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Abstract : In order to study the influence of circumferential friction and local separation on the mechanical behavior of a hoop, it
was assumed that the hooped pier column was a rigid body and the semi-circular hoop body was a fixed-end beam. A
mechanical analysis was conducted based on mathematical principles, and analytical formulas were derived. Based on
the condition that the magnitude of the vector sum of the circumferential and vertical friction coefficients between the
hoop and pier did not exceed the maximum static friction coefficient of the contact surfaces, formulas for the upper
bearing capacity of the hoop and the bending moment of the hoop body section were fitted. The calculation formulas
for the ultimate sliding resistance of the hoop and the ultimate bending moment of the hoop body as functions of the
separation angle of the hoop were then obtained. The results show that the ultimate sliding resistance of the hoop
increases with the increase of the separation angle. The maximum bending moment of the hoop body occurs at the end
of the semi-circular hoop, and the ultimate bending moment corresponding to any upper load decreases with the
increase of the separation angle. The ultimate bending moment also decreases with the increase of the circumferential
friction coefficient. The analytical formulas were subsequently verified using finite element analysis and full-scale
tests, confirming their engineering applicability and their ability to guide practical engineering applications.
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Fig.1 The local separation phenomenon of steel hoop
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Fig. 2 The slip damage phenomenon of steel hoop
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Fig. 3 Schematic diagram of steel hoop structure
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Fig. 6 Schematic diagram of vertical force on

equivalent hoop body
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friction coefficient
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0.80 —0.496 8 —0.028 1

2 0.3<<v<<0.550f,—0.1231<<g/(v)<<—0.116 5,
g'(v) e KAE 5 B /M AR 22 He 1) (e RAB — SR /INE D /
B KM ) X100%) M 5.3%; 4 0.55<<v<C0.8
—0.116 5<< gl(v)<<—0.110 0, g(v) f& KM 5 f& /ME A
22 LA (e RAA — e /IME) /35 KA ) X 100%) 28 5.6 % .

25 B ATR, M 0.3<<ou<<0.55M) , fF & F#fr gk Q, %t
IO (1 4 B 25 A A T IS R

Mo (a)=—0.123 Q,Rk'(a) (49)

M40.55 << v<< 0.8 W, T 2 I 7 48 Q, XF L 119 4l £

B A AT
MOmax(a):

—0.117 Q,RF'(a) (50)

3 RIWAERBRITIWIE
3.1 KIwIIE
3.1.1 R R
R E R 4 56 B9 VR B - P T A R 4 AR
OF J8 5 1) B2 14 FH R B S T BE SR AR AR B0 . KB
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Fig. 14 Friction test setup
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Fig. 15 Load-bearing capacity test setup for hoop
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Fig. 16 Load-displacement curves of steel-concrete

interface friction coefficient test
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3 WM-BETAEEZERIMAKEER
Table 3 Test results of steel-concrete interface

friction coefficient

) HE R /KN BEA/KN S B &K
1 213.3 52.7 0.247
2 266.7 60.8 0.228
3 320.0 81.9 0.256
4 373.3 97.8 0.262
5 426.7 106.7 0.250

x4 WPBAFENXBER
Table 4 Load-bearing capacity test results of steel hoop

wip R/ OO gm T RAEAS
ik kN KN £/(X107%)  4/(kN-m)
1-1 2048.8 4.3 116.3
1-2 2019.1 4.5 121.4
1-3 800 1893.5 4.1 109.4
1-4 1761.7 4.5 120.6
1-5 1947.2 4.0 106.6
2-1 2 660.2 6.3 170.6
2-2 2823.2 6.3 170.7
2-3 1120 2689.3 6.4 172.8
2-4 2490.2 6.8 182.4
2-5 2461.6 6.2 167.7
3-1 3836.3 7.5 203.0
3-2 3453.7 7.9 213.9
3-3 1440 3297.4 7.4 198.1
3-4 3567.7 8.3 223.3
3-5 3664.7 7.9 213.4

IREN L SRS o AT BROTIT A B A% 4 40 B K 20 45
RS,

x5 ARTANER

Table 5 Finite element analysis results

b/ R AR I /KN % % 4/(kN-m)
1 1854.3 110.8
2 2467.8 150.6
3 3242.8 195.9

E17 REEARTEBRHE=XE

Fig. 17 Finite element model of steel hoop and

separation area
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Qumax(a): 2109TO (51)
0 4 5 B A5 R B THE D
My (a)=—0.061Q,=—0.129T, (52)

AR 5K 800 kN L1 120 kKN .1 440 kN =4 il & S7/C A
A (51).(52),H# 5 BRI KA BRyo g5 B ok 47 %) He, L
K18.19,

‘ 3584.0
3600 - _m- ERE@@%% -
3400 - - o- HRTLAHTL R L-32428

7 32001 - a- T ANLER Py

3000 R

R 23800 TG, o B D

@ 2 600 I AGT8
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2 200 el 3618

= o .

® 2000 193“
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1600%1687.0 , ; -
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Fig. 18 Calculation results of anti-sliding load-bearing

capacity under different pretension force conditions
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Fig. 19 Calculation results of hoop body bending

moment under different pretension force conditions
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