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A B S T R A C T  A R T I C L E  H I S T O R Y 

 

The steel sleeve beam-column joint with interference fit (SSBCJ-IF) is a new steel structure beam-column joint based on 

interference fit in mechanical engineering. The refined finite element analysis (FEA) model is proposed by comparing 

analysis results with those of similarity test and theoretical calculations. The refined FEA model is used to perform variabl e 

parametric analyses on the moment-rotation relationship of SSBCJ-IF, including loading, material and geometry properties. 

Results show that the strength of concrete has little influence on both bearing capacity and initial stiffness of the joint, the 

strength of steel has obvious influence on flexural capacity of the joint but does not affect initial stiffness, both magnitude of 

interference and ratio of beam-column stiffness have some influence on the initial stiffness, the ratio of beam-column 

strength has some influence on both initial stiffness and bearing capacity, both initial stiffness and bearing capacity of the 

joint decrease significantly when the axial compression ratio exceeds 0.7. Finally, a simplified calculation method of the 

moment-rotation curve is proposed, and results calculated by this simplified method are in good agreement with those from 

the refined FEA. 
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1.  Introduction 

 

Concrete-filled steel tubes (CFST) have become increasingly popular in 

construction and infrastructure projects because of the advantages of fast 

erection, high ductility of steel and high compressive strength of concrete. 

CFST has these advantages because the steel tube provides confinement for 

concrete which increase concrete stiffness and strength, while local and global 

buckling of the steel tube are inhibited by concrete. 

Over the past several decades, researchers and structural engineers have 

proposed a wide variety of joints, including the joint with the external/internal 

diaphragm[1], joint with through diaphragm[2], joint with through 

web/flange/beam [3-5], joint with external stiffeners [6], joint using bolted 

connections[7-10] and so on. 

The aforementioned joints need to be welded or bolted on site, and some 

of them require cutting on steel column. Based on the interference fit in me-

chanical engineering, a new joint design is proposed in this paper, namely 

steel sleeve beam-column joint with interference fit (SSBCJ-IF), to reduce 

construction difficulties. The new joint is composed of the sleeve and the 

cantilever short beam as illustrated in Fig.1. During construction, a connection 

between beams and columns can be achieved by pressing the sleeve onto the 

column, thus both on-site welding and column cutting are avoided. 

 

 

Fig. 1 Assembly process of the steel sleeve joint 

 

In design practice, the connection between the beam and column is usual-

ly simplified as either rigid or pin connection. In reality, the ideal rigid or pin 

connection does not exist, and most of joints are semi-rigid connections. To  

 

clarify the influence of the beam-column angle change on the structure behav-

ior and to represent the nonlinear behavior of the joint, the moment-rotation 

(M-θ) curve is usually used to describe the mechanical properties of the con-

nection between beams and columns. Many calculation models for mo-

ment-rotation curve were proposed. Early studies use linear model to represent 

the connection characteristics for the whole loading process [11], but the linear 

model is only accurate for the elastic behavior of the connection. Frye et al. 

[12] proposed a polynomial model which can be easily used in structural 

analysis. The disadvantage of this model is that the polynomial has negative 

slope in some ranges which results in negative stiffness. B-spline model [13] 

can avoid the negative stiffness issue and give results in good agreement with 

those from test, however, more test data are needed to determine the B-spline 

model. Kishi and Chen [14] proposed a three-parameter power function model 

which requires much less data for function fitting than the data needed for the 

B-spline model. Also, the three-parameter power function model is applicable 

to the situation in which the bending moment-angle curve is flat at late levels 

of loading. Yee and Melchers [15] proposed the four-parameter exponential 

model. Although the moment-rotation curve given by the mathematical model 

is not as accurate as that obtained from experimental study or finite element 

analysis, the curves from the mathematical models are widely used due to the 

simplicity and convenience [16]. 

In this paper, a refined FEA model of SSBCJ-IF is established. The FEA 

results are compared with the results from test and theoretical calculation to 

verify the reliability of the FEA model. Then, variable parametric analyses are 

performed, with the parameters being categorized into three groups including 

loading, material and geometry properties. Finally, a simplified calculation 

method of moment-rotation relationship of SSBCJ-IF is proposed. 

 

2.  FEA modeling 

 

As seen in Fig.2(a) is model dimension. The section size of steel column 

is 273 mm × 7 mm (diameter × wall thickness) filled with C40 concrete.The 

beam section size height, width, web thickness, flange thickness is 250 mm, 

125 mm, 6 mm, 9 mm respectively. Fig.2(b) show sleeve joint details. The 

thickness of the diaphragm is the same as that of the beam flange. There are 

pinned about top and bottom of the column. The axial compressive ratio is 0.3. 

A pair of antisymmetric loads are applied at the beam ends. 
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Fig. 2 Details of models (mm) 

 

2.1. Material properties 

 

In the model, Chinese grade Q235 was used for steel. The elastic modulus 

of steel Es is 206 × 103 N/mm2 while Poisson ratio as 0.3 [17]. The constitutive 

model of steel suggested in reference [18] is adopted. The stress-strain curve is 

divided into four segments which are elastic segment, yield segment, 

strain-hardening segment and secondary yield segment. C40 concrete is used 

in the models. Concrete Young’s modulus and Poisson ratio adopt corre-

sponding values in [19]. The damaged plasticity of concrete (CDP) model in 

ABAQUS is used to simulate the mechanical properties of concrete. The 

stress-strain curve of concrete is calculated with the method introduced in 

reference [20]. The plastic-damage factor of concrete is determined with the 

method in reference. 

 

2.2. Element type and meshing 

 
The incompatible mode eight node brick element (C3D8I) is used for the 

steel column, concrete and steel sleeve. Four-node quadrilateral 

stress/displacement shell element (S4R) is used for the diaphragm and steel 

beams. To improve accuracy of the model, the mesh densities of the steel 

sleeve and steel column are unified to make the nodes at contact surface have 

one-to-one correspondence. Using the symmetry of the structure, a half model 

of the joint is created. Finer mesh is used for the core region of the joint and 

less fine mesh is used for other regions, so that both calculation accuracy and 

efficiency are considered. 

 

2.3. Contact modeling and boundary condition 

  
The “hard contact” is used to simulate the interference fit between the 

sleeve and the column [21]. The tangential direction is friction. Assume the 

friction conforms to the Coulomb friction criterion and the friction coefficient 

μ is 0.1. The “hard contact” is also used to simulate the interface between the 

steel tube and core concrete, while in the tangential direction the friction is 

considered with the Coulomb friction criterion and the friction coefficient μ is 

taken as 0.6 [20]. 

The column are pinned on top and bottom. while axial force is applied in 

y direction to simulate the axial pressure in the column. The forced displace-

ment in y direction is applied to the reference points of the beam ends. The 

beams are laterally braced to avoid lateral instability of the beams. Since only 

half of the joint is created using symmetry of the structure, the symmetric 

boundary conditions are applied on the plane of symmetry. 

The Newton-Raphson nonlinear solution method in ABAQUS/Standard is 

used. The automatic control for load increment in ABAQUS/Standard is se-

lected. 

 

3.  Reliability of FEA modeling 

 

To verify the reliability of FEA modeling of SSBCJ-IF, the following 

methods are used. 

(1) Compared with the experimental study on similar beam-column joints 

to verify the simulation of contact connection between the steel sleeve and 

steel column. 

(2) Compared with the experimental study on CFST columns to verify the 

simulation of contact connection between the steel column and concrete core. 

(3) For interference fit, if the steel sleeve and steel column are in the elas-

tic range, the connection structure behavior can be solved as an elastic 

plane-strain problem. The results from this solution are used to verify the 

assumption of nonlinear contact between steel sleeve and steel column in FEA 

model. 

 

3.1. Beam-column joint 

 

The separated sleeve joint proposed in reference [22] is similar to 

SSBCJ-IF. For both types of joints, the sleeve connectes the steel column and 

the steel beam. But the connection mechanisms of these two joints are differ-

ent. For separated sleeve joint, the steel beam flange is welded to the sleeve 

and the beam web is welded directly to the steel column. In this paper, the 

specimen WTJ-2 from reference [22] is selected to verify the FEA modeling. 

The steel column section diameter, wall thickness is 219 mm, 10 mm respec-

tively. The beam section width, web thickness and flange thickness is 200 mm, 

100 mm, 5.5 mm and 8 mm respectively. The joint size is as shown in Fig.3. 

 

 

 

Fig. 3 Dimension of the specimen WTJ-2 (mm) 

 

The FEA model is established in ABAQUS according to the settings de-

scribed in Section 2. The boundary conditions are the same as those in exper-

iments. The loading process in experiment is also simulated in FEA model. 

The Mises stress contour of the joint at the ultimate load state is shown in 

Fig.4. It is seen that the results from test and the finite element mode in Fig.5 

are in good agreement,it shows that indicating that the finite element model 

established by the above method is reliable. 
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Fig. 4 WTJ-2 Mises stress contour 

 

 

Fig. 5 Comparison of hysteresis curves between FEA calculation and test results for 

specimen WTJ-2 

 

3.2. CFST Column 

 

A series of experimental studies on CFST column under reversed load 

were performed in reference [22]. The specimen SC2-3 from reference [23] is 

selected in this paper to validate the FEA model. The column section is 114 

mm × 3 mm and the column length is 1500 mm. The steel tube is filled with 

concrete. Both ends of the CFST column are pinned. At the end of the column, 

the axial force is applied. The reversed load is applied in the direction perpen-

dicular to the column at midspan. 

The FEA model is established in ABAQUS according to the settings in 

Section 2. The boundary conditions are the same as those in experiments. 

Fig.6 shows the failure model. The comparison of results from FEA and ex-

periment study is shown in Fig.7, which for hysteresis curves the stiffness 

from FEA at late stage of unloading and reverse loading stage are slightly 

greater than those from test. The skeleton curves from FEA and test match 

well at loading stage. The skeleton curve from FEA at reverse loading stage is 

slightly smaller than that from test. In general, the results of FEA and experi-

ment are in fairly good agreement.  

 

 

Fig.6. SC2-3 Mises stress contour plot. 

 

 

Fig. 7 Comparison of hysteresis curves from FEA and test for specimen SC2-3 

 

3.3. Interference Fit 

  

The magnitude of interference is the difference between the outer diame-

ter of the steel column and the inner diameter of the sleeve. The mechanism of 

the interference fit is that each part is deformed to satisfy the compatibility of 

deformation. Thus, the contact pressure is generated. The steel sleeve and 

column can be analyzed as hollow thick-walled cylinders. If the interference 

fit is made before the concrete pouring and the sleeve and column do not reach 

plasticity stage during the interference fit, the interference fit connection 

structural behavior can be approximately simplified to axisymmetric 

plane-strain problem in elastic range. 

The model described in Section 2 is selected for interference fit FEA sim-

ulation verification. The interference is 0.5 mm. 

 

 

Fig. 8 Stress of each part after interference fit 

 

As shown in Fig.8, assume that the pressure between steel column and 

sleeve is q1. 

For steel column, the stress field is: 
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The radial stress is obtained as 13.89MPa, and the hoop stress is 

264.16MPa. 

For steel sleeve, the stress field is: 
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Radial displacement is: 

 



Wen-Tao Qiao et al.  340 

 

( )
2 2 2

2 2 1 2 1

2 2 2 2

2 2 2 2

1
1 2

r R q r q
u

E R r R r



 



 
= + − 

− − 

+ 1
              (4) 

 

The radial stress is obtained as 13.89MPa, and the hoop stress is 

-125.64MPa. 

According to the settings in Section 2, a FEA model of steel sleeve joint is 

created in ABAQUS to simulate the interference fit assembly process speci-

fied in this section. The Mises stress contour of joint after interference fit is 

shown in Fig.9. Most regions of the components are in elastic stage. Fig.10, 11 

show the comparison of both radial and hoop stresses from FEA model and 

theoretical analysis along the height of the column. 

 

 

Fig. 3 Mises stress contour of joint after interference fit 

 

 

 

Fig. 4 Comparison of  between elastic analysis and FE calculation 

 

 

Fig. 5 Comparison of  between elastic analysis and FE calculation 

  

It is seen from Fig.10 and 11 that the FEA results at both ends are differ-

ent from the theoretical results due to the stress concentration. The stresses at 

height 50 mm and 300 mm are also different from the theoretical results due to 

the diaphragms. For the rest portion of the stress curves, the results of FEA 

and theoretical are in fairly good agreement.. 

The comparative studies in Section 3.1, 3.2 and 3.3 show that FEA model 

in ABAQUS matches closely with experimental study or theoretical calcula-

tion in terms of beam-column joint, CFST column as well as the interference 

fit. Therefore, the FEA model of SSBCJ-IF which is composed of the afore-

mentioned three cases is highly reliable. 

 

4.  Parametric analysis of moment-rotation (M-θ) relationship 

 

The parametric analyses of the SSBCJ-IF are performed from three as-

pects, material, geometry and load. The changing trend of the initial rigidity 

and capacity of the joint under each parameter is obtained. Also, a mo-

ment-rotation calculation model is established by using the results obtained 

from the parametric analyses. The location of the measuring point is shown in 

Fig.12. 

 

4.1. M - θ relationship 

 

 

Fig. 6 Location of the measuring-point (mm) 

 

The M - θ relationship of the joint is calculated by Eq. (5) and (6), where 

M is the moment and θ is the rotation of the joint [24]. 

 

load
M PL=                                                    (5) 
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b c
  −=                                                     (6) 

 

Where, P is the load (kN); Lload is the distance from the location of the 

loading to the edge of the column which equals to 1.5 m; θb is the rotation 

angles of the beam while θc is the rotation angles of the column (rad). 

The beam rotation θb is given by Eq. (7) and (8): 
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=

- -
                           (7) 

 

3 2

DV DV
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b b

x L xP
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 
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 
                                (8) 

 

Where, DVi is the vertical displacement at measuring point i (mm); 

bel,DVi  is the calculated elastic displacement of the beam at DVi (mm); Eb is 

the Young’s modulus of the beam (MPa); Ib is the inertia moment of the steel 

beam section (mm4); DVix  is the distance from the measuring point i to the 

face of the column (mm). 

The column rotation θc is given by Eq. (9): 

 

DH3 DH4
arctan

250
c

 


+
=                                        (9) 

 

Where, δDHi is the horizontal displacement of the measuring point i (mm). 

The initial stiffness of Ki is taken as the secant rigidity corresponding to 

0.2Mu [1]. 

 

0.2

0.2
u

i

M
K
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=                                                  (10) 

 

Where, θ0.2 is the rotation angle corresponding to 0.2Mu (rad); Mu is the 

ultimate flexural strength of the joint (kN∙m). 

 

4.2. Parametric studies 

 

The basic configuration of the joint is set as follows: The section of the 

steel tube column is 273 × 7 (diameter × wall thickness in mm) filled with C40 

concrete. The beam section height, width, web thickness and flange thickness 

is 250 mm, 125 mm, 6 mm and 9 mm, respectively. The thickness of the ex-

ternal diaphragm is 9 mm. The steel sleeve thickness is 16 mm. The sleeve 

height are 350 mm. The magnitude of interference is 0.5 mm. The axial com-

pression ratio is 0.3. With this configuration, the parametric studies are per-

formed for material parameter, geometric parameter as well as load parameter. 

Table 1 shows the values of parameter. 

 

Table 1  

Parameter detail Parameters 

Material  Geometry  Load 

C Q  
δ 

/mm 
α k km  n 

C40 Q235  0.1 0.077 0.257 0.418  0.1 

C50 Q345  0.3 0.111 0.300 0.606  0.3 

C60 Q390  0.5 0.164 0.375 0.764  0.5 

C70 Q420  0.7 0.202 0.449 —  0.7 

C80 Q460  0.9 0.242 0.529 —  0.9 

— —  — 0.283 0.599 —  — 

— —  — — 0.691 —  — 

Note: C – concrete grade; Q – steel grade; δ – magnitude of interference; α – steel ratio of 

the column section; k – beam-column linear stiffness ratio; km – beam-column strength 

ratio; n – axial compression ratio of the column. 

 

(1) Concrete grade 

Fig.13(a) shows that when concrete grade is within the range of C40 to 

C80 the flexural bearing capacity remains almost the same. This is because the 

failure mainly occurs at the beam flange and web near the column face while 

only small portion of the column section fails. The failure pattern of the joint 

satisfies the design principle of “strong column weak beam”. Fig.13(b) shows 

that the initial rigidity increases slightly with the increase of the concrete grade. 

This is because there is an interrelation between concrete grade and concrete 

elastic modulus. Higher concrete grade usually corresponds to higher elastic 

modulus.  

 

 

Fig. 7 Influence of concrete strength 

 

(2) Steel grade 

Fig.14(a) shows that the flexural bearing capacity increases with the in-

crease of the steel grade while the shape of the moment-rotation curves is 

similar with each other. The similar shape of the M-θ curves indicates the 

failure process is also similar. Fig.14(b) shows that the steel grade has without 

influence on the initial rigidity. This is because the elastic modulus of steel is 

not directly related to the steel grade. 
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Fig. 8 Influence of steel strength. 

 

(3) Magnitude of interference 

Fig.15 shows that the flexural bearing capacity and the initial rigidity of 

joints increase with the increase of interference when the interference is less 

than 0.5 and decreases with the decrease of interference when the interference 

is more than 0.5. When the interference is low, the pre-tightening force be-

tween the steel tube and sleeve is small. In this case, the pre-tightening force 

will be lost under relatively small external load resulting in the stiffness de-

crease. When the magnitude of interference is high, the pre-tightening force 

between the steel tube and sleeve is large. In this case, the sleeve reaches 

plastic stage due to the excessive stress introduced by the large pre-tightening 

force resulting in the stiffness decrease. 

 

 

 

Fig. 9 Influence of magnitude of interference 

 

(4) Steel ratio 

The steel ratio α = As / Ac, where As is the areas of steel tube, Ac is the areas 

of core concrete. Fig.16 shows that the initial rigidity and flexural capacity can 

be increased along with the increase of the steel ratio of column section. For 

specific performance: With the increase of the steel ratio, the restraint effect 

on the concrete is enhanced so that the bending rigidity of the column section 

is improved. Fig.16 shows that the steel ratio has a great influence on the 

initial rigidity. Because the major failure occurs at the beam sections near 

column face, the steel ratio only has relatively small influence on the bend-

ing capacity. 

 

 

 

Fig. 10 Influence of steel ratio 

 

(5) Beam-column linear stiffness ratio 

The beam-column linear stiffness ratio is defined as: 

( )

( )
b

c

EI H
k

EI L
=  

 where (EI)b is flexural rigidity of beam,
 
(EI)c is flexural rigidity of CFST 

column, H is column height and L is beam span length.   

The variation in beam-column linear stiffness ratio ranging from 0.257 to 

0.691 is realized by changing the beam span length. Fig.17 shows that the 

variation of linear stiffness ratio has little influence on the capacity, but it has 

a significant influence on the initial stiffness. The maximum initial stiffness is 

reached when the beam-column linear stiffness ratio is about 0.5. To achieve 

the design goal and to improve the flexural rigidity of the joint, the linear 

stiffness ratio should not be too large. Thus, the optimum value of k is about 

0.5. 
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Fig. 11 Influence of beam-to-column linear stiffness ratio 

 

(6) Beam-column strength ratio 

The beam-column strength ratio is taken as km = Mub / Muc, where Mub, Muc 

is the bending strength of the steel beams and column, respectively. Fig.18(a) 

shows that the ratio km has a great effect on the M - θ curve. This is because 

the variation of km is realized by adjusting the beam section and the beam 

section with higher bending strength will give both a higher flexural bearing 

capacity and a higher initial stiffness. 

 

 

 

Fig. 12 Influence of strength ratio of beam to column 

  

(7) Axial compression ratio of the column 

Fig.19 shows the relationship between axial load ratio and mo-

ment-rotation curve. The axial load ratio ranges from 0.1 to 0.9. Both the 

flexural bearing capacity and initial rigidity of the joint remain the same when 

the axial compression ratio of column is between 0.1 and 0.7. They both de-

crease when the axial compression  load ratio is above 0.7. This is because 

the large axial load ratio changes the failure pattern of the joint from beam 

failure to column compression-bending failure. This indicates that the failure 

of column prior to the beam failure should be avoided. 

 

 

 

Fig. 19 Influence of axial compression ratio 

 

4.3. Classification of joints 

 

Using the classification method in European Standard (EC3-2005) [25], 

the joints are divided into three types based on the initial rotational rigidity. If 

the initial rigidity Sj,ini≥kbEIb/Lb, the joint is rigid. If Sj,ini≥0.5EIb/Lb, the joint 

is a nominally pinned joint. If Sj,ini is between these two limits, the joint is 

semi-rigid. According to Fig.13-19, the SSBCJ-IF should be classified as a 

semi-rigid joint. 

 

5.  Simplified calculation of M-θ relationship 

 

The three-parameter power model proposed by Kishi et al [14] is used to 

describe the moment-rotation relation of CFST beam-column joints. 

 

( )
1

1

1
n

n
i

u

M

K M M

 =
 −
 

                                     (11) 

 

Where ki is the initial rigidity (kN∙m/rad); Mu is the ultimate flexural ca-

pacity (kN∙m); n is the parameter related that affects the moment-rotation 

curve. 

The three parameters in Eq. 11, Ki, Mu and n, are determined with numer-

ical analysis as follows. 

Initial stiffness ki : 

The parametric analyses indicate that the major factors affecting the initial 

rigidity are axial compression ratio n, steel ratio α, beam-column strength ratio 

km, linear stiffness ratio k and magnitude of interference δ. 

The interference directly affects the radial contact pressure between the 

steel tube and the sleeve. The steel tube and the sleeve connection rely on the 

friction caused by the contact pressure to transfer and resist the load. The 

contact pressure can be calculate using linear elasticity method but solving 

system of equations is required in this method which is too complex. Here the 

contact pressure is obtained with the equation from mechanics of materials 

which is common in mechanical engineering as follows. 

 

1 2

1 2

C C
qd

E E


 
= + 

 
                                           (12) 
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Where, q is the pressure on the interference-fitted surface (MPa); d is the 

diameter of the interference-fitted surface (mm); E1 and E2 are the Young’s 

modulus of steel tube and sleeve, respectively (MPa); C1 is the stiffness coef-

ficient of the steel tube, C1 = (d2+d1
2) / (d2-d1

2) - μ1 ; d1 is the inner diameter of 

the steel tube; μ1 is the Poisson’s ratio of the steel tube; C2 is the stiffness 

coefficient of the steel sleeve, C2 = (d2
2+d2) / (d2

2-d2) + μ2 ; d2 is the outer 

diameter of the steel sleeve (mm); μ2 is the Poisson’s ratio of the steel sleeve. 

Using Eq. (12), the magnitude of interference can be converted into the 

corresponding contact pressure giving q=2.69~24.22 MPa. The ranges of other 

parameters are as follows: n=0.1～0.9, α=0.077～0.283, km=0.418～0.764, 

k=0.257～0.691. Based on these parameters, the equation for initial stiffness 

Ki is defined as follows. 

 

( ) ( ) ( ) ( ) ( )i
K R f n f f k f k f q

m
=                             (13) 

 

Where, R is a coefficient. ( )f n , ( )f  , ( )m
f k , ( )f k  and ( )f q  

are the mathematical relations between Ki and n, a, km, k and q. 

 

3 2( ) ( 2.13 1.44 0.11 1) 0.4f n n n n= − + − +                          (14) 

 

( ) 1.34ln(3.12 ) 4.8f  = +                                    (15) 

 

( ) 23.97 2.25 13.04m m mf k k k= + +                               (16) 

 

( ) 22.15 2.05 0.32f k k k= − + +                                  (17) 

 

( ) ( )2
37.18 432.11 1.55f q qq= − + + 

                                (18)  

   

Substituting Eq. (14) ~ (18) into Eq. (13), the initial stiffness of the joint 

Ki is given by: 

 

( )

( )( )

( )( )

3 2

2

2 2

0.62 2.13 1.44 0.11 1

1.34ln(3.12 ) 4.8 3.97 2.25 13.04

2.15 2.05 0.32 37.18 432.11

i

m m

K n n n

k k

k k q q



− + − +

+ + +

− + + − + +

=

                       (19) 

 

Fig.20 shows the comparison between the initial stiffness from the pro-

posed simplified calculation and that from the FEA modeling. It is seen that 

the two results are in good agreement with each other and the maximum error 

is less than 10%. 

 

 

Fig. 13 Simplified calculation of initial stiffness compared with FEA calculation 

 
Ultimate flexural capacity Mu: 

Since the failure is ensured to occur at the beam section near column face, 

the ultimate flexural bearing capacity of the joint Mu is taken as the ultimate 

flexural bearing capacity of the beam. 

 

u nx u
M W f=                                                  (20) 

 

Where, Wnx is the net cross-section flexural modulus of the beam (mm3). fu is 

the tensile strength of the beam (MPa). 

Parameter n: 

Substitute Ki and Mu into Eq. (11). After data fitting, the relation between 

n and
0
 is given by: 

 

10 0
0.48log 2.5n = +                                         (21) 

 

Where
0
 is the reference rotation angle,

0 u i
M K = . 

Fig. 21 shows the comparisons between the M - θ curves from Eq. (11) 

and the curves from the FEA analysis. It is seen from the Fig.21 that the sim-

plified calculation method can conservatively capture the nonlinear structural 

behavior of the joint. 

 

 

 

 

 

Fig. 21 Moment-rotation curves (simplified calculation method vs FEA calculation) 
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6.  Conclusions 

 

In this paper, the parametric analysis on the mechanical properties of 

SSBCJ-IF is performed. The influence of major parameters on the flexural 

bearing capacity and initial rigidity of the SSBCJ-IF are studied. One simpli-

fied calculation method for the moment-rotation curve is also proposed. The 

main conclusions are as follows. 

(1) A FEA model of the SSBCJ-IF is proposed in this paper. The results 

from the FEA model are compared with the results from the experimental 

studies and theoretical calculation to verify the reliability of the FEA model. 

(2) The parametric analysis is performed with three aspects, material, 

geometric and load. The results show that concrete strength increase had al-

most no influence on the flexural bearing capacity but has a small influence on 

the initial rigidity. The flexural capacity can be increases along with the in-

crease of steel grade, and the steel grade has no effect on the initial stiffness. 

The stiffness of the joint reaches the peak when the magnitude of interference 

is 0.5 mm (corresponding to 13.45 MPa of pre-tightening force). The magni-

tude of interference has little influence on the joint flexural capacity. Increas-

ing the steel ratio can slightly increases the initial stiffness of the joint. To 

satisfy the design goal of “strong column weak beam”, the beam-column 

linear stiffness ratio should not be too large and the joint can reach the maxi-

mum stiffness when the linear stiffness ratio is about 0.5. Increasing the 

beam-column strength ratio through adjusting beam section can improve the 

initial stiffness and flexural bearing capacity of the joint significantly. When 

the axial load ratio is 0.7 or less, the change of column axial force has little 

influence on the joint. When the axial load ratio exceeds 0.7, the initial rigidity 

and the flexural bearing capacity both decrease significantly with the increase 

of the axial load ratio. 

(3) The SSBCJ-IF is semi-rigid joint according to the classification 

method of European Standard (EC3) and it is similar with the rigid joint of 

braced frames. 

(4) According to the results of the parametric analysis, a simplified calcu-

lation method for the M - θ relation is proposed by fitting the three-parameter 

power model. The M-θ curves obtained by the simplified calculation method 

are compared with the curves from the FEA method and the results match with 

each other very well. 
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