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Abstract: To investigate the seismic behavior of reinforced concrete (RC) columns with stay-in-place ultra-high
performance concrete (UHPC) formworks, named URC columns for short, we selected different assembly methods
and surface treatment methods of UHPC formworks as design parameters and carried out pseudo-static tests on nine
URC columns and one RC column. The assembly methods of UHPC formworks were bolt—angle steel connection,
bolt connection, and epoxy resin mortar. The surface treatment methods of UHPC formworks were natural surface,
bubble film printing, and adding ribs. The pseudo-static tests were conducted to study the influence of different
assembly methods and surface treatment methods on the seismic behaviors of the URC columns. Additionally, on
the basis of the assumption of plane section, a formula was proposed to predict the eccentric compressive bearing
capacity of the URC columns. Results show that the bonding surface between UHPC formwork and concrete core
had no apparent damage before the peak load, indicating that the URC columns have good integrity. In particular,
the URC columns connected by bolt—angle steel had no interface bonding failure even under the failure load.
Compared with the traditional RC column, the ultimate bearing capacity, ductility, and energy consumption of the
URC columns were increased by 6.4%-43.3% , 11.4%-48.7% , and 27.7%-85.3% , respectively. Among the
three assembly methods, the URC columns connected by bolt and angle steel had the highest bearing capacity and
the most reliable connection. Finally, the results calculated by the proposed formula were in good agreement with
the test results, which can provide reference for practical application.
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Tab.1 Specimen details

KRS FUEDYIE EJP Ly A i #3 B TC S5/ % B4R/ %

RC 4 $16 $8@ 60 0.4 1.29 2.1
URCl-a SN AR AR St 4 16 $8@ 60 0.4 1.29 2.1
URCI-b BRI £ 4 IR ENAE 4 $16 $8@ 60 0.4 1.29 2.1
URCl-c¢ R N A A9 B 4 $16 $8@ 60 0.4 1.29 2.1
URC2-a L2 St 4 $16 $8@ 60 0.4 1.29 2.1
URC2-b R IR ENAE 4 16 $8@ 60 0.4 1.29 2.1
URC2-¢ R il 4 16 $8@ 60 0.4 1.29 2.1
URC3-a AR Y I pidiii} 4 $16 #8@ 60 0.4 1.29 2.1
URC3-b EANR L I TIHLEITE 4 16 #83@ 60 0.4 1.29 2.1
URC3-c IR b Wi 4 16 $8@ 60 0.4 1.29 2.1
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Fig. 1 Dimensions and reinforcements of specimens( mm)

1.2 X HHIE
1.2.1 UHPC S Btk i /e
UHPC S PRt A A A2 4R < 1) AR B 5
UHPC AL VR IRARL, X T 1R ke fL iR, 1
FI PVC A8 [ E AR Lok Y s iR A £ 52 ) 3R 3T
UHPC, GESR5E UG TEIR BE + R mfl E— 2 T4,
Fil T IR — ARV, [ 3 SR R UHPC KR,
1.2.2 UHPC fdfpttbe i & URC HEDEH
UHPC Bt SR 3758 i, H HA IR 1 Brs 5907
WYY o~ ADPRAE—E, DEESEBUR Y UHPC SePrHEREILIAT 4,
@ o0 o) L HEBHF UHPC KEBEESAESSLA ORI P 4SO
) ﬁ%ﬁl%ﬂ‘s‘jﬂﬂﬁ Zﬁé,yﬁ}é%%@‘b(ﬁ{ﬁi,@éﬁﬂﬁ EP@FH%@J%ZWE%
Fig.2 Details of angle steel and bubble film firity ’ LAPRUE URC AL HRIERSEE L7050 35K

(a) St A 2 (b) TSFEENTEAL B (c) Bl sk 2

3 MBS UHPC &R
Fig.3 UHPC formwork after forming



(a) URCl1-a

(g) URC3-a

1.3 #FHbkRE

TG B ) m TR+ DL RO R R DR
KR AR, UHPC MRS L UL 2, FEBES UHPC
REH AT URC RERT, 437 BB T 100 mm x 100 mm x
100 mm [ UHPC 377 R ERT C40 37 7 (A, it
Hh AT T UHPC ShCHipnf A i R A2k
REEVE S, FrA e S5l 7 R 554 T 372,
Fie M GB/T 50081—2002( & 5d {R &E + 1 2# Mg 1l
JrikbREY M AR T A R A 45 R L 3, AW
B F12E PERE AR IS GB/T 228. 1—2010( 43 J&@ #1
BHRLRTE 5 1 305 IR 5 ) Ry Bk i
17, MR A R L2 4,

#&2 UHPCEALL
Tab.2 Mix proportions of UHPC

KPE HEK AR AR WUKH A4 KL
1 0.25 0.32 1.636 0.02 0.0l 0.127
100
=
m (] \
50 - WRALE
S
5
250 N
[~
(a) SR (b) IR E

B 5 UHPC #iHiR5 (mm)
Fig.5 Axial tension test of UHPC(mm)

R

(h) URC3-b

(i) URC3-c

Ed4 HHERERM UHPC 5
Fig.4 Assembly UHPC column formwork

£3 RELHFHE
Tab.3 Mechanical properties of concrete MPa
TR BE LA BUESRE £, . BLRsRE £,
C40 47.9 —
UHPC 127.4 10.7
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Tab.4 Mechanical properties of steel

HARHKE)/ JRIRGREE £/ ERSRIE £,/ (KRS /

GRS
mm MPa MPa %
HRB400 8 466 753 18.8
HRB400 16 455 635 25.0
Q235 30 x30 x3 257 372 20.8
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Fig. 11 Skeleton curves of specimens
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Tab.5 Loads, displacement, and ductility coefficients of specimens
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Fig. 13  Energy consumption calculation
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Fig. 14  Comparison of cumulative energy consumption
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Fig. 16  Strain and stress distributions for core concrete section
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Tab.6 Comparison of bearing capacity of URC columns
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Fig. 18  Comparison of calculated and test results
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