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Introduction

A truss is a structural system constructed of linear members forming triangular patterns.
The members are assumed to be straight and connected to one another by frictionless
hinges. All loading is assumed to be concentrated at these connections (joints or panel
points). By virtue of these properties, truss members are subject only to axial load. In
reality, these conditions may not be satisfied; for example, connections are never
frictionless, and hence some moments may develop in adjoining members. In practice,
however, assumption of the preceding conditions is reasonable. If all the members are
coplanar, then the system is called a planar truss. Otherwise, the structure is called a
space truss. The exterior members of a truss are called chords, and the diagonals are
called web members.

Trusses often act as beams. They may be constructed horizontally; examples
include roof trusses and bridge trusses. They also may be constructed vertically;
examples include transmission towers and internal lateral bracing systems for buildings
or bridge towers and pylons.

Trusses often can be built economically to span several hundred feet. Roof

trusses, in addition to their own weight, support the weight of roof sheathing, roof beams
or purlins, wind loads, snow loads, suspended ceilings, and sometimes cranes and other
mechanical equipment. Provisions for loads during construction and maintenance often
need to be included. All applied loading should be distributed to the truss in such a way
that the loads act at the joints. Figure 1.1 shows some common roof trusses.
Bridge trusses are typically constructed in pairs. If the roadway is at the level of the
bottom chord, the truss is a through truss. If it is level with the top chord, it is a deck
truss. The floor system consists of floor beams, which span in the transverse direction
and connect to the truss joints; stringers, which span longitudinally and connect to the
floor beams; and a roadway or deck, which is carried by the stringers. With this system,
the dead load of the floor system and the bridge live loads it supports, including impact,
are distributed to the truss joints. Figure 1.2 shows some common bridge trusses.
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Design of steel structures
Types of steel cross sections
1- I-Sections: (used for beams and columns)
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Plates: (used for gusset plate of connections- strengthing of members- splice
plate)

Advantages of steel structures:

High strength

Easy to make strengthing

Ductility

Fast in erection

Easy to make extension

Light weight

Disadvantages of steel structures:

Maintenance cost

Buckling

Less fire resisting

Fatigue (in bridges)

Design steps of steel structures:

General layout drawing

Loads and structural analysis (straining actions)
Design of members

Design of connections

Details and drawing
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1- GENERAL LAYOUT

Steps of drawing of layout:
1- Main system (Truss or frame....etc) should be placed in the short direction.
2- Spacing between main system ~ (4 m — 8 m)
3- Depth of main system (H=L/12-16) L=span of main system
4- Slope of upper chord of truss (Z:1=5:1 to 20:1) hyin=1.0 m
5- Panel width a=(1.5-2 m)
6- No. of panel even number (12, 16,.....etc)
7- Inclination of diagonal member (a= 35°-55°)
8- Choose H>a>nh
Purlins (secondary beams):
It is the direct support of covering material (steel sheets) and there are two types:
1- Rolled sections:
wt. ~ (15-30) kg/m
2- Cold formed sections:
wt. ~ (7- 15) kg/m
Covering material:

Single layer Steel Sheets (5- 8) kg/m?
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Double layer Steel Sheets with Isolation (10-15) kg/m?
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Bracing:
1- Resist any horizontal force in long direction (wind load)

2- Main supporting element during erection
3- Reduce the buckling length of upper chords outside of plane
4- Brace the whole structure in the long direction
a -Horizontal bracing:
1- Used every (25-30) m in the long direction
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2- Works as a horizontal truss to resist the wind load and transmits to the vertical

bracing
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b -Vertical bracing:
1- Used at each horizontal bracing
2- It is the support of horizontal bracing. It acts as a vertical to transmit the reaction

of horizontal bracing (R) to the foundation
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c- Longitudinal bracing:
1- Connect all trusses to work as a space truss to reduce deflection
2- Brace lower chord members out of plane
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End gables:

1- Steel column
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TRUSSES OVER STEEL COLUMNS
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Cladding
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VERTICAL BRACING (SEC 1-1)
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2. LOADS AND ALLOWABLE STRESSES

2.1 General

The structural safety shall be established by computing the actual stresses in the structural
member and being sure that these stresses do not exceed the allowable (working) stresses
specified below. The actual stresses are calculated used different load combinations
mentioned in the “Egyptian Code of Practice for Loads and Forces for Structural
Elements”. Deflections shall also be computed and shall in no case exceed the limits
herein after specified.

2.2 primary and secondary stresses

The stresses shall be calculated according to the following two cases of loading:

2.1 Case I: Primary Stresses

This case of loading is the case of main loads affecting the structure. Any of the
following loading types or the sum of them is considered a main “primary load”. Dead
Loads, Live Loads or superimposed Loads, Dynamic Effects, Centrifugal Forces ...etc

2.2 Case Il: Primary and Additional Stresses

In case of adding one or more of the loads which are classified as secondary loads to the
primary loads to the previously mentioned “Case 17, the case of loading is then denoted
by (case “II"”). Examples of the secondary loads are (Wind Loads or Earthquake Loads,
Braking Forces, Lateral Shock, Settlement of Supports in addition to the Shrinkage and
Creep of concrete).

Important notes:

1. Stresses due to wind loads shall be considered as primary stresses (Case I) for such
structures as transmission and microwave towers, transmission pole structures and wind
bracing systems.

2. In the design of steel sections, they shall be designed according to “case 1”, then they
should be checked fir (case Il) and the actual stresses shall in no case exceed the
allowable stresses by more than 20%.

2.3 Loads

Loads are taken from the Egyptian code for claculating the loads and forces in buildings.
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There are some special loads for steel structures. In the following sections, some of these
loads are summarized.

2.3.1 DEAD LOAD

Dead loads are taken as the loads of the covering material in addition to the own weight
of steel structure itself. In case of lack of information about the exact weight of the
covering material, the following weights may be used in the structural analysis;

Single Layer Steel Sheets 5kg/m? to 8 kg/m?

Double Layered Steel Sheets with Isolation 10kg/m? to 15 kg/m?

2.3.2 LIVE LOAD

The minimum live loads are taken according the Egyptian code of prctice. In case of
inclined roofs, live loads are considered according the angle of roof slope “a” according
to the curves presented in Figure (2-1). In this figure, two curves are plooted for both
accessible and inaccessible roofs. The value of the live load can be calculated using
equations 2-1 and 2-2 instead of the curve.

L.L. =60 - 66 2/3 tana > 20 kg/m2 (for Inaccessible roofs) (2-1)

L.L. =200 - 300 tana > 20 kg/m2 (for Accessible roofs) (2-2)

250 Accessible Roof
L.L. kg/m" 53 .\// F—
Inaccessible Roof
150 Fe
100 \(\:
0 !. !.
0 0.2 04 0.6 0.8 1
Tan o

Figure (2-1) Live Loads on Inclined Roofs
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2.3.3 WIND LOAD

Wind loads are the forces that affect the building in direction perpendicular to the
surfaces of the buildings and structures. This force is considered positive if it is in surface
direction (pressure) and negative if it is outside the surface, away from the surface
direction (suction).

The external pressure or suction of wind force affecting the building surfaces is
calculated using the following equation:

Pe=Cekq (2-3)
Where;

Pe is the external design static wind pressure affecting the external unit area,

Ce is the coefficient of wind effect (pressure or suction) and it depends on the building
geometric shape and is taken as shown in figures (2-2) to (2-5) for different types of

frames.

k is a coefficient changes with the change of building height and taken according to table
(2-1),

q is the basic wind pressure and it depends on the location of the building and is taken
according to table (2-2) for areas inside Egypt.
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Table (2-1) Values of Coefficient “k”
The height of building taken to calculate the coefficient ““k™ is the height of location the
wind pres\sure}is calculated at it.

Height “m” Coefficient “k”
0to 10 1.0
10 to 20 1.10
20 to 30 1.30
30 to 50 1.50
50 to 80 1.70
80 to 120 1.90
120 to 160 2.10
More than 160 2.30

Table (2-2) Basic wind Pressure at different Locations in Egypt

Location g “Ke/m’”
Marsa Matrouh, El-Dabaa, Ras-Sedr 90
Alexandria, EI-Saloum,Abu Sower, Hurghada and all coastal 80
areas
Cariro, Asyot, Belbis 70
Fayoum, Menya, Aswan, Modereyat El-Tahrir 60
Tanta, Mansoura, Damanhour 50
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Loads
p2 P3  p2
K Y v
.00m - 30.00 m ~3.0 m-
.7a4_
7 4
5.00
P1 P2 P2 P2 P2l P3 P2 P2 P2 il P1
T 5.00
1T 4]
\
1- Dead Load

P = o.w.t of corregated sheet x (panel width/cosa ) x spacing between trusses + 0.w.t of

purlin x spacing between trusses + 0.w.t of truss * panel width

Pl1=5x1.5/cosa+8x5+100x 1.5=
P2=5x3/cosa+8x 5+ 100x 3=

2- Live load

kg
kg

Live load intensity = (60-66.67x tan a) x spacing X panel width

P1=(60-66.67 x tan a) x 5 x 1.5=

P2=2xP1

kg
kg
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Ce= from chart . Ce=-0.5
by P2 P2 P2 P2 P2PSPSP3 g
P3'
Ce=08 p t L > P4
Wind left h
T m > P4
.00 m 30.00m L3.0m-
3- Wind load
P=c¢ k g x service area
P1=0.8x1x70xh/2xS kg
P2’=-0.8x1x70x (a/2cos o) x S kg
P2=-0.8x1x70x (a/cosa) x S kg
P3’=-0.5x1x70x (a/2cos o) x S kg
P3=-0.5x1x70x (a/2cos a) x S kg

P4=-05x1x70x(h/2) xS

kg

Ce=-05
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3. DESIGN OF TENSION MEMBERS

Tension members are encounters in most steel structures. They occur as principal
structural members in bridges and roof trusses, in truss structures such as transmission
and microwave towers and wind bracing systems in multi-story buildings. These
members can be defines as “Members which carry only axial tensile forces”. Some
examples of these members are shown in figure (3.1) and their cross-sections are shown
in figure (3.2).

Figure (3.1) Samples of Steel Structures Containing Tension Members
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Figure (3.2) Samples of Cross-Sections of Tension Members

3.2 TENSION MEMBER RESISTANCE:

The maximum resistance of a tension member “T,” is calculated using the following
equation:

Tr = Anet . Ft (3-1)

where A is the effective net area of the cross section and F; is the allowable stress of the
steel in tension which is defined by the Egyptian Code of Practice, ECP 2001, as:

Ft=0.58F (3-2)
3.2.1 Allowable Tensile Stresses for Steel
The allowable tensile strength for steel is calculated using equation (3-2) in which, Fy is

the nominal yield stress of steel. Table (3-1) presents the nominal yield stress and the
nominal ultimate stress for different steel grades used in structural design.
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Table (3-1) Nominal Yield Stresses and Ultimate Stresses for Different Steel Grades

Nominal Values of Yield Stress F, and Ultimate Strength F,
Thickness “t”
Grade t<40 nun 40 mm <t< 100mm
of Steel Fy Fu Fy Fu
t/em’ t/em’ t/en’ v/em’
St 37 2.40 3.60 215 3.40
St 44 2.80 4.40 2.55 4.10
St 52 3.60 5.20 3.35 4.90

According to table (3-1) and equation (3-2), F; can be taken from table (3-2):

Table (3-2) Allowable Tensile Stresses for Different Steel Grades

Grade of Steel F, (t/enr’)
<40 mm 40 mm <t<100mm
St 37 1.40 1.30
St 44 1.60 1.50
St 52 2.10 2.0

The above values for the allowable stress, F;, may be increased by 20% if secondary
stresses are considered (case of loading II).

3.2.2 Effective Net Area “Anet’”

Whenever tension member is to be fastened by means of bolts or rivets, holes must be
provided at the connection. As a result, the member cross-sectional area at the connection
is reduced and the strength of the member may also be reduced depending on the size and
location of the holes. The effective area in resisting the tensile stress of the cross-section
is called the effective net area Anet.

The tension member resistance must be calculated based on the effective net area of the
cross-section Anet Which can be calculated as follows:

i- For Lined up Holes:
Whenever there is only one hole or multiple holes lined up transverse to the loading

direction, there is only one potential line may exist. The controlling failure line is that
which passes through the bolt hole/ or holes (line AB in Figure).
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Sec. AB B

Anet = Agross — N (d+ 2 mm) t (3-3)

Where n = number of bolts in the cross section perpendicular to the direction of loading.

t = the thickness of plate element at which the hole lies.

d = bolt diameter

It is noted that the hole diameter exceeds the bolt diameter by 2 mm.

Ii- For Staggered Holes:

Whenever there is more than one hole and the holes are not lined up transverse to the
loading direction, more than one potential line may exist. The controlling failure line is
that which gives the minimum area. In the opposite figure, there are two lines of

staggered holes. The failure line may be through one hole (section A-B), or it might be
along a diagonal path (section A-C).

Sec. AC Sec. AB C B
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Anet (Path A'B) = Agross - (d +2mm) t (3-4)
Anet (Path A-C) = Agross— 2. (d +2mm) t +( s%/4g) t (3-5)
The net area Anet is the minimum of the two values.

3.3 MEMBERS USED IN TRUSSES

Sl
P r
Y. 2
P o—

N s

Unsymmetric Sections (Single Angles)
Used in Vertical and diagonal members of truss
Minimum radius of gyrationis i, =0.2 a

-

2
\ .

\\
N
d=Pa+tg . ~

e d

/
“-L‘v/z |
Symmetric Sections (Star-Shaped)

Used in Vertical members of truss at intersection with longitudinal bracing, and long

tension members
Minimum radius of gyration is i, = 0.385 a




Lectures Notes (Steel | - CT122) Higher technological institute 10™ of Ramadan city
Dr. Essam Abd Elaty Mohamed Amoush

o7

=

Symmetric Sections (two angles back-to-back)
Used in chord members of truss and web members of high values of force.
Minimum radius of gyration is iy = 0.3 a
Maximum radius of gyration is iy = 0.45 a

3.4 APPLICATION ON TRUSS MEMBERS WITH BOLTED CONNECTIONS

Truss members are considered symmetric sections when the center of gravity of the
members coincides with the center of gravity of the connecting gusset plate.

3.4.1 Symmetric Sections:

Sections composed of two angles back-to-back and two angles star shaped (where there is
no eccentricity at the location of the C.G. of the member and the C.G. of the gusset plate)

are considered symmetric sections.

Y

Net Area = Gross Area — Area of Bolt’s holes

Anet = Agross = AHoles
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Where the diameter of the bolt hole = diameter of the bolt + 2 mm for drilled bolts.
3.4.2 Unsymmetric Sections (single angle)
In single angle truss members where there is eccentricity between the C.G. of the member

and the C.G. of the gusset plate at the location of the connection (the system shown in
figure), the net area of the member is calculated as follows:

4y (net area of connected leg)

Yy

Ag(net area of unconnected leg)

Anet= A1+A2(3A1/(3A1+A?)) (3-6)
Where A; is the net area of the connected leg and A; is the area of the unconnected leg.
3.4.3 Un-symmetric sections (double angles).
The two angles are considered un-symmetric when they lie on one side of the gusset plate
as shown in figure. To allow for the eccentricity of the connection (the system shown in
figure), the net area of the member is calculated as follows:

Ag(net area of unconnected leg)

_ |y 4s (net area of connected leg)
S
* |
N /" TN T J |
I | I
| L, d+2mm)
Anet= A1 +Az(5A1/(5A1+A2)) (3-7)

Where A; is the net area of the connected leg and A; is the area of the unconnected leg.
3.5 APPLICATION ON TRUSS MEMBERS WITH WELDED CONNECTIONS
3.5.1 Symmetric Sections:
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Y

’

I —) | S— -

y

Anet = Agross
3.5.2 Unsymmetric sections ( e.g. single angle ):

4y (net area of connected leg)

Anet= A1+A; (3A1/(3A1+A2))
Where A; is the net area of the connected leg and A; is the area of the unconnected leg
(there are no bolt holes to be deducted from areas A; and Ay).
3.5.3Unsymmetric Sections (Double Angles):

Azfnet area of unconnected leg)

L) 4s (net area of connected leg)

77 ‘ 3 |
|
L, d+2mm!

Anet= A1t+A; (5A1/(5A1+A2))
Where A; is the net area of the connected leg and A; is the area of the unconnected leg
(there are no bolt holes to be deducted from areas A; and Ay).
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3.6 STIFFNESS REQUIREMENTS FOR TENSION MEMBERS:
To avoid sag, vibration and slack of tension member the ECP, 2001defined:
3.6.1 The Maximum Slenderness Ratio

The maximum slenderness ratio of a tension member (excluding wires):

1. Tension member in A= L/ 1

Buildings 300
Bridges:

Roadway Bridges 180

Railway Bridges 160

Vertical hungers 300

Bracing system 200

3.6.2 The length/depth ratio (Recommended Values)

Stiffness requirements for tension members (excluding wires) are:

Tension member in 1/d
Buildings 60
Roadway Bridges 35
Railway Bridges 30

3.7 DESIGN PROCEDURES:
Stepl: Estimate the cross section:

: : ’ Force
Bolted connections — Symmetric Sections 4,eguired = -
0.85F,
: . . g Force
Bolted connections — Unsymmetric Sections 4,eguired = -
0.85 x0.85 x F}
) i o Force
Welded connections — Symmetric Sections 4,eguired =
FI
) : 3 Force
Welded connections — Unsymmetric Sections 4,equired = ————
0.85 x F;

Then choose a suitable cross-section
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Step2. Check of the Chosen Member:

Force < 0.58Fy

1-Check of the actual Stress f;.; T aer =

net

2-Check of the length top depth ratio % < 60 (for diagonals and chord members only)

-

3-Check member stiffness A = 300

: : L [ :
A 19 the maximum of A, =2 and A, =22~ in case of two angles back-to back:
¥ B,
X h!

l : ;
bmx in case of two angles star-shaped

and A, ==
u-1L

and A =-2"% in case of single angle sections.
&
v-1L

4-minimum angle leg “a” shallbe = 3d +t

Where d 1s the bolt diameter and 7 is the angle leg thickness.
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Example 1:

Design the lower chord tension member “A” shown n the Figure. The force mn the member
15 30t (Case IT) and the bolts used m the connections are 16 non-pretensioned bolts.
Data: Force=30t(CaseII) Length=300m Ix=30mand L,=90m

[EL] . e

et e— s
ﬁ[ R o Ag ol 43

1230 =360m

Estimation of the cross section:
_ Force

"™ 0.83F,
Apy=30/(085x14x1.20)=210cm’
Choose 2 angles back-to-back for the lower chord. A of 11 = 21.0/2= 10.50 ¢m’
Enowing that for 2 angles back-to-back with equal legs:
n=03aandr,= 045a
A, =L /ir,=03a)=300/0.3a= 300 areq=333cm
A, =L,/ (r=045 a)= 90040 45x300) = 6.6 cmn

For constuction - a-f= 3d=4.8 cm.
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From the tables choose 115 Slxd0zs

Check:-

1. Streneth:

-ﬂ'.l-l: =-'1|:g|-'.u'—'[.'.l.|-i:-| 1

Ae=2({123-(16+H01)* 08)=21.72 om'".
Fu=30/21.72=138tom® = 14xl.2 [casaIl) =].68 t'om®

Cafa

2. Snffness:
Vd=30)/8=375 = ) OE
L. —J-'IIIII 24i=124 < 300 0K

L=2(L pu+dun={o, + 05 g 0 F')=2( 723 +123( 226+05x1 0" )= 332 em’
A= :-:1'-} 4.6 o’

.1_11.?

T
1,|_¢~, Fr
L, =000 /367= ail-' < 300 OK

=3.87

-

a=80m>3id+it=3x1609=53T7Tm OK
F &
Diesipm the sams member of Example 1 with welded connections.
Estimation of the cross secton:
A =30/(14x12)=17.86 cm’
Choose 2 angles back-to-back for the lower chard A of 1L=17.262 =892 cm®

For 2 angles back-to-back with equal legs:
=03 cadry=045a

=L/ frx=0.3 ap=300/(0.3x300) = 3 33 am
=L /(=045 gp = 00000 452300 = 6.67 cm

From the tables choosa 115 T TOzT
Check:

1 Sirength:
A= Agem =25 04= 188 .



Lectures Notes (Steel | - CT122) Higher technological institute 10™ of Ramadan city
Dr. Essam Abd Elaty Mohamed Amoush

fa=30/188= 1595 thom’= 14x13(casell)=168 tan’. Safe

: !n‘ﬁe-i-
ld=300"7 = 4285 <60 OF Safe
I, 300

2 ™ 108 <30 0K
r, Al
[ ) .

I, =0, +4, (0, +-2)*] = X424+ 940197 +%J‘}- 199 5 e
A=T04=188 ¥

I, [85 .
rad-r =] —3.26
S IR Y

L 90 is<30 0K
r, 326
Example 3:

Diesign the same tension member of Example | uwsing unequal angles. Use 16 non-
pretensioned bolts in all the truss conmections and 10 mm mazset plates.

Diata: Force =+ 30t (Case IT), Member lenpgth=30m L,=30m [ . ~0m
Estimation of the cross seciion:

Aoy =30/7085x14x12)=21.00c0r.
Chooss 1 anples back-to-back for the Jower chord. Arsa of 1L = 21 .02= 1050 cm’

Chooze ! Ls back-fo-back 6531z
{choose umequal anzle and use the longer leg to add ML EmLN
stiffvess for the member around the Y-V axis as |

showm i the Fizure A

F| L .
| ']
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2. Stffness:
Fd=300/65=462 = 60 OK
L, =300/ 1.84=163 < 300 OK
L=2[113+112 {(1.02+323V]=537Tam"
Fy = 1I|I .:T,:_T - 580
L4, =000/4.800=184 = 300 0K

Diezipn a diaponal member in a trass if the tensile force in the member is § t (Case T) and

:ﬂ:.e:uemt-ar;meﬂllsiﬁm The boits osed in all the uss connectons are M14§ non-
balrs grade 4.4, with 10 mm thick pusset plates.

Data: Force =+ 6t (Caze T) Leneth=386m

Estimation of the member cross secbon:

Assume the section is single angle (unsyommetne section)

4,.=60/(085x085x14)=593 cm’

FamlLl:n=03a
L =02 gl=3040 a = 36040 2x300) = 6.0 cm

for constmaction -a = 3d+t a1 = 4.8 cm.

To sarsfy the above 3 requirements: choose 1L Slo6lxs
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A= 6.0%0.6 - (.64 Tx0.6=2.52 cm’

A, ={5.0-0 806 =314 om’
A=A, + A 34, /G4, + 4, =252 +324 3x252/(3x252+324)}

=470 oo’

Four =647 =125 thy’ <058 £=140 tiow’ Safa
2. Siffmess

V'd =360/ 5.0 =60 0K

Ir, =360/ 1.17 = 308= 300 umsafes

Uszz L 65x65x7T and recheck stoffness only:
Ir,=360/126=286 =300 0K

Example 5

Design the sbown tension member if the length of the member is 6.0 m and it carmies a
force of & . The bolts usad in the comnections are M1§ non-pretensioned bolts with 10 mm
Fussat plares.

Estimation of the member cross secton:

4. =6(085x14)=iMo’
(Assuming that the cross section will be symmefnc about the guest plate: Star-shaped
CI0s5-se0tion)
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Acofone anple=3042 =15 cm’
Far star-shaped angle: r =0 383a
a=L/ 0385 a<=300

a = 60070.385=x300 = 5.2 cm

Lid =60, d 60060 = 10 cm (d=2a + &) _[_ s ‘,.-?
Constraction requirements: M il
=48 cm d=2a+zg i

.'lr.- H-
From tahle choose 2 Ls star-shaped S5x55x5. g W
Check:
1.5men=ih: )
Anet=12(532- (16020 5) = 8 84 o’
. Fu: =68 84=067vam™= 058 £, t'om” safe
2. Stiffness
Fad=0600/ (x5 510)=30 =60 OK
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Example 6:

Dezsign the lower chord fension member “A” shown m the Figure wsing circalar bollow
section (fube). The force in the member is 30t (Case IT) and the member is connected to the
rss memhers by usims wald.

Data: Force=301{Case I Leneth=300m Lx=30mand L.=90m

(%]
SN
\ 1230 =340m \
Estimation of the cross section:
y _ Farce
™~ F

Ay =30/{14x1201=1786 o0’
Choose CHS 13355

A=21 o’

=r.=453an

Check:

2 :
Agn=20.1 o’

Fier=30/201=1.99 t'cm™ < 1.4x] 2 { case I1 ) =168 t'cm’
Safe

2. Siffness:
d=300/133=2255 < §0 0K
Iy =300 /455 =6623 = 300 0K
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4. DESIGN OF COMPRESSION MEMBERS

4.1 CLASSIFICATION OF CROSS-SECTION

In the Egyptian code of practice, the sections are classified according to local buckling of
component plate elements into three section classes; compact sections, non-compact
sections and slender sections as follows:

4.1.1 Class 1 (Compact Sections)

Compact sections are the sections that can achieve plastic moment capacity without the
occurrence of local buckling of any of its component plate elements subjected to
compressive stress.

4.1.2 Class 2 (Non-Compact Sections)

Non-compact sections are the sections that can achieve the yield moment capacity
without the occurrence of local buckling of any of its component plate elements subjected
to compressive stress.

4.1.3 Class 3 (Slender Sections)

Slender sections are the sections in which local buckling of component plate elements
subjected to compressive stress takes place before failure takes place. When any of the
compression component elements of a cross-section is classified as class 3, the whole
section shall be designed as class 3 cross-section.

The limiting plate width-to-thickness ratio for class 1 and class 2 are given in the
following tables:
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Table (4.1a) Maximum Width to Thickness Ratios for Stiffened Compression
Elements

(a) Webs: (Internal elements perpendicular to axis of bending)
Axis of
- dﬁr - d'._l..' i _'d\._v h bendlng
t t -
g by =
dsh-3t | (t=tety, )
; Web Subject to Web Subject to Web Subject to Bendlng
Clags | Type Bending Compresslon and Compression
| § F o
=TT T T
1, Compact |q_ h | o | — % dy 1"h
H N R = L1
Stress distribution | F : F
Yy F ¥
In element, !
Not for single : a =10 a> 05 a K05
channel
< 58 d .,EBSHF,, Hw <E3.ﬁ.ﬂa
PN of bow A3 | by N
F1Jr W W F‘_nf
F}f FL(
2.Non-Compact T T
=1 h d, h
Stress distribution _l_ -L _L
In element, F? ¥ F!-‘
¥ = =1 L ¥ <1
dy ¢ 190 dy o 84 Eﬁ<‘9”*"r‘f dy <95:1—mﬁf
Ty ﬁ W ﬁ L 2+9 S +Fy
F, in tlem®
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Table (4.1b) Maximum Width to Thickness Ratios for Stiffened Compression
Elements

(b) Internal Flange Elements: (Internal elements parallel to axis of bending)

b
Axis of yut Y
bending
Class / Type Sectlon In Bending Sectlon In Compresslon

F F
/ —
1. Compact I =-1v F
I i ] I I '
I T I__} i 1 l_ !
Stess dlstrlbutlon ” Il H 1 ” II | I
in element and LL____J_I L= I LJ:_____JJl | —
across section - = = I F=
b 58 b 64
i =

2. Non-Compact

Stess distribution
In element and
across section

b_ 64 b 64
ts S ﬁ te *{

F, in taft:m:2

L
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Table (4.1c) Maximum Width to Thickness Ratios for Unstiffened Compression
Elements

(c) Outstand Flanges

C C C I-CHL C
ts t t; th t
: Flange Subject
Flange Subject to Compresslon and Bending
Class / Type to Compresslon
Oue fo My Tip in Comprssion Tip in Tension
aC
1. Compact FEIf =t F %F
— -1y - Y
Stress distribution “h - “jir"‘_ : __}i i
in element ¢ - |__ c - C -
G . ac I ac
Rolled t 515.9;,?? t <168 vF, i <169 ar,
Welded

2. Non-Compact

E
— FV FB"
Stress distribution | —/——= = = ==
in element 1 + : I +
|
—-— —— 1-'—— C ——( L|-|-— C —=
(3 . (3
Rolled ty < 24F, ty <3 K, 0F
c . (3
Welded S 2yF, 7 $2 vy IF,
F,n ticm? For Ky see Tables 2.3 & 2.4

Table (4.1d) Maximum Width to Thickness Ratios for Compression Elements
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(d) Angles:

Refer also to
(Table 2.1c)
"Outstand flanges”

y—b—i

{Does not apply to

tTjJ 1:h

angles in continuous
contact with other
components)

e

Class

Sectlon In Compresslon

Stress distribution
across sectlon

Fy —

=

el

Non-compact

bit<23/Fy ; (b+h)i2t<t7/+/Fy *)

Class

Sectlon In Compresslon

(e) T-sectlon;

Y

bl “ IRl
et

Non-compact

bit 30/ +/Fy

(f) Tubular sectlon; :
t
i
Class Section In Bending and/or
Compression
1. Compact DIt < 165/ F

2. Non-Compact

!
Dit €211/ FY

Fy in tlem 2

(*) For unequal angles

Table (4-2) Buckling Length Factor “K” for Members with Well Defined

Conditions.

End-
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i - - “r =
/ T
BUCKJLING 7t / / \ |
MODE / / \ |
| | | 1
| I | \ \
| i I|
|II | \ |I II'. I.
'n\\ II'-I.I.I '\\\ ||I \ ",II “-,\\
i 54 i ra e i AN
K 0.65 0.80 1.20 1.00 2.10 2.00
END T ROTATION PREVENTED &
CONDITIONS

TRANSILATION PREVENTED
T ROTATION PERMITTED & TRANSIATION PREVENTED

T ROTATION PREVENTED & TRANSLATION PERMITTED

| ROTATION PERMITTED & TRANSLATION PERMITTED

Tables (4-3) and (4-4) show the buckling lengths in most of the familiar compression
members in trusses of buildings and bridges.
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Table 4-3: Buckling Length of Compression Members in Buildings and Bridge

Bracing Systems

4620

150

pajoeuuocd
Alejpnbapp
woalsAs

Up|NBubDjoad gom
pajoasialu|
eldiiny—

121

walsAs gam

paip|nbupp]

8|buIS—
s|puobnig
(z'Z'¢'¥ 8snp|)) _/.
unds G/°'0 m m
Spacyy
padpaAgqun Pa3DJH >_m.;_—omtu

pioys) uojsseadwo)

pioyn uolssaidwion

auD|d—40—4NQ

sup|d—U|
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Table 4-4: Buckling Length of Compression Members in Buildings and Bridge

Bracing Systems (Cont.)

souoc) uoisssadwos jo sn|ipa Jasbup] = N
9040} uolssaJdwoo JO BN|DA J8||IPWS = SN

N
m_”m|z 0£°0+06°0)

N
mﬁm|z SZ'0+S/°0)

4 G0

>

wasAs gem
PeloBsSAs iUl —Y—

wasds gem
peipnBupia}
a|Bbuig—
Slequaud
TOOTHaA

A

P80

LUSISAS =Y =—

paiosuuos
Alejonbsaspp
LiaisAs
|pplozedpua) gem
pajossdsaiu]
o|dipinN—
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peopaqun
pioysn uoisseddwod
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4.3 Maximum stiffness Limits
4.3.1 MAXIMUM SLENDERNESS RATIOS FOR COMPRESSION MEMBERS

The slenderness ratio of a compression member shall not exceed max A given in the next
table:

Maximum Allowable Slenderness Ratios of Compression Members

Member A
Buildings:
Compression members 180
Bracing systems and secondary members 200

Design procedures:-
1- Get design compression force
2- Assume allowable stress Fy =(from 0.25F, - to 0.4F,)
Or=0.58Fy and factor of safety (from 1.3 to 2)

Aregq=C/Fa.
3- From Tables choose sections (angles, I-shape, ....)
4- Get allowable stress according to slenderness ratios (Ax, Ay)
M= Kly/ry
dy= Kly/r,
Ae= max. from (Ax & Ay)
if Aer<100
Fan = 1.4-0.000065 A¢;” St.37
= 1.6-0.000085 A¢,” St.44
= 2.1-0.000135 Ag” St.52
If A>100
Fai=7500/ A®
5- Check strength
Faci=C/Area <Fy
6- Check of required tie plate (for double angles only)
L’ /rmin 1L =L/ Tmin 21
L’/L= (rmin 1./Tmin 2L)
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Example 1:-

Design upper member chord U3 as shown in Figurel, where St. 37, 2L back to back and
compression force=10t and L=Lx=Ly=250cm.

\ope 1:10
u3 Slop!

2.10T D D6 ?'100
- 30.00 250 N
Solution:-

1- Areq= 10/(0.25x2.4)=10/0.6=16.67 cm®
Choose 2L 70x70x7 Az = 2x9.4=18.8 cm?
2- Ax=kL,/r,=250/(0.31x7)=115.21 <180
A=KL,/ry=250/(0.45x7)=79.37 <180
A=115.21>100
Fai=7500/(115.21)2=0.565 t/cm2
3- Fau= C/Area= 10/18.8=0.532 t/cm? <0.565 t/cm* 0.k
4- Check of required tie plate
L’=1.36/ (0.31x7) x 250=156.68 cm
156.68/250= 0.63
Use one tie plate at mid

Example 2:-
Design Diagonal member D3 as a compression member with 8t and 5t where Lp3z=3.53 m.

Solution:-

For member D3
Areq=8/(0.25xx2.4)=8/0.6=13.33 cm2
Choose L 100x100x10 A=19.2 cm2

3- Ax=kL,/r,=353/3.04=116.12 <180
My=kLy/ry=1.2x 353/3.04= 139. 34 <180
Aer=kL/r,=1.2x353/1.95= 217 >180 unsafe

choose 120x120x10
Ae=kL/ry=1.2x353/2.36= 179.49 <180

Fai=7500/(179.49)?=0.233 t/cm® Fall= 0.6x0.233=0.14 t/cm?
It is illogic to increase section but use 2L.80x80x8 star shape for  economic
design
Aer=KL/r,=1.2x353/(0.385x8)=137.53 <180
Fai=7500/(137.53)?=0.396 t/cm?
4- F,q= ClArea= 8/(2x12.3)=0.325 t/cm* <0.396 t/lcm* 0.k
5- Fac/Fai=0.325/0.396= 0.82 waste use smaller section
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Tension Member (AISC-LRFED)

CHAPTER B

DESIGN REQUIREMENTS

This chapter contain: provisions whach are common to the Specification as a whole.

Bl.

B3.

CROSS AREA

The gross area 4, of a member at any point 15 the sum of the products of the thick-
ness and the gross width of each element measured normal to the axiz of the

member. For angles, the gross width 15 the sum of the wndths of the legs less the
thuckness.

NET AREA

The net area 4, of a member 1s the sum of the products of the theckness and the net
widih of each element computed as follows:

In computing net area for tension and shear, the wndth of a bolt hole shall be taken as
Wo-in. (2 mm) greater than the nominal dimension of the hole.

For a chamn of holes extending across a part in any diagonzl or mpgrap hine the net
width of the part shall be obtained by deduchng from the gross width the sum of the
diamseters or slot dimensions as provided in Section J3.2, of all holes in the cham,
and adding, for each gage space in the chain, the quantity 57/ 4g
where
5 = lopgidmal center-to-center spacing (pitch) of any two consecutrie holes,
. (o)
£ = transverse center-to-cenfer spacing (gage) betwreen fastener zage lines, in.
(mm]
For angles, the gage for holes in opposite adjacent leps shall be the sum of the zages
from the back of the angles lass the thackness.
In determining the net area across pag or slot welds, the filler metal shall not be
considered as adding to the net area.
EFFECTIVE AREFA OF TENSION AIEMBEERS
The effective area of tension members shall be determined as follows:

(1} When ten=zion load 1= transmitted drectly to each of the eross-sectional ele-
ments by fastensrs or welds, the effective area 4, 15 equal to the net area 4.

(2} When the tension load 15 transmitted by fasteners or welds through some but
not all of the cross-sectional elements of the member, the affective area 4 shall
be computed as follows:

LRFL} Specification for Soucrural Siee! Buildings, December 27, 1699
AERICAN INSTITUTE OF STEEL CoMsTRUCTHON
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When the tension load 15 transmitted only by fasteners
A=Al (B3-1)
where

U = reduction coefficient
= 1—(¥/1)=09
connechon eccentneity, in. (mm})

length of the connection 1o the direchon of loading. 1n. (mam)

x
i

When the tension load 15 transmitted only by longitudina] welds to other than a
plate member or by longitudmal welds in combination with transverse welds

A=A (B3-2)
where

U=1-(x/N<09 X
A,= gross area of member, n.° (mm®)

When the tension load 15 transmitted only by transverse welds
A =4U (B3-3)
where
A = area of directly connected elements, in.* (mm®)
=140
When the tension load 15 transmutted to a plate only by longitudinal welds
along both edges at the end of the plate
A, =40 (B3-4)
where
B o Oy ML SR Rl A OV Sl S SN T ft! 1,11
B 2w aclse Sy oo somsioieanna s e aen et IS HOR
g e TR S U SIS UR ST (o | i 5
where

I =length of weld, in. (mm)
w = plate width (distance between welds), 1. (mm)

Larger values of U7 are pernuntted to be used when jushfied by tests or other rational
criteria.

For effective area of connecting elements, see Section J5.2.
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CHAPTERD

TENSION MEMBERS

This chapier applies to prismatic members subjact 1o axdal tension caused by static forces
acting through the centrobdal sxs. For members subject to combined axdal tension and
flesmare, zee Section HI.1. For threaded rods, see Seciion J3. For block shear mupmre
smenzth &t end conmecdons of tensicn members, cee Section J4.3. For the dacizn tensile
sirenzth of commecting elements, see Section 15,2 For members subject to Stigue, see
Section K3

D1

DESICGN TENSILE STRENGTH

The design strength of tension members, P, shall be the lower value obtained
acopading & te hmit states of vielding in the gross section and fractune in te mel
actiod,

(a) Foryielding in the gross secton:

= 0.90
P,=F, 4, (D11-13
(b} For frachure in the net secion:
=075
P=F_ 4, (D1-2)

where

A, = effective net area, in * {mm”)

A,= gross area of member, in.’ (mm™)

F.= specified mininmom yield stress, k=i (MPa)

F = specified mininmm teasile soeasth, ki (WPa)
When members without holes ame folly comnected by welds, the effscme net sec-
donusaed in Equation D1 -2 shall be as defined in Section B3 When holes are pres-
ent in 8 member with weldad-end connectons, or at the welded connection in the
caze ofphogz or slotwalds, the pet section through the holes shall bensed in Egoation
Dl-2.

BUILT-UFP MEMBERS

For linvtations on the longimdinal spacing of conmectors between elements in
continunons contact consistine of 3 plate and a shaps or two plates, see Sectan J3.5.
The lonsimdinal spacing of comnectors between components should preferably
Limit the slendarness mie in amy component betwesn the connectors o 30

JLRET Specification fr Srucrunad Sreel Futldiegs, Docopshar 17, 1999
Asarpe sk Brerrrome oo STeEL CoNsTrRTIoN
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EXAMPLE D-1

Determine the desizn soength of a WH»24 a2z a tension member In
50 k=i steel. How much dead lead can it suppori™

If there are no holes n the member, 4, =4, and Equation I-3 governs
$uF =450 ksi x4, =45.0ksi x 7.08 in* =319 kips

Bzsmmings that dead load is the only load, the soveming load combi-
nation fom Secoon A is 140 Then the required tensile smength

B =148 =6 =319 kqﬁ-

A 3109 kipss]l 4=228 kips maximum dead load that can be supported
by the member

EXAMPLE D-2

Given:

Solution:

Bepeat Example D-1 for a WE=24 i 50 ksi steel with four 1-in
diameter holes, two per fange. alonz the member (e, Dot at ifs ends)
for mizcellanepns attschments. Sae Figure D-1{a].

3. For yvielding in the gros: section

.2 = 319 kips, as in Example D-1.
b. For fractare in the net secticn
A, =d,=d, — 4% (Hu+ Yein )X g
=708 4x (1 + ¥e-in) % 0.400 in
=353%in°®
dB = 48.8 ksi x4,
= 48.8 ksi x 5.38 in.* = 263 kips < 319 kips

Frachare in the pei section zovems.
B =140 = & =263 kips
Iy =263 kips /1.4 =188 kips
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MWose: If the holes had been st the end coomection of the temsion
member, the U7 reduction coefficient wonld apply in the calculaton of
an effective net arsa.

EXAMPLE D-2

Giwan: Fepeat Exzmnple -2 for holes at a bolted end-commection. There are 2
total of eight 1-in. diameter holes, as shown v Figure D-1(2), on two
planes, 4 in canter-io-Cemter.

Soiuban: a For vielding in the gross section ¢.2 = 319 kips, as in Exampls D-1.

b. For fractare in the net section according to Equaden E3-1 i
Section B above, the affective net area

A = AU =ATF
where
A, =538 m " as in Example D-2

e _E = 1 ®
U=1-F,L=4in

According to Commentsry Figure C-B3_1(z), x for a Wix24 in this
case is taken as that for a WT4x12. From the properties of a WT4x11
given in Part [ of this Mamnsl, x =3 = 0L.605 in. See Figurs D-1{2).

D695 in

r=1 Ty = 0826

Thns

4, =538in " x0826=445in"
o =488 ksi = 4,
=488 ksi x 445 in" =217 kips < 319 kips
Fracture in the net secion governs Again assuming that dead load 1s
the only load,
P =14R =P =217 kips

A= 217 kips / 1.4=155 kips maximun dead load that can be supporied
by the membsar

Built-Up Members, Eyebars, and Pin-Connected Members
Gea Section D2 and D3 in the LEFD Specification.
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Compression Member (AISC-LRFD)
CHAPTERE

COLUMNS AND OTHER COMPRESSION MEMBERS

This chapter applies to compact and non-compact prizsmatic members subject to axial
compression through the centroidal axas. For members subject to combmed axial com-
pression and fexure, see Sechion H1.2. For members with slender compression elements,
sea Appendix B3 3. For tapered members, see Appendrx F3.

El.

L

[

EFFECTIVE LENGTH AND SLENDERNESS LIMITATIONS

Effective Length

The effectrve longth factor I shall be determined in accordance wnth Section C2.
Dezsizn by Plaztic Analysis

Desizn by plashic analjisi:. as hmated in Section A5.1, 15 permitted if the column
slenderness parameter A_does not excesd [ AE

DESIGN COMPEESSIVE STRENGTH FORE FLEXURAL BUCKLING

The design strength for flexoural buckling of compression members whose elements
banre wndth-thickness ratios less than A, from Saction BA. 1 & &P,

&. =085
P.=AF.. (E2-1)
{a) Fori.<1.5
F. = ( 0658% )1—" (E2-2)
() Fori.>1.5
0877
Fy =[—: ]1—" (E2-3)
where
-1 [F
g EETY, (E2-4)
rE | E

A, = gross area of member, n? {mm®)

F_ = specified mimmum vield stress, ki (MPa)

E = moduhlis of elasteity, ks (WMPa)

E =eaffective longth factor

! =laterally unbraced length of member, 1n. {mum)

r = governing radius of gyrathon about the axis of buckling. 1n. {mm}

LRFT} Specificarion for Seuctural Sieel Buildings, December 27, 1099
AvEracas INsTmums ofF STeEL CossTRucTION
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Table E-1.
Design Stress for Compression Members of 50 ksi Specified
Minimum Yield Stress Steel, §, = 0.85%

m m m m m
r  Fo@al| T  Fepal| T  Foike)| T Foke)| T Fo ksl
1 L5 | 4 EE] Bl 263 | 121 57 | 161 823
2 L49| 4£2 IE B2 2600 | 122 433 | 162 813
3 4247 | 43 I3 B3 2566 | 123 1410 | 163 803
4 45| 44 3689 B4 2537 | 124 1383 | 164 793
5 4242 | 45 36685 85 2506 | 125 1365 | 185  7.B4
6 4230 | 45 3B BE 275 | 126 1344 | 186 774
7 4235 | 4  3/E B7 244 | 127 1323 | 167 765
8 4230 | 45  3I-HM B8 2413 | 128 1302 | 168 756
9 4235 | 49 3566 B 2387 | 129 1282 | 169 747

10 4219 | =0 3540 o0 2351 | 130 t282 | 170 738
11 4213 | 51 3594 o 2220 | 13 4| M 730
12 4205 | 52 3488 g 2289 | 13 1225 | 172 TA
13 188 | 53 348 83 2258 | 133 12D6 | 173 713
14 4190 | 54 0 343 4 2228 | 134 1188 | 174 TO5
15 4181 5 34N 85 2187 | 138 MT1| 195 697
16 4171 % 3aTe 85 2167 | 136 1154 | 176 689
17 4161 = 338 of 136 | 17 NI | 1T 68
18 4151 = 33 88 MO06 | 138 T2 | 1WE &7
19 4139 | S 328 99 2076 | 138 1iD4 | 179 665
2 4128 | B0 3267 | WO 2046 | 140 1089 | 180 658
24 4115 | &1 323 | W1 046 | 141 W73 | 181 651
2 4102 | B2 3209 | We 1986 | 142 1058 | 182 644
23 4089 | 63 3180 | W3 1957 | 143 1043 | 183 637
24 4075 | B4 3150 | w4 1928 | 144 1029 | 184 630
25 4060 | 65 31 | WS 1898 | 145 1015 | 185 623
25 4045 | B6 3051 | W6 1853 | 146 1001 | 186 617
27 4029 | & 3061 | W7 1840 | 147 657 | 187 61D
28 4013 | 6 303 | W8 1|12 | 148 o74d | 188 G604
29 3997 | 6B 30Mm | W8 1783 | 149 061 | 189 597
3 3I|TW| W 27| M0 1755 | 150 D48 | 190 531
3 3|62 | T 2940 | 1M1 172z | 13: 535 | 191 585
2 /43| 7@ 20| M2 1699 | 15 623 | 182 579
33 3\ | 7@ =28m | M3 €71 | 153 g1l | 193 573
34 3006 | 74 2848 | 194 1642 | 15 ond | 134 567
3 3886 | TS 2|7 | 15 16413 | 15 B&3 | 138 581
3  3\8E6 | 7 27eE | 118 1588 | 1% 877 | 136 585
37 3\as | 7 27s5 | 1y 1558 | 157 BE5 | 137 550
3 3|M| ™ M| 18 1532 | 158 855 | 198 544
3 3803 | 7T 2683 | 119 1507 | 158 B4d | 193 538
A0 3TH B0 2662 | 130 1482 | 160 B33 | 200 533
" WWhen element width-io-Snrkness abo saresds Ay, SEE Appenda BES 2 of LASD Bpeceicatom
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EXAMPLE E-1
Given: Diecipn a 25-f high free standing 4518 (F = 50 k=i) steal pipe cohmmn
to support & water tank with a weight of 735 kips at full capacity. See
Figure E-1.
Solution: For a live load of 75 kips. the required column soength (from Section
Aiic B =148R=1.6=75 kps= 120 kips.
Continuous
From Table C-2, case ¢, recommended =21 EL=21=2508f=
5254
Try a stendard 12-in. diameter pipe (4 = 14.6in°, F=27%in"):
r =I/4d=+79%m /146 m*=437Tin
E_ 525f=x12m M _ -
r 437 in T2
From Table E-1, ¢.F, = 10.3 k=i
The design compressive soength
= (S 14, =103 ks = 146 i ®
= 150 kips == 120 kips required ok
To complete the desizn bending dws o lateral losds (ie wind and
earthquake) shonld also be considered. See Sectons F and H.
EXAMPLE E-2 Determine the adequacy of a W1l4=120 building column.
Givan: 50 ksi steal; K= 1.0; story height = 120 &; required strength basad on
the maximnn total Sctored lead is 1,300 kips.
Sofubion: El. =KL =10=x1208=120%f

Bacanse p, < ry,
T : 120 6= 12 in
E:l:ui.::i.1:|:|::.t|:|.=J§"I'= kel L
r r, 3.74in.

From Table E-1, ¢ F, =38 14 k=i
Desizn compressive smength
o = (@ F 4, =38 14 ksi = 35.3 in.*
= 1344 kips = 1,300 kips required ol

JEOR

L

A R
Fig E-I
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EXAMPLE E-3 Sslect the most economical W4 colomm for the case shown im Fipures

E-2and E-3.
—:Jl-:—| —T 1: g
Lomer Ik Limper
Lo lae Lo

Fig. E-2. Phon vieas.

tper T
las
== —
=
L
Iwamedas
s/
==
5
i
LEWEr
lae
——
.+_

Fig. E-3. Elevation
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Given: 30 k=1 steel; K = 1.0; requured strength based on the maximmm total
factored load 1s 1,300 kips. The column 15 braced in both duections at
the upper and lower levels, and mn the weak direction at the mtermediate
level.

Solution: Try 2 W14d=120 (as m Example E-2):

ElL _10xM40i=x12m/f

T 523 i =aad
El  10x120fx12in/f

R 3 T4 in =380
%max= 'L_I’ = 452

From Table E-1, ¢ = 3635 ka

IOl gatsiss

1635 ki 3 in” provided

Bequired 4, =

Wild=120 mn.g
By mspection W14x132 15 ok

Use Wl4x132

Example E-4
Design of lower chord member Us as shown in Figure, where Fy=50ksi, Fys=10 t.

Slope 1:10 Us I

|
30.00 m 1250 m -
Solution
Lx=Ly= 2.5/cos 5.7~2.512 m/0.3048=8.24 ft
Fus=10 t /0.4536=22.05 kip
Try 2L 3x 3x 1/2
M=KLy/r=8.24x12/(0.3x3) =109.87 <200
Ay=KLy/r,=8.24x12/(0.45x3) =73.24 <200 O.k
A=KL(F,/E)*®/(rm)=8.24x12x(50/29000)>°/(0.3x3x3.14)
=1.453<15

Fo=[(0.685)"\:2]F,=[0.685"1.4532]x50=22.5 ksi
@, Fr=0.85x22.5=19.13 ksi
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®¢ Pr= @ Fer Ag=19.13 x2.75 =52.6 ksi
Try 2L 2.5x2.5x1/2

< Fys=22.05 kip O.k waste

Metric Conversion Factors for Common
Steel Design Units Used in the LRFD Specification
Unit Muttiply by to obtaln
lendgth Inch {in.) 254 mHImeEiErs. |}
lerdgth foot (M) [L304E mEters (m)
MasE pound-mass {lbm) 0.4536 ilogram (kg)
stress ksl 5.605 megapascais (MPa), Nmm?
moment EpHn 112,000 M-mm
EnEngy fHbf 1.356 Jouia (1)
force Klp {1,000 kf) 4,448 newion (N
force psf 4758 pascal (Pa), Nim*
force pif 1459 N'm
lemperatune To comvert “F to=C: & = (£ - 32)1.3
Torce in iof of M = IM3ss = g
WNErE . acceleration due 0 granity = 32.2 fisect = 9.51 misant
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Connections
Welded connections

5.6 DESIGN, STRENGTH AND LIMITATIONS OF FILLET WELDED
CONNECTIONS

5.6.1 Nomenclature of The Common Terms

Fig. 5.5 shows the-nomenclature of the common terms for fillet
weids.

4B
@(\Bc'wg@ /A Weld face
\6\3‘\ -
We l Throat area
{shaded)
! e .
we
e
k »

¥ [LPenelration \2 .\;

é >>< 2~ Normal Throat Size
N
N WEZN 5 CONVEX CONGAVE

Figure (5.5) Fillet Weld Nomenclature
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5.6.2 Different Types of Fillet Welded Connections

Fillet welds are made between plates surfaces which are usually at right
angles, but the angle between the plates may vary from 60° to 120°.

Tee joints, corner welds and cruciform joints are all combinations of fillet
welds and are as shown in Fig. 5.6.

The ideal fillet is normally of the mitre shape which is an isosceles
triangle as shown in Fig. 5.7. (h). The mitre and convex welds are
stronger than a concave fillet weld of the same leg length when the weld

is subject to static {oadings, but the concave is stronger when subject to
dynamic foadings.

Vertical welds made upwards in one run, are generally convex.
Usually low currents produce the convex welds.

The penetration of the weld should reach the root where the contour
of penetration is usually as shown in (g) of Fig. 5.7.

— Il

e |

L.ap-Jaint . I
Crueifor
L_.—.—.—_

QOutside Corner Weld I-Sectian

Figure (5.6) Combinations of Fillet Welded Connections

ST

{a) (b) % (f) Obtuse Fillat
Concave Fillet Eorwex Fdiat (e) \ 5
£ i tqual Legs ; -
cqual L.egs /‘ \\ Aol e ; 2.4

c) . d
L(,ec)wal (un)equal (g) (};‘.ﬂ?tre Fillet
‘egs egs Contour of

Penetration

Figure ( 5.7) Fillet Weld Configurations
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5.6.3 Strength of Fillet Welds
5.6.3.1 Effective Area of Fillet Welds

The effective weld section is equal to the largest triangle which can
be inscribed between the fusion surfaces and the weld surface, provided
there is as a minimum root penetration, this penetration is not taken into
account. The effective throat (t) is then the distance from the root to the
surface of the isosceles triangular weld along the line bisecting the root
angle as shown in Fig. 5.8.

Figure (5.8) Dimensions of Size and Throat of Fillet Weld

Fillet welds are stressed across the throat () of the weld, while their
size is specified by the teg length (s} where:

e R 51

The value of “K” depends on the angle between the fusion faces and
it may be taken as follows:

Degree | 60° - 90° |91° - 100° | 101° - 106° 107°= 113° | 114°~120°

K 0.7 0.65 0.6 0.55 0.5
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5.6.3.2 Strength and Permissible Stresses

The stress in a fillet weld loaded in an arbitrary direction can be
resoived into the following components :

f , =the normal stress perpendicular to the axis of the weld.
q » = the shear stress along the axis of the weld.

q , = the shear stress perpendicular to the axis of the weld.

These stresses shall be related o the size (s) of the legs of the
isosceles triangle inscribed in the weld seam if the angle between the
two surfaces to be welded is between 60° and 90° . When this angle is
greater than 90° the size of the leg of the inscribed rectangular
isosceles triangle shall be taken.

The permissible stresses Fp, for all kinds of stress for fillet welds
must not exceed the following:

Allking of stresses Fpw < O2F yoviniininnii, 5.2

Where F, is the ultimate strength of the base metal (see table 5.1).

In case where welds are simultaneously subject to normal and shear
stresses, they shall be checked for the corresponding principal stresses.
For this combination of stresses, an effective stress value f.q may be

utilized and the corresponding permissible weld stress is to be
increased by 10 % as follows:

¢ 2 2
fer =i 2 +3(a.® +ap®) < 11F, 5.3

The effective length of a fillet weld is usually taken as the overall

length of the weld minus twice the weld size (s) as deduction for end
craters.
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iii- It is recommended that the following limitations in sizes of fillet welds
as related to the thickness of the thicker part to be joined should be
observed as shown in Fig. 5.10.

t (max. of t; or ;) Size s
(mm) (mm)
<10 24
10-20 =5
20-30 26
30-50 28
50-100 210

1
| th

t

Figure( 5.10) Thickness of Plates to be Welded

iii- The minimum size of fillet welds is 4 mm for buildings and 6 mm for
bridges.

c- Fillet Weld Length

i- The effective length for load transmission should not be iess than 4
times the weld size (s) or 5 cm whichever is largest.

ii- The maximum effective length of fillet welds should not exceed 70
times the size. Generally in lap joints longer than 70 5 a reduction factor

B allowing for the effects of non- uniform distribution of stress along its
iength is to be utilized where:

B=14.2-02L7(T0S) i 54
Where
L. = agverall length of the fillet weld.
B=1
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BOLTED CONNECTIONS

6.1 MATERIAL PROPERTIES
6.1.1 Non- Pretensioned Carbon and Alioy Steel Bolts

For non — pretensioned bolts, where the forces acting transverse
to the shank of the bolt are transmitted either by shear or bearing, the

nominal vaiues of the yield stress Fy, and the ultimate tensile
strength Fyp are as given in Table 6.1 -

Table (6.1) Nominal Values of Yield Stress Fyp and Ultimate
Tensile Strength F,;, for Bolts

Fyb (tiom?) 24 | 32 | 30 | 40 | 48 | 64 | 90

Fup (tom?) 40 | 40 | 50 | 50 | 60 | 80 |10.0

6.4.1 Shear Strength R,,

i- The ailowable shear stress q, for bolt grades 4.6, 5.6 and 8.8 shall
be taken as follows:

Oy = 0.25 | 6.1
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ii« For bolt grades 4.8, 5.8 , 6.8, and 10.9, the allowable shear stress
qy is reduced to the following:-

qb = 0.2 Fub ............................................. 6,2

iii- For the determination of the design shear strength per bolt (Rs) ,

where the shear plane passes through the threaded portion of the
boit:-

Reh = Qb - As ol oo 6.3
Where : :
A, = Thetensile stress area of bolt.
n = Number of shear planes.

6.4.2 Bearing Strength R,

i- The bearing strength of a single bolt shall be the effective bearing
area of bolt times the allowable bearing stress at bolt holes:-

Ry = Fo.domin)t ..o 6.4
Where :
Fp = Allowable bearing stress.
d = Shank diameter of bolt.
Min ¥t = Smallest sum of plate thicknesses in the same

direction of the bearing pressure.
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ii- For distance center- to center of bolts not less than 3d, and for end
distance in the line of force greater than or equal to 1.5 d, the
allowable bearing stress Fy, (tcm?):

Fb = C(Fu e e ey ek ke v vk ek e eden i a e e e 6.5

Where ;
F, = The ultimate tensile strength of the connected piates,

As the limitation of deformation is the relevant criteria the a-values
of Equation 6.5 are given in Table 6.2.

Table (6.2) Values of a for Different Values of End Distance

End distance in direction of force

2 3d 2 2.5d = 2.0d 2 1.65d

a 1.2 1.0 0.8 0.6

6.5.2 Design Principles of High Strength Pretensioned Bolts
6.5.2.1 The Pretension Force |

The axial pretension force T produced in the bolt shank by
tightening the nut or the bolt head is _g:ven_pyh _

T=(0.7) Fyp As oovvereveres oo 6.9

Where :

Yield (proof) stress df_ the _I::plf;rng_teﬁal, (Table 6.1).
The bolt stress area. % " =

1]

As
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6.5.2.2 The Friction Coefficient or The Slip Factor T

i- The friction coefficient between surfaces in contact is that
dimensionless value by which the pretension force in the bolt shank is
to be multiplied in order to obtain the frictional resistance Py in the
direction of the applied force.

il- The design value of the friction coefficient depends on the

condition and the preparation of the surfaces to be in contact. Surface
treatments are classified into three classes, where the coefficient of
friction p should be taken as follows:-

0.5 for class A surfaces.
0.4 for class B surfaces.
0.3 for ¢class C surfaces.

Wuun

v
M
M

fii- The friction coefficient p of the different classes is based on the
following treatments:

In class A:

- Surfaces are blasted with shot or grit with any loose rust
removed, no painting.

- Surfaces are biasted with shot or grit and spray metailized with
Aluminium.

- Surfaces are blasted with shot or grit and spray metallized with a
Zinc based coating.

In class B:
- Surfaces are blasted with shot or grit and painted with an alkali-
zinc sificate painting to produce a coating thickness of 50-80 um,

In class C:

- Surfaces are cleaned by wire brushing, or flame cleaning, with
any loose rust removed.
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6.5.2.3. The Safe Frictional Load (Ps)

The design frictional strength for a single bolt of either grade 8.8
or 10.9 with a single friction plane is derived by multiplying the bolt
shank pretension T by the friction coefficient p using an appropriate
safety factor y as follows:- A

Ps= Ty o, 6.10
Where : :
T = Axial pretensioning force in the bolt.
p = Friction coefficient. .
¥ = Safety factor with regard to slip .

1.25 and 1.05 for cases of loading | and }} respectively
for ordinary steel work.

1.6 and 1.35 for case of loading 1 and I respectively for
parts of bridges, cranes and crane girders which are
subjected mainly to dynamic ioads.

i

Table 6.3 gives the pretension force (T) and the permissible
frictional load (Ps) per one friction surface for bolts of grade 10.9.
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10™ OF RAMADAN CITY

Higher Technogical Institute CT 122 Metallic Structure (1)
Department of Civil Engineering Final Examination
Time 90 min.
Specify any missing information and state your assumptions clearly.
Problem |

A shed frame-truss with spacing equals 4.50 m as shown in figure (1) covers an area 7.50
mx45m. Itis required to

1- Draw a general layout. (10 marks)

2- Design of member A, G and check the safety of member B, if its cross-section is 2L 70x70x7.
(15 marks)

3- Design connection of Joint 1 if members C, D are 2L 60x60x6 as a welded connection and
members E, F are L80x80x8 as a bolted connection. (15 marks)

Given: (ECP), Steel 37, F,=2.4 t/cm?, bolts M12 quality (8.8).

3t
15t 3t
3t
3t 3t
4 "Joint 15t
Dw
¢ B \ 4
2.75 7ARN: T
1.?0
A
~——1.25
7.50
750 10t C D
E £ 8t
6t G 5t
Joint 1

7
Figure (1) Shed Frame-Truss

"With my best wishes"
Dr. Essam Amoush
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Dr. Essam Abd Elaty Mohamed Amoush

Design of Joint 1

For member C
Rsn=0.25x8x0.84x2=3.36 t

Rp= 0.6x3.6x1.2x1.0=2.592 t

R bearing=min form {Rsh & Rb} =2.592 t
N. 0. bolts = 10/2.592=3.86 bholts
Take 4 bolt / line

For Member D

N. 0. bolts=8/2.592=3.09 bolts
Take 4 bolts / line

For member E & F
Fow=0.2x3.6=0.72 t/cm2

Assume Spin=4mm

Smax=8mm
Take S=6 mm
Fi1= 6x5.74/8=4.305 t
L1xS= 4.305/0.72=5.98 cm2
L1=5.98/0.6=9.97 cm
L1e.=9.97425=9.97+2x0.6=11.17 cm ~112 mm
F,= 6x2.26/8=1.7 t
L,xS=1.7/0.72=2.36 cm2
L,=2.36/0.6=3.93 cm
L efr= 3.93+2x0.6=5.13 cm ~52 mm




