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Abstract: This study aims to assess the impact of end stiffening ribs on the seismic behavior of circular ultra-high
performance concrete filled high-strength steel tubular (UHPC-HST) columns. The factors considered in this

investigation are the height, width, and quantity of the stiffening ribs. This study involved conducting low-
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circumference repeated load testing on eight specimens of end-ribbed reinforced circular UHPC-HST columns.
The tests were carried out to investigate the effects of several factors, including the height, width, and number
of ribs, on the performance of specimens. The investigation focused on analyzing the impact of individual
parameters on the damage pattern, hysteretic curve, skeleton curve, and seismic performance indicators of
specimens. The findings indicate that specimens exhibit complete hysteretic curves and demonstrate favorable
seismic performance. Furthermore, the load carrying capacity and energy dissipation capacity of the specimens
with end-ribbed configurations are notably superior to those without ribbing. Moreover, the ultimate load
carrying capacity and ductility of specimens experience significant enhancements as the height, width, and
number of ribs increase. Additionally, the energy dissipation capacity is augmented with increasing height and
width of the ribs, while the number of ribs does not exert a substantial influence on the energy dissipation
capacity of specimens. Based on the test and finite element numerical simulation results, the design method of
column end configuration with reasonable rib height, width and number is given, and the horizontal bearing
capacity calculation formula of end-ribbed circular UHPC-HST columns is proposed, which achieves the
purpose of quantitatively controlling the seismic performance of end-ribbed circular UHPC-HST columns, and
provides references for the engineering design and the preparation of related specifications.

ultra-high performance concrete; end rib; circular high-strength steel tube; seismic performance; horizontal bearing
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Fig. 1 Specimen diagram (unit:mm)
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Table 1 Parameters of specimens

XA %5 DX(XL/mm H/mm b6/mm m n
HO-1-6 180X 6 X965 — — — 0.1
H360-45-14-6 180X 62X 965 360 45 4 0.1
H483-30-14-6 180X 6X965 483 30 4 0.1
H483-45-14-6 180X 6X965 483 45 4 0.1
H483-60-14-6 180X 6X965 483 60 4 0.1
H483-45-12-6 180X 6X965 483 45 2 0.1
H483-45-18-6 180X 62X 965 483 45 § 0.1
H965-45-14-6 180X 6 X965 965 45 4 0.1

E R % 5 HO-1-6 7 HO AR & L WX, S8 1K R db R 1k
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BIR AR A O] B AT AL, AR ENE
FahmZy Wy )R 6 mm, ¥ DARAFALZE AHRE LA
BE HAMMSM S E,bAMBMIEIE ,m A e,
n A hhJE
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Table 2 Material properties of steel

BB AEF E/MPa /&R 3% % f,/MPa #.FR 3% & f,/MPa

¢/mm

6 2.06X10° 482.3 609.4
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Table 3 Ultra-high performance concrete

mix ratio kgm *

i BEFCE) /K Wy X KM

o # o 40~70 70~140 Pk &

.3

700 210 105 420 420 35.525 235.5 203 0.2
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Fig.7 Hysteretic curves

BT WA HO-1-6, b6 & im0 1 &5 B2 A 34 m 342 i 7k
AR R R 3 S 4 IR T 20.31% .24.50% .28.39% .
AR, IR Y i B EE A B T AR T A K OP AR BR
AR T8 BN WA ST L BEE N S R A 3, B 42 il 2R
BB % W%, 3 B T A A SE P R

2001 p-180 mm
=6 mm
100 | L=965 mm
Z m=4
= n=0.1
0} b=45 mm
-HR_ —a— H=0 mm
X —e— H=360 mm
-100 —a— H=483 mm
—— H=965 mm

O L 1 1 1 1 1 1 3
-80 -60 40 -20 0 20 40 60 80
IKFALEE / mm
E8 ARmMIMEEMNTREME

Fig. 8 Skeleton curves with different rib heights
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Fig. 12 Stress-strain model of steel
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Table 4 Parameters of axial compression ratios

R5 MIMBESH
Table 5 Parameters of rib height

RAF %5 DX¢XL/mm H/mm &6/mm m n XA Y5 DXtXL/mm H/mm b/mm m n
H360-45-14-6 180X 6X 965 360 45 4 0.1 HO-1-6 250X 6 2 000 — —  — 01
H360-45-24-6 180X 6X965 360 45 4 0.2 H250-50-14-6 250X 6X2000 250 50 4 0.1
H360-45-34-6 180X 6X965 360 45 4 0.3 H500-50-14-6 250X 6X2000 500 50 4 0.1
H360-45-44-6 180X 6X965 360 45 4 04 H750-50-14-6 250X 6X2000 750 50 4 0.1
H360-45-54-6 180X 6X965 360 45 4 05 H1000-50-14-6  250X6X2000 1000 50 4 0.1

E A B TP EAMHAS LSRR, H1500-50-14-6 250X 6X2 000 1500 50 4 0.1
200 - H2000-50-14-6  250X6X2000 2000 50 4 0.1
150 | AT, EIC VT IS VST SE S IR
100 | Ot
Z sof ' N
= . / 200 1
R I I —e—n=0.1 L
B 250 i T2 150
% 100 ™~ ;=03 z 100
- AV ——n=0.4 L
,150 L \;\:-3:?./ }’1:0.5 ~ 50
200 ) . . . R 0 —e— H=250 mm
el _ i —a— H=500 mm
100 50 ‘0 50 100 Z 50 o iso
AKPALH / mm -100 H=1 000 mm
= . ~150 F —<— H=1 500 mm
El16 A REHEL TR S 3R % —— F=2 000 mm
-200 : : - : - ;
Fig. 16 Skeleton curves with different axial —150 -100 =50 0 50 100 150
IKPALFS / mm

compression ratios

WNER 5 FTR o AN [E &0 il e B2 R a4 (9 i SR il 2 ) 17
IR AR T T R B A 2 v R A B i Y
K1 BR R 2% ) 43 i HE T T 12.53% .23.18% ,24.82% .
24.55% .24.81% H125.33% , 5 A M £ 19 T B B 3% i °F
% W LB A I 2h B B A B0 a4 0 R 3 g A5 3
FHPETE SR 1 2 Bl e BE R m B 2 f5H AR S L BEE N £
Iyt BE 1 Ak 2 38 L 0 0 32 MR RE RS TR L AR R A AT
SE A 4 R — 3L

3.43 mMEMEE
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Fig. 17 Skeleton curves with different rib heights
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TS H R 6 fis . ARSI 98 BT i 8 42 ih 2 X L
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T 19 7K P i PR 7R 38 D 43 SR i T 17.45%.20.88%
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62 mm(1/4 AR ) B, 3 i 7K A BR 7 3K ) 1% A
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Table 6 Parameters of rib width

XA %5 DXtXL/mm H/mm b/mm m n
HO-1-6 250X 6 X2 000 — — — 0.1
H1000-31-14-6 250X 6 X2 000 1000 31(1/8D) 4 0.1
H1000-42-14-6 250X 6 X2 000 1 000 42(1/6D) 4 0.1
H1000-50-14-6 250X 6 X2 000 1 000 50(1/5D) 4 0.1
H1000-62-14-6 250X 6 X2 000 1 000 62(1/4D) 4 0.1
H1000-83-14-6 250X6 X2 000 1 000 83(1/3D) 4 0.1

ERAMHT P EFSEALS KL PR,

3.4.4 M=
e e 2 T NI S o N | I N s ol |

UHPC-HST # fr &= M e 09 52 g #L A3 , £ A R o 1= A
H1000-50-14-6 %) £ milf b X3 20 B 08 98 17 30 % 2 07
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Fig. 18 Skeleton curves with different rib widths Fig. 19
HRBIESHME 7R 4FAFEAAET A2
il i 09 B B R R R N B 19~22 B s o AHE T TC D
WA, Bl G I 2 9 B 5 34, A 0 7R 3R FIE PR AR
B FE =T
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Table 7 Parameters of rib number
R AR5 DXt<L/mm  H/mm b/mm m n
HO-1-6 200X 6X2000  — — — 01 20
H1000-50-12-6 200X 6>X2000 1000 50 2 0.1 Fig. 20
H1000-50-14-6 200X 6>X2000 1000 50 4 0.1
H1000-50-18-6 200X 6>X2000 1000 50 8 0.1
H1000-50-110-6 200X 6x2000 1000 50 10 0.1
X0-1-6 250X 6X2000  — — — o1
X1000-50-12-6  250X6>X2000 1000 50 2 0.1
X1000-50-14-6 250X 6>X2000 1000 50 4 0.1
X1000-50-18-6  250X6X2000 1000 50 8 0.1
X1000-50-110-6  250X6>X2000 1000 50 10 0.1
Y0-1-6 300X6X2000  — — — 01 & 21
Y1000-50-12-6 300X 6>X2000 1000 50 2 0.1 Fig. 21
Y1000-50-14-6 300X 6>X2000 1000 50 4 0.1
Y1000-50-18-6 300X 6>X2000 1000 50 8 0.1
Y1000-50-110-6 300X 6x2000 1000 50 10 0.1
20-1-6 400X 6X2000  — — — 01
71000-50-12-6 400X 6X2000 1000 50 2 0.1
71000-50-14-6 400X 6X2000 1000 50 4 0.1
71000-50-18-6 400X 6>X2000 1000 50 8 0.1
71000-50-110-6 400X 6X2000 1000 50 10 0.1
ERMEH T TEISEXE K1 PR,
[ 22

I BT A 45 R Sy A AR Dy 180 mm B, in 2 il ¥t .

BCE Ao S A BRI S A ] AR AR O 200 mm

129200 mm T A [ A0 &) Bh #1260 5 22 # £&

Skeleton curves with different number of ribs
under column diameter 200 mm
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Skeleton curves with different number of ribs
under column diameter 250 mm
400 1 p=300 mm
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Skeleton curves with different number of ribs
under column diameter 300 mm
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Fig. 22 Skeleton curves with different number of ribs

under column diameter 400 mm
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Table 8 Comparison of bearing capacity for circular UHPC-HST columns with end ribs

A KRB ARIGRIEAP, /KN K FREA AP, . /kN P,./P,.
H360-45-24-6 149.47 152.34 0.98
H360-45-34-6 134.57 136.01 0.99
H360-45-44-6 119.84 120.00 0.99
H360-45-54-6 103.05 105.01 0.98
H250-50-14-6 154.74 161.66 0.96
H AR H500-50-14-6 169.39 165.92 1.02
A H750-50-14-6 171.64 168.43 1.02
H1000-50-14-6 171.27 170.22 1.01
H1500-50-14-6 171.62 172.75 0.99
H2000-50-14-6 172.34 174.56 0.99
H1000-31-14-6 161.51 160.37 1.01
H1000-42-14-6 166.22 166.64 0.99




34 pe I A e
K KRB A GRIBVAP, /KN K FRE S+ IALP, /KN P,./P,.
H1000-62-14-6 180.55 174.35 1.04
R H1000-83-14-6 185.86 178.08 1.04
A H1000-50-12-6 165.45 170.20 0.97
F1000-50-18-6 206.35 208.03 0.99
H360-45-14-6 162.82 172.29 0.95
H483-30-14-6 165.03 170.61 0.97
H483-45-14-6 168.49 174.02 0.97
KA H483-60-14-6 171.82 175.62 0.98
H965-45-14-6 173.76 178.15 0.98
H483-45-12-6 154.17 174.01 0.89
H483-45-18-6 177.28 192.61 0.92
k1 0.98
Kk £ 0.034
T F Rk 0.034
~ 175 1 i
300 Ry 2 170 b O o
0% - - Z sk ; D=250 mm
N R ! =6 mm
_ 200} Pt = 160 ; L=2 000 mm
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Fig. 23 Comparison of bearing capacity between

simulated and calculated results
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Fig. 24 Ultimate horizontal load capacity with

different rib heights
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Fig. 25 Ultimate horizontal load capacity with
different rib widths
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