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1 General Provisions

1.0.1 This Code is formulated with a view to normalizing the design, fabrication. installation and
acceptance of steel structure of light-weight buildings with gabled [rames, achieving salety and
usability, advanced technology. economy and rationality and ensuring quality.

1.0.2 This Code is applicable to single-storey steel structure buildings with the height of building
no greater than 18m, the height-width ratio less than 1, single-span or multi-span solid-web gabled
{rame as the load-bearing structure, light-weight rool, without bridge crane or with Class Al1-A5
bridge crane at a lifting capacity of no greater than 20t or 3t suspension crane.

This Code is not applicable to buildings with high corrosive medium effect on the steel
structure as specified in GB 50046 Code for Anti-corrosion Design of Industrial Constructions.
1.0.3 Design. fabrication, installation and acceptance of the structural steel light-weight
buildings with gabled [rames shall meet the provisions of both this Code and relevant national

standards.



2  Terms and Symbols

2.1 Terms

2. 1.1 Light-weight buildings with gabled frames

The single-storey building structure with tapered or constant section solid-web [rame subject
to loading with light-weight steel roof and light-weight exterior wall as enclosure system.
2.1.2 Height of building

The average height is taken from the outdoor ground to the roof. Where the roof slope angle is
not greater than 10°, cornice height may be taken. Where the roof slope angle is greater than 10°,
the average of the cornice height and the roof ridge height shall be taken. For single-slope
building, where the roof slope angle is not greater than 10°, cornic height may be taken.
2.1.3 Mezzanine

An indoor platform connected at one side of the [rame columns, which is generally arranged
along the longitudinal direction of the building and a few is arranged along the gable.
2.1.4 Leaning stanchion

An axial compression member with the upper and lower ends hinged.
2.1.5 Diagonal brace

Bracing member for supporting the rafter and the compression flange of the column.
2.1.6 End wall column

The column arranged at the gable and [or transferring the wind load on the gable to the
horizontal brace of the rool.
2. 1.7 Opening

Those areas in the building envelop (wall, roof surface) which do not have a permanently
attached means for effective closure.
2.1.8 Open building

The buildings having all walls at least 80% openings.
2. 1.9 Partially enclosed bhuilding

A building in which the total area ol the openings in a wall that receives positive external
pressure exceeds the sum ol the areas ol the openings of the building envelop (wall and roofl) and
10% of the area of that wall, and the density of the opening does not exceed 20% of the remaining
exterior surfaces.
2.1.10 Enclosed building

A building that encloses a space and does not have openings that qualify under the definitions
of a partially enclosed or open building.
2.1.11 Edge strip

For the purpose of assigning coellicients for enclosure and cladding, the zones divided on the
exterior wall and the rool surface at the building end and edge.
2.1.12 End zone

For the purpose of assigning coefficients for main framing, the zones divided on the exterior
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wall and the roof surface at the building end and edge.

2.1.13 Interior zones

All areas not within the end zone are considered interior zones.
2.1.14 Effective wind load area

The effective load area is considered for determination of the wind load.
2.2 Symbols

2.2.1 Action and elfect

F concentrated load borne by the upper flange;
M., critical bending moment for elastic buckling of tapered beam;
M; bending moment resisted by flanges;
M, bending moment resisted by effective section of the member;
Mr\i bending moment resisted by flanges when bearing the pressure N
concurrently;
N design value of axial tension or axial pressure;
N.—Euler critical force;
N, pressure induced by the tension field;
N, design value of the tensile capacity of one high-strength bolt;
N design value of axial tensile force of one bolt in the second row inside the
flange;
R,—design value of bearing capacity of structural member;
Sk design value of load combined with seismic effect when considering frequent
selsmic action;
S effect of characteristic value of horizontal seismic action;
Sea—ellect of characteristic value of vertical seismic action;
Sk characteristic value of snow load;
S, reference snow pressure;
Se characteristic value of permanent load effect;
Sex characteristic value of vertical variable load effect;
Sk characteristic value of wind load effect;
Sce elfect of representative value ol gravity load;
V4—design value of shear capacity of the web;
Vmx—maximum shear force of the purlin;
Vimas Vyma — shear force induced by vertical and horizontal load respectively;
V, reaction of purlin at support;
w design value of total vertical load on roofl in load-carrying area borne by purlin
brace between adjacent columns;
Wk characteristic value of wind load;

W reference wind pressure.
2.2.2 Material properties and resistance

E——modulus of elasticity of steel;

/

design value of strength of steel materials;



7t design value of shear strength of steel materials;
N design value of tensile strength ol steel materials for connected plate;
f design value of strength of fillet weld;
(- modulus of steel on shear;
R, rigidity corresponding to shear deformation of panel zone;
R, rigidity of connection on bending.
2.2.3 Geometrical parameters
Ay s Al——gross sectional area of the member's small end and large end respectively;
A, ellective sectional area;
Ay elfective sectional area of large end;
A sectional area of member flange;
Ay sectional area of diagonal bracing ;
A, — net sectional area of single member ;
A,—sectional area of purlin;
A,—total sectional area of two diagonal stiffening ribs;
dy, depth of rafter end section or panel zone at joint;
e distance from the shear center of the beam section to the centroid line of the
purlin;
ey e distance [rom center of bolted connection to web and flange plate surface
respectively;
h, distance between center of both flanges at beam end;
hy, depth of snow load determined according to the reference snow pressure on the
roof;
h.—width of compressional area of the web;

h,—piled height of snow;

ho height of straight-part section of purlin web after deduction of cold-formed
radius;
h. difference in height between high and low rools;
he s hg—distance from center of middle-plane of upper and lower flanges of small-end
section to the shear center respectively;
h., height of web;
hy s h——depth of web at the large and small ends of the tapered section respectively;
I,—moment of inertia about minor axis ol the flange supported by the diagonal
brace;
I,——moment of inertia about minor axis of the flange connected with purlin;
I,——moment of inertia about major axis of the purlin section;
I ,—moment of inertia of warping ol the section at small end;
I,,—moment of inertia about equivalent to warping of the tapered beam;
1 radius of curvature about major axis of the section at large end;
I,— moment of inertia about minor axis of the tapered beam;
iy radius of curvature about minor axis of the section at large end;
I;++ Iy—moment ol inertia about minor axis of compressive and tensile [langes of the



section where the bending moment reaching to maximun respectively;

J. L. L, free torsional constant, moment of inertia about minor axis and moment of
inertia of warping of the section at large end respectively;
J,—free torsional constant of the section on small end;
J, equivalent Saint-Venant torsional constant of the tapered beam;
W, sectional modulus at maximum compressive fiber in effective section of the
member;
W sectional modulus at maximum compressive fiber in effective section of the
large end;
Wons Weo,—ellective net section modulus or net section modulus about principal axes x and
y of the section;
W...—net area sectional modulus of the member;
W,,—section modulus of the compressive edge of the section with relatively large
bending moment;
Y tapering ratio of the tapered beam;
7, tapering ratio ol the web section;
A, normalized web slenderness ratio of web during buckling by shear;
7 ratio of moment of inertia .
2.2.4 Calculation coefficient and others
k., buckling coelficient of components on shear;
T number of purlins in the load-carrying area of purlin brace;

equivalent bending moment coefficient;

Bm)\ ? ﬁl)\
ﬁxq

coellicent on unsymmetry of section;

Yen partial coefficient of horizontal seismic action;

¥, partial coefficient of vertical seismic action;

¥, — partial coefficient of permanent or gravity load;

7, coelficient on importance of structure;

Yq partial coefficient of vertical variable load;
Y coefficient on adjustment of seismic resistance;

Yw partial coellicient of wind load;

Yx coefficient related to plastic deformatiom of the section;

A slenderness ratio based on large-end section when calculating with effective

length of the member;

Xl normalized slenderness ratio;

A, parameter related to bending and compression of the plate;
A,— parameter related to shear of the plate;

Ay slenderness ratio about the minor axis;
Ely —normalized slenderness ratio about the minor axis;

A, normalized slenderness ratio of the beam;

e distribution coelficient of snow load on roof;

u,—wind load coefficient;

1, — height variation coellicient of wind pressure;



effective width coefficient;

o
By overall stability coefficient of the beam;
@u—axial compression stability coefficient of the web member;
o, shear and buckling stability coefficient of the web;
¢,—axial compression stability coefficient of the bar;
yon tapering ratio reduction coefficient of shear strength while web buckled;
Yq, ¥, combination value coellicients of the variable load and wind load respectively.



3 Basic Requirements of Structural Design

3.1 Design Principles

3.1.1 Probability-based ultimate state method is adopted in design of structural steel light-weight
buildings with gabled frames. Reliability of the structural member is measured with reliability
indexes, Expressions of partial coefficients are adopted in design,

3.1.2 Load-bearing members of structural steel light-weight buildings with gabled frames shall
be designed according to ultimate limit state and conform to serviceability limit state as well.
3.1.3 When structural members are designed according to ultimate limit state method,
requirements expressed in Formula(3. 1. 3)must be followed.

}’()Sd \<\ RLl (3- 1. 3)

where 7, coefficient on importance of structure. For members with safety Grade I , it is not

less than 1.1; for members with safety Grade II, it is not less than 1.0; for
members of structural steel buildings with gabled frames, safety Grade 1I is
allowed; for members designed with service life of 25 years, 7, shall not be less
than 0. 95;

o design value of load combination while no any seismic effect present., which shall
meet the requirements of 4. 5. 2 in this Code;

R,—design value of resistance of structural members.

3.1.4 In case of seismic fortification intensity 7 (0. 15g) or above, combination of load and

seismic effect must be checked with. Seismic design should meet the requirements of following

formula.
Sk << R/ (3.1.4)
where  Sg in case ol considering [requent seismic action, design value of load and seismic
effect combination shall meet the requirements of 4. 5. 4 in this Code;
Y coefficent on seismic adjustment of resistance.

3.1.5 Coefficient on seismic adjustment of resistance shall be adopted according to those specified
in Table 3. 1. 5.

Table 3. 1.5 Coefficient y,; on Seismic Adjustment of resistance

Member or connection Stress state Tre
Beam, column, brace, bolt, joint and weld Strength 0.85
Column and brace Stable 0.90

3.1.6 Where the structural members is designed according to serviceability limit state,
deformation should be checked according to normal load combination stipulated in current national
standard GB 50009 Load Code for the Design of Building Structures, and comforming
requirements stated in section 3. 3 in this Code.

3.1.7 Tensile strength of structural members shall be calculated with section in net area.

070



Compressional strength shall be calculated according to effective net area section. Stability of
members shall be checked with effective section. Delormation and that with various stability

coellicients may be checked with gross area section.
3.2 Choice of Materials

3.2.1 Choice of steels shall meet the following requirements.

1 For load-bearing cold-formed thin-wall steel, hot rolled section steel and steel plate, Q235
steel specified in the current national standard GB/T 700 Carbon Structural Steels and Q345 steel
specified in GB/T 1591 High Strength Low Alloy Structural Steels shall be adopted.

2 For such members as gabled [rame, crane beam and welded purlin and girt. Q2358 or
Q345A steel or above may be adopted. For such members as non-welded purlin and girt, Q235A
steel may be adopted. Where there is a basis. other designation of steels may be adopted for the
fabrication of the gabled frame, purlin and girt.

3 For the roofing and cladding for the enclosure system. steel plates in accordance with the
requirements of the current national standard GB/T" 2518 Continuously Hot-dip Zinc-coated Steel
Sheet and Strip, GB/T 14978 Continuously Hot-dip Aluminum-zinc Alloy Coated Steel Sheet and
Strip, GB/T 12754 Prepainted Steel Sheet and the proliled sheet adopted shall meet the
requirements of the current national standard GB/T 12755 Profiled Steel Sheet for Building.
3.2.2 Connecting parts shall meet the following requirements:

1 Ordinary bolt shall meet the requirements of the current national standards GB/T 5780
Hexagon Head Bolts-Product Grade C and GB/T 5782 Hexagon Head Bolts, its mechanical
property and dimensional specification shall meet the requirements of the current national standard
GB/T 3098. 1 Mechanical Properties o f Fasteners— Bolts, Screwws and Studs ;

2 High-strength bolt shall meet the requirements of the current national standards GB/T
1228 High Strength Bolts with Large Hexagon Head for Steel Structures, GB/T 1229 High
Strength Large Hexagon Nuts for Steel Structures, GB/T 1230 High Strength Plain Washers
for Steel Structures, GB/T 1231 Speci fications of High Strength Bolts with Large Hexagon
Head , Large Hexagon Nuts, Plain Washers for Steel Structures or GB/T" 3632 Sets of Torshear
Tvpe High Strength Bolt Hexagon Nut and Plain Washer for Steel Structures.

3 Self-drilling and self-tapping screw adopted for the connection of the roofing and cladding
shall meet the requirements of the current national standards GB/T 15856. 1 Cross Recessed Pan
Headed Sel f-drilling and Sel f-tap ping Screw, GB/T 15856. 2 Cross Recessed Countersunk Head
Drilling Screws, GB/T 15856. 3 Cross Recessed Raised Countersunk Head Drilling Screws with
Tapping Screw Thread . GB/T 15856. 4 Hexagon Flange Head Drilling Screws with Tapping
Screw Thread, GB/T 15856.5 Hexagon Washer Head Drilling Screws with Tapping Screw
Thread or GB/T 5282 Slotted Pan Head Tapping Screws and GB/T 5283 Slotted Countersunk
Head Tapping Screws, GB/T 5284 Slotted Raised Countersunk Head Tap ping Screws and GB/T
5285 Hexagon Head Tapping Screws.

4 For the blind rivet with expandable shank, Grade BL2 or BL3 steel specilied in the current
professional standard YB/T 4155 Hotrolled Round Carbon Steel Bars and Rods for Standard
Parts shall be adopted for its [abrication and shall meet the requirements of the current national

standards GB/T 12615. 1~GDB/T 12615. 4 Closed End Blind Rivets with Break Pull Mandrel and
L] 8 L]



Protruding Head ., GB/T 12616.1 Closed End Blind Rivets with Break Pull Mandrel and
Countersunk Head ., GB/T 12617.1~ GB/T 12617.5 Open End Blind Rivets with Break Pull
Mandrel and Countersunk Head and GB/T 12618, 1~GB/T 12618. 6 Open End Blind Rivets with
Break Pull Mandrel and Protruding Head.

5 Fastener shall meet the requirements of the current national standard GB/T 18981
Fastener,

6 For the anchor bolt steel, Q235 steel in accordance with those specified in the current
national standard GB/T 700 Carbon Structural Steels or Q345 steel in accordance with those
specified in current national standard GB/T 1591 High Strength Low Alloy Structural Steels may
be adopted.

3.2.3 Welding materials shall meet the [ollowing requirements.

1 Designation and property of manual welding electrode or automatic welding wire shall be
appropriate to the property of the member steel. Where two strength grades of steels are welded,
welding materials which are compatible with the steel with lower strength should be selected;

2  Material and property of the electrode shall meet the relevant requirements of the current
national standards GB/T 5117 Covered Electrodes for Manual Metal Arc Welding of Non-alloy
and Fine Grain Steels and GB/T 5118 Covered Electrodes for Manual Metal Arc Welding of
Creep-resisting Steels ;

3 Material and property of the welding wire shall meet the relevant requirements of the
current national standards GB/T 14957 Steel Wires for Meli Welding, GB/T 8110 Welding
Electrodes and Rods for Gas Shielding Arc Welding of Carbon and Low Alloy Steel . GB/T
10045 Flux-cored Electrode Used for Non-alloy and Grain Re fining Steel and GB/T 17493 Low
Alloy Steel Flux Cored Electrodes for Arc Welding ;

4  Material and property of the submerged arc welding electrode and flux shall meet the
relevant requirements of the current national standards GB/T 5293 Carbon Steel Electrodes and
Fluxes for Submerged Arc Welding and GB/T 12470 Lowralloy Steel Electrodes and Fluxes for
Submerged Arc Welding.

3.2.4 Design indexes of steels shall meet the following requirements:

1 Design strength value of various designations ol steel shall be adopted according to those
specilied in Table 3. 2. 4-1.

Table 3. 2. 4-1 Design Strength Value of Steel (N/mm®)

Design value of ) o Design value of bearing strength
Steel thickness or Design value of Minimum
) ) ‘ tensile, compression ‘ of end surface (planed and
Designation diameter shear strength vield strength
and bending strength 7 7 topped)
(mm) . S Iy .
! Jee
=6 215 125
235
Q235 =6, =16 215 125 320
=16, =40 205 120 225
<6 305 175
345
Q345 =6, =16 305 175 400
=16, =40 295 170 335




Table 3. 2. 4-1 (continued)

Design value of ) o Design value of bearing strength
Steel thickness or Design value of Minimum
) ) ) tensile. compression ‘ of end surface (planed and
Designation diameter shear strength vield strength
and bending strength 7 7 topped)
(mm) . S Iy .

! Jee
=0.6 455 260 230
0.6, <0.9 430 250 200

Q550 : —
>0.9, =1.2 400 230 460
>1.2 .0 360 210 420

Note; In this Code, Grade

550 steel is defined as 1.Q550.,

which is only used for the roofing and cladding.

2 Design value of the weld strength shall be adopted according to those specified in Table

3. 2.4-2.

Table 3. 2. 42 Design Value of the Weld Strength (N/mm’)

Jutt weld Fillet weld
Tensile and bending /™ Tensile,
Welding method and type of ) ) Thickness or ensile and bending/;
Designation | Compression Shear compression
electrode diameter(mm) Grades T and| Grade [Il
I - - I and shear
I weld weld w
Ji
] ] ] ‘ =5 215 215 185 125
Automatic welding. semi-automatic
welding and manual welding with Q235 A ] 215 215 185 125 160
FA43 electrode ] ]
=16, =40 205 205 175 120
. . . ‘ <6 305 305 260 175
Automatic welding. semi-automatic
welding and manual welding with Q345 A ] 305 305 265 175 200
E50 electrade ] ]
=16, =40 295 295 250 170

Notes: 1

The weld quality grade shall meet the requirements of the current national standard GB 50205 Code for Acceptance of

Construction Quality of Steel Structures. For the butt weld whose thickness is less than 8mm. ultrasonic testing should

not be adopted for the determination of the weld quality grade.

(S}

that in the bending and tensile areas.

J¥ is taken as the design value of the strength of the butt weld in the bending and compression area, while [} is taken as

3 The thickness in this table refers to the thickness of the steel at the calculation point and as for the axially loaded member,

it refers to the thickness of the thicker plate in the section.

3 Design value of holt connection strength shall be adopted according to those specilied in

Table 3. 2.1-3.

Table 3. 2. 4-3 Design Value of Bolt Connection Strength (N/mm’)

Ordinary bolt

Anchor bolt

High-strength bolt in

Designation/or property Grade C bolt Grades A and B bolt bearing-type connection
grade of steel Tensile | Shear | Bearing | Tensile | Shear | Bearing | Tensile | Shear | Tensile | Shear | Bearing
I i s i s s A I i i 1
Grade 4. 6
N ) 170 140 — — — — — — _ _ -
Grade 4. 8
Ordinary bolt ]
O Grade 5.6 | — — — 210 | 190 — — — _ _ _
Grade 8. 8 — — — 400 320 — - - — o o
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Table 3. 2. 4-3 (continued)

Ordinary bolt High-strength bolt in
Anchor bolt ‘ ]
Designation/or property Grade C bolt Grades A and B bolt bearing-type connection
grade of steel Tensile | Shear | Bearing | Tensile | Shear | Bearing | Tensile | Shear | Tensile | Shear | Bearing
I 53 1 TK i 7 5 5 TK M 1
Q235 — — — — — — 140 80 — — —
Anchor bolt
Q345 — — — — — — 180 105 — — —
High-strength bolt ;1.8 8 - o - _ - — — — 400 250 —
in bearing-type
. Grade 10. 9 — — — — — — — — 200 310 —
connection
Q235 — — 305 — — 405 — — — — 470
Member
Q345 — — 385 — — 510 — — — — 280

Notes: 1 Grade A bolt shall be used where d is less than or equal to 24mm and 10d or [ is less than or equal to 150mm (whichever
is smaller); Grade B bolt shall be used where d is greater than 24mm and 10d or / is greater than 150mm (whichever is
smaller), Where, ¢ is the nominal diameter and / is the nominal length of the screw rod.

2 Both the precision and hole wall surface roughness of Grades A and B bolt holes and the permissible deviation and hole
wall surface roughness of Grade C bolt hole shall meet the requirements of the current national standard GB 50205 Code

Jor Acceptance of Construction Quality of Steel Structures.
4  Where resistance spot welding is adopted for the cold-formed thin-wall section, the design
value of the shear capacity of each welding spot shall meet the requirements of the current national

standard GDB 50018 Technical Code of Cold- formed Thin-wall Steel Structures. Where the whole

section of the cold-formed thin-wall steel member is effective, the design value of strength when

considering cold-forming effect as specified in the current national standard GB 50018 Technical

Code of Cold- formed Thin—wall Steel Structures may be adopted for the calculation of the member
strength, The members which are subjected to such heat treatment as annealing, welding and hot
galvanizing are excluded from the consideration.

5 Physical property index of steel shall be adopted according to those specified in the current

national standard GB 50017 Standard for Design of Steel Structures.
3.2.5 In calculation of the following structural members or connections. the design value of
strength speciflied in 3. 2. 4 of this Code shall be multiplied by corresponding reduction coefficient.
Where several of the [ollowing conditions coexist, corresponding reduction coefficient shall be
multiplied continuously.

1 Angle steel in single-side connection;

1) In the calculation of the strength and connection according to axial load, the coefficient
0. 85 shall be multiplied by.
2) In the calculation of stability according to axial load:

For equal angle steel with one side connected, the coelficient 0. 6+0. 00152 shall be multiplied
by, which shall not be greater than 1. 0. For the unequal angle steel with short side connected, the
coefficient 0. 5+0. 00254 shall be multiplied by. which shall not be greater than 1. 0.

For the unequal angle steel with long side connected, the coellicient 0.70 shall be
multiplied by.

Note: A is slenderness ratio. as for the single-angle steel compressive rod without connection in middle. it shall be
calculated according to the minimum radius of curvature. Where A is less than 20, 20 is taken.

2 For the single-side butt weld without subplate, the coellicient 0. 85 shall be multiplied by.
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3 For the high altitude installation weld under poor construction conditions, the reduction
coefficient 0. 90 shall be multiplied by.

4 For two members. where lapping connection, or connection with filler plates between
them as well as asymmetrical connection with single cover plate are adopted. the coefficient 0. 90
shall be multiplied by.

5 For the main compression web rod at the planar truss purlin end. the coefficient 0. 85 shall
be multiplied by.

3.2.6 In connection with high-strength bolt, anti-slip coefficient ; among steel [riction surface
shall be adopted according to those specified in Table 3. 2. 6-1 and that of coating joint surface shall

be adopted according to those specilied in Table 3. 2. 6-2.

Table 3. 2. 6-1 Anti-slip Coefficient p of Steel Friction Surface

Steel grade of member
Treatment method for contact surface of member at the connection
Q235 Q345
Shot (sand) blasting 0.35 0. 40
Ordinary steel ‘ - -
Red rust after shot (sand) blasting 0.45 0. 45
structure
Removal of floating rust with a wire brush or untreated clean rolled surface 0. 30 0.35
Shot (sand) blasting 0.35 0. 40
Cold-formed
thin-wall steel Removal of floating rust on hot rolled steel rolled surface 0. 30 0. 35
structure ]
Removal of floating rust on cold rolled steel rolled surface 0.25 —

Notes: 1 The direction of rust removal with wire brush shall be perpendicular to the force direction;
2 Where different steel grades are adopted for the connecting members, the y value shall be taken in accordance with
corresponding lower value;
3 Where other methods are adopted for the treatment. both the treatment process and the anti-slip coefficient shall be

determined through test,

Table 3. 2. 6-2  Anti-slip Coefficient pu of Coating Joint Surface

Surface treatment ‘ ] ‘ ‘ Anti-slip coefficient
‘ Coating method and coating thickness Coating category
requirement 7

Alkyd iron red

Spraying or hand brushing. 50pm~75um Polyurethane zinc-rich 0.15

Epoxy zinc-rich

N . iy Inorganic zine-rich
3y shot blasting, realizing

Spraying or hand brushing, 50pm~75um Water-based inorganic 0. 35

Grade Sa2 %

zinc-rich

Spraying, 30pm~~60um ZINA

Anti-slip and anti-rust zine 0. 45

Spraying, 80pm~~120pm . )
silicate paint (HES-2)

Note: Where other coatings (hot-spray aluminum and zinc-coated etc, ) are required to be used in the design. their steel surface

treatment requirement, coating thickness and anti-slip coefficient shall be determined through test.

3.2.7 Design value of pretension for single high-strength bolt shall be adopted according to those
specified in Table 3. 2. 7.
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Table 3. 2.7

Design Value of Pretension for Single High-strength Bolt

In P(kN)

Property grade of Nominal diameter of bolt (mm)
bolt M16 M20 M22 M24 M27 M30
Grade 8. 8 80 125 150 175 230 280
Grade 10. 9 100 155 190 225 290 355

3.3 Deformation Limits

3.3.1 Drift limit for column top of single-storey gabled frame under the action of characteristic

value of wind load or frequent earthquakes shall not be greater than the limit specified in Table

3. 3. 1. Drift limit for the column top at the mezzanine should be H/250, where H is the height of

column at the mezzanine.

Table 3.3.1 Drift Limit for Rigid Frame Column Top (mm)

Crane condition

Other condition

Displacement limit of column top

Where light-weight steel cladding is adopted h/60
Without crane
Where masonry wall is adopted h/240
Where the crane is provided with a cab h/400
With bridge crane
Where the crane is operated on the ground h/180

Note: h in this table is the height of the rigid frame column.

3.3.2 The deflection value of bending member of gabled frame shall not be greater than the limit

specified in Table 3. 3. 2.

Table 3. 3. 2

Deflection and Span Ratio Limit of Bending Member (mm)

Type of member Deflection limit of member
Only supporting profiled steel roof and cold-formed /18
./180
Rafter of gabled steel purlin
frame with suspended ceiling L/240
With suspension crane L./400
Vertical )
) Main beam L./400
deflection Mezzanine
Secondary beam L/250
Only supporting profiled steel roof L/150
Purlin
with suspended ceiling too L/240
Profiled steel roofing L/150
Cladding L/100
Horizontal End wall column or wind truss L/250
deflection Only supporting profiled steel plate wall 1./100
Grirt
Supporting masonry wall L/180, =-50mm

Notes: 1 L in this table is the span of frame;

2 For rafter of gabled frame.

full span is adopted for L;

3 For cantilever beam, the span of bending member shall be calculated according to two times of overhung length,

3.3.3 Roof slope changed value induced by column top displacement and member deflection shall

not be greater than 1/3 the design value of the slope.

o 13



3.4 Structural Requirements

3.4.1 Wall thickness of the steel structural member and width-to-thickness ratio of the plate shall
meet the following requirements;

1 For the cold-formed thin-wall steel used for the purlin and girt, the wall thickness should
not be less than 1. 5mm. For the steel plate used {or web member in welded main rigid [rame , the
thickness should not be less than 4mm; where otherwise specified, web thickness may be not less
than 3mm.

2  Width-to-thickness ratio of compressive plate in the member shall not be greater than the
width-to-thickness ratio limit specified in the current national standard GB 50018 Technical Code
of Cold-formed Thin—wall Steel Structures; in the compression plate in the main rigid frame

member, For compressional flange plate of the member with I-shape section, ratio of the free

extended length & to its thickness ¢ shall not be greater than 15 /235/ f, ; depth-to-thickness ratio
of web plate used in welded I-shaped section of beam and column in main frame. A, to ¢, ,shall not
be greater than 250. Where critical stress ol local stability of the compressive plate is less than the
yield strength of the steel, stability of the plate shall be checked according to actual stress, or
effective width is adopted for calculating the effective section of the member and checking the
strength and stability of the member.

3.4.2 Slenderness ratio of the member shall meet the following requirements:

1 Slenderness ratio of the compressive member should not be greater than the limit specified

in Table 3. 4. 2-1.

Table 3. 4. 2-1 Slenderness Ratio Limit of Compressive Member

Type of member Slenderness ratio limit
Main member 180
Other member and brace 220

2 Slenderness ratio of tensile member should not be greater than the limit specified in Table

3. 4. 2-2.

Table 3. 4. 2-2  Slenderness Ratio Limit of Tensile Member

Structure bearing static load or indirectly . ) ) )
Type of member ) ) Structure directly bearing dynamic load
bearing dynamic load

Truss member 350 250

Column brace below crane beam or crane truss| 300 —

Other brace except tensioned round steel or

steel rope brace

Notes: 1 For the structure bearing static load, the slenderness ratio of the tensile member in vertical plane may be only calculated;
2 For the structure directly or indirectly subject to the dynamic load. in the calculation of the slenderness ratio of single-
angle steel tensile member, minimum radius of curvature of the angle steel shall be adopted; in the calculation of the out-
of-plane slenderness ratio of single-angle steel cross tensile member, the radius of curvature about the axis parallel to the
angle leg shall be adopted:
3 In case of compression under the action of permanent load and wind load combinations, the slenderness ratio should not be

greater than 250,

3.4.3 Where the effect of the seismic action combination is in control of the structural design,
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seismic resistant measures for the steel structure of light-weight building with gabled frames shall
meet the {ollowing requirements:.

1 For the compressional flange plate of the I-shape section member, the ratio of the [ree

extended width & to its thickness ¢ shall not be greater than 13 \/W, for I-shaped section beam
and column member web. the ratio of the calculated height A, to the thickness ¢, shall not be
greater than 160;

2 Within the range of three purlin spacings on both sides of the cornice or interior column,
the roof beam at each purlin shall be arranged with double-side diagonal brace; cornice wall purlin
of side column shall be arranged with diagonal brace on both sides;

3 Where the column base is rigidly connected, the sectional area of anchor bolts shall not be
less than 0. 15 times the sectional area of the column;

4  Where round steel or steel rope is adopted for the longitudinal brace. relative sliding
connection shall not be adopted between the brace and the column web;

5 Slenderness ratio of the column shall not be greater than 150.



4 Loads and Load Combinations

4.1 General Requirements

4. 1.1 Design loads adopted [or the steel structure of light-weight buildings with gabled [rames
shall include permanent load, vertical variable load, wind load, thermal action and seismic action.
4.1.2 Suspended load should be considered as a live load. Where the suspended load is unmoved,
it may also be considered as a dead load. Load of rool equipments shall be adopted according to
actual conditions.

4.1.3 Where light-weight roof with profiled steel sheet is adopted, a normal value of load taken
as 0. 5kN/m” applied on the roof acting on horizontal projected area is considered as roof live load.
For roof with horizontal projected area of loading greater than 60m®, the value of vertical uniform
live load on roof may be taken as not less than 0. 3kN/m”.

4. 1.4 In the design of roofling and purlin, constructional and repair concentrated load shall also
be taken into consideration and its normal value shall be taken as 1. 0kN acting at most unfavorable
position of the structure; when the constructional load may bhe exceeded. it shall be adopted

according to actual conditions.
4.2 Wind Load

4.2.1 In calculation of the steel structure of light-weight buildings with gabled frames, the
maximum projected area perpendicular to the wind direction shall be taken as the action area of
wind load, the characteristic value of wind load per unit area perpendicular to building surface shall

be calculated according to the following formula,

wy — ﬁlw,uzwo (4.2. 1D

Where w

w,— basic wind pressure (kN/m”), adopted according to the requirements of the

normal value of wind load (kN/m?);

current national standard GB 50009 Load Code for the Design of building

Seructures ;

height variation coellicient of wind pressure, which is adopted according to the
requirements of the current national standard GB 50009 Load Code for the Design
of building Structures; Where the height is less than 10m. it shall be adopted
according to the value at 10m height;

p,,— wind load coefficient, which is adopted according to the requirements of 4. 2. 2 in
this Code when considering the combination of the maximum internal and external
wind pressure;

B —coelficient, which is taken as 1. 1 in the calculation of main {rame and as 1. 5 in the
calculation of the purlin. girt. roofing and cladding and their connections.

4.2.2 For the light-weight buildings with gabled {rames., where the height of building is not

greater than 18m and the height-to-width ratio of the building is less than 1, the wind load
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coefficient g, shall meet the following requirements.
1 Transverse wind load coelficient of main frame shall be adopted according to those specified

in Table 4. 2. 2-1 (Figures 4. 2. 2-1a and 4. 2. 2-1h);

e

(a) Transverse of Gable Roof (b) Transverse of Single-slope Roofl

Figure 4. 2. 2-1  Transverse Wind Load Coefficient Zone of Main Frame
#—roof slope angle. the included angle hetween the roof and the horizontal surface; B—width of building; A—
average height from the roof to the outdoor ground, for gable roofl eave height may be taken approximately, for
single-slope roof mid-span height may be taken. a—width of the building edge strip in calculation of the
enclosure structure member, for which 10% of the minimum horizontal dimension of the building or 0. 4h,

whichever is smaller, but it shall not be less than 4% of the minimum dimension of the building or 1m. (D).

@, D, D, ®, ®, ®, ®, @®and ®are numbers of zones; Wy is the transverse wind.

Table 4. 2. 2-1 Transverse Wind Load Coefficient of Main Frame

Roof slope angle [Load Coefficient of end zone Coefficient of middle zone Gable

Type of building -
] condition 1E oFE E IF 1 2 3 1 5 and 6
(+1 +0.43 | —1.25| 0.71 —0.60 | +0.22 | —0.87 | —0.55| —0.47 | —0.63

(—1 +0.79 | —0.89 | —0.35| —0.25| +0.58 | —0.51 | —0.19 | —0.11 | —0.27

(+1 +0.49 | —L 25| —0.76 | —0.67| +0.26 | —0.87 | —0.58 | —0.51 | —0.63

#=10.5°
(—1 +0.85 ] —0.89| —0.40 | —0.31| +0.62 | —0.51 | —0.22 | —0. 15 | —0.27
(+D +0.54 | —1.25| —0.81 | —0.74 | +0.30 | —0.87 | —0.62 | —0.55 | —0.63
Enclosed type #=15.6°
(—D +0.90 | —0.89| —0.45 | —0.38 | +0.66 | —0.51 | —0.26 | —0.19 | —0.27
(+D +0.62 | —1.25| —0.87 | —0.82| +0.35 | —0.87 | —0.66 | —0.61 | —0.63
g=20°

(—1 +0.98 | —0.89 | —0.51 | —0.46 | +0.71 | —0.51 | —0.30 | —0.25 | —0.27

(+D +0.51 | +0.09 | —0.71 | —0.66 | +0.38 | +0.03 | —0.61 | —0.55 | —0.63

(—1 +0.87 | +0.45 | —0.35 | —0.30| +0.74 | +0.39 | —0.25| —0.19 | —0.27

(+1 +0.06 | —L62| —1L08| —0.98| —0.15 | —1.24 | —0.92| —0.84 | —1.00
(—1 +1.16 | —0.52 | +0.02 | +0.12 | +0.95 | —0.14 | +0.18 | +0.26 | +0.10

(+1 +0.12 | —L62| —1.13 | —Lo4| —0.11 | —1.24 | —0.95| —0.88 | —1.00

0=10.5°

(— | +1.22] —0.52] —0.03| +0.06| +0.99 | —0.14 | +0.15| +0.22 | +0.10
Partially enclosed

artiafly enclosec (+i0 | 4017 | —1.62 | —1.20 | —1.11 | 4+0.07 | —1.24 | —0.99 | —0.92 | —1.00

type #=15.6°
(—) | +1.27| —0.52| —0.10 | —0.01 | +1.03 | —0.14 | +0.11 | +0.18 | +0.10
(i) | 40.25 | —1.62 | —1.24 | —1.19 | —0.02 | —0.24 | —1.03 | —0.98 | —1.00

g=20°

(—1 +1.35| —0.52 | —0.14 | —0.09 | +1.08 | —0.14 | +0.07 | +0.12 | +0.10

(+D +0.14 | —0.28 | —1.08 | —1.03 | +0.01 | —0.34 | —0.98 | —0.92 | —1.00

(—1 +1.24 | +0.82 | +0.02 | +0.07 | +1.11 | +0.76 | +0.12 | +0.18 | +0. 10




Table 4. 2. 2-1 (continued)

Roof slope angle Load Coefficient of end zone Coefficient of middle zone Gable

Type of building N
g condition | 1E 2E 3E 1E 1 2 3 A 5 and 6
Balanced | +0.75 | —0.50 | —0.50 | —0.75| +0.75 | —0.50 | —0.50 | —0.75 | —0.75

0°<0<010°

Unbalanced | +0.75 | —0.20 [ —0.60 | —0.75 | +0.75 | —0.20 | —0.60 | —0.75 | —0.75
Balanced | +0.75 | —0.50 | —0.50 | —0.75| +0.75 | —0.50 | —0.50 | —0.75 | —0.75
Open type 10°<29<.25° Unbalanced | +0.75 | +0.50 [ —0.50 | —0.75 | +0.75 | +0.50 | —0.50 | —0.75 | —0.75
Unbalanced | +0.75 | +0. 15| —0.65 | —0.75| +0.75 | +0.15| —0.65| —0.75 | —0.75
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+0.75 | —0.50 | —0.50 | —0.

1
\
=]
y
S
\
e
o
S
\
=]
-
ol

Balanced | +0. 7:

25°<p<C45°

Unbalanced | +0.75 | +1.40 | +0.20 | —0.75 | +0.75 | +1.40 | —0.20 | —0.75 | —0.75

Notes: 1 Load condition of the enclosed and partially enclosed buildings: (+1) represents that internal pressure being pressed »
while (—1) represents that being a suction force, The balanced under the load condition of open building represents that
Zones 2, 3, 2F and 3E have the same wind load conditions, while the unbalanced represents that they have different wind
load conditions.

2 Plus and minus signs in this table respectively represents that the wind force is oriented toward and away from the plate

surface.

3 Ungiven # value coefficient may be linearly interpolated.

4 Where the roof pressure coefficient of Zone 2 is negative, this value is applicable to the range of Zone 2 that the extended
width. calculated from the roof edge and vertical to the cornice direction. is 0. 5 times the minimum horizontal dimension
of the building or 2. 5k whichever is smaller, For the remaining area of Zone 2 till the ridge line. the coefficient of Zone
3 shall be adopted.

2 Longitudinal wind load coelficient of main [rame shall be adopted according to those
specilied in Table 4. 2. 2-2 (Figures 4. 2. 2-2a, 4. 2. 2-2b and 4. 2. 2-2¢) ;

3 Wind load coefficient of exterior wall shall be adopted according to those specified in
Tables 4. 2. 2-3a and 4. 2. 2-3b (Figure 4. 2. 2-3);

4  Wind load coellicient of double-slope roofl and cornice shall be adopted according to those
specified in Tables 4. 2. 2-4a, 4. 2.2-4b, 4.2.2-4c, 4.2.2-4d. 4.2.2-4e, 4.2.2-4f, 4.2.2-1g,
4. 2. 2-4h and 4. 2. 2-41 (Figures 4. 2. 2-4a, 4. 2. 2-4b and Figure 4. 2. 2-4¢);

5 Wind load coefficient of multiple double-slope roofs and cornices shall be adopted according
to those specified in Tables 4. 2. 2-5a, 4. 2. 2-5b, 4. 2. 2-5¢ and 4. 2. 2-5d (Figure 4. 2. 2-5);

6 Wind load coefficient of single-slope roof shall be adopted according to those specified in
Tables 4. 2. 2-6a, 4. 2. 2-6b, 4. 2. 2-6¢ and 4. 2. 2-6d (Figures 4. 2. 2-6a and 4. 2. 2-6b) ;

7 Wind load coellicient of saw-shaped roofl shall be adopted according to those specilied in

Tables 4. 2. 2-7a and 4. 2. 2-7b (Figure 4. 2. 2-7).

Table 4. 2. 2-2 Longitudinal Wind Load Coefficient of Main Rigid Frame (Various Slope Angles )

Type of Load Coefficient of end zone Coefficient of middle zone Sidewall
building condition 1E 2E 3E aF 1 2 3 4 5 and 6
Enclosed (+D +0.43 —1.25 —0.71 —0. 61 +0.22 —0.87 —0.55 —0.47 —0.63
type (—1) +0.79 —0. 89 —0.35 —0.25 +0.58 —0. 51 —0.19 —0. 11 —0.27
Partially (+D +0.06 | —1.62 | —L08 | —0.98 | —0.15 | —L24 | —0.92 | —0.84 —1.00
enclosed
type (—i) +1.16 | —0.52 | 40.02 | +0.12 | 40.95 | —0.14 | +0.18 | +0.26 | +0.10
Open type The value is taken according to Figured. 2. 2-2(c)

Notes: 1 0. 75 wind load coefficient in open building is applicable to any covering surface of building surface;
2 Where the open roof is at the plane vertical to the roof ridge. the maximum area of the projected solid web zone of the
frame shall be multiplied by 1. 3N coefficient; where this coefficient is adopted, it shall meet the following conditions: 0. 1
=g==0. 3, 1/6=Ch/B=6, §/B=20.5. Where, ¢ is the ratio of the solid web part of the frame to the gross area of the

gable and N is the number of the transverse frames,



(c) Longitudinal of Open Building

Figure 4. 2. 2-2  Longitudinal Wind Load Coelficient Zone of Main Frame

PR AT

. @, 3. D, ®.©. O, O, Oand @ —numbers of zones; W;— longitudinal wind

Table 4. 2.2-3a  Wind Load Coefficient of Exterior Wall ( Wind Suction)

Wind suction coefficient of exterior wall 2 . for enclosing member and external wall board

Zone

Effective wind load areaA(m?)

Enclosed building

Partially enclosed building

—1.58 —1.95
Corner zone(5) +0. 353logA-1. 58 +0. 353logA-1. 95
—0. 98 —1.35
—1.28 —1.65
Middle zone(4) +0. 176logA-1. 28 +0.176logA-1. 65
—0, 98 —1.35

Table 4. 2.2-3b  Wind Load CoefTicient of Exterior Wall (Wind Pressure )

Wind pressure coefficient of exterior wall 42+ for enclosing member and external wall board

Zone

Effective wind load area

Enclosed building

Partially enclosed building

All the zones

+1.18
—0. 176logA+1. 18
+0. 88

+1.55
—0. 176logA+1. 55
+1.25

Figure 4. 2. 2-3

Wind Load Coeflicient Zone of Exterior Wall




Table 4. 2. 2-4a Wind Load Coefficient of Gable Roof ( Wind Suction)

(0°=g=-10")

Wind suction coefficient of roof p, . for enclosing member and roofing

Effective wind load area
Zone ) Enclosed building Partially enclosed building
A (m?)
—2.98 —3.35
Corner zone )
+1. 70logA—2. 98 +1. 70logA—3. 35
(3)
—1.28 —1.65
—1.98 —2.35
Edge zone )
) +0. 70logA—1. 98 +0. 70logA—2. 35
B 10 —1.28 —1.65
—1.18 —1.55
Middle zone )
1<ZA<10 +0. 10logA—1. 18 +0. 10logA—1. 55
(1)
AZ=10 —1.08 —1.45
Table 4. 2. 2-4b  Wind Load CoefTicient of Gable Roof ( Wind Pressure)
(0°=0<10")
Wind pressure coeflicient of roof p, . for enclosing member and roofing
Effective wind load area
Zone Enclosed building

A (m?)

Partially enclosed building

All the zones

AZ=10

+0. 18
—0. 10logA-+0. 48
+0. 38

+0. 85
—0. 10logA-+0. 85
+0. 75

Table 4. 2. 2-4¢

(0°=6=10")

Wind Load Coefficient of Cornice (Wind Suction)

Wind suction coefficient of cornice p, . for enclosing member and roofing

Effective wind load area

Zone ) Enclosed or partially enclosed building
A (m?)
—2.80
Corner zone )
+2. 00logA—2. 80
(3 _
—0. 80
—1.70

FEdge zone (2)

+0. 10logA—1.70

Middle zone (1) 10<ZA<Z50 +0. 715logA—2. 32
AZ=50 —1.10
@ © D I3

Figure 4. 2. 2-4a
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Table 4. 2. 2-4d  Wind Load CoefTicient of Gable Roof (Wind Suction)

(10°<C9<230")
Wind suction coefficient of roof p, . for enclosing member and roofing
Effective wind load area
Zone Enclosed building Partially enclosed building
A (m?)
—2.28 —2.65
Corner zone (3) _
+0. 70logA—2. 28 +0. 70logA—2. 65
Edge zone (2) )
—1.58 —1.95
—1.08 —1.45
Middle zone (1) +0. 10logA—1. 08 +0. 10logA—1. 45
—0.98 —1.35

Table 4. 2. 2-4¢  Wind Load Coefficient of Gable Roof (Wind Pressure)
(107=20=230")

Wind pressure coefficient of roof p,, . for enclosing member and roofing

Effective wind load area o ) o
Zone Enclosed building Partially enclosed building
A (m®)
A= +0. 68 +1.05
All the zones 1<ZA<C10 —0. 20logA—+0. 68 —0. 20logA—+1. 05
A=10 +0. 48 +0. 85

Table 4. 2. 2-4f  Wind Load CoefTicient of cornice (Wind Suction)
(10°=04=30%)

Wind suction coefficient of cornice . for enclosing member and roofing

Zone

Effective wind load area

Enclosed or partially enclosed building

Alm?)
—3.70
Corner zone (3) 1<ZA=<Z10 +1. 20logA—3.70
A=10 —2.50
FEdge zone (2) All the areas —2.20
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Figure 4. 2. 2-4b  Wind Load Coelficient Zones of Gable Roofl and Eave
(10°=20=30")




Table 4. 2.2-4¢  Wind Load Coefficient of Gable Roof (Wind Suction)

(30°<P<C45")

Wind suction coefficient of roof 4, for enclosing member and roofing

Effective wind load area
Zone Enclosed building Partially enclosed building
A (m?)
A= —1.38 —1.75
Corner zone (3) _
1<<A<C10 +0. 20logA—1. 38 +0. 20logA—1. 75
Edge zone (2) )
=10 —1.18 —1.55
—1.18 —1.55
Middle zone(1) 1< +0. 20logA—1.18 +0. 20logA—1. 55
AZ=10 —0.98 —1.35

Table 4. 2. 2-4h

(30°<09=45%)

Wind Load Coefficient of Gable Roof (Wind Pressure)

Wind pressure coeflicient of roof p, . for enclosing member and roofing

Zone

Effective wind load area

A (m?)

Enclosed building

Partially enclosed building

All the zones

+1.08
—0. 10logA+1. 08
+0. 98

+1.45
0 10logA+1. 45
+1.35

(30°<09=45%)

Wind suction coefficient of cornice . for enclosing member and roofing

Zone

A (m?)

Effective wind load area

Enclosed or partially enclosed building

Corner zone(3)

Edge zone (2)

+0

—2.00
20logA—2. 00
—1.80
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Figure 4. 2. 2-4c¢

Wind Load Coefficient Zones of Gable Roof and Cornice
(30°0<45%)




Table 4. 2.2-5a  Wind Load CoefTicient of Multi-span Gable Roof (Wind Suction)

(10°<C#<30%)

Wind suction coefficient of roof p, . for enclosing member and roofing

1—Zone of each double-slope roof is in accordance with Figured. 2.

Effective wind load area
Zone ) Enclosed building Partially enclosed building
A (m?)

—2.88 —3.25
Corner zone(3) +1. 00logA—2. 88 +1. 00logA—3. 25

—1.88 —2.25

A< —2.38 —2.75
Edge zone (2) 1< +0. 50logA—2. 38 +0. 50logA—2. 75

—1.88 —2.25

—1.78 —2.15

Middle zone )
D +0. 20logA—1.78 +0. 20logA—2. 15
1
AZ=10 —1.58 —1.95
Table 4. 2.2-5b  Wind Load Coefficient of Multi-span Gable Roof (Wind Pressure)
(10%=26=230")
Wind pressure coefficient of roof . for enclosing member and roofing
Effective wind load area
Zone ) Enclosed building Partially enclosed building
A (m?)
+0.78 +1.15
All the zones —0. 20logA—+0. 78 —0. 20logA+1. 15
+0. 58 +0. 95
|

2-dc,

Figure 4. 2. 2-5  Wind Load Coefficient Zone of Multi-span Gable Roof

Table 4. 2. 2-5¢  Wind Load Coefficient of Multi-span Gable Roof ( Wind Suction)

(30°<#<<45%)

Wind suction coefficient of roof p, . for enclosing member and roofing

Effective wind load area
Zone ) Enclosed building Partially enclosed building
A (m®)
—2.78 —3. 15
Corner zone (3) +0. 90logA—2.78 +0. 90logA—3. 15
—1.88 —2.25
A=1 —2.68 —3.05
Edge zone (2) 1<<A<C10 +0. 80logA—2. 68 +0. 80logA—3. 05
AZ=10 —1.88 —2.25
‘ A=1 —2.18 —2.55
Middle zone )
D 1<ZA<10 +0. 90logA—2. 18 +0. 90logA—2. 55
1
AZ=10 —1.28 —1.65
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Table 4. 2.2-5d Wind Load Coefficient of Multi-span Gable Roof (Wind Pressure)
(30°<<<45°)

Wind pressure coefficient of roof y . for enclosing member and

roofing

Zone

Effective wind load area

A (m?)

Enclosed building

Partially enclosed building

All the zones

1<ZA<10
AZ=10

+1.18
—0. 20logA+1. 18
+0.98

+1.55
—0. 20logA+1. 55
+1.35

Table 4. 2. 2-6a  Wind Load Coefficient of Single-slope Roof (Wind Suction)

(3°=20=210")

Wind suction coefficient of roof p, . for enclosing member and roofing

Effective wind load area

Zone i Enclosed building Partially enclosed building
A(m?)
—2.78 —3.15
High zone
, 1< +1. OlogA—2. 78 +1. 0logA—3. 15
Corner zone (3)
—1.78 —2.15
A< —1.98 —2.35
Low zone
+0. 60logA—1. 98 +0. 60logA—2. 35
Corner zone (3) )
—1.38 —1.75
—1.78 —2.15
High zone
, +0. 10logA—1.78 +0. 10logA—2. 15
Edge zone (2)
—1.68 —2.05
—1.48 —1.85
Low zone
+0. 10logA—1. 48 +0. 10logA—1. 85
Edge zone (2) )
—1.38 —1.75
Middle zone(1) All the areas —1.28 —1.65

Table 4. 2. 2-6b  Wind Load CoefTicient of Single-slope Roof (Wind Pressure)

(3°=20=210")

Wind pressure coefficient of roof p, . for enclosing member and roofing

Zone

Effective wind load area

A (m?)

Enclosed building

Partially enclosed building

All the zones

+0.48
—0. 10logA+0. 418
+0.38

+0. 85
—0. 10logA-+0. 85
+0. 75
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Figure 4. 2. 2-6a Wind Load Coeflicient Zones of Single-slope Roof (3°<.0<.10%)

Table 4. 2.2-6¢  Wind Load Coefficient of Single-slope Roof ( Wind Suction)

(10°<20=30")

Wind suction coefficient of roof z . for enclosing member and roofing

Effective wind load area
Zone Enclosed building Partially enclosed building
A (m?)
—3.08 —3.45
High zone )
1<<A<Z10 +0. 90logA—3.08 +0. 90logA—3. 45
Corner zone (3) )
—2.18 —2.55
—1.78 —2.15
Edge zone (2) 1<Z +0. 40logA—1.78 +0. 40logA—2. 15
AZz=10 —1.38 —1.75
A1 —1.48 —1.85
Middle zone(1) 1=ZA=<C10 +0. 20logA—1. 48 +0. 20logA—1. 85
=10 —1.28 —1.65

Table 4. 2.2-6d Wind Load CoefTicient of Single-slope Roof (Wind Pressure)

(10°<#=<30%)

Wind pressure coeflicient of roof p, . for enclosing member and roofing

Effective wind load area

da

[}

ks

i

Zone Enclosed building Partially enclosed building
A (m?)
+0. 58 +0.95
All the zones 1< —0. 10logA-+0. 58 —0. 10logA+0. 95
=10 +0. 48 +0. 85
@ =
3 |e !

Figure 4. 2. 2-6b  Wind Load Coefficient Zones of Single-slope Roof (10°<19=Z30%)
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Table 4. 2. 2-7a  Wind Load CoefTicient of Saw-tooth Roof ( Wind Suction)

Wind suction coefficient ofsaw-tooth roof g+ for enclosing member and roofing

Zone

Effective wind load area

A (m?)

Enclosed building

Partially enclosed building

Span 1

Corner zone (3)

A<
1<ZA=10
10<ZA=<Z50

—4.28
+0. 40logA—4. 28
+2. 289logA—6. 169

—4.65
+0. 410logA—4. 65
+2.289%0gA—6. 539

AZ=50 —2.28 —2.65
A=C10 —2.78 —3.15
Spans 2, 3 and 4 )
10<CA<Z50 +1. 001logA—3. 781 +1.001logA—4. 151
Corner zone (3) )
AZ=50 —2.08 —2.45
A=<1 —3.38 —3.75
Edge zone (2) 1<ZA=<Z50 +0. 942logA—3. 38 +0. 942logA—3. 75
AZ=50 —1.78 —2.15
A<1 —2.38 —2.75
Middle zone (1) 1<ZA<Z50 +0. 647logA—2. 38 +0. 647logA—2. 75
AZ=50 —1.28 —1.65

Table 4. 2. 2-7b

Wind Load Coefficient of Saw-tooth Roof ( Wind Pressure)

Wind pressure coefficient of saw-tooth roof g, » for enclosing member and roofing

Effective wind load area

Zone Enclosed building Partially enclosed building
A (m?)
A<l +0.98 +1.35
Corner zone (3) 1<ZA<Z10 —0. 10logA—+0. 98 —0. 10logA+1. 35
AZ10 +0.88 +1.25
A1 +1.28 +1.65
Edge zone (2) 1=ZA=<C10 —0. 30logA+1. 28 —0. 30logA+1. 65
A=10 +0.98 +1.35
A=1 +0. 88 +1.25
Middle zone(1) 1<CA<Z50 —0. 177logA—+0. 88 —0.177logA—+1. 25
AZ=50 +0.58 +0. 95
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4.2.3 Effective wind load area (A) of the member of light-weight buildings with gabled frames

may be calculated according to following formula.
A=l (4.2.3)

Where [——the span of the member considered (m);

I the wind bearing width of the member considered (m). which shall be greater than
(atb)/2 or I/3; a and b are the distance from the adjacent members on the left and
right sides and the upper and lower sides; ¢=1/3 is adopted for the exterior wall

without determined width and other plate-type members.
4.3 Snow Load on Roof

4.3.1 The characteristic value of snow load on the horizontal projection plane of the roof of the
steel structure of light-weight buildings with gabled frames shall be calculated according to the

[ollowing formula;

Sk :'L{rS() (4. 3. 1)
Where S, characteristic value of snow load (kN/m®);
7 distribution coefflicient of snow load;
S, reference snow pressure (kN/m’). which is adopted according to snow pressure at

an recurrence interval of 100 years as specilied in the current national standard GB
50009 Load Code for the Design of building Structures.
4.3.2 The distribution coefficient of snow load cn roof with sin

£
slope shall be adopted according to those specified in Table 4. 3. 2.

Table 4.3.2 Distribution Coefficient of Snow Load on Roof

Ttem Type Rool type and distribution coefficient g, of snow load
i3
) [Z]
) Single-span and
single-slope roof
d <25° 30° 35° 10° 45° 50° 55° =60°
)2 1. 00 0.85 0. 70 0. 95 0. 40 0. 25 0.10 0
I |4
— i
Single-span and Uniform distribution 0.75¢r 1.25¢

double-slope roof Non-uniform distribution r—‘“"—fg\l

r 1s adopted according to those specified in Ttem 1




Table 4. 3. 2 (continued)

Item Type Roof type and distribution coefficient g of snow load
] o 1.0
Uniform distribution ‘ ‘
1.4
Non-uniform distribution 1 H Ll

Double-span and

double-slope roof Non-uniform distribution 2 He M

-1s adopted according to those specified in Item 1

Notes: 1 For double-span and double-slope roof., where the roof slope is not greater than 1/20, non-uniform distribution conditions
specified in Item 3 in this table may not be considered for the interior roof, 1. e. . distribution coefficients 1. 4 and 2. 0 of
snow in this table are considered according to 1.0,

2 Distribution coefficient of snow load on multi-span roof may be adopted according to those specified in Item 3.

4.3.3 Where height of high and low roof and adjacent building roofl meets (h, —h,)/h, >>0. 2,
snow accumulation and drift shall be considered according to the following requirements:

1 Distribution of snow accumulation on low-span roof shall be considered for the high and
low roof (Figure 4. 3. 3-1);

2  Where the spacing s between adjacent buildings is less than 6m, distribution of snow

accumulation on low roofl shall be considered (Figure 4. 3. 3-2);

w

bl

1—high roof; 2—snow-covered area; 3—low roof

Figure 4. 3. 3-1 Distribution of Snow Accumulation on Low Roof of the High and Low Roof

Wy

Wi s Wy

1—snow-covered area

Figure 4. 3. 3-2  Distribution of Snow Accumulation on Low Rool of the Adjacent Building
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3 Where the slope 0 of high roof is greater than 10° and measures to prevent the snow from
down-sliding are not taken, snow drilt on high rool shall be taken into consideration and the snow
height shall be increased by 40%; however. h,— h, is taken for the maximum; where the spacing
between adjacent buildings is greater than A, or 6m, snow drift on high roof is not considered
(Figure 4. 3. 3-3);

4  Where the horizontal length of roof protrusion is greater than 4. 5m. distribution of snow

accumulation on the roof shall be considered (Figure 4. 3. 3-4);

¢||' L W,y <J

Wha

1-—drift snow; 2— snow-covered area; 1—roof protrusion; 2—snow-covered area
3—snow load on roof Figure 4. 3. 3-4  Distribution of Snow Accumulation
Figure 4. 3. 3-3  Distribution of Snow Drift on with Protrusion on the Roof

High Roofl and Snow Accumulation on Low Roof

5 Piling height hy of snow shall be calculated according to the following two formulas,

whichever is larger;
hy = 0.416 /1, /S, +0.479 —0.457 < h, — h, (4.3.3-1)

hy = 0. 208 /o, v/S, +0.479 — 0.457 < h, — h,, (4.3.3-2)

Where hys;—the piling height of snow (m);
h.—the height difference of high and low roof (m);

h,—the height of snow load determined according to the reference snow pressure on the
10080 . . 3
roof (m), hy, = » where p is the average density of snow (kg/m’);
wy » we—the length (width) of the roof, for which 7. 5m is taken as the minimum.

6 Piling length wy of snow shall be determined according to the following requirements:
Where hy<<h,—hy, »
wy = 4hy (4. 3.3-3)
Where hy=h,—hy, »
wy = 4hy"/(h, —hy,) << 8(h, — hy) (4.3.3-4)

7 The load value S,.. at the highest point of piling snow load shall be calculated according to

the following formula:
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Smm\ - hxl X P (4. 3. 3*5)

4.3.4  Average density p of snow in various regions shall meet the following requirements.

1 180kg/m is taken for the Northeast China and northern Xinjiang;

2 160kg/m?® is taken for North China and Northwest China. among which 150kg/m?® is taken
for Qinghai region;

3 180kg/m’ is generally taken [or the southern areas of Huaihe River and Qinling
Mountains, among which 230kg/m?® is taken for Jiangxi and Zhejiang areas.
4.3.5 In the design, distribution of snow shall be adopted according to the following
requirements:

1 Roofing and purlin shall be adopted according to the most unfavorable conditions of non-
uniform snow distribution;

2 The inclined beam of the frame shall be adopted according to the following most
unfavorable conditions; uniform distribution of full-span snow; non-uniform distribution and
uniform distribution of semi-span snow;

3  The frame column may be adopted according to the uniform distribution of {ull-span snow.
4.4  Seismic Action

4.4.1 Seismic fortification category and seismic [ortiflication criterion of steel structure ol light-
weight buildings with gabled frames shall be adopted according to the requirements of the current
national standard GB 50223 Standard for Classification of Seismic Protection of Building
Constructions.

4.4,2 For steel structure of light-weight buildings with gabled frames, the seismic action shall be
considered according to the following principle.

1 Horizontal seismic action is usually calculated according to the direction of two main axes
of the building;

2 For the structure with obviously asymmetrical mass and stiffness distribution, two-way
horizontal seismic action shall be calculated and the torsion influence shall be counted in;

3  Where the expected seismic intensity is 8 or 9, a vertical seismic action of 10% and 20% of
representative value of this structural gravity load should be taken respectively; where the design
basic seismic acceleration is 0. 30g, 15% of the representative value of this structural gravity load
should be taken;

4 Influence of wall on the seismic action should also be considered in the calculation of the

selsmic action.
4.5 Effect of Load Combinations and Seismic Action

4.5.1 Load combination shall meet the following principles:

1 Where the uniform live load on the roof is not considered simultaneously with the snow
load, the larger value shall be taken;

2 The dust load shall be considered simultaneously with the larger one of the snow load and
the uniform live load on the roof;

3  Constructional or repair concentrated load is not considered simultaneously with other

loads except the deadweight of the rooling material or purlin;
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4 Combination of multiple cranes shall meet the requirements of the current national
standard (GB 50009 Load Code for the Design of Building Structures;

5 Wind load is not considered simultaneously with the seismic action.
4.5.2 In a persistent and transient loading case. where the load and load effect are considered
according to linear relation, design value of the effect of the basic load combination shall be

determined according to the [ollowing formula.

Sa=¥6Sek T¥aYaSac+ ¥, ¥, Suk (4.5.2)
Where S,—design value of load combination effect;
Y6 partial coefficient of permanent load;
Y partial coefficient of vertical variable load;
7. partial coefficient of wind load;
S characteristic value ol permanent load effect;
Sax characteristic value of vertical variable load effect;
Sk characteristic value of wind load effect;
Uy, U, combination value coefficient for variable load and wind load respectively, for

which 0. 7 and 0 shall be taken respectively where the permanent load effect play a
control role, Otherwise, 1.0 and 0.6 or 0.7 and 1. 0 shall be taken respectively
where the variable load effect play a control role.
4.5.3 Under a persistent or a transient loading case, partial coefficients in basic load combination
shall be adopted according to the [ollowing requirements:

1 Partial coefficient ¥, for permanent load should take 1.2, when load combination is
controlled by the variable load effect, otherewise, 1.35 when combination is controlled by the
permanent load. and 1.0 to be taken whenever il load combination will be favorable to the
resistance of the structure,

2 1.4 should be taken for the partial coefficient y, of vertical variable load.

3 1.4 should be taken for the partial coefficient y,, of wind load.

4.5.4 In the seismic design where the effect between different actions are linearly related , design
value of the basic combination effect of the load and the seismic action shall be determined

according to the following formula;

Se=76Sar 1 7en Senk +71.;\ Sk (4.5. 1)
Where Sg design value of effect by the combination of load and seismic effect;

Sei effect of representative value of gravity load;
Sg—elfect of characteristic value of horizontal earthquake action;
S effect of characteristic value of vertical seismic action;

Yo partial coefficient of gravity load;

¥, the partial coelficient of the horizontal seismic action;

Ve partial coellicient of vertical seismic action.

4.5.5 In seismic design, the partial coelficients of load and seismic action in basic combination
shall be adopted according to those specified in Table 4. 5. 5. Where the effect of the gravity load is

favorable to the structural bearing capacity, ¥, in Table 4. 5.5 should not be greater than 1. 0.
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Table 4. 5.5 Partial CoefTicients of the Load and the Effect

in the Seismic Design Situation

Load and action participated in combination Yo VEn VEv Instructions
Gravity load and horizontal seismic action 1.2 1.3 — —
o ) o ) Considered in Intensity 8 and Intensity 9
Gravity load and vertical seismic action 1.2 — 1.3 o )
selsmic designs
Gravity load and horizontal and vertical Considered in Intensity 8 and Intensity 9
1.2 13 0.5

seismic action

seismic designs
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5 Types and Arrangement of Structure

5.1 Types of Structure

5.1.1 In the steel structure system of light-weight buildings with gabled [rames, proliled steel
roofing and cold-formed thin-wall steel purlin should be adopted for the roof. Solid-web frame
members with tapered section may be adopted for the main rigid frame. Profiled steel sheet
cladding and cold-formed thin-wall steel girt should be adopted for the exterior wall. The stability
at the lower [lange of the ralter of the main rigid frame and the out-ol-plane stability at the inner
{lange of the rigid frame column shall be guaranteed by the diagonal brace. Tensioned rod, steel
rope or section steel etc. may be adopted for the cross brace between main rigid frames.
5.1.2 (Gabled frames are classified into single-span (Figure 5. 1. 2a), double-span (Figure 5. 1. 2b),
multi-span (Figure 5. 1. 2¢) frames, frames with Cornice (Figure 5. 1. 2d) and adjoining building
(Figure 5. 1. 2e) and other types. Hinged connection may be adopted between the middle column
and rafter of multi-span rigid frame. Gable roof or single-slope roof (Figure 5. 1. 2f) should be
adopted for the multi-span frame, multi-span frame type composed of multiple gable roof may also
be adopted.

The mezzanine, il any. may be arranged along the longitudinal direction (Figure 5. 1. 2g) or at
transverse end span (Figure 5. 1. 2h). Rigid connection or hinged connection may be adopted

between the mezzanine and the column.

C1TLTITIT

(a) Single-span (b) Double-span (c) Multi-span (d) Frame with
Frame Frame Frame Cornice
(e) Frame with (f) Single-slope (2) Longitudinal Frame (h) Frame at End
Adjoining Building Frame with Mezzanine Span with Mezzanine

Figure 5. 1. 2 Examples of Gabled Frame Types

5.1. 3 Solid-web welded I-shaped section or rolled H-shaped section with tapered section or
constant section may be adopted [or the beam and column of the gabled [rame according to different
spans, heights and loads. Where bridge crane is arranged, constant-section member should be
adopted for the column. The variable-section member should be made into the tapered type
changing the web height; where necessary, web thickness may also be changed. The structural
member should not change the flange section in the manufacturing unit; where necessary, only the
flange thickness may be changed; Different flange sections may be adopted for the adjacent
manufacturing units. Adjacent sections of two units should have equal height.

5.1.4 Column base of gabled frame should be designed according to the hinged support. Where it
is used for industrial factory building and there is above 5t bridge crane. the column may be

designed in rigid connection.
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5.1.5 Gabled frames may consist of multiple beam and column unit members. The column should
be separate unit member; the ralter may be classified into several units according to transportation
conditions. Welding shall be adopted for the unit member itsell and high-strength bolted

connection to be adopted through end plate between the unit members.
5.2 Arrangement of Structure

5.2.1 The dimension of steel structure of light-weight building with gabled frames shall meet the
following requirements:

1 The distance between transverse frame column axes shall be taken as the span of the gabled
[rame.

2 The height from the outdoor ground to the intersection point of the column axis and the
rafter axis shall be taken as the height of the gabled frame. Height shall be determined according to
the ceiling height required by the service purpose; for the factory building with crane, it shall be
determined according to the requirements for the elevation of rail top and the clearance of the
crane,

3 Vertical axis through the center of the lower end (smaller end) of the column may be taken
as the axis of the column. The axis parallel to the upper surface of the rafter through the center of
the smallest end of the raflter section may be taken as the axis of the raflter.

4 Height from the outdoor ground to the upper edge of the purlin on the outer side of the
building shall be taken as the eave height of the light-weight building with gabled frames. The
height from the outdoor ground to the upper edge of the purlin at the top of the roof shall be taken
as the maximum height of the light-weight building with gabled frames. Distance between the
external surfaces of girts of the building sidewalls shall be taken as the width of the light-weight
building with gabled frames. The distance between the external surfaces of girts of gables on both
ends shall be taken as the length of the light-weight building with gabled frames.

5.2.2 The span of the single-span gabled [rame should be 12m~ 48m. Where there is a basis,
larger span may be adopted. Where side columns have unequal width, their outer sides shall be
aligned. The spacing between the gabled frames, i. e. , the longitudinal distance of the column grid
axis, should be 6m~9m; cornice length may be determined according to service requirements and
should be 0. 5m~1. 2m; slope of its flange should be the same as that of the rafter.

5.2.3 1/8~1/20 should be taken as the roof slope of the light-weight building with gabled
{rames; the larger value should be taken in the regions with much rainwater.

5.2. 4 Temperature section length of the steel structure of light-weight building with gabled
{rames shall meet the following requirements:

1 Longitudinal temperature section should not be greater than 300m;

2 Transverse temperature section should not be greater than 150m; where the transverse
temperature section is greater than 150m, temperature effect shall be taken into consideration;

3  Where there is a reliable basis. the length of the temperature section may be properly
increased.

5.2.5 Arrangement ol expansion joint, where necessary, shall meet the [ollowing requirements:

1 Slotted hole should be adopted at the bolted connection of lapped purlin. where the rooling

shall be allowed for expansion and contraction structurally or to be arranged with double columns;
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2 Slotted hole should be adopted at the connection of the crane runway beam and the column.,
5.2.6 Joist or bracket should be arranged where the middle column or side column are pulled
partially from the multi-span frame.

5.2.7 Influence of such factors as skylight. ventilating roof ridge, lighting belt, roofing material
and supply specification of the purlin shall be taken into consideration for the arrangement of roof
purlin. Thickness of the profiled steel plate for the roof and the spacing between the purlins shall
be determined through calculation.

5.2.8 The gable may be arranged with the frame consisting of the rafter. end wall column, girt
and its brace or adopt the gabled frame.

5.2.9 Longitudinal direction of the building shall be provided with definite and reliable force
transmission system. Where certain column has relatively weak longitudinal stilfness and strength,
the horizontal [orce shall be transmitted to the adjacent column through the transverse horizontal

brace of the building.
5.3 Girt Arrangement

5.3.1 For the arrangement of the side wall girt of the steel structure of light-weight building with
gabled frames, the requirements for such members and enclosing materials as doors and windows,
cornice, sun shelter and canopy shall be taken into consideration.

5.3.2 For the side wall of the steel structure of light-weight building with gabled frames. where
the profiled steel plate is adopted as the enclosing surface, the girt should be arranged on the outer
side of the rigid frame column and its spacing shall be determined according to the type and
specification of the cladding and shall not be greater than that specified by the calculation.

5.3.3 For the exterior wall of the light-weight buildings with gabled frames, where the seismic
fortification intensity is 8 or below, light-weight metal cladding or non-embedded masonry should
be adopted; where the seismic [ortilication intensity is 9. light-weight metal cladding or light-

weight cladding in flexible connection with the column shall be adopted.
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6 Calculation and Analysis of Structure

6.1 Calculation of Gabled Frame

6.1.1 Gabled frame shall be calculated according to elastic analysis method.

6.1.2 For the gabled frame, stressed skin elfect should not be considered and the internal force
may be analyzed according to the plane structure.

6.1. 3 Where bracing between adjacent columns are not arranged, the column base shall be
designed in rigid connection and the column shall be designed to resist two-way lateral force.
6.1.4 When second order elastic analysis is adopted for the frame, notional horizontal load shall
be applied. 0.5% of the design value of the vertical load shall be taken as notional horizontal load
and applied at the point where the vertical load acts. The notional load shall have the same

direction as the wind load or seismic action.
6.2 Analysis of Seismic Action

6.2.1 In calculation of the seismic action of the gabled frame, values of its damping ratio shall
meet the following requirements:

1 0. 05 may be taken for the enclosed building;

2 0. 035 may be taken for the open building;

3 The remaining buildings shall be calculated by interpolation according to the opening ratio
of the exterior wall area.
6.2.2 For single-span and multi-span buildings with equal height, horizontal seismic action of
transverse rigid [rame may bhe calculated by base shear method; for the buildings with unequal
height, it may be calculated according to the mode decomposition response spectrum method.
6.2.3 For the factory building with crane, in calculation of the seismic action, deadweight of the
crane shall be taken into consideration by distributing it on average at the two brackets,
6.2.4 Where the masonry wall is adopted as the enclosing wall. the mass of the masonry wall
shall be distributed along the height to at least two mass concentration points as the additional mass
included to the steel column in calculation of the horizontal seismic action of the rigid {rame in
transverse direction.
6.2.5 In calculation of seismic action on the longitudinal columns by the base shear method, it
shall be guaranteed that all the seismic forces distributed according to the height and mass can be
transmitted to the longitudinal brace or frame.
6.2.6 Where the longitudinal length of the building is not greater than 1. 5 times of the horizontal
width and high and low spans are arranged in both longitudinal and transverse directions, the
longitudinal brace system should be calculated according to an integral spatial frame model.
6.2.7 Checking on strong column and weak beam may be omitted for the gabled {rame. Where
the beam column is connected by an end plate or in a curved transition of the lower f{lange of the
beam and column at the heam-column joint, checking of strong joint and weak member may be

omitted. Under other conditions. calculation of strong joint and weak member shall be conducted
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and the calculation method shall be in accordance with those specified in the current national
standard GDB 50011 Code for Seismic Design of Buildings.

6.2.8 Where the light-weight building with gabled {rames has a mezzanine, longitudinal seismic
design of the mezzanine may be conducted separately and amplification coefficient 1. 2 shall be

multiplied for the longitudinal seismic action of inner column.
6.3 Analysis of Thermal Action

6.3.1 Where total width or length of the building exceeds the maximum length of the
temperature section specified in 5. 2. 4 of this Code, measures of releasing temperature stress shall
be taken or the thermal action shall be calculated.

6.3.2 In calculation of the thermal action, the basic air temperature shall be adopted according to
those speciflied in the current national standard GB 50009 Load Code for the Design of Building
Structures. 1.4 should be adopted for the partial coefficient of the thermal action.

6.3.3 When bolted connections are adopted wherever in the longitudinal direction, the thermal

action effect may be reduced by a factor of 0. 35.
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7 Design of Structural Members

7.1 Calculation of Frame Members

7.1.1 Utilization of post-buckling strength of plate shall meet the following requirements.
1  Where the post-buckling strength is utilized for the flexural and compressive web plate of
I-shaped section member, the section characteristic shall be calculated in accordance with effective

width. The effective width of compressive area shall be calculated according to the following

formula.
h.= ph. (7. 1. 1-1)
Where A, effective width of compressive area in web (mm) ;
h.—width of compressive area in web (mm) ;
0 coefficient of effective width, in case of p=>1. 0, it adopts 1. 0.
2 The coefficient of effective width p shall be calculated according to the following formulas:
P~ (. 24341r,1};2")”-"’ (7. 112
hy/ty
A = 28 1 Jh JITTT (7.1.1-3)
o= 16 (7. 1. 1-4)
VA+RF+H0. 112 A+p% + U+
p=o:/on (7.1.1-5)
Where 2, parameter related to flexual and compressive plate, where ¢, <Zf, f, in formula
(7.1.1-3) may be superseded by 7, g, for calculation of A . ¥, refers to the
resistance partial coefficient and adopts 1. 1 for Q235 and Q345 steel;
hy height of web, average height of plate is taken while tapered web used (mm);
to—web member thickness (mm) ;
k, buckling coelficient of member under normal stress;

B ratio of normal stress at edge of section (Figure 7. 1. 1), —1=p<C1;
o, +» 0, the maximum and minimum stress of plate edge. [o:|< |6 |.

3 The effective width A of web shall be distributed in accordance with the following rules
(Figure 7. 1. 1)

g,

Where the whole section is under compression, ie. =0,
ha =2h./(5—p) (7. 1. 1-6)
he=h.—hgy (7. 1. 1-7)
3 Where the partial section is under tension, i e. <20,
- é ha =0. 4h, (7.1.1:8)
cr;—ﬁm;[ he=0. 6h, (7. 1. 1-9)

() f=0 (b) f<<0 4  For web plate of I-shaped section in shear., transverse

M

—a—

Figure 7. 1.1 Distribution of ~ stiffeners must be placed when post-buckling strength is

effective width of web considered. The ratio of length between stiffeners to the height of
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section at large end shall not be greater than 3.
5 For tapered member with transverse stiffeners on web, the post buckling shear strength

between adjacent stiffeners shall be calculated according to the [ollowing [ormulas;

V" :Xlzu: sopsh\"'l t“’f\'gh\m twf\- (7. 1. 1_10)
1
Po = 0. 51+}l3'2)1'g'5<“1'0 (7. 1. 1-11)
Yo — L 0. 35a" 7,7 (7. 1. 1-12)
_ha .
7, = oo 1 (7. 1. 1-13)
__.a _
«= - (7. 1. 1-1D
Where f, design value of shear strength of steels (N/mm”);
hy1 s hy—the heights of web on the large and small ends of tapered web (mm) ;
to—thickness of web (mm);
As parameter related to shear plate and adopted according to the requirements of Item
6in7.1.1;
o reduction coefficient of tapering ratio of post-buckling shear strength of web;
7, tapering ratio of web grid;
a length-to-height ratio of the grid;
a spacing between stiffeners (mm).

6 The parameter A_ shall be calculated according to the following formulas.

hoa /1

Ay = 37@ \/W (7. 1. 1-15)
For a/h, <1,
k. =4+5.34/(a/hy)" (7. 1. 1-16)
For a/h, =1,
ke=n.[5. 34+4/(a/h, )" ] (7.1.1-17)
7= l—wi /7, (7. 1. 1-18)
w =0.41—0. 897a+0. 3632 —0. 041 (7.1.1-19)
Where k,—the buckling coefficient of shear plate, without transverse stiffeners, it adopts 5. 34

e

7.1.2 The strength calculation of frame member and the arrangement of stiffeners shall meet the
following requirements
1 Under the combined action of shear force V' and bending moment M, the flexural member
with I-shaped section shall meet the requirements of the following formulas:
For V=20, 5V,
M=M. (7. 1.2-1)
For 0. 5V, <<V<V,,

MngJr(ML.—MI)[l—(O.gvd—l)z] (7.1.2-2)

For the bi-axial symmetrical section,
M= A (h, e f (7.1.2-3)

bending moment borne by two flanges (N « mm) ;

Where M,
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M. bending moment borne by effective section of the member (N » mm). M.=W._ f;
Ww. section modulus of the maximum compression fiber in the effective section of
member (mm®) ;
Ay sectional area of member flange (mm?);
h,—webh height ol calculated section (mm) ;
i {lange thickness of calculated section (mm) ;
Vi design value of shear capacity for web (N); it shall be calculated according to

formula (7. 1. 1-10) of this Code.
2 Under the combined action of shear force V', bending moment M and axial pressure N,
resistance ol the compression-bending member with I-shaped section shall meet the requirements of

the following formulas:

For V=20, 5V,

z
<

AquWcéf (7. 1. 2-1)
For 0. 5V, <<V<V,,
M< M+ =M1 ‘gvl—l)'] (7.1.2-5)
M=M,—NW.,/A. (7.1.2-6)
For the bi-axial symmetrical section,
M =A;(h,+0 (f—N/AD (7.1.2-7)
Where A. effective sectional area (mm®);

M\

[

bending moment horne by [langes when bearing the pressure N concurrently (N » mm).
3 The transverse stilfeners shall be set at the joint with interior column, position with
relatively large concentrated load and flange turning place for beam flange in accordance with the

following requirements

1) When using the post-buckling strength, the beam web's interior stiffeners shall bear the
pressure not only generated by concentrated load and flange turning but also generated

by tension [ield, the latter one shall be calculated according to the following [ormulas;
N.=V—0. 9¢ hot.f. (7.1.2-8)
o = (7. 1. 2-9)

NOWESESH

Where N, pressure generated by the tension field (N);
1%

®. stability coefficient of shear buckling of web, (pbél. 0;

design value of shear capacity of beam (N);

A,— normalized web slenderness for shear buckling of web, which is calculated
according to formula (7, 1. 1-15) of this Code;

h.—web height (mm) ;

to— web thickness (mm).

2) As for checking calculation of stiffener stability, its section shall include the web area

within 15 ¢, +/235/f, of web on each side with effective length 4,
4 The combined strength of axial force. bending moment and shear [orce shall be checked

and calculated for section on small end .
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7.1.3 The stability of tapered column in the plane of frame shall be calculated according to the

following formulas;

N o M
r;lq:le% (1— ﬁl /NOW., </ (7. 13D
N.=n"EA, /X (7.1.3-2)
For A, Z=1.2,
7=1 (7.1.33)
For A, <12,
= a (40X (7.1.3-0)
= (7.1.3-5)
A JE
Al 7; ﬁ (7. 1. 3-6)
Where N, design value of axial pressure on large end (N);
M, design value of bending moment on large end (N * mm) ;
A—effective sectional area on large end (mm?) ;
W —section modulus of maximum compression f{iber of effective section on large end
(mm?®);
¢,—axial compressional stability coelficient of member, [or tapered column it may be
found in current national standard GB 50017 Standard for Design of Steel
Structures with the help of calculated length coefficient stipulated in Appendix A
of this code. Calculation of member's slenderness ratio is based on radius of
curvature of its section on large end;
Bux—equivalent bending moment coefficient, with sidesway frame column, it adopts
1.0;
N.,—Euler critical force (N);
Al slenderness ratio with effective length coefficient based on large-end section of the
member;
A normalized slenderness ratio;
Tal radius of curvature about major axis of section based on large end (mm);
1 calculated length coellicient of the column, stipulated in Appendix A of this Code;
H height of column (mm) ;
Avs A gross sectional areas ol the member on small end and large end respectively
(mm*);
E —modulus of elasticity of steel column (N/mm”);

Iy yield strength value of steel column (N/mm?”).

Note; Where the maximum bending moment of column is not emerged on large end. M, should take the maximum
bending moment where it appears and the effective section modulus of the section E.; will take related one with that
accordingly.

7.1.4 Stability of frame beam with tapered section shall meet the following requirements:

1 Stability of tapered beam stressed with linearly varied bending moment shall be calculated
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according to the following formulas:

}g“/vﬂgf (7. 1. 4-1)
@ = v,,l = (7. 1. 4-2)
(1—2A, +a,0""
pyy = 2200 2ok, q ;%ffk“ (7.1.4-3)
=101 ﬁ (7.1, 4-4)
A, h
k, = ky % (7.1.4-5)
- "
kg %‘; (7. 1. 4-7)
y=Chi—hy)/h (7. 1. 4-8)
Where @ overall stability coefficient of the tapered beam, (pbél. 0;
k,—ratio of compressive stress of the section on large end to that on small end;
km ratio of smaller bending moment to larger one in the member;
Ab normalized slenderness ratio of the beam;
v«— plastic development coefficient of the section, determined according to current
national standard GB 50017 Standard for Design of Steel Structures;
M., critical bending moment for elastic buckling of tapered beam (N * mm) . calculated
according to Ttem 2 in 7. 1. 4;
by s hy— width of compressive [lange of the section where bending moment reaches
maximum, and the distance between middle surfaces of upper and lower flanges
(mm) ;
Wa sectional modulus of the compressive side of the section where bending moment
reaches maximum(mm?®);
Y tapering ratio of the tapered beam;
o distance hetween middle surfaces of upper and lower flanges of the section on small
end (mm);
M,——bending moment on small end (N » mm);
M, bending moment on large end (N « mm).

2 Critical bending moment of elastic buckling shall be calculated according to the following

formulas.

M= 6 5 g+ o+ (14 Fa) (7.1.4-9)

C, =0, 4&;177?-“6 L. ‘%kary ld-+1 86770 " (7. 1. 4-10)
,

7=10.55+0.04(1 — k)7 (7.1.4-12)

L,=L,(1+yp’ (7.1.4-13)
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Lo =1Iyhin+ Lh o (7. 1. 4-14)

1 ,.
Jq :Jro‘l’?'ﬂ](ho_ﬁ)fi (7. 1. 4-15)

Iyl’;
= B (7. 1. 4-16)

i Ir

Where C,——the equivalent bending moment coelflicient. C, <22, 75;
7 ratio of moment of inertia;

I+ Iy—moment of inertia about minor axis of compressive and tensile flanges of the section

respectively where the bending moment reaches maximum (mm');

section asymmetry coelficient;

Ba

I,—moment of inertia about the minor axis of the tapered beam (mm");
I,,—equivalent moment of inertia of warping of the tapered beam (mm');
I,,—moment of inertia of warping of section on small end (mm") ;

J. equivalent Saint-Venant torsion constant of the tapered beam;

Io [ree torsion constant of the section on small end;

hgrs hgy—distance from the central plane of upper/lower flange of section on small end to
shear center respectively (mm);

i thickness of flange (mm);

to—thickness of web (mm);

L out-of-plane calculated length of the beam section (mm).

7.1. 5 Out-ol-plane stability of tapered column shall be calculated by parts according to the
following formulas. when that not satisfied, lateral brace or diagonal brace shall

of-plane stability shall be checked for each part section.

, 1 3-0. 3,
W;?;;m -+ (w{:éfd 7) <1 (7. 1. 5-1)
For A, =13,
=1 (7.1.52)
For A, <1.3,
7 :%‘1’ (1—%(:)><L 0 (7.1.5-3)
Ay :’1_715 ,\/% (7. 1. 5-4)
Ay = z% (7.1.5-5)
Where X, normalized slenderness ratio about the minor axis;
Ay slenderness ratio about minor axis;
iy radius of curvature about minor axis of the section on large end (mm);
@, stability coefficient of axial compressive member with out-of-plane bending
moment, acting at large end. Requirements of current national standard GB 50017
Standard for Design of Steel Structures should be followed with effective length
of column adopted between bracing points in longitudinal direction;
N,—axial pressure on large end of the calculated member (N);
M, bending moment on large end section of calculated member (N » mm);
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@b stability coefficient adopted according to 7. 1. 4 of this Code,
7.1.6 Design of rafter and its diagonal brace shall meet the {ollowing requirements:

1 Ralter of solid-web [rame may be designed as resisting compression and bending in plane,
and must be designed as resisting compression and bending out-of-plane.

2 Out-of-plane effective length of rafter shall take the distance between lateral bracing
points. When distance between lateral bracing points is unequal for two flanges, the distance for
ralter shall be taken for maximum compression {lange.

3 Where the lower flange of rafter is under compression, the purlin supported at the upper
flange of rafter cannot served as lateral bracing point alone.

4 In case that the diagonal brace set between rafter and purlin meet the following conditions,
the out-ol-plane length during calculating for rafter under compression of the lower flange may be
considered as having a function of supporting diagonal brace:

1) Diagonal braces are arranged on both sides of roof (Figure 7. 1. 6);

s

g* _+_

AN

A
I

S 14

1—purlin; 2—steel beam; 3—diagonal brace

Figure 7. 1. 6 Diagonal Braces [or Rool Inclined Beam

2) The position ol upper supporting point of diagonal brace is not less than the centroid line
of purlin;
3) Diagonal brace should conform to corresponding design requirements.

5 For one-sided layout of diagonal brace, the horizontal action of pressure exerting by the
diagonal brace to the lower flange of rafter as a practical support for purlins shall be considered.
Design of rafter on strength and stability should take into consideration of their influences,

6 Where the transverse stiffeners were not arranged at the section supporting concentrated
load on upper [lange of ralter, except converted stress under the combined action of normal stress
and shear stress at top edge of web as well as local compressive stress shall be checked up according
to the requirements of current national standard GB 50017 Standard for Design of Steel

Structures . but also the requirements of the following formulas shall be meet.

F < 15a,ts f /- /2f85 (7.1.6-1)
w ¥

an=1.5—M/(W_f) (7. 1. 6-2)
concentrated load supported by upper flange (N);

Where F

trs t,—thickness of flange and web of the rafter respectively (mm) ;
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am— parameter, while @, <<1.0, it takes 1. 0 in negative moment area of the rafter;

M
Wc

7 The stability coefficient of rafter supporting beam for diagonal brace shall be determined in

bending moment at the section where there is a concentrated load (N « mm) ;

section modulus of the maximum compressive fiber of the effective section (mm®).

accordance with the requirements of 7. 1. 4 in this Code, in which %, refers to the ratio of stress in
large end to that in small one, and taking the stress ratio of the beam sections and tapering ratio y
both within a range of triple diagonal brace spacing, the critical bending moment of elastic buckling

shall be calculated according to the following formulas;

 GJ +2¢/ky(ELe, +EI,)

M., 7.1.6-3

20er — B0 ( )
1 [(1—2@)1, (3—4p) [, T

b, = — i s e 7.1.6-4

S SFA, +a+Hh) 6FI, ﬂlllt'ma—FﬁlpEAkCOSa ( )

B = 0.45h % (7.1.6-5)

;

Where J, I,, I,—free torsion constant. moment of inertia about the minor axis and the

moment of inertia of warping of the section on large end respectively

(mm") ;

G modulus of shear for steel of rafter (N/mm?) ;

E —modulus of elasticity for steel of rafter (N/mm®);

a distance from the section centroid of the purlin to the upper [lange centre
of the beam (mm);

h distance between the middle planes of upper and lower flange of the section
on small end (mm) ;

a angle included between diagonal brace and purlin axis(®);

ratio of distance from connecting point of diagonal brace with purlin to

B

distance from main beam to purlin span ;

{,—span of purlin (mm);

I,—moment of inertia about major axis of the purlin section (mm');
A,—sectional area of the purlin (mm?*);
Ay sectional area of the diagonal bracing (mm’) ;

Ly length of diagonal bracing (mm);

La—spacing between diagonal braces (mm) ;

e vertical distance from bracing point of diagonal brace to the centroid line of
the purlin (mm) ;

o distance from shear center of the beam section to the centroid line of the
purlin (mm);

I,—moment ol inertia about axis of the [lange supported by the diagonal brace
(mm");

I,——moment of inertia about axis of the flange connected with the purlin
(mm").

7.2 Calculation of End Wall Members

7.2.1 The lower end of end wall column base may be supported either with hinged or rigid
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connection, Where the roofing material adapts to the relatively large deformation, the top of end
wall column may adopt lixed connection (Figure 7. 2. 1) serving as the vertical hinged support for
interior columns.

7.2.2 Except end wall column stated in 7. 2. 3 of this Code, diagonal )

brace should not be arranged between rafter and purlin for end wall

member. |

7.2.3 Near by end wall column, rigid tie rod shall be set between

rafter of adjacent frames. For building with roof ridge height less than |

+
+
10m or the basic wind pressure not less than 0, 55kN/m’, where ridge ﬁ‘ ”ﬁa‘i,
height of the building is less than 8m, the rigid tie rod may be P

superseded by a double-purlin section. In such case, the connection of

diagonal brace with ralter and purlin shall use high-strength bolts while
. . X . i l—roof beam on the end of
connection with cold-formed purlin shall add double-sided fill plate t0 . 2 iffeners3 connecting

strengthen local bearing strength. The connection point shall not be hole of roof brace; 4—connection

. . . - . i f end wall col ith f
lower than the purlin center line of steel section. Connection of rigid © ¢ W& coumn with w0
beam; 5—end wall column

member with double purlins shall be checked with 3% of design value of Figure 7.2.1 Connection

its axial resistance along roof slope direction on strength and stability of End Wall Column
under combined force effect . with Member

7.2.4 As a member supporting compressive load and bending, end

wall columns are checked and calculated for strength and stability. Diagonal braces may be
arranged between end wall column and girt. The effective length ol out-of-plane f{lexural and

torsional stability shall be no less than twice of the spacing between diagonal braces.
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8 Design of Bracing

8.1 General principles

8.1.1 Complete bracing system is required for each temperature section, structural unit or
section, structural unit in construction stage, and constitutes an independent steady space system
with frame structure. In the construction and installation stage, arrangement ol temporary
constructional brace shall also meet the related requirements of Chapter 14 in this Code.

8.1.2 Brace between adjacent columns and transverse brace in roofing shall be arranged

preferably in the same bay.
8.2 Design of Longitudinal Bracing along Columns

8.2.1 Column brace shall be arranged along the sidewall column. Besides, it should also be
arranged along interior column in case when the building is greater than 60m in width.. Column
brace must be arranged as well in building where there is crane spanned on columns at both sides.
8.2.2 DBracing set in a line of column should not consist of different types with various rigidity.
They will resist horizontal load applied on columns with the load distributed in accordance with the
rigidity of each brace.

8.2.3 The types adopted by column brace may be as : gabled frame. steel rod or cable in cross.
rolled section steel in cross. square or round hollow section in V-type, ete. . With crane in building
the rolled section steel cross brace has to be selected for brace below crane bracket.

8.2.4 Where the height of building is greater than 2 times of the column spacing, column brace
should be arranged by layer. Corresponding bracing points shall be arranged at mass concentration
point. connection point in crane bracket or position of low roof (if any) along the column height.
8.2.5 The column brace shall be arranged according to conditions such as longitudinal column
spacing of building, force conditions and temperature section. For buildings without crane, space
of column brace should take 30m~45m with end column brace arranged at the first or second bay
on the end of building . For buildings with crane, the lower brace under crane bracket should be
arranged in the middle position of temperature section or at one third points in case of relatively
long temperature section. Besides, the brace spacing shall not be greater than 50m. For upper part
upon bracket arrangement of brace is mainly identical to that with buildings where wihout crane.
8.2.6 DBrace between adjacent columns shall be designed as a vertical cantilever truss supported
on the column base. Rod or steel rope cross brace shall be designed in tension, rolled section may

also be designed in tension. Rigid tie rod to be designed in compression,
8.3 Design of Transverse and Longitudinal Bracing in Roof

8.3.1 Transverse bracing in rool ends shall be arranged at first or second bay in ends of

temperature section of building. when arranged at second bay, rigid tie rods must be arranged at
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the corresponding position on top of end wall column in the first bay of building.

8.3.2 Steel rod or steel rope cross brace may be used generally for roof bracing When a
suspension crane is installed on the ralter nearby, rolled section cross brace shall he used for roofl
transverse brace. Besides, the joint connection related shall be strengthened accordingly.

8.3.3 Transverse bracing in roof shall be designed as a truss supported on top of a brace truss
between adjacent columns, Steel rod or steel rope cross brace shall be designed in tension, rolled
section may be designed in tension, rigid tie rod shall be designed in compression .

8.3.4 For the frame spanned for bridge crane equipped with driver cab and having lifting capacity
greater than 15t, the longitudinal brace shall be arranged along the roof edge. Where column

subtracted, the longitudinal bracing alone with an under-supported truss should be arranged.
8.4 Arrangement of Diagonal Brace

8.4.1 In case that the beam and column flange of solid-web gabled frame are under compression,
the diagonal brace shall be arranged on the side of compression flange to connect with the purlin or
girt,

8.4.2 The diagonal brace shall be designed as an axial compression member. The design value of
axial force N may be calculated according to following formula. When diagonal brace arranged in
pairs( two-side layout), the calculated axial force of each diagonal brace may take 1/2 of the

calculated value.

N=Af/(60cos®) (8.4.2)
Where A section area of braced flange (mm®);
Na design value for the tensile strength of braced flange (N/mm?®);
@ — the included angle of diagonal brace with purlin axis(").

8.5 Connection Joint of Rod Brace with Frame

8.5.1 Connection joint of rod brace with frame may be carried out with gusset plate and pins

(Figure 8. 5. 1).

" v 5

E
3
o - (o

1—web; 2—connecting plate; 3—U-shaped connecting clamp;
4—rod; 5—split pin; 6—plug pin

Figure 8. 5.1 Connection of Rod Brace with Connecting Plate

8.5.2 When the rod brace is connected to the beam-column web directly. the cushion block or
gusset plate shall be set up with a dimension B not less than 4 times of the rod diameter

(Figure 8. 5. 2).
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(b) Are-shaped Base Plate (¢) Angle-steel Cushion Block

1—web; 2—rod; 3—arcshaped cushion block; 4—arc-shaped gusset plate with thickness greater than or equal to 10mm;

5—single welding: 6—welding; 7—angle-steel cushion block with thickness greater than or equal to 12mm

Figure 8. 5.2 Connection of rod brace with web



9 Design of Purlin and Girt

9.1 Design of solid-web purlin

9.1.1 Purlin should adopt preferably solid-web member and may also adopt truss-type member
when simple-supported purlin with span greater than 9m.
9.1.2 Solid-web purlin should adopt cold-formed straight-edged or Z-shaped inclined-edged (with
inclined angle equal to 60°) thin-wall section or high-frequency welded H-shaped steel.
9.1.3 Solid-web purlin may be designed as single-span simple-supported member and continuous
member, the latter may be composed of lapped section. Continuous purlins were calculated on
deflection and internal force considering rigidity variation caused by loosness of embedded lap.
Solid-web purlin may also adopt multi-span statically-determinate beam pattern (Figure 9. 1. 3), the
length of interior-span of purlin / should be 0. 8L, joints on the ends of purlin shall be provided
with rigid connecting parts to clamp the member web [or twisting resistance, and overall stability
of mid-span purlin is calculated according to the purlin section between joints or inflection points in

simply-supported beam pattern.

v A GEge 2 b -
L

L—purlin span; /—inner-span purlin length

Figure 9. 1.3 Multi-span Statically-determinate Beam Pattern

9. 1.4 Width-thickness ratio of hemming of solid-web purlin should not be greater than 13 and the
ratio of hemming width to lange width should be not less than 0. 25 and should not be greater than
0. 326.
9.1.5 Calculation of solid-web purlin shall meet the following requirements.

1  Where the roof is able to prevent purlin from lateral displacement and twisting, strength
rather than global stability calculation may be conducted only. The strength may be calculated

according to the following formulas:

‘j“f < f (9.1.51)
3Vy’1mo\ 5-
Tt < f, (9. 1. 5-2)
Where M, ——the designed value of bending moment in the plane of web (N « mm);
W .o.—the effective net section modulus (for cold-formed thin-wall steel) or net section

modulus (for hot rolled section steel) (mm®) calculated according to in the plane
of web( Figure 9. 1. 5, around x'-z" axis). the effective net cross-section of cold-
formed thin-wall steel shall be calculated according to the specified method in
current national standard GB 50018 Technical Code of Cold- formed Thin—wall
Steel Structures, herein, flange buckling coefficient may adopt 3. 0, web buckling

coefficient may take 23. 9 and hemming buckling coefficient may take 0. 425; while
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for the section with double-purlin overlap. it may adopt the sum of effective net
section modulus of two purlins multiplied by reduction coefficient 0. 9;
Vomx— the design value of shear force in the plane of web (N);
ho—the height of straight section of the purlin web after deduction of the cold bending
radius (mm);
t——the purlin thickness (mm), for double-purlin overlap, adopts the sum of two

purlins thickness multiplied by reduction coefficient 0. 9;

f—the design value of tensile, compressive and bending strength of steels (N/mm”) ;
f.—the design value for the shear strength of steel (N/mm?).
}"’}:' I
\ A\

| \
'y

Figure 9. 1.5 Calculated Inertia Axis of Purlin

2  Where the roof fails to prevent purlin from lateral displacement and twisting, stability of

purlin shall be calculated according to the following formula,

XT“MnLV’:}/{:y\{f (9. 1. 5-3)

Where M,, M,——the design value of bending moment for principal axes x and y of section
(N s mm);

W s Woy—the effective net section modulus (for cold-formed thin-wall steel) or net

section modulus(for hot rolled section steel) of the principal axes x and v of
the section (mm?®) ;

@, — the overall stability coefficient of the beam, cold-formed thin-wall steel
members are calculated according to current national standard GB 50018
Technical Code of Cold- formed Thin=wall Steel Structures while hot rolled
section steel members are calculated according to current national standard
GB 50017 Standard for Design of Steel Structures.

3 Under the wind suction, the lower flange stability under compression shall be conducted

according to those specified in current national standard GB 50018 Technical Code of Cold-
Jormed Thin-wall Steel Structures, where the lower flange under compression is restrained by
lining plate and is able to prevent the purlin section [rom twisting, the global stability may not be
calculated.
9.1.6 Where the height-thickness ratio of purlin web is greater than 200, purlin bearing plate
shall be set to connect the purlin web for force transmission; otherwise, purlin bearing plate may
be not set, with force transmission conducted via flange brace, while the partial buckling bearing
capacity of purlin shall be calculated according to the following formulas. In case of failure of
meeting the following specifications, local strengthening measures shall be taken for web.

1 For purlin with flange hemming
P, =47 f(1—0.14 VR/t)(140.35 b/t )(1—0.02/hy/t) (9. 1. 6-D)
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2 For purlin without flange hemming

P,=42f(1—0.4 V/R/t)(1+40.6 v/b/t)(1 —0.03 /ho/t) (9. 1. 6-2)
Where P,——the partial buckling bearing capacity of purlin;

t —the wall thickness of purlin (mm);

f —the design strength of purlin steels (N/mm”) ;

R——the inner surlace radius ol cold forming of purlin (mm), may take 1. 5¢;

b the bearing length of purlin force transmission (mm)., shall not be less than
20mm;

h,——the height of straight section of the purlin web after deduction of the cold bending

radius (mm).
3 For continuous purlin, the combined action of bending moment and partial bearing at the

support of purlin shall be calculated according to the following formula;

2

(%)Jf(ﬁ) <10 (9. 1. 6-3)

Where V,—the support reaction ol the purlin (N);

P,—the partial buckling bearing capacity (N) of purlin obtained via formula (9. 1. 6-1)
or (9.1.6-2), in case of double purlins, adopts the sum of both;
M,—the bending moment at the support of purlin (N « mm);
M, ———the [lexural bearing capacity of purlin (N « mm) ; in case of double purlins, adopts
the sum of both multiplied by reduction coelficient 0. 9.
9.1.7 Where the purlin double as the transverse horizontal bracing compression rod and
longitudinal tie rod along roof, the slenderness ratio of purlin shall not be greater than 200.
9.1.8 The purlin doubled as compression rod and longitudinal tie rod shall be calculated in
accordance with compression-bending member, for the stress generated by superposed axial force
in formulas (9. 1. 5-1) and (9. 1. 5-3) of this Code, its compression rod stability coefficient shall be
calculated in accordance with the direction out the plane of member and calculated length shall take
the spacing between tensioned rod or brace rod.
9.1.9 Common concentrated load suspended on the roof should directly act on the purlin web
with bolts or self-tapping Screws, may also set cold-formed thin-wall steel between purlins as
shoulder pole to support the suspended load and the shoulder pole of cold-formed thin-wall steel
and purlin should be connected with bolts or tapping screws.
9.1.10 The connection between purlin and frame or that between purlin and brace shall meet the
{ollowing requirements;

1 Roof purlin and frame ralter should be connected with ordinary holts and each end of purlin
shall be arranged with two bolts(Figure 9. 1. 10-1). Purlins should be connected by purlin bearing
plate which shall be added with stiffening plate in case of relatively high purlin. For Z-shaped
continuous purlin connected in embedded lap, if with reliable reference. may not be set with purlin
bearing plate and it is connected to the frame with bolts by Z-shaped flange.

2 Overlapping length 2a of continuous purlin should be not less than 10% of purlin span
(Figure 9. 1. 10-2) . the purlin at nested overlapping section shall adopt bolted connection, which
strength is checked and calculated according to the bending moment at the support of continuous

purlin.,

0520



[38]

= 0

F—purlin; 2—purlin bearing plate; 3—roof inclined beam 1—purlin
Figure 9. 1. 10-1 Inclined Beam Connection of Figure 9. 1. 10-2  Overlap for
Purlin with Frame Continuous Purlin

3 Tensioned rod and brace rod between purlins should directly connect to purlin web and
adopt ordinary bolt connection (Figure 9. 1. 10-3a), and the diagonal tensioned rod ends should be
buckled or arranged with cushion block( Figure s 9. 1. 10-3b and 9. 1. 10-3¢).

(a)

1—tensioned rod; 2—brace rod

Figure 9. 1. 10-3 Connection of Tensioned Rod and Brace Rod with Purlin

4 Purlins between both sides of roof ridge may be connected with channel steel, angle steel
and round steel ( Figure 9. 1. 10-4).

= ==

(a) Connection of Roof-ridge (b) Connection of Roof-ridge
Purlins with Channel Steel Purlins with Round Steel

Figure 9. 1. 10-4  Connection of Roof-ridge Purlin

9.2 Truss Purlin

9.2.1 Truss purlin may adopt plane truss and plane truss purlin shall be set with tensioned rod
system.
9.2.2 Plane truss purlin shall be calculated according to the following requirements:

1 All the joints shall be calculated in accordance with hinged connection while the axial force

of upper/lower chord rod shall be calculated according to the following formula:

N,=M.,/h (9. 2. 2-1)
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For upper chord rod, partial bending moment among joints shall be calculated according to the

[ollowing formula;

M,,=q.a”/10 (9.2.2-2)
The axial pressure of web rod shall be calculated according to the following formula:
Ny =V /510l (9.2.2-3)
Where N, — the axial force of upper/lower chord rod of purlin (N);
N, —the axial pressure of web rod (N);
M, , M,,— the primary moment and secondary bending moment among joints perpendicular to

roof plate (N » mm);

h —the distance from upper and lower chord rods of purlin (mm);
q.—the loading vertical to the roof (N/mm);
a the length among joints of upper cord (mm);

Vmex —the maximum shear force of the purlin (N);

@ —the included angle of web rod with chord rod (°).
2 Under the action of gravity load, where the rool plate is able to prevent purlin [rom lateral
displacement, the strength checking of upper and lower chord rods shall meet the following
requirements:

1) Strength of upper chord shall be checked and calculated according to the following

formula.
*Ns Ml)\ —
1, +Wnl)\<‘_0- 9f (9. 2. 2-4)
Where A, —the net sectional area of the rod (mm?®);
W.i.«— the net section modulus of the rod (mm®*) ;

f—the design strength of steels (N/mm?®).
2) Strength of lower chord shall be checked and calculated according to the following

formula.
N.
—<0.9f (9. 2.2-5)
Anl
3) Web rod shall be checked and calculated according to the following formulas.
Strength
N,
< 0.9f (9. 2. 2-6)
Anl
Stability
N,
= 0.9/ (9.2.2-7)
(PminAnl
Where ¢, —the axial compression stability coefficient of web rod, referring to the smaller

value of (¢, ¢,), the calculated length adopts the distance between joints,
3 Under the action of gravity load, where the roof fails to prevent purlin from lateral

displacement, out-of-plane stability of upper chord shall be calculated according to the following

formula,
LN- ﬁ Ml)\
— +— = 0.9 (9. 2. 2-8)
(P)’Anl @anl)\c - f
Where ¢,—the axial compression stability coefficient of upper chord, the calculated length
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adopts the distance between lateral bracing points;
¢,—the even flexural overall stability coefficient of upper chord, the calculated length

adopts the distance between lateral bracing points. For I,==1I, ¢ may take 1. 0;

B,.—the equivalent bending moment coellicient, may take 0. 85;
W .w.—the net section modulus of compression fiber of upper chord under the action of M,
(mm”).

4  Under the wind suction, the out-of-plane stability of lower chord shall be calculated

according to the following formula;

SD*N/;* <0.9f (9. 2.2-9)
y4 tnl
Where ¢ ——the out-of-plane under compression stability coefficient of lower chord, the

calculated length adopts the distance between lateral bracing points.
9.3 Design of Tensioned Rod

9.3.1 Solid-web purlin span should not be greater than 12m; where it is greater than 4m, the
tensioned rod or brace rod should be set at mid-span position among purlins; greater than 6m, each
tensioned rod or brace rod should be set at the three dividing points of purlin span respectively;
greater than 9m, each tensioned rod or brace rod should be set at the four dividing points of purlin
span respectively. Truss structure system composed of diagonal tensioned rod and rigid brace rod
shall be arranged at cornice and roof ridge respectively (Figure 9. 3. 1), while the diagonal
tensioned rod and rigid brace rod may be omitted there under the guarantee of mutual tie balance
between tensioned rod at the roof ridge.

In case that the single slope length is greater than 50m. a truss structure system (Figure 9. 3. 1)

composed of bidirectional diagonal tensioned rod and rigid brace rod should be added in the middle.
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1—rigid brace rod; 2—diagonal tensioned rod; 3—tensioned rod; 4—cornice; 5—roof ridge;
I.—single slope length; a—bidirectional diagonal tensioned rod and rigid brace bar
system composed of diagonal tensioned rod and rigid brace rod

Figure 9. 3. 1 Bidirectional Diagonal Tensioned Rod and Brace Rod System

9.3.2 The slenderness ratio ol brace rod shall not be greater than 220; where round steel is
adopted as tensioned rod. its diameter should be not less than 10mm. The tensioned rod made of

round steel may be set within the range of 1/3 of web height from purlin flange.



9.3.3 The brace form of purlin brace may adopt rigid or flexible brace system. one-layer purlin
brace or upper/lower two-layer purlin brace shall be arranged in accordance with the global
stability.

9.3.4 The overturning moment generated by roofl to purlin may be mutually balanced via the
direction variation of purlin flange. in case of failure of balancing the overturning moment, it shall
be transmitted to roof beam via purlin braces jointly composed of tensioned rod and diagonal
tensioned rod. The size and orientation of overturning force shall be calculated as well as the
bearing capacity of purlin bracing shall be checked and calculated in accordance with the roof load
and slope. Where the overturning force P; acts on the tensioned rod close to the upper flange of
purlin. with the roof ridge direction as positive, shall be calculated according to the following
formulas:

1 Where all the C-shaped purlin flanges [ace towards the same direction of rool ridge;

P = 0.05W (9. 3. 4-D
2 Simple-supported Z-shaped purlin
For one purlin brace,
0. 224H"* .
Pl. = (no. ﬁSd:o. 83 to. 500 SIHB)W (9. 3. 4_2)
p
For two purlin braces,
0. 474" .
P, =0, S(W — Slﬂ@)W (9. 3. 4-3)
p
For over two purlin braces,
0.4740%%
P, = 0. 35(W - SIHB)W (9. 3. 4-1)
p
3 Continuous Z-shaped purlin
For one purlin brace,
L (0. 11608 L0 1E .
PL= Cu( P — sing)w (9. 3. 4-5)
p
For two purlin braces,
. 0- 181})1 15L(J. 25 i
P = (,lh(W — SIHB)W (9. 3. 1-6)
For over two purlin braces,
. (0.181p"7 L% .
P, = 0.7C,, (W — Slrl@)W (9. 3.4-7)
p
Where P ——the total design value of internal force of tensioned rod within one column spacing

(N) . subject to average bearing for multiple tensioned rods;

P;——the design value of internal force of one tensioned rod (N);
b the width of purlin flange (mm) ;
d —the depth of purlin section (mm);
t——the wall thickness of purlin (mm);
L ——the span of purlin (mm) ;

() — the roofing slope angle () ;

n, the number of purlins in the load-carrying area ol purlin brace; for n,<4. n,

adopts 4; for 4=<Cn, <20, n, adopts actual value; for n,>>20, n,adopts 20;
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C..—the coefficient; for purlin brace at end span., C.. adopts 1.05; otherwise, C,.
adopts 0. 90;

Cy—the coelficient; for purlin brace at end span. C,, adopts 0. 57; otherwise, C, adopts
0.48;
W ——the design value (N) of total vertical load of the rool in load-carrying area borne by

purlin brace within 1 column spacing., with downward as positive.
9.4 Design of Girt

9.4.1 The girt of light-weight wall structure should adopt hemming channel-shaped or Z-shaped
cold-formed thin-wall steel or high-frequency welding H-shaped steel, and such members as girt
and door frame doubled as window frame should adopt hemming groove-shaped cold-formed thin-
wall steel or combined rectangular section member.
9. 4.2 Girt may be designed as simple-supported or continuous member with both ends supported
by frame column and girt mainly bearing horizontal wind load, and the web should be placed at
level. With the sell-supporting at the bottom end of wallboard and reliable connection between girt
and wallboard, bending moment and shear [orce caused by self-weight of wall surface may not be
considered, Where the girt required to bear the wallboard weight, compound bending be taken into
consideration.
9.4.3 For the girt span within 4m~6m, a tensioned rod should be set in mid-span; while for the
girt span greater than 6m., each tensioned rod should be set at three dividing points in span
respectively, The diagonal tensioned rod should be arranged at the uppermost layer girt to transmit
the tension to support column or wall trestle column. while with the reliable approach for directly
transmit the vertical load of wallboard to ground surface or joist, the tensioned rod for the
transmission of vertical load may be omitted.
9.4, 4 For the girt hanging wallboard in single side. the strength and stability shall be calculated
according to the following [ormulas;

1 With bearing the wind pressure towards panel, girt strength may be check-calculated
according to the following formulas,

X y )
W +me, </ (9. 4. 4-1)
3Vy’.mzu\ )
Tt =< f. (9. 4.4-2)
SV)\’vIU('D\ -
e = (9.4.4°3)
Where My, My ——the bending moments generated by horizontal load and vertical load

respectively (N « mm); the subscript x' and y' respectively represent the
vertical axis and horizontal axis of girt, with self-supporting at the bottom
end of wallboard, M, = 0;
Vi mas Vi maw—the shear force generated by vertical load and horizontal load respectively
(N); with sell-supporting at the bottom end of wallboard, V ,..=0;
W » Weoy——the effective net section modulus (for cold-formed thin-wall steel) or net
section modulus(for hot rolled section steel) around the vertical axis x" and

horizontal axis y' respectively (mm’);
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by » hy—the calculated height in vertical and horizontal direction of girt respectively
(mm) ., adopts the distance between starting points of two circular arcs at
bending section of plate;
t—the wall thickness of girt (mm).

2 Only for the girt equipped with profiled steel plate outside, the stability under the wind
suction may be calculated according to the requirements of current national standard GB 50018
Technical Code of Cold-formed Thin-wall Steel Structures.

9.4.5 For the girt hanging wallboard on double sides. the wind pressure towards panel and the
strength under the wind suction shall be calculated in accordance with 9. 4. 4 in this Code; with

self-supporting at bottom end of wallboard on one side, My and V. ., may take 0.
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10 Design of Connection and Joint

10.1 Welding

10. 1.1 Where the minimum thickness of plate connected is greater than 4mm, the strengths for
butt weld, fillet weld and partial-penetration butt weld shall be calculated according to the
requirements of current national standard GB 50017 Standard for Design of Steel Structures.
Otherwise the strength increase coefficient 3 of front fillet weld adopts 1. 0. The requirements of
welding quality grade shall be conformed according to those specified in current national standard
GDB 50205 Code for Acceptance of Construction Quality of Steel Structures.

10.1. 2 Where the thickness of T-connection web is no greater than 8mm and conforms the
following specification. the single-side fillet weld (Figure 10. 1. 2) may be welded with automatic

or semiautomatic submerged arc,

1 Single-side fillet weld applies to the weld bearing shear '

only; t
2 Single-side fillet weld may only be used for the non-open-

air structural member bearing static load and indirectly bearing ;:T 2< )\x/

dynamic load and have to be away from high corrosion medium; % ' %
3 Weld leg size, weld throat and minimum root penetration | |

shall be in accordance with those specified in Table 10. 1. 2; _ . _
Figure 10. 1.2 Single-side
4 Prequalified welding parameters and technique shall not Fillet Weld

be altered;

5 The connection of column with baseplate, bracket and beam end plate as well as crane
beam and hanger supporting partial suspended load etc. shall not adopt single-side fillet weld
unless otherwise specified;

6 Members of steel structure of light-weight buildings with gabled frames designed under

control by seismic action shall not be connected with single-side fillet weld.

Table 10. 1. 2 Parameters of Single-side Fillet Weld mm
Web thickness ¢, The minimum weld leg size £ Effective thickness H Vinimum oot penctration J (Diameter
of welding wire 1. 2~2, 0)
3 3.0 2.1 1.0
4 4.0 2.8 1.2
5 5.0 3.5 1.4
6 9.9 3.9 1.6
7 6.0 1.2 1.8
8 6.5 4.6 2.0

10. 1.3 For the connection of flange of frame member with end plate or column base plate, in case
of flange thickness greater than 12mm. it should adopt the full-penetration butt weld and shall

meet the relevant requirements of the current national standard GB/T 985. 1 Recommended Joint
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Preparation for Gas Welding . Manual Metal Arc Welding . Gas-shield Arc Welding and Beam
Welding and GB/T 985. 2 Recommended Joint Preparation for Submerged Arc Welding ; Under
other conditions, it should adopt [illet weld with equal-strength connection or butt-fillet joint weld
and shall meet the requirements of the current national standard GB 50661 Code for Welding of
Steel Structures.

10.1. 4 Welding of upper/lower {lange of bracket with column flange shall adopt groove [ull
penetration butt weld with weld grade II. while the welding of bracket web with column flange
plate shall adopt two-side fillet weld and the weld leg size shall not be less than 0. 7 time of bracket
web thickness.

10.1.5 Within 600mm range [rom upper/lower {lange of the bracket on the column, the
connection weld of web with flange shall adopt two-side fillet weld.

10.1.6 For the adoption of trumpet-shaped welded joint, it shall meet the following
requirements:

1 The trumpet-shaped welded joint may be classified into single-side trumpet-shaped welded
joint(Figure 10. 1. 6-1) and double-side trumpet-shaped welded joint (Figure 10. 1. 6-2). Therein,
the weld leg size of the former shall not be less than the thickness of connected plate.

2  Where the minimum thickness of connecting plate is no greater than 4mm. strength of
trumpet-shaped weld connection shall be calculated in accordance with butt weld and the shear

strength of welded joint may be calculated according to following formula,

- HV < Bf. (10. 1. 6-1)
Where N —the axial tension or axial pressure design value (N);
t ——the minimum thickness of connected plate (mm) ;
{,—the effective length of welded joint (mm); equals to the weld length deducting 2
times of weld leg size;
B~ the strength reduction coefficient; where the acting force passing through welded

joint centroid is vertical to the weld axis direction (Figure 10. 1. 6-1a), take f=
0. 8; where the acting force passing through welded joint centroid is parallel to the
weld axis direction (Figure 10. 1. 6-1b) . take g= 0.7;
fi—the design value of tensile strength of steels of the connected plate (N/mm?).
3 Where the minimum thickness of connecting plate is greater than 4mm, strength of
trumpet-shaped weld connection shall be calculated in accordance with fillet weld.
1) The shear strength of the single-side trumpet-shaped welded joint shall be calculated

according to the following formula:

ANT W
D B (10. 1. 6-2)

2) The shear strength of double-side trumpet-shaped welded joint may be calculated

=

according to following formula.

N w -
r_2h[lw<“BfI (10. 1. 6-3)
Where h;——the weld leg size (mm);
B —the strength reduction coefficient; where the acting force passing through welded

joint centroid is vertical to the weld axis direction(Figure 10. 1. 6-1a). g= 0. 75;
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where the acting force passing through welded joint centroid is parallel to the weld
axis direction(Figure 10. 1. 6-1 b), g= 0. 7;

i design value of strength of the fillet weld (N/mm?).
Vil N
- ﬂgj /. 2h, - /)
f / 1 ; /
[ [ ~TZ I
(a) Acting Force Vertical to (b) Acting Force Parallel to the /
the Weld Axis Direetion wdld Axis Direction
r—minimum thickness of connected plate; hi—weld leg size; r—minimum thickness of connected plate; hi—weld leg size;
l,—effective length of welded joint l—-eflective length of welded joint
Figure 10. 1. 6-1  Single-side Trumpet-shaped Figure 10, 1. 6-2 Double-side Trumpet-shaped
Welded Joint Welded Joint

4 For combined members, trumpet-shaped welded joint among combined parts may adopt
intermittent weld, The length of intermittent fillet weld segment shall not be less than 8¢ or 40mm
and its clear distance among intermittent welds shall not be greater than 15¢ (for compressive

member) or 30t (for tensile member), ¢ refers to the minimum thickness of weldment.
10.2 Connection Design

10.2.1 Connection design shall be simple and direct in {orce transmission, reasonable in detail,
and provided with necessary ductility; it shall be convenient to welding, able to avoid stress
concentration and excessive restraint stress. convenient for processing and installation, easy to
take position and adjust.

10. 2.2 Frame members may be connected with high-strength bolts and end plate. The diameter
of high-strength bolt shall be determined according to stress and may adopt M16 ~ M24 bolts.
High-strength bolt bearing-type connection may be used for the structure subject to static load and
indirectly subject to dynamic load, High-strength bolt friction-type connection shall be adopted for
the important structures or structure subject to dynamic load, and bearing-type connection may be
adopted for the power-wasting connection joint.

10. 2. 3  Connection joint of gabled frame girder with upright column, end plate may be in
following three forms: upright laying (Figure 10. 2. 3a), horizontal laying (Figure 10. 2. 3b) and
diagonal laying (Figure 10. 2. 3¢). The tensive side of connection joint of rafter with {rame column
should adopt extended end plate. When end plate of the ralter vertically connected with the column
{lange, the later must be designed in thickness no less than of ralter's end plate (Figure 10. 2. 3d)
and extended connection shall be adopted, keep the center of internal and external bolt groups of

flange coincide with the flange center or nearly so. The ratio of long side to short side of triangular

el -l

,4'\'7
(a) Upright Laying (b) Horizontal Laying (¢) Diagonal Laying (d) Rafter
of End Plate of End Plate of End Pate Splicing

Figure 10. 2.3 Frame Connection Joint



short stiffening plate at the connection joint should be greater than 1. 5 ¢ 1. 0, when the requirements not
met, plate thickness may be added.

10. 2. 4 DBolts on end plate shall be arranged in pairs. The distance {rom bolt center to [lange plate
surface shall meet the construction requirements for bolt tightening, which should not be less than
45mm, Distance from bholt center to surface of plate near by shall not be less than two-times of the
diameter of bolt hole and distance between center of adjacent bolts shall not be less than three-times
of that. In case when the distance between two pairs of bolts on end plate is greater than 400mm,
a pair of additional bolts may be placed at the middle of end plate.

10.2.5 Where the connection of end plate only bear axial force and bending moment coactions
with shear perhaps less than its sliding resistance, the friction surface treatment may not be
conducted for the end plate surface.

10.2.6 The connection of end plate shall be designed in accordance with the larger one between
maximum internal force and a force not less than half of the resistance of smaller section being
connected,

10. 2.7 Design of end plate connection joint shall include design of connecting bolts,
determination of end plate thickness, checking and calculation of panel zone shear stress, checking
and calculation of the strength of member web at end plate where bolts set and the rigidity of end
plate connection. and shall meet the following requirements.

1 For connecting bolts, the strength in tension. shear force or under their combined action
shall be check-calculated according to those specilied in current national standard GB 50017
Standard for Design of Steel Structures.

2 The end plate thickness 7 shall be determined according to the supporting conditions.
Thickness of end plate in various supporting conditions shall be calculated respectively according to
the following formulas:

1) Extended part

1> /G(Zj\}‘ (10.2.7-1)

3e, N,
L2 0. 5ate S

3) Two-adjacent-sides-supported grid .
For outward extension of end plate, TL_T[E—T TE—"?—T

1 )

2) Non-stiffened parts in grid

(10. 2. 7-2)

6e.e N D = e [ e
t = L : 2 %1 A .:“:.
Lewb+2e (e, te) | f e || ¢ - “—~ s || o
N I [ | S
(10. 2. 7-3) M N
. 3 @ &
For end plate with [lange plate parallel —— ,
to and level at edge, A ¢
o | ® =T _
12¢.e, N o | e - @ | @ ﬂ
[ = J ce 5] <
Lewb+de (e, +e) ]f e o | 5 e o | S
(10. 2. -1 l—outrigger; 2—both sides; 3—non-rib; 4—three sides
4) Three—side—supported grid Figure 10. 2. 7-1 End plate Supporting Condition
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bere. N, £
£%s w . (10. 2. 7-5)
[en (b+2b) +4e)]f

Where N,—the design value of the tensile capacity of one high-strength bolt (N/mm®) ;
e,s ee— the distance from the bolt center to the web and the flange plate surface

respectively (mm);

b, b, the width of end plate and stiffening rib plate respectively (mm);
a the bolt spacing (mm) ;
| —the design value for the tensile strength of end plate (N/mm?).

5) Thickness of end plate adopted is based on the maximum value determined with various
support conditions but shall not be less than 16mm and 0. 8 times of the diameter of high-
strength bolt.

3 For the panel zone where gabled frame rafter with column intersects (Figure 10. 2. 7-2a),
shear stress should be checked in accordance with the following formula. When failed to meet with
formula (10, 2, 7-6), the web plate shall be thickened and diagonal stiffening ribs be arranged
(Figure 10. 2. 7-2b).

d,

]

d. 3
E '
! |

R,

(a) (b)
1—panel zone; 2—panel zone reinforced by diagonal stiffening rib

Figure 10. 2. 7-2  Panel zone

.- dh%f (10. 2. 7-6)
Where d., t.—the width and thickness of panel zone respectively (mm) ;

d, the depth of rafter or height ol panel zone (mm) ;

M ——the bending moment resisted by connection (N « mm); for interior column of
multi-span frame, it shall adopt the algebraic sum of rafter end bending moment
on hoth sides or bending moment on column end;

f.—the design value of shear strength of panel zone steel(N/mm?).

4 The strength ol member web at end plate where holts set shall be calculated according to

the following formulas.

For N,<20. 4P,

PR (10. 2. 7-7)
For N,>=0, 4P,
()Vf </ (10. 2. 7-8)
Where N,—the design value of axial tension force of one bolt in the second row inside the

flange (N/mm?) ;
P——the design value of pretensioned force of one high-strength bolt (N);

¢« H3 .



ey the distance from bolt center to web surface (mm);
t,—the web thickness (mm);
f—the design value for the tensile strength of web steel (N/mm?).
5 The stillness of end plate connection shall be checked according to the f[ollowing
requirements:

1) The stiffness of beam-to-column connection joint shall meet the requirements of following

formula.
RZ=25EL/1, (10. 2. 7-9
Where R rotational stiflness of beam-to-column connection of [rame (N « mm);
I,—moment of inertia of average cross section of frame beam in span (mm');
Ly span of frame beam (mm); for interior post being leaning stanchion taking two

times of distance from leaning stanchion to frame column;

E— modulus of elasticity of steel (N/mm’).

2) The rotational stiffness of beam-to-column connection shall be calculated according to the
following formulas.

R = % (10. 2. 7-10)
R, =Gh,d.t,+Ed,A, cos’a * sing (10. 2. 7-11)
6EI. 1
y = L1e (10. 2. 7-12)
Where R, stiffness corresponding to shear deformation of panel zone (N« mm);
R stif[ness of joint as a while, including that of bending of end plate, tension of holts
and bending of column flange (N *» mm) ;
h, distance between center of flanges at end section of beam (mm) ;
t,—web thickness of column panel zone (mm) ;
I.——moment of inertia of end plate (mm');
e the distance [rom the bolt center of extended part in end plate to outer edge of
stiffening rib (mm) ;
A,—the total sectional area of two diagonal stiffening ribs (mm®);
a the inclination angle of diagonal stiffening ribs (%) ;
G —modules of shear of steel (N/mm”).

10.2. 8 The joint for leaning stanchion to roof beam connection shall be arranged as hinged

connection joint with an end plate placed horizontally (Figure 10. 2. 8).

(a) (b) (c)

Figure 10, 2, 8 Connection Joint of Rool Beam with Leaning Stanchion
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10. 2.9 Because of bearing dynamic load. the crane runway beam structure and connection joint
shall meet the [ollowing requirements:

1 The splice joint of [lange and weh plate for welded crane runway beam should be performed
in full penetration groove butt weld with arc ending plate and polished smoothly after the arc
ending plate being cut off . Single-side fillet weld is strictly forbidden for the butt weld of flange
plate with web.

2 For welded crane runway beam or crane runway truss, complete penetration T joint should
be performed with composite butt and fillet weld(Figure 10. 2. 9-1).

3 The transverse stiffener for welded crane runway beam should |

not be welded with tensile flange. but may be welded with compressive %

{lange. The transverse stillener is prelerably disconnected at 50mm~

100mm apart [rom the tensile lower [lange (Figure 10. 2. 9-2) and the

t,/2 t

w

weld attached with web should not scratch start and end at lower end
of the stiffneer, Where the tensile flange of crane runway beam has to
connect with a brace, welding should not be adopted.

tw—web thickness
4 The crane runway beam and hrake beam may be connected with

Figure 10. 2. 9-1 Complete
high-strength bolt friction-type connection or welding. Connection of crane  pepetration T Connection
runway beam with the upper part of frame column should be arranged Weld

with a slotted hole (Figure 10. 2. 9-3a). connection of crane runway

beam with the base plate of bracket should adopt welding connection (Figure 10. 2. 9-3b) while

connection between crane runway beams should adopt high-strength bolts.

50~100

1
Hsoqoo

Figure 10. 2. 9-2  Setting of Transverse Stiffener

| |
4 -
L —1 N
i & &
e — f pilis
T T T
13 5 \_6 5 N -
(a) Connection of Crane runway (b) Connection of Crane runway
Beam with Upper Column Beam with Bracket

1—the upper column; 2—slotted hole; 3——center line of crane runway beam:
4——crane runway beam; 5—base plate; 6—bracket

Figure 10, 2. 9-3  Connection Joint of Crane runway Beam

10.2.10 DBracket supporting crane runway beam may be designed of constant section or variable
section. In case when wvariable section bracket is adopted. the section height at outer end of
cantilevered bracket shall not be less than 1/2 of root height (Figure 10. 2. 10). Transverse
stiffeners shall be set at proper position of column corresponding to upper/lower flanges of the

bracket. Base plate shall be set at the support of crane runway beam on upper flange of bracket and
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connected with periphery welds. Transverse stiffeners shall be set at bracket web section
corresponding to crane runway beam support. Where the bracket is connected with column, the
strength of member sections and adjoining welds must be calculated on acting shear V' and bending
moment M according to those specified in current national standard GB 50017 Standard for Design

of Steel Structures. The bending moment M shall be calculated according to the following

formula.
M=Ve (10. 2. 10)
Where V ———the shear Force transferred from crane runway beam (IN);
e the distance from center line of crane runway beam to column surface (mm).
‘ e ¥ e V
- .
(a) Bracket with Constant (b) Bracket with Variable
Section Section

Figure 10. 2. 10 Bracket Connections

10.2, 11 For the structure arranged with mezzanine, beam and column of mezzanine may be
connected with rigid joint, but hinged connection is allowed (Figure 10. 2. 11). When rigid
connections are adopted. heam flange to column f{lange shall he connected with [ull-penetration

A A
W v

A A,
A
(a) Rigid connection of Beam (b) Hinged connection of Beam with
with Side Column Side Column

]

|

|

+

+ 4+ 1

= P _+_|
|

|

1

A A
(¢) Rigid connection of Beam with (d) Hinged connection of Beam with
Central Column Central Column

Figure 10. 2. 11  Connection Joint of Mezzanine Beam with Column



groove welds and connection of web with column in bolts. Horizontal stiffener shall be set at the
position of the column corresponding to upper/lower {langes of the beam.

10. 2. 12 Where column is deducted, bearing truss or bearing beam should be arranged with hinge
support on column (Figure 10. 2. 12a). If bearing truss or bearing beam were quite large, rigid
connection may adopted, but the resulting bending moment on column shall be considered. Roof
beam supported on bearing truss or bearing beam commonly set in hinged connection (Figure 10, 2. 12 b).
When rigid connection is selected, bearing beam section must be designed capable to resist
twisting. Moreover, the connection of bearing truss or bearing beam shall consider the horizontal

thrust generated by roof beam.

1

(a) Connection of Joist

‘ (b) Connection of Roof Beam with Joist
with Column

1—joist

Figure 10. 2. 12 Connection Joint of Joist

10. 2. 13 The upright column of parapet wall may be directly welded on roof beam (Figure 10. 2. 13). It
should be analyzed [or internal stress as a cantilever member and connected at rool heam with well

designed welds.

L] !
Siigainaizie !

=

I

J'\ ¥

v

(a) Connection of Conner (b) Connection of Middle
Upright Column

Upright Column

Figure 10. 2. 13 Connection Joint of Parapet Wall

10.2, 14 Clerestory or skylight may directly welded at roof beam or channel bearing member
(Figure 10. 2, 14), When clerestory are arranged in identical space with main frames of building,
channel bearing beam may be cancelled. The support and connection of clerestory should be
calculated.
10.2.15 Column base joint shall meet the [ollowing requirements:

1 Base of gabled frame column should adopt flat plate type hinged column base( Figure 10, 2, 15-1);
and may also adopt rigid column base (Figure 10. 2. 15-2).

2 Calculation of upward reaction for anchor bolts of column base should consider the reaction
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(a) Clerestory 1 (b) Clerestory 2

Figure 10, 2, 14  Detail Drawing of Clerestory
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(a) Two-anchor-bolt (b) Four-anchor-bolt
Column Base Column Base

1—column; 2—double nuts and base plate; 3—baseplate; 4—anchor bolt

Figure 10. 2. 15-1 Hinged Column Base

Vf“ 1,
o, Alhels o
| 3 | -
d . . [
! “LS ! T

2 |
$ '
|
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(a) With Stiffening Rib (b) With Shoulder Plate

1l—column; 2—stiffening plate; 3—anchor bolt support bracket; 4—baseplate; 5—anchor bolt

Figure 10. 2, 15-2 Rigid Connected Column Base



effect of brace between adjacent columns under the action of wind load. The maximum vertical
component force generated by column brace shall be counted in. excluding the effect of live load,
snow load, dust load and additional load. The partial coeflicient of dead load shall take 1. 0. For
calculation of tensile capacity of column base anchor. the effective sectional area at the screw thread
shall be adopted.

3  Anchor bolts set for base plate with shoulder plates is unsuitable for shear resistance.
Resistance on shear should rely on friction [orce among baseplate and concrete foundation. The
friction coefficient may take 0. 4. In case considering friction force, the effect of upward force
generated by roof wind suction shall be considered. When the shear force is resisted by anchor bolt
without shoulder plates in base plate, the nut and gusset plate should be tightly fixed and with
welds. The shear resistance ol column base may take accordingly 0. 6 times of shear capacity of
anchor. In case when existent shear of column may be greater than shear capacity, shear key shall
be set.

4  Anchors at column base shall be made of Q235 or Q345 steel. Hook or anchor bolt shall be
set at anchor bolt end and shall meet the requirements of the current national standard GB 50010
Code for Design of Concrete Structures. The minimum anchorage length /, (projected length) of
anchor bolt shall be in accordance with those specified in Table 10. 2. 15 and shall not be less than

24mm. Diameter of anchor bolt d should be not less than 24mm and double nuts shall be adopted.

Table 10. 2. 15 Minimum Anchorage Length of Anchor Bolt

Concrete strength grade
Anchor bolt steels
C25 C30 C35 C40 C45 =C50
Q235 20d 18d 16d 15d 14d 14d
Q345 25d 23d 21d 194 184 17d




11 Design of Enclosure System

11. 1 Design of Roofing and Cladding

11. 1.1 Such metal plates as galvanized or coated steel sheets, stainless steel sheet, Al-Mg-Mn
alloy plate, Ti-Zn plate and copper plate or other plates made of lightweight materials may be
selected for the roofing and cladding .

11.1. 2 The calculation and construction for color-coated profiled steel sheet of roof and wall
surface used for general building shall be in accordance with those specilied in current national
standard GDB 50018 Technical Code of Cold-formed Thin-wall Steel Structures.

11. 1.3 Types of the connection between the roofing and purlin may be classified into: standing
seam, buckled and screwed.

11. 1.4 Material property of the roofing and cladding shall meet the following requirements:

1  The mechanical property of base plate for rooling and claddingfor which color-coated
profiled steel sheet shall meet the requirements of the current national standard GB/T 12755
Profiled Steel Sheet for Building , whose yield strength shall not be less than 350N/mm?® and that
for the base plate in buckled connection shall not be less than 500N/mm®.

2 The zinc coating amount of hot-dip galvanizing substrate shall not be less than 275g/m” and
coating shall be adopted; while that for aluminized and galvanized substrate shall be not less than
150g/m” and shall meet the requirements of the current national standard GB/T 12754 Prepainted
Steel Sheet and GB/T 14978 Continuously Hot-dip Aluminum-zinc Alloy Coated Steel sheet and
Strip.

11. 1.5 The thickness of substrate [or external plate of roof and wall surface shall be not less than
0. 45mm and that for internal plate no less than 0. 35mm.

11. 1.6 Roofing shall not serve as the lateral brace of purlin in case of standing seam or buckled
connection, while it may serve as lateral brace in case of screw connection.

11. 1.7 Point or strip lighting panel may be arranged on metal plate rool where natural lighting is
required for interior building; where strip light panel is adopted, measures of releasing temperature
deformation shall be taken.

11.1. 8 Where metal plate roofing is connected with the matched roof light panel, effective
sealant must be adopted in length and width directions and the connection method should be
consistent with that between metal plates.

11.1.9 As for material of accessories above the metal roof, aluminum alloy or stainless steel
should be preferentially selected, and reliable water-proof measures shall also be taken for
connection between roofing,

11. 1. 10 The lapped position of rooling along plate length direction should be on rool purlin with
lapped length of no less than 150mm and water-proofl treatment shall be conducted [or lapped
joints; lapped length of cladding shall be not less than 120mm.

11.1.11 Roof drainage slope shall be not less than the limit specified in Table 11. 1. 11;
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Table 11. 1. 11 Limit of Roof Drainage Slope

Connection type Roof slope for drainage
Plate in standing seam connection 1/30
Plate in buckling and screw connection 1/20

11.1. 12 Under the action of wind load, uplift bearing capacity between roofing/cladding and

purlin shall have reliable basis.
11. 2 Isolation and Heat Preservation

11.2. 1 Under the premise of energy saving and environmental protection, isolation and heat
preservation materials with smaller heat conductivity coefficient shall be selected for the isolation
and heat preservation of the roof and wall surface of light-weight building with gabled frames,
which shall be designed in combination with water-proofl, damp-proof and {ire-prool requirements.
Lightweight fibrous isolation material and organic foam materials shall be mainly selected for heat
preservation of steel buildings while lightweight block or aerated concrete plate may be adopted for
wall surlace.
11.2.2 The isolation and heat preservation structure of roof and wall surface shall be determined
according to heat engineering calculation. Material for isolation and heat preservation shall be
mutually matched.
11.2.3 One of the following methods may be adopted for isolation and heat preservation of roof;

1 The glass [iber felt or mineral wool felt coiled material with aluminum-foil damp-proof
layer shall be arranged under profiled steel sheet; where damp-proof laveris not reinforced by
fiber, such materials with tensile resistance as steel wire mesh or glass fiber fabric at the bottom to
bear the sell-weight ol heat preservation material;

2 Composite sandwich plate with metal covers;

3 Isolation material is filled in the middle of double-layer profiled steel sheet;

4 Rigid foaming isolation material is laid on profiled steel sheet and heat-fusion [lexible
water-proof coiled material is laid externally.
11.2. 4  One of the following methods may be adopted [or isolation and heat preservation of
exterior wall;

1 The same isolation and heat preservation method as that for roof;

2 Proliled steel sheet is adopted [or outer side, precast plate and gypsum plasterboard or
other [iberboard for inner side, and isolation materials for middle;

3 Aerated concrete block or aerated concrete plate is adopted, with the outer side painted
with water-prool coating;

4 Such lightweight masonry as perforated brick is adopted.
11.3 Design of Roof Drainage

11.3.1 Rectangle or trapezium sections may be adopted for the gutter. The exterior gutter may
be made of colorful metallic coating steel sheet with thickness of no less than 0. 45mm. The interior
gutter should be made of stainless steel with thickness of no less than 1. Omm. Reliable anti-
corrosion treatment shall be conducted where other materials are adopted; steel sheet thickness of

the gutter of ordinary steel sheet shall be not less than 3. Omm.



11. 3.2 Gutter shall meet the following construction requirements:

1  Gutter at expansion joint or settlement joint of buildings shall be arranged with
delormation seam correspondingly.

2  Roofing shall be extended to gutter. Where interior gutter is adopted, sealing measures
shall be taken for its connection between roofing.

3 Overflow port shall be arranged for interior gutter with top 50mm~ 100mm lower than
upper eave. Downpipe quantity shall be properly increased where overllow port fails to be
arranged.

4  Where internal drainage is selected for roofing drainage, mesh enclosure shall be arranged
outside collect pan to prevent downpipe from garbage blocking.

11.3.3 As for downpipe, round or square section may be adopted, and metallic coating steel
sheet. stainless steel and PVC may be adopted as its material. Collect pan and gutter shall be
tightly connected, while downpipe and wall surface structure or other member shall be reliably

connected.



12 Protection of Steel Structure from Corrosion

12,1 General Requirements

12. 1.1 Steel structure of light-weight building with gabled [rames shall be subjected to fire
resistance and anti-rust design. As for antirust design, reasonable anti-rust coating design scheme
shall be determined according to importance of structural members, classification of atmospheric
environment aggressiveness as well as design service life of protective layer.

12.1.2 The designed service life of protective layer shall be not less than 5 year; that for steel
member difficult to maintain in application shall be not less than 10 years.

12.1.3 The regular inspection and maintenance requirement for steel structure shall be indicated

in steel structure design document.
12.2 Design of Fire Resistance

12.2.1 Design of fire resistance and fire endurance limit of steel member shall meet the
requirements of the current national standard GB 50016 Code for Fire Protection Design of
Buildings to reasonably determine the type and grade for fire resistance of buildings.

12.2.2 Prior to construction of fire-resistance coating, steel member shall be subjected to rust
removal according to the requirements of 12, 3 in this Code, and anti-rust primer painting. Fire-
resistance coating shall be compatible with primer and combined well.

12.2.3 Such factors as [orm, property and thickness of [ire-resistance coating shall be determined
according to fire endurance limit of steel member.

12.2.4 The bonding strength and compression strength of [lire-resistance coating shall meet the
design requirements while corresponding inspection method shall meet the requirements of the
current national standard GB/T 9978 Fireresistance Tests —Elements o | Building Construction.
12.2.5 Where fire-resistance structure of wrapped plate is adopted steel member shall be
subjected to rust removal and primer/finish coating according to the requirements of 12, 3 in this
Code; and fire resistance of such structure shall meet the requirements of the current national
standard GDB 50016 Code for Fire Protection Design of Buildings or determined through test.
12.2. 6 Where [ire-resistance structure of wrapped concrete is adopted, steel member shall be
subjected to rust removal, without anti-rust paint; its wrapped concrete thickness and structure
requirements shall meet the requirements of the current national standard GB 50016 Code for Fire
Protection Design of Buildings.

12.2.7 As for steel member directly bearing vibration, structure reinforcement measures shall be

taken where thick coating or wrapped structure is adopted.
12.3 Coating

12.3.1 In the design, the substrate type. surface de-rusting grade, coating structure. coating
thickness, coating method, service condition and expected anti-rust life shall be taken into

comprehensive consideration to propose reasonable de-rusting method and coating requirements,
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12.3.2 The initial rusting grade. de-rusting method and grade requirement on steel surface shall
meet the requirements of the current national standard GB/T 8923. 1 Preparation of Steel
Substrates be fore Application of Paints and Related Products — Visual Assessment of Sur face
Cleanliness — Part 1: Rust Grades and Preparation Grades of Uncoated Steel Substrates and of
Steel Substrates a fter Overall Removal of Previous Coatings.

12.3.3 As [or load-bearing member in weak- and middle-corrosion environment. its surface shall
be subjected to jet or projectile de-rusting before plant [abrication and coating with de-rusting grade
no lower than Sa2; where manual and mechanical de-rusting is adopted on site, the de-rusting
grade shall not be lower than St2, The type of anti-rust paint and steel surface de-rusting grade

shall be matched and shall be in accordance with those specified in Table 12. 3. 3.

Table 12. 3.3 Minimum De-rusting Grade of Steel Substrates

Painting variety De-rusting grade

Such primer or anti-rust paint as oily phenolic and alcohol acid St2

Such primer or anti-rust paint as high chlorinated polyethylene. chlorinated rubber.

chlorosulfonated polyethylene, epoxy resin and polyurethane

g}
(S}
o

Such primer as inorganic zinc-rich. silicone and perchloroethylene

12.3.4 The rust removal and coating engineering ol steel structure shall be conducted after the
fabrication quality of members is accepted. The interval after surface treatment and before primer
coating shall not exceed 4h, during which the surface shall be free from welding slag, dust. oil
stain, water or burrs.

12.3. 5 Variety ol coating material shall be reasonably selected according to classilication of
environment corrosivity and designed service life of steel structure coating system.

12.3. 6 Where environmental corrosion is classified into weak- and middle-corrosion, the total
thickness of dry paint film of steel structure indoors and outdoors should not be less than 125pm
and 150pm and 20pm~40pm coating thickness should be increased for position outdoors and that
with special requirements; as for primer thickness, steel structure indoors should not be less than
50pm while outdoors should not be less than 75,m.

12.3.7 Coating shall be conducted in clean environment with appropriate temperature and
humidity. The solidification temperature ol coating shall meet the requirements of coating product
instruction, if the product instruction has no requirement, the temperature should be between
5C~38C. Coating shall not be conducted where the relative humidity in the construction
environment is greater than 85%. Film solidification duration is related to environment
temperature, relative humidity and variety ol coating material; alter each coating. surface shall be
free from rain and contamination within at least 4h.

12.3.8 The inspection method for quality and thickness of coating layer shall be in accordance
with those specified in current national standard GB 1720 Method of Test for Adhesion of Paint
Films or GB/T 9286 Paints and Varnishes—Cross Cut Test for Films, and 1% member quantity
shall be randomly taken for inspection and shall be not less than 3 pieces, 3 points for each piece.
12.3.9 The marking . identification and number of the member after completion of coating shall
be legible and integral .

12.3.10 Coating engineering acceptance shall be included in intermediate inspection and
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C()mpleti()n acceptance,
12. 4 Requirements of Steel Structure on Anti-rust

12. 4.1 Sectional form of solid-web or closed member easy for coating and maintenance should be
adopted and closed section shall be sealed; where the bar with binding section is adopted, the gap
width between profiled steel shall meet the requirements of coating construction and maintenance.
12. 4.2 Surface hot-dip galvanizing or aluminizing and galvanizing should be adopted for anti-rust
of such cold-formed thin-wall members as roof purlin, wall beam, diagonal brace and tensioned
rod, as well as profiled steel sheet.

12.4.3 The anti-corrosion requirements for connecting parts and members with hot-dip
galvanizing protective measures shall not be lower than those of the main structure, and the same
anti-corrosion measures as that ol main structure should be adopted after installation; sealing
measures shall be taken for gap in environment not lower than weak corrosion.

12. 4, 4  Where galvanizing is taken for anti-rust, the double-side zinc coating mass on surface of
indoor steel member shall be not less than 275g/m”; that for outdoor member shall be not less than
100g/m”.

12. 4.5 Isolation measures to prevent contact corrosion shall be taken for contact position between

different metal materials.



13 Fabrication

13.1 General Requirements

13.1.1 The sampling re-inspection of steel, inspection and acceptance of welding material and
fabrication of steel structure shall be in accordance with those specilied in current national standard
GB 50205 Code for Acceptance of Construction Quality of Steel Structures and GB 50755 Code
Jor Construction of Steel Structures.

13.1. 2 Steel, auxiliary materials as well as connecting and coating material adopted for steel
structures shall be provided with quality certificate document, and shall be in accordance with those
specified in design documents and relevant current national standards.

13.1.3 Prior to [abrication of steel member, processing document shall be prepared to establish
reasonable process flow and develop quality assurance system according to the requirements of
design document and construction detail drawing. and technical conditions of [abricating

organization,
13.2  Processing of Steel Member

13. 2.1 Material setting out. marking off. cutting as well as indication shall be in accordance with
the design and technology requirements.

13.2.2 Such welding materials as welding electrode and welding wire shall be cleanly and intactly
stacked in dry welding materials storeroom classiflied according to material, type and specification.
13.2.3 During welding of member with H-shaped section, the [lange, web plate and end plate
must be calibrated to be straight and flat. The members with overlarge welding deformation shall
be corrected by cool-working or local heating method.

13.2.4  Over-weld hole should be machined by lock mouth or may also be cut via scribing with
planeness, cut depth and local notch depth in accordance with those specified in the current national
standard GB 50205 Code for Acceptance of Construction Quality of Steel Structures.

13.2.5 As [or the same hole group in larger quantity on thicker steel sheet, hole should be made
by drilling while by punching for thinner steel sheet and cold-formed thin-wall steel member.
Spacing between centers of two holes on cold-formed thin-wall steel member shall not be less than
80mm.

13.2. 6 The cutting and shear surface of cold-formed thin-wall steel shall be free from crack,
sawtooth and non-designed broken corner greater than 5mm, The permissible deviation of cold-

formed thin-wall steel cutting shall be4 2mm.,
13.3 Configuration and Geometry of Members

13.3.1 Conliguration of steel member shall be [ree from visible bending delormation and {lange
plate and end edge shall be straight and [lat. Flange and web surface shall be [ree [rom visible
concave-convex surface, damage and scratch, weld beading, oil stain, sand and burrs.

13.3.2 The deviation for overall dimension of single-layer steel column shall not be greater than
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that specified in Table 13. 3. 2.

Table 13.3.2 Permissible Deviation for Overall Dimension of Single-Layer Steel Column

Permissible deviation
No. Ttem [egend
(mm)

Spacing from the column bottom

surface to the uppermost installation + H3/1500
1
hole connected with the inclined +5.0
beam. at the column end (H3)
Spacing from column bottom )
‘ + H, /2000
2 surface to the supporting surface

+4.0

of bracket (Hy)

Spacing from surface of load-

3 carrying support plate to the first +1.0 - - *j]—f
installation hole (a)
4 Warpage of bracket surface (d) 2.0 B
5]
- Torsion of column body: 3.0
5
bracket/other positions 5.0
] Width and height of column +3.0
6
section —2.0
o H/1000
7 Bending rise of column body (/)
9.0
—t xl b !
Verticality of flange plate to . T'::' | 7‘77;*:
.0 f =
) web (d): ) i :
8 5/100 . J !
Connection places 2 0 | |
3.¢ ‘ i
Other positions L.:+:.
I
9 Planeness of column base plate 3.0

Spacing between center of

10 column base bolt hole and column 2.0

44

axis(a)

13.3.3 The deviation for overall dimension of welding solid-web beam shall not be greater than
that specified in Table 13. 3. 3.



Table 13. 3.3 Permissible deviation for Overall Dimension of Welding Solid-web Beam

Permissible deviation
No. Ttem [egend
(mm)

Spacing between beam center

1 line and the first bolt hole close to +1.0 /’!

the line (&)
S|

h
—
b

Inclination of end plate and Z
flange plate(a; . az)
2] h<C3005 6<2200 +1.0 - &
h>>300; 6200 +1.5
Spacing  between upper and
3 lower flange midpoint of beam to +£3.0
beam center line (ay. as)
Distance between center of
4 external angle hole on end plate to +1.5
beam center (as. aq) g
Concave flexibility of end plate )
2 h/300
(c)
Inclination of flange plate(d)
6 Connection place; 2.0 ‘ b %i b ‘*:L 497‘7
Other positions; 3.0 T = i — 4% T = 4{ I
_ Length and width of column +3.0, = | = |
7 i
section —2.0 ! | !
| [l
Spacing between web and flange ‘ | ‘
8 ‘ 2.0
center line(e)
Partial unflatness of web ( /) ,one wavelength
and plate thickness; (mm) h/100 S ‘ |

9 6~10 5.0 = _ @
1 1 -

10~12 1, 0
- —— 1—1
=14 3.0 —
Side bending and arch bending
(( 1w r'g)
10 ) 6.0
L="9m
9.0 oy
L>9m
(ﬁ*_—*_——*___‘——_
+L/2000 .
11 Length of beam (L) .
410. 0
h/250
12 Distortion
10.0

13.3. 4 The deviation for overall dimension of purlin and girt shall not be greater than that
specified in Table 13. 3. 4.
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Table 13, 3.4 Permissible Deviation for Overall Dimension of Purlin and Girt

) Permissible deviation
No. Ttem Symbol
(mm)
1 Section height h +3
) +5
2 Flange width b )
o . o +6
3 Length of inclined or right-angle crimping a
—3
4 Unevenness of {lange th +3°
5 Angle of inclined crimping &2 +5°
6 Spacing from web hole center to the member center line as +1.0
7 Spacing from web hole center to the member center a3 +1.5
8 Spacing from flange hole center to the member center as +3
9 Spacing from flange hole center to the web outer-edge as +3
Spacing between web transverse hole -
10 o s +15
within the same group
Spacing between web longitudinal hole -
11 o sz +=1.5
within the same group
12 Center-to-center distance of bolt group on both ends 53 +3
13 Length of member L 9m, +3; >9m, +4
14 Flexibility ¢
B o ‘ In accordance with the current national
15 Minimum thickness i )
standard of adopted steel strip
b b 1
é, G
) e ‘ :
a ®
A &
= ~
<
!
e _
= )
—fl——
as
as <
. . S a,
16 Schematic diagram ' 5
a; Pt
S5
I
Hffi;!R” j—::_‘lﬂ_
—_— —
T o ]
= Z:_—:_—::::H |
—— i




13.3.5 The deviation for profiled metal plate shall not be greater than that specified in Table 13, 3. 5.

Table 13, 3.5 Permissible Deviation for Profiled Metal Plate

Ttem Permissible deviation(mm)
Wave spacing +2.0
+1.5
Wave height Profiled plate
+2
—3, +9
Corrugated profiled plate
h==70 —2, +6
Coverage width -
Crimping whipstitch h=70 —2, +6
profiled plate h=70 —3, +9
Plate length —3, +6
Transverse shearing deviation of plate 5
Transverse cutting deviation of plate end 10
Included angle between Included angle of edge bending surfaces +2°
bending surface Included angle of other bending surface +3°
Side bending of sideline and plate rib = L./500
Unflamess of plate level zone and free edge )
(within length range of 0. lm to plate edge center line) B
. ‘ In accordance with the current national
Minimum thickness ‘
standard of adopted materials

Note: L. refers to length of plate; h refers to section height of plate (mm),

13.3.6 The geometric dimension deviation ol metal {lashing and siding parts shall not be greater

than that specified in Table 13. 3. 6.

Table 13. 3.6  Permissible Deviation for Machining of Metal Flashing and Siding Parts

Inspection item Permissible deviation(mm)
Length +6
Transverse shearing deviation 5
Sectional dimension +3
Angle +3°
Minimum thickness In accordance with the current national standard of adopted materials

13.4 Welds for Members

13.4.1 Various connecting welds for steel member shall be welded by selecting corresponding
welding procedure according to weld quality grade and the requirements of product processing
drawing. During the product processing, spacing between joint plate welds on the same cross-
section should not be less than 200mm.

13. 4.2 Welding environment shall meet the relevant requirements ol the current national
standard GDB 50661 Code for Welding of Steel Structures.

13.4.3 Non-destructive testing for welds shall be conducted according to the requirements of
current national standard GB/T 11345 Nowdestructive Testing of Welds-Ultrasonic Testing-
Techniques, Testing Levels, and Assessment and JG/T 203 Method for Ultrasonic Testing and
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Classi fication for Steel Structures. The welds quality level and testing proportion shall be in

accordance with those specified in Table 13. 4. 3.

Table 13. 4.3 Weld Quality Level

Weld quality level Leve | Level [l Level [II
Evaluation level 11 I
Internal defect )
‘ ‘ Inspection level Level B Level B —
Ultrasonic testing
Testing proportion 100% 20% —

Note: counting method for testing proportion; as for the similar welds. plant-made welds are calculated according to each weld; site-
installed welds are calculated according to accumulative length of weld at each joint; where {law testing length is no less than 200mm,

there shall be at least one weld.

13. 4.4 As for welds rejected by testing inspection, not only rejected positions shall be subjected

to repair, but also be doubled for re-inspection. If they fail to pass the re-inspection, 100% testing

inspection shall be conducted for these welds.
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14 Transportation, Erection and Acceptance

14,1 General Requirements

14. 1.1 Transportation and erection of steel structure shall be conducted according to construction
organization design while corresponding procedure must guarantee structural stability and against
permanent deformation.,

14.1.2 DBelore erection of steel member, detailed inspection shall be conducted on overall
dimension, position and diameter of bolt holes, position of connecting parts, welds, friction surface
treatment as well as anti-rust coating; in case of any deformation and defect, the member shall be
corrected and repaired on the ground and may be erected only after it is deemed as acceptable.

14.1.3 During erection of steel structure, construction of such procedures as onsite holing,
welding, assembling as well as coating shall be in accordance with those specified in the current
national standard GDB 50205 Code for Acceptance of Construction Quality of Steel Structures.
14.1. 4  As for damaged coating layer of steel member during transportation, storage and lifting,
primer shall be subjected to complementary coating before finish.

14. 1.5 DBefore the member lifting, foreign bodies such as oil stain. ice/snow, silt and dust on the

surface shall be removed.
14.2 Erection and Correction

14.2.1 Prior to erection of steel structure. locating axis. basement axis and elevation as well as
position of foundation bolt shall be inspected, basement shall be re-measured and handover
acceptance with basement construction side shall be conducted.

14.2. 2 Foundation bolt of rigid frame column base shall be subjected to positioning with reliable
methods; plane dimension of buildings shall not only include the length of right angle side. but also the
diagonal length. Prior to erection of steel structure, spatial position of foundation bolt shall be corrected to
guarantee the plane dimension and elevation of basement top surface meets the design requirements.
14.2.3 Where the basement top surface is directly used as the bearing surface of column and the
embedded steel sheet on the basement top surface or support is used as the bearing surface of
column, the permissible deviation of bearing surface and foundation bolt(anchor bolt) shall not be

greater than those specified in Table 14. 2. 3.

Table 14. 2.3 Permissible Deviation of Bearing Surface and Foundation Bolt

Item Permissible deviation(mm)
) Elevation +3.0
Bearing surface -
Planeness L/1000
Bolt center deviation 5.0
-+20.0

Exposed length of the bolt

Foundation bolt 0
20.0
Length of thread - o
Center deviation of reserved hole 10.0

Note: L. refers to the maximum plane dimension of column base plate,
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14, 2.4 As for reserved space for column basement during secondary pouring. it should not be
greater than 50mm during hinged connection for column base and not greater than 100mm during
rigid connection for column base. During erection of column base, high precision control for

column mark may be conducted by adding adjusting nut to anchor bolt under bottom plate (Figure
14. 2. 4).

\\\

|

- o

I

%_

1—foundation bolt; 2—retaining nut; 3—clamp nut; 4—nut subplate; 5—bottom plate of steel column;

6—subplate of bottom nut ; 7—adjusting nut; 8 reinforced concrete basement

Figure 14. 2.4 Erection of Column Base

14. 2.5 During erection of steel structure of light-weight building with gabled frames, measures shall
be taken to guarantee structural stability according to requirements of design and construction
conditions,

14.2.6 Erection of main member shall meet the following requirements:

1 Erection should start from rigid frames on both ends close to gable with column brace.
After completion of the erection of rigid [rames, purlin, brace and diagonal brace between them
shall be all erected. and their verticality shall also be inspected. With these two rigid frames as
starting point, they shall be erected in toward the other end of building.

2  Column should be firstly erected during the erection of rigid frame: assembled inclined
beam on ground shall be subjected to lifting and positioning, and connected with column.

3 After space rigid unit is formed and corrected during erection of steel structure,gaps in the
column hottom plate and top surface of basement shall be timely subjected to secondary pouring
with [ine stone concrete.

4 As for member with large span and little lateral rigidity, gravity center shall be determined
before erection, reasonable lifting point position and lifting device shall be selected and stability
check before lifting shall be conducted for significant member and elongated member, temporary
reinforcement shall be conducted according to checked result and necessary measures such as haul/
pull. brace as well as temporary connection should be taken in the process of member erection.

5 During erection, high-altitude operation shall be reduced. I crane capability is allowed.
expanded erection unit shall be assembled on ground; necessary fixation should be conducted for
heavily-loaded positions e. g. such auxiliary means as iron shoulder pole and pulley block may be
increased; blind and risked lifting shall be avoided.

6 Erection check shall be conducted for lifting point of large membersso that the internal
force generated by each part is less than the bearing capacity of the member to avoid permanent
delormation.

14.2,7 Correction for erection of steel structure shall meet the following requirements;
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1 As for measurement and correction for erection of steel structure, measuring process and
correction scheme shall be prepared in advance according to engineering characteristics.

2  Such primary members as rigid [rame column, beam and brace shall be subjected to
correction immediately after erection. And then permanent fixation shall be conducted
immediately.

14, 2.8 Where there is reliable basis. already-erected steel structure may be utilized for lifting of
other member and equipment. Appropriate assurance measures shall be taken prior to operation.
14.2.9 As for joint required to be tightly pushed in design, 70% surface shall be closely against
each other on contact surface. which is inspected with 0. 3mm thick feeler gauge. sum of inserted
area shall not be greater than 30% total area of tightly-pushed joint, and edge maximum clearance
shall not be greater than 0. 8mm.

14.2.10 The deviation for erection of rigid frame column shall not be greater than that specified

in Table 14. 2. 10.

Table 14, 2, 10 Permissible Deviation for Erection of Rigid Frame Column

Permissible deviation

No. Item Legend
(mm)
A
- s
: Displacement of column base center Ql . Z.\ I/ 7q
5.0 JF | Iy S
line to positioning axis (A) [ /=
W,
A /T
£
+3.0 Reference point
2
—5.0

Reference

|
Column with crane beam ~ ;‘r
I
I
point elevation }
|

Uf [f(')l umn | I A 1

|
s Column without +5.0 V /A{j/ /%
' 1

crane beam —8.0 f ‘
Reference point
H/1000
4 Deflection rise
10.0
A A
5 H=<12m 10.0 / !
Single-layer : "
/

] column Lo H/1000 "
6 ) . >12m /

Column axis 20.0 i

verticality "
Bottom-layer T :
7 (4 ’ 10.0 f =
Multi-layer column ‘
column Full height of jﬂ l
8 20,0
column fi {

9 Column top elevation (A) =+10.0

14.2. 11 The deviation for erection of rafter of rigid frame shall not be greater than that specilied

in Table 14. 2. 11.
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Table 14,2, 11 Permissible Deviation for Erection of rafter of Rigid Frame

Item Permissible deviation(mm)

H/500

Mid-span verticality of beam

L/1000

[Lateral direction

Warpage of beam
Vertical direction +10. 0, —5.0

Center misalignment 3.0
Joint position of two adjacent beams
Height difference between top surfaces 2.0
Height difference between top surface Bearing position Lo
L/500

of two adjacent beams Other positions

Note: H refers to section height in heam span; L. refers to the maximum span of adjacent beams,
14.2.12 The deviation for erection of crane beam shall not be greater than that speciflied in Table

14. 2. 12,

Table 14, 2, 12 Permissible Deviation for Erection of Crane Beam

Permissible deviation
No. Ttem [egend
(mm)
1 Mid-span verticality of beam(A) h/500
o L./1500
2 Lateral bending rise
10, 0
3 Vertical up-arch rise 10, 0
A
Center distance of supports on both
4 ends(A); Displacement to bracket center 5.0
if installed on steel column
1
Center-to-center displacement between
- stiffening plate of crane beam support and 5
] t/2
the pressure-bearing stiffening plate of A,
L.
column(A)
Top surface elevation difference of the
crane beam in the same cross section 1 7 |
6 within the same span(A): ' ] <
At the support 10, 0
Other positions 15.0
Central span of crane beam in any cross | _
7 ) o +10.0
section within the same span(L)
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continned table 14. 2. 10

Permissible deviation

No. Ttem Legend
(mm)
L
Top surface elevation difference of ) <
_ L/1500 ==
8 crane beam between two adjacent columns . J J ‘ ’ ’ r
0.0

in the same column(A)

Joint part misalignment of two adjacent

crane beams(A) :

Center misalignment 2.0 a

Height difference between top surface 1.0

14.2,13 After erection and adjustment of main steel structure, such tensile supporting members

as column brace and roof brace shall be tensioned.
14,3 High-strength Bolts

14.3.1 High-strength bolt connector entering into site shall be subjected to re-inspection and re-
inspection data shall be in accordance with relevant requirements of the current national standard
GB 50205 Code for Acceptance o f Construction Quality of Steel Structures. Re-inspection data for
torque coefficient of high-strength large hexagon head bolt connector shall not only meet the
relevant requirements, but also be regarded as parameter for screwing.

14.3.2 As for friction-type connection of high-strength bolt, antiskid coefficient of friction
surface shall be tested according to those specified in current national standard GB 50205 Code for
Acceptance o | Construction Quality of Steel Structures and design document.

14.3.3 The quantity of temporary bolts used during erection is to such degree that shall be able
to bear member deadweight and exogenic action during connection correction, at least 2 for each.
The high-strength bolts for connection shall not be doubled as temporary bolt.

14.3.4  During erection of high-strength bolts, access hole must not be knocked in forcible way;
appropriate reamer and special tool may be adopted for reaming hole; maximum diameter of hole
after correction shall be less than 1. 2 times of the bolt diameter; gas cutting shall not be adopted
for reaming.

14.3.5 Contact surface of steel sheet in high-strength bolt connection shall be flat and smooth
and treatment may be omitted where the clearance is less than 1. Omm; 1. Omm~3. Omm, raised
one side shall be worn to inclined plane with slope of 1,10 with direction for wearing vertical to that
of force; greater than 3, Omm., subplate shall be added with treatment method for both sides the
same as that {or [riction surface of connecting plates.

14.3.6 Screwing of high-strength bolt connector shall be divided into primary screwing,

secondary screwing and final screwing from joint center position of bolt group to outward edge in
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sequence. which shall be completed within 24h.

14.3.7 Acceptance for construction torque ol high-strength large hexagon head bolt: a straight
line may be marked on the side of screw rod and nut, then unscrew nut approximately 60° and
screw up with torque wrench to make end line lapped, and it is deemed acceptable if measured
torque is within the range of 10% of that prior to construction.

14.3.8 Quantity of bolt connectors for random inspection on torque of each joint shall be 10%
and shall not be less than 1. If connectors fail to pass sampling inspection, another 10% shall be
re-sampled for inspection; if they are still rejected, less-tightened connector and connector with
missing tightening shall be subjected to supplementary tightening while super-tightened connector
shall be replaced with new bolt. Torque inspection shall be completed aflter 1h of construction and
within 24h,

14. 4  Welding and Other Fasteners

14.4.1 The fixed-position welding of erection shall meet the following requirements:

1 Site welds shall be operated by the welder with weld certificate, and those without
certificate must not conduct welding;

2 The model of adopted welding materials shall be matched with the material of weldment;

3 The weld thickness shall not exceed 2/3 designed weld height or 8mm;

4  The weld length should not be less than 25mm.
14. 4.2 Ordinary bolt connection shall meet the following requirements:

1 Each end of each bolt shall not be provided with more than two washers or large nut is used
to replace the washer;

2 Tail-exposed thread shall not be less than two thread pitches after bolt is screwed;

3 (as cutting ream is prohibited for any bolt hole.
14. 4.3 Where member is connected in combined means of welding and high-strength bolt, bolting
shall be conducted before welding during construction.
14,4, 4 Self-drilling tapping screws, rivet and drive pin shall firmly and closely stick to the
connecting steel sheet in an order arrangement, Specification and dimension shall match with
connecting steel sheet, and the spacing and edge distance shall meet the design requirements.
14.4.5 Drive pin, rivet and foundation bolt shall be subjected to quality acceptance according to

relevant technical documents of manufacturer and the design requirements.
14,5 Erection of Purlins and Girts

14.5.1 According to division of erection unit, erection for such secondary members as purlins and
girts shall be conducted immediately after the primary member finishes erection. .

14.5. 2 Bolts of purlins, girts and eaves purlins between rigid frames shall be screwed after
calibration excluding two initially-erected rigid frames.

14.5.3 During erection of purlins and girts, stay bar or tensioned rod shall be arranged and
tensioned but shall not bend the purlin and girt.

14.5.4  During lifting of cold-formed thin-wall steel member such as purlins and girts. adequate
measures shall be taken to avoid permanent deformation, and contact position between cable loop

and member shall be well cushioned.
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14,5.5 FErected and positioned purlin and girt members shall not be used for lifting other heavy

objects.
14.6 Erection of Enclosure System

14.6.1 During erection of wallboard and roofing, girt and purlin shall be kept straightly and
flatly.

14.6.2 Heat preservation material shall be laid {latly and smoothly with both ends lixed to the
structure main body; where single-side vapor barrier, if adopted, shall be placed at the inner side
of building, Longitudinal and transverse lapping section of vapor barrier shall be bonded or
screwed. Felt material at end shall be reflexed and closed with vapor barrier. If material of vapor
barrier [ails to bear deadweight of heat preservation material, brace mesh shall be laid under the
barrier.

14. 6.3 Where fixed roofing is connected with purlin and wallboard is connected with girt. center
distance between screws should not be greater than 300mm. If end of building is connected with
end socket of roofing, spacing between screws should be reduced. Spacing between screws at side
lapping of rooling may be properly enlarged while that of wallboard may be [urther increased bhased
on former.

14.6.4 Continuous sealing rubber strip shall be arranged at lapped joints along longitudinal and
transverse direction of roofing. As for lapped edge at cornice, the plug with the same section shape
as that ol rooling shall also be arranged apart {rom rubber strip.

14.6.5 The [lashing plate or wrap-edge-plate with favorable sealing performance and appearance
shall be arranged around angle section. roof ridge. cornice, roofing opening or protrusion.

14.6. 6  During erection of profiled steel roof, effective measures shall be taken to distribute
construction load to relatively large area to prevent roofing from local buckling due to construction
concentrated load.

14.6.7 During construction on roof. safety measures such as safety rope shall be adopted. and
safety net shall also be adopted where necessary.

14.6.8 During laying of profiled steel sheet, attention shall be paid to perennial wind direction
which shall be opposite to that in the lapping of plate rib.

14.6.9 The [latness of plate on both sides shall be inspected for every erection of 5~6 profiled
steel sheets. and deviation, if any, shall be timely regulated.

14.6.10 The deviation for erection of profiled steel sheet shall not be greater than permissible

deviation specified in Table 14, 6. 10.

Table 14, 6. 10 Permissible Deviation for Erection of Profiled Steel sheet

Ttem Permissible deviation (mm)
Misalignment between adjacent columns of profiled steel sheet on the beam 10.0
End misalignment of two adjacent profiled steel sheets at the cornice 5.0
Verticality of the wavy line of profiled steel sheet to ridge L/1000
Verticality of cladding's wavy line H/1000
Verticality of wrap-angle-plate on wall surface H /1000
[ower-end misalignment of two adjacent profiled steel sheets on wall surface 5.0

Note: H refers to the building height and L. refers to the length of profiled steel sheet.
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14,7 Acceptance

14.7.1 According to the requirements of current national standard GB 50300 Uni fied Standard
for Constructional Quality Acceptance of Building Engineering ,» completion acceptance for steel
structure shall be conducted based on subsection project while that for large steel structure
engineering may be conducted based on several divided sub-subsection projects.
14.7.2 Acceptable quality level for subsection project shall meet the following requirements;

1 The quality of each subsection project shall meet the acceptable quality level;

2 Quality control information and document shall be complete;

3 Each item of inspection shall meet the requirements of current national standard GB 50205
Code for Acceptance of Construction Quality of Steel Structures.
14.7.3 The [ollowing documents and records shall be provided during completion acceptance for
subsection project:
The completion drawing and relevant design documents of steel structure engineering;
Records of quality management inspection on construction site;
Inspection records of relevant salety and [unction inspection and witness inspection items;
Inspection records of relevant appearance quality inspection items;

Quality acceptance record of sub-item project contained in subsection project;

SN i s W N

Quality acceptance record of each inspection lot contained in sub-item project;

7 Inspection records and certilication documents of inspection items required by compulsory
provision;

8 Inspection and acceptance records of inspection items for concealed engineering;

9 Quality compliance certification documents, Chinese mark, performance test report of raw
material and finished product;

10 Treatment records and acceptance records of rejected item;

11  Implementation scheme and acceptance record of significant quality and technical
problems;

12 Other relevant documents and records.

14.7.4 Quality acceptance record of steel structure engineering shall meet the f[ollowing
requirements:

1 Records of quality management inspection on construction site shall be in accordance with
those specified in current national standard GB 50300 Unified Standard for Constructional
Quality Acceptance of Building Engineering ;

2 Acceptance record of sub-item project shall be in accordance with those specified in current
national standard GB 50300 Uni fied Standard for Constructional Quality Acceptance o f Building
Engineering;

3  Acceptance record of acceptance lot in sub-item project shall be in accordance with those
specilied in current national standard GIB 50205 Code for Acceptance of Construction Qualily of
Steel Structures;

4 The acceptance record of sub-section and sub-subsection project shall be in accordance with
those specified in current national standard GB 50300 Unified Standard for Constructional
Quality Acceptance of Building Engineering.
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Appendix A Calculated Length of Frame Column

A.0.1 The critical load of lateral elastic buckling of and the calculated length coefficient of

tapered gabled [rame column may be calculated according to the following formulas:

thEll
(uH)?

B I\ 0. 38
#_2(:) Lo (A.0.1-2)

N, = (A 0. 1-1)

- I{z Il 0. 29
K=g= (1) (A.0.1-3)
Where p —the calculated length coeflicient where tapered column is converted to constant

section column subject to the section on large end;

I,——the inertia moment of the section on small end of post (mm®);
I,——the inertia moment of the section on large end of post (mm');
H —the height of tapered column (mm);

K,—the rotation restraint of beam to column (N » mm);

Lol the linear rigidity of column (N « mm). iy = EI,/H.

A.0.2 The determination for rotation restraint of frame beam to frame column shall meet the
following requirements:

1 In case of rigid connection of beam's both ends and column, assume that deformation form
of beam make inflection point at mid-span, take out semi-span beam. far-end hinged brace,
calculate near-end rotation angle (#) via imposing the bending moment (M) at near end and

rotation restraint shall be calculated according to the following formula;
M

K,="

0

2 Either the far-end of frame beam is simple-supported or is leaning stanchion,s stated in A.

0. 3 of this Code shall be the length of full-span beam;

(A.0.2)

3  Where near-end of frame beam is simply-supported to column. rotation restraint shall be 0.
A.0.3 The rotation restraint of tapered heam to [rame column shall, according to condition of the
variable section of frame beam. be respectively calculated according to the following formulas:

1 One-segment variable section for frame beam (Figure A. 0. 3-1) .

o . 10 0,2
&_&Jf) (A.0.3-1)
i = EL (A.0.3-2)
s
Where I,——the inertia moment ol the section on small end at mid-span of tapered beam (mm") ;
I,—the inertia moment of the section on large end at cornice of tapered beam (mm®');

s the inclined length of tapered beam(mm).

0900



Figure A. 0, 3-1 One-segment Variable Section for Frame Beam and its Rotational Rigidity

2 Two-segment variable sections for frame beam (Figure A. 0. 3-2)

1 1 25, 1 s\ 1 s\ 1
- = = —= —= A.0.3-3
K, K11.1 * N K12,1 * ( s ) Kzz,l +( S ) Kzz.z ( .

Ky = 3 R"* (A.0.3-1)
Kipg = 60 R (A. 0. 3-5)

K., = 3i, R ™ (A.0. 3-6)
Koo = 31 R, (A.0.3-7)
R, Lo (A.0.3-8)
I
R, — 12 (A.0.3-9)
I
i\ = %“ (A.0.3-10)
L1 :% (A.0.3-1D
s =5t (A.0,3-12)
Where R, —the ratio of far-end to near-end section inertia moment in the first segment of
tapered beam connected with post;
R, —the ratio of far-end to near-end section inertia moment in the second segment
of tapered beam;
s the inclined length of the first segment of tapered beam connected with post(mm) ;
5, the inclined length of the second segment of tapered beam(mm) ;
5 the inclined length of tapered beam(mm) ;
i, the linear rigidity calculated with inertia moment of the section on large end
(N +»mm);
iy the linear rigidity calculated with the second segment ol [ar-end section
inertia moment(N » mm) ;
I,, Iy, I,,,I;,—the inertia moments of tapered beam(mm®) (Figure A. 0. 3-2).

Figure A. 0, 3-2 Two-segment Variable Sections for Frame Beam and its Rotational Rigidity
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3 Three-segment variable sections for frame beam (Figure A, 0. 3-3):

| o5y 1 BERNAR!
Kﬂ . Kn,x +2(1 N )KB.I +(1 S) (Kzz,
1

25, (s, +5,) s\ 71
=g %* (%) Gt )
Ky, = 3511R1()'2
Ky, = 64, R*"

K., — 3i, R,*™
Ko = 3i, R,

1 3 l.?

(A.0.3-13)

(A.0.3-14)
(A.0.3-15)
(A.0.3-16)
(A.0.3-17)

Il() ISU
Ry =77Ry = (A.0.3-18)
: L7 I
i = ELy 1, = El, sly = El, (A.0.3-19)
s 5, 53
Where 1,,s 1)1 Isy Iy, Is;——the inertia moments of tapered beam (mm') (Figure A. 0. 3-3).

Figure A. 0. 3-3 Three-segment Variable Sections for Frame Beam and its Rotational Rigidity

A. 0.4 Where the stepped column or two segments of column adopted, calculated length of the

lower column and the upper column shall be determined according to the following formulas.

Calculated length coefficient of the lower column
M= Sy e He
Calculated length coefficient of the upper column

\/6K1K2+4(K1+K2)+1. 52
e 6K, K, + K, T K,

_ K
Kz - Gl.c.?
K, bEVD—dac
K="+ +—"5—"—
6. 12a

a = (albl)/*agbg)ifg

b= (Kyiqay b, —yc,a, — i a,b, tca,)i,

c=1,(ca, — Kye,7)
a, = K, +1i,
a, = K, +4i,
a, = 4K, +9. 12z,
b = K, +4i,
b, =K;+1i,
o = KuK, + (K, +K.i,
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(A.0.4-1)

(A.0.4-2)

(A.0.4-3)

(A.0.4-4)

(A. 0. 4-5)
(A. 0. 1-6)
(A. 0. 4-7)
(A. 0. 4-8)
(A.0.4-9)
(A.0.4-10)
(A.0.4-1D)
(A.0.4-12)
(A.0.4-13)



2

¢, = KqK, +4(K, +Kp)i, +9. 12
_ NH, iy

2

(A. 0. 4-14)

Y= N.H i, (A.0.4-15)
. El, (Io\*2
i = (I—“) (A. 0. 1-16)
i, = g (A.0.4-17)
Where K,,—the rotation restraint provided by column to column base(N « mm); K, =
0. 57,, where column base is hinged; K, =507, where column base is fixed;
K, —the rotation restraint provided by intermediate beam (low-span roof beam and
mezzanine beam) to column (N « mm). determined according to those
specified in A. 0. 3 of this Code;
K,,— the rotation restraint of roof beam to upper column top (N + mm),
determined according to those specified in A. 0. 3 of this Code;
i, the linear rigidity of lower column (N « mm) where it is the variable section;
i, the linear rigidity of the upper column (N ¢« mm) ;
I, I,, I,,, I,;——the inertia moment of column (mm") (Figure A. 0. 4);
N, N.—the respective axial forces of the upper and the lower columns(IN) ;
H,. H,—— the respective heights of the upper and the lower columns(mm).
—t —t —+ %::ﬂ K:@—
AV
I L A L
'A—;o 'ﬁ&ﬁ} K,=0 r.—L:j K,@—
I I I Vil L .
U U Tis i U 1o
K (G
Figure A. 0.4 Calculation Model for Tapered and Stepped Frame Column

A.0.5 Where the two-step column or three segments of column are adopted, calculated length of

the lower, the intermediate and the upper column shall be determined according to different

calculation models or shall be calculated according to the following formulas;

\/6K1Kz+4(K1+K2)+1.52
He 6K, K, + K, + K,

,ul:\/f"uz
m =Y

K @—
e Pe— s | — )
WA H
I 1 L 1
Kf:@_.'
o= — | — T
Ne|le gy,
2 2 I L “
H H K/l@ i
] =]
/) I h If N[ ,
N - - - K&
Figure A. 0.5 Calculation Model for Three-step Frame Column

(A.0.5-1)

(A.0.5-2)
(A.0.5-3)

« 03



Middle-section column:

Ki =Ky — LK = Ko — (A.0.5-4)
& and 5 are determined by one of these three groups of solutions given by the following
formulas. besides. K, and K, meeting the requirements of Formula (A. 0.5-7, A. 0. 5-8 and

A. 0.5-9) is the only efficient solution.

e[ 0H2G =D b .

n = 2\/;-:05[ 3 ] o G=1,2,3 (A.0.5-5)
~ 6le,;pte) . -

G Gk (A.0.5-6)

K >—+ (A.0.5-7)

K, > l (A.0.5-8)

6K, K, +K1+Kg>0 (A.0.5-9)

Where.

- / .0 — arccos——— A:n_g_F@_m:i%acfbg-n:2b3*9abc—|—27a2d‘
) /27 4 27’ 3a* 274 ’

71 agg.-l 7“1 g.l H b:yl agg.‘; +671 Kbi) Kcl g.‘l 7“1 g.g 76Kcl a3g1 H c= 71 ag g.‘g +671 Kb() Kcl g‘; 7“1 8'3 - 6P<(‘l

a,g,; d=6K, (y,Kyg, —a,g,): ¢, =a,bnn—a b,ys; e,=6Koy (Kyy, b, —a,b,y:); e, =K (7, Ky
a,—bya,71)s e, =6Ku K (73 Kisa, — 71 Kb, )ia, = 6Ky + 1K s a, = 6Ky + Kasa, = 4K, + 1.
52Ka; b, = Gij+4KCj, h, =6K; + Ky b, =4K, + 1. 52Ky; ¢, =6K,, +4; ¢, =6K,, +1; d, =
6Ky +4; d:=6K,,+1; f1=6K, K T Ky + Kz [2=6Ky Ky T4(Ky, T Ky)+1.525 g, = €3 —

1 1 1 1

Gdees g = Jre, T ey T pdie, Tesgy = fre, moe s 8, = e pdies g = ey —oe, —pde
K' K Kz9 Kz' icl ic‘

Jre‘l; 8 :f282 cre s Ky, :@Z; Ky, = 61.,«2 i Kip —@; K :@;;Kcl :g; K :i; =

N.H, i, oy — N, H, iy ; __EI, . _EI ;o ET;

NoH, i YT NGH T H' ' H

Where 1+ g, 5 ‘udithe respective calculated length coefficients of lower section, middle section

and upper section columns;

lys lys 1y the respective linear rigidities of the upper section, middle section and
lower section columns(N * mm).

A.0.6 During determination of rotation restraint of beam to frame column with leaning stanchion
(Figure A. 0. 6), determined calculated length coefficient shall multiply amplification coefficient »

under assumption of far-end hinge brace on top of leaning stanchion.

Figure A, 0.6 Frame Provided with Leaning Stanchion
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1 Amplification coefficient y shall be calculated according to the following formulas:

- \/1+1%;I§h/}1 (A.0.6-1)
N, = h—ljZk]Nﬂ.th (A.0.6-2)
P, = %{;P&Hﬂ. (A.0.6-3)
Where N;— the axial pressure of leaning stanchion converted to column top (N);
Ny s hjp—the ky, vertical load on j,, leaning stanchion (N) and its acting height (mm) ;
P;——the axial pressure of [rame column converted to column top (N);
P;, Hy,—the ky, vertical load on 7, leaning stanchion (N) and its acting height (mm) ;
h;——the height of j,, leaning stanchion (mm) ;
H,——the height of i, leaning stanchion (mm).

2  Where there is no vertical load in the middle of column of leaning stanchion. the calculated
length coefflicient of stanchion takes 1.0

3 Where there is vertical load in the middle of column of leaning stanchion, calculated length
coefficient of each column section may be determined with consideration of interaction of upper/
lower column section.
A.0.7 Where second-step analysis is adopted, the calculated length of column shall meet the
{ollowing requirements;

1 Calculated length coefficient of single-section column with constant section may take 1.0

2  Where crane plant is provided, calculated length coefficient of each column sectic
step or three-step column shall be determined according to model hinged on column top free from
lateral displacement. Where there is mezzanine or high-low span. calculated length coefficient of
each column section may take 1. 0;

3 Calculated length coefficient for single-section tapered column articulated on column base

¢ shall be calculated according to the following formula.

-
o=y zgﬁ (A.0.7-1)
— by (A.0.7-2)
h()
Where 7y ———the tapering ratio of the tapered beam;
hy » hi——the respective height of the section on small end and large end (mm) ;
I, . I,——the respective inertia moment of the section on small end and large end (mm").

A. 0.8 As for single-layer multi-span building. where elevation of roof beam is free from sudden
change from span to span(without high-low span), in-plane stability calculation of frame column
may be conducted with corrected calculated length coefficient with consideration of mutual support
between each column, Corrected calculated length coefficient shall be calculated according to the

following formulas, Where the calculation value is less than 1. 0, 1. 0 shall be taken.

_ = [ELILZEC/H) T3(/k)) Ao el
_ P, - K
x [EI;[1.2X(P,/H) +2(N,;/h) ] _
=y 1. 2P, (P, /H,) (A-0.8°2)
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Where N, h,—the axial force (N) and height (mm) on leaning stanchion respectively;
K——the lateral rigidity of rigid [rame calculated with horizontal acting force at
cornice height;
P.;—the critical load of frame column calculated via traditional method and its calculated
length coefficient may be calculated according to Formula (A. 0. 1-2).
A.0.9 Calculated length coefficient of frame column determined according to this Appendix is
applicable to rool slope no larger than 1/5, otherwise adverse elfect [rom axial [orce of transverse

beam shall be considered.
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Explanation of Wording in This Code

1  Words used for different degrees of strictness are explained as follows in order to mark the
differences in executing the requirements in this Code:
1) Words denoting a very strict or mandatory requirement
"Must" is used for affirmation; "must not" for negation.
2) Words denoting a strict requirement under normal conditions:
"Shall" is used for affirmation, "shall not" or "should not" [or negation.
3) Words denoting a permission of a slight choice or an indication of the most suitable choice
when conditions permit:
“Should” is used for affirmation; "preferably not"for negation;
4) "May" is used to express the option available, sometimes with the conditional permit,
2 "Shall comply with. .. " or "shall meet the requirements of ... " is used in the Specilication
to indicate that it is necessary to comply with the requirements stipulated in other relative

standards.
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List of Quoted Standards

Load Code for the Design of Building Structures

Code for Design of Concrete Structures

Code for Seismic Design of Buildings

Code for Fire Protection Design of Buildings

Standard for Design of Steel Structures

Technical Code of Cold - formed Thin -wall Steel Structures

Code for Anti -corrosion Design of Industrial Constructions

Code for Acceptance of Construction Quality of Steel Structures

Standard for Classi fication of Seismic Protection of Building Constructions
Uni fied Standard for Constructional Quality Acceptance of Building

Code for Welding of Steel Structures
Code for Construction of Steel Structures

Carbon Structural Steels

GB/T 985.1 Recommended Joint Preparation for Gas Welding Manual Metal Arc
Welding Gas - Shield Arc Welding and Beam Welding

GB/T 985.2 Recommended Joint Preparation for Submerged Arc Welding

GB/T 1228 High Strength Bolts with Large Hexagon Head for Steel Structures
GB/T 1229 High Strength Large Hexagon Nuls for Steel Structures

GB/T 1230 High strength Plain Washers for Steel Structures

GB/T 1231 Speci fications of High Strength Bolts with Large Hexagon Head . Large
Hexagon Nuts, Plain Washers for Steel Structures

GB/T 1591 High Strength Low Alloy Structural Steels

GB 1720

Method of Test for Adhesion of Paint Films

GB/T 2518 Continuously Hot - dip Zinc - coated Steel Sheet and Strip
GB/T 3098. 1 Mechanical Properties of Fasteners - Bolts . Screws and Studs
GB/T 3632 Sets of Torshear Type High Strength Bolt Hexagon Nut and Plain
Washer for Steel Structures

25 GB/T 5117 Covered Electrodes for Manual Metal Arc Welding of Non - alloy and
Fine Grain Steels

26 GB/T 5118 Covered Electrodes for Manual Metal Arc Welding of Creep - resisting

GB/T 5282 Slotted Pan Head Tapping Screws

GB/T 5283  Slotted Countersunk Head Tapping Screws

GB/T 5284  Slotted Raised Countersunk Head Tap ping Screws

GB/T 5285 Hexagon Head Tapping Screws

GB/T 5293 Carbon Steel Electrodes and Fluxs for Submerged Arc Welding



32 GB/T 5780 Hexagon head bolts - Product Grade C

33 GB/T 5782 Hexagonal Head Bolt

34 GB/T 8110 Welding Electrodes and Rods for Gas Shielding Arc Welding of Carbon
and Low Alloy Steel

35 GB/T8923.1 Preparation of Steel Substrates before Application of Paints and
Related Products - Visual Assessment of Surface Cleanliness -Part 1: Rust Grades and
Preparation Grades of Uncoated Steel Substrates and of Steel Substrates after Overall Removal
of Previous Coatings

36 GB/T 9286 Paints and Varnishes -Cross Cut Test for Films

37 GB/T 9978 Fire-resistance Tests - Elements o f Building Construction

38 GB/T 10045 Flux -cored Electrode used for Non -alloy and Grain Re fining Steel

39 GB/T 11345 Non-destructive Testing of Welds - Ultrasonic Testing - Techniques ,
Testing Levels, and Assessment

40 GB/T 12470 Low-alloy Steel Electrodes and Fluxs for Submerged Arc Welding

41 GB/T12615. 1~GB/T 12615.4 Closed End Blind Rivets with Break Pull Mandrel and
Protruding Head

42 GB/T 12616.1 Closed End Blind Rivets with Break Pull Mandrel and Countersunk
Head

43 GB/T 12617. 1~ GB/T 12617. 5 Open End Blind Rivets with Break Pull Mandrel and
Countersunk Head

44 GB/T 12618. 1~GB/T 12618. 6 Open End Blind Rivets with Break Pull Mandrel and
Protruding Head

45 GB/T 12754 Prepainted Steel Sheet

46 GB/T 12755 Profiled Steel sheet for Building

47 GB/T 14957 Steel Wires for Melt Welding

48 GB/T 14978  Continuously Hot - dip Aluminum-zinc Alloy Coated Steel Sheet and
Strip

49 GB/T 15856.1 Cross Recessed Pan Headed Sel f -drilling and Self -tapping Screw

50 GB/T 15856.2 Cross Recessed Countersunk Head Drilling Screws

51 GB/T 15856.3 Cross Recessed Raised Countersunk Head Drilling Screws with
Tapping Screw Thread

52 GB/T 15856.4 Hexagon Flange Head Drilling Screws with Tapping Screww Thread

53 GB/T 15856.5 Hexagon Washer Head Drilling Screws with Tapping Screw Thread

54 GB/T 17493 LowAlloy Steel Flux Cored Electrodes for Arc Welding

55 GB/T 18981 Fastener

56 JG/T 203 Method for Ultrasonic Testing and Classi fication for Steel Structures

57 YB/T 4155 Hot - rolled Round Carbon Steel Bars and Rods for Standard Parts
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