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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.

Wl4x68 ——» _}
10 &
Wil4 x68 — A _}
A
12 &
W14 x68 > 'I'
B

WIizx79
Wi2lx79
Wizx 79

1wz " mz T wz
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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.
‘Ly=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,
*W12x 53 (l,=425in*,r,=5.23in, r,=2.48in),
W 14 x 68 (I, =723 in*)

I, 425 425 5 L 425 425

D N +
L ) 3 L ) %12 ) 53125
¢ G,-——° - 14:1_><}: 12x12 _ 6493 _. 071 Gp=—— = 1:1<}_ 15}‘11— _23135  oags
- 5 I, 123 723 6360 5 I, 723 723 6.360
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=12ft =144 in. (KL/r),=144 / 2.48 =58.06 «

K/ L, =13x12=15.6ft=187.2in.  (KL/r),=187.2/5.23 =35.79
Therefore, y-axis buckling governs.
Therefore G_P, = 548 kips

91

www.JozveKade.com


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

=)l leS 4y bgipe Slovmnal — (gt Fgo Job sl logel

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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Modifications on Alignment Charts —Inelastic Buckling
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TABLE 7.2 Stiffness Reduction Factor 7

P A,
e
35
43 -
A2 £
41 ~
40 2
39 o
38 -
37 it
‘36 »
35 -
34 i
33 -~
32 ~
33 -
30 -
29 0.0678
2 0.155
27 0.240
26 (.321
zZ5 (1.398
24 0.472
23 0.542
22 0.608
21 0,670
B 0.727
19 q,780
18 0.828
iT G.871
6 0.909
15 0.94 1L
14 (.966
13 0,986
i2 0,998
11 1.00
10 {
9 l
8

80529

0.139
.22
0.30%
0.377
0.450

4519
0.585
0.646
0.704
0.757

0.806
0.859
(.89
0.924
a9sz

a.975
£.99
100

£.0529

0.127
0.198
0.267
0.334
P.39Y

0.460
0.51%
D.5786
3.629
0.680

0327
Q72
0.813
0.850
0.884

0.914
0.941
0.963
D.980
1893

L.G0

£.00595
0.0756
0.142
a.2a7
0.270

0.33%
0.390
0447
Q501
0.554

0,604
D63
D.697
1739
Q779

D816
0.330
0.882
0.919
.93

S

Q.a5%
0.973
G987
0.996
1.00

i

?
|
|
|
E

0.0319
(.0944
©.155

D215
0.273
0.32%
Q383
0.436

436
§.535
0.582
a.627
D.ETD

0,711
G.74¢
0.785
0.81¢
Q.850

0,879
0.903
G929
0.949
A.9¢66

.98
.99
0 9‘9‘9

|

- indicates stiffness reduction factos is not applicable because £,
exceeds ¢ F,A4, (column design strength for Kiir = 0).

From American Institute of Steel Canstruction, ¥anual of Sieet Con-

struction Load & Resistance Foctor Design, 3d. ed. (Chicago, AISC, 20013,
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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
columns are braced contimuonsly along e length for out-of-plane neckling. Assume that the

same column section is used for the story above

WldzTd —»
&
B
WildzT4 -
A
E E E 154
= = =

H-

B Ei F.i} 3
Solution
Step [. Identify the frame type and calculate L, I, K, and K if possible.
s It is an unbraced (sideneay wminhibingd) frame.
« L=0f
+ K, has no meaping becanse owt-of-plane ucklng is pot possible.
+ K, depends on boundary conditions, which mvolve restaints due fo beams apd columms
connected to the ends of columm AB.

+  Need to calonlate B, wsing aliprment charis.

Step II (1) - Calculate K,

o Ioof W14x74="796i" T of W 10 % 60 =341 in*

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

A <1 L H
TL 13.012 7 15k12 42435 o
Gy LT % T - 0508
=T, I8xIT 2012
= Gy =10 - fior pin suppon

= WUsing G, and Gg: K, = 1.8 - from Alipnment Chart

= Mot K. is greater than 1.0 because it is an unbraced frame.

Step IT (k) - Calculate B, - 1:0E stiffness redoction factor method

= PFeducton in the flexural ngidicy of the column due to residual smess effacts
First calculate, B, f A =450 /17.6= 2357 ksi
Then zo to Table and read the vahee of stiffness
recuction factor for F, = 50 ksi and B/ A, = 2557 kal.
Stiffness reduction factor = = (.833

*  Gaisgewie =7 % G = 0833 x 0,609 = 0,307

s Gp=10 - for pin suppart,

o Using G, gps 34 G K 0= 1.75 - alipmment chart

= Note: You con combine Stepr I (o) and (B) o calcwiate the £, divectly. Yoo don't need

to calonlate elastic B, first. It was done here for demonsoaton purposes.
= Note that K repeee Fo;. This 1s in agreement with the fact that the beams offer betier

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

Step I — Dresign strength of the column

o KL/r,=(1.75)(15x12)/(4.39) = 71.75

o I F. =30.92ksi

o O, P,=0 F,A;=30.92x17.6 = 544.2 kips
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Typical Bolted or Riveted Splices
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Typical Welded Splices
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Built-up Compression
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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

T—2 T T

- .
S B1 Loading

wS kg/m

Tributary area

B1

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

L |
™, i \
.-"'Ij k ™

1= -1- - 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
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Precast Concrete Slab

& B2
=

= Floor load = w kg/sgq.m

= Tributary area = 0.5SL sq.m
B3 - S

Load on beam = 0.5wSL kg/m

Iy

Urmia University, M. Sheidaii
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Two-way Slab

Span ratio m = S/L

Short span (BC):
Floor load = w kg/sq.m
Tributary area = S7/4 sq.m

Load on beam = ws/4 — wS/3 kg/m

. C
|| _Tributary
S i| area
h i B I
L
Long span (AB):
Floor load = w kg/sq.m
. , ST (2—m)
Tributary area = SL/2 - 5-/4 = _| | 5¢.m
40 m

Urmia University, M. Sheidaii
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Sections Used as Beams ,5 slp Jglace ablis

125,10 01,18 55 0,lae 4o S 00gs oS colaiul glils Slogl abolis
doayy s aS o Jood (Sew jL a5 sla s
Al 2,0 o8 Wb s b a5 e
IS5 T ablie i ¥ olsie o ot sl 5 U503 Z gl
58 O S e 5l Loy JSB Z Ay pojly (59,08 15 ajls Cuze |
P Oges LgLQ)L: ).3‘).3 5O LS"S wglﬁ.o J&Z LSLQ})"’*’ 9 LQL_;"‘)9L’ yj.o.:.«o
—  oolawl sag 1od) Lo o 5l LT g5ke,laul ol 130 a5l 065 oyl
D
oz 510 Koo 5l oads sl sla s g (559005 4Y Slo o (oS o wbolis
At 2,5 6l Jolaie ablde glail Lo

Urmia University, M. Sheidaii 9

www.JozveKade.com


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

Design Beams b
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Design Beams

5 =hb

Moment capacity

Moment capacity
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¢er

Distance between
lateral supports

______________________________
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Lilgs wlol oy ()b
55 oo plzsl AISC Chapter F p.16.1-44

Real curve . B .
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Distance between
lateral supports
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TABLE User Note F1.1
Selection Table for the Application
of Chapter F Sections

5>

Saction o

in Flange Wab Linmit

Chapter F Cross Saction Slendemess | Slenderness States
F2 ‘ | G G ', LTB
F3 - MG, 8 G LTE, FLE
F4 T G MG, 8 G, NG ', LTE, FLB, TFY
F& - G NG, 8 g ', LTE, FLBE, TFY
F& | | o MG, 8 A ¥, FLB
F7 H G NG, 8 G NG ', FLE\, WLE
Fa % Mis A ¥, LB
F4 G NG, 8 A ', LTE, FLB
Fi0 ﬂ A A ', LTE, LLB
F11 I MIA A Y, LTB
Fi2 Unaymmetical ahapss (I M All lirnit etates

¥ = yleking, ITE = latarakiorsknal buckling, FLB = fange Iccal buckiing, WLE = wab Iocal buckling,
TFY = tanzlcn lange yleking, LLE = kg local buckling, LB = [ocal buckling, C = compact, MG = noncompact,
& = slenoer

Jad e glo pdu 05 slesal,

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

e aks oo)ﬂ
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el slp 5 (b

Dedee Sl i 6,lad b pdes b adl B (S ke Ll 25 oS (G900

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

¢»,=09 ; Q=167

M, = nominal flexural moment = _cul _ies cuglis
= M, = Plastic moment = ;,..>
=F,Z,

Z, = plastic section modulus = 5 glais wlol

Urmia University, M. Sheidaii 13

www.JozveKade.com


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

Bending Stresses tas louiis

sl JolS il gl )l s T ol e aF o lbais adaio b (65 L5, a2
100,y cdes S Sl Cow
Ol e g 05,5 o5 as &so 4 (elastic limit) el oy 10 5,0 o
S e e b o
f,=Mc/I=M/S
f, = Bending Stress = _ios i
S =1/c = Section Modulus = _cl>s )| ahaiie _wlul
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Bending Stresses tas louiis
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Bending Stresses tas louiis

LS)M?)QQW@J&MA6)WJ¢GMBOML§)l>é‘QMJ5u"—)J‘)Q45L§J§.J
995 00 o0l « M« Plastic Moment
M,=ZF,
Z = Plastic Section Modulus = ¢ ;a5 alaio ulul
g, 00 0dwels Shape Factor sl co po ks K @ (6 pod K S
M,/M,=ZF,/SF,=7Z/S
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Plastic Hinge & oo Juato

5 g )5 55 ot s o o5 55 5 5 e ke ST (g
ok oS 4y 55 phate (25 6 0 D Ga, bl (2 a8 Gralisl T o
°M)@‘My‘mu1id‘\z’u;¢“5)id
Gy 5 03900 s 45 950 15 5l (6,500 ()5 slo)B Gl dame a8l L
g B8 S8 s Slaor S alaie ) 6,500 bl 4 5 (i
Sz @iy Slas S ahaie o 50 A3 sla b oL Glisl (b o
Geb 6 pem Jata g 00l (5 > ghaiia ()] 10 & pes gl S aSLI B g oo
Dgds oo low! S

P
W shape l _ Plastic hinge

A j\‘Area of yielding -
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Plastic & oo Juato
Hinge

1 ko C)Mk’li..uséjaf)b Wg&@ﬁow Syl =l Job
g 0l (6 et Caownd Job ol Ldatis adade S g 009 35 pede 00)lg L S
sy o0 5 alas Jsb VY o
g dales 5 ailas Job V A 4 5
S9b 00 2R (Jy Whor iS5 ailes Sl Jsb o (e Jate Slax S
Aol alils 09z g 3 5l adade U jo Ladd ads (pl aS

Pu .W‘

W shape \ Plastic hinge

; "\ 18
A1 *Area of yielding
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The Plastic Modulus & g 2daia ol

ol 2Ol 5 Ghey 59 51 (S ar e My ieples ;S il
=) gt bl ) weles 25 o palol> |
M, =F,S =F, I/c=F,bd%6
(35 o o S a3k ;3 TLC G palals) 5 IS 5o (L3 polie S alona L
M, = (F, bd/4) (2d/3) = F, bd?/6

Fy |

¥ - T colpd, Bbd
) -f~f~ 2R Ty
d *-—-—71 24

d —L

7 sdsd HF}.bd
l B | T~2F)’2b- 4

- F,
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The Plastic Modulus

ool AL plp S (Sl jlae el Djg0 0 a5 ) My (6 e S il
3565 o ol o35 s e b & (St 55 My
M,=M,=Td/2=Cd/2=(F,bd/2)(d/2)=F, bd?/4

My=F,Z= ol 5% 5 pes ahaie (olul

Z = bd?/4

F,

; .
5 *—TC=F)-2-Z)
Y d
.

> T=p 4
5 '»—[’—F}.,)b
Y
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The Modulus Plastic & g 2daio ol

PG e 03gdwe ) JiS U e all adls SlEe Kb adade a5 g0 jo LS
Dg dlem gudnie el | cogase o s U e
Cot prdanw a5 0 dx g ATl A Al (6 e 00game jo JiS U fore i o
bocwl Bl ddaies adaie sl (shape factor) o o o
2
M, RZ_Zz _bd/4_,
—— M, ES S bd’/6
gblic sl 0,5 et 358 Ghoy wboln Ol 5 1) ablie glgl )00 sl IS4 s
Dpalyx 1.2 611 o IS T ablie sl 9 1.7 o] Jlode Ko sl o plo
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V= A Jlo
5 3.6 mj::&;mofﬁ,,\,_;fwbz,Mngv polee 2 J&ié:\'}éﬁ:‘_g\ﬂ

58 el L) 55 03 7Sl 5 JSB oy i AL F, = 2333 kg/em? 5Y g o5 25
.sﬁw@\QTMQ)JG

r—ZO cm —= —

=
w, Kg/m
— Y,
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H
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..3}

LSl b
A=20x4+ 16 x 5 = 160 cm?
s 80 x 2 + 80 x 12.0 — 7 em N,
160
I = (20 x 2033 = 15 x 16%/3) = (20 - 7.0)%(160) = 5813 cm*
Sin = é = -é%g—gij— = 447 cm’

447
A/[ =F Smin =: 2333 ¥ W = 10429 mkg
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13 530G el Hb s (B B e b

7 =80 x 2 + 80 x 8 = 800 cm?

I

n

5 800 _
M F}.Z = 2333 % - 18664 m kg

M, Z _ 18664 _
P 2 = Ly =2 =.1.79
o s M, - S~ 10429

wfl L2 o
M, = 2 =
8 x 18664
= — = 11520 kg/m
" 3.62 B
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e b o3l 4o —(Cusl) ol y5 5l
The Collapse Mechanism

4 O ey 90k Gl L ol 18 ailes Jawg 40 55 e by Cod a5 (sl eolus 53 50
Hbl o3l g 00 slol (b p3) ST K adaie 48 (G e Jaie P b5l

30,5 oo

09y u\b‘,}
P

707, 77,
(a)
P,
Real hinge — l — Real hinge
Plastic hinge
(b)
0yl il
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crarals gl o3l 40 — ol 5 05l

777

Uit

Plastic hinges
(b)

— "3

L

77,

(a)
Py

Plastic h A

(b)
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stress

s eming
Plasticity gtﬁ{mhmd
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E!asricity
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Lo o5l (6o Judoi sy (s5lme LIS b,
The Virtual —work Method

sl H18 055 Lied Cod )b i 4 ()b Cod ojlw 0ed 0 (2,8 Tal (g, ! o

il

b (Szes SBLal (B i ool 2l Jb Cod il 905 (o0 (B8 g

Y WP K JURT N WEY-9
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Example 1: Uniformly loaded fixed-ended beam

Urmia University, M. Sheidaii
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Example 2:

Urmia University, M. Sheidaii

Propped cantilever beam

- 06P,
NIRLL l 10 ft l 10 ft
(a)
Real hinge
/
\ op / M, (56) = (0.6P,)(208) + (P,)(100)
" 2091 9 M, = 4.4P,
0 ' \30 | P, = 0227M,
<
(b)
Real hinge
/
y T 1 M, (40) = (0.6P,)(106) + (P,)(206)
6 200 g My=65P,
30 P, = 0.154M, ——
(c)
Real hinge
' /
o ‘ M, (38) = (P,)(100)
. 100 o  M,=333P,
20 P, =0.3M,
(d)
Real hinge
\
‘ M, (30) = (0.6P,)(108) + (P,)(108)
M, =533P,
e
N P, = 0.1875M,
=
> 9 31
87
(e)
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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:

= 9) = (w,L)(8)(L - x)G).

Solving this equation for M, taking dM,/dx = 0, the value of x can be calculated
to equal 0.414 L. 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.

ﬂh<9+-6+

A w,, kift
% S S A O O N OO A NN N NN RO NNENSONNINN
7/ ' %
< 7 >
()
— -L_ n'[n
A 7 Gt ST
> "
-~ oy
el S
P
M,| 7 e x "
(b)
ke L;xgg
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<

=

74
A

N w, ki/ft
% R TR RS NSRORISNAOONNNA]
A
R - b T
< L
(a)
N 0.5866L /14148

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

procedure.

M,(8 + 2.4146) = (w,,L)(O.5866L)(%)

M, = 0.0858w,L?
M,
w, = 11.65 —=

LZ
Urmia University, M. Sheidaii
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Continuous Beams (0 53§ yool pos (5 3
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5005 ailas S sla s o] Jlesl aiile (g sl s Glo s 2 (6 e Jedod Jlosl Lo
S5l Slawlows pox g Slaiz 50 ledilas olasy il 58l

s alllaz jsb 4y g5lme [ gy Sl (BB (6l Sy (6 e o (6
Do Jel 5 slaaslas 5l SO

i) e 2 5555 e oS ol S o3l sl gurones S
D9 5 I\/Ip Hlade (5 5
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T

ANNNN

M, = F,Z = 2333(1308) 10~* = 305 kN m
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M!JH‘}}Léﬁjﬁuéjlﬁéijbcﬁ&rﬁ\gﬂil

\\ —1.4144
£y

4

)

*4149 '

ir-2.98 +— 422 —t= 4.5 J*— 4.5

- alas ¢l
(M,)(3.4148) = (720 wn)(%)(dﬁﬂ )

w, =225 x 107 M, = 2.25 x 107> (305 x 10*) = 68.6 kg/cm

Il

M, (46) = (900 wn)(%)(axso )

w, = 198 x 1075 M, = 1.98 x 10~3(305 x 10%) = 60.4 kg/em »
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Building Frames ol slels

el oozl LB Lo 5 (ygmmen 5 Ll sl (s5lme LIS s,
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Example : Possible mechanisms for a portal frame

P,
0.6 P | , \ (200 /
-y T g N g
20 ft
; é 7/ : é /
<~ 20 ft —»L— 20 ft (P,)(206) = M,(40)
e 40 ft ———> Po = %M"
{a) Frame and loads (b) Beam mechanism
200 200
[ Al N 4200 ¢
(0.6 P,)(208) = M,(26) (0.6 P,)(206) + (P,)(200) = M,(406)
P, = %Af[,, P, = -é—M,, R
(c) Sidesway mechanism (d) Combined beam and sidesway

mechanism

J &
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Syl oy (b o S @i b
Moment Redistribution in Design of Continuous Beams
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algs 3929 00,lg adlal o)l 5l Jol> S 25e55L Sl all o955
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208 o bl Jdog jo 050 iz Nes b S (6 e 25k 0

75 =l b 5 S @il 5l (56 Shlpe 5l gaime e Il Sl ol
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Syl oy (b o S @i b
Moment Redistribution in Design of Continuous Beams
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Syl oy (b o S @i b
Moment Redistribution in Design of Continuous Beams
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Syl oy (b o S @i b
Moment Redistribution in Design of Continuous Beams
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6 5270 1414

0\ [ 8 I’}
250 Lol { oy N\___{ iy Jass
K .ba
» 20 2.4146

527¢ J 373 J
| L

. 1
M, 46 = (9 wu)(i—)(4.5 6) + P.(4.56)

Jl¥s | M, = 5063w, + 1125P,

M, = 5.063(8900) + 1.125(22250)

u

M, = 70092 kg m

" u
[ M, @) = 12 wu)(%—)(ﬁs‘)
sty M, = 9w, = 9(8900)
M, = 80100 kg m

17

M, = (34146) = (9 wu)(-%-)(s.m 6)
M, = 695 w, = 6.95(8900)

M, = 61855 kg m
M, 8010000 3
; = L = = 3815 cm
V2= F, T 0om)
IPB 45 u& s
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Design of BE A M S for
Flexure
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Lateral-Torsional Buckling (LTB) of Beams
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BEAMS SUPFORTIING A CONCRETE SLAS:
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Local Buckling of Compression Flange
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TABLE B4.1

Limiting Width-Thickness Ratlos for
Compression Elements

TABLE B4.1 (cont.)
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Beams Design Flexural Strength
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ki
o ey
T_ Table 1-1 (continued)
R W Shapes
’-—--.—
; Dimensions
bf k
A Depth Web Flange Distance
rea e
) d : : : Work-
Shape a 4 Thickness, | 4, | Width, | Thickness, k & | 7| able
‘w 2 bf tf km ku“ Gage
in.2 in. in, in. in. in. in. [ in. | in. | in. | in.
W14x132 | 38.8 |14.7 |145/5|0.645| 5/3 | %6 [14.7 [ 14%a11.03 |1 1.63 |25 |1%6 | 10 | 5%
x120 | 35.3 |14.5 |14'2|0.590| %16 | 36 [14.7 | 14%8]0.940| 5/s| 1.54 |2Va (112
x109 | 32.0 [14.3 |14%8)0525( 2 | Va |14.6 [14%|0.860| 7/ [1.46 (236 |12
x99 29.1 |14.2 [14'8]0.485| Y2 | Y4 |14.6 | 14%|0.780| ¥4 |1.38 [2V16 [17/16
90" | 26.5 |14.0 [14 |0.440| The | Ve [14.5 | 142 |0.710] e[ 1.31 |2 176
W14x82 24.0 |14.3 |14'4|0.510] /2 | Ya {101 |10Ys [0.855| 7/s |1.45 |1"'he| 1" [107/s| 5%
=74 21.8 |14.2 |14%8|0.450] s | Ya |10.1 | 10Ve |0.785| 3hs|1.38 [15/8 |1V16
68 20.0 |14.0 [14 |0.415) "he | Y& [10.0 |10 |0.720] 3/s |1.31 [1%e |1hs
61 17.9 |13.9 |13780.375| 3s | %16 [10.0 110 [0.645) %8 |1.24 |12 |1
W14x53 15.6 [13.9 [137|0.370| 3/s | 3e | 8.06|8 0.660| Mhe{1.25 |12 |1 10%) 52
x48 14.1 |13.8 [13%4|0.340| 56 | 36 | 8.03|8 0.595| 56 11.19 |17 |1 + *
x43° | 12.6 [13.7 |13%8(0.305| 516 | %16 | 8.00,8 0.530{ Y2 |1.12 |13 |1
W14x38° | 11.2 [14.1 [14'%(0.310] 56 | 316 | 6.77) 6% |0.515| Vo |0.915[1Vs | 13/15|115/8| 3Y28
%x34° | 10.0 |14.0 |14 |0.285| 56 | %16 | 6.75/ 6% |0.455| "he | 0.855[1%16 | ¥a * 32
x30° 8.85/13.8 |137/s| 0.270 1/4. Yo | 6.73/ 6% {0.385| 38 0.785|1Ys | ¥ 32
Wi4x26° 7.69/13.9 |137/8}0.255 7/« s | 5.03/5 0.420| 7s | 0.820({1%8 | 3/a |115/s| 23/s8
x22° | 6.49[137 [13%40.230| Y« | Yo | 5005 [0.335| 56 |0.735| Vs | 3 [11%a] 239
W12x336" | 98.8 |16.8 |167/a|1.78 [13/s | /s [13.4 |13%8|2.96 |2'54s|3.55 |37 |1'V4s| O%s | 5%
x305" | 89.6 [16.3 [16%6/1.63 |15/ | "¥15(13.2 |13V [2.71 |2V15]3.30 |35/8 |15/
x279" | 81.9 [15.9 [1575|1.53 |1V | 344 |13.1 |13Ye (2.47 |2V2 [3.07 |3%: |15/
%x252" | 74.0 [15.4 [15%|1.40 |13 | "46(|13.0 (13 |2.25 |2Vs (2.85 |3%e |1
%2307 | 67.7 |15.1 |15 [1.29 (15 | Vs|12.9 | 1278 [2.07 |26 | 2.67 |2'%hs) 12
x210 | 61.8 [14.7 |14%4[1.18 1346 | 5/a [12.8 [12%4(1.90 |17s |2.50 (2136|1716
x190 | 55.8 [14.4 |14%8|1.06 |16 | %16 |12.7 | 1258 |1.74 |13/s |2.33 |2% |13
x170 | 50.0 [14.0 |14 [0.960| 'She] Y2 [12.6 |12%8|1.56 {1%he |2.16 |27hs | 1516
x152 | 44.7 (13.7 |13%4|0.870| s | 716 |12.5 |12V2|1.40 (138 |2.00 |251s | 1V/a
x136 | 39.9 (13.4 |13%s0.790| %15 /e (12.4 [12%/a|1.25 |14 [1.85 |2Vs |1Va
x120 | 35.3 [13.1 [13Y{0.710| Yhe| 38 [12.3 [12%s|1.11 |18 [1.70 |2 1%18
x106 | 31.2 ]12.9 [127/6(0.610| 5/ | She [12.2 |12Va | 0.990|1 1.59 (178 |1s
x96 28.2 [12.7 [12%/40.550| ¥ | She [12.2 [12%5|0.900| /s [1.50 |1'3/16|1Vs
=87 25.6 |12.5 [12%2(0.515) Yz | Va |12.1 [12Ys |0.810] 3e|1.41 [11V6| 1716
x79 23.2 [12.4 (12%/0.470) Y2 | Va |12.1 [12Y80.735] %4 [1.33 |15/ |1Ve
%72 21.1 [12.3 (12'4(0.430| 6 | Ya [12.0 |12 0.670| 6| 1.27 |1%15 | 116
x65" | 19.1 [12.1 [12vs[0.390] ¥s | 36 [12.0 (12 [0.605] % {1.20 [1%2 |1 Yi y

¢ Shape is slender for compression with £, = 50 ksi.
T 'Shape exceeds compact limit for flexure with £, = 50 ksi.
9 The actual size, combination, and orientation of fastener components should be compared with the geometry of the cross-section

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

Table 1-1 (continued)
W Shapes

Properties
W14 - W12
Gompact Torsional
Nom-| Section Axis X-X Axis ¥-Y Properties
inal | criteria Is | ho
Wt J Cw
NN s [ r]| z I [ slr] 2z
| 26 | & | in® | ind lin [ in3 | int | in® | in. | in3 | in. | in in in.®
132| 7.15(17.7 | 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 67.5 | 3.74 102 420(13.5 937 22700
109 | 8.49|21.7 | 1240 | 173 6.22| 192 447 61.2 373} 927 | 417|135 712 20200
99| 9.34({235 | 1110 | 157 6.17| 173 402 55.2 | 371 836 | 414134 5.37 18000
90(10.2 (259 | 999 | 143 6.14| 157 362 499 (3.70| 756 | 4.11(13.3 4.06 16000
82| 592|224 | 881 | 123 6.05 139 148 293 [248) 448 | 2.85/13.5 5.07 6710
74| 641|254 795 | 112 6.04| 126 134 26.6 | 2.48| 40.5 | 282|134 3.87 5990
68| 697|275 | 722 | 103 6.01 115 121 242 (246 369 | 280|133 3.01 5380
61| 7.75/304 | 640 92.1 | 5.98| 102 107 215 | 245 328 | 278|13.2 219 4710
53| 6.11|309 | 541 778 | 5.89] 87.1 577 | 143 [1.92| 220 | 222(13.3 1.94 2540
48| 6.75(33.6 | 484 702 | 585 784 | 514|128 |1.91| 196 | 220|13.2 145 2240
43| 754|374 | 428 626 | 582 696 | 452 | 11.3 |1.89| 17.3 | 2.18{13.1 1.05 1950
38| 657|396 | 385 546 | 5.87| 615 | 267 | 7.88/1.55| 12.1 | 1.82|13.6 0.798 1230
34| 7.41(431 340 48.6 | 5.83| 546 | 233 6.91|1.53| 106 | 1.80|135 0.569 1070
30| 8.74/454 | 291 420 | 573| 473 | 196 | 582/ 1.49| B899 1.77(13.5 0.380 887
26| 5.98/48.1 245 35.3 | 5.65| 40.2 891| 3.55(1.08| b5.54| 1.31|135 0.358 405
22| 746|533 | 199 29.0 | 5.54| 332 700/ 2.80(1.04( 4.39 127(134 0.208 314
336 | 2.26| 547 4060 | 483 6.41| 603 (1190 (177 | 3.47|274 4.13{13.9 | 243 57000
305| 2.45| 5.98| 3550 | 435 6.29| 537 [1050 159 |3.42)244 405|13.6 | 185 48600
279| 2.66 6.35) 3110 | 393 6.16| 481 937 143 [3.38]220 400({13.4 | 143 42000
252 | 2.89| 6.96| 2720 | 353 6.06| 428 828 127 (334|119 393113.2 | 108 35800
230 | 3.11| 7.56| 2420 | 321 5.97| 386 742 115 331|177 3.87(13.0 83.8 31200
210 | 3.37| 8.23| 2140 | 292 5.89| 348 664 |104 3.28 159 3.82|112.8 64.7 27200
190 | 3.65| 9.16| 1890 | 263 5.82| 311 589 93.0 | 3.25|143 376(126 | 488 23600
170 4.03/10.1 | 1650 | 235 5.74| 275 517 82.3 |3.22 (126 371|125 | 356 20100
152 4.46/11.2 | 1430 | 209 5.66| 243 454 728 319 (111 366(123 | 258 17200
136 | 4.96|12.3 | 1240 | 186 5.58| 214 398 642 13.16| 98.0 | 361|122 | 185 14700
120 | 5.57{13.7 | 1070 | 163 5.51| 186 345 56.0 | 3.13| 85.4 | 3.56/|12.0 129 12400
106 | 6.17{15.9 933 | 145 5.47| 164 301 493 |311| 75.1 | 352|119 913 10700
96| 6.76|17.7 | 833 | 131 5.44| 147 270 444 13.09| 67.5 | 3.49(11.8 6.85 9410
87| 7.48/189 | 740 | 118 5.38| 132 241 39.7 | 3.07| 60.4 | 3.46|11.7 5.10 8270
79| 8.22/20.7 | 662 | 107 5.34| 119 216 358 | 3.05( 54.3 | 343|116 3.84 7330
72| 8.99/22.6 597 97.4 | 5.31| 108 195 324 |3.04| 49.2 | 340|116 293 6540
65| 9.92(24.9 533 879 | 528 9658 | 174 291 1 3.02| 441 | 338/11.5 218 5780
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Lateral Support of Beams b, sl 5asS
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Lateral Support of Beams b, sl 5asS
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Modification Factor for Non uniform Moment
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Modification Factor for Non uniform Moment
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12.5M,..
C), = R, < 3.0 (F1-1)
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Strength of Unbraced Beams
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Effect of Unbraced Length

Unbraced length, =~ Nominal moment Beam behavior

Lp capacity, Mn

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 My Elastic [TB.

Ly = Lp None of the steel is yielding,

Urmia University, M. Sheidaii

the beam strength is controlled by
lateral-torsional buckling.
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Effect of Unbraced Length

M,
M,
Compact
shapes
M.}
L, L, L,
No Inelasti(i ‘Elastic
instability | LTB ' LTB
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Effect of Unbraced Length
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Effect of Unbraced Length
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Effect of Moment Gradient
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a) When L <L/ , NoLTB (Zonel)

M,=M,=F,Z, (F2-1)

b) When L <L, <L, , Inelastic LTB (Zonell)

. Lb — Lp _
M,=Cp|M,—M,—=0TF,SH)|——— || <M, (F2-2)
: L,—-L,
¢c) When L <L, , Elastic LTB ( Zone III )
M,=F.,S. <M, (F2-3)
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Design Charts g b . logas

el B Table 3-10 (continued) | Lﬁ‘)b LSL'Q’)‘“)W b—“"ﬂ’ WL‘-A {’:LU’-Q &4 uL?f.u‘ 61).3
W Shapes Cb;él.() &S Syge o ad) Mu o Lb il b el

Available Moment' vs. Unbraced Length
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Table 3-2 (continued)

55 Pl Jala

F, = 50 ksi W Shapes 2:
Selection by Z, X
z Mmj Qh q’bMpx Mnj Qb ¢an( BF L L ] vnxl Qv ¢v vnx
Shape * | kip-ft | kip-ft | kip-ft | kip-ft | kips | kips P r * | kips | kips
in3 | ASD | LRFD | ASD | LRFD | ASD | LRFD | ft ft in® | ASD | LRFD
W21x55 126 | 314 | 473 | 192 | 289 | 108 | 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 | 182 | 984 | 151 | 227
W12x79 119 297 | 446 | 187 281 | 377 | 567 | 108 | 39.9 662 | 116 175
W14x68 115 287 | 431 180 | 270 | 520 | 7.81 | 8.69 | 29.3 722 | 117 175
W10x88 113 282 | 424 | 172 259 | 263 | 3.95 | 9.29 | 51.1 534 | 131 197
W18x55 112 279 | 420 | 172 | 258 | 926 | 13.9 | 590 | 17.5 890 | 141 212
W21x50 110 | 274 | 413 | 165 | 248 | 122 | 183 | 459 | 13.6 984 | 158 | 237
W12x72 108 269 | 405 170 | 256 | 372 | 559 | 10.7 | 37.4 597 | 105 158
W21x48 107 | 265 | 398 | 162 | 244 | 978 | 147 | 6.09 | 16.6 959 | 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 | 27.5 640 | 104 156
W18x50 101 | 252 | 379 | 155 | 233 | 869 | 13.1 | 583 | 17.0 | 800 | 128 | 192
W10x77 97.6 | 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 | 351 533 | 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 85.3 | 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 | 449 | 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 8_5.8 129
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 701 175 | 263 | 105 159 | 1.73 | 2.60 | 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 | 337 303 | 747 | 112
ASD LRFD | ' Shape exceeds compact limit for flexure with £, = 50 ksi.
Q,=167 | 0,=090
Q,=150| ¢,=1.00
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Sl 5o Jgazo TPE glolia (gl 5s5 (oo Jolo

¢,=09 F-_nnt 8, =09 F 20088 | #=09 F —3po0te | —
e SR S OR
IPE L, | M, | oM, | L, | L | gFr |aM, | oM, | L, | L | gF | &M, | M, | L, L | BF
{_-1”3 f.m f.m m m f f.m f.m Ly M f f.m f.m m n f

il 232 | 0487 [ 0294 [ 054 | 298 [ 0079 0501 | 0302 | 053 ) 290 [ 0084 | 0e26 | 0378 | 048 235 [ 0133
100 394 | 0827 | 0503 | 064 [ 305 | 0134 ] 0851 | 0517 | 0.3 | 297 | 0,143 | 1064 | Deds | 056 242 | 0,225
120 &8 L2779 | 0779 | 075 | 328 [ 0.197 | 1313 | 0801 | 0.74 | 320 [ 0.208 | 1642 | 1.002 | (.66 263 | 0.325
140 BE.4 1.856 | 1136 | 0.85 | 354 [0.268 | 1.909 | 11859 | 0.84 | 345 [0.284 ) 23587 | 1461 | 075 285 [ 0441
160 | 1238 | 2599 | 1a02 | 095|373 | 0359 2674 | 1.e48 | 093 | 364 | 0379 ] 3343 | 2,060 | 0.54 302 | 0.589
180 | lead | 3494 | 2148 | 106 | 405 | 0.451 | 3.504 [ 2208 | 1.04 | 396 | 0.475] 4.493 | 2750 | 0.93 330 [ 0732
200 220 4619 [ 2851 [ 115 | 424 | 0572 | 4752 | 2933 | 1.14 | 414 [ 0606 | 5940 | 3667 | 102 347 [ 0.928
220 286 6005 [ 3704 [ 128 | 462 | 0680 | 6178 | 3810 | 1.26 | 452 [0.726 | 7.722 | 4763 | L13 380 | 1108
240 366 1685 [ 4762 [ 139 | 400 | 0.833 ] 7906 | 4899 | 137 | 479 [0.870 ] 9882 | £124 | 122 4.03 | 1.337
270 478 | 10,037 | 6305 | 1.56 | 528 [ 1003 | 10325 | A 486 | 1.53 | 516 [ 1.058 | 12906 | 8108 | 137 438 | 1.594
300 628 | 13186 | 8187 | L.73 | 571 | 1.256 | 13.565 | 5422 | 1.70 | 560 [ 1.319 | 16956 | 10.527 | 1.52 476 | 1.984
330 804 | 16582 | 10.480 | 1.83 | 595 [ 1.554 | 17.365 | 10.781 | 1.80 | 583 [ 1634 | 21708 | 13476 | Llsl 4.97 | 2.450

360 1020 | 20417 | 13287 | 1.95 | 638 | 1.835 | 22,032 | 13668 | 193 [ 625 (1936 | 27540 | 17.085 | 1.72 533 | 2.8%
400 1308 | 27464 | 17.050 | 204 [ 653 | 2319 | 28253 | 17.539 [ 2.00 | 639 [ 2.446 | 35316 | 21,924 1.79 547 | Ae39
450 1698 | 35653 | 22047 | 212 [ 678 | 2920 | 36,677 | 22,680 | 2.09 | 654 | 3.076 | 45846 | 28350 [ 1.87 570 | 4.588
500 2200 | 46,193 | 28367 [ 222 | 7.08 | 3668 | 47.520 | 29,182 [ 2,19 | 694 [ 3.861 | 59400 | 36477 | 1.94 598 | 5731
550 2180 | 58372 | 358a3 [ 229 | 731 | 4484 | 60048 | 36,893 [ 2.26 | 716 [ 4726 | 75060 | 46116 | 2.02 616 | 6.991
600 3520 | 73909 | 45123 [ 240 | 771 | 5421 | 76032 | 46 418 | 2,37 | 7.56 [ 5.706 | 95040 | 58,023 [ 212 649 | 8471

According to LEFD 2005

IrL,<L,<L,

gM =C oM —igM_ —gM i LoL =g M

L -L

-
;

Or

oM, =C,[gM, —BF(L,—L,)]<aM,

Urmia University, M. Sheidaii
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Sl 5o Jgazo TPB glolia (gl 5s5 (o>1sbo Jolo

=09 F_ 3333’*#\'.(_”, =09 F 340-?-’*%{@1 @ =09 F =3000%8 -

aM_ | oM, | L, - | M, | eM, | L, | L - | e, | aM, | L, | L .

IPB Z M WM, L BF WM ; BF WM, : , BF
{_-”r"' r.m . i L f . . L i f . . e i f

100 | 1042 | 2088 | 1.323 | 1.30 | 10.36 | 0.095 | 2.251 | 1361 |1.29 [ 10.08 | 0.101 | 2813 | 1701 | 1.15 | 8.08 | 0.160
120 165.2 3469 2116 1.58 | 11.30 | 0.139 3.568 2177 1.55 | 1099 | 0,147 4. 460 2722 1.39 | B.82 | 0.234
140 246 5.165 3175 1.84 | 12,19 | 0,192 5.314 3.266 1.82 | 11.86 | 0.204 6,642 4,082 1.63 | 953 | 0324
160 354 7.433 4,571 20911312 | 0.259 7.646 4702 [ 206 | 1277 | 0275 9,558 5.878 1.84 | 10,28 | 0.436
180 482 10,121 6.261 235 | 14,08 | 0,329 10411 &.441 232 | 1269 | 0,349 13.014 8.051 2,08 | 11.04 | 0.554
200 642 13,480 82,378 261 | 1492 | 0.414 13,867 8618 [ 258 | 1452 0.440 17.334 10,773 | 230 | 11.72 | 0.896
220 828 17.386 10,818 | 2,88 | 1592 [ 0.504 17.885 11128 | 2.84 | 1549 0.534 | 22.356 13910 | 254 | 12,52 | 0.846
240 1054 | 22131 13787 | 3.13 | 1684 | 0.609 22.766 14183 | 3.09 | 1638 | O.6da | 28.458 17728 | 276 | 1325 | 1.023
260 1282 26.918 16903 | 3,39 | 17.08 | 0.732 27.691 17388 | 334 | 1663 | 0775 | 34614 | 21.735 | 299 | 1348 | 1.228
280 1534 | 32,209 200283 | 3.65 | 17.62 | 0854 | 33134 | 20866 [ 360 | 17.16 [ Q905 | 41418 | 26082 | 3,22 [ 1395 | 1.429

300 1868 | 39222 | 24692 | 391 | 1853 | 0,994 | 40,349 | 25402 [ 3.85 [ 1805 | 1.053 | 50436 | 31.752 | 344 | 1468 | l.ea2
320 2140 | 44934 | 28387 | 3.90 | 1872 | 1118 | 46224 | 29,182 | 3.85 | 18.23 | L.185 | 57.780 | 36.477 | 344 [ 1482 ) 1.872
340 2400 | 50393 | 31,747 | 388 | 1848 | 1.277 | 51.840 | 32,659 | 3.83 [ 18.00 | 1.354 | &4.800 | 40.824 | 3.42 | 1464 | 2137
360 2680 | 56.272 35275 | 3.86 | 1826 | 1.458 | 57.888 | 36288 | 3.81 | 1778 | L54a | 72360 | 45360 | 3.40 [ 1448 | 2.437
400 3240 ) 68030 | 42330 [ 3.81 | 17.54 | 1.872 | &9.9584 | 43546 | 376 | 17.09 | 1,983 | SB7.480 [ 54432 | 336 | 1394 | 3124
450 3980 | 83568 | 52178 | 378 | 1680 [ 2.411 85968 | 53676 | 372 | 1637 | 2553 | 107460 | 67.095 [ 333 | 13,40 | 4.008
500 4820 | 101,206 | 63.054 | 3.75 | 16.23 | 3.057 | 104.112 | 64865 | 3.69 | 1582 | 3.236 | 130.140 | 81.081 [ 3,30 | 12,98 | 508
550 5600 | 117.583 | 73.049 [ 3.69 | 1531 [ 3833 | 120950 | 75.146 | 364 [ 1493 | 4058 | 1501200 [ 93933 | 3.26 | 12.31 | 6328
GO0 G420 | 134,801 | 83778 | 3.65 | 14.55 | 4681 | 138672 | Bal84 | 3.60 | 1420 4952 | 173340 | 107.730 | 3,22 [ 1175 7.692
650 T320 | 153,698 | 95242 | 3.60 | 13,93 | 5659 | 158112 ) 97978 [ 355 [ 1360 | 5983 1197640 | 122472 [ 318 | 11.31 | 9.246
700 B320 | 174695 | 107.883 | 3.54 | 1341 | 6769 | 179712 | 110,981 | 3.49 [ 13,10 | 7.152 | 224,640 | 138,726 | 312 | 1093 | 11.001
800 [ 10220 | 214.589 [ 131987 | 3.44 | 1228 | 9344 | 220752 | 135778 [ 330 [ 1201 | 9.858 | 2750940 | 169722 | 3.04 | 1012 | 15.003
OO0 [ 12580 | 264142 [ 161,383 | 3.36 | 11.73 207 1271728 [ 166018 | 3.32 | 11.48 2955 | 339.660 | 207.522 | 297 | 973 | 19547
1000 | 1480 | 312,015 | 189456 [ 3.29 | 1111 [ 15673 | 320,976 | 194,897 | 3.24 | 1088 | 16502 | 401.220 | 243,621 | 290 | 928 | 24,702
According to LRFD 2005

IrL, <L,<L

L —L_
aM =C, |aM, —(dM_ —oM —F)|=dM_
| 1 I Y o

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 simple span of 35 feet. Limat the member to a
maximum nominal depth of 18 in. Limat 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

is continuously braced.

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

wp = 0.45 kip/ft
w; = 0.75 kipft
Y [ 1
3o ft ¥
Beam Loading & Bracing Diagram
(full lateral suppont)
Solution:
Material Properties:
ASTM A992 F,=50kst F,=65ks1
Calculate the required flexural strength
LEYD ASD
w, = 1.2(0.450 kip/ft) +1.6 (0.750 kip/ft) W, = 0450 kip/ft = 0.750 kip/ft
=1.74 kip'fi =120 kip/fi
1. 74kip/ft(35.0 fi ]] _ 1.20kip/ft(35.0 ft]z _
M, = E‘ = 266 kap-ft M,= 2 = 184 kip-ft

Urmia University, M. Sheidaii
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Calculare the required moment of inertia for live-load deflection criterion of L/360

L 350f(12in/f)
360 360

=117 1m.

swi* 5(0.750 kip/f)(35.0 f)* (12 . /f)’
IB4EA,_ 384 (29.000 ks1)(1.17in.)

Lirogas = =748 in*

Select a W18x30 from Table 3-2

Per the User Note in Section F2_ the section 1s compact. Since the beam is continuously
braced and compact, only the vielding limit state applies.

LRFD ASD

M M

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

& b

=252kip-ft = 184 kip-ft ok

L=800in">748in" ok

Urmia University, M. Sheidaii
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Ivlanual
Table 3-23
Diagram 1

Ivlanual
Table 3-2

Ivlanual
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 applying the requirements of the AISC
Specification directly.

Solution:

Material Properties:
ASTM A992 Fy,=50ksa F,=065kst

Geometric Properties:
W18x50 Z,=101 1’

Reguired strength from Example F.1-1a

LEFD ASD

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

Calculate the nominal flexural strength, M,

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

My=M,=F,Z.= 50 ksi{lDl i11.3j = 5050 kip-in. or 421 kip-ft

Calculate the available flexural strength

LEFD ASD
s =0.90 0, =167
¢ M,y = 0.90(421 kip-ft) M, 10, = (421 kip-ft) /1.67
=379 kaip-ft =266 kip-ft ok =252 kip-ft = 184 kip-ft ok

Urmia University, M. Sheidaii

www.JozveKade.com

MManual
Table 2-3

MManual
Table 1-1

Eqn. F2-1

Section F1
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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 Kip/ft
w, = 0.75 Kip/ft

i

351

)

Solution:

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

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

LEFD

ASD

My =266 kip-ft

My;=184 kip-fi

I = 35.04t

o

=11.74t

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

adjustment in this case.

Obrain the available stremgth firom 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 A 302 kip-ft = 266 kip-ft o

M,

= 200 kip-ft = 184 lup-ft ok

=k

www.JozveKade.com

Manual
Table 3-1

Manual

Takle 3-10
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Example F.1-2b  W-Shape Flexural Member Design in Strong-
Axis Bending, Braced at Third Points

Given:

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

Solution:

Material Properties: MWlanual
ASTM A992 F,=50ksa1 F, =65 kst Tahle 2-3

Geometric Properties: ) Mlanual
W18:x50 S5;=889imn’ Table 1-1

Required strength from Example F.1-2a

LEFD ASD

M, = 266 kip-ft

M, =184 kip-ft

Urmia University, M. Sheidaii
51
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Calculate 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,,
Cp= = il R <30
2.5M,  +3M ,+4M, +3M,

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: My = 1.00, M, = 0972 Mz=1.00, M
=0972.

Ry = 1.0 for doubly-symmetric members

12.5(1.00) o
C=——r — _ -(1.0)=1.01
2.5(1.00)+3(0.972)+4(1.00)+3(0.972) "

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: M. = 0.889 M, = 0306, Mz =0.556, and
M-=10.750.

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

Urmia University, M. Sheidaii
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Eqn. F1-1
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Thus, the center span, with the higher requuired strength and lower Gy, will govern.

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

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

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

M, = Cﬁ;d £, (M, —D_?FQS:J‘

L,-1L, | < M
L-L,f| ¢

I . ¢ . , i e[ 11.7R—5.83ft )
M,=1.01 5050kip-in. —(5050kip-in —0.7(50ks1)(88.9in" | || m |
K . Y ) -5 t II

< 5050kip-n.
= 4070 kip-in. or 339 kip-ft

Calculare the available flexural strength

LRFD ASD
s =090 0, =1.67
by M, = 0.90(339 kip-ft) M, /0y = (339 kip-ft) /1.67
=305 kip-ft =266 kip-ft ok =203 kip-ft = 184 kip-ft ok

Urmia University, M. Sheidaii

www.JozveKade.com

Ilanual
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:
Verify the strength of the W18:x<50 beam selected in Example F.1-1a if the beam is braced at

the ends and center point rather than continuously braced.

wp = 0.45 Kipfft
w,= 075 ki

351

’(

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
":.
L= S‘fﬁ _17.5#

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
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Ivlanual
Table 3-1
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Procedure 4.

Awailable moments from the sloped and curved portions of the plots in from Manual Table 3-
10 may be multiplied by C;, but may not exceed the value of the horizontal portion (§M, for

LRFD. M,/ for ASD).

Obtain the available strength of a WI18x50 with an unbraced length of 17.5 ft firom Manual

Table 3-10

Enter Table 3-10 and find the intersection of the curve for the WI18:x50 with an unbraced
length of 17.5ft Obtain the available strength from the appropniate vertical scale to the left.

LEFD

ASD

duM,, = 222 kip-ft
My =~ 379 kip-ft (upper limit on CpM,)

Adjust for Cy

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

M, /0y = 147 kip-ft
M, [ Qp = 252 kip-ft (upper limit on Cypld,,)

Adjust for Cy

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

Check Limit

288 kip-ft = oM =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 0.k
Check available versus reguired strength

191 kip-ft = 184 kip-ft ok

Urmia University, M. Sheidaii
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IManual

Table 3-10
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Procedure B.
For preliminary selection. the required strength can be divided by Cj and directly compared to
the strengths 1n Table 3-10. Members selected in this wav must be checked to ensure that the

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

Calculate the adjusted reguired strength

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

Obtain the available strength for a W18 x50 with an unbraced length of 17.5 ft from Manual

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

Urmia University, M. Sheidaii

www.JozveKade.com
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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 Sreel Construction Manual.
Alternatively, this problem can be solved by applying the requirements of the AISC
Specification directly.

Solution:

Geometric Properties: _
W18x30 F==1.98 1. 5. =889m° J=124m? =174 1n.

Required strength from Example F.1-3a

LEFD ASD

M, = 266 kip-fi M, = 184 kip-fi

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

Calculate Ty

= — . <
Cy 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: M= 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

701t Table 3-8

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

Urmia University, M. Sheidaii
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Calculare Fo with Ly = 17 5 /¢

b3

C,n°E c (L)
Fo=5"" 007825 |2
Ay Shln )

( la
Lt .
!.x B )

¥,

_ 1.307°(29.000 ksi)

(124m*)10 |"'1?.5fr{12 in /f) )

where ¢ = 1.0 for doubly svmmetric I-shapes

F,=-— > 1+0.078 — : : | =432ksi
|-' 17.5f1(12 in/ft) | (88.9m° |(174m.)\  198m.
198
M, =F,5: = M,
M, =432 ksi(88.9 in ) = 3840 kip-in_ = 5050 kip-in.
M, = 3840 kip-1n or 320 kip-ft
Calculare the available flexural strength
LEFD ASD
B, = 0.90 0, =167
: : M 320 kap-fi )
by M, = 0.90(320 kip-ft) =288 kip-ft Lo o 220EPR 190 kip-fi
0, 1.67
288 kip-fr = 266 kip-ft ok 192 kip-ft = 184 kip-ft ok

Urmia University, M. Sheidaii
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Eqn. F2-3
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Tension Members
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Types of Tension Members
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Holes in Tension Members

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

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

@ Sjj =

L
Edn

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

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

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

Urmia University, M. Sheidaii

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

+ damaged metal (1/16” or 1.5 mm)

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

Gross and Net Areas

5L el pae o (A S ahabo phaws

A, =Gross Area = JS alaio mlan

A, = Net Area = I gaio zlao

An - Ag - Aholes

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

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

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

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

Design Strength of Tension Members

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

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

e

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

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

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

Urmia University, M. Sheidaii 8
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5 haio ;0 pulus

Yielding on Gross Area

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

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

Fracture on Net Section

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

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

¢, =0.75 (LRFD)

Q = 2.00(ASD)
- FuAe

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

10
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(LRFD) >|,b Ceoglic
Design Strength

&‘P‘}‘LS);?J.?QTJM‘}‘JMJﬁ&Eﬁ)OW6&dbé‘ﬁ

P,<oF, A, ¢ ¢,=0.90

L &= Skl gw &S S50 0 yb@)owéw > gl
bl alblo 0gxg 2

P,<¢F, A, ¢ ¢,=0.75

11
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(Ae) AL fgo ghais mhaw

Effective Net Area

b G Lads D) wibl asls Jlail o ,e adado glizl den a5 WK
oy (shear 1ag) 51 ;o0 oasay « (o9 65070t o7 (339 4 (oo

adls Jlasl glo Cwond g 0,8 0 )18 (6 mien b Cow asly Jlasl gl
.(not fully stressed)as .5 o )8 JulS jid co

)49..0 l.> ‘ A.A_Ql.:w.{bls uaJL> é.‘a.o.c u_i.’ )‘ U‘ﬁ"(SA LIS EIe) LJ"‘ onﬁi g.)Lw.? L Lg‘)"
S5 oalaw]

Shaded area
stressed very little

Urmia University, M. Sheidaii 12
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(Ae) AL fgo ghais mhaw

Effective Net Area

A=UA,
A, = effective net area _al> g0 alaie glaw
A, = net area (see AISC p. 16.1-14) 2 shis zlaw

U =reduction factor considering “shear lag” %, ;50 o o

= See AISC Table D3.1 p. 16.1-29 L (p20 corwe VFY 0 \-Y-Y-V ¢ Jga L)
=10l Jl oz b b gy Lo ez, & Logiiions 225 1, 5

X
- l—z Al Jasl b Gisx b lamy bawss (3l den & ) 12 5l (goloss 4y o2e2S )L )5

= connection eccentricity  Jlasl ¢ 950 (9,
&85,k bl o Jlasl Job

Urmia University, M. Sheidaii 13
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TABLE D3.1
Shear Lag Factors for Connections
to Tension Members

Case Description of Element Shear Lag Factor, U Example

1 | All tension members where the tension U=1.0
load is transmitted directly to each of
cross-sectional elements by fasteners or
welds. (except as in Cases 3, 4, 5 and 6)

2 | All tension members, except plates and U=1-% X
HSS, where the tension load is trans- ' 41 P r——
mitted to some but not all of the cross- |’
sectional elements by fasteners or longitu- |
dinal welds (Alternatively, for W, M, S and ==
HP, Case 7 may be used.)

3 | All tension members where the tension U=1.0 —
load is transmitted by transverse welds q
to some but not all of the cross-sectional an _
elements. An = area of the directly

connected elements

4 | Plates where the tension load is transmit- |/ = 2w... U =1.0 ‘ —

ted by longitudinal welds only. ow-l>15w. U=087|3%~ .
1.5w=[l=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-%/
D,-"

X= "/

www.JozveKade.com
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Rectangular HSS

with a single con-
centric gusset plate

."EH...UZ'I—EJ,"I;

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

with two side gusset
plates

I=H..U=1-%,

- B?
T ABT A

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 H5S member, measured 90 degrees to the plane of the connection, in. (mm); H = overall
height of rectangular HSS member, measured in the plane of the connection, in. (mm)

Urmia University, M. Sheidaii
www.JozveKade.com

15


http://www.awinware.com
http://www.jozvekade.com/
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Urmia University,

(@olsl) 22 shr! VLt gl (U) o o3 cmpe V¥ =¥ Ve Ju
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Al Sy alaiie gelans

(Jlai! amto U adly, Jlas! dslad mdaw 55 10 alold) col Jlasl g 9200 90 X
RrSea S e 3l X abb wilas 51,8 o laie jelas 4 ( Jlasl axans 9o gl (sgae S
D9l oo 5 S ojlail adade dals

—> X |e— —>‘<—Y

) =
{=

>

|
=y : U
f + l L H | |+

(a) | (b) » (c) (d)

J

Urmia University, M. Sheidaii 18
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0= 6,138 by jo Jlasl Jobo

T~— Gusset plate
O O O O O O
S —
-<— Tension O O O o o
member
Section
(a) Bolted

p—i—y —l—

Ll T TTTITS e

e e a]
CF T TT A

]

E

Urmia University, M. Sheidaii (b) Welded

www.JozveKade.com
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29 = <Ylas! 6‘)‘.’Ae
A, for Bolted and Riveted Connections

A=UA

e n

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

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

s @l o e Allmg oo s

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

Urmia University, M. Sheidaii 20
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U sl solginy polis

Recommended Values for U

T [T

o 4 cooo

-

Single angle

Single angle

e e S e

S e e e i e B

W10 x 19 - W8 x 24 —
— e e e I e
by 2 by 2
— =03%< = — =0.820> =
d 3 d 3
U=0.85 U=090
| |
- ) 0O 0 0 O
WT5 x22.5  — - —>
OO O O O
= e e e e [
by 2 W shape
- = 0.794 > T (for parent shape) U=0.70

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

A, for welded connections

Ae =U Ag ~ transverse

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

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

A, for welded connections

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

Y wb

U=1 L>2w

U=0.87 2w >L> 15w |

U=0.75 1.5w>L>w o

-i
L

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

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

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

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

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

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

b, >2d/3 - U=0.9

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

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

www.JozveKade.com
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Example 2:

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

can transfer. PL 210%300%10

P/2 e ¥ 0 ecn T T

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

Pu/2«-—|——||—||—||_|_ | | |
7 7 1 | |

Solution.

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

25

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

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

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

_~ PL1 X 10in
t

L

Puﬂ% /< w=06in Py
3

// FTI TS

Longitudinal fillet welds
[=28in

FIGURE 3.13

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

i = 26
Urmia University, M. Sheidaii Design strength ¢,£, = 219.4k
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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 3
(¥ = 1.56in, A = 9.99 in?)
( //4/;__;—17
Pu<__y é-—> 8in >~ Py
e
. 7777/ =
FIGURE 3.14 et
6in

Angle welded to 8-in leg only.

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

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

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

A, = AU = (9.99)(0.74) = 7.39 in®

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

(b) U=1-

| =

27
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Staggered Holes

platel sles g

il b Sy 0 Lz ST cudls sales | ke o yiden el adaite

A

T
I
L

|

A

L]
L]

B

ol e
o o

B

slowl ¢ (dgame Jlasl Jobo) all alils &jg 0 zm b SO 5l is S
gl 5o GalS Gy Jlas ar cels (ST35505 L s 5h8) plael slo 219

S

Ak

0D

) (J
[
@

B0
:\
1
1
1
1

C

Q)
1
1
E

s = pitch distance

g = gage distance

29 (o0 gl

ABC or ABDE : ' Saw 5 slo pno
sod sl Jilas alls alaise
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pAl> adaie Al (0,25 9,

net width = gross width —X d + X s? / 4¢g
A e S P
(dy+1/8", L dy + 1/16")  ¢lypu ki3 d
S5 (0 ALl a5 0590 0,025 )3 0y p5 5o (sl 4 §7/4G
SISk sbewl) 5o j5lme Eligw 99 52 35 0 4 35 0 (Job alols: (Job p5) 8
SISk Ll 2 dgas a3 lygu 35 50 4 55 5o alols s (oo,0 p15) 8
AL ghis (Ay) = ol (oye X (55 Culis
el ke (A) =U A,
A5 i SinS ol aglie = O, A F, (B, = 0.75)
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Example :
Compute the smallest net area for the plate shown below:
Plate thickness = 12 mm

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

Urmia University, M. Sheidaii
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Example :

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

a net area DEFG equal to the one along ABC.

5 cm
T +5-cm

5cm

Solution.

ABC=15-{1M22)=12.8 cm

2 2
5 5

DEFG=15-(2)(2.2)+ —10.6 +—

(4)(5) 20
ABC = DEFG

2

12.8=10.6+—
20

5= (.03
Urmia University, M. Sheidaii cm

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

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

Unfolding f;_-;> D A .
& .. Ei 1 30 mm
45 mm I 1
L100x75x10 - je—s
FF OO [T g = 100+ 75-10-30-40= 95 mm
60 mm B
100 mm | =+ - | o | oan v
= ‘40 mm ABC [0+ 75— 10— 22
-~ ! |
’ ?!G 143 mm
5@ 50 mm

DEBC = 100+ 75— 10— 2(22) + 502/(4X95) [27.6 mm

A 12760100 12.76 cm? u

]

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

Solution.
The unfolding is done at the middle surface to obtain an equivalent plate.
A
i ¥ 40 mm
= &0 mm ¥
’ [+ ™ E'_ T o+g, —t,/2—1t/2
- | Ty =90 mm 60+90-10.5/2 — 16 /2
=103 mm :
— | —
380|\mm 200 mm — +—10.5mm - 200 mm
L=16mmg  + O De ¥
R ud 90 mm 136.8
3 _ £ | ¥ ! et b .G M
[—+ E ]
100 mm = ®—Ft40mm
—| |+ 16 mm | F
80 mm
g ) 8 [1.6+1.05"
ABCDEF =6939-2(22)16+105)+ (1.03)+(2)
4207 4(13.68)" 2 /
=61.6 cm”
Urmia University, M. Sheidaii 33
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B B~ 059>
BLOCK SHEAR

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

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

B oy - s 059>

— Shear plane

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

Load e— )

.
0«

/;é%’/,;é,j"— ension p|CI ne

i

Haotched areas
may tear—out

EOLTED ANGLE

Load —

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

Shear plane

— Shear plane

- 7,
Z

A e
5 i
77/ —Tension plane

o

BOLTED FLANGE OF "W” SECTION

Logd d=— <

Shear plane N

Hatched areas
may tear—out

Tension
plane

Shear plans —'

WELDED PLATES

Urmia University, M. Sheidaii
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B B~ 059>
BLOCK SHEAR

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

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

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

u® nt u® nt

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

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

0 =0.75 (LRFD)

Q =2.00 (ASD)

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

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

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

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

RG] PR
Welded Angle
5 ;ﬂ;p
L g %‘
Single-row beam angle Ends Gussel Plales
end connactlons
(a) Cases for which U, = 1.0
L
a2t E
Pt Bl ey s
end connectlons
(b} Case for which U_=0.5 38
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Example :
A steel angle L6x6x"2 using A36 steel 1s subjected to tensile load. Determine the block
shear rupture strength.

24" Dia, Bolts

Urmia University, M. Sheidaii 39
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Solution:

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

3¥" 22" = width of tension = L.

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

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

u® nv u” *nt

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

u® *nt

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

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

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

2l (b g oSl Wl (e (S0 03> 22 L e Al
dsloen e s 0 ,5eS (B, 1Q L OP, ) gise o b onglie
Qg.s&.b‘g}dpodwa

S gac oY Cuglie 5l 5,5 Wb gae b Cuoglis
sl
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K = 5"564 /7',,”,.;.L/;gfu .ﬂ\h,‘ \<o.5f-ﬂ +U, F A,

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

Pov = [““5‘“5(\'5*&5)):\.'2,(?,.-.\5«65’ st
Koo 0.6x3%ex \SU§ ¢ \en3Ze0x2136 2127722 Iyt
Qobullek 274 wndtex2t3é = W§FHE 92
R, = W¢ F#4 lzjf.’
LRED, &N = o.75x0\8776 = $90%1 ‘¢
ASD i Rifn = W8776/2.0 - 59385 byl

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

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

. 1 g
Aov = (125%0.8)k2 = Lo om® | 172

P = [ 125 - L5 (h9s03) |xo sl = 142 ot Sontd

YUy Ry o 0.6x3%00 HATFL 4 1ox 370 x 1245 = 78554 byt

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

= 9 - g, - o , " - -
d 7.'\;///2’,'//)‘: B phe 2 s T e ¢ C N0 UG e b
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6&’:..&5 LgLé.c‘ @Ua

Design of Tension Members

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

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

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

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

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

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

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

Urmia University, M. Sheidaii 48
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Sy el Cydgame — oS slael b

Design of Tension Members - Slenderness Limitations

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

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

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

SS10 (6,8Y Co gt (0 Eone VP amin) oyl pl o8 dal yol lalgs ulul
QS Gl Yoo sl caas glacl
ole, c axsl IS e & adsl S0t Liws gl 45 S sla oo o o
59l Yo e 5laols Lael ol jhas 4y Jobo s (S s 03Y (6,8Y (slo oo gae
XS
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LS 5 00 o9 slos K
Threaded Rods and Cables

Turnbuckle — used to splice & tighten rods

Padel e 0,55 )18 a5 5,90 gac (5,6Y S
¢ B3gl) g o oolaiwl o LS L o Sl || N \
(Bho sledy O\ "

o blS 5 009 poi alade b (g 0olic oo SXlo 1 B e
4 odury L8 los> (asl f““‘““") 6""" EVSWp )"
SS90 &5 lalBlas sl 5l 4l yo

-

Sloduzms mm )b Oy 4 (635 0 dled

S oo JuSis Seases ————

Clevise

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

o "‘} —
Do oo JuSis g@@ .
:‘. “%\‘ =

Wire rope S J_‘,lj
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Threaded Rods and Cables

kLl g 0ol 693, slos Ko

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

Cable
Open socket

Open socket connection

- Weld
‘:’ Rod
|.

Weld

Steel plate /), ,Anchor
~ socket

or washer -\ / '

b
- Structural

member

RN, j:\

Cable

L 51
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LS 5 0ad 093, slas ,Sus
Threaded Rods and Cables

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

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

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

3¢k as>|,0 Example 3.14 p.70 Segui «
Urmia University, M. Sheidaii 52
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by i o JaiS slacl

Tension Members in Roof Truss

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

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

D9 (oo )lpo Joe
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Sag Rods

\
/
\
/] \

—Bracing

ﬁ =
- ¥ 2
l: Sag rod—//
> s - ,..// - et
. > | A ‘v |
= o T B ; & > - Purlin Truss
‘ i Plan
o —
TR — /Peak
: - L
i W— o ey = = o ——— | 1 Z
_— et e — ——m -
S ‘
e Heel
Load-bearing wall— ||
Elevation
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o e e

Sag Rods

3 S el (6l ) K900 H 0 Y (ol (il oBasT el sl b jloe Joe
(09,)lg 5B sla )b i ol s b (53190 olacal jo a0 jols (S
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oo Jen 25k

Design of Sag Rods

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

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

— Truss
F Y Y (
L Tributary area for
/ design of rod ab
s/2 y y
a b $ag rod
5 1 + =+ pag s/2
s/2 v
< «— Purlin
Urmia University, M. Sheidaii 56

www.JozveKade.com


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

o e Jro 5>k

Design of Sag Rods

L3 Byl g 12 30 550 o)l o den L b b ym oly jo 28lg Lo Jo &
RO

57
Urmia University, M. Sheidaii
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/
e e e 36 = 516 1
CL‘ sy foe
74 W
(ISSITLASSIRNN 1NN ITAGNRTIAGRIITOIVIENN '[II LILIIL 77 227 L 1 2L / 7
el am
NG N —— =
6.3
o L s !
> |
/ \\ |
/ Yo f g
IAIIIL FUIENE VIRIITS SARET GITITE ST Z 988 VESHH ' FHFETL FAFLAE, ——f~
\\ z
N L 63 m
N = = ]~
QY G 3
v ] /> 5)L'.lk
/ N Jl‘{‘
i i
/ X i
LTI T T Iz 7 L L L 27 4 L e
L~

LY 65,5 a2n Y-F SO

sl Sl

ol 85 00l L85 sl 2

\

Tl Yo

M do 2l Sl F-F IS8

O-¥F Jls
o'ha%): Lay ol (F-F) J-i-:‘u;li_)" sa¥ gl Catw jlgs Ju b Cos gllas
obasl 6.3 m g alas .l 12 mm g foo Jsld> ld g5 4 Lial i Hlge foe )
dibata 55 sy L Sds 4 77 kg/mzcj,pélfdki),cjjlqbﬁx.;...ala.x.';
oS 0305 O3 (F-F) 5 (F=F) (LS 55 (it Hlgo oo SYL5I S o .ol 100 kg/m?
sshie a1y g Lis g EES Tk leslizal ol ! S e s b gk LIS s
jbw&)bdﬂ)ko\ff%wﬂféb)#é&OLSAJL»;SJJQ(M‘QJIYQ

(55l 5555 30 35 Sacslil sl 255 s 4

..\}>_
ISt D) go 4 il s g ity 30)s (B sl
7 % 16 2 2
g,y 1138 9.84 kg/m=(daN/m*)

’ 3 2 2
<,k =100 x —— =949 kg/m”(daN/m)
N 10

Caiw 6l = 77 kg/m?  (daN/m?)
w, = 12(9.84 + 77) + 0.5(94.9) = 151.7 kg/m?

u
w, = 12(9.84 + 77) + 1.6(94.9) = 2560 kg/m?
sl sl o il == (256) = B0.97 ke fin®

10
6.3 _ _
(lge Joo ponlg 4l) = 11.38 (T (80.97) = 1935 = 1935 kg(daN)
A= 1935
0 ™ 0.75(0.75)(3700)
5 Sosliad @ VY mm s 45 Khos 1015 0
Ay = 113 om?

= 0.93 cm?

:\._:Jiw‘))jo&éb)\.gat}:n_)bjﬁj‘ﬂ&b

T=

o

(1935) = 2040 kg

_ 2040
D™ 0.75(0.75)(3700)

S eslel ¢ 12 mm,lee fos 51015 oo

= 0.98 cm?
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Yol eVl by bS]
PIN-CONNECTED MEMBERS

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

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

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

|
=>4 <

(a) Fracture of net section

a+dR

_<_>‘ . & . S & ; S ® " & (9
_’___2 r (':L”"‘ GL’*" )2 u’j‘*"*‘“j
O | — D= 0.75, Q= 2.00 , P, = 0.6F, A
]

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

: (u.u) Y9J p.l.‘) oI ).’9.«44 Gb.w O Lgal.i.a‘ wsLo..o (u
/J i Projected bearing @ B 0.75 > Q - 2.00 ’ Pn - 1.8Fy Apb
O == d area = dt
}
o Section : JS é.b.ﬂ.a C.E.u) )O p.alu«.i (t..)
(c) Bearin — — _
: 0,=0.75,Q=1.67,P,=F, A,
3 .Ia.s‘g) U"‘ )O as
b= 2t + 0.63, in. (= 2t + 16, mm) < b
b = od)‘sgsﬁfdg.o.céu‘))dﬁwabC‘)g.wé\.a.ldl»alﬁ
A, =2t(a+di2),
Apb = u.uom)agwcb.w:dt
60
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AW Yg] sl a5 ol sl Cudgdxoe — Gg)fg] SYlasl b glacl
PIN-CONNECTED MEMBERS - DIMENSIONAL REQUIREMENTS

/Approx. Agf

L slasl Gl golal sla cosgume

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

EYEBARS

Lol 00l 00l

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

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

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

t= /2 in. (13mm) (Exception is provided in D6.2) |> ] 4‘
w8t /“'\
dzT7/gw |II @ﬁ—:|
dy = d+ 13z in. (1mm) x

Rzd, +2b R /

2/zw = b < 34w (Upper limit is for calculation purposes only)

Urmia University, M. Sheidaii
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AISC Lylgs bl — &S yo oS glacl

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

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

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

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

90 L Fpes S5 g 5,9 SOl JSiie dee JLasl b gli>1 (connectors)
Do dex>l 0 AISC J3.5 lalgs 4 (59
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Base Plates for Concentrically
Loaded Columns
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Applied load

Steel column

Anchor rods

Steel base plate

Base Plate
thickness =

Urmia University, M. Sheidai Concrete resistance to crushing
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OF ) 4ho o (yrps

aS Smo (s 00,5 e e oSSl (g Sl wlily gt ) ais e
L Lol Blas b fygw &S p5 o (design bearing strength) 1 b LIS! cooglis
2L (ASD ¢l Py sjloy oy L L« LRFD 6l p Py jlos po ol JL)es)lg

ASD g, 4 b oS cwgi=P /Q 5 Q=25

g 1, eaglld  lBgd pelaws Syt 5 domivo 51—l

Pp, = 0.85 f{A; (J8-1)
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LRFD: P, < ¢.P = ¢.(0.85f/A) —> A>—" —
< ¢.(0.85f))

P !
ASD: P <2 _0-85LA, — A2 F, £,
\ Q. Q. 0.85¢" L 4
LRFD: P, < ¢.P, = ¢.(0.85f/A)) % — A= Py — % <2
(0.85f'A)) ‘:2
ASD Past S . — A= P, €2, ; izsz
y © (0.85f(§)\/A2 !
1
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LRFD: t_ . 2>L _2h ,  L=Max(m,n)
0.9F BN
ASD: t . >L _ 2R , L=Max(m,n)

™"~ 7\ 0.6F,BN
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Example [LRFD
GEWER: A W42 ASS2Z column has 3 faciored axial load Py = 700 KIPS. I
bears on a steel base plate using A3E steel. The footng has concrete 7= 2000

PSl.
BEQUIBED: Design the column base plate.

Siap 1 — Determine required base plate ares, .l!|1_|2[:l avold conc. crueshing:

$eFp = Design bearing strength of concrete
= 0.8P;
= 0.8¢{0.35F A1)

Re-arrangmng 1o sohe for Ay

_ F,
M = 060857 )
___ TOOEIPS
0.5(0.85(325TY)
By =467 5in"

Urmia University, M. Sheidaii
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Step 2 — Determine "Optimized” base plate dimansions:

0954 —0.85
A J

-

d and by — from properties p. 1-22

0.85(14.3") - 0.510.1")

i
k3
=]
LT
L]

Urmia University, M. Sheidaii
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Step 3 - Determine “m” and "n”;

_ N-095d

-

m

34" 95(14.3")

-

=52

_ E-0.308,

b

_ 20°-0.80710.1")

-

= 2.887

Urmia University, M. Sheidaii
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Step 4 — Determine minimum base plate thickness, 1.,

ik
ty, =L [—E
=Ty osF,
where: P, = factored axial load, kips
= 700 Kips
£ o
o E"'u-
T00E s R
= = 1.48 K5I
CH0T 24
"m=52
L = larger of
n=5.800" +—— yc=
=508 |01 45 E5T)

"ll 0.9(36L 54— Base plate yield stress

—_ e T = =
ﬂﬂ;_wk_ﬂlﬂtﬂ 18
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Step 5 — Draw “"Summary Sketch™:

20"
9
WdeEZ Ao
col cenlered 24"
an plaka
k
\— 1§" thick A36 steel base plate
Urmia University, M. Sheidaii 19
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Thornton gslgies b,
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WLS‘)—’J—“'QJ‘@)A‘—")M ML?LA u}l.m..o Ml.:s.o.s)l.: 6)‘0 OW )f‘
b3 g slaad loswel iy S Job L0g valgS S8 L gt 2
23,5 dalyz S oS Jlaws p3Y (359 Cwlied g oo dle la S 5 S oS

5,5 eolaiwl Thornton solgsias g, 5l ole o0 69)lge iz o
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Thornton gslgies b,

3 laEe o 58y bl o gt ) At Cwles Thornton &olgsig hg, 40

130,5 o yutS 35 0 00wl L aS M, N, AN olis

¢ = Max (m, n, An’)

An’

A= <
1++/1-X

—

"

~ A,fdb,

4
27X

<1

4db,

28,5 ks 0 1Ll el ann gl il Sabibbre ok |, A oo lg oo 4

P

_(d+bf)2_

4db,

u (LRFD Method with ¢, = 0.6)
(I)ch
QcPa

or

| (d+Db;)” |

(ASD Method with Q_ = 2.5)

p

Urmia University, M. Sheidaii 21
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Thornton gslgies b,

[ 0.85f'A, (3Liges 1, 009l SB93 gxbans JS (ygim 05 azcio ,5)

P =< , A A
P 1(0.85fA)) /Xz ; /Xz <2 (ailigsi |, 00glles ilBgd pelans JS ygims 05 dovivs ST
\ 1 1

et gy dalgy SO e 5l gt ) dis Cwls e e o £ dilome 5 o Cols o

:Jj.o.:
t=1/ 2b, (LRFD Method) ;
0.9F BN
t=1/ 2L, (ASD Method)
0.6F, BN
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Example 7-5

Design a base plate of A36 steel (£, = 36 ksi) for a W12 X 65 column (/7,50 ki)
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 = 12.0in)

LRFD
P, = (12)(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 supporting

[A,
concrete is for greater than the base plate area, such that ;TZ > 2.0.
1

LRFD ¢, = 0.6

B P, L
A = A= -

A

XN -

= 720 = 23532 | T 451
(0.6)(0.85)(3)(2)

www.JozveKade.com
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The base plate must be at least as large as the column byd = (12.0)(1’.1)
= 1452 in* < 235.3 in? and 245 in® optimize base plate dimensions to make m and 1

approximately equal. Refer to Fig. 7.15.

LRFD
0.95d - O.Sbf
A=——r"r
2
0.95)(12.1) — (0.8)(12.0
= ( ) ) — (03)( ) = (0.947 in
2
N=VA4 +A=V2353+09%7 =163m
Say 16 in
Ay 2353
= — = — = 14711
B T 16 71 1in
F— bf = 12.001n ﬁ’
A A
o m=2251n
A L -
d=1211n _
0.95d =1130in | N=161in
X L ] -
m=2251n
L Y Y
n=320iIn l 0.8b; = 9.60 ml n=23201n
=< | - ] 3
FIGURE 7.15 B=16in———+

www.JozveKade.com
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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 Q, = 2.50
[As Py 08S5flA, 745
P, = $.085F A | = — = 2
d’(. P cﬁ\’_ fc. ]\f -‘41 Q{ _Q( \’Al
N 0.85)(3)(16 X 16)(2 '
= (06)(0.85)(3)(16 X 16)(2) _ (085X >§ = )@ _ 52k > 500k OK

=7834k > 720k OK

Computing required base plate thickness

N — 0954 16 — (0.95)(12.1)

= _ 595
m 5 5 2.251n
B - 08b; 16 — (0.8)(12.0) _
no=- > = - 5 = 3.201n
Vb \/(12.1)(12.0) ,
n o= = = 3.01 in
4 4
¢ = largest of m,n.or n' = 3.20in
LRFD ASD
S — r g [333P,
fread = G 9F BN read = \F BN
300 / (2)(720) o a0 ;'_3.33)(5(10) 1361
= o \“r{ﬂmlﬁ—}( ']6)__ D21 = 2 1\‘{(3{5)(16)(16)“ 20 1
Use PI,I% X 16 X 11{t 4 in A36. Use PLii X 16 X 1ft 4in A36.
L
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Exampie 7-6

A base plate is to be designed for a W12 X 152 column (F,
loads Pp = 200 k and P; = 450 k. Select an A36 plate (F, = 36 ksi) to cover the enti~z
area of the 3 ksi concrete pedestal underneath.

Solution. Using a W12 X 152 column (d = 13.7in, b; = 12.5in)

LRFD

ASD

Pu:

(1.2)(200) +

(1.6){450) = 960 k

P, =200 + 450 = 650k

Determine the required base plate area, noting that the term

Since A1 = Az.

LRFD &, = 0.6 ASD Q. = 2.50
4 - P, - 4 = Paﬂc?ﬁ
obc.(O.SS_f;)\fA—; 0.85fg\, A:
_ 960 _(650)(2.5)
(0.6)(0.85 x 3)(1) (0.85)(3)(1)
= 627.51n" « = 637.3in% —
Aymin = dby = (13.7)(125) | Aymin = db; = (13.7)(125)
= 171.21in° = 171.2 in?

www.JozveKade.com
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Optimizing base plate dimensions n ~ m

LRFD ASD
0.95d — 0.8b,
A=——
2
93)(13.7) — (0.8){12.5
= (095)(13 )2 (0.8)(12:5) =151in | A=15tm
N=VA +1=V6275 + 151 N=V6373+151
=2656in  Say27in =2675in.  Say27in
Ay 6275 637.3 T
= — = = 7237244 — — 4. L
B ~ 37 23.24in B 57 23.601in
Say 24 in Say 24 in
Check the bearing strength of the concrete.
LRFD ¢, = 0.60 ASD Q, = 250

&
d)ch - ¢6085fCA1’\/ Al

= (0.6)(0.85)(3)(24 x 27)(1)

=9914k > 960k OK

o 085fi4, [4;
0. 0. VA4
(0.85)(3)(24 X 27)
- 2.50

=661k > 650k OK

www.JozveKade.com
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Computing required base plate thickness

N —095d 27 — (0.95)(13.7)

m = 5 5 = 6.991in
B — 0.8b 24 — (0.8)(12.5
n o= . O8UIZ5) _ - 001
2 2
Vdby  V(13.7)(12.5) _
n' = — = = 3.271n
4 4
¢ = maximum of m,n or n' = 7.00 in
LRFD ASD
2P, _ [333P,
fread = /0 0F BN freqd “'g\/ F.BN
_ - (2)(960) - [ (333)(650)
B 7'00\/(0.9)(36)(27 X 24) B 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).
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