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Steel Framing Layout

Moment

frames

-

XXX

1

I ===y

XXX
]

Ap — A

Core Bracing

H— A4

p—y

H———Ap——aH

A A
A A A H—— 4 I 4]

Moment connection

typical

Mote: This connectionwill not develop piip
urless web connection can transfer moment.

<

-Four shop-welded stiffeners
~Twio full depth web angles

“FULL CAPACITY " MOMENT CONNECTION

|
f

i
|

e
fi==:]

ﬂifl -0ne plate
-Nofield welds

“Twe CIP field welds
-15 bolts

-Bbolts

EMOC-PLATE RACRAENT CONNECTION

DESIGNED FORACTUAL MOMENT

Floor Framing System

(X or K -type)

To transfer vertical loads on the floor to the beams and columns in a most
efficient and economical way

Joist

Columns

Spandrel |

Layout of Beams and Columns
- Occupancy requirements

- Commonly used beam size

Stdi
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- Ceiling and services requirements

L Stringer

Floor beam or Girder




Loading on Beams

Tributary area = Area for which the beam is supporting

One-way Floor System (m =S/L < 0.5)
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Tributary area
Bs =
Floor load w kg/m?

1

B1= Secondary Beam

B3 = Primary Beam

wS kg/m

\

bbb

B+ Loading

l Load from B+

Bs Loading

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

Precast Concrete Slab

C1

. . %

Bs

A

Floor load = w kg/sq.m

Tributary area = 0.5S L sg.m

Load on beam = 0.5w S kg/m



2-way Concrete Slab

Span ratio m = S/L

C
45 45° H i Short span (BC):
11]_Tributary
area Floor load = w kg/sq.m

Tributary area = $%/4 sq.m
Load on beam = wS/4 — wS$/3 kg/m

Long span (AB):
Floor load = w kg/sq.m

2
Tributary area = SL/2 - S%/4 = i(ﬂj sq.m
4 m

Load on beam _, W_S(3 -m’ J kg/m
3 2

EX 8-1: Compute Loads on Beam B1 from Precasted Slab

D D_A_ d,‘/
WUALTA7U UL LAY Solid Plank
B1 /l/
B2
[ L]+
[« » » Wuunas(Live load) = 200 N.N./ATH.
4m 4m
dmidnussnnianum = 440 N.N/ATH.
WniinasAu B2 = 4x440 = 1,760 N.N./4. 3.520 1.1,
waadansTedatemnu B2 = 1,760x4/2 = 3,520 n.0. 880 N.N./4.
d Y Y Y Y Yy YV YV Y Yy vy

H O

UMMUNAIAIY BT = 2x440 = 880 N.N./A. 81



Composite Steel Deck Floor
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Shear studs

Concrete slab

Profiled

steel
decking

Panel lengths

Bundle identification code

Edge Trim

A 150,50

H
I __
Orientation of dsé’f."?,'.’r?g']
decking ribs one bay
n Reference
Edge Trim number for
B 150,100 special
_ comments
. Number of
i  Stairs by others H panels
Indicator start / \
oint for : i
aning of panels Edge Trim 3 i ATB0.A00
A 150,100 A 150,100
Reference / i
. distance of edge
for edge trim tEricIige from G of boar,

height




Steel Deck Section : SD-50W

960
925 135 ‘ 185 135 | 185 135 | 92.5
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| 135 185 |55

SD-50W Auanifnisnsaninundianilauns
Section Area Weight (Galvanized Section
Type of Steel (mm) (mm) (sq.cm./m.) Coating) (cm4/m) Modulus
Deck sZp sZn
960

SD-50wW 0.80 10.42 8.06 8.40 48.71 18.57 19.35
SD-50wW 960 1.00 13.03 9.98 10.40 60.88 23.10 24.09
SD-50wW 960 1.20 15.63 11.98 12.48 73.05 27.63 28.85
I Evarmnla ST 1
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SD-o0W Thk. 1.00 mm.

Total Slab | Beam Allowable Live Load (kg/ ml)
Thickness | suport Span (m)
mm. 1.00 1.25 1.50 1.78 2.00 228 2.50 2,75 3.00 325 3.50 3.75 4.00 425 4.50 4.75
Single 5200 | 3328| 2311 | 1.698| 1300 | 1.027 §32 688 578 492 425 370 325 288 257 230
i Double | 5200 | 3328 2311 1.698| 1300 | 1.027 832 688 578 492 425 370 325 288 257 230
Single 5884 | 3766 | 2.615| 1921 | 1471 | 1162 941 778 654 557 480 418 368 326 291 261
o Double 5884 | 3,766 | 2.615| 1921 | 1471 | 1162 941 778 654 557 480 418 368 326 291 261
i Single 6567 | 4203 | 2919 2,144 | 1.642 | 1297 | 1.051 868 730 622 536 467 410 364 324 201
e Double 6,567 | 4203 | 2919 2,144 | 1642 | 1.297 | 1.051 868 730 622 536 467 410 364 324 291
Single 7,251 | 4.641| 3223 2368| 1813 | 1.432| 1.160 959 806 686 592 516 453 401 358 321
- Double | 7,251 | 4,641 | 3223 | 2368| 1.813 | 1.432( 1,160 959 806 686 592 516 453 401 358 3
Single 7934 | 5078 3526 2,591 | 1984 | 1567 | 1270 | 1.049 882 751 648 564 496 439 392 352
s Double 7934 | 5078| 3526 2,591 | 1984 | 1.567 | 1270 | 1.049 882 751 648 564 496 439 392 352
o Single 8,618 | 5516 | 3,830 | 2.814| 2155 | 1702 | 1379 | 1140 958 816 704 613 539 477 426 382
= Double 8,618 | 5516| 3,830 | 2814 2155 | 1702 | 1379 1.140 958 816 704 613 539 477 426 382
) Single | 9302 5953 4134| 3037| 2325| 1837| 1488| 1230 1034| 8s1| 750| 661 81| s15| 450 412
= Double [ 9302 | 5953 | 4134 3,037 2325| 1.837| 1.488| 1230 | 1,034 881 759 661 581 515 450 412
Single 9985 | 6391 | 4.438| 3260 | 249 | 1972 | 1.598| 1.320| 1109 945 815 710 624 553 403 442
e Double 9985| 6391 | 4438| 3260 2496 | 1972 | 1.598| 1320| 1109 945 815 710 624 553 493 442

In shaded areas to the right of the heavy line, mid - span deck shoring required during construction.




EX 8-2: Compute Loads on Beam from Composite Steel Deck

A

H
|
|

,,,,,,,,,,,,,,,,, i , For LL = 300 kg/m2
I_ —_— =E=========S====c== I_x
P I I 4 |F================= n|hg
] p Select h = 10 cm
' N 4 h
: T d, = 7.5¢cm
|
| v
: 8 m UMINWHBLUAN (SD-50W %11 1 mm) = 10.4 NA/ATH.
|
| v v
: UidnAuAaunImn = 0.075%2,400 = 180 NN./ATN.
|
| v
! 1miinas (Live load) = 300 NN./ATN.
| 3 o o
I UInussNNAsuum = 490.4 NN./ATN.
UmidnadAIu = 4x490.4 = 1,062 NN.J4.
1,962 kg/m
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Bending Stress

My
FI f la: f = —2
LA, exure formula: | f = =
nEn O
IR v Max. stress: | fo = e = o4 = M
A% l > [, I/lc S,
4
s ) . f, = Bending Stress
b

S = I/c = Section Modulus
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Moment Capacity l

f,<F,

Yield Moment: M =FS

y y X

- Extreme fiber reaches the point of yielding.

Nonlinear inelastic range:
- Stress distribution will no longer be linear.

- Yielding will progress from extreme fiber toward
the neutral axis.

Plastic Moment, M, s
.

F Plastic hinge
C=AF [EF,=0] C=T

A A A A

AF, = AF, — A,=A=A2

neutral axis

A = total cross-sectional area

vy yvy y
-
Il
h A 4
~
T

Plastic moment: M, = F/A;a = F,(A2)a = F Z

Z = (A/2) a = plastic section modolus

M,- SF, M,- ZF

M, = Yield Moment mmmmm) M, = Plastic Moment

Reserved Strength !!!




Example: For the given section of W300x94.0, determine (a) the elastic section
modulus S and the yield moment M, and (b) the plastic section modulus Z and the,
plastic moment M,,. Bending is about the x-axis, and the steel is A36.

AN 0.1, wiaia W300x94: (A=119.8cm?, S, = 1,360 cm?d)

Yield moment : M, = F, S, = 2.5(1,360)/100 = 34.0 t-m

mmmﬂq‘ﬁl n.3, “isin WT150x47: (A = 59.89 cm?2,
C,=2.47 cm)

a=d-2C, =30 —2(2.47) = 25.06 cm

Z = (A/2)a = 59.89(25.06) = 1,501 cm3

Plastic moment : M, = F,Z=2.5(1,501)/100 = 37.5 t-m
Shape factor : S.F. = 2/ S =M,/ M,= 1,501/1,360 =1.10 — wide-flange section
For a rectangular section, S.F. = 1.5

M, must be < 1.5 M, for homogenous cross-sections

Design with the Flexure Formula

I M
S S
c

regd =
Fy,
ﬁﬂ' (<% o % ] ?:)I % % a
AIDYINN 8-1 Lﬁﬂﬂﬁﬁ}’lﬂﬂﬂ’luﬂ"lﬁiﬂC‘])"Nﬂ']’liJEJTJLLﬁ%H']ﬁuﬂﬂiinﬂﬂ\‘liugﬂ quYa

TR sseesususad msuilnsunseda nireuseaaneou e 1,650 AN./MTHY.

=) o = 901 (%)
591 duyaA NI 120 0.0/,

6 t/m(not including beam wt.)
M = (6.12)(6)*/8 = 27.54 t-m A Lll

6m
Sreqd =27.54(100)/1.65 = 1,669 cm?

wenlvinda W350x106 (S, = 1,670 cm?)



o 1 A c&l ~ o < 1 3 ' =
AIDY NN 7-2 WUADUNTA 12 %N.i@ﬂiﬂiﬂﬂﬂWl&!ﬁﬁﬂi%ﬂ%ﬁN 2.5 4. W umMuUBIAYD
tg [ 2 Y a o A !
817 6.0 Y. WHTVUIMUNUTINNIT 500 NN./ATY. ﬂ\‘lWﬂTiﬂﬂﬁﬁ}WlﬂﬂWHLUTﬂQ’ﬂlﬁ’ﬂ
(% tg = (Y] (Y] 1 :il = I~ ] 9 9 =
IONTUNU 1Jﬂi‘ll!,!,i\‘lﬂﬂ%ﬂﬂﬂTHﬂQ@giuwuﬂﬂuﬂi@Lﬂl&ﬂTiiﬂQiUﬂTHﬂlN ADUNIA

1IN 2,400 nA/avY. taznuleussaangeuld 1,650 nn/asw.

Aax o
A5
¥ 4 &
UIMUNUTINNAIN: WY = (2.5)(0.12)(2,400) = 720 NN./U.
9y
Usguavinaiu = 80 NN./U.
9
UIMUNUIINNIT = (2.5)(500) = 1,250 NN./A.
y D42
FINUIHUNUNAIN NI YA = 2,050 NA./U.

M= 2.05(6.0)%/8 = 9.23 t-m

S, = 9:23(100)/1.65 = 559 cm’

req

@onimida W350x41.4 (S_= 641 cm?)

Local Buckling of Compression Flange

If the plate is "slender” it may buckle locally before F is reached.

2>
/b\y//

The factor b/t is a measure of slenderness.




Flange buckling in restrained beam

‘l:’lp . ‘{.. §

Compact Section

Laterally supported compact section: F,=0.66F,

Laterally supported noncompact section:  F, < 0.66F,

{ o w % i 1 o Y] 4 (% Y
@l151\1ﬁ 7.1 %@ﬁ]1ﬂﬂmﬂﬂ@@l31ﬁ’)uﬂ31uﬂ’ij"lx'i@l@ﬂj"lllﬁu1ﬁ1ﬁ3ﬂ@\1ﬂ@1ﬂ1iiﬂllﬁx'1@ﬂ

. PAI1AIU VATINADATIAIU b/
BUAVOIFUAIY
b/t compact | noncompact
= Y o A Y Y o
Unveantnanllnnig uagninda
v 12blt, | 544/,[F, | 795/ JF,
519115 U5 9eA
©IMUTVLTIOAINATAN dr, N.A. 5,355/|F




o ] H 1 Y o I 9 o <3 1 o
ﬁ?@fﬂﬂﬁ 7-3 WATIVADUINHIUINA W300x94 L‘]Ju‘ﬂuW]ﬂﬂﬂﬂJLLWﬂW%ﬂhlﬂJ NINUA Fy=

2,500 N.0./HU.>

TN UUIOA W300x94 (d = 30 H. t =10 4.4. b=130 TU. t,= 15 U.U. S_= 1,360 F1.")
a5 Ul nATU:

b 544

O 2 30 4y < ~10.9 OK

2t 2(1.5) 2,500

ATIVADULDINTU:

=107.1 OK

Noncompact Section: flange and web not compact

F, = 0.60F,

Fy.

Partially Compact
Major axis:0.66F, | Compact y P

Minor axis:O.75Fy
0.60F, f--==-===-f---mmm-3 Noncompact

795
F, \/FT

b
Partially Compact: F,=F {0 79 -0.00024| — FW
| (% ]EJ



Lateral Buckling of Beams

Slender beam buckle sideways even under perfectly vertical loads.

Movement of cross-section
at midspan l

...
—— g,
e,

Taa,
—— TR,

Before After

Lateral Restraint of Beam

To force the beam to buckle in a complicated shape (higher mode)

Buckling occurs
over whole length

L Buckling occurs
between restraints

With lateral restraints Without restraints

036D, 1,400,000

or
IF, (d/A,)F,

L, = smaller of




AISC Allowable Bending Stress

a 1 [~ 1
Tﬂﬂﬁ]gwflﬂimul‘]JQﬂWH'ﬂ'ﬂﬂlﬂuﬁ'1llﬂq1lﬁ'ﬂ

Y o

A R 3
NANUN L MUNUNUINAADVLUNA LAL Lb SLC

Y o

A R ' 3
naun 2: ﬂTL!‘V]iJﬁuW]ﬂlliJﬂmJL!,Wﬂ uag Lb SLC

Y o

oA A A <3 A ' <
NANN 3: MUNUNUN ﬂﬂ@ullWﬂﬁﬁﬂquﬂﬂullWﬂ Iﬂﬂ Lb > LC

1A A~ Y o <3
nauN I: MMUNUAUINAADULNA LA Lb SLC

L<L F, = 0.66F,

(o

oA pR o ] <
naui 2: muniimiiaa luneuuia wag L, <L,

b
F,=F,|0.79-0.00024 j JF,
f

Y o

ToA A <3 A ' <3
NANN 3: MUNUTTU ﬂﬂ@llllWﬂﬁiﬂvliJﬂﬂiJ!,LWﬂ Tﬂﬂ Lb > LC

nurensInanegenliua lunu 0.60F,
1 o A 9 LY 1A 1 1 a
YU Ngou 1R aZIMIN UM NUINANVBITUNIT IAUAIZUAZANNITNITUA
1 = % v = 1 I a a A Aa a a
13 1AM U09 NS UL I AT UL UT UV VD AR NHT OUVUDUDAAAN

Y] ] Y] (% { FY !
Tagganduanuszgaveslniuussoanlasluaunsne Lir, 1o

f(a2-ty3

are a2 -t B Compression

v v Y 9
L=L,= ﬂ’JHJ‘(’JW’Jlliﬂﬁi’t)Qi‘]JﬂWu"lﬂQ

v A @ 2 v o X A4 &
r.= 3ﬁ3JU1%L56])'u61|@\1‘]Jﬂﬁﬂllﬁqgﬂllﬁgwuﬂﬂufﬂuﬁ'lu

YOUDIAIUTULTIOA




Y
=2 [ [ 1

Buckling Equations | wiasuseiivenlfaziiudusasiauanuyzga Lir, lag

N3]
F F

y y

y \/7,173><103Cb L \/3,585x104Cb
s s

2 F,(L/r)

mulnuazuuvdueaaan F, = |- - . < 0.60F,
3 10,760x10°C,

p L 3,585x10"C,

1o — >

Iy F,
: A~ A 1,195x10*C
AU InaeEuudandan F, = — < 0.60F,
(L/r)
Torsion Equations F, _BR000C, 60

Ld/A, y

A A Y Y] 1 S 1 1 9 9
V]3] Cb ﬂ'EJ@]'Jﬂﬂ!ﬂiﬂﬂ'lﬂ']ﬂﬂﬁ“ﬂﬂ\ﬂﬂlllu@‘ﬂNﬂﬂﬂ’liiﬂ\‘llﬂ’lgﬂ’luqﬂﬂ

C, imogszyan 1.0 04 2.3 WiomeaNudzaINo lgamie 13fe C, = 1.0

E_ ,:,V(L/rT)z F
3 10760x10°C, | *

Buckling Equations

E_ 1195x10*C,

: i b 2
| | (L/rr)
= i > Ly
7173x10°C, 13585x10*C,
F F ‘
y y Fb A \\
\\
\
\
0.6F,
8436000,
*T Ld/A,

Torsion Equations

1400000C, /F, Ld/A;



Unbraced Length L,

L, = Maximum unbraced length beyond which F, <0.60F,

\ s Torsional equation

Buckling equation

A

L, = MNNINNV0Y

A 4

1,400,000 C,

r

T

\/7,173><103Cb -
YHio

Y

s F,
0.66F, \
\ Torsional equation
0.60F, -
Buckling equation
L, :
) L
Summary

L<L, F, =0.66F,

L.<L<L, |F,=0.60F,

L>L, F, < 0.60Fy (use formula)

F F,(d/A,)




Allowable Bending Stress

A15197 A.1 Lanuuaesulilua1untinn W a1%suan C, =1

AUAR L. Ly M. Mc-u
(mm x kg/m) | (m) (m) (t-m) | (t-m)
900 x 286 3.84 6.30 | 179.9 | 163.5
900 x 243 3.82 523 | 150.8 | 137.1
900 x 213 3.80 433 | 128.0 | 116.4
800 x 241 3.84 6.28 | 138.6 | 126.0
800 x 210 3.82 5.46 | 120.3 | 109.4
> I—unbralced

Practical Use:

LC < Lunbraced < LU glve Fb = 060 Fy

o 1 A a ' o A @ I '
AIVYNNN 7-6 ﬂ\‘lWﬁ]’]iﬂ!’lﬁu’Jﬂlli\‘lﬂﬂ‘VIﬂﬂuclﬁ}"UﬂQﬂ'luﬁﬁ}’l@ﬂ W300x94 Lﬂuﬂ’]u(’]f'N

AEIFIAY 3.5, 6.0 1AL 9.0 1WAT MUTNITOITUAIUIE Avua F,=2,500 .0/,

A5 milas
1INAT A1 NdA W300x94: L, =382
ANNYNI L=35m <L =382m

F, = 0.66Fy= 0.66(2,500) = 1,650 f.0./¥.

ANWEN L =3.82m< L=60m <L =840m

F, = 0.60F = 0.60(2,500) = 1,500 f1.n./%X.’

REREVR Lu =840m< L=90m

m L,=8.40m

Fy

0.66F,

0.60F, |-~~~

A W300%94 (d =30 . t = 10 4.4 by=30 W, t,= 15 0.1, [ = 6,750 ¥1.%)




30 cm

_ — le | 1.5 cm
ANNENI L, =840m < L=9.0m d-30om] k 1
‘. | |
NTANUNTUAINTVUTI0A 13.5/3
g (30 - 2(1.5))/2 Lk em
1 =13.5cm
A +—A, =30x1.5+4.5x1.0 A
6 -y L .
=49.5 ¢cm?
Y o o A — glj Y o
sz I, vasnihaadai = 0.5 1, ¥oanantiiga E —
1

4
r=NTTA = 222070 g6 em
49.5

9ATAIUANNYLYA  L/r, = 900/8.26 = 109

J7.173x10°(1.0)/2,500 = 53.6 < L/r, < /3,585x10*(1.0)/2,500 =119.7

%

9 v
Qﬁl&ﬁ’ll&ﬂﬂ!ﬁﬂﬂﬂlﬁ\‘lﬁhﬂﬂﬂuiﬁ@ WA INUAIZOUDAAN

aums puazoudanaan: F, = {

2 FR(n) ]F _

3 10,760x10'C,

3 10,760x10*(1.0)

b

2
- _{2 2,500(109) }2’500

= 976.6 n.n/wu.’ < [0.60F, = 1,500 n.n./51.°] OK
wileusasaneen i maymsmIiia: Fb:%go_a)F
Ld/Af Y
B 843,600(1.0)
" 900x30/(30x1.5)
= 1,406 n.n/wu.? < [0.60F, = 1,500 n.n./zu.’] OK

Ay F, = 1,406 n.n./%3.> u



