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Have you specified steel products correctly?
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1. tHanlAsvasiosuwssausasou
(Hot-Rolled Structural Steel Section)

Flange

2. IHanlAsvasosuwssaudusulau

(Cold-Formed Structural Steel Section) —

Flange

3. IHanlAsvasivosuwssauus:nou
(Built-Up Structural Steel Section)
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1. tHanlAsvasiosuwssausasou
(Hot-Rolled Structural Steel Section)

&
TUANN

dudsznaumatail sasazlamiimin

AmMsuau Baaau wmiia oavaia U

FAG EAR\ i PAR
SM 400 0.20 19 1.40 0.035 0.035
SM 490 0. 0.55 1.60'd 0.035 0.035
SM 520 0 0.55 1.60 §d 35 0.035
SM 570 1.60 §ER 0. 0.035
SS 40 0.05 0.050
SS 0.050 0.050
$S'540 0.040 0.040

= SS = Steel Structure

= SM = Steel Marine
SS400, SS490 limduAu C, Si, Mn JvlltkunzAuvIuLGDU
400 490 520 540 570 a:nou tensile strength yavlaq
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2. thdnlAsvasvsuwssaudusuliu
(Cold-Formed Structural Steel Section)
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1. iHanlasvasiosuwssausasou
(Hot-Rolled Structural Steel Section)

2. IkdnlAsvasosuwssaudusuidu
(Cold-Formed Structural Steel Section)

peo SIF 3did 21419Vd O
S ¥PYEO SIF 3did 21419vd O
) MLS vYPeO SIF 3did 21419Vd O

JIS G3444 OD 213 - 1,016 mm yu1a 40x40 - 350x350 mm yu1a 50x20 - 400x200 mm
Thk 2.0 - 22 mm Thk 1.6 - 12 mm Thk 1.6 - 12 mm

ASTM A500 OD 213 - 609.6 mm yunQ 254x25.4 - 726x726 mm  yu1Q 76.2x50.8 - 750x500 mm
Thk 2.7 —=12.7 mm Thk 2.4 - 60 mm Thk 358 - 40 mm

BS EN 10219 OD 213 - 1,219 mm yu1a 20x20 - 400x400 mm yu1a 40x20 - 400x300 mm

Thk 2.0 - 25 mm Thk 2.0 - 16 mm Thk 2.0 - 16 mm
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3. IHanlAsvasivosuwssauus:nou
(Built-Up Structural Steel Section)
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3. IHanlAsvasivosuwssauus:nou
(Built-Up Structural Steel Section)
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° aaﬂm‘luna‘] UZU WSU do » AseenuUUkATAIMEINA 9 a1 AR aws el TRy ) f9 o A190DARUULATATUIMLEIUR 9 'uaimrmmui‘dﬁ:qmmmﬁwwmu:j:
Ambsusgiaeiiiuunyafgaiminusn ududnsd Fwelud dwinussyn Wldamawsigeitdnnanyadeanhvinussyn udusnsd fwisluil
FIDUF]I UoD1ANS W.A. (@) a:waq-mmam‘r‘ﬁmm-.1::ffqwﬁ’qu'mqqmm‘r‘ua:ﬁmﬁ’ﬂuaaﬂrm‘ (@) zﬁ:uﬁnmmﬂmfﬁmm«1::ffmﬁ’qU‘fjmmir‘LLa:ﬁmﬁ’ﬂmmmn‘
2522 nounu UL = UA. + UA. Ul = e UA. + @l UA.
—  eu () @uva0IAsRARLIIAY (o) @uvDIRIAITNAALITIAY
ﬂaﬂs:nSDO 3 a UUF]E) UL = UA. + oo@ (U7, + 58.) Ul = oel¢ (e UA. + sl WD)+ e J8.

Ul = oo UA. + 38. Ul = o.@ UA. + @b 8.

ﬂ.ﬂ 6 (Wﬁ 2527) ﬂ'ﬂ () FuTIDIASTIARKI Az TOUTRWHLALIM (@) @urpIIAITAnLTduafautawHuAIlm
48 (W.F‘. 2540) lla: Ui = UA. + o.e SH. Ul = ool (e UA. + a0 UL) + .o TH.

U = UA. + o.é¢bé TN + owd U, Ul = o.&@ UA. + @0 TH.

ﬂa 60 (Wﬂ 2547) Ul = oo UA. + ow FH. (&) @UTDIRIMTNAALTIRURAUY Lijcﬁ’ufw UATLSHIAUTIATDINATD
(@ duvaon1siAausEuAy usadh useunnvaaman LAZHATDIDUNAL ul, = e UA. + enel WA + el 5.
o mMvAf MIAY wazA1nIad; . = 0. UA. + @l 0.
e AMHUQ load - ) UL = uA. + 1AL+ ‘i’ﬂ; + 3£ . = e UA. + o0l UL + o 1.
S WL = WIRUAUTIMALAIY utl, = o.@ UA. + e 5.

- - |
b o _ o .
Coo m._ ]natl?n nv uA. = VIMINUIsNnaIm (@ @uresemsnAanaTeIguudil MIAR MIAU warmIMIAM
H e e = £ P

JIHSUNMISAUDDUILUU 3. = Umiinusimnes sudeusInTzunn WU, = 0.0 (0 UR. + 0 TV + ored U2)
8. = U3Eu W = e WAL + @6l TN

Allowable “Stress” 0. - wsedhonfouvauhiiln 4 R
= WEUAOUTaIRR AL o ui. = umndnusamauiumn

Design (ASD) na: 0. = unduAuSausduhdudn u. = tuifussmnadil

. HTnme ua. = twiiussnnes s2udaBusanszUnn
Load and Resistance

U=l
-t 5a. = Us3au
Factor DESign (LRFD) . = useduazITouYa AUl

Fe

3. ]
< ~ [ e ar
. = uswnmaasuagamgil Msedy A1sAv wazmngad
3A. = LHAUALVSLSIRUA TN
37. = LTIAUIINTDAMEY
< o o = r
M. = wNMRUABUWUawRamMIl MIvad MIAY uazmIMIAm
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« AMsooALUUlASVASIVIKAN KINWIISTUN G1. GENERAL PROVISIONS
rQSiStance faCtOI’ CT\UﬂﬂﬂS:nSD\) D: The design she‘ar strength, ¢,V},. and the allowable shear strength, V,/€2,, shall be
wancwiuludduudv shear yielding determined as follows: - o
resistance factor a,_]Hé-U H_beam ﬁH_]n (a) For all provisions in this chapter except Section G2.1(a)
910DV AISC 360 HSD dan. 011038 d:NHUQ
— -0 o ~ L. —_ (b) The nominal shear strength. V. shall be determined according to Sections G2
(5N 1.0 BvoromiimsoonuuulagdIvov through GT.
NANNS:NSIVUAIIU conservative U1NUU

$,=0.90 (LRFD) €, =1.67 (ASD)

G2. I-SHAPED MEMBERS AND CHANNELS

. 1. Shear Strength of Webs without Tension Field Action
o ar 5 2/ =3 =i M Y e L o 1 2. vV oar 2/
dwdvemslasaiaanildliifenmyidaludnuazanzuis lddnaamudimu

Seaolud The nominal shear strength. V,, is:
o i = ) . L Y 2-
UszLMuee9fenas FRIRMANUATUNIY Va = 0.6FyAw G (G2-1)
(@ DIADIMITIULTIAG where
= o w ) - - . ~ ~ . .
(@.@) NaNMzANAlUANYAUIZAIATI 0.&o Fy = specified minimum yield stress of the type of steel being used, ksi (MPa)
(el0) NENIZINGLUANUZTVIN o.E A, = area of web. the overall depth times the web thickness. df,. in.> (mm?)
(0) PIADIANITIULTIOR o.&0
< 1 @
() DIABIATIUUTINA SNS) (a) For webs of rolled I-shaped members with #/r,, <2.24,/E/F,
[ @ < -
(€ 29ADIATTULITIRDY 0.50 )
. ” ,= 1.00 (LRFD Q,=1.50 (ASD
(@) qmsionseadninde? ¢1 ( ) v ( )
(@) EMTULTIR o0& and
(&) dwiSunsauiou 0.6 Cy = 1.0 (G2-2)
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« MsPDALUULASVASIVLWD
cnuNMULSvaU WodNUWUU
21WNSstuNlGAILSvaU
WU 17 (NS0 1HSD 2)
ouwauluns:y (Uo:
conservative NJ1N1S
ATUDTULLSVAUDE IV
a:=loguq)

e KSoawwasadmdulan
WoDNUUUDNMOLADAN
(Optional) [UlBusvau
OIUHanLALUNDU LEU
UYRW. 1311 QA WA:ZLDEYQ
tunisAmudaunola

LNGSTWUMSEIUDNNSYAL

HA:MSEUdUDIUINNDNGIS

nsulasiSmsea:waliino
ns:ns>oumalng
w.d. 2550

L8

19 on MMFRDALUVKATATOAlATET AT T BT MLETTU A TR
JedwimngsuAtuAl avTisnssulesn muaginediaiedens Tidwuwsauay
Tnvligoanuuunazdinalasaiisernsléisnsdwiumihousay s didsuuad
TnedmusiwaweuznIInIAUANaImsUssMaiualuTsiisauuny Wiandninust
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Why structural design?

H#WelLoveSteelConstruction
. Tg secure structural safety
IWoADIWUanQnNy

* To secure good service
IWoAWSANNALIDIGYIU

* To secure service life
IWo1gNISIBuIuIUADuMS

At reasonable cost

At reasonable time




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 ?
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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




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: mmnmsaanuuuinsoasm
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
T — b

o‘ « I Cu

al2

d-a/2

o0 0 o >
As
b €, _ f
1 JFib
Rectangular
Beam Cross Strain Distribution Stress Distribution
Section
11 )
Factored Load, YL ——» |« Factored Resistance, 2R,
11
11
Designed Load, L ——— Il « Nominal Resistance, R,

=] =
I
N I
boLL
I
I




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

S : 11
Qulsu ASD 1989 Factored Load, YL —| < Factored Resistance, 2R,
2.3.1 Basic Combinations. Structures, components, and .
foundations shall be designed so that their design strength I
equals or exceeds the effects of the factored loads in the Designed Load,L ——— I E‘ Nominal Resistance, R,
following combinations. Effects of one or more loads not L !
acting shall be considered. Seismic load effects shall be EY“Q:
combined loads 1n accordance with Section 2.3.6. Wind and :"l =
seismic loads need not be considered to act simultaneously. Refer ! I
to Sections 1.4, 2.3.6, 12.4, and 12.14.3 for the specific definition A I
of the earthquake load effect E. Each relevant strength limit state S
shall be mvesugated. Co b i
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) il
4. 1.2D+1.0W + L4+ 0.5(L, or S or R)
5. 0.9D + 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
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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 zsouUaLUummInum msaanuuuo:a
58Mdvnepull 13081 Lazv:Folnaliums “gnLan
supersede” version LANAJY version (HUY:01000Wa
NSANUIDVYIHLA IWIWIUS:NDUNISYNSIVUIASTIU

* HSDONUYHUY MSWCUUIRVAANUSIKLA lagudvN o sractura s e ation
AJIULAU H5D KUD8USY NISYNIN Allowable Stress
Design [AFuaadoucdd 1989 aumsAudulu version
alga goua: nauwnmnssuasoLnnnmaumsmuatu
{u version ADUKUN U\)C]'IUHaﬂlJ?_]UCI HSDHan
25S81USSTUIAINSAA RoaNULUUNAISUIADIUSTKLO
UUs:gNASTUVIUSTEWUDVAU

:é : Stronger.
S | Steel.




Newer Code =

#WelLoveSteelConstruction

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

#WeLoveSteelConstruction
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

#WelLoveSteelConstruction

KInWoa1sauncuKannis LRFD nludiuuov
resistance LUUN1S aanaumavsulsvovA
91A1S Ad¥MISU resistance factor (¢) 1N
(Upeu maos U (nominal strength) LNEUANU
IUSVNNS:NIAUDVADIATS NQALWAIADY

load factor (y) .. ucitadsutdu mswoisaun Factored Load, Y. —»; |+ Factored Resistance, 2R.
unfactored load (service load) Lhgunu ¥
ANAvsSULsVS:y nominal strength unvovA _ e ) )
a1n1sﬁqﬂaonau AH8MS “KIsabUS=NDU Designed Load, L ——— : : < Nominal Resistance, R,
A WUaoane (FS = Q)"

YI I@I
N

3SN1sU 1Sund1 Allowable Strength Design | h
(3Aogo ASD luLQednU Allowable Stress |
Design NVUKIAWY1ISEUNIAILDAY load factor |
uDv gravity load combination Ay = 1.5 no:
awwnsaudavds LRFD ua: AsSD naulduila

1SenJS0o1 Unified Method




Design for
Compression
Members
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Structural Steel Stability Fundamental

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

/_l 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
E \/ii T Elastic
( _y) N ) buckling
F.,. = \0.658F/ F, = Critical
[ B4 stress, by =
ksi ~
F., = 0.877F,
Stiffness
KLt Transition  between
*—equations  (location Can the stiffness be reduced?
, varies by Fy) How can the stif fness be reduced?
Standard {'\I*J."H.I'J‘HT CHFVE, p T[Z E o
l S e KIN? " Strain distribution
TRANSITION POINT LIMIITING VALUES OF KLIr (-) Y (profile view)
F, , ksi Limiting KL/r 0.44F, , ksi r
36 134 15.8 o1
50 113 22.0
50 104 26.4
70 96 30.8 €

. € S
Stress—strain diagram
(elastic-plastic region)

. .. KL
- Limiting - = 4.71

G| ™



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)




for

Flexural

Members

c
0
i
v
=
A
)
)]
c
o
J
[}
@
@
| 4
"))
@
>
°
d
@
3
*



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

#WeloveSteelConstruction

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

#WelLoveSteelConstruction

@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






Bolt & Nut Nomenclature
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. ﬂ'lSlSEJﬂUEJ technical term ZHanma\)lUuao Grip

F1Aty IWalIAaAUITIDAASYAU . Washer
Washer Nut
Face
English  |Thai
Bolt daantnasn
Nut wdutnagyd
Washer ILHDUSDV
Shank unUdanLNayd Head
. ~ Length
Thread SovlNAagd e el >

Grip s:g:§a0UAIUKUNGUYIU



Structural Bolts
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UUNAMUS=E:L1NAYD

N-Type X-Type
|| Bolt tndeiiu || Bolt tndenTutéiu
|| sumavladaav wsiidewun || sumhavlduinni
|| symuwon3 (Fundedea:ni) | symgnni

GovuAUAUAIUKUNIKG Mviugn

|| Avuldazaonni

N-Type X-Type

lun1UHUAa RoonuUUUN:=ND:MKUQlRTS Bolt
UszLnn A325N H3D A490N LWDA2WE=0dAUMS
DDNUUU La:mMsAduAuvIULiDvAliSdun
V:(DVASIvaDUINAYIDEIUS=LIUSULSVLIDU
KSoll ua:lidavidunviaiinuKUIBUYIUNDU
gao:=lutwaows duduwacioadwuuulunisdaiia



Structural Bolts
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daninagsuuudunuuwaa (Snug-Tightened Bolt)

Asduntuwoa ladeouBIlu unﬁ: 12an. 011038 >1Ad
"“nsdudaaninasdlagAnvuuuniaonnisns:unn
lanUpgvinUs:uduuuns:unn Impact Wrench K3adu
A28usvVIAUAYDVRLASYUEUVIUAIYUS:LDUUUSSSUAT”

uunmunaIsvtunuu
Snug-tightened bolt

« Juuduwoa “Golon” AcgUs:=ISssUAI

0o =0 — J

Pretensioned bolt

« Juuduunuulausvavniou
« AVl Snug-tightened bolt

Slip—critical bolt

« 13DU3NAQ
- Govduuuudvlsu TC bolt ucidiovn surface treatment
- 13 limit state A “ns slip” HEd SUaLTo1aau HED YU



http://www.flickr.com/photos/78441750@N00/4811689013/

Structural Bolts
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aanwnagsuuvuldusvavnau (Pretention Bolt)

Slunsaiciva laglawi=ag1vdv ascindovnsiidocio
oAUt udnvdkiniiamsiasulnanlidowacio
AJIWaIWIsalunIsSuUUIKUNUDVUDCD

aanindagauvuidaudnna (Slip Critical Bolt)

gAudacankINtAanIstasulnad:tianuLFyRIgcD
ADUIIUISOluNISSULSVUDVUDCID

fv TC ua: SC Bolt d>utusuuuundoodu Bolt IRy
ucivouancviuwwyovmsaacv AomsIaSgURNdIUNE
uSLOeu Bolt AtSuni1 Faying Surface (KA>WAQ ou
donWacioNISAYUSVIADUWIUS-UNUNDAIUNQU

uunmunaIsvtunuu
Snug-tightened bolt

o JuLUUWDQ “"Guidd” AdguUs:ILISSSUM

0o =0 — J

Pretensioned bolt

« Juudunuuldausvaonoau
« AVl Snug-tightened bolt

Slip—critical bolt

« 13DU3NAQ

- Govduuuudvlsu TC bolt ucidiovn surface treatment
- 13 limit state A “ns slip” HEd SUaLTo1aau HED YU



Structural Bolts
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aé‘mné’u:uumé’auann (Slip Critical Bolt)

(3Audadoanriniianistdaulnad:iiannulderIgcio
A WUaIWTsalunsSultsvudvdacid sdulusudvdocio
aaninagoninisidsion:liadn3unasgu (Oversized
Hole) 13U Base plate colUAUFIUSINQIEdANaUD
wazvacipaantnagdniuston: uuusao (Slotted Hole)
gn3ulunsin AANVYDVLSVANS:AAVAINAUAANIY
ONUEIDUDVSDVSLIN:

| Column _17
\\ ‘j\

000

= Base plate
Anchor bolt WER

uunmunaIsvtunuu
Snug-tightened bolt

o Juuuuwod "ﬁoﬁa" cT:)aUs 9sssuM

0o = — J

Pretensioned bolt

« Juudunuuldausvaonoau
« AVl Snug-tightened bolt

Slip—critical bolt

« 13DU3NAQ

- Govduuuudvlsu TC bolt ucidiovn surface treatment
- 13 limit state A “ns slip” HEd SUaLTo1aau HED YU



Snug-tightened (ST) Bolt

#WelLoveSteelConstruction Grav1ty System Lateral System
* Snug-tightened Bolt daantnagouuuduuuuwad Ao OO
dantnagonduliuuuwodvibo lagldus:uavuLuu
sssuailagauviu (ludovlKulsY) KSo1V(T Us:LLD
wuuns:unn (impact wrench) 5 .
. Zunusaamanaamnaa:suusolaaULUUHan HSoSU

us\)laauua usvav ATMSIUAYURANIVUDVLSY
As:=M (static) Wwu saumamulHanuuusuusquumo
(gravity load) uooUiuwno1AENIIU Bousolidnis
wWagunAaniv Wudu

83



Pretensioned (PT) Bolt
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* Pretensioned bolt Apaantnagdndoavyuuuusula
usvludpgniiAusvdoducins:y ((luuiasgIu ua
[UtAu proof strength Boldumav su ssaunmiy
bolt LhQ plastic deformation)

« (BAudouudvoIMsnaovNSIHDIASUAND:NSTS
vIUNQ (Serviceability) WiBo1ATS “san” Uanane
sogcioibAMULUU vgyunulula (mMsvgulaluaowa
NS:NUAUMAVNISSULNKUNUDVYACID) LU N1SCiD
a1 (splice) uaviaitkaniua1Ais Wudu

e ANSQASIYIDUADULLUU T 4 35 (1) Turn-of-nut (2)
DTI (3) Twist-off bolt (4) Calibrated wrench

Gravity System

Lateral System ]

84



| | |
Slip-Critical Bolt (SC)
#WelLoveSteelConstruction [ Lateral System ]

» Slip-critical bolt HSPaanInagdUUULADUSNAA OO
lWunsi@ PT bolt “wSouddg” mMsmRDduNa
SuviuRdaNduAUlRTA VA WHRIRaMSHe
USVUWUNDJUWA (friction)

» [BnulAsvasivonasvsuusvuuu Dynamic load
lagusvns:nmMidanuauztJagunaAlu-un Wwu a=wu
Insoasmmannmaosuusons LNADINYIUWIHU:
tJuUs=91 KSo lateral system uavo1A1S NCDVSU
usvauusvunuaulrkonaulunauui KSo acmantu
SL: yunalHednduiasyiu (oversized hole) Lo
91udgnIsfiadv Wudu A A A

{b] Bailtesl endd-plate canmesticn with oversized hels



Latest US Reference for Bolt
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Table 2.1
Group Designations for Bolts and
Matched Bolting Assemblies Specificationfor
Structural Joints
Tensile Matched - :
Group Strength Bolts Bolting Assemblies Usmg ngh
Strength Bolts
Group 120 190 ki ASTM F3125 ASTM F3125
(840 MPa) Grade A325 Grade F1852
: ASTM F3148
Group 144 144 ksi — Grade 144
- ASTM F3125 ASTM F3125
froup 159 v Grade A490 Grade F2280
Hot-dip or mechanical galvanizing of Group 150 heavy hex bolts or Group 150 abﬂ!t(;%“g%!

spline-end matched bolting assemblies is not permitted.




Thailand Standard & Reference for Bolt
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Applied Load Condition

Nominal Strength per Unit Area, F,, ksi

Specification for
Structural Joints Using
High-Strength Bolts

ASTM A325 or F1852 ASTM A490 or F2280
Static 75%F, o 90 F,=120 113 F,=150
Tension?
Fatigue See Section 5.5
Threads L;<38in. 54 =68+*08 68 =84*08
included in
shear plane L.>38in. 45 =56*08 56 =70*08
Shear **
Threads Ls<38in. 68 =120*0.62*0.9 84 =150*0.62*0 4
excluded from
shear plane L.>38in. 56 =120*0.62 | 70 =150*062

? Except as required in Section 5.2.
b

beam or column flange.

Reduction for values for L; > 38 in. applies only when the joint is end loaded, such as splice plates on a

August1,2014
(inchdes April 2015 Errata)

Supersedes the December 31, 2009 Specification for
Souctural Joints Using High-Strength Boles.

Prepared by RCSC Committes A |—Specifications and
approved by the Research Council on Structural Connections.

boltcounci

wrorw boltcouncil orz
RESEARCH COUNCIL ON STRUCTURAL CONNECTIONS
/o ATSC, One East Wacker Drive, Suite 700, Chicago, Illinois 60601



Latest US Reference for Bolt
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Table 5.1
Nominal Strengths per
Unit Area of Bolts Speciiitidifor
Applied Load Condition Nominal Strength per Unit Area, F,, Ksi lSJtI‘UCtLIJ_II'a I HJ oints
Group 120 Group 144 Group 150 Stsmg tl‘I\gB R |‘|:
Static 90 108 113 rength bolts
Tension?
Fatigue See Section 5.5
) Ls<38in. 54 65 68
Threads included
in shear plane )
L;>38in. 45 54 56
ShearaP
Threads excluded L;<381n. 68 8 84
from shear plane L >38in. 56 68 70




Welding

H#WelLoveSteelConstruction

vl



Welding
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- AsL¥ou Ons: uaumsnnawnaonumsmoiaﬁ QDY
ADIUSDU nawanaluumsIHn:wsauun:ao IWWolH
Waguanmu:=onuovudvlluvovikad Ioamnmaoms
da AMAsAulRoDNYINAU LCKINADVNSLEDU AM
Asoalkaanu

. 58lumsidou UHawosuunusUuuuuaoa:muau las
Jdaqunnqu WWoUavAunsIiia oxidation #vliavIn
msnmaaanmauiummmuwauUuunnuIaH cHaoU
a:any (au QO[UE)U) dowaconuliauystiuovsoe
Lo

 sUuuudaqunnauidHagus:LAN usu Wwowana (flux)
AUNISLEDU SAW HED FCAW KS2N1uB CO2 AUNISLEDU
MAG (1ol CO2) KAy Ar AUNISLEDL MIG (DU . ) _
Eon MIG 1a: MAG 31 GMAW) sogLBou fillet weld Rluauysau




Welding
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LNsQuUDVIaQLEDU (welding material) Un
91vdvUIasYIUDLWSN lagnKua FExx lag
A xx Laav “NMavsuusuaogoda” uovdaq
W@ouluKudY ksi (WUavidu MPa AU 7 Wu
ksc Atu 70)

FE70 iU F,=70 ksi =490 MPa =4 900 ksc
LUumsonuauZumnao umuoumsoauZH
Llaon(3 WU FE60 KSo FESO

MISIEDUWDN HSD fillet weld UASU “Usv
lou” Avuu MsAUdauUAIdvsulsy (1dau)
YpvSDYLEDU Judovulav F WU F  Tas F,
= 0.6*F,, 0WUNQu1) yield crltena




Welding
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« WuRsuusv (13ou) yov fillet weld UU
91N weld leg (AE
HSD AF osU) luuud AB BoHn AE = AF
0:[001 AB = leg size/V2 [Uatuniiund>1We1D
uov fillet weld

« Gouu Nominal weld shear capacity
(rupture) =R, = (0.6F ) * Effective area
laon Effective area = A, = (AE/V2)*L

¢ Unified method: R, = (0.6F ) * A,

[ASD] Q=20 F
[LRFD] y =0.75

' .. 4 i}




Welding
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. msidouwan H3o fillet weld s:ununa:LiamMs3ua tu
sz:unun Duunatanngana:nntdauyia Botduyu 45
DV IOV 1INUDUNAVIIN

+  Mavsuusvldau ~ 60% YpuMavsuusviv 3 \, o
Wunsuusvolaou ~ leg size/sin (45°) * ADWJY1D | L)j N
ANdvsuusvldous:y (nominal shear strength) e

= (0.6 F) (leg size/V2 * length)

= (0.6 * (70*70 ksc)/V2) * (leg size * length)
= 2,079 (leg size * length) ... KUY Alansu

~ 2 AU AomswBuUdiuas

« KIAWD1SgU1 [ASD] Factor of Safety (Q) = 2 2:la ASD LRFD

mavsSulhklin “Uasane” R, /2=~ 2/2=1dudd as. = 02 e
dU. HSDHINWIStun [LRFD] Resistance factor (y) = = 0= ¢=0.

0.75 2:la YR, = 1.5 Aucid Os.BU. Rallow = Rn/Q Ry = 0.6F Ay eff
Rallow = O-BFqu,eff ¢oR, = 0-4‘5Fqu,eff

Throat Length

| S, S




Welding
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souLiou fillet weld T

soeLiou fillet weld U souLdou fillet weld O

SuuhkunlaUaoans 48 ciu

THUnlaUaonane 56 Au
SuuhKunlagoaa 72 au

Suusunlavaoans 30 Au Sud
u

Sudnrunldgoga 45 du Suulrunlagoga 84 cu
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!
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=1 = o w 1 w NYUASM, s = o = = = =
71357190 2.2.1(n) YA1NANITLIUAD (91989 A@aUIBLNALELN IBC 2012 $115140 1604.3)

. . v L Umitinussnnan | ddnusmnaesi +
dquvaslaseding UMINUTYMNDT i s . va
w59au UmtnusImnas
TAseadandann’
N353 U WA uaUTY L/360 L/360 L/240
Asaeduilunaudu q Alilvsudy L/240 L/240 L/180
ladlgsoasullinenu L/180 L/180 L/120
py - w— BIADIATTNITOITULH UL VA AN
IIUDUQUOILUOFT]SOOHIIUU i L/150 — —
ANz
- a R Y .4 - &
NAIALATIAT L AVZUEZ 29ADIATT
=i wr ' a8 [T - - I—f'GO
~ N35995vuNuUANTIA LT
éhHS‘UmmsTsmuqnmhnssuuaznméum I — L/360 . L/240
nUdnsuDnLazaInnuMely
FiifuinUsz — |/240 —
Miluiataveu - /120 —
DIADIATTNTD ULHUAN TR — /90 —
AT
AT LTaUN — — L/180
lsusounszandmivimzugnivy — — L/120

H#WelLoveSteelConstruction




=1 = o w 1 w NYUASM, s = o = = = =
71357190 2.2.1(n) YA1NANITLIUAD (91989 A@aUIBLNALELN IBC 2012 $115140 1604.3)

Umitinussnnan | ddnusmnaesi +

druvaslasedasig UMUNUTTNNDT 0 s . ox
598U UIMUNUSTNNT
uBULULAQ crack LdDVDIN Tassadiavdann’
stress concentration PR p—
N353 U WA uaUTY L/360 L/360 L/240
V5095 UN e Lo Y 5 NI ToUT 7240 /7240 /180
wu/mutianisuau ladlgsoasullinenu L/180 L/180 L/120
CTENSIOn 1Jo1n gravity load : :
gravity mﬁmmﬁﬁﬁaﬁuLLm'm.gwé'qm
[ = _— _—
Shear Crack L/150

lawnz

NAIALATIAT L AVZUEZ 29ADIATT

c\i o (] ar 24 8s ﬂ - - LfGO
N5895U WHUTARTIA Y1
7 A - E
ﬁ WUVLAQ crack . [ IADIATTUDINU L/360 -— L/240
i Ll2v91n bending A Z
E; WU (LQ tension) AN REYERGRORGRP RIS
5 NUNURNUT — |/240 —
_—_ _ . VR REVILY — L/120 —
eon Wu/AULAaMsusuU St I
hH97n gravity load 99ADIANSNTDIT UHULAN U — L/90 —
i AT
Tension Crack
AT LTaUN — — L/180
lsusounszandmivimzugnivy — — L/120

Ref: http://www.rendercon.com/cracks/
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Kalzip standing seam sheet

Insulation

Aluminium ST Clip

Vapour control layer

Structural deck

Ref: www.hoibirdclub.org
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STRUCTURAL MAINTENANCE

STEEL MAINTENANCE OVERVIEW
POTENTIAL DETERIORATION - RUST

= MECHANISM = MECHANISM
> ANODIC REACTION = ANODIC REACTION

N R
Fe — | Fe?* |+ 2e o Pass to FeCl, + 2(OH) —— | Fe(OH), | + 2CL
Free |:> electron-consumed or
Electron | © cathode site
% 0, +|2Fe(OH),| —> Fe,0, + 2H,0
—__

Fe?* |+ 2CI — ! FeCl, E)
| :

= CATHODIC REACTION

Oxygen Sudiu “wilaluilase” ivirliidaaiy

—— el =

Corrosion (Fe,0;) thus occurs at the anode but not




Where water Rust is the weakening of iron due to oxidation of its
collects, there atoms, otherwise known as electrochemical corrosion.

is less oxygen. o
2

Rust

Electrolyte
Fe,0,” X H,0

H,0
>4

Cathode (iron near the anode)
0, + 2H,0 + 4e"--> 4 OH"

IRON
Electrons flow within the metal

Fg S >F ‘i_f; jg _Eeé, and ions flow with the electrolyte.

Electromotive Force Series (77°F)

Electrode Standard Electrode
Element Reaction Potential (v)

Sodium Na — Na*+e -2712
Magnesium Mg — Mg** + 2e -2.340
Beryllium Be — Be** + 2e -1.700
Aluminum Al — Al + 3e -1.670
Manganese Mn — Mn** + 2e -1.050
Zinc n—Zn* +2e -0.762
Chromium Cr— Cr+* + 3e -0.710
Iron Fe — Fe+ + 3¢ -0.440
Cadmium Cd — Cd** + 2e -0.402
Cobalt Co— Co** +2e -0.277
Nickel Ni — Ni** + 2e -0.250
Tin Sn— Sn**+ 2e -0.136
Lead Pb — Pb* + 2e -0.126

Hydrogen H— 2H* + 2e (reference) 0.000
Copper Cu— Cu** + 2e 0.345
Copper Cu—Cu*+e 0.522
Silver Ag —Ag* +e 0.800
Platinum Pt — Pt + 2e 1.200
Gold Au — Auttt + 3e 1.420
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Protective Coating per DPT 1333

Resistance _____ Jtead
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— —
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../../../../../../Technical/Standard & Manual/DPT/มยผ 1333_มาตรฐานความคงทนของอาคารเหล็กโครงสร้างรูปพรรณ.pdf

Protective Coating per DPT 1333

HEH. 1333 - 61

PIQSTADIADNUUDLDIMISIFAN
Iasvaswsvwssni

TOA

HIGH PERFORMANCE
T TIVE ( ATIN

nsulusiSmisna:viviion
ns:ns>vurialna
w.A. 2561

C3 numuunn

as1eit 12 stuuddasiumananfeumanvudnsdindevddmivanmuandon C3
hot-dip-galvanized steel
Asaitu #nuwnia 371
szuud
. d1u2u | NDFT .. swau | NDFT | @waldam ()
winoway AtAUTEETY & AlgAUTEETY e
tu | (Um) tu | (Um)
AT.01 - - - PVC 1 80 215
AT.02 PVC 40 PVC 2 120 > 5 fla 10
AT.05 PV 80 PVC 2 160 =584 10
AT.04 PVC 20 PVC 3 240 > 5110
AT 05 - - AY 1 an 215
AT .06 AY 1 40 AY 2 120 = 58110
AT.OT AY 1 &0 AY 2 16 =5 fia 10
AT .08 AY 1 80 AY 3 240 > 5 i1 10
A7.09 - - - EP, PUR Aliphatic 1 a0 = 5 i 10
AT.10 EP, PUR 60 EP, PUR Aliphatic 2 120 > 5 fla 10
AT.11 EF, PUR &0 EF, PUR Aliphatic 2 160 =10 §1 15
EF, PUR Aliphatic
EP, PUR Aliphatic

Js:uud 2 gas Ao A7.12 ua: A7.13 (nu 15 - 20 U)

Jgas A7.13 MSPOWUGIY Epoxy HSD Polyurethane
155U Hun 80 TuAsau PINUTUNMAUKUNGY Epoxy
HSD Polyurethane sia Aliphatic (RAWHU1SOU
320 lunsou




Hot-Dipped Galvanizing

Surface Preparation

A A N = N e
. N X , _
= Cooling and
N Drying Zinc inspection
h Flux bath
Source: AGA

Rinsing solution

Pickling

Degreasing Rinsing



Be friend with us via ...

g First limit state is
Limit state is bolt /  end-plate yielding
rupture without " — Followed by bolt
prying action rupture with prying
action

Limit state is
plastic hinging of
the beam

LINE ID WeLoveSteelConstruction: 060tlizi

https://www.facebook.com/WeLoveSteelConstruction

https://www.youtube.com/c/WeLoveSteelConstruction Thick end-plate behavior Thin end-plate behavior Plastic hinging behavior

Typically thicker end- Typically thinner end- Good for seismic —
plate and smaller bolts plate and larger bolts ductility and energy
dissipation

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

iOS: 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=U
S

v @ WLCE

SSI BUILDING TECH West Coast Engineering Co. Ltd.
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