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Tab.1 Parameters of specimens

K45 Dmm  B/mm ¢{/mm L/mm o,,/MPa f, /MPa

R-0-4 119.5 79.8 4.82 360.9 836.4
R-40-4 119.3 79.9 474  360.8 836.4 44.0
R-120-4 119.3 79.7 4.85 360.5 836.4 129.2
R-150-4 119.4 79.7 4.81 360.5 836.4 154.3
R-0-6 119.4 79.5 6.41 360.8 824.7
R-40-6 1194 79.4 6.42 360.8 824.7 44.0
R-120-6 119.4 79.2 6.44  360.5 824.7 129.2
R-150-6 119.4 79.4 6.42 360.9 824.7 154.3
R-0-8 119.1 79.2 8.21 360.8 840.3
R-40-8 119.3 79.0 8.22 360.6 840.3 44.0
R-120-8 119.2 79.1 8.32 361.2 840.3 129.2
R-150-8 119.4 78.7 8.20  360.5 840.3 154.3
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Fig. 1 Stress—strain curves of duplex stainless steel
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Tab.2 Mechanical properties of duplex stainless steel

(/mm  6,,/MPa g /MPa E/(10°MPa) v, 3%
4.8 706.4 920 2.18 031 180
6.4 689.8 951 220 030 185
8.2 801.0 983 2.14 028 186

ViR A A5 R 3 AR UE R I 0 2918, 0, BT
PRI, B NIRRT, v SHTARFA L, 0 WIS A

122 ARt

W 0 TR 6 1 B 4 9k 1 i C40, UHPC-120,
UHPC-150, H:H , UHPC #4464 2R FHYT 75 J5 84 5 A4k
A7 RS w) AR 7™ R = 1 RE TR BRE L FTRRE L R REIEIK
FVFIBE R 13 mm A9 EHE 0 I 24F 4 , UHPC Bl 5 LE
U3 3. UHPC-120 il UHPC-150 % FH R [A] A TR B,
BoA Lt BRI RIS I 43514 13 Fil 16 kg/m?,

%3 UHPCEALL
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Fig. 4 Axial load versus deformation curves of short columns
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Fig. 5 Load, strain and strain ratio versus axial deformation curves
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Tab.5 Axial compression performance index
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Tab. 6 Calculation methods and limitations on material strength in design codes

F3%EN RIS TRIE 158 U Fl/MPa P58 Y [/ MPa
T/CECS 9528 Negesos2 =4y (118 +0.858) £, 20.1~50.2 235~420
CECS 159% Neges 1s9=400,+4. [, 20.1~50.2 235~420
EC4l2¢ Nica=A00,+A ) 20.0~50.0 235~460
ANSI/AISC 360-16"7 Naxsvaise=4,00,+0.854, f! 21.0~70.0 <525
ACI 318-142% Ny =A4,00,+0.854, 1! >17.2 <345

x7 ARSI ESHEHEERL

Tab.7 Comparison of bearing capacity between test values and specification predictions

N, /kN
W5 T/CECS o) o ANSIAISCE7 Nest Niest" N C_EICS 952 Niest™ N C_EICS 159 Nies™N E_Cl4 Niey' N, A_IISC/ACI
957124 CECS 159 EC4 & ACIEY

R-120-4 2631.2 2162.6 22443 2096.7 2303.6 0.88 1.07 1.03 1.10
R-150-4 2 883.1 2338.0 24345 2277.6 2378.8 0.83 1.02 0.98 1.04
R-120-6 31314 2 094.1 2531.2 23944 2 839.0 0.91 1.36 1.12 1.19
R-150-6 3390.3 2186.6 2707.7 25622 2784.6 0.82 1.27 1.03 1.09
R-120-8 4094.8 3056.7 3125.7 3001.2 36553 0.89 1.20 1.17 1.22
R-150-8 43455 3204.8 3286.3 31539 3452.1 0.79 1.08 1.05 1.09

S 0.85 1.17 1.06 1.12
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Fig. 7 Division of strength and weaken confined concrete
of cross-section
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Experimental Study on Axial Compression Behaviour of Ultra-high-performance
Concrete-filled Duplex Stainless Steel Tube Stub Rectangular Columns
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(1.Institute of Structural Engineering, Xihua University, Chengdu 610039, China;
2.College of Architecture and Engvironment, Sichuan University, Chengdu 610065, China;
3.MOE Key Laboratory of Deep Underground Science and Engineering, Sichuan University, Chengdu 610065, China)
Abstract:

Objective Conventional carbon steel tube-concrete columns (CFST) often exhibit compromised structural performance in corrosive environ-
ments, resulting in reduced load-bearing capacity and ductility. This study addresses these limitations by developing ultra-high-performance con-
crete (UHPC) -filled duplex stainless steel tube (UFSST) columns, which significantly enhance corrosion resistance, load capacity, and deforma-
tion behavior.

Methods Twelve rectangular short-column specimens were subjected to axial compression tests to evaluate the performance of UFSST columns.
Experimental parameters included three UHPC strength grades (89~164 MPa) and three duplex stainless steel tube thicknesses, with yield
strengths ranging from 307 to 807 MPa. Failure modes, load-displacement (N—A4) curves, and steel tube strain behavior were examined to assess:
1) axial compressive capacity; 2) interaction effects between duplex stainless steel and UHPC, and 3) the evolution of confinement mechanisms.
Results were benchmarked against five international design codes (BS EN 1994—1—1, ANSI/AISC 360-16, ACI 318, T/CECS 952—2021, and
CECS 159—2004) through a comparative analysis of the ratio of the test value to the calculated value (N /N,,).

Results and Discussions Rectangular UFSST stub columns demonstrated good deformation capabilities under axial compression loads, with fail-
ure modes categorized into two types based on the & coefficient index: primarily waist drumming buckling failure for £&=2.52 and shear failure for
¢<1.62. A ¢ = 1.62 should be employed in UFSST stub columns to utilize the properties of duplex stainless steel. The N4 curves exhibit a three-
stage pattern, namely the elastic stage, elastoplastic stage, and degradation stage. During the elastic stage, the duplex stainless steel tube exerts no
restraint on the UHPC. The confinement effect of duplex stainless steel tubes on concrete generally emerges during the elastoplastic stage, as the
value of the lateral-to-longitudinal strain ratio (v) increases from approximately 0.3 to 0.8, contributing to N, of the CFST and UFSST stub col-
umns. Replacing ordinary concrete with UHPC can increase the ultimate bearing capacity of specimens by up to 31%. The confinement effect of
the duplex stainless steel tube is also the main reason why the load development of the specimen remains relatively stable as axial displacement
increases after reaching the ultimate bearing capacity. The UFSST stub column demonstrates superior residual bearing capacity and a more stable
degradation stage of N—4 curves compared to its CFSST counterparts, primarily due to the bridging effect of steel fibers in UHPC. The utilization
of UHPC significantly improves the ultimate bearing capacity of stub columns while simultaneously satisfying the ductility requirement. How-
ever, enhancing the strength grade of UHPC has minimal impact on the axial compressive bearing capacity of UFSST rectangular short column
specimens, whereas increasing the wall thickness of duplex stainless steel tubes can further enhance the bearing capacity and effectively reduce
the occurrence of local buckling in duplex stainless steel tubes. Investigation into the strength index and concrete contribution ratio indicated that
the enhancement effect of duplex stainless steel tubes on UHPC compressive strength is not as noticeable as it is on ordinary concrete. However,

UFSST stub columns perform better than CFSST stub columns in terms of concrete contribution ratio. Experimental results were compared to cal-
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culated results of bearing capacity design formulas in current codes (European code BS EN 1994—1—-1, American standards ANSI/AISC 360—-16
and ACI 318, Chinese codes T/CECS 952—2021 and CECS 159—2004). T/CECS 952—2021, based on a unified theory, considers the confine-
ment effect of steel tubes on concrete and introduces ¢ into the calculation formula. However, it does not account for the non-uniform constraint
effect of rectangular steel tubes on core concrete. The calculated average value of N, /N, is 0.85, which tends toward danger and cannot be di-
rectly used for calculating the axial compressive ultimate bearing capacity of rectangular UFSST short columns. In contrast, other codes adopt the
superposition theory, neglecting the constraint effect of steel tubes on concrete, often resulting in predicted values of N, /N, greater than 1, thus

test' " ca

underestimating actual values. CECS 159—2004 yields an average N,__/N_, value of 1.17, while BS EN 1994—1-1 yields 1.06. ANSI/AISC 360—

test'” " cal
16 and ACI 318 yield an average N, /N.
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value of 1.12. Therefore, among the current codes, the BS EN 1994—1-1 formula yields results closest
to the experimental values. However, considering the confinement effect of duplex stainless steel tubes on UHPC, the ultimate bearing capacity of
UFSST short columns is more realistic when calculating. Therefore, based on the formula in T/CECS 952—2021, the influence of the non-
uniform constraint effect of rectangular sections on the ultimate bearing capacity of UFSST stub columns was further considered, and adjustments
to the formula were made. The calculated results of the modified formula are in good agreement with experimental results, with an average N,/

N,

. value of 1.00 and a standard deviation of 0.07. This implies that the revised formula can be utilized to predict the ultimate bearing capacity of

the ultimate axial compression of UFSST short columns. It effectively accommodates a wide range of concrete strengths, from 89 to 164 MPa, as
well as steel tube yield strengths ranging from 307 to 807 MPa. However, it is important to note that the formula does not account for certain in-
fluential factors, such as stress redistribution following concrete damage and the strain-hardening behavior of duplex stainless steel. Therefore, it
is essential to conduct a comprehensive reliability analysis in future studies to assess the model’s reliability and robustness.

Conclusions UFSST columns demonstrate superior axial performance compared to conventional CFST, with 31% higher ultimate capacity and
enhanced post-peak ductility through UHPC fiber bridging. The confinement coefficient ¢ critically governs failure modes, requiring ¢ > 1.62 for
optimal material utilization. Current design codes exhibit either dangerous underestimation (unified theory) or unconservative overestimation (su-
perposition theory) of UFSST capacity. The proposed modified formula addresses rectangular section non-uniform confinement effects, achieving
less than 7% prediction error across a wide range of material parameters. Practical applications should consider additional factors, including stress
redistribution after concrete cracking and duplex stainless steel strain hardening, which require further reliability analysis.

Key words: ultra-high-performance concrete; concrete-filled stainless steel tube; axial compression test; failure mode; ultimate bearing capacity
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