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Abstract 
This paper compares the design of composite columns in steel and concrete based on 
EN1994-1-1 and Chinese JGJ138-2016. First, the application ranges of the codes are 
pointed out. Both codes contain the design of fully encased composite sections and concrete 
filled rectangular and circular tubes. However, there are different limitations on cross-
section sizes, material strength classes, and others. JGJ138 has three separate chapters for 
the designs related to the three different types of columns. Eurocode 4 gives three different 
design methods: one general method based on nonlinear calculation, and two simplified 
methods based on European buckling curves or N-M iteration curves. For the materials, 
mechanical properties, such as design strength values, are compared based on the same 
material grade. For axial compression resistance and eccentrically compressive resistance, 
the two simplified methods from Eurocode 4 are compared with the design method 
according to JGJ138-2016 through theoretical and parameter studies. The influences of 
related parameters such as long-term effects, the buckling curves, and N-M iteration curves 
are also compared. For shear design, JGJ138-2016 considers mainly transverse shear 
resistances, while Eurocode 4 further considers shear connection and load introduction. 
The design transverse shear resistance is compared through theory. 

Keywords: Composite column; Eurocode 4; JGJ138-2016. 

 
 

1. Introduction 
As the result of rapid economic growth, a 

booming building industry is ongoing in China. 
Around half of the world’s new constructions are 
built there each year recently [1], among which, 
composite structures become more important. In 
parallel, there are new developments for Chinese 
design codes. Thus, it is interesting to compare 
the newly published Chinese “Code for design of 
composite structures” JGJ138-2016 [2] (JGJ138 
for short) with globally used Eurocode 4: part 1-
1 (EN1994-1-1) [3] (EC4 for short), the most 
technically advanced standard for the design of 
composite structures. Funded by the European 
Commission, in context of Erasmus+ strategic 
partnership project “AVEC BNT,” a detailed 
comparison of these two codes is now 
proceeding. This paper is a summary of parts of 
the results. For JGJ138-2016, “JGJ” is an 
abbreviation of its name in Chinese Pinyin “Jian 
Gong Jian” which means “standards for 
construction engineering.” Similarly, the 

abbreviation “GB” for some Chinese codes [4] is 
from “Guo Biao” which means “national 
standard”. Both JGJ138-2016 and EN1994-1-1 
are based on probabilistic safety concept, and 
limit states design method, which allows the 
comparison of both codes. 

2. Application scope of the codes 
Eurocode 4 represents three different design 

methods: The simplified method, based on the 
European buckling curves for axial compression. 
In addition, a simplified method based on the 
2nd order calculation for action effects 
considering imperfections and N-M interaction 
for the determination of resistances, for centric 
and eccentric loadings. As well as the general 
method with non-linear FE-Analysis based on 
the stress-strain relationship of materials, 
considering geometrical imperfections and 
residual stresses. For each type of columns, 
JGJ138-2016 gives different equations for the 
calculation of column resistance under centric or 
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eccentric loading. Most of the equations are 
adopted from the code for design of concrete 
structures GB50010 [4]. 

 Eurocode 4 allows designs with normal 
strength concrete (C20/25 to C50/60), the steel 
contribution ratio should be between 0.2 and 0.9. 
Chinese code moreover uses high strength 
concrete with cube strength class up to C80, also 
low strength reinforcements are allowed. 

 

 
Fig. 1. Column types allowed by the simplified 

method in EC4 and JGJ138-2016 

Table 1.Considered parameters, design possibilities in 
EC4 simplified method and JGJ138-2016 

Considerations EC4 JGJ138 
Considered parameters 

Imperfection on axial compression ● ● 
Imperfection on N-M interaction × ● 
Influence of transverse shear on 
steel strength ● × 

Second-order effects ● ○ 
Longitudinal shear, loads transfer ● × 

Design possibilities 
Axial compression ● ● 
Eccentric compression ● ● 
Axial tension × ● 

Eccentric tension × ● 

Transverse shear  ● ● 
Seismic design × ● 

Non-regular cross-section types ● × 
● Yes    ○ optional     × No 

The simplified methods in Eurocode 4 and 
design methods in Chinese code, both include 
fully encased composite sections, concrete filled 

rectangular and circular tubes, but with different 
limitations. Furthermore, Eurocode 4 also allows 
more section types, which are doubly 
symmetrical and connected, such as the partially 
encased composite sections, and combined steel 
tubes with encased steel sections (Fig. 1a), 
[5].The comparisons of general limitations are 
shown in Fig. 2. With the limitation of very thick 
concrete encasement out of steel section and big 
cross-section size, JGJ138 is suitable for mega 
columns, while EC4 also allows smaller 
sections. Comparison of considered parameters 
and design possibilities of simplified methods in 
EC4 and methods in JGJ138 are compared in 
Table 1. For the general nonlinear method of 
EC4, columns with unregularly, asymmetric or 
with unconnected multi-steel profiles cross-
sections are allowed. 

 
Fig. 2. Comparison of the limitations of the 

composite column design  

3. Comparison of material 

3.1. Concrete 
EC4 (references to EN1992-1-1) gives two 
characters for the concrete strength class; the 
first value represents cylinder strength class  

 
Fig. 3. Comparison of concrete strength 
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and the other represents cube strength class. 
JGJ138 similar to GB50010 [4] uses only cube 
strength class. 

In Chinese design codes, concrete 
characteristic compression strength (fck) is based 
on concrete from the “real” structures, which 
considers time effects and other factors [1]. It is 
about 20% smaller than in EC4. For concrete 
design compression strength, EN1994-1-1 (fcd) 
applies material partial safety factor of 1.5 (or 
1.2 for accidental combination). JGJ138-2010 
( fc ) uses 1.4. For concrete with same cube 
strength class, Eurocode 4 has around 14% 
higher design strength, without considering the 
reduction factor 𝛼𝑐𝑐 of time effect by EN1992-
1-1. The use of 𝑎𝑐𝑐 also in EC4 is still suggested 
to be included in future version [6].  

3.2. Profiled steel and reinforcement 
Material properties for structural steel and 

reinforcement, based on EC4 and JGJ138 are 
listed in Table 2. There are a few important 
differences: JGJ138 allows using low strength 
reinforcement such as HRB335, HRB400, and 
for HRB500 different design strength vaule for 
tension and compression. EC4 can use higher 
strength structural steel of S450 and S460. The 
material safety factor for structural steel in 
JGJ138 is around 1.1, while EC4 suggests 1.0 for 
cross-section resistance and instability checking. 

Table 2.Structural steel and reinforcement mechanic 
properties in Eurocode 4 and JGJ138-2016. 

Properties EN1994-1-1 JGJ138-2016 
Structural steel 

Nominal 
yield 

strength 

fy: 235 to 460  
N/mm2 

fak= fay:235 to 420  
N/mm2 

Steel 
grades 

S235, S275, S355, 
S420, S450, S460 Q235, Q345, Q390 Q420 

Thickness 
categories 

≤40mm,80mm, 
>80mm 

≤16mm, 35mm, 50mm, 
and 100mm 

Design 
strength 

fyd = fy/γmi 
γm0=γm1=1.0 

fa= fay/γa 
γa≈1.1 

Elastic 
modulus 2.1×105 N/mm2 2.06×105 N/mm2 

Reinforcement 
Nominal 

yield 
strength 

fsk= 500 N/mm2 fyk= 300 to 500 N/mm2 

Reinforce
ment 

grades 

B500A, B500B, 
B500C 

HPB300 (only for stirrups) 
HRB335, HRB400, 

HRB500 
Design 
strength 

fsd= fsk/γs 
γs= 1.15  

fy= fyk/γs 
γs≈1.1 

Elastic 
modulus 2.1×105 𝑁/𝑚𝑚2 

HPB300: 2.1×105 𝑁/𝑚𝑚2 
Others:     2.0×105 𝑁/𝑚𝑚2 

4. Limitation of steel-plate slenderness 
without local buckling checking. 

Local buckling is negligible if the steel plate 
slenderness does not exceed the limitations listed 
in Table 3. Two codes give different limitation 
values for concrete filled tubes based on similar 
type of formula. Partially encased composite 
sections are not in the design scope of JGJ138. 
For fully encased columns, EC4 allows to 
neglect the local bucking when a minimum value 
of concrete encasement is provided [5], 
however, additional checking is still required for 
the JGJ138 with even much thicker concrete 
cover. 

Table 3.Limitation of steel plate slenderness without 
checking local buckling  

Types EN1994-1-1 JGJ138-2016 

 

d

t
≤90∙

235

fy
  d

t
≤135∙

235

fak
  

 

h

t
≤52√

235

fy
  h

t
≤60√

235

fak
  

 

b

tf
≤44√

235

fy
   

 concrete cover to 
a  flange be no 
less than 40mm 
nor 1/6 breadth 
of the flange 

bf1/tf hw/tw B/t 
≤23 ≤96 ≤72 
≤19 ≤81 ≤61 
≤18 ≤75 ≤56 
≤17 ≤71 ≤54 

5. Comparison of design buckling 
resistance  
For columns only under axial compression and 
fulfill the requirements listed in Fig. 2, EC4 
allows using the simplified method based on 
European buckling curves to calculate the design 
buckling resistance ( 𝑁𝑅𝑑 ) as follow (if not 
consider confinement for circular tubes):  

NEd ≤ NRd=χNpl,Rd (1)
Npl,Rd = Aafyd+0.85Acfcd+Asfsd      (2)

χ =
1

ϕ+√ϕ2-λ̅2
≤1.0 (3)

ϕ = 0.5[1+α(λ̅-0.2)+λ̅2)] (4)

λ̅ = √Npl,Rk/Ncr (5)

Npl,Rk = Aafy+0.85Acfck+Asfsk (6)
Ncr = π2(EI)eff/l0

2 (7)
(EI)eff = EaIa+EsIs+KeEcmIc (8)

Ec,eff =
Ecm

1+(NG,Ed NEd⁄ )φt
(9)
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The buckling curves are referenced to EN1993-
1-1, combined with the relative slenderness 𝜆̅ 
calculated considering long-term effects and 
equivalent stiffness of cross-section (EI)eff  by 
EC4. For concrete filled tubes, “0.85” in Eq. (2) 
and Eq. (6) can be replaced by 1.0 and for 
circular tubes concrete confinement should be 
included. Considering long-term effects 𝐸𝑐𝑚  in 
Eq. (8) should be replaced by Ec,eff. Imperfection 
factor 𝛼 in Eq. (4) (from EN1993-1-1), is 0.21 
for buckling curve a, 0.34 for curve b and 0.49 
for curve c. The reduction factor 𝐾𝑒 is 0.6. 

For JGJ138, the buckling curve ( 𝜑 𝑡𝑜  𝑙0/𝑖  in 
Table 5) borrowed from GB50010 [4], is used 
for both fully encased columns and concrete 
filled rectangular columns. Imperfection and 
long-term effects are already included in the 
buckling reduction factor  𝜑  [7]. The reduction 
factor “0.9” in Eq. (10) to (12) is the parameter 
related to the reliability of column.  

For fully encased composite section: 

N ≤ 0.9φ(fcAc+fy
' As

, +fa
, Aa

, )                          (10) 

For concrete filled rectangular tube: 

N ≤ 0.9φ(α1fcAc+faAa)                               (11) 

For concrete filled circular tube: 

N  ≤ {
0.9φlfcAc(1+αθ)      ; θ≤[θ]

0.9φlfcAc(1+√θ+θ) ; θ>[θ]
   (12)

θ = faAa fcAc⁄ (13)

φl = {
1-0.115√Le D⁄ -4 ; Le D⁄ >4

1 ; Le D⁄ ≤4
(14)

 

Where: 
Aa (Aa

, ),Ac, 
As(As

, ) 
is cross-section areas of steel, concrete, and 
reinforcement respectively. 

𝑓𝑦𝑑;  𝑓𝑎(𝑓𝑎
,) is design strength of profiled steel. 

𝑓𝑐𝑑;  𝑓𝑐 is design compression strength of concrete. 
𝑓𝑠𝑑;  𝑓𝑦

,  is design compression strength of 
reinforcement. 

𝑓𝑦𝑘 , 𝑓𝑐𝑘 , 𝑓𝑠𝑘; is characteristic strength value of steel, 
concrete, and reinforcement respectively. 

𝐸𝑐𝑚 is the mean elastic modulus of concrete. 
𝐼𝑎 , 𝐼𝑐 , 𝐼𝑠 is moment of inertia of each part respectively. 
𝑁𝐸𝑑 , 𝑁𝐺,𝐸𝑑 is design compressional force and the part of 

permanent loads. 
𝜑𝑡 is creep coefficient of concrete at time t. 
𝛼, 𝛼1, 𝜃 parameters related to concrete-Table 4. 
𝑙0, 𝐿𝑒 is the calculation length of the column. 
𝜑 is buckling reduction factor-Table 5. 

Table 4.Values of 𝛼, 𝛼1, 𝜃 in JGJ138 
Concrete  class ≤ 𝑪𝟓𝟎 𝑪𝟓𝟓 𝒕𝒐 𝑪𝟕𝟓  𝑪𝟖𝟎 

𝛼 2.0 1.8 1.8 
𝛼1 1.0 interpolation 0.94 
[𝜃] 1.0 1.56 1.56 

Table 5.Values of 𝜑 for flexure buckling for JGJ138 
𝒍𝟎/𝒊 ≤28 35 42 48 55 62 

𝜑 1.0 0.98 0.95 0.92 0.87 0.81 
𝒍𝟎/𝒊 69 76 83 90 97 104 

𝜑 0.75 0.70 0.65 0.60 0.56 0.52 
Note:  i=√(EcIc+EaIa)/(EcAc+EaAa)                           (15) 

5.2. Comparison based on parameter studies 
The buckling resistance (𝑁𝑅𝑑) according to 

the simplified method based on the European 
buckling curves in EC4 is compared with axial 
compression resistance according to JGJ138. In 
addition, the influence of long-term effects on 
flexure stiffness and comparison of buckling 
curves are investigated.  

Fully encased composite sections of different 
calculation height are calculated. The design 
information and the buckling resistances of both 
axes are shown in Fig. 4. For JGJ138, the smaller 
material strength values and the reduction factor 
0.9 in Eq. (10) result in smaller buckling 
resistance value for compact columns compared 
to EC4. However, for slender columns, JGJ138 
gives bigger buckling resistance. EC4 uses two 
different types of buckling curves (yy: curve-b, 
zz: curve-c), thus, the resistance in major and 
minor axes have big differences. JGJ138 uses 
same buckling curve, which gives similar 
resistance. 

 
Fig. 4. Buckling resistance to calculation length 

of full-encased composite section 

EC4 considers long-term effects of concrete 
by using a reduced effective elastic modulus of 
concrete Ec,eff  (Eq.(9)) which increases the 
relative slenderness 𝜆̅.  To investigate the 
influence, two attentional curves with concrete 
creep coefficient equal to zero ( 𝜑𝑡 = 0 ) are 
added in Fig. 4. Comparison shows the long-
term effects can reduce buckling resistance up to 
25%. (Fig. 4) 
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Concrete filled rectangular tubes, with 
different height/breadth ratios (h/b = 1, 1.3, 1.6, 
1.9) but same plastic compression resistance are 
investigated. Because only minimum required 
reinforcement ratio is considered, rebars are not 
included in the calculation. Buckling curve “a” 
is used according to EC4. The creep coefficient 
used here for EC4 is 0.25 times of the calculated 
𝜑𝑡  value by neglecting the steel tube, based on 
the German National Annexe [5, 8]. 

 
Fig. 5. Buckling resistance to calculation length 

of concrete filled rectangular tubes 

With increasing h/b ratios, the slenderness of z-
axis gets bigger. Thus the buckling resistance 
controlled by the z-axis decreases. In EC4, 
because of using 1.0 instead of 0.85 in Eq. (2), 
concrete plastic compression resistance further 
raises. The differences of buckling resistance of 
compact columns are greatly increased. Overall, 
JGJ138 shows conservative design buckling 
strength compared to EC4 (Fig. 5). 

 

 
Fig. 6. Comparison of buckling curves 

For both fully encased composite sections and 
concrete filled rectangular tubes, JGJ138 uses 
the same buckling curve defined as the bulking 
reduction factor 𝜑 based on 𝑙0/𝑖  (Eq. (15)). 
Eurocode 4 on the other hand, uses the buckling 
curves based on reduction factor 𝜒 to the relative 
slenderness 𝜆̅ . To make them comparable, the 
JGJ138 𝑙0/𝑖 is transferred to the EC4 𝜆̅. The 𝜑 −
𝜆̅ curves are not constant for individual cross-
sections depending on geometry and material. 
The curves for the before mentioned columns are 
shown in Fig. 6. All the three buckling curves 
according to JGJ138 has bigger value of 
buckling reduction factors than EC4. 

 
Fig. 7. Buckling resistance to calculation length 

of concrete filled circular tubes 

The design buckling resistances of concrete 
filled circular tubes are shown in Fig. 7. 
Columns with different steel tube thickness are 
investigated with (or without) consideration of 
concrete confinement. The creep coefficient 
used for EC4 is 0.25𝜑𝑡  [5, 6] For JGJ138 the 
column calculation length is suggested to be no 
more than 20 times of the diameter of cross-
section. In general, design buckling resistances 
according to Eurocode 4 are higher than in 
JGJ138 for most situations, but the difference is 
reduced compared to the case of concrete filled 
rectangular columns.  

6. Comparison of N-M interaction 
curves  

The N-M interaction curves in Eurocode 4 is 
represented by simplified four points polygonal 
diagram. For JGJ138 the N-M interaction curves 
are not directly given but can be made using the 
formulas of eccentric compression resistance. 
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JGJ138 gives three different sets of equations for 
each type of composite columns. The fully 
encased columns and concrete filled rectangular 
tubes have a similar mechanic model (identical 
to EC4) based on cross-section resistance. For 
concrete filled circular tubes, the design 
mythology is different from the rest. 

6.1. Design methods of N-M interaction  
The N-M interaction curve according to 

Eurocode 4 is based on the rectangular stress 
blocks with stress value of plastic strength [9] 
(Fig. 8.a). The influence of transverse shear is 
considered by a reduced design steel strength 
 (1 − 𝜌)𝑓𝑦𝑑 in the shear area, if the shear force 
exceeds half of the design shear resistance. In 
practice, a simplified polygonal diagram with 4 
points is used instead of the exact plastic curve. 
To take into account of the difference between 
the full plastic and the elastoplastic resistance of 
the cross-section, resulting from the strain 
limitations for concrete as well as other effects, 
a reduction factor 𝛼𝑀  on design moment 
resistance is used. (𝛼𝑀=0.8 for S420 and S460 
and 0.9 for S235 and S355). The design bending 
moment should fulfil condition: 𝑀𝐸𝑑  ≤  𝑀𝑅𝑑 =
𝛼𝑀𝜇𝑀𝑝𝑙,𝑅𝑑  ,where 𝜇 is the reduction factor due 
to the normal force, which can be calculated 
based on N-M interaction curve.  

 

Fig. 8. Mechanic models for N-M interaction curves 

Design of fully encased composite sections 
and concrete filled rectangular tube by JGJ138 
also use rectangular stress blocks, but with 
different plastic neutral axes for steel and 
concrete (Fig. 8.b). For the steel flanges and the 
reinforcements in tensile or smaller compressive 
side, the stresses (𝜎𝑎 , 𝜎𝑦) should be calculated 

based on the location of neutral axis. The 
influence of transverse shear on strength of steel 
is not considered. Additional geometrical 
eccentric of the axial loads ( 𝑒𝑎 ) is added to 
represent impact of imperfection, and to align 
the maximum design compression strength with 
the result from axial buckling resistance. For 
concrete filled rectangular tube, on condition of 
small eccentric compression, the stresses in steel 
plates along cross-section height direction are 
represented by stress blocks with different stress 
value below and above the neutral axis. The 
stress in compression part is assumed to be 
design strength 𝑓𝑎, while the tensile parts is the 
stress value of steel plate at lower surface 𝜎𝑎 , 
contribution of reinforcement is neglected. 

For the concrete filled circular tubes, JGJ138 
uses empirical formula, which considers 
buckling, concrete confinement , imperfection 
and other factors. Reinforcement is only required 
when the diameter of column exceeds 2000 mm 
and is not considered by resistance calculation. 

6.2. Parameter studies of N-M interaction 
curves 

Fully encased composite sections with 
different concrete or steel grades are compared. 
(Fig. 9, Fig. 10). Although both codes are based 
on the cross-section resistance, Eurocode 4 has 
higher plastic compression resistance resulting 
mainly from higher material strength values. The 
maximum bending moment resistance 𝑀𝑅𝑑  of 
EC4 with steel grade S420, S460 (𝛼𝑀 =0.8) is 
smaller than by JGJ138. But when S235 to S355 
is used (𝛼𝑀 =0.9) the maximum 𝑀𝑅𝑑  can be 
greater than the values from JGJ138. 

 

Fig. 9. N-M interaction curves of fully encased 
composite column (with different concrete 

grades) 
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Fig. 10. N-M interaction curves for fully encased 

column  (with different steel grades) 

Concrete filled rectangular tubes with 
changing height to breadth ratios (h/b = 1.0, 1.3, 
1.6, 1.9) but same plastic compression resistance 
are compared (Fig.11). Similar to the fully 
encased composite sections, when αM  equal to 
0.8 the maximum design bending moment 𝑀𝑅𝑑 
by EC4 is smaller (Fig.11.a). When αM = 0.9 N-
M interaction curves according to EC4 is outside 
of the relevant curve by JGJ138. 

 

 

Fig. 11. N-M interaction curves of concrete filled 
rectangular tubes 

For the concrete filled circular tube, the N-M 
curves are not comparable for the following 

reasons: For JGJ138, the N-M curves are not 
only based on the cross-section resistance, 
factors like concrete confinement, buckling of 
the column are also considered. Thus with 
changed column length or supports condition, 
different N-M curves can be generated (Fig.12). 
For EC4, on the other hand, the N-M curve only 
represents the cross-section resistance.  

 

Fig. 12. N-M interaction curves of concrete filled 
circular tubes 

7. Comparison of shear resistance  
Eurocode 4 considers mainly the following 

aspects of influence of shear: First influence of 
transverse shear forces on the bending and 
normal force resistance should be considered 
(§ 6.1). Second, the transversal shear resistance 
should be verified separately for steel and 
concrete parts. Third, the longitudinal shear 
resistance, i.e. the force transfer between 
concrete and steel sections needs also to be 
checked.  

For JGJ138-2016, only the checking for 
transversal shear resistance is required. For 
different types of columns, different formulas 
are given. The comparison of transversal shear 
resistance is shown below:  
EN1994-1-1:  

Steel: 𝑉𝑎,𝐸𝑑 = 𝑉𝐸𝑑 ∙
𝑀𝑎

𝑀𝑅𝑑
≈

𝑀𝑝𝑙𝑎,𝑅𝑑

𝑀𝑝𝑙,𝑅𝑑
< 𝑉𝑝𝑙𝑎,𝑅𝑑         (16)  

Concrete: 𝑉𝑐,𝐸𝑑 = 𝑉𝐸𝑑 − 𝑉𝑎,𝐸𝑑 < 𝑉𝑐,𝑅𝑑                 (17) 

Where: 

𝑉𝑎,𝐸𝑑 , 𝑉𝑐,𝐸𝑑 , 𝑉𝐸𝑑
:  Design transverse shear force of steel, 
concrete and composite section. 

𝑉𝑝𝑙𝑎,𝑅𝑑: Design transverse shear resistance of steel 
section. (Calculated based on Eurocode 3) 

𝑉𝑐,𝑅𝑑: Design transverse shear resistance of 
concrete section. (Calculated based on 
Eurocode 2) 

𝑀𝑝𝑙𝑎,𝑅𝑑 , 𝑀𝑝𝑙,𝑅𝑑:  Plastic moment resistance of steel section, 
composite section respectively. 
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JGJ138-2016 (for eccentric compression): 

Fully encased composite section (frame column): 

𝑉𝑐 ≤
1.75

𝜆+1
𝑓𝑡𝑏ℎ0 + 𝑓𝑦𝑣 ∙

𝐴𝑠𝑣

𝑠
ℎ0 +

0.58

𝜆
𝑓𝑎𝑡𝑤ℎ𝑤 + 0.07𝑁        (18) 

Vc ≤ 0.45𝛽𝑓𝑐𝑏ℎ0        𝑓𝑎𝑡𝑤ℎ𝑤 𝛽𝑓𝑐𝑏ℎ0⁄ ≥ 0.1 

Concrete filled rectangular tube: 

𝑉𝑐 ≤
1.75

𝜆+1
𝑓𝑡𝑏𝑐ℎ𝑐 +

1.16

𝜆
𝑓𝑎𝑡ℎ + 0.07𝑁           (19) 

Concrete filled circular tube (a = M/V < 2D): 

𝑉 ≤ [0.2𝑓𝑐𝐴𝑐(1 + 3𝜃) + 0.1𝑁](1 − 0.45√𝑎/𝐷)    (20) 

Where: 

𝑁 ∶ Design axial compression Force. For Eq.(18) 
Eq.(19) when 𝑁 > 0.3𝑓𝑐𝐴𝑐 taken 0.3𝑓𝑐𝐴𝑐 . 

 𝜆 ∶ Calculation shear span ratio, generally taken as 
 𝜆 = 𝑀/(𝑉ℎ0 𝑜𝑟 𝑉ℎ), M is the bigger moment 
of two ends, and (ℎ0), ℎ is the (effective) height 
of column cross-section. When the point of 
contra flexure is within the column, an 
approximate value of half of the column height 
over ℎ0 (or ℎ).  1 ≤ 𝜆 ≤ 3. 

𝐴𝑠𝑣

𝑠
∶ 

Shear reinforcement area per unit length of 
column. 

8. Conclusions 

The design scopes of the JGJ138-2016 and 
simplified method in Eurocode 4 are different: 
JGJ138 contains design guides separately for 
fully encased composite sections, concrete filled 
rectangular and circular tubes. EC4 simplified 
method covers more types of sections and gives 
unified design procedures. JGJ138 is suitable for 
the design of large cross-sections; the EC4 
simplified methods are also applicable for small 
size columns. Also, the general method based on 
the non-linear analysis in Eurocode 4 allows the 
design of irregular composite columns. 

Eurocode 4 allows using up to C50/C60 
concrete, JGJ138 can use up to C80. However, 
the Chinese C80 has similar strength values to 
the European C50/60. For structural steel, the 
material partial safety factors of JGJ138 is higher 
than EC4 recommended value, which gives a 
general smaller design strength value. EC4 
allows using higher grades structural steel; 
JGJ138 allows the lower strength reinforcement. 

 For buckling resistance: JGJ138 has smaller 
buckling resistances for compact columns due to 
the lower material strength values used in the 
design. However, the resistance for slender 
columns can be bigger than EC4. Long-term 
effects can reduce the buckling resistance up to 
around 25% by EC4. JGJ138 considers it 
through the buckling curve for fully encased 

composite section or concrete filled rectangular 
tube without detailed calculation.  

Pure compression resistance by N-M 
interaction curves according to EC 4, is higher 
than JGJ138, mainly due to the material strength 
differences. The reduction factor 𝛼𝑀 included in 
the plastic moment resistance for EC4 has a big 
impact on the design bending moment. If 𝛼𝑀 =
0.8  the maximum design bending moment is 
usually smaller than according JGJ138, 
when  𝛼𝑀 = 0.9 , EC4 get on the other hand, 
usually bigger value. 

For the concrete filled circular tube, both 
codes consider the confinement effects of 
concrete for axial buckling resistance. But the N-
M interaction curves are not comparable as 
different design method basis are used. 

EC4 and JGJ138 both provide the design 
methods for transverse shear. Furthermore, 
Eurocode 4 considers the influence of transverse 
shear on bending moment resistance and load 
transfer between concrete and steel. 
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