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About This Book

Since publication in 1968, over 30,000 copies of the hardcover edition of
Morton Newman’s STANDARD STRUCTURAL DETAILS FOR BUILD-
ING CONSTRUCTION have been sold to architects, engineers, drafters,
and others concerned with the design of building structure and com-
munication of that design to those responsible for accomplishing it in con-
struction..

Now the publishers have made it possible for persons interested in one
particular type of structure—wood, concrete, masonry, or steel—to pur-
chase just the section or sections of Standard Structural Details which they
need. The hardcover book has been split up into four separate low-cost soft-
cover editions:

Structural Details for Wood Construction
Structural Details for Concrete Construction
Structural Details for Masonry Construction
Structural Details for Steel Construction

In this book, the designer will find a host of proven designs in time-
tested details for base plates, base connections, beam and column connec-
tions, column splices, beam connections, composite steel beams and
concrete slabs, fire protection, bar joists, light steel framing, steel stairs, and
clevis connections.

Introductory material has been revised to reflect code changes since the
original edition, and each page of details appears on the right, while facing
pages incorporate a preprinted grid for drawings, notes, and ideas the
reader may wish to preserve.



Preface

The purpose of this series of books is to provide a graphic means of com-
munication between architects, engineers, contractors, and students who
are engaged in the design and construction of buildings. The four basic
structural materials that are employed in building construction are wood,
concrete, masonry, and steel. In the application of these materials many
standard details and methods of construction have been developed. For
several years the author found it quite useful to collect and index standard
structural details for the preparation of structural drawings of buildings.
The use of structural graphic standards reduced the cost of production of
structural drawings and also helped to facilitate the communication of in-
formation between all of the personnel who were involved in the design
and construction of a building. No claim is made for the originality of the
details in these books as they are standard methods of construction and
they are extensively used throughout the construction industry.

These books consist of a series of drawings of standard structural details
that are most frequently employed in building construction. The details are
presented individually and in their most basic and general form. A brief
description is given for each detail pertaining to the material used, the type
of condition shown, and its method of construction. In no instance should a
book be considered or used as a substitute for the engineer or as a shortcut
method of engineering. It is the function of the engineer to verify the use of
any detail and to determine the sizes, dimensions, and all other pertinent
information that will be essential to its use in a particular building design.
The details are separated and arranged into four books with respect to the
type of construction materials used: wood, concrete, masonry, or steel. In
some instances two types of construction materials are used in the same de-
tail. The author endeavored to place each detail in the related book and in
the sequence of its use in building construction so that it could be readily
located. Also, the index for this book has been set up so that any particular
detail that may be sought can be easily located.

The engineering information presented in these books is in accordance
with the basic requirements of The American Institute of Steel Construc-
tion, The American Concrete Institute, The International Conference of
Building Officials Uniform Building Code, “The West Coast Lumbermen’s
Douglas Fir Use Book,” and The Concrete Masonry Association of Califor-
nia. Standard details and construction methods evolve from the structural
design requirements. Many excellent books on structural design and analy-
sis are available to the practicing engineer and student; there is also a great
need for applied practical information related to structural drafting and the
use of construction materials. Expanding technology in the fields of build-
ing engineering and construction has created a situation which demands
that the structural drawings be more complete and therefore more complex.



The purpose of structural drawings is to communicate the engineer’s
design requirements to the various contractors and material fabricators.

To achieve total communication, the structural drawings should be clear
and complete, the general presentation of information should be in a logi-
cal sequence, all sections and details should be shown and clearly
referenced, and any field conditions should be considered on the drawings.
A good set of structural drawings will ensure that the building is con-
structed in accordance with the engineering design requirements and that
construction delays and unnecessary additional costs are avoided.

The engineer’s work is the prime factor in the successful design and con-
struction of a building; however, in the final event, his or her work is direct-
ly dependent upon the intelligence and integrity of the workers on the con-
struction job, particularly at the supervisory level. Poor fieldwork in terms
of accuracy and material quality control will negate a great deal of engi-
neering effort. Building construction requires a high degree of teamwork
between the engineers and the contractors. Each party should have a work-
ing knowledge of the other’s functions and responsibilities. The author
hopes that these books will serve as communication tools that will improve
the quality of engineering and construction. Also, engineering and archi-
tectural students can use this book as a source of information to familiarize
themselves with the methods and materials of construction. As students use
the information presented in these books they will increase their ability to
translate structural engineering calculations into practical applications.

I would like to acknowledge the very able assistance of Bruce L. Ward,
who drew the details shown on the following pages and assisted in assem-
bling the information into book form. Also, I would like to thank Jack Clark
for his advice and encouragement, and acknowledge the assistance of Bog-
dan Todorovic in the early stages of these books.

Morton Newman
Civil Engineer
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INTRODUCTION

This volume presents the drawings of the
various alternate methods of connecting the
component members of a building’s structural
steel frame. Each type of connection and its
combinations of different size steel members
is detailed and presented individually. The
details, arranged in the sequence of their use
in building construction, are classed in the fol-
lowing general categories: column base
plates, column base connections, simple beam
and column connections, rigid-frame beam
and column connections, steel canopy details,
column splices, composite steel beams and
concrete slabs, steel member fire protection,
light-steel stud and joist construction, steel
stair details, and miscellaneous clevis connec-
tions.

The type and strength of structural steel
used in the details shown are not designated.
Manufacturers and fabricators of structural
steel rolled sections are required to conform to
the American Institute of Steel Construction
specifications, which outline the standards for
design, fabrication, and erection of steel struc-
tures. The type of steel used in construction is
designated by an A.S.T.M. standards number.
The “Manual of Steel Contruction,” compiled
and published by the A.L.S.C., gives the
A.S.T.M. designation number for each type of
structural steel and the respective allowable

working stresses (tension, compression, or
shear) for the method of use. Types of steel
designated as A.S.T.M. Spec. No. A36 and
A.S.T.M. Spec. No. A529 have specific yield
point stresses of 36,000 and 42,000 psi respec-
tively and allowable working stresses in ten-
sion or compression from bending of 24,000
and 28,000 psi. Steel designated as A.S.T.M.
Spec. No. A36 is currently the most widely
used steel. The allowable working stresses
from bending also depend on the shape of the
structural section (a compact or noncompact
section, determined by the width-to-thickness
ratio of the compression flange) and the lat-
erally unbraced length of the compression
flange of a beam. The A.I.S.C. specified allow-
able working stresses for tension or compres-
sion from bending is equal to 0.66 f, (f, being
the yield point stress of the steel as specified
by the A.S.T.M.). High strength low-alloy
steels are also used for structural steel
members. This type of steel is designated as
A.S.T.M. Spec. No. A441, and A.S.T.M. Spec.
No. A572 with minimum yield point stresses
of 40,000 psi and 42,000 psi, respectively.
A242 steel is highly corrosive resistant; A441
steel is relatively corrosive resistant and is
used in the construction of bolted or riveted
structures and for welded structures that may
be subjected to high impact loads. The mini-



mum yield point stress of high strength steel is
also governed by the thickness of the material.
That is, a thickness not greater than 2" has a
yield point stress of 50,000 psi; thickness from
2" to 14" has a yield point stress of 46,000 psi;
thickness from 13" to 4” has a yield point
stress of 42,000 psi. The above is a general
statement concerning the types and strengths
of the structural steels that are presently
available for use in construction. Complete
and specific data on this subject can be found
in the “Manual of Steel Construction.” Mill
test reports may be supplied to the fabricator
to verify the material quality control. These
reports must be requested prior to the time
the steel members are fabricated at the rolling
mill.

Structural steel members are manufactured
by extruding steel billets between a set of
rolling dies in a series of forward and reverse
passes until a uniform and standard size shape
is produced. The nomenclature for steel
shapes describes their cross section configura-
tion, for example, wide flange beams, I beams,
Tee sections, angles, and channels. The struc-
tural steel sections are fabricated to standard
sizes and weights; however, each manufac-
turer’s product may vary from another’s by a
small degree. The two major producers of
structural steel in the United States are Beth-
lehem Steel Company and the United States
Steel Corp. Both companies manufacture the
Regular Series Shapes, which are those shapes
most frequently used, and the Special Series
Shapes, which are not generally used and
therefore are not continuously produced.
There are certain structural steel sections that
are manufactured exclusively by only a few
steel producing companies, such as Jones &
Laughlin Steel Corporation, Inland Steel
Company, and Northwestern Steel and Wire.
The primary considerations in specifying
structural steel members for construction are
strength, deflection, cost, and availability. The
capacity of a steel member to resist stress and
deflection is a function of its size and its shape
and the yield point stress of the steel. Since
steel is generally purchased by weight, it is
economically important to use sections of the
least weight that will be capable of sustaining
the imposed loads and forces within the limits

of the allowable working stresses and deflec-
tions. Table 1 gives the names of the compa-
nies that manufacture the various structural
steel shapes.

Details 1 to 6(d) inclusive show the various
methods of connecting columns, base plates,
and foundations. The function of a base plate
is to transfer the column loads to the founda-
tion. This can be achieved by designing the
base plate with sufficient surface area and
cross-sectional thickness. The contract surface
between the top of the plate and the column
should be flat to obtain a complete bearing
area. Plates over 4" thick should be milled to
ensure a smooth surface: however, plates that
are between 2" and 4" thick may be straight-
ened by pressing. The bearing pressure on the
bottom of the base plate is assumed to be
equally distributed over the entire area of the
plate. This pressure will cause the surface that
is not directly beneath the column cross sec-
tion to bend upward as a cantilever. The
thickness of the plate is calculated to resist this
bending. The column can be attached to the
base plate by shop welding or by field weld-
ing; in either case the weld must be strong
enough to resist the column lateral loads as
well as bending and compression. The anchor
bolts react against the base plate in bearing
and in shear. The capacity of the anchor bolt
to act as a resisting element depends on

the size of the bolt, the thickness of
the base plate, and the depth of em-
bedment of the bolt in the concrete.

The anchor bolts shown in Detail 6(a) to
(d) are also used to transfer the column bend-
ing moments into the foundation by acting as
resisting elements of a force couple. If the
anchor bolts in this type of connection are to
be completely effective as resisting elements,
they must be capable of withstanding axial
tension and compression loads. Further, an-
chor bolts must develop enough bond strength
between the concrete of the foundation to
prevent their slipping out or being pulled out.
Base plates and anchor bolts are usually the
first step in construction to coordinate the
foundation with the steel superstructure;
therefore, it is necessary that they be accu-
rately placed. A small dimensional variation
in elevation or horizontal location of the base



Table 1.

Principal Steel Producers

A. Armco Inc.
B. Bethlehem Steel Corp.
C. CF&I Steel Corp

I.  Inland Steel Co.

J.  Jones & Laughlin Steel Corp.
N. Northwestern Steel & Wire Corp.

U. United States Stell Corp.

Section & Producer Section & Producer Section & Producer
weight per ft. code weight per ft. code weight per ft. code

W 36—all B, U W 8x31-67 A, B,C N, U MC 18—all B, U
W 33—all B, U W 8x24—28 A,B,C,I,N,U MC 13—all B, U
W 30—all B,U W 8x18—21 A,B,C,I,N,U MC 12x35—50 B, U
W 27—all B, U W 8x10—15 A,B,C, I, N, U® MC 12x30.9—37 B, U
W 24—all A, B LU W 6x15—25 A,B,C,ILN, U, MC 12x10.6 ]
W 21—all A B ILU W 6x9—16 A B, L], N, U8 MC 10x28.5—41.1 B, U
W 18x76—119 A, B, I,U W 5x16—19 A, B, 1 MC 10%x21.9-28.3 B,U
W 18x50—71 A,B,I,N, U, W 4x13 A, B, N MC 10x8.4 ]
W 18x35—46 A,B,I,N,U MC 10x6.5 ]
W 16X67—100 AB LU MC 9—all B
W 16Xx36—57 A, B,C,I,N, U MC 8%x21.4—22.8 B, U
W 16x26—31 A, B,C,I,N, U M 14x18 N MC 8x18.7-20 B, U
W 14x145—730 B, U M 12x11.8 ] MC 8x8.5 ]
W 14x90—132 B, U M 10x9 J MC 7x19.1-22.7 B, U
W 14x61-82 A B 1,U M 8%6.5 ] MC 7x17.6 U
W 14x43—53 A,B,C, 1I,U M 6x20 U MC 6x18 B
W 14x30—38 A, B, C, I,N, U M 6x4.4 I MC 6x15.3 B, U
W 14x22—26 A, B, C I,N U M 5x%18.9 B MC 6x15.1—-16.3 B, U
W 12Xx65—336 A, B3 I, U2 M 4x13 I,U MC 6x12 B, U
W 12x53—58 A B, I,U
W 12x40—50 A B, C 1,U
W 12X26—35 A, B, C I,N, U
W 12x14—22 A, B, C I,N, U HP—all B, U
W 10x49—-112 A, B, I, N3, U HP 13—all Al
W 10x33-45 A, B,C I,N, U HP 12—all A, B I, U?
W 10%x22—30 A, B, C, I,N,U HP 10—all A, B, I, N, U
W 10x12-19 A, B,C, I, N, Ut HP 8x36 A, B, I, N,U

'W 16x57 excluded. W 8x48-67 excluded.

2W 12%x210—336 excluded. W 8x10 excluded.

3W 10x77-112 excluded. W 6x12 and W 6x16 excluded.

W 10x12 excluded. W 6x9 excluded.

9HP 12x63 and HP 12x84 excluded.

Listings of American Standard beams and channels, as well as angles, are omitted from the above table
since these shapes are generally available from all mills, including many not shown in the table heading.

Maximum lengths of shapes obtainable vary widely with producers, but a conservative range for all mills is
from 60 to 75 feet. Some mills will accept orders for lengths up to 120 feet, but only for certain shapes and
subject to special arrangements. Consult the producers for unusual length requirements.

Source: Adapted from Table 3, “Manual of Steel Construction,” 8th edition, 1980, Second Revised Printing,
1986, American Institute of Steel Construction, Inc., with permission.

plate will result in discrepancies in the super-
structure connections. The columns can be
plumbed to their final positions by setting the
base plates on a relatively thin layer of
nonshrinkable grout. The structural steel erec-
tor should verify the locations and elevations
of the base plates in the field to ensure that the
members will fit together as shown on the
working drawings.

Details 9(a) to 12(d), 24(a) to (d), and
39(a) to 42 are drawings of simple beam
to column connections. This type of connec-
tion is classified generally as a non-rigid, or
simple, connection since it is assumed that it
cannot restrain the end of the connected beam
from rotating. The flexibility of simple connec-
tions depends on the stiffness of the connect-
ing parts. A standard simple connection con-



Table 2. Acailability of Shapes, Plates, and Bars
According to ASTM Structural Steel Specifications

Shapes Piates ond bors

o«r}r Over (Over |Over |Over [Over |Over
To | 1/2'|3/a8" 11/a" 12" 2% 24727 4"
ASTM 88 | 12 | 1o |0 [t |t %o |t | to

incl. | 34" [1-14"[1-172") 2% (2172 4" | 5"
hlz]a]als inc). |incl. | incl. | inct | incl.| inct. | inel. | i

Mini oy Group per
Steel ASTM | mum | Ten-
type des- | yield | sie

i

igna- | stress | stress?
tion | (ksi) | (ksi)

Zozag
gy

3
2
3
=

32 | 58-80
A36
Corbon 36 | sa-

A529 42 |e0-85f
a0| €0

Aqq1 [ 42| 63
46 67
50 7of |

42 42 60
55 50 65

High=
strength
Tow-

alloy

AS72 - Grade

60| eof 75|
65 | 65 80 e
2| 63
A242 46 67
Corrosion -
resistont so| 70
high~
strangth 42| 63
tow-
olloy ases | 46| 67
so| 70 ;
Quenched 100
od asad |0 10
o]l TTTT T | 1
olloy 130

@ Minimum unless a range is shown.
& Includes bor-size shopes.
€ For shapes over 426 Ibs. /., minimum of 58 ksi only applies.
@ Plates only.

3 Availeble.

[ Not ovailable.

source: Table 1, “Manual of Steel Construction,” 8th edi-
tion, 1980, Second Revised Printing, 1986, American Insti-
tute of Steel Construction, Inc. Reproduced with permis-
sion.

sists of two angles with each leg of each angle
bolted through the beam web or with one leg
of each angle bolted through the beam web
and one leg bolted through the column flange
or web. Non-flexible connections are clas-
sified as rigid frame connection. This type of
connection is capable of resisting bending and
shear, thus restraining the connected member
from rotating independently. Rigid connection
joints are defined by the fact that the angle be-
tween the connected parts or members will
remain essentially the same after the members
are deflected from flexure or shear. Details 13
to 20, inclusive, show rigid frame steel con-
nections. It can be seen in these details that
this type of connection is fabricated to resist
both shear and bending. In rigid connections
and simple connections, the vertical shear
reaction of the beam is supported with angles
or plates that are joined with bolts, rivets, or
welds; however, in rigid type connections the
bending in the joint can be resisted only by
welds or by a bolt fastener that will not permit
slippage between the connection parts. De-

tails 26(a) and (b) and also Details 48(a) to (d)
show simple beam to column connections
with a seat angle. The seat angle is generally
used as a temporary support for the beam dur-
ing the erection of the steel frame. Details
48(c) and (d) use a structural Tee for a beam
seat. This type of beam seat employs the web
of the Tee as a stiffener plate. It is not neces-
sary to make elaborate seat angle connections
since they are rarely used as permanent con-
nections, but rather to support the temporary
construction dead and live loads. Engineers
and draftsmen should pay particular attention
to structural steel connections. Inadequate
connections can be the source of serious struc-
tural failures or at least limit the amount of
load a member may safely support.

The connections described in the previous
paragraph can be fabricated by using bolts,
rivets, or welds. The simple type connections
are joined with unfinished, or machine, bolts
of low-carbon steel, designated as A.S.T.M.
Spec. No. A307. Machine bolts can be easily
identified by their square head and nut. In
standard simple connections, the bolt shank
reacts in bearing against the cross section of
the web hole and transfers the load to the con-
necting angles by the shear resistance of the
bolt shank cross section. The nuts are tight-
ened in place with a spud wrench with suf-
ficient force not to overstress the washer in
bearing but to prevent the bolt from becoming
loose from the connection. This type of con-
nection can also be made by using hot-driven
rivets or with bolts that are manufactured with
ribbed or serrated shanks. The ‘“Manual of
Steel Construction” lists and diagrams the
standard connections for the various size struc-
tural beams and the connection capacity for
the different types of mechanical fasteners. It
is important to use the minimum specified size
angles in this type of connection. Thicker
angles will reduce the flexibility of the joint
and restrain the end of the beam as it bends.

High strength carbon-steel bolts are used in
structural joints that require that the shear be-
tween the connecting parts be resisted by fric-
tion. This bolt is known as a friction type con-
nector and is designated as A.S.T.M. Spec. No.
A325. Friction resistance in the connection is
accomplished by mechanically tightening the



nuts to develop a specified tension in the bolt
shank that will clamp the contact surfaces of
the connecting parts together. The friction
resistance of the A325 fastener depends on the
tension in the bolt and the condition of the
contact surfaces, which must be free of paint or
any coating that may permit slippage. Another
type of bolt that is used in the same manner as
the A325 bolt is designated as A.S.T.M. Spec.
No. A490. This bolt is a high strength alloy-
steel fastener used for connections of high
strength steel members. Both types of
bolts require that the nut be tightened to de-
velop a specified tension in the shank. A325
and A490 bolts can be identified by their hex-
agonal shaped heads and nuts and by their re-
spective A.S.T.M. number and manufacturer’s
symbol. The thread length of friction type con-
nector bolts or of high strength bolts should be
excluded from the shear planes, except when
they are used with thin adjacent connection
parts. The A.I.S.C. specification for installing
A325 bolts and A490 bolts require that they be
tightened by using a calibrated torque wrench
or by the “turn of nut method.” The calibrated
torque wrench may be power operated and set
to cut off at a torque resistance that will corre-
spond to the required tension in the bolt
shank. The turn of nut method is performed
manually with a wrench by successively tight-
ening the bolts by rotating the nuts a certain
amount after they are brought to a snug, tight
condition. High strength bolt assemblies are
required to have two hardened steel washers;
however, A325 bolts do not require a hard-
ened steel washer when they are installed by
the turn of nut method. Where the connecting
part’s surfaces slope more than 1 to 20, the
washers should be beveled to accommodate a
snug fit of the bolts. The A.I.S.C. recommends
that bolts or rivets be installed through holes
that are 7" larger in diameter than the bolt.
Bolt or rivet holes may be reamed, punched, or
drilled. The dimension between centers of
bolts or rivets should be not less than 23 times
the nominal diameter of the bolt. The mini-
mum recommended distance between bolt or
rivet holes is 3" 0.c. The minimum distance be-
tween the edge of a structural steel part and
the center of a bolt hole depends on the bolt
diameter and on whether the edge is sheared

or it is the edge of a rolled section or plate.
Table 1.16.5.1 of the A.L.S.C. specifications
gives the edge distance requirements for bolt
diameters for sheared or rolled edges of plates
and structural sections. The A.I.S.C. “Manual
of Steel Construction” diagrams and tabulates
the significant dimensions of all structural
shapes. The clear dimension of the length of
the web of a section is designated as “T.” It is
recommended that the length of a structural
connection be not less than $ the T dimension.
Also, the gauge dimensions for spacing of bolt
holes in flanges and webs of wide flange
shapes and I beams and in the legs of angles
are tabulated in the “Manual of Steel Con-
struction.”

Many of the details in this chapter require
that the members or the parts of joints be con-
nected by welding, particularly those
members shown in Details 11 to 20, inclusive.
Welding technology is a vast and complex sub-
ject and will not be completely covered in this
text. The specific information that is ordinarily
required in the structural design and drawing
of steel buildings can be found in Sec. 1.17 of
the A.L.S.C. specifications and in the “Struc-
tural Welding Code— Steel” by the American
Welding Society. Basically, structural welding
is the process of uniting two metal surfaces by
fusion from the heat of an electric arc. The
electric-arc welding process consists of apply-
ing heat to the steel pieces to be joined by a
low voltage, high amperage electric arc. The
arc is maintained across the steel by an elec-
trode which deposits a small amount of weld
metal to the fused surfaces. Welding elec-
trodes consist of a coated steel rod composed
of a metal of the same chemical and mechani-
cal properties as the steel to be joined. The
strength of the weld also depends on the
chemical composition of the rod coating.

When the shielded arc welding process is
used, the arc deposits the weld metal on the
surface, and the rod coating burns to create a
gaseous shield within the immediate atmos-
phere around the weld and at the same time
introduces a flux material into the molten
metal. The effect of the gaseous shield is to
prevent the hot weld material from combining
with the oxygen and nitrogen in the air. Oxida-
tion will make the weld porous and therefore



