete f) High temperature reduction of the concrete 

Fig. 3 Material test of steel tube and concrete 
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 1 

According to previous research on UHPCFST at room temperature[30-33], Q345 grade steel was used for the steel tube. 2 

Steel material coupon tests were carried out at room temperature (T0), under ISO-834 heating mode (T1), linear heating 3 

mode (T2) and post fire temperatures of 300-1100℃ at 100℃ interval, where the specimens were heated up to the target 4 

temperature and held for 10 mins before cooling down. According to the requirement of standard GB/T 8162-2018[34], 5 

three repeats were adopted for each coupon test. The heated coupons were then loaded to test the residual mechanical 6 

properties of the steel after high temperature. The stress-stain curves of the steel materials are plotted in Fig. 3a) and b) 7 

and the yield strengths and the reduction factor are plotted in Fig. 3c) and d). It can be found that the post-fire residual 8 

yield strength subjected to T1 (ISO-834 heating mode) is lower than that under T2 (linearly heating mode). It is because 9 

that the austenite grain in the steel material, which reduces the residual strength of steel[35], grows more significantly under 10 

T1 mode as the period of high temperature exceeding 930 – 950 ℃ is much longer than T2.  11 

According to the requirement of standard T/CECS 10107-2020[36], in total 120 standard concrete cubes (100mm×12 

100mm×100mm) were tested under compression after being exposed to constant elevated temperatures up to 1000℃ 13 

for 5 hours. The cubic concrete compressive strength and their reduction factors after being exposed to different 14 

temperatures are plotted in Fig. 3c) and Fig. 3d), respectively. It can be found that The UHPC with steel fibre have 15 

higher residual strength, which contribute to that the steel fibres could improve residual mechanical properties of UHPC, 16 

and more explanation can be founded in Zheng[27].Meanwhile the standard prismatic concrete (100mm×100mm×300mm) 17 

were made to test the prismatic compressive strength of four kinds of UHPC (S0CA0, S2CA0, S2CA15 and S2CA30) at 18 

room temperature, and the corresponding strength are 72MPa, 94 MPa , 105 MPa and 111 MPa , respectively. 19 

2.3 Test process 20 

The whole experiments consist of the heating test and the loading test. Both the heating and loading test were 21 

conducted at the laboratory of Structural Engineering, Wuhan University. As shown in Fig. 4a), the fabricated electric 22 

furnace, capable of heating up to 1200℃ with the accuracy of ± 0.5℃ was used to heat the specimens. The heating test 23 

includes the following steps: 1) install the specimen on the support and align the axis of the specimen to the axis of the 24 

furnace; 2) cover the top and bottom end plates with refractory cotton to prevent the heat transferring from the plates, and 25 

seal the furnace; 3) heat the specimen following the designed heating modes and record the temperatures of the specimen 26 

and the furnace; 4) remove the specimen from the furnace after being cooled to room temperature. It should be noted that 27 

no external load was applied during heating as it has been found to have no significant effects on the residual strength of 28 

a structure [14]. Fig. 1 shows the comparison between the designed heating curve and the actual furnace temperature. It can 29 

be found that the furnace temperature agrees well with the designed curve at the heating stage and the early cooling stage. 30 

However, the furnace temperature drops slower than the designed curve at the later cooling stage due to the good heat-31 

retaining properties of the furnace, which has been found to have no effect on the cross-sectional historical-max 32 

temperature.  33 
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a) Heating test b) Axial compression test 

Fig. 4 Test process 

As shown in Fig. 4b), the electro-hydraulic servo pressure testing machine, capable of loading up to 3000kN, were 1 

used to apply an axial load to the specimens. Four linear variable differential transformers (LVDTs) were used to measure 2 

the axial deformation of the specimen. All the specimens were preloaded to check whether the load was applied centrally 3 

by comparing the measured results of the four LVDTs. The specimens were then loaded with a constant rate of 1mm/min 4 

until the compressive deformation reached up to 40000~50000με. 5 

3 Test results and discussion 6 

3.1 Failure modes 7 

As shown in Fig. 5, after the heating test, the steel surface became dark and peeled due to severe oxidation and 8 

decarbonisation. Two types of failure modes were observed in the loading test: the shear failure and drum-shape upsetting 9 

failure. Under the shear failure mode, the two local bulges appear at the top and bottom of the steel tube, and a diagonal 10 

large crack can be seen after removing the steel tube. Under the upsetting failure mode, many small local bulges appear 11 

along the steel tube, and no apparent large crack can be found in the concrete. 12 

    
(a) Shear failure mode (b) Upsetting failure mode 

Fig. 5 Failure modes of the specimens 
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3.2 Temperature responses 1 

The temperatures at different depths were measured using thermocouples and averaged values are plotted in Fig. 6. It 2 

can be seen that: 1) the temperature of the steel tube generally follows the furnace temperature, although it is slightly lower 3 

than the furnace temperature at the heating stage and higher at the cooling stage; 2) the concrete core temperature continues 4 

to rise as the furnace temperature starts cooling down because of the thermal inertia of concrete; 3) the heating rate becomes 5 

small as the temperature reaches 100~150℃ due to the energy consumption of the steam evaporation, which is called the 6 

‘temperature platform’, and it becomes more evident with the increase of the depth of concrete. 7 
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a) S0CA0T1-219 b) S0CA0T2-377 

Fig. 6 Real-time temperature curves at different depths of the cross-section 

The historical-max temperatures at different depths of a cross-section are presented in Fig. 7. It can be seen that the 8 

historical-max temperature distribution is non-uniform and nonlinear within the cross-section, and the nonlinearity is more 9 

obvious with the increase of cross-sectional size and decrease of heating rate. Meanwhile, the specimen with a smaller 10 

cross-section has a higher historical-max temperature for less energy consumption of core concrete. It is also found that 11 

the historical-max temperature increases with the increase of heating rate, the steel fibre content and the coarse aggregate 12 

content, due to the higher thermal driving and better thermal conductivity.  13 
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Fig. 7 Historical-max temperatures at different depths of the cross-section 

3.3 Load-deformation curves 14 

Fig. 8 shows the load-deformation curves of all the tested UHPCFST columns, which are then categorised into four 15 

types as shown in Fig. 9. As for the specimens loaded at room temperature, shear failure was dominating as the confinement 16 

factor was small (ranges from 0.37 to 0.56). The load-deformation curves can be divided into four stages, 1) elastic stage 17 

(OA) where steel tube and UHPC bear loads linearly; 2) elastic-plastic stage (AB) where steel tube enters plastic stage; 3) 18 

descending stage (BC) where obvious oblique shear cracks occur to UHPC and UHPC losses its load bearing capacity 19 

gradually; 4) gentle ascending stage (CD) where core UHPC losses its load bearing capacity and the steel tube lies in the 20 

strain-hardening stage.  21 

The cross-sectional historical-max temperature of core UHPC is usually higher than that of the normal concrete due 22 

to the higher thermal conductivity. However, the strength of UHPC increases with the increase of temperature before the 23 

critical temperature (300℃～600℃) due to secondary pozzolanic reaction, which leads to higher strength of core UHPC 24 
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compared with normal concrete. Furthermore, the historical-max temperature and strength of steel tube is nearly identical 1 

in both UHPCFST and normal CFST, which results in a lower confinement factor for UHPCFST than that of a normal 2 

CFST. As the heating mode, cross-sectional size and the strength of UHPC also have significant influence on the working 3 

mechanism of post-fire UHPCFST, the load-deformation curves of the tested columns in this paper were divided into four 4 

typical curves according to these factors. Note that this paper only focuses on stub columns, where the slenderness effect 5 

may be neglected, i.e., the slenderness ratio can be taken as zero in the equations proposed by Han and Huo[37]. Instability 6 

failure mechanism of a slender UHPCFST column is beyond the scope of this research, and further investigations would 7 

be needed.  8 

As for specimens with large diameter (D=377mm) and lower confinement factor (ξ<0.5) under ISO-834 or linear 9 

heating mode (e.g. S2CA0T1-377, S2CA15T1-377, S2CA30T1-377, S2CA0T2-377, S2CA15T2-377, and S2CA30T2-10 

377), the historical-max temperature was relatively low (350℃-650℃) and the strength of core UHPC after being exposed 11 

to elevated temperatures still remained relatively high, thus both the failure mode and the load-deformation curve did not 12 

differ much from those at room temperature, which is classified into Type-I.  13 

As for specimens with large diameter (D=377mm) and relatively high confinement factor (ξ>0.5) under ISO-834 or 14 

linear heating mode (e.g. S0CA0T1-377 and S0CA0T2-377), the post-fire strength was lower than that at room temperature. 15 

The corresponding specimens showed a drum-shape failure mode (upsetting failure) and fall into Type-Ⅱ, in which the 16 

curve can be divided into three stages. Unlike Type-I, the type-II curve directly enters into gentle ascending stage (BC) 17 

after the first two stages (OA and AB) due to strong constraining effect. 18 

As for specimens with small diameter (D=219mm), low confinement factor (ξ<0.5) under linear heating mode or 19 

the high confinement factor (ξ>0.5) under ISO-834 heating mode (e.g. S2CA0T2-219, S2CA15T2-219, S2CA30T2-219, 20 

and S2CA30T1-219), the historical-max temperature of core UHPC was relatively high (600-700℃ for linear heating 21 

mode; 700-900℃ for ISO-834 heating mode). The residual strength of core UHPC was relatively high and the specimens 22 

showed shear failure. However, the residual stiffness of the core UHPC was very low, thus the steel tube shared more 23 

compression load and yielded early. Similar to Type-I, the corresponding curve can be divided into four stages and 24 

classified into Type-Ⅲ. The difference is that the elastic stage is shorter and the elastic-plastic stage is longer.  25 

As for specimens with small diameter (D=219mm), high confinement factor (ξ>0.5) under linear heating mode or the 26 

low confinement factor (ξ<0.5) under ISO-834 heating mode (e.g. S0CA0T1-219; S2CA0T1-219; S2CA15T1-219; 27 

S0CA0T2-219), both the residual stiffness and strength of the core UHPC were every small. The steel yielded early and 28 

the specimen showed the drum-shape upsetting failure mode. The corresponding curve can be classified into Type-Ⅳ 29 

where the curve is divided into three stages like Type-Ⅱ, and the difference also lies in the longer elastic-plastic stage of 30 

Type-Ⅳ. 31 

From analysis above, it can be found that as the temperature of core UHPC is relatively low (e.g. average temperature 32 

is below 600℃), the confinement factor of a post-fire UHPCFST column is smaller in comparison with that at room 33 

temperature, and the load bearing capacity of the column will decrease after the stress of core UHPC reaches the peak 34 

value, due to limited confinement effect provided by the outter steel tube, leading to shear failure mode in the post-fire 35 

UHPCFST columns. However, as for normal CFST columns, the confinement factor increases due to continuous decrease 36 

of the strength of core concrete, thus the load capacity of the column still increases after the stress of core concrete reaches 37 

the peak value, which eventually leads to drum-shape upsetting failure mode. When the temperature of core concrete is 38 

higher than 600℃, the reduction of residual post-strength of both UHPC and normal concrete is relatively small, so the 39 

confinement effect is very strong. Both UHPCFST and normal CFST show similar behaviour. 40 
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a) NO heating, D=219mm b) ISO-834 mode, D=219mm c) Linear mode, D=219mm 
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Fig. 8 Load-deformation curve of UHPCFST columns 
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Fig. 9 Typical load-deformation curves of UHPCFST columns  

3.4 Residual bearing capacity 2 

The post-fire residual bearing capacity of the UHPCFST column (𝑁𝑇𝑚𝑎𝑥
) is one of the most important index for 3 

evaluating the post-fire performance of an UHPCFST column. As for the specimens with obvious descending stage, the 4 

𝑁𝑇𝑚𝑎𝑥
 is defined as maximum ultimate load and the 𝑁𝑇𝑚𝑎𝑥

 is determined by furthest point method [38] for the specimens 5 
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without obvious turning. To facilitate the assessment of residual bearing capacity, residual strength index (krei) is defined 1 

as Eq.(1) [37]: 2 

max

0

T

rei

N
k

N
＝

 

(1) 

where 𝑁0 is the bearing capacity of the UHPCFST column at room temperature.  3 
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Fig. 10 Residual bearing capacity and residual strength index of UHPCFST 

The residual bearing capacity and residual strength index of UHPCFST columns are shown in Fig. 10. It can be found 4 

that the residual strength index of specimens under T2 (linear heating mode) is higher than that under T1 (ISO-834 heating 5 

mode) due to its lower historical temperature. The residual strength index of some specimens under T2 is around 1, 6 

indicating that the UHPCFST column did not lose its compressive bearing capacity although the environment temperature 7 

has reached 1000℃. It can be mainly attributed to that the historical-max temperature of most zones in concrete did not 8 

exceed 500℃ (as shown in Fig. 7b) due to thermal inertia[23]. The strength of UHPC increased with the increase of 9 

temperature before the critical temperature (300℃～600℃) due to secondary pozzolanic reaction, as Peng[39] recently 10 

found that a high temperature steam environment established in the inner part of a UHPC specimen results in the 11 

transformation of C-S-H gels to crystals, leading to the improvement of concrete compressive strength. It is also found 12 

that the specimens with smaller cross-sectional size have the lower residual bearing capacities, which is because that the 13 

historical-max temperature of the smaller cross-section is higher (most zones in concrete core lie in 600℃~900℃) due to 14 

less energy consumption of core concrete. In addition, the specimens with steel fibre had higher residual strength than 15 

those without steel fibre, due to the higher critical temperature for the UHPC with steel fibre (as shown in Fig. 3d). The 16 

residual strength index of all the specimens exceeded 0.65 after being exposed to elevated temperatures up to 1000℃ for 17 

at least 3 hours, indicating that the UHPCFST columns have adequately high residual bearing capacity. As the residual 18 

strength index of a normal CFST could drop to 0.6 after being exposed to ISO-843 standard fire for a shorter period (1.5 19 

hours)[16], adopting the same design method of a normal CFST to a UHPCFST would be over conservative, thus the post-20 

fire design method of UHPCFST columns should be improved.  21 

 22 

4 Calculation method of residual capacity of UHPCFST stub columns 23 

4.1 Calculation method based on average historical-max temperature 24 

A): Historical-max temperature field  25 



 

12 

In this research, the post-fire residual strengths of steel tube and core concrete are defined using their cross-sectional 1 

historical-max temperature field. As shown in Eq.(2) and Fig. 11, the historical-max temperature is taken as the maximum 2 

temperature of all the positions (x, y) during the whole heating and cooling period. It can be found that the historical-max 3 

temperature within the steel tube is relatively uniform due to its good thermal conductivity and thin wall thickness. 4 

However, the temperature field within the core concrete is highly non-uniform and nonlinear due to its low thermal 5 

conductivity and large diameter.  6 

max max ( , , ),T T x y t t  (2) 

 7 

 
Fig. 11 The method for obtaining the historical-max temperature field of CFST 

 8 

B): The calculation of equivalent strength based on average historical-max temperature 9 

The non-uniform and nonlinear historical-max temperature inevitably causes nonlinear reduction on the residual 10 

strength of UHPC, which brings huge challenges when predicting the residual strength of the CFST structure after fire. 11 

Taking advantage of an equivalent uniform reduction is a sensible simplified method. In the author’s previous work[40], the 12 

strength of steel tube and core concrete under fire were calculated on the basis of the average real-time temperature of the 13 

cross-section. The schematic diagram of temperature equivalent process is presented in Fig. 12. It can be seen that the non-14 

uniform temperature field within the steel tube or core concrete under elevated temperature 𝑇𝛼(x, y) are equivalent to the 15 

cross-sections with uniform temperature field �̅�𝛼 by taking the average value of the non-uniform temperature within the 16 

section, where the subscript   takes s for steel tube and c for concrete core. The ultimate capacity �̅�𝛼,𝑇 and the equivalent 17 

strength 𝑓�̅�,𝑇 of steel tube or core concrete at elevated temperatures can be obtained as below:  18 

,, TT fN A  ,  , ,TT k Tf f    (3) 

where 𝐴𝛼 is the cross-sectional area, 𝑓𝛼 is the material strength (yield strength for steel and prismatic compressive strength 19 

for concrete) at room temperature, and �̅�𝛼,𝑇 is the equivalent reduction factor of material strength at high temperature. 20 

More details can be found in Ref [40-43]. 21 
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Fig. 12 Schematic diagram of temperature equivalent process  

The average historical-max temperature �̅�𝛼,𝑚𝑎𝑥 can be expressed as Eq.(4). 1 

,max

,max

( , , )
( )

A
T x y t dA

T t
A











 

(4) 

In analogy with the method for calculating the equivalent strength of steel tube and concrete at elevated temperatures, 2 

the equivalent post-fire strength of steel tube and core concrete after being exposed to elevated temperature can be 3 

expressed as Eq.(5). 4 

 
m

max
ax ,ma, , xT Tf k T f    (5) 

where �̅�𝛼,𝑇𝑚𝑎𝑥
 is the post-fire equivalent material reduction factor and can be expressed as Eq.(6). 5 
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 6 

C): Calculation process of the residual capacity  7 

It is assumed that a formula for calculating the post-fire residual capacity of a CFST column takes the same structure 8 

as that at room temperature. Based on the assumptions as presented in Fig. 13, the formula of load bearing capacity of 9 

CFST at room temperature (𝑁𝑢,0) can be extended to calculate the post-fire load bearing capacity (𝑁𝑢,𝑇𝑚𝑎𝑥
) by replacing 10 

material strength at room temperature with the equivalent material strength after elevated temperatures. Eventually, the 11 

formulae of the bearing capacity of a CFST at room temperature and after elevated temperatures were unified. 12 

 

Fig. 13 The process of calculating the bearing capacity of CFST columns after elevated temperature 
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4.2 The calculation of the average historical-max temperature and equivalent strength  1 

4.2.1 Average historical-max temperature of steel tube and core UHPC  2 

The heat transfer module embedded in COMSOL Multiphysics were used to simulate the real-time temperature 3 

field. “Domain ODEs and DAEs” module in COMSOL Multiphysics were adopted to calculate the maximum 4 

historical temperature field, where a variable 𝑇𝑡𝑒𝑚𝑝(𝑥, 𝑦, 𝑡) was set to save the maximum temperature of the position (x, 5 

y). If 𝑇(𝑥, 𝑦, 𝑡) > 𝑇𝑡𝑒𝑚𝑝(𝑥, 𝑦, 𝑡), 𝑇𝑡𝑒𝑚𝑝(𝑥, 𝑦, 𝑡) = 𝑇(𝑥, 𝑦, 𝑡). Eventually the maximum historical temperature is saved to 6 

𝑇𝑡𝑒𝑚𝑝(𝑥, 𝑦, 𝑡), namely, 𝑇𝑚𝑎𝑥(𝑥, 𝑦) = 𝑇𝑡𝑒𝑚𝑝(𝑥, 𝑦, 𝑡𝑓𝑖𝑛𝑎𝑙),in which 𝑡𝑓𝑖𝑛𝑎𝑙 refers to the moment when the temperature cools 7 

down to the room temperature. The thermal parameters of four kinds of UHPC tested by our research group [23] and steel 8 

proposed by TTL [44] was adopted, respectively. The heating curve follows the actual tested temperature, and more details 9 

of the heat transfer model for CFST columns in fire are presented in Yu et al. [45]. The time-dependent temperature curves 10 

and the historical-max temperatures of numerical and experimental specimens are compared in Fig. 14. It can be found 11 

that both simulated real-time temperature and historical-max temperature agree well with the tested results, indicating 12 

that the FEM model is adequate to simulate the cross-sectional historical-max temperature field. Eventually, the average 13 

historical-max temperatures of steel tube and core concrete can be calculated using Eq.(6), based on the simulated 14 

historical-max temperature field. 15 
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a) Real-time temperature b) Historical-max temperature 

Fig. 14 The comparison of the temperature between test and simulation 

In the parametric studies on average historical-max temperature of CFST columns, a series of cross-sectional size, 16 

the mixture of the UHPC, heating mode and heating-up time were considered. The geometric parameters include six steel 17 

tube thicknesses (3, 9, 15, 21, 27, 33mm), and six steel tube diameters (100, 200, 300 400, 500, 600mm), respectively. The 18 

mixture of the UHPC consists of S0CA0, S2CA0, S2CA15 and S2CA30 as described in Section 2.2. The ISO-834 and 19 

linear heating mode are considered, and the temperatures were recorded every five minutes ranging from 0 to 180min. In 20 

total there are 10368(6×6×4×2×2×36) numerical cases were designed. 21 

A): Steel tube 22 

As shown in Fig. 15, steel tube had little difference between the average real-time temperature and the historical-max 23 

temperature, especially for the specimens with small thickness of steel tube. It is because that the temperature of the steel 24 

tube immediately dropped as the furnace temperature started cooling down due to its good thermal conductivity and 25 

relatively thin thickness. In authors’ previous work[41], the formula of the �̅�𝑠 was given as expressed in Eq.(8) under ISO-26 

834 heating mode. Meanwhile, the incremental method for calculating the average temperature of steel tube for any heating 27 

mode (e.g. linear heating mode) also can be found in authors’ previous work [46]. 28 
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Fig. 15 Comparison between historical-max temperature and real-time temperature of steel tube 
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where θ𝑓 represents the elevated temperature of fire, which is defined as  𝜃𝑓 =  345log10(8𝑡ℎ + 1) under ISO-834 fire；2 

 A𝑠 = 1.15 + 0.0043𝑑𝑠 and B𝑠 = 0.5(𝑑𝑠 + 20), where 𝑑𝑠 is the thickness of steel tube in millimetre; m is taken as 1, 1.15, 3 

1.2, and 1.3 for S0CA0, S2CA0, S2CA15 and S2CA30, respectively. 4 

B): Concrete 5 

Inspired by Wickström[47] and Yu[41], the ratio of the zero-centred average historical-max temperature of concrete and 6 

that of steel tube 𝜂𝑐 = θ̅𝑐,𝑚𝑎𝑥/θ̅𝑠,𝑚𝑎𝑥 between ISO-834 heating mode and linear heating mode are compared in Fig. 16 a). 7 

It can be found that the temperature ratio (𝜂𝑐) under the two-heating mode is very close to each other regardless of the 8 

cross-sectional size. Fig. 16 b) plots the simulated 𝜂𝑐 against the unified hating-up time 𝑡ℎ,𝑤 = 𝑡ℎ/(𝑑𝑐)5 (where 𝑑𝑐 is the 9 

concrete core diameter in millimetre). The 𝜂𝑐 of the different cases show same trend, therefore the average historical-max 10 

temperature of core UHPC was proposed as Eq.(9), using the simulated results. 11 
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Fig. 16 Temperature ratio 𝜂𝑐 for different cases 
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 (9) 

where 𝐴𝑐 = 0.3; 𝐵𝑐 = 0.00035; n is related to the thermal conductivity of the core concrete, which is taken as 1, 1.5, 2.8, 1 

and 3 for S0CA0, S2CA0, S2CA15 and S2CA30, respectively. The average historical-max temperature of steel tube and 2 

core UHPC are compared in Fig. 17. It can be found that the results for both steel and concrete agree with each other very 3 

well. 4 
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Fig. 17 Average historical-max temperature between formula and FEA  

4.2.2 Equivalent strength of steel tube and core UHPC after elevated temperatures 6 

A): Steel tube 7 

As for steel tube, the temperature field is relatively uniform, namely,  �̅�𝑠,𝑚𝑎𝑥 = 𝑇𝑠,𝑚𝑎𝑥(𝑥, 𝑦) , so is the material 8 

reduction factor. Based on the tested data (shown in Fig.3c), the post-fire reduction factor of the residual strength of steel 9 

is proposed, as expressed in Eq.10. It should be noted that, although the period of the high temperature exceeding 930–10 

950℃ influences the residual mechanical properties of steel, the effect is rather limited. For simplicity, it is assumed that 11 

the residual mechanical properties of steel tube only depend on the peak temperature of the heating curve. 12 
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As expressed in Eq.(5), the equivalent yield strength of steel tube after elevated temperature (𝑓�̅�,𝑇𝑚𝑎𝑥
) can be obtained 14 

by multiplying yield strength at room temperature (𝑓𝑠) by the high temperature equivalent reduction factor. 15 

 16 

B): Concrete 17 

Based on the cube compression test results of the UHPC after elevated temperatures (described in section 2.2), the 18 

high temperature reduction factor as expressed in Eq.(11) was proposed: 19 
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17 

where 𝑇𝑐𝑟 is the critical temperature that the UHPC strength starts dropping, which is taken as 500℃ and 600℃ for the 1 

UHPC with steel fibre content of 0% and 2%, respectively. 2 
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Fig. 18 Equivalent reduction factors of UHPC strength under high temperatures 

Fig. 18 compares the equivalent high temperature reduction factor with its corresponding original reduction factor. 3 

It should be noted that the square nodes in Fig 18 were obtained by calculating the average historical-max 4 

temperature �̅�𝑐,𝑚𝑎𝑥 and the post-fire equivalent material reduction factor �̅�𝛼,𝑇𝑚𝑎𝑥
of designed simulation cases (10368 5 

cases) as presented in section 4.2.1. For each case, the specific steps are as follows:1) The historical-max temperature 6 

field 𝑇𝑐,𝑚𝑎𝑥(𝑥, 𝑦) was obtained by COMSOL; 2) The value of the average historical-max temperature �̅�𝑐,𝑚𝑎𝑥 of core 7 

UHPC was obtained by integral operation in post-process of COMSOL according to Eq.4;3) The value of the equivalent 8 

material reduction factor �̅�𝛼,𝑇𝑚𝑎𝑥
 of core UHPC were obtained by integral operation in post-process of COMSOL 9 

according to Eq.6；Point（�̅�𝑐,𝑚𝑎𝑥，�̅�𝛼,𝑇𝑚𝑎𝑥
） is the one of the square nodes in Fig.18. It can be found that the 10 

equivalent high temperature reduction factor is smaller than its corresponding original reduction factor when the 11 

historical-max temperature is lower. To achieve a safer design, a new two-piecewise linear function is introduced to 12 

calculate the equivalent reduction factor of concrete strength, as expressed by Eq.(12):  13 
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On the basis of the average historical-max temperature of core UHPC (�̅�𝑐,𝑚𝑎𝑥) obtained by Eq. (9) and the equivalent 14 

high temperature reduction factor (�̅�𝑐,𝑇𝑚𝑎𝑥
) of core UHPC with 0% and 2% volume of steel fibre calculated by Eq.(12), 15 

the strength of core UHPC with 0% and 2% volume of steel fibre after elevated temperature (𝑓�̅�𝑘,𝑇𝑚𝑎𝑥
) were obtained using 16 

Eq.(5). 17 

4.3 The residual strength of the UHPCFST stub columns 18 

A): At room temperature 19 

Based on the uniform theory and extensive parametric studies, Han proposed Eq.(13) to calculate the compressive 20 

strength of circular normal CFST columns at room temperature[48]. In the authors’ previous work[49], based on the theory 21 

of elasticity, a unified formulation was proposed to predict the compressive strength of circular normal CFST columns at 22 

room temperature, which is expressed as Eq.(14). 23 
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18 

where 𝐴𝑠𝑐 = 𝐴𝑠 + 𝐴𝑐 ; 𝜉 = (𝑓𝑠 · 𝐴𝑠)/(𝑓𝑐𝑘 · 𝐴𝑐)  is the confinement coefficient; 𝑓𝑠  and 𝑓𝑐𝑘  are the yield strength of steel 1 

tube and the prism compressive strength of concrete, respectively; 2 

The restraining action of the steel tube is smaller to the core UHPC due to the lower expansion of UHPC compared 3 

with normal concrete[50], therefore the formula for predicting the compressive strength of steel tube filled with normal 4 

concrete can not be applied to the UHPCFST directly. The test results of the UHPCFST stub column from Zhu [51], Xiong 5 
[52] , Wu [50] and this paper were used to obtain the design formula, as expressed in Eq.(15) and Eq.(16). As shown in Fig. 6 

19, the predicted results agree well with the test results. 7 
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a) Based on Han’s formula b)  Based on Yu’s formula 

Fig. 19 The comparison of load bearing capacity of UHPCFST between test and predicted results at room 

temperature 

B): After elevated temperatures 8 

Based on the assumptions in section 4.1, the method proposed by Han [48] and Yu[49] for predicting the compressive 9 

strength of UHPCFST stub columns at room temperature can be extended to post fire conditions, as expressed in Eq.(17) 10 

and Eq.(18), respectively. 11 

 12 
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where 𝜉𝑇𝑚𝑎𝑥
= (𝑓𝑠,𝑇𝑚𝑎𝑥

· 𝐴𝑠)/(𝑓�̅�𝑘,𝑇𝑚𝑎𝑥
· 𝐴𝑐) is the confinement coefficient after being exposed to elevated temperatures. 13 

Fig. 20 shows the comparison of the residual capacity of UHPCFST stub columns between tested and predicted results. 14 

It can be seen that most test results are slightly higher than the predicted results, and the average ratios of the analytical 15 

predictions to the experimental results are 1.07 for Eq. (15) and 1.08 for Eq. (16) respectively, with their respective 16 

variances of 0.004, 0.006. It is because that the simplified equivalent high temperature reduction factor is quite conservative 17 

for achieving a safer design. In general, the predicted results match the test data well, indicating that the proposed method 18 

is adequate for predicting the post-fire residual bearing capacity of UHPCFST stub columns after elevated temperatures. 19 
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a) Based on Han’s formula b) Based on Yu’s formula 

Fig. 20 The comparison of residual capacity of UHPCFST stub columns between test and predicted results 

 1 

4.4 Calculation procedure and validation 2 

Six post-fire stub columns from reference [49] were selected to validate the proposed method for predicting the post-3 

fire residual load capacity of UHPCFST specimens. To facilitate design, a step-by-step procedure is summarized as below:  4 

Step1: Calculate average historical-max temperature of steel tube (�̅�𝑠,𝑚𝑎𝑥) and core UHPC (�̅�𝑐,𝑚𝑎𝑥) using Eq. (8) and 5 

Eq. (9), respectively. 6 

Step2: Calculate equivalent strength of the steel (𝑓𝑠,𝑇𝑚𝑎𝑥
)  tube and the concrete core (𝑓�̅�𝑘,𝑇𝑚𝑎𝑥

)  at the average 7 

temperatures from step 1 by using the Eq. (10) and Eq. (12) combing with Eq. (5), respectively. 8 

Step3: Calculate post-fire residual strength of the UHPCFST column under fire using Eq. (15) or Eq. (16). 9 

 10 

To better understand the calculation procedure of the proposed method, a worked example for column LC-2-3X from 11 

reference [49] is given below as an example. The dimensions and test results are summarised in Table 3.  12 

Step1: For column LC-2-3X in table 3, both m and n are taken as 1 as the raw material does not contain steel fibre 13 

or coarse aggregate. The heating-up time is 71 minutes. Substituting those parameters to the Eq. (8) and Eq. (9), eventually 14 

the average historical maximum temperature of steel tube �̅�𝑠,𝑚𝑎𝑥 and core UHPC �̅�𝑐,𝑚𝑎𝑥 were obtained as following: 15 

 

 

1.22

,max 1.22 103 )45 log (8 +1) 20=
1 71

71 + 845 (
1 71 18

sT   


 
℃  16 

    
    

5

,max 0.3
5

0.3

)
1 71 219-2 16

845

1 71 219-

0

2 16 0.0003

= +2 = 6 (

5

96cT
 



  

℃  17 

Step2: The equivalent strength of steel tube 𝑓𝑠,𝑇𝑚𝑎𝑥
  and core UHPC 𝑓�̅�𝑘,𝑇𝑚𝑎𝑥

  after elevated temperatures are 18 

calculated using the Eq. (10) and Eq. (12) combing with Eq. (5) based on the average historical-max temperature obtained 19 

from Step1. 20 
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 23 

Step3: The residual strength of the UHPCFST stub column is obtained based on Eq. (18). 24 
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Table 3 summarises both the experimental and calculated theoretical residual load capacities of all six UHPCFST stub 2 

columns from reference [53]. It is shown that the average ratio of the analytical predictions to the experimental results is 3 

0.94, with a variance of 0.018, which verifies the accuracy of the proposed method once again. 4 

 5 

Table 3 Comparison of residual load capacity of UHPCFST between the proposed calculated results and test results 6 

in reference[53] 7 

Specimen 

ID 
D ds Time 

𝑓𝑠 
(Mpa) 

𝑓𝑐𝑘 
(Mpa) 

Tested 

capacity 

（kN） 

�̅�𝑠,𝑚𝑎𝑥 

(0C) 

�̅�𝑐,𝑚𝑎𝑥 

(0C) 

𝑓𝑠,𝑇𝑚𝑎𝑥
 

(Mpa) 

𝑓�̅�𝑘,𝑇𝑚𝑎𝑥
 

(Mpa) 

𝜉𝑇𝑚𝑎𝑥
 

 

Predicted 

capacity 

（kN） 

Ratio 

LC-2-3X 219 16 71 432 168 8920 845 697 336 129 0.97 7792 0.87 

LC-2-5X 219 16 175 432 168 7080 1029 885 286 69 1.55 5535 0.78 

LC-2-6X 219 16 26 432 165 10590 586 458 401 201 0.74 10648 1.01 

LC-3-1X 273 16 191 432 164 10271 1045 842 282 80 0.99 8212 0.80 

LC-3-2S 273 16 18 418 170 13958 479 329 408 185 0.62 15046 1.08 

LC-3-2X 273 16 18 418 170 13969 479 329 408 185 0.62 15046 1.08 

Mean             0.94 

Variance             0.018 

CC-1 133 4.8 90 340 37.92 585 945 802 243 3.8 10 616 0.95 

CC-2 133 4.8 90 340 37.92 605 945 802 243 3.8 10 616 0.98 

 8 

Table 4 Comparison of residual load capacity of normal concrete-filled steel tube columns between the proposed 9 

calculated results and test results in reference 10 

Specimen 

ID 
D ds Time 

𝑓𝑠 

(Mpa) 

𝑓𝑐𝑘 

(Mpa) 

Tested 

capacity 

（kN） 

�̅�𝑠,𝑚𝑎𝑥 

(℃) 

�̅�𝑐,𝑚𝑎𝑥 

(℃) 

𝑓𝑠,𝑇𝑚𝑎𝑥
 

(Mpa) 

𝑓�̅�𝑘,𝑇𝑚𝑎𝑥
 

(Mpa) 

𝜉𝑇𝑚𝑎𝑥
 

 

Predicted 

capacity 

（kN） 

Ratio 

CC-1 133 4.8 90 340 37.92 585 945 802 243 3.8 10 616 0.95 

CC-2 133 4.8 90 340 37.92 605 945 802 243 3.8 10 616 0.98 

 11 

Meanwhile, the proposed model has good compatibility and can be extended to predict the post-fire residual 12 

strength of normal CFST stub columns by adjusting the corresponding parameters in Eq. (9) based on the thermal 13 

parameter of normal concrete and replace the reduce factor Eq. (12) by the reduction factor of normal concrete. Based on 14 

the thermal parameter and reduce factor of normal concrete from Eurocode[54] and T/CECS 252-2019[55], n in E(9) is 15 

taken as 0.1 and equivalent reduction factor is taken as Eq.(19). 16 
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To verify the compatibility of the proposed model, experimental results of post-fire normal concrete-filled steel 17 

tube stub columns from Han[12] were selected, and the comparison of residual load capacity of normal concrete-filled 18 

steel tube columns between the proposed calculated results and test results were presented in Table 4. It can be found that 19 

the proposed calculated results match with test results well, indicating the proposed model have good compatibility. 20 

 21 

5 Conclusion and ongoing work 22 

The paper presents the experimental investigation on Twenty-four full-scale UHPCFST stub columns under axial 23 

compression after being exposed to elevated temperatures. The failure modes, cross-sectional historical-max 24 



 

21 

temperatures, axial load-deformation curves, and residual compression of the specimens are analysed. Meanwhile, a 1 

hand calculation method for predicting post-fire load capacity of CFST columns based on average historical-max 2 

temperatures was proposed with an explicit physical meaning and simple expression. Based on the present study, the 3 

following conclusions are drawn: 4 

1） The historical-max temperature of core UHPC shows non-uniform and nonlinear distribution along the concrete 5 

depth, and the temperature is higher for the specimens with smaller cross-sectional size and higher content of steel 6 

fibre and coarse aggregate; 7 

2） A UHPCFST column has relatively high residual capacity compared with normal CFST, and the influence of 8 

historical temperature on the residual capacity of a UHPCFST column is more obvious with the increase of the 9 

heating rate and decrease of cross-sectional size; 10 

3） The non-uniform deterioration of concrete can be described as a uniform deterioration by using an equivalent 11 

strength of concrete. By doing so, the formula of the compressive strength of the CFST columns after elevated 12 

temperatures is unified with the formula at room temperature by replacing the equivalent strength with that after the 13 

elevated temperatures; 14 

4） There is still a reserved safety margin of the proposed design method for calculating the residual capacity of 15 

UHPCFST using the two-piecewise linear function for the equivalent high temperature reduction factor of concrete 16 

strength.  17 

 18 
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