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Analysis of seismic behavior and influencing factors of reinforced UHPC columns

DENG Zongcai, HE Shaofeng, YAO Junsuo

(Key Lab of Urban Security and Disaster Engineering ( Beijing University of Technology ) , Ministry of Education, Beijing 100124, China)

Abstract: To study the seismic behavior and influencing factors of reinforced ultra-high performance concrete
(UHPC) columns, by taking carbon fiber reinforced polymer ( CFRP) sheet winding, steel strength, and shear
span ratio as variables, tests were carried out on an ordinary steel reinforced UHPC column, an ordinary steel
reinforced UHPC column wound with CFRP sheet, and three high-strength steel reinforced UHPC columns under
low frequency cyclic loads. The failure mode, load-displacement curves, ductility, and energy dissipation capacity
of the specimens were analyzed. Results show that the ductility and energy dissipation capacity of the reinforced
UHPC columns with shear span ratio of 1.5 —4.0 were good. Under CFRP sheet winding or large shear span ratio,
the failure mode of the specimens changed from shear compression failure to bending shear failure, and the ductility
was significantly improved. The bearing capacity and ductility of the specimens were improved by increasing the
strength of the longitudinal steel and stirrups of the UHPC columns. The working capacity of the ordinary stirrups
was poor after cracking, so it is suggested that the shear members of UHPC should be reinforced with stirrups with
yield strength above 600 MPa. Based on the truss-arch model, the calculation formula of shear capacity of
reinforced UHPC columns was established by taking account of the tensile contribution of steel fibers and the
influences of axial compression ratio and shear span ratio. The calculated values agreed well with the test results,
which can provide reference for the design of UHPC structures.

Keywords: ultra-high performance concrete ( UHPC) ; high-strength steel; seismic behavior; shear span ratio;

energy dissipation capacity; shear capacity
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1.1.1 UHPC

fil# UHPC ()54 kLA P+ 1152, SR fik 2 6K
U EIK BB 0Ky K A SR RN AT 4, A2 4y
Bkt ULs% 1, P- [152. 5R kR kK P52 3 d Hidr
SRFE 7.2 MPa, 520 3 d HT SRS 34.8 MPa, £ K
(FE bR : HLIR AR 20. 2 m®/kg, Si0, & 95 %, he’k
1.3 % Tk 124 % o WA —ZmBEIK,
HFBIEPR AE(45 wm ALTTRIRE)6.3 % , 75
IKEH 91 % ek 1.61 % , &KE1.0 %, 8
gl 895, HE B bR : LR TR 418 m’/kg, %
F52.88 o/cm’ B 0.97 % ,7 d {E1EHE%L 84 % ,
MmN 99 % . A verbRiiE R 10 ~40 H (0.85 ~
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UHPC (i 51CoHt 38 B2 P Y {E 2 110,53 MPa, i F2
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HIAS 5 AR Bl 56. 04 GPa,
#1 UHPC #HAKSE &Lt
Tab.1 Composition and mix proportion of UHPC
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Tab.2 Details of reinforcement
Wibis  HAZ/mm Ji AR5/ MPa % B 3% 2/ MPa
& 10 10 437 638
® 16 16 436 599
& 10 10 606 765
® 16 16 551 712
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Tab.3 Parameters setting of specimens
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B CFRP A&/ mm

LC-2.0 10416 ¢ 10@80 2.0
LC-2.0F 10416 ¢ 10@80 2.0 0.334
HC-1.5 10816 &10@80 1.5
HC-2.0 10&16 &10@80 2.0
HC-4.0 108&16 &10@80 4.0
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Fig.2 Details of specimen (mm)
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Fig.3 Diagram of loading equipment
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Fig.4 Final failure modes of specimens
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Fig.5 Longitudinal steel stress-horizontal load curves
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Fig. 6  Stirrup stress-horizontal load curves
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Tab.4  Characteristic load and displacement of specimens

Rk F/kN A /mm F /kN A /mm A/mm g [4

P

LC-2.0 489.99 5.51 571.80 12.84 17.42 3.16 1/29

LC-2.0F 496.69 4.12 566.69 6.75 22.02 5.34 1/23
HC-1.5 642.59 3.38 766.40 5.32 13.81 4.09 1/36
HC-2.0 497.19 6.12 576.83 10.34 20.47 3.34 1/24

HC-4.0 199.65 6.81 219.46 13.33 26.01 3.81 1/19
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Fig.7 Displacement-horizontal load hysteresis loops of specimens
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Fig. 8 Skeleton curves after normalization processing
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Tab.5 Comparison of formulas for shear capacity

Evee ik V./kN V./kN V/KN 007NN Vi/KN VN VRN Vg
®(21) 253.78 212.11 117.67 583.56 1.10
LC-2.0 571.80
(22) 173.25 344.30 109.90 627.45 1.02
®(21) 253.78 212.11 117.67 270.69 854.25 1.51
LC-2.0F 566. 69
#(22) 173.25 344.30 109.90 270.69 898. 14 1.58
H(21) 275.81 319.67 155.31 750. 80 0.98
HC-1.5 766. 40
R(22) 207.90 477.45 109.90 795.25 1.04
®K(21) 230.81 267.51 95.12 593.44 1.03
HC -2.0 576.83
®(22) 173.25 447.45 109.90 547.18 1.32
=(21) 230. 81 267.51 95.12 593.44 2.70
HC -4.0 219.46
®(22) 173.25 447.45 109.90 547.18 2.49
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Tab.6 Calculation of bearing capacity of shear specimens in previous studies”” =%’
St RS RBE 150 i 3 4 itEE EE VoV
fu/MPa  f/MPa  f,/MPa  p /% s/mm  p/%  l/d; Vea/kN Voo /kN )
L1 134.4 11.16 466.30 0.25 150 2.0 55 ~68 1.50 589.1 585.0 1.01
L1 134.6 7.96 466. 30 0.25 150 2.0 55 ~68 1.50 610.5 681.0 0.90
[27] L3 129.1 9.74 466.30 0.25 150 2.0 55 ~68 1.50 631.0 774.0 0.82
L5 134.6 7.96 466.30 0.25 150 2.0 55 ~68 2.26 481.2 503.0 0.96
L6 116.2 8.00 466.30 0.25 150 2.0 55 ~68 2.26 497.7 523.0 0.96
LB-1 127.1 4.80 441.00 0.17 225 2.0 65 ~87 2.26 415.6 422.0 0.98
LB -2 127.1 4.80 441.00 0.25 225 2.0 65 ~87 2.26 423.1 431.0 0.98
28 LB -3 127.1 4.80 441.00 0.45 225 2.0 65 ~87 2.26 424.2 435.0 0.98
LB -4 127.1 4.80 441.00 0.75 225 2.0 65 ~87 2.26 432.8 485.0 0.89
SBF1 110.0 5.20 358.30 0.33 200 0.8 48.5 2.00 299.0 287.3 1.04
SBF2 116.2 5.40 358.30 0.33 200 1.5 48.5 2.00 337.2 335.0 1.01
SBF3 122.4 5.60 358.30 0.33 200 2.0 48.5 2.00 369.7 376.0 0.98
. SBF4 65.9 4.00 358.30 0.33 200 0.8 48.5 2.00 213.0 190.1 1.12
SBF5 71.3 4.10 358.30 0.33 200 1.5 48.5 2.00 241.1 224.0 1.08
SBF6 72.9 4.20 358.30 0.33 200 2.0 48.5 2.00 260.4 243.6 1.07
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