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Structural Engineer Core Courses
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Why structural steel design?
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* To secure structural safety

WaAdwUanane STRUCTURAL

STEEL DESIGN

Seventh Edition

* To secure good service T
IWoAWSANNALIDIGYIU

* To secure service life
IWo1gNISIBuIuIUADuMS

Structural Steel
Design
At reasonable cost Member Strength
ASD-LRFD Limit
Beam Column

Connection

At reasonable time

Composite




Define “safety”?
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* Is material still safe at 6,2 550
liAsIn = UaDane? TEE-SCIENCE.COM

* Is material still safe at 5,? T T T T T LR — bbb
-[LjU']O=UaDOﬁﬂ? i : -~ necking strain - ,

strain )

- ling®

stress o (N/mm?)

= =Rl

22 24 26 28 30

6
A strain

A




Is “not fracture” safe ?

#WelLoveSteelConstruction




Is “elastic” safe ?
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History of AISC Specification
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STEEL
1921 i
Standard MANUAL
Specification
9 p.)

CONSTRUCTION
STEEL
@ CONSTRUCTION
Allowable Stress Design
First Edition
)
AMERICAN INSTITUTE

o
STEEL CONSTRUCTION
INC.




Stress Era
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ASD = Allowable Stress Design
WOISEUN “ADIULAU HSD HUDELSY”
AnagudnusvMgudn lAu AN
goU(H NISeNd Allowable Stress
golawoisaun Factor of Safety
(FS) Us:nouttnlUaoguad

Stress J 2 Us:LtAn Ad (1) normal
stress, ¢ ULa: (2) shear stress, T AN
allowable stress 91910u normal
HSD shear stress lagaunisnuaav
(uunasgIuNISODNLUU :a:zNou
stress AYILUNOIUNISSULSY LU
2VADIAISSULSVAQ (Fy, = Fpnging)
DvuADIAISSUUSYDQ (F =F_,..)
DVADIAISSULSVLADU (F, = F

shear)

F4. ALLOWABLE SHEAR STRESS |

For h/t,, = 380/\/E,, on the overall depth times the web thickness, the allowa-
ble shear stress is

F, =040 F, (F4-1)

For h/t,, > 380/\/F,, the allowable shear stress is on the clear distance between
flanges times the web thickness is

F, = (C,) = 0.40F, (Fa-2)

where 2 89

_ 45,000k, ¥ when C, is |
v F(h/w)2 en C, is less than 0.8

190 k.,
when C, is more than 0.8
i, F,

k, = 4.00 + (2’;)2 when a/h is less than 1.0

4.00
(alh)?

= thickness of web, in.
a = clear distance between transverse stiffeners, in.
h = clear distance between flanges at the section under investigation, in.

= 5.34 +

when a/h is more than 1.0



Allowable Stress Design
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= - W a=04L
WY Resistance:
I - !
H1 allowable stress i limit state avs:ylu —
U1QSTU AISC/ASD Standard (1989) = - L
R,
Wv Load: L oew
H1 stress VINUSVAIgUDN NLIUUNASOUUDY
usvus:ztnncinva wu Dead load (D) Live - 0.4W
load (L) Wind (W) Earthquake (E) 919290 |
load combination N code s:y D iacram
(SFD)
AISC ASD 1989 aR,=0.4L (0.6W) = 0.24LW
Wind
D
. D+L
« (D+L+W)*
- (D+W)*
» * =1 1/3 increase for combos with wind acting
alone or in combination... Bending Moment
Diagram (BMD)




Allowable Stress Design
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o Resistance Members _|Conditon

K1 allowable stress i limit state avs:ulu Beam Normal stress = o}, = Mlz-y _ %
UIQSYIU AISC/ASD Standard (1989) (Compact) x x
. op < F, = 0.66F, = F,/1.5
Ho Load: G Shear stress = 0, = Vly'(zx
K1 stress v1nUsSvAgUDN NLUUWASOUUDY x
usvus:tAncinva wu Dead load (D) Live oy < F, = 0.40F, = (0.60F,)/1.5
load (L) Wl!‘ld (W) Earthquake (E) 21900 Column Nerrel Sress = 5, = &
load combination N code s:U (Compact) A
Kl
[(5)/Cc)?
AISC ASD 1989 [1 - FT] Fy
Wind 6, <F,= Kl Kl 3
2L 5 3[()/C] [G)/C]
« D+L [§ + 8 - 8 ]
* (D+L+W)*
* (D+W)* F, 12m%E
» * =1 1/3 increase for combos with wind acting 06, <F, = 23 = K
alone or in combination... (ﬁ 23 (T)Z




Factor of Safety (FS, Q)
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B

Uodgndowacio dduUs=noundiuuanang (unisoonuuulasvdasiv

ASD (1989)
1. Resistance
= ADWEATYUDVDVADIATS O <0, =
> Qouadov FS gundl Lla AU Wu (cioawo Wu AU Lan gudognlswa) 0. ¢F
—— -  d : Yy
* A WuUsUsouyovdauuinivnauavddaq ua=AN predict v1naunis WL<Ta="Y%

» fN predict KINUUsUsauuIn FS gon31 udsusouling
> (og1olsu ApUNSAsSULLSYIAQ FS = 250 LRgUuAULHANSULSYAY FS = 1.67

— e —

= anuau=NISOUQ
» nisduduuudauwau FS goni Suduuulyauwau
> Q2pg1uLsuU Shear rupture, FS = 2.0 LNYUAU Shear yielding, FS =150

2. Load

= A WuUsUsOu A wWlkuuuduydvLSOKANS:M
> usvns:nHINudsUsouuin FS gonit udsusouune



History of AISC Specification
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1986
1st AISC LRFD
Manual

The Beginning
of Strength Era

1989
9th Ed AISC
ASD Manual

The End of
Stress Era




Strength Era
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2015UAU U19: mmnmsaanuuulnsoasm
ADUNSALASULHAN NWIISEUNANAVIVda
UDVDVADIAIS z;\)anauIUmﬂHaﬂmsuao
stress design NWYISEU1S=QU “ADULAU”

ANSWOISEUNMUHANNNS strength design
2:10uNIsUNMMAavguaauovovAoIAS
(member strength) U1aanNdUAIYCIDATU
aqaAIMav (resistance factor) BuCov
UINNIUSVALAOTUAUDVADIATS ATUADY
doAtuLWUATLSY (load factor)

luiloudv factored load AD:ADVWIISTUN
01U load combination N@aanaovnu
oululu design standard nNs:uto>

e.=0.003 0.85f,
‘* L

———————

al2

o‘ « I Cu

d-a/2

Rectangular

Agfy
l?l'b

t:
—

Beam Cross Strain Distribution Stress Distribution

Section

Factored Load, YL ——» |«

Designed Load,L —

. Factored Resistance, 9R,

1
I« Nominal Resistance, R,




Statistic Fundamental
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* Tensile test of flat plate SS400
400 MPa

F, =245MPa, F, =

Standard Normal

'ﬁ]"l‘ﬂﬂaﬁa Probabilities P[Z<z]
rd
) z
z 0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09
-3.50 | 0.0002 0.0002 0.0002 0.0002 00002 0.0002 00002 00002 0.0002 0.0002
-3.40 | 0.0003 0.0003 0.0003 0.0003 00003 0.0003 0.0003 0.0003 0.0003 0.0002
-3.30 | 0.0005 0.0005 0.0005 0.0004 0.0004 0.0004 0.0004 0.0004 0.0004 0.0003
-3.20 | 0.0007 0.0007 0.0006 0.0006 00006 0.0006 0.0006 00005 0.0005 0.0005
-3.10 | 0.0010 0.0009 0.0009 0.0009 00008 0.0008 0.0008 00008 0.0007 00007
-3.00 | 0.0013 0.0013 00013 00012 0.0012 00011 00011 0.0011 00010 0.0010
-2.90 | 0.001% 0.0018 00018 0.0017 0.00l6 0.0016 00015 00015 0.0014 00014
-2,.80 | 0.0026 0.0025 0.0024 00023 0.0023 0.0022 0.0021 0.0021 0.0020 0.0019
-2.70 | 0.0035 0.0034 0.0033 0.0032 00031 0.0030 0.0029 00028 0.0027 0.0026
-2.60 | 0.0047 0.0045 0.0044 0.0043 00041 00040 0.0039 00038 0.0037 0.0036
-2,50 | 0.0062 0.0060 0.0059 0.0057 0.0055 0.0054 0.0052 0.0051 0.0049 0.0048
-2.40 | 0.0082 0.0080 0.0078 0.0075 0.0073 0.0071 0.0069 0.0068 0.0066 0.0064
-2.30 | 0.0107 0.0104 00102 0.0099 00096 0.0094 00091 00089 0.0087 0.0084
-2.20 | 0.0139 0.0136 0.0132 0.0129 0.0125 0.0122 0.0119 0.01l6 00113 0.0110
-2.10 | 0.0179 0.0174 0.0170 0.0166 0.0162 0.0158 0.0154 0.0150 0.0146 0.0143
=2.00 | 0.0228 0.0222 00217 0.0212 00207 0.0202 0.0197 0.0192 0.0188 0.0183
-1.90 | 0.0287 0.0281 0.0274 0.0268 0.0262 0.0256 0.0250 0.0244 0.0239 0.0233
-1.80 | 0.0359 0.0351 0.0344 0.0336 0.0329 0.0322 0.0314 0.0307 0.0301 0.0294
-1.70 | 0.0446 00436 0.0427 0.0418 00409 00401 0.0392 0.0384 0.0375 0.0367
-1.60 | 0.0548 0.0537 0.0526 0.0516 0.0505 0.0495 0.0485 0.0475 0.0465 0.0455
-1.50 | 0.0668 0.0655 0.0643 0.0630 0.0618 0.0606 0.0594 0.0582 0.0571 0.0559
-1.40 | 0.0808 0.0793 0.0778 0.0764 0.0749 0.0735 0.0721 0.0708 0.0694 0.0681
-1.30 | 0.0968 0.0951 0.0934 0.0918 0.0901 0.0885 0.0869 0.0853 0.0838 0.0823
-1.20 | 0.1151 0.1131 01112 0.1093  0.1075 0.1056 0.1038 0.1020 0.1003 0.0985

282 | 444
288 | 445
275 | 433
291 454
278 | 439
265 | 423
282 | 444
288 | 445
272 | 432
298 | 465
245 | 403
238 | 401

—

V|| N]Jo|lU]D|WIN

o

—
—

—
N

275.2
17.33

435.7
18.19

Ave.

SD

* Kk *

0000000000

O n O w O uw
LN

S ARS8 8

°
(@
~
N

Z =(275.2-245)/17.33 = 1.74 v1n P(-1.74) »: [0 0.0411

HSE)IE)ﬂ']Elanaﬂ F v: C'I']ﬂ:)'l 245 MPa aansn 4%

* X *

o O O 0 0 06 06 0 0 0 o
521988
g ¥ ¥ 9 < <

Yok

®

LN
m
<

*
°

440

445 o ¥%

450 e

455 e

°
o
<

465 >

Z = (435.7-400)/18.19 = 1.96 911 P(-1.96) »:11 0.0252
HSolomanikan F, o: chn31400 MPa aans*D 2.52%



P Nominal — ave B 250 —-270.8 _ 117
b= SD - 1766

| |
Statistic Fundamental b o 11 = oot
#WelLoveSteelConstruction
m Toman DL 2:u1nn31 250 ksm 28 12.1%

* 2NIWUADUNSAHUI 100 mm 1 252 | 200
(MJuUUNDasIv) > 568 | 180
Nominal —ave 200 —283.9
* Dead Load, D = 250 ksm 3 275 | 400 Z, = D =—g799 = 0857
« ADdSIVOSVAIWKUWULUEASU 4 291 454 P(Z, > 0.857) = 0.196
o 105 mm, D twutdu 105% o1ntdy | 5 272 | 250
o 110 mm, D twullu 110% Mndy | 6 265 1333 Toman LL 9:u1nn31 200 ksm 2&iN 19.6%
« D uovWuAounsawnfuidngont |/ |2 | 444
D Ns:yluuuu Bucinooin precast |8 288 | 245
HSo prefabricated steel 9 292 | 232 ACHS 589 ASCE 7-02
iy S . Wind Strength Design
« mswJagu finishing Unaunao |10 298 | 165 L Wind:
ASIWUUUUDY D WU onwududa [ | 245 |303 20D+ 420+ 120 A4
Uu tWuRudau KSo Ruunsda > o | s : 120+ 100 1o
« AMsiagudnHovudULlUURDVLIAU Seismic:
S - Ave. 2708 2839 B
YDV LWU L 910 200 10U 500 ksm i
SD 1766 97.90




Load & Resistance Factor Design (LRFD)
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ASD (1989)

LRFD uonv1n9:WwoIstul ADWuUsUsou

ydvlusuMguan laglawzagvdo D AU L
ALANCINYAU dudvwacio load factor uov 0 < 0, =
D fiu L AuancioAuudd gotduniswaisaun
resistance s:QU member [UlEs:QU stress

— [ 11

auisu ASD 1989 Factored Load, y1 I Factored Resistance, IR
8 n

2.3.1 Basic Combinations. Structures, components, and ::

foundations shall be designed so that their design strength
equals or exceeds the effects of the factored loads in the Designed Load,L ——— 1|
following combinations. Effects of one or more loads not
acting shall be considered. Seismic load effects shall be
combmed loads 1n accordance with Section 2.3.6. Wind and
seismic loads need not be considered to act simultaneously. Refer
to Sections 1.4, 2.3.6, 12.4, and 12.14.3 for the specific definition
of the earthquake load effect E. Each relevant strength limit state
shall be mvesugated.

< Nominal Resistance, R

1. 14D |
2. 1.2D+ 1.6L+0.5(L, or S or R) !

3. 12D+ 1.6(L, or S or R)+(L or 0.5W) i L
4. 1.2D+1.0W + L4+ 0.5(L, or S or R)

5. 09D+ 1.0W ASCE 7-16




Load Combination
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Load Combination K30 thKUAUSSNASIL J:AdulHOMsaIND1AATUAUDIANS AVILCYEIVSHI W

A1snodsiv [Uounas:=nunisidviuoiAis
e D1AISSIV

« 21ASIBuIuUNa NV multistory building ua:nau warehouse
« DIASLJDADVLWBTILHONISAUISVLSY LEU [AWU uWudulHd

2.3.1 Basic Combinations. Structures, components, and
foundations shall be designed so that their design strength
equals or exceeds the effects of the factored loads in the
following combinations. Effects of one or more loads not
acting shall be considered. Seismic load effects shall be
combmed loads 1n accordance with Section 2.3.6. Wind and
seismic loads need not be considered to act simultaneously. Refer
to Sections 1.4, 2.3.6, 12.4, and 12.14.3 for the specific definition
of the earthquake load effect E. Each relevant strength limit state
shall be mvestigated.

. 1.4D
2. 12D+ 1.6L+0.5(L, or S or R)
3. 1.2D+ 1.6(L, or § or R)-+(L or 0.5W)

4. 12D+ 1.0W 4+ L+ 0.5(L, or S or R)
5. 09D+ 1.OW ASCE 7-16

2.3.2 Basic Combinations. Structures, components, and foun-
dations shall be designed so that their design strength equals
or exceeds the effects of the factored loads in the following
combinations:

Bl 14D+ F)
2. 12D+ F +T)+ 1.6(L + H) + 0.5(L, or S or R)
3. 12D+ 1.6(L, or Sor R) + (L or 0.8W)

4. 12D + 1.6W + L+ 0.5(L, or S or R)

C)S. 1.2D + LOE + L +0.28

m6. 0.9D + 1L6W + 1.6H

C)7. 09D + LOE + 1.6H

ASCE 7-05

F = Load due to fluid with well defined pressures and maximum height
H = Load due to lateral earth pressure, ground water pressure, bulk materials



Load Combination
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Load Combination {ugAKAvY:IAUGaLDUTUlULYNISIANISAULFSV LEU

' FD'IUlaEJ\)UE)\)E)'anSI‘lﬂE)aS’l\)UUWUI‘lnUIDﬂ1alﬂ0llNUOUIHDSUllS\) (ASCE 7-16 ugn Load
Combination w1th Seismic Load Effects DIUK>UD 2.3.6 lUUC‘Iu)

. msaomsnmUlaaomﬂmwsuusouaoau AUSUAT MRI (Mean Recurrence Interval) v1n 50 un
th importance factor (1,,) L19amsA2WLEsY [UF MRI A 300 700 1,700 ua: 3,000 U lasid |, = 1

L.

2.3.1 Basic Combinations. Structures, components, and 2.3.2 Basic Combinations. Structures, components, and foun-
foundations shall be designed so that their design strength dations shall be designed so that their design strength equals
equals or exceeds the eflects of the factored loads i the or exceeds the effects of the factored loads in the following
following combinations. Effects of one or more loads not combinations:
acting shall be considered. Seismic load effects shall be
combmed loads 1n accordance with Section 2.3.6. Wind and »l‘ L4(D + F)
seismic loads need not be considered to act simultaneously. Refer 212D+ F+T)y+1.6(L+ Hy+0.5(L, or §or R)
to Sections 1.4, 2.3.6, 12.4, and 12.14.3 for the specific definition
of the earthquake load effect E. Each relevant strength limit state 3. 12D 4 L6(L, or Sor R) + (L or 0.8W)
shall be investigated. »4. 12D+ 1.6W + L +05(L,orSor R)
»1 1.4D C)5. 12D + LOE + L 028
3. 12D+ 1.6(L, or S or R)+(L or 0.5W) s ‘ '

4. 1.2D+ 1.0W + L+ 0.5(L, or S or R) C>7. 09D + LOE + 1.6H ASCE 7-05
ASCE 7-16

Opn L
5. 0.9D Low F = Load due to fluid with well defined pressures and maximum height

H = Load due to lateral earth pressure, ground water pressure, bulk materials



ANSI/AISC 360-10
National Standard

for Structural Steel Buildings

A - - —~ Specification
I I I I n for Structural Steel Buildings
Specification —
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 Uuo1nU A.A. 2005 Wuduw AlSc Tadnisdam
Specification for Structural Steel Buildings sHa
AU AISC 360 lag “gnlan” n1sldA1o1 Allowable
Stress Design uci(3 Allowable Strength Design
ANAUQDE ASD zsouUaLUummlnum msaanuuuo:a
58Mdvnepull 13081 Lazv:Folnaliums “gnLan
supersede” version LANAJY version (HUY:01000Wa
NSANUIDVYIHLA IWIWIUS:NDUNISYNSIVUIASTIU

Specification

. Kéo3nUYKUY ASWCJUIDVAADIUSTHLA laguoon for Structural Steel Buildings
ADIULAU KSD Hu:mlls\) ALSenON Allowable Stress
Design Ioauaomoumu 1989 aunisAudtulu version
alga goua: nauwnmnssuasoLnnnmaumsmuatu
{u version ADUKUN U\)C]‘IUHaﬂlJ?_]UCI HSDHAan
25S81USSTUIAINSAA RoaNULUUNAISUIADIUSTKLO
UUs:gNAISlUVILSBIEWUDVAU

:é : Stronger.
S | Steel.




History of AISC Specification
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1986
1st AISC LRFD
Manual

The Beginning
of Strength Era

HanN1sN1vANHUIE “cilunssuciuils:” nauIauIHmmSLmnaanuuUo:)a code LA uaJIuwouaﬂf_]Huw
unmiE 3eoastonldia Aah a1u1snmu:>iuaanuqunsoasmIc‘iIoaIu code 111la Nva N code 1A U
Raunwsov ta:zlasunisunlu axog1olsu Column equations, Leaning columns, Stability design Wudu

1989
oth Ed AISC
AS D M anua I_ STEEL

CONSTRUCTION

The End of
Stress Era




AStressD vs. AStrengthD vs. LRFD
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Check if a compact & fully laterally braced H beam is structurally safe under bending

withd=30cm, S, =600 cm?, Z, =750 cm?, |, = 9,000 cm*, F, =3,000 ksc
under M, = 8,000 kg-m and M, = 4,000 kg-m

AStressD AStrengthD LRFD



Newer Code =
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Stress
Method | Threshold | Limit Capacity FS ()

=

More Thorough Knowledge

[ (—)/ ] ] \
Kl 1- \ *
—<c, F, = 5, [(7)/C 1 (& )/C ] + \
_ [o=e i 5 31G0/ed  [GH/e. | 3t s 8 | :
<= |'F, 3+—'g g | | *
2
y r c 23(—)2 (ﬁ) 12 Inelastic
I | buckling |
L, /E
- <471 F_y F., = (0. 658Fy/Fe)Fy 1.67 I
LRFD Elastic
L, E buckling
- >4.71 F_y F., = 0.877F, 1.67 ( ) .
KI ., L
Threshold T e
vadvlna / Uawoisan
1. Inelastic buckling D109v ASD 1989 USuA F, av “Qdg FS Auwauion (Kl/r)/C." gncipvlKu AvYa Af1dv (nominal strength) aaav

2.
3.

DINWAUDvV residual stress naowaIHlﬂownmﬂssunlsaﬂD‘l stiffness reduction

Wav1In geometric 1mperfectlon uov column [Agnsoulu FS gncipouddksal (U9quu 8 concept “leaning column” luNISWoISEUN)
wansAnUIYBTHLa AredIngvnadauRLINTU + nstd advanced FEM Ungag v:doWaliaums prediction A WuLugdu RSl



Newer Code = More Thorough Knowledge
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Extra load VS. Reduced strength

Leaning Column Concept 2 Pieaning, 3rd

Notional load l
0.2% X~ I:leaning, 3rd

) I:'leaning, 2nd

Notional load
0.2% % Pleaning, 2nd

Out-of-plumb
1500




History of AISC Specification
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2005 i
18t AISC Unified v
Manual

The Beginning
of Unified Era

2022
Latest AISC
(Unified) Steel
Construction
Manual




Unified Method
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HIAWYIStUNMUKann1s LRFD f{udiuuov
resistance LOUNNS aanaumMavsSullsvdvA
91A1S Ad¥MISU resistance factor (¢) 1N
(Upeu maos U (nominal strength) LNEUANU
IUSVNNS:NIAUDVADIATS NQALWAIADY

load factor (y) ... ucitUdsutu mswa1saun Factored Load, YL —+ -
unfactored load (service load) LNUAU J
ANAvsSULsVS:y nominal strength unvovA _ e ) )
a1n1sﬁqﬂaonau AH8MS “KIsabUS=NDU Designed Load, L ——— : : < Nominal Resistance, R,
ADWUaonang (FS = Q)"

Factored Resistance, R,

35n1sU 1Send1 Allowable Strength Design
(3Aogo ASD luLQednU Allowable Stress
Design NVUKIAWY1ISEUNIAILDAY load factor
uDv gravity load combination Ay = 1.5 no:
awwnsaudavds LRFD ua: AsSD naulduila
1S&NISUID Unified Method




Structural Steel Fundamentals
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Elastic Zone Strain-Hardening Zone _—y Ovm = ,0.1- -0,0,+0;

f N Plastic Zone Failure Zone Various Loci

Ox=-10|\

| I | 01=-0:
e e >, AN

| | Ultimate Tensile Strength I
| /

|:FI.I:| | | Pure Shear
State of 5=0:0:

| Stress

o

|
Fracture Pqint

v

Civil Engineering
Materials

7 Add
7 61
'\,\Matcrial failure
\

|

Proporl'ional Limit

- !

Engineering Mechanics of 0 f T
Materials Materials - h
Strain distribution “h l
Phase Diagram Centroid NA 7Y (profile view)
Stress-Strain Bending Theory
Fatigue Fracture Column Theory " N.A.
Cement Concrete Mohr's Circle )

€ By &
Stress-strain diagram
(elastic-plastic region)

Timber Strain Energy




iHanwWudaqixded (Ductile material)
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- IKanciwOINADUNSA asvAtkantdudaqikded (ductile
material)

Suusvavlaa ucinounsasuusvavunulula

luasuusoooaolumao yield usvdvo:lwu linearly
MUS:z9:NEaDDN HSD E = elastic modulus =
stress/strain = (P/A)/(AL/L) HSD E = PL/AAL HSD P
= AE/L * AL

luaSUllS\)O\)DUlaUDO yleld v:=lAaQ strain hardemng
nasuusoooIcuwuumIULUun:nuauwuswmau 1SN
waanssuln strain hardening

« TumvumsAUdaU WDLKANSULSVLAYA yield o=

W9ISEUIaN1I: plastlc EIUUSEUF]DIUET]U’ISE\SU
usvdvldlas Bonidu elasto- -plastic material HSD
elastic-perfectly plastic material

Y

Elastic Zone Strain-Hardening Zone

N

Plastic Zone Failure Zone

P

| | Ultimate Tensile Strength
| | (Fu) | /

| |
Yield Pgint (Fy)

|
|
|
l Fracture P Iint
| / | | 9
| | |
| |
| |

|
|\ ProPortional Limit
| |
| |
| |

ay

ay

a

I LN
4
&

Strain distribution

(profile view)

Simplified

El E},

€,
Z

Stress—strain diagram
(elastic-plastic region)



iHanwWudaqixded (Ductile material)

#WelLoveSteelConstruction

« IKancivOINADUNSA asvAtkantdudaqtrded
(ductile material)

« danuru:udvdaqikieddnus:=ns Gullu

UoWI1STUINISIUQ HSD yield criterion {univ *\\\ AN
—r b (] I~ [ i - - o
nauA Ao Mavsuusvlaou UAUs:uiau 60% X6 b o Tz
yovmMavsuusvavu Kso F,, = 0.6F ua:F, = s S
0.6F,
« drSuADUNSQ :0A1 E NuUsWuluaunao "
(f.) ua: concrete unit weight (w_) lag E_=
concrete elastic modulus UAUJulUmu
aunisaiuaiv 2l
E, = w}®0.043.[f! (in MPa) Equation 1 1
E,=w}® 33{? (in psi) Equation 2 0 '

1 1
] 0.001 0.002 0.003 0.004
Strain (in./in.)



IHannalnsa E Avi (strength # stiffness)

#WelLoveSteelConstruction

« IKanLWuidA E AvNNALASQ

* INSQLKAN JHanKa1Y WU SS400 SM490
SM520 TUauns:fiv SM570 tnsatkana:Nou
“Aav (strength)” NuancivAu WU SS400
Gﬁﬁos“uusoc‘ions*m (yield strength) HSD
F, ~ 245 MPa ua:mavsuusuiounyaanuia
(tens1le strength) HSD F, ~ 400 MPa

« ucitnsatkannconu IumZHm E (slope
UDv stress-strain curve) WWagulu wa
AMSANUIWUIIAT E LKan AvAlunntnsa n
$12 200,000 MPa (2 au ksc)

T T T T l T
(8.1, 643) SM570
(15.5,530) SM490

750

2

Engineering stress (N/mm")

* A E a:Aou usvdios:g:nstdosu dua:Aou 0 e

AYaawWwUa (stiffness) aouJunumou:n Engineering strain (%)
strength AU stiffness Uuuancvnu



uauguUINAVUAUAUFLAU
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« 1answuwaidaxrida (Audanvi) 1s1 awisa © lranstutors
moonuanawwunlo NNJUNIS X = _ _
Z(x A )/ATotal ua: y = Z(YLA )/ A7 uas 3 Centre of Gravity of Plane Figure
awnsadounu x y IOlSEJﬂD']llﬂUf—]UEJﬂa"I\) HSD G o]
centroidal axis S j j

* UAUAULAUD:ADVWDISTUT K1 “Q0d:lAu” HSD ==

neutral udai Wuon (Wdv) ua: lbav (luva)
N&1dAD LpDVADIAISIAANISANAD (LBUAU) ddu —
HUvudvAud=LAQUSVDQ dNdduv:LAausvav lay |

ADULAUDQUAzQV - moaoaonaouuaoua-
A0JauDYAIU UADADY aoa\)lUunuanaoa LAu |
Bonunudusunuastiu Ko neutral axis




uauguUINAVUAUAUFLAU

#WelLoveSteelConstruction

« Centroidal axis 2:un{UBlunIsK
auuacinv a yovsuaatsu
moment of inertia, radius of
gyration Wudu

* Neutral axis v:Un{UBluns
WoISaUIKdauuankuaatnans
aaad (flexure) L6U section
modulus Nv elastic section
modulus wa: plastic section
modulus soulUaudv first
moment area d1KSUNISKIAN
shear stress HSD shear flow QJg

'

_____________ =

tension

bpx 1y

bgX tg

w X Ly

+
111

F<F,

+
11l

F<F,
M<M,

M=M,

+
Ll

M‘_<M<M,,




Elastic vs. Plastic section modulus

#WelLoveSteelConstruction

e Section modulus da:zNnou “ANWawisaluns
AaluniunNIsaquovKUNAaQ”

. aauIUnmaosuusooonsm T, = FXA :LRUN
Uaaanaowamamaosuusooou 2 Udvdg Uady )
usnuINvINKUNAQ (A) 9nUdI8UIVINIAQ (F,) " M,<M<M,

o dHSUNISWIISEUNINISAQaOALEULAEIAU
Asadliiowaan destabilization (dousu

usvaatnans buckle) a:la3rmavsuluwud
QQ Junu 2 U98 Ad HUhAaaua: 3dq

M = Force * Arm = [Fy(Area)] * Arm

. ﬂ']EI\)SUIUlUUC'IOO unwmszmn 2 s:QuU A (1)

1 H 2H H H
s:(U M, BulWoLSuLAQ yield AQOLSA H3DHIN My = [FyG = Bl * - M, = [Fy(B5)] + 5
moment EJ\)IUﬂ\)oou AUVD=AVAMW elastic _ . B _p (BH?
lUtdssUn1ds ua: (2) s=auinn @ aausvAIU =FEg) =R

lNaNs yield 159N plastic moment HS2 M, _FS ~F.Z

yvx y&X



Modulus of Section (u uan.

#WelLoveSteelConstruction

« MRUQOD8dNNANUNI Z,, 7,

. AALIOVT D19AUOUlGIA

e Z =1,/(H/2)
e LU H100x50

*« Z =187 cm*/[(10 cm)/2] =374~ 375

A TR I TR IAY.

U')Rﬂ‘ﬁ
\UAS
kg/m

pu  |Aramun |[Fedd n
i Wi
mm nm cm?
Hx B t: |t a
100 x 50| 5 8 11.8
100 x 100] 6 8 10 Z

'
‘.
TwLLRRI WL ey

uaAAANNAA

cm?

Zy

13

* Z,=1,/(H/2)

8] 2.47) 7 26,7

at Elastic level

5= My/l = M/S,
€= F (Compression)

DM

E
‘ F (Tension)

O

oment arm
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) S, lugdavthdndatainsauunu x @adiun®)
bl - & w . - - - ‘."y
Ml 5 vinanazIBmIveningUf ey aliomsa2nIUUIMSIKEN S, lupdanindndarainsauunu y dmsunidasusialiltalusdantidavitesdn
v lasvasiwsvwssm : o s v Y !
(28 4.1) (slaaLuns’)
y 3 -V 2 ar = “u -
o 5 2 ., § lugdantidanatafinsauunu x (Haduwns’)
an TR 2 S axI :,E § lugdanthdanarafinsauunu y ({aduny’)
Fedltau siu { = ’— il _
by a X— i X .
1 0 “'I""l =
3 upRd¥anAdn = S\ Unn 5
= H - H/2 o «
ol wf
B k3 Zy = ———1’--5 ’ N1922NLUUDIADTIATTTULLIIAA
— B/2
. r : f— pra—— 5.2.1 n15A3IN
ouin  |erwwun |[Fadd v | woane | wameaawiden |§ed uimXannda Bt st
ind - |wivde | wues o
mm cm? kg/m cm cmd M, = Mp - Fny (10)
HxB t1 L r a ix iy X Zy ] . . ) .
oy F, = wihsusasnndigaiimusauviaveananild (wnsaana)
1 11 3 3.98 5 5.3 .. - oo
LSl B 8 S S W Z, = lugdamidawanainiauunu x (aduas’)
100 x 100| 6 8l 10 |z 2 13 gl 2,478 7 26,7 N
125 x 60| 6 sl o9 13,2 29, 1.320 66 9.7 . Y -
195 x 1251 6 ) = " BT 37 A 5.2.2 N5AWAITNINT AN 15UA
148 x 100| 6 9 128 30.1 = ) T S P 3 iy w R
e = o or o i issmiidiaigreon n) Lﬂji‘] Ly < L, Msipefinsananmnzdainianisliuniznisdiawaznisin
150 x 150| 7 ol 11 1.5 563 6| 2. 7:l 21¢ 761 ) We L, <Ly <L
175 x 90| 5 9 |23. 7.26| 2.0ef 13 21.7
176 x 175] 7.5 12 [51.21 7.50| 4. 3eN ; 112 = s s L, — L,
194 x 150] 6 13 | 29.01 | 3 7| 2.20] 3. 4R 57, AAHEETIBMIFUASAIEON M, =G| My — (Mp —0.7RS, S M, (11)
198 x 99| 4.5 7 1 |23.18 | 18.2 114 z.26| 2. 240 60 a5 NIENTHUMALNY L —L,
200 x 100| 5.5] & 27.16 | 21.3 134 2,24| 2 14 6.2
200 x 200| 8 12| 13 53 [49.9 | 4 720 [1 600 |s 02 472 160 , o o . o = = v
200 x 20412 12 12 |7 T 4 980 |1 700 5| 4. aal 498 167 A Z>< Zy PN quiﬂqumﬂmﬂmmﬂmﬂqﬁﬂﬁ‘m uan. 1227 nuU AN ZX Zy PN @Jﬁ\lﬂﬂ’]i@@ﬂLLUU@’]@’]?L‘VI@ﬂIﬁ’N@’iW\?
2l 10 3 3. T ERE = o o = I " @
SX eyl 1wa1 12 1es.0 8.8313.159626 1218 slwesne Tnansulasnnisuazdalias neenswsnmalng vive new. iluauazAINY
244 x 1751 7 [11]| 16 |56.24 |44.1 | & 12C 384 [10.4 | 4. 1cf 502 113 *
244 x 25211 11| 16 [82.06 |64.4 | & 79" |z 940 [10.2 |5.9cf 720 232 . P © , , S 1 ° - 6]
248 x 124| & ) 12 132.68 | 25.7 3 5ai 255 I ERT B 1.8 A Z>< Zy AN NAN. WA “Elastic Section Modulus” NNINUAEIAN S>< Sy PN NEIN. EAEINTITANUITUAN Z>< Zy NLUU
248 x 243| 6 |13| 16 [84.70 [66.5 | @ 93 |= 250 |in.e |s.ofec1 | ces plastic section modulus Tusnsrawman Tu wan. Wlduanvenld fasnuuuafudasmiuanies
250 x 125[ 6 | 9] 12 [37.66 [29.6 | 4 o5 2904 |10.4 |2.798 304 47.0
250 x 250 9 14| 16 |92.18 [72.4 |10 eoc |z sa  |ia.e |5.2d0 s67 292 -
s ela Tl e T 16 I m ST ELTT T 504 #WelLoveSteelConstruction




ASATUDAU Plastic section modulus

#WelLoveSteelConstruction

AN Plastic section modulus (uu1asyU
Jdn. HSD UYN. (Bdeyanutuoivovuuy A ®
U1QSTIUDLUSAU AISC MHEUQQDY

- - - at Plastic level
dryanuai Z,, Z,

(-)

e CNSIVLIKAN UDA. HSD CNS1VLKANUDY g
WWaaltkansuwsseu Unlljuaavn Plastic 4m C (Compression)
section modulus U WoDNUUUIVCDD M T 5
F'hUDfUlE)\) » T (Tension)

F (+)
 HANNISWYsaUN WUlUoW auqauoousy B ’
NHKUNAQ X(Force) = O ua: X(Moment) =0 Moment = C (or T) * (Arm = H/2)
lag Force = stress*A
Force =stress*A=F ) (orF, ) *(Area)

Moment =F, * (Area* Arm)=F *Z,



ASATUDAU Plastic section modulus

#WelLoveSteelConstruction

1 A Mp = Fy*A1*Arm1 + Fy*AZ*ArmZ + rﬂ
Arm, | A, A +F *As*Armg + F A, *Arm,
Arm, q A, = Fy* Y (Area * Arm) = Fy*zx at Plastic level
T | A, | HUAaaauuas A=A ua: A,= A, F,0

« C (Compression)

+ Golu dHSU H-beam AdIU A F, iiAuno H |7 .
HUYAQaw1saK Plastic sectlon modulus m) T (Tension)
(091N NMISHY WaSDUUDVWUNATUAUS:E:HID F,®

- = e s B
vInAugnalvwunavunua:ztnu (NA) Moment = C (or T) * (Arm = H/2)

» uciknnLu section NUs=naududIn plate N
F, [Uln1Au davwoisaunauqayvavusy uas
auoauaoimuummuaso Moment =M, =F, * (Area * Arm) =F, * Z,

Force =stress*A=F ) (orF, ) *(Area)



ASATUDAU Plastic section modulus
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- A M, = F *A*Arm, + F *A,*Arm, +
A +F *Ay*Arm; + F *A *Arm,
Arm, q N =F *X (Area* Arm)=F *Z,
! A, ] HUAoauuias A, = Ajua: A,= A,

HUYAaauuias NA ogi n \)ﬂawn:wanmu

A, =5*07=35cm?’=A,
= (10 -2*0.7)/2*05=215cm?=A,

Arm, =(10/2-0.7/2) =4.65 cm = Arm,

Arm, =[(10 — 2*0.7)/2]/2 = 215 cm = Arm,
b C]Daﬂ-‘\) 1 H 100 X 50 (tf 7 mm t = 5 mm)_ Zx =Y (Area * Arm) = 2*(A1*Arm1 + AZ*Armz)
: = 2*(3.5%*4.65 + 2.15*2.15)
cm = 2%(16.275 + 4.6225) = 41.8 cm3
t A . ~
Arm1 A, IENI e 'fﬁu:d'uf u,-: W8R8 igwyﬁmmnéau fm‘\nﬂu uindanAdin
Arirn N.A. 10 cm = = T:: mc;:(ﬂ :‘x:/t; em, - A

3 % As A e S \RBUAU S, = 37.5 cm?

T 100 x 50| 5 QW 8 | 11.854NNENS0 | BNSE | SRS .95 1.12 X
| A, | 100 x 100] 6 f¥a| 10 |1 400007 > | D888 | 1A .4




A1SAUDTU Plastic section modulus

#WelLoveSteelConstruction

< Calculation

< Calculation

n ]
L

HUAaauunas NA agnnvnaivnAuanAu

A, =5*07=35cm?’=A,
A,=(10 - 2*0.7)/2*05=215cm?= A,

Arm, =(10/2-0.7/2) =4.65 cm = Arm,
Arm, =[(10 — 2*0.7)/2]/2 = 215 cm = Arm,

Z, =2 (Area* Arm) = 2*(A;*Arm, + A,*Arm,)
= 2*(3.5*4.65 + 2.15*2.15)
= 2%(16.275 + 4.6225) 4 41.8 cm?

Full Report Export FullReport  SS| Steel Design

Material Properties Material Section Mobile App Check
Section Properties by 5 cm
Ag 1.3 <:m2 t 0.7 cm
a, 1.23 H 10 cm
K 0.76 ty 0.5 cm

3

I Z, 41.8 cm I

S * (129g10: H 100 x 50

. QAdo8v: X5
Iy 14.67 cm
ch 7’.29<:m4 (tf= 7 II"I' tW - 5 II"I.)
J 1.63 cm4

4
I 178.15 cm
ho 9.3 cm A >’ : g 3

nun A2 |Fedd uane | WiNuARIWLReH
x 387 em ind wmivda | e
y 5 cm mm nm cm? kg/m
Hx B t1 (L r a
h 8.6 cm
r 132 cm 100 x 50| 5 8 11.8
100 x 100} 6 8 10 | 2 2 13

FEL R REE T

ix

2

3.98] 1.12

INOUAU S, =375 cm?3




A1SAUDTU Plastic section modulus

#WelLoveSteelConstruction

5cm F,,(2,400)
A
A C
10 cm i - F,,(2,400)
NA iE T
A
F,, (3,600)

e CDDEIV 2: H 100 x 50
(t.=7mm¢t,=5mm)

* Top flange ua: Web:
F, 2,400 ksc

ATUDEURICUKUVLAUA:LAU (Neutral Axis, NA) 91nduQaudousy

2 Force = O; C=T:
A F,+AF, =AsF,+A,
(5*0.7)(2,400)+(10-NA-0.7)(2,400)*0.5= (NA-0.7)(2,400) + (5*0.7)( )

35(2) + (9.4 - NA)(2)*0.5 =(NA - 0.7)(2) + 3.5(3)
-35+94 + 0.7 =4NA
NA =33 cm

ATUDEUH Plastic moment (M,) uduHUAQ (NARALAAMSASIN 6 = F,)

M, = A, Fy, (Arm)) + A, F; (Arm,) + A3 F (Army) + A F, (Army), F = 15F,,
=35(10-33-0.7/2)F,+[05(10-33-07)](10-33-0.7)/2F ;+
[05(33-0.7)1(33-0.7)/2F,;+35(33-0.7/2) *15F,,
=22225F,;+9F,+169F,+154875F,,
=48.4F,,

Plastic section modulus Z, ~ 48.4 cm?3 (1GU 41.8) 91N AUINTU
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LJDANUSULISY
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W a=04L

. WiamusuusvMeuonATNNSMAVAINAUKUN .oa '
AQ 1SN transverse load MuD:IAONISUDU R R
(1D 3ADNSAWNSAAIUILURILSVME(UNNS:NIAU 1
Aau laguaavoonuitdu diagram ALSYNIN 06W
Shear Force Diagram (SFD) uaavuulquas
NANIVUDY SVLADU lla: Bending Moment — 0.4W ‘
Diagram (BMD) uaavuuiauaziANIvudv

luludaa Shear Force
Diagram (SFD)

« uUsvlddu d:=dowalagasvcioAdIUtAULIDU
(shear stress) ua: lwudaav:avwalagasvcio
AULAUGYDNN (normal stress) lag normal
stress Ud:dvwacia “"LlangsniwuavAiulagsdu
ua: element cinv 9 yupvAU”

aR,= 0.4L (0.6W) = 0.24LW

Bending Moment
Diagram (BMD)



Shear stress & Shear flow in beams
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Ox1 Oy l Pr Transverse Force

N —~ N ”‘—‘ Cross-section a-a
SHEAR STRESS N = 1w
M(x) _.l_._-_\;;?_é _‘_.‘:1_ _,:__IJ_._ _.D M(x)+ d“TiE:Y)L{.\< A treq d Jt:
T
dx “ ) y
Resultant Shear Shear stress T

Force F(x)
NASINVDILTIIUUUALAU X = 0

+—> > F, =0= J;G\,lr(_r')d_w' — J‘G\,;r(_r')c'.{r + T 0(y)dx =0

3 )}

Vi Yiop

w(x)

Janasusunslvd lngunud oy = M(x).y/I,

Parabolic Yigp 3 (s, Yiop - IAT ()
J Mr(w )y — J (M (x) + dM (x))y t(y)dv+T 1(y)dx=0
b 1 I :

'& v
a _ g Innasuaunslnd Tnensanenunaae dx wag t(y)
l - . ) \:
o M (x) 1 { i)y

dx  Ir(y) 4

N/ M ==
.7 v dx
| —‘; ue V(x) = dM(x)/dx 3avasulustazla

. , I (x) A’ WUNUNANIITUN Bag
T, =—F J vi(y)dy =
Ir(v)

ML) _TO g 0() = [ yily)dy = 347

1(y) It = y’ Wusyezain centroid ¥89 A’

¥

U89 N.A. v84 cross section
Ref: www.ku.edu.tr
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BENDING STRESS

LB
% b
M=/aydA
A
E 2
= = dA
R/Ay

area moment of inertia I

FLEXURE FORMULA

o

_ My
ARV

THE
EEEEEEEEE
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centroid

\

neutral axis

COMPRESSION

TENSION |
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SHEAR STRESS

VO
g T

T

Y first moment of area

I
O
|
7 T
N |
I
N B S
<
+
o>~
|
S

SHEAR STRESS

vQ
s TTF

Y

N

v

b
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FLANGE
‘/7'__ carries the bending moment

\l\'f E B

carries the shear force

FLANGE

\_/ carries the bending moment

THE
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Structural Steel Fundamentals

#WelLoveSteelConstruction

Civil Engineering
Materials

Poler A. Claisse

Engineering Mechanics of
Materials Materials

Phase Diagram Centroid NA
Stress-Strain Bending Theory
Fatigue Fracture Column Theory

Cement Concrete Mohr's Circle

Timber Strain Energy

STRUCTURAL
LYSIS

Structural
Analysis

Load
Determinate
Indeterminate
Slope Deflection
Stiffness Matrix

Beam
Stiffness

#WeloveSteelConstruction

All about

TRUSS
(with trust)

#WeLoveSteelConstruction

Column
Theory

#WeloveSteelConstruction




Beam Stiffness
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« Taglu Stiffness KurgdivAIwawIsalunIscuMuMSLEUSUKLDEY A usv (Force KD
Moment) cios:e:n1stagsu (Displacement HSD Rotation)

« Beam Stiffness Hv919KUIYAIUIN usvn apply \WolRLAa deflection 1HUJY HED moment A
apply lWWalHLAa rotation 1HUDY (radian)

e AISWYISaUN Stiffness lagna(U dounwosaulluydv elastic LWS1:AUIUWUSS:KIVLSVAU
szg:mstdosu Wuuuuldolau

« TaoMslUudd Beam Stiffness KAldonaunis M(x) = EL*d2y/dx21ag usvK$a Moment = M(x)
nstaosy = d?y/dx? aouu EL, = Beam stiffness

« 219nanla31 lagsoua uaranuawisalumsaiumumsidasuuovmutkan Junu E = Elastic
modulus = 2,000,000 ksc ua: I, = Moment of inertia souununtAQN1saQAd (LnNU z) HSD
Beam stiffness [UUuUAU F, KSD thsalaaq

¢
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ASAIUDI Beam Stiffness - 1

#WelLoveSteelConstruction

Mo

y

M, (x) = M,

(1-%
7

 gnNCDDEIVLIEU simple beam i moment ns:znNN
support QluKUY ADVN1SHY Beam stiffness U

« Beam stiffness uooAUDKUY JuAuanueau:ua:
sULUUUDVUSVANS:M LU DINADDETIY ADVNS
K1 Beam stiffness U Ku1gav A YWUawwasalunis
A1uNIU End moment ¢io End rotation 1radian

« 38N1SH1 Beam stiffness 1SUD1A ANSH1 Moment
equation, M(x) = M(1 - x/L)

d*y(x)
dx?

M, (x) = M, (1 _ %) — EI,

¢




Mo

y4

ASAIUDI Beam Stiffness - 1

#WelLoveSteelConstruction

Mo

|

"=

MZ

0=y

(1-%
7

> X

« IWNHUgAD MSK1B(x) A x=0

ﬂ M, (1 —%) dx = El,y(x)

M0x2 M0x3
— + Cix+C, = ELy(x)

2 6L
x=0y=0 C, =0
x=Ly=0
MoL* M,L3 MyL

¢




ASAIUDI Beam Stiffness - 1

#WelLoveSteelConstruction

« IWNHUgAD MSK1B(x) A x=0

My x* x° Lx_
gL, (7 Ter 30 =YW
M, (2x 3x* L\ dy
EIZ<2 6L _§>_E_9(x)
M, M,(x) < M, (L
\M X —_—_ =] = =
0(1 \L\) EL\3 O(x = 0)

« avuu mid End moment M, 9:1AQ rotation
M,L/3El,HSD beam stiffness upvs:uul o=
LN1AU 3EI/L

¢

9. Beam Simply Suppotted at Ends — Couple moment M at the right end

M Ml O = Af at \=L_
0,4 §0, 4~ ¥ O =CEr Mix( x*) - SNk ¥
B =l ) ye— [‘ el M’
l-" ; : < g =ML GEI\ 1" ) §=—— at the cent
- N *T3El 16EI




TRUSSES

Understanding and Analysing Trusses

1agl The Efficient Engineer

https://www.youtube.com/watch?v=Hn_iozUo9m4

#Wel oveSteelConstruction



Truss #58 LASIDN

Hussuulaseaiefidseney
N member TRANNATS
yanel 7 Sdndaaiu lnes
SeulsAe qnfevas straight
member YINAARBIAINITE
unula (pin) M3aarananals

A1 straight member azlaf
N175U Y178 018 moment
TEUININULAZNU

THE
EFFICIENT
GINEER

#Wel oveSteelConstruction Ref: https://www.youtube.com/watch?v=Hn_iozUo9m4



Truss 58 LASIDN

9A7 straight member 17518
AN AzRLpNul ey

@lg9) NnTudullsenay =

138N91 gusset plate

THE
EFFICIENT

#Wel oveSteelConstruction Ref: https://www.youtube.com/watch?v=Hn_iozUo9m4 sascree



Truss 58 LASIDN

L39TINT=INU truss A¥NT=Yin
flqpra MFan1 node i7a
joint Wil azlalfiusann
nsvyiTianan ) irunsdluuug
U374 (transverse load) ﬁﬁgmﬁd
naNg (Aegl) vize wsnlssnm
AU 1w weila (torsion) 3N
NIINY straight member

VN 7] member AR truss

THE
EFFICIENT
ENGINEER

#Wel oveSteelConstruction Ref: https://www.youtube.com/watch?v=Hn_iozUo9m4 suescree



Truss 58 LASIDN

AN ANNAFIULNAY FAIHALY
truss (straight) member azinn
wrannelulaines 2 dszan
Wity A uIaRa (tension)

LA LWINAA (compression)

THE
EFFICIENT
GINEER

#Wel oveSteelConstruction Ref: https://www.youtube.com/watch?v=Hn_iozUo9m4 sascree



J stable unstable

sUuULTAaD TN N (stable) 104 truss AB Lugtanuwaan Feanaiduaniuass 018 truss member dndsznauiugiivaand
NINTY AV truss GIULAELATIEITNTIW (Unstable) TINDBNULILAINITD stabilize LAlatLN diagonal member Tuunanueasg

THE
EFFICIENT
ENGINEER

#WeloveSteelConstruction Ref: https://www.youtube.com/watch?v=Hn_iozUo9m4 ~ sussease



Fan roof truss King Post roof truss

Howe roof truss Prott roof truss Modified Queen roof truss
Howe bridge truss Prate bricige truss Warren bricige truss
Parker bridge truss Baitimore bricge truss K brickge truss

21U truss AxnuNeEvaIERLUAIY AnHaizaesuAazauiilua AL e lAinANEDEs

THE
EFFICIENT
ENGINEER

#WeloveSteelConstruction Ref: https://www.youtube.com/watch?v=Hn_iozUo9m4  ssseuse



Truss Ntlsng usidnaziansniziilu 3 87 WAnInWATnluIEazi@nATNLIINITINEUI LTNAIN bridge deck TNEULINAIAIUTAE ANUTBEITNE
WINAIANUMANTNFABLINAL truss joint (node) WIMNATUN truss Ailw nodal force (@lign) lagaNnTawLNATY 3D truss ity 2D planar truss
ialianansafansunAuIniliazaan

THE
EFFICIENT
ENGINEER

#WeloveSteelConstruction Ref: https://www.youtube.com/watch?v=Hn_iozUo9m4  ssseuse



PNUINNNEUAN (external force) NNTLVNAL truss A1 node 131904 bottom chord RAWINAL 30 kN (3 Tons) LT1@IN170AEALATIEIAI WLl ALAEIT N
97N (1) N1TANUILYT reaction AEIUAN equilibrium U84 22UULALTIN WATAINLIUY 2) AU “UTaNnelL (internal force)” 484 truss member LA
AvFn TIENNITONALTILALALN 2 Uszinn Ae WI9BA (compression AAN) W3RN (tension aNN) LaaaNAe equilibrium 9 node ¥38 ARKIL section

45 kN 45 kN

45 kN 45 kN

== fension
- compression

THE
EFFICIENT
ENGINEER

SUBSCRIBE

#Wel oveSteelConstruction Ref: https://www.youtube.com/watch?v=Hn_iozUo9m4



A1 NNTALATITIIUTINELU truss member AaEIN1TaAIWIRLLA 2 ATAR (1) N19WAITRNN equilibrium 71 joint LAY (2) N1INANTUN equilibrium L8
AR section WY “52UNU (plane)” WT 7

Method of Method of

JOINT SECTIONS

THE
EFFICIENT
ENGINEER

#Wel oveSteelConstruction Ref: https://www.youtube.com/watch?v=Hn_iozUo9m4 suescree



1. draw a free body diagram of the truss and solve reaction forces
W1 reaction Lmﬂﬁﬁ?mﬁ support ‘-nfmzmQm@mmmﬂu@ﬂﬁmzﬁﬂ F =0
=

‘ NS =0
Y M=0

TH
FFFFFFFFF

#WeloveSteelConstruction Ref: https://www.youtube.com/watch?v=Hn_iozUo9m4  ssseuse



2. draw a free body diagram of each joint and solve internal forces

Nasanannaradlsanelui joint L@V internal force 184 truss member WARZAY

T
EEEEEEEEE

#WeloveSteelConstruction Ref: https://www.youtube.com/watch?v=Hn_iozUo9m4  ssscess
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|
=
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THE
EFFICIENT
ENGINEER

#WeloveSteelConstruction Ref: https://www.youtube.com/watch?v=Hn_iozUo9m4  ssseuse

nghiluannaradusad joint Ineis1ainem
“peanyAgu lneulsdn truss member N
AAuNA tension (Weneliilunan wsaay “na
28N AN node) IALUINNNIILATIZANLAN
node A% equilibrium MINKI “WAI” ALARS
IINANNAFIUNA U3901elU truss member

< o < .

wuay () wsalilu compression



R

Compression member LI38A “91 member” ... V\jd “ 91911 node”

> e ) e

Tension member LTIAY “@ANANN member” ... V\jd “@fanNa7n node”

THE
EFFICIENT
ENGINEER

#Wel oveSteelConstruction Ref: https://www.youtube.com/watch?v=Hn_iozUo9m4  susscus



MDY

LaNNEUAN 20 KN NFEYIN ANINANS truss A9g1l 91 member N member AUWNALYINAY (3N 60 BIA7)

D ¢
? > c—
N\
d
c 60
A X/ Ré s
> o— -
10 kN 20 kN 10 kN

i’umumﬂ@m 11 Reaction 7 Support A1N Equilibrium 2189LTNNEUaN

THE
EFFICIENT
ENGINEER

#Wel oveSteelConstruction Ref: https://www.youtube.com/watch?v=Hn_iozUo9m4 suescree



AALDANT ABNITNANTUN equiliorium

7 joint Tmm’?mqﬂﬁgmﬁﬁl,mmﬂu@ﬂm FAB
ne=vin (7 support mmﬂﬂd’]@mﬁu

WN9ZH unknown 2 W39 ABILILY

member AB Waz AC WazAaNN1TNN A

90950 2 aun1g Aa Y F, = 0 uay ‘

dj = e o— L B N N N N N X N N N N N N N J
ZFy = 0 TINWLINBNUNIT solve N '
unknown F

THE
EFFICIENT
ENGINEER

#\Wel oveSteelConstruction Ref: https://www.youtube.com/watch?v=Hn_iozUo9m4 suBscaee
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EEEEEEEEE
ENGINEER

#WeloveSteelConstruction Ref: https://www.youtube.com/watch?v=Hn_iozUo9m4  ssseuse
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ENGINEER

#Wel oveSteelConstruction Ref: https://www.youtube.com/watch?v=Hn_iozUo9m4  susseues



= 115kN D

10 kN

e fension
- COMpPression

EFFICIENT
ENGINEER

#WeloveSteelConstruction Ref: https://www.youtube.com/watch?v=Hn_iozUo9m4  ssseuse



Todunmtlsznianii e widn
Az3N19AA97 truss il 3
WATN LADRANN WAz zero force members
member NAAINLNNTUULLT A2
Tadfiusenmelwfingu “en
DURLUAINAZE LINNNEUENEN
NILNINY joint vy )

1) N30 truss member 2 79
11 join N Ineludl wea
MEUAN b joint WU ]

2)  nTod truss member A9 3
NINTEN “F9In” N

member 2 ﬁfaﬁ@gﬁlu
“22UNLLALIANY WAY T
joint Tsdfiksanauanyn

NN

THE
EFFICIENT

#Wel oveSteelConstruction Ref: https://www.youtube.com/watch?v=Hn_iozUo9m4 sascree



Design for
Compression
Members

#WeloveSteelConstruction
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Fundamental of Structural Steel Stability

Strength

Ability to resist forces

Atyield, B, = f,.A

Strength «< [material (fy),section(A)]

At 15tyield, M, = f,.Sy

Strength «< [material (fy),section(Sx)]

Tensile Force (P)

Tensile (Normal) Stress (o) = Area (A)

Stress (o) = Strain(e) * Elastic Modulus (E)

Stress —=
(Load)

H
2| Hook's Law

D

N

Elastic Region

Plastic Region

FE=—=1]-

Plastic Region
'
E
H

{szt:::’;um]" Ref: www.extrudesign.com

Normal Stress (o) = T
Ormat Sess 10) = Section Modulus (Sy)

Tension

Ref: www.chegg.com

Stiffness

Ability to resist deformation

AL EA
P=0A=€e€E.A=—FEA=—AL

Within elastic, I L

= Stif fness x displacement

Stif fness « [material (E), section(A),length(L)]

d?y

Within elastic, M =El—
dx

= Stif fness * displacement

Stif fness « [material (E), section(I), ]

Ssi



Fundamental of Structural Steel Stability

Strength

Ability to resist forces

Atyield, B, = f,.A

Strength « [material (fy),section(A)]

At 15tyield, M, = f,.Sy

Strength «< [material (fy),section(Sx)]

Stability

Ability to resist a specific force
with respect to a deformed shape

]

]

Ref: www.wikipedia.com

m%E
5 A
(%)
r

Stability o« [material (E), section(A), length(L)]

e

Stiffness

Ability to resist deformation

AL EA
P=0A=€e€E.A=—FEA=—AL

Within elastic, I L

= Stif fness x displacement

Stif fness o« [material (E), section(A),length(L)]

d?y

Within elastic, M =El—
dx

= Stif fness * displacement

Stif fness « [material (E), section(l), ]

Ssi




Fundamental of Structural Steel Stability

Strength Stability

Ability to resist forces P Ability to resist a specific force
- with respect to a deformed shape
||

Strength « [material (f, ), section(4)]

Atyield, P, =f,.A
> AL M(x) d*y(x)
El —  dx?
d?y(x)
Stiffn ess Ref: www.wikipedia.com —P.y() = El dx?
d?y(x) P
N _ _ P 0= Ix? +E.y(x)
Ability to resist deformation A
Fer J-'I'I- .L y(x) =Clsin(\/P/EI.x)+Cz cos(\/P/EI.x)
AL EA 2 2
P=0.A=¢cE.A=—FEA=—AL p - TE__TE
L L (L)y?  (L/r)?
Stif fness o« [material (E), section(A), length(L)] > AL

Ssi




Fundamental of Structural Steel Stability

AISC Load and Resistance Factor Design (AISC/LRFD) How?

/{ Stiffness Reduction = El is reduced as some 2
_'-""""‘\\ 7 Inelastic / elements within a section reach yield (F ). P, = T[_ EI
l ‘~ 7 FuCkiing e 12
F 3 | Elastic
2 buckling
F.,. = \0.658F/ F, = Critical ¢ /
[ B4 stress, & -
ksi ~
F,, = 0.877F,
Stiffness
KLt Transition  between
*—equations  (location Can the stiffness be reduced?
| varies by £,) How can the stif fness be reduced?
Standard ::'.:*}#.'imn CHFvE, h 7'[2 E "
l S e KIN? " Strain distribution
TRANSITION POINT LIMIITING VALUES OF KLir (—) Y (profile view)
F, , ksi Limiting KLIr 0.44F, , ksi r
36 134 15.8 o1
50 113 22.0
50 104 26.4
70 96 30.8 €
i SIRCIE)
1 Stress—strain diagram
| L. KL E (elastic-plastic region)
- Limiting — =471 |— |
| r B

Ssi




Column Design Example

#WelLoveSteelConstruction

(29610 oNUUULAINDIKAB HSS AldIKaNINSA Step® auud uula HSS 250 x 250 x 12 mm
F, 370 MPa (HY370) 912 5 as Suusolutudunu A =105 cm?
DL 120 ciu ua: LL 70 cu lidluwudada auuduany L =1 =10300 cm?
nv 2 duyavtaitdu pin <Y :
P re =r, =9.63cm

* Step 1: Us:U1euNISULNAHUNAQLENDIKAYU La:
 Step 2: AMUDTUNASIUUDVLSY

] ) _ P, =DL+LL P, =12D+16L
* Step 3: MORAWUABUWNANSSY =120+70=190 T =1.2(120) + 16(70) = 256 T

* Step 4: ANUDTUDASIAIUADIUBEAQ

Step3: H1DAWAYUWHANSSU
(LD = ATTV(E/F,)
=4.71*V/(2,000,000/3,700)
=1095

« Step 5: 1SDVdDUADIU compact UovHUNAQ
* Step 6: AUDTUANAVSULSVDOS:Y

* Step 7: AS>9dDUAUAWNSAIUNISSULSY



Column Design Example

#WelLoveSteelConstruction

2819 DONLUULAINDLIKAYY HSS AlGLRanINsa
F, 370 MPa (HY370) 12 5 Wwas suusvoluuudunu
DL 120 diu ua: LL 70 cu lwidluwudada auuduaiy
nv 2 duyavtaitdu pin

* Step 1: Us:U1euNISULNAHUNAQLENDIKAYU La:
H1 section property

 Step 2: AMUDTUNASIUUDVLSY

« Step 3: AUDTUYALUATUWAANSSU

* Step 4: ANUDTUDASIAIUADIUBEAQ

« Step 5: 1SDVdDUADIU compact UovHUNAQ
* Step 6: AUDTUANAVSULSVDOS:Y

* Step 7: AS>9dDUAUAWNSAIUNISSULSY

Step 4

Step 5:

Step 6:

H'IE')-OS"lEiZ)UﬂZ)"IUU"aO ﬁ control waQnssu
L./r,=LJ/r,=500/9.63=519
Upend (L /r)l,m,t dudulaniiwaanssu inelastic buckling

(1SJ9@dUAIIU compact upvKUNAQ
(b/t)ye = 140*V(E/F,)
=140*V(2,000,000/3,700)
=325
UINA3T b/t = (250-12*2)/12 = 18.8 L1UU compact section
[udovwo1seun local buckling

AUDEUANAVSULSVDQOS:Y
F, =m2E/(L./r)? = m2(2,000,000)/(51.9)2 = 7,322 ksc

F., = (0.658)F/Fe* F_=(0.658)3700/7.322 * 3,700 = 2,995 ksc
P =P_ =F_*A =2995*1105 = 330,911 kg = 331 Tons



Column Design Example

#WelLoveSteelConstruction

2819 DONLUULAINDLIKAYY HSS AlGLRanINsa
F, 370 MPa (HY370) 12 5 Wwas suusvoluuudunu
DL 120 ciu ua: LL 70 ciu lidluiwudda auuddarg
nv 2 duyavtaitdu pin

* Step 1: Us:U1euNISULNAHUNAQLENDIKAYU La:
H1 section property

 Step 2: AMUDTUNASIUUDVLSY

« Step 3: AUDTUYALUATUWAANSSU

* Step 4: ANUDTUDASIAIUADIUBEAQ

« Step 5: 1SDVdDUADIU compact UovHUNAQ
* Step 6: AUDTUANAVSULSVDOS:Y

* Step 7: asd>vdoundUaIWIsaluNIsSuULSVIQ

Step7: Qs>vdouAdUAIWISAlUNISSULSVDQUDVLAN

P, =190T P, =256T
P.,/Q=331/167=198 T oP, =0.9(331)=297T
>P, OK > P, OK

< Calculation < Calculation
Full Report

tN&UAU Nominal strength N

{691n SSI Steel Design App i
344 Ton (vs. 331 T 91nA1S

kg

fudeuiio) ocvAulanlog
VINWAUDY UDUUUHAN (App)
vs. uduyuaa (Hand)

STEEL DESIGN

ksc
ksc
H 250 mm
bf 250 mm
12 mm
5 m
T




< Calculation < Calculation < Calculation

Insert Value Full Report Export Full Report Export
Material Section Section Properties
H 25 cm Ag 87 cm 3
t 09 cm ry 9.85 cm
bf Bem 1, 9.85 cm STEEL DESIGN
a4
Input Variables I 8,410.23 cm & e
. wunsulaa = 87 cm2
" 1 Iy 8,410.23 cm
Ly 4 Limiting Width-to-Thickness Ratio 3 -
: s 250 x 250 URUALET 4 m = 273 kg (4%)
Y w 2
Steel Grade $5400
Material Properties Aq 2578 Thk 9 mm
. -~ - o
Fy 24000 kse e —_— o Suusvla 172.3 Au (7.7%)
Fu 40000 ksc FL 1680 ksc  Compressive Strength (Factored Resistance)
H 25 cm Fy 2,400 ksc Fer 2,206.64 ksc
bf 26 _— Fy 4000ksc:  fpe 11,959.08 ksc
E 2000000 kse e 063
t 9 cm
Section Properties Axial Force
Lx 4 m 2
Ae 87em  op, 172,303 kg
4 m 2
Ly Ag 82.cm P, 191,448 kg
K Pin-Pin (1)
- L[ ]
Assumptions:
< Calculation < Calculation
1. Steel Grade SS400 (Fy 2,400 ksc)
Full Report Export Full Report Export
. . , , 2. KL,=KL,=4m
Section Properties Section Properties
G 76923077 ksc  x 1084 cm
Cy 507,833.62 cm ¢y 125 cm
(M 1057881em” K, 076
J s147cm” Limiting Width-to-Thickness Ratio
4
|y 3,647.18 cm ] A 43.01
A 0ecm A 8.93 - '
f -
Ag 89.98 cm” Ay —_— wunsu1aa =90 cm?2
Y £
2400, ksc h 222
Y T 250 x 250 -
h 236 =
Fu 40000 ksc 4 o Compressive Strength tf 14 ulHuUNLa1 4 m = 283 kg
H 25 K earem F 500059 ksc mm
cm ,000.59 ks
o osaem Tw9mm . 151589 G
Bl 196322 ksc suusvla 158.9 au
bf 25 cm y 12.5 cm
P 718701 ks (Factored Resistance)
tf 14 cm Ke 076
KLir 62.83
9
W em Axial Force
Lx 4 m P, 176,651 kg
Ly 4 m oP, 158,986 kg
K Pin-Pin (1)

NEXT



SS

STEEL DESIGN

Select Product
|

Column >

Base Plate >

Steel Grade 55400
Fy 24000 ksc
Fu 40000 ksc
H 125 cm

Project name :
Project No. :

Design by :

Nominal Compressive Strength of M

125x125 4.5

Location :

Date :

Client :

Section Properties

Material Properties

Steel Grade 55400
F 2,400 s ksc
’ insatHan
M o +
‘. naanty -
E 2,000, 000 - ksc
Sectional Dimension
D 13 - cm
uunarun
R - o

dafAMmKuQ =
be cm
Ly 2.6 m
L, 2.6 m
K 1

Ag

Ag

[(Dbe) ~ (D = 2t¢)(b ~ 2t.7)]

bD? (b - 26:)(D - 2t)°
12 12 ]

525.64

Db (D - 2t;)(b = 2t,)°
12 L 12

525.64

cm

cm*

Mobile app
- AUUATIAUUGA
HUhAatheaaludd

cm

cm

Limiting Width-to-Thickness Ratio |

‘Walls of Rectangular HSS (Flange)

Af

g

be — 2ty
te

25.78

L40v —

(AISC360-16, Table B4.1a)

LI3QUSI¥NISAUIEY
WSDU duNISD10dY

(AISC360-16, Table B4.1a)




As < hap = Non-Slender Flange

LaQus1gNISAIUITU
WSDU aunIsavdv

YRS Slender Flange

Wall of Rectangular HSS (Web)

D -2t
. = (AISC360-16, Table B4.La)
Ao - 25.78
. (AISC360-16, Table B4.La)
Arw =
Ae<ha T Non-Slender Web
hew by = Slender Web

Critical Stress.

Flexual Buckling
_ Lk - =
max(ry, ry)
+E
F. = —I (AISC360-16, E3-4)

F. = 7,076.38 kse
Intermediate Column; When < sav Eolroans
max(ry, ry) Fy  Fe
Fo = (0.6587F, (AISC360-16, E3-2)
- o L. -y B Fy .
Long Column; When T < AT R B
F = 0.877F, (AISC360-16, E3-3)

SS|

STEEL DESIGN

Then,

¥ = 2,002.39

Flexural Buckling with Slender Elements

Effective Width Imperfection Adjustment Factors
Walls of square and rectangular HSS
o = 0.20

= 0.20

Elastic Local Buckling Stress of Flange

oo

Futiosr = A5

Fesittangs)
Elastic Local Buckling Stress of Web

F

elfwed)

Ca( =™ )F,
[

Feuen)

7

Effective Width of Flanges; When h¢ = A ¢
Degroety - b
B N R Fy
Effective Width of Flanges; When A > 3, —
¢ Fa oy Fa
by = Wl-el¥ Y

L3QUSIWNISALDTY
wSou atinisoivdv

(AISC360-16, Table E7.1)

(AISC360-16, Table E7.1)

(AISC360-16, E7-5

(AISC360-16, E7-5)

(AISC360-16, E7-2)

(AISC360-16, E7-3)

Sﬁﬂn1§ﬁ1u3mﬁa1u1sn Export dvlugv email uav
WG WalhlusousaudHsSudamsigvutwadw du
ypauranaasvldagva:adnua:sousd

HUNELHQ d1HSU Premium version tridiu

Then,

LaaUSIUMISAIUIN
WSDU aunIsaIvdv

Be(tlange)

Effective Width of Web; When A, < J ¥ £
(AISC360-16, E7-2)

Beguret) = b

Effective Width of Web; When &y > ¥

Fa,, Fa
Fo' Fa

Dty = b1-c1¥ (AISC360-16, E7-3)

Then,

= an
Degreety 4

Effective Areas of The Cross Section

A, = Ag = [20(br = 2tw) — (Dytiange)))(t) + 200D = 2t5) = (Byguvery))(1)]

A - z an?

Nominal Compressive Strength

Nominal Compressive Strength

P, = min(F Ay, FoA) (AISC360-16, E3-1, E7-1)

P, = 15,167 kg

Factored Nominal Compressive Strength LRFD: fijé_\)g‘_u llS\)E‘)_Oﬁ:leIl;JWOWSfUWﬁU
o, - e usvdaniiadu ArucoAtIKUAUSSNA

Allowable Compressive Strength

- nmem ASD: favsuusvdanthluwmsauniu

p“ P e s ) -—
0] usvoantiadu (lidavagud:ISLWVULGD)
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Steel Beam Design Concept
#WelLoveSteelConstruction

= a = = a3 5
® Beam NWQﬁﬂﬁSNIﬂUS?N ASVUHILUHLAT U

compression 3nasaduiatda su tension 11y

compression was tension HNEoNWALNWELLAN

4 i“‘% :

Strain distribution Plastic — normal stress &

(profile view) F, stress lsifindn usifin

strain wastilosuusatAnATh

149981 1fia stress = F,

Elastic — normal stress

G golaifi F, stress 1Un
Stress—strain diagram

:  diagr daganru strain (1w 0 7
(elastic-plastic region)

unHasiu angafivau)

= steel \Ju ductile material fnginssufiiiosuusodis

Wi normal stress Aazludadniumsidogy strainlu
anwodzBadu (linear elastic) aufivan yield F, Lﬁal,amm
F, azUAsdu nonlinear wazly elastic Fafloto1usvoan
azliindudanmmidn waAnssuiazgn simplify 1idu elastic
\fod F, wazmniasyaiiazilu plastic Aoldamnsasuusy

Winl#sn Bent elastic-perfectly plastic material

Beam Flange under Compression

Undeformed shape " Beam 7innsAEWENH compression lutingawa

damfdn compression zone a1awfians buckle
soU weak axis usign tension zone Sul3anifia
weak axis lateral buckling ldaenvlibas: wsaz

ALUUTAG
Buckled shape =
5
g M ! Basic strength x C,
» o
2 [ g
é :: qu
”””””””””””””””””””” e | | 07RS | T
§ . Pl E C,~1.0 (Basic strength)
Failure mode: Yield (Y) Failure mode: Lateral Torsional Buckling (LTB) Plastle § L L»i %
- |
|
-

|

T
b :_ Inelastic _ Elastic
LTB LTB

Unbraced length, L,

M, =M, =Z.F, M. Fwriu unbraced length (L) waz moment gradient (C,)

" Beam element fi$U compression UNNTEga MUHASLAUANNILgAMNIASIEIHANHNTIvsaAN U (b/t) 1 D1 3 seéu

(1) compact (2) non compact uaz (3) slender i compact element AaslsiFalativsninAsawns vield wsd non
compact 5o slender element Aaziia buckle wnwzAnawfia yield (vinlwldainnsasuwsade yield 7 M, = ZX.Fyléi

L 2

Failure mode: Local
Buckling (LB)

Compact Noncompact

flange flange

M, Sufiu b/t we9 flange
(b/2t) waz web (ht,)

Nominal Flexural Strength, M,

oag [E__65 1 o E__1T0_
VF, VE,&s! \F, V&

0 \* ! \'\}

0 Iy Ay

o
Slenderness, A = b_l‘—flr_‘;



wuAfmavsuluwudingd dHsSu
ASTU LTB: M., 15 MWaunsiu 6.1

6.5 O, NC, S 5 CFY, LTE,
FLE, TFY C — 125 Mmm:‘
P T 25 Mpax + 3My + 4Mz + 3M,

Yielding Lateral Torsional Buckling

Ly<L, Ly <Ly<L, Ly <Ly

Beam lateral bracing - 3

#WeloveSteelConstruction

I l - S 219Wo1StUN moment gradient LWo

Strength: asJ>daaurdvsuusoldau
lagwonseun 1 1% vovusvdaiu

compressionflange = 0.01M,/h,

Stiffness: sdv@auANUAILNS
A6 umumsidoguonusoldauua
Slab/Deck

P — - o—ano
(1) assvdasuHUda Compact (C)/ Non- e (2) as>dasuwnanssuniu dan.011038 Beam lateral bracing - 2 /
] A1 6.1-1 ArTandandmiunnadanuatauni 6 (da) - ' [ ™ #WeLoveSteelConstruction Rigid
Compact (NC)/ Slender (S) 2an.011038 unn 2 F— — wrarsean | amarvean | amras unn 6 719:(8 aunNsaU 6.2 6.3 6.4 KSD v : _ N — =
; wihdin L N 5 o — . . ' = MsAguMvdvaHSUAUUSIANA |
13N 2.4.1-2 enTndiunindnAenanumun sadena u‘:ﬂ?ﬁ ma:lﬂn ua:.ﬁn ﬂ:Tw{r: 605 Ul_UﬂU;NnmﬂSSUCI]U?_ m IC\EJE'DUIH&! g Lateral bracing OO o
rduruniaerT IRl N TURTIaRB R TTU LU AR N : i T a"IHSUlHaﬂ§UWSSiUSOSE)U H-beam o « Utu:ALO beam buckling AUl buckle PontLaralBracing
o = o & u ) = 29AN1U1Y S:UU bracing A wauisadiu
I uno-uquUmu 6.2 HSD 6.3cuc1a1Hsu & “lateral translation” (GiAUKEN 3 21 v v
| ey — — —— PEB H3oplate girder o1010ulUcu 6.4 = 0a daifa torsion [a)
IR 6.3 -1 C B, ™ = — p- . - 3 -
e « 1a) Panel lateral bracing: MuRangnAgu B
: HSD 6.5 UunuU web slenderness 9 Mmo31028 stab/deck RBoLITTIARNU | e
n :lirdaucnaanmodng Deck Bracing
1b) Point lateral bracing: AUHANONANEU
ptiona > : )
) - - P 8 ModwdIeAUEDRGRLINAU rigid wall
1 i CFY, LTB, @ A A
0
™
A
(]
=
D
=)
i

<

(A-6-6a)

(A-6-6b)

o

* 1a) Panel lateral bracing: MuHangnAgu
MVTI0A8 slab/deck NBBUITNAUKAAUNY
o:ltndauddoanmodio

Panel
Lateral
Bracing

Undeformed shape

Beam Flange under Compression

Beam lateral bracing - 4

o
#WeLoveSteelConstruction / pigid
\ wall

Buckled shape

[Le

E
Ly = 1957, —— +
0.7F, [Sche In the direction perpendicular to the longitudinal axis of the beam, the required o o o

strength of end and intermediate point braces is

v

=
=
=
e
°
-
»
°
-
c
=3
)
-
G
7]
a
(]
=
=
aa

Pu=0 uz[ '”;C'* | (A6T)
)

and, the required stiffness of the brace is

(A-6-8a)

(A-6-5b)

arTdIuATIIR I eRERTIIMITYBIRIAUTEREUTURSIER Steel Beam Design procedure =

I (hy)?
T2

padoAT I lIuARR
- #WelLoveSteelConstruction 1= 3b6% = torsional constant G,

= warping constant

1b) Point lateral bracing: AMUHANEAFAEU
muodnuddemusdencaLldnnu rigid wall

Beam lateral bracing - 5
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X

Basic strength x C 5o e 2
gih = & * MsAguNIvUIvaHsSUAIUUS:LANN 2

Torsional bracing

« yeu=AlAQ beam lateral buckling lag
wnanssu inansta twist narendu
lateral torsional buckling TUwSaua fiu v v

Compact Noncompact

| Flexural Strength, M,

ySx

flange flange

Nominal

Nominal Flexural Strength, M,

65 C,=1.0 (Basic stre;‘ugth)

VF, VF,ksi Ksi 0
|
y ;
0 \ \] design i

I
1
b | Inelastic | Elastic

0 Ay Ay LTB LTB
Slenderness, A = byl21; Unbraced length, L,

+ 2a) Point torsional bracing: ATUHANQNAT S
dumpdnodemusasndaliIAUAIURANSN
= Basisan Point
ORUvN2gnanu ————— Torsional

Bracing

~L LN

o /1,
~ / y
nl /v
%]

QsSJYanu strength ua: stiffness uovs

2b) Continuous torsional bracing: AUKAN
anAguUMuinuale av (AMuBDgIA) HED —
deck NdawhAUAURANSNMROVADERaAU




Beam Design Example
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@281 DNUUU Built-up beam AlBIKaNLIASA F, Step 1. duuA yula Built-up beam:
370 MPa (HY370) 12 12 was Mtdu transferred d~L/22=12/22=0545m < Calculation
girder SU Concentrated DL 3 iu ua: LL 6 ciu 1N AIKUQUUNQ H 540x220x12x6 Full Report Export
Rafter auudualsny 2 duvavautdu pin wa: tstadkil Bt
vacio Rafter Aiu Beam LUU lateral brace point
Step 2: KFINASIUUDVUSY SSI| e 10648 cm
* Step 1: Us:u1runisuunasunda Built-up beam (avnAaovns) "= SRS
lLa:K section property ly 213083 e
J 2915 cm4
* Step 2: AUDTUNASILYDVUSY (A1dVAGDINIS) z, 17933 em®
) o P,=DL+LL P, =12D+16L S 16176 em”
* Step 3: sz:yanutUzyDVHUNCQ - 3+6 = 12(3)+1.6(6) Ay 8376 om”
. . L . = 9 T = 132 T ry 22.83 cm
 Step 4: MudtuMavsululbudaas:y h 516 cm
M,=P,L/4 M,=PL/4 r o
* Step 5: AUdEUAAVSULSVLIDUS:U = SRR = BRI, g 528 om
! =27 T-m =39.6 T-m N
* Step 6: (1SDVADUADIWAIWNSDIUNISSULSD V,=P,/2 V,=P,/2 59 cm
=9/2 =13.2/2 a, 117
* Step 7: As>vaouU deflection limit =45T =66T K, 048




Beam Design Example
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@281 DNUUU Built-up beam ABIHANLASA Fy
370 MPa (HY370) 12 12 was Adu transferred
girder SU Concentrated DL 3 iu ua: LL 6 ciu 1N
Rafter auudualsny 2 duvavautdu pin wa:
vacio Rafter Aiu Beam LUU lateral brace point

* Step T Us:u1eunsuulQKUNAQ Built-up beam
lLa:K section property

* Step 2: AUDTUNASILYDVUSY (A1dVAGDINIS)
* Step 3: sz:yaNUU:UDVHUNAQ

¢ Step 4 AUdtuAdvsSuluudaas:y

¢ Step 5: AMUDTUANAVSULSVLIDUS:Y

* Step 6: 1SIDADUANUAWNSAUNSSULSY

* Step 7: As>vaouU deflection limit

Step 3: S:UanUU:UDVHUNAQ H 540x220x12x6

As =bg/2t = 220/2*12 =917
hoe =038 V(E/F,)=8.83
As =095 V(kE/F)=173

A, =(d-2t)/t, = (540-2*12)/6 = 86
how =376 V(E/F,) = 87.4
Ay =570 V(E/F,) =133

Sectlon In Cross Flange
Chapter F Sectlon Slenderness

Web
Slenderness

Limit
States

F3 E— NC, S
F4 %— C,NC, S

Y, LTB

LTB, FLB

CFY, LTB,
FLB, TFY

F5 {— C,NC. S

CFY, LTB,
FLB, TFY




Beam Design Example
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(2981 DonULUU Built-up beam AlBIKENINSO F, Step 4: Audeuidvsuluudaas:y
370 MPa (HY370) 812 12 was Adu transferred
girder SU Concentrated DL 3 iu ua: LL 6 ciu 1N C, =125(1)/[25(1)+3(1/4)+4(1/2)+3(3/4)] = 1.67
Rafter auuduaienv 2 duvavmutdu pin wa: L =176r. V(E/E.)=206 m
vacio Rafter Au Beam LU lateral brace point P o
L, =195r, (E/0.7F,) VIU/S,ho) + ]

* Step 1: Us:u1runisuunarkUIcia Built-up beam =542m

lLa=H1 section property L, =6.0m  muidwndnssu Elastic Lateral Torsional Buckling

e

* Step 2: AUDTUNASILYDVUSY (A1dVAGDINIS)
M s = C,*m2E/(L,/r,) 2 V[1+0.078 (J/S h)*(L,/r)2]* S,
* Step 3: sz:yaNUU:UDVHUNAQ =1.67*2,153*1,618 kg-cm
=58,175 kg-m
¢ Step 4 AUdtuAdvsSuluudaas:y
Meg =M, = (M, - 0.7F S )/ (g = Ao * (= )
¢ Step 5: A1UDTUAAVSULSOLIDUS:Y - [1.793 - (1,793-0.7*1,618)/(17.3-8.83)*(9.17-8.83)] * 3,700
= 65,360 kg-m
* Step 6: 1SOVADUAIIWAWISAUNISSULSY
M, =Min (M 15 Mg ;)
* Step 7: As>vaouU deflection limit =58,175 kg-m



Beam Design Example
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@281 DNUUU Built-up beam ABIHANLASA Fy
370 MPa (HY370) 812 12 was Atdu transferred
girder SU Concentrated DL 3 iu ua: LL 6 ciu 1N
Rafter auudualsny 2 duvavautdu pin wa:
vacio Rafter Aiu Beam LUU lateral brace point

* Step T Us:u1eunsuulQKUNAQ Built-up beam
lLa:K section property

* Step 2: AUDTUNASILYDVUSY (A1dVAGDINIS)
* Step 3: sz:yaNUU:UDVHUNAQ

¢ Step 4 AUdtuAdvsSuluudaas:y

¢ Step 5: AMUDTUANAVSULSVLIDUS:Y

* Step 6: 1SIDADUANUAWNSAUNSSULSY

* Step 7: As>vaouU deflection limit

Step 5: AUDTUANAVSULSVLIDUS:Y

V, =06F A, *C, = 0.6F A,* [110%{V(k E/F )}/(h/tw)]
= 0.6*3700*(54*0.6)*[1.10*V(5.34*200000/370)}/(51.6/0.6)]
= 49,428 kg

Step 6: (1SOvdaouUAN pawisalunissuuso

M, =27,000kg-m M, =39,600 kg-m
M, /Q =58,175/1.67 = 34,836 kg-m  yM_ = 0.9*58,175 = 52,358 kg-m
V, =4500kg V, =6,600 kg

V. /Q = 49,428/1.67 = 29,598 kg YV, =0.9%49,387 = 44,486 kg

Step 7: AsdvaouU deflection limit

Aq = PL3/48El = 9,000*1,2003/(48*2000000*43,675) = 3.71cm
A =247 cm



Beam Optimization
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P/2

P/2

SSI

STEEL DESIGN

Midspan: d = 420 mm

M, = 39,600 kg-m

Quarter:d =360 mm
M, =19,800 kg-m

Finished Floor Level

Support: d =300 mm
V,=6,600 kg

-P/2

-P/2

PL/4

PL/8

PL/8

Capacity Full Report

Plastic Bending Moment
48,557
kg-m
Lateral Torsional Buckling Moment

47,883
kg-m

Flange Local Buckling Moment
47,953
kg-m

Factored Nominal Moment (@ Mn)
43,095
kg-m
Factored Nominal Shear Strength (@ Vn)
45,085
kg

Capacity Full Report

Plastic Bending Moment
40,258
kg-m

Lateral Torsional Buckling Moment
43,031
kg-m

Flange Local Buckling Moment

39,798

kg-m

Factored Nominal Moment (@ Mn)

35,818

kg-m

Factored Nominal Shear Strength (@ Vn)
43,157
kg

4 Calculation < Calculation < Calculation

Capacity Full Report

Plastic Bending Moment
32,360
kg-m

Lateral Torsional Buckling Moment
36,632
kg-m

Flange Local Buckling Moment
32,022
kg-m

Factored Nominal Moment (¢ Mn)
28,820
kg-m

Factored Nominal Shear Strength (@ Vn)
35,964
kg




Beam Optimization
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Midspan: d = 420 mm Quarter:d = 360 mm Support: d =300 mm
M, = 39,600 kg-m M, =19,800 kg-m V,=6,600 kg

Factored Nominal Moment (¢ Mn) Factored Nominal Moment (¢ Mn)
43,095 35,818
kg-m kg-m

Factored Nominal Shear Strength (¢ Vn)
35,964
kg



Built-up Beam Design Example
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a29&1v YVDDNUUUSDYLGDULUU fillet weld 2
AU S:H370 flange ua: web Uav Built-up beam
yuna H 420x220x12x6 (1, = 25,085 cm?) AldIHan
lnsa F, 370 MPa (HY370) 13 12 was nLdu
transferred girder SU Concentrated DL 3 (iU ua:
LL 6 ciu 1A Rafter auudualonv 2 aiuyavAu
tJu pin ua: 9acio Rafter Aiu Beam L0U lateral
brace point

* Step 1. AUdULSVLIDUAGDVNS

* Step 2: AUdU shear flow NdADYNIS U
ANUKUVSDULEDU

* Step 3: fHUQUUNASDELEDULA:AIUITUANAY
Suusonid

¢ Step 4 asd>vaoumdvsulsvldaunil LIRYUAU
AausulsvldounGovnis

Step 1. AUdrULSVLEDUAGDVNS

A ©

P,=DL+LL P, =12D+16L
= 346 =12(3)+1.6(6) P/2 P/2
=9T =132T
Va=Pa/2 VU=PU/2
=9/2 =13.2/2
=45T =66T -P/2
. e ° . . VQX
Step 2: ANUDEU shear flow NODVNIS U NUKUVSDYLEDU V= I
X

A 1

*— < —

Q, =[(22*1.2) * (42 — 1.2) /2] = 538.6 cm?

v, =V, Q,/1, v, =V, Q,/I,
= 96.6 kg/cm =142 kg/cm

-P/2



Built-up Beam Design Example
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a29&1v YVDDNUUUSDYLGDULUU fillet weld 2
AU S:H370 flange ua: web Uav Built-up beam
yuna H 420x220x12x6 (1, = 25,085 cm?) AldIHan
lnsa F, 370 MPa (HY370) 13 12 was nLdu
transferred girder SU Concentrated DL 3 (iU ua:
LL 6 ciu 1A Rafter auudualonv 2 aiuyavAu
tJu pin ua: 9acio Rafter Aiu Beam L0U lateral
brace point

* Step 1. AUdULSVLIDUAGDVNS

* Step 2: AUdU shear flow NdADYNIS U
ANUKUVSDULEDU

* Step 3: fHUQUUNASDELEDULA:AIUITUANAY
Suusonid

¢ Step 4 asd>vaoumdvsulsvldaunil LIRYUAU
AausulsvldounGovnis

Step 3: MKUQUUIAsPELTDULAAUIEURIAVSULSVAD

—— ARuUQsoeLBou fillet weld t@ouciatliov 2 AU leg size 4 mm

; Bacadoauinsa Fe,q,, (F, =4,900 ksc)
v /Q = 06F,/2*(2*0.4/V2)  yv, = 0.75*0.6F,*(2*0.4/V2)
I =832 kg/cm = 1,247 kg/cm

Step 4 (sJ>vadUMAVSULSVLEDUND tRgUAUMdvSULSVLSDURdDYMS

v, =96.6 kg/cm v, =142kg/cm
v,/ =832kg/cm yv, =1247 kg/cm

21vmKUQsELEDU fillet weld 1EDU 100 mm @ 400 mm 2 A leg size 4 mm



Contact us

LINE ID WelLoveSteelConstruction: @wlsc

https://www.facebook.com/WeLoveSteelConstruction

https://www.youtube.com/c/WelLoveSteelConstruction

https://construction-forum.ssi-steel.com/

i0S: https://apps.apple.com/th/app/ssi-steel-design/id1474838160
Android:
https://play.google.com/store/apps/details?id=com.ssibdt.ssisteeldesign&hl=en&gl=US
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