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Compression member Design as column

For steel struct
, buckling failure most common

Buckling resist-bracing

Example &

Changed

kL= 281

= 137

3 buckling
2 = 113 . 4

Fa = 15 , 25

Fen =+ 3 , 4

* Pn = 216

Biaxial bending

use crushing failure config : Aesthetic
, where casulty won't

* caum

Never use on hospital, schools, ...

Design

2methods



Example 11-

Example 6 . 10 . 1 - By default use LRFD method

AsD when it is certain

whole process is centrally

monitored and ensured



187 18182

Example 141

:St Ad
: #x+ o + ((x)X(6+ 4)]x2 = 749 . 33 in

S::

Example 15/

Example 16/

%:<AX
+Ex

= 7 . 65" (from btm) ; 6 . 35 in from top

Ein

Y 1
=

8x1X(6 .35 - 8 .5) +
I'l

-----

-T
↓

I'

Ein



L88 25/82

Bolt connection

Example 25
,

26
, 27

Page 488

Prestnessed concrete Limpo for theory as well ; e. g .,
adv

.)

Prestnessing loss (neuty



Rough/CT-3 31/03

Compression member structure that phone to buckling than crushing

high natio of eff. Men to it had of signation
&S

Buckling : sudden lateral instability of a slenden structure

caused by quial loading before yield stress is

reached.

↳-> 13L Left · length)

crushing : When direct stress from an sial Id exceeds material's

compressive strength

Radius of genation (v) : Average distance of an object's mass from

the anis of notation

How spread out a section is from its center

↓ > Mass is bunched up near the middlethin red

↑ -> "pushed toward edges (hollow pines

measures stability of a section against buckling

# *

B -

spendenness natio: - easy to buckle
=

↓ -> resists buckling -> =



Critical coeff: C : 47
slenderness natio : SR:

Short cal
-

crushing
If I C, Far 0 . 658

Falfe
Fig

Fe=
Long col

->> >C
, Fan : 0 .877 FeBuckling

Steel products

Shape - W-, My S- Hp-shapes -> I, . . . W24-55

channels- > C -> 24" deep

Angles -> L 55 lb/ft

---

i
Usually, But not

Buckles in U-z plane

LX--X) buckles Y-Y avis (weak auis]

↓

Strength- ADD 2 + Yield Stren
, Fo : 50 Ksi

Tensile ultimate stren
,
Fu = 65 Ks

A36 -> Fy = 36kSi

Fu= 58-80 Ksi



Example &

L = 251

W14X61 - By = 2. 45
, Ag = 17 .9 in

"

Fixed hinge -> K = 0. 8

A992 -> Fy = 50 ksi
,
Fu= 65 ksi

Capacity =?

-

SR=1297

: 474700113 . 43

SR2 -> Short col - Failure by crushing

Far = 0 . 65
Folfe

Fy Fe:2000

207.9)h

= 0. 658 s x 50 = 24 .79 Ksi
= 29 . 83 ksi

-
: &Pu= AgFin = 8. 9 x 17. 19X24 . 79 Kip

= 383 . 53 kip



Example & (b= 35 l

L = 351

W14X61 - My = 2 . 45 in
, Ag = 17 . 9 inh

Fixed hinge -> k = 0 .8

ADD2 -> E = 50 ki
, Fu = 65ksi

capacity=1
.

-

SR==00X35X2137
: 4 .7 : 400 : 113 . 43

SR) C -> Long column
,
failure by burbling

En = 0 .877 Fe Fe=
= 8. 877X 1522 = 13 .35 Ksi

... Pn = Agfen -200
= 8 . 9X 17.9X 13 . 35 Kip = 15. 22 ksi

= 215 . 87 Kip



Bianial bending : Bends at both nu & -y his

- 2 -

4th auis : SR= I Y

6 -8 mis : SR=
L

R

Li

& +> mots spread out

hollow pipe
- -

7 *

resists backling A

SRM -> Easy to buckle Jus

Design w/ highest SR



Example 18

A36 -> Fy = 36 Ksi , Fu = 58ksi ; Ag = 11 . 5 inY Bm:Lzfin , By = 198 in

2 VA -

2

A -

R Y

12 = Ly
C

C 24" = Lu
-

# #
I

12 =

by

--↳ - B

SR

:maman(7273
,

67: 45% = 7273

C : 47 = 4 :700 - 133 . 68 (SR-I shortcol- crushing

Fer : 0 . 658Fole
y Fe:E 54 : 11 1

36
= 0 .65854x36 = 27 . 25 ksi

·Pn=Agfon = 0 . S X 11 . 5x 2725 = 282. 04 Kip



Example 11 Design by trial & error method

L =251

Fixed hinge -> K : 0 . 80

DL : 1351
,

bL = 145K

A992- Fy = 50 ksi

W14 shape

11 = 0 .8X251 = 281

:L = 47100113 . 43

Pu = 1 : 2 DL +166L = 12x135 + 16X 145 = 394k

Trial 1 :

Fan = 4 X50 = 33 . 3 Ksi

Pu= Pn= FunAg =) Ag=333

= 13 . 15 in2 [W1X48]

SR = 1125 . 65 C [slender col]

Fan = 0 .577 Fe Fe= = 18 . 13 lasi

= 0 . 877X18 . 13 = 15. 9 Ksi

9) Pn = 0 .9x 14 . 1 x 15. 9 = 20177 Kip < 3941 [not ok]



Trial 2 :

For:159 = 24 . 6 ksi

Ap:24
= 17 . 8 inh [W14 X61- > Ag : 17 ·9 in= 2 · 45 in

SR: : 97. 96 <G- Stock s

Fur : 8 . 65Fo F: si

= 0 .658
.

83X58 = 24 . 79 ksi = 29 .83 ksi

&Pn = 8 .9 X 17 .9X2479 = 399 . 37 kip [] Pu= 394 kip] [ok]



Example 6. 18 . /

A992- > Fy = 50 ksi

Pinned-end -> K : 1 . 8

L = 16.

DL = 115K ; LL = 1251

w section

-

KL : 16 "

= 471 = 47100 113 . 43

Pu = 1 . 2Db +64 = 338K

Trial 2 .

Far = 4350 = 33 . 3 ksi

Ag=3 = 1128 in [ W1tX39- Ag : 11 · 5 in2
,

n= 1 :98)

SR= = 96 .97)G

Fole
g

Fe= 30 . 44 IsFcn=
0 . 658 X

= 25.14ksi

8) Pn = 0. DX 11 . 5X25. 14
= 268 ksi <N .G)



Trial 2 :

For : 53+2514 29 . 22 Ksi

Ag = 12. 85 int [W2X44-Ag : 13 in,
m= 126]

SR= 152 . 38 >C

Far = 8 . 877 Fe Fe : 12 . 34 kSi

= 10 .82 ksi

· : Pn = 126 Ksi CNG]

Trial 3 :

Fer : 28 Ksi

Ag = 18 . 78 [

-

- -



109 01/84

P495 Eno formula in um]
-

- -
t

NA

↓
FIA-

t

-

-> 5

-

+ -

Example27 :
3
kit

↓+ + ↓
120"

↓

F = 368 kip 3681

IA = bh = 28x38 = 600 in?
38"

-24 -

5 45
,

000 in

-
-

->
-
->

t

FIA = - 200 . 6 ki *15
= 00

f=

f
top
=0 . 6 - 0. 864 = - 1 . 464ksi

fotm = - 0 . 6 + 0. 064 = + 0 . 264 Ksi



Example 26 :

zk/f
↓ ↓ ↓ ↓ ↓ 201

S
3681

J G 3
I

I I
241

A = bh = 20x30 = 600 in

↳b = 45000 in

Fa==360 - 0 .6i

=

EX5072

f top = -0 . 6 + 8:72 = 0 . 12 ksi

fotm = -0 . 6 - 8 . 72 = -132 ksi



Example 25 :

A = bh = 20x30 = 600 in h

5- 45, 000 in

zk/f
↓ ↓ ↓ ↓ ↓ 201

S
3681

J 6" * *

3
I

I I
241

-
t -

>
E

- t

F/A E F
May

Fla=600 . 6 Isi

E=60XX150 .72 s

xUX : 08

·: frop = - 0 . 6 + 0 . 72 - 0 .%64 = - 0.744kSi

f
btm

= - 8. 6 - 0 . 72 + 0. 864 = -0 . 456ksi



Rough/ Final 21/84

Design of steel structures
Ag : ned + black

-
An = Ag-black

Tension member :

Gross-area (Ag) : Total available cross-sectional area

Net-area (An) : Ay-Area (hole)

specially notable on angles (L-shape)
-2

Shean lag : All parts of a section may not be uniformly connected

As a result , stress distribution vary.

To account for this
,

use sheen log factor (v)

Eff. area
, He-uAn ; v : [distbtun find latoa

LRFD : Loadresistance and factor design

Pu - & Pn

↑ On = 8. 90 FyAg -> Yielding Criteria

~ 8. 75 Fute -> Fracture criteria



P375, En . 2 L6X6X
,
518 bolt

, Cg . 1 . 67", eff
. anea

Ag = 5 . 77 in
!

An = 5. 77-12 / %+ /]X2 = 5 .02 int

U = 1 - = 1- = 0 . 72

: Ae = UXAn = 3. 61 in
"

P376, En .

2 Plate 12x5 ,
5/8" bolt, A36 steel; def"tensile Stren

Ag = 12X5 : 2. 5 in

An = 2.5- 12[ + /]x2 = 1 . 75 in
2

U = 2; Ae = 1f5 in
"

A36 steel

Fy = 36 KSi

E
Yield Stren = EAg = 0 . 9X36x2 .5 : 81ksi Fu = 58 ksi

DesigFracture stren: Futte = 0 . 75x58X1 . 75 = 76 . 13 Ksi



Staggered Fastenen :

Add additional (axt] for each staggering 0for An

I

Ex. 4 Ag : 3. 81 in h

For line abe : An = 3 .81-40[+ /)X1 = 3 . 48 in
?

For line abed : An = 3 .81-70(t0X2+ [xFo) = 3. 30 in

& to be considered along the center line of holes

3
1

12"I #
-

I'

g = 3 + 2- 1/2"
->

2

#



Ex. 5

Ag = 2. 89 in
?

For line aba : An : 2 .89-2 L+]] = 2. 33 in
2

152
For line debc : An : 2 .89-3(+]] +

4x1225 +2- 5/16)
*/6

= 2. 11 in
2

v = 1- E : 1- 0 .748

· Ae : UAn = 1 . 58 in
"

. Design capacity based on fielding = FAg = 8. 9 x 36 x 2.89 = 93 .64k

fracture = & Fune = 8 .75x50x1 . 58 = 68 .731

Senvia ed = 1 :2DL + 1.6CL

= 12x25 + 16x25 = 75K

: Not adequate



22/84

Ex. I select angle tension member

L = 151

DL = 35K; LL : 78k; wh = 65k ;

A36 steel -> Fi : 36 ki; Fu : 58 Ksi

3/4" bult

tin : 14 in

Demand Id,

Pu = 1 . 2DL + 16LL = 12x35 + 16x78 : 154K

1. 2DL + 0 . 5LL + 1WL = 12x35 78· 5 x fo + 1X60 = 1371

Required gross area,

Based on fielding : Pu: FyAg =) Ag=
= Agi= = 475 in "

Based on fracture : Pu : d Futte Ae = VAn

= Pu= FuU (Ag-1 .75t] An = Ag-A[+]X2

=> Ag: + 175t : Ag-1 .75 A

= Aga:50x00 + 1757 U = 8 . 8 when 4 or

more bolts in one

= 4 . 425+1754
Now

minimum nadius of ganation :

ruin:0:
= 06 in



Thia # AA Section

1 14475 4.86 None

2
.

5/16 4. 75 4. 97 None

3. 3/8 4 . 75 5. 58 Nort

4 .

7/16 4. 75 5

5. 13 8.867 18X4X7/16

Procedure : itenate through L-shape's third dimension

matching for thrying thickness

If the first found shape of such thickness

has area less than required, more to next thickness

Thickness to And :", Yo ,
%, 7

on inter from table



Compression member :

Eff . Sen = KL

slenderness natio
,

s
. R=r ; C = 471 Fr

Fail by
-> SR. (C-> stocky col Fe=

crushing

For = 0 . 654
/Fe

Fo

Fail bo <-> S . R)-> slender al
buckling

Fen = 8.877 Fe

En. S L = 251

W14X61-> R = 2. 45 in
, Ag = 17 . 9 in

2

Fixed-hinge -> K= 8 .80

Ag92 -> Eg : 50ksi; Fu = 65 ksi

SR==
C = 4ft : If 1131

: sticky col; failure by crushing

Fe:2000 20.

For = 8 . 658
Folfe

Fy : 2477 Ksi

&) Pn = * For Ag : 0 .9X 24. 77x 17 . 9 = 450 kip



new = 351

SR = 235XIX0
. 8

: 137 . I a

: slender col

Fen = 0 .077 Fe = 0 .577x20 = 13 . 35 ls

· ↑Pn = 8 . 9 x 13 .35x 17 .9 : 215 Kip

Biaxial loading :

Y

- Y-Y-) weak mis SR:
buckles in this anis

X > X

X-X-> strong anis SR = Ie
--

Y



E10 In - 2
J

-

> X 121

24 C
-

121

-
-

D
-

Rn= 427 in; My : 1 . 98 in; Ag : 11 . 58 in"

Steel A36 -> F : 36 ksi; Fu = 58 Ksi

SR : SRman = man[2]x12 = man(67 - 45
,

72 .73]

2: 4 .27 = 417x : 121 . 19

: stocky cl

Folfe
Fe=Fan = 8 .658 Ey

= 0 .658un
x 36 : 27 . 25 Rsi

- 54 : 11 RSI

· N Pn = 0 . 9 X 27 . 25x 11 . 58 = 282 kip



&11 L = 25' ;

Fixed-hinge -> K= 8 . 88 3 Select Wil shope
DL = 1351

, LL = 1451

1992 -> Ey : 50ksi, Fu = 65 KSi

-

KL = 8 . 8 X25 = 281

C : 4ft 47 114 . 9

Pu = 12 D1 + 1612 : 1 .2x 135+ 16x145 = 399/

Trial I :

Fan
, assumed

= 4x58 = 33 . 3 Ksi

Pu= &Pr=AyFer) Agi
= 13 - 15 in

Select W14X28- > Ag : 14 . 1 int , Ry : 1 : 91

· SR: 125 .7

· Fan = 0 .07 Fe = 0 .077xD 15. 59 ksi

& Pu = 8 . 9 x 14 · 1x 15.89 : 282 kip 2 Pu



Thiah 7 :

En :
>33.

371509 : 24 . 6 Kei

Ag=h
: 17 . 8 in

sel WihX1-> Ag : 17 · 9 int My : 2 . 45 in

- SR = 97 . 96

Fr = 8 . 658
/Fe

Fy
Fe=

= 0 .658.83 x58 = 24 . 79 ksi
: 29 . 83 KS1'

·: $Pn = 3 .9 X24 .79X17 .9 : 399 Ksi) Pu



Rough/final 85/85

plastic moment

Yield moment: moment at which extreme edge fiber reaches its

field point

for
-

i
- y = CJ - -

y = C

NA

E

-

1b

fig= > fy= ; s : E

=> m = fyS

Plastic moment : moment at which whole section becomes plastic.

1
Fo

I
-

- C -C= EjAc = Eybe ,

&

- E & T = FAa = Eyban
-

Mp = Ca = Ta

=) Fy Aca = FyAfa



E. 14

, 8"
I2"
-

12 I
C

-

-

"T
,2"

I
S: C = 2" + 6" = 7 "

=1
. 33

: 107 int T=X3 2/*+ LEXDX(6+0 -5)

= 749 . 33 in 4

- My = Ey S = 55x 107 : 5350k-in

= 446 K-ff

E. 15

81
I I Fig

11
I2"-

c +C

12 I -

-

"T
,2"

: Mp = Ca = 2X 2Xy C = Fyx(6x0 . 5+8]

= 558X5. 54X2 = 6094 kip-in = 558 Kip

J=x6V5G
= 554 in



n. 15 Calt]

Ac: 8. 5X6 + 8 : /1 inh
S = Aca = 12188 in

3

a : zig = 11 . 08

: Mp = FyS = 50 x 121 . 88 : 600h K-in

En. 16

8"
-I

S = A
,
a IL" -

- : [7y
Moment anm : -

121
-

12-5. 35

= = (0· 5 x8X1)+ (7x 12x0 ·5) + (13. 5X6) -Sa
6"2"

- -

= 6 . 65"

8 + 6 + 6
8. 5"

= 6 . 35 in (from top)

=, :
(535 x 5. 35x0 ·5) + 345. 35 + 0-5)x8]

= 5 . 85 in

5. 35X8. 5 + 8

2 =
16 . 6540 . 5x665x0·57+ 2(6 . 65+0.53x5]

= 5 . 79 in

6 . 65X8 . 5 + 6

· a = Y ,
+

2
= 10 . 84 in

Section modulus :

: Mp = FyS
S = A ca = (5 . 35X8. 5 + 8x1) X 10 .84

- 5786k-in

= 115. 72 in



Local backling strength

classification of steel section based on width to thickness nation (M) :

& -> ↑ slender -> greaten chance of local backling

if x < Xp -> compact -> full mat stren

*p (x (in-> non-compact -s may reach elastic inelastic backling
prion to plastic moment

* in -> slenden -> def. reaches backling

Xp Rm

Flange > 8.38 2

F
web - 3.76 5. 7



=17 8"XI"
A992

Flange : Ej = 50 ksi

12 "XO .5"

↑p = 0 .30 = 0. 15

↑
n

:2 = 240 8"XI"

X= = 4; <Xp-> compact

Webi

xp = 3 .76 : 90 . 55

* n
: 57 = 137 . 27

X: = 24 < Xo -> compact



En. 18 W14 X 98

14 . 5 X 8 .71"

Flange :

X:x = 10 . 21 18"X8.44"
F

used-2kdes

Xp = 0 .38 = D . 15
14 . 5" X 8 . 71"

↑n: : 24 ,
00

F = 2400

: non-compact

Web :

x=4
= 22 .73

Xp = 3 . 76 x ... : 90. 5

3xm = 5. 7X ...
-

- 137 .26
: compact



#. 19 W16X31 of A992

Demand :

DL = 455 + SW : 458 + 31 = 481 lb/fA

LL = 558 13/ft

: Wm = 12DL + 1622 = 1460 lb/ft ; Mu: 164 . 25 left

= 1 . 46 K/fA

strength :

5. 5348. 44

Flange check :

X=x
= 0 .28 X0 .275

-

use d-2 kdes
↑p

= 0 .38x...: 9 . 15

: Compact Ery = 24 . 08

web check :

X= 4

&p = 3 . 76X . - = 98. 54

·: compact

·: Mp = Fy Zu

= 50x54 = 2700k-in = 225K-ft

·: &Mp = 2. 9 Mp : 202. 5 K-ft



E. 28 W14X90
,
1992

DL = 680 + 98 = 690 1b/fA

LL = 1288 13/ fut

Demand : W = 12 DL + 1622 = 27401b/fr

= 3748K/ If

· Mu= Wuh606 K-ft

Capacity :

14 .58 . 71"

Flange check :

X= this : 10 . 21

"X0 . 44

used-2kdes
↑p = 0 .38x5 = 9 . 15

↑m
: 15 = 2488 = 24 . 08

·: non-compact

web check :

X= : 22 . 73

↑p
= 3 .765 = 90 . 54

·: compact



· Mu = Mp-[p-0 .7F]
= Folu-(2-0 .Fysu

: 50x157-x157-0 .7x50x14)] kin
= 7850- 202 k-in

= 7648k-in = 637 . 33 K-ff

·
: $Mn = 09Mn = 57312-ft (Mu = 696]

: not adequate

Mn = Mp-(Mp-0 . 7ma)



moment gradient

Moment is not same across while span of beam

portion subjected to less bending , helps hold up high stressed

portion -> (B) 2

If constant bending -> CB = 1 ~#
-
not constant

[B)2

Eu. 21

Ma = Ex- n
-ww

↓

I

44
I

I

42

My= = Mman

↓-Mc: WLL -

-

·: C=Mmetamat
Nu

A

I I

W
12. 5x % wil

I

(2. 5x % + 3 %2
+ 02 44]m

= 1 . 14



En. 22
-

Laterally fixed

i
I I
48

144 I

I I

42

1
Yet 40 :EL

↑ H

# ↳

ma= X =-
munn:

wLl
F

Mr : Ex-: Sw

Mc:-W

12. 5 Mman
: C =

2.5M
man

+ 3Ma + 3 Mc+ 4 MB

12 . 5 X/8
-

25X / + 3x7/28 +3 +45

: 1 . 3



Beau design

E24 Lightest section ; 1992

-

i
251

#

DL = 1 . 2 1/fA; LL = 2K/fA

Demand :

Wu= 12DL + 16(2 = 1 :2423 + 16x2 = 4 . 64 K/EA

Mu = W362· 5 12/fA

Thiah 1 : WIX77 (DbMp : 366 K-fA)

Wa= 1.2 (12 + 8 . 8 .077] + 16x2 = 473 K/fA

Mu: = 369 . 5 > Gymp

Trial 2 : W18X50 <*>Mp = 379K-fA)

Wa = 1 .2412+ 5 .05] + 16 X2 : 4 .7/ft

· Mu = 367. 2 - fot [5k]



Deflection due to LL :

Aman = 50:
2

= 0 . 83 in T = 800 int

D:
= 8 . 76" (8 . 83 in [ok]

Deflection due to both LL & PL

Oman: = 1 . 25 in

D=Xx+05X25XD
= 1 . 23 in(1 . 25 in [0K]

sheen check :

V= W-25
= 50 .75 Kip

&Un = 192 kip [Ok]

: WI* X58



Beaning strength :

Criteria : Rn = 1 : 2 Fulct -
> 2. 4 dAFu

1
,
- clean spacing of bolt (on to the ends

le -> center to end of member

Rn -> capacity

only in here 2/2 spacing
L

Spacing Criteria : la >, 2 .67d

le7, (d+0 .251)

check-> tension member bearing stien

connecting 11

bult shean stren



Example 25

Tension member : 5"x12"
Prote : 3/8"

Demand !

Pu : 12DL + 1622 = 1 . 2x 15 + 16x45 = 98 kip

Capacity !

spacing check ! 2. 67d : 2.67x : (in) 2. 5 " Sols

d+ 8. 25 : 1" (1 . 25" [Ok]

Hole dia: But 1/0 = 0 . 8Bin

Tension member :

Edge bearing :

Ru = 1 . 2 Fulct 1 2. 4 Fudt le = 1 : 25- 0 .84hi

= 1.2x58X0.043X12 @ 2.4x58X 3/4XY2

= 29 . 37 (52: 2

: 29 . 37 Kip/bult

Inner bearing : Ru : 12Fulct < 2: 4 Fudt la : 2 . 5 - 0 . 813 = 1687 in

= 1 . 2x58X 1 .687x 2.4x58xExt

: 58 .7 52 . 2 : 52 . 2 Kip/bolt



·: Bearing on tension member = 2x29 . 37 + 2x522 = 163 Kip > 90kiP

Bearing on plate :

Edge : Ru = 1 :2 Fulat & 2. 4 Fudt le : 1 . 25-
3

= 0 . 844 in

= 12x50X0 .hhX = 12. 4x5*x& x *

- 22. 02 &39 . 15

= 22. 02 Kip/but

zunen : Ru = 1 . 2 Fula & 2.4udf

= 12x50X1607X8124x58xx
= 44139 - 15

= 3915kiP/HON

·: Rn = 2x 22 ·52 + 39 . 15 x2 = 122 . 34 Kip >, 90 Kir

shean stren of bulf :

& Ru = OnFnAy = 0 .75x4X48xx75 : 63: 6 Kip (90 kin Snotol)

.: MoA adequate



Prestnessed concrete :









Example 27

3 14 ft
,

20",
↓ ↓ ↓ ↓ ↓ ↓ ↓

-

3651
2. g. c - E 3 30"-

-
15

"

I I

24

-E-
(3

H +
=

H)

+

.X, 0 . 864ksi
I =I

= 45800 in4

= 0 . 6 ksi
m =WL

= 216K-ff

= 2592k-in

· fasp = -0 . 6 - 0 . 864 = -1 . 464 Ksi

A = >h = 28x38 in
?

fbtm = - 0 . 6 + 8 . 864 = 0 . 264
= 650 in

?



E. 26

31/ft

~
18 ,

& &
38" e = 6

"

3681
-

I I
241

= 2006 1 = 45000 int

A= 600 in?

=

Fed . 3650 . 720 Isi

+ Eziy
I

(H)

E) + t

· fap = -0 . 6 + 8 .72 = 0. 12 ksi ()

frotm =

- 8 . 6-0.72 = 1 .32 Ksi



En. 25

31/ft

~
18 ,

& &
38" e = 6

"

3681
-

I I
241

-0 . 864 ki
FA Ed

[] #]

Ex : 0 . 720 ki E) +
Ed

t

El

-0 . 6 usi

· flop = -0 . 6 - 8 . 864 + 0 . 728 = -0 .744 ksi

f
bam = - 0. 6 + 0 . 864 - 8 . 728 : -0. 456 ksi



Example 28 :

fse : 160ksi ; fu : 270ksi; fi = 7 Ksi

18" x7
"

-

22 "X 5 .5" 31 "

X
-

As : 2. 75 in
?

:As315
= 5 . 00455

- fs : full-o . 5p
= 276(1-0 . 540 .00455- Ksi

C = T =) 0 . 85 fiAc : fsAs

=) 8. 85 X7XAc : 244X2. 75 =) Ac: 113 . 12 in
"

Aflange : 18X7 = 126 in A

: Rectangulan beam in effect

: Mu = Asfs(d-Ey 0. 85 florb = Asfs

= 2.
75x244(31-Est => 8 . 85x7X &X 18 = 2.75x244

= ) a = 6 . 27 in
- 1869712-in

- 1558k.
St

·: *Mu = 8. 9 x 1558 = 1482k-ef



Ex. 29 18x7"

31 . 5 "
22"X 5 . 5 "

- 8

p : As= = 0 . 00t fu : 278 ksi

fc = 7 ksi

· fs = full-o . 5 p f)
: 236. 3 ksi

C = T =) 0 . 85f: Ac : Asfs

i) An : 145. 8 in

Aflange : 18X7 = 126 int <Ac; T-beam

· d = 7 "t-12610 . 6 in

Ce = 0 . 8 5fc [hex (be - bu)]

= a.85x7x(7x (18 - 5.5)) = 528 . 6 kip

Cw =0 .55fa [2bw] = 3469 Kip

: Mn = ag [Cr(d- E) + Ce(d - E)

= 21289 = 1
, 775 koff



86/85

Chapten 88

Compression member:

Ca : 4 :71 Fe=

SR = I

S. R . ) C -) Slender -> En = 0 .877 Fe

< -> compact -> Fan= 0 . 658
Fore

Fo

En. 9 L : 251

W14X61- > Ry = 2. 45 in
, Ag : 17 .9 in

2

ADD2 -> Fy : 58 kSi

SR : ILZX7 . 06 in

C : 47 = 471co : 113 . 4 in

: Stocky col

Fe= E : 20 .83 insi

For = 0.

65% Fy = 24 . 70 ksi

·On = Agfen= 400 Kip



En18

Z

A -
su

=- -

12 34

- 24"

121

A -

A
-

Ag = 11 . 5 in2; Mr= 427 in; My : 1 .98 in

SR : man(thy:
= 67 - 45 > 72 .73

-

: 72. 73

C = -

---



En. 11 L = 25

DL = 1351
,

LL : 1451

A992

Demand : Pu: 1 . 2DL + 1621 = 39417

C= 47 = 113 . 4 in

KL = 8 . 8 x25 = 28.

Trial 1 : Fan = 2358 = 33 . 3 Ksi

: Ag:ton = 13 . 15 in &) Pn = * For Ag

=) Ag:
on

W14X48 ; Ag : 141 in?, My : 1 . 91 in

SR :I 125.65) -> slender

Fe: = 10 . 13 ksi

· Fan= 8. 877 Fe = 15 . 9 Ksi

9) Pn = & AgFer : 201 . 8 <Pur

Trial 2 : Fcn=+ 333
= 24. 6 Ksi

: Ag= = 17 . 5 in
h

W14x61-> Ag : 17 . 9 int ; My
: 2. 45 in



SR = 97 ..96

: Fen: 0 .

65 m Fe:E = 20 . 83 ksi

-

- 24. 79 ksi

: DPn = 399 Rsi] Pu



En. 8 L : 15

DL = 351
,

LL : 70" , We : Gol

A36

3y" bolf dia

Amin = /u in

-

Demand : Pu : 12DL + 16hh = 154"

Pu = 1 : 2 DL + 0 .5/1f1W = 1371

Anea:

Based on yielding :

Pu= Fy Ag

= ) Ag: = 4 .75 in

Based on fracture :

Pu: Fu Ae Ae= ~An

=

> 157 = 5 .75x58X0 .8 [Ag-175) An : Ag-2ACG +t]

=> 154 = 34. 0 [Ag-1 .75) : Ag-1 . 75t

= Ag = 4: 43 + 1 . 75 A V = 0 .8 for 4 on mone

bolts in a now

~
min=r = 0 . 6



# Ad A
aa

5/16 4 . 75 4.98

3/8 4 . 75 5 . 89

7/6 4. 75 5. 25 & 867 LEX4x7/16



FastReview

E. 1 Ag = 5 . 77 int; I = 1 . 67 in

An : Ag-2x[+] =
--

Ae : UAn u = 1-
=1-

E. 2 Ag : /2x5

An = Ag-2t(+ E].

Ae = 1x An

↓
36

Fy = 8 . B X Fy Ag
- 58

Fu : 0 . 75XFutte

staggered factenen

Enz: An = Ag-EAn + 5 A

Line abe : An = Ag-2x(-- - ] --

Line abed : An = Ag-2x52-)+ x



F5

Line abed : Au : Ag-2x--

Line deba : An : Ag-3x( ...)+ g = 2+ 2 . 25- Et
= 3. 94

-

EO Pu = - - -

Pr=...

Based on yielding : Pu: ExAg

" functure : Pu : Fr Ae
Ac = VAn

* = 0 .75x58x08(Ag- 175)
An : Ag-2A(f+ to]

: ) Ag=
---

= Ag-1 .75t

U = 8. 8

min:r

--



En g : SR : -- Ca = 4 .71
C

,
= . .

Fe:
Fe

Fen Fan : 8 .
65e

fo -> compact

P = - --

0.877 Fe -> slender

En. 11

kL =
...

G = - --

Puc -..

Fan : 23 Fy

Age---

Plastic moment :

My = FyS; S:

Mp = Fg 2; 2 : And

En15 J
,

: . -
-

a=2

Mp : FyX Aca Ac : 6xx5 + OX1



EU. 16 If = ---

= - - -

Iz = - ..

a= + E2

Ac=. --

Mp= Ey And

Local buckling :

* <Xp-compact

*/2 <*-> non

-> slender

Xp &m

Flange 8 . 38%. IF .

web 3.f 57F .



En . 20/Mp = Fo2m

& Mu = @ (Mp-(Mp-0.fESR)

moment gradient!

3:5 Mm 3 McM

En . 24
-

Wu =..

Wah?

Mu = J

Thial---

Live Id : Amanio D-

L+DL: Aman:Go

= W

*Un - ...



Bolt : Rn = 1.2 Fulat ! 2 . 4 Fudt

ly ), 2. 67d

le 7, d++ .25

↓ 48Rsi

Ru : nEn As


