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Foreword

[SO (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
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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.

© IS0 2024 - All rights reserved
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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 (C
columns, g
structures

CFST hybr
can also ug

2 Norm

The follow
the requir
references

[SO 19338,

3 Term

For the puj
ISO and IE

ISO On
IEC El¢

3.1
concrete-f
CFST hybr

STy hybrid—structures—These structures tamr be used a5 aiT structurdt CoImpy
irders, piers, or arches in buildings, bridges, especially in high-rise structures, long-s
and large-scale bridges.

d structures can employ CFST members with a circular cross-section as their chord
e square or rectangular CFST chords.

ative references

ng documents are referred to in the text in such a way that some’or all of their content
ements of this document. For dated references, only the,‘edition cited applies. F
the latest edition of the referenced document (including.any amendments) applies.

Performance and assessment requirements for design‘standards on structural concrete

s and definitions
poses of this document, the following terms and definitions apply.
[ maintain terminology databases fortuse in standardization at the following addresse

line browsing platform: available-at https://www.iso.org/obp

ctropedia: available at https://www.electropedia.org/

illed steel tubularhybrid structure
id structure

structure
contact wi
trussed CF|

Note 1 to en|
effect provi
used when

n which conctete-filled steel tubular (CFST) members serve as its main members,
h and act.compositely with steel or reinforced concrete members or componentg
T hybrid structure, concrete-encased CFST hybrid structure, etc.

ry: CEST hybrid structures more frequently employ circular CFST members due to the higher (

nents like
ban spatial

5, and they

ronstitutes
r undated

[92)

and are in
, including

onfinement
can also be

ed by circular hollow steel tubes to the core concrete; square or rectangular CFST membersg

tween 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.

© IS0 2024 - All rights reserved
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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-sectio

n of the trussed CFST hybrid structure.

a) Two-chord

b) Three-chord

Key
1  CFST chords
2  webs
Figu
)
1

a) Two-chord

Key

b) Three-chord

1  CFST chords

2  webs

Figure 2 —

c) Four-chord

e 1 — Cross-sections of trussed CFST hybrid structures‘with circular CFST memnj

c) Four-chord

- Cross-sectionsiof trussed CFST hybrid structures with square or rectangular CFS’]

d) Six-ch

d) Six-ch

ord

' members

a) As hollow steel tubular structure

b) As trussed CFST hybrid structure

© IS0 2024 - All rights reserved
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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 donsisting of reinforced concrete encasement and one or more embedded CFST membeirs

Note 1 to enftry: The encased CFST member(s) in the concrete-encased CFST hybrid structure can b single{or multiple,
as shown inf Figures 4 and 5, and are normally symmetrically placed. For the single-chord typésthe 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-ljeight of the
cross-sectidn (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 ¢ctagonal or
rectangular} is generally formed. The multi-chord concrete-encased CFST hybrid structures are a derivfation of the
trussed CFYT hybrid structures, and are generally used as columns, bridge piers,dxches, etc.

a) Singleqchord, solid cross-sec- b) Four:chord, with an internal c) Six-chord, with an jnternal

tion hollow section hollow section
Key
1  CFST njembers
2 concrefe encasement
3 interndl hollow section
4  webs

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

a) Single-chord, solid cross-sec- b) Four-chord, with an internal c) Six-chord, with an internal
tion hollow section hollow section

© IS0 2024 - All rights reserved
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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 rei
and placemlent of concrete encasement, as shown in Figure 6. Prefabricated CFST members can also|

nforcement,

concrete-ernjcased CFST hybrid structures when construction conditions allow.

Note 3 to emtry: For concrete-encased CFST hybrid structure with rectangular CFST members;, the CFS']

generally pl
whole cross

aced to have the strong axes of their rectangular cross-sections all in parallel with the stron
-section of the concrete-encased CFST hybrid structure.

be used in

chords are
b axis of the

-3

a) As hdllow steel b) As trussed CFST hy- c) As concrete-en-
tubular{structure brid structure cased CFST hybrid
structure
Key
1  hollowsteel tubular chords
2 webs
3 CFST chords
4 concrefte encasement
5 internal hollow section
6  placenjent of core concrete in chords
7  placenjent of conerete encasement
Figuré 6 — Typical construction process of a concrete-encased CFST hybrid structyre
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

© IS0 2024 - All rights reserved
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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.

circu
sphe
steel

B wWw N R

core

3.6
confineme
ratio of thd
CFST mem

Note 1 to e
and core cd
confinemen|
and ductilit]
degree of cd

3.7
equivalen
slendernes

global stahjility in akial compression

b) Spherical-cap void

a) Circumferential void

Inferential void
Fical-cap void
tube

concrete

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

nt factor
nominal compressive strength of cress-section of the steel tube to that of the core cq
ber

htry: Confinement factor is a representative parameter that reflects the interaction betwee
ncrete of the CFST member.<Within the parametric ranges in this document, with the inc
k factor, the steel tube provides stronger confinement to its core concrete during loading, and {
y of the CFST member incréases, and vice versa. In other words, the confinement factor reg
mposite effects betweeén)jthe steel tube and its core concrete.

L slendernessratio
s ratio converted from a trussed CFST hybrid structure to a CFST member when cal

ncrete in a

h steel tube
rease of the
he strength
resents the

Culating its

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
M, bending resistance N'mm
N factored axial force N
N, resistance of cross-section of the CFST hybrid structure to compression N
N, resistance of cross-section of the CFST chord to compression N

© IS0 2024 - All rights reserved
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N got resistance of cross-section of the encased CFST member to compression N
N.. resistance of cross-section of the concrete encasement to compression N
N, resistance of cross-section of the CFST chord to tension N
N, resistance of the CFST hybrid structure in axial compression N

4 factored shear force N

Vegst shear resistance of the encased CFST member N
V.. shear resistance of the concrete encasement N
V, shear resistance of the CFST hybrid structure N

Material properties
Symbol Explanation——MMM M . Unit
E, modulus of elasticity of concrete MPa
E.. modulus of elasticity of the core concrete in the CFST member MPa

E¢ oc modulus of elasticity of the concrete slab or concrete encasement MPa

E, modulus of elasticity of steel MPa
f design tensile, compressive and flexural strength of steel MPa
fe design compressive cylinder strength of concrete MPa
fex characteristic compressive cylinder strength of concrete MPa
feoc design compressive strength of the concrete encasement MPa
fi design tensile strength of the longitudinal reinforcement MPa
fec design compressive strength of the CFST cross-section MPa
fsey characteristic compressive strength of the CEST<«ross-section MPa
feov design shear strength of the CFST cross-sectioh MPa
fy characteristic yield strength of steel MPa
fol characteristic yield strength of steel reinforcement MPa
Gee shear modulus of the core concrete:in the CFST member MPa

Geoc shear modulus of the concreté slab or concrete encasement MPa

G, shear modulus of steel MPa

Geometric parameters

Symbol Explanation Unit
A. cross-sectional area of the core concrete in the CFST member mm?
4 cross-sectionalarea of the longitudinal reinforcement mm?
A, cross-sectional area of the concrete slab or concrete encasement mm?
A cross<§éctional area of the steel tube mm?
A, cross-sectional area of the CFST member mm?
Ay, total cross-sectional area of stirrups mm?
A, Cross-sectional area of stirrup-confined concrete mm?
b width of the CFST hybrid cross-section mm
B width of the square or rectangular CFST member mm
d, mean width of the circumferential void mm
d maximum height of the spherical-cap void mm
D outside diameter of the circular CFST member mm
D, diameter of the core concrete in the CFST member mm
h height of the CFST hybrid cross-section mm
h distance along the cross-sectional height between the centroids of compression and mm

the tension chords

© IS0 2024 - All rights reserved
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H height of the rectangular CFST member mm
1. second moment of area of the core concrete in the CFST member mm*
I second moment of area of the steel tube mm#*
Iy effective length of the structure mm
5 length of a single chord in an interval of the trussed CFST hybrid structure mm
[, length of stirrups mm
S spacing of stirrups mm
t wall thickness of the steel tube or thickness of the steel plate mm
ug initial deflection mm
Wy, section-modutusofcross-section-ofthe-trussed-CEST hybrid structure mm3
p longitudinal reinforcement ratio
Py volumetric stirrup ratio
Coefficients and others
Symbol Explanation Unit
c distance between the neutral axis and the compressive edge of the-cross-section mm
k., long-term load coefficient
Nefst resistance coefficient of the encased CFST member
n, long-term load ratio
R load ratio during fire
ay strength coefficient of the equivalent uniform stress)block for concrete encasement
a. strength adjustment coefficient
a cross-sectional steel ratio of the CFST member
€ strain
£cu ultimate compressive strain of concréte at the compressive edge
Ym plastic development factor of the bending resistance
Ymsc partial factor for the compressiye strength of the CFST member
10) stability factor for the axial compression structure
A equivalent slenderness(ratio
A, critical slenderness.ratio for the elasto-plastic buckling of the structure
A, critical slendernessatio for the elastic buckling of the structure
& confinement{actor
o stress MPa
Xr circumferential void ratio
Xs spherical-cap void ratio

5 Materials

5.1 General

Materials employed in the construction of concrete-filled steel tubular (CFST) hybrid structures should
conform to the requirements of relevant ISO standards, such as the ISO 1920 series, or other applicable
standards.

© IS0 2024 - All rights reserved
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5.2 Concrete

5.2.1 Cement

Cement should conform to the requirements of relevant ISO standards, such as ISO 679, ISO 863, and

[SO 9597, 0

r other applicable standards.

5.2.2 Aggregates

Aggregates should conform to the requirements of relevant ISO standards, such as ISO 19595 and the
[SO 20290 series, or other applicable standards.

5.2.3 Witer

Water use(
salts, orga
to the requ

| in mixing concrete shall be potable, clean and free from injurious amounts of gils,"ac
ic materials, or other substances deleterious to concrete or reinforcement, and’shou
irements of relevant ISO standards, such as ISO 12439, or other applicable,standards.

5.2.4 Admixtures

Admixture
ISO 19596,

s used in mixing concrete should conform to the requirements of relevant ISO standar
or other applicable standards.

5.2.5 Additions

Additions {
[SO 22904,

5.2.6 Co

The proce]
ISO standd
compressiy
concrete-e
strength (4
and the chz

To ensure
composite
Table 1.

1sed in mixing concrete should conform to the req@iréments of relevant ISO standar
or other applicable standards.

ncrete mixture specification

ds, alkalis,
Ild conform

ds, such as

ds, such as

dure for concrete mixture proportioning should conform to the requirements

rds, such as ISO 22965-1 and ISO 22965-2, or other applicable standards. The cha
e strength (f,) of the core coperete in CFST members shall not be lower than 24
hcased concrete-filled steel tubular (CFST) hybrid structures, the characteristic c
1) of the core concrete in CFST members shall not be lower than that of the concrete e
iracteristic compressive strength (f,) of the concrete encasement shall not be lower th

that the steel tube @nd its core concrete are complementary to each other and h
effects, the strength-class of core concrete should reasonably match the steel grade, a

Table 1 — Strength class for core concrete in the steel tube

f, (MPa)
fo (MPa)

<390
24to 70

390 to 460
41to 70

f relevant
iracteristic
.. MPa. For
mpressive
hcasement,
an 24 MPa.

Ave strong
s shown in

5.3 Stee

1 tubes

Carbon structural steel or high strength low alloy structural steel shall be used for the steel tubes in CFST
hybrid structures. The characteristic yield strength (fy) of steel tubes should not be lower than 355 MPa and
should not be higher than 460 MPa. The steel material should conform to the requirements of ISO 630-2,
or other applicable standards. Cold-formed, welded, hot-finished steel tubes, etc., can be used in CFST
hybrid structures. Mechanical properties of steel tubes should conform to the requirements of relevant [SO
standards, such as the ISO 10799 series and the ISO 12633 series, or other applicable standards.

© IS0 2024 - All rights reserved
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1 reinforcement

In CFST hybrid structures, longitudinal steel reinforcement shall be deformed reinforcement, and stirrups
should be deformed or plain reinforcement. Steel reinforcement should conform to the requirements of
relevant [SO standards, such as ISO 10144, or other applicable standards.

54.1 De

formed reinforcement

Deformed reinforcement can be used as longitudinal reinforcement or stirrups. The characteristic yield
strength (f,;) for deformed reinforcement used in CFST hybrid structures should not be greater than
500 MPa. Deformed reinforcement should conform to the requirements of relevant ISO standards, such as

ISO 6935-2

, or other applicable standards.

5.4.2 PI4
Plain reinf
reinforcemni

should con
standards.

5.5 Othg

5.5.1 Wjq

)in reinforcement

orcement should only be used as stirrups. The characteristic yield strength (fy,
ent used in CFST hybrid structures should not be greater than 300 MPaxPlain rei
form to the requirements of relevant ISO standards, such as ISO 6935<D," or other

b materials

tlding consumables

for plain
forcement
applicable

Welding consumables used in the construction of CFST hybrid structures should conform to the requirements

of relevant
[SO 21952

5.5.2 Fa

Fasteners
ISO standa

5.5.3 Pr

Protective
standards,

5.6 Stor]

Cement an
matter. An
reinforceni
material. S
prevent thg

ISO standards, such as ISO 2560, ISO 3580, ISO 14174380 14341, 1S0 17632,1S0 17634,
hnd [SO 24598, or other applicable standards.

steners

sed in the connections of CFST hybrid.sfhuctures should conform to the requirements
ds, such as the ISO 898 series, or other applicable standards.

ptective paint systems

paint systems for CFST lybrid structures should conform to the requirements of r¢
such as the ISO 12944 sevies, or other applicable standards.

age of materials

1l aggregates(shall be stored in such a manner as to prevent deterioration and intrusioj
y material that has deteriorated or has been contaminated shall not be used for con
ent and\steel tubes shall be stored in such a manner as to prevent further corrosion

bir-deterioration.

IS0 20378,

of relevant

tlevant ISO

h of foreign
Crete. Steel
bf the steel

torage-of other materials shall conform to the requirements of the corresponding mafterials and

6 Design and construction procedure

The general design and construction procedure of concrete-filled steel tubular (CFST) hybrid structures is
listed in Figure 8 and should include the following contents:

a)

arrangement of structures, and selection of materials and cross-sections;

b)
)

definition of actions (loads);

structural analysis: analysis of actions and their effects;

© IS0 2024 - All rights reserved
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d)

f)
g)
h)

ISO 16521:2024(en)

ultimate limit states design: verification of the ultimate limit states of the structures;
serviceability limit states design: verification of the serviceability limit states of the structures;
protective design: verification of the limit states under corrosion, fire, impact, etc.;

detailing design: detailing design of the structures, members, and connections;

construction and acceptance: transportation and erection of steel tubes, placement of core concrete and
concrete encasement, etc.

Preliminary structural design
Clauses 5to 8

\ 4

A 4

Definition of actions (loads)
Clause 9

A 4

Structural analysis
Clause 10

Ultimate limit states design
Clauses 11+to 12

If limit states verification fails

A 4

i Serviceability limit states design
T Clause 13

A 4

Protective design
Clause 14

Detailing design
Clause 15

A 4

Construction and acceptance
Clause 16

Figure 8 — General design and construction procedure

© IS0 2024 - All rights reserved
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7 General guides

7.1 Limitations

7.1.1 CFST members

The detailing of concrete-filled steel tubular (CFST) members in concrete-filled steel tubular (CFST) hybrid
structures should conform to the following requirements to realize full composite effects between the steel
tube and the core concrete. When reliable tests or analyses are available, they can also be used instead.

7.1.1.1 Outside diameter (width/height)

The outsid
When the (
be taken td

7.1.1.2
The wall tH

7113 (
The outsid

than 150[-

rectangular hollow steel tubular cross-section shall not,be' greater than 65 /Zf_35 and should

than 10\Ff35

7114 A

The aspect
where H af

7.1.1.5 (

The cross-
should not
less than 0

Wall thickness

e diameter or width/height of the hollow steel tubular cross-section shall not be less th
utside diameter or width/height is equal to or greater than 2 000 mm, effective mieas
reduce the shrinkage of the core concrete.

ickness of the hollow steel tubular cross-section shall not be less thany4 mm.

putside diameter (width/height)-to-thickness ratio

b diameter-to-thickness ratio of the circular hollow steel tubular cross-section shall nof
P35 235

j and should not be less than 25[
y y

]. The widthy/height-to-thickness ratio of th

y

— , where £, is the characteristic yield strength of the steel tube (MPa).
y
\spect ratio

ratio of the rectangular hollow steel tubular cross-section (H/B) shall not be greate
1d B are the height and widthof the cross-section, respectively.

ross-sectional steel ratio

bectional steel ratios of CFST members, which shall be calculated in accordance with Fj
be less than 0,06 and shall not be greater than 0,23 for circular cross-section, and sh
10 and shall-not be greater than 0,23 for square or rectangular cross-section:

!

n 200 mm.
res should

be greater

P square or

not be less

r than 1,5,

prmula (1),

buld not be

e8]

cross-sectional steel ratio;
cross-sectional area of the steel tube (mm?);

cross-sectional area of the core concrete (mm?).

© IS0 2024 - All rights reserved
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7.1.1.6 Confinement factor

The confinement factor of the CFST cross-section, which shall be calculated in accordance with Formula (2),
should not be less than 0,6 and shall not be greater than 4,0 for circular cross-section, and should not be less
than 1,0 and shall not be greater than 4,0 for square or rectangular cross-section:

fyAs

=—7r (2)

acfckAc

where

5y characteristic yield strength of steel (MPa);

a. ctrength adjustment coefficient, should be determined according to Table 2;

fa  Fharacteristic compressive strength of core concrete (MPa).

Table 2 — Strength adjustment coefficient a,
fac (MP4) 24 33 41 51 60 70
a. 0,84 0,81 0,79 0,75 0,74 0,72

7.1.2 Trpssed concrete-filled steel tubular (CFST) hybrid structureés
7.1.2.1 Slenderness ratio

The limitiy
(CFST) hyH
or other ap

7.1.2.2 [

The limitir
35 % of th
stress of tH
on the resi

7.1.3 Co

7.1.3.1 §

The global

1g values of slenderness ratios for the chords andéwebs of trussed concrete-filled st
rid structures should conform to the requirements of relevant ISO standards, such as I
plicable standards.

imiting value of initial stress in the steel tube

b critical stress value corresponding to the resistance of the hollow steel tube. Wher
e steel tube in CFST membet.is lower than the limiting value, the influence of constr
ctance of the completed structures may be ignored; otherwise, the influence shall be ¢

hcrete-encased concrete-filled steel tubular (CFST) hybrid structures

lenderness ratio

slenderness ratios of concrete-encased concrete-filled steel tubular (CFST) hybrid

should confform tothe requirements of relevant ISO standards, such as ISO 15673 and ISO 2884

applicable

standards and shall not be greater than 60.

el tubular
010721-1,

g value of initial stress in the steel:tube of a single chord due to the construction loads shall be

the initial
iction load
bnsidered.

structures
2, or other

7.1.3.2

utside diameter-to-sectional width ratio

For single-chord concrete-encased circular CFST hybrid structures, the ratio of the outside diameter of the
circular CFST member (D) to the width of the cross-section (b), defined as outside diameter-to-sectional
width ratio (D/b), should not be less than 0,5 and not be greater than 0,75; and for multiple-chord concrete-
encased circular CFST hybrid structures, the outside diameter-to-sectional width ratio (D/b) should not be

less than 0O,

15 and not be greater than 0,25.

7.1.3.3 Limiting value of initial stress in the steel tube

During the construction stage of core concrete placement in the steel tube, the limiting value of initial stress
in the steel tube caused by the construction load shall conform to the requirements of 7.1.2.2.

© IS0 2024 - All rights reserved
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7.1.3.4 Thickness of concrete cover

The thickness of the cover of the concrete encasement should conform to the requirements of relevant
structural forms and relevant ISO standards, such as ISO 15673 and ISO 28842, or other applicable standards.

7.1.3.5 Longitudinal reinforcement ratio

The longitudinal reinforcement ratio of the concrete encasement shall be calculated in accordance with
Formula (3). It should conform to the requirements of relevant ISO standards, such as ISO 15673 and

[SO 28842,

or other applicable standards based on the types of structures.

4

(3)

A

ocC

NOTE
structures,

]

7.1.3.6 S

The diame
encasemer
standards

ongitudinal reinforcement ratio;
fotal cross-sectional area of the longitudinal reinforcement (mm?2);
Cross-sectional area of the concrete encasement (mm?).

'ypes of structures include but are not limited to buildings, bridges, €léctric transmission towy¢
btC.

tirrups

ter of the stirrups, the spacing of the stirrups andthe volumetric stirrup ratio in th
t shall conform to the requirements of nationalconcrete structure standards or other
based on the types of structures. When calculating the stirrup ratios, the cross-sectid

stirrup-comfined concrete should be taken as the cross-sectional area of the concrete encasement

stirrups.

7.1.3.7 §

The outsid
conform to

7.2 Lim]
The follow

a)

encasg

Servics

teel webs

e dimensions and layout oftsteel webs in the concrete-encased CFST hybrid struc
the requirements of the ¢over thickness of the concrete encasement.

't states

ng limit states-are considered in the design of CFST hybrid structures:

ultimae limit statelis stipulated in Clauses 11 and 12 for trussed CFST hybrid structures an

d CFST Hybrid structures, respectively;

pability limit state is stipulated in Clause 13 for CFST hybrid structures;

durabit

brs, offshore

e concrete
applicable
nal area of
within the

tures shall

1 concrete-

fire resistance limit state for CFST hybrid structures is stipulated in 14.3;

fatigue limit state for trussed CFST hybrid structures is stipulated in 15.5;

of ISO 19338.

© IS0 2024 - All rights reserved
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7.3 Ultimate limit state design format

7.3.1 General

The basic requirement for the ultimate limit state of CFST hybrid structures is presented in Formula (4):

E4 <Ry
where
E4 isthe factored load effects;
R, iJthe corresponding design resistance.
7.3.2 Factored load effects
The factorgd load effects should be computed by multiplying the service loads, ordotrces on C
structures|using load partial factors and combinations described in Clause 9.
7.3.3 Design resistances
The design resistances of CFST hybrid structures should be determined dctording to Clauses 11,
The design| resistances shall be calculated using the design strength of\the materials. The design
concrete and steel is obtained by applying a material partial factor@s'shown in Formulae (5) to |
_ Ji
fc -1
YHIC
f,
Y
f==4
Vmk
fil
N
fi==F
Tyl
where
So fex is the designmand characteristic compressive strength of concrete, respectivg
Lty is the design and characteristic yield strength of structural steel, respectivel
fvfyi isthedesign and characteristic yield strength of steel reinforcement, respec
Yme Vs Yml <=>dre the material partial factors for concrete, structural steel and steel rein
respectively.
The material nnrhn] factors should be determined based on the types of structures and dpclcn

(4)

FST hybrid

12 and 14.
strength of

7).
(5)

(6)

(7)

ly;

y;

rively;

forcement,

situations,

and should conform to the requirements of relevant ISO standards such as ISO 15673, ISO 28842 and

ISO 10721-

1, or other applicable standards. The values in Table 3 can also be used.

When adopting material partial factors from specified ISO standards, such as ISO 15673, ISO 28842 and
[SO 10721-1, or other applicable standards, corresponding load partial factors from the same standards
shall be used in the limit state verifications to satisfy the required target reliability.

© IS0 2024 - All rights reserved
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Table 3 — Partial factors for materials

Concrete Yme 1,5
Structural Steel Yims 1,15
Steel reinforcement Yl 1,15

7.4 Serviceability limit state design format

Serviceability limit states correspond to conditions beyond which specified performance requirements
for the structure, or the structural elements, are no longer met. Compliance with the serviceability limit
state under these guidelines can be obtained indirectly through the observance of the limiting dimensions,
cover, detailing and construction requirements. These serviceability conditions include but are not limited

to effects sfuchas the following:

a) dimengpional changes due to variations in temperature, relative humidity, and other effécts;
b) excessfve cracking of the concrete;

c) excessjve horizontal deflections;

d) excessjve vertical deflections;

e) excessjve vibration.

8 Specific guides

8.1 Design working life

The safety|classes and design working life of concrete-filled steel tubular (CFST) hybrid structu
conform tq the requirements of relevant ISO standards;such as ISO 2394, ISO 13823 and ISO 2211
applicable standards. The safety classes of CFST hybrid structures shall not be lower than those o
structures

8.2 Selections of materials, structural plans and detailing

When designing CFST hybrid structures, materials, structural plans and detailing shall be prop{
so that the resistance, stiffness and stability of structures can satisfy the respective requirel
requiremehts for corrosion, fire'and impact resistances shall also be satisfied.

8.3 Seismic design requirements

The design requiremeénts of CFST hybrid structures in seismic zones should conform to the requi
relevant ISP standards, such as ISO 15673, ISO 28842 and ISO 14346, or other applicable standarg
the types df struetures.

8.4 Selecetions-ofconstructionalmethods-and-techniques

res should
|1, or other
f the whole

brly chosen
ments. The

rements of
Is based on

In the design of CFST hybrid structures, the levels of constructional techniques and constructional conditions
shall be taken into account, based on which reasonable construction methods shall be chosen and relevant

technical r

equirements shall be drafted.
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9 Actions (loads)

9.1 General

Actions (loads) applied on concrete-filled steel tubular (CFST) hybrid structures shall be defined based on
the types of structures. This clause provides the minimum load requirements for the design of CFST hybrid

structures.

Loads and the appropriate load combinations should be used together.

9.2 Dead loads

Dead loads on CFST hybrid structures consist of the total weight of the structures, calculated as the sum
of the weights of all the structural and non-structural elements. For buildings, elements include but are

not limited to, walls and partitions, floors, roofs, ceilings, stairways, ramps, finishes, cladding] and other
incorporated architectural and structural systems, and fixed service equipment, etc. For bridges, elements
include but are not limited to, substructure elements, superstructure elements, deckysurfage, median
permanent or removable structures, sidewalks, railings, and all other elements supported by the[bridge like
public utility services and ducts.

Calculation of the dead loads should conform to the requirements of relevant ISO standards, such as ISO 9194,
or other applicable standards.

9.3 Live|loads

Live loads pn CFST hybrid structures are loads produced by the usgand occupancy of buildings|bridges or

other strud
forces, and
load, etc. F
live loads 5
ISO standa

earthquake forces. For buildings, live loads include but are not limited to roof live loa
br bridges, live loads include but are not limited, td4he traffic loads and the dynamic ¢
hall be considered. Calculation of the live loads‘should conform to the requirements

Irds, such as ISO 15673 and ISO 28842, or other applicable standards.

9.4 Snow loads

When snof
conform to

9.5 Win

When win
conform to

9.6 Eart

Inertial foq
response t

v loads should be considered inthe structural design, the calculation of snow lo

d forces

1 forces should be_c¢onsidered in the structural design, the calculation of wind for

hquake fofces

ces due'to’earthquakes depend on the mass of the CFST hybrid structures and on the|
b grotind acceleration which, in turn is a function of the seismic hazard and the soil chaj

tural types that do not include the construction or environmental loads such as snow loads, wind

1, floor live
ffect of the
of relevant

hds should

the requirements of relevant [SO-standards, such as ISO 4355, or other applicable standards.

ces should

the requirements.ofrelevant ISO standards, such as ISO 4354, or other applicable stapdards.

structural
acteristics

at the site Tfthe structures.

The requirements of relevant ISO standards, such as ISO 9194, or other applicable standards shall be met
when calculating the mass of the materials.

For CFST hybrid structure bridges designed under these guidelines, an equivalent lateral force applied
directly to the substructure and superstructure elements can be employed to represent the dynamic
response of the structure to the ground acceleration.

Calculation of design seismic forces on CFST hybrid structures should conform to the requirements of
relevant ISO standards, such as ISO 3010, or other applicable standards.
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9.7 Thermal forces

When CFST hybrid structures are used in bridges, thermal forces due to temperature variation shall be
considered. Calculation of the thermal forces should conform to the requirements of relevant ISO standards,
such as ISO 28842, or other applicable standards.

9.8 Load partial factors and load combinations

Load partial factors and load combinations for CFST hybrid structures shall be determined based on the
types of structures and design situations.

rds, such as IS0 2394, IS0 15673, ISO 28842 and ISO 10721-1, or other applicable stan

The selection of load factors and load combinations should conform to the requirements of relevant ISO

ards.

permamnent combination is selected for the serviceability limit state design.

a)
stand
NOTE
is seled
b) When
ISO 1(
standd
10 Analy
10.1 Gen
10.1.1 St

Action effe
forces and
Where nec

10.1.2 Sty

Elastic anallysis, elasto-plastic analysis or experimental analysis can be chosen for the structural

CFST hybr

When usinlg modelling software-like commercial finite element software to carry out structur

the resultq

engineerinyg designs.

Generally, the fundamental combination, the accidental action combination or the seisfiic
ted for the ultimate limit state design; the normal combination, the frequent combination, o

adopting load partial factors from specified ISO standards, such as ISQ15673, ISO
721-1, or other applicable standards, corresponding material partiak factors fromnj
rds should be used in the limit state verifications to satisfy the required target reliabi

ISis
bral

uctural analysis purpose

cts on concrete-filled steel tubular (CFST) hybrid structures, such as the distribution
moments, deformation and vibration, etc., shall be obtained through a global structur

ombination
r the quasi-

28842 and
the same

ity.

of internal
bl analysis.

essary, detailed analysis shall be carried out for local areas with particular loading copditions.

uctural analysis methods

d structures based on the structural types, material properties and load characteristi

shall be verified £o,make sure the results are reasonable and valid before applyil

uctural analysis requirements
analysis shall conform to the following requirements:

quilibrium is achieved;

analysis of
S.

hl analysis,
hg them to

deformation compatibility, including constraints at joints and boundaries, is satisfied;

constitutive models for materials presented in 10.2 can be employed for the analysis;

where necessary, second-order effects should be considered in the analysis in accordance with the

requirements of relevant ISO standards, such as ISO 10721-1 and ISO 22111, or other applicable

10.1.3 St
Structural
a) forcee
b)
q
d)
standards;
e)

imperfections, such as residual stresses and geometrical imperfections, should be considered in the

analysis according to the requirements of relevant ISO standards, such as ISO 10721-1 and ISO 22111, or
other applicable standards;
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f) indices for the strength and stiffness in 10.3 can be employed for structural analysis of CFST hybrid
structures;
g) analyses shall be conducted for both construction and service stages.

10.1.4 Loading cases

When structures are subjected to various loading conditions during the construction and service stages,
structural analysis shall be conducted for each of the loading conditions to determine the most unfavourable

load combination. Furthermore, the following requirements shall be satisfied:

a) When the structures are subjected to earthquakes, fire, impact, etc., corresponding analysis shall be
conducted.

b) For edrthquake analysis, damping ratios for trussed concrete-filled steel tubular (CF$T) hybrid
structyires can be taken as 0,03-0,04; for concrete-encased concrete-filled steel tubular)(CHST) hybrid
structyires, damping ratios can be taken as 0,045-0,05. They can also be determined.through| structural
experiments.

¢) Structpral analysis for CFST hybrid structures shall consider the static and“dynamic effe¢ts of wind
forces|For special structures, their shape factors should be determined thfough wind tunne] tests.

d) When |the effects of shrinkage and creep of concrete, support settlement, temperature variation,
corrosjon, etc., are significant enough to endanger the safety «r ‘serviceability of the ptructures,
corresponding analysis of the action effects shall be conducted, and corresponding technical
arrangements shall be employed to tackle the issue.

e) Structpiral analysis for the service stage shall consider the\influence of internal force and dgformation
during the construction stage on the structural performatce.

10.1.5 Copstruction stage analysis

For CFST hybrid structures, the following verifications during the main construction stages shall be

conducted

a) the strength, deformation and stability of steel tubes during their fabrication, transportation and
erectign;

b) the strlength, deformation and/stability of steel structures during the placement of the core cpncrete;

c) the strength, deformation.-and stability of steel and concrete structures during the placement of the
concrete encasement of .cencrete-encased CFST hybrid structures.

For the stfuctural analysis of the construction stages, all the actual loads and effects during| the whole

constructign, includingthe installation of machines and materials, steel structures during erection, concrete

during plagement,installation and dismantling of temporary supporting structures, temperatur¢ variation,
wind forcep, othertemporary construction load, etc., shall be considered.

10.2 Stress-strain relationships for matertals

10.2.1 General

When analysing CFST hybrid structures, the confinement effect of the steel tubes on its core concrete
shall be considered for CFST members. In concrete-encased CFST hybrid structures, concrete encasement
consists of unconfined concrete and stirrup-confined concrete, as shown in Figure 9, respectively.

In 10.2, stress-strain relationships for materials in CFST hybrid structures are recommended based on
experimental tests. When available, reliable experimental test models, corresponding models from ISO
standards, or other available standards can also be used.
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a) Trussed CFST hybrid structure b) Concrete-encased CFST hybrid structure

Key
core cqncrete

steel tybes

stirrug-confined concrete encasement
longitydinal reinforcement

stirrugs
unconfined concrete encasement

webs

R N O U oA W

interngl hollow section

Figure 9|— Schematic diagram of components and partition of materials in cross-sectionp of CFST
hybrid structures

10.2.2 Copcrete

10.2.2.1 Uniaxial monotonic compressive’stress-strain relationship of core concrete

The uniaxial monotonic compressive stress (o) - strain (g) relationship of core concrete in CFST members
should be determined according té_Formulae (8) to (25):

a) For circular CFST membets;

y=2x-x? (x<1) (8)
1q(x%0821) (£21,12)
HSX gy WY )
B(x-1)" +x
v=L (10)
80
y=—- (11)
GO
24 0,45
00:{1+(—0,054§2+0,4§)[—J ]fck (12)
fck
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b)
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€y =Eec +[1 400+800[2C—Z—1ﬂ50'2

€ =1300+12,5f,

50,745

2+¢&

q

)[0,25+(§—0,5)7}

B=(2,36x107° f2 x3,51x107*

o is the stress (MPa);

€ is the strain (pe);

& is the confinement factor, and shall be calculated by Formula (2);
fex is the characteristic compressive strength of concrete (MPa).

For squiare or rectangular CFST members:

y=2x-x* (x<1)
[ T S— (x>1)
B(x-1)"+x
€
X =—]
80
ol
Y=
GC
0,45
o, =|[1+(-0,0135£% +0,1¢) Cid fu
fck

£, =€l +[1 330+760(£C—Z—1H50*2

=1300+1Z57,,

n=1, +1’5

X

(fa)™"
1,35\ 1+&
(fck )0‘1
1,35\1+& (E-2)?

(£>3,0)
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where

o is the stress (MPa);
€ is the strain (pe);
& is the confinement factor, and shall be calculated by Formula (2);

fex is the characteristic compressive strength of concrete (MPa).

ISO 16521:2024(en)

NOTE Due to the confinement of the steel tube, the peak stress o, and peak strain ¢, of the core concrete ina CFST
member increases, and the ductility of the core concrete improves. A confinement factor £ is employed to represent
the influence of the confmement effect on the stress-strain relatlonshlp of the core concrete. leferent degrees of

confinemengeas
forms for o

3 eoyresponding
£ and the descendmg branch are derlved for them respectlvely based on the analySIS ofa lar e amount of
experiment h1 data of CFST stub columns subject to axial compression. The model is suitable for numeric

| analysis of

CFST hybrid structures, such as fibre-based calculations. More information regarding the model catvbe fopnd in GB/T

51446-20211481,

10.2.2.2 Uniaxial monotonic compressive stress-strain relationship of stirrup-confined corncrete

encasement

The uniaxjal monotonic compressive stress (o) - strain (€) relationship "of stirrup-confine

1 concrete

encasemerlt in concrete-encased CFST hybrid structures shoulds/be” determined according to the

Formulae (|26) to (32):
2% —x?
X—x (e<g,)
Y=1 | E (26)
1'_ﬂ(£_80) (8>80)
GO
80
(e}
y=— (28)
60
Gy = fl| 140,73 Putyn (29)
fck
£,=0,00245+0,012 2 s (30)
fck
Al
Py — vy (31)
AVS
112 f
des £ (32)
pvfyh
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where

Jfyn
Py
Jex
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is the characteristic yield strength of stirrups (MPa);

is the volumetric stirrup ratio;

is the characteristic compressive strength of concrete encasement (MPa);
is the total cross-sectional area of stirrups (mm?2);

is the length of stirrups (mm);

is the cross-sectional area of stirrup-confined concrete encasement (mm2), and shall be determined

N

NOTE '
formulated
strain ¢, an
on experim
for stirrup-
the concretq

10.2.2.3 |
encaseme

I accordance with 7.1-376;
is the spacing of stirrups (mm).

'he ascending branch of the stress-strain relationship of stirrup-confined concrete en
by a second-order parabola, while the descending branch is simplified to be linieat. Peak str
d the descending rate Ej,, are related to the volumetric stirrup ratio p, of theconcrete encase
ental and numerical investigations, it has been shown that the calculationymethods for o, ¢,
tonfined concrete can be adopted for the stress-strain curve of stirrup<cenfined concrete en
p-encased CFST hybrid structures.

fniaxial monotonic compressive stress-strain relationship of unconfined concrete
ht

asement is
ess o, peak
ment. Based

49
and E g+
casement in

The uniaxipl monotonic compressive stress (o) - strain (g) relationship of unconfined concrete gncasement
in concretg-encased CFST hybrid structures should be deteriined according to Formulae (33) to|(43):
2
_ _ Ax+Bx _ (33)
1+HCx+ Dx
X=— (34)
80
o
y=— (35)
GO
O, = fik (36)
4,26 f
E 4\1 fck
Ele
— (e<g,)
Jck
A= > (38)
(e, —¢&
f; ( 1 [} ) (8 > 80 )
&g (fa = fi)
2
A-1
(—) - (g < € )
B=4 0,55 (39)
0 (e>¢,)
C=A-2 (40)
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B+1 (e<g,)

(e>¢g,)

fi :fck [1J41_0'171n(fck )]

(41)

(42)

(43)

€ =&, [2'5_0'31n(fck )]
where
fex is the characteristic compressive strength of concrete encasement (MPa);
E. is the modulus of elasticity of concrete, and shall be determined in accordance with.r
standards, such as ISO 15673, or other applicable standards.
NOTE The compressive stress-strain relationship for unconfined concretel3? is adopted’to d
unconfined [concrete encasement in concrete-encased CFST hybrid structures.
10.2.2.4 Uniaxial monotonic tensile stress-strain relationship of concrete
The uniaxial monotonic tensile stress (o) - strain (¢) relationship of concrete in CFST hybrid
should be determined according to Formulae (44) to (48):
1,2x-0,2x° (x<1)
= X
b ¢
01310, (x—1)"" +x
£
X=—
€p
o
Y=
Op
2/3
o =0§26(1,25 fy )
Ep = 43 ,10‘p
where
fex is the chargeteristic compressive strength of concrete (MPa);
& is the.peak uniaxial tensile strain (pg);
o isthe peak tensile stress (MPa).

blevant ISO

escribe the

structures

(44)

(45)

(46)

(47)

(48)

10.2.2.5 Uniaxial cyclic compressive stress-strain relationship of concrete

The unloading and reloading paths of uniaxial cyclic compressive stress (o) - strain (g) relationship of
concrete in CFST hybrid structures, as shown in Figure 10, should be determined according to Formulae (49)

to (55):
_Oofp—0a%]
0'0 +O'A
&1 :0,580
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Oc

0,750,

=————(ep—€
0,7551+eB( A~¢p)

_Diep—Dreg -0,
D, -D,

op =D, (ep —¢€p)

D. = 360 +6C
1 381 +€A
Do = 6520,
270 2eq +€p
where
£ is the residual strain when stress is unloaded to zero (pe);
oc is the stress at point C during reloading (MPa);
&p is the strain at point D during unloading (pe);
Op is the stress at point D during unloading (MPa).

ISO 16521:2024(en)

Figure 10 — Schematic diagram of stress-strain hysteretic relationship of concrete
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NOTE1 In the compressive unloading and reloading curves, when compressive strain ¢ < 0,55¢,, the loading and
unloading modulus is the elastic modulus; when € > 0,55¢,, the unloading and reloading paths are determined using
the “focus point method”, where ¢ is the peak strain of the skeleton curve of concrete, and o, is the corresponding
stress. The stress values of the focus points Fy, F,, F3, and F, are 0,20, 0,750,, 0,, and 30, respectively.

NOTE 2  For instance, if the unloading starts from point A on the skeleton curve, and continues through path A-D-B,
where B is the intersecting point between line AF; and ¢ axis, C is the point on the extension line of BF, where the strain
equals to €,, D is the intersecting point of CF, and the extension line of BF;, and the residual strain when unloading to
o =0 is eg. If the unloading exceeds point B and reloading begins, the reloading curve will go through B-C-E, where E is
the point on the skeleton curve where the strain is 1,15¢,. For the unloading exceeds point B and reloading reversely,
when the maximum tensile strain during the loading history € < €, i.e., the tensile concrete is not cracked, the stress
and strain develop through BF, where F(g, 0,) is the point on the skeleton curve corresponding to the tensile stress;
when the maximum tensile strain during the loading history € > ¢, the stress and strain develop through BG, where
G(eg, o) is the point on the skeleton curve corresponding to the maximum tensile strain.

10.2.2.6 Uniaxial cyclic tensile stress-strain relationship of concrete

The unloadling and reloading paths of uniaxial cyclic tensile stress (o) - strain (€) relationship of concrete
in CFST hyprid structures, as shown in Figure 10, should be determined according tol¢ormulae (36) to (60):

0,9
€ +|8G|
|8H|/£0 —4
Ocon =030y | 2+ ————— 57
con W[ |8H|/80+2 (57)
o - o, (&, <€,,whenloading and unloading through G-I3J) (58)
" lboa (&, >€,, when loading and unloading througlfG-I'-C-E)
2€
c=0 1- ey <e<0 59
cdn ( ey +€ ) ( H ) (59)
€ 2¢ : :
Olon | 1—— |+ 0, (0<e<gy,.whenloading and unloading through G-I-])
£, | & te€
Olon |1 L P2 oc (0=&<g,,whenloading and unloading through G-I'-C-E)
[ Ep ) EptE
where

&y is the strain atpaint H when effect of cracked surface begins (pe);

O.on IS the stressat point I or I’ when strain is zero during reloading (MPa);
& is the fltaximum compressive strain during the loading history (pe).
NOTE In®he tensﬂe unloadlng and reloadlng paths when the strain at the unloadlng pomt € < g, the unloading

modulus is take 7 > function is
used to describe the unloadmg and reloadlng paths. For 1nstance when the unloadlng beglns at pomt G in the softening
stage, considering the effect of cracked surface, the unloading first follows a straight line to point H, where H is the
starting point of the effect of cracked surface. When the maximum compressive strain during the loading history &,
< g,, the unloading and reloading go through G-I-J; when the maximum compressive strain during the loading history
&, > €, the unloading and reloading go through G-I'-C-E. If the unloading starts at any point on GI, the unloading path
then is the straight line between the unloading point and point G.
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10.2.3 Steel

10.2.3.1 Uniaxial monotonic stress-strain relationship of steel

The uniaxial monotonic stress (o) - strain (g) relationship of structural steel and steel reinforcement in CFST
hybrid structures should be determined according to Formula (61):

|

ES
fy +0,01E (e -¢;) (e>ey)

£ (e<ey)

where

E, 1S the modulus of elasticity of steel (MPaJ;

5y is the characteristic yield strength of steel (MPa);

& is the yield strain of steel.
10.2.3.2 Uniaxial cyclic stress-strain relationship of structural steel
The skeleton curve of the uniaxial cyclic stress (o) - strain (€) relationship pfistructural steel in C
structures|(see Figure 11) should be determined according to 10.2.3.1, and the modulus of th
stage shou|d be determined with Formula (62):

f +0
4 (1,65, <e4<6,11¢,)
Eb = gy +8d
0,1E;  (eq>6,11gy)

where

E, is the modulus of elasticity of the softenihg stage de and the corresponding antisymm

d'e’ (MPa);
E is the modulus of elasticity of steel (MPa);
o is the stress at point d whenthe softening stage begins (MPa), point d is on the straight|
to ab;
£4 is the strain at pointd when softening stage begins;
& is the yield strain of steel.

(61)

FST hybrid
b softening

(62)

etric stage

ne parallel

© IS0 2024 - All rights reserved
26


https://standardsiso.com/api/?name=8e7cbc768dbaa61db14d0f21f3b362c4

ISO 16521:2024(en)

“y

b!

Figu

NOTE \

the hardening stage ab, the Bauschinger effect is not considered. On the contrary, if steel begins to u

hardening s

10.2.3.3 |

The skelet
hybrid strt
zero with 1
should poi
then the reg

re 11 — Schematic diagram of stress-strain hysteretic relationship of structural

Vhen ¢ < ¢, the loading or unloading modulus is the elastic modulus E; and if steel'begins tou

tage ab, the Bauschinger effect is considered.

Jniaxial cyclic stress-strain relationship of steel reinforcement

bn curve of the uniaxial cyclic stress (o) - strain (€) relationship of steel reinforcemsg
ictures (see Figure 12) should be determined according.to 10.2.3.1; after the stress is
he elastic modulus, if the reinforcement does not yieldduring reloading, then the relqg
ht to the original yield point of the reinforcementif the reinforcement yields during
loading path should point to the maximum strainpoint during the loading history.

NOTE

considered
begins to u
the modulu
or the maxil

|
End the loading and unloading moduli are-taken as the modulus of elasticity E; if steel re
1

steel reinforcement begins to unload beforelthe hardening stage ab, the Bauschinger ¢

oad in the hardening stage ab, the Bauschinger effect is considered and the stress unloads {
b of elasticity E. In the reloading stage the curve is a straight line directed at the original yiel
mum strain point during the loading-history (d'c), and then it keeps loading following the skele

™y

steel

load before
load in the

nt in CFST
nloaded to
ading path
reloading,

ffect is not
nforcement
0 zero with
1 point (da')
ton curve.

Figure 12 — Schematic diagram of stress-strain hysteretic relationship of steel reinforcement
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10.3 Indices for the strength and stiffness of CFST hybrid structures

10.3.1 CFST cross-section

10.3.1.1 Compressive strength

The design compressive strength of CFST cross-section shall be calculated in accordance with Formula (63):

fSC
y
fse = (63)
,J/I‘IlSC

where

fec s the design compressive strength of the CFST cross-section (MPa);

fscy  Js the characteristic compressive strength of the CFST cross-section (MPa);

Ymsc |s the partial factor for the compressive strength of the CFST member.
The charagteristic compressive strength of CFST cross-section should be calculated in accordlance with
Formula (64):

f (1,14+1,028) . fy  (For circular cross-section) 64)

v (1,18+0,85¢) e, f  (For square or rectangular cross-séction)

where

3 s the confinement factor, and shall be calculated\by Formula (2);

a. s the strength adjustment coefficient, and should be determined by Table 2;

fex s the characteristic compressive strength of concrete (MPa).
NOTE1 Hormula (63) is a nominal strength for the composite CFST cross-section, which is propdsed for the
conveniencg¢ of the design. Partial factor y,,.. for the compressive strength of CFST cross-section is calcylated based
on the targgt reliability index in accordance.with the approach stipulated in ISO 2394. The required datq include the
uncertaintylmodels and parameters of the,materials, loads, geometries, and Formula (64), as well as the pafrtial factors
for the matdrials and loads.
NOTE 2  As for the uncertaintyniodel for Formula (64), it shows that the ratio of the measured compressjve strength
to the predicted strength usingFormula (64) can be modelled by Lognormal distribution, based on the |statistics of
experimenthl data of more4han 1 000 circular CFST stub columns to compression; the mean value and cpefficient of
variation fof the ratio aré;121 and 0,135, respectively.
NOTE 3  As an example, when the target reliability index, uncertainty models in ISO 2394:2015, Annek E, and the
partial factgrs in S0 15673 and ISO 28842 are adopted, y,,. is determined to be 1,6 and 1,4 for circular CF$T members
in buildingsfand'bridges, respectively. When national statistical data regarding the materials, loads, and gepmetries, as
well as the national target reliability index are available, they can be employed to calculate y,,.. according fo ISO 2394.

10.3.1.2 S

hear strength

The design shear strength of CFST cross-section f, should be calculated according to Formula (65):

(0,422+0,3130¢52'33 )50’134fsc (For circular cross-section)

fov =

(0,455+0,31302°% )25 £,

(For square or rectangular cross-section)

where a, cross-sectional steel ratio, shall be calculated by Formula (1).
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10.3.1.3 Elastic compression stiffness and elastic tension stiffness

Elastic compression stiffness and elastic tension stiffness of CFST cross-section should be calculated

according to

Formulae (66) and (67), respectively:

(EA)C =E A +E A

(EA), =E A
where
(EA). _is the elastic compression stiffness of the CEST cross-section (N);
(EA), | isthe elastic tension stiffness of the CFST cross-section (N);
E is the modulus of elasticity of the steel tube (MPa);
E.. is the modulus of elasticity of the core concrete (MPa), and shall be détermined in
with relevant ISO standards, such as ISO 15673, or other applicable standards;
A is the cross-sectional area of the steel tube (mm?);
A. is the cross-sectional area of the core concrete (mm?2).
10.3.1.4 Klastic flexural stiffness

Elastic flequral stiffness of CFST cross-section should be calculated according to Formula (68):

EI=EJl; +E I,
where
EI s the elastic flexural stiffness of the-CFST cross-section (N-mm?2);
I s the second moment of area.of the steel tube (mm?*);
1. s the second moment ofarea of the core concrete (mm?).
10.3.1.5 Elastic shear stiffness

Elastic shep

r stiffness of EFST cross-section should be calculated according to Formula (69):

GA=GA; +G A

where

(66)

(67)

hccordance

(68)

(69)

GA
G

S

G

c,c

is the elastic shear stiffness of the CFST cross-section (N);
is the shear modulus of steel (MPa);

is the shear modulus of the core concrete (MPa).
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10.3.2 CFST hybrid structures

10.3.2.1 Elastic compression stiffness and elastic tension stiffness

Elastic compression stiffness and elastic tension stiffness of CFST hybrid structures should be calculated
according to Formulae (70) and (71), respectively:

(EA)c,h =Z(ESAS +Eg A +Ec A )+Ec,ocA0c (70)
(EA)yp = D (EsAs +Eg Ay ) (71)
where

(EA).y is the elastic compression stiffness of the CFST cross-section (N);

(EA).,| is the elastic tension stiffness of the CFST hybrid structure (N);

E is the modulus of elasticity of the steel tube (MPa);

Eg, is the modulus of elasticity of the longitudinal steel reinforcement(MPa);

E.. is the modulus of elasticity of the core concrete (MPa);

E.oc | isthe modulus of elasticity of the concrete slab or conctete encasement (MPa);
A is the cross-sectional area of the steel tube (mm?);

A is the cross-sectional area of the longitudinal reinforcement (mm?2);

A. is the cross-sectional area of the core coneféte (mm?2);

A is the cross-sectional area of the concrete slab or concrete encasement (mm?2).

oc

10.3.2.2 Elastic flexural stiffness
Elastic flexural stiffness of CFST hybrid-structures should be calculated according to Formula (72):
(El)h 7 Esls,h +Es,l’1,h +Ec,clc,h +Ec,ocloc,h (72)

where

(ED)y, |Is the elasticflexural stiffness of the CFST hybrid structure (N-mm?);

Iy, Jsthesecond moment of area of the steel tube to centroidal axis of cross-section of the CFST hybrid
stracture (mm#);

Iy s the second moment of area of the Iongitudinal reinforcement to centroidal axis of cross-section
of the CFST hybrid structure (mm?#);

I.y, is the second moment of area of the core concrete to centroidal axis of cross-section of the CFST
hybrid structure (mm%);

I,y is the second moment of area of the concrete slab or concrete encasement to centroidal axis of

cross-section of the CFST hybrid structure (mm?*).
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10.3.2.3 Elastic shear stiffness

Elastic shear stiffness of CFST hybrid structures should be calculated according to Formula (73):

ISO 16521:2024(en)

(GA)h = Z(GSAS +Gc,cAc )+Gc,ocAoc

(73)

where

(GA),, s the elastic shear stiffness of CFST hybrid structures (N);

Ge e is the shear modulus of the core concrete (MPa);

G is-theshearmedwlus-oefthe-conereteslab-erconereteencasement{MPa}

C,0C T

11 Ultimate limit states of trussed concrete-filled steel tubular (CFST) hybrid
structures
11.1 General
When verifying the ultimate limit states of trussed concrete-filled steel tubular (CFST) hybrid
the resistaphces of the whole structures as well as the chords and webs shall‘be calculated. In add
simplified methods given in this clause, the resistances of trussed CFST%hybrid structures can be ¢
through a global structural analysis in accordance with Clause 10.
11.2 Resistances to compression and bending
11.2.1 Axijal compression
The resistance of trussed CFST hybrid structures ‘with identical chords in axial compression
calculated pased on the summation of the resistanges of cross-sections of CFST chords and with t

factor taki

a) When
axial c

N, =4
N, =f

A =4

SC

g into account. Long-term load effects should be considered when necessary.

the long-term load effects are not-considered, the resistance of trussed CFST hybrid st
pmpression N, should be caléulated in accordance with Formulae (74) to (84):

(A<A,)

structures,
ition to the
etermined

should be
he stability

ructures in

(74)

(75)

(76)

a

d

(2+35)?
14(35+24, -4, Je

al®+bA+c (A, <A<A)

(2> %)

b=e-—

(4 ~2o)

Za/lp
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c=1-aA% -bA,

d=<"

e=

Jex

T 0,3 0,05
13000+4 6571n[ 2;’5 ] ( f25 c ] (%J (For circular cross-section)
O fo +
y I\ %c/ck ’

T 0,3 0,05
13500+4 81Oln[2f35 J ( f25 c J (%] (For square or rectangular cross-sec
o +
y ] cJck ’

-d

(%, +35)3

(80)

(81)

tion)

(82)

(For circular cross-section)

1743

vy

1811 .

T (For square or rectangular cross-section)
y

i 420& +550
(1,026 +1,14) 0t f e

(For circular cross-section)

(For square or rectangular crosssection)

| 220& +450
(0,85 +1,18) cx, fy.

is the resistance of cross-section of a single CFST.chord to compression (N);
is the summation of resistances of cross-sectiohs of chords to compression (N);

is the stability factor for the axial compression structure (taken as the lesser of the tw
the two principal axes), and shall be calculated by Formula (77) in accordance with the
slenderness ratio of the structure;

Formula (63);

is the characteristic yield'strength of the steel tube (MPa);
is the cross-sectional area of a single chord (mm?);
is the confinément factor, and shall be calculated by Formula (2);

is the equivalent slenderness ratio of the structure, and should be calculated based
structural analysis;

isthe critical slenderness ratio for the elastic buckling of the structure;

(83)

(84)

values for
equivalent

is the design compressive strength for CFST cross-section (MPa), and shall be calculated by

bn a global

is the critical slenderness ratio for the elasto-plastic buckling of the structure;

is the characteristic compressive strength of concrete (MPa).

When the axial compression of a single CFST chord caused by permanent load accounts for 50 % or
higher of its total axial compression force, the influence of long-term load on the structural stability
shall be considered. When the long-term load effects are taken into account, the resistance of trussed
CFST hybrid structures in axial compression N, .. should be calculated in accordance with Formula (85):

Nu,cr =k Ny
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where
k..  isthelong-term load coefficient, set as 1,0 when k_, is greater than 1,0;
N, is the resistance of trussed CFST hybrid structure in axial compression (N), and should be calcu-
lated by Formula (74);
1) For structures with circular CFST chords, k. should be calculated in accordance with

Formulae (86) to (90):

(0,2a* -0,4a+1)b*>ky;,  (a< 0,4)
ker =1(0,2a” —0,4a+1) bk, (04<a< 1,2) (86)
808Dk, (a>1,2)
a=-21 87
10( (87)
h=E045 (88)
1-0,07n; (a<0,4)
koL = (89)
0,98-0,07n, +0,05a (a>0,4)
N
n =—+¥F 90
L=N (90)

where

k.. |is the adjustment coefficient for long-térm load ratio, taken as 1,0 when it is greater thlan 1,0;

A is the equivalent slenderness ratiorof the structure, and should be calculated based pn a global
structural analysis;

& is the confinement factor(and shall be calculated by Formula (2);
n, is the long-term loadTatio;

N;,  [is the long-term@sxial compression (N) in the trussed CFST hybrid structure.

2) For structiires with square or rectangular CFST chords, k. should be calculated in accordance
with Fotmulae (91) to (93):

(L~0,25a) bk, (a<0,4)
ke =1(0,130% =0,3a+1)b%ky;,  (0,4<a< 1,2) (91)
0,83b1%k | (0,4<a<1,2)
A
a=os (92)
h=£008 (93)

where k; is the adjustment coefficient for long-term load ratio, taken as 1,0 when it is greater than 1,0;

calculated by Formula (89).
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11.2.2 Bending

11.2.2.1 Basic assumptions

The following assumptions should be made in the calculation of bending resistance of trussed CFST hybrid

there is full interaction between chords and webs;

plane section remains plane;

when concrete slab is used with the trussed structure, there is full interaction between them;

faazloa s £l o & 1] i £l o f o 1 rad
UIILITUULIVUIT UT UIIT LUIISIIC Ol Cllsl,ll Ul CUIICTCTLU IO AACBICLLCU,

contribution of webs to the global bending resistance is neglected.

structures:
a)
b)
9]
d) direct
e) direct
11.2.2.2 H

The bending resistance M, of trussed CFST hybrid structures with identical compxession chord

calculated
resistance;s

M, =min{@Y N.,> N }h

where

PN

SN,

11.2.2.3 K
The calcul

bending resistance

by assuming both the CFST chords in compression and in tension(have reached the
,and in accordance with Formulae (94):

,1-0,40) fA,

is the summation of resistances of chords.n axial compression (N);
is the summation of resistances of cross-sections of chords to tension (N);
is the resistance of cross-sectipnof a single chord to tension (N);

is the distance between the centroids of the compression and the tension chords
cross-sectional height (inm);

is the cross-sectionalysteel ratio, and shall be calculated by Formula (1);
is the design ténsile, compressive and flexural strength of the steel tube (MPa);

is the crossésectional area of the steel tube of a single tension chord (mm?2).

bending resistance when concrete slab is used

htion of bending resistance of trussed CFST hybrid structures with a concrete slal

5 should be
ir ultimate

(94)

(95)

along the

b and with

identical compression chords shall conform to the following requirements:

a) The calculation of the bending resistance of structures in the positive moment zone shall conform to the
following requirements:

When the neutral axis of the cross-section is within the height of the webs, the bending resistance of the
structures should be calculated in accordance with the stress block and force equilibrium in Figure 13.
In the figure, it is assumed both the CFST chords in axial compression and in tension, and the concrete

slab in

axial compression, have reached their ultimate resistances.

When the neutral axis of the cross-section is within the compression chords, the bending resistance of

the str

uctures should be calculated through a global structural analysis.
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XN

rdance with
e standards

n chord and

the interval

d with the
hccordance

Key

1 cgmpressiomthords

2 tension chords

3 neutral axis

4 webs

5 cgncrete slab

6 steel reinforcement

7 concrete encasement of chords

hy, tHickness of the concrete slab

h height of the cross-section

% infterval length

Ngjab rgsistance of the reinforced concrete slab in axial compressioizwhich should be calculated in accg
tHe requirements of relevant ISO standards, such as ISO 15673 and ISO 28842, or other applicab
wiith the stability of the slab considered

2N, rgsistance of CFST chords in axial tension

Qsfs2Agc rgsistance of CFST chords in axial compression, where ¢ is the stability factor for the compressid
may be calculated in accordance with Formula (£7); the effective length should be set as 90 % of
length I;

Figure 13 +— Schematic diagram of cross-sections of trussed CFST hybrid structures with a concrete slab

b) The b¢nding resistance of the structures in the negative moment zone should be calculatd

contribution of the steel reinfargement in the slab considered, and may also be calculated in
with Fprmula (94).
11.2.3 Combined compression and bending
When trugsed CFST ‘ybrid structures with identical chords are subjected to the combineq

compressign and bending, the resistance in combined compression and in-plane bending should

Formulae

06) to(102).

| action of
conform to

a) Obtain

the fundamental factors:

Ng =§0ch _ZNt

My :(pZNcrc +2Ntrt
ro= Nuc2 )
c i
Nucl +Nuc2
r= Nucl )
i
Nucl +Nuc2
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b) Verify the resistance:
1) When M < Mg
N N
N + M <1 (100)
(pfchAsc Wsc(l_(pN/NE)fsc
2
/4 EA
Ny =# (101)
A
2)| When M > ﬂ
N Ng
—N+—M—<(1 1-0,405) Y Asf (102)
RN Ng) s e
where
N is the factored axial force (N);
M is the factored bending moment (N-mm);
re is the distance between the cross-sectional,centre of gravity and the centroiglal axis for
the chord in compression zone (mm);
re is the distance between the cross-sectional centre of gravity and the centroiglal axis for
the chord in tension zone (mm);
Ny Nuez is the summation of resistances© compression of chords in compression zone pnd chords
in tension zone of the trussed-CFST hybrid structure, respectively (N);
10) is the stability factor for'the axial compression structure, and shall be calculated with the
equivalent slenderness ratio of the trussed CFST hybrid structure by Formula|(77);
XA is the summatien bf cross-sectional areas of all chords (mm?);
A is the summdtion of cross-sectional areas of steel tubes of all chords (mm?2);
N, is the fesiStance of cross-section of a single chord to compression (N);
IN, isthe'summation of resistances of cross-section to compression of all compression|chords (N);
N, is the resistance of cross-section of a single chord to tension (N);
IN, is the summation of resistances of cross-section to tension of all tension chords (N);
W is the section modulus of cross-section of the structure (mm3);
fec is the design compressive strength of a single CFST chord (MPa), and shall be calculated
by Formula (63);
Ng is the Euler critical force calculated using equivalent slenderness ratio of the structure (N);
(EA). is the elastic compression stiffness of cross-section of a single chord (N);
A is the equivalent slenderness ratio of the structure, and should be calculated based on a

global structural analysis.
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When the equivalent slenderness ratio is greater than 120, the resistance of trussed CFST hybrid structures
in combined compression and in-plane bending should also satisfy the inequality in Formula (103):

N M
+ <1
(pfsczAsc rc(1'1'0'4as)f2As (1_N/NE)

¢) For curved trussed CFST hybrid structures (see Figure 14) in axial compression, the factored bending
moment M caused by the initial deflection of structures should be calculated in accordance with

Formula (104):
M = Nu, (104)

(103)

aaatrial Jdo€1 43 £ £l & d CcoCT Lol d rs i L 2 P | i ]
Where uo IIIILIAI UCUTIICULIUIT Ul tIIC tuUurviu trusostu Uil o1 ll)’Ul I Structtturvc Lllllll}, ULIIIICU doS U e Vertlcal

distance b¢tween the centroid of the middle section and the connecting line for the centroids of e1ld sections.

© IS0 2024 - All rights reserved
37


https://standardsiso.com/api/?name=8e7cbc768dbaa61db14d0f21f3b362c4

ISO 16521:2024(en)

A-A (Four-chord cross-section)

Key

chorIs in compression zone
chords in tension zone
webs
crosg-sectional centre of grayity

distahce between the centre’points of end cross-sections

initiall deflection

(=}

distahce along the.cross-sectional height between the centroids of compression and the tension chords

TS S AW N

distapce betwéen the centre points of chords out of the plane of bending moment
L interyal length

r. distahcé-between the cross-sectional centre of gravity and centroidal axes for chords in compressipn zone and

tenSl OTr Z01T1IC T Col)c\,t;vcl‘y

a half of the projection angle of web on the plane of chord cross-section

Figure 14 — Curved trussed CFST hybrid structures
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11.2.4 Resistances of CFST chords

11.2.4.1 Internal forces

The internal forces, including the factored axial force and bending moment of CFST chords of curved trussed
CFST hybrid structures, should be obtained from a global analysis of the structures in accordance with

Clause 10.

11.2.4.2 Axial compression

The resistance of a single CFST chord in axial compression shall satisfy the inequality in Formula (105),
and the effective length of chord should conform to the requirements of relevant ISO standards, such as

ISO 10721 1, Ul Uthcl apy}i\,ablc ataudal da.
ch < (pNC
where
N.q [is the factored axial compression force (N);
N. is the resistance of cross-section of a single CFST chord to compression (N), and shoul
lated by Formula (75);
1) is the stability factor for the axial compression chord, and shall be calculated by Form
11.2.4.3 Axial tension
The resistpnce of a single CFST chord in axial tension ‘shall satisfy the following inequality
Formula (1/06):
Neg <N,
where
N4 [is the factored axial tensionforce (N);
N, is the resistance of cross-section of a single CFST chord in axial tension (N), and shoul
lated by Formula (95).
11.2.4.4 Bending
The bending resistance-of a single CFST chord shall satisfy the inequality in Formula (107), anc

calculated fin accordance with Formulae (108) to (110):

<

M4 <

cu

(105)

d be calcu-

hla (77).

shown in

(106)

d be calcu-

| should be

(107)

Moy =YmWse1 fse
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1,1+0,48In(£+0,1)  (For circular cross-section) (109)
Vm = 1,04+0,48In(£+0,1) (For square or rectangular cross-section)
3
% (For circular cross-section)
3
W = - (For square cross-section) (110)
BH* . .
—— (Forrectangular cross-section about strong axis)
where
M_4 [is the factored bending moment of a single chord (N-mm);
M., [is the bending resistance of cross-section of a single chord (N-mm);
Ym  [is the plastic development factor of the bending resistance;
& is the confinement factor, and shall be calculated by Formula (2);
W, |[is the section modulus of a single chord (mm3);
fsc is the design compressive strength of a single CFSrchord (MPa), and shall be calculated by
Formula (63);
D is the outside diameter of the circular CFST chord (mm);
is the width of the square or rectangular,CFST chord (mm);
H is the height of the rectangular CESF chord (mm).
11.2.4.5 (ombined compression and,in-plane bending
a) The resistance of cross-section'of’a single CFST chord to combined compression and in-plahe bending
should| be verified in accordanee’ with Formulae (111) to (117):
N
when 4 >2
C
N aM
—ed 4= ed < (111)
NC Mcu
ch
when E < 2770
2
bNCd CNCd MCd < 1 (112)
NC2 N, Mg
a=1-2n, (113)
1—
p=-—%0 (114)
Mo
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c= M (115)
Mo
n = {0,1 +0,14£7%8%  (For circular cross-section) (116)
° 0,1 +0,13§_0'81 (For square or rectangular cross-section)

_ {1 +0,18& 115 (For circular cross-section) 117)

o~ 1+0,14§_1'3 (For square or rectangular cross-section)
where
N 4 is the factored axial force (N);
M4 is the factored bending moment (N-mm);
N, is the resistance of cross-section of a single CFST chord to compression (N), angl should be
calculated by Formula (75);

M, is the bending resistance of cross-section (N-mm), and shouldbe ¢alculated by Forjmula (108);

a,b,cln, s, arethecoefficients.

b) The refistance of a single CFST chord in combined compression and'in-plane bending should [be verified

in accqrdance with Formulae (118) to (124):

NVed 3
when %>2¢°n, :
C

—ed %7 o9 (118)

od <1 (119)

a=1-2¢%n, (120)
I-g,
Mo
2(g, -1
=&Y (122)
1
N
1- 0,4( ch j (For circular cross-section)
d <& (123)
N
1-0,25 —od (For square or rectangular cross-section)
cE
2
n“ (EA)
€= ‘ (124)

C

© IS0 2024 - All rights reserved
41


https://standardsiso.com/api/?name=8e7cbc768dbaa61db14d0f21f3b362c4

ISO 16521:2024(en)

following

(125)

should be

(126)

(127)

(128)

where
N.g is the Euler critical force of a single chord (N);
(EA). is the elastic compression stiffness of the chord cross-section (N), and should be calculated by
Formula (66);
A is the equivalent slenderness ratio of the chord, the effective length should be set as 90 % of the
interval length;
0] is the in-plane stability factor for the axial compression chord, and should be calculated by
Formula (77).
11.2.4.6 (ombined tension and in-plane bending
The resistpnce of a single CFST chord in combined tension and bending should satisfy’ the
inequality shown in Formula (125):
Vi M g
(1'1_ '4as)fAs Mcu
where
Niq is the factored axial tensile force (N);
M4 is the factored bending moment (N-mm);
ag is the cross-sectional steel ratio, and shall be calculated by Formula (1);
f is the design tensile, compressive and flexuralistrength of the steel tube (MPa);
A is the cross-sectional area of the steel tube (mm?);
M., is the bending resistance of cross-séction (N-mm).
11.2.4.7 Shear
The shear |resistance of a single GFST chord shall satisfy the inequality in Formula (126), and
calculated|in accordance with Eexnralae (127) and (128):
Vcd < V:u
ch = ?/VASC fSV
(,97+40;2Iné (For circular cross-section)
’J/ =
Y 10,954+0,162Iné (For square or rectangular cross-section)
where
V.q isthe factored shear force of a single chord (N);
V., isthe shear resistance of a single chord (N);
Yy is the coefficient of shear resistance;
A,.  isthe cross-sectional area of CFST member (mm?);
fev is the design shear strength (MPa), and should be calculated by Formula (65);
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is the confinement factor, and shall be calculated by Formula (2).

11.2.4.8 Torsion

The torsional resistance of a single CFST chord shall satisfy the inequality in Formula (129), and should be
calculated in accordance with Formulae (130) to (132):

Teq <T.

u

Tew =7t Wsc,t fsv

1 2042710 £ (n H ] 43 AY
)& 7T T U,aU7 lllb \1 Ul Liftuldl CIUSS DC\,LIUII)
Ve = :
1,431+0,242Iné (For square cross-section)
nD? . .
_— (For circular cross-section)
Weer =3 16
0,208B3 (For square cross-section )
where
T.q |is the factored torsional moment of a single chord (N-mm);
T., |is the torsional resistance of a single chord (N-mm);
Yt is the coefficient of torsional resistance;
st [is the torsional modulus of cross-section (mm3);
D is the outside diameter of the circular CFST'chord (mm);
B is the width of the square CFST chord (mm).
11.2.4.9 (ombined compression and torsion

The resistd
the inequal
torsion shd

P 4

Nea +(_
2,4

Nea +[_

Ince of cross-section of a gingle CFST chord to combined compression and torsion shq
lity in Formula (133), and the resistance of the single CFST chord in combined compr]

uld satisfy the inequality in Formula (134):

T

C

T,

cu

T,

cd

T

cu

where

N,

C

ch
2

11.2.4.10

(129)

(130)

(131)

(132)

uld satisfy
ession and

(133)

(134)

is the resistance of cross-section to compression (N), and should be calculated by Formula (75);

is the factored axial force (N);

is the stability factor for the axial compression chord, and shall be calculated by Formula (77).

Combined compression, bending and torsion

The resistance of a single CFST chord in combined compression, bending and torsion should be verified in
accordance with Formulae (135) to (143):
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~

570,417
when N4 /Nc22¢3n0{1—(ﬂ ] :
u

TC

2,4 2
N M ' T,
1£+3_Cd 4+ 2 | <1 (135)
(p NC d MCLI TCll
oV 0,417
when N4 /N, <2¢°n,|1-| -& :
TCLI
2 24 2
_b NCd \ l’(IVCd \_.rlMCd—l _.r(TCd \ <1 (136)
N, | N ) nduJ \Tew )
a=1-1¢%n, (137)
_ 1- ;e
b= 17 (138)
P Ne
2(g. -1
c= 21 (139)
le
ch : .
1+0,4 (For circular cross-section)
d= & (140)
Nq .
140,25 N (For square or rectangular cross-section)
cE
0,417
Ne =(1— 2) Mo (141)
0,417
se=(1F8%)" " s (142)
T
B=-4 (143)
TCU
where
M4 is'the factored bending moment of a single chord (N-mm);
M, is the bending resistance of cross-section of a single chord (N-mm);
Mo is the coefficient, and shall be calculated by Formula (116);
a,b,cdn,c, B arethe coefficients;
S is the coefficient, and shall be calculated by Formula (117);
N g is the Euler critical force of a single chord (N), and should be calculated by Formula (124).
11.2.4.11 Combined compression, bending and shear

The resistance of a single CFST chord in combined compression, bending and shear should satisfy the
inequalities in Formulae (144) and (145):
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<

270,417

3 cd .

when N4 /N, 22¢°1n,|1-| — :
ch

2,4 2

N M ’ V

1Neqg  aMea |* [ Yed | o4 (144)
o N, dM, v,

cu

270,417
3 Ve
when N4 /N.<2¢°n, {1—[— } :

VCU
2 2.4 2
_b NCd \ l’(IVCd \_.rlMCd—l _.r(VCd \ <1 (145)
N. | N ) nduJ Veu )
where
Veq is the factored shear force of a single chord (N);
Veu is the shear resistance of a single chord (N);

a, b,c,d are the coefficients, and shall be calculated by Formulae (137) to (140), respectively.

11.2.4.12 Combined compression, bending, torsion and shear

The resistance of a single CFST chord in combined compression;bending, torsion and shear shquld satisfy
the inequalities in Formulae (146) and (147):

5 570417
T Veg
when N4 /N, 22¢°n, {1—(’;—‘1) _[VL] ] :

cu cu

2,4 2 2
N M ' V T,
INed  aMea | [ Yed | fLed | o (146)
¢ NC d MCU VCLI TCU
0,417
2 2 %
T, V.
when N4 /N, <2¢°n, {1—[;—‘1) —(Vc—d] ] :
cu cu
2,4
2 ’ 2 2
p( Mea | o Nea | AMea | (Vea | (Tea | 4 (147)
IVC NC d Mcu ch TCll
where
Teq isthe factored torsional mementof a-single chord (Nummy;

T,

“u is the torsional resistance of a single chord (N-mm);

a, b, c,d are the coefficients, and shall be calculated by Formulae (137) to (140), respectively.

11.2.5 Resistances of webs

Internal forces of webs of trussed CFST hybrid structures shall be determined through a global structural
analysis and the resistances of the steel webs should conform to the requirements of relevant ISO standards,
such as ISO 10721-1, or other applicable standards.
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11.3 Resistance to shear

11.3.1 Wit

h horizontal webs

The shear resistance of trussed CFST hybrid structures with horizontal webs shall be taken as the lesser of
the resistances of webs subjected to flexural-shear failure and chords subjected to shear failure. In the case of
flexural-shear failure of webs, the calculation of resistance of the webs should conform to the requirements
of relevant ISO standards, such as ISO 10721-1, or other applicable standards; in the case of shear failure of

chords, the

shear resistance of structures may be calculated in accordance with Formula (148):

V=09 Ve,

where V,

11.3.2 Wi

The shear
resistance
requireme

12 Ultim
hybrid st

12.1 Gen
In this cla
chord cong

addition to
in accordal

12.2 Resi

12.2.1 Ax|

The resist

shear resistance of a single CFST chord (N), should be calculated by Formula (127).

th diagonal webs

resistance of trussed CFST hybrid structures with diagonal webs should\be contro
of the webs in compression. The calculation of the resistance of the webs'should conf
hts of relevant ISO standards ISO 10721-1, or other applicable standards.

ate limit states of concrete-encased concrete-filled steel tubular (CFS
ructures
eral

ise, simplified methods for the calculation of .résistances of single-chord, four-chory
rete-encased concrete-filled steel tubular (CEST) hybrid structures are given resp
the simplified methods, the resistances caiybe determined through a global structuy
ice with Clause 10.

stances of single-chord structures

ial compression

ince of cross-section of sinigle-chord concrete-encased CFST hybrid structures to cq

(148)

led by the
orm to the

T)

d, and six-
bctively. In
al analysis

mpression

should be ¢alculated in accordance- with Formulae (149) to (151):

Ny=0,9(N . + Nt ) (149)

Nie =0 frocAoeti A (150)

N st =AscAse (151)
where

N, istheresistance of cross-section of the concrete-encased CFST hybrid structure to compression (N);

N Istheresistance of cross-section of the encased CFST member to compression (N);

N

rc

fc,oc
A

ocC

is the resistance of cross-section of the concrete encasement to compression (N);
is the design compressive strength of the concrete encasement (MPa);

is the cross-sectional area of the concrete encasement (mm?2);
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is the design compressive strength of the longitudinal reinforcement (MPa);

is the cross-sectional area of the longitudinal reinforcement (mm?2);

by Formula (63);

A

sC

12.2.2 Co

is the cross-sectional area of the encased CFST member (mm?2).

mbined compression and bending

12.2.2.1 Basic assumptions

is the design compressive strength of the encased CFST cross-section (MPa), and shall be calculated

hcased CFST hybrid structures to combined compression and bending:
5 full interaction between encased CFST member and concrete encasement;
ection remains plane;

contribution of the tensile strength of core concrete in the encased€FST member an
ment is neglected.

heutral axis is located within the height of the cross:section, the resistance of crosg
d concrete-encased CFST hybrid structures to combined compression and bending s
ities in Formulae (152) and (153):

o +N cfst

et Mcfst

s the factored axial compression in the cross-section of the concrete-encased CFST hyj
fure (N);

s the factored bending moment in the cross-section of the concrete-encased CFST hybri
[N-mm);

s the comptession resistance of cross-section of the concrete encasement to combined ¢
hnd bending (N);

s the'bending resistance of cross-section of the concrete encasement to combined c(

ing assumptions should be made in the calculation of resistance of cross-section of silngle-chord

d concrete

erification of resistance — When neutral axis is withincthe height of the cross-sedtion

-section of
hall satisfy

(152)

(153)

brid struc-

H structure

mpression

mpression

hiid bending (N-mm);

N’ isthe compression resistance of cross-section of the encased CFST member to combined compres-
sion and bending (N);

and bending (N-mm).

The follow|
concrete-e
a) thereli
b) plane s
c) direct
encasg
12.2.2.2
When the
single-chot
the inequa
N<N
M<M|
where
N
M
N’I‘C
Mrc
MC
a)

tst IS the bending resistance of cross-section of the encased CFST member to combined compression

The resistance of cross-section of the concrete encasement of single-chord concrete-encased CFST

hybrid structures to compression and the corresponding bending resistance should be calculated in
accordance with the strain distribution and force equilibrium shown in Figure 15. For structures with
circular CFST members, the cross-section can be simplified in accordance with Figure 15 a):
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neutrpl axis
centrgidal axis
cross{sectional width
crossisectional height
diamgter of the encased circular CFST member
distarjce between the neutral axis and the‘eompressive edge of the cross-section
area ¢f equivalent uniform stress bleck-of concrete encasement (mm?), the height of which is B¢, B;
coeffifient, set as 0,80 for concrete with f_ not higher than 41 MPa, 0,74 for f,; as 70 MPa, calculat
interpolation for concrete in-between; or can be taken from relevant ISO standards, such as ISO 15
28842, or other applicable standards
strain| of the ith longitudinalreinforcement
ultimate compressivedstrain of concrete
strength coefficient of the equivalent uniform stress block for concrete encasement, set as 1,0 for cond
not higher than@1'MPa, 0,94 for f,; as 70 MPa, calculated by linear interpolation for concrete in-betwe
taken|from retevant ISO standards, such as ISO 15673 and ISO 28842, or other applicable standards
desigh compressive strength of concrete encasement
axial foree of longitudinal reinforcement in tension zone, should be calculated in accordance with £, an

€,0c

s the height
ed by linear
b73 and 1SO

rete with f
bn; or can be

d the stress-

strain relationship in 10.2.3.1

axial force of longitudinal reinforcement in compression zone, should be calculated in accordance with ¢;; and the
stress-strain relationship in 10.2.3.1

distance between the ith longitudinal reinforcement and the compressive edge of the cross-section (mm)

Figure 15 — Resistance calculation of cross-section of the concrete encasement

b) The resistance of cross-section of the encased CFST member in single-chord concrete-encased CFST
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’ ’
t =N .+N

compression and bending (N);

compression and bending (N-mm);

(154)

(155)

is the compression resistance of cross-section of the core concrete in the CFST member to combined

is the bending resistance of cross-section of the core concrete in the CFST member to combined

The c(
accord
steel ty

s the compression resistance of cross-section of the steel tube in the CFST member'tq
rompression and bending (N);

s the bending resistance of cross-section of the steel tube in the CFST membler to com
pression and bending (N-mm).

mpression and bending resistances of the steel tube and concrete should be ca
ance with the strain distribution shown in Figure 16 and the stress-strain relations

ibe and core concrete in 10.2.3.1 and 10.2.2.1, respectively.

1 neutral axis

&  strain
€ Strain
€. ultima
12.2.2.3 \

a) Steel tube

bf the steel tube, which can be circular, square, or rectangular

bf the core concrete

Le compressive strainof concrete

’<——>‘ c

] --------------- |
d
/ gc.\

cu

e
i
1

b) Core concrete

Figure 16 s=Resistance calculation of cross-section of the encased CFST membel,

erification of resistance — When neutral axis is beyond the height of the cross-se

combined

bined com-

culated in
hips of the

ction

When the neutral axis is located beyond the cross-sectional height, the bending resistance of cross-section
of single-chord concrete-encased CFST hybrid structures to combined compression and bending M, y should
be calculated in accordance with Formula (156):

u,N

No—N

-0 F iy
No—Nyp

h
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where

N,y is the compression resistance of cross-section (N) when the distance ¢ between the neutral axis
and the compressive edge is equal to the cross-sectional height h, and should be calculated in ac-
cordance with 12.2.2.2;

M, is the bending resistance of cross-section (N-mm) when the distance ¢ between the neutral axis
and the compressive edge is equal to the cross-sectional height h, and should be calculated in ac-
cordance with 12.2.2.2;

N, istheresistance of cross-section to compression (N), and should be calculated by Formula (149).
NOTE The N-M relationship of single-chord concrete-encased CFST hybrid structures is shown in Figure 17. When
¢ = h, the ndutral axis is at the edge of the cross-section. When ¢ < h, the compression and bending resistdnces can be
calculated ih accordance with 12.2.2.2. When ¢ > h, to simplify the calculation, the segment in the N-M, relationship is
assumed asfa straight line.

N,
N c>h
u
(Mu,h' Nu,h)l c=h
c<h
0 M, M
Figure 17 — N-M relationship
12.2.3 Tepsion
The resistance of cross-section of single-chord concrete-encased CFST hybrid structures to tepsion shall
satisfy the [nequality in Formula (157) and should be calculated in accordance with Formulae (158) and (159):

N<Npge +Negst (157)

Nrc,t = fIAI (158)

Negse ¢ 7(1,1-0,4 04 )Agf. (159)
where

N sthefactored axial tension in the cross-section of the concrete-encased CFST hybrid strjucture (N);

N, Iisthe resistance of cross-section of the concrete encasement to tension (N);

N g ¢ 1s the resistance of cross-section of the encased CFST member to tension (N);

A is the cross-sectional area of the longitudinal reinforcement (mm?2);

A is the cross-sectional area of the steel tube (mm?);

ag is the cross-sectional steel ratio of the CFST member, and shall be calculated by Formula (1);
fi is the design tensile strength of the longitudinal reinforcement (MPa);
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s the design tensile strength of the steel tube (MPa).

12.3 Resistances of four-chord structures

12.3.1 Axial compression

The resistance of cross-section of four-chord concrete-encased CFST hybrid structures to compression

should be ¢
NO =0,9

alculated in accordance with Formulae (160) to (162):

(Nrc +chst)

N

rc

chst =‘Z fsc,iAsc,i

where

rc

chst
fc,oc

ocC

fi

fsc,i

A

sc,i

12.3.2 Co

12.3.2.1 H

The assumpptions in-12.2.2.1 should be made in the calculation of resistance of cross-section of

concrete-e

12.3.2.2 \

Z
=0 JcocAoc T 1 4]

s the resistance of cross-section to compression (N);

s the resistance of concrete encasement to compression (N);

s the resistance of cross-sections of encased CFST members'to compression (N);
s the design compressive strength of the concrete eficasement (MPa);

s the cross-sectional area of the concrete encasement (mm?);

s the design compressive strength of the longitudinal reinforcement (MPa);

s the cross-sectional area of the longitudinal reinforcement (mm?2);

s the design compressive strength of cross-section of the ith CFST member (MPa), a

ralculated by Formula (63);

s the cross-sectional areaof'the ith CFST member (mm?2).
mbined compression.and bending

pasic assumptions

hcased.CFST hybrid structures to combined compression and bending.

(160)

(161)

(162)

nd shall be

four-chord

[erification of resistance — When neutral axis is within the height of the cross-seqtion

When the neutral axis is located within the height of the cross-section, the resistance of cross-section of
four-chord concrete-encased CFST hybrid structures to combined compression and bending shall satisfy the
following inequalities shown in Formulae (163) and (164):

’ ’
NSNrc"'chst

MSMrc +Mcfst
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where

N is the factored axial compression in the cross-section of the concrete-encased CFST hybrid struc-
ture (N);

M is the factored bending moment in the cross-section of the concrete-encased CFST hybrid structure
(N-mm);

is the compression resistance of cross-section of the concrete encasement to combined compression
and bending (N);

rc

N’ isthe compression resistance of cross-sections of encased CFST members to combined compression
and bending (N);

M

.« [Is the bending resistance of cross-section of the concrete encasement to combined cqmpression

hnd bending (N-mm);

M. |s the bending resistance of cross-sections of encased CFST members to ¢ombined cqmpression
hnd bending (N-mm).

The repistance of cross-section of the concrete encasement in four-chord cénerete-encased CFST hybrid
structyires to compression and the corresponding bending resistance shouild be calculated in accordance
with the strain distribution and force equilibrium shown in Figure 18 For structures with cirfcular CFST
members, the cross-section can be simplified in accordance with Figure 18 a):
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sectional width
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ce between the edge of the internal hollow section and the outside edge of the concrete encasen
ce between the outside edge df:the steel tube and the outside edge of the concrete encasement
ce between the neutral axis arid the compressive edge of the cross-section

f equivalent uniform stréss block of concrete encasement (mm?2), the height of which is B;¢, B,
Cient, set as 0,80 for‘eoncrete with f, not higher than 41 MPa, 0,74 for f,; as 70 MPa, calculat
olation for concréte)in-between; or can be taken from relevant ISO standards, such as ISO 15
P, or other applicable standards

of the ith longitudinal reinforcement

hte compressive strain of concrete

bth coefficient of the equivalent uniform stress block for concrete encasement, set as 1,0 for cond
sher than 41 MPa, 0,94 for f as 70 MPa, calculated by linear interpolation for concrete in-betwe

nent

s the height
ed by linear
b73 and 1SO

rete with f
bn; or can be

taken

design compressive strength of concrete encasement

axial force of longitudinal reinforcement in tension zone, should be calculated in accordance with ¢;; and the stress-
strain relationship in 10.2.3.1

axial force of longitudinal reinforcement in compression zone, should be calculated in accordance with ¢;; and the
stress-strain relationship in 10.2.3.1

distance between the ith longitudinal reinforcement and the compressive edge of the cross-section (mm)

Figure 18 — Resistance calculation of cross-section of the concrete encasement
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b) The resistance of cross-sections of the encased CFST members in four-chord concrete-encased CFST
hybrid structures to compression and the corresponding bending resistance should be calculated in
accordance with Formulae (165) and (166), respectively:

’ ’ ’
Nige =N + Ny

Mg =M + M

where

(165)

(166)

N’ isthe compression resistance of cross-sections of encased CFST members to combined compression

Mcfst

S

The ¢

accordance with the strain distribution shown in Figiite 19 and the stress-strain relationsg
steel tyibe and core concrete in 10.2.3.1 and 10.2.2.1,stespectively.

neytral axis

distance betweghn the neutral axis and the compressive edge of the cross-section
<2 strdin of the'steel tubes, which can be circular, square or rectangular

strdimof'the core concrete

and hpnding (N);

s the bending resistance of cross-sections of encased CFST members to combined, cq
hnd bending (N-mm);

s the compression resistance of cross-sections of the core concrete to combined compl
bending (N);

[N);
s the bending resistance of the core concrete to combined compression and bending (

s the bending resistance of steel tubes to combined compression and bending (N-mm)

pmpression and bending resistances of the steel,tube and concrete should be ca

mpression

ession and

s the compression resistance of cross-sections of steel tubes to combined compression ajnd bending

N-mm);

culated in
hips of the

_____________ gcu
&0 4 |
_i_'._.'(_‘_'_'_'_\‘x';_:_ 1}. —
! o
oo

a) Steel tube b) Core concrete

ultimate compressive strain or concrete

Figure 19 — Resistance calculation of cross-sections of the encased CFST members
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12.3.2.3 Verification of resistance - when neutral axis is beyond the height of the cross-section

When the neutral axis is located beyond the height of the cross-section, the bending resistance of cross-
section of four-chord concrete-encased CFST hybrid structures to combined compression and bending M, y
should be calculated in accordance with Formula (167):

Mu,N

where

Ng—N

wh
NO _Nu,h

(167)

Nu,h

Mu,h
Mu,N

Ny

12.3.2.4 (

For the v¢

between the neutral axis and the compressive edge of €ross-section (c) can be calculated by ass

the factore|
resistance
resistance

12.4 Resi

12.4.1 Ax

The resistg
conform tg

12.4.2 Co

12.4.2.1 K

s the compression resistance of cross-section to combined compression and bending(1\¥]
n accordance with 12.3.2.2 when the distance c between the neutral axis and the compr
s equal to the sectional height h;

s the bending resistance (N-mm) calculated in accordance with 12.3.2.2-wWhen the dis
fween the neutral axis and the compressive edge is equal to the sectionalheight h;

s the bending resistance of cross-section (N-mm) taking into accotmt axial compressi

s the resistance of cross-section to compression (N) calculated-in accordance with 12|

alculation of neutral axis location

rification of the resistance of cross-section tovcombined compression and bendin
d axial compression is equal to the resistarice of cross-section to compression. If c< h, t

(M) of cross-section should be calculated in accordance with 12.3.2.3.
stances of six-chord structures

ial compression

nce of cross-section 0fsix-chord concrete-encased CFST hybrid structures to compres
the requirements'of 12.3.1.

mbined compression and bending

pasicassumptions

calculated
bssive edge

tance c be-

nN;

3.1.

b, distance
Lming that
he bending

(M,) of cross-section should be calculated in accordance with 12.3.2.2. If ¢ > h, the bending

tion should

The assuni

ptions in 12.2.2.1 should be made in the calculation of resistance of cross-section of six-chord

concrete-encased CFST hybrid structures to combined compression and bending.

12.4.2.2 Verification of resistance — When neutral axis is within the height of the cross-section

When the neutral axis is located within the height of the cross-section, the resistance of cross-section of
six-chord concrete-encased CFST hybrid structures to combined compression and bending shall satisfy the

inequalitie

N<N',

M<M,

s in Formulae (168) and (169):

’
C +N cfst

ct Mcfst
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where

N is the factored axial compression in the cross-section of the concrete-encased CFST hybrid struc-
ture (N);

M is the factored bending moment in the cross-section of the concrete-encased CFST hybrid structure
(N-mm);

is the compression resistance of cross-section of the concrete encasement to combined compression
and bending (N);

rc

N’ isthe compression resistance of cross-sections of encased CFST members to combined compression
and bending (N);

M

.« [Is the bending resistance of cross-section of the concrete encasement to combined cqmpression

hnd bending (N-mm);

M. |s the bending resistance of cross-sections of encased CFST members to ¢ombined cqmpression
hnd bending (N-mm).

The resistance of cross-section of the concrete encasement of six-chord con¢rete-encased CFST hybrid
structyires to compression and the corresponding bending resistance shouild be calculated in accordance
with the strain distribution and force equilibrium shown in Figure 20 For structures with cirfcular CFST
members, the cross-section can be simplified in accordance with Figure 20 a):
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of equivalent unifortiétress block of concrete encasement (mm?2), the height of which is B¢, 8;
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I'polation for goncrete in-between; or can be taken from relevant ISO standards, such as ISO 15
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bment
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673 and ISO

ncrete with

fckI

otigher tham 41 MPa; 6,94 for f ;- as 70 MPa, calculated by timrear imterpotationr for toncrete i

between; or

can be taken from relevant ISO standards, such as ISO 15673 and ISO 28842, or other applicable standards

desi

gn compressive strength of concrete encasement

axial force of longitudinal reinforcement in tension zone, should be calculated in accordance with ¢; and the
stress-strain relationship in 10.2.3.1

axial force of longitudinal reinforcement in compression zone, should be calculated in accordance with ¢;;and the
stress-strain relationship in 10.2.3.1

distance between the ith longitudinal reinforcement and the compressive edge of the cross-section (mm)

Figure 20 — Resistance calculation of cross-section of the concrete encasement
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b) The resistance of cross-sections of symmetrically encased CFST members in six-chord concrete-encased

CFST hybrid structures to compression and the corresponding bending resistance should be
in accordance with Formulae (170) and (171), respectively:

Negse =N¢ +Ng
Mg =M + M

where

calculated

(170)

(171)

N’ isthe compression resistance of cross-sections of encased CFST members to combined compression

and hpnding (N);

M. |s the bending resistance of cross-sections of encased CFST members to combined, cq
hnd bending (N-mm);

mpression

N'.  |sthe compression resistance of cross-sections of the core concrete to combined compression and
bending (N);

N', s the compression resistance of cross-sections of steel tubes to combined compression ajnd bending
[N);

M. |s the bending resistance of cross-sections of the core congrete to combined comprgession and
bending (N-mm);

M, s the bending resistance of cross-sections of steel tubes to combined compression apd bending

[N-mm).

The compression and bending resistances of the steel tube and concrete should be ca
accordance with the strain distribution shown in‘Figure 21 and the stress-strain relations
steel tuibe and core concrete in 10.2.3.1 and 10.2.2.1, respectively.

culated in
hips of the
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Key

1 neutral axis

c distance between the neutral axis and the compressive edge of the cross-section

€41, €5y Eg3  Strain of the steel tubes, which can be circular, square or rectangular

Ece strain of the core concrete

£ ultimate compressive strain of concrete

cu

Figure 21 — Resistance calculation of cross-sections of steel tubes
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12.4.2.3 Verification of resistance — When neutral axis is beyond the height of the cross-section

When the neutral axis is located beyond the height of the cross-section, the bending resistance of cross-
section of six-chord concrete-encased CFST hybrid structures to combined compression and bending should
be calculated in accordance with Formula (172):

Myn=———"—Myy (172)

N,;, istheresistance of cross-section to combined compression and bending (N), calculated by 12.4.2.2
hen the distance c hetween the nentral axis and the compressive edge is equal to the sectional

height h;

M, s the bending resistance of cross-section (N-mm), calculated by 12.4.2.2 whenthe distance ¢ be-
fween the neutral axis and the compressive edge is equal to the sectional height h;

M, y |s the bending resistance of cross-section taking into account axial comp¥@ssion N (N-inm);

N, s the resistance of cross-section to compression (N), calculated by-124.1.

12.4.2.4 (alculation of neutral axis location

For the verification of the resistance of cross-section to combined compression and bending, distance (c)
between the neutral axis and the compressive edge of cross-section can be calculated by assuming that the
factored axial compression is equal to the resistance of cross-section to compression. If ¢ < h, the bending
resistance|(M,) of cross-section should be calculated in accordance with 12.4.2.2; if ¢ > h, the bending
resistance|(M,) of cross-section should be calculated in accordance with 12.4.2.3.

12.5 Resistances of slender structures

12.5.1 Axial compression

The resistance of slender concrete-encased CFST hybrid structures in axial compression N |should be
calculated [in accordance with Formula-{173):

N, =099 (N, +N g ) (173)
where
N.. s theresistance of cross-section of the concrete encasement to compression (N);

N |s theresistance of cross-sections of encased CFST members to compression (N);

1) stthe stability factor for the concrete-encased CFST hybrid structure, and shall be calcyllated using
€ Slenderness ratio A or through a giobal structural analysis.
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12.5.2 Combined compression and bending

12.5.2.1 C

alculation of structural slenderness ratio

Structural slenderness ratio (A) of concrete-encased CFST hybrid structures in combined compression and
bending should be calculated in accordance with Formula (174). When the structural slenderness ratio (1)
satisfies the inequality in Formula (175), the effects of the secondary moment may be neglected. Otherwise,
the effects of the secondary moment should be considered in accordance with 12.5.2.2.

-

i
A<34

where

Ml’ MZ

12.5.2.2 (

The factor
bending t3
analysis.

12.6 Resi

The resistd
load effect

NuL =k Ny
where
N, [sthe resistance of the concrete-encased CFST hybrid structure in axial compression g

L1221

is the factored bending moment of two end sections about the Sajrie axis based on
elastic analysis taking into account the influence of lateral deflection (N-mm). The abg
of M, is lower than that of M,. When the structure is undep single-curvature bendin
positive. Otherwise M; /M, is negative;

is the effective length of the structure (mm), can be determined in accordance with th
conditions or by a global structural analysis;

is the radius of gyration in the eccentric loadirnig-direction (mm).

alculation of resistance

ed bending moment for the critical\eross-sections of structures in combined compr
king into account the second-order effects should be obtained based on a global

stance subjected to long-term loading

nce of concrete-encdsed CFST hybrid structures in axial compression considering thg
5 should be calculatéd in accordance with Formula (176):

N,

u

k,

cr

- 1 1 _Ccc L AT
OIIg=LCT T 104U CIICULS (1IN ),

is the resistance of the concrete-encased CFST hybrid structure in axial compression (N),

be calculated by Formula (173);

is the long-term load coefficient, and should be calculated through a global structural

(174)

(175)

structural

olute value
B, M /M, is

k boundary

ession and

structural

long-term

(176)

onsidering

and should

analysis or

conform to Tables A.1 to A.3 of Annex A for concrete-encased circular CFST hybrid structures with

identical CFST members.

12.7 Resistance to shear

a) The shear resistance of concrete-encased CFST hybrid structures in bending shall satisfy the inequality
in Formula (177):
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14 S;Vrc *_I/éfst

where

4
%4

rc

|4

cfst

is the factored shear force (N);
is the shear resistance of the concrete encasement (N);

is the shear resistance of encased CFST members (N).

(177)

b) The shear resistance of the concrete encasement should be calculated in accordance with Formulae (178)

(178)

(179)

0;

ance with

(180)

calculated

and (179):
Ve =0[45 40 /(2460 L1 forcoc Py fi
4
Psv=T,
where
¢ s the shear resistance of the concrete encasement (N);
A,. |sthe cross-sectional area of the concrete encasement (mmn?);
p s the tensile longitudinal reinforcement ratio, set as;2;5 % when it is greater than 2,5
fekoc |S the characteristic compressive strength of the'\Concrete encasement (MPa);
Psy  |s the stirrup ratio;
A, |sthe total cross-sectional area of stirsdps (mm?2);
s s the spacing of stirrups (mm);
b s the cross-sectional width (mm);
fu s the design tensile strength of stirrups (MPa).
c¢) The shear resistance of-'the encased CFST members should be calculated in accord
Formufla (180):
20,9(0,97+0,21n EiAsci fovi (For circular cross-section)
Vetst = 20,9(0,954+0,1621n§1- JAscifsvi (Forsquare or rectangular cross-section)
where
Vet 1s the is the shear resistance of the encased CFST members (N);
& confinement factor of the ith encased CFST member, and shall be calculated by Formula (2);
Ag.; isthe cross-sectional area of the ith encased CFST member (mm?);
fsvi  isthe design shear strength of the ith encased CFST cross-section (MPa), and should be

by Formula (65).
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stance to combined axial force, bending and shear

For single-chord concrete-encased CFST hybrid structures subjected to combined axial force, bending and

shear, when the shear span-to-depth ratio of the calculated section A, (

Vhy

J is not less than 1,5, and the

outside diameter/width/height-to-sectional width ratio is not less than 0,5, and the reinforcement placement
of concrete encasement conforms to the requirements of relevant ISO standards, such as ISO 15673 and
ISO 28842, or other applicable standards, the verification of the resistance in combined compression and
bending can be conducted based on 12.2, 12.5 and 12.6, and the influence of shear force on the resistance in
combined compression and bending may be neglected.

13 Servi

13.1 Calc

Calculatior
deformatid
accordancd

13.2 Sery

Limitation
ISO 10137

14 Prote

14.1 Gen

14.1.1 Co

The corrog

and econotnical, and shall conform to the following requirements.

Relevant requirements «0f)environmental protection and energy conservation shall be

) LR L— . e N £ = £:11 - | = 1 2 1 1 & aknlalsnh ¥ | 1 LI | d=
CAUIIILY IIIIIT SUAUITS U COUIILICLCHIICU SICCT tUuldl (LI'o1 jJ 1yoriu St
ulation of structural response

of structural response of concrete-filled steel tubular (CFST) hybrid structures, suc
n, crack of concrete, vibration, etc., should be conducted through a globalstructural
with Clause 10.

iceability limitations

5 for stress, deformation, crack of concrete, vibration, etc.,«should conform to the requi
hnd [SO/TR 4553, or other applicable standards.

ctive design
eral

Frosion resistance

ion resistance design of concrete;filled steel tubular (CFST) hybrid structures shall

sign life for corrosion re§istance shall be determined in accordance with the import
ires, the environmentalcorrosive conditions, construction and maintenance conditior

eration in the corfosion resistance design.

tion to theuxfandatory anti-corrosion requirements, unfavourable designs that bring :
ion shallbe'avoided.

rrosion resistance shall be designed to be easy for the inspection, maintenance and 1
the whole life-cycle.

uctures

h as stress,
analysis in

rements of

be reliable
hnce of the
S.

taken into

ccelerated

repairment

Unfavourable detailing, such as blind spots that are easy to accumulate water and dirt, unclosed

weld, and regions that are difficult to implement painting, shall be avoided in accordance with the
requirements for anti-corrosion focus and process requirements.

The corrosion resistance of connecting materials consisting of welding rods, bolts, washers, gusset

plates, etc., shall not be lower than those of the materials of the connected members. The diameter of
the bolts shall not be less than 12 mm, and spring washers shall not be used. Bolts, nuts and washers
shall be protected with methods such as galvanized coating and follow the same anti-corrosion design
requirements for the connected structures after mounting.

a) The de
structy
b)
consid
¢) Inadd
corros
d) The co
during
e)
f)
g)

additional protection shall be used for structures that are not easy to be repaired.
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14.1.2 Fire resistance

For trussed concrete-filled steel tubular (CFST) hybrid structures without fire protection, when the fire
resistance rating does not satisfy the design fire resistance rating, the outer surfaces of the chords and webs
shall be protected by fireproof coating or other effective fire protection measures.

When high strength concrete is used as concrete encasement in concrete-encased concrete-filled steel
tubular (CFST) hybrid structures, measures, such as steel mesh or glass fibre mesh, should be adopted to

reduce the

14.1.3 Im

risk of concrete explosively spalling at elevated temperatures.

pact resistance

For CFST hybrid structures impacted by vehicles, ships, etc., the design impact loads should conform to the

requireme
14.2 Desf

14.2.1 An

The outer §
as painting
of steel surj

hts of relevant ISO standards, such as ISO 10252, or other applicable standards.
gn of corrosion resistance

ti-corrosion measures

urface of steel tubes in trussed CFST hybrid structures shall adopt dnti-corrosion meg
after rust removal or metal coating. Anti-rust and anti-corrosion coatings, rust remcd

sures such
val degree

faces and the structural requirements of corrosion protection on'steel structures shoulld conform

to the requirements of relevant ISO standards, such as the ISO 12944 séries, or other applicable sfandards.
14.2.2 Corrosion resistance calculation
When unifprm corrosion occurs in the walls of steel tubes of trussed CFST hybrid structures in corrosive
environments, the resistance shall be determined based onthe effective cross-sections after corifosion.
The paramgtersrelated to CFST chords after corrosionsaay be determined in accordance with Forrpulae (181)
to (187):
Jy 4 f
oo Jpfe _, v (181)
o fck Ac acfck
A [
o, =—— 182
. § (182)
Z[DZ —(D, -2t )2] (For circular cross-section)
4 e e €
Ase = Bg —(B, —2t3 )2 (For square cross-section) (183)
B.H, <(B¢-2t,)(H, —2t,) (Forrectangular cross-section)
D, =D|-2At (184)
B, =B-2At (185)
H,=H-2At (186)
to =t—At (187)
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is the nominal confinement factor after corrosion;

is the characteristic yield strength of the steel tube (MPa);

is the characteristic compressive strength of concrete (MPa);

is the cross-sectional steel ratio after corrosion;

is the cross-sectional area of the steel tube after corrosion (mm?2);

is the cross-sectional area of the core concrete (mm?2);

Al

[¢)

T W O

14.3 Desi

14.3.1 Lo
The load r4

s the outside diameter of the circular steel tube after corrosion (mm);

s the width of the square or rectangular steel tube after corrosion (mm);
s the height of the rectangular steel tube after corrosion (mm);

s the wall thickness of the steel tube after corrosion (mm);

s the outside diameter of the circular CFST member (mm);

s the width of the square or rectangular CFST member (mm);

s the height of the rectangular CFST member (mm);

s the mean wall thickness loss of the steel tube after corrosion (mm);

s the wall thickness of the steel tube (mm).
gn of fire resistance

ad ratio during fire

tio of CFST hybrid structures.during fire R shall be determined by Formula (188):

s the factored axial compression force on the CFST hybrid structure during fire (N);

s the resistance of the CFST hybrid structure in axial compression at ambient tempe
forArtissed CFST hybrid structures, should be determined in accordance with Formu

(188)

rature (N);

la (74); for

concrete-encased CFST hybrid structures, should be determined in accordance with For|

mula (173).

NOTE

The load ratio of CFST hybrid structures during fire R characterizes the load level of the axial compression

acting on the structures during fire. The denominator is the resistance of the structure at ambient temperature, which
is normally assumed to be 20 °C. It is a crucial factor that affects the fire resistance ratings of CFST hybrid structures.

14.3.2 Fireproof coating

a)

Where the fireproof coating for steel structures is used for the protection of trussed CFST hybrid

structures, intumescent fireproof coating may be used when the design fire resistance rating does not
exceed 3,0 h, while non-reactive fireproof coating should be used when the design fire resistance rating
exceeds 3,0 h.
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Where non-reactive fireproof coating for steel structures is used for the fire protection of trussed CFST

hybrid structures, the thickness of the fireproof coating for a single chord may be taken as 1,2 times
that for CFST member under the same conditions. For the webs and the connecting zones between the
chords and the webs, the thickness of fireproof coatings should be identical to that for the chords.

Where intumescent fireproof coating for steel structures is used for trussed CFST hybrid structures, the

thickness of the fireproof coating shall be determined by fire tests. When there are reliable references,
it can also be determined based on calculation. The intumescent fireproof coating shall be used in
conjunction with the anti-corrosion coating and should conform to the requirements of relevant ISO
standards, such as the ISO 12944 series, or other applicable standards.

14.3.3 Fire resistance ratings

When
the efff
height
70 % d

a)

b) The fix

or a global structural analysis. For single-chord concrete-encased circular\CFST hybrid sti
ompression, the fire resistance ratings can be determined based_on the resistance cg

axial ¢
the en

NOTE ]
resistance d
the concret(

14.3.4 D¢

The detaili
the water ¥
of the vent
vent holes

a) The ch
20 mnj

verifying the fire resistance ratings of concrete-encased CFST hybrid structures in co

of the column, and the effective height of the column at the top floor may betaken
f the height of the column.

e resistance ratings of CFST hybrid structures should be determined usingexperiment

fased CFST member (n,) according to Table B.1 of Annex B.

p-encased CFST hybrid structure to compression (N).

tailing requirements

holes that connect the core concrete te-the outside air may be adopted. Other arran
Can also be used provided that they are'verified through fire tests.

1. The vent holes shall be arranged anti-symmetrically along the chord and shall avo

ective height of the column at the middle floor in supported frames may be taken as }

'he resistance coefficient of the encased CFST member (n.)-i§ calculated as the ratio H
f cross-section of the encased CFST member to compression (V) and the resistance of crog

Ing of fire protection measures in the construetion of the CFST hybrid structures shall ¢
rapor inside the steel tubes can be smoothly‘discharged during fire. The following arn

ords of the trussed CFST hybrid structures shall set vent holes with a diameter of nd

|mpressi0n,
0 % of the
as 50 % to

al methods
ructures in
efficient of

etween the
s-section of

bnsure that
Angements
cements of

t less than
d the joint

zone. The longitudinal spacing of the'vent holes should not exceed 4 m (see Figure 22).
2
/ 1
=
e F
4'/ E
Ca )
B 1
Key
1  ventholes
2 CFST chords
3  webs

Figure 22 — Schematic diagram of positions of vent holes in trussed CFST hybrid structures

b) Ventholes with a diameter of not less than 20 mm shall be set on the steel tubes encased in the concrete-
encased CFST hybrid structures. Vent holes should be arranged at the top and bottom of the intersection
of each floor column and floor slab. The distance between the vent holes and the floor slab or the steel
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beam (d,) shall be 100 mm to 200 mm, and the vent holes should be arranged anti-symmetrically along
the column (see Figure 23).

Vv
I—L
=
z - -
o X
o >
//i d- _lt 4
1 r“
2 P ‘\1
N
V=3
Key
1 vent holes
2 encased CFST member
3 concrefte encasement
4 steel bpam
5 floor slab

Figure 23 — Schematic diagram of positions of vent holesdn concrete-encased CFST hybrid
structures

14.4 Design of impact resistance

14.4.1 Bending resistance under impact

The bendiphg resistance of CFST hybrid structures subjected to impact shall satisfy the ing¢quality in

Formula (1189):
My <RyM, (189)

where

My s the factored imipact bending moment (N-mm);
Ry s the dynaniicincrease factor under impact, take as 1,0 when it is less than 1,0;

M, s the static bending resistance (N-mm), and should be calculated in accordance with the require-
ment$/in Clause 11 for trussed CFST hybrid structures, and in accordance with the requirements
nClause 12 for concrete-encased CFST hybrid structures.

NOTE Within the general parametric ranges of this document, the failure of CFST members in CFST hybrid
structures is dominated by a bending failure mode due to their high shear resistance. Consequently, the bending
resistance design of CFST hybrid structures is specially provided.

14.4.2 Dynamic increase factor for circular CFST chords under impact

The dynamic increase factors for CFST chords under impact Ry may be calculated in accordance with
Formulae (190) to (194):

Ry=1491 f2f3/4 (190)

© IS0 2024 - All rights reserved
66


https://standardsiso.com/api/?name=8e7cbc768dbaa61db14d0f21f3b362c4

fr=-4

fr=-3

I1SO 16521:2024(en)
,00x1077 £ +8,00x10° f, +1,02

,660.2 —0,8960; +1,13

f2=7,00x10"7 D* —1,3x1073 D+1,40

f1=-1,00x103 V¢ +5,08x1072V, +0,385

where V, is the impactor velocity (m/s).

(191)

(192)

(193)

(194)

14.4.3 Deformation of circular CFST chords under impact
The maximum deformation of circular CFST chords subjected to lateral impact load applied‘at mig-span may
be calculated in accordance with Formula (195) and should satisfy the relevant structural requirfments.
El x10°  RyM
TR st —u (195)
4RgMy  2(m /1) EI

where

Uy, s the maximum deformation of circular CFST chord under impact (mm);

Ky, s the coefficient of boundary conditions, taken as ‘1,0 for both ends pinned conditign, 0,61 for

pinned-fixed condition and 0,46 for both ends fixed’condition;

E| s the impact energy (]);

I s the length of a single chord in an integwal of the trussed CFST hybrid structure (mm]j;

Ry s the dynamic increase factor undef impact, calculated by Formula (190);

El s the elastic flexural stiffness of the CFST cross-section (N-mm?2).
15 Conngctions
15.1 General
The design| of joints ands«connections in concrete-filled steel tubular (CFST) hybrid structures shall conform
to the requirements-ef'strength, stiffness, stability, fatigue and seismic performance. It shall ensyre that the
force can ble transferred effectively and that the steel tube and its core concrete can act together. |t shall also
take into agcountthe ease of manufacturing, erection and placement of the core concrete.
In Clause 115, ¢ypical connections for CEST hybrid structures are recommended When available, tonnection

detailing based on reliably verified experimental tests, inter-relevant ISO standards, such as ISO 14346 and

[SO 14347,

or other available standards can also be applied.

15.2 Joints of trussed concrete-filled steel tubular (CFST) hybrid structures

15.2.1 Ge

neral requirements

The detailing of the joints and connections in trussed concrete-filled steel tubular (CFST) hybrid structures
should be simple enough and the loading conditions of the structures shall be clearly defined. The centrelines
of loaded members should intersect at one point.
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15.2.2 Typical forms of joints

Overlap K-joint, gap K-joint, T-joint, Y-joint, X-joint, KT-joint, multiplanar TT-joint and multiplanar KK-joint
may be used in trussed CFST hybrid structures, as shown in Figure 24.

e) X-joint f) KT-joint

© IS0 2024 - All rights reserved
68


https://standardsiso.com/api/?name=8e7cbc768dbaa61db14d0f21f3b362c4

ISO 16521:2024(en)

Key
1
2

CFST ¢
hollow

15.2.3 Wq
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shall matc
relevant st

15.2.4 De

15.2.4.1 (

h) Multiplanar KK-joint

g) Multiplanar TT-joint

hords
steel tubular webs

Figure 24 — Typical forms of joints in trussed CFST hybrid structures

tlding requirements

| intersecting joints of tritssed CFST hybrid structures, the hollow steel tubular we
nlong the intersectinglines by butt welds with groove or fillet welds, and the welding cq
 the grade of theteel tubes. The design of the welds may be carried out in accor
andards, such as’iS0 14346 and I1SO 14347, or other applicable standards.

tailing requirements of webs

pverlapping

bs shall be
nsumables
Hance with

For the pl

hne’ K-joints and N-jointg where webhs nvprlnp when the two webhs have different

diameters

(widths), the web with a greater diameter (width) shall be directly welded to the chord while the web with
a smaller diameter (width) shall be overlapped to the web with the greater diameter (width). When the two
webs have the same diameter (width), the web carrying a greater force shall be welded directly to the chord
while the web carrying a lower force shall be overlapped to the web carrying the greater force.

15.2.4.2 Clear distance between the web ends

When using gap K-joints, the clear distance between the web ends should not be less than the summation of
the thicknesses of the two webs.
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15.2.4.3 Distance between the centroids of horizontal webs

The distance between the centroids of horizontal webs should not be greater than four times the distance
between the centroids of chords.

15.2.4.4 Cross-sectional area of the hollow steel tubular web

The cross-sectional area of the hollow steel tubular web should not be less than 1/5 of that of the single chord.

15.2.5 Inserted plate connections

When the webs and chords in the joints of trussed CFST hybrid structures are connected by gusset plates

and bolts, Mmmamwmmmmﬁ Or Cross-
plates (see| Figure 25 for circular cross-section). The opening gap of the U-plates may be 2 it to 3 mm

greater than the thickness of the gusset plates. The weld length of the plates inserted inte-the steel tubes
shall be defermined in accordance with the internal force calculation.

E—]
TFs @ == G
- 1 C-C E-l 1 D-
1 EkE
c) T-plate connection d) Cross-plate connection
Key
1 bolts
2 webs

Figure 25 — Detailing of inserted plate connections at the web ends

15.2.6 Gusset plate connections

When the joint of trussed CFST hybrid structures is connected by gusset plates, ring or sector-shaped
stiffeners may be set on both sides of the gusset plates (see Figure 26), and the corresponding central angle
should not be less than 30°. Adjacent stiffeners in the same plane shall be connected to form a single piece.

When the ratio of the length of free edge of the gusset plate to its thickness is greater than 601/235/fy ,
flanged edge should be used, or longitudinal stiffeners should be set. The calculation for resistance of the

gusset plates should conform to the requirements of relevant ISO standards, such as ISO 10721-1, or other
applicable standards.
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15.2.7 Ing

The detailing of the intersecting welded plane K-joints and N-joints-ofitrussed CFST hybrid strud

conform to

a)

b) Eccent

the ec(

For ch
-0,554
For ch
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For ch

-0,554

h plates

LIS

Figure 26 — Detailing of the gusset plate connection

ersecting welded plane K-joints and N-joints

the following requirements:

Web shall not be inserted into the chord at the connectionsbetween web and chord.

ricity should be avoided at the connection of web and chord; and when eccentricity is u

pbrds and webs with circular cross-sectidn:
e
L —<0,25
D
brds and webs with squar€ecross-section:
e
L —<0,25
B
brds and webs'with rectangular cross-section:

(€ <0,25
H

where

tures shall

havoidable,

entricity for joints (see Figure 27) shall sati§ty the inequality in Formulae (196) to (198).

(196)

(197)

(198)

Q

is the load eccentricity (mm), as shown in Figure 27;
is the outside diameter of the circular CFST chord (mm);
is the width of the square CFST chord (mm);

is the height of the rectangular CFST chord (mm).
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c) Overlap K-joint d) Overlap N-joint

overlapping webs
overlapped webs

gaps

Figure 27 — Eccentricities and gaps of plane K-joints and N-joints

For th¢ plane K-joints and N-joinfsoverlapped by the web, the overlap ratio (1) for joints with a circular
cross-gection may be calculated in accordance with Formula (199) and shall not be less thgn 25 %, or
greatef than 100 %.

Moy =4x100% (199)
li
where
q sthe distance AA' (mm) between the crown point (A'), where the overlapping web angl the chord

ntersect theoretically and the crown tae (A) where the averlapped weh and the chord surface

intersect (see Figure 27);

p is the distance A'C (mm) between the crown point (A"), where the overlapping web and the chord
intersect theoretically, and the crown heel (C), where the overlapping web and the chord surface

intersect (see Figure 27).

The weld in the connection between the chord and the web should conform to the requirements of
relevant [SO standards, such as ISO 14346 and ISO 14347, or other applicable standards.

For the plane gap K-joints and N-joints, the gap between adjacent webs welded on the surface of the
chord shall not be less than the sum of the wall thicknesses of the two webs.
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f) Forthe hollow plane K-joints of trussed CFST hybrid structures before concrete placement, the resistance
of the webs to compression and webs to tension shall be verified in accordance with ISO 14346.

g) The resistances of the hollow steel tubular webs to compression and to tension in the plane gap K-joints
of trussed CFST hybrid structures should be calculated in accordance with relevant [SO standards, such
as SO 14346, or other applicable standards.

h) The resistance of the connection between a circular chord of a K-joint and a web with circular cross-
section in trussed CFST hybrid structures to lateral local bearing shall satisfy the inequality in
Formula (200) and should be calculated according to Formulae (201) to (204):

Nyp < Nypp (200)
AIC
NuLF T ﬁcﬂlacfc . [201)
sin@
4
B = \/ — (202)
AIc
A =1dE, /4 (203)
A, =< +2d,,D (204)
sin@

where

Nir s the factored lateral local bearing force on the chord in joint zone (N);
N,.r |s theresistance of the chord to lateral locaNbearing (N);
0 s the angle between the chord and the web that transmits lateral local bearing;
B s the strength increase factor of concrete when under lateral local bearing;
A s the direct bearing area when under lateral local bearing;
d, s the outside diameter efthe web;
Ay s the dispersed beafing area when under lateral local bearing (mm?2);
p. s the coefficient of concrete strength when under lateral local bearing, and shall be determined
hccording to-Fable 4, where intermediate values in the table are obtained by linear int¢rpolation.
Table 4 — Strength class for core concrete in the steel tube
Ae S 0,4 0,8 12 16 2,0 23,0
A o fe
B 1,07 1,22 1,47 1,67 1,87 2,00
i) Atthejoints of trussed CFST hybrid structures, webs shall be welded to chords along their perimeters; where

webs overlap each other, overlapping webs shall be welded to the overlapped webs along the lap edges.
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15.2.8 Plane T-joints, Y-joints and X-joints

The detailing and calculation of plane T-joints, Y-joints and X-joints of trussed CFST hybrid structures shall
conform to the following requirements:

a) The detailing of plane T-joints, Y-joints and X-joints of trussed CFST hybrid structures shall conform to
the requirements of 15.2.7.

b) For the hollow plane T-joints, Y-joints and X-joints of trussed CFST hybrid structures before concrete
placement, the resistance of webs to compression and webs to tension shall be verified according to
relevant ISO standards, such as ISO 14346, or other applicable standards.

c) The calculation for resistance of webs to compression and to tension in plane T-joints, Y-joints and
X-joints—ef—trussed—CESThybrid—struectures—showld—eonform—to—the—requirements—ef—+elevant 1SO
standqrds, such as ISO 14346, or other applicable standards.

d) When |plane T-joints, Y-joints and X-joints of trussed CFST hybrid structures are subjécted to lateral
local bearing, the resistance shall be verified in accordance with 15.2.7. The angle-f'betweef webs and
CFST dhords of plane T-joints shall be taken as 90°.

15.2.9 Muyltiplanar joints

The detailing of steel structures in multiplanar joints of trussed CFST hybrid structures should

the requir¢ments of relevant ISO standards, such as ISO 14346 and 1SOd4347, or other applicable
The resistance of webs at the joints shall be calculated by multiplyifig) the resistance of the corr

plane joints by a multiplanar factor. The value of the multiplanar, factor shall be determined in
with relevdgnt ISO standards, such as ISO 14346, or other applicable standards.

15.3 Joints of concrete-encased concrete-filled steel-tubular (CFST) hybrid structurg

15.3.1 St
In frame
structural
a) ringpl
b) the ex{

requir
c) the fla

plates,

el beam-to-column ring plate joints

columns and the I-section steel beam'’s shall conform to the following requirements:

hte connections should be used;

bments of the steel beams;

respectively, onsite (see Figure 28).

structures, the rigid joints of concrete-encased concrete-filled steel tubular (CF{

ension length of the ring plate flanges and vertical stiffening plates shall satisfy the ca

conform to
standards.
esponding
hccordance

kS

bT) hybrid

nstruction

nge and web of thesteel beams shall be connected to the ring plates and the vertical stiffening
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Higure 28 — Steel beam-to-concrete-encased CFST hybrid/column ring plate joints

15.3.2 Rejinforced concrete beam-to-column joints

In frame sfructures, the rigid joints of concrete-encased*CFST hybrid structural columns and|reinforced

concrete beams shall conform to the following requirements:

a) When [the spacing between the longitudinal reinforcement on both sides of the beams is greater than
the oufside diameter (width/height) of the eneased CFST member, stiffening ring plate and stiffening
[-bean) connections [see Figure 29 a)] should be adopted.

b) When [the spacing between the longitudinal reinforcement on both sides of the beams is les than the
outside diameter (width/height) ofithe encased CFST member, the longitudinal reinforcenjent should
bypas§ the steel tube; when the(joint stiffening ring plate connection [see Figure 29 b)] is adlopted, the
ring plpte should be prefabricated on the steel tube. During construction, the longitudinal reipforcement
of reinforced concrete bearn shall be welded to the surface of the ring plate.
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b) When the spacing between the longitudinal reinforcement of the beam is less than the outside
diameter (width/height)'of the steel tube
Key
1 column
2 reinforced concrete beam
3 longitydinal reinforcement
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6  stiffened [-section steel
7 stirrugs
Figure 29 — Reinforced concrete beam-to-concrete-encased CFST hybrid column joints
15.3.3 Detailing requirements of beam-to-column joints
The seismifk désign of beam-to-column joints shall conform to the following requirements:

a) Whensteelbeamsare used, the design of the beam end cross-section should conform to the requirements
of relevant ISO standards, such as ISO 10721-1, or other applicable standards.

b) When reinforced concrete beams are used, the seismic verification of the stiffening ring plate should
conform to the requirements of relevant ISO structures such as ISO 10721-1, or other applicable
standards.

c¢) The shape of the stiffening ring plate shall be smooth and free of cracks and nicks; the horizontal weld
between the steel tubes of the joint and the steel tubes of the column shall be of the same strength grade
as the base material; the butt weld of the stiffening ring plate and the flange of the steel beam shall
adopt penetration groove weld.
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The diameter and spacing of the stirrups in the joints should conform to the requirements of relevant
[SO standards, such as ISO 15673 and ISO 28842, or other applicable standards.

The thickness of the ring plate in a joint shall be greater than the lesser value between 10 mm and the
wall thickness of the steel tube. The width of the ring plate shall be greater than 40 mm and conform
to the requirements of steel welding length. The characteristic yield strength of the ring plate steel
shall not be lower than that of the steel tube and should not be lower than 355 MPa. The weld process
should conform to the requirements of relevant ISO standards, such as ISO 10721-1, or other applicable
standards.

When the longitudinal reinforcement of the beams and the steel tube are connected by a reinforcement
connector, the connection length of the longitudinal reinforcement in the reinforcement connector shall
not be less than the diameter of the longitudinal reinforcement, and the mechanical connection process
should conform to the requirements of relevant ISO standards, such as [SO 6935-2, or other applicable
standqrds.
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Figure 30 — Connections between steel tubes in a multi-chord column
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15.4 Column bases and supporting connections

15.4.1 Column bases and supporting connections of trussed CFST hybrid structures

15.4.1.1 Column base forms

The chords of trussed CFST hybrid structures and the foundations can adopt end-bearing connection,

embedded

connection or encased connection, and shall conform to the following requirements:

a) The diameter (or width) of the bearing plate of the end-bearing connection (see Figure 31) should be 1,5
to 2,0 times the outside diameter (width/height) of the CFST chord, and the thickness should not be less
than 25 mm.
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Figure 31 — End-bearing column base

nbedded depth of chords of . the embedded connection (see Figure 32) should be gi

1,5 times the outside diameter (Width/height) of the CFST chord and not less than 1,0 m.
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