R )“‘“g!l ¥ Rge ‘n‘u:ma-;
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Ex- Desigy of Rpai S

Hexaral ) hers -3

Point LOdd it Bea

s ms: Wed Crippiing

& @ Gegponie o
For extérior loads, (Le., peint load aces -
at less than 4, 3 end L

ForN/d <02

ForN/d > 02

..5‘, E-Jf
R, = om,l{w(ﬁ-czxt' : T
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CE 319: Design of Steel Structures
Flexural Members - 5

Solution:
For W18 X S0, we obtain . x=390">dand >d2
E=09Min 2. N = 6in. (given)
L =0355in 3a. Web Yielding
d=18m & R, = & (5k + N)Fs, = 10[(5)(0.972) + 6](50)(0.355)

& =057in = 192 kips > P, = 100 kips OK
A o ek 3b. Web Crippling

e Lo =
TR S As mRHION [EF;
S LTS &bNR.=¢OS: 1+3( )(I ] 4

= %0 :‘-;,‘ / f
Sy i - (075)(0.8)(0.355 ( 6 0.355)‘ -‘] [(29,000)(50)(0.57)

: Sr R = s [ 18.0/\ 057, 0.355

2 &R, = 172kips > P, = 100kips OK
R~ DAF, The W18 X 50 beam is adequate for web yielding and web crippling.

Prof. Dr. KM. Amanat Dept. of Civil Engg. BUET, 2016

CE 319: Design of Steel Structures
Flexural Members - 5

Beam Bearing:
In many cases, beams are supported on
concrete or masonry wall. In such a ;" b

case, a steel bearing plate is used to
transfer the beam reaction on to the aapvin.

support. Size of the bearing plate is T
based on concrete bearing capacity and  bearing area A, i i [ s »

AONNNNANN

B : P— imilar and
beam -:‘eb yielding and web crippling Z‘;:‘Cenm ik :
capacity. \
On concrete or masonry
< @R, = 0.85f. A, j— 1.7f. A hsection v
¢=0.6
A, = Area of steel bearing plate= Bx N
A, = Maximum area of bearing support ::’:,/,:'
geometrically similar and concentric with 4, e
= (B+2e’)(N+2e), where (B+2e’)/(N+2e)=B/N N+ 2 I

Dept. of Civil Engg.
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loaded with a concentrated load on the compression flange. It occurs when

refative lateral displacement between the loaded compression flange and the
tension flange is not restrained at the point of application of the load.
Sidesway buckling can be prevented by providing lateral bracing to both the
tension and compression flanges at the load point and preventing rotation of
the compression flange. The lateral bracing at the flanges should each be
designed for 1 percent of the concentrated load applied at that point.
Alternatively, a pair of stiffeners may be used, designed to carry the full load,

and extending from the load point to at least half the depth of the beam.
Rotation of the compression flange must also be prevented.

Dept. of Civil Engg. BUET, 2016

CE 319: Design of Steel Structures

Flexural Members - 5

Point Load on Beams: Sidesway web buckling «—

W&akmmmﬂmggummwdm’ rotation:
o (k/2a) /(Ly/bg) = 23, :

o A P AR, < Pankl
73 h/ = T
gq:"‘qf'} l+0,4<ﬁ)J7:§;—Jﬁu, we orlil h
o o/bs une_ st ffenas
R, = no limit

Z Whea Se compressicn flange is not restrained against rotation:
for (k1) /(Le/By) < 17,
B | 0.4 == o
¥ Ly /by T. =960,000 ksi when M, < M, at

== the location of force.
4 Sox (hfeg) [(Ls/by) > 1.7, = 480,000 ksi when M, > M, at
oo it SI‘ ? e the location of force.
R, = no limit

Z,

(5

Dept. of Civil Engg. BUET, 2016




CE 319: Design of Steel Structures

Flexural Members - 5

Kkling *
Point Load on Beams: Sidesway web buckling *

T 3
| i ] org~ L, = Largest laterally unbrace (l'
| L=t == length along either flange at
i yoint of load.
Bva'%p edfgﬁﬂ%b l(.«scc AISC 360-05 Commentary
’k |, Fig. C-J10.2)
L=l = 'h’f’ Hﬂ /LL
bk bottom-2

' | b grusdenisl kso L= L
' ot | J

Ll 7 Game arwilion

i

e
| Ila=5'2 =+ botf {f‘na( UMJ{)P'JH{IJ (_z,uﬁu\, 2 Yy
: Y 1 [b’ lfg_

B 'L |
x = Braced point

Prof. Dr. K.M. Amanat

Dept. of Civil Engg.

BUET, 2016

CE 319: Design of Steel Structures
Flexural Members - 5

19"
Example: */501""02 Uwﬁ)

A W14 x 30 girdér with a yield stress of 50 ksi is si

mply supported over a span
of 20 ft and has a concentrated load applied at midspan. 'l:hugggg_gggis

restrained against rotation and is laterally braced at the ends and at the

location of the load. It may b and 1.5M, exceed M, at the
location of the load. Determine the nominal web sideswagbuckling strength
of the W14 x 30 girder. R, Yo Cop 24B00TD gt

M

W14 x 30

M e s

From AISC manual, for W14 x 30 section, we find,
t= 0.385", h/t, =454, t,=0.27",b,=6.73

Solution:

Prof. Dr. K.M. Amanat Dept. of Civil Engg.
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CE319, Design of Steel Sty uctures

Flexural Members . 5

Now, i = 45_4:

=45.4%0,27 = 12.26"

L

b= 20'= 240" (in accordance with AISC dc

tmm()n see slide 19)
. fovvnud 3 e om f

M\ﬂc e ru Stradnd  as {v/ (f
Now, (h/(w)/(Lb/b,) =45, 4/(240/6 7?) =

1.273 < 2.3 '9 comp. ffm/‘} :
(
Ctd¢ 3

'l‘hvrolm'o, R, = ':f 1+04 &

h Lb/bf
R, = (480000x0 273%0 385/12 26%)[1+ 0 4(45 4/240/6 73)4

% =44.03 kip
1)‘[\” 085 1{4-()5/ = 3;7.4'51( e dz),lam. load>3:f +43% , Ham ei e
&\Tus' 3(V¢ shfgfgnm ot

o deerase va

Pr at

BUET, 2016
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d on Beams «—

———" oeams

4 Point Loa
) !

&\ Beari ing
‘ Stiffener
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¢ Desian LInL

\(8 o1 - 5 R ;
Serviceability of Beams & £ SHWANIME B2 s oder dubhelio RIF

»” 4
\d Serviceability, instead of strength, ma§2 ';m% often does control the design of beams.
\d” Excessive deflection may cause damage to supported nonstructural elements such
as partitions
< May impair the usefulness of the structure by, for instance, distorting door jambs so

that doors will not open or close, or Jeln+he above fquet, v o A FEE™

pe " % . i) ot | +

May cause "bouncy” floors. 7 02 slak middl¥- A defleet 7% 1 O
AT h{ f?“l:‘/(} (,( A 5 g f'(R 37GL V\’.\’f\‘i \

These are serviceability problems, often \mrcla‘tcd to the strength of the floor system.

Prof. Dr. K.M. Amanat Dept. of Civil Engg.

CE 319: Design of Steel Structures
Flexural Members - 6

Serviceability of Beams > (* muls ENES all Hhe 5 etrgorios)
- TR e w’,_ - L ”

2 e T 1 > Z’ *W
L\y ¥ ¥ J( : X 4 2 v—nf - "‘ % s
AT B - U e faak
AR N s [ :
)_/3:,,;;_3,,/“,:*:3, & W =wL VAZLW“L} Ale_LJ -
= 384 EI 384 EI 48 EI 3 EI
wL? ;
Amax = Brpr- (6.1 2 g
4 % 4
W = total service load on the span O‘@( I
L = span length 2 E Xy

E = modulus of elasticity (29,000 ksi or 200,000 MPa ?(L)r'gizel)
I = moment of inertia
B1 = coefficient which depends upon the degree of fixity at supports, the
i3 variation in moment of inertia along the span, and the distribution of
; f loading. (For a simply supported beam, 8, = 5 /384; other values are
available in AISC Manual Tables 3-23, pp- 3-211 to 3-226)

Prof. Dr. K.M. Amanat
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For Live Load, .
i e

Eq. 7.6.4, using E = 29,000 ksi becomes

L 48(29.,000) 387

2 1w00p0)f f

CE 319: Design of St

\ Serviceability of Beams *
- Select the lightest W section to carry au

i Kipfton a simply supported span of 42
load deflection is limited to [ 7360. Use A

ight 100 b/
K/R,
= 3528 k-t

Assume beam seltwe
W :\\50‘000“ =106
M=wli/8=10x 42%/8
Considering stre ngths
M, = 02M= 1.67 x 3528 = 589.2 k-t
Z=MJ/F= 589.2 x 12/50 = 1414 int
Since we are using z,, we must select a
compact section
Considering LL Servi
42x12
360

S wl

384 EI
4

ceability

00

14

Now, A

—V |
384 EA

s o 5 n*
$_QAxE21D) . 7450t

Dept. of Civil Engg.

eel Structures

Flexural Members - 6

niform dead
ft. Adequate lateral support is provi

s | =

3g4 29000x14

(7.6.5)

BUET, 2016

A
4
{ [Ah'u\ “A\

\ 19 —A
load of 0.5 kip/ft and a live load of 1.0 . o

ded. The live

§72 Grade 50 and ASD method. 4LL8 3
ASD method. s

Now choose the lightest compact section y*®
J

with 1217245 and Z, 2 1414
From AISC chart,
Chosen compact section: W2 1x93
(W24xol is slender tor F,=50)
Check sell-weight 93 /1L <100 OK.
Check shear:
2.24N(E/F)
= 2.243(29000/50) = 53.9 ksi.
From chart: d=21.6,1, = 058
d/t, =216/.58= 37.2 <2.240N(E/F))
oV, = 0.6Fdt,
= 0.6X50%x21.6x0.58 = 3758 Kip
WV Q=37 5.8/ 1.5=250.53 kip
But v:mn:x.mauu/z =33.5 < V,/Q OK.

Final designed section: wW21x93

BUET, 2016

DLy 110K/

‘.'\'l\'\lal




-

Yoy,

Examples; 7.4 1,761,

71,793
Exercigse: 7. KTy 4,

74,787 6,7.7,714 70

Chapter o,
Examples; 9.9 1,992 099 1,994,998

Exercige; 9.1 {omit cases

96,910 1,910 4, 91043
l' ‘!,'1, ‘}’t, (‘l, l," v', {) ',,l)‘/,

Dept. of Civil Engg.
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' 50 # /’
A sennrria self u;'/”‘l})’] v
.07 k /
GXi04 I'2xX% /ﬂ“‘ 1 ,)'l“"/ 3 . /
2) 2 A
p 2 /
C 0,90 %42 498+ 23 Kk
M v | L' Lo /.
'y /’J o
/
y M, 19833 , 554.7 K
fv, b 99 :
b )
AT dariar corf 0 et see A, B A4%2:89 N
e 0 563 P2 in? (AR
Mo F1 Loy > 2o 50 ‘ Lot verianad
'a 6(* 1 e Wosg s Aslx
kyr (Ao sonsiernkilhy o olony
’ . - 1 - / /
e, Wl 7 AT 220'% ¥
' v L 1/42 ki &
ML; 2 2

D91,99910,9,12
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N =2 S 1) . ———— i “ '2.”0'6‘-"1?“

384 el : S84 : 290‘0")—‘»(.1-/1—‘1'\«_]~ g

! *» e choose o fnw(vof-’ W seeton

We thoose w 2) x93

1=2070, 2-221, *2lf wt 93 ¥/ r o #/,

Chaeele Capo Oﬁa : W

———— — — —

I

lexi+ 12( &5+ :093)

\

22308 R/

2 : 2
M, - ng - 2:;3“2_ w42 = 508 vl

Se ehom upaaﬁ y Ma = FyZc= 50x 22| = iloso 5" 2 990 K

/
Cafocl%é - q‘ My = 0'9X920 = 828 Kk




CE 319 : Design of Steel Structures

Connections - 1
EXAMPLES *

Simple framing joint Top chord joint of steel truss
¥ . _w"r,J F ata”
ML‘-J ‘{'umjf D K“f‘ oo i e e

shean, no momant

Feanrmissiom

Prof. Dr. K.M. Amanat

Dept. of Civil Engg. BUET, 2016

w R CE 319: Design of Steel Structures
: il Connections - 1

EXAMPLES*—

Rigid framing joint

Column splice,
Simple framing
Prof. Dr. K.M. Amanat : JET, 2016
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T 379 - Design of Steel Structures

critical part of steel structure design process.
-ast understood part of the structure.
=ntiv the weakest part of structure.

proGabie location of occurrence of stress
3 A ————

TG LIOn
nE GESIET
of actual stress distribution.

wost affecied part by fatigue stress.

ertipp failure has been regarded as the most
r canse of steel structure failure.

procedures are generally noton the
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g 319 : Design of
Connections -

’ T i
CL\SS!FICATION OF CONNEC
i Rigid Framing: )

»&isC TYPE-1. Fully Restrained (FR)
r

-

-
-
-
-

Faill continuify is provided.
Transfers both moment and shear.
Original angjes betwe
Rotational restraint 0
sed under both working and pla

en intersecting mem
£ 90% or more is required.

1

steel Structures

G Bearn 1o eolbmn eennection.

stic design methods.

pers are held virt

ually constant.

-+~ BISCTYPEZ Swmm (Simple Framing: ) ,mj.z shagn
» Rotational restraint at member e

» Shear transfer only.
» Change in angle between membe
would theoretically change if fric
+ Used under working design only.

s AISC TYPE-3. Partially-rigid (PR) Connections (Semi-rigid Framing)~ jullg

2 » Rotational restraint is between 20 to 90%
" ,r';pg Full shear transfer and partial moment transfer.

»

o

N

Prof. Dr. KM, Amanat

nds is negligible.

rscan

tionless hinged connection could be

CE 319 : Design of Steel Structures

Connections - 1

be as high as 80% of the amount it

used.

sheas £

BUET, 2016

#4 Simple shear connections

(commonly known as framed
beam connections), and now
referred to as "Simple
Connections” (AISC-B3.6), are
used to connect beams to

other beams or to column
flanges or webs when simple
support of the beam has been
assumed.

Design of such connections

has become somewhat
standardized using Part 10 of
the AISC Manual, which Lp
provides the design methods
and tables for Simple Shear
Connections

et \

\
\W ‘\A
o \

A (7 K

_o ANV 4
4 ¥
3 '/,.// E
Yy (&N

'

- A }w’a
Dept. of Civil Engg,
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SIMPLE CONNECTIONS (Simple Shear Connec_tionsv)/"/v o)

e.\

Hally momant
portiaty meme

peam  tosm? @ s g

A 0"‘[’ A \\)ll"“ ’ "‘% /,/\. ‘
(e, b0 A% oo N
Lo L thov ‘\¢ }\

ks wgoan bahomary
L A BT .

o8
i man
beam

$— [\ Sy

N

Savande v b

| Famwiation

/. Comenate)

()mN' qu\
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lj ugﬁt o web o

¥

for shease,

onmr-h'mm)

—7 Potential path
/01 tearing failure

Prof, Dr. K.M. Amanat
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& Shean Connection a.&oaﬁs ARIZ, | e wel econnection LG
’l"'fi 'IJ momen-t connee-Herr needed , Hep f‘.nﬁc—* ﬁfmge Conneetion fo
inteocduce .
% : CE319: Design of Stee] Structures 4

Connections o |

SIMPLE CONNECTIONS (Simgle Shear Connections[ x-

bock Sheon failusee 23 enttionl doee. .
AISC TYEPS:
A. All Bolted Double

-Angle Connections
Z. Bolted/Welded Double-Angle Connections

3. All-Welded Double-Angle Connections

A, Bolted/Welded Shear End-Plate Connectiong

5. All-Bolted Unstiffened Seated Connectiong

6. All-Welded Unstiffened Seated Connections

7. All-Bolted Stiffened Seated Connections
8 Bolted /Weldeq Stiffened Seateq Connections

'rof. Dr. K.M. Amanat Dept. of Civij Engg. BUET, 2016
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CE 119 Design of Steel Structures
Connections - 1
AISC Simple Connections
AL Al Bolted Double Angle ¢ Holted /Welded Double-Angle
| ) | | [ -] 1) | ‘i )
'\ | ) !Ii ) ! ) ) l ‘ )
} T80 \ | \
‘. \ ) \
v \4
A ) ) - Plat
l..,..‘\-' Al Welded Double-Angle M. Bolted/Welded Shear Ene \‘l:' bt o8

‘l fa, We w0 Y

jjm C N @

N

Prof, Dr. KM, Amanat Dept. of Civil Engg. BUET, 2016

CE 319 Design of Steel Structures

Connections - 1 A\ M0 e

n \
ISC Simple Connections- P
P $-
ned Seated 6. AII-WoIdt:d !lnsllﬂ'«\m:‘(_! Seated /v {'
¢ T i e
!
/’"\.‘9 | 8.8 UI 3 [___‘_] ;l\;b'
) .f Fabn
{ m" Z - _‘.!Af (v J‘ /f‘"‘d‘ A A {*P\\
7. All-Bolted sum ‘ned Seate (lt‘sffcmu ollod/Wold(‘d Stitfened Somed QQ‘
_U:T a(u':i,- : ¥ ; ~j ; S, i Q\-sé 6.'
— o
| \ el AN
R 5\":‘"‘ o’
) \Shelf 1\\
i - f
S Ji S

Prof. Dr. KM, Amanat Dept, of Civil Engg




CE 319 : Design of Steel Structures

Connections - 2

DESIGN OF SIMPI (£

AISCMANUAL ¥~

F oS- = e =
o Manual contains necessary v - -5 1> B
i mane 4-_’("—’7’_“’-—‘
design tables for easy design and ready < T -
reference for Simple Connections. = B A :
= 71 et - PETICTIET I h
bf AlseL Mﬁmlv {0.71{ -1o0 = = W 7 ‘——:——%“"’,’—u_‘z‘- ::
g EE Sz noHsEsfa
ngle *~ =& & ] - wismae =
= 8 i B
T | {1 -l s | B e e
g -» T
| e | N e
. — onm
oillio ° 5] A =
"y .
°: :o . Az | " ™ "'4"
= T w | =]
i e e e o e
°:=° ‘7‘> ::::‘::;:::;
ofiiel W 32 HHHAHHHAHHE -
i » = = = . T M e W
£ = e ;= = 7 om W = M W W%
T = = = = = W m W 3 ¥ W
}_‘1 e B T > = S
| - - = w o e T W e W ™
j ! - - e = W T R D W % S
{ ™™ - - - = ™ im ™im
| 2 - im . s ™o oM M W ™
’ ° | 3 3 g 3 v W 3 W 3 W 3 3 38
% B e e e De g el Dm Bl
° | i —— zisi
Foole | = = =
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CE 319 : Design of Steel Structures
Connections - 2

All Bolted Double Angle ~— ceeom PV L T
Select an all-bolted double-angle connection between a W18x50 besr™

beamand a W21%62 girder web to support the following beam end reactions:
R, = 30 kips, R, = 40 kips. The beam top flange is coped 2-in. deep by 4-in,

long, L, =1/,in, L, =13/, in. Use 3é’-in. diameter ASTM A325-N bolts in
standard holes. Beams are A572 Grade 50 material.
Vanabie g

i ke

Solution: s o
] o
From AISC Manual Table 1-1, for W18x50, total depth o 3
d = 18", web thickness t,, = 0.355", t,=0.57" k=0.97" ol °
I
Girder W21x62: depth is 21", Beam is coped, i.e, & 191 °) G AV w39
beam top and girder top are at same level. Thus _ 67 gur | —f | =" " 45"—2.57
beam bottom shall be 21-18 = 3” above girder w - B 1 AT STaT
bottom, Thus beam bottom need not be coped. =3 2 aomuana_
/Spucc available for bolts, 18 -2-2(1.25)-0.97 = 12.53" ’ T T .

5 I b

Assuming that bolt spacing =3, (>3d =3x3/,=225"),

maximum number of bolts that may be '%*—\:'

accommodated in 12.53 inch space is 12.53/3 + 1 =

» 5 bolts.

317

M. Amanat Dept. of Civil Engg. BUET, 2016
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@ il CE 319: Design of Steel Structures
. T Connections - 2
All Bolted Double Angle @ Copimg 20002
9 :

Solution (contd....): eopng @ L,y
i 3

W21x62 — Lo &/ WIBX50 — W18x50 @*%'wq A A
| & S 0 4
‘ K N Loy 3T

a a

Prof. Dr. K.M. Amanat Dept. of Civil Engg. BUET, 2016

CE 319: Design of Steel Structures
Connections - 2

All Bolted Double Angle “ : NWML,,J';S,) of bolls used—

Solution (contd...): 54 o
Following ASD principle, total load to be transferred = 3 Y

Ry +R, =30 +40 = 70 kip.
Allowable bolt shear capacity: or@a dia j};w e A3
« A325-N bolts — Threads included igTshear plane. o e
‘QN«*\\'ZS R, = mF,A, /0 = 2.0(0.4x120)[*/,(*/,)?]/2=21.2 kip

‘&{k W Number ofboltisf‘i?gired: 70/21.2 = 3.3 <5 OK.
e ' Provided L,, = 1.75”, thus angle size *(C% W{a m\ﬂLLma’miML -Ji o )

shall be 1.75%2 = 3.5".

For additional safety for beam web capacity, we consider L, = 1.50”

70 kip load is to be transferred by 0.355 inch thick web. Thus required web
capacity is = 70/.355 = ] 1 i :

Considering web capacity, we choose page 10-20 of AISC Manual with 5-Rows

obolts 5 4 \nps fme 25, buk“fm sefely e Wil e 58S

{ i!r K.M. Amanat Dept. of Civil Engg. BUET, 2016




CE 319 : Design of Steel Structures
Connections - 2
: " .
W
All Bolted Double Angle SR 0","5‘,& W
J

K
...,,.F @a{ Z From page 10-20
e Type T @ 1

lower part of AISC

S
(Ve

1 14 J 1" |V IManua]
{ 9% s | ummmmuﬂawm
Friks s 2 216 | %24 | 185 | 253
5 o 3| ok g Bd o ’“‘J ol o Beam web capacity
‘H‘Fv sohs CopedatTop) | 1 mlaxs ’w 332 397
AT IR oryrer—| Do

;| =208%0.355

[ 1% | 215 373 23 210‘315 21? 318 220
2 210 314 ZIB 3z 329

375 | 229 | 344 356 359 247 37!\
l'/: 197 | 296 | 197 | 206

' =73.8 kip > 70 kip OK e
~ 185 [ 78 202 | 20 [ raq :
Z?ﬂ-‘n,u\f") Mm:}}amm mzss ::»gwsn zman - A any cthasd - AT, \
bolt -3 i 22318 | 21 e 20 [ 300 [ 212 i el i rq;ld bloeke sheax “C*%

313&99! i g m m m 322 220 m w3 | DT peam —A3 blot 4“{
: a3
Gt o 0
aIE

AT

Lo 6 7> [ ]
29 auce
""ﬁ-‘ﬂ‘ﬁ.S

Prof. Dr. K.M., Amanat Dept. of Civil Engg. BUET, 2016

CE319:De 2sign of Stee] Structures 3}
Connections - 2 U8 -

Table 10-1 (continued) 1 From page 10-2¢
able continue
All-Bolted Double-Angle 3Ja-n) uPper part of Arsc
Connections Botg/ Manual,
T Thickness of the angle
- "'-wmm-uum-..

shall be 1/,

L35x35 xi/, \ted
F, =36 ksi (A36) '

N = Hoead 25 tnelucked ‘. sheart

Hranymission
%= Houd B ox elude

SC = 5Ef Criheal fwe wenk wre nm>

]

BUET, 2016




CE 319: Design of Steel Structures
Connections - 3

Rigid Conncctions;"
CONTINUOUS BEAM-TO-COLUMN CONNECTIONS

<l In continuous be

am-to-column connections, it is the design intent to have full
tr

ansfer of moment and little or no relative rotation of members within the
joint [i.e,, AISC-Fully Restrained Moment Connections (FR) -

rigid-frame
connections)

m—Nn
— ..!=yr, 3
 Ba BB 3 5/\-1
e« | | S —
lk " l:

< Since the flanges of a beam carry most of the
and compression flange forces acting
to the beam depth, it is the tr
provision must be made.

bending moment via tension
at a moment arm approximately equal
ansfer of these essentially axial forces for which

< Since the shear is carried primarily by the web of a beam, full continuity
requires that it be transferred directly from the web

Prof. Dr. K.M. Amanat Dept. of Civil Engg. BUET, 2016

CE 319: Design of Steel Structures
Connections - 3

Rigid Connections: -
CONTINUOUS BEAM-TO-COLUMN CONNECTIONS

Beam connected
to weak
axis of
column

o bj grarn 1o Ll
conngthon must be.

Moment Caonrae tion 1{ oHn
doygs of shunattanivg snt
az‘ g J o

not odoptid :

Beam connected to
strong axis of column

Amanat Dept. of Civ



stee qactures
g 3191 Desigh of Steel 5||'|
(Iunnectmns -

)-COLUMN (‘.(V)NNI'I

Rigid Connections:
CONTINUOUS BEAM-T(
( Benm directly welded o column

nent Lo Strong

CTIONS ~

axis of column

(llr.mn transfers mots

=i - =

e

]
] \

b

~ Cmh Lt wL'd Plate

it ’r’ al e : N Back up
g finle plates

(b) Horizontal plate

(1) Nao oslumn stiffeners,
stiffeners

direut Hange to fange

yroove welds (O\I( wdbA)

Prof, Dr. KM, Amanat Dept. of Civil Engg.
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CE 319 Design of Steel Structures
Connections - 3

Rigid Connections: «
CONTINUOUS BEAM-TO-COLUMN CONNECTIONS

Heam bolted to column
End plate

A

{
{
l
f Heam transfers moment to sh‘ong axis of column

Column
N . ¥y “\ﬂ’_~—

} [ &= g
l[ |

|
)

U e J(’v) ’;M{'"”. with or :
(. e ) without web angles w— Viel_d“m‘ (”\65‘& fo'd‘h)

Prof Dr, KM, Amanat Dept. of Civil Engg. BUET, 201¢
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CE319: Design of Steel Structures
Connections - 3

2 —
- R

Rigid Connections: «
CONTINUOUS BEAM-TO-COLUMN CONNECTIONS *

Beam welded to column

Beam transfers moment to Weak Axis of column
. —

(b) Top and bottom plates
web plate; and seat plate

(€) Tee section with
flange back up plates,

- F(Mgch 3 (""f‘ emneefion audt = ﬁ;:‘ ;«ELU\% and ymall web plates

Prof. Dr. K.M. Amanat Dept. of Civil Engg. BUET, 2016

CE 319: Design of Steel Structures
Connections - 3

Rigid Connections:* e S Go
o YNALN Gitetan A3 o137 AT

CONTINUOUS BEAM-TO-BEAM CONNECTIONS* rrals s,
v Memment THATIATER ,,vl‘-‘.

E L A\t A Ve d
st dreata DA
== e ;'.). da it aft i ey
| MR @ M

\‘.,u rl-.' vo."h L'rs' \in\\:“ :.\

Tension flanges not attached to Tension Ranges
each other (a and b). attached to each other

r. KM. Amanat Dept. of Civil Engg BUET, 2016




(K3

Extended end-plate mome
Non-seismic application

Fowr Bolt wtghoned
Vormas Jire
—g , [
-
W | S|
w4 v it
! . i
o
™ 3 :wgoane ' L
i -
; o2 & Mabvgiv Rire | 1 1 warifoned
i i £
Ry ——

Connections -

¢
19: Design of Steel Stru

3

\Y
nt (‘onnv(‘ll(n)‘

N Fowr Dol Siiffened
s

oRIR  both

Prof. Dr. KM. Amanat

o i s (24

ey "l

1A““ ek nas
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"OVINEL IO by

tures

{ mniot} A aeg
(u(«'z’

) Muliple R ,-_l‘,'l n:f:.m e
LGy !
(7 g

’ L "

‘Cl How

) . )

() Multiple Row 171 Stiffered

o s both flange - 33 Lansiet 200 (Jore seis yrice load)

Srde extonded x|

119 Design of Steel Structures

Connections

3

thcndcd end-plate moment connection

Non-seismic application ™

Behavior of endplate
in tension zone under
flexure,

Thick endplate behavior®™

'
|
bas ) re—43 Yo
o L »
: | o —
|
. 3 } w—f
I Column |
i e e "

separation

Prof. Dy, KM Amanat

Dept, of Civil Ny

/7

Tension Zone

Tension Nange

Beam

End plate

" Endplate I8 thick

) and Hgld enough to

’ cause contact
Separation by

{/ elongation of bolt,

BUET, 2016



CE319: Design of Stee) Structures
Connections - 3

Extended end-plate moment connection

3 Tansion Zone
Non-seismic application I “ I
e

Behavior of endplate y
in tension zone undetr

flexure. e Tension flange

[hin endplate behavior * Jeam

End plate

| Endplate is thinand
iumlt-rgm-s bending.
) This causes

/ development of

- in lmf s (.
- Column @ < no contact L)’ }’ “‘U

o . ddle A
| ) face \\J an separation 03 ,.b,;{al} Ae fvuhm vehddle

i : gl erd. —A 2z
Prof. Dr. K.M. Amanat Dept. of Civil Engg. mvn 2016
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CE 319 : Design of Steel Structures
Connections - 3

Extended end-plate moment connection” :
*Non-seismic application: Thick endplate behavior (i»"r.i» Peeign
N Tension Zone b,

)
P, -
rle ol 2 -
VIsILEgETIITE 3
2P, =

“) . //JL e | 2P, =

WA

J

|
=\ L
Hm]+ «oﬂﬁ‘rﬂ’
Hiw 2 TR (*r»;.f
{n7 Ju,,un % "”""”,’}, e _
P Trid Haurs, un

: " o J
Determination of bolt diameter‘mf frven

'r '; or

e e | f T }*’ '111”1,_4

MMMHMT" (0 ~ =
#2Pd, +2Pd, + 2Pd, = ? o Posumplions =
W = ZPZd M, ox'mo‘ d, e s . Bolt dia Samug
= 2(g7 d,,ZF)Ed PR - Bt frece.
Seand__

Prof. Dr. K.M. Amanat Dept. of Civil Engg.
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Ext
Non
&

A

b .
) f Steel Structures
CE319: Design o
Connections - 3
¥ -
hxtomlod end-plate moment mnm.ulolil_ .
»Non-seismic application: Thick endplate behavior
Determination of endplate thickness ot
; : e 1. lly,fM,,,, x i
End plate thkkness.y{L ﬂ',w .(u o (M..)f ure *f,f'
Los Lin OF TANH (M(Nu) e )
) Where, ¢, = 0.9, aql My A C2 dio Mo
¥, = 1.0 for extended end plate, ™)y A PV f,mhmln,n dio, %
F,,= Endplate yield strength, ¥ =
ield line mechanism parameter, 3
@ connection strength b.lbt.d on bolt tension limit state. ®50 ae fual (l\'}lmzmthL
W X
= ¢[2P2d, ], where P, = dJ F,and ¢=0.75 ”j‘\ will be
g i A fm:nl fm‘r'\
and F, = 90 ksi for Au% and 113 ke for 490 bo (s y
STM Bolts dl.lmetms.ne 1/, ,5/8,%4: 21, 1Y/, 1%/401 /g, 11/, Inch w?
Prof, Dr. K.M, Amanat Dept. of Civil Engg, BUET, 2016
CE 319 : Design of Steel Structures
o5 Connections - 3
E_)ft}‘lld(.‘d end-plate moment connection - o N0 o} polt- AR #AY
Non-seismic application: Thick endplate behavior f-‘ml VA 4 boll sre

B A yield line mechanism parameter: Four bolt unstiffened leat fmm AL mE,

3}‘\,
X ﬂ" ’\5 A Hamn\j
bjl" *Q'}\‘/ Geometry YieldLine Mechanism Bolt Force Model 4 al o)
R wiiuon 4 el
A* P’ amra e R i 0 f\vu? hfo rml (\A({I admw
l- R Ibl e belt dia H.l LA chaele
el s M2 Qu) o |
Y M.T y
= N 4 4 &( vot satis f{ed , we wil]
YT . A
un ‘J" fon 3/2. on 33
ele 2 Hosd
\ >
by A= AN =AY
© b i A WP o o
e S o ey 1 et o e L B e
b :-%ﬁ;i # = 0.90

Prof, Dr. KM, Amanat Dept, of Civil Engg,. BUET, 2016



CE319: Design of Steel Structures i
Connections - 3 3 13 /
ale moment mnm‘ctinn ®
: application: Thick e
Y =yield line me

Extendeq end-pl
Non-seismic ndplate behavior

chanism Parameter: Six bolt (1/2 rows) unstiffened

M, =AM, =4 F, fy
Sareees ) yu2taf L baraf 1) 1] 3 75 s Ayfe+0.25m ) £
ot (6 zlh'[l'u = ]en on "b,(,.,,.n Spa )+ hyls +025p, )} f
:-%,'b,x A =09 Note: lln;\,."x.lr;\,-:

Prof. Dr. K.M. Amanat

@ CE 319: Design of Steel Structures
R

; Connections - 3
Extended end-plate moment conn ection
Non-seismic application: Thick endplate behavior

Y= yield line mechanism parameter: Eight bolt (1/3 rows) unstiffened

Dept. of Civil Engg. BUET, 2016

=R -Q..)

30 -Q,)
T,

-0 Q)

4,

R

(:J ""’(‘L)' QLJ' ‘:‘[":(l'u 155 )4 by (e + 0.5, )+ z;.

Pra

A =090 Note: Use py =, if py, > ¢







2 CE 319 : Design of Steel Structures
R Connections - 4

Extended end

3 Ciare i tesd

Welding of Endplate with Beam x—
d to the endplate through welding, which, in

1 through bolts. Therefore, proper
connection.

3 Beam forces are transferre
turn, transfers the forces to columi
welding is extremely important for an endplate
CJP Groove weld for beam
flange is a must for flange
/ thickness more than 3/8"

End plate End plate

Fillet weld
for web

Beam

Dept. of Civil Engg. BUET, 2016

A g w4 CE 319 : Design of Steel Structures
Connections - 4

Extended end-plate moment connection
Welding of Endplate with Beam &=

e

Q Flange to endplate connection shall be CJP
groove weld for most cases. Beam web to end
plate connection can be fillet type on both
sides.

__ Filletweld 1 All welds shall be in accordance with

| r’/ for web American Welding Society standards, AWS

‘I D1.1

'; 0 Welding electrodes must meet AISC

| [S~End plate requirement: Charpy V-notch impact value

shall not be less than 20 ft-1b at minus 20°F for
the weld metal.

0 Beam web shall be welded first to the endplate
before welding the flanges.

O There shall not be any weld access hole on the

beam web.

A CJP Groove weld

»f Civil Engg. BUET, 2016



CE 319: Design of Steel Structures

Connections - 4

Extended end-plate moment connection*
Non-seismic application: Extended unstiffened moment connection
Example: ot ‘

/\ wi18x71 he.nm (A572 Gr. 50) has to transfer 75 k-ft dead load and 140 Kk-ft live load
moment on to a W21x201 (A572 Gr. 50)column on its strong axis through an extended
end plate type connection. Suitable dimension the end plate and determine the bolt
diameter and thickness of end plate (A172 Gr. 50). Use ASTM A325 bolts.

W21x201 s
W18x7 -
sl 7 64" 0 Dimensions of W18x71 and
£,  Joy® B W21x201 are obtained from
o ST S, ).81" AISC manual and are shown on
: 0.81
-q [ { 1l o the fig. at left.
. & W 7 - o S J Initially assume two-row 4-bolt
8 iy et
e ol|]o configuration. Bolts shall be
in placed close to the beam flange
= and column web in such a way
).495"
has that enough clear space around
=3 the bolt exists for it to be easily
po il o [T 0tam placed and tightened.
we
Q Also there shall be at least 1.5d,
\u tl(\lsmm e lmm free edge of end

of. Dr. KM. Amanat Dept of Cwnl Engg. BUET, 2016

CE 319: Design of Steel Structures
Connections - 4

Extende(l end -plate moment connection
Non-seismic application: Extended unstiffened moment connection

Example contd..”

Assume that bolts are about 1.75 inch away from beam flange as well as column/beam web
Then we can calculate parameters like g, Py, Py Do Ity etc.

b, =7.64
- b,

A 2 By
\§ b s e .1 ]
| 1.75" = Pro Pl @ @ »

g B T

v

1.75%x2+0.91
Al e "”‘jﬁ
g /:{ le—o0.91"

Also, d, = h, - t/2 = 19.845", d, = h, - t;/2 = 15.535"




CE 319 : Design of Steel Structures
Connections - 4

; sy
Extended end-plate moment conn.ectu:in e
Nun-sélsml(‘appllcati(m: Extended unstiffened m ecti

Example contd.. «

1 by = 7.64"
.- o

Now, M, = 1.2(75) + 1.6(130) = 298 k-ft = 3576 k-in

7 2x3576 2
o LT =0.976~ 1. B
dy = 3 .,d ~ \/m(.75)90(35.38) = y, ¥
npFy 3 dy, 2 ¥
175" = py, £ 1‘11"4"'1 O &, Cmo i
) . 4“ et End plate thickness, g BoFpy¥ et c“‘lt'f-. ¢
8 Gl -2 on &
o W of f!./,‘." Py IM,, = $[2P2d,], where P, = ;—'dbzf“ and ¢=0.75
T‘ h L‘f Jei Now, P, = % d,,zr,=0.7854(1)1(90)=7o.69ldp da/“fl
% 0y q; S #M,, =4 2P,2d,]=0.75[2x70.69(35.38)]=3751.5 k-in. a}‘?wb
A
1} :2
Y !-)L’[h,(-L+1)+ho(i)—il+—[h’(P,1+S)] zw—'
4 2 Pri s Pro g u/
4
1
§=3Vbyg ;usep, =sif >s B
4 fe— 0,91~ *=Vbpg P Py P
) e Now, s = VB,g = 0.5/7.64 % Nt
; 1= 15,535
S Py =175
~Ed, = 1‘).8454]5,535

=35.38

Prof. Dr, K.M. Amanat

Dept. of Civil Engg.

CE319; Design of Stee

I Structures 26 %
Connecli(ms -4

Extended end-plate moment connection «
Non-seismic application: Extended unstiffene moment connection
Example contg. »—

=Xample contd,,:

o fp[h'(Ii+Sl.)+h°(ﬁ%)_21]+§l"‘("‘*f3
o 175" =p,, ;

7.64

_ 764 o Ly i

! =X [‘5-94§.75+29)+2°~25(m) 3
vl *5a11594175 4 2.9y

'Q .)"p, 441

3 =3.82x25.67433.61

v 0455'a,, 213366

_*©

For extended endplate, Y.=1.0

b
111
Now, b= YréM,, = [L11x10x37515 :
PoFyy ¥
o fe—0,91-

0.9x50x131 66

- " 7n
-0.84 B E

Prof. pr. KM Amanat




CE 319: Design of Steel Structures
Connections - 4

Extended end-plate moment connection .-

Non-seismic application: Extended unstiffened moment connection
Example contd... *

Dimensional and other checks:*

b, = 7.64"
yon - udid We choose the 1.5" (1.5d,) extension of
| A 175 = endplate beyond the outer bolts giving i
AT ollo ; “  the total size of endplate 7.64"%25", 7,
' “ 081" =y, £,=7/8" with 1" dia. A325 bolts.
Q] » olle
sl W ::T 1.75" = ppy :
Tl Horizontal distance of bolt center from
=l = "J oo 0.495" =t,, vertical edge of endplate
25 R E =(7.64-4.41)/2=1.62" > 1.5d, OK
o1ile
44 g~[-~74~—::<—1ﬁ, § Connection design items not covered:
: ) Beam shear
AU % O Column web crippling

Prof. Dr: KM. Amanat Dept. of Civil Engg. BUET, 2016




CE 319: Design of steel Structures

Connections - 5
) QKN‘E =
COLUMN BASE ¢

FILLET WELD

BASE PL.

Prof. Dr. K.M. Amanat

Connections - 5

COLUMN BASE ¢~

U Column base plate connections are the critical interface between
the steel structure and the foundation. These connections are used

@ % ez eslamn

(@ loodl Q&
~A ABI! conerah |

Dept. of Civil Engg.

Su‘v%fsotui mix (ml‘d sard +eemant 4 wo’\ﬁ)o
M 0

CE 319: Design of Steel Structures

wne eon A Amor’""\ 1A lS.‘
dwfact AHTO bk stesl A7 \
— ,— STL. COLUMN N
) /mﬁ‘ﬁ*"ﬂ?‘—mm %
AV
\ NUT & WASHER
E——
A== TTo o700 - ANCHOR ROD
l|I ANCHOR NUT
|
i i
4400 il
\—DAMAGE
THREADS

Figure 1.1. Column base connection components.

BUET, 2016

in buildings to support gravity loads and function as part of lateral-

load-resisting systems.

In addition, they are used for mounting of equipment and in

outdoor support structures, where they may be affected by

vibration and fatigue due to wind loads.

Base plates and anchor rods are often the last structural steel
items to be designed but are the first items required on the iohsite.






cE319:be suvnulsut- L

Connec tions - 5

750 kip and dead
by 70- “in.
COIICI‘C[({

4 an axial compr essive live Joad of
a top surface area of 35-in

using A36 material. T he

pxample: * ¢

A W14x159 column L ansmit

load of 300 kip on to a concrele hase having
Determine the size and thickness of base plate
base has f,'= 4 ksi. Follow ASD method. A l

N i

Solution:

W14x159 geometry: by = 5.6" d=15"
Baseplate shall be smallest when allowable
bearing stress is maximized.

Thus assume V(4,/A;) = 2.0 (max. value) % | |35
Sy = 0.85£.(2:0) = 1.7 =1.7 x4 =68 ksi. 3
p=7504300 = 1050 kip

S

BN = 2P/ fopnw) =2 5x1050/6.8 = 386.03 in’. | | j 1
Overall plan dimension of the column 35"
is 15.6x15 which is almost square. \
i 14 2
So we choose B=N=(386.03) =19.65" = 19.75" tnitially chosen base plate

- Check V(A,/A,) = V(35%/19.75%) =1.77 < 2.0 —» Not OK

Prof. Dr. K.M. Amanat 5g. BUET, 2016
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CE 319 : Design of Steel Structures
Connections - 5 : \
< A \'

Next trial: assume V(4,/4,) = 1.5
- Fyoy = 085/,(1.5) = 51 ks

BXN = 2P/ fman =2-5%1050/5.1 = 514.7 in. 22.75"

We choose B=N=Y(514.7) =22.68"~22.75" m=4.25"

- Check Y(4,/A,) = V(35%/22.75%)
=1.54>15- 0K

0.95d!

«SLTT

From geometry (See Sheet-8),
m=(22.75 - 0.95x15)/2 = 4.25in,
n=(22.75 - 0.8x15.6)/2 = 5.135 in,

el s m=4.25"1




Design of Steel Structures
Beam-Columns - 2

The foregoing approach to the analysis of members subjected to both
bending and axial load is satisfactory so long as the axial load is not too
large. The presence of the axial load produces secondary moments, and
unless the axial load is relatively small, these additional moments must be
accounted for.

\yl’ VP Moment at L/2 due to udl w,

M, = wL?/8 and deflection due to wis & ,.
The M, calculated above is called 1% order
moment.

Due to & ,, P shall now cause an additional
moment M, = P§,.
Thus moment shall be M_+M, = wL?/8 + PJ,

Moment M, is a second order moment
because it can only be evaluated after the 1%
order analysis and calculation of d,.

Prof. Dr. K.M. Amanat Dept. of Civil Engg. BUET, 2016

CE 319: Design of Steel Structures
Beam-Columns - 2

2" ORDER EFFECT OF AXIAL FORCE AND MOMENT AMPLIFICATION™

\ 4 P VP However the moment analysis is still
incomplete.

Because, PJ, shall now cause additional
deflection &, that will result additional
moment PJ,

Thus, M=wlL?/8+ P&, +PJ,
Now, P& , shall cause additional deflection J,
and the process shall continue.

Therefore, in presence of axial load, the
bending moment calculation becomes
iterative,

M=wL?/8+ P8, +P3,+ Pés¥.. =M+ M, +M; +M; +....

Which can be simplified as, M=BM,_*~

Where B is an amplification factor used to multiply first order moment M, to
take into account the second order effects.

The above phenomenon is generally termed as P-& effect (not P -4).

Prof. Dr. K.M. Amanat Dept. of Civil Engg. BUET, 2016



2
5 S > n” El
B = __—tLLT = __.-—‘T—- = ‘-—(—~—— Where, P,, e s Euler load.
P = n’El F L
- 1
- P T

Now, we can write y as,

ek v e o
v =Bsin—=|———| Sih—
; ' 5 LP{/P)—J ¢

BUET, 2016
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@ ‘ ] CE 319 Design of Steel Structures
: Beam-Columns - 2
MOMENT AMPLIF IV(‘.V:\'IVVIV ON*™

Now, M = P(.\‘“ -+ \)

ey ¢ e - -
= Plesin—+|——— | Sin—
i (P,./P)—I 1A

X

— e
M. =Ple+t———
v 2 (P,/l))—]

(P./P)—1+1
= Pe
(P,/P)-1

Prof. Dr. KM. Amanat BUET, 2016




CE 319: Design of Steel Structures
Beam-Columns - 2

| :
sM,| ———— = u—
M ”,:l—(f’/Pc)J =M B M,

max
——mE

MGN FOR s where M, is the un-amplified maximum moment. In this case, it results
T from initial crookedness, i.e. M, =Py, butin general, it can be the result of
VQ k transverse loads or end moments. The moment amplification factor is
therefore,
-"’ 2 l
»
P B

— 1-(P/P)

Because the member deflection corresponds to a buckled shape, the axial
load corresponds to a failure load—that is, a load corresponding to an
LRFD formulation. Therefore, the amplification factor should be written as,

|
T T

where P, is the factored axial load. The form shown in last expression is
appropriate for LRFD. For ASD, a different form, to be explained later, will
be used. The exact form of the AISC moment amplification factor is slightly
different from that shown in above expression .

Prof, Dr. K.M. Amanat Dept. of Civil Engg. BUET, 2016
)¢ Notomal ealurmm. ekeck A WP e AXLS . B .
lwtl ? ""‘ﬂ'fl;ﬁc‘ H’GT\, OF s —A be,nA_xv}ﬁ m) } Aale 2
el { etk FAT Z@ |

Morun &

column mf"’“"}

CE 319: Design of Steel Structures
Beam-Columns - 2

Example; %~ (um{d Frecviows frsblon @ shet 3%)

For the last problem compute moment amplification factor and recheck the

interaction,
Solution:

P,=2004 kip,

m Bending due to Q loads are in strong axis. Therefore, for moment
magnification, Emﬁm
KL/r,=1.0%204/4.35=46.9 < 4.71\/(E/Fy)

F,=n*E/(KL/r,)? = 3.14°%x29000/(46.9)% = 130 Ksi.

. P, = F,A,= 130.0x14.4 = 1872 kip
B =1/[1-P,/P,]=1/[1-200.4/1872] = 1.12 -
Amplified M,, = 1,12%1285.2 = 1439 kip-in. B
: o8 My o 04058 222 Lo9ss<100k For

| ¢; Pn+ -9— ¢mer 9 0.9x3020 1 +Han 'M-L. At(‘h.dﬂ-

1f >3, g 2
shoudd. be raiewed a ié_.

BUET, 2016 K aRaies
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M= i e oment for LRFD and 3 service 1 2H0"), My, will bo

I . 3 are
4600 1f the frame is atyq) braced, P(: 'i“’{:gle;’dcal:'); t;:alaccd M, will
- > My, w
Bau nplificasion o W will be 4 sery ice load “ a factored

o aervice load momen,
J ides “curring in the
By s wplification face: - member when it is
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Beam-Columns -1
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CE 319 : Design of Steel Structures
Beam-Columns -1

Example: ¥~

The beam-column shown in the Fig. is pinned at both ends and is
subjected to the loads shown. Bending is about the strong axis. = - H”«,

e ¢

Myy=0

Determine whether this member satisfies the appropriate AISC uy

Specification interaction equation. Follow LRFD approach and B i
neglect moment amplification. The column is not braced except at => Sl o
the ends. Take C, = 1.32 for flexure. Pp =35k unsuppor s

Solution: P, =99k zemaribd

A992 steel, F, = 50 ksi. ¢

W10x49 section: b 3
Ag= 14.4 in?%,d=10 in., S, =54.6in? W10 % 49
r,=435in.,Z, =60.4in° r,= 2.54in., A992steel
ry=284inh,=9.42in,/=139in% c=1.0 . Qo=5t
by=10.0in, t,= 0.56 in, h/t,=23.1. Q=12
Asacolumn:L=17'=204in.,K=1.0
Asabeam:L=1L,=17 ft =204 in,
C,=1.32 x
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o 31(€ RY 241 AT awpy - a5t
P, = 1.2x35 + 1.6%x99 =200.4 kip NXIE alecsys * Prmdot

b;/(2t) =8.92 < 0.38V(E/F,) - compact flange. Weak as

L T, & h/lw=2.3.1<3.76\/(E/FV)'—+ compact web., f capouty ‘
a 7AA rmi i weak axis): @@ @27
«x: ’ n
o ("_Lq,m: “4.71V(E/F,) = 4.71 V(29000/50) = 113.4 4 T
ko any m./ry=1.0x204/2.54=80.31<4.71v‘(£/r,) 85,1 ‘X;g;“:‘;
@ ; F = n’E/(KL/r,)* = 3.142x29000/(80.31)* i
PR _h  =44.33Ksi. 17" Y <« Qo=
V0 /,_,,.\:. F, =[0.658(50/4433)]50= 31 18 ksj t 0= 12t
ez xel /< P, = A F, =09%14.4%x31.18 = 404.2 kip 8.5
and 2 AR . P/(4.P,) =200.4/404.2= 0.495 > 0.2 L
A\ % % 1% formula applies. oo S
s A5 3
@ R Kot
vV —}!:f: (AL oy ¢ ine capacity as a be; trong axis):
ertp” L,=1.76r,N(E/F,) = 1.76x 2.54x V(E/F,) =107.6 in. < &
X Ik 0.7F, 5.1, )2
L, = 1.95r,,—— -~ + 6760 — =2} =379.6in.
r 95",,0'.”'_, Sh \/l \/l 676( 5 79.6 in
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M, = F,Z,= 50 x 60.4 = 3020 kip-in

Ly— L, ¢
M, = Cy| M, — (M, - 0.7F,5,) =M,
3 L, = LP T
M, = 1.32[3020 - (3020 - 0.7x50x54.6)[(204- g B
107.6)/(379.6-107.6)] R b
=3467.6> M, =
“. My, = M, = 3020 Kip-in Ty R A 4__3‘0;'2&
Flexure load, Q, = 1.2x5 + 1.6x12 = 25.2 kip.
oo My, =252%x204/4=1285.2 kip-in. 8.5
m Only strong axis bending, M, = 0.0 ! i L
By 8 [ M, M,
T 5t — | L W
¢c Pn 9 ¢thx ¢bﬁiﬂ
factoreq A el 8 1285.2
- ‘ & el e K —ee—ee =915 <1 00K
= i T %P9 gm, = 495 5 Goxz020
Slatio
lanceg /Note: In the above demonstration, the 2° order effect of axial load (moment
;,‘:symmel magnification) is neglected which shall be discussed
“ero if g 5
B _k’ad Momg Prof. Dr. K.M. Amanat Dept
! = amplificay .
raced gpq
B, = “mmiﬁcfﬁ.

r, K.Mm, /\m.uml
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