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)2(نكات اجرايي سازه هاي فولادي
و

روش هاي توليد صنعتي

 :تهيه وتنظيم 
 محمدحسين متين پور   

عضو هيئت علمی دانشگاه آزاداسلامی تبريز



سرفصل مطالب
نحوه ساخت ستون فولادي در كارخانه و نحوه نصب آن در كارگاه
ضوابط لرزه اي و نحوه اجراي آنها در ستونهاي فولادي با اشكال مختلف
نحوه ساخت تيرهاي فولادي در كارخانه و نحوه نصب آن در كارگاه
ضوابط لرزه اي و نحوه اجراي آنها در تيرهاي فولادي
نحوه ساخت مهاربندهاي فولادي در كارخانه و نحوه نصب آن در كارگاه
ضوابط لرزه اي و نحوه اجراي آنها در مهاربندهاي فولادي
ضوابط ساخت و نصب ديوار برشي فولادي
 ضوابط اجرايي ديوار برشي بتني در ساختمانهاي فولادي و نحوه اتصال آن به

اجزاي فولادي
نحوه كنترل انواع رواداري در سازه هاي فولادي توليدي به روش صنعتي



:مراجع
،1392مبحث دهم مقررات ملي ساختمان، طرح واجراي ساختمانهاي فولادي
،1392مبحث يازدهم مقررات ملي ساختمان، طرح واجراي صنعتي ساختمانها
 شريه ران،ن 1384، 228آيين نامه جوشكاري ساختماني اي

 AWS  D1.1 -2015
• Structural Welding Code-Steel

 AWS  D1.8 -2009
• Structural Welding Code- Seismic Supplement

 AISC-360-2016
• Specification for Structural Steel Buildings

 AISC-341-2016
• Seismic Provisions for Structural Steel Buildings

• AISC-303-2016 
• Code of Standard Practice for Steel Buildings and Bridges



 AISC- 358-2016
• Prequalified Connections for Special and Intermediate Steel 

Moment Frames for Seismic Applications

• AISC- STEEL CONSTRUCTION MANUAL-2011
 AISC- Design Guide-1- 2006
• Base Plate and Anchor Rod Design

 AISC- Design Guide-21- 2006
• Welded Connections-A Primer for Engineers

 AISC- Design Guide-29- 2014
• Vertical Bracing Connections—Analysis and Design

• RCSC-2014
• Specification for Structural Joints Using High-Strength Bolts









• 3.1. Structural Design Drawings and Specifications
• The structural design drawings shall clear ly show the work that is

to be per formed and shall give the following information with
sufficient dimensions to accurately convey the quantity and
nature of the structural steel to be fabr icated:

• (a) The size, section, mater ial grade and location of all members;
• (b) All geometry and working points necessary for layout;
• (c) Floor elevations;
• (d) Column centers and offsets;
• (e) The camber requirements for members;
• (f) Joining requirements between elements of built-up members;
• (g) The information that is required in Sections 3.1.1 through

3.1.6.
• The structural steel specifications shall include any special

requirements for the fabrication and erection of the structural steel.



• 3.1.1. Permanent bracing, column stiffeners, column web doubler
plates, bearing stiffeners in beams and girders, web reinforcement,
openings for other trades and other special details, where required,
shall be shown in sufficient detail in the structural design drawings so
that the quantity, detailing and fabrication requirements for these items
can be readily understood.

• 3.1.2. The owner’s designated representative for design shall indicate
one of the following options for each connection:

• (1) The complete connection design shall be shown in the
structural design drawings;

• When option (1) above is specified, the following Information shall be 
considered:

• (a) All weld types, sizes, and lengths;
• (b) All bolt sizes, locations, quantities, and grades;
• (c) All plate and angle sizes, thicknesses and dimensions; and,
• (d) All work point locations and related information.



• (2) In the structural design drawings or specifications, the
connection shall be designated to be selected or completed by an
exper ienced steel detailer ;

• When option (2) above is specified, the experienced steel detailer shall
utilize tables or schematic information provided in the structural
design drawings in the selection or completion of the connections.
When such information is not provided, tables in the AISC Steel
Construction Manual, or other reference information as approved by
the owner’s designated representative for design, shall be used.

• (3) In the structural design drawings or specifications, the
connection shall be designated to be designed by a licensed
professional engineer working for the fabr icator.

• When option (3) above is specified:
• (a) The fabricator shall submit in a timely manner representative

samples of the required substantiating connection information to the
owner’s designated representatives for design and construction.



• The owner’s designated representative for design shall confirm in
writing in a timely manner that these representative samples are
consistent with the requirements in the contract documents, or shall
advise what modifications are required to bring the representative
samples into compliance with the requirements in the contract
documents. This initial submittal and review is in addition to the
requirements in Section 4.4.

• (b) The licensed professional engineer in responsible charge of the
connection design shall review and confirm in writing as part of the
substantiating connection information, that the shop and erection
drawings properly incorporate the connection designs. However, this
review by the licensed professional engineer in responsible charge of
the connection design does not replace the approval process of the
shop and erection drawings by the owner’s designated representative
for design in Section 4.4.

• (c) The fabricator shall provide a means by which the substantiating
connection information is referenced to the related connections on the
shop and erection drawings for the purpose of review.



• When option (2) or (3) above is specified, the owner’s designated
representative for design shall provide the following information in
the structural design drawings and specifications:

• (a) Any restrictions on the types of connections that are permitted;
• (b) Data concerning the loads, including shears, moments, axial forces

and transfer forces, that are to be resisted by the individual members
and their connections, sufficient to allow the selection, completion, or
design of the connection details while preparing the shop and erection
drawings;

• (c) Whether the data required in (b) is given at the service-load level
or the factored-load level;

• (d) Whether LRFD or ASD is to be used in the selection, completion,
or design of connection details; and,

• (e) What substantiating connection information, if any, is to be
provided with the shop and erection drawings to the owner’s
designated representative for design.



• 3.1.3. When leveling plates are to be furnished as part of the
contract requirements, their locations and required thickness and
sizes shall be specified in the contract documents.

• 3.1.4. When the structural steel frame, in the completely erected
and fully connected state, requires interaction with non-
structural steel elements (see Section 2) for strength and/or
stability, those non-structural steel elements shall be identified in
the contract documents as required in Section 7.10.

• 3.1.5. When camber is required, the magnitude, direction and
location of camber shall be specified in the structural design
drawings.



• 3.1.6. specific members or por tions thereof that are to be left
unpainted shall be identified in the contract documents. When
shop painting is required, the painting requirements shall be
specified in the contract documents, including the following
information:

• (a) The identification of specific members or portions thereof to
be painted;

• (b) The surface preparation that is required for these members;
• (c) The paint specifications and manufacturer’s product

identification that are required for these members; and,
• (d) The minimum dry-film shop-coat thickness that is required

for these members.



• 3.3.  Discrepancies
• When discrepancies exist between the design drawings and

specifications, the design drawings shall govern.
• When discrepancies exist between scale dimensions in the design

drawings and the figures wr itten in them, the figures shall govern.
• When discrepancies exist between the structural design drawings and

the architectural, electrical or mechanical design drawings or design
drawings for other trades, the structural design drawings shall
govern.

• When a discrepancy is discovered in the contract documents in the
course of the fabricator’s work, the fabr icator shall promptly notify
the owner ’s designated representative for construction so that the
discrepancy can be resolved by the owner ’s designated
representative for design. Such resolution shall be timely so as not to
delay the fabricator’s work. See Sections 3.5 and 9.3.



• SECTION 4.   SHOP AND ERECTION DRAWINGS
• 4.1. Owner Responsibility
• The owner shall furnish, in a timely manner and in accordance with

the contract documents, complete structural design drawings and
specifications that have been released for construction. Unless
otherwise noted, design drawings that are provided as part of a
contract bid package shall constitute authorization by the owner that
the design drawings are released for construction.

• 4.2. Fabricator Responsibility
• Except as provided in Section 4.5, the fabr icator shall produce shop

and erection drawings for the fabr ication and erection of the
structural steel and is responsible for the following:

• (a) The transfer of information from the contract documents into
accurate and complete shop and erection drawings; and,

• (b) The development of accurate, detailed dimensional
information to provide for the fit-up of par ts in the field.



• Each shop and erection drawing shall be identified by the same
drawing number throughout the duration of the project and shall be
identified by revision number and date, with each specific revision
clearly identified.

• When the fabr icator submits a request to change connection
details that are descr ibed in the contract documents, the fabricator
shall notify the owner’s designated representatives for design and
construction in writing in advance of the submission of the shop and
erection drawings. The owner ’s designated representative for
design shall review and approve or reject the request in a timely
manner .

• When requested to do so by the owner ’s designated representative
for design, the fabricator shall provide to the owner’s designated
representatives for design and construction its schedule for the
submittal of shop and erection drawings so as to facilitate the
timely flow of information between all parties.



• 4.4. Approval
• Except as provided in Section 4.5, the shop and erection drawings

shall be submitted to the owner ’s designated representatives for
design and construction for review and approval. The shop and
erection drawings shall be returned to the fabricator within 14
calendar days.

• Final substantiating connection information, if any, shall also be
submitted with the shop and erection drawings. The owner’s
designated representative for design is the final authority in the event
of a disagreement between parties regarding connection design.

• Approved shop and erection drawings shall be individually annotated
by the owner’s designated representatives for design and construction
as either approved or approved subject to corrections noted. When so
required, the fabr icator shall subsequently make the cor rections
noted and furnish corrected shop and erection drawings to the
owner ’s designated representatives for design and construction.



• 4.4.1. Approval of the shop and erection drawings, approval subject
to corrections noted and similar approvals shall constitute the
following:

• (a) Confirmation that the fabricator has correctly interpreted the
contract documents in the preparation of those submittals;

• (b) Confirmation that the owner’s designated representative for design
has reviewed and approved the connection details shown on the shop
and erection drawings and submitted in accordance with Section 3.1.2,
if applicable; and,

• (c) Release by the owner’s designated representatives for design and
construction for the fabricator to begin fabrication using the approved
submittals.

• Such approval shall not relieve the fabr icator of the responsibility
for either the accuracy of the detailed dimensions in the shop and
erection drawings or the general fit-up of parts that are to be
assembled in the field.

• The fabricator shall determine the fabrication schedule that is
necessary to meet the requirements of the contract.

































• 2.3. Heavy-Hex Structural Bolts
• 2.3.1. Specifications: Heavy-hex structural bolts shall meet the

requirements of ASTM A325 or ASTM A490. The Engineer of
Record shall specify the ASTM designation and type of bolt (see
Table 2.1) to be used.

• 2.3.2. Geometry: Heavy-hex structural bolt dimensions shall meet the
requirements of ANSI/ASME B18.2.6. The bolt length used shall be
such that the end of the bolt extends beyond or is at least flush with
the outer face of the nut when properly installed.

• 2.3.3 Reuse: ASTM A490 bolts, ASTM F1852 and F2280 twist-off-
type tension-control bolt assemblies, and galvanized or Zn/Al
Inorganic coated ASTM A325 bolts shall not be reused. When
approved by the Engineer of Record, black ASTM A325 bolts are
permitted to be reused. Touching up or re-tightening bolts that may
have been loosened by the installation of adjacent bolts shall not be
considered to be a reuse.













• ASTM A325 and ASTM A490 currently provide for two types (according to
metallurgical classification) of high-strength bolts, supplied in diameters from 12
mm. to 38 mm. inclusive. Type 1 covers medium carbon steel for ASTM A325
bolts and alloy steel for ASTM A490 bolts. Type 3 covers high-strength bolts that
have improved atmospheric corrosion resistance and weathering characteristics.
When the bolt type is not specified, either Type 1 or Type 3 may be supplied at the
option of the manufacturer. Note that ASTM F1852 and ASTM F2280 twist-off-
type tension-control bolt assemblies may be manufactured with a button head or
hexagonal head; other requirements for these fastener assemblies are found in
Section 2.7.

• Regular heavy-hex structural bolts and twist-off-type tension-control bolt
assemblies are required by ASTM Specifications to be distinctively marked. Certain
markings are mandatory. In addition to the mandatory markings, the manufacturer
may apply additional distinguishing markings. The mandatory and sample optional
markings are illustrated in Figure C-2.1.

• ASTM Specifications permit the galvanizing of ASTM A325 bolts but not ASTM
A490 bolts. Similarly, the application of zinc to ASTM A490 bolts by metallizing
or mechanical coating is not permitted because the effect of mechanical galvanizing
on embrittlement and delayed cracking of ASTM A490 bolts has not been fully
investigated to date





• Galvanized high-strength bolts and nuts must be considered as a manufactured
fastener assembly. Insofar as the hot-dip galvanized bolt and nut assembly is
concerned, four principal factors must be considered so that the provisions of this
Specification are understood and properly applied. These are:

• (1) The effect of the hot-dip galvanizing process on the mechanical properties of
high-strength steels;

• (2) The effect of over-tapping for hot-dip galvanized coatings on the nut stripping
strength;

• (3) The effect of galvanizing and lubrication on the torque required for

• pretensioning; and,

• (4) Shipping requirements.

• ASTM A325 and A490 bolts are manufactured to dimensions as
specified in ANSI/ASME B18.2.6. The basic dimensions, as defined
in Figure C-2.2, are shown in Table C-2.1.







• To determine the required bolt length, the value shown in Table C-2.2
should be added to the grip (i.e., the total thickness of all connected
material, exclusive of washers). For each ASTM F436 washer that is
used, add 5/32 in (4mm).; for each beveled washer, add , 15/16 in (8
mm). The tabulated values provide appropriate allowances for
manufacturing tolerances and also provide sufficient thread
engagement with an installed heavy-hex nut.

• The length determined by the use of Table C-2.2 should be adjusted
to the nearest 1/4 in (6 mm). length increment [1/2 in. (12 mm) length
increment for lengths exceeding 6 in (150 mm).]





• 2.4. Heavy-Hex Nuts
• 2.4.1. Specifications: Heavy-hex nuts shall meet the requirements of

ASTM A563. The grade and finish of such nuts shall be as given in
Table 2.1.

• 2.4.2. Geometry: Heavy-hex nut dimensions shall meet the
requirements of ANSI/ASME B18.2.6.

• Hot-dip galvanizing affects the stripping strength of the bolt-nut assembly
because, to accommodate the relatively thick zinc coatings of nonuniform
thickness on bolt threads, it is usual practice to hot-dip galvanize the blank nut
and then to tap the nut over-size. This results in a reduction of thread
engagement with a consequent reduction of the stripping strength. Only the
stronger hardened nuts have adequate strength to meet ASTM thread strength
requirements after over-tapping. Therefore, as specified in ASTM A325, only
ASTM A563 grade DH are suitable for use as galvanized nuts. This
requirement should not be overlooked if non-galvanized nuts are purchased and
then sent to a local galvanizer for hot-dip galvanizing. Because the mechanical
galvanizing process results in a more uniformly distributed and smooth zinc
coating, nuts may be tapped over-size before galvanizing by an amount that is
less than that required for the hot-dip process before galvanizing.



• Despite the thin-film of the Zn/Al Inorganic Coating, tapping the nuts over-
size may be necessary. Similar to mechanical galvanizing, the process
results in a comparatively uniform and evenly distributed coating.

• 2.5. Washers
• Flat circular washers and square or rectangular beveled

washers shall meet the requirements of ASTM F436, except
as provided in Table 6.1. The type and finish of such
washers shall be as given in Table 2.1.

• 2.6. Washer-Type Indicating Devices
• The use of washer-type indicating devices is permitted as described

in Sections 2.6.1 and 2.6.2.
• 2.6.1. Compressible-Washer-Type Direct Tension Indicators:

Compressible-washer type direct tension indicators shall meet the
requirements of ASTM F959.

• 2.6.2. Alternative Washer-Type Indicating Devices: When approved
by the Engineer of Record, the use of alternative washer-type
indicating devices that differ from those that meet the requirements of
ASTM F959 is permitted







• 2.7. Twist-Off-Type Tension-Control Bolt Assemblies
• 2.7.1. Specifications: Twist-off-type tension-control bolt assemblies

shall meet the requirements of ASTM F1852 or F2280. The Engineer
of Record shall specify the type of bolt (Table 2.1) to be used.

• 2.7.2. Geometry: Twist-off-type tension-control bolt assembly
dimensions shall meet the requirements of ASTM F1852 or ASTM
F2280. The bolt length used shall be such that the end of the bolt
extends beyond or is at least flush with the outer face of the nut when
properly installed.

• If galvanized, ASTM F1852 twist-off-type tension-control bolt assemblies
are required in ASTM F1852 to be mechanically galvanized.
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