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Steel Structures
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To familiarize the student with the material properties, design
procedures, and code requirements for steel.
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Topics covered

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
Design of Braced Frames
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Introduction to Structural
Steel Design
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Structural Steel

Jaie 5 (% 2 5 0.15) 0,8 « oyl 518 e ol (5T oY 8
(g S50 350) 500 yolie 5l S5
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The Tension test

Upper yield

< point
Elastic limit_

>.'\ A
Proportional limit— \!\ _
. Lower yield
/

;  point

()
' £ (Not to scale)

Strain Necking and
|t e

| hardening failure
Elastic
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Steel Properties

)| M)L.c @‘)b)bc\&)‘ aYa.é LgL{b dastiin Oy g0

(yield stress (Fy)) W*L“*’ LS
(ultimate stress (F,) ) ol i
(modulus of elasticity (E) ) el )l o
(percent elongation (¢) ) L JSN JUSE KRRV SR

(coefficient of thermal expansion (o) ) 5, ,> bluwsl co o

Urmia University, M. Sheidaii 8
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Attractive Material Properties of Steels

(a linear elastic range) L E L B W R PRE P CRRYE

(A well-defined yield (except Heat treated)) LR ol adadi 0g2>g

(oo &3l slaoYed yo Ko)

(strain hardening) S Sub oo

(significant ductility ) argp B gl S

Urmia University, M. Sheidaii 9
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Advantages of Steel as a Structural Material

( High Strength to Weight ) S59 4 Vb Cwglio
( Uniformity & Permanence) (Oloy b ol olgs) plgs g (51920
( Elasticity ) sl casls
( Highly Ductile ) YU 6 iy JS
(Toughness ) (Oleyod yokay YU Coogling (g pdy JSo) Bl

( Easily Constructed and Modified Structures ) — aswg g &ilo Sdggu

( Easily recycled ) ool bk
T 9 Eet eober ol el esb l3l bags Jlss] oS

( Simple Connection Devices such as Welds, Rivets and Bolts )

( Possibility of Prefabrication ) 08, asle i ol

( Speed of Erection ) ol S S yun

Urmia University, M. Sheidaii 10
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Disadvantages of Steel as a Structural Material

( Maintenance Costs ) &S a e
( Requires Fireproofing ) 5T il 50 il palie 4 5Ls
(Often Results in Slender members ) N oo Y glacl 4 joie el
(— Susceptible to Buckling ) iileS Jlas «—
( Fatigue ) S
(Brittle Fracture ) 55 CanSls s

Urmia University, M. Sheidaii 11
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Steel Applications

ML’LSA o)Lw Lg‘).’ d).:)l.f).’ )Lauua..’ GJL»AA )‘ k.fi’ OY}‘B
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Steel Structure Design Process

Architectural Final Design
Functional Plans 3
v Detailing
Structural .
System
Connection
T Design
Trial Sections T
" : Revise mrﬁG~“fﬂy .
Modeling [ _ ’4— cceptable? -
Sections ~—

Member
Design

¥

Analysis

Urmia University, M. Sheidaii 21
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The Design Process

(acycle) cul 4 > S & g0 4

( not all technical ) wsls Jee cul (Koo (>, Sllase aS
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What Is Structural Engineering?

5l Sl ylee o3l (cwiigee
v T 5l Lels colis oS sdlae 20 LB in
oS el | Ll 2o @y il ool a5 ol JS0 4,
o | (Bl jlade b5l ol a5 ple g, b oS ablie a5 (5920 &
cogtd ol o (2T pus ogiil 4 (oS g a5 R b &
& by e slazsl
STABIILITY SAFETY ECONOMY
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Design Responsibilities

(safety ) ol

OV 3l o 9 1zl plae o (B Caeglite 3525 -
( Progressive collapse ) ousg s ol )5 plp 50 Cooglie -

Ol Sk sl el 2, el -

(Practical ) o9 2,2

&Q&L»J.g@sodu&@‘)bc\fub)yoowdg—
( Reasonable tolerances ) ol jlxe wb diaie slgs,lolg, -
55 STy b ooy (hlate i Sy 2 il 3903 by 1 g i -

Urmia University, M. Sheidaii 24
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Design Responsibilities continued

( Economy ) slazdl

1o 1 )8 L &y e — g i o adolio g zdlas 31 oolail -

O Ol 2 S &S 0988 jeal - Sl g las ol IS an e (185 a8 o -
Conwl

Sl d 30 B0 aieils 2 50 (655,16 - 5l 0,90 Il JBlas Jlasiinl -

bl 5l g 0508 158 oolawl 8,50 sitiwsd |15 &lp cawlio a5 la LU0 5 0ol -

S5 (6,100 0y )1

Urmia University, M. Sheidaii 25



?&M QY95
What is STEEL?

(€) o5 5 (F8) ool 1 ol s3TT 5953
g 4Ll 8Y b

il o, le polie ol o ops

manganese (Mn), silicon (Si),

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

[ron Ore

Urmia University, M. Sheidaii 26
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What is STEEL?

oS

Sl are 615,50 g ale plr jo Swglie « g pdy IS8 0 2l 38l
Ol

Sl S Grals
(S 00958 slm) UK 5 oSl « pg S

(A242 A58 il b ai slas¥sd) (53,5 & unglin s il
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STEEL Manufacturing

10,5 (o0 D)o gy 90 4y OV g8 Wy
(Blast Furnace) ol wgd 0,65 5l colaxwl L
(oladl e 059,6D) (05 hs, —
(Electric Arc Furnaces) . =Sl wos 0,55 3l oslaxwl b

Urmia University, M. Sheidaii 28



3Ygh adgs
STEEL Manufacturing

Electric Arc Fumace
Produces molten sleel. Steel Refining Facility

....
..

Iron Ore

W

Coal h]&l:'.tlun

4

ah

tuﬂ

Cnlm Ovean >
Mm{lm

A

Basic Oxygen Furnace
Produces molten stee,

Limeastona

Blast Furnace

Produces molten pig iron from iron ore. Pig Iron Casting 29



Blast Furnace Method — Integrated Steel Plants

)‘ M)L,_c 0'2:5) u.:‘ GMLM:‘ Lcha ‘nlf

coilen b g (FE304) coiSle - axen (IFON OF€) ol S aods 53 (raW material) s> &las .1

555l Olde o] maw (59, p 45 0gi o S1AYS) sla Wiy sl Eel Lgd Joe .3

Olg a5 Cenl (5 yl0de 5 ian us el ol ST e 0 0o oL Vg8 sl Seb JSKb w pls el L5
g SiYb al ol cal oY jelaie pas 0,8 soliiwl Sleasle mlas olge 4 T 5

D¢ oo ooliiwl Glie 0Yed (VU (slp ST 0,98 S 5l .6

03939 (Ferro alloys) a1 slaslil oylas g a3 )5 )15 o goVb cov ple oYl yo Olie ool .7

oo calise ol jo oV gd sla e 9 48,5 bl Llde Y48 (59, p 65 au, Sllee o .8
5D

aalol 18 g oo sboul pds Bllaxil g p 5 g 5lg 1> S8 b ogd oo 00l &yl s0¥ed slo ks yrw .9
2565 oo pll (B e 053 1) S Sliboe b (o 0 5 o (35 95 s1) 0,95 Slles

Urmia University, M. Sheidaii 30



SzeS Vs sla il )5 — (So 5SIN (ugB 0,95 (o,
Electric Arc Furnace Method — Mini Steel Plants

3l le ey cnl (obel =15
2] LT 5 o3l ol ol il i ol : 5 a5l pls pllas .1
g 25U G (Sl ogB S 5 00 Jlay (lyz o (S (sl 2l aliwgy s g .2
255 (oo el
S S
03,5 o Juds (3 (hs)) (@l ogd 0)55 gy A g A Y e e adgi g aslal o .4

el sl ol oY 98 mllas odgs sl o9, (p 5 solai8l (S S g8 0,95 s,

a5 wiws ole dcgerme | 1SarsS s wiive (S0 ST ug8 0,55 Joldh a5 0V 58 wdsi (sla acgerns
Dgd oo 488 SoroS SYgd ils IS Sls dcgezme iz 4 a5 e gyl 5l e anil oo o] Ggd 6,08 Juls
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STEEL Manufacturing

: (Deoxidizing) ;ygemlownST g0

Oley Gldae b o o oo aS| 60 ¢ oVl Oldes ol oSS 51 s
gl oo 03939l 8Y8 4y (SOlIDIfiCAtioN) ;luosl> 4 (POUNING) (5L

ooy adlal |y sl o KIING) beol |, Gl dlgo 51 ST Bi>
ow@)lf sl Ol LSl ¢2ne b (a8g) e ge by suisS oS g0

gl 60 maw o YL - (FUlly-Killed Steel) JolS™ sloxel L oY g8

S OrS| Bi>: (RImmed Steel) Si> sloxel L oY sd
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Steel Casting & Hot Rolling

Continuous Caster Rolling Mill

I-‘ ii ’4— ladle of molten steel
——

f H/Q- tundish

Urmia University, M. Sheidaii 33
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STEEL Manufacturing

(Ingot Casting) _JG 5,5 a,

) %l (oo 50 ( Sob skl JSs @ rwlacST 68 Sldes 5l an Olde oY
(5 Y 28 399098 Y alo Job 4 e plaiio g 08 Y J5bo

b g dgd oo oo ¢ 055 o0 00usl SOAKING PIt a5 (5l 0,65 4 LB e
St b plen j0 000 obw] )Ll poe pled jo SLSG Gylym ax 0 a5 LK

il o 0, Sldae aloul glp oolel CIB > ) jo ¢ aile o
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STEEL Manufacturing

(Rolling) o4

O 3 OLSS 5l i b LB Logls o 000 jaue B2 lo STl o 5 Lis L LB s e8 Oldes o

e 45 0gh dxg5) b oo Ll Lo Jgb g 4l galS Ll Lo e adafie g ool ol jgue Lo SCe
(el e B

05 oo gaz B Gl o Yoone by ok L oVob o 03 Stlé oo Slles 51 o
03.» P O UJLQ LQLQLQ...»‘ as “""‘“"9)‘“‘"

5 Blooming sle Stle vy oldes ol 065 Slabbing ¢ Blooming 1, adql o lobes
2,5 o O y90 Slabbing

At b DY game Lol ol 4o s sud 3 4o SV gaxe SlADS ¢ Billers . Blooms
g oo Jlul 5,5 s LeSale o aS

el 1y ouds oy o T you op@ﬁbdwé\o )MJ@YM Sy » )5 e o>

- - 2l (hot-rolled shapes) ¢,5 5,55 slo & pous
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Hot-Rolled European Standard Cross-Sectional Shapes (DIN)

Fe ;

T,

PR

.
IPB INP

IPBI IPE C L

IPBvV

Eo e e e

AR

L
;
7
%

R R,

Tube Bars Plate

Urmia University, M. Sheidaii 36



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

Sloping mside
face

American Standard, S

Sloping inside
face

American Standard

Channel, C

Flange
/A
A
18" + Web 18"
Flange
L Y
3
W-shape
(W18 x 50 shown) (S18 x 70 shown)
. 3r1
6
~<———>| - "1 1
' A o
6"l > Y4 6"l
Y Y
Equal-leg Unequal-leg
angle, L angle

(L6 X 6 x ¥ashown)

Urmia University, M. Sheidaii

(L6 x 3 X % shown)

(C9 x 20 shown)
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Hot-Rolled American Standard Cross-Sectional Shapes (ASTM)

L

Pipe

Urmia University, M. Sheidaii

| ]
O l=v]

Bars

Tubes

> 8”

Plate

38
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Cold-Formed Steel Shapes

Sldos b (daowo) (Jgomo sloo jo calides (gledSClh ay 00l IS 0 0 60V 68 (sl & oo
%’;::%
il )]
\"3::_:_;5;“

L L

Angle Channel Stiffened  7ee  gtiffened Hat  Stiffened

channel Zee Hat N
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Cold-Formed Steel Shapes

W o L ST oS L S (so¥h S (slo 5 08,5 o L
wﬁf)‘)ﬁ sola ol Sy90 S| L)XM u)‘ﬁz’.oﬁ s &S ¢ l» ‘AL: g_ia..w LgLa.C‘ Lg‘).:
Ll e ZI0 MM 51 is B /YO MM | A liscelss

o 5 5 98 e 215 | (60 JSE (50 B (6,5 o Slokes az 8
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MEMBER CLASSIFICATION WITH LOADING

- 4
4 0 e
g @
\/ N\J’»\ e o ~ \r‘\.
4 / M_. A
1 L ™,
| % VoY
T r P
Tie Column Beam Shaft Beam-column
(ci) () () (d) le)
Strut Twisting Bending can be

biaxial.
Urmia University, M. Sheidaii 41
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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

&3

[l )

{b) Cables composed {c} Single and

of many small wires

——— il —— i ————

double angles

| 1
v

Perfnarafed
plates

(e) Structural (fi  Built-up box
tee seclions

42
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Typical Compression Members

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

(e) Pipesection

Urmia University, M. Sheidaii

{c) Structural

tee
I —
— —

(fy Built-up sections

(d) Structurai

t:bing
{ |
S >y
Fl e

43



Typical Beam Members

[ ] ] I
{1 E i .
| | .
k ffr".\\h._ k
4 \ 7
| | X 1,—/
Ao | AL ]
(2] Rolled W- (bl Welded (e) Open web joisis
and oiher [-shape
I-shaped i plate girder)
sections
i:"-"l' ';rf,:l '.'J':':"'..'i'."lrl!. _l+.llr| +Il
|*-"L|.| thiy oy I-'.I“‘-'., :,!u'l'-l"-'l 3' '
L | AL AR SR -l-'*:.'l;E:F-t.'— FRANL o9 L.

|

id) Angle fe) Channel iy Built-up members

Urmia University, M. Sheidaii

(g1 Compuosite steel-concrete
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Types of Structural Steels

&l o3lw oY g8 glgil

|_ NG i Ix' 1512 \_rll.':l:‘_lh. F.

- Heat-treated constructional
lloy steels: ASTS quenched
and tempered ailov steel

Minimum vield
strangth
F o= |00 ksi

High-sirength. low.
allow carbon steels

1 1 i
(LX) 0.0 015 0.20 025 030 0.33

Stratin, inches per ineh

Urmia University, M. Sheidaii

P S oYe
(Mild carbon steel)

ST oS Caglia j oYgh
(High Strength Low Alloy (HS))

(aSas oY 8) oas w3l oduasl (g5LIT oY
(Quenched and tempered Alloy Steel)

45
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Mild carbon steel

0.15 to 0.29 Carbon Percent

2200 < F, <2600 kgf/cm?

3400 < F, < 3800 kgf/cm?

Ceosd l5,1 (LOW Cost)

Works Easily( sb; s pi S5 bls)

A36 ASTM American Standard

ST37 DIN Germany Standard

Urmia University, M. Sheidaii 46



34 ‘WS wg'.a.c).t QY39
High Strength Low Alloy (HS)

S leo¥sd 4y IS 5 padge ¢ e 0 las G5LT polie (i polie (o938l L
D9 (50 Sl
2750 < F, < 4800 kgf/cm?
4600 < F, < 5400 kgf/cm?
YU Caglio
(52,95 22) el ® ab las¥gs — (F0,55 plp 0 YU Cuoglia
(Increased Corrosion Resistance —Weathering Steels)
el St Jlos Li0 S (6 Shs2 oY gd (pl 5l s
ASTM American Standard A242, Ad41, A572,A588,A992
DIN Germany Standard ST52

Urmia University, M. Sheidaii 47
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0l Cou 3 edusl (g5LIT oY gd

* L 4

Quenched and tempered Alloy Steel

Pl o Censy ST oS Sloo¥sd (59) 2 nj ol Slikes plxil L
Db, o Vov OC sga 4 484, b Ol 5l oolatal b by juo A0+ %C 0g0 &l 511, 0¥ g8 1 (0 ,5) 0,8 eass]
Dgds STB o,y B a8 o (Jg oo g YL Fe v OC sga b ooz |y o¥gs &l > s sl

Slilge ag ofe oV 135S 51 ot poy b Yoo pudd (i 1A g 05,08 castio pudd 0> 20V g8 43 oy

Dl oo Gty Vg8 el )l pse s ol s

F, > 6000 kgf/lcm* = F,>8000 kgf/cm?

58 et 5 2

Sl Slikes ey SV Coid
. S ‘5)-"‘;\% lS &

S Kg> 51 LS 0,5 0,5 i gy

ASTM American Standard A514

Urmia University, M. Sheidaii 48



Table 2-1.
Applicable ASTM Specifications
for Various Structural Shapes

| | Applicable Shaps Sarles
A H&S
Yigid | Tenalie -
Stael A5TM Sfress | Strasss v | & |stesl
Type Daalgnation (k=1) =l | w w5 |we|clmel|d|E|rpe
s v (oo | EEm—
AE3GIE = B
. =z 8
il T ] | 1
Carban Asoo 2E &2
= B a2
— -3 2 |- |
| Grsl | S0 £5-100 1 l
A5 Cgrss | a5 70-100
Graz | & B
Grso | S0 552
Astz | G55 35 7
a.ar | o 75
o6 | 65 a0 1 l
:'ug:r-gﬂ I.ﬂ."&f GrI&N| 508 T 1 g 1
Loy Gl 50 85
30 50 &
para |60 | & 7= 1 | 1
£5 &5 3l
70 70 ar
[ am2 | toes | es . | '
Camoslon 2 5
Py ARz 25 &7
Hgn- [ so i 1
Strergtn ASES | 70
Low-Asoy A3d7 50 70

Il - Fr=rerrea matenan specincation.

I:l = Ciher applicable material specification, the avallability of which should be confirmed prior bo
spedification

[ - material spectication doss not apply

* Minimum UNIEE 3 range Is shoan.

B For shapes ovar £36 B, only the minimum of SE kel appiles.

= Groups 1 and 2 shapes only. To Improve weldabilly a masimum carbon equivalent can be specified
\per ASTM Supplementary Requirement STE). If deslred, maximum fenshie stress of 20 ksl can be spacified
\per ASTM Supplementary Requirement 575).

4t deslred, minmum =nsle siress of 7D ksl can be specifiad (per ASTM Supplementary Requiremant 551).

* Groups 1, 2 and 3 hapes only.

' ASTM AF13 can also e specified a6 comoslon-resistant; see ASTM AB1S.

@ Minimum appllze for walls nominally 3-in. thick and under. For wal Micknesses over 4ain., F_ = 46 k&l and
Fym &7 KB

" i gegirad, mawinun yield stress of 55 kel 3nd maximum yisk-to-tensle strendgih ratio of 0.5 can be specifizd
{per ASTM Suppliementary Requirement 575).

& masimum yleld-to-tensle srength mto of 055 and carban equivalent farmula are Included as mandatory In
ASTM ABS2,

| Zroups 4 and 5 shapes only

* Group 3 shapes only,

! Zroups 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, owar | over | owar (ovar | over | over | over | owvar
Vield | Tangle | fo (075 (125| 15 |2t0 | 25 | 4to|5to | to
Steal 48TM Strase | Stresge (075 fo | to |to2 |25 |tod4] 5 | & [ & |over
Type | Doslgnation | [kel] (k=) |ncl|1.25 ) 1.5 |Incl (Incl. | ingl. | Incl. | incL (incl] 8
32 S8-80
e e ——
Carton —[ers| = | 7w b | B | B | b
AR IEr = = | m B | &
Groaz| 42 &0
High- Gr50| S0 65
=
Strangth | as7z[Grss| S8 ]
Lowe-Aliy Gr.g0| 80 75
Gr.gs| &5 &1
42 63
Comashon A4z 4B &7
Reslstant =0 70
High- -
Stfengh A7 63
Low-lioy ASES 4 &7
S0 Ta
Cuenches a0 [192-130
and A
Tampered = - .
Aoy 100 | 113=130
Cuenched
.i;'f'rpe.ed ABE i |e-110
Lowe-Rlloy

- - Prefemed matznal spechicaton,

|:| = Citer appiicabie material spacificalion, e avallablity of which shoukl be confrmed prior o

Epectizatian,
|:| = Waterlal specilication does not app.

* MU WISES 3 fange |5 S10an
b Appiicaiie to bars =°rr|‘-r abowve 1-In. tniciness.
©Avalabie 3s plates only.

49



Table 2-3.
Applicable ASTM Specifications for
Various Types of Structural Fasteners
"
= Anchor Rods
c| 2 i |3
MTE F R E ol E
¥iald | Tenalis % ] iz s 3 T3 3 x
ASTM Strase | Stress | Dlsmatar s Ele|2|B2| 2|2 ‘E i3
Deeignation [k=l) [kl Rangs {In.) T|lal=z|2|68|E|F|T|Ew
azzs - 105 over 11o 1.5 Ingd
i - 120 0.510 1, Ing
A490 - 150 0515
. - 105 1.125
FiEs = 170 05101, Inc
A134 Gr. 2H - - 0254
ASH3 - - 0254
F435® - - 0254
Fzs2 - - 0E11.5
A3E 36 5550 ta 10
- oo owerd w7
A193 Gr. BT - 115 over 2.5 10 4
- 125 2.5 and under
. = - &0 02510 4 ||
Gr.c - SE-51 0.25t04
A354 Gr D - 140 25104 Ind
- 150 .25 i 2.5, Incl.
= a0 1.510 2 Indd :
Ad4n - 105 1.12510 1.5, Incd L
- 120 025t 1, Inc <
Gro4z A7 B woa
Gr. 50 S0 85 e
sz | Gres 5E 0 o2
GroEo L1E TS 1o 1.25
Gr. 65 65 a0 125
A2 83 Over 5 to B, Incl.
ASEE 46 67 Owver 4 1o 5, Ing
50 70 4 and under
AEST 105 150 miax DE25%D 3
Grae | 36 580 0254 I
Fissd | Gr. 35 35 TI=83 02504
&r. 105 105 125150 025003
- = Preferrad materlal specification
|:| = Oiner applicable material specification, the avalaniity of which should be confimed prior 2o
specificalon
|:| = Mat2rial speciication doss not apply.
-nmcates that @ vale ks not 6pecifiad In the makerial speciication.
" MIniMUm unless a range ks SNown or maximum (max. ) 1§ Indicated
b Spacial washer reguirements may apply per RCSC Speciication Table 6.1 for some steskto-sizel boiting
applicalions and per Part 14 for anchor-rod apploations
“See LRFD Speciication Seclon A3.3 for Imitatons on use of ASTIM A448 Doits
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The Tension Test

SERS  Glgl

' true fracture stress —
F: )
el 5, ~_ _-"
a— - - i
= | [
Fu - // e RS
_proportional limit 7
E- - .

.- elastic limit
L {,weld stress

y

Low-carbon steel

Urmia University, M. Sheidaii

strain hardening necking & failure
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Properties of Structural Steels

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

v=0.3

y = 7850 kgf/m3

a =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 130 Ksi.
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Specifications, Loads and
Design Methods
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Specifications and
Building Codes

Szl gladel ol g b Jasll g




Specifications

dxwgs g Jas ASCE . ACI . AISC JoEY G{Lm Obeslw lawgs
Aol s
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e oy o Lol coogs 938 pll slls 093 g9 4 Ly
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dod Aiilgl aSCl Gl ) WS i o ]y e 0,lge don
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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 v WINPT - S P PO WILIE SO PN [0 IR D-E T o ol 8

soYed slpilasle sl =g Z b s Cone ol oleislo B Sy pae
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Building Codes

LSA-QJ‘ J.M.Q )‘ 6d)‘5A =¥ Jag.:).c uLogjl.c od.S)L)).g 5O Ls,yl.e S S
2505 9 S ol (g W (el o5l

L (55945 g b slelojls bausgs o oyl g anils gl gl I
Sy o plnl (Hoo slelejle Koo

b SLel3l S5 a5 5T 0 Lol el 00t 08,481 T 4o >k g,

] 00l &Slo
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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, laslinl) 8 al g Lolaaslo os)ly )b J8las asl ool

(YA =AY s lalinl) alydy ol o lplassle ol b 4l u*-’T
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Design Loads
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Design Loads

MA 5,liliwl « UBC L AISC ozan olboasl sl Lawgs Logas

L(bo)l.w ).u 9 Lfbw.x»os 4.4.15 g 0092 Lfb)l.: )JOLSLA JS‘J.} Ml.:u.uT )Jdlibc

ML: < C‘).’o od..Q‘.C).s uqu.anﬁ..w.A
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Types of Design Loads

( Dead Loads ) oo 0 sla,b

Where do loads come (Live Loads ) eus; sla L
from? Snow/Rain ) ,l,L g B, L
( Load

(Wind Load ) oL ,L

( Seismic Load ) 4JJ; ,b

( Earth Pressure )s> ,Les
( Other ) »Lo

Urmia University, M. Sheidaii 9



Dead Loads

03 yo 5l

Sl pugpw o bl « cdSul 039 Jels ) axsl O o5kw 339 51 Lsmb aS Al &LQ)Lg

Services

Structural

L= 7

! &\

Ceiling ¢ Structural
Light steelwork
fittings

Typical dead loads

Urmia University, M. Sheidaii
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Live Loads

QS oo s Gl lade a5 Sl )L L Sy sla L
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od..&)Lf.?‘ G’LA.A
S i Ol gz
Ly 55 00l [ g SIS

JLoxis
& 8
adas Jlos

D¢ 03,9] Clu 4 b w o Ol ogd o)ly SLSL &0 4 4L ST
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08 08,4 wlus 4 Wb (Fatigue )
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Snow Load
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Gravity Load Path

Line Diagram
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Beam/Joist Tributary Area

Finding Tributary Area
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Girder Tributary Area

Finding Tributary Area
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Column Tributary Area

Finding Tributary Area
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Wind Load

N Uy D P I I E NPT C I P PE

P=C,C,cC
g = 0.005V/2

wirsdward wall

P — ab .| W R L Les side wall
2 ) s > ) &

Ce = oy yuuis fl i '*/I

c:q = JSKb o

q — ob sl Hlus
V' = ol sl copu

Wind pressure on buildings
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Seismic Load
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V=CW PR
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C=ABI/R
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Why Use Lateral Bracing?

Why Use Lateral
Bracing?
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Lateral Load Flow on a building

Lateral Load Flow
Through a Building
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Design Methods
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Margin of Safety

[l anale] = [(o,b canglisa] = [3Y Conglise]
NS 56 slo Conlad pos

(S g (S0,95 ¢« oy ¢ adgl Ol s idlas Cwglia
Jelos s

(Bsb cd3ly) axxld

>l g cole sl s

S258l9iSS lo iy alanley SIS 5L g 0us b jo s
0dd 4l e
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Design Philosophies

jlme Canglie oy, 0 (il
Allowable Strength Design Method (ASD)

Soglie 5 )b ulpe (i) 4 (Sl I

LLoad and Resistance Factor Design (LRFD)

Urmia University, M. Sheidaii 23
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Allowable Stress Design (ASD)

b gy comizmen by, (nl ar s el 0ogy 63V 58 sl ojlu (Hib (sl (Sleaie b9, ASD
(working stress design ) s,ls 0,00 sl 25 bg, 40 >|,b L (elastic design ) el )|

)L?u wsl.o.,o )‘ 6)‘O).g 0y 6‘.@}.’ )‘ Lsh&’l.’ ).«.S‘J.} 65)..\.3 45054.»4‘5.4 uL?w‘ 63.7:.:4.:9.@.‘2 g_ia

WSS el b
p3Y Cglin S jle Cunglio

required strength < allowable strength
Sk (o2 pglie (695 b (oieS polie ($955 b (5y970 pglie (59,5 Wlgi oo Cueglie a5
ol S 4 el Co o S5 (S0555) (ool Canglie panndi b e Coaglie
allowable strength = nominal strength / factor of safety
00l jle LA g, y950 b9y g oLl eSSl S L by s slomy 398 Laulg, yo ST
Al
PSSl 00,y 1S5S gle 1S
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Allowable Stress Design (ASD)

5l s e ASD g, (S alolee

R.<R,/Q

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

R, = nominal strength of member ( gae ol Cooglio )

Q = safety factor (| ol v o)
= 1.67 for limit-states involving yielding ( &S oded o> oY= 6l )
= 2.00 for limit-states involving rupture ( _isS SKises o> Y slp)
=15/¢

Urmia University, M. Sheidaii 25



Sl g 04 b &l Las

Service Load Notation

D = Dead Load
L = Live Load
Roof Loads
L, = Roof Live Load
S = Show
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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Load Combinations for ASD

1)
2)
3)
4)
5)
6)
/)
8)

355 oo 1,8 eoliinl 8,90 (6,105 b OV p ool 30,90 Cewds Glp g b oS 5 Ce
(ASCEO5 Eqs 2.4.1.11t02.4.1.8)

D

D+H+L

D+H+ (L ,orSorR)

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

D+H+ (Wor0.7E)

D+H+0.75(W or0.7E) + 0.75L + 0.75(L, or S or R)
0.6D+W +H

0.6D+0.7E+H

Al adls e b Cute glo cedle Conl San a5 5 0L sl )b s az g
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Example 1

GIVEN: A flat roof is framed with 24’-0" long W18x40
beams spaced 8'-0" 0.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 PSKH(8 it) + 40 PLF
2

40 PLF

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

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

Urmia University, M. Sheidaii
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Roof Framing Plan
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’ 24'-0" |

Beam Loading F.B.D
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Step 2 — Determine maximum SERVICE uniform load, w:

1 D 5) D+(WorD.7E)
540 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+(L,orSorR) g) D+0.75(W or 0.7E)+0.75L+0.73(Lror S or 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, M.

5

wil”

Mmax =

_ (400PLF)(24-0")°
8

= 28,800 ft-Ib

Urmia University, M. Sheidaii 31



(LRFD) cuoglio g )b culpe by, 4 (b
Load and Resistance Factor Design (LRFD)

—

ho o Sl ro b ogzge Cwglin a5 090 (0 DLl lin gae So
(ultimate loads sl sla,b ) oo)lg Jlaws wo sla )b wlal 4 03 Ciaglin

Al

5l cens e LRFD s, IS aolas

Z ;\d < R Q, = service (working) load — the best estimation
i . QI -_— (I) . n 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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Advantages of LRFD

(@ limit state method) .coul o> > g4 51 s,
3l Cdllae ACI-318 as )l o slo o3l (1, b j5g, b

Cod b ojlu don o 1y (65 CBlaisy Hlaws oloel bl mlas
D9 o (S shhaie Hlaws (hgy 4 poie 1 g atily SLSS 0,95

A2 o 4,8 dxgi 0 g0 |, ailis il Jlas s,
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Advantages of LRFD

Q230 0350 b ez Cawl 5 A0 A 9,80 golaidl Ll |
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sl AISC a5 o,
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What are limit states?

o g0 Juio (Blam 59 oa) (B 4 Goew) Glp b (S5
D didle sus glacdls e ol wialys Jlesl 45T (60448

o3l 339 ool LB g die S K Silid g > S
O)ﬁo& cQ)aSGo LJ)a.&a SO=> Jl?g.i.s ‘)91.74 5\56»_93 g_a.w‘
g ey Bl 5o s s

3L ews, b sleolFuss - (Strength Limit State) cwglis go> <> .1

T So el
Slegoge — (Serviceability Limit State ) g ls p oy g9 <> .2

ozl 3l e o Slos
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Strength Limit State

Ml.a < o)L.o JS Ls cgaa.c- ‘JL@-" ngo.o l.s d.‘a.s‘) e wsl.o.o Go> Yl
sl o @Xtreme loads) swais slo )b cov sl 4 b o Cwglin o> Y

Hhadle o)lge o ydglase 51 can
( Fracture in Tension ) _zss jo SesensSr»
( Flexural Buckling ) ies zls>
( Initiation of Yielding ) Sos sl 9,07
( Plastic Hinge Formation ) <ol Yo LSes»
( Lateral Buckling ) _sl> il
( Flexural-Torsional Buckling ) _ies— iows [ileSH
( Torsional Buckling ) _eow, zils>
( Local Buckling ) xs4e (iiles ™
( Rigid-Body Overturning ) cle g 5655195
( Structure Instability ) o5l s laLL>

Sgd o b a5 glojlu b Jlail b sae 2 0 g clb cpais b SO cal p3Y
255 )3 el g (g )50
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Serviceability Limit State

Cou Lgo)ﬂ.o.c Q;Lojj‘l.od_g Jag.g).o W d..d).n.b Lgl.@ 43‘; Lg)‘oﬁ 0y (GO oYl

3lge 51 SOy L chLgo.; o abas 1y o5lw 5‘,0.11 S0 p o gum Sl S lgly

SV IRVRVIFCUN IEX GO,
u....SL.g G’J_>‘)L3>
Slojls it (&lizl o 25>

16,10y 040 o> S | aliSee sl L
¢ vertical deflection limits ) 6 .5 slacosgom.™
cinterstory drift ) ailo s S0 ss™
vertical vibrations in floor ) oS 5B il ,I®
( floor accelerations ) a5 slalis®
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limit states - Loading Considerations

il JASCh 4 g cdo 4 Wl gus Sl el oLl sl eolaiwl 00 (6,135 L
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Capacity Reduction Factors
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* * o

L_oad Combinations for LRFD

w0l ;94).:4 ASCE 7'05 0)‘A.>L-u‘ o LQ)L: J.‘B‘A} LQ‘)" LRFD )L: u.:‘)..@
Db oo s (6850 kit Bl 5 gl )bl o
o3l dphe yos )3 093 fSIae jlade d la )l 5l (SG S9b o0 (B8 (S S 2 0

3l Jgore g8lge a> jo o)l pl 5 oo,

Sibor et 2l Sl gabae 9 S5 0aiy oyl Gl 4 izmes Jb ol o

2 Slp Slhoe e Sl WS (o0 )18 (owy 2 0590 Jles! BB L DL 5 des
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The Load Combinations 4
Identified by Dominant Contribution

Dead Load — ASCEQO5 Eq 2.3.2.1
U=1.4D

Live Load - ASCEQ5 Eqg 2.3.2.2
U=12D+1.6(L+H)+0.5(L,or SorR)

Impact is included in Live Load if applicable

Urmia University, M. Sheidaii
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Combinations: Wind and Seismic

Max Roof Loads - ASCEO5 Eq 2.3.2.3
U=1.2D + 1.6(L, or Sor R) + (0.5L or 0.8W)

Impact effects are to be included only in 2.3.2.3.

Max Wind - ASCEO5 Eq 2.3.2.4
U=1.2D + 1.6W + 0.5L + 0.5(L, or S or R)

Max Seismic - ASCEO5 Eq 2.3.2.5
U=12D+10E+05L+0.2S

Urmia University, M. Sheidaii 43
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Combinations: Wind and Seismic
Public Assembly Areas - Large Live loads

Max Roof Loads - ASCEO5 Eq 2.3.2.3
U=1.2D + 1.6(L, or Sor R) + (L or 0.8W)

Impact effects are to be included only in 2.3.2.3.

Max Wind - ASCEO5 Eq 2.3.2.4
U=12D + 1.6W+ L +0.5(L,or Sor R)

Max Seismic - ASCEO5 Eq 2.3.2.5
U=12D+10E+L +0.2S

Urmia University, M. Sheidaii
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&9 3lg b olaS 3
Load Combinations: Uplift

Max Wind - ASCEO5 Eq 2.3.2.6
U=0.9D + 1.6W + 1.6H

Max Seismic - ASCEQ5 Eq 2.3.2.7
U=0.9D + 1.0E + 1.6H

Urmia University, M. Sheidaii 45
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¢=+INO (251 Canglio (1))
¢r="+14 (b ST 6l)
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Example 2

GIVEN: A flat roof is framed with 24’-0" long W18x40
beams spaced 8'-0" 0.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 LRFD factored

uniform load on the beam, w,,.

2) Determine the maximum LRFD factored

moment on the beam, M,,

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

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

Ly = LL(Trb. Width)
=20 PSKH(8 ft)
=160 PLF

W = -8 PSF(8 ft)
= 64 PLF

Urmia University, M. Sheidaii

O
— (=] —
<t <t <t
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O
8'-07
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Typ.

Roof Framing Plan

LI,

240"

[ -

Beam Loading F.B.D
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Step 2 — Determine maximum FACTORED uniform load. wy,:

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

2) 12D+ 16L+05LorSorR)
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
43 12D+ 16W+05L+05(L;orSorR)

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

9) 12D+ 10E+05L+025
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,;:

4

w, L

My =

_ (S44PLF)(24'—0")’
8

= 39,168 ft-b

Urmia University, M. Sheidaii
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Tension Members
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Tension Members
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Types of Tension Members

092 S 1,8 oolaiul 050 Cawl (San o0 adaie SO o
Sloyls (los Ko g IS (s 005,55 (sl 7 oo 51 oolil

— L L ?

Ro Flat bar Angle Double angle Starred
bar
r 7 [ _____
L - _]_ [ I I
Chuann 1 L Latticed Wesaction 5
| I cha (wide-flange (A
[ ] IL |
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Holes In Tension Members

(area reduction) oo ,e alaio zalS (Y

s e Sl g0 JaiS glacl jo L g

ﬁ @j E=

L.

(Stress Concentration) 5 35 yo5 ()

oo

K@

L o lastinl sl zlhgw 50,5 zb b o) 4t 3l Canl Olie (6859 Jolote o9,
a8 5l 555 (El 116 ) el ol oluil a4 (6 ylad
Ded 48,8 lai o Fliew dad ol y dee Ko (0] 1/16)
S5 oo g B 31 852 (el UB) yienlia 3 om0 Sm 1 calils
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“Hole = @ bolt + punched(1/16" or 1.5 mm)

+ damaged metal (1/16" or 1.5 mm)

= @ bolt + 3 mm
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Gross and Net Areas

5L el pae o (Ag) JS alate mlaws

Ay = Gross Area = IS alaio xlas

A= Net Area = o> ghais mlaw

An = Ag B Aholes
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| oy ‘AL?U‘ ngl.w 19 &= uuo) 99 lJ LQ.»J‘ o L.9)9 JL&J‘

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

&
@ {
20 cm
i“w, Pt
36 ton 1.5¢cm
— %‘\ y 26 ton
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Design Strength of Tension Members
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Nominal Strength
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Yielding on Gross Area

oSy IS adatie ks 61 LRFD (>l )b oauiS Cwglie = (I)t I:)n
S8 53 JS e el (15 ASD jle o225 ceaglin =P /£

:aS
¢, = 0.90 (LRFD)

Q = 1.67 (ASD)
= kA,
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Fracture on Net Section
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(LRFD) >l,b coglis
Design Strength
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Effective Net Area
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e — Shaded area
I s stressed very little
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Effective Net Area

A,=UA

A, = effective netarea _aJ5 jge alaie xlaw
A, = net area (see AISC p. 16.1-14) b sdais mlaw

_ : . : 113 ’9 e s
U =reduction factor considering “shear lag” &, .50 0,5

= See AISC Table D3.1 p. 16.1-29

L (o0 Eoms VY o VY=YV o Jou L)

X
1_? by JUsl b ez b Lz dawgs (43T des 4 9) Lol 5l golass &y 25 L S

= connection eccentricity  Jlasl s s 49,

X
U= 38 sl jo Jlast Jsbo
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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- ' j P ——
mitted to some but not all of the cross- |’
sectional elements by fasteners or longitu- |
dinal welds (Alternatively, for W, M, S and S
HP, Case 7 may be used.)
3 | All tension members where the tension U=1.0 —
load is transmitted by transverse welds
to some but not all of the cross-sectional and
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. ow-l>15w. U=087|%~ .
1.5w=/=w...U=0.75 iz
5 | Round HSS with a single concentric gus- |/ =1.3D...U =1.0 = A

set plate

D<1<13D.. . U=1-%/
Dx’

X="/

14



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 connection, in. (mm); w = plate width, in. (mm); ¥ = connection eccentricity, in. (mm); B = overall
width of rectangular HSS member, measured 90 deqgrees 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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A, for Bolted and Riveted Connections

A =UA

e n
U=1": ol oo Jaie o6 adaiie gly>l ann S
s 0gh oolatwl U _zals co o solgrins polie 5l &jge ol jue o

(AISCO5 Table D3.1 case 2 or cases 7,8)
: SY L 30 (& 4\.1.09 Olrao LS‘ﬁ

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

U sl soleio

/ U=060

Single angle
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O 00O
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Single angle

= e e e e RO

e e B e B e

by 5
7‘ =0.794 > % (for parent shape)
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W shape
U=0.70
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A, for welded connections
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A, for welded connections
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Example 1:

Determine the tensile design strength of a IPB 20 with two lines of %4 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 210x300%10

P,/2 ¥ oo o / -
ve—E—HHHHH— [ ==
g OO & |- —J
IPB 20 — P,
s O s B p— X
i P /2 «e—T— I -
Solution. . L T 1

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



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 210x300x10

P/2 K I [ T | 1 [

s i ] ] o ] I [
| A [ I | 1] ]
IPB 20 — . P,
1 % ™ 1 |-

PRe—r— M HF— 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< 0.85 A = 0.85 (2x1x30) = 51.0 cm? — A = 51.0 cm?
P, <@, F,A. =(0.75) (3700) (51.0) = 141525 kgf

25

P, = 125982 kgf ~ 126 ton



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
P, = ¢ FyA, = (090)(50) (1 X 6) =270k

_~ PL1 X 10in
{
P[..l><6in\ y
PHQA’ A w=01in ‘pr:
1
vyl ’

Longitudinal fillet welds

I=8in

FIGURE 3.13

(b) Net-section fracture
A——*Ag=1><6=6in2
1.5 =9in>1[=8in>w = 6in
S.U =075 '
A, = AU = (6.0)(0.75) = 4.50 in®
¢, P, = ¢, F,A, = (0.75) (65)(4.50) = 219.4 k <
Design strength ¢,P, = 2194k

Urmia University, M. Sheidaii
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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 '21-
(¥ = 1.56 in, A = 9.99 in?)
. LLL
Pn-j 7
7
. (/7 /7
FIGURE 3.14 e
6in

|MJ

8in P

i

Angle welded to 8-in leg only.

Solution. As onlylone‘; leg of the angle is connected, a reduced effective area needs to

be computed.
(a) &L, = & F A, = (0.9)(50)(9.99) = 449.6 k

(b) U

Il
—
|

6.00
A, = AU = (9.99)(0.74) = 739 in’

C

¢.P, = ¢, F,A, = (0.75)(70)(7.39) = 388k <
Design strength ¢, P, = 383 k

= 090 = (l - ﬁ) = (.74 < 0.90

27



platel sles 5

Staggered Holes

axil b Sy 0 Lz ST cails sales | ke oy yiden el adaite

A A
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B B

slowl ¢ (dgame Jlasl Jobo) abl alls &g y0 o > SOl s S
mhaw o Gals qoaw, Plas 4 cel (ST L 6 kd) plaial sl &1
A‘S~ ijsnb'a&a

Bo, JI s = pitch distance
— : \\\ g — .
i ‘. D ° g = gage distance
J I
C E

ABC 0r ABDE : ;Sas 5 (slo yone
sed ol J8las Lals alaie
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Al ahaie dpnloe (0,25 9,

net width = gross width — X d + X s?/ 4g
A e S e
d,+2/8",L d,+1/16") #l,gu ,ks d
25 oo a3lal ¢ i 359 0205 0 obye 65 5o (sl3l 4 S7/AQ
SISk sbewl) 5o j5lme Elygw 99 52 35 50 4 35 50 (Jsb alols: (Job p15) S
SISk Ll dgee a3l ygm 35 0 4 55 50 alols s (o550 p15) O
Al e (Ap) = Lalls (o0 X (55 Cualses
T Jjﬁ*"u“"l}&‘:bj“’(Ae):UAn
Al alaie SielS b cwglie = O, A F, (9, =0.75)
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Example :
Compute the smallest net area for the plate shown below:
Plate thickness = 12 mm

. A
Bolt diameter = 19 mm —
10 cm :
LB
10 cm P
T +— + C —T
10 cm _
+ | uE
Solution. [+
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? N

Urmia University, M. Sheidaii



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.

0 A
5om
_'.-IE -'I':E
T «b5cm H T
o .
5 cm _L G C
Solution. J J
ABC =15 -(1IM2.2) 12,8 com
DEFG=15—(2)(22)+——— =106+ —
(43(3) 20

ABC = DEFG

5

12.8=10.6+—
20

T §=0.03 cm
Urmia University, M. Sheidaii 31



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 - ;> 0 4 T
£r Ei 1 30 mm
_ 45 mm T 1
L100x75x10 - je— :
= e T e g 100+ 75-10-30-40- 95 mm
&0 mm i
100 mm | = | B 3
H S i ‘-‘Dr'rn" ARC 100+ 75— 10— 22
-_— I hic |43 mm
5 @ 50 mm

DEBC = 100+ 75— 10— 2{22) + 502/{(4X95) 127.6 mm

A = (12.76)01.0) 12.76 cm?2 [

Urmia University, M. Sheidaii 32



Example :

Determine the net area along route ABCDEF for the C380x100%54.5 (A, =69.39 cm?).

Holes are for 19 mm Bolts.

Solution.

The unfolding is done at the middle surface to obtain an equivalent plate.

380 mm

ABCDEF

g

_ |
=105 mm

1]
['p]

0 mm
_| .| _

—

| | L 4
E 3

. =90 mm

200 mm

90 mm

—6939-2(22)(1.6+105)+

=61.6 cm”

Urmia University, M. Sheidaii

=

=

— = 10.5 mm

=

=
—+ |— 16 mm

r

(1.05)+(2)
4(13.68)

f-‘. .
| 1 40 mm
=f ] Yovg -t2-t/2
e | B0+90-105/2 — 16/2
GE r =136.8 mm
200 mm
il
reeeee 136,80
"? ¥ 40 mm
II—II'I |I_
80 mm
8 "1e+1.050
(L6+199)

33



B b~ 059>
BLOCK SHEAR

>l 0 las (t€ar-out) 5,L cde 4 conl S pimen S sl
WisS (o0 (B 0je> (SFuS oy (pl 4 Bed 2> s Jlail jolre

—
& s T
’—/’/—/J |
SlS quac Ly 039> SiSuaS r\ )
8 o | o 1—>
—O—O— | T

Shear failure
f (e
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BLOCK SHEAR

B oy - sy 059>

t Cawl ool ools ylis blie sl IS 4o Jglace sla Jls

— Shear plane
Load = s <
E;E;':g-—Tension plane
Hotched areas BOLTED ANGLE
may tear—out
ESI}-—Tensmm plane
ESheqr plane
Lood - =
Shear plane
,@,_1,_@, 5
77/ A=—Tension plane
BOLTED FLANGE OF “W" SECTION
Hatched areas
Shadr plcme—l may tear—out
Tension
Lood d=—— < plane o

Shear plane —'

WELDED PLATES

Urmia University, M. Sheidaii

w8l so 31 225 Slo e Jsbo yo (2>
gy Olaal 5 0gee (gl dmbn o giiS
9y Sl L 6)‘9.4 6‘ Ao JO (o y

P egeme b Sewl plyy (25 059> Caaglis
&P e S0 50 (S Ceglie
2 Og0e Slaskad (59, (AT Cuaslie
S G 2l s
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B b~ 059>
BLOCK SHEAR
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LS’»J@ U":’ﬁ C.'.uog'.sao —‘5{:3).3 0 y9> ‘W C.'.uog'.sao
Block Shear Rupture Strength

SBS g 0p gabe b gl Job )3 Ry) (o0 055> (SiunS g0 S (6l (gonl Sunglie
(29 e YA amin L 5 AISC p. 16.1-112) 56 oo s b3 alaly 51l ogee

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

] 3 L)”L“" Q.:‘ 29
LRFD available block shear rupture strength = O R,
LRFD ‘35'>5‘° (SAJJJ., 0)9.> M g.,uogl.o.o
ASD allowable block shear rupture strength =R, / Q
ASD jlxe iy 035 (KBS Cunslie <

@ =0.75 (LRFD)

Q =2.00 (ASD)

A, = net area subjected to shear i, cov Lals shie plaw
A, = net area subjected to tension :iS cou el shabe plaw
A, = gross area subjected to shear i, cos IS alaie plan

Ups = 1.0 sae slomil o 2sS 485 C3Ieh qjsf Gl 085 @98 e 37
= 0.9 gac clgsl o oS 515 CleSs wé aoies sl



B b~ 059>
BLOCK SHEAR

03,9 (S gl )3 15 CSISh nf gje8 il ol slp sl o Upg rals’ o yo

LI PR
Welded Angle
T z 2
Single=raw beam Angle Ends Gussel Plales
end connactlons
(a)} Cases for which U, = 1.0
L=
- 3
WiuBlp le=roe e
end connectlons
(b} Case for which U_=0.5 38

Urmia University, M. ¢
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Example :
A steel angle L6x6x'% using A36 steel is subjected to tensile load. Determine the block
shear rupture strength.

274" Dia. Bolts

Urmia University, M. Sheidaii 39



Solution:

A, = net area subjected to shear (in?)
= (Matl. Thickness)[L, — (# bolts)(Bolt dia. + 1/8)]
= 1%"[10” — (2.5 holes)(34” + 1/8”)]
=3.91in?

A, = net area subjected to tension (in?)
= (Matl. Thickness)[L, — (# bolts)(Bolt dia. + 1/8”)]
=1"[22” — (0.5 holes)(*4” + 1/8”)]
=1.03 in?

A,, = gross area subjected to shear (in?)
= (Matl. Thickness)(L,)
= (45)(10")
=5.0in?

R,, = Available block shear
= 0'GFUAnv + UbsFuAnt
= 0.6(58 KSI)(3.91 in?) + (1.00)(58 KSI)(1.03 in?)
= 195.8 Kips

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

< 0.6(36 KSI)(5 in2) + (1.00)(58 KSI)(L.03 in2)

< 167.7 Kips

P,.= @, R, =0.75 (167.7) = 125.8 Kips

¥ 2V2" = width of tension = L.

107 = length of shear plane
=L,

40



Bottom line:

2l (b g oSl w0 (G20 03> 22 L e A
dsloee e s 0 5eS (P IQ L OP, ) gie o)l Conglia
dj.sd@‘?dpod.w

S gac oY Cuglie 5l 25,5 Wb gae b Cuglis
sl
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‘ e
T )2)\\? Z}ﬂ‘d;" &}..‘J_\) (/ g g:_) o

A Gy

A . 360~ 2(\:"),,0‘3),\\1: 30,72 et 1 b 5 )
.

Z
. 3 ‘. i . i B /.{'.
ﬂn'—' 34,0 3[[s91‘-5‘3))(\.1f— 2( zj )lez;-g’i4j cw.j' (,-L Jo 4 )

4xie
T s
(Q'ﬂ: 4o - 3 (§5¢c\j)x\?v = ,‘Zgicg le ( . f; \}(ég;/ \_:,}) [P (e

o @

—> ﬁn = 2‘3&‘3/,; B = 4€.5: ot T HL &

S e ¢
e
. . ) . PSS R L
A, :(2 4i0 - 3019+ c.J)xG.%)xZ =32 44 ot z & Ty
"'Cj'-lv’ -2 r"."{,\, = } ] "iﬂ. by /:'- SV -7 o i il

o SN Cp ) SV AL 0 J/Z)ivc I 5 B

L.:/LCJ/ ﬁnrgb‘e?z&‘ml s’/\/.g):’b\)()n)\‘.ﬁ(i};'(g]/\.?
Wl = 3700 x 3672 = W3464

LRFD. &P - 075x\3664 _ $5248 g/

ASD " /ﬂt: N3464/ 200 = 563832 1?7'9
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(= 'V ’/
(A 7 Y o D

(;}jf,}},) Ay |

Rz 06 R e U K Ay {08 Ay s U, Ay

7
/qml = [?0 - 2;{_%'-(;.9+0-3)J WD = 2134 et - - > ;
r[i?l/= (”rfr‘XLijl = ALL ot . j
k 35 4o
e

Ar = [H-S_1-5(\-‘5*&;))“\.'2,(2,_._\3&69 P
Koo 0,637 0 0U8 + \en37e0x2136 =122 722 Iyt
Qobxdeck 176 on3%en 2136 = WSFPE 4L
(RN Y7, lzjf.’
LRFD, @l = o.75x\8776 = $90°L ‘¢
ASD i Ry = W8776/00 - 59389 byl
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; (f)’ J"}(///f"/ o

B (5.9

A - {20 2(19:03)|x0.8 212,48 00

ﬁjvz ('litsxo.%)xz = 2o &t

-

Aur = [ V1515 (0 00p) |rose2 = 14y ot
Yoiahy R = 0bx 3700 UL 41053700 1245 = 78554 i

< 0.ba2dccx Lo 4 \ox3Pcx\2.4¢ - FhITE il
WG R - 14974 iyt
S lbopar e Ro- 2624926 - 149952 kst
LRFD ., @R, =075« 14995T = \\1 4é4 leg#
% ASD o Rufp -~ 149952/, . = T49F6 4

o e a . g - .
e Do (B ki 1 T sy BN ¢ C AT Cus it
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6..‘1‘...;".5 LgLé.c‘ @‘,‘a

Design of Tension Members

d e oid) oYh alaiio (1 S (59,5 Iy 5l ol Ojlie L8S gle )b
£3Y Swglio 5l 55550 (il Coglia b (e g Slogl
OP,>P, LRFD i,
P,/Q =P, ASD s,
¢ IS ghts peld (gum cll ol (b ol Caaglin P
Sl (059 KowaS g @l ahis S5l
Sl 5 o ojle Julod 51 oS (e )W) p3Y oles gl P
Ll oo Zewwds (LRFD L Sl 5) Hla 5o 6,105 ,0

uuﬁwo)b&bu)‘as(é)‘dﬁ 0 3o )La) fa)}[ ngo.o Pa
d.;‘ P Sewds (ASD )l.g ul.uS)J) 6)‘oﬁ 0 44 Lg)‘&f)l.g
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LRFD e, 4 AT slacl @Ua
Design of Tension Members - LRFD method

OP, =09 A F, « JS ghis plos o> <> (sl
0.9 A F, =Py . oulpls >

AyZP 109 F) vl 5l 6 pSsl> lp cnlpl >

OP =075 A, F, « i auie Si5enS sa> Sl o,
0.75A,F,>P, . by »

A >P [075F,U

C sy 038 SiPunS (gu Ll gl S
OR, = 0.75( 0.6F Ay, + UpF A< 0.75(0.6F, Ay, + UpF Ay )
OR, = I:)u colpls >
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ASD OV9) A kS slacl L;‘>|).|a
Design of Tension Members - ASD method

P/Q=AjF, /1.67 =0.6AF, . 5 shis plos g0 > gl
Az P /06 F, s sl 650> lp cnlple »

PJQ=AF,/2.00 = 0.5AF, « ol glie Si5nnd oo <l sl
0.5A, F,>P, . ;plile »
A, =P 105F, .S58 5l 6,Sslo 6l onlply »
¢ Sy 039 (SitumS o Ll gl S
R,/ = R,/2.00 = 0.5( 0.6F A, + U, F,A )< 0.5(0.6F A, + UpF AL )
R/Q>P, « ol >
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SEY b Cudgamme - obiS lacl b

Design of Tension Members - Slenderness Limitations

5,105 0g2g  2iiS slacl b js iSTas 6,2 6l p o> AISC Lulgs bl
Jlosl (S5 osilr (sl g ous sl @Y (8ES pie U 43 (590 59 ST
L/r > 300 ( not for cables or rods)

SS1a (6,8Y Cop i (a0 Eomwe VP amin) oyl pl 0¥g8 asl ol Laslgs wluol
QS gl Ve lauls sailS slacl

Cole, ¢ axal IS e 4 adgl St L shlo & 8iS sla )l Joo 5o
59l Yo e 5laols Lael ol jhas 4y Jolo s (S0 e p3Y (6 ,8Y (sl Cogae
KLY
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LS 5 00 o5 slos K
Threaded Rods and Cables

Jadelcs )_5_, )l B axgi 3,90 guac 5 ,eY )f‘ Turbuckie = used tspos: & fighten rods
¢ Bgl) 0gdh o colaiwl b LIS L las Sl '
(Bleo leds

L bl 5005 ny ahade b (5 ol oo Sls
@ otz Ailflas (a8l puw) sl ali,
SS90 &S glaslElas LQLQ’W 3 A, e
Slodazrny (Frepyle O)go & (535 0 Al

ol od.:L?:.u gs?..%f.)u Oy A dd SO

m b 50

Wire rope o S

Threaded Rod



LS 5 00 o5 slos K
Threaded Rods and Cables

iy YA (6 )Bebgz pozmen (alise 35k 4 ojle & Lacl (pl Vsons
Kgd oo Jog dazs o (DOlted clevises) Laio

Steel plate rQ Anchor
™~ Cable or washer -\ socket

~~ Open socket

NN \x\\mf_;‘f

- Structural

Open socket connection
Cable  member

#3 ™ Sag Rod
'ulx A
|
51




LS 5 00 o5 slos K
Threaded Rods and Cables

Sl 5955 j9kd) 25 (oo alaie mhaw EalS sl gae Gl (9,5 o5,
(Cosl a3 Jg e 05 o0 659l )5 iz 3l gae

P ol 093, O,k SOl (S L5>-|).|:: Ceoglio

0P =0.75(0.75 A, F,)
Ap = 0,8 (S) 0ais 093, alaiie wlans
A,>P [ Q0T5F, ; 0=0.75 .l

¢ ax>| 0 Example 3.14 p.70 Segui «
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Tension Members in Roof Truss

09 § Saand a5 WS o ,l,8 oolawl 8550 (69,150 4o ol =
(bbb sle alad) .ol onilosl g ol,5 5

O sl sl odwe isu aS 0,5 jgal e 51 L5 ol
ol 00 Al s oyl

D9l o0 )lee Jro
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Sag Rods

| A A

| v T

A

T~ _ _ = ~l 1=

| == et T \\ - .

l — - — == C1-Bracing

e F T s /
== NN W/ 4 > I
A= Sag rod— |
) - > S - =
7 / I~ 1~ B ( il l
5 ' T !
Purlin Truss

Plan

: ; : : e [l Peak
s = : : — I W s

bod ; 1. : 5
o AWL.._ —— St — l 15

Span

Load-bearing wall— I

Elevation

Urmia University, M. Sheidaii 54



o e e

Sag Rods

S srSslr sln) Wosee JG Ay (gl (il BAST (b sl bl e
(09,)lg w51 sla )b i ol s b (53150 olacal jo 0¥ jols (S0

:T}\._ & . v_____..-'r T
b e
\
T ;

Urmia University, M. Sheidaii 55



oo e (5>,

Design of Sag Rods

A 9iS oo o ol Dlilge 4 a5 6l sl 5l ciSe oo sl )yl e
gl (o

Joii |y oy slocond sl Jb c oY o e Joo 3l glankad 10 5,8 40 Ly
L b b ol 5l a8 abe 12550 mhaw sl il (S92 Hlee o 10 ¢ 08 oo

L Truss
e
T i __ Tributary area for
/ design of rod ab
s/2 y y
a b $ag rod
s X = a9 s/2
s/2
«— Purlin
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Design of Sag Rods

L Bk 9o 5o 50 500 laslee oo don L L L5 ol) jo &Bly Sl e &

57
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LT T T AT T T T VESSASESINOVIINES LI L L z L '
Dl e N, 4 |
§\\T // f
6.3
// i ‘
/ N bA ’
I T T 7 7 YT T ITI77 77 1909 VSSE8S, IREFL SHTIEE. 15T ——r
\\ 7
\ Pl 63 m
oY 4;—4_—_‘ - ~i> e
v e [ SSCN / JJL‘—"
/ \\ e v;‘{'
y, |
/ < ,
LLLL I ISSFTLSES £ LL FSres L L L 7 L '
L~

LY (55,5 428 Y-¥ IS8

lo 521,

Sl oultd aals oLt Jlast A 3

\

Tl Yo

Mo ol Sl oY S0

O-F JLw
«SLA:%);[»«;Y&:I«.(T'—F)Jg.i,_;l.;jﬁ-ksbgydu@)wk}:‘fl}b;..”lb
dh..ﬁ)}dj)\{&“) 77 kg/mzd))bg’.i‘_aﬂfddl.‘s))Cy)‘@dﬁx‘i.a‘a“
o2 0305 O3 (F-F) 5 (F-F) (Ll 5 (it Hlgo Jon SV S o el 100 kg/m?
sk aly g lis g S Tabs jlesliul oll Sy e b b gk LSS ol 5ol
S o & 53 3515k o8 Y s o5 o) s o DL 05 (5 510k Sz 03, W

(o g a5 5535 90 35 Sl ol 55 s o

.. \}>.
ISt S g 4 it o g gl 3,1 (A sl
Wy = 71;‘_ 3186 = 9.84 kg/m?(daN/m?)

’ 3 2 2
<ol =100 X —— =94.9 kg/m”(daN/m )
N 10
Caiw 6l yw = 77 kg/m?  (daN/m?)
w, = 12(9.84 + 77) + 0.5(94.9) = 151.7 kg/m?

u

w, = 1.2(9.84 + 77) + 1.6(94.9) = 256.0 kg/m?

u

Tl e SBueilpadlps) ——L—(956)— 80,07 kpjin®
J10

blm Jomponali b = 1188 (%)(80.97) = 1935 = 1935 kg(daN)

e 1935
0 ™ 0.75(0.75)(3700)

5 Sestzul ¢ \Y mm s 45 Kb 51005 0

= 0.93 cm?

Ay = 113 om?
:g,;u,i,ﬁ,u@'u,t@..g},.,;,,gjsm
T= —J;O (1935) = 2040 kg
2040
Ay, = = 0.98 cm?
D = 75(0.75)(3700) -

2 Seslanl ¢ 12 mm lge foo 51015 o



Yy OYlasl b caaas slacl
PIN-CONNECTED MEMBERS

P09l patS ) g Yl elwlp GLASD i, @ jlxe  aiS
(o2 Eoe VPV axan g AISCO5 D5.1 p.16.1-28)

: | :udbjjgﬁéb&@bw)o S ,_w S (Wl
N @,=0.75,Q=2.00, P, = 2th F,

(a) Fracture of net section

a+d/2
~ o ahafle gl )5 (LD (SeS (o
0 | Bs=0.75, Qy=2.00, P, = 0.6F, A

(b) Longitudinal shear
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Yy OYlasl b caaas slacl
PIN-CONNECTED MEMBERS

L N : (LJ"‘") Y}' pb W) ).’5..4’ a_'a.w 5O G,Li.,\ ngo..o (u
‘/ j_ Projected bearing @ B 0.75 ! Q = 2-00 ! Pn = 1-8Fy Apb
O = da area = dt
4
== Section : JS bb.o.a C.E.ua )«3 Q.J.o«.o ) (&.J
© Baring ,=0.75, Q= 1.67, P, = F, A,
5 .144‘5) U"‘ o asS
U= Gy cwlks
Desr= 2t + 0.63, in. (=2t + 16, mm) < Db
b —

= 03)ly Gox p dgee SLiwl) ;0 gac 4 U Elygw ad alsld
A, = 2t(a+di2),

d = o ks
Apb = u.uod.w).ag.»a.’c.b.w:dt
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AW Yg] LgL:o douns 6&[:.3‘ LsL:e CQ0gde — L;.’.Ygl <Y lasl l.» LsLé.c‘
PIN-CONNECTED MEMBERS - DIMENSIONAL REQUIREMENTS

/Approx. Agf
L slacl gl ol slo codgame

71N | g
/( ? \ ol
+ 5 L L

CY_ - B NERg ass YL a5
gl p L
\W¥% Emen 30 5 AISCO5 D5.2 p.16.1-30
B \/\ oalo ylid oy K& )0 VPP axans o0
! w D el 00l
Dimensional Requirements
1. a>24/3 bg
2. W2 2bes +d
3.cza
where

best =2t +0.625 in. (16 mm) < b
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EYEBARS

L) 0l 00l

s ilS glacl IS cdls alice B o a4y g p 6ld dad 09390 LS Coglio
Sy oo 45,5 510 ol A5y alaie gaus b ol Ay a8 Soglis ol

9 AISCO05 D6.2 p161-30 Ja.:‘g.o d...'a ey LSL“’ Aowu LS‘)'? LgoLx.J LSL“’ Codgdone

PGl oal ools \Lid iy KK 50 VY)Y axbs w20 Cors
Dimensional Requirements

Zh+d
=2 in. (13mm) (Exception is provided in D6.2) -""'T'ﬂ"-
w< 8t / b \x

|

d= ew [; Eno .
dy = d+ 13z in. (1mm) \ /
Rzd, +2b r—"\
2/zw < b < 34w (Upper limit is for calculation purposes only) ‘
|_“ﬁ\_
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AISC Lo bl — &S po oS glacl

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

(Olxbs da Caw) Gload jloolanl b S o iiS slacel calo

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

30 b F os SO g 5,9 SOl ISt e JLas! L s3> (CONNECtOrs)
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AISC Lylgs bl — &S po oS glacl

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

il oS e pie Sl 4 Wil Jlail lo g b 9z bolas G alold pgus 50 51 5iaS ol Cany Slomio Jobo
siae 6l 4 LT Ll clozmes b oo okt oy alold paloesy Sy 5 1508yl Cany Solomi oyl caolies
Bl S e

Al (@l #) ylasdeo VO 5l oy dils Cann Slomiio o oglie Slazm b b (s> (Jsb dlols

Ol om0l Jaie ot sli2) 5l Sy (6 8Y o a5 adl sl ojlasl 4y ol K0Sy 5l JLast il oy aliold
Bgdd yidoy Yoo 5l L 5 YLl

ol 03505 7 5ka0 prS e VPP amio (o 1) bt L, Lailgs 35 oyl 0Yg8 4l oyl

|
|
Livee <7 !
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Compression Members
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Compression Members
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Residual Stresses
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Residual Stresses
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Residual Stresses

Maximum compressive
stress. say 12 ksi average
e (83 MPa)

Compression ()

AN —
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()

Tension (+)

(+)
Ideal coupon containing
no residual stress
F,
z Maximum
o, ],tm residual )
) . compressive
F I
5 stress
]
7} Fl’
e
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residual stress
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stress
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Effects of Residual Compressive Stresses
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How can columns fail?

(Compression Yielding) (s,led vl

(Global Buckling) s yuileS

(Flexural or Lateral Buckling) _iws L l> iileS @
( Flexural-Torsional Buckling) _iwes— cioey (iileS ©
(Torsional Buckling) _ioeo iileS ®

(Local Buckling) ss40 iileS
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Sections used for Column
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Column Behavior Classification

(Short Columns - Compression failure) s Lis ol 5 — oligS slesginw

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

SHlub 5 6 lid S 5 S - lawsie Sleigiw
(Intermediate Columns — combined compression and stability failure)

1

Short Intermediate Long

Yielding Yielding & Buckling Buckling 11
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Short Columns
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Slender (Long) Columns
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Intermediate Columns
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The Euler Formula
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The Euler Formula
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The Euler Formula
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Elastic Buckling
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Effective Length Factor, K
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Effective Length Factor, K

K %0 Job o pé

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 II J‘ l 1 l
e % [ [ o + o p .
t:' i ! 5 J i
l" i "I 1'.l ]‘ |=
: a / i ! /
'i ': ‘.' H 1 'f
AN B | e | A
N T N |
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 2.10 2.0
are approximated
End condition code “  Rotation fixed and translation fixed
‘?’ Rotation free and translation fixed
f Rotation fixed and translation free
T Rotation free and transiation free
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Buckling Axis
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X,
7 Buckling about x-x axis in the y-y plane

y—: rvar2a y
' Deflected

x /r I/ iti
5 positions
- Buckling about y-y axis
| - | in the x-x plane

Usually, r, > r,

) x-x = strong axis

y-y = weak axis

But...
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Buckling Axis
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X - X = Strong axis
y - v = Weak axis

mm = Lateral support against

buckling about weak axis
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Design of Bracing Members
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Inelastic Buckling
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Inelastic Buckling
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Inelastic Buckling
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Inelastic Buckling
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Column Strength Curve
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Initial Geometric Imperfections
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AISC Specifications for Compression Member Strength
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AISC Specifications for Compression Member Strength

ol 5,Lad cunglin P = o A

LRFD >|,b (5,Lé canglie = OP,
ASD ;e o ,Lid Ceaglia = P, /O,
Ag- U adais @M
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LRFD %,
LRFD Method
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ASD b,

ASD Method
p <
<
QC

P.=,l5 0 0500 6,J35,L losS 5 cov ojle Jdos 5l o3Y Caglia
Q. = safety factor compression =1.67 ,Lzé ol p sl oo o

P,/ Q.=allowable compressive strength ;. ¢,lié cwglis
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ASD — )L‘ac g uﬁgj
ASD — Allowable Stress

f,= computed axial compressive stress = P, [Aj ous aslxs (5,970 (5,L28 25

F, = allowable axial compressive Stress jtxo 9w 5 ,Lid a5

e _ P _o6F,

<« 167
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Compressive Strength for Flexural Buckling of Members without Slender Elements

The design compressive srengf s ., wih 8,=090

The nominal compressive strength, P,, shall be determined based on the [imir state
of flexural buckling.

Pﬂ — Fgraq.g (ES-].)

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

KL E
(a) When - =4.71 A (or Fe = 0.44F,)
¥

L)
F.,= I:D.ISEE Fe] Fy (E3-2)
KL E
(b) When — = 4.71 | — (or Fe < 0.44Fy)
r Fy
Feor =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 (MFPa)

mE
F. = (E3-4)

The limiting slenderness ratio — < 200
-

nin.




Design Stress for Compression Member of F,=2333 kgf/lcm?, @.=0.9

KL/t D Fo KL/t D Fo KL/t D Fo KL/t D Fo KL/T e For
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

37



Table 4-22
Available Critical Stress for
Compression Members

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

F, = 36ksi F,= 42ksi F, = 46ksi F, = 50ksi
Fnr’ Qc ¢GF cr Kl FDI'IQC ¢cFer KI Fer’ Qc ¢CFN KI Fer’ Qc ¢L‘FN
LRFD LRFD ) | LRFD
324 |1 378 | 1 [ 414 ] 1
324 || 2 1378 | 2 | 414 | 2
324 | 3 378 | 3 | 414 | 3
324 | 4 378 | 4 | 2715 | 414 | 4
32415 377 | 5 |225 | 413 | 5 )
323 | 6 377 | 6 | 413 | 6 1449
323 |7 377 | 7 1413 | 7 | 448
323 | 8 377 | 8 412 | 8 4438
323 | 9 {376 | 9 412 |9 447
322 | 10 | 376 | 10 411 |10 447
322 |1 375 | 11 {411 |11 7 | 446
322 || 12 375 |12 410 |12 6 | 445
321 | 13 1374 |13 409 |13 | 44.4
321 || 14 373 | 14 409 | 14 444
320 | 15 373 | 15 408 || 15 | 44.3
320 | 16 372 | 16 407 | 16 442
| 319 |17 371 |17 | 406 | 17 441
319 | 18 {371 |18 405 | 18 | 439
318 | 19 370 | 19 | 404 |19 | 438
1317 |20 36.9 | 20 1403 | 20 | 437
317 | 21 | 36.8 | 21 402 | 21 436
316 | 22 36.7 | 22 | 401 | 22 434
1315 | 23 | 366 | 23 400 | 23 433
314 | 24 365 | 24 | 398 |24 43.1
314 | 25 364 | 25 1397 |25 43.0
313 | 26 36.3 | 26 396 | 26 | 428
312 || 27 36.1 | 27 394 | 27 | 427
| 311 |28 36.0 | 28 1393 | 28 | 425
31.0 | 29 | 359 | 29 391 |29 423
309 | 30 358 | 30 1390 | 30 421
308 | 31 1356 | 31 8 | 388 |31 {419
| 307 | 32 355 | 32| 257 | 386 | 32 038
| 306 | 33 354 | 33 | 385 |33 416
305 | 34 352 | 34 | 383 | 34 414
304 || 35 35.1 | 35 1381 |35 012
| 303 |36 349 | 36 2 379 |36 272 | 409
301 || 37 | 348 | 37 1 |378 |37 | 40.7
300 | 38 346 | 38 0 | 376 |38 | 268 | 405
299 | 39 344 | 39 9 | 374 [39]268 | 403
| 298 | 40 {343 | 40 | 37.2 | 40 | 268 | 400




Table 4-22 (continued) Table 4-22 (continued)

Available Critical Stress for Available Critical Stress for

Compression Members Compression Members

F, = 36ksi Fy = 42ksi F, = dBksi F, = 50ksi F, = 35ksi F, = 36ksi F,= 42ksi F, = 46ksi F, = 50ksi

Fd Q| 0cFy . Fol Q| Fr | Fol Q| OcFer i Forl | OcFer FJQ.| oF, F Q. o.F, F Q.| oF, Fal] oF | F Q[ oF,
4 ksi_| ksi L, ksi | ksi |-~ | ksi | ksi |- | ksi | ksi g ksi | ksi K7’ ksi | ksi g ksi | ksi g ksi | ksi || ksi | ksi

B LRFD S LRFD R LRFD ASD | LRFD ASD | LRFD ASD | LRFD _ASD | LRFD ASD [ LRFD | [ TASD | LRFD
A EHE EHE B B 121] @91] 149 [121 [ 100 | 150 [121[ 102 | 154 [121 [ 1087 154 [121 [ 408 154
82 [ 151 | 227 |82 | 166 [ 250 |82 [ 175 | 263 |62 | 188 | 275 122| 979| 147 [122| 85| 148 [122| 104 | 152 |122 [ 104 | 152 |122 [ 404 152
83 | 150 | 225 | 83 | 165 | 248 | 83 | 173 | 260 |83 | 84 | 272 123| 967|145 |123| 972| 146 |123| 993|149 [123| 994|149 |123 | 149
84 (149 | 223 |84 | 163 | 245 |84 | 171 | 258 | 84 [ 179 | 269 124 | 143 [124| 959 144 |124| 978] 147 [124| 978 147 |124 | G7B| 147
85 S| 221 | 85 [SIBIE 243 | &5 |EIBSR) 255 | 85 ELEERY 265 125 142 [125| 47| 142 |125| @82 145 |125| 962 145 |125 [ @62| 145
86 14.6 22.0 86 | 16.0 | 24.0 86 167 252 86 17.‘ 26.2 126 140 (126 | 9.35| 14.0 (126 | 9.47 142 1126 947 142 (126 047 142
87 | 145 | 218 | 87 | 168 | 237 | 67 | 66 | 24.9 | 87 |72} 259 127 138 |127| 922|139 |127| 982|140 |127| 982|140 |127 | 882 140
8 | 143 | 216 | 88 | 166 | 235 | 88 [1641) 245 | 88 | 4704 255 128 136 |128| 910 137 |128| 947|138 |128 | 97| 138 |128 | @aE| 138
89 | 142 | 214 | 89 | 168 | 232 |80 \162) 243 | 89 | 168} 252 129 805|134 |120| 898|135 |120| 903|136 [129| 9.03| 136 |129| 803 136
9 (141 212 | 90 |53 | 230 | 90 {160 | 240 | 90 [HBGS| 249 130| 883| 133 [130| 886|133 |130| 889 134 |130| 889 134 |130 | BEGY 134
91 13.9 21.0 | 91 | 151 227 (91 [ 158 | 237 |91 | 163 | 24.6 131 {131 [131| 873| 13.1 [131 876| 132 [131| 876 13.2 [131 '; 13.2
o2 (SRR 208 | 92 [GIIR) 225 | o2 SIEER) 234 | 92 (IR 242 132 129 [132| 861|129 |132| 863|130 |132| 863|130 |132 [ 868] 130
93 | 187 | 205 | 93 | 148 | 222 | 93 154 | 251 | 93 | 168 | 239 133| 848| 127 |133| 849|128 |133| @s0| 128 [133] 880|126 |13 | Bs0| 126
o4 EHERI 203 | o4 [IAER] 220 | o4 AR 228 | o4 [SEEERY 236 134| 887|126 [134| 837|126 |134| 887|126 |134| 837|126 |134 | BAF| 126
% | 134 | 201 | o5 (144 | 217 | 95 |80 | 226 | 95 | 16§ ) 233 135| 825| 124 [135| 825|124 |135| 825|124 [135| 825|124 |135| B2G| 124
9 (133 | 199 | 96 (143 | 215 | o6 | 14BH] 223 | 96 |18} 229 136 | 843| 122 [136| 813|122 [136| 813|122 |136| 843|122 |136 [ B8] 122
o7 | 184 | 197 | o7 | 141 | 212 | o7 | 146 | 220 | o7 [ 4601 226 137| 801|120 [137| 801|120 [137| 801|120 [137 | 801|120 |137 [ 8O 120
98 [130 | 195 |98 [ 139 | 210 |98 [ 144 | 217 | o8 | 148 | 223 10 IR 110 |13 BEERY 1o |1ss (BRG] 110 |+ac [N 110 430 (RN 110
99 | 129 | 193 |99 [ 138 [ 20.7 |99 | 142 | 21.4 |99 | 146 | 22.0 130| 78| 117 |120| 778 117 [130| 778|117 |130| 78| 117 [130| zwe| 117
100|127 | 191 100 | 136 | 205 [100 | 141 | 21.1 |100 | 144 | 217 10| 767|115 |1a0| 267|115 |1s0| 7ez| 115 |10 | 7er| 115 |1a0 | bR 115
101 126 | 189 101|134 | 202 [101] 189 | 208 |101 | 142 | 213 101 RS 112 |ias (e 114 |1a0 [RORBEY 114 |41 (SORERY 114 | 101 (RN 112
102 (SRR 187 | 102 R 20.0 | 102 [EER 206 | 102 R 21.0 142| 745|112 [142| 745|112 [142| 745| 112 |142| 745|112 |142 | F4EY 112
103 123 | 185 [103| 131 | 197 |103[ 135 | 203 [103| 138" | 207 143| 7.35] 110 [143| 785| 110 {143 | 735( 110 [143| 7:85| 11.0 [143 | 8B} 11.0
104 (122 | 183 104 | 129 | 195 |104 | 133°) 200 | 104 |38 204 144| 225|109 [144| 725|109 |144| 725|109 |144| 725|109 |144 |25 10.9
105 SIS 181 | 105 SEEHRY 192 105 [SIRE 19.7 | 105 (A 20.1 145| 718| 107 [145| 75| 107 |145| 78| 107 |145| 75| 107 |145 | FASY 107
106 | 119 | 17.9 |106| 126 | 190 |106 [ 129 | 19.4 [106 | 182"| 195 10 B 106 l1sc [0 106 |1ac BRE] 105 |14 (G| 105 |14c (AR 105
107 (SRR 177 | 107 |GG 187 | 107 [SUEY 192 | 107 Y 19.5 147| 696| 105 [147| 896|105 |147| 686|105 |147| 696 105 |147 | BEB| 105
108|117 | 175 |108 {123 | 185 |108 | 126 | 189|108 128 | 192 148| 686 103 |148| 686 103 |148| 686|103 [148| 686|103 |148 | BB 103
109| 115 | 17.3 [109| 124 | 182 |100 | 124 | 185 [109| 126 | 189 19| 87| 102 |149| 672|102 |1a9| 677|102 |149| B77| 102 |149 | EFH| 102
110 SSERE 171 | 110 RS 18.0 | 110 [ 16.3 | 110 Y 1.6 150| 668 100 [150| 668|100 [150| 668 100 |150 | 6868 10.0 |150 [ 66| 100
111 SRR 169|111 BRI 177 | 111 (USRI 101 | 111 S 15.3 151| B59| 991151| 659| 9.91|151| 659| 9.91 151 | 659| 991|151 | 656G 9.1
112 (SR 167 | 112 [RERERY 17.5 | 112 SRR 17.8 | 112 ISR 1.0 152| 651| 978|152| 651| 978152| 651| 978|152 | 651| 978|152 [ BSH| 978
1131 10| 165 | 113|115 | 17.3 |13 | 007 | 17.5 |13 | 4184 177 153 | 642| 965|153 | 642| 965|153 | 642| 965153 | 642| 965|153 | 6M2| 965
115 {07 | 162 |11s (112 | 168 115 | 418 | 170 11s | ata | 171 15| 626| 9.40[155| 6.26| 9.40155| 626( 9.40 |15 | 626 9.40 | 155 | 9.40
116 [N 16.0 | 116 [SERGR 16.5 | 116 [REEEEI 16.7 | 116 EEEEN] 168 156 | 618| 9.28|156| 618| 9.28|156 | 6.18| 9.28 {156 | 648 9.8 156 | 9.28
117 AR 158 | 117 (UG 16.3 |17 SRR 16.5 | 117 SEEE 165 157| 60| 917 |157| 60| 017|157 | 640 917157 [ 640 9.17 |157 9.17
118 [ 156 | 118 [SUH 16.1 | 118 [SEIR 162 | 118 SRR 162 158 | 6.02| 9.05|158| 6.02| 9.05|158 | 6.02| 905|158 | 602 905|156 | 62| 905
119 SRR 154 | 119 [ 15.8 | 119 SRR 160 | 119 SRS 16.0 159| 595| 894|150| 595| 8.94|150| 585| 894150 | 585| 894|159 | 65| 894
120 [N 152 | 120 [N 156 | 120 [ 157 120 [SR 157 160| 587| 852 |160| 587| 882|160| 587| 882|160| 587| 882|160 [ BEA| 882

ASD | LRFD
Q,=167]0,=090




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

K pns gl olel 5 cal8 4S5 Lyl L)
KL/I awls
Pr=FoAy s
LRFD Gisy4:: P 0Pr= 0cFer A,
gae Codyb anlw
— ASD_iy, 4 PSP /Q=F,A/Q,
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b

SYd 5l g Ly IS Heiw  2lhb Cwglio s Cangsllae
el 5970 03,15 ) 5 (Fy= 2333 kgflem?) Jsese Sleislo

4?4 N IPB 28 (A,=131.4 cm?, r,= 7.09 cm)
IPB 28 K=0.8
e KL/r=0.8(450)/7.09=50.8
i o.F., = 1849 kgf/cm?
7 O, = OF A, = 1.849(131.4) =243 ton
P, =¢.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.

Y rt 12 X 500
U30 (A=58.8 cm?, d=300mm, , : N
= —7 |
IXx=8030cm?, ly=495cm?, |
e=2.7cm from back of U) U30 —— 312 mm
U 30
Solution: P 240
A=(50)(1.2)+2(58.8)=177.6 cm? — | s J |

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)2 + (1.2) (50)3/12= 38902 cm*

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

KL/r=570/12.04=47.3
d.Fer = 1879.4 kgf/cm?
d)an = d)chrAg
= 1.879(177.6)=333.8 ton 43
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¥-0 Jlw
5032 IPB 32 510 2w pl eV 1=0) JS5 0 52 @, Py b p8onzl ot S llan
Ols gl il Hlge JSC Gollan whaite 93 53 0 2 SVU U5l s 405 45 Cnd Cogr )
>y 0kl ylgn ablie 55 5 o (B gl Ol 503 3 o Scas )lgr Joe 53 3 o Ol g

.b)'-U
.‘\},
IPB 320(A = 1613 cm?, r, = 13.8 cm, 1, = 7.57) s Slaia
Sreldsb
K L, = (0.8)(960) = 768 cm
K, L, = (1.0)(300) = 300 cm
K, L, = (0.8)(360) = 283 cm
03 g o ema S Y w8
(Q) _ 168 _ 5565
p 2 13.8
(_K_Q) _ 300 _ 3963
g7y 957
POl vt Jgdor 4yl o b
RL _ 5565 ¢, F, =1802  kglem?
-
¢. P, = (1802)(161.3) =291 ton
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Design of Compression Members
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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?, r,=6.08 cm)

KL/r=300/6.08 =49.34 — ¢.F. = 1861 kgf/cm?
o.Pn = ¢.FcAy=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:
F,=2333kgf/cm?, P,=200 ton , K,L,=6.0 m , K,L,=3.0 m

Solution: 11

Assume KL/r = 50 — (I)CFCI‘ = 1855 kgflcmz This brace mhust be a
section which prevents

ReqUired A =200000/ 1855 =107.82 sz lateral movement and

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

Try IPB26 (A=118.4 cm?, r,=11.2 cm, r,=6.58 cm) Saﬁsf&ct"?’-\
(KL/r), =600/11.2=53.6 «
(KL/r),=300/6.58 = 45.6

d.F., = 1822 kgf/cm?
0.Pn = 0. F Ay = 1.822 (1118.4) = 215.7 > 200 ton OK.

Urmia University - M.Sheidaii
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Remarks on Torsional and Flexural-torsional Buckling
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Remarks on Torsional and Flexural-torsional Buckling
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Remarks on Torsional and Flexural-torsional Buckling
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Remarks on Torsional and Flexural-torsional Buckling
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E4.

Urmia University - M.Sheidaii

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:

P, = Fe A, (E4-1)

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

o (ij F) [] i 4FC,}.FMH1] 1)
2H (Fcr}' + 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
Fcr;: — 2 {Edr-})
AT, -

y

A A T
y 1_ y

y

52



(b) Forall 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 follows:
(1) For doubly symmetric members:

2EC, |
F, = [’“ v GJ] (E4-4)
(K.L)? L +1,

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

F . (Ff}r —I_Fez) [I II||II 4FP}'F€ZH ] (E-"—i 5)
e —\ " T Aarr Y = )
\ (Fey + Fﬂ)?

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

P

[FF - PI}{FP - Ff}-‘}{Fe‘ - Ffz} - FS{FP - Fe}'}(?)

o

2
— FX(F, — Fu) (i—”) ~0 (E4-6)

ta

Urmia University - M.Sheidaii
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Ag = gross area of member, in.” (mm?)
Cy = warping conslant, in.% (mm®%)
_ I +1,
I (E4-7)
Ag
2 2
x2 42
H =1-2TX% (E4-8)
r;
e E
Foy, =——— (E4-9)
K.L
'y
2
T FE
F,, =— (E4-10)
ry
F mECy L Gr) (E4-11)
“ T \(K.L)? A,72
G = shear modulus of elasticity of steel = 11,200 ksi
(77 200 MPa)
I, I, = moment of inertia about the principal axes, in4 (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, C,, may be taken as

Iyh 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-

ing Fe; and take x, as 0.
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Example E.7 Design of a WT Compression Member without Slender Elements

. R =20 kips
Given: - i

_ B =60 kips
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 g%

compression. The ends are pmned.

L=20 ft

777%7741_

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

Material Properties:

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

Calculate the required strength

LEFD ASD
P =1.2(20.0 kips)+1.6(60.0 kups) =120 kaps | B, =20.0 kips +60.0 kips = 80.0 kips

Geometric Properties:

WT7x34 4, =999 in® =1

. lin. 7,=246in. 7, =319 J=150m"
H=0916 d=17

8
02 i Manual

7 in t,=0415 in. .:‘_'I= 100 111 fr=0.720 1. Table 1-8




Check for slender elements

d 7.02m. E 29,000 kst
— =—1?1 =169<075 [—=075 |——— L — 18.1 therefore, the web is not slender. Table B4.1
t, 0415m. F, 50ks1 Case 8
b, 10 1n. E 29.000 ksi .
S = m_ =6.94 <056 |— =0.56,|——— 1 =135 therefore, the flange 1s not Table B4.1
2t,  2(0.720 1) F, 50 kst Case 3
. E =]

slender.

There are no slender elements.

For compression members without slender elements, Specification Sections E3 and E4 apply.
The nonunal compressive strength, Py, shall be determined based on the limat states of flexural.
torsional, and flexural-torsional buckling.

Check flexural buckiing about the x-x axis

Section E3

KL 10200 f)(12n/f0) _ ..
7, B 1811

’ i 9,000 ks
471 = 4.71,(- e 2 113 <133 therefore, Specification Equation E3-3 applies.

(29,000 ks1)

-F;. =— — = —].'5.3 ].{El Eqﬂ E.E'—‘q'

|-f ;;L*-..- (133)’

. F .-"I
F,=0877F, =0.877(16.3 ks1) = 14.3 ks1 controls Eqn. E3-3

Urmia University - M.Sheidaii 58



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 Fo,

Fay 1s taken as F, From Specification Section E3, where

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

¥ 246 1n.

4

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

“E (29,000 ksi _
poXE__T00K 5k
|-' KL | (97.6)

;

i 50 0ksi
F, =F,=|0658% |F, =[D_5SE’”1‘“]5G_D}:51= 249 ksi

Urmia University - M.Sheidaii

Eqn. E3-4

Eqn. E3-2
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GJ (11,200 ks1)(1.50 n.*

F . =—"=— — —=165 ks Eqn. E4-3
A7 (9.99m.7)(3.19 in.)
(F_+F, | 4F F_H

F,=| =" 1- I-—"— Eqn. E4-2
. 2H (Fip + Flx | '

249 ksi+165 kst 1 [y 2(249 ksi) (165 ksi) (0.916)
2(0.916) (24.9 ksi+165 ksi)’

=24 5ks1 does not control

x-x axis flexural buckling governs, therefore

B =F,4, =(143ks1)9.99 in” =143 kips Eqn. E3-1
LRFD ASD
b P =0.90(143kips) , 143 kips Section E1
[ k J.D,,i / ﬂt. -
' 1.67
=128 kips = 120 kips ok =854 kips= 800 kips o.k.
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Avoiding Local Buckling
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Stiffened and Unstiffened Elements
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L, ST o L gy DIl b silse 4 SO sl o Lads

Stiffened Elements (o ad 50 Lo Cugdi (oli>/
L8550 4SS (5L (g5 Slaial b (g5lge ad 50 2 Jobo o

Urmia University - M.Sheidaii 62



o %9.33 9 o &9.9.33 LS‘)"‘
Stiffened and Unstiffened Elements
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Classifications Cross-section for Local Buckling

L roge LileS 5l L8 ahate IS eudus (COMPACE) 00,28 ablis
LQJ[?L’ bmwﬁbmb ]L_SLQ‘JBO&M: UMOOM@.‘QA‘Q&‘LS‘)J
ngwg)‘wwb ‘6)w6‘)>‘wwwuajsw9oww
Xrgk Cwlbes 4 e g polis glp . DIt < KML?\, Cals 4 o,
VOB VY- Jorm o1 b 5l L)AISCOS 'Ipable B41p161 16 &

oy sileS \Ju pdaiie 5l isu ades :(NON-COMPACt) oo a8 ¢ ablio

)QLQ‘OQBJW p)‘é'a.ng)';wa&wwduuaﬁM;‘
Cowl 00,08 & alada il B4.1l Jgom ;0 ool o8 7» ) eSS Jb e

(0, <bit<%)

roge ileS j\yéaan)o L;umucugfﬂ Qg.b -(Slender );y ébLsA

Urmia University - M.Sheidaii 64




TABLE B4.1

Limiting Width-Thickness Ratlos for
Compression Elements

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

. Limiting Width- i Limiting Wicihe
] Width ickness Ratios # Width Thickness Ratios
4 o Thick 3 o Thick
Description of ness Ay A, Description of | ness A A,
Elamem Ratia {oompaci {nanoompeot) Example Element Ratin foompai) inono oMt Example
1 |Fleoore in longse of | Bt e Er 1.0 57 T |Flexurs in flangen of | bif 0% Tr 1055 —b
rolled I-haped B W s BEI VR
pedlicns and
chaninelz
& |Uriform o s 0.75 /EF, e
oompranzion in !
sbame of bsss
2 |Fleore in langse of | Bt 0/ EF o -"]'F:_-_-_|" o b - — —
daubly and singly B Ehy By RER ] gl;ﬁra n'-l-'lab;;__ﬂ-f Rite ATESENF ET0E/F;
oymmedno [-ohapsd i ¥ Bymmetra
bait-up esolicne ["'Id" I-m&::m
and chann
Fr o o r T
3 | Unilarm o Bt A, 0.531.-"5'_:; 10 Urifcrm L. L. TLfi, 1_49'.;"':.?;; S
[= rEEgion in SOMPRS Bon I
o Aamigse of rallad weba of doubl
E | |Fehoped sectiora, & aymmetric F e
E plabss projecting B asctions
] fremirelled [-ohioped
L peclicnn; E
B| |Raruat gl = [M[Fere e (Rl | & (2 =T,
o 2T ang o mingly-aymmstnc — I'r
= ﬂﬂr;n":'"n -:;ma:a .E [-shaped ssctione ﬁ'-f_ i
- g b : - T=
B | |chonnels = (0547 — 003
4 | Unilarm by Fuli, 0R4CEF ] ¥ J
Compre=nian in Al -
Raren of Eiltp 12|Uriform bt 1.12/E/F 1.40,EF,
Fehaped secticro ﬁnm;::?m'n
i:nd F‘mFﬁ ol I:lil'gh reckargubar bax and
e Projecing Tom hellow etnucturad
umiﬁu-u aped wadtions of unitorm
- thickneszo pubject b
T I byt MA 045,/ 5/ Fy berding or
comprezgion in lego .
of single anglss, ;mm;n.ﬂnrge
IE?E':: mﬂe disphragm plaobes
ag ratom. and al betwssn linen of
gfr':r unnTi"I-:ned | {losteners or welds
Jr—— 13| Flexurs i weba of Ryt 242,/E/F, BT ENF
B |Fleore in lege of [ 0 R el EE rectangular HS S ’ ! :
pingle anglss S vE Ty
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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
14 |Uriferm Byt (37 149 /E7F, .
loomprassion nal
ortheer miiH=ned
labsments
15 [Circular hiolloesr
one
In uniform ot A 011 EfF,
MErSBion
In Rexurs ot DOTE} R 0.8 EfF,

M k- =~y brt sl ok b imken kesa than 0,35 ner greater han 2.75 for celoulatin pUrEoses. (549
Cases Zond 4]
H F; = 0.7F, for mincr-ads bording, major ads bending of siender-wah Bult-up [-shapoed membsrs, and
mijer axis bending ol compasi and noroompan: wek bulleup [-shaped membens with Sn'8e = 0.7, Ry =
FiSirs/ S = 0.5F, far major-20is bending of compact and noncompact we bultup Tshapsd mermbers with

180 1550 < 0.7, j5ee Cans )
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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, = 0.440F))
B )

OF,
Foo =0 [().ﬁSE F. ] K (E7-2)

KL ."
(b) When — = 4.71 |
r \ QF

(or F; < 0.440F,)

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.
( = 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; (Qq = 1.0). For cross sections composed of only stiffened slender
elements, Q = Q, (Q; = 1.0). For cross sections composed of both stiffened
and unstiffened slender elements, Q = Q,Q,.
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Slender Unstiffened Elements, Q,
The reduction factor Q; for slender unstiffened elements is defined as follows:

(a) For flanges. angles. and plates projecting from rolled columns or other com-

pression members:
b | E
(1) When " < 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 (I) l“l, E ( )
(iit) When b/t = 1.03,/E/F,
0.69E .
= (E7-6)
A ()

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

pression members:
(i) When 2 < 0.64 | EXe
t \ A
0, =10 (E7-7)
. | Ek. Ek.
(i1) When 0.64 | = b/t < 1.17
V B Fy
0, = 1.415 — 0.65 B (E7-8)
o )\ Eke )
73
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Ek
(iii) When b/t > 1.17 -

¥
0.90Ek
Q, = — > (E7-9)
7 (5)
where
ke = — . and shall not be taken less than 0.35 nor greater than 0.76 [c
c M.'uu shall not be taken less than 0.35 nor greater than or
calculation purposes
(c) For single angles
b | E
(1) When n = (.45 ?‘
Q,=1.0 (E7-10)
(ii) When 0.45,/E/Fy < b/t =091 /E/F,
b\ [Fy
=134-076 (=) /=2 E7-11
Os (r) VE ( :
(iii) When b/t = 091/ E/F,
0.53E
Oy =—— (E7-12)

()

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

where

(d) For stems of tees

d | E
(1) When - < 0.75 E

0, = 1.0 (E7-13)



Il— —

|I E |I E
(11) When ().TSV.' 7 < d/t =1.03 .'IF

¥ v
d\ [F,
0, = 1.908 — 1.22 (?) \f,ff;‘ (E7-14)
(i11) Whend /1 = 1.03 | —
VB
0.69E
Os=——"5 (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)

Slender Stiffened Elements, Q,

E\J

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

Qn = - (E7-16)
A
where
. . . oA 5
A = total cross-sectional area of member, in. (mm-)
Aeﬁr: summation of the effective areas of the cross section based on the

reduced effective width, b, in.2 (mm?)
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The reduced effective width, b., is determined as follows:
E

)
(a) For uniformly compressed slender elements, with n > 1.49 [ —., except
)

flanges of square and rectangular sections of uniform thickness:

[E 034 [E
[ iy ]gb (E7-17)

be=192 = |1-—— |=
NI T @V T

where
f istaken 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 [ —:

t \‘,I f

—

(E7-18)

' 0.38 |E
be =192t | = |1 ———[|—=|<b
' [ @70\ f]
where

f=Pu/Agy
In lieu of calculating f = P,/Agy. which requires iteration, f

User Note:
may be taken equal to Fy. This will result in a slightly conservative estimate

of column capacity.

(c) For axially-loaded circular sections:
E E
When 0.11 — = — < 0.45—
en F, <5< F,
0.038E 2
— = - 4= E7-19
Q=0 Fy(D/t) 3 ( :
76

where
D = outside diameter, in. (mm)
t = wall thickness, in. (mm)
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Design Tables ( Manual of Steel Construction)

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

1) FolQ 5 (LRFD s, ol OFy ode Joho s ol 5 oolizall
el s BB Fy Gl polie (gl 4 KLIT 51 b & 590 4 (ASD s,

(O3 5L Jslox) (559900 )Lid (o 09290 Zuglde Jolox
(Available strength in axial compression (column load tables)-Table 4-1)

Gl s B Fy iz polie gl KL I b & g0 4 (ASD s,
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Design Tables ( Manual of Steel Construction)

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

R T T LS L e T

~iy

BRI R U N TSR R TR R 2 LU RYBRY B84

SRS ARARGBERNURKARRE 2L SESLERS

_AS LRFD
Q- 161 |6, =090

Table 4-1 (continued)

e Available Strength in
Vs Axial Compression, kips
W Shapes Wi4
Shape Wide
W 109 9 L)
| esign fl‘h 0L |FlSe| OF, | P 4P,
| _ASD | LAFO | ASD | LFD| ASD | LRFD
[ ﬂ 1640 | 832 | 1310 | 782 | 1190
8 4 | 1e00 | 848 |20 [ | e
- 7 04 | 13m0 | 840 [ 12:0 | 783 | 1150
] 914 | 1570 | 851 | 1250 | 754 | 1%
9 902 | 1200 | 820 | 1230 | 745 | 1120
10 289 | 1340 | B8 | 1210 | 734 [ 1100
3 n o 875 | 1320 | 796 | 1200 | 72 | 150
! 12 ] 880 ( 1292 | 781 | 1170 | %@ | 1070
13 Bk 884 | 1270 | 787 | 1150 | 886 | 1m0
] " o2 827 | 126 | 781 | 1990 | 682 | 120
15 893 809 | 1220 | 734 | 1700 | 867 | 1000
> 16 & 790 | 1190 | 77 | 000 | 681 | a8
17 851 ;g 1160 | 699 [ 1050 | 635 | %54
1’ | 1550 1370 | 829 | 1250 @ |88t | oz | 618 | w8
19 1510 | 887 | 1330 | | 120 3; 1100 | 662 | 995 g @€e
§ | = 1470 | B2 | 1300 | 783 | 1180 | 769 | 1070 | 6e2 | cos | 888 | £7e
=4 z 26 | 1300 1220 |1 1100 | 686 | 1oco | 602 | S0z | 896 | 21
= 2 1210 i 18 1060 | 620 | 932 | 562 | 8ed | 508 | 765
= | 1230 | 1050 | 698 | ass | 575 | b4 | 820 | a2 | 47 | 708
; ] | 1140 (847 | o731 | 888 ] 531 | 830 | 737 | 470 | 720 | 434 | @sz
0 | 060 884 | e | 837 | @07 | 485 | 70 | a8 | 6 | 9a7 | 59
2 972 |54 | 614 | 480 | 15 | 442 | 654 | 390 | 50 | 361 | 542
M | sa2 a0 3 | 666 | 400 | 601 | 960 | 542 | 328 | 420
36 33" 1 | 663 | 396 | <on | 389 | sq0 | 2B | 35 | 202 | am
38 T | s S37 | 322 | 464 (290 | 435 | 262 | 3M
40 | 663 | 358 | 517 | 484 | 208 | 437 | W2 | 33 | 2% | 3355
P, 03 263 [ 181 128 | 1o | ] 167 [ 880 ] 14¢
o Digetn o 323 [497 | 205 | 175 | 26 mt'! 243 | 42| 220
P 005) £12 | s52 | 220 | 330 | 923 | 260 | 128 19¢
F’:m | 206 | 985 | 249 [ 138 | 20 [ 14 ] 1 | 843 142
t,ﬂ 133 1az 132 135 152
560 520 54 453 426
A, ) 385 353 20 291 75
(155 1510 1380 1280 1110 o4
Al:o\’) 548 405 447 we ¥R
7y 376 274 3n 3N a0
o, 167 167 167 166 1.66
:‘,ua heind) 43800 29500 35500 31800 20600
A0 kein ) 15700 14200 12000 11500 10400
e
.=1487
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Effective Length of Columns in Frames
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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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Alignment Charts
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Alignment Charts

OFw g0 Jsb sl jloges

—1.0

——0.9

—0.5

— 0.0

Fig. C-C2.3. Alignment chart—sidesway inhibited (braced frame).
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Alignment Charts

5,0+

K__ Gy
= =
=10, — 100.0
[ — 50.0
T—5.0 — 30,0
4.0 — 20,0
3.0 —10.0
T — 8.0
T — 7.0
- — .0
4 — 5,0
EI{J __4,[]
4 — 3.0
T — 2.0
1.5 i
4 — 1.0
1.0 — 0,0

Fig. C-C2.4. Aligament chari—sidesway uninhibited (moment frame |
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Alignment Charts
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2 tan (1r/K) (m/K)

GaGp

4

C-C24 S o &5 il o8 el b gloels (6l (5w e Jsbo jloges
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Alignment Charts
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Ko Gl
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Modifications on Alignment Charts — Joint Rotations
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EXAMPLE

Calculate the effective length factor for the W12 x 53 column AB of the frame
shown below. Assume that the column is oriented in such a way that major
axis bending occurs in the plane of the frame. Assume that the columns are
braced at each story level for out-of-plane buckling. Assume that the same
column section is used for the stories above and below.

WIzZxT9 ———»

Urmia University - M.Sheidaii
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WI12x79
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Step I. Identify the frame type and calculate Lx, Ly, Kx, and Ky if possible.
* It is an unbraced (sidesway uninhibited) frame.
‘L,=L, =121t
*K,=1.0
* K, depends on boundary conditions, which involve restraints due to beams and
columns connected to the ends of column AB.
* Need to calculate K, using alignment charts.

Step Il - Calculate K,
*W12x53 (l,=425in*,r,=5.23in, r,=2.48in),
W 14 x 68 (I, =723 in%)

I, 15 35 I, 75 05
ELL T 6.493 ZL_ 4_-1_ j_: 5.3125
7 w2 e i g 7 :u >.31LD _
o G,=——c-10x12 D3x13 B, 05 Gpo——e-l2xlz Dxl2 = 0.835
8 I, 123 | 723 6360 L, 723 723 6360
“L, 18x12 20x12 “L, 18x12 20x12

Using G, and Gg: K, = 1.3 from Alignment Chart

Step Il — Design strength of the column
‘KL, =1.0x12 =12 ft =144 in. (KL/r),=144 ]/ 2.48 =58.06 «

‘K L, =1.3x12=156f=187.2in. (KL/r),=187.2/5.23 =35.79
Therefore, y-axis buckling governs.
Therefore &P, = 548 kips
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Modifications on Alignment Charts —Inelastic Buckling
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Inelastic

——> Unbraced length
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Modifications on Alignment Charts —Inelastic Buckling
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Modifications on Alignment Charts —Inelastic Buckling
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Modifications on Alignment Charts —Inelastic Buckling
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TABLE 7.2 Stiffness Reduction Factor 7
P tA, Fo kst
iz
35
]
43 -
A2 -
41 -
40 =
39 - H.00595 .
38 - - 0.0756 0.273
37 - { - ") 0.142 3 0.32
‘36 - - -~ a.2a7 Q383
35 - - 0.0529 } ©270 0.436
34 -~ . 0.127 0.33% 436
33 ~ - 0.198 0.390 Q.535
32 ~ - 0.267 0447 0.582
3 - - 0.334 Q501 }.627
30 - 80529 D398 D554 D675
29 0.0678 0.139 0.460 0,604 0711
2 0.155 0.221 0515 DE&3e G. 748
27 0.240 0.301 0.5786 D697 0.785
26 0.321 0.377¢ 3629 0739 } 4819
25 (.398 0.450 0.680 0779 Q.35
24 0.472 59 0327 D816 j 0,879
23 0.542 0.585 Q372 0.350 0.5035
22 0.608 0.646 0.813 0.882 (.929
21 0670 0.704 0.836 0.919 0.949
P) 0727 0157 | 0884 ! 093¢ | 0.966 }
19 Q.78 0.806 a9t4 {0953 i (g,
18 0.828 0.850 0.941 ©.973 0.991
17 0.871 0890 0.96% 0987  { 0.999
185 9.909 0.924 D.980 0.996 { 1.00
i3 Q.94 L agsz 15393 1,00 {
L
14 0.966 7.975 1.G0
13 0.986 .99}
12 0.998 100
11 1.00
10 {
: |
|~ indicates siiffness reduction factos ts not applicable because F,
exceeds ¢ F A4, (column design strength for Kiir = 0).

From American Institute of Steel Construction, Manual of Sieet Con-
struction Load & Resistance Factor Design, 3d. ed. {Chicago, AISC, 2001},
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EXAMPLE

ksi steal in the unbraced fame shown below. Column AB has a desizn factor load P, =450 kips.

The colamnps are orenied such that major axis bending ocours in the plane of the frame. The
colamos are braced contimuonsly along e lengrh for out-of-plane eckling. Assume that the

same column section is used for the story above

LT p—
&
B
WidzT4 -
A
E E E 54
= = =

H-

13 Ei F.i} 3
Solusion
Step L. Identify the frame type and calculate L. L, K and K if possible.
s Iiis an unbraced (sideneay wminhibingd) frame.
« L=0f
s K, has 0o meaning becanse owt-of-plane tucklng is pot possible.
+ K, depends on boundary conditions, which mvolve restaints due fo beams and colmms
connected to the ends of columm AB.

s Need to calonlate B, wsing aliprment charis.

Step II (1) - Calculate K,

o Ioof W14z 74="706i" I of W 10 % 60 =341 in*

Caloulate the affective length factor for a W0 = 60 column AB made from 50

N 1] !
Tl 3L 15k02 426835 .
G, R I T = 0500
=T, 18«17 20«12
s Gy =10 - for pin suppart

s Using G, apod Gy K, = 1.8 - from Alipnment Chart

= Wode, K, is greater tham 1.0 because it is an unbraced frame.

Step IT (b) - Calculate K. g n3ing stifiness reduction factor method

= Beduction in the flexural ngdity of the column due w0 residual stass effects
First caloalate, B, S A =450/ 17.6=25 57 ks
Then zo to Table and read the vahee of stiffness
reduction factor for F, = 50 ksl and By/A, = 2557 kal.
Stiffness reduction factor = = {0.833

2 Faietuwic = 7 % 3y = 0,833 x 0,609 = 0.507

- fior pin suppart,

o Wsing Gy o A G B . = 1.75 - alipmment chart

= Note: Fou con combime Steps IT (a) and (B) to calewiare the £, directly. Yoo don't need

e calonlate elastic K, first. It was done here for demonsoaton purposes.
= Noie that K nees B This is in agreement with the fact that the beams offer betier

resistance to the inelastic column AB becanse it has redwced flewaral npdiny.

Step I — Design strength of the column
o K.L/r,=(1.75)(15x12)/(4.39) = 71.75

o @ F, =30.92ksi
o O.P,=0 F,As;=30.92 x17.6 = 544.2 kips
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Columns Leaning on Each Other
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Column Splices lo g aliog

B awles yetw dlog gl 4 s ddd Wi slpiliasle o
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Column Splices lo g aliog

M 9 Ls)l.dlé LgLé:.c‘ LSLQ““L‘"B usl.o.a

Dgd oo wled whaw Gk 5l gy Sl Sledes Ceond it L]

B9 959 3L 00,5 18 alog Joe jo 55 S uled ST 2> > 40 Ll
:o)b Q)gfé ) JJYQ L d.l.os

2l e 59 Gt 99 (IS5 o L) (0 S i sl

Ligiw )3 09290 (Shos g (s p Slog s Jood sl
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Typical Bolted or Riveted Splices

& —{' o 2
4;_i:;-~;q
) ST i

“"ﬂ:jrﬁ“ B = ,
& '.': E : — = -
il i = o= — =T
4?——%—5—@- = - -

(a) (6) (c)
Goe b (giwgs oy sl ol Goe b Ogimgs abog (sl canlie 00l 5 Sldyg IS 29,0 pas

P Ut
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Typical Welded Splices

Erection bolls
,f'[\ ™
21 X Field weld

-~

%, i Freld weld

,.—"'/\f' 4/\/

s
N

A, | L | _-Shop weld 3
g : —~t+—£rection
bolts
i i
Lok 2 A .

(¢) () (¢c)
G97 b (sher abog (@) S5 oy sledyg L alog «(0) IS Sy B9 b (chex dlog (C) S5
o985 S)led alog sl cenlio -0l s> Goe b gy alog (6l p canlie -
2le ool Boe b (ygtngo P
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Bullt-up Compression
Members

S yo (5 ld slacl :P9O W—'n)‘.e‘.g- Jad
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o2 b oo olad Jo izl b slpisi (1
2o sldye b slem el LS

o2 b S lad 0 szl b slpipn (2
S 59 Cwls ojlail 4 o Sl Sy Aol b pias 795 ulas

02 b wlad o szl b slpigiw (3
_|| Wiy sl gl cuslin o cid Hloz b Slool zg) judas

e Sl s L Il Jlail & 55

1
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o2 b oeled ;o izl b o8 50 (55Lad slacl

oo g5 Jlail pae &g o (1

Bl
1 i detiusLSLQL}S;2)¢¢33<9sj;?9O JQ AQLZA jSloﬁ
B9 S () Olee ply g0 Heiw oyl Hlew
O Hb caai 23> e L
Plates deform T K:].

equal amounts bt

( ik
\ ;

il |

.-—'_——

Aertert-d

P
2

(h) DCfOI.mt,d Shdp‘C of cofumn ({1) Column cross section



o2 b oeled ;o izl b o8 50 (55Lad slacl

[J” A.’>‘3 dxla?d ‘.S.: Q)}c O O;.LQ.C |
l led)s olae S pois W
(b)(Zd)3 ( ( - (J“j <l ﬁ‘}f f)
b= 12 Plate on left side
B l deforms more than K=1 =
_ = f‘—bdl \ \ one on right
\ i = (1)§L) =1.732L/d =
r
T \/ 400 o
6
P

i
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o2 b oeled ;o izl b o8 50 (55Lad slacl
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=

ke o1, (G

KL/r=50 — @_.F, = 1855 kgf/cm?

Puzlfmon A> P,/ @ F. = 106000/ 1855 = 53.91 cm2ay
R USE 2UNP200
A=2(32.2) =64.4 cm?

SIS |, = 2(1910) = 3820 cm* «

|, = 2(148) + 2(32.2) (25/2-2.01)2 = 7383 cm*

r, = VI /A = \(3820/(2x32.2)) = 7.70 cm

A TaaT. KLIr=1<450/7.7=5843 — @F, = 1773 kgflcm?

P 106 ton @.P. = 1773 « (2x32.2) = 114.2 ton > 106 ton O.K.
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L/r=19.6/2.14=9.16 < (3/4) (58.43)=43.82

b Canly g o adaide ol )b
Cunly g o lo Cas JBlas iy Ciaglie Vu: 0.02 GcPn
= 0.02(114.2) = 2282 kgf

Sy 5 o axbo b g e p e Vi [2 = 1141 kgf

Coly 5 o Cans g Sige 9me 55, F= V[2SIN0 =1141/(17/19.6)
=1315 kgf
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N A>F/ Q. F.,=1315/841 =156 cm? — (32 x5 mm)
13 Ceol 32 MM G55 ad 5l il Y4 o 6l oY alold
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Columns
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———— Stringer
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Loading on Beams

Tributary area = Area for which the beam is supporting

One-way Floor System (m =S/L < 0.5)
C1

I—2 T T [

S B1 Loading

wS Kg/m

Tributary area

B1

B3
1 Load from B1
Floor load w kg/m?

T- T T B3 Loading

B1 = Secondary Beam

B3 = Primary Beam

If span of B3 is too large, more secondary beam may be used.

Urmia University, M. Sheidaii



Precast Concrete Slab

< B2
L=

-

B3 pE—

r

L 4

Floor load = w kg/sq.m

Tributary area = 0.5SL sg.m
Load on beam = 0.5wSL kg/m

Urmia University, M. Sheidaii




Two-way Slab

Span ratio m = S/L

Short span (BC):
Floor load = w kg/sqm
Tributary area = S°/4 sq.m

Load on beam = w$/4 — wS/3 kg/m

, C
|| Tributary
S Il area
¥ _B I
L
Long span (AB):
Floor load = w kg/sq.m
. : ST(2—m)
Tributary area = SL/2 - 5-/4 = _| | 5(].1m
4\ m

Urmia University, M. Sheidaii
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Sections Used as Beams b, sl Jolaie abolis
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Design Beams g =>lyb
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Design Beams b

Moment capacity

Moment capacity

1 @Mo}gw}bﬁwl"éu)%‘uﬂ‘d"b‘\b‘)
Sl 00l ool ylas blas Ko o 0
ek b 55 2l > (BU (ol e el Dy 50
D dlez ol e o Lis U
L @ BB ol e el pas D50 50
Distance between ” O &‘9} O‘JAQ LSM'M_LSHB U'”"LQ'S
lateral supports . .
Liles bl s ol b
2,5 oo el AISC Chapter F p.16.1-44
oM, Teslcune AISC alil o b olasdl
AISC curve
oM __________________ f‘”‘l‘“"’ LS‘J'? e g;"‘)""
' ' izl GRS sl 8 b
5 i Jb sroge pleS pula (6,508 (o> DYl anl
; S 1 b S el g ol (snpe LT
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TABLE User Note F1.1

of Chapter F Sections

Selection Table for the Application

5 b

Saction o

in Flanges Weab Linmit

Chapter F Cross Saction Slendemess | Slendarness States
F2 ‘ G c Y, LTE
F3 i NG, 8 c LTE, FLE
F4 T G NG, 8 NG ¥, LTE, FLB, TFY
F& - G NG, & =] Y, LTE, FLB, TFY
F& | | o MG, § P& ¥, FLE
F7 H G NG, 8 G NG ', FLE, WLE
Fz @ Mis PiA, ¥, LB
Fa G NG, & FliA ', LTE,, FLE
F10 i MIA [LA ', LTE, LLE
Fi1 I MIA FliA W, LTB
F12 Unaymmetrcal shapss MIA [LA All limit states

¥ m ylEKIND, ITE = latarakorsional bucking, FLB = Nange Iocal buckling, WLE = wab |ocal buckiing,
TFY = tarsion farge yleking, LLE = g lecal buckiing, LB = |ccal buckling, © = compact, NG = Nancimpact,

S = Elender

Jad Galie glo i5u 0,5 slaal,

S AISC 4l ool i slacl 1,k
AISC Chapter F Table F1. p.16.1-45

o] 00U 00)9]
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el slp 5 (b

Sgbee Sl p5 g s Ju ks b ol BB il Yl bl 5 &S Shse o
109 o0 dumilie g3y O g0 0 AISC sl ol 3b 39> g Sk s Coglie

Avalilable Design Flexural Strength = ¢, M,  (LRFD method)
Allowable Design Flexural Strength =M,/ Q, (ASD method)

¢»,=09 ; Q,=1.67

M, = nominal flexural moment = _«.l _ies cwglis
= M, = Plastic moment = ;. XJ
=F,Z,

Z, = plastic section modulus = ¢, 5 gais wlul
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Bending Stresses e ledas

ol oS il sla,lee sl ol (o lad i S  Ldati pdaiio b (6,5 L8, )y
100,lg  des S il Lo
Ol e g 05,5 s as & eo 4 (€lAStiC liMit) el o3> 10 4 o 2
Sl cas e (>, b o
f,=Mc/I1=M/S
f,= Bending Stress = _ios i
S =1/c = Section Modulus = el | glais wlul
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Bending Stresses e ledas
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Bending Stresses e ledas

LSJW)QOW@QJ'&ML.S)WJ“MSOMLSJ[D'&EMJSQT)J‘)Q‘\SLSJQ
5850 03l « My < Plastic Moment
M,=ZF,
Z = Plastic Section Modulus = o5 alaie ywlol
259 o0 oduel ShApe FaCtor Jsio cu po coudd S 4 (6 pod S S
My/M,=2ZF,/SF,=2/S
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Plastic Hinge & yoo> Jaio
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W shape \ l . Plastic hinge

(1 r\‘Area of yielding v .



Plastic & yoo> Jaio
Hinge
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W shape N l . Plastic hinge

/ 18
11 \‘Area of yielding



The Plastic Modulus &y alaio Lyl

=)l ahie bl o ol 5 o alols
— — — 2
M,=F, S =F, llc =F, bd/6
(59 ol om S5 3 T L C opalols) 5 USS jo (Ao pslie S alre |
M, = (F, bd/4) (2d/3) = F, bd*/6

— b~
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The Plastic Modulus & oo adaio ol

ol SAL ply SE lr jlee el O jgo 0 a5) < My (g ed S dil
9505 0 plnil pgs by alie (i b 4 (G 5 M

M,=M,=Td/2=Cd/2=(Fbd/2)(d/2)=F, bd?/4

My =F, 2= olud (i x (6 pmes zhaie ol

Z = bd?/4
F,

X }
d =g d
4 i a2
Y d

d * 2
d .t 4
o I T = F}.ib
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The Modulus Plastic &y alaio Lyl
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T [
33.6mﬁzusa\?ﬁ}gwbz}MZLM‘,){_QL& )-’) J&iézy‘}éj;db{

56 el S 555 03 26l 5 (KB s L F = 2333 kglem? 5Y B s 2
.Jﬁw@iQTJ@Q)JG

p——— 20 cm ——~
— 4 cm
4 w, Kg/m
AN
i Jcm L 3.6 m J
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LSl b

A=20x4+ 16 x5 = 160 cm?

y___80><2+8()x12.0=7cm N

160
I = (20 x 2033 = 15 x 16%/3) - (20 - 7.0)%(160) = 5813 cm*
Sois = g == 2—88%3— =.447 cm”
447

M, = F, Spp = 2333 x — = 10429 m kg

Urmia University, M. Sheidaii 23



JJ‘JJ‘}JLJ\{)UJJ&)U.&WCJL
7 =80 x 2 + 80 x 8 = 800 cm?

800
= = 2 = 18664 m k
M, =14 = 2333 w0 g

Mz 18664 _
g_,.t - b = — 179
S5 M, " S~ 10429

W, L? B
Mn = 8 —
8 x 18664 |
w, = ) 62 = 11520 kg/m

Urmia University, M. Sheidaii
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The Collapse Mechanism
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Plastic hinges
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(b)
P
§' l g o S 1058 e 5 0
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(a) (S o> Jate 90 JSiS L Juade
P o,
” | dos 392 9)05.5 g0 Sl plSe S
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Plastic hinges — '
(b)
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L2 o5l (5 e Judows sl (s5lome LIS o9,
The Virtual =work Method
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Example 1: Uniformly loaded fixed-ended beam

w,, K/t
\\\\\\\\\\\\\\\\\\\\\\\\\\\

R

SO

| L =181t

(S ]le

- w, L?
"6
16 M,,
W, = L2 .

30
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Example 2:

Propped cantilever beam

: O»6P“ Pﬂ

NIRLL l 10 ft l 10 ft

(a)
Real hinge
/
A / M, (56) = (0.6P,)(200) + (P,)(106)
100}
206 9 M,=44P,
20 ' \ P, = 0.227M,
30
~s
(b)
Real hinge
[
\ ’/ M, (46) = (0.6P,)(1006) + (P,)(206)
o o 200 g My=65P,
39 P, =0.154M, -
(c)
Real hinge
- /
o / M, (38) = (P,,)(100)
100 M, = 3.33P,
0 0
20 P, =0.3M,
(d)
Real hinge

/
X f M, (30) = (0.6P,)(108) + (P,)(106)
106 100 o  M,=533P,
2 X = 0.1875M,
7

S-
Urmia University, M. Sheidaii D‘ 0 31



Example 3: Uniformly loaded propped cantilever beam

The virtual-work expression for the collapse mechanism of the beam shown in
part (c) of Fig. 8.14 is written as follows:

M,,(G + @ = ; = 0) = (w,L)(8)(L — x)(%).

Solving this equation for M,, taking dM,/dx = 0, the value of x can be calculated
to equal 0.414L. This value is also applicable to uniformly loaded end spans of contin-
uous beams with simple end supports, as will be illustrated in the next section.

/
" w, kit
/ SO O T T R RS NEEEERENNSNSAANYN
/
7 : X
- I =
(a)
- M,
= o = Ak‘ Rpt S L
Z 7 \ =~
/ (R
Ve
M,| / - x -
(b)

=t
l W hlnge
Urmia University, M. Sheidaii g+ L 0 32




w, k/ft
LTI NNNNNNNR RN SSS SSSNSNSNNN]

/
\

A A
K e A P,
L .

(a) '

N 0.5866L /14148

e—0.586L f 0.414L

FIGURE 8.15 (b)

The beam and its collapse mechanism are redrawn in Fig. 8.15 and

the following

expression for the plastic moment and uniform load are written using the virtual-work

1 ocedure.

M, (8 + 2.4146) = (w,,L)(O.SSéBL)(%)
M, = 0.0858w,L>

M,
w, = 11.65 7

Urmia University, M. Sheidaii
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Continuous Beams (0 S (S yotl oo (g0 15
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M, = F,Z = 2333(1308) 10~* = 305 kN m

Urmia University, M. Sheidaii
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;_.:n;r,ai}:;gﬁjau;,;ﬁélﬁl);&w&fl

= alas gl
1
(M,)(3.4146) = (720 wn)(g)(4-22 0)
w =225 x 107 M_ = 2.25 x 107> (305 x 10%) = 68.6 kg/cm
| e
M, (46) = (900 w,)(5-)(450 6)

1.98 x 107> M, = 1.98 x 107>(305 x 10%) = 60.4 kg/cm

n
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Building Frames Sleslo slpls
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Example : Possible mechanisms for a portal frame

P,
0.6 P,iiP
7/
20 ft —»L— 20 ft — (P, )(206) = M, (40)
; 1
40 ft ——— i g‘Mn
{a) Frame and loads (b) Beam mechanism
208 200
N Ly 200 ¢
0 @
/
(0.6 P,)(208) = M,(26) (0.6 P,)(206) + (P,)(200) = M,(46)
Pn - %‘Mn Pn = %’\4:1 ——
(c) Sidesway mechanism (d) Combined beam and sidesway

mrechanism 38
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Moment Redistribution in Design of Continuous Beams
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Moment Redistribution in Design of Continuous Beams
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Moment Redistribution in Design of Continuous Beams
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Moment Redistribution in Design of Continuous Beams
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St b g Julows — Ll

6 8 5270 14149
AN

o)

5276 J3.73J
T —1

1
[ M, 46 = (9 w(3)456) + P, (450
Jsl&les | M, = 5063 w, + 1.125P,
- M, = 5.063(8900) + 1.125(22250)
M, = 70092 kg m

“ i

1
M, (46) = (12 wu)(?)(sg)
g3 wlas M, = 9w, = 9(8900)
M, = 80100 kg m

M, = (34146) = (9 wu)(-%-)(S.27 6)

g a3 M, = 695 w, = 6.95(8900)

M = 61855 kg m

u

M, _ 8010000  _ sos .3
4, F, 09(2333)

Urmia University, M. Sheida IPB 45 48 ol
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(C)\.—A—J‘ BE

Y- JKs

(b Sl i tas S0 = 0.9(101366) = 91229 kg m

(100699 + 101366
2

(b fSlim oot ias S) = 59167 + 110 = 69270 kg m

9122900

NZ = 252 = 4345 cm?
V2 = 9@ -

A5 ol .IPB 50

o Jb sl B 4SS Jowe 134 5 56 bl dian ol eSSl e ol ylp b

s I OT 53 5l 2.53m g O g s oy 5 5 4573 45 o 0dss Sl ol o
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Lateral-Torsional Buckling (LTB) of Beams
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Syl Jb sroge uileS
L_ocal Buckling of Compression Flange
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TABLE B4.1

Limiting Width-Thickness Ratlos for
Compression Elements

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

. Limiting Width- i Limiting Wicihe
] Width ickness Ratios # Width Thickness Ratios
4 o Thick 3 o Thick
Description of ness Ay A, Description of | ness A A,
Elamem Ratia {oompaci {nanoompeot) Example Element Ratin foompai) inono oMt Example
1 |Fleoore in longse of | Bt e Er 1.0 57 T |Flexurs in flangen of | bif 0% Tr 1055 —b
rolled I-haped B W s BEI VR
pedlicns and
chaninelz
& |Uriform o s 0.75 /EF, e
oompranzion in !
sbame of bsss
2 |Fleore in langse of | Bt 0/ EF o -"]'F:_-_-_|" o b - — —
daubly and singly B Ehy By RER ] gl;ﬁra n'-l-'lab;;__ﬂ-f Rite ATESENF ET0E/F;
oymmedno [-ohapsd i ¥ Bymmetra
bait-up esolicne ["'Id" I-m&::m
and chann
Fr o o r T
3 | Unilarm o Bt A, 0.531.-"5'_:; 10 Urifcrm L. L. TLfi, 1_49'.;"':.?;; S
[= rEEgion in SOMPRS Bon I
o Aamigse of rallad weba of doubl
E | |Fehoped sectiora, & aymmetric F e
E plabss projecting B asctions
] fremirelled [-ohioped
L peclicnn; E
B| |Raruat gl = [M[Fere e (Rl | & (2 =T,
o 2T ang o mingly-aymmstnc — I'r
= ﬂﬂr;n":'"n -:;ma:a .E [-shaped ssctione ﬁ'-f_ i
- g b : - T=
B | |chonnels = (0547 — 003
4 | Unilarm by Fuli, 0R4CEF ] ¥ J
Compre=nian in Al -
Raren of Eiltp 12|Uriform bt 1.12/E/F 1.40,EF,
Fehaped secticro ﬁnm;::?m'n
i:nd F‘mFﬁ ol I:lil'gh reckargubar bax and
e Projecing Tom hellow etnucturad
umiﬁu-u aped wadtions of unitorm
- thickneszo pubject b
T I byt MA 045,/ 5/ Fy berding or
comprezgion in lego .
of single anglss, ;mm;n.ﬂnrge
IE?E':: mﬂe disphragm plaobes
ag ratom. and al betwssn linen of
gfr':r unnTi"I-:ned | {losteners or welds
Jr—— 13| Flexurs i weba of Ryt 242,/E/F, BT ENF
B |Fleore in lege of [ 0 R el EE rectangular HS S ’ ! :
pingle anglss S vE Ty
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L_ocal Buckling of Compression Flange
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— M, (nominal resisting

b ,5 odiles s,

moment of beam)

blizee & yg0 dw 4 (Sl ol G Jolgd ulol e s cadles L,

Plastic 1 g W el ',S.Qo :
behavior-full [nelastic Elastic "l >
plastic moment  buckling buckling V oaasb) S
J(Zone 1) | (Zone 2) . (Zone 3) ( - ) - M" )L‘ﬁ)
' ' (¥ axl) Syl jiiles

il | (¥ b)) SVl ziles
My

' | l

Lprl Lp Lr

— L, (laterally unbraced length
of compression flange)
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75 b stes Culin
Beams Design Flexural Strength

dnla 5 Oy90 0 AISCOD aal ol bulgs Gub 15 b it Cuglio
0

Se>ge >l ies Cwglie Available Design Flexural Strength = ¢, M,, (LRFD method)

sre b Jies cwglie Allowable Design Flexural Strength = M,/ Q, (ASD method)
oo ciad Cooglie M,, = nominal flexural moment
¢,=0.9 (LRFD)

0, = 1.67 (ASD)

Urmia University, M. Sheidaii 11



(V axb) Jols Seudly S el sl 8 (A0
Fully Braced Compact Beams

55 ghie 5 peled b all BB (ilr jlee hils 00,08 ghate b (6505 &S (S50 0
Sgd o 21>

Ailge 5 (b e gesle 5 o glaie (2l )l

1O g o

M, = nominal flexural moment = _c.l _ies cuoglio
= M, = Plastic moment = ;.. XJ
=FZ<16FS

Z = plastic section modulus = s gdais wlal
S = elastic section modulus = _clx )| glata wolol
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.k L1
L [ )
f —[ Table 1-1 (continued)
R W Shapes
"-—-—-u—
— ; Dimensions
4
by k
A b Web Flange Distance
rea, epin, N N _
Shape a :;th Thickness, | 4, | Width, | Thickness, k ol 7 “ggrllé
tw 2 by ty Kios | Koot 1 Gage
in.2 in. in. in. in. in. in. | in. { in..| in. | in.
W14x132 | 38.8 |14.7 |145/5]0.645) 55 | She [14.7 [14%4(1.03 [1 1.63 |25 1% | 10 | 5%
x120 | 35.3 |14.5 |14'2|0.590| s | 56 [14.7 | 14%/5(0.940| 5%/ 1.54 |2'a (12
x100 | 32.0 |14.3 |14%8|0.525 Y2 | Ya [14.6 |14%(0.860| 74 |1.46 |23 [1V2
x99" | 29.1 |14.2 |14's|0.485| Y2 | Va [14.6 |14%8|0.780] ¥a |1.38 |26 17116
%90" | 26.5 |14.0 {14 |0.440| 76 | V4 |14.5 [14V2 [0.710] Te[1.31 [2 |17%6
W14x82 | 24.0 [14.3 [14'4|0.510| V2 | Va {10.1 [10Ys|0.855| e |1.45 (146|175 [1078| 5%
x74 | 21.8 |14.2 |14%60.450 715 | Ya |10.1 |10Vs [0.785| 136]1.38 1555 |1s
x68 | 20.0 [14.0 [14 [0415| The | Vs [10.0 |10 |0.720] 3+ |1.31 |1%. | 1116
x61 | 17.9 [13.9 1378(0.375| 3% | ¥ [10.0 |10 |0.645] 55 |1.24 |1V2 |1
W14x53 15.6 [13.9 [137/6|0.370| %s | 3 | 8.06|8 0.660( "He|1.25 (12 [1 107s| 52
x48 141 [13.8 |13%4)0.340| 56 | %5 | 8.03/8 0.595| S& |1.19 |17 |1 + *
x43° | 12,6 |13.7 |13%6|0.305| %6 | ¥ | 8.00{8 |0.530| Yo |1.12 |13 |1
W14x38° | 11.2 |14.1 [14|0.310; 5he | %6 | 6.77/6% [0.515| V2 |0.915[1Va | 1315|11%s| 3129
x34° | 10.0 {14.0 [14 |0.285 S5 | %15 | 6.75/6%4 |0.455] 7hs | 0.855(1%6 | ¥a * 32
x30° | 8.85/138 (1376/0.270 Y+ | Vs | 6.73 6% (0.385 ¥s 07851 | ¥a 31z
Wi4x26° | 7.69|13.9 1375|0255 e | Ye | 5.03/5 |0.420| 7/1s |0.820({1%s | % [115/] 239
x22¢ | 6.49\13.7 [13%/40.230| Ve | Vs | 5005 [0.335) 56 |0.735(1Vs | ¥4 [115/8| 2%a9
W12x336" | 98.8 [16.8 [167/s({1.78 [13/s | /s [13.4 |13%s|2.96 |2'546(3.55 378 [11V46| 9Ys | 5V
x305" | 89.6 |16.3 |16%8)1.63 |15/s | ¥1s5[13.2 | 13Va |2.71 |2'V16|3.30 |35/ |15/
x279" | 81.9 (159 {1575|1.53 |1V | 3% |13.1 |13Vs |2.47 (22 [3.07 |3%: |15
x252" | 74.0 [15.4 [15%|1.40 [136 | "n6(13.0 |13 |2.25 |27s |2.85 |3Vs |1V
x230" | 7.7 |15.1 {15 |1.29 (1% | "16[12.9 | 1278 [2.07 |2's | 2.67 |2'5%s] 12
=210 | 61.8 |14.7 |14%:/1.18 [1%15 | 56 (12.8 [12%4[1.90 [17s [2.50 |21%s| 176
%190 | 55.8 |14.4 |14%]1.06 (1746 | %15 [12.7 (1258 [1.74 |13/s [2.33 |2%s |1%s
x170 | 50.0 |14.0 |14 |0.960| ke Vo |12.6 |1256|1.56 |1%/6 | 2.16 |2715 | 1546
x152 | 44.7 (13.7 |13%4|0.870 "6 | 76 [12.5 [12Y2|1.40 (13 |2.00 12545 [ 1V/s
x136 | 39.9 |13.4 |13%8|0.790 "3he| The |12.4 [12%8[1.25 [1Ys |1.85 |2Ys |1Vs
x120 | 35.3 |13.1 |13Vs|0.710 "he| ¥s [12.3 [12%8[1.11 |1%e {1.70 |2 1%
x106 | 31.2 [12.9 [127[0.610| S/ | 56 [12.2 | 12V4 | 0.9901 159 [17s |1
%96 28.2 |12.7 [12%/4)0.550| % | Shs |12.2 [ 12510900 /s [1.50 [136|1s
x87 | 25.6 |125 |12V2|0.515) V2 | Vs [121 [12Va|0.810] 131e| 1.41 [1M6| 1%
x79 23.2 [12.4 (12%80.470| 1z | Y4 |12 |12Ve [0.735] % |1.33 [15/8 |16
x72 1211|123 [1215]0.430| 776 | s [12.0 |12 |0.670] Vs 1.27 (1948 [ 1116
=65' | 19.1 [12.1 [12V]0.390| % | %6 [12.0 {12 |0.605| 5 |1.20 [172 |1 YLy

© Shape is stender for compression with £, = 50 ksi.
f Shape exceeds compact limit far fiexure with £, = 50 ksi,

9 The actual size, combination, and orientation

to ensure compatibility.
" Flange thickness greater than 2 in. Special requirements may apply per AISC Specification Section A3.1c.

o¥fastener components should be compared with the geometry of the cross-section

Table 1-1 (continued)

W Shapes
Properties
wWi4 - W12
Compact Torsional

Nom- goction Axis X-X Axis Y-Y Properties
inal | criteria s | fo
Wt J Cw
T [ s | r]| 2z 7 | s r] 2
Ib/it| 24 | e | in? in? |in. | in3 | ind [in® | in. | in® | in. | in in? in.?
132| 715177 | 1530 | 209 | 6.28| 234 | 548 | 745 |3.76 (113 | 423[136 | 123 25500
120| 7.80[19.3 | 1380 | 190 |6.24| 212 | 495 |675 |374[102 | 420[135 | 937 | 22700
100| 8.40(217 | 1240 | 173 le22| 192 | 447 |612 |373| 927 | 417135 | 712 | 20200
90| 934|235 | 1110 | 157 | 647|178 | 402 | 552 [371| 836 | 414|134 | 537 | 18000
90[102 |259 | 999 | 143 |6.14| 157 | 362 |409 [370| 756 | 411[133 | 406 | 16000
82| 592|224 | 881 | 123 | 605|138 | 148 | 293 [248| 448 | 285135 | 5.07 6710
74| 641|254 | 795 | 112 | 604|126 | 134 | 266 [248| 405 | 282|134 | 387 5990
68| 697|275 | 722 | 103 |01/ 115 | 121 | 242 [246| 369 | 280133 | 301 5380
61| 775304 | 640 | 921 | 598 102 | 107 | 215|245 328 | 278[132 | 219 4710
53| 611|300 | 541 | 77.8 | 589 871 | 577 | 143 [192| 220 | 222133 | 1.4 2540
48| 675|336 | 484 | 702 | 585 784 | 514 128 [1.91| 196 | 220{132 | 145 2240
43| 754|374 | 428 | 626 | 582 695 | 452 113|189 173 | 218131 | 105 1950
38| 657|306 | 385 | 546|587 615| 267 | 788/155| 121 | 1.82(136 | 0798 | 1230
34| 7410431 | 340 | 486 | 583 546 | 233 | 691|1.53| 106 | 180[135 | 0569 | 1070
30| 874/454 | 201 | 420|573 473| 196 | 582/1.49| 899| 177(135| 0380 887
2| 598/481 | 245 | 353|565 402 | 891| 355(1.08| 554 131(135| 0358 405
2| 7.46(533 | 199 | 200 | 554 332| 700 2801.04| 439 1271134 | 0208 | 314
3% | 226| 547 4060 | 483 | 641|603 [1190 [177 | 347|274 | 413[139 | 243 57000
305| 245| 598 3550 | 435 | 620 537 [1050 [159 | 342|244 | 405[136 | 185 48600
279| 266| 6.35) 3110 | 393 | 6.16] 481 | 937 [143 |338/220 | 4.00[13.4 | 143 42000
252| 289| 696| 2720 | 353 | 6.06| 428 | 828 [127 |334(196 | 393132 | 108 35800
230| 3.11| 756| 2420 | 321 | 597|386 | 742 [115 |331{177 | 387|130 | 838 31200
20| 3.37| 823 2140 | 292 | 580|348 | 664 [104 [3281159 | 382|128 | 647 27200
190| 365/ 916 1890 | 263 | 5.82) 311 | 589 | 93.0 [3.25|143 | 376|126 | 4838 23600
170} 403(101 | 1850 | 235 574|275 | 517 | 823 [322126 | 371|125 | 356 20100
152| 446\11.2 | 1430 | 200 566|243 | 454 | 728 [319|111 | 366|123 | 2538 17200
136 | 496(123 [ 1240 | 186  5.58| 214 | 398 | 642 [3.16| 98.0 | 361[122 | 185 14700
120| 557\137 | 1070 | 168 | 551|186 | 345 |56.0 |3.13| 854 | 356(120 | 129 12400
106| 617|159 | 032 | 145 | 547|164 |301 | 493 [311| 751 | 352[119 | 913 | 10700
9| 676|177 | 833 | 131 | 544|147 | 270 | 444 309} 675 | 349/11.8 | 685 9410
87| 748189 | 740 | 118 | 538|132 | 241 | 397 [3.07| 604 | 346/11.7 | 510 8270
70| 822|207 | 662 | 107 | 534|119 | 216 | 358 [3.05| 54.3 | 343|116 | 384 7330
72| 899|226 | 597 | 974 | 531|108 | 195 | 324 [304| 402 | 340/116 | 293 6540
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Lateral Support of Beams b ,d ol 54
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Lateral Support of Beams b ,d ol 54
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Modification Factor for Non uniform Moment
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Modification Factor for Non uniform Moment
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Strength of Unbraced Beams
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L eais les Jobo 51 -
Effect of Unbraced Length

Unbraced length, =~ Nominal moment Beam behavior

Lh capacity, Mp

Small Mp No LTB.

Lp = Lp The beam can be loaded until all
of the steel is yielding.

Moderate between Mp and My Inelastic I.TB.

Lp < Lp = Ly Some of the steel is yielding, and

the beam is weakened by some
lateral-torsional buckling.
Large less than M Elastic ['TB.
Ly = Lh None of the steel is yielding,

the beam strength is controlled by
lateral-torsional buckling.
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Effect of Unbraced Length
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Effect of Unbraced Length
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Lp oais les Jobo 51 -
Effect of Unbraced Length
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Effect of Moment Gradient
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Table 3-2 (continued)

55 &b Joloe

F, = 50 ksi W Shapes 2 :
Selection by Z, X
z Mpxl Qb q’hMpx Mnr/ Qh %Mnr BF L L 1 vnx/ Qv ¢v vnx
Shape * | kip-ft | kip-ft | kip-ft | kip-ft | kips | kips 4 g * | kips | kips
in3 | ASD | LRFD | ASD | LRFD | ASD | LRFD ft ft in4 | ASD | LRFD
W21x55 126 | 314 | 473 | 192 | 289 | 10.8 | 16.3 | 6.11 | 17.4 | 1140 | 156 | 234
W14x74 126 314 | 473 | 196 | 294 | 534 | 8.03 | 8.76 | 31.0 795 | 128 191
W18x60 123 | 307 | 461 189 | 284 | 964 | 145 | 593 | 18.2 984 | 151 227
W12x79 119 | 297 | 446 | 187 | 281 | 3.77 | 567 | 10.8 | 39.9 662 | 116 175
W14x68 115 | 287 | 431 180 | 270 | 520 | 7.81 | 8.69 | 29.3 722 el 175
W10x88 113 282 | 424 | 172 | 259 | 263 | 3.95 | 9.29 | 51.1 534 | 131 197
W18x55 112 | 279 | 420 | 172 | 258 | 926 | 139 | 590 | 175 890 | 141 212
W21x50 110 | 274 | 413 | 165 | 248 | 122 | 183 | 459 | 136 | 984 | 158 | 237
W12x72 108 269 | 405 | 170 | 256 | 3.72 | 5.59 | 10.7 | 374 597 | 105 | 158
W21x48 107 | 265 | 398 | 162 | 244 | 978 | 147 | 6.09 | 166 | 959 | 144 | 217
W16x57 105 262 | 394 | 161 242 | 798 | 12.0 | 565 | 18.3 758 | 141 212
W14x61 102 254 | 383 | 161 242 | 496 | 7.46 | 865 | 275 640 | 104 | 156
W18x50 101 252 | 379 | 155 | 233 | 869 | 13.1 | 583 | 17.0 800 | 128 192
W10x77 976 | 244 | 366 | 150 | 225 | 259 | 3.90 | 9.18 | 45.2 455 | 112 169
W12x65' 96.8 | 237 | 356 | 154 | 231 | 3.60 | 541 | 11.9 | 35.1 533 | 945 | 142
W21x44 954 | 238 | 358 | 143 | 214 | 11.2 | 168 | 445 | 13.0 843 | 145 | 217
W16x50 92.0 | 230 | 345 | 141 213 | 759 | 114 | 562 | 17.2 659 | 124 | 185
W18x46 90.7 | 226 | 340 | 138 | 207 | 9.71 | 146 | 456 | 13.7 712 | 130 195
W14x53 871 217 | 327 | 136 | 204 | 527 | 7.93 | 6.78 | 22.2 541 | 103 155
W12x58 86.4 | 216 | 324 | 136 | 205 | 3.76 | 5.66 | 8.87 | 29.9 475 | 87.8 | 132
W10x68 853 | 213 | 320 | 132 | 199 | 257 | 3.86 | 9.15 | 40.6 394 | 97.8 | 147
W16x45 823 | 205 | 309 | 127 191 | 7.16 | 10.8 | 5.55 | 16.5 586 | 111 167
W18x40 784 | 196 | 294 | 119 | 180 | 886 | 13.3 | 4.49 | 13.1 612 | 113 | 169
W14x48 784 | 196 | 294 | 123 | 184 | 510 | 7.66 | 6.75 | 21.1 484 | 938 | 141
W12x53 779 | 194 | 292 | 123 | 185 | 3.65 | 548 | 8.76 | 28.2 425 | 832 | 125
W10x60 746 | 186 | 280 | 116 | 175 | 253 | 3.80 | 9.08 | 36.6 341 | 85.8 129
W16x40 730 | 182 | 274 | 113 | 170 | 669 | 10.1 | 555 | 159 | 518 | 97.7 | 146
W12x50 719 | 179 | 270 | 112 | 169 | 3.97 | 597 | 6.92 | 23.9 391 | 90.2 | 135
W8x67 70.1 175 | 263 | 105 | 159 | 1.73 | 260 | 7.49 | 47.7 272 | 103 | 154
W14x43 69.6 | 174 | 261 109 164 | 482 | 7.24 | 6.68 | 20.0 428 | 833 | 125
W10x54 66.6 | 166 | 250 | 105 158 | 249 | 3.74 | 9.04 | 33.7 303 | 747 | 112
ASD LRFD | f Shape exceeds compact limit for flexure with f}: 50 ksi.
Q,=167| ¢,= 0.90
=150 | ¢,=1.00
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@M, =C,[¢M —BF(L,—L,)|< M,

Urmia University, M. Sheidaii

4,=09 F=mmf/ =09 F =400/ | 6,=09 F —300tE
S aom & O “Cm
em, | aM, | L, | L - | aM, | oM, | L, | L - | e M, | aM | L, L .
IPE Z,_‘ : . . | BF _ . | BF WM, | L .| BF
onr r.m I.m m n I r.m f.m 1 mH I r.m r.m n m I
80 232 | 0487 | 0294 [ 054 | 298 | 0.079 | 0500 | 0302 [ 053 | 290 (0084 | 0626 | 0378 | 048 | 235 | 0133
100 | 394 | 0827 | 0503 | 064 (2305|0134 | 0851 | 0517 [ 083 [ 297 [0.143 ] 1.064 | 0646 | 056 | 242 [ 0225
120 | &8 | 1.277 [ 0779 [ 075 [ 328 [ 0197 | 1.313 | 0.801 | 0.74 | 320 | 0208 | 1642 | 1002 | 066 | 2.63 | 0325
140 | 884 | 185 | 1136 | 085 [ 354 [ 0.268 ] 1909 | 1.169 | 0.84 | 345 | 0284 ] 2387 | 1461 | 075 | 2.85 | 0441
160 | 1238 | 2590 | 1602 | 095373 (0359 ] 2674 | 1.648 | 093 | 364 | 0379 ] 3343 | 2,080 | 0.84 | 302 | 0580
180 | 1664 | 3494 | 2145 | 1.06 [ 405 [ 0,451 3504 | 2208 | 1.04 | 396 | 0475 ] 4493 | 2759 | 093 | 330 | 0732
200 22 4619 | 2851 | 115 [ 424 | 0572 ) 4752 | 2933 [ 1.14 | 414 | 06ls | 5940 | 3667 1.02 347 | 0.928
220 286 6005 [ 3704 | 128 | 462 | 0680 | 6178 | 3810 | 1.26 | 452 | 0726 | 7.722 | 4763 | 113 480 | 1108
240 | 366 | 7e8S | 4762 | 139 [ 490 | 0.833 ] 7906 | 45899 | 137 | 479 | 0879 | 9882 | 6124 [ 122 | 403 | 1337
270 | 478 | 10.037 | 6305 | 1.56 [ 528 | 1.003 | 10.325 | 6486 | 1.53 | 516 | 1.058 | 12906 | 8108 [ 1.37 | 438 | 1.594
300 | 628 | 13186 | 8187 | 1L.73 [ 571 | 1.256 | 13.565 | 8.422 | 1.70 | 560 | 1.319 | 16956 | 10,527 | 1.52 | 476 | 1.954
330 | 804 | 16882 | 10480 | 1.83 | 595 | 1.554 | 17.366 | 10781 | 1.80 | 583 | 1634 | 21708 | 13476 | 161 | 497 | 2450
260 | 1020 | 20417 | 13287 | 1.95 [ 638 | 1.835 | 22,032 | 13668 | 193 | 625 | 1936 | 27.540 | 17.086 | 1.72 | 533 | 289
400 | 1308 | 27464 | 17.050 | 2.04 [ 6.53 | 2.319 | 28.253 | 17.539 | 2.01 | 639 | 2446 | 35316 | 21924 | 179 | 547 | 36390
450 | 1698 | 35653 | 22047 | 212 | 678 [ 2920 | 36.677 | 22.680 | 2.09 | 654 | 3.076 | 45846 | 28.350 | 1.87 | 570 | 4.568
500 | 2200 | 46193 | 28367 | 222 | 7.08 | 3668 | 47.520 | 29.182 | 2.19 | 694 | 3.861 | 59.400 | 36477 | 1.96 | 596 | 5731
550 | 2780 | 58372 | 35863 | 220 | 7.31 | 4484 | 60.048 | 36,803 | 2.26 | 7.16 | 4.726 | 75.060 | 46118 | 202 | 616 | 6991
G600 | 3520 | 73.000 | 45123 | 240 [ 7.71 | 5.421 | 76.032 | 46418 | 237 | 7.56 | 5.706 | 95.040 | 58.023 | 212 | 649 | 8471
According to LEFD 2005
IfL,<L,<L,
aM =C |aM o g M —d M W L-L VEaM
e PETL -L '
Or
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9,=09 F-nnfe $=09 F,=2400%8/ #=09 F=300% .
| e, | am, | L, - | eM, | aM, | L, | L = | e, | aM, | L, | L .
IPB Z_,_‘ aM WM, L BF WM ; BF WM, : , BF
:’_'HTJ r.m . i L f . . L i f . . i i f
100 | 104.2 | 2088 | 1.323 | 1.30 | 10.36 | 0.095 | 2.251 | 1361 | 1.29 | 10.08 | 0101 | 2.813 | 1701 | 1.15 | 8.08 | 0.160
120 | 1652 | 3469 | 2.116 | 1.58 | 11.30 | 0.139 | 3.568 | 2.177 | 1.55 | 10.99 | 0.147 | 44e0 | 2.722 | 1.39 | .82 | 0.234
140 | 246 | 5165 | 3.175 | 1.84 | 1219 | 0.192 | 5.314 | 3266 | 1.82 | 11.86 | 0.204 | 6642 | 4.082 | 1.63 | 9.53 | 0.324
160 | 354 | 7.433 | 4571 | 2001312 | 0.259 | 7.646 | 4702 | 206 | 1277 | 0.275 | 9.558 | 5.578 | 1.84 | 10.28 | 0.436
180 | 482 | 1021 | 6.261 | 2.35 | 14.08 | 0,329 | 10411 | €441 | 232 | 13.69 | 0.349 | 13.014 | 8.051 | 2.08 | 11.04 | 0.554
200 | 642 | 13.480 | 8.378 | 2.61 | 14.92 | 0.414 | 13.867 | 8.618 | 2.58 | 14.52 | 0.440 | 17.334 | 10.773 | 2.30 | 11.72 | 0.696
220 | ®28 | 17.386 | I0.818 | 2.88 [ 15.92 | 0.504 | 17.885 | 11.128 | 2.84 [ 15.49 | 0.534 | 22.356 | 13.910 | 2.54 | 12.52 | 0.846
240 | 1054 | 22131 | 13787 | 3.13 | 1684 | 0.600 | 22766 | 14.183 | 3.00 | 16.38 | O.646 | 28.458 | 17.728 | 276 | 13.25 | 1.023
260 | 1282 | 26.018 | 16003 | 3.30 | 17.08 | 0.732 | 27.601 | 17.388 | 3.34 | 16.63 | 0.775 | 34614 | 21.735 | 2.00 | 13.48 | 1.228
280 | 1534 | 32209 | 20.283 | 3.65 | 17.62 | 0,854 | 33,134 | 20.866 | 3.60 | 17.16 | 0.905 | 41,418 | 26.082 | 3.22 | 1385 | 1.429
300 | 1868 | 30.222 | 24.602 | 3.91 | 18.53 | 0,994 | 40.349 | 25402 | 3.85 | 18.05 | 1.053 | 50436 | 31.752 | 3.44 | 14.68 | 1.662
320 | 2140 | 44934 | 28367 | 3.90 [ 1872 | 1.118 | 46.224 | 29.182 | 3.85 | 18.23 | 1.185 | 57.780 | 36.477 | 3.44 | 14.82 | 1.872
340 | 2400 | 50.393 | 31.747 | 3.88 | 18.48 | 1.277 | 51.840 | 32.650 | 3.83 | 18.00 | 1.354 | 64.800 | 40.524 | 3.42 | 14.64 | 2.137
360 | 2680 | 56.272 | 35.075 | 3.86 | 18.26 | 1.458 | 57.888 | 36.288 | 3.81 | 17.78 | 1.546 | 72.360 | 45.360 | 3.40 | 14.48 | 2.437
400 | 3240 | 68.030 | 42.330 | 3.81 | 17.54 | 1.872 | £9.984 | 43.546 | 3.76 | 17.09 | 1.983 | 87.480 | 54.432 | 3.36 | 13.94 | 3.124
450 | 3980 | 83.568 | 52.178 | 3.78 | 16.80 | 2.411 | 85968 | 53.676 | 3.72 | 16.37 | 2.553 | 107.460 | 67.095 | 3.33 | 13.40 | 4.008
500 | 4820 | 101.206 | 63.054 | 3.75 | 16.23 | 3.057 | 104.112 | 64.865 | 3.60 | 15.82 | 3.236 | 130.140 | 81.081 | 3.30 | 12.08 | 5.068
550 | 5600 | 117.583 | 73.049 | 3.60 [ 1531 | 3.833 | 120.960 [ 75.146 | 3.64 [ 1493 | 4058 [ 151200 [ 93.033 [326 [12.31 | 6328
600 | 6420 | 134801 | 83.778 | 3.65 | 14.55 | 4.681 | 138.672 | 86.184 | 3.60 | 14.20 | 4.952 | 173,340 | 107.730 | 3.22 | 11.75 | 7.692
650 | 7320 | 153.698 | 05,242 | 3.60 | 13.03 | 5.659 | 158.112 | 97.078 | 3.55 | 13.60 | 5.083 | 197.640 | 122,472 [ 3.18 | 11.31 | 9.246
700 | 8320 | 174.695 | 107.883 | 3.54 | 13.41 | 6,760 | 179.712 | 110.981 | 3.49 | 13.10 | 7.152 | 224.640 | 138.726 | 3.12 | 10.93 | 11.001
200 | 10220 [ 214.580 | 131.087 | 3.44 | 12.28 | 9.344 | 220752 | 135.778 | 3.30 | 12.01 | 0.858 | 275.040 | 160.722 | 3.04 | 10.12 | 15.003
000 | 12580 | 264.142 | 161,383 | 3.36 | 11.73 | 12.277 | 271.728 | 166.018 | 3.32 | 11.48 | 12.055 | 330.660 | 207.522 | 2.07 | 0.73 | 10.547
1000 | 14860 | 312.015 | 189.456 | 3.29 | 11.11 | 15.673 | 320576 | 194.897 | 3.24 | 10.88 | 16.502 | 401.220 | 243.621 | 2.90 | 9.28 | 24.702
According to LRFD 2005
L, <L,<L
==
oM, =C, | M, — (B M, — g M ) i =aM,
L -L,
Or
oM, =C,[aM,~ BF(L,—L)|<aM,
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Example F.1-1a

Given:

Select an ASTM A992 W-shape beam with a sumple span of 35 feet. Limat the member to a
maximum nominal depth of 18 in. Limit the live load deflection to L/360. The nominal loads
are a uniform dead load of 0.45 kip/ft and a uniform live load of 0.75 kip/ft. Assume the beam

15 continuously braced.

W-Shape Flexural Member Design in Strong-
Axis Bending, Continuously Braced.

wp = 0.45 Kip/ft
wy; = 0.75 kipft
Y I 3
Jo ft ¥
Beam Loading & Bracing Diagram
(full fateral suppont)
Solution:
Material Properties:
ASTM A992 F,=50kst F,=65ks1
Calculate the required flexural strength
LEFD ASD

1.74 kip/ft

1.74kip/ft (35.0 ft)°

M,

8

w, = 1.2(0.450 kip/ft) +1.6 (0.750 kip/ft)

= 266 kip-fi

= 1.20 kip/ft

M,

_ 1.20kip/ft(35.0 ft)

w, = 0450 kip/ft + 0.730 kap/ft

-

8

= 184 kip-ft

Urmia University, M. Sheidaii

Mvlanual
Table 2-3
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Calculate the reguired moment of inertia for live-load deflection criterion of L/360

L 350f(12in/f)
360 360

=1.17 .

swit5(0.750 kap/f)(35.0 £)° (12 /)’
IB4EA,_ 384 (29.000 ksi)(1.17in.)

Liroqds = =748 in*

Select a W18x50 from Table 3-2

Per the User Note in Section F2, the section 15 compact. Since the beam 1s continuously
braced and compact, only the vielding limat state applies.

LEFD ASD

M M

0p M, = b,M . =379kip-ft > 266 kip-fr o.k. Q” =

& b

=252kip-fi = 184 kip-ft ok

IL.=800in">748in" ok

Urmia University, M. Sheidaii

Mianual
Table 3-23
Diagram 1

Nianual
Table 3-2

IIanual
Table 3-2
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Example F.1-1b  W-Shape Flexural Member Design in Strong-
Axis Bending, Continuously Braced.

Given:
Example F.1-1a can be easily solved by utilizing the tables of the AISC Steel Construction

Manual. Alternatively, this problem can be solved by applyving the requirements of the AISC
Specification directly.

Solution:

Material Properties: IManual
ASTM A992 F,=50ks F,=065ksi Table 2-3

Geometric Properties: Ivanual
W18x50 Z, =101~ Table 1-1

Reguired strength from Example F.1-1a

LRFD ASD
M, = 266 kip-ft M, = 184 kip-ft

Calculate the nominal flexural strength, M,

Per the User MNote in Section F2, the section 1s compact. Since the beam 1s continuously
braced and compact, only the vielding limit state applies.

M,=M,=F,Z,=50 ksi{ml i11.3] = 3050 kip-n. or 421 kap-fi Eqn. F2-1

Calculate the available flexural strength

LEFD ASD
s = 0.90 0y =1.67 Section F1
¢ M, = 0.90(421 kip-ft) M, /0, = (421 kip-ft) /1.67
=379 kip-fi = 266 kap-ft ok =232 kip-ft = 184 kap-ft ok

Urmia University, M. Sheidaii



Urmia Univ

Example F.1-2a

Braced at Third Points

Given:

W-Shape Flexural Member Design in Strong-Axis Bending,

Verify the strength of the W18x30 beam selected in Example F.1-1a if the beam iz braced at the ends and thi

points rather than continuously braced.

Wp = 0.45 Kipift
wy = 0.75 Kip/ft

v

st

b

Solution:

Beam Loading & Bracing Diagram
{bracing at ends and third points)

Required flexural strength af midspan from Example F.1-1a

LEFD

ASD

M, =266 kip-ft

My;=184 kip-fi

I _330f

o

=11.7H

By inspection, the middle segment will govern. For a uniformly loaded beam braced at the
ends and third points, Cp = 1.01 in the middle segment. Conservatively neglect this small

adjustment in this case.

Obrain the available strength fiom Table 3-10

Enter Table 3-10 and find the intersection of the curve for the W18x30 with an unbraced
length of 11.7 ft. Obtain the available strength from the appropriate vertical scale to the left.

LEFD

ASD

ey & 302 kip-ft = 266 kip-ft ok

M
Oﬂ = 200 kip-ft = 184 kip-ft ok

“h

Manual
Table 3-1

Manual

Table 3-10
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Unbraced Length (0.5-ft increments)
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Example F.1-2b

Given:

W-Shape Flexural Member Design in Strong-

Axis Bending, Braced at Third Points

Example F.1-2a was solved by utilizing the tables of the AISC Steel Construction Manual.
Alternatively, this problem can be solved by applying the requirements of the AISC
Specification directly.

Solution:

Material Properties:

ASTM A992

F,=50ksi

Geometric Properties:

W18x350

Required strength from Example F.1-2a

5,=889in°

F, =65 kst

LEFD

ASD

M, =266 kip-ft

M, =184 kip-ft

Urmia University, M. Sheidaii

Nlanual
Table 2-3

Mlanual
Table 1-1
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Calculare the nominal flexural strength, M,
Calculate Cy

For the lateral-torsional buckling limit state, the nonuniform moment modification factor can
be calculated using Specification Equation F1.1.

12.5M,
S TRIEIY: 'qu sz, m =30
o Wil CL e L

For the center segment of the beam. the required moments for Equation F1-1 can be calculated
as a percentage of the maximum midspan moment as: M., = 1.00, M, = 0972, Mp=1.00, M,
=0972.

Ry = 1.0 for doubly-symmetric members

12.5(1.00) o
Cg.: — - . - - - -(1.0)=1.01
2.5(1.00 _|+3[~0_9T1?]+4|.1.C"|:|'}—3|.'|:|'.9?2 | ’

For the end-span beam segments_ the required moments for Equation F1-1 can be calculated as
a percentage of the maximum midspan moment as: My, = 0.889, M, = 0.306, Mz = 0.556, and
M-=0750.

12.5(0.889) )
Cy=—— - — — (1.0)=146
2.5(0.889)+3(0.306)+4(0.556)+3(0.750) "

Urmia University, M. Sheidaii

Eqn. F1-1
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Thus, the center span, with the higher requured strength and lower Cy. will govern.

Note: The more conservative formula for L, given in the User Note 1n Specification Section F2
can vield very conservative results.

For a compact beam with an unbraced length of L, < L, = L,. the lesser of either the flexural
vielding limit-state or the inelastic lateral-torsional buckling limit-state controls the nominal
strength.

M, = 5050 kip-in. (from Example F.1-2a)

M, = Cﬁ; M, —(M,-07F, 5;3‘

L,-1L, | < M
L-L,J| ¢

_ Y, . i sn[117ft-583f )
M, = 1.01| 5050 kip-in. — (5050 kip-in.— 0.7(50ksi ) (88.9in." ) ) m '
\ " L 1 . -5 i z.'l

< 5050kip-n.
= 4070 kip-mn. or 339 kip-ft
Calculare the available flexural strength
LRFD ASD
s =090 0y =167
by M, = 0.90(339 kip-ft) M, 70y, = (339 kap-f1) /1.67
=305 kip-ft = 266 kip-ft ok =203 kip-ft = 184 kip-ft ok

Urmia University, M. Sheidaii

Iianual
Table 3-2

Eqn. F2-2

Section F1
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Example F.1-3a. @ W-Shape Flexural Member design in Strong-
Axis Bending, Braced at Midspan

Given:
Verfy the strength of the W18x<50 beam selected in Example F.1-1a 1f the beam 15 braced at

the ends and center point rather than continuously braced.

wp = 0.45 Kipft
w,= 0.75 ki

351t

’(

Beam Loading & Bracing Diagram
(bracing at ends & midpoint)

Solution:

Reguired flexural strength at midspan from Example F.1-1a

LRFD ASD
M, = 266 kip-ft M, = 184 kip-ft
q
L= i‘fﬁ _17.5t

For a uniformly loaded beam braced at the ends and at the center point, Cp = 1.30. There are
several ways to make adjustments to Table 3-10 to account for Cj greater than 1.0.

Urmia University, M. Sheidaii

Ilanual
Table 3-1
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Procedure A.

Available moments from the sloped and curved portions of the plots 1n from Manual Table 3-
10 may be multiplied by C,. but may not exceed the value of the horizontal portion (M, for
LRED, M,/ for ASD).

Obtain the available strength of a WI18=50 with an unbraced length af 175 ft from Manual
Table 3-10

Enter Table 3-10 and find the intersection of the curve for the VW18:x50 with an unbraced
length of 17.5ft Obtain the available strength from the appropriate vertical scale to the left.

LEFD ASD
M, /Oy = 147 kap-ft Manual

f 5 - Table 3-10
M,/ Qp = 252 kip-ft (upper limit on CpM,,)

oMy, = 222 kip-ft
duMy = 379 kip-ft (upper limit on CplM,,)

Adjust for Cy

(1.30)(222 kip-ff) = 288 kip-ft

Adjust for Cy

(1.300(147 kip-ft) = 191 kip-fi

Check Limit

288 kip-ft = ¢l =379 kup-ft 0.k
Check available versus required strength

288 kip-ft = 266 kip-ft 0.k

Check Limit
191 kap-ft = A/ Q=252 kap-ft ok
Check available versus reguired strength

191 kip-ft = 184 kip-ft ok

Urmia University, M. Sheidaii
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Procedure B.
For preliminary selection, the required strength can be divided by Cp and directly compared to
the strengths in Table 3-10. Members selected in this way must be checked to ensure that the

required strength does not exceed the available plastic moment strength of the section.

Calculate the adjusted required strength

LRED ASD
M, =266 kip-ft / 1.3 = 205 kip-ft M, =184 kip-ft / 1.3 = 142 kap-ft

Obtain the available strength for a W18 x50 with an unbraced length of 17 5 ft from Manual

Table 3-10
LEFD ASD Manual
ey, = 222 kip-ft > 205 kip-ft 0.k M,/ Qp = 147 kip-ft > 142 kip-ft  o.k. Table 3-10
dupMp = 379 kip-ft = 266 kaps 0.k M,/ Q=252 kap-ft =184 kips  o.k

Urmia University, M. Sheidaii
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Example F.1-3b. W-Shape Flexural Member Design in Strong-
Axis Bending, Braced at Midspan

Given:

Example F.1-3a was solved by utilizing the tables of the AISC Streel Construction Manual.
Alternatively, this problem can be solved by applying the requirements of the AISC
Specification directly.

Solution:

Geometric Properties: .
W18x350 F=1.98 1. 5. =889m° J=124m? =174 1n.

Reguired strength from Example F.1-3a

LRFD ASD

M, = 266 kip-ft M, = 184 kip-ft

Urmia University, M. Sheidaii
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Calculate the nominal flexural strength, M,

Calculate Ty

= = ma <
Cs R,=3.0 Eqn. F1-1

The required moments for Equation F1-1 can be calculated as a percentage of the maximum
midspan moment as: My,= 1.00, M, =0438, Mz=0.750, and M, = 0.938.

R,, = 1.0 for doubly-symmetric members

12.5(1.00)
©2.5(1.00)+3(0.438)+4(0.750) +3({0.938)

c, (1.0)=1.30

L,=583ft Manual
L=1

7.0 1t Table 3-6

For a compact beam with an unbraced length Ly = L. the limut state of elastic lateral-torsional
buckling applies.

Urmia University, M. Sheidaii
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Calculate Fo with Ly = I7.5 ft

C,m°E e (LY .
F,= iy D.CIT"E"T— = | where ¢ = 1.0 for doubly symmetric I-shapes Eqn. F2-4
(L, Ay S\ 7 )
2(n : 124 )10 (17 5f012 i /&)1
£, < 13077(29.000ksi) |, 70 [_ 4m. ) | 175802 m/8) ) _ 4oy
|-' 17.58(12 in./ft) | (88.9m7 |(17.4m.)|  1.98m.
198
M,=Fa5: =M, Eqn. F2-3
M, =432 ksi(88.9 in*) = 3840 kip-in_ < 5050 kip-in.
M, = 3840 kip-1n or 320 kip-ft
Calculate the available flexural strength
LEFD ASD
iy = 0.90 0, =167 Section F1
) : M 320 kap-fi )
by M, = 0.90(320 kip-ft) = 288 kip-ft Lo o 220EPR _ 90 kip-fi
0, 1.67
288 kip-ft = 266 kip-ft ok 192 kip-ft = 184 kip-ft ok

Urmia University, M. Sheidaii
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Tension Members
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Tension Members

- \m

LSL“’-C‘) A (6970 ;u.u.uj LS (69 e S aS LS‘ o)’l.w Lgl..é:.c‘
Co e lloizbos (g lee ¢ Blao Sledy jo L (L >
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28 slael gl

Types of Tension Members

092 S 1,8 oolaiul 050 Cawl (San o0 adaie SO o
Sloyls (los Ko g IS (s 005,55 (sl 7 oo 51 oolil

— L L ?

Ro Flat bar Angle Double angle Starred
bar
r 7 [ _____
L - _]_ [ I I
Chuann 1 L Latticed Wesaction 5
| I cha (wide-flange (A
[ ] IL |

Urmia University, M. Sheidaii Built-up box sections 3



Holes In Tension Members

(area reduction) oo ,e alaio zalS (Y

s e Sl g0 JaiS glacl jo L g

ﬁ @j E=

L.

(Stress Concentration) 5 35 yo5 ()

oo

K@

L o lastinl sl zlhgw 50,5 zb b o) 4t 3l Canl Olie (6859 Jolote o9,
a8 5l 555 (El 116 ) el ol oluil a4 (6 ylad
Ded 48,8 lai o Fliew dad ol y dee Ko (0] 1/16)
S5 oo g B 31 852 (el UB) yienlia 3 om0 Sm 1 calils

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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Gross and Net Areas

5L el pae o (Ag) JS alate mlaws

Ay = Gross Area = IS alaio xlas

A= Net Area = o> ghais mlaw

An = Ag B Aholes

Urmia University, M. Sheidaii
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ANSQM ‘) 0l 03l Ul‘“‘“" 15)(20 cm d)5 uaJL’>9 ch.'a.a.o Gb.w
| oy ‘AL?U‘ ngl.w 19 &= uuo) 99 lJ LQ.»J‘ o L.9)9 JL&J‘

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

&
@ {
20 cm
i“w, Pt
36 ton 1.5¢cm
— %‘\ y 26 ton

Urmia University, M. Sheidaii
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Design Strength of Tension Members

)‘ A.».a)l..& (S=> LQLQ > U"‘ .o)b 09_?5&:;,:;56@1 LQ‘)"M“’L_;"J} fo)....alin 99 -

(yielding on the gross area) Js shio ;s pules ()
(fracture on the net section) 2l sais ,o  Siseens (¥

I
J5 ahaie jo 15 o] 5l (26 (Bl slo S i 5 ok Sl 5 Sl sl W
2l (Fy) e (25 51 2858 b (Ayg)

o 3 eS Wb (A B aate jo G ¢ (SiseS 5l 6,5 sl sl H
b (Fp ol
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Nominal Strength

Pn:FuAe
’od..:) éhnx)dOwspuoﬁdSW‘gajbﬁyoéjaﬁ.oA

Jelse By g 5 35 a3 Gemad Jelge bl ol (Saw A
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5 haio ;0 pulus

Yielding on Gross Area

oSy IS adatie ks 61 LRFD (>l )b oauiS Cwglie = (I)t I:)n
S8 53 JS e el (15 ASD jle o225 ceaglin =P /£

:aS
¢, = 0.90 (LRFD)

Q = 1.67 (ASD)
= kA,

Urmia University, M. Sheidaii 9



S5 ahio jo SFS

Fracture on Net Section

S 5 alls elaite (Sisn (sl LRFD (>l a5 ceaslio = @ Py
LS e Lalls ahaie  SitnS 6l ASD jlxe aiS caglie =P /€2
: oS
¢, = 0.75 (LRFD)
Q = 2.00(ASD)
P,= sac coml Coaglie
=F,A,
T A a paee Osr el el S (SienS l Caeglie ST G5
Lol Lozl S5l 50>
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(LRFD) >l,b coglis
Design Strength

ij“‘jé‘}‘é);sl?QTJLQ&‘}‘&_.Q&JL}S&M.Q)QWLS»CAJL‘>L5‘).3

P, <0 F, A, ¢ ¢,=0.90

Ll@:.j:él.e‘}‘)gwgé)w)ﬁ udb&b&o)owéd& > gl
ool allle 0g>g Zr

P,s¢,F, A, ¢ ¢=0.75
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(Ae) u‘JL" Foe éla's“ C’f'“““'

Effective Net Area

b SO Lakd o) wadl asls Jlasl Lo e alaio gliz] den a5 K
S (Shear1ag) o5 b ooy « (09 6,0 (S ()9 & (25
RUVR

sl Jlasl gl Caond 5 038 oo 8 (6 it b oot asdly JLail (s3]
(not fully stressed)ws .5 o5 1,8 oS jiis co

).:9.0 l.: ¢ ubd&lf uaJL> é.‘a.o.n s_i.: )‘ U‘g"LSA od..:du LJ"‘ 00)31 ul.m.} L Lg‘)"
S5 oalau]

e — Shaded area
I s stressed very little
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(Ae) u‘”’ Foe b"'s“ (’j-'ﬁ-“

Effective Net Area

A,=UA

A, = effective netarea _aJ5 jge alaie xlaw
A, = net area (see AISC p. 16.1-14) b sdais mlaw

_ : . : 113 ’9 e s
U =reduction factor considering “shear lag” &, .50 0,5

= See AISC Table D3.1 p. 16.1-29

L (o0 Eoms VY o VY=YV o Jou L)

X
1_? by JUsl b ez b Lz dawgs (43T des 4 9) Lol 5l golass &y 25 L S

= connection eccentricity  Jlasl s s 49,

X
U= 38 sl jo Jlast Jsbo

Urmia University, M. Sheidaii
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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- ' j P ——
mitted to some but not all of the cross- |’
sectional elements by fasteners or longitu- |
dinal welds (Alternatively, for W, M, S and S
HP, Case 7 may be used.)
3 | All tension members where the tension U=1.0 —
load is transmitted by transverse welds
to some but not all of the cross-sectional and
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. ow-l>15w. U=087|%~ .
1.5w=/=w...U=0.75 iz
5 | Round HSS with a single concentric gus- |/ =1.3D...U =1.0 = A

set plate

D<1<13D.. . U=1-%/
Dx’

X="/

14



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 connection, in. (mm); w = plate width, in. (mm); ¥ = connection eccentricity, in. (mm); B = overall
width of rectangular HSS member, measured 90 deqgrees 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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A Fge alaie zhaw

{ = 08k by yo Jlasl Jobo

1<— Gusset plate ~—t— <l
O O O o O O
Tension O O O O O
member
Section
(a) Bolted

|<A€—>‘ ~/——

N
2L LLLLL,

-
L

LLLL V4| AN\
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= 9 s Ylasl gl A

A, for Bolted and Riveted Connections

A =UA

e n
U=1": ol oo Jaie o6 adaiie gly>l ann S
s 0gh oolatwl U _zals co o solgrins polie 5l &jge ol jue o

(AISCO5 Table D3.1 case 2 or cases 7,8)
: SY L 30 (& 4\.1.09 Olrao LS‘ﬁ

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

Urmia University, M. Sheidaii 20



Recommended Values for U

U sl soleio

/ U=060

Single angle

1

W10 x 19 e

g

\

O 00O

< —p

Single angle

= e e e e RO

e e B e B e

by 5
7‘ =0.794 > % (for parent shape)

Urmia University, M. Sheidaii

o O O O

0 O O O

W shape
U=0.70
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A, for welded connections

Ae — U Ag - transverse

| ( longitudinal

Y
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nw
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a8l Jlasl bl jog> b dais as Ko T L #5605 0 6l ()
U=1
A, = il 4l sl it o o1y ahie colos

€
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dolol = ie> YLlasl gl Al
A, for welded connections

Jlail Jsb sledox b plaalesl jo &S oo ale b 359 sl (¥

Y d.dl.:
U=1 L > 2w
U=0.87 2w > L > 1.5w
U=0.75 15Ww>L>w | o
—

L= Lo zg) Jsb 2 W
W:Lw?wdbb
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Example 1:

Determine the tensile design strength of a IPB 20 with two lines of %4 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 210x300%10

P,/2 ¥ oo o / -
ve—E—HHHHH— [ ==
g OO & |- —J
IPB 20 — P,
s O s B p— X
i P /2 «e—T— I -
Solution. . L T 1

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



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 210x300x10

P/2 K I [ T | 1 [

s i ] ] o ] I [
| A [ I | 1] ]
IPB 20 — . P,
1 % ™ 1 |-

PRe—r— M HF— 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< 0.85 A = 0.85 (2x1x30) = 51.0 cm? — A = 51.0 cm?
P, <@, F,A. =(0.75) (3700) (51.0) = 141525 kgf

25

P, = 125982 kgf ~ 126 ton



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
P, = ¢ FyA, = (090)(50) (1 X 6) =270k

_~ PL1 X 10in
{
P[..l><6in\ y
PHQA’ A w=01in ‘pr:
1
vyl ’

Longitudinal fillet welds

I=8in

FIGURE 3.13

(b) Net-section fracture
A——*Ag=1><6=6in2
1.5 =9in>1[=8in>w = 6in
S.U =075 '
A, = AU = (6.0)(0.75) = 4.50 in®
¢, P, = ¢, F,A, = (0.75) (65)(4.50) = 219.4 k <
Design strength ¢,P, = 2194k

Urmia University, M. Sheidaii
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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 '21-
(¥ = 1.56 in, A = 9.99 in?)
. LLL
Pn-j 7
7
. (/7 /7
FIGURE 3.14 e
6in

|MJ

8in P

i

Angle welded to 8-in leg only.

Solution. As onlylone‘; leg of the angle is connected, a reduced effective area needs to

be computed.
(a) &L, = & F A, = (0.9)(50)(9.99) = 449.6 k

(b) U

Il
—
|

6.00
A, = AU = (9.99)(0.74) = 739 in’

C

¢.P, = ¢, F,A, = (0.75)(70)(7.39) = 388k <
Design strength ¢, P, = 383 k

= 090 = (l - ﬁ) = (.74 < 0.90

27



platel sles 5

Staggered Holes

axil b Sy 0 Lz ST cails sales | ke oy yiden el adaite

A A
T T
1 L ) .
— (] o L s +— -
| L ({) -
B B

slowl ¢ (dgame Jlasl Jobo) abl alls &g y0 o > SOl s S
mhaw o Gals qoaw, Plas 4 cel (ST L 6 kd) plaial sl &1
A‘S~ ijsnb'a&a

Bo, JI s = pitch distance
— : \\\ g — .
i ‘. D ° g = gage distance
J I
C E

ABC 0r ABDE : ;Sas 5 (slo yone
sed ol J8las Lals alaie
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Al ahaie dpnloe (0,25 9,

net width = gross width — X d + X s?/ 4g
A e S e
d,+2/8",L d,+1/16") #l,gu ,ks d
25 oo a3lal ¢ i 359 0205 0 obye 65 5o (sl3l 4 S7/AQ
SISk sbewl) 5o j5lme Elygw 99 52 35 50 4 35 50 (Jsb alols: (Job p15) S
SISk Ll dgee a3l ygm 35 0 4 55 50 alols s (o550 p15) O
Al e (Ap) = Lalls (o0 X (55 Cualses
T Jjﬁ*"u“"l}&‘:bj“’(Ae):UAn
Al alaie SielS b cwglie = O, A F, (9, =0.75)
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Example :
Compute the smallest net area for the plate shown below:
Plate thickness = 12 mm

. A
Bolt diameter = 19 mm —
10 cm :
LB
10 cm P
T +— + C —T
10 cm _
+ | uE
Solution. [+
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? N

Urmia University, M. Sheidaii



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.

0 A
5om
_'.-IE -'I':E
T «b5cm H T
o .
5 cm _L G C
Solution. J J
ABC =15 -(1IM2.2) 12,8 com
DEFG=15—(2)(22)+——— =106+ —
(43(3) 20

ABC = DEFG

5

12.8=10.6+—
20

T §=0.03 cm
Urmia University, M. Sheidaii 31



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 - ;> 0 4 T
£r Ei 1 30 mm
_ 45 mm T 1
L100x75x10 - je— :
= e T e g 100+ 75-10-30-40- 95 mm
&0 mm i
100 mm | = | B 3
H S i ‘-‘Dr'rn" ARC 100+ 75— 10— 22
-_— I hic |43 mm
5 @ 50 mm

DEBC = 100+ 75— 10— 2{22) + 502/{(4X95) 127.6 mm

A = (12.76)01.0) 12.76 cm?2 [

Urmia University, M. Sheidaii 32



Example :

Determine the net area along route ABCDEF for the C380x100%54.5 (A, =69.39 cm?).

Holes are for 19 mm Bolts.

Solution.

The unfolding is done at the middle surface to obtain an equivalent plate.

380 mm

ABCDEF

g

_ |
=105 mm

1]
['p]

0 mm
_| .| _

—

| | L 4
E 3

. =90 mm

200 mm

90 mm

—6939-2(22)(1.6+105)+

=61.6 cm”

Urmia University, M. Sheidaii

=

=

— = 10.5 mm

=

=
—+ |— 16 mm

r

(1.05)+(2)
4(13.68)

f-‘. .
| 1 40 mm
=f ] Yovg -t2-t/2
e | B0+90-105/2 — 16/2
GE r =136.8 mm
200 mm
il
reeeee 136,80
"? ¥ 40 mm
II—II'I |I_
80 mm
8 "1e+1.050
(L6+199)

33



B b~ 059>
BLOCK SHEAR

>l 0 las (t€ar-out) 5,L cde 4 conl S pimen S sl
WisS (o0 (B 0je> (SFuS oy (pl 4 Bed 2> s Jlail jolre

—
& s T
’—/’/—/J |
SlS quac Ly 039> SiSuaS r\ )
8 o | o 1—>
—O—O— | T

Shear failure
f (e
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BLOCK SHEAR

B oy - sy 059>

t Cawl ool ools ylis blie sl IS 4o Jglace sla Jls

— Shear plane
Load = s <
E;E;':g-—Tension plane
Hotched areas BOLTED ANGLE
may tear—out
ESI}-—Tensmm plane
ESheqr plane
Lood - =
Shear plane
,@,_1,_@, 5
77/ A=—Tension plane
BOLTED FLANGE OF “W" SECTION
Hatched areas
Shadr plcme—l may tear—out
Tension
Lood d=—— < plane o

Shear plane —'

WELDED PLATES

Urmia University, M. Sheidaii

w8l so 31 225 Slo e Jsbo yo (2>
gy Olaal 5 0gee (gl dmbn o giiS
9y Sl L 6)‘9.4 6‘ Ao JO (o y

P egeme b Sewl plyy (25 059> Caaglis
&P e S0 50 (S Ceglie
2 Og0e Slaskad (59, (AT Cuaslie
S G 2l s
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B b~ 059>
BLOCK SHEAR
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LS’»J@ U":’ﬁ C.'.uog'.sao —‘5{:3).3 0 y9> ‘W C.'.uog'.sao
Block Shear Rupture Strength

SBS g 0p gabe b gl Job )3 Ry) (o0 055> (SiunS g0 S (6l (gonl Sunglie
(29 e YA amin L 5 AISC p. 16.1-112) 56 oo s b3 alaly 51l ogee

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

] 3 L)”L“" Q.:‘ 29
LRFD available block shear rupture strength = O R,
LRFD ‘35'>5‘° (SAJJJ., 0)9.> M g.,uogl.o.o
ASD allowable block shear rupture strength =R, / Q
ASD jlxe iy 035 (KBS Cunslie <

@ =0.75 (LRFD)

Q =2.00 (ASD)

A, = net area subjected to shear i, cov Lals shie plaw
A, = net area subjected to tension :iS cou el shabe plaw
A, = gross area subjected to shear i, cos IS alaie plan

Ups = 1.0 sae slomil o 2sS 485 C3Ieh qjsf Gl 085 @98 e 37
= 0.9 gac clgsl o oS 515 CleSs wé aoies sl
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BLOCK SHEAR

03,9 (S gl )3 15 CSISh nf gje8 il ol slp sl o Upg rals’ o yo

LI PR
Welded Angle
T z 2
Single=raw beam Angle Ends Gussel Plales
end connactlons
(a)} Cases for which U, = 1.0
L=
- 3
WiuBlp le=roe e
end connectlons
(b} Case for which U_=0.5 38
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Example :
A steel angle L6x6x'% using A36 steel is subjected to tensile load. Determine the block
shear rupture strength.

274" Dia. Bolts

Urmia University, M. Sheidaii 39



Solution:

A, = net area subjected to shear (in?)
= (Matl. Thickness)[L, — (# bolts)(Bolt dia. + 1/8)]
= 1%"[10” — (2.5 holes)(34” + 1/8”)]
=3.91in?

A, = net area subjected to tension (in?)
= (Matl. Thickness)[L, — (# bolts)(Bolt dia. + 1/8”)]
=1"[22” — (0.5 holes)(*4” + 1/8”)]
=1.03 in?

A,, = gross area subjected to shear (in?)
= (Matl. Thickness)(L,)
= (45)(10")
=5.0in?

R,, = Available block shear
= 0'GFUAnv + UbsFuAnt
= 0.6(58 KSI)(3.91 in?) + (1.00)(58 KSI)(1.03 in?)
= 195.8 Kips

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

< 0.6(36 KSI)(5 in2) + (1.00)(58 KSI)(L.03 in2)

< 167.7 Kips

P,.= @, R, =0.75 (167.7) = 125.8 Kips

¥ 2V2" = width of tension = L.

107 = length of shear plane
=L,

40



Bottom line:
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Design of Tension Members

d e oid) oYh alaiio (1 S (59,5 Iy 5l ol Ojlie L8S gle )b
£3Y Swglio 5l 55550 (il Coglia b (e g Slogl
OP,>P, LRFD i,
P,/Q =P, ASD s,
¢ IS ghts peld (gum cll ol (b ol Caaglin P
Sl (059 KowaS g @l ahis S5l
Sl 5 o ojle Julod 51 oS (e )W) p3Y oles gl P
Ll oo Zewwds (LRFD L Sl 5) Hla 5o 6,105 ,0

uuﬁwo)b&bu)‘as(é)‘dﬁ 0 3o )La) fa)}[ ngo.o Pa
d.;‘ P Sewds (ASD )l.g ul.uS)J) 6)‘oﬁ 0 44 Lg)‘&f)l.g
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LRFD e, 4 AT slacl @Ua
Design of Tension Members - LRFD method

OP, =09 A F, « JS ghis plos o> <> (sl
0.9 A F, =Py . oulpls >

AyZP 109 F) vl 5l 6 pSsl> lp cnlpl >

OP =075 A, F, « i auie Si5enS sa> Sl o,
0.75A,F,>P, . by »

A >P [075F,U

C sy 038 SiPunS (gu Ll gl S
OR, = 0.75( 0.6F Ay, + UpF A< 0.75(0.6F, Ay, + UpF Ay )
OR, = I:)u colpls >
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ASD OV9) A kS slacl L;‘>|).|a
Design of Tension Members - ASD method

P/Q=AjF, /1.67 =0.6AF, . 5 shis plos g0 > gl
Az P /06 F, s sl 650> lp cnlple »

PJQ=AF,/2.00 = 0.5AF, « ol glie Si5nnd oo <l sl
0.5A, F,>P, . ;plile »
A, =P 105F, .S58 5l 6,Sslo 6l onlply »
¢ Sy 039 (SitumS o Ll gl S
R,/ = R,/2.00 = 0.5( 0.6F A, + U, F,A )< 0.5(0.6F A, + UpF AL )
R/Q>P, « ol >
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SEY b Cudgamme - obiS lacl b

Design of Tension Members - Slenderness Limitations

5,105 0g2g  2iiS slacl b js iSTas 6,2 6l p o> AISC Lulgs bl
Jlosl (S5 osilr (sl g ous sl @Y (8ES pie U 43 (590 59 ST
L/r > 300 ( not for cables or rods)

SS1a (6,8Y Cop i (a0 Eomwe VP amin) oyl pl 0¥g8 asl ol Laslgs wluol
QS gl Ve lauls sailS slacl

Cole, ¢ axal IS e 4 adgl St L shlo & 8iS sla )l Joo 5o
59l Yo e 5laols Lael ol jhas 4y Jolo s (S0 e p3Y (6 ,8Y (sl Cogae
KLY
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Threaded Rods and Cables

Jadelcs )_5_, )l B axgi 3,90 guac 5 ,eY )f‘ Turbuckie = used tspos: & fighten rods
¢ Bgl) 0gdh o colaiwl b LIS L las Sl '
(Bleo leds

L bl 5005 ny ahade b (5 ol oo Sls
@ otz Ailflas (a8l puw) sl ali,
SS90 &S glaslElas LQLQ’W 3 A, e
Slodazrny (Frepyle O)go & (535 0 Al

ol od.:L?:.u gs?..%f.)u Oy A dd SO

m b 50

Wire rope o S

Threaded Rod
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Threaded Rods and Cables

iy YA (6 )Bebgz pozmen (alise 35k 4 ojle & Lacl (pl Vsons
Kgd oo Jog dazs o (DOlted clevises) Laio

Steel plate rQ Anchor
™~ Cable or washer -\ socket

~~ Open socket

NN \x\\mf_;‘f

- Structural

Open socket connection
Cable  member

#3 ™ Sag Rod
'ulx A
|
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LS 5 00 o5 slos K
Threaded Rods and Cables

Sl 5955 j9kd) 25 (oo alaie mhaw EalS sl gae Gl (9,5 o5,
(Cosl a3 Jg e 05 o0 659l )5 iz 3l gae

P ol 093, O,k SOl (S L5>-|).|:: Ceoglio

0P =0.75(0.75 A, F,)
Ap = 0,8 (S) 0ais 093, alaiie wlans
A,>P [ Q0T5F, ; 0=0.75 .l

¢ ax>| 0 Example 3.14 p.70 Segui «
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Tension Members in Roof Truss
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Sag Rods

| A A

| v T

A

T~ _ _ = ~l 1=

| == et T \\ - .

l — - — == C1-Bracing

e F T s /
== NN W/ 4 > I
A= Sag rod— |
) - > S - =
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Sag Rods
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Design of Sag Rods

A 9iS oo o ol Dlilge 4 a5 6l sl 5l ciSe oo sl )yl e
gl (o

Joii |y oy slocond sl Jb c oY o e Joo 3l glankad 10 5,8 40 Ly
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e
T i __ Tributary area for
/ design of rod ab
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Design of Sag Rods
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Yy OYlasl b caaas slacl
PIN-CONNECTED MEMBERS

P09l patS ) g Yl elwlp GLASD i, @ jlxe  aiS
(o2 Eoe VPV axan g AISCO5 D5.1 p.16.1-28)

: | :udbjjgﬁéb&@bw)o S ,_w S (Wl
N @,=0.75,Q=2.00, P, = 2th F,

(a) Fracture of net section

a+d/2
~ o ahafle gl )5 (LD (SeS (o
0 | Bs=0.75, Qy=2.00, P, = 0.6F, A

(b) Longitudinal shear
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Yy OYlasl b caaas slacl
PIN-CONNECTED MEMBERS

L N : (LJ"‘") Y}' pb W) ).’5..4’ a_'a.w 5O G,Li.,\ ngo..o (u
‘/ j_ Projected bearing @ B 0.75 ! Q = 2-00 ! Pn = 1-8Fy Apb
O = da area = dt
4
== Section : JS bb.o.a C.E.ua )«3 Q.J.o«.o ) (&.J
© Baring ,=0.75, Q= 1.67, P, = F, A,
5 .144‘5) U"‘ o asS
U= Gy cwlks
Desr= 2t + 0.63, in. (=2t + 16, mm) < Db
b —

= 03)ly Gox p dgee SLiwl) ;0 gac 4 U Elygw ad alsld
A, = 2t(a+di2),

d = o ks
Apb = u.uod.w).ag.»a.’c.b.w:dt
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AW Yg] LgL:o douns 6&[:.3‘ LsL:e CQ0gde — L;.’.Ygl <Y lasl l.» LsLé.c‘
PIN-CONNECTED MEMBERS - DIMENSIONAL REQUIREMENTS

/Approx. Agf
L slacl gl ol slo codgame

71N | g
/( ? \ ol
+ 5 L L

CY_ - B NERg ass YL a5
gl p L
\W¥% Emen 30 5 AISCO5 D5.2 p.16.1-30
B \/\ oalo ylid oy K& )0 VPP axans o0
! w D el 00l
Dimensional Requirements
1. a>24/3 bg
2. W2 2bes +d
3.cza
where

best =2t +0.625 in. (16 mm) < b
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Built-Up Tension Members-According to AISC D.4 p16.1-28
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Built-Up Tension Members-According to AISC D.4 p16.1-28
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1.7F,

0.85f",
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O ) Ao mhaw (o Ll

L bl Bl wl e &S 5 G (b QST Cuglie 4l 4 az g L

LRFD: P, < ¢,P, =

¢,(0.85f'A))
0.85f/A,

L c

ASD: P <

P
ASD: P, <2 =
O

Q.

LRFD: P, < ¢,P, _¢(085f'A)/

(o 85f/A,) /

T Q

C

%

A, >

l

PU
¢.(0.851;)
PO
0.85f, L 4

P, . [Re
¢ (0.85f’ )\/ A
P.Q. A, e
(o 85f’ )\/ A

uo)c)oquAsu)AL@b |Muuuwﬁ)wyomw
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skl ph G Cod wBL MEN Wb jskaie aay all ol Loy slaial 90 50 0 (053

n 0.80b; n

Nz\/xl_l_A mh 1cm

A=0.5(0.95d-0.8b,) S

Temi |
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-1
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9 :

amao axly oo gl S polie ol 0gd co dwle Slaial g0 ;2 0N g M sldeb 4
:(ASD ui’s) 4O P:Pa 5« LRFD g, ,0 P=P,);l o5 Le

2

2
n
—( )(_)_ZBN , —( )(_)_ZBN

LRFD: ¢,M, =0,F,Z, =0.9F, t*/4

M, FZ :
X _0.6F,t*/4

ASD : =
Q, 167
polie sl lade (58,0 L ol JBlas b et ) axbo D9z g0 b Sl Coglie

dwul.: )9SJ.A oo)b]iJ

P n? 2P,
- t>n

2
LRFD:09F, /4> 0™ pom | P ggp gy > D
2BN 0.9F BN 2BN 0.9F BN
ASD 06F /42 B L tem |- gspeiaxhl L gpg [ 2
2BN 0.6F BN 2BN 0.6F BN
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)9 g3 ) Axo ColBus gD

LRFD: tmmzLL , L=Max(m,n)
0.9F,BN
2P

AsD: t..=2L|—2— , L=Max(m,n)
0.6F,BN
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Example ELFI_FI]i
SIVEN:

- A W14x32 ASS2 column has a faciored axial load P, = 700 EIPS. It

bears on a steel base pate using A3E steel. The footng has concrete 7= 2000
PS5l

BEQUIRED: Design the column base plate.

Siap 1 — Determine required base plate area, .l'-'|.|_|ZI]l avold conc. crushing:

$eFp = Design bearing strength of concrete
= 0.8P;

= 0.8¢0.33F A1)

Re-arrangmng 1o sohe for &4

_ £,
A TEmass )
__ TOOKIPS
0.6(0.85(3K5T))
Ay =457 5

Urmia University, M. Sheidaii
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Step Z — Deftermine "Optimized” base plate dimansions:

0954 -0.85,
A i

-

d and by

- from properties p. 1-22

0.85(14.3")-0.510.1")

i
b3
~.|
tn

x 04 14"

IEY M =24"and B = 20" (4rea = 480 in" > £57.5 in")

Urmia University, M. Sheidaii
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Step 3 — Determine “m” and "n”;

N =-0.095d

-

m

34" 95(14.3")

il

=52

_ E-0.308,

-

_ 20°=0.80{10.1")

3

= 3.88°

Urmia University, M. Sheidaii



Step 4 — Defermine minimum base plate thickness, touin:

| ]'-'Fp-
Foge =L
= TVosF,
where: P, = factored axial load, kips
= 700 Kips
" N
oo _l"-'."l.'
00Epr _
= = 1.48 K5l
(3024
" m=52
L = largerof ™
n=500"+—— y==
W e
 osog | SLASED

"ll 09(36E 5 l4——— Base plate yield stress

=1 79" — use 1%, thick plate




Step 3 — Draw “Summary Sketch

Fing
ﬁ
WidxE2 ABS2
col. Cemlered 24"
on plaka
¥

\ 1§" thick AZE steel base plate

Urmia University, M. Sheidaii



Thornton gslgiw b,

Ws‘ﬁt‘l_dwg)c\_:ow ML?LA I TS ML:‘_,;J)L: LS)‘O ug.a.w )f‘
S g slrad 5loonl i e Job 0g wales S8 Linid et )

3,5 solawl Thornton solpiics Sig, 5l oles oo (63 lg0 (pi o

g ) Slio dawle lp |y oy @,k (B9, aw <S5 L Thornton

Urmia University, M. Sheidaii 20



Thornton gslgiw b,

130,5 o fyutS 358 o0 00l L aS M, N, AN Lolis

¢ = Max (m, n, An’)

) Afd D,

4
2X

An' =

A

<1

T 1+ A-X

26,5 a0 1Ll el dan (gl 4l Salislw ol |, A lade olss oo 4]

r— —

4db,

| (d+b,)?
| 4db,

" (LRFD Methodwith ¢, = 0.6)
o:P,
QP

or

| (d+by)? |

"

I; 2 (ASD Methodwith Q_ = 2.5)

Y

Urmia University, M. Sheidaii 21



Thornton gslgiw b,

[ 0.85f'A, (wlige |, 00l Slgd pmbans IS ygim 25 dxis ,ST)

_ A [A
%=1 (0.851'A,) /KZ ; /KZ S22 (Wligs ]y oot igh g JS (s ks 51
L 1 1

:Js.o.;

2P,

JQ955N

(LRFD Method) ;

2P,
0.6F, BN

(ASD Method)
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Example 7-5

Design a base plate of A36 steel (F, = 36 ksi) for a W12 X 65 column (/7,50 ks1)
that supports the loads Pp = 200k and P, = 300 k. The concrete has a compressive
strength f/ = 3 ksi, and the footing has the dimensions 9 ft X 9 ft.

Solution. Using a W12 X 65 column (d = 12.1in, by = 12.0 in)

LRFD
P, = (1.2)(200) + (1.6)(300) = 720k

A, = footing area = (12 X 9)(12 X 9) = 11,664 in®

Determine required base plate area A; = BN. Note that the area of the supportiny

[A;
concrete is for greater than the base plate area, such that ;TZ > 2.0.
1

~0e083)2) 2 in’

LRED ¢ — 06 L ASDO.F 2
o A A= e
¢.(0.85f i)& g 08‘3f£ R
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The base plate must be at least as large as the column byd = (12.0)(17.1)
= 145.2 in* < 235.3 in? and 245 in® optimize base plate dimensions to make m and 1

approximately equal. Refer to Iig. 7.15.

LRFD
0.95d — 0.8by
A = e
P
0.95)(12.1) — (0.8)(12.0
- ( ) ) — (08)( ) = (0.947 in
2
N=VA +A=%V2353+09%7 =163m
Say 16 in
Ay 2353
= — = —— = 14.7 i
B=N "1 Lin
%__bf= 12.00 inﬁ>’
A A
o m=2.251n
A [___ ___I _"_
d=1211n -
0.95d =11.30in | N=161in
Y [ ] <
nm =2251n
L Y v
n=320iIn l 0.8b;= 9.60 inl 1n=23201n
-« | . ] I

FIGURE 7.15 ~———B=16in——



As previously mentioned, we might very well simplify the plates by making them
square—say, 16 in X 16 in.

Check the bearing strength of the concrete.

LRFD ¢. = 0.60 ASD (0, = 250
[A, P, 085fA, TA
P = BB e £ bl ]
¢ r d) f ]\1 A1 QC QC \Ai
o 0.853(3){16 X 16)(2 '
= (0.6)(0.85)(3)(16 X 16)(2) S “);5@ M) _ s 5 Sk GE

=7834k > 720k OK

Computing required base plate thickness

N = 0954 16 — (0.95)(12.1)

m o= 5 3 = 225in
B —08b; 16 — (0.8)(12.0
n = - = (08)¢ ) = 3.201in
2 2
Vidby  \V(12.1)(12.0)
n' = — = = 3.0lin
4 4
¢ = largestof m,n,or n’ = 320 1in
LRFD ASD
. g [ 2P, _ ¢ B3R,
feat =\ OOF, BN fead = S\ BN
T 2)(720) I R TE )

. 2 /‘

1.331in 6 in

(S

NV (0.9)(36)(16 X 16)

1
Use PLIE X 16 X 11t 4in A36.

N G "

1
Use Png X 16 X 1 ft4in A36.
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Example 7-6

A base plate is to be designed for a W12 X 152 column (F v = S0 ksi) that supports 1=z
loads P = 200 k and P, = 450 k. Select an A36 plate (F v = 36 ksi) to cover the entirz
area of the 3 ksi concrete pedestal underneath.

Solution. Using a W12 X 152 column (d = 13.7 in, by = 12.5 in)

LRFD ASD

P, = (12)(200) + (1.6)(450) = 960k | P, = 200 + 450 = 650k

Determine the required base plate area, noting that the term ZQ isequalto . [
since Al = Az.

LRFD &, = 0.6 ASD Q=250
A, = Pu A, = Paﬂc
y 085£), | - o
c( BIT \ Al . C\g’ A]

_ 960 _(650)(2.5)

(0.6)(0.85 x 3)(1) —(0.85)(3)(1)

= 627.5in" « = 637.3in% —
Aymin = dby = (13.7)(125) | Ay min = db; = (13.7)(12.5)
= 1712 in® = 1712 i’ |




Optimizing base plate dimensions n ~ m

LRFD

ASD

0.95d — 0.8b;

2
(0.95)(13.7) — (0.8)(12.5)

= = 1.51in A=151tm

5
N=VA +1=Ve75+151
= 26.56in Say 27 in

N = V6373 + 151

=2675in.  Say27in.

A; 6275 637.3
= — = S 2"2 3 - - 4‘6 -
B I 27 324in B 27 23.601n
Say 24 in Say24in -
Check the bearing strength of the concrete.
LRFD ¢, = 0.60 ASD Q, = 2.50

&
d)CPp - ¢6085fCA1\/ Al

= (0.6)(0.85)(3)(24 x 27)(1)

=9914k > 960k OK

Lo 0854, [A;
0. 0. VA
(0.85)(3)(24 X 27)
- 250

=661k >650k OK
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Computing required base plate thickness

N —095d 27 — (0.95)(13.7)

m = > > = 6.991n
B — 0.8b 24 — (0.8)(12.5
n = . ©O8)U25) _ 5 00in
2 2
Vdby  V(13.7)(12.5) _
n = — = = 327 In
4 4
¢ = maximum of m,n or n' = 7.00 in
LRFD ASD
2P, __ [333P,
freas = L\ 0.9F BN Freqd “'g\/ F.BN
_ | (2}(960) B [ (3.33)(650)
- 7'00\/(0.9)(36)(27 X 24) - 7'00\ (36)(24 X 27)
~2.12in - 2.13in

1
Use 21 X 24 X 2 ft 3in A36 base plate with 24 < 27 concrete pedestal (f, = 3 ksi).



