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Experimental study on eccentric compression behavior of

UHPC-NC composite columns
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Abstract: To investigate the eccentric compression behavior of the composite columns made of ultra-high
performance concrete (UHPC) and normal concrete (NC), eccentricity was taked as the test parameter, and
eccentric compression tests were conducted on three UHPC-NC composite columns. The eccentric compression
failure processes of specimens were observed, and the failure modes of the specimens were obtained. The
mechanical characteristics such as the load-displacement curves, load-deflection curve, load-strain curves, and
the confining effect of the specimens were analyzed. A finite element model (FEM) of the composite columns
was developed, and parameter expansion study was conducted based on the experimental verification. Based on
the experimental results and the existing research from the research team, a calculation method for the eccentric

compression ultimate bearing capacity of UHPC-NC composite columns was proposed. The study reveals that
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the failure modes of eccentrically loaded UHPC-NC composite columns are mainly the crushing of the
compression side and cracking of the tension side. As the eccentricity increases, the stiffness and ultimate
bearing capacity of UHPC-NC composite columns gradually decrease, while the constraining effect of the
UHPC outer tube on the core concrete initiates earlier, with more obvious lateral deflection during failure. Key
factors influencing the ultimate bearing capacity include the eccentricity, slenderness ratio, UHPC compressive
strength, thickness of UHPC outer tube and core concrete strength. Based on the experimental results and FEM
results, drawing on existing calculation methods and steel tube concrete design regulations, the calculation
method for the ultimate bearing capacity of UHPC-NC composite columns under eccentric compression is

summarized and proposed. The formula calculation results are in good agreement with the experimental results

and finite element analysis results, and have been verified in engineering examples.
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Table 1 Numbers and parameters of specimens
K45 e N,/kN N/kN
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UN-E0.2 0.2 2210 2178
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Table 2 Mechanical properties of concrete
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Fig.3 Layout of displacement gauges and strain gauges

for concrete and longitudinal reinforcement
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Fig.4 Layout of stirrup strain gauges
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Fig.12 Circumferential and longitudinal strains of the UHPC outer tube at the mid-section
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Fig.16 Comparison of failure patterns between finite-element simulation and experimental test

4.3 SHESW

P T B0 8% e A R, A L UN-EO0.2 /Y A5 BR e A
U FEfEASE Y eI 50 T A LAk R R A BR T S
B S Ay M TR R 0 R K4l B UHPC i
Ji CUHPC 418 J5 B2 e 4l 25 A0 A% O TR 6 4 o & 5
ZHO UHPC-NC 414 A i 124 B8 1) 52 i) B0 A, 4
17 FE s o

B 17 AT LA i O %8 03 K 31 0.5
KA i 2 38 K3 60 B B BR AR 28 1 43 IR T 4
59% .80% ; UHPC % & th 100 MPa 3 X #] 140
MPa ,UHPC 4 BB i 21 mm 3 K E 41 mm i
fif R 0.5% Hm#] 2.6% %0 IR BE L 5R B 30
MPa 3§ /il 2] 70 MPa i, 8% BR A& 2% 77 53 538 & T 4
25%.32%.10% .22% o FHULTT LLAE Y, a0 3 K

40t \UHPC 38 B . UHPC 4 5 BE fAZ 0 TR 8 -
55 i R 52 UHPC-NC 20 & 4 i R A% FR 7% 2% /7 i) &
BRI E W BC i R T4 A R e e AR IR R 2 T R

BN,
5 UHPC-NC 41 & % FR 2 4% 71115

5.1 UHPC-NCHEHZEWPRAES

H Al [ 42 5% UHPC-NC 41 & 4 0 & 2%
1 FF AR W 5E  AH R IE W AH B A 3T LR . AR i
ARG S5 R FEA A2 R AR T, UHPC il
il 48 5RO BE T 2 [ PR AR I T R R A
K 2 G FE O AR RF R A7 0 B AR 5 W) B, 78 in 2
J 491, UHPC i S8 % 4% 0 IR &E + ™ A S 4l A
FH ZAE AW K, FL29 AR TR 7T 2200



259 R 75,45  UHPC-NC 4 & H: f FE v fE i 58 0T 5% 1501
2500
3200
" LA 2 400} .
2800} . 2000t = o
. ]
z * Z ‘" Z
£ 2400t X 21 s00l . <2200t =
£2000 = g & ’
= I - %&1 i = -’
1600} ™ . 2000}
M -~ -
1200} - 500} S
0 01 02 03 04 05 0 10 20 30 40 50 60 1800500 120 130 140
0y 2R K4itk UHPC## 5 /MPa
(a) Pt (b) K4fitk (c) UHPCH# [
2200 2700
2400 a ., | ]
r 2150} = 2600¢ .
= i 2500} &
52200 ).—’ 52100. -’ E Lo
= = 222400t o
= L 2050} . iE .
2 000 K * 2300F ; -
- L’
. 2000f L
1800l *® . 2200
. . . . . 1950 L— . . . . 2100— . . . .
20 25 30 35 40 45 05 10 15 20 25 30 30 40 50 60 70
UHPCAME J& &% /mm Hc 47 /% TR 158 /MPa
(d) UHPCHIME (e) ALdti % (f) ¥R -5

E17 FAESHXASHEREEENIZNE

Fig.17 Influence of different parameters on eccentric compression behavior of composite columns
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Fig.18 Comparison between calculated values and

test values of ultimate bearing capacity
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