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To familiarize the student with the material properties, design
procedures, and code requirements for steel.
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Introduction to Structural Steel Design
Design Methods

Design of Tension Members
Design of Compression Members
Design of Built-up Columns
Design of Base plates

Design of Beams

Design of Beam-Columns
Design of Bolted Connections
Design of Welded Connections
Design of Plate Girders

Design of Castellated and Composite Beams
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Introduction to Structural
Steel Design
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Structural Steel
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The Tension test

Elastic limit

Proportional limit—"
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Steel Properties
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(yield stress (F,) ) W‘J"“’ LS
(ultimate stress (F,) ) ol i
(modulus of elasticity (E) ) RS
(percent elongation (¢) ) L S5 xS wo 0

(coefficient of thermal expansion () ) oyl bladl co o
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Attractive Material Properties of Steels

(a linear elastic range) LS S B W PR PRE P ST

(A well-defined yield (except Heat treated)) atin paled ala S92

(oo Cdu 3l slaaYed ,o Ko)

(strain hardening) PEER R AVIOE
(significant ductility) axg BB gl IS
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Advantages of Steel as a Structural Material

( High Strength to Weight ) O59 4 Vb Caglis
( Uniformity & Permanence) (Oloy b ol oles) ples g S51SS
( Elasticity ) sl )l ceols
( Highly Ductile ) YU g oy JSC
(Toughness ) (Gloyon joka YU Cunglieg (6 pdy JS) Bl

( Easily Constructed and Modified Structures )  aswg g S-lo Sdgpuw
( Easily recycled ) ool bk

Zr 9 g o> b Jlail ool Il lawgs Jlasl 1S
( Simple Connection Devices such as Welds, Rivets and Bolts )

( Possibility of Prefabrication ) 58,5 asle i ol
( Speed of Erection ) ol 4O Sy
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Disadvantages of Steel as a Structural Material

( Maintenance Costs ) &S A e
( Requires Fireproofing ) 5T il 58 g5l polie 4y 5L
(Often Results in Slender members ) Ngd oo Y glaclay e LU
(— Susceptible to Buckling ) siileS Jas
( Fatigue ) >
(Brittle Fracture ) 55 CanSll s
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Steel Applications
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Steel Structure Design Process

Architectural Final Design
Functional Plans T
v Detailing
Structural .
System
Connection
T Design
Trial Sections T
" : Revise mrﬁG~“fﬂy .
Modeling [«—— _ ’4— cceptable? -
Sections ~—

Member
Design

¥

Analysis
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The Design Process
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( not all technical ) ssls Lo ol (S (> )b Slla>do alS

Urmia University, M. Sheidaii 22

www.JozveKade.com


http://www.awinware.com
http://www.jozvekade.com/

What 1s Structural Engineering?
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Design Responsibilities

(safety ) ool

Slilom szl ple jo (SU Cuaglie 052 -
( Progressive collapse ) saigrics ol 5 plp 0 Cooglio -

Sl Syb sl el Sl el -

( Practical ) yog 2l

anb el LB coads ol aS &g led @ -
( Reasonable tolerances ) ol jlxe wb dlaie slgs,lolg, -
QL5 Sl b oy (ghlaie el 90 4 05l (0503 b 1 5 cat -
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Design Responsibilities continued
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What is STEEL?

() 055 5 (FO) ol §) e 3L 39
@ Sl Son ;08 5T jare dim b SOl e 0,50 (ST Olasiine 4 oliiws gl
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manganese (Mn), silicon (S1),

aluminum (Al),  nickel (N1),
chromium (Cr), molybdenum (Mo),
copper (Cu), vanadium (V),
niobium (Nb), and titanium (T1)
boron (B).

[ron Ore
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Whatis STEEL?
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STEEL Manufacturing

PO S 50 Do hgy 90 4 oY 98 Wy
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STEEL Manufacturing

Elactric Arc Fumace

"‘ Produces moken steel.  Steel Refining Facility
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Iron Ore
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Basic Oxygen Furnace
Produces molen sled,

Limestone

Blast Furnace

Produces molten pin iron from iron ora Pig Iron Casting 29

www.JozveKade.com


http://www.awinware.com
http://www.jozvekade.com/

Y9 sl &l )5 motiome — (s8] 095 055 b,
Blast Furnace Method — Integrated Steel Plants
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Electric Arc Furnace Method — Mini Steel Plants
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STEEL Manufacturing
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Steel Casting & Hot Rolling

Continuous Caster Rolling Mill

Y
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STEEL Manufacturing
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STEEL Manufacturing

(Rolling) 45
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Hot-Rolled European Standard Cross-Sectional Shapes (DIN)
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Tube Bars Plate
Urmia University, M. Sheidaii 36

www.JozveKade.com


http://www.awinware.com
http://www.jozvekade.com/

Hot-Rolled American Standard Cross-Sectional Shapes (ASTM)

Sloping inside
face

American Standard, S

Sloping inside
face

American Standard

Channel, C

Flange
o TIAnge
A
18" + Web 18"
Flange
Lo Y
b}
W-shape
(WI18 x 50 shown) (S§18 x 70 shown)
" 3r1
6
-<———>»| ""1 I
' A o
6| >~ f—w & -
Y Y
Equal-leg Unequal-leg
angle, L angle

(L6 X 6 X ¥ishown)

Urmia University, M. Sheidaii
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Hot-Rolled American Standard Cross-Sectional Shapes (ASTM)

I

Pipe | Tubes

| ] ‘ "
O l=s| | >v

Bars Plate
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Cold-Formed Steel Shapes

Sldos L (L) quw sleo jo calizee LS 4 oo lSo).w soYed slo C)—o-u

-\.

\/

,f

I JL

. 1
Angle Channel Stiffened  7ee  stiffened Hat  Stiffened

channel Zee Hat .
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Cold-Formed Steel Shapes
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MEMBER CLASSIFICATION WITH LOADING
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. T v P
T r P
Tie Column Beam Shafi Beam-column
{ci) () (Y (d) le)
Strut Twisting Bending can be
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Typical Tension Members

O

{a) Round and rectangular
bars. including eye
bars and upset bars

e

(d) Rolled W- and
S-sections

Urmia University, M. Sheidaii

(e)

&3

{b) Cables composed
of many small wires

—— i — —

Structural
ee

www.JozveKade.com

[l )

{¢} Single and
double angles

| 1
s

Perfnarafed
plates

(fi  Built-up box
seclions
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Typical Compression Members

et c HD Y
(2) Rolled W- and (b} Double
S-shapes angle

(e) Pipe section

Urmia University, M. Sheidaii

(¢} Structural (d) Structurai

tee t:bing
{ |
. N — —
F B |
3 4 | |

(fy Built-up sections

43
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Typical Beam Members

I I -

= £ ‘rr -H
g f!f‘h\.\h_ k

e
N

| ] AT 4 [
(2] Rolled W (bl Welded (er Open web josis
and other [-shape
I-shuped (plate girder)
sections
i’u = |I f-_r_:ll I-I,I:Eiﬁ- 7 .1""_':' 'I'I,|:l|'.l.|.' :"I +I k
w0 B ._:..I'*l:‘l- ..II _I L ‘:_'.II-_J i e
C I | o 1
L |
id) Angle {e) Channel i Built-up members (g) Compusite steel-coneree

Urmia University, M. Sheidaii
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Types of Structural Steels

&l o3lw aYgd glgil

%, Kips per sopEine il

Sires

= Heat-treated constractional
elloy steels: AS14 quenched
and tempered afloy seel

Minimum vield
strangth
F_o= |00 ksi

High=sirength. low.
allow carbon steels

P S oYg
(Mild carbon steel)

ST S caeglie 5y oY

(High Strength Low Alloy (HS))

(aSas oY 8) sas Cu b oauasl (g5LIT oY g8

(15 0.1 0,15 0.20

(Quenched and tempered Alloy Steel)

| 1
0.25 0.30 (.35

Strin, inclwes por ineh

Urmia University, M. Sheidaii
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Soore OV gd ¢ JledSlus oY g8 cdo i oY gd

Mild carbon steel

0.15 to 0.29 Carbon Percent

2200 < F, <2600 kgf/cm?

3400 < F, <3800 kgf/cm?

Ceosd 5,1 (Low Cost)

Works Easily( ol s Jb lb)

A36 ASTM American Standard

ST37 DIN Germany Standard

Urmia University, M. Sheidaii 46
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High Strength Low Alloy (HS)

S swasd 4 USG5 5 e ¢ e e oS yelai (3L jolie i piolie 39381 L
By (oo Sy

2750 < F, <4800 kgf/cm?

4600 < F, < 5400 kgt/cm?

YU Coglio

(59,57 28) Gl p o Glas¥sd — (59,55 pln ;0 Vb Coeglis

(Increased Corrosion Resistance —\Weathering Steels)

ol JSie o L2 S (5 Kig LaoYgs ol 5l oans

ASTM American Standard A242, Ad441, A572,A588,A992
DIN Germany Standard STS2
Urmia University, M. Sheidaii 47
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Quenched and tempered Alloy Steel

skl oo Sy ST o5 sloo¥sd (g5, 2 nj )l Slidee ol b
Al o Voo %0 090 a0 89, b o 5l ool b by A+« OC 0o &)l 511, o¥g8 : (00,05) 50,5 osonsl ]
Dgdh S gm0 B ai)la8 o Jges g YL £ v OC og0 b oasa |y o¥ed & )l s cdusb LI
Slilge ag o/ e oV i3 )55l s poy b Voo pudd i 1A g 05,08 cadrio pudud 0o 20V g8 43 oy
Dl oo Gty Vg8 el )l ise as ol s
F, > 6000 kgf/cm* : F,>8000 kgf/cm?
Y o el 5

Sl Slibos ey VL Cnsd
. S ‘5)."‘;3% ‘S &

S Kog> 51 LS 0,5 05 L gy

ASTM American Standard AS514
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Table 2-1.
Applicable ASTM Specifications
fior Varicus Structural Shapes

| | Applicabils Shape Sarles
F MIn. | F, HsS |
Yisld | Tenalie -
Stael ASTM Stress | Strasss | & |stesl
Type Dealgnation (k=] el | w omls |we|clme|L|d|E|mpe
s 3 5P
AE3GLE 3= B
- = 58
R BT 58 1 1
caen | M T e 52
= il a2
= - 3 2 |- J
[ Grsn | a0 E5-100 1 l
AS2F Tgrss | a5 70-100
Graz | & B
Grso | S0 =
a5z | Gr 35 S T
or.er | o 75
o6 | S a0 1 l
Hgv TG En| se | T 1 1
Eg:__"g'!“_ e S T 55
50 g G
pgrs |0 | &0 7= 1 | l
£5 85 a0
. ™| 70 ar I .
agea g | 68 .
Carosion 2 5
Feeckiant Azd42 5 &7
Hgh- [ so if 1
frengtn AZES il 70
Low-Asey Aa47 5 70

Il - Frererea matenal specincation,

[[] - cther appiicatie material specificatian, the avalabilly of which shoukd be confimed prior &
specificalion

|:| = Material speciication doss not appily.

* Minimum unless a range Is shoan.

B For shapes over 436 I, only the minimum of 58 ksl appiles.

= Groups 1 and I shapes only To Improve weldabilty 3 masimum carbon equivalent cam be specilize
|per ASTM Supplementary Requirement STE). If deslred, maximum f2nsle stress of B0 ksl can be spaoified
Fe ASTM Supplementary Requirement 579).

T gesslred, minimum S2nslie siress of 70 Ksl can be specfied (per ASTM Supplementary Requirement 531).

* Groups 1, 2 and 3 6hapes only.

' ASTM AF13 can k50 be spacified 35 comoslon-resikiant; see ASTM AE1S.

@ Minimum appiles for walls nominally 3s-in. thick and under. For wal icknesses over 4., £ = 46 ksl and
F,= 57 kE

" i gesirad, maximum yield stress of 55 kel ard maximum yisk-io-tensle strength ratio of 0,55 an be specizg
{per ASTM Supplementary Requirement 575).

! & maximum ylebd-o-tensle sTength mio of 085 and carbon equivalent formula are Included a6 mandatary In
ASTM ABS2,

| Growps 4 and S shapes only.

® roup 3 shapes only.

!'Groups 1 and 2 shapes only

Urmia University, M. Sheidaii

Table 2-2.
Applicable ASTM Specifications for Plates and Bars
Plates and Bars
F.Min. [ F, ovar over | ovar |owar | ower | ower | over | owar
Fiald Tenslle | to |075 (125 1.5 |2f0 | 25 | 4te|S5te | 6t
Sheal A3TM Strees | Sfresss (0.75) fo [ fo [to2 |25 |Wod| 5 | & | & [over
Daalgnation | (ksl) (k=l) |mel] 125 ) 15 |imel (Inel | Incl. | Ingl. |incl | incl.| 8
Typs
32 Z8-50
e e ——
Carbon — [Gren| =0 |Tm b | B | B | B
e T B = B [.
Grdz| 42 =
High- Gr. 50 S0 =]
=
Strength  |As72[Grss| S5 7
Lowe-Alloy Gr.s0| &0 75
Gr.65| B5 &l
432 63
Cormasion A4z 4B &7
Feslstant =0 0
High- -
Strengh 42 63
Low-Blloy ASEG 46 &7
S0 Ta
Guenche] o |100-130
and e
Tempered = - .
Aoy 100 3-13D
Cuenched
:.L'f'rm.ed Az 7 | a0
Low-Rlioy

- = Prefemed matenal speciication.

|:| = Cithier applicabie material spacfication, She avallablity of which should be confrmesd prios to

specticatian,
I:l - Wateral spectlication does not appiy

* WINIMUM UNRES 3 Tange |5 ENTan
b Applicabie to bars =::'Illr abowe 1-In. tniciness.
© Avalabie 3s plates only.
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Table 2-3.
Applicable ASTM Specifications for
Various Types of Structural Fasteners

«
E Anchor Rode
- = ': [
5 £l 3 : |2
M. F - =
Yiald | Tanams % 2 g .E. = 3 2|3 3 3
ASTM Srees | Strass® Dlamatar SHEIFEE i3 E g2
DBBlﬂﬂﬂ‘"ﬂﬂ |Kﬂ|:- [I:s.ll Ran-ga |:|I'I.:I T (5] = = |la s [= E T | e
azas - 135 aver 1ta 1.5 Ind
’ - 120 0.5 1o 1, Ing
A420 - 150 05i 15
. - 105 1.123
Fiez - 120 05101, Inc
A194 Gr. 2H - - 025104
AZ53 - - 025104
- _ - 02504
Fes3 - - 0515
A3E 3E SE—&0 to 10
- 100 overd i 7
A133Gr. BT - 115 over 25104
- 125 2.5 ard unger
aar |ELA - E0 02510 4 ||
Gr.C - £E—&0 0254
R - 140 2510 4Inc
_ 150 0.25 12 2.5, Incl,
- 30 1.5 1o 3 Incd <
Adar - 105 112510 1.5, Ingd. | ©
- 120 025101, e o
Grdz | 42 g wa
Gr. 5 50 £S5 o4
as7z | Gres | as 70 i 2
GrEo | &0 75 0 1.25
GrEs | 65 ETH 0125
aF B3 Cwer 5 1o B, Incl.
ASEE 46 &7 Oneer 4 1o 5, Inc
50 7O 4 and urder
AEAT 05 | 150 max DEZEwa
Gr 36 3E SE—&0 025m4d ]
Fisga| Gres | ss 7505 0.25t04
ar.i05| 105 | 125-150 0252

Il - =reterr=a matertal spzcineation

I:l = Cther applcable material spacification, the avalablity of which should be confirmed prior o
speciiicalon

[ = miasterial specmcation soss not apsly.

-Indcatzs a3t 3 vale ks not specifad In the material specfication.

* MInimUm uniess 3 rAnge ks SNoWN oF maximum (max. ) s Indicabed

b Epaclal washer reguirements may apply per RCSC Specification Table 6.1 for some stesk-to-seed boiting
applicalions and per Part 14 for anchor-rod appleations

t5ee LRFD Specification Sachon A3.2 for Imitations on use of ASTH A445 boits
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& & P .
oilo)
The Tension Test
f true fracture stress —_

:F:' :

S S P &

S 535 N _ "

— - =~ ultimate -

F. - .f strass/ s
E. _ proportional limit -

_ elastic limit -
L {,weld stress

Urmia University, M. Sheidaii

Low-carbon steel

strain hardening

www.JozveKade.com
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&l o5k (slooYgs Elasie

Properties of Structural Steels

E =2.03x10° kgf/cm? (=29000 ksi)
G =0.77x10° kgf/cm?

v=20.3

y = 7850 kgf/m’

o=12 x10°%/°C

Urmia University, M. Sheidaii 52
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Fastener Steels

A) Carbon Steel Bolts (A-307):

These are common non-structural fasteners with
minimum tensile strength (Fu) of 60 ksi.

B) High Strength Bolts (A-325):
These are structural fasteners (bolts) with low carbon,

their ultimate tensile strength could reach 105 ksi.
C) Quenched and Tempered Bolts (A-449):

These are similar to A-307 in strength but can be

produced to large diameters exceeding 1.5 inch,
D) Heat Treated Structural Steel Bolts (A-490):

These are in carbon content (upto 0.5%)
and has other alloys. They are quenched and

re-heated (tempered) to 900°F.
The minimum yield strength (Fy) for these bolts

ranges from 115 ksi upto 13901(zswiv’el(ade com

53
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Specifications, Loads and
Design Methods
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Specifications and
Building Codes
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Specifications

daxwgs g baws ASCE ¢ ACI AISC L &Lm Oleslw lawgs
Aol P

45‘)‘ LQ‘.J <Ylas! 9 LS‘ o)’l.w LgLa.c‘ @‘).‘a LS‘)'.’ ‘) @L@@M‘)

e oy d Lol ¢ 009 5938 Il glls 095 c895 4 Lyl

dod wiilgl aSul Gl ) WS od 0 ]y e 0,50 don
(0,la0 0g2 g wims g | 2l Sew WY
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o ylosba

Organizations

AISC = American Institute of Steel Construction
ASCE = American Society of Civil Engineers

AASHTO = American Association of State
Highway and Transportation Officials

ACI = American Concrete Institute
10 WRTI P TS A POV LI SO PN S0} I DN -E= BRI DL J-9

Y8 slpilasle gl,=lg Z b R0 Eorw el leisle Jo &y yie

Urmia University, M. Sheidaii 4
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sbeiSlu sla asl uéi
Building Codes

sl e 5l (69)]50 4y bogy po Dlagile oniylo o SeilB (g
255 9 A5 Ag) (59w T el o3l

L 65945 g e sledlojlos lasgs o 5 Ui g anisls gl gl I
b o plnl (Hoo sletlejle Koo

b SLell S5 a5 5T 50 Lol el 00t 08,481 T 40 >k g,
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P XS PP HE |

Building Codes

UBC = Uniform Building Code
IBC = International Building Code

The ASCE7-05, Minimum Design Loads for
Building and Other Structures, is another
accepted document the United States of
America.

OV o, lasliwl) 8 al g lplaslo p0o)lg b JBlas asl oy

(YA« =AY s lasbenl) dyds ol o lplasle ol b asl oyl

Urmia University, M. Sheidaii
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Design Loads

b sl

rmia University, M. Sheidaii
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b sla)l:
Design Loads

MA s lsitiwl « UBC (AISC ymad obodsl sl Lawgs Lgas

Lbo)’L.u ).u 9 LQ&_AMS 4,.15 9 03¢ l.m)b )?‘QL&A J.‘B‘A} d...ol.:u.ui )%QLS.A

A3k oo b onge 2 plbC] gt

OJSLSA )‘).9 oolau! «))9.,0 cuwu&ou‘)f&nwwu‘ﬁ‘ )d

Urmia University, M. Sheidaii 8
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s> sl gyl
Types of Design Loads

( Dead Loads ) o0 0 sla L

Where do loads come (Live Loads ) ou; sl
from? Snow/Rain ) -,L 4 8, L
( Load

( Wind Load ) oL ,b

( Seismic Load ) a5 L

( Earth Pressure ) S Lis
( Other ) plw

Urmia University, M. Sheidaii 9
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Dead Loads

03 yo sl

LSLQL)M"B)M 3 LQ)‘%Q ¢ ;«li.wd‘

Oi9 Jole ) adl oo o3l (39 5l (5L &S aiws ola b

Services
Structural
Screed floor slab

=T

/ D ol )b e g b Il el

! o\

Ceiling T Structural
Light steelwork
fittings

Typical dead loads

Urmia University, M. Sheidaii
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03 bl
Live Loads

QS o s ol lade a5 Sl )L L Sy sla L

LQ[JQJ‘ Mo)uwbcwucuwué)bfoﬁbwﬁ& ‘LS’“"JA'SLS’LQ la
Ml.: J.nb d)‘g.a) stl.a S| uio.n
e
oas Ll pellans
J i g:)"" ...
leds g, 00by )L g Sl L
loxs
&0
adas Jolos

D¢ 03,9 wlue 4 b w0 Ol 0gs o )ly SLSL &0 4 L S

(S i ¢ 09l ALlS g 00l 0l IS A jea5e 5l o5l 5l g)lo 0y Bjge jo 4L ST
L 9g 09,9] Ll 4 Wb (Fatigue )
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Snow Load

“-éﬁ )'-.‘

Q)‘Q i.. s Ql o L l.w) ﬁl-f lg & 9 ()‘ o O l.u) Q-;”L:é‘)-;-?. & ; 0503.46 ‘\-3

P, = el s, S, 1k
1)s= L‘-ﬁ-"‘—éﬁ )L.'

Csz‘*"‘“’m&)j‘%fé

Urmia University, M. Sheidaii

Pl' = CS PS
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m
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Gravity Load Path

Line Diagram

Urmia University, M. Sheidaii
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a5 [ 55 5 b maw

Beam/Joist Tributary Area

Finding Tributary Area

14
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ol 8L mdaw

Girder Tributary Area

Finding Tributary Area

15
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O 5255k laws

Column Tributary Area

Finding Tributary Area

16
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Wind Load

- hle oo Jloel plossbe ()l ol 4 186 L jlas

P=C,C,q

q = 0.005V2

P = b 2o jlas

Ce = S i Sl cu o

V —_ Wind pressure on buildings

Urmia University, M. Sheidaii 17
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a3yl b

Seismic Load

09 (0 S5l

V=CW P F

|=n-1 >
C=ABI/R
F. lWi
F;= (V-F) Wh/ZW.h, Fy h,
AR
——
Vv
Urmia University, M. Sheidaii 18
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Why Use Lateral Bracing?

Why Use Lateral
Bracing?

19
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Sleizlo Ko o (S 5L ok >
Lateral Load Flow on a building

Lateral Load Flow
Through a Building

20
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Design Methods

cs")b sla U9

rmia University, M. Sheidaii
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Margin of Safety

[siosl arblo] = [l cunglis] — [o3¥ aogli]

)‘;\f ).;3[3 LSLQ A - 14'9‘ ‘QJ_C

S g (S8, ¢ oy adgl Ol dlas Cuglis
Jelos 9

(Olgb « aljly) anxlo

>l g cole sl s

S90S sla b s adawley SIS L g 0ady b 0 s
085 5l (e

Sl )9 e 5 3 My 55 e e
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L;'>| )Ja sl aals
Design Philosophies

e Caglie by, a0 (b
Allowable Strength Design Method (ASD)

Soglie 5 )b culpe By, 4 (Sl I

Load and Resistance Factor Design (LRFD)

Urmia University, M. Sheidaii 23
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e Caglie (g 41 ik
Allowable Stress Design (ASD)

b Gy oz () cnl - Sl oogy (63¥98 sl ojlu (b (sl Slenie 35, ASD
(working stress design ) s,lo o0 sl i bg, 4 1,k L (elastic design ) el |

)bu wsLﬁLo )‘ 6)‘0).3 © y42 6Lm)l.’ )‘ stl.’ )..S‘J.} 65)4.4 aS 054.»6.0 uL?u.:‘ 69.>u LE 5.@.(: g_i:
WSS el b
required strength < allowable strength
Al (B pslie 595 b (e polie (5555 b (5 970 plie (595 Wlgise Zueglie a5
allowable strength = nominal strength / factor of safety
00l jle LA g, y3150 b9y g ooliiwl leetiS e Lo )KL lag i sl 398 Lailg, 5o ST
SSlas 00,y 15 S glme 1S
Urmia University, M. Sheidaii Lol AISC (solgiing sla b, 5l S0 ASD,,
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e Caglie (g 41 ik
Allowable Stress Design (ASD)

5l s e ASD g, (S aloles

R, <R, /Q

R, =2 Q; =required strength = sum of service loads ( ;¥ Cwglio)

R, = nominal strength of member ( gac ol Cooglin )

Q = safety factor ( sl <o o)
= 1.67 for limit-states involving yielding ( _iiS s o> Y 4l p)
= 2.00 for limit-states involving rupture ( _iiS Sowns o> SV gly)
=15/¢

Urmia University, M. Sheidaii 25
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Syl g 04 b &l lais

Service Load Notation

D = Dead Load
L. =Live Load

Roof Loads
L, = Roof Live Load
S = Snow
R = Rain or Ice (Does not include ponding)

E = Earthquake Load
W = Wind Load

H = Load due to lateral earth pressure, ground water
pressure, or pressure of bulk materials

Urmia University, M. Sheidaii 26
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ASD L els s
Load Combinations for ASD

1)
2)
3)
4)
S)
6)
7)
8)

(ASCEO5 Eqs 2.4.1.1t0 2.4.1.8)

D

D+H+L

D+H+ (L, or S or R)

D+ H+ 0.75L + 0.75(L, or S or R)

D+H+ (W or0.7E)

D+ H + 0.75(W or 0.7E) + 0.75L + 0.75(L,. or S or R)
0.6D+W+H

0.6D +0.7E + H

Al atsls e b Cude sl Cudle Cnl e Al g 0L sla )b s ax oS

Urmia University, M. Sheidaii 27
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dolsl =yl ol 4l T (goloin sla b oS )3

SlnS,s Wed co e gsdn JES), L s o3les a5 inie sl lazsla o
03,8 pay 5 el oD aZAT WL o asal o egdle i

P bl )0 ghaie Slagleitle Gl (deeS (A5G slacwSs Y Y oYY Jgun
Hloee sla s
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S/VO[D+(W L E)+A] al3l; + 05,0 v

5l asi,be SloS5 opl )0 A g A oDl
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Example 1

GIVEN: A flat roof is framed with 24’-0” long W18x40
beams spaced 8’-0” o.c. The service applied roof
dead load is 25 PSF and the applied service roof live
load = 20 PSF. The service wind load on the flat roof
is -8 PSF (uplift).

REQUIRED:

1) Determine the maximum ASD factored

uniform load on the beam, w.

2) Determine the maximum ASD factored

moment on the beam, M.,

Step 1 — Determine D. L, and W in terms of PLF:

D = DL(Trib. Width) + Beam wt.
=25 P5SF(8 ft) + 40 PLF
=240 PLF

L, = LL(Trib. Width)
= 20 PSF(8 ft)
= 160 PLF

W = -8 PSF(8 ft)
= _64 PLF

Urmia University, M. Sheidaii
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Step 2 — Determine maximum SERVICE uniform load, w:

1D 5) D+(W or 0.7E)
240 PLE 240 PLF + (-64 PLF) = 176 PLF
240 PLF — (-64 PLF) = 304 PLF
2) D+L Do not use neg. wind if it
240 PLF + 0 = 240 PLF /_ reduces pos. gravity loads
3) D+(LyorSorR) 6) D+0.75(W or 0.7E)+0.75L+0.75(L; or Sor R)
240 PLF + 160 PLF = 400 PLF « USE 240 PLF + 0+ 0.75(160 PLF) = 360 PLF
4) D+0.75L+0.75(L; or S or R) 7) 0.6D+(W or 0.7E)
240 PLF + 0 + 0.75(160 PLF) = 360 PLF 0.6(240 PLF) + (-64 PLF) = 80 PLF

0.6(240 PLF) — (-64 PLF) = 208 PLF

Step 3 — Determine maximum SERVICE moment on beam, My

.
wl”
Mmax =

_ (400PLF)(24-0")°
8

= 28,800 ft-lb

Urmia University, M. Sheidaii 31
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* * o0

(LRFD ) C—eoj'.s.og)b c.—u).oa uf'ug) LY L?")Ja
Load and Resistance Factor Design (LRFD)

_

ot O Sl o b sgzge Cglie a5 998 (o0 DLl plix gae S
(ultimate loads slos sla,b ) 0o )ly Jlas po sla )b olal o p3Y Caglin

Al

5 Cendle LRED g, IS aloles

;\’ < Q, = service (working) load — the best estimation
Z i° Qi —_— ¢'Rll of the loads acting on the structure,

/ \ A = load factor for the service load i,

R,, = nominal strength— the calculated strength

Required Strength Design Strength of the structure or element,
(ultimate load) (available capacity) ¢ = the capacity reduction factor for nominal
strength.
Urmia University, M. Sheidaii 32
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Step 2 — Determine maximum FACTORED uniform load, w,,:

1) 14D
1.4(240 PLF) = 336 PLF

2) 12D+16L+05(L;orSorR)
1.2(240 PLF) + 0.5(160 PLF) = 368 PLF

Do not use neg. wind if it
reduces pos. gravity loads

3) 12D +1.6(Lror S or R) + (0.5L or 0.8W)
1.2(240 PLF) + 1.6(160 PLF) = 544 PLF « USE

Do not use neg. wind if it
/_ reduces pos. gravity loads
2D+ 16W+05L+05LorSorR)

1
1.2(240 PLF) + 0.5(160 PLF) = 368 PLF

5) 12D+ 1.0E +05L +0.2S
1.2(240 PLF) = 288 PLF
6) 0.9D + (1.6W or 1.0E)

0.9(240 PLF) + 1.6(-64) = 114 PLF OR 318 PLF

Step 3 — Determine maximum FACTORED moment on beam, M,:

I’
My = =

_ (S44PLF)(24'—0")’
8

= 39,168 ft-Ib

Urmia University, M. Sheidaii
www.JozveKade.com
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28 slael gl

Types of Tension Members

Qﬂ‘d);)‘ﬁodm»‘ d)yw‘ui‘wtsszé.‘audiw)ﬁ
Ll alade ol cgac Cwogldn jo a5 30 Jole s
Slopls las Ko g Ko Siod 00ln g8 slo F youd 5 ool

— L L ’

R I 2, Double angzle Starred
bar
L | Jouk Lattices 1 Wogection E
| 1 char (wide-flange (A
Urmia University, M. Sheidaii Built-up bex secticas 3
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Holes in Tension Members

:A.?)‘op.grc)ﬁ‘ 3‘5@'&56@‘ I LQ‘;’>‘)3.~¢

(area reduction) & ,e adaie alS (Y (Stress Concentration) 5 35 yo3 ()

@ Sjj =

L
Edn

a8 5l 555 (ma) 1716 ) yed ol 5 olail a4 (6 ylad

Dgd 48,8 lai o Fligw ad ol n dee Ko (0] 1/16)

Dbl (oo g b8 5l 555 (@Rl 1/8) jerdie 3 Eligm Fige jhas (ol plo

Urmia University, M. Sheidaii

“Hole = @ bolt + punched(1/16" or 1.5 mm)

+ damaged metal (1/16” or 1.5 mm)

= bolt + 3 mm
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(Ag Ay) pall> ghaio o 5 J5' ghaie haws

Gross and Net Areas

5L el pae o (A S ahabo phaws

A, =Gross Area = JS alaio mlan

A, = Net Area = I gaio zlao

An - Ag - Aholes

Urmia University, M. Sheidaii
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d.uSu.a.uu‘) 0l 00l uLwJ 15X20 cm é)ﬁ uaJl?sJSéJa.cmc.'am

A, =20 x1.5=30 mm?
A, =30-2(1.9 +0.3)(1.5) = 23.4 mm?

Y
I.r'__l Pt
b
20 cm
O O
36 ton amh 1.5cm
— = %ﬂ v 36ton
= = _ —

Urmia University, M. Sheidaii
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(;w “ LSL&C‘ ‘5>|).'a C.'—c.cg'.a.o

Design Strength of Tension Members

)‘ J.J.:)L.c (S>> Lg'.m oJ= u;‘ .o)\o og?ggwétés‘.‘ LQ‘)‘P‘Q“’LS")" r:)..ql.i,o 99 N

(yielding on the gross area) Js ahio ;s pules ()
(fracture on the net section) Al sais ,o  Siseens (¥

e

I !
IS adaiie o 15 ol 5l o8U BLal lo S s g ke 5l 65 sl 6l W
23l (F) ol 235 51 58595 b (Ap)
G5 5l e il (Ay) (Al ghaiie 5 A5 ¢ (S5enS Sl pTol> gl W
ok Fp ol

Urmia University, M. Sheidaii 7
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Nominal Strength
¢ e ) ol Cinglio M
P,=F, A,
TS 50 eol Cuoglie W
Pn - Fu Ae

'od..:) @)ddw@fﬁﬂw‘&bﬁgxéﬁﬂ&A
olse (5 G5 38 53 azmen alge jbly el (S A
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5 haio ;0 pulus

Yielding on Gross Area

iS55 IS gaie s (512 LRFD (>l o5iS Canglio = O P
iS50 S adaiie e 51y ASD jlme oiiS Ceaglio =P / €2

:dS
b = 0.90 (LRFD)
Q =1.67 (ASD)
- FyAg
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S5 ahio jo (SSS

Fracture on Net Section

s S o uaJL> % g 5 , Y 6‘)'.’ LRFD (57‘)&; Ry mguu — (I)t Pn

28 o Al adaie SsenS 6l ASD jlre intS Caeglin =P/ Q)
. oS

¢, =0.75 (LRFD)

Q = 2.00(ASD)
- FuAe

Sl @ oy G2 el pudid eSSl ol Clglie gals o o
Sl 5L sy KoeS s0>
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28 slael gl

Types of Tension Members
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Holes in Tension Members

:A.?)‘op.grc)ﬁ‘ 3‘5@'&56@‘ I LQ‘;’>‘)3.~¢

(area reduction) & ,e adaie alS (Y (Stress Concentration) 5 35 yo3 ()

@ Sjj =

L
Edn

a8 5l 555 (ma) 1716 ) yed ol 5 olail a4 (6 ylad

Dgd 48,8 lai o Fligw ad ol n dee Ko (0] 1/16)

Dbl (oo g b8 5l 555 (@Rl 1/8) jerdie 3 Eligm Fige jhas (ol plo

Urmia University, M. Sheidaii

“Hole = @ bolt + punched(1/16" or 1.5 mm)

+ damaged metal (1/16” or 1.5 mm)

= bolt + 3 mm
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(Ag Ay) pall> ghaio o 5 J5' ghaie haws

Gross and Net Areas

5L el pae o (A S ahabo phaws

A, =Gross Area = JS alaio mlan

A, = Net Area = I gaio zlao

An - Ag - Aholes

Urmia University, M. Sheidaii
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d.uSu.a.uu‘) 0l 00l uLwJ 15X20 cm é)ﬁ uaJl?sJSéJa.cmc.'am

A, =20 x1.5=30 mm?
A, =30-2(1.9 +0.3)(1.5) = 23.4 mm?

Y
I.r'__l Pt
b
20 cm
O O
36 ton amh 1.5cm
— = %ﬂ v 36ton
= = _ —

Urmia University, M. Sheidaii
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(;w “ LSL&C‘ ‘5>|).'a C.'—c.cg'.a.o

Design Strength of Tension Members

)‘ J.J.:)L.c (S>> Lg'.m oJ= u;‘ .o)\o og?ggwétés‘.‘ LQ‘)‘P‘Q“’LS")" r:)..ql.i,o 99 N

(yielding on the gross area) Js ahio ;s pules ()
(fracture on the net section) Al sais ,o  Siseens (¥

e

I !
IS adaiie o 15 ol 5l o8U BLal lo S s g ke 5l 65 sl 6l W
23l (F) ol 235 51 58595 b (Ap)
G5 5l e il (Ay) (Al ghaiie 5 A5 ¢ (S5enS Sl pTol> gl W
ok Fp ol
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Nominal Strength
¢ e ) ol Cinglio M
P,=F, A,
TS 50 eol Cuoglie W
Pn - Fu Ae

'od..:) @)ddw@fﬁﬂw‘&bﬁgxéﬁﬂ&A
olse (5 G5 38 53 azmen alge jbly el (S A
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5 haio ;0 pulus

Yielding on Gross Area

iS55 IS gaie s (512 LRFD (>l o5iS Canglio = O P
iS50 S adaiie e 51y ASD jlme oiiS Ceaglio =P / €2

:dS
b = 0.90 (LRFD)
Q =1.67 (ASD)
- FyAg
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S5 ahio jo (SSS

Fracture on Net Section

s S o uaJL> % g 5 , Y 6‘)'.’ LRFD (57‘)&; Ry mguu — (I)t Pn

28 o Al adaie SsenS 6l ASD jlre intS Caeglin =P/ Q)
. oS

¢, =0.75 (LRFD)

Q = 2.00(ASD)
- FuAe

Sl @ oy G2 el pudid eSSl ol Clglie gals o o
Sl 5L sy KoeS s0>
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(LRFD) >|,b Ceoglic
Design Strength

ui:..’“‘)’_é‘jLgﬂf}l.?QTJL&‘}‘JA@JJ@SA)JMLS»&JBLs‘ﬁ

P,<0F, A, ¢ ¢,=0.90

Lz skl gw a5 S50 0 wb@)owéw > gl
bl alblo 0exg 2

P,<¢o,F, A, ¢ ¢,=0.75

11
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(A) oAl yisa laia gelaw

Effective Net Area

b G Lads D) wisl asls Jlail b, adado glizl den a5 LK
oy (shear 1ag) 1 ;b oasay « (o9 65070t 7] (339 4 (oo

adls Jlail glo Ceond g 0,8 0 )18 (6 ien b Cow asly Jlasl gl
.(not fully stressed)ws .5 _od )8 JulS jis co

)49..0 l.a ‘ A.A_Ql.:w.{bls uaJL> é.‘a.o.c u_i.’ )‘ 0‘9"(5'0 LIS EIE]) LJ"‘ 00)5] uLw..?' L Lg‘)"
S5 oalau]

Shaded area
stressed very little

Urmia University, M. Sheidaii 12
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(A) oAl yisa laia gelaw

Effective Net Area

A=UA,

A, = effective net area ol Jgo alaie gla

A, =net area (see AISC p. 16.1-14) I shaio mlan

U =reduction factor considering “shear lag” %, ;50 o o
= See AISC Table D3.1 p. 16.1-29 L (p20 corwe VFY o \-Y-Y-1 ¢ Jga L)
=10 s JU by b s g a5y o & Lodites 285 L 8

X
- l—z ab Jasl b Gisx b amy bawss (3l den & ) 12 5l (golows 4y o2zS )L )5

X = connection eccentricity  Jlas! s s (495
U= ,l35,L sbwl) yo Jlasl Jobo
Urmia University, M. Sheidaii 13
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TABLE D3.1
Shear Lag Factors for Connections
to Tension Members

Case Description of Element Shear Lag Factor, U Example
1 | All tension members where the tension U=1.0
load is transmitted directly to each of
cross-sectional elements by fasteners or
welds. (except as in Cases 3, 4, 5 and 6)
2 | All tension members, except plates and U=1-% i
HSS, where the tension load is trans- ' 41 P r——
mitted to some but not all of the cross- |’
sectional elements by fasteners or longitu- !
dinal welds (Alternatively, for W, M, S and ==
HP, Case 7 may be used.)
3 | All tension members where the tension U=1.0 —
load is transmitted by transverse welds q
to some but not all of the cross-sectionall an _
elements. An = area of the directly
connected elements
4 | Plates where the tension load is transmit- |/ = 2w... U =1.0 ‘ —
ted by longitudinal welds only. sw-l>15w. U—=087|2~ .
1.5w=/l=w...U=075 iz
5 | Round HSS with a single concentric gus- |/ =1.3D...U =1.0 = A

set plate

D<1<13D...U=1=-%/
Dx’

X="/

www.JozveKade.com
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Rectangular HSS

with a single con-
centric gusset plate

[=H.. .U=1-%,

._ B?+2BH
~ 4B+ H)

with two side gusset
plates

I=H.. . U=1-%X,
52

*=XB+H

W M, S or HP
Shapes or Tees cut
from these shapes.
(f U is calculated
per Case 2, the
larger value is per-
mitted to be used)

with flange con-
nected with 3 or
more fasteners per
line in direction of
loading

bf =2/3d...U=0.90
br =2/3d...U =0.85

with web connected
with 4 or more fas-
teners in the direc-
tion of loading

U=0.70

Single angles

(f U is calculated
per Case 2, the
larger value is per-
mitted to be used)

with 4 or more fas-
teners per line in di-
rection of loading

U =0.80

with 2 or 3 fasteners
per line in the direc-
tion of loading

U =0.60

I = length of coennection, in. (mm); w = plate width, in. (mm); ¥ = connection eccentricity, in. (mm); B = overall
width of rectangular HSS member, measured 90 degrees to the plane of the connection, in. (mm); H = overall
height of rectangular HSS member, measured in the plane of the connection, in. (mm)

Urmia University, M. Sheidaii 15
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0= 6,138 by jo Jlasl Jobo

T<— Gusset plate
© 0 O }_| 0O 0 O
-<— Tension O O O o o
member
Section
(a) Bolted

p—f—j ~—l—

s s T TTTITS AR |

e ]
CF T TTT A

]

E

Urmia University, M. Sheidaii (b) Welded
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29 = <Ylas! LS‘)'.'Ae
A, for Bolted and Riveted Connections

A=UA

e n

U=1": sl oot fats oo,e adaie ly>l den S

t0gd oolatwl U _ials co o golpsin polio 5l &ygo ool 8 )0
(AISCOS5 Table D3.1 case 2 or cases 7,8)

s @l o e Allmg oo s

(AISCO5 J4.1 p16.1-112):  U=1, A =A,<0.85A,

Urmia University, M. Sheidaii 20
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U sl solginy polis

Recommended Values for U

TR [T

o—— 4 cooo

-

Single angle

Single angle

e e e

S e i e i e i e B

W10 x 19 2 W8 x 24 3
— e e e I
by 2 by 2
—=0.3%<= —=0.820> =
d 3 d 9820 3
U=0.85 U=090
| |
< < 0 O O O
WT5 x22.5  — e
OO O O O
A e e e [
by ) W shape
- = 0.794 > 3 (for parent shape) U=0.70

Urmia University, M. Sheidaii 21
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gs'f"ﬁ? <Ylasl LS‘)'.‘ Ae

A, for welded connections

Ae =U Ag ~ transverse

aidly Jlasl il g b i o5 IS T LT ¢ 5a o sl )

U=1
A, = 3l ail Jlasl ladius a5 olizl abaio Coluw
Urmia University, M. Sheidaii 22
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dalol - g YLl gl A

A, for welded connections

Jlail Jsb sledox b plaalesl jo a5 oo ala b 359 1 (¥

Y wb

U=1 L>2w

U=0.87 2w >L> 15w |

U=0.75 1.5w>L>w o

-i
L

L= Lkiszzgy dsbzw
W — Lér‘*’ﬁ-" Oy alole
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Example 1:

Determine the tensile design strength of a IPB 20 with two lines of % inch(1.9cm) diameter
in each flange using ST37 steel with F,=2333 kgf/cm* and F,=3700 kgf/cm*There are
assumed at least 3 bolts in each line 4 in on center.

PL 210%300%10
P /2 K /1 ™ fl I'I [I | |
N P L -
s s [ T -
IPB 20 — P,
— T
Solution. P2 8 s e B e

Using an IPB 20 (A,=78.1cm?, d=20cm, b=20cm, t=15mm)
(a) Gross section yield

P, <0, F A, =(0.9)(2333) (78.1) = 164 ton
(b) Net section fracture

A, =78.1-(4)(1.9+0.3)(1.5)=64.9 cm?

b, >2d/3 - U=0.9

A,=UA_ =0.9(64.9)=58.41 cm?

P, <0,F, A, =(0.75) (3700) (58.41) = 162 ton « USE

www.JozveKade.com
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Example 2:

The tension member of Example 1 is assumed to be connected at its ends with two
300x10mm plates, as shown in Figure. Determine the design tensile force which the plates

can transfer. PL 210%300%10

P/2 e L Wl T o —

N ) e e ) L -
| [ I | | ]
IPB 20 S
i [ TR | I'I l'l fl |. |

Pu/2«-—|——||—||—||_|_ | | |
7 7 1 | |

Solution.

(a) Gross section yield
P, <@, F A, =(0.9) (2333) (2x1x30) = 125982 kgf «— USE
(b) Net section fracture
A, of 2 plates= [(1x30) - (2.2x2x1)](2) = 51.2 cm?
A,<0.85A,=0.85(2x1x30) = 51.0 cm* — A = 51.0 cm?
P, =0 F, A, =(0.75) (3700) (51.0) = 141525 kgf

25

P, < 125982 kgt = 126 ton
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Example 3-7

The 1 X 6 in plate shown in Fig. 3.13 is connected to a 1 X 10 in plate with longitudi-
nal fillet welds to transfer a tensile load. Determine the design strength ¢, £, of the
member if F, = 50 ksi and F, = 65 ksi. .

Solution. Considering the smaller PL
(a) Gross-section yield
¢, = ¢ FA, = (0.90)(50) (1 X 6) =270k

_~ PL1 X 10in
t

L

Puﬂ% /< w=06in Py
3

// FEI IS

Longitudinal fillet welds
[=28in

FIGURE 3.13

(b) Net-section fracture
A=Ag=1><|6=6in2
15w =9in > [ =8in > w = 6in
S U =075
A, = AU = (6.0)(0.75) = 4.50 in?
P, = ¢, F,A, = (0.75)(65)(4.50) = 2194 k «—

i = 26
Urmia University, M. Sheidaii Design strength ¢,£, = 219.4k

www.JozveKade.com


http://www.awinware.com
http://www.jozvekade.com/

Example 3-8

Compute the design strength ¢, P, for the angle shown in Fig. 3.14. It is welded on the
ends and sides of the 8 in leg only and F, = 50 ksi and F, = 70 ksi.

3
L8 X 6 X 3
(¥ = 1.56 in, A = 9.99 in?)
( ////é_;—h‘
Pu<_y é-—> 8in >~ Py
Zme
. 77777 T
FIGURE 3.14 st
6 in

Angle welded to 8-in leg only.

Solution. As only'c')ne; leg of the angle is connected, a reduced effective area needs to
be computed.

(a) &P, = dFyA, = (0.9)(50)(9.99) = 449.6 k

1.56
<090 =(1- ==)=074 <090
= 0.90 (1 6.00) 0

A, = AU = (9.99)(0.74) = 7.39 in®

b.P, = ¢, F,A, = (0.75)(70) (7.39) = 388k <
Design strength ¢, P, = 388 k

(b) U=1-

| =

27
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platel sles g

Staggered Holes

Al b SO0 Lomn ST el sales 1) jlade o ien alls alais
A A
B B

sloul ¢ (dgasme Jlail Jobb) all asils &g 0 o b G 51 o S

g )0 Gl ey Bl cely (ST L (6 ,k8) plaiels sl 2l
s Oj.w T &Ja_odo

§ = pitch distance

A

g = gage distance

ABC or ABDE : ' Saw 5 slo pno
sed ol J8las alls adaie

www.JozveKade.com
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pAll> adaie Al (0,55 9,

net width = gross width —X d + X s?/ 4¢g
A e S P
(dy+1/8", L dy + 1/16")  ¢lypu ki3 d
S5 (0 ALl a5 0590 0,025 )3 0y p5 5o (sl 4 §7/4G
SISk sbewl) 5o j5lme Eligw 99 52 35 0 4 35 0 (Job alols: (Job p5) 8
SISk Ll 2 dgas a3 lygu 35 50 4 55 5o alols s (oo,0 p15) 8
AL ghis (Ay) = ol (oye X (55 Culis
el ke (A) = U A,
A5 i SinS ol aglie = O, A F, (B, = 0.75)

29
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Example :
Compute the smallest net area for the plate shown below:
Plate thickness = 12 mm

. A
Bolt diameter = 19 mm 5 ;
10 cm :
B
10 cm P
T +— +C —T
10 cm :
+ i E
Solution. S
10 cm
ABCD =40-2(2.2)=35.6 cm (control)
10° ,
ABCEF =40-3(2.2)+ -=359 cm
4(10)
o 10° ,
ABEF =40-2(2.2)+ =36.85 cm
4(20)
A =35.6(1.2)=42.7 cm? |

Urmia University, M. Sheidaii
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Example :

Compute the Minimum pitch (s,,) in the other words determine the pitch will give

a net area DEFG equal to the one along ABC.

5 cm
T +5-cm

5cm

Solution.

ABC=15-{1M22)=12.8 cm

2 2
5 5

DEFG=15-(2)(2.2)+ —10.6+—

(4)(5) 20
ABC = DEFG

2

12.8=10.6+—
20

5= 003
Urmia University, M. Sheidaii cm

www.JozveKade.com
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Example :
Compute the smallest net area for the angle shown below:
Bolt diameter = 19 mm

Solution.
The unfolding is done at the middle surface to obtain an equivalent plate (with gross
width equal to the sum of the leg lengths minus the angle thickness).

Unfolding -5 DA
.':Ir'-.. E.__,i__l E ¥ 3':' mm
45 mm A 1
L100x75x10 - ey
FF O [T g = 100+ 75-10-30-40- 95 mm
B0 mm g
100 mm | « | P B T Sl B
n T 1 71T | ‘40 mm ABC [0+ 75— 1022
-~ ! ¥
’ ?!G 143 mm
5@ 50 mm

DEBC = 100+ 75— 10— 2(22) + 502/(4X95) 1276 mm

A (12760 1.00 12.76 cm? u

]

Urmia University, M. Sheidaii 32
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Example :
Determine the net area along route ABCDEF for the C380x100x54.5 (A, =69.39 cm?).
Holes are for 19 mm Bolts.

Solution.
The unfolding is done at the middle surface to obtain an equivalent plate.
ﬂ. .
- : 1 40 mm
= 60 mm ¥
’ [+ m E'_ To+g, —1/2-1/2
S l_ o a0 o 60+90-10.5/2 - 16 /2
=105 mm :
. —
380{mm 200 mm —+ l—10.5 mm K 200 mm
L=16mmyg v O De ¥
"T' J 0 mm
- — (| R = "1 36.8 mm
100 mm = ® ¥ 40 mm
—+ 16 mm | F
80 mm
_ g8° ) 8 [16+105"
ABCDEF =6939-2(22)16+105)+ -(1.03)+(2) |
4207 4(13.68)" 2 /
=61.6 cm”
Urmia University, M. Sheidaii 33
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B b~ 059>
BLOCK SHEAR

>l o wlas (tear-out) 5L cde 4 el (S piomon oiiS slacl
MRS (0 (s 0j9> (SFuS oy (nl 4 sd Sl e Jlasl sl

\ {a:l
— ? <r——+
r
/’/—/J l
(S gac by ojy> (SiSuS r\ ®)
LS"”"" ‘S" | — — - {.‘;—_..
E. . ,l_. T
Shear failure
f ()
Urmia University, M. Sheidaii Tension failure 34
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BLOCK SHEAR

B oy - s 059>

— Shear plane

: Gl 00l 00lo ul.w.a J.oLo_,o LSLQJS-‘*' 4O JB‘M LSLQJL‘-"

Load e— )

.
0«

/;é%’/,;é,j"— ension p|CI ne

i

Haotched areas
may tear—out

EOLTED ANGLE

Load —

R - _:\\\q .
\\\ _\\\\.\\‘:\.}-—Ten sion plane
N

Shear plane

— Shear plane

- 7,
Z

o A
5 i
777/ ~Tension plane

o

BOLTED FLANGE OF "W” SECTION

Logd d=—— <

Shear plane N

Hatched areas
may tear—out

Tension
plane

Shear plans —'

WELDED PLATES

Urmia University, M. Sheidaii

w8l so 31 225 Slo e Jsbo 5o (2>
9y Olaal p 0ges gl ambo yo piS
9).u KV l.a L§)‘9"° 6‘ Ao O u.u).a

&Mbw‘ ).s‘)a (5.»)4 0)9.‘> wsl.o..o
LS")})'“M“S")d LS’“’)" g.~o9L£Lo

2 Ogac (glazkad g9, LELS Cuoglis
S G 2l s
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B b~ 059>
BLOCK SHEAR

Urmia University, M. Sheidaii =
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B by Ceaglie — (b 1 059> (SiSuuS Cunglie
Block Shear Rupture Strength

85 g b pela b Jsbo 5o Ry) (pdpy 0jg (oS g0 o sl (sl Canglis
(PJDQC:A?L?A\N\/\ a=io b ¢ AISC p. 16.1-112) Sgds oo (yexd 2 alal Q]ﬁ SgoL

R, =0.6F A, + U, FA, <0.6FA, +U,FA

u® nt u® nt

. 3 u»l.w‘ u.a‘ 29
LRFD available block shear rupture strength = @R |

LRFD D990 (a0 039> M C,uosto;o
ASD allowable block shear rupture strength =R/ Q
ATD s B0 eijpn St gl

0 =0.75 (LRFD)

Q =2.00 (ASD)

A, = net area subjected to shear . cov @5 ahaio mlaw
A, = net area subjected to tension S cov alls aaie mlaw
A,, = gross area subjected to shear 5, cos IS ahais plaw

Ups = 1O sae bl o (o285 (25 <2186 ajs8 @ln G55 @398 < rd 37

= 0.5 gae slgml o oaiS 25 CBleSs nd aje8 gl
www.JozveKade.com
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B b~ 059>
BLOCK SHEAR

03,9] S phaw ;0 iS5 CHESs e e (ke o, gl p olas yo Upy ralS oo

RG] PR
Welded Angle
5 ;ﬂ;p
LS g %‘
Single-row beam angle Ends Gussel Plales
end connactlons
(e} Cases for which U, = 1.0
L
b E
Pt Bl les=rovey By
end connectlons
(b} Case for which U_=0.5 38

Urmia University, M. ¢
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Example :
A steel angle L6x6x"2 using A36 steel 1s subjected to tensile load. Determine the block
shear rupture strength.

24" Dia, Bolts

Urmia University, M. Sheidaii 39
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Solution:

A, = net area subjected to shear (in?)
= (Matl. Thickness)[L, — (# bolts)(Bolt dia. + 1/8”)]
=1"[10” — (2.5 holes)(34” + 1/8”)]

3¥" 22" = width of tension = L,

— in2
391 in s
A, = net area subjected to tension (in?) Dt
= (Matl. Thickness)[L, — (# bolts)(Bolt dia. + 1/8”)] %___ _____ 10" = length of shear plane
=15"[2'2" — (0.5 holes)(34” + 1/8)] i =L
= 1.03 in? ?
A,, = gross area subjected to shear (in?) 1,
= (Matl. Thickness)(L,)
= (2")(107)
= 5.0 in?

R, = Available block shear
=0.6F A, +U/F,A

u® nv u” *nt

=0.6(58 KSI)(3.91 in?) + (1.00)(58 KSI)(1.03 in?)
= 195.8 Kips

u® *nt

<0.6(36 KSI)(5 in?) + (1.00)(58 KSI)(1.03 in?)
<167.7 Kips

Check if R, < 0.6F,A,, + Uy F,A

40
P,.=0,R, =0.75 (167.7) = 125.8 Kips
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Bottom line:

2l (b g oSl Wl (e (S0 03> 22 L e Al
oyxd?dpow

S gac oY Cuglie 5l 5,5 Wb gae b Cuoglis
sl

Urmia University, M. Sheidaii 41
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-
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g f AT - /
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Voo b0 A, = 2 4oon Jbe = §8bec ik
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LRFD: ¢ P - og«844ee = 7FFbe iyt

]
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" 0

z
A - 3.0 3(13r0. 30512 ¢ 264’“0 )11.2:3!;45 al (Y -Juef) ——-—E—;“‘

Aoz 3be -3 (1803 )xi7 = 2828 o (0 E sy 3)

— A, = 2%28/5 5 = 468 et T
7k

A, ,() 4:0 - 30194 c.j)xc.i,),(z =344 et

RN AT $ PR St - ) L - o
; L-':.,fll,‘})i/)/,/l L,:J"/lﬂ') Cu—/lf:/i’:’ )7 i\/’/»Mi ISy U/Z)}"/-’U‘J,yj’ v
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LRFD. & P - 0¥5x\3464 - $5248 ket

T
ASD . P /N, N3464/ 200 = 56832 ky
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K = 5"564 /7',,”,.;.L/;gfu .ﬂ\h,‘ \<o.5f-ﬂ +U, F A,

47
fqm‘ = [?O*Ek%‘(i-%o-})‘]x\tl = 2136 et - ' o ;
fiqw = (”157("2))( 1 = 27 é (M___\ , )
k 15 de
e——se—1

P = [““5‘“5(\'5*&5)):\.'2,(?,:\5«65‘ st
Koo 0.6x3%e x\SU§ ¢ \en3%e0x2136 2127722 Iyt
Qobullek 274 uxdtex2t3b = W§FPE 92
R, = NS Y2 lzjf.’
LRED, &N = 67508776 = $906%1 ‘¢
ASD o Rifn = W8776/2.0 - 59385 gl

Urmia University, M. Sheidaii 44
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S (j/l/i ~ L
2
; f;,’J"fi(//}{"/f{

ﬁht" 2 i?,o_. 2(118'&0\3)}%0.8 =12.4% e ™

. 1 L
Aov = (125%0.8)K2 = Lo on® | 172

P 2 [ 125 - L5 (h9s03) |xe sl = 1AF2 o” Sontd

0y Ry o 0.6k 3700 HATFL 4 1ok 370 x 1245 - 78554 bt

< 0.ba2dccx Lo 4 \ox3Pcx\2.4¢ - FhITE il
M’@’@'e Rn = 74974  kyt
S afr e Rz 1k 24926 - 149952 kst
LRFD . @R, =075 14995 = \\1 4é4 leg?
% ASD . Refp = 149952/, . = F49%¢6 kif

- g - . , ” - -
¢ 7.'\;///2’,'//)‘: B phe 2 s Ty e ¢ C N0 SV e
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6&’:.&5 LgLé.c‘ @‘,‘a

Design of Tension Members

L) 60¥58 alaie 1y S 95 Iy 5l Cesl O le 285 a0 7))
p3Y Soglie 5l 55,5 (b Cwglio b (e g (Slogl
OP,>P, LRFD i,
P, /Q >P, ASD s«
e IS ghabe peled oo Sl ulaly (Hlib gol Cslin Py
Ll (D 0j9> (NS g Al glade S5l S
LS o ojle Jlod 5l a5 (ol 5L) p3Y (2l aeglie Py
Ll oo Zawdy (LRFD L SlS 5) Hlaw 5o 6,185 ,L
Sl 5 e ojl Ll 51 aS (5005 050 4L p3Y ceglin Py
Bl o0 Cawds (ASD L LS ) (s)lo e e (6,135

Urmia University, M. Sheidaii 46
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LRFD g, 4 oiiS slacl ~l)b
Design of Tension Members - LRFD method

OP,=0.9 A, F, . JS glaie pales s3> <dl> (s
0.9 A, F,>P, .l >

@Pn2075 Ae Fu ‘uaJl} @M&& | 6‘)’.
0.75 A F. >P, . ol >

L zAxGZPH/O75Fu ¢ (oS 1 6 S ol ol pl by >
A >P /0.75F U
¢ Sy 039 (SituS o Ll gl S
OR, = 0.75( 0.6F A, + U, F.A)< 0.75(0.6F, A, + U, F.A, )
OR, =P, . calpls >

Urmia University, M. Sheidaii 47
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ASD g, & oiiS lacl b
Design of Tension Members - ASD method

P,/ =AF, /1.67=0.6AF, . JS shis pales go> > (sl
0.6A,F,>P, . ool pls >

P/Q=AF,/2.00=05AF, . b shis St com b oy
0.5A,F,>P, . o >
A 2P/ 05F, .« SienS ) o pSsl> ol >
Sy 0 (S o Ll gl S
R,/Q = R,/2.00 = 0.5( 0.6F A, + U, F.A )< 0.50.6F, A, + U, FLA,, )
R /Q > Pa ¢ oplpls >

Urmia University, M. Sheidaii 48
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6Y sl Cydgamae — oS slael b

Design of Tension Members - Slenderness Limitations

O, 0gzg cieinS glael b o iSTas 6 ,2Y sl o AISC Llgs bl

Jhosl (K258 ol sl 5 oad dloy Y LALS e Sy 40 59508 e85 5T s

L/r > 300 ( not for cables or rods)

SS10 (6,8Y Co gt (0 Eone VP amin) oyl pl o8 dal yol lalgs ulul
QS Gl Yoo sl caas glacl
ole, c axsl IS e & adsl S0t Liws gl 45 S sla oo o o
59l Yo e 5laols Lael ol jhas 4y Jobo s (S s 03Y (6,8Y (slo oo gae
XS
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LS 5 0as 095 slos X
Threaded Rods and Cables

Turnbuckle — used to splice & tighten rods

Padel e 0,55 )18 a5 5,90 gac (5,6Y S

¢ B3gl) g o oolaiwl o LS L o Sl (| N s
(3lee s Lerl" % 7 __ﬂ,i*‘-\- \

L U 5o ng (':L"“ L g rolie l'a’o)ﬂ:‘r‘

4 odury L8 los> (asl f““‘““") 6""" EVSWp )"

SS90 &5 lalBlas sl 5l 4l yo

-

Sloduzms mm )b Oy 4 (635 0 dled

S oo JuSis Seases —————

Clevise

)9&) ‘\5 M) Q.idu;% )" 09} W} J—flj &S.i ......‘..
Soloads od.:L?:c.:i Gm)Lo OHygo o Al u_i:

& @ "-} e
Do oo JuSis (g@@ .
:‘. “%\‘ =
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Threaded Rods and Cables

LS 5 00l 093, slod e

aziy SYlail b (6, Khe> yemman Lo §,b 4 o5l 4y Lacl pl Yoors
KNgd oo oy dozu ¢ (bolted clevises) Lado

Cable
Open socket

Open socket connection

- Weld
‘:’ Rod
|.

Weld

Steel plate  /~, ,Anchor
~ socket

or washer -\ / '

b
- Structural

member

TN, j:\

Cable

L 51
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LS 5 0as 095 slos X
Threaded Rods and Cables

Sl (59,5 H9kd) 098 oo alaite gl (1B el gae Lol (0,5 o5,
(Gl a3y (Jg e 05 (o0 65 o> 65,5 iz 5l gae

Hodd 093, 3 Ko Sy 6l (205 (Hib Cuslie

oP = 0.75 (0.75 A, F,)
Ap = 5,8 (JS) oo 093, ahabe haus
A>P /B0T5F, ; 0=075 il

3¢k as>|,0 Example 3.14 p.70 Segui «
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Tension Members in Roof Truss

09 § Seend a5 WS o 4l L,8 oolaiuwl 8550 (69150 4o Lol =
(bob sl alas) .ol s losl g o5 15

O 5l Gledwe isw a5 0 )5 jgal Aee 51, L5 ole
Sl 00l Al s ]

D9 (oo )lpo Joe
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Sag Rods

%

[ W r
‘ S | — S == q
- | Py =l T - - l
— = — C1-Bracing
!//// - I~ — /// \\'\/|
¥ . ‘ |
m 1
) Sag rod—// ‘
o2 —~ e ,-—// —~ ~ oo™
- I .ly lv [ !
Purlin Truss
- Pla
. EE !
{ ~ R il Peak
w._.. — P : — —— i
e p———— - e ——|
Spu Heel
Load-bearing wall—
Elevation
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o e e

Sag Rods

3 S el (6l ) K900 H 0 Y (ol (il oBasT el sl b jloe Joe
(09,)lg 5B sla )b i ol s b (53190 olacal jo a0 jols (S
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b,k Joo b

Design of Sag Rods

b 9iS oo e pl Dlilge 4y a5 6l sl )b 5l cid Jeod sl ol e
Mg (o

Jozii |y ) slaceond plos )b e lad¥ o o oo Sl slankas jo (258 4 Ly
L b b oly slas abe 530 o (6l il SBs8 jlee oo I e 05 o

— Truss
F Y Y (
L Tributary area for
/ design of rod ab
s/2 y y
a b $ag rod
5 1 + + pag s/2
s/2 v
< «— Purlin
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Design of Sag Rods

L3 Byl g 10 30 550 o)l o den L b b ym oly jo 28lg Lo Jo &
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0-¥F Jlw
dh:%): Lay ol (F-F) Ji-:‘u;l-:)" s gl Catw Hlgs Ju b Co gllas
bl 6.3 m g las .ol 12 mm g foo Jsld> ld g 54 Lial i Hlge foo 1)
dibata 55 sy b Sds 4 77 kg/ngj,péflfégs,,tjjl@ﬁx.c_..al._\.:
o 0305 0L (F-F) 5 (F=F) (Ll 55 (it Hlgo oo SVl S o .ol 100 kg/m?
)‘,E.'.oqb‘_;)lié)&'.if&laléj\o;bld|k|g:_,)ﬁ.h:'-.\o‘,l:é-\.q.lg.ialj.:.s;.u‘
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(53l 5555 90 35 Sacslil sl 255 Mo 4

-
DISh D) g 4 il g e g 30l (B sl
he = 71;‘. 3186 = 9.84 kg/m2(daN/m?)
Gk =100 X —>— — 049 kg/m>(daN/m’)
N 10
Caiw 6l = 77 kg/m?  (daN/m?)
w, = 12(9.84 + 77) + 0.5(94.9) = 151.7 kg/m?
w, = 12(9.84 + 77) + 1.6(94.9) = 256.0 kg/m>
sl sl flpailize =d_1T5(256) = 80.97 kg/m”
Gl Lonp om0 = 1338 (%)(80.97) = 1935 = 1935 kg(daN)

e 1935
0 ™ 0.75(0.75)(3700)

5 Sesliad @ VY mm ks 45 Khos 1015 0
Ay = 113 ol

= 0.93 cm?

:\._:Jiw‘))joul.foéb)\.ga‘}:n_)bjﬁj‘)\u\b

T =" (1935) = 2040 kg

{2
(=]

Lo = 2040
D™ 0.75(0.75)(3700)

2 Seslal ¢ 12 mm jlee fos 510155 o0
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Yol eVl by bS]
PIN-CONNECTED MEMBERS

@ Jaie Olehad g gac o0 Slygw ¢ Gies 5l gile Jlail SO olxl 6l

(a2 Eorw VPV axan ¢ AISCOS5 D5.1 p.16.1-28)

oAl e e g 3 S (S8 (A
@,=0.75,Q=2.00, P_ =2tb_.F,

|
| a <

(a) Fracture of net section

a+adf2 ‘ ) . _ B
~ ) :ﬁagého.ncb.w)o e ) ;iM . (o
-
( @,=0.75, Q=2.00, P, =0.6F, A,

59
(b) Longitudinal shear
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Yol eVl by bS]
PIN-CONNECTED MEMBERS

: (u.u) Y9J p.l.‘) oI ).’9.«44 Gb.w O Lgal.i.a‘ wsLo..o (u
~ —| 1|~ . . .
) T — ¥=0.75,Q0=2.00,P, =1.8F A
O == d area = dr
}
B Section : JS é.b.ﬂ.a C.E.u) )O p.alu«.i (t..)
(c) Bearin — — _
: 0,=0.75,Q=1.67,P,=F, A,
3 .Ia.s‘g) U"‘ )O 45
b= 2t + 0.63, in. (= 2t + 16, mm) < b
b = od)‘sgsﬁfdg.o.céu‘))dﬁwabC‘)g.wé\.a.ldl»alﬁ
A, =2t(a+di2),
Apbzu.uom)agwc.b.w:dt
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AW Yg] sl a5 ol sl Cudgdxoe — Gg)fg] SYlasl b glacl
PIN-CONNECTED MEMBERS - DIMENSIONAL REQUIREMENTS

/Approx. Agf

L slasl Gl golal sla cosgume

SN |
PR RN
|H d,l\rg\t—b—v b
Y G 35 9 AISCO5 D5.2 p.16.1-30
_—\/\— oals i ,uy JSK& 0 V8P aman R
! w s Sl 00
Dimensional Requirements
1.a=4/3 bg
2. W2 2bes +d
3.c=a
where
berr =2t+0.625 In. (16 mm) < b
Urmia University, M. Sheidaii 61
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EYEBARS

Lol 00l 00l

O (oS glasl (L5 cdle alie iy, a4y (g o (S0 oS D92 g0 (LIS Ceaglie
S o B T e ety it s ol A S el sl

15 5 AISCO5 D6.2 p.16.1-30 Lulyss 5l g oo 6l Ao (5l cs0las] (slo Cugiies

P el oa ooy \Lis iy KK 50 VY)Y dxbs w20 Eors
Dimensional Requirements

t= /2 in. (13mm) (Exception is provided in D6.2) |> ] 4‘
w8t /“'\
dzT7gw |II @ﬁ—:|
dy = d+ Y3z in. (1mm) x

Rzd, +2b p- /

2/zw = b < 34w (Upper limit is for calculation purposes only)
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AISC Lylgs bl — &S yo oS glacl

Built-Up Tension Members-According to AISC D.4 p16.1-28

(Olrbs da Caws) Gload loolanl b S o iiS slacl cole

.J.;‘QLSA )L?LA ‘) )‘A}‘)}w w}a lxaos 9 90 ch)‘g.A

Jlasl il Jeb alold aiey o ool xog slacaogase b alal,y 4o

90 L Fpes S5 g 5,9 SOl JSiie dee JLasl b gli>1 (connectors)
Do dex>l 0 AISC J3.5 lalgs 4 (59
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AISC Lylgs bl — &S yo oS glacl

Built-Up Tension Members-According to AISC D.4 p16.1-28

il oS e pie Szl & Ll Jlail o g b 9z bolas (s alold pgus 55 51 5iaS b Canny Slomiio Jobo
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bl S e
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Ol om0l Jaie oS sli2) 5 Sy (68Y o a5 il gl ojlasl 4y il K0Sy 5l JLas! el oy aliold
Dgdd o Voo 5l gz 5 VL]

ol 03905 7 5ka0 98O e VPP amio 4o |y bt Lu,yis Jailed 35 ol Y8 asli o]

|
]
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Compression Members

ki (sliel : Jgl Cunnd —p oz Juod
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Compression Members
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< Lad glacl

Compression Members
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Residual Stresses
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Residual Stresses
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ASLo.....; Lg'.:o Ly

Residual Stresses

Maximum compressive
/ﬂ stress, say 12 ksi average
Compression {-) = (83 MPa)
a4
| -
I L)
Tension (+) :
1 I
1 I
|
|
| (+)
1
!
Ideal coupon containing
no rcsidu;ll siress
F.
£ Maximum
e 1“:5' ¢ residual
” . compressive
5 | stress 1
E F !
) -"
£
5
> Members with
< .
residual stress
2 3
- Shaded portion indicates
Average compressive strain € area which has achieved a
stress F,
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Silows 5,L2d sla s ol

Effects of Residual Compressive Stresses

oo e i 5l olaiso o (early yield)sKin og) pudes
e albia JolS el 31 L aliola W5 s d i3, ol
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Taigd o> aiiles oo jelar Ledgins

How can columns fail?

(Compression Yielding) ¢ ,Lid plos

(Global Buckling) S jiiles

(Flexural or Lateral Buckling) _iws L > iileS ©
( Flexural-Torsional Buckling) _iwes— sioes (iileS ©
(Torsional Buckling) _iorg yiileS ©

(Local Buckling) ssog0 jiileS
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Buckling Types
iCrLcr@Pn., l l L_ocm,l
P FLEXRAL FLEXURAL -
L | TORS| ONA L |

21

www.JozveKade.com

Ve



http://www.awinware.com
http://www.jozvekade.com/

OFw sy Joloso ablis

Sections used for Column

— “ J | [— 7\

Double angle _
Wide flange Tube Pipe
1 | T = IF _ ______ ﬁl ___ I
1 |
| |
1 |
l l
| |
| |
: ' = = !“‘—~ _ ______ J ___ \ :
Built-up sections
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Ogiw [l gass adb

Column Behavior Classification

(Short Columns - Compression failure) s ,Lis ol 5 — obisS sloiginw

(Slender (Long) Columns — Buckling failure) _iileS ol ,o—(auidy) 2V (glgsgin

Sk g s lid oS 5 2l - ey sldgw

(Intermediate Columns — combined compression and stability failure)

|

Short Intermediate Long

Yielding Yielding & Buckling Buckling 11
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oS (slodgins

Short Columns

O 5 Cad b 00sGS s 2SS ékubo Clus g rb..JM. 5 Caoglie

S|

l Al Jolaie Lo (s0¥48 sla o5l o

Short
Yielding P =F A
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(o) ,8Y slesgin
Slender (Long) Columns

ol el | &g s ileS

Sl gae ol bl b 4wl Jlws gae 208,

PE = I_ =
Le:':'
Lon P ; E
9 —=F =" —
Buckling A 2 {L | I—]‘-
= Bt
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Intermediate Columns

bagio sleigin
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Intermediate

Yielding & Buckling
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).‘9‘ aJoles

The Euler Formula

s Cowl 00l 0891 1) 40 (date pw g0 Hgtw cded (ileS oS el dolee

J F
¥
Morment equation: = .
E"=—Py
Bearranged:
- P D L
+ — =
» T »
Bonndary Conditions:
#0)=p{L)=0 ¥
T
=

sl cadlie (ol ol po Ligs ad o o\ SKe2) il yass dobes ool >

st £ v s {5
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The Euler Formula

P0G (8 ety (S50 ol wlal p B g A ol ol s

»{0)=0= E=0

wWLi=0=4=10 {EEL:M:

 nmlED w2l

F = p =
Ie A

(Sl )b
2
TEE] a 1
P =Fpig=——m = Fp =T EL‘Z&
L L
2
meE
.|!T = TE.:‘lS- = Fcr = 2
7]
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)Jg‘ aJoles

The Euler Formula

5 Dolds L = 00gy laSe Jelod s, o (IS Sl (26 4SS Lyl
S K Soe Job oo i b ol (o ]y Doli (nl o wales 6,6V Ol

moE F E |
Foam = ar —=1’E2—

[
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S

O30 4y 5 0551 Sy cilaS L3, 04d (olyy cwlusl (gl ala, caloles oyl

F,,. :w‘ UM.:LQ.: J.:LS Py
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Elastic Buckling

=)l pileS

L )98 O ygo 0 aily 18 (g )lid gae SO slp P Sl GiileS” L

_ n’El
< (KL)?
P ’E

Cr

Fcr = 2
A (KL/r)

KL=0.7L

K=1.0 K=05 K=07

(a) (b) (c)

:aS

Lol wbol 2 P50 Jsb e o =K
skl 65
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K ¢330 Jobo oo e

Effective Length Factor, K

1] S50 Job 00isS s o8 4SS 5 ol Ll

Sh9d 055 >
Bl oS > b Jlal >

o0l AISCO5 p. 16,1240 5 Lo b el s K olia
(g3 el

9608 sl Cumdg s il 58 pa LK LSQLQJ-J?-:-’..,.} S )95 polie
Ly S Mee JulST Y6l
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Effective Length Factor, K

K ¢330 Jobo oo e

TABLE C-C2.2

Approximate Values of Effective Length Factor, K

Buckled shape of column is (a) (b} (c) {d) (e) (f)
shown by dashed line. l l J‘ l l l
I YA AR Y
; F ! Y *:' l
i" E lll 1'.! ]‘ II
, :, f E .'! f
L] W ] I 1] 3
: '; b ; b /
1|4 B | o | A
FLT T T |
Theoretical K value 0.5 0.7 1.0 1.0 2.0 2.0
Recommended design
value when ideal conditions 0.65 0.80 1.2 1.0 210 2.0
are approximated
End condition code ‘4  Rotation fixed and translation fixed
? Rotation free and translation fixed
f Rotation fixed and translation free
T Rotation free and translation free

Urmia University - M.Sheidaii
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Buckling Axis

SHileS H9oee

(Gl oo oo oSy oose phaio)ansS o aileS  lo &g 4 Vgere lsgtn

w8l e il oyl 1y L/ T e (s o (5,90 g (sl LiiloS
a.;),f)‘)s )y 0)9.0)3.7:.@90)@‘51&%[3 Lol ‘QM\y—y)ijw )97 UJ‘

Buckling about x-x axis in the y-y plane
Deflected

I/ positions

Buckling about y-y axis
in the x-x plane

: Usually, r, > r,
— x-x = strong axis

y-y = weak axis

But...

21
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Buckling Axis

Solie 25 4SS Ll b Lol jemme 90 Jg> (leS jo (5 Lks gac S
PS5 Y cuyd g o salys Silate Ll 90 6l She Job cally adls

X - X = Strong axis
y - v = Weak axis

mm = Lateral support against

buckling about weak axis

22
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KL=2m

- \

2m

2m

4m

KL
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Gylee slacl (b

Design of Bracing Members

Sl Hgy il p3Y (cile glog i (el 4y 01 b (gas e (slasl
WS aileS liogs

SzgS WalS 39 go a8 S Hai j0 (sai)lge sliael (b (6l oS olag
23,5 a5 st b L 0.02 L il ol 6l il e el g 00

S0 (2
Sl pll o )las slasl plo phai plg o]y bajlee Dbl g )b

ez jlas al Jlail goou 4 Koo glael 4wl o )le gae Koo Ll
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=)l e pileS

Inelastic Buckling

. 1 o . X S . .

Sy o0 ol (o

)
)5 05y S i el byl 3] g bl 3ol Sl gy o L
=l )l oogusme o adadio plod jo Alas a5 sl Folo WK U Jgl doles

aoles 1A g ouls el )| e 00game o)y pdlas 2S5 65 6,2V olyo sl
By alezs oolaw! LB 4l
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=)l e pileS

Inelastic Buckling

sl Jol mileS ool Judow aS™ a5l 092 elod )] juf o0guze ;0 5ud (6,500 o alge

525 | e 00game 5 StilaS Cunglio 4255 MB SG sae (051 raiiiuns
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)

30 (S Mhpaded 05 oo el Sl Oldos I LU sae o Wilews sl S
SVRVERVNIND SHOT I XE e f=P/A colpss i aSl 5l 509 Hlaws alatio

ol JJ3F 56 26leS Canglin 0 (g Ce ) oo pe adnie S
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Inelastic Buckling
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=)l e pileS

Inelastic Buckling
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O Syl s

Column Strength Curve

/2
F, —____>__  Curves are tangent
2
F})I == EI = " Ez
Ly
E, joosn
J L/r
Inelastic Elastic
= buckling ~ buckling
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Initial Geometric Imperfections
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AISC Specifications for Compression Member Strength

AISC Chapter E p- 16.1-32 5O c\chg)st Lgl.»a.c‘ @‘).b 6‘)" AISC Lu‘j.,a
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AISC Specifications for Compression Member Strength

LS'Q"“"‘ Lg)lm.e wsLQ.A Pn — FCI‘ Ag

LRFD _>|,L ¢,lid Conglio = § P,

ASD e ¢ lid Canglio = P, /O

FCI': R g_g;‘ )?U R

A= JS ghais gl
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LRFD s,
LRFD Method

R <ok,

P = caed Jb @l 8 @e8 il JuleB g o llod @i

— 9P, =~k 6l Coglis
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ASD i,

ASD Method
p < Fn
T 0
C

Q) = safety factor compression =1.67 ,Lué sl sl co o

P/ Q. =allowable compressive strength ;lxo ¢ ,Lié cwglis
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ASD — )L?r.c g uf.g)
ASD — Allowable Stress

f,= computed axial compressive stress = P, /A ool aulors (55900 (5L s

F, = allowable axial compressive stress jlxe ¢ 990 (5 Lid jias

:I:CF I:——O6|:
Q. 1.67
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AY Glizl Has slael o phos JileS gl (5)LA8 Cunglie

Compressive Strength for Flexural Buckling of Members without Slender Elements

The nominal compressive strength, Py, shall be determined based on the fimit state
of flexural buckling.

Py = ForAg (E3-1)

The flexural buckling stress, Fe,, is determined as follows:

KL E
(a) When - = 4'?1\/F (or Fe = 0.44Fy)

¥

L
F.,= [0.658 Fe} Fy (E3-2)
KL | E
(b) When — = 4.71 | — (or Fp = 0.44F,)
F \I,' Fy :
For =0.877F, (E3-3)
where

F, = elastic critical buckling stress determined according to Equation E3-4,
Section E4, or the provisions of Section C2, as applicable, ksi (MPa)

mE

(EIWW
r JozveKade.com

Ff:

(E3-4)

The limiting slenderness ratio — < 200
-

nHn
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Design Stress for Compression Member of F,=2333 kgflcmz, 9.=0.9

KL/r @.Fy || KL/t  @.F, || KL/ir  @.F, | kKL/ir  @.Fy || KL/r  @.F,
1 2100 41 1932 81 1517 121 1017 161 600
2 2099 42 1924 82 1505 122 1005 162 593
3 2099 43 1916 83 1493 123 993 163 586
4 2098 44 1908 84 1481 124 981 164 579
5 2097 45 1899 85 1468 125 969 165 572
6 2096 46 1891 86 1456 126 957 166 565
7 2095 47 1882 87 1443 127 945 167 558
8 2093 48 1873 88 1431 128 933 168 551
9 2091 49 1864 89 1418 129 921 169 545
10 2089 50 1855 90 1406 130 909 170 539
11 2087 51 1846 91 1393 131 898 171 532
12 2085 52 1837 92 1381 132 886 172 526
13 2082 53 1827 93 1368 133 874 173 520
14 2079 54 1817 94 1356 134 863 174 514
15 2076 55 1808 95 1343 135 852 175 508
16 2073 56 1798 96 1330 136 840 176 502
17 2070 57 1788 97 1318 137 829 177 497
18 2066 58 1778 98 1305 138 818 178 491
19 2062 59 1767 99 1292 139 806 179 486
20 2059 60 1757 100 1280 140 794 180 480
21 2054 61 1746 101 1267 141 783 181 475
22 2050 62 1736 102 1254 142 772 182 470
23 2045 63 1725 103 1242 143 761 183 465
24 2041 64 1714 104 1229 144 751 184 460
25 2036 65 1703 105 1216 145 740 185 455
26 2031 66 1692 106 1204 146 730 186 450
27 2025 67 1681 107 1191 147 720 187 445
28 2020 68 1670 108 1178 148 711 188 440
29 2014 69 1659 109 1166 149 701 189 436
30 2008 70 1647 110 1153 150 692 190 431
31 2002 71 1636 111 1141 151 683 191 427
32 1996 72 1624 112 1128 152 674 192 422
33 1989 73 1613 113 1116 153 665 193 418
34 1983 74 1601 114 1103 154 656 194 414
35 1976 75 1589 115 1091 155 648 195 409
36 1969 76 1577 116 1078 156 640 196 405
37 1962 77 1565 117 1066 157 631 197 401
38 1955 78 1554 118 1054 158 623 198 397
39 1947 79 1541 119 1041 159 616 199 393
40 1940 80 1529 120 1029 160 608 200 389

www.JozveKade.com
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Table 4-22
Available Critical Stress for
Compression Members

Table 4-22 (continued)
Available Critical Stress for
Compression Members

F, = 36ksi F,= 42ksi 46ksi F, = 50ksi

Fu’lgl-‘ ¢GF cr K’ FBI'IQE ¢CFcf ¢GFN K’ Fuj Qc ¢0F¢f
ksi | ksi |- | ksi | ksi ksi ksi
LRFD LRFD | LRFD ) | LRFD
324 | 1 37.8 414 ) | 450
324 || 2 | 37.8 414 45.0
324 || 3 37.8 4.4 1 450
324 | 4 37.8 | 414 | 449
324 || 5 37.7 | 413 449
323 | 6 37.7 713 | 449
323 |7 37.7 4713 | 448
323 | 8 37.7 02 4438
323 | 9 | 376 4.2 447
322 | 10 | 376 4.1 447
322 |1 375 411 4456
322 || 12 375 410 445
1321 |13 | 374 409 | 444
321 || 14 373 40.9 444
320 | 15 37.3 40.8 | 44.3
320 | 16 37.2 40.7 442
| 319 |17 37.1 406 4.1
319 | 18 | 371 405 | 439
318 || 19 37.0 40.4 | 438
| 317 |20 36.9 403 | 437
317 | 2 | 36.8 40.2 436
316 || 22 36.7 401 434
1315 | 23 | 366 40.0 433
314 || 24 36.5 39.8 431
314 | 25 36.4 39.7 43.0
313 | 26 36.3 396 | 428
1312 |27 36.1 39.4 | 42.7
1311 |28 36.0 39.3 | 425
310 | 29 1359 39.1 423
309 | 30 | 35.8 39.0 421
308 | 31 35.6 38.8 | 419
| 307 | 32 35.5 386 1.8
| 306 | 33 35.4 385 46
305 | 34 35.2 38.3 1.4
304 || 35 35.1 38.1 02

| 303 | 36 34.9 379 | 40.9
30.1 || 37 | 34.8 37.8 | 407
300 | 38 346 376 | 405
299 | 39 34.4 37.4 | 403
298 | 40 1343 37.2 | 400

F, = 35ksi F, = 50ksi

Kl Fcr’ Qc ¢0F or ¢l.‘FN
| _ksi | ksi ksi

LRFD LRFD
# 28.9 398
42 2838 39.5
43 28.7 39.3
44 285 391
45 28.4 38.8
46 | 28.3 38.5
47 28.1 38.3
48 28.0 38.0
49 27.9 37.7
50 277 375
51 276 37.2
52 27.4 36.9
53 273 36.7
54 27.1 36.4
55 27.0 36.1
56 | 26.8 35.8
57 26.7 35.5
58 26.5 35.2
59 26.4 34.9
60 26.2 346
61 26.0 343
62 25.9 34.0
63 25.7 337
64 255 33.4
65 | 25.4 33.0
66 25.2 32.7
67 250 324
68 249 321
69 24.7 31.8
70 245 314
71 243 311
72 242 308
73 24.0 305
74 23.8 30.2
75 236 29.8
76 234 29.5
77 233 29.2
78 23.1 28.8
79 | 229 28.5
80 227 28.2

LRFD

=1.67|0,=0.90
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Available Critical Stress for

Table 4-22 (continued)

Compression Members

Available Critical Stress for

Table 4-22 (continued)

Compression Members

F,= 36ksi F,= 42ksi F, = 46ksi

Fcf/ Qc ¢CFL‘( Fcrj Ql: ¢CFCI Fﬁ’l Qc ¢CFCI
g Ksi | ksi 1‘;’ ksi | ksi g Kksi | ksi g

ASD | LRFD ASD | LRFD ASD | LRFD
81163 | 229 [ 81 | 168 | 253 | 81 | 17.7 | 266 | 81
82 | 151 | 227 |82 | 166 | 250 | 82 | 17.5 | 26.3 | 82
83 | 150 | 225 |83 | 165 | 248 | 83 | 173 | 260 | 83
84 | 149 | 223 | 84 [ 163 | 245 | 84 | 171 | 258 | 84
85 | 147 | 221 |85 | 161 | 243 | 85 [ 169 | 255 | 85
86 | 146 | 220 | 86 | 160 | 24.0 | 86 [ 16.7 | 252 | 86
87 | 145 | 218 |87 | 158 | 237 | 87 | 166 | 249 | 87
88 | 143 | 216 |83 | 156 | 235 |88 | 164 | 246 | 88
89 | 142 | 214 |89 | 155 | 232 |89 | 162 | 24.3 | 89
90 | 141 | 212 |90 | 153 [ 23.0 | 90 | 16.0 | 24.0 | 90
91 | 139 | 210 [ 91 | 151 | 227 |91 [ 158 | 237 | 91
92 [ 138 | 208 |92 | 15.0 | 225 | 92 | 156 | 23.4 | 92
93 | 137 | 205 | 93 | 148 | 222 | 93 | 154 | 23.1 | 93
94 | 135 | 203 | 94 | 146 | 220 | 94 [ 152 | 228 | 94
95 | 134 | 201 |95 | 144 | 217 | 95 [ 15.0 | 226 | 95
9 | 133 | 199 | 96 | 143 | 215 | 96 | 148 | 223 | 96
97 | 131 | 197 || 97 | 141 | 212 | 97 | 146 | 220 | 97
98 | 130 | 195 | 98 [ 139 | 21.0 |98 | 144 | 21.7 | 98
99 [ 129 | 193 [ 99 [ 138 | 207 | 99 | 14.2 | 21.4 | 99
100 | 127 | 19.1 |100| 13.6 | 20.5 |100| 141 | 21.1 |100
101 | 126 | 189 [101| 134 | 202 |101| 139 | 208 [101
102 [ 125 | 187 [102| 133 | 20.0 |102 | 13.7 | 20.6 |102
103|123 | 185 [103| 131 | 19.7 [103 | 135 | 20.3 | 103
104 | 122 | 183 [104| 129 | 195 [104 [ 133 | 20.0 104
105|121 | 18.1 |105| 128 | 19.2 [105| 131 | 19.7 [105
106 | 1.9 | 17.9 [106| 126 | 19.0 [106 | 129 | 19.4 |106
107 | 11.8 | 17.7 |107| 124 | 18.7 [107 [ 12.8 | 192 107
108 | 11.7 | 175 [108| 123 | 185 [108 | 12.6 | 189 [108
109 | 11.6 | 17.3 [109| 121 | 182 [109 [ 124 | 186 109
110 | 11.4 | 171 |110| 120 | 18.0 [110| 122 | 183 110
111 11.3 | 169 [111| 11.8 | 177 (111 120 | 181 111
12111 | 167 [112] 116 | 175 [112[ 11.8 | 17.8 |112
13| 11.0 | 165 (113 115 | 17.3 [113 [ 11.7 | 175 [113
114|109 | 163 (114 11.3 | 17.0 [114 [ 11.5 | 17.3 [114
115|107 | 162 [115] 11.2 | 168 [115[ 11.3 | 17.0 [115
116 | 10.6 | 16.0 [116| 11.0 | 165 [116 | 11.1 | 16.7 [116
117 105 | 158 [117| 108 | 163 [117| 11.0 | 165 [117
118 | 104 | 156 [118| 107 | 16.1 [118| 10.8 | 16.2 |118
119|102 | 154 |119| 105 | 158 [119| 106 | 16.0 |119
120 101 | 152 [120| 10.4 | 156 (120 | 10.4 | 157 |120

F, = 35ksi F, = 36ksi F,=42ksi F, = 46ksi F, = 50ksi
Ki FﬂJQc q)cF KI Fcr/ Qc ¢L‘FL‘I Ki Fcrl Qc q)cFDf KI Fcl’IQc ¢L‘Fcf Ki FWIQL‘ ¢chr
T L ksi | ksi | 7| ksi | ksi || ksi | ksi || ksi | ksi |0 | ksi | ksi

ASD | LRFD ASD | LRFD _ ASD | LRFD ASD | LRFD i LRFD
121| 991|149 [121[100 [ 150 [121| 102 | 154 |[121 {103 | 154 {121 |1 15.4
122 '979( 147 |122| 985|148 |122| 101 | 152 (122|101 | 152 122 | 104 | 15.2
123 967|145 |123| 972|146 |123| 903|149 |123| 994|149 123 | 984 149
124| 955|143 |124| 959 144 |124| 978 147 [124| 978| 147 124 | 6781 14.7
125| 943|142 |125| 947|142 [125| 9.62| 145 [125| 9.62| 145 125 | 145
126| 931|140 |126| 9.35| 14.0 [126| 947|142 |126| 947| 142 126 | 947 14.2
127| 949|138 [127| 9.22| 139 |127| 932| 140 127 | 982 140 [127 | 982} 14.0
128 | 907|136 [128| 910 13.7 [128| 9.47| 138 [128| 9.17| 138 |128| Q947 | 13.8
129| 895|134 [129| 898 135 |120| 9.03| 136 [129( 9.03( 136 |129| 9,08 136
130 | 8.83| 133 |130| 886 13.3 [130| 889 134 |130| 8.89| 134 |130| 8.83| 134
131| 871] 131 [131| 873|131 [131]| 876|132 [131| 876 132 131 | | 13.2
132 860|129 |132| 861|129 |132| 863| 130 [132| 863| 13.0 [132 | 13.0
133| 848|127 [133| 8.49| 128 |133| 850|128 [133| 850( 128 {133 | 12.8
134| 837|126 |134| 837|126 |134| 837|126 |134| 837| 126 134 | 12,6
135| 825| 124 [135| 825|124 [135| 8.25| 124 |135| B.25| 124 [135| 124
136 | 813|122 [136| 813|122 [136| 813|122 [136| 813| 122 [136| 12.2
137| 801|120 |137| 801|120 [137| 801|120 [137| 801| 120 137 | 807 12.0
138| 7.89| 11.9 |138| 7.89| 11.9 [138| 7.89| 11.9 |138| 7.89| 119 |138| 789 11.9
139| 7.78| 11.7 |139| 7.78| 11.7 |139| 7.78| 11.7 |139| 7.78| 11.7 [139| 7.78| 11.7
140| 767| 115 |140| 767|115 |140| 767 | 11.5 |140| 7.67| 11.5 140 | 7.67| 11.5
141| 756|114 [141| 786| 11.4 |141| 7.56( 11.4 [141| 756 11.4 [141] 1.4
142| 745|112 |142| 745|112 (142 7.45| 11.2 [142| 7.45| 11.2 |142 5 ( 11.2
143| 7.35| 11.0 [143| 7.35| 11.0 |143| 7.35| 11.0 [143| 7.35| 11.0 |143 1.0
144| 7.25| 109 [144| 7.25| 109 |144| 7.25| 109 |144| 7.25| 10.9 |144 | 725 10.9
145| 7145|107 |145| 715|107 [145| 7.15| 107 [145| 715|107 [145| Z45| 10.7
146| 7.05| 10.6 [146| 7.05| 10.6 |146| 7.05| 10.6 |146| 7.05| 10.6 [146| 705| 10.6
147 | 696| 105 [147| 696| 105 |147| 6.96| 105 [147 | 6.96| 105 147 | 696 10.5
148 | 6.86| 103 [148| 6.86| 103 |148| 6.86| 10.3 |148| 6.86| 103 148 | 6.86 10.3
149| 677|102 [149| 677|102 |149| 677|102 [149| B.77| 10.2 |149 | 677 | 10.2
150 | 6.68] 10.0 |150| 6.68| 10.0 |150| 6.68| 10.0 |150 | 6.68| 10.0 |150 | 100
151| 6.59| 9.91(151| 659| 9.91(151| 659| 9.91]151| 6.59| 9.91|151 | 6:59| 9.91
152| 651| 9.78|152| 651| 9.78 |152| 651| 9.78 [152| 651 978152 | 661 9.78
153 | 6.42| 965(153| 6.42| 965153 | 642| 965153 | 642 965153 | 642| 9.65
154 | 634| 953154 6.34| 953|154 | 6.34| 953 (154| 6.34| 9.53 154 953
155| 6.26| 9.40 |155| 6.26| 9.40155| 6.26| 9.40|155| 6.26| 9.40155 | 9.40
156| 6.18| 9.28156| 6.18| 9.28|156| 6.18| 9.28 |156| 6.18| 9.28 | 156 | | 9.28
157 | 610| 9.17|157| 610| 917157 | 640 9.17 {157 | 640| 9.17 157 | 9.17
158 | 6.02| 9.05]158| 6.02| 9.05|158 | 6.02| 9.05158 | 6.02| 9.05)158 | 9.05
159| 595| 894|159| 595| 894|159| 595| 894|159 | 595| 894159 | 8.94
160 | 587| 8.82]160| 587| 8.82|160| 5.87| 882|160 | 5.87| 8.82]160 8.82

LRFD
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Table 4-22 (continued)
Available Critical Stress for
Compression Members

y
Fed | OcFe
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Steps for Column Analysis

Pn:FcrAg U

LRFD iso 4 : P ¢P = F A
——  ASD_ss, % P<P/Q=F,A/Q
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e

Vg 5l gt L oy IS gt (2l Ceglie i Canggllae
el (55570 035l b 5 (Fy= 2333 kgf/om?) Jsese glazsls

P, =9.P,
5 g
IPB 28 (A~131.4 cm?, 1= 7.09 cm)
IPB 28 | K=0.8
S KL/r=0.8(450)/7.09=50.8
o.F.. = 1849 kgf/cm?
7 4 0P, = 0.F A, = 1.849(131.4) =243 ton
P, =9.P

Urmia University - M.Sheidaii
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Example:

Determine the design strength ¢.P,, of the axially loaded column shown in
the figure if KL=5.7 m and ST37 steel is used.

/I‘I 12 % 500
U30 ( A=58.8 cm?2, d=300mm, , . 1T
\_T —1 .
Ix=8030cm*, ly=495cm4, 1
e=2.7cm from back of U) U30 ——— 312 mm
U 30
Solution: Sl
A=(50)(1.2)+2(58.8)=177.6 cm? — | —

Y from top = [2(58.8)(16.2)+(50)(1.2)(0.6)]/177.6= 10.93 cm

|, = 2(8030)+2(58.8)(5.27)2+(50)(1.2)(10.33)2+(50)(1.2)3/12= 25736 cm*
|, = 2(492)+2(58.8)(14.7)? + (1.2) (50)%12= 38902 cm*

Min r=V(25736/177.6)= 12.04 cm

KL/r=570/12.04=47.3
d.Fe = 1879.4 kgf/cm?
(I)an = (I)chrAg
=1.879(177.6)=333.8 ton &

www.JozveKade.com
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Y0 Jle
6., 35055 1PB 32_5|Q‘,:Md|c(\'—0)k}.§_ifo):.~ ¢an @ljb(lga:‘wa'gL&jﬂaa

{ Oalsjls gl lgn JSC Gollan whaite 93 53 0 2 GV U5l s 405 45 Cnd Coger )
% -‘T"*—r >y 0k g ablie 55 5 pas B gl OSUI 503 3 o Scas )lgr Joa 13 3 o Ol g
.b_)‘-b'
3m
.‘\}>
b — IPB 320(A = 161.3 cm?, r, = 13.8 cm, r, = 7.57) s Slasis
/ Sl
il \ 3 9.6 K. L_= (0.8)(960) = 768 cm
N K, L, = (1.0)(300) = 300 cm
K, L, = (0.8)(360) = 288 cm
¢ v : ) AT -
[PB 32 —_ 3.6 m 3550 e S Y o
! (ﬁ) _ 168 _ 5565
| p 7 13.8
77% S (E_L) _ 300 _ 3663
b r /Y 157
s Sala ‘.:My'- J g 4 anel e b
6P,
KL _ 5565 ¢,F, =1802  kg/em?
=
(+-0) J&s ¢. P, = (1802)(161.3) =291 ton
Urmia University - M.Sheidaii 44
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LRFD g, & o )lad slacl b ol

Design of Compression Members

T 2 LQLQ,AL? J.«o'.w 9 009 U~ 9 (X &9) «._i: 6‘)‘0 Lér’}‘*'“ L5'>‘)'L’

K eess sl 28 S5 5 ool bl byl .1

(I)chr L5>‘)‘b B 6‘):’ 6)‘“&‘ uoﬁ 2
o4 563 Joho Jowgie slo giw 51260640 o KL/T 580 ©
uimawb 100 S>> 40 ‘_;)).a Lg).éy u.:‘)..o “_i?.w Lg)‘&f)l.gl.gé.x.;.ul.g{e LgLé.c.‘ LS‘):’ *

Bgd 08yt Sl

AgZPu / (I)chr ] 3

oo Lo Lé:)\ \) c.la.o.a @E.w )L.a aS" D¢ ol be.o.n 4

2l adaie B jlade b 558 035, )1,S0) po3) &g yo bl adabie jo Jlasssass .0

(2 e lp s lade Glgie 4 y9 30
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Example:

Using F,=2333kgf/cm?, select the lightest IPB available for the service
column loads Pp=45ton and P =70ton. KL=3 m.

Solution:

P,=1.2(45) + 1.6(70) = 166 ton

Assume KL/r=50 — ¢.F. = 1855 kgf/cm?
Required A = 166000 / 1855 =89.49 cm?
Try IPB24 (A=106 cm?, 1,=6.08 cm)

KL/r = 300 / 6.08 = 49.34 — ¢_F . = 1861 kgf/cm?
dPy = 0F A, = 1.861 (106) = 197.3 > 166 ton OK.

Urmia University - M.Sheidaii
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Example:
Select the lightest satisfactory IPB for the following conditions:

Fy=2333kgf/cm2, P,=200 ton , K,L,=6.0 m , K,L,=3.0 m

Solution: 11
Assume KL/r = 50 — (I)CFCI' = 1855 kgf/Cm2 This,brace_mt:lSt be a :
Requwed A - 200000 / 1855 =1 0782 sz ?;tce:gl moveml;nt and

twisting of the column..
A rod or bar is not

Try IPB26 (A=1184 sz , rX=11 2 cm, r =6.58 Cm) satisfactory.
A
(KL/r), =600/11.2=53.6 « Z

(KL/r), = 300/6.58 = 45.6

o F. = 1822 kgficm?
0P = ¢F Ay = 1.822 (1118.4) = 215.7 > 200 ton OK.

Urmia University - M.Sheidaii
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E4.

COMPRESSIVE STRENGTH FOR TORSIONAL AND
FLEXURAL-TORSIONAL BUCKLING OF MEMBERS
WITHOUT SLENDER ELEMENTS

This section applies to singly symmetric and unsymmetric members, and certain
doubly symmetric members, such as cruciform or built-up columns with compact
and noncompact sections, as defined in Section B4 for uniformly compressed
elements. These provisions are not required for single angles, which are covered
in Section ES.

The nominal compressive strength. P,. shall be determined based on the limit
states of flexural-torsional and torsional buckling, as follows:

Py = Fer A, (E4-1)

(a) For double-angle and tee-shaped compression members:

o (ij F) [] i 4Fcr}.Fcrij] 1)
2H (Fcr}' ‘I‘Fcrz}u
where Fe.y 1s taken as F,, from Equation E3-2 or E3-3, for flexural buckling
. KL KL
about the y-axis of symmetry and — = —. and
?‘ r}"
GJ
Fcrz — — {Esl_})
AT, -

Urmia University - M.Sheidaii y
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(b) For all other cases, F,, shall be determined according to Equation E3-2 or E3-3,
using the torsional or flexural-torsional elastic buckling stress. F,. determined

as Tollows:

(1) For doubly symmetric members:

w2 EC, |
F, = " +GJ (E4-4
‘ [{KIL)“ ] L+ 1, )

(11) For singly symmetric members where v is the axis of symmetry:

F _ (Ff\_ —I_ Ff’i‘.’) [I II|'II 4FP}'F€ZH ] (E-—i 5)
£ = T Aarr o f o = )
\ (Fey + FH)?

(111) For unsymmetric members, F; is the lowest root of the cubic equation:

P

(FF - PI}{FP - FE‘}‘}{FP - Ffz} - FPE(FP - Fe}'}(?)

o

2
— FXF, — Fu) (i_") ~0 (E4-6)

ta

Urmia University - M.Sheidaii
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where

A, = gross area of member, in.2 (mmE)
Cy = warping constant, in.® (mm®%)
_ I + 1,
R (E4-7)
Ag
2 3
x2 42
H =1-2TX% (E4-8)
T
- E
Foy, =——— (E4-9)
K.L
Iy
2
T FE
F,, =———s (E4-10)
ry
F mECy L Gr) (E4-11)
“ T \(K.L)? Agi2
G = shear modulus of elasticity of steel = 11,200 ksi
(77 200 MPa)
Iy, I, = moment of inertia about the principal axes, in.* (mm?)
J = torsional constant, in.* (mm*)
K. = effective length factor for torsional buckling , based on the amount of end restraints against twisting
Xp, Vo = coordinates of shear center with respect to the centroid, in. (mm)
o = polar radius of gyration about the shear center, in. (mm)
Iy = radius of gyration about y-axis, in. (mm)

User Note: For doubly symmetric I-shaped sections, Cy, may be taken as
I;h 214, where h, is the distance between flange centroids, in lieu of a more
precise analysis. For tees and double angles, omit term with C,, when comput- 54
ing Fe; and take x, as 0.
www.JozveKade.com
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Example E.7 Design of a WT Compression Member without Slender Elements

. R =20 kips
Given: P =860 ki
- L ps
Select a WT-shape compression member with a length of 20 fi to
support a dead load of 20 kips and live load of 60 kips in axial s%

compression. The ends are pmned.

L=20ft

777%774]_

Because WT sections are cut from ASTM A992 VW-shape beams, the material properties are:

MMaterial Properties:

ASTM A992 F,=50ksn F, =65 ksi Manual
Table 2-3

Calculate the reguired strength

LEFD ASD
P =1.2(20.0 kips)+1.6{60.0 kips) =120 kips | F, =20.0 kips +60.0 kips =80.0 kips

Geometric Properties:

WT7x34 4, =999 in® » =1811n n=246in. T, =319m. J=150 in?

Manual

X
H=0516 d=17.

7 i t,=0415in. E';= 100 11 fr=0.720 1. Table 1-8

www.JozveKade.com
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Check for slender elements

d 7.02m. E 29.000ks1
— =—1F =169<075 |—=0.75 _—Ei = 18.1 therefore. the web 1s not slender. Table B4.1
t. 04151 F 50ks1
' y Casze 8
b, 10 in. E 29,000 ksi :
= m. =6.94 <056 |— —056,|——— " =135 therefore, the flange 1s not Table B4.1
2t,  2(0.7201m.) F, 50 ksi Case 3
b b ]

slender.

There are no slender elements.
For compression members without slender elements, Specification Sections E3 and E4 apply.

The nominal compressive strength. P,,. shall be determined based on the limit states of flexural.
torsional, and flexural-torsional buckling.

Check flexural buckiing about the x-x axis

Section E3
KL 100200 f)(12m/f) _ ..
7 B 1811
’ i 9,000 ks
47 = 4.71,(= e 2113 <133 therefore, Specification Equation E3-3 applies.
51
(29.000 ks1)
‘F;. =— — = —].'5.3 ].{El :E-qﬂ Ei‘—‘q’
|-f ;;L*-..- (133)’
A9 F .-"I
F,=0877F, =0877(16.3 ks1) = 14.3 ks1 controls Eqn E3-3
Urmia University - M.Sheidaii 58
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Check torsional and flexural-torsional buckling about y-y axis:

Because the WT7x34 section does not have anv slender elements, Specification Section E4

will be applicable for torsional and flexural-torsional buckling. F,, will be calculated using
Specification Equation E4-2

Calculate Foy,

F oy 1s taken as Fi, From Specification Section E3, where

KL 1.0(20.0 ft){12 in/ft)

¥ 246 1n.

&

=97.6 = 113 therefore. Eqn. E3-2 applies

2 E  m(29.000 ks _
p-1E T ) 301 kei
|-' KL | (97.6)

-

i 50.0ksi
F, =F,=|0.658% |F, =[D.5SE’M"“]5G.DR51= 249 ksi

Urmia University - M.Sheidaii
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GJ _ (11.200 ks1)(1.50 n.*

F . =—D=— — —=165ks1 Eqn. E4-3
4.7 (99917 )(3.191n.)
(F_+F_ i 4F F _H

F,=| /" 1- I-—"— Eqn. E4-2
\ 2H {Fm' + ‘F’P' :I .

24.9 ksi+165 ki (2249 ksi) (165 ksi) (0.916)
2(0.916) (24.9 ksi+165 ksi)’

=245 ks does not control

x-x axis flexural buckling governs, therefore

P =F,4, =(143ks1)9.99 in” =143 kips Eqn. E3-1
LRFD ASD
b P =0.90(143kips) , 143 kips Section E1
e - P/Q, =——
: 1.67
=128 kips = 120 kips  o.k. =854 kips= 800 kips ok
Urmia University - M.Sheidaii 60
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Avoiding Local Buckling
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0L Cuygll g 60l Cuy gl LS‘)’"
Stiffened and Unstiffened Elements
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0L Cuygll g 60l Cuy gl LS‘)"‘
Stiffened and Unstiffened Elements
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Classifications Cross-section for Local Buckling
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TABLE B4.1

Limiting Width-Thickness Ratios for
Compression Elements

TABLE B4.1 (cont.)
Limiting Width-Thickness Ratlos for
Compression Elements

. Limitimg Width- . Limniting Width
¥ Width Thicknegs Ratios ¥ Width Thickness Ratios
] o Thick 3 o Thick
Description of ness Ay A, Description of | ness A A,
Elamen Ratia { pompa ol {nonoom pest) Example Element Ratio {oom i (Vo0 O ey Example
1 |Flexwre in langen of | &t 03 TR 10 F T |Flexurs in flangen of | EJr 0.3 /T 5 10T, —kb
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and o n
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Limiting Width-Thickness Ratios for

TABLE B4.1 (cont.)

Compression Elements

. Lirniting Width
E Width Thickness Ratios
i o Thick-
Description of | ness L ]
Elemeant Ratic {compaoT (MO M pact) Example
|Urifcem B/t o 149,/E7F, '
lomprassion nal
ortbeer miiH=ned
b= ments
18 [Circudar hiollos
iore
In urifcrm oyt AT Q1 E;F,
M prs B on
In Rexurs ot DOTE}F, 0.9 EfF,

M i =~ brt sl ok b Taken kess than 035 nor greai@r an 0.7% for calculation purposes. (Sae
Cases 2 ond 4]
H F; =07, for minor-aods bending, major aods barding of skender-wsh bul-up [-shaped membars, and
majer axis bending o coMmpact And NONCOMEACt web bultup [-shaped members wh S8 = 0.7; F =
Fefirs/ S = 0.5F, far major-20is bending of compact and noncompact wek bultup Tshapsd mermbers with
Sy ISy = 0.7, S50 Cawe 2]
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Local Buckling
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E7. MEMBERS WITH SLENDER ELEMENTS
This section applies to compression members with slender sections, as defined in
Section B4 for uniformly compressed elements.
The nominal compressive strength, P,, shall be determined based on the limit

states of flexural, torsional and flexural-torsional buckling.

P, = F., A, (E7-1)

KL
(a) When — =< 4.71 (or F, = 0.44QF_,_.)

1 OF,
OF,
For =0 [().658 ke ] F (E7-2)
KL | E
(b) When — = 4.71 | (or F; < 0.440F,)
r \‘I QE .
F., = 0.877F, (E7-3)

where

F, = elastic critical buckling stress, calculated using Equations E3-4 and
E4-4 for doubly symmetric members, Equations E3-4 and E4-5 for singly
symmetric members, and Equation E4-6 for unsymmetric members, ex-
cept for single angles where Fp is calculated using Equation E3-4.

0 = 1.0 for members with compact and noncompact sections, as defined in
Section B4, for uniformly compressed elements

= ;0 for members with slender-element sections, as defined in Section

B4, for uniformly compressed elements.

User Note: For cross sections composed of only unstiffened slender elements,
Q = Q; (Q4 = 1.0). For cross sections composed of only stffened slender
elements, Q = Q, (Q; = 1.0). For cross sections composed of both stiffened

and unstiffened slender elements, Q = Q,Q,.
www.JozveKade.com
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Slender Unstiffened Elements, {0,
The reduction factor Oy for slender unstiffened elements is defined as follows:

1.
(a) For flanges. angles. and plates projecting from rolled columns or other com-
pression members:
b | E
(1) When n < 0.56 F‘
0, =1.0 (E7-4)
(i1) When 0.56, /E/Fy, < b/t < 1.03,/E/F,
b\ [F,
=1415-0741 -,/ —= E7-5
QS (.f ) \‘{ E ( )
(ii1) When b/t = 1.03,/E/F,
0.69E :
0, = 2 (E7-6)
A ()

(b) For flanges, angles. and plates projecting from built-up columns or other com-

pression members:
N

(i) When 2 < 0.61 | e
f VA
(E7-7)

O, =10
. ~ |Ek, Ek.
(i1) When 0.64 | = b/t <1.17
\ Ey Fy
| F
! (E7-8)
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O, = 1.415 — 0.65 (?
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Ek,

¥

(i11) When b/t > 1.17

0.90Ek
Q= — > (E7-9)
By (?)
where
k 4 | shall not be taken less than 0.35 ter than 0.76 f
cr — L dld shall no > LAken 1ess tan Uoo) nor arealer an L, or
<= Jhit ) e

calculation purposes

(c) For single angles

b E
(1) When n < 0'455/}?:},

0, = 1.0 (E7-10)

(i) When 0.45,/E/Fy < b/t < 0.91,/E/F,

b\ [F,
—134-076(2). /2 E7-11
Qs (r) VE ( :
(iii) When b/t > 0.91,/E/F,
0.53E

Qs =—— (E7-12)

()

b = full width of longest angle leg, in. (mm)

where

(d) For stems of tees

d | E
(1) When - < (.75 E
Qs =40 (E7-13)
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I |

| E | E
(11) When ().TSV.' 7 < dit <1.03 ."IF

¥ v
d\ [F,
0, = 1.908 — 1.22 (?) \f,.ff;‘ (E7-14)
[E
(1ii1) When d /t > 1.03 | —
| Fy
0.69E
Os=——— (E7-15)

()

b = width of unstiffened compression element, as defined in Section B4,
in. (mm)
d = the full nominal depth of tee, in. (mm)

where

t = thickness of element, in. (mm)
2. Slender Stiffened Elements, Q,

The reduction factor, Q, for slender stiffened elements is defined as follows:

Aeﬁ i
O, = i (E7-16)
where
A = total cross-sectional area of member, in.? (mm?)
Aqg = summation of the effective areas of the cross section based on the
reduced effective width, b, in.? (mm?)
Urmia University - M.Sheidaii 75
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The reduced effective width, b,, is determined as follows:

I
| y

(a) For uniformly compressed slender elements, with ? > I.49,V,"|?. except
flanges of square and rectangular sections of uniform thickness:
be = 1921 | = [1 _ 0 E] <b (E7-17)
V7l “ @y 7
where
fistaken as F,, with F, calculated based on Q = 1.0).

(b) For flanges of square and rectangular slender-element sections of uniform thick-

b (E
ness with " > 1.40 ."I ?:
(E 038 [E
be=192t | — |1 ———|— | <bh (E7-18)
V7 [ (b/0) f]
where
f=Py/Ag

User Note: In lieu of calculating f = P,/Ags. which requires iteration, f
may be taken equal to Fy. This will result in a slightly conservative estimate
of column capacity.

(c) For axially-loaded circular sections:
E D E
When 0.11 — = — < 0.45—
en F, <7< F,
0.038E 2

"":—Ev(DmJ’E (E7-19)

0=0

where
D = outside diameter. in. (mm)

t = wall lhickncssw JozveKade.com
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& led slacl b Jglos
Design Tables ( Manual of Steel Construction)

s ks slasl glp v92 90 Slpmn S Joloa
(Available critical stress for compression members-table 4-22)

sl F/Q, 3 LRFD g, slp) OF, Joie Joloz gg opl 5l eolaiull
Sl s BB Fy i polie syl 4 KL/T 51 (0l & y90 43 (ASD g,

O

(O 5k J5laz) (5 970 jLaS 50 0990 Cuoglie Jglo
(Available strength in axial compression (column load tables)-Table 4-1)

LS‘)'.’) Pn/Qc 9 (LRFDU‘“’ﬁ) LS‘)'.’) d)an )‘J‘s'“ J?“)‘} &y U"‘ )‘ °‘>L63"""L3
Sl s BB el polie il KLl ol &)90 4 (ASD g,
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o lid slacl b Jglos
Design Tables ( Manual of Steel Construction)

I
Table 4-1 (continued)
Table 4-22 (continued) Available Stre hi
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H £
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Effective Length of Columns in Frames
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Sl &S > e slels
Sidesway Inhibited Frames

(a) Diagonal bracing (b) Shear wall
AISC (conservative) K=1.0
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Effective Length of Columns in Frames
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Effective Length of Columns in Frames
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OF g Jsb slajlsges
Alignment Charts

b a5 Cewl yaiw e Job (gl logas 3l ooliiud K s (gl Jolote Loy s,
Dgds oo A5 3 81,8 g5 Lyl

1351 oo 08,9] AISCOS asl (ol 5l o5 sl IS0 by loges oyl
9 ‘(sidesway 1nh1b1ted)$_>l> s_’;\.f)} Qlic‘ 99 61'?:"[-9 LQ‘)'.’ C-C2.3 Jiw
. (sidesway uninhibited) _il> <5 ,> I L slpl8 51, C-C2.4 IS
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Alignment Charts

OFw 9o Jsb slajloges

Ga

od
20,0
10,0

—1.0

——0.9

—0.5

—0.0

Fig. C-C2.3 Alignment chart—sidesway inhibited (braced frame).
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OFw 9o Jsb slajloges

Alignment Charts

5,0+

K __ Ga
La0g =
=10, —100.0
[ — 50,0
150 30,0
4.0 — 20,0
3.0 10,0
T — 8.0
-T- — 7.0
—+ — &0
1 — 5,0
EI{J __4.[]
1 — 3.0
T — 2.0
1.5 i
1 —1.0
1.0 — 0,0

Fig. C-C2.4. Alipnment chart—sidesway aninhibited (moment frame ).
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