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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards 
bodies (ISO member bodies). The work of preparing International Standards is normally carried out through 
ISO technical committees. Each member body interested in a subject for which a technical committee 
has been established has the right to be represented on that committee. International organizations, 
governmental and non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely 
with the International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization. 

The procedures used to develop this document and those intended for its further maintenance are described 
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types 
of ISO document should be noted. This document was drafted in accordance with the editorial rules of the 
ISO/IEC Directives, Part 2 (see www.iso.org/directives).

ISO draws attention to the possibility that the implementation of this document may involve the use of (a) 
patent(s). ISO takes no position concerning the evidence, validity or applicability of any claimed patent 
rights in respect thereof. As of the date of publication of this document, ISO had not received notice of (a) 
patent(s) which may be required to implement this document. However, implementers are cautioned that 
this may not represent the latest information, which may be obtained from the patent database available at 
www.iso.org/patents. ISO shall not be held responsible for identifying any or all such patent rights.

Any trade name used in this document is information given for the convenience of users and does not 
constitute an endorsement. 

For an explanation of the voluntary nature of standards, the meaning of ISO specific terms and expressions 
related to conformity assessment, as well as information about ISO's adherence to the World Trade 
Organization (WTO) principles in the Technical Barriers to Trade (TBT), see www.iso.org/iso/foreword.html.

This document was prepared by Technical Committee ISO/TC 71, Concrete, reinforced concrete and 
prestressed concrete.

Any feedback or questions on this document should be directed to the user’s national standards body. A 
complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

Concrete-filled steel tubular (CFST) hybrid structures employ CFST members as their main members, 
and construct with steel or reinforced concrete members or components to act compositely. They consist 
of trussed CFST hybrid structures, concrete-encased CFST hybrid structures, etc. The economic and 
environmental benefits of CFST hybrid structures have made them one of the desirable structural types 
for constructions in relatively tough and harsh conditions, such as mountainous areas, earthquake-prone 
regions, corrosive environments, and less-developed regions. They can also be used in conventional 
structures, such as multi-storey residential buildings and relatively short-span bridges.

viii
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International Standard ISO 16521:2024(en)

Design of concrete-filled steel tubular (CFST) hybrid 
structures

1 Scope

This document provides guidelines for the design, construction, and inspection of concrete-filled steel 
tubular (CFST) hybrid structures. These structures can be used as main structural components like 
columns, girders, piers, or arches in buildings, bridges, especially in high-rise structures, long-span spatial 
structures, and large-scale bridges.

CFST hybrid structures can employ CFST members with a circular cross-section as their chords, and they 
can also use square or rectangular CFST chords.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content constitutes 
the requirements of this document. For dated references, only the edition cited applies. For undated 
references, the latest edition of the referenced document (including any amendments) applies.

ISO 19338, Performance and assessment requirements for design standards on structural concrete

3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

ISO and IEC maintain terminology databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https:// www .iso .org/ obp

— IEC Electropedia: available at https:// www .electropedia .org/ 

3.1
concrete-filled steel tubular hybrid structure
CFST hybrid structure
structure in which concrete-filled steel tubular (CFST) members serve as its main members, and are in 
contact with and act compositely with steel or reinforced concrete members or components, including 
trussed CFST hybrid structure, concrete-encased CFST hybrid structure, etc.

Note 1 to entry: CFST hybrid structures more frequently employ circular CFST members due to the higher confinement 
effect provided by circular hollow steel tubes to the core concrete; square or rectangular CFST members can also be 
used when design or construction conditions require. CFST members require full composite effects between steel 
tubes and the core concrete. Steel tubular members using infilled concrete to only enhance their stiffness are beyond 
the scope of this document.

3.2
trussed concrete-filled steel tubular (CFST) hybrid structure
trussed CFST hybrid structure
truss structure consisting of CFST chords and webs of steel tubes, CFST members or other steel profiles

Note 1 to entry: There are two-chord, three-chord, four-chord and six-chord trussed CFST hybrid structures (see 
Figures 1 and 2), and the chords are normally placed symmetrically. Trussed CFST hybrid structures generally serve 
as main structural members, such as truss girders, bridge piers or columns.

1
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Note 2 to entry: During a typical construction process of cast-in-place trussed CFST hybrid structures, the steel 
components, such as the hollow steel tubes, are first erected; the core concrete in the chords is then placed (see 
Figure 3). Prefabricated CFST members can also be used in trussed CFST hybrid structures when construction 
conditions allow.

Note 3 to entry: For trussed CFST hybrid structure with rectangular CFST members, the CFST chords are generally 
placed to have the strong axes of their rectangular cross-sections all in parallel with the strong axis of the whole 
cross-section of the trussed CFST hybrid structure.

a) Two-chord b) Three-chord c) Four-chord d) Six-chord

Key
1 CFST chords
2 webs

Figure 1 — Cross-sections of trussed CFST hybrid structures with circular CFST members

a) Two-chord b) Three-chord c) Four-chord d) Six-chord

Key
1 CFST chords
2 webs

Figure 2 — Cross-sections of trussed CFST hybrid structures with square or rectangular CFST members

a) As hollow steel tubular structure  b) As trussed CFST hybrid structure

2
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Key
1 hollow steel tubular chords
2 webs
3 CFST chords
4 placement of core concrete in chords

Figure 3 — Typical construction process of a trussed CFST hybrid structure

3.3
concrete-encased concrete-filled steel tubular hybrid structure
concrete-encased concrete-filled steel tubular (CFST) hybrid structure
structure consisting of reinforced concrete encasement and one or more embedded CFST members

Note 1 to entry: The encased CFST member(s) in the concrete-encased CFST hybrid structure can be single or multiple, 
as shown in Figures 4 and 5, and are normally symmetrically placed. For the single-chord type, the CFST member is 
placed at the centre of the cross-section with a square or rectangular concrete encasement, forming a solid cross-
section. For the multi-chord type, CFST chords are placed at the corners (four-chord type) and also mid-height of the 
cross-section (six-chord type) of the rectangular concrete encasement; steel tubes, or CFST or other steel profiles 
are used as webs to connect the CFST chords; to reduce self-weight, an internal hollow section, which is octagonal or 
rectangular, is generally formed. The multi-chord concrete-encased CFST hybrid structures are a derivation of the 
trussed CFST hybrid structures, and are generally used as columns, bridge piers, arches, etc.

a) Single-chord, solid cross-sec-
tion

b) Four-chord, with an internal 
hollow section

c) Six-chord, with an internal 
hollow section

Key
1 CFST members
2 concrete encasement
3 internal hollow section
4 webs

Figure 4 — Cross-sections of concrete-encased CFST hybrid structures with circular CFST members

a) Single-chord, solid cross-sec-
tion

b) Four-chord, with an internal 
hollow section

c) Six-chord, with an internal 
hollow section

3
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Key
1 CFST members
2 concrete encasement
3 internal hollow section
4 webs

Figure 5 — Cross-sections of concrete-encased CFST hybrid structures with square or rectangular 
CFST members

Note 2 to entry: A typical construction process for cast-in-place concrete-encased CFST hybrid structure consists of 
erection of hollow steel tubular chords and webs, placement of core concrete in chords, installation of reinforcement, 
and placement of concrete encasement, as shown in Figure 6. Prefabricated CFST members can also be used in 
concrete-encased CFST hybrid structures when construction conditions allow.

Note 3 to entry: For concrete-encased CFST hybrid structure with rectangular CFST members, the CFST chords are 
generally placed to have the strong axes of their rectangular cross-sections all in parallel with the strong axis of the 
whole cross-section of the concrete-encased CFST hybrid structure.

a) As hollow steel 
tubular structure

 b) As trussed CFST hy-
brid structure

 c) As concrete-en-
cased CFST hybrid 

structure

Key
1 hollow steel tubular chords
2 webs
3 CFST chords
4 concrete encasement
5 internal hollow section
6 placement of core concrete in chords
7 placement of concrete encasement

Figure 6 — Typical construction process of a concrete-encased CFST hybrid structure

3.4
limiting value of initial stress in the steel tube
limiting value of the stress level in the steel tube before the steel tube and the core concrete in the CFST 
member can act together

4
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3.5
limiting value of core concrete void in the steel tube
limiting value of the void ratio of the circumferential void, or the maximum height of the spherical-cap void 
between the steel tube and its core concrete in the CFST member

Note 1 to entry: The compactness of the core concrete in a CFST member is crucial to ensure that the steel tube and 
its core concrete act together. However, due to concrete shrinkage and construction issues, circumferential void [see 
Figure 7 a)] and spherical-cap void [see Figure 7 b)] will possibly develop in the cross-sections of vertical members and 
horizontal members, respectively. When the void is within a limiting value, its influence on the structural resistance is 
negligible. Therefore, the concept of limiting value of core concrete void in the steel tube is proposed.

a) Circumferential void b) Spherical-cap void

Key
1 circumferential void
2 spherical-cap void
3 steel tube
4 core concrete

Figure 7 — Schematic diagram of core concrete voids in CFST members

3.6
confinement factor
ratio of the nominal compressive strength of cross-section of the steel tube to that of the core concrete in a 
CFST member

Note 1 to entry: Confinement factor is a representative parameter that reflects the interaction between steel tube 
and core concrete of the CFST member. Within the parametric ranges in this document, with the increase of the 
confinement factor, the steel tube provides stronger confinement to its core concrete during loading, and the strength 
and ductility of the CFST member increases, and vice versa. In other words, the confinement factor represents the 
degree of composite effects between the steel tube and its core concrete.

3.7
equivalent slenderness ratio
slenderness ratio converted from a trussed CFST hybrid structure to a CFST member when calculating its 
global stability in axial compression

4 Symbols

The following symbols are used generally throughout the document.

Factored actions, action effects and resistances
Symbol Explanation Unit

M factored bending moment N∙mm
Mu bending resistance N∙mm
N factored axial force N
N0 resistance of cross-section of the CFST hybrid structure to compression N
Nc resistance of cross-section of the CFST chord to compression N
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Ncfst resistance of cross-section of the encased CFST member to compression N
Nrc resistance of cross-section of the concrete encasement to compression N
Nt resistance of cross-section of the CFST chord to tension N
Nu resistance of the CFST hybrid structure in axial compression N
V factored shear force N

Vcfst shear resistance of the encased CFST member N
Vrc shear resistance of the concrete encasement N
Vu shear resistance of the CFST hybrid structure N

Material properties
Symbol Explanation Unit

Ec modulus of elasticity of concrete MPa
Ec,c modulus of elasticity of the core concrete in the CFST member MPa
Ec,oc modulus of elasticity of the concrete slab or concrete encasement MPa

Es modulus of elasticity of steel MPa
f design tensile, compressive and flexural strength of steel MPa
fc design compressive cylinder strength of concrete MPa
fck characteristic compressive cylinder strength of concrete MPa

fc,oc design compressive strength of the concrete encasement MPa
fl design tensile strength of the longitudinal reinforcement MPa
fsc design compressive strength of the CFST cross-section MPa
fscy characteristic compressive strength of the CFST cross-section MPa
fsv design shear strength of the CFST cross-section MPa
fy characteristic yield strength of steel MPa
fyl characteristic yield strength of steel reinforcement MPa

Gc,c shear modulus of the core concrete in the CFST member MPa
Gc,oc shear modulus of the concrete slab or concrete encasement MPa

Gs shear modulus of steel MPa
Geometric parameters

Symbol Explanation Unit
Ac cross-sectional area of the core concrete in the CFST member mm2

Al cross-sectional area of the longitudinal reinforcement mm2

Aoc cross-sectional area of the concrete slab or concrete encasement mm2

As cross-sectional area of the steel tube mm2

Asc cross-sectional area of the CFST member mm2

Asv total cross-sectional area of stirrups mm2

Av cross-sectional area of stirrup-confined concrete mm2

b width of the CFST hybrid cross-section mm
B width of the square or rectangular CFST member mm
dr mean width of the circumferential void mm
ds maximum height of the spherical-cap void mm
D outside diameter of the circular CFST member mm
Di diameter of the core concrete in the CFST member mm
h height of the CFST hybrid cross-section mm

hi
distance along the cross-sectional height between the centroids of compression and 
the tension chords mm
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