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Steel is not just a material. It's our passion, our
strength, and the backbone of innovation.
Welcome to We Love Steel Construction, where
every beam tells a story of resilience, creativity,
and endless possibilities.
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Beyond the Basics

| Pushing the Boundaries of Steel Construction with
? ? Future-Proof Innovation for Our Sustainability
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Have you specified steel products correctly?
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1. tHanlAsvasiosuwssausasou
(Hot-Rolled Structural Steel Section)

Flange

2. thdnlAsvasvsuwssaudusuliu
(Cold-Formed Structural Steel Section)

Web

Flange

3. IHanlAsvasivosuwssauus:nou
(Built-Up Structural Steel Section)
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#WelLoveSteelConstruction

1. tHanlAsvasiosuwssausasou
(Hot-Rolled Structural Steel Section)

dHrudsznaumaail sasaslamimin

Fuqumw | mduau #annu wumiid | Weawada | rwzdu
han gHa LAk
SM 400 0.20 91.40 | 0.035 0.035
SM 490 0. 0.55 1.60'd 0.035 0.035
SM 520 0 0.55 1.60 A 35 0.035
SM 570 1.60 G0 0. 0.035
SS 40 0.05 0.050
ss 0.050 0.050
ss'640 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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wuu sUMAGe
wianan (light WA (equal leg) |
angle steel) iy (unegual leg) L
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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 PPYEO SIF 3did 21419vd O

¥ M1S PYYeO SIF 3did 213410Vd 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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#WelLoveSteelConstruction

3. IHanlAsvasivosuwssauus:nou
(Built-Up Structural Steel Section)
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#WelLoveSteelConstruction

3. IHanlAsvasivosuwssauus:nou
(Built-Up Structural Steel Section)
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#WelLoveSteelConstruction

2019
50 Years
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« SM400W
« SM490W
Hot Rolled Plate ] . * SM520W

; . : : ' « SM570W
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ASD + LRFD = Unified Method
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Why structural design?

H#WelLoveSteelConstruction
. Tg secure structural safety
IWoADIWUanQnNy

* To secure good service
lwan:nusannmuaiumu

* To secure service life
IWo1gNISIBuIuIUADuMS

At reasonable cost

At reasonable time




Define “safety”?
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200}
150}
100

* |s material still safe at c,? 550
lunsn = Uanang? o NC=.
gu _______________________ =0
* Is material still safe at 6,? 0T - !
lUv1a = Uanasig? T BEREERE
E 350F uniform plastic strain ;" 1 |
< 300 o
@ 2501 G
7 R ;

|

20 22 24 ¢




Is “not fracture” safe ?

#WelLoveSteelConstruction




Is “elastic” safe ?

#WelLoveSteelConstruction




History of AISC Specification
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ShEEL
1921 il
Standard MANUAI
Specification
9 p.)

STEEL
CONSTRUCTION

AMERICAN INSTITUTE
or
STEELCONSTRUCTION
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

#WelLoveSteelConstruction

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
H1 stress v1AUWSvAIgUDN NLUUNASIUUDY *
usvus:tnncinva U 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
K1
[(()/CcI?
AISC ASD 1989 [1 - FT] .Fy
Wind 6, <F,= Kl Kl 3
Py 5 3[()/Cl [)/Cd]
« D+L [§ + 8 - 8 ]
. (D+L+W)*
* (D+W)* F, 12m%E
» * =1 1/3 increase for combos with wind acting o, <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
oth Ed AISC
AS D M anua I_ STEEL

CONSTRUCTION

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>

|
i . [Cu_ ©
T
oy T,
il b il
) | N A | & | Al
1 JFib
Rectangular
Beam Cross Strain Distribution Stress Distribution
Section
11 )
Factored Load, YL ——» |« Factored Resistance, 2R,
11
1
Designed Load, L ——— Il i« Nominal Resistance, R,

YI I@I
N |<-i




Statistic Fundamental
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* Tensile test of flat plate SS400

F, =245MPa,F, =

5719 R

Standard Normal
Probabilities P{Z<z]

v

e

o

400 MPa

Z 0.00 0.01 .02 0.03 0.04 0.05 0.06 0.07 0.08 0.09
-3.50 | 00002 00002 00002  0.0002 00002 00002 00002 00002 0.0002 00002
=340 | 00003 00003 00003 0.0003  0.0003 00003 00003 00003 0.0003 0.0002
-3.30 | 0.0005  0.0005 00005 00004 00004 00004 00004 00004 00004  0.0003
-3.20 | 0.0007 0.0007 0.0006 0.0006 0.0006 00006 00006 00005 00005 0.0005
-3.10 | 0.0010 00009 00009 00009 00008 00008 00008 00008 00007 0.0007
-3.00 | 0.0013 00013 00013 00012 00012 00011 00011 00011 00010 00010
=290 | 0.0019  0.001% 00018 00017 0.00l6 00016 00015 00015 00014 0.0014
=280 | 00026 0.0025 00024 00023 00023 00022 00021 00021 D.0020  0.0019
=270 | 0.0035  0.0034 00033 00032 0.003] 00030 00029 00028 00027 00026
S260 | 0.0047 00045 0.0044 00043 0.0041 00040 00039 00038 0.0037 00036
-2.50 | 0.0062  0.0060 0.0059  0.0057 00055 00054 0.0052 0.0051 00049 0.0048
-2.40 | 0.0082 00080 00078 0.0075 00073 00071 00069 00068 00066 00064
=230 | 0.0107  0.0104 00102 0.0099 00096 00094 00081 00089 00087 0.0084
-2.20 | 0.0139 0.0136 00132 00129 0.0125 00122 00119 0.01le 00113 0.0110
200 | 00179 00174 00170 0.0166 00162 00158 0.0154 00150 0.0146  0.0143
-2.00 | 0.0228 00222 0.0217 0.0212 0.0207 00202 00197 0.0192 0.0188 0.0183
-1.90 | 0.0287  0.0280 0.0274 0.0268 0.0262 00256 0.0250 0.0244 00239 (.0233
-LB0 | 0.0359 00351 00344 00336 00329 00322 00314 00307 00301 0.0294
<170 | 0.0446 00436 0.0427 00418 0.0400 00401 00302 00384 0.0375  0.0367
-L60 | 00548 00537 (L0526 00516 0.0305 00495  0.0485 0.0475 0.0465 0.0455
-L50 | 00668 00655 00643 0.0630 00618 00606 00594 00582 00571 00559
-L.40 | 0.0808 00793 00778 0.0764 0.0749 00735 0.0721 00708 0.0694 0.068]
-1.30 | 0.0968 00951 0.0934 00918 00900 00885 00809 00853 00838 (.0823
-1.20 | 01151 01131 01112 01093  0.1075 0.1056  0.1038  0.1020 0.1003 0.0985

—

282

288

275

) * *
* * * * % K %k * %k
444 © 00 0000000000000 06060000000
445 O n O nu O ' O 1 O LW O un O
S SR AL RBRRIRZTAQ

433

291

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

4>4 HsaIamaanan F v: C'I']ﬂ:)'\ 245 MPa aansn 4%

278

439

265

423

282

444

288

445

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

272

432

o

298

—
—

245

465 * X * 2 D ¢
o

—
N

238

Yok
Yok *
o 0 O 0 0 0 06 0 0 0 ¢ o o o o © 6 @ 06 ¢ ¢ © o O
403
Ty} O n o n O UV O n O N O uwm
_— = AN m ™M < LN Vo]
401 QL T T Y P I IITI 9 LTYE

Ave.

SD

275.2

435.7 Z = (435.7-400)/18.19 = 1.96 v1n P(-1.96) - [0 0.0252

17.33

1819 HSDIDﬂ']Elanaﬂ F, ot Cﬂﬂi)'] 400 MPa DfJnS"D 252%




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 twutlu 105% sy | > 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 ACHS16:03 ASCE 7-02
iy o . Wind Strength Design
* mMswagu finishing Unaudnao |10 1298 1165 L e Wind:
ASIWUTUYDY D U dnwududa |1 [ 245 | 303 oD A28+ 120w i
Uu tWuRudau KSo Ruunsda > o | s 120+ 100 Tow
« AMsiagudnHovudULlUURDVLIAU Seismic:
S - Ave. 2708 2839 R
YDV LWU L 91A 200 1Uu 500 ksm e
SD 1766 97.90




Load & Resistance Factor Design (LRFD)

#WelLoveSteelConstruction

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 —— 11 < Nominal Resistance, R,
following combinations. Effects of one or more loads not L i
acting shall be considered. Seismic load effects shall be EY' |®:
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 investigated. .l i
1. 14D \!'/
2. 1.2D+ 1.6L +0.5(L, or S or R) ! '
3. 1.2D+ 1.6(L, or S or R)+(L or 0.5W) il
4. 1.2D+1.0W 4+ L+ 05(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

L.
2. 1.2D+ 1.6L 4 0.5(L, or § or R)
3. 1.2D+ 1.6(L, or S or R)-+-(L or 0.5W)

4. 1.2D+1.0W 4+ L+ 05(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 effects of the factored loads in 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
combined loads 1n accordance with Section 2.3.6. Wind and »l‘ L4(D + F)
se1smic 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
: L o 3.1.2 . .
ol the earthquake load effect E. Each relevant strength limit state 12D + 1.6(L, or Sor R) + (L or 0.8W)
shall be investigated. »4. 12D+ 1.6W + L +05(L,orSor R)
1. 14D C)5. 12D + LOE + L 028

3. 1.2D+ 1.6(L, or S or R)+(L or 0.5W)

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. 09D+ 1L.OW F = Load due to fluid with well defined pressures and maximum height

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



for Structural Steel Buildings
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| | [ Specification
I I I I n for Structural Steel Buildings
A Specification o 2200

« UuonU A.A. 2005 Wuduwn AlSC Tadnisdam
Specification for Structural Steel Buildings sHa
ANAU AISC 360 lag “gnlan” misldA131 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

Specification

+ K$23AUBKUY NMsWauaVAAWSTKLA Taguoon R
AJIULAU H5D KUD8USY NISYNIN Allowable Stress
Design [AFuaadoucdd 1989 aumsAudulu version
d1da gaua:NouwnanssudSVLINANAUNISATUIE
{u version ADUKUN U\)C]‘IUHaﬂlJ?_]UCI HSDHAan
25S81USSTUIAINSAA RoaNULUUNAISUIADIUSTKLO
UUs:gNAISlUVILSBIEWUDVAU




Newer Code = More Thorough Knowledge
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Stress
Method | Threshold | Limit Capacity FS () \‘

\
[ - (—)/ N ] )
b \ .
Kl_c FR= 5 VAN )/C] \
_ [2mE ’ 5 3[C0/C] [G/C. 3 8 8 \
<= |'F, 3+—'g g | *
2
Comtar|o KL o= 1= 5 23 i '
y r ¢ 23(—)?2 (ﬁ) 12 Inelastic
I | buckling y
L. fE
- <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 ( ) .
Kl . 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
15t AISC Unified i

Manual

The Beginning
of Unified Era

2022
Latest AISC
(Unified) Steel
Construction
Manual




Unified Method
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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
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Fundamental of Structural Steel Stability

Stiffness

Ability to resist deformation

St r e n g t h Tensile (Normal) Stress (o) = Tensile Force (P)

Area (A)

Ability to resist forces
Stress (o) = Strain(e) * Elastic Modulus (E)

D
) AL EA
At yield, P, =f.A E Within elastic, P=0cA=€e€E.A=—FEA=—AL
B C . s Reain Elastic Region L L
e o
53 E H | = Stif fness x displacement
Plastic Region
| b
Strength o [material (f,), section(A)] Y . Stif fness « [material (E), section(A), length(L)]
{Df}::i‘:mj}"‘ Ref: www.extrudesign.com
Moment (M)
Normal Stress = - d?
(9 = Section Modulus (Sx) Within elastic, M = EI d_x}zl
At 15tyield, M, =f,.S 'p
yie y = Iy 5 - I = Stif fness * displacement
' ,
Complession M
Strength «< [material (fy),section(Sx)] _____ N Stif fness « [material (E), section(I), ]

Ref: www.chegg.com



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

=1

—

Ref: www.wikipedia.com

m%E
2A
KL
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, L L

= Stif fness x displacement

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

dZ
M=E1—y

ithin elasti
Within elastic, a2

= Stif fness * displacement

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



Fundamental of Structural Steel Stability

Strength Stability

ie
Ability to resist forces P . Ability to resist a specific force
k=0 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)
St I ff n eS S Ref: www.wikipedia.com —P.y(x) = £l dx?
d?y(x) P
- . . p 0= “dxZ + E.y(x)
Ability to resist deformation A :
for AL 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
oot 07 - Wy

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




Fundamental of Structural Steel Stability

AISC Load and Resistance Factor Design (AISC/LRFD)

How?

/_l Stiffness Reduction = El is reduced as some
l ‘\\\ ; i :—:]ui]:;lr:; p elements within a section reach yield (F)).
F \/ii 2| Elastic
( F_y) G € buckling
F.,. = 0.658fe Fy = Critical
siress, e -
ksi ~
F., = 0.877F,
KL Transition between
4 —cquations  (location
varies by F)
Stemdared ft:f.".'mi'.lr CHIVE, T[Z
TRANSITION POINT LIMITING VALUES OF KLir (ﬁ
F,, ksi Limiting KLIr 0.44F, , ksi r
36 134 15.8
50 113 22.0
60 104 26.4
70 96 30.8

. .. KL
leltlngT=4.71 i

E

y

7'[2
P, =7 EI
Stiffness
Can the stiffness be reduced?
How can the stif fness be reduced?
a
Strain distribution
Ty a .
(profile view)
T
El E}v El s

Stress—strain diagram
(clastic-plastic region)



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

22819 DPNUUULANDIKAYU HSS AldIHaNLASQ Step7: (SJYddUAIUAIWISAlUNISSULSVDQUDVLAN
F, 370 MPa (HY370) 12 5 Wwas suusvoluuudunu

DL 120 ciu ua: LL 70 ciu lidluiwudda auuddarg

nv 2 duyavtaitdu pin

P, =190T P, =256 T
* Step 1: UszureumsyunarktinAalainaliasy ua: P /O =331/167 =198 T OP =09(331)=297 T
K section property TP OK " op OK
a u

 Step 2: AMUDTUNASIUUDVLSY

LAYUAU Nominal strength A

. Step 4: AMUEUSASIEOUANIUB:AQ @A S — [Go1n SSI Steel Design App N
1 ’ 344 Ton (vs. 331 T 91AMS

« Step 3: AUDTUYALUATUWAANSSU

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

« Step 5: 1SDVdDUADIU compact UovHUNAQ

anooo ks

SSI

* Step 6: AUDTUANAVSULSVDOS:Y

STEEL DESIGN

* Step 7: asd>vdoundUaIWIsaluNIsSuULSVIQ



Column Design Example

#WelLoveSteelConstruction

dr981v DonLUULEINDIKASU HSS AGLIKaALASA
F, 370 MPa (HY370) 912 5 Was Suusvoluuudunu

DL 120 ciu ua: LL 70 cu ldluwuaaa auuduay _ _
Av 2 duydvtaitdu pin 1 DL =120T +LL =707

* Step 1: Us:U1euNISULNAHUNAQLENDIKAYU La: ‘ Rigid wall
H1 section property A30059935U
+ Step 2: AMUDTUNASILUDVLLSY Lo no stiffness
P lLa: strength

« Step 3: AUDTUYALUATUWAANSSU

Uov Bracing

. _ . ‘ Rigid wall
* Step 4: MUDUDAOSIAIUAIIUB:EQQ

HSS

« Step 5: 1SDVdDUADIU compact UovHUNAQ

* Step 6: AUDTUANAVSULSVDOS:Y Elevation

* Step 7: asd>vdoundUaIWIsaluNIsSuULSVIQ



Stability Bracing
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/'\'

N

NSAW/
AN

/7t

A

i

T
NN

{0

\
al

\/

[A2WL1AU] N1SDDAUUU Laa:AIU SADASKDINUUU
AovmHuaduly awauudgiufnAad ua:ui:wWu
lagtawn08198v unbraced length yovlaiua:Au

1PNV 1aUa:ATU LaSSYUSDE SAINSHDDNLUU
ADvNAUUIASIDIDUDNIT MsAgUlKAULTILa=AMUUU
IWgOWD HSolu

IWWgOWD Us:nouluqde

1) AOIWAWISAIUNULSVIWEVWD: strength
2) A WawwIsacumumstdgsutweaowo: stiffness
S:AUUDVUSYMBUDA (L3 = USVDQ, AU = luluAaQ)

WuAN3mnsKoanuUUlBlunMsWosauILUSeULAgU
ADULWEOWD UDVS:UUMETUNIVTID






Bolt & Nut Nomenclature

#WelLoveSteelConstruction

. ﬂ'lSlSEJﬂUEJ technical term ZHanma\)lUuao

F1Aty IWWalHLAaAN UL TDRasYAU

g Thai

Bolt
Nut
Washer
Shank
Thread
Grip

daantnasn

wdutnasn

ILHOUSDV

uAUdantnasd

SOVLNAYD
szg:§amuANUKUNBULIU

Head

Washer
Nut




Structural Bolts

#WelLoveSteelConstruction

UUNAMUS=E:L1NAYD

N-Type X-Type

|| Bolt tndeiiu || Bolt tndenTutéiu

|| sumavladaav wsiidewun || sumhavlduinni

|| symuwon3 (Fundedea:ni) | symgnni

|| Avuldazaonni || @2vAdUALAIKRULNTRG Mviuen

i f /l

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

#WelLoveSteelConstruction

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

#WelLoveSteelConstruction

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 l7

=1 L

P — N

Base plate

000

Anchor h)oh

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



Latest US Reference for Bolt
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Table 2.1
Group Designations for Bolts and
Matched Bolting Assemblies Specification for
Structural Joints
Tensile Matched . BT
Group Strength Balts Bolting Assemblies USIng ngh- :
Strength Bolts
Group 120 120 ksi ASTM F3125 ASTM F3125
(840 MPa) Grade A325 Grade F1852
: ASTM F3148
Group 144 144 ksi — Gl 144
: ASTM F3125 ASTM F3125
R ML el Grade A490 Grade F2280
Hot-dip or mechanical galvanizing of Group 150 heavy hex bolts or Group 150 bo“m

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

b

beam or column flange.

? Except as required in Section 5.2.
Reduction for values for L; > 38 in. applies only when the joint is end loaded, such as splice plates on a

August1,2014
{mnchudes Apnl 2015 Emata)

Supersedes the December 31, 2009 Specifiranon for
Seuctural Joints Using High-Strength Bolts.

Prepared by RCSC Comouttes 4 1—Specifications and
approved by the Fesearch Counctl on Stracturzl Cornections.

boltcounci

www boltcouncil org
RESEARCH COUNCIL ON STRUCTURAL CONNECTIONS
clo AISC. One East Wacker Dhive, Suite 700, Chicago, Tllinees 60601



Latest US Reference for Bolt
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Table 5.1
Nominal Strengths per
Unit Area Of BOItS Specification for
Applied Load Condition Nominal Strength per Unit Area, F,, ksi 15} ':UCtLIJ_Ir? | #Ol nts
Group 120 Group 144 Group 150 S =S ljlgB -_| 4
Static 90 108 113 trengtOts
Tension? o
Fatigue See Section 5.5
. Ls <38 in. o4 65 68
Threads included
in shear plane :
L;>38in. 45 54 56
ShearaP
Threads excluded i & i i boltcounc
from shear plane L. >331n. 58 68 70 recsc







ASTM Bolt

#WelLoveSteelConstruction

. mun uuouJumsa A307 (F, = 60 ksi) gantnagimavuna ua: naudaantnagd
REDNEN Hous: ﬂauIUmumsnABZS (F, =120 ksi) ua: A490 (F, = 150 ksi) 1y
Waadn alloy steel AWIUNS:=UDUANTS DUSDULLAzAOAIIULSIAVDEIVSIALS)
(quenched and tempered)

« s:uu bolt Anaaudddrdvsuusoiinnu ucddus:uu tension-controlled H3D
TC bolt (tnagouralolad torque) F1852 favsulisvlnisiiu A325 ua: F2280
A1dVsSULLSVLNIAU A490

« UddUu RCSC (Research Council on Structural Connections) [aouwun
Wonau bolt oonlUdu Group A Group B ua: Group C lag Group A Wunau
Andavc (A325 F1852) Group B LlUunduniavav (A490 F2280) ua: Group C
lUunaumaoaowmu (F3043 F3111) Ioaamsunaumaoaowmuu F, =200 ksi



ISO Bolt
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« AMKUQATUAUUA H3D property class WM&V wuvllu class 5.5 8.8 1a: 10.9

* (MDlavauKUAdUYaNATYY udaavA tensile strength (uKUDY MPa AruQdY
100 wyU class 8.8 uA1 F, = 800 MPa tJuau

* (DLavaIuKavYanAdYY uaav “aaddu” F /F, K1sade 10 1su class 10.9 UM
F, = 1,000 MPa iJf F, = 9*1,000/10 = 900 MPa K% class 8.8 iA1F, =
8*800/10 = 640 MPa

+ Conversion: 1ksi = 6.895 MPa doliu A325 A1 F, = 827 MPa ua: A490 A1 F,
= 1,034 MPa

* KABASY V:UAOVATUAUUAGIYA Proof strength Guligu31 Ao usonlyriii
bolt 1A plastic deformation lagunaiAUs:=u1eu 85%-95% uUov yield
strength HSo F,



ASTM vs. ISO Bolt
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Bolt Specification Proof strength | Note
~90% Fy (ksc)
ASTM A307 4,200 - -
ISO 5.5 5,000 2,500 2,250 Fy/Fu=0.5
ASTM A325 8,400 6,400 5,760 Equivalent to F1852
ISO 8.8 8,000 6,400 5760 Fy/Fu=0.8
ASTM A490 10,500 9,100 8,190 Equivalent to F2280
ISO 10.9 10,000 9,000 8100 Fy/Fu=0.9

HUIEIHA:  ANLdavovuanciivondoyanusinnlutHavoivdvdua DINtHaWaauNIsUs:uIuNs LJavKudeg
UatAau udnlulauandivauogrobdadnny



ASTM Pretensioned Bolt per AISC 360
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TABLE J3.1M
Minimum Bolt Pretension, kN!2!

Bolt Size, mm Group A (e.g., A325M Bolts) | Group B (e.g., A490M Bolts)
M16 91 114
M20 142 179
M22 176 221
M24 205 257
M27 267 334
M30 326 408
M36 475 595

@ Equal to 0.70 times the minimum tensile strength of bolts, rounded off to nearest kN, as specified in ASTM
F3125/F3125M for Grade A325M and Grade A490M bolts with UNC threads.




Bolt Pre-Tensioning Method (1)

H#WelLoveSteelConstruction

* Turn-of-nut method
mMsHUuuwduLnag)d
Wpduaantndsgd (bolt) IRULiUWDA (snug)

uad {Hrinms mark chukuvadeuInm
DInUuUdvNMMstundutndsd (nut) IWULDNIU

_ 5 = . ' - “Snug” tighten Mark nut and bolt Desired position achieved (1/3 turn
onN JunuuunaldauWIAugnalv (D) ua: AU illustrated)
U-l:)llﬂuaa‘-ﬂlﬂéﬂ:) (bOlt Shank length) Ref: https://www.fastenal.com/content/feds/pdf/2017/02/Structural%20Bolts%20rev%202017-02-21.pdf
Condition Under Bolt Head and Under Nut
Both faces flat (normal to One face sloped, but not more Both faces sloped, but not more
Bolt Length bolt axis) than 1:20 than 1:20

Less than or equal to 4D 1/3 Turn 1/2 Turn 2/3 Turn

More than 4D and less than or 1/2 Turn 2/3 Turn 5/6 Turn

equal to 8D

More than 8D and less than or 2/3 Turn 5/6 Turn 1 Turn

equal to 12D




Bolt Pre-Tensioning Method (2)
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3. Tension Nut 4, Remove Gun

* Tension-Controlled Bolt e
msldaaninagdnduAUUSVOY |

(BaaninagosiawiAu Niun31 TC bolt 3D Twist-
off bolt (F1852 / F2280) s>uniu TC gun NLJoduadu
[aA>WwuUUMUADYNS uddUag (H1v) 9:Haau1a
ohh!

ANdusulsY Yov TC d:HbounU bolt thsauna uc
d=AAudIgsHanuancivaulas ASTM A325 d:wu
TC bolt thsa ASTM F1852 ua: ASTM A490 »:tdu
TC bolt thsa ASTM F2280

Ref: https://www.fastenal.com/content/feds/pdf/2017/02/Structural%20Bolts%20rev%202017-02-21.pdf



Bolt Pre-Tensioning Method (3)
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* Direct Tension Indicator (DTI)
) = u mmll mD

mislsaunsaluvdusvavlasasy s S

) | ‘l”i" :\ - e l;‘,

Wunmsidurousov (washer) AGYUYU AWUMS |

AJUAUMAVIAQ 1Send1 DTI lagldoduuuuiivs:au
nAJuAU Juyuda:uuusiu suliawisaana gauge

:‘)-O u“J'-]'[U S- Hj_]\) L'J Uuu ci'[c"i ﬁ aj-l bO lt ﬁ l'j'u'[c‘in UL Li u Ref: https://www.fastenal.com/content/feds/pdf/2017/02/Structural%20Bolts%20rev%202017-02-21.pdf
aIUADVNS

58msthvduiddadinaidovnmsasivasu loglaw1:pE108v
mMsdu bolt lungv JvdRAaAU DTI sUaWIAUND silicone
a:Nouuav unsnag taldAduutuaiudavnis silicone f
gannasulausonul MiRawisaasIvaouddgadaldviy

<% bo,"i.ng




Bolt Pre-Tensioning Method (4)
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 Calibrated Wrench Method
mstsus:uadanduav

Clamped

Clamped
P body

body J s

ﬁ'; T ;_ i | \@ : ( fﬁ*‘ T
. ) TR e /,,;A,\“:::::‘“
tunistdus:zudsliawtAvnonN1saacy  gauge 30 e | © l];’
ALSVAY HSD clamping force 3 35N1sUADUTIVY Gmge  Gang o
d-adn ua:=us:Hoa umwc‘mmomlch‘laommsUsu et het
A1 K39 calibrate 193028 walauaddetnHUN fede/pat/ 0T 0B 1Structurats o method-for torcune e caoret

OBolts%20rev%202017-02-21.pdf wrench_fig1_325714143

(w) ANSIVUAT ANUSSUDVWWAQ

ol clamping force (F) us:naumsldionn 75% Boltcondition | Kfactor

Uov proof load gulmnu proof strength (ksc)

ATUAUWURKINAQNAIUTUDIN LFUKIAUTNATD Bolt a1 [LitndauAd 220 - 050
(d) oV bolt FuawrsauvavnauTudua Torque Bolt yulndaudvn:d 0.17-0.22
(T) [aon T = K*d*F Tasi K 1W0uAAvA Juniu i sl TR Y 012 - 016
anuauzN1oMeNIWUDY bolt J1awrsadulauuula . .

lasuvisraluiwevia Bolt yultAdaovuAQLUYY 01 -0.15



ASTM vs. ISO Bolt Strength
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Bolt Specification ‘ Fu ‘ Ft =75%Fu ‘ Fv (X-type) Fv (N-type)

(ksc) (ksc) | =0.62*0.9*Fu (ksc) | = 0.8*Fv (X-type) (ksc)
ASTM A307 4,200 3,150 2,340 1,875
ISO55 5,000 3,750 2,790 2,232
ASTM A325 8,400 6,300 4,690 3,750
ISO 8.8 8,000 6,000 4,465 3.570
ASTM A490 10,500 7.875 5,860 4,690
ISO 10.9 10,000 7,500 5,580 4,465

HNYIHA: 1. AAuaavavuancivondayanusinnlutkavaivdvdua MAtKanaalumsus:u1tun1s wdavKude JatAay
ucinllduancvnuagnoibdedAcy
2. Auawsatunissuusv (kg) IRhwunsuhda (sq.cm.) lUAguniav (Kude ksc)
3. Wo1stun Factor of Safety = 2 (ASD) HSo Resistance Factor = 0.75 (LRFD)



Good practices In steel
connection




Bolted Connection —Part 1 / Tip 1

P fan Bolt ieagha ASTM A325 Liieriyin ISO Class ISO 898-1 Bolt Mechanical Properties and Head Marking
8.8 (Fu Us¥3ineu 8,300 — 8,400 ksc) ¥eas ASTM
A490 LieI UL ISO Class 10.9 (Fu Usganad 10,400 Standard for Bolt|  Class M o B oo e Hardness | Head Marking
v «— O U U dl = M M °/0
— 10,500 ksc) MIHNIANTULLFIVNINLALINNE F1AN = = i
WANEE azwlalenniinluviagaane 3 o sem ' s 1\ /‘
I
6.8 600 min 480 mn - B889-99.5 [ \’
Grade Min. Type Style &
Strength soodNeess) | 85 | “ortesa0mn . 12 o222
A325 120 ksi 1 3 | Heavy Hex Head | e
A325M | 830 MPa 1 3 Heavy Hex Head o o < e (‘"]
A490 150 ksi 1 3 Heavy Hex Head ' - ' ' 2
A490M | 1040 MPa 1 3 Heavy Hex Head
F1852 120 Kksi 1 3 Twist-Off 129 1220 min - 8 C39-44
F2280 150 ksi 1 3 Twist-Off

The value-added source for quality bolts, nuts, screw, washers and other industrial fasteners & hardwares
Shang hai Jian & Mei Industry and Trade Co.,Lxd Tel0085-2 1 33328890
E-mial: info@m-industry.com Fax021-68413263



Bolted Connection —Part 1 / Tip 2

Piece 1 Piece 2

> dan bolt fiFilszLnnindeaiiuwiy “Lnaeduisl’
1WSa N-type bolt wiiinaziifideduinmintiasngd
WaZFIAEN3N bolt “snBerabaitfis WEa X-type bolt Thread Nut Runou

dnsulelulasanis wiadlauiuaanuianaialy

NFEUNAUIUVICIAINTFTEIANUWE I DOlt HAINNUINIAU ’ bbd o b4
|

daaiialiianansadiu nut aandimanalenaeiad shank <—Thread length

vinlailalanansadiindealdbuiuaudaanishe ‘! ‘

NIkl anasiaaLedes shim plate wawLITaNLE

31NNNFNAINNKRUNADAUINUVINNUTENUB AN - Nominal le

X-type bolt




aelnaanwUUL bolt HHaneNFe LagHaANLRIUIA LNF TR
PilAiei A Bia LR ORI baZENNEDNISAFIAER
RELNINABDIIFINTH AIUANGTM Pradirnndaaniswila A
1UAUFLLNYN connection T¥TiENNSZLNNTE Tunstet
bolt $ieariu Leftd M22 Class 8.8 i1l shear connection

Wag M24 Class 10.9 111 moment connection bil34694

Lﬁ@ct‘ﬁ\‘]"]%l aZASAINAUNIFTNRESF bbEYSTI A IURIN RIELN TN

. M24 Class 10.9

M22

Class 8.8




AMIFTARANLLLUL bolt ﬁéﬂii'ﬁﬁ_l shear connection 2avd beam ‘1'7i
FU gravity load TIN5 B e ea kUL bUUNEE (snug
tightened bolt) WinALsEHE® Wel moment connection
A11rSUeauALTIv moment frame AasaankuLlRginIS
Bmera bolt wuusukuulasldwsadana (pretensioned or
tension-controlled bolt) finilaafunigduriasinuginad
unaugteianmsagibiaine LAZWEINLNNWAN LA LN
bolt U5ELNM slip critical bolt KINAIIIFAREN LA bET
WSNSIsNATI wazhdrndesuwseiitiasninnistac
bolt Gae3En158u

Pretensioned - -

tightened

()
L]

- e e e e e e e e e e e e e e e e e e e e e e e e e e e o e - - = - P




Welding

H#WelLoveSteelConstruction




Welding Overview
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e AMSL¥DV UAs:zuduNMIsnAal1gnavAaunsaalan:
axenAnuSou nadAatdumsirauSouuniaq
WWalklu3ouanmu=onuovudvibuvovikad lag
KIndovnsaa AMMSGulRDDNYINAU ULCHIN
Govnistdou AnmMsoalkdanu

. 58lumisiiou uHaw:suunusuuuuuaoa:muau
la: aaOUnnau WWoUavAunistiia oxidation @
momnmsnmuaanzjlaqummFﬂUwauUuun
nulaK:Haova:ang (eu qcuuau) dowaciondulu
duyYsaiuDVSDELBDU

« sduuudaqunnauidHangus:Lan wu woWanzj
(flux) AUMSLEDU SAW HSD FCAW HS2NY CO,
AUNSLEDU MAG (1&ou CO,) HSPAY Ar nums
L8O MIG (sOutsgn MIG ua: MAG )1 GMAW)

souLBou fillet weld RlUauysad




AAVSULLSVUDVSDULBDU

#WelLoveSteelConstruction

* 1NSQuUDVIAQLBDU (welding material) Un
o1vdvUIasYIULSM lagmKHuQ Fi,
lagn xx udaav “Mavsuusvauguda” uov
Saqudoulurude ksi (wWavldu MPa Agu 7
WWu ksc Aru 70)

* Fgyo U F, = 70 ksi = 490 MPa = 4,900 ksc
Wuinsandeulduinaa uagouinsadulH
1ADN(T LBU Frgo HSD Fgg

* MSLBDUWDA HSD fillet weld UNSU “Usv | 2
laDU” AuUUu MSATUDLUANAVSULSY oA
(Ldou) yovsouldou Judiovulav F, 1u
F,, lag F, = 0.6*F , 0Wunqu1) yield
criteria




AAVSULLSVUDVSDULBDU

#WelLoveSteelConstruction

« WuAsuusv (18ou) uov fillet weld Wu
wunnogluwuonuav v1n weld leg (AE
HSD AF ausu) {uuud AB BoHn AE = AF
v:[AD1 AB = leg size/V2 [Uatunundy
&10upv fillet weld

« douu 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 §
[LRFD] y =0.75




Fillet Weld Strength

H#WelLoveSteelConstruction

. msi¥ouwon H3D fillet weld s:uUND:IAANSIUA
Wus:unun Duunatanngana:gatdauuia utduyu
45 DV J0v1NUDUNRCGAVAIN

« MAVSULSVLADU ~ 60% UDVMAVSULSVOD
Wunsuusvldou ~ leg size/sin (45°) * ADJED
Alavsuusvldous:y (nominal shear strength)
= (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 oMsSwLBUALUAS

* HINWY1stu1 [ASD] Factor of Safety (Q) = 2 2:la
ANdavsulKUN “Jaonane” R, /2 =~ 2/2 = 1Aucio Qs.
BU. HSDH1AWDISTUN [LRFD] Resistance factor (y) =
0.75 »:la yR, = 1.5 Aucio as.BU.

ASD
FS= Q=2
Ranow = Ry /0

Rajow = 0.3F Ay efr

la b, Throat Length

LRFD

¢ = 0.75

Rn - 0'6FuAW,eff
(I)Rn= 0'45Fqu,eff



Fillet Weld Strength - Quick Number

#WelLoveSteelConstruction

souLiou fillet weld T

1KUAlauanane 30 Au

[

THUnlagoaa 45 au

Ur

U
U

Uy
Cor Cor

souLdou fillet weld U

Suulsunlauaoans 56 Au
SulthKunlagoaa 84 du

souLBou fillet weld T

Suusunlauaoane 48 ciu
SuthHunlagvda 72 au



Good practices In steel
connection




State of the
Art: Welding

1) Material Grade Selection

IJsuuingunisoaniuulng(s

SS400 1a: SM520

ooniuulngINsm
~pVa

sVIHZ2U

I

NN https://www.facebook.com/syssteel/photos/pch.2072824046084518/20728236594 1 7890

SS = Steel for Structure
% Carbon ball@sinisrinduls ss
Fasimnutdeaiiaziginuuwdalaile
ABLNIW AFLETUETU bolt & nut

SM = Steel for Marine
% C Si P Mn S finsriniulil
AT SM FaLHUNSIUaIUT
davliBndasdeanisiding




Groove weld

EIREERAN

Fillet weld
L2IAIWAN

State of the Art: Welding

2) Fillet weld before Groove weld if structurally permissible




Throat Dimension with
“Nomnal” Penctration

Weld leg < 8 mm

State of the Art:
Welding

3) Limit leg size less than 8 mm
(1 pass welding)

{ (throat)

é’ﬂﬂ@xﬂg‘uﬁﬂﬂ https://weldinganswers.com/importance-of-root-fusion/



State of the Art: Welding

4) Both-sided fillet weld is cheaper than 1-sided fillet weld at the same capacity




Good Detailing Practices

Ranujuanalumsmsiga:idegalasvasivigian

= dl o o = % 1 % [~3 v o a = v A % % 1
NANLALNNNI AN LU sazIRsAdasalarafauaniiasannagn (Bolt) esamen aniudass
AU AANSULINAN (Tension Rod)




Good Detailing Practices

Ranujuanalumsmsiga:idegalasvasivigian

WINATNNINNNA ARTLNNHNUAILEULATHIAN TN (Stiffener) TYP)

aaniuyNszin 45 039p0 e THANNITINALNANAI LN
. dl o 1 1 1 = Y o <
(Fillet) NALUUIARADITNINNLINLALIAIBINUNARLUAN
oy y v o o
sUnssnianTan vizaiusasmaNasinAnA I uNIaNlszna
ANLEWIAN (Plate Girder) T32U319NF TaNRAARS

P (3

Paab

CLIP 1x1

T8&B —

B.E.




Good Detailing Practices

KanNUAUARGIun1smsiga:l3oalasoasiotHan

MNAINITON A N3 AINTIH ARTLAEN MELELATNLAD 8NN ILANAINAN (Partial-depth stiffener)
WNBN17 I BELLETHLA DL TAINANANAN (Full-depth stiffener) WiNaAI NIz 1en




Good Detailing Practices

InUhuanalunisnisigazldgalasvasivikian

v % [ % c dl o % % o 1 dl = ” d?'/ ng &
nulansdryaneniaaanismeninaniuAeA197 “aN ¥ee Weld” Tuluun13u31ue 1w
anAslassaamanus lilddryaneninismanngnsassnudanivuaaed American Welding Society

(AWS) LN
BASIC
WELD
SYMBOL
REFERENCE — op  ALTERNATE
ARROW + LN Toeveet arpow = w/fr.uwsl SYMBOLS

AN
D— 5 E N\



Good Detailing Practices

Ranujuanalumsmsiga:idegalasvasivigian

waniaeNNIsEanNInaiva Ay duilunisingadAinisnaaing wazananinesdanalaine

nstingn (Warp) 16 tsaAntislddnnismennunniiullilsvinlisessenaw
a dl Y o a dld A O o o 9; o dl 1 o 1 QI [ % = dld

wanaenNIgdaannaLaNNINIAYTaN1aTULNMINTFAY InsenIzatiNEaannataNNIuIA
AueinAuenananwiniu sivetinay ndeniuua lunisaaniuieyin liinisldadninasomni
NIMTFIU ASTM 719 A325 waz A490 vl 2 wuiu ArasiaenldaaninassruiadunnAuednanan

1 o o o o = 1 1 A Y o = ng o o

fAiudmsuadninatausazing [ n1siRandaaninanaua 1 1o AU A490 Uaz 1UIA %
0 @115 A325



Good Detailing Practices

Ranujuanalumsmsiga:idegalasvasivigian

Tn196a 13 lAT9A S URAAINAILINN ATRANTTUNANTINDIY
NANNTRTAANINAYY Iagn1siusinganinagn tulu
fieanantznzanani azinlilaseadegaeeundinigen
Ran9liiatantzneganan lag ludunauaaIn1InILuL
v = V-2 dgj Q9/ 6
qzpasinigsry lvdalanluuuunisIugEuIueasAaIAg
TAaFavanvTauuunisUsznauingeaitaumansog




Good Detailing Practices

Ranujuanalumsmsiga:idegalasvasivigian

1 1
o o/ (-7

o o z:j dl Y = di a 1 di z:j =
fmiudununsesinismennen lunnelgumialllinasmenmuiuennaenaunsyistaaulane
YA UTUNILITU LA

VANIALNNITANIALNIAKIUALYTAIR U UBIBIARIAT bA7]

Do nof return welds here

Section A-A

Do not tie weld together hare






—

Jauanalunisnmisiga:zldgalasvasivikan

Gpod Detailing Practices

mﬂmmuma*wmamqmﬂ@ﬂﬁum\‘ij fienflugaaiinsmn e uiiing L"Iju An1915usesLvTe
AAUANLUIAIARIANTNNENN 1 mmmmmmmmqvmmumﬂm@mwmm A3 Ue Wit
(Oversized Hole) WERNALNNI48 ALLUMA AT AL 48 A LFNT R 991 (Shimming) (1AM

v = = 1 1 dgj U o dgj Q9/ s % <
AITFRRNINNTLLA ﬁﬁﬁ‘qﬁl@&ﬂﬂﬂqu‘i"] Lﬁ@quslﬁsﬂﬁL’QHGLHLLUUT]’\?‘}J%E‘]JGHHQ']M‘M ﬂmmﬁm\m TN
A0el

d9/ ddl Y 1 6 Y o 6 1 dl Y v v Y ?.//
wananilunstnsassaasAatAs il iuasAaAaiinassidnauninunuuaaiu gluuunng
falageaselne N1 ma N NN UAZIN1I0NTENN 1A TaRFaINNIIATIRRALANNAINNTD L UNNT

@ax (Weldability) 19938n89AaA SR NAFNENTRINa w0 ba tae lddanalilaseainafin
ANNALTFNqANVINNN9I TN



Good Detailing Practices
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Qi v zal o zﬂl A o 1 = Zj/ o a % Y 1 v
ATIARALANINNULINGIY LTURIRTUNAE U UINAINTD RAFIAA NN AT AN T DAz dW lsF udu A
TntiannzatinsEilaasAanminnnlsznaudsaaiuiuinygud e luAIngw (Skew) Tnasias
NANTUNDNTLEI LI AN911 (Clearance) NUNNNeNNa lFd 1N1T01Nszaduaannasn (Wrench) il

(g liusdule




Good Detailing Practices
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a al o [ = [ .
AMNARIALARDUNBNATIVTUINUTALKAN (Mill Tolerance)

b
Prating
ﬁ‘\b-
b,
| 1
i R |
4 = | i
5 i
Q@ -~ b |
3 -
'V vy VL A
Lb*—-*b'al

To check raw material in

U.S. customary units:

Flange-tilt tolerances:

T+T =1/4"in.ford<12in.
= 5/16" in. ford>12 in.

Actual depth with tolerances:

dq = d plus or minus 1/8 in. (typ.)
dmax =d+T+T'

Actual flange width with tolerances:

b*  =1/2 by plus or minus 3/16 In.
b~ =1/2 by minus or plus 3/16 in.
bmax = bgplus 1/4 in. or minus 3/16 in.



Good Detailing Practices

KanNUAUARGIun1smsiga:l3oalasoasiotHan

AMNARIALARAUNEANTULUN15T UG (Shop Tolerance)

6.4. Fabrication Tolerances
The tolerances on Structural Steel fabrication shall be in accordance with the
requirements in Section 6.4.1 through 6.4.6.

Ref: AISC Code of Standard Practices for Steel Buildings and Bridges (2005)



Good Detailing Practices

Ranujuanalumsmsiga:idegalasvasivigian

AMNARIALARAUNEaN 1YWL UN15TUSL (Shop Tolerance)

6.4.1.

6.4.2.

For members that have both ends finished (see Section 6.2.2) for contact
bearing, the variation in the overall length shall be equal to or less than 1/32 in.
[1 mm]. For other members that frame to other Structural Steel elements, the
variation in the detailed length shall be as follows:

(a) For members that are equal to or less than 30 ft [9 000 mm] in length, the
variation shall be equal to or less than 1/16 in. [2 mm].

(b) For members that are greater than 30 ft [9 000 mm] in length, the variation
shall be equal to or less than 1/8 in. [3 mm].

For straight structural members other than compression members, whether of a
single Standard Structural Shape or built-up, the variation in straightness shall
be equal to or less than that specified for wide-flange shapes m ASTM
A6/A6M, except when a smaller variation in straightness is specified in the
Contract Documents. For straight compression members, whether of a Standard

FuududanuEn 7
danafuugena (bearing)
Faai error AMNAINNENT
AanmAaeilaifu 1 1,



Good Detailing Practices
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Practical information for designers

Economy in Steel

By Calor } Carter; P.K, BX, Thow oo Bl Blacray, F.I, PRI, el Tilion 4 Terrtem, P, Pl

Use 50-ksi steel in wide-flange member design.

o o =

INTIEIVAUNANNIAIGS (WNELLKIN SM490) s1ATNE °] Auwanungsaialal

Use 36-ksi steel for plates and angles.

e luiaanans (Neuwin SS/SM400)

SYS @4Ld@TUINTA SM520

Inan1uuA pricing LS

n91 SS400 7719 1 U FiD
Alaniu (5%)

Be careful when specifying beam camber.

atinnuualasaasfdas (< %) viraninawnuly Tngmaarnvunscesldas)

a

Tudag 2/3 — 3/4 Aa99zazn1uausINA U le Ingatw i lAsaasnAnsen 1y
Uaendn 8 AT 1e9aINIzey Jig 189tATadansNANLIZNInl 6 — 7.5 LWAT



Good Detailing Practices
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Practical information for designers

Economy in Steel

By Calor } Carter; P.K, BX, Thow oo Bl Blacray, F.I, PRI, el Tilion 4 Terrtem, P, Pl

®* Favor the use of partially composite action in beam design.

LWFIEANU fully composite ANAFIANLAUAI N (50 — 75% composite)



Good Detailing Practices
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Practical information for designers

Economy in Steel

By Calor } Carter; P.K, BX, Thow oo Bl Blacray, F.I, PRI, el Tilion 4 Terrtem, P, Pl

® Make beams, connections and base plates more repetitive as possible.

aanuuUliANL qnsie 1198 base plate THHauIANG AUNINNgA LinanAIH
duau wazaNIIndsmanuLn lot 1A

® Use snug-tightened installation whenever possible.

% dyd 1 a . L
L‘ij]gﬂf]j\sl,ﬁ]j bolt ﬂ?tLﬂVluN?ﬂmgﬂm’muﬂ slip-critical 41N



Good Detailing Practices
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Practical information for designers

¢ Configure welded joints to minimize weld metal volume.

o dl % di 1 Yo
AMVUATUIATRLLTAN JIMNNZANINaan AN 1A

* Favor fillet welds over groove welds.

/aan fillet Nau groove weld W31zHs1ANNNG

* Keep fillet weld size < 8 mm (5/16” n3a 2.5 nuU).

LNINZVNNIUUATUNA I NI TR daNaRaN1 T TaN AN AT

® Favor the horizontal or flat position and intermittent-fillet welding.

[ % dl v 1 = 1 U dl CI’
weneuAnkuanITEmaN Iag luuuasu wszids At ldane lunsimansn

Economy in Steel

By Calor } Carter; P.K, BX, Thow oo Bl Blacray, F.I, PRI, el Tilion 4 Terrtem, P, Pl

- —f

(4)

13‘

l—— ) ——f

(2)




Good Detailing Practices
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fouaneainisLdan (Welding Symbol)

Shop Groove Weld

O ’LummwmimLsﬁ@uwml,mu\mmj lunasi@enuLy Full Penetration Groove Weld LL@vluwﬂqﬂgum
Lmeim@umﬂﬂmaumnmqmuﬁm NG O T T T T TR TR T AT oIy GOy, R SRy
mmﬁ‘mmmmmmlfn@u (Backing Bar)




Good Detailing Practices
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L4

fouaneainisLdan (Welding Symbol)

Shop Groove Weld

dl v dl 1 Qsj v 1 '8 1 QI dl a

O alinsdensasnaanuultresduanuiulilidetnsanysnl Inaanizasnsdiisinnmey
1a"8T1911951 A9RaIRNITRALEUAREIY (Extension Bar) H9dvsun1sidansasn lnsilnffasinig
111 Backing Bar %78 Spacer Bar 10 weumanyi9dastnafananamaslasunissetuaan

Runout plate or Extension bars o
bocking bar 1178 run tab
extension







Good Detailing Practices
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fouaneainisLdan (Welding Symbol)

Field Weld

o ddydneainsmeniiiugoagaNmasNntindadni 919 al ALMLINUIALTUTBIN
ANATLATLLALAUEN9EY Inatlanadnuasssasiud i dnydnsniuansgtuiunisime

g
o
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ISO 10721 Overview

#WelLoveSteelConstruction

o WuuasguntigdTovAulAsVasy
LKan steel structure iJ 2 aUU

« SO 10721-101QD9 DEIO WaOAUN ua:
msaaﬂuuulnsoasmman LNYULAYY
UIOSTIU ASTM ua: AISC

» 1S010721-2 51008159V MsuUssy
(fabrlcatlon) wa: mSC‘IOO\)
(erection) G3uduAvAU 11un widw
a:)uuena (Annex) ALNYITDVAU_
Jouu=uncioa Ioa 1SO 10721-2 Gidu
1DNA1SDIVDY FIHSU 1NasIu
HAOAUNDQAIHASSY (uan )
"uamHunn:IUmHsuInsoasw
LHanN: mqussUua-msnnno"
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* 4.2 Bending & pressing aisa ”UusUlsJu" (RiJsUsv
sUnsomummsmuwacmfuﬁIo wcnIs "uusUsau"
GovaarurnD WilKaelubiv 290 - 380 °C

Temperature Indicating Sticks

".\

Ref: https://markal.com/collections/ten ir ;gic;@.tlng-rst}ckﬁ
; Lkl g el L S
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#WelLoveSteelConstruction

« 4.2 Bending & pressing aisa “dusuifiu” IRiisUs1v
sunsvmuuiasgiunaantunla ucms “dususau”
Govdnadturn lblRaeubov 290 - 380 °C

* 45 Preparation of edges, ends and surfaces

« msdaddsdasiw AlLTdAduAULUD (unguided) awsaldla
LAaWI:NMSUINUDU (notching) HSaN1SUSUIHUDUSLO:ad8v U

« mismlAvKavLd (camber) &HSUMULBDUUS:NDU awisada
web (Klaowuuna camber lagWwoisauIWaUuDYNISHAAIDIN
DTUHAND duLliDVYINNISAQUA:NSIEDUADY

\ \

e
&

Plasma Cut Drilled Flame Cul

Ref: www.greinerindustries.com
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* 4.6 Holes for bolts and pins

-
—

« sSpgaantnded awnsa “m” [alag (1) Msio1: drilling (2) msnan:a punching (AYWHUNLLAU 25 mm) NV SIO1:UUU
sov (slotted hole) 219:lENsto1:HSaNAciDLUDVAAAUIUIRIUULUD HSDLO:NYDU 2 § uadniMsaacdgunda Nulsto:
dHsuSoe aanauo (anchor) awwsaldunadala

Table 1 — Dimensions for oversize and slotted holes

Hole type Hole dimension for bolt diameter J of

=16 mm and < 22 mm 24 mm = 27 mm

a) Oversize

Maximum dia. d+ 4 mm d+ 6 mm d+8 mm

b) Short slotted

Width d+ 2 mm 26 mm d+3 mm

Length (maximum) d+6 mm 32 mm d+10mm

c) Long slotted

Width d+ 2 mm 26 mm d+3 mm
Length (maximum) 2.5d 60 mm 2,5d




ISO 10721 - CH 4: Fabrication workmanship
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* 4.7 Bolts, nuts and washers

Table 2 — Nut rotation from snug-tight condition

Bolt length & Turn Tolerance
mm
= 4 bolt diameters 1/3 + 30°
> 4 bolt diameters and = 8 bolt diameters 1/2 + 30°
or 200 mm
= 8 bolt diameters or 200 mm 2/3 + 45°
a  Bolt length is measured from underside of head to expected location of outer face of nut.

+  a@w1sald bolt — nut — washer AtAdpudon:1A ucdavAdUAL
Aulan:3nenlRiku:au udenidu bolt class 12.9 Tuausualii
msipadudavn:a

« msth bolt nduunidsh awnsathnauuidla “sndu” bolt Atnsa
gond class 8.8 HSD holt AWUMISIAdDUAVN: NuTMSTUBIH
wuu lida>lumistash
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« 48 Welding

«  919ddvrN1s preheat uviunpumstau lagduAUAIIUKUISIU
yDVBUVIU AlGuanISudu La: s:aulolasiouvovadaldou
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« 48 Welding

msiuuwusaowau (backing) o= maommsmomoil-iauusm uuugaaa
aaauudLdou groove (butt) weld (uumumomnuwusaowaulomunIu
LU 2 mm ua-IuZHcmmo shim) lagrhondaquiginudaqno:idou Nl
Utu: 13DU adaldpunKasua:a1gv:KadusOUAU backing ua:lJamsidou
las$odu IRddumsana backing 9an wa:UsuuaulRISuuauysal

uﬂumaaunmuma (extension bar) uruciduou (run-off plate) ua: uwu
saowau nlunumaﬂnumaosuusooo F, fius:QuU 480 MPa awnsanioin
3aqQlHanany uan. ummﬂuumunu1u1waumaoaon31u 2:(pvlBUWUND
AdviiAuduviudu a

i BACKING CAN BE
Ref: https://amarineblog.com/ REMOVED AFTER WELDING

This portion is filled after the separated
increment blocks are deposited.

Ref: www.kobelco-welding.jp

Welding torch
Run-on plate

Support

. Thermocouples

Run-off
~ plate

Ref: https://havitsteelstructure.com/



ISO 10721 - CH 4: Fabrication workmanship

#WelLoveSteelConstruction

« 48 Welding

Bright, shiny
surface

«  awnsaldnisnalgnNUIAUAIgNISaDN (peening) KSo MsiGAIWUSDU
(heat treatment) LWDaaQ stress (ULUDSDYLTDU

«| Indentation
~] depth 0.5mm

Ref: www.researchgate.net



ISO 10721 - Chapter 5 T T

#WelLoveSteelConstruction

* 5.2 Rolled section tolerance N

*  A2WAAIOLAGDUYDVIHANSUWSSTUSASDU UTUMIL ISO 657 H3D WA, 1227 ooy el st o

Key

f the web as fabricated; with the following tolerances.

» 5.3 Built-up section tolerance
* Flange: AouAUADIUAaAIAADUYDYUN MU Figure 2

« Web: msitdgsu A dovluiiu d1/100 ucilutiu 6 mm (Figure 3) ua=niskaa orsy e
Qv A dovolyiau d1/300 (Figure 4) i i

* Boxsection diaphragm:
ADUAUADILLLANCIIVUUD ‘ | | ]
nuev d3 - d4 iRlutAu (d3
+ d4)/400 ucidiovluiiu 5
mm (Figure 5)

———r d = gauge length

ragms Figure 4 — Deviation from verticality Figure 3 — Flatness of web plates



1ISO 10721 - CH 5: Fabrication tolerance

#WelLoveSteelConstruction

54 Length tolerance
«  ADIUAAIALAADUUDVAIUYIIDVADIATS MNILLAU 10 m Aa1aLtAdauld £3 mm udatfau 10 m Aa1atAdauld +5 mm

-
—

« Auduaisdudiunriunmsndv (machine finish) Aanatadould 1 mm

e 55 Straightness tolerance
« Compression members: ATUINS:HII0 3 mm AU 1/1,000
« Beams: non HSS AWIAS:H310 3 mm AU [/1,000 ua:dHSu HSS Wo1seunAIUINS:HI10 3 mm AU /500
 Others: AMUINS:HI1V 25 mm AU /500

* 1= ADWEIUDVDVADIAISS:HIWIASDVSUNEGASVNTVTNY (distance between the adjacent points of lateral restraints)

e 56 Camber tolerance

*  AIUINS:HII 12 mm HSD 1 mm x ADWE1DDVADIAISAAQLAVKAVLAN (LR8US:HI1Y A1 camber As:yluuwuu AAUAT camber d5V)



ISO 10721 - CH 6: Erection

H#WelLoveSteelConstruction

* 6.2 Marking

« AovidnsnmisKa (marking) lavanananvnu marking diagram

* 6.3 Delivery, storage and handling

« dpvuudv Yudg waznavinuavAo1Ms laglinalRiaandu
ldoHelaa AuavADIMSLazdduUs:npuciva lagdavlindu
ZaZanuannaas WlKAamMsTacdd aaaaauRIBUVIUNWIU
A1snav uanmnuaqqaouumsmslwaUaonu “Asaisouc”
low-cycle fatigue Nndlonatdalas=K31vnsuuane

* 6.4 Erection

+ QGovonus: nauﬁoﬁoloamﬁoﬁonmuUaaoﬁmeuaﬁﬁz‘g 8o
2100pun1Msaaduaantndsd gunsaiuazs:uumgusdIASID
QunS: nouuiamUaaona (uJums ADIUSUNQBDUUDY erector)
noqunszyua s:uuMPgUNUNIAQcaVEIASII d=AovlunmiR
IAsvasvnus:uusouudav KSadANvuausalunisiGoiulad
(serviceability) aaUuogav

6.5 Alignment

MuKdvINMsAadvavAIMSIaSdaU AXSAavdILTUNISIO
Lud v WAa (x,y) s:au A2WAY Ya4 laei$ Yacion “ads”
(wumswawmmu) d:=ClovatiiunisNIgKavIINAYALUD
lasoauogvauysal

6.6 Protective treatment

A1sMawndouUovauaduxsuiviu (Klduluanw unn 9.1

msz:auuuualnaaunmonmumaamaius K310oMsUhuaviu
2:Govtdulumuuni 93


https://www.youtube.com/watch?v=dKNKzeR_t3w&t=109s

ISO 10721 - CH 7: Supports & foundations

#WelLoveSteelConstruction

7.1 Foundation anchor bolts
- ms@advaanaus (anchor bolt) davidAduaalatrdauluiiunindamikualu unA 8

« Astliv anchor bolt lagid “Uaan (sleeve)” BUsau d:dAavliula31 anchor bolt
awwsavgulaneludann ua:dovidnistUovnululiRAaunsagiusinlkatdniuludaon

e 7.2Shims

*  UWULGUBDVIIV (shim) :Aavuuulssu JaNuudvusouazaunmunistdosulad

7.3 Bedding and grouting

« mstnSIN (grouting) o: maommsHaomnnmuInsoas*mmanIosumsUsumuHuo
(coordinate alignment) Jsus:au (level) USu@v (plumbness) ua: nnuos\)bamo
UuAv lagAoufd:A1NISINSIA :=GovrAILE: mquIHuaoanUan Ju

. nsaiaas:du base plate Hchavlagmsri “As:LUA: (pocket)” Govnmistauns:a:
acxendunsan fc' (28 3u) lutpund1 20 MPa HSaLAguLINAUADUNSONDESDUNS:LUN:

o ﬂSfUN\)IF’IS\)lHaﬂIUFIDUﬂSClETlHSU\)'lUU']US']ﬂ v: C'IE)\)UF]E)UﬂSCIHUSDU lag fc' (28 3u)
lWupgni1 20 MPa uazijs:g: HUIUUDUFD'] 50 mm IUEDUI”ICID\)EIUNEIQUIOEJCIS\)




ISO 10721 - CH 8: Erection Tolerance

#WelLoveSteelConstruction

e 8.2 Connection to concrete foundations

+  MSYACLKUY 13UDINNISH “LAULUILENAIUDSY HSD Established Column Line
(ECL)” dudunudiduasvntducdunuldunainwiugugnaiv anchor bolt group NA
Aganus1nnNKUIIU UCAovHIvvIAWLUD grid line 91vdvanuuuulbiiu 5 mm

1 2 3 4 5
! 5
A e e B[] — ) ] _ E
: A _.4_,_ 44444444
B [O] [O] [O] [=] —>: <«— 5 mm (max)

Grid line



ISO 10721 - CH 8: Erection Tolerance

#WelLoveSteelConstruction

8.2 Connection to concrete foundations

. msaomuHu\) lsumﬂmsm "lauuu:)la'm'luaso HSD Established Column Line
(ECL)" u\)LUuuu:)laumsomUumunUtaunammunuaﬂaw anchor bolt group no
nz—gonUsmf_]nHuw‘\u wciciovHIvvINLUD grid line moaomuuuulumu 5 mm

« mistdgviuuuavchuKLUvAUgnaIv anchor bolt group 9:Cov
(a) maratndsupanoIn ECL TiAiu 6 mm
(b) Aa1alAdDUDDINIINAUSNAI anchor bolt group AaAulblAu 6 mm

(c) WasdUUDVS:g:AAIOLAaDUUDVAUENATIY anchor bolt group 10 ECL a:aulu
1Aiu 6 mm NNa ADIWg1D 30 m ualutiundi 25 mm ua:

(d) fAudnalvudv anchor bolt LW8VIWUDIN FUINAIV anchor bolt group (UtAu 3
mm_aHSU anchor bolt WouluAdunsa ua:zlbiau 6 mm dHsSu anchor bolt A
dadvludann

* uud anchor bolt v:Gdv “dvann” AULLUDUSVLLUANIU (bearing) lagUalguov anchor
bolt d:Gavlligndnins: ulunwuusiga:ldga 1AuNIT 25 mm waluduninns: ulunuu
U831 5 mm Qv Flgure 6a

tion through belt

Figure 6

— Levels of holding-down bol

ts and baseplates



ISO 10721 - CH 8: Erection Tolerance

#WelLoveSteelConstruction

8.2 Connection to concrete foundations

msaomuHu\) lsumﬂmsm "lauuu:)lmmuoso HSo Established Column Line
(ECL)" zjouJuuu:)laumsonluumunmaunammunuaﬂaw anchor bolt group n
onqonUS‘mf_]nHU‘\mu wcidiovKIvINLUD grid lme D1vavauuuulbuiiu 5 mm

mistigvluUYDVCLKLUVAUSNaIY anchor bolt group d:Cov

|:> (@) Aa1alAdsudond1n ECL TUtiiu 6 mm

|:> (b) Aa1alAdDUDDINIINAUSNAI anchor bolt group AaAulblAu 6 mm

=) (d)

() WasduUUDVS:g:AaIOLAADUYDVFULINATIY anchor bolt group 910 ECL a:au
[UtAiu 6 mm nna AW 30 m ucluiiiunii 25 mm ua:

AUgNaIUDY anchor bolt LOgVILUDIN AULNAI anchor bolt group (LLAU
3 mm d1HSU anchor bolt Wuluppunsa wa:luiiAu 6 mm &HSU anchor bolt
nGadvludaon

wud anchor bolt d=Cov "Cl\)mﬂ" AuLudUSvILUANIU (beanng) lagUaroyov
anchor bolt 9:GovlUg1dn31ns: ulunwuusiga:ldea 1iund1 25 mm uciluduniin
s:ytutuu Upgn31 5 mm Gv Figure 6a

K
1

2
3
4
5

Dimensions in millimetres

@ ® O, ®
. |
T :15 (821 el
300 |
30 000 26 [821 el
- -l : ) -
.
T B IR IR T Foylm B!
H il H i i3 i i i i :L hiid il
6)
(8219 6 '
\ ~—
! 4 ST 2
\\
\ 2
L
\ o\
\ =
' oo L
1)\ P
1 ‘---’--
ey
Grid
Anchor bolts
§=3 mm for bolts rigicly cast in 5 mm for bolts in slesves [82.11)] 6 MM
ECL to be within 3 mm of specified grid lines [B.2b)] 6 mm
+ B max. deviation. Also applies if column offset from main column line
Total number of columns

Figure 8 — Tolerances on anchor bolt placement (see 8.2.1)



ISO 10721 - CH 8: Erection Tolerance

#WelLoveSteelConstruction

e 8.3 Column bases
«  duKuvyVLaIRZIU D:ApvagiH1vIA ECL TLLAU 10 mm (WO1SEUIAY UAU X ua: y)

*  G2urINMISHI "S:UUYDVS:AUMUDSY KSD Established Level Plane (ELP)” #ui0u
s:unuRKU:auRgandudunuuav baseplate level lagd:daviinaiatndaulusin
S:QUUDVS: uuiRfmKuaiutuulUuInn31 5 mm wazs:Guudv base plate 950 d:Govll
AAALA&DUDDNVINS:UNU ELP 1Aun31 5 mm (Q Figure 6b)

84 Plumbing and alignment

+ churdvUanguovtlain:kaadvldluiiu 1/500 vavAwedLan (Q Figure 7) 30910
working point 13U 31uLan (column base) YacioaU (column splice) uWudaHdLaN
(cap plate) #n1du (a) LawwovlAsy portal frame ADTAS: umsunmwnammaaummb
(b) la1naaacﬂUo1ﬂUaa\)aWG wa: lawnaauuasaumms Haooolcﬂumu 1/1,000

* FD']UO\)C]EIE)OFD'\UH\)UE)\)[ET\ Q)] lamquua HU"IIEI"II‘IHUIU"IHIUD'IH"IS Cl'lllHU\)UUETO
Uovuldilo: HaOO\)IOIUlﬂU 50 mm udv 20 duusn dSuntau 20 su HaOO\)lWUO'Iﬂ 50 '

mm IO 2 mm ciodu llC]EI\)ETOIUlﬂU 75 mm (2) HI.I'IlE-I'ICI‘II.II’IHUEISDUUBﬂB’IFI'IS wa:
IEI"II'IBGIEIOUEID\)EIWCID HaOOOIOIUlﬂU 25 mm Udv 20 Buusn a:)unmu 20 Bu HaaQ

OOIOlWUD'lﬂ 25 mm [a 2 mm ciadu llClEl\)ETC]IUlﬂU 50 mm (Q Figure 7) ) 7 e e s praspaes

Halx 1 By
Spacified leval plans

Figure 6 — Levels of holding-down

bolts and baseplates



1ISO 10721 - CH 9: Corrosion Protection

#WelLoveSteelConstruction

* 9.2 Surface preparation

«  mstasguddadudiurdvyavnisAiHuadIsSnsiAdoulovdu

* 93 Protective treatment

«  MSLAddUUDVAUAIY35AISEUdVN:SULUUTIUSDU La:N1salusgadgnusSau Aov
Wuluau ISO 1461 ua: 1ISO 2063 ua1au

« MstAdoulUovAudantnagdadedsMsyulan: ua:NIstAdsuadgdaun:a + unalbeu
GovtUuluanu I1ISO 2081 ua: IS0 2082 cnuadu

* Uanannaommswaunamunnaasw saunowuwanaansuus\)laaua IUlUE)UClE)
Q28 d:=GovusiAdnlwsLudS lLa:s a1smaauwaaulonmoaowamanmmw\nuwau
EJﬂl:)UlC-TEJllCleﬂSfUUE)\)llNUWUlHaﬂIF’IS\)aS'l\) (metal deck) Nawisannsidou
LWNAUDVADIAISVIUIKANANIUNISIASIUWURDOUAD

* uudNVMSsLAdouUovnU D1IDWIISTUN UK. 1333: UIASTIUADIY
AvNuadsyavaIAIsiKanlasvasivsuwssau Us:Nou

HEH. 1333 — 61

IIOS TIIADINADNUUD LD INISIKAN
[asvaswsvwssn

nsulasiSmisua:diviiov
ns:ns>vuiialna
w.f. 2561
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STRUCTURAL MAINTENANCE

STEEL MAINTENANCE OVERVIEW
POTENTIAL DETERIORATION - RUST

= MECHANISM

= MECHANISM
= ANODIC REACTION o ANODIC REACTION
'R

Fe — | Fe?* |+ 2e 5 Pass to FeCl, + 2(OH) —— | Fe(OH), | + 2CL
Erag electron-consumed or 5
Electron | © cathode site
_______ . % 0, +|2Fe(OH),| — Fe,0; + 2H,0
Fe?* |+ 2CI° — ! FeCl, l) ~
N— ' E Oxygen sailu “nilsluttade” fvirlidaaiu
= CATHODIC REACTION __ v —

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. 0
2

Rust

Electrolyte
Fe,0,” X H,0

H,0
N

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

IRON / e
Fe---> Fe*? 4 Je—
Fet2 ---> F3""3 Eias

Electrons flow within the metal
and ions flow with the electrolyte.

Electromotive Force Series (77°F)

Electrode Standard Electrode
Element Reaction Potential (v)

Sodium Na— Na' +e -2.712
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—In +2e -0.762
Chromium Cr—Cr +3e -0.710
Iron Fe — Fe*** + 3e -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" + 28 (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 — AUt + 3e 1.420
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Protective Coating per DPT 1333

Resistance _____ Jtead

-~
— —

s:uudinaouUovnu AV dudvwaciousuiau lowtnas
s=g:=1Dan (U) hdovn1sAIUNUNU anuau=N1si¥viu duovdowacio lonsa
PIS TINADINADNUUDVDIMSIKAN §UllS\)GE)EJ S‘-:C"I_U C1 C1 numuﬁaa C1 numuuiunaiv C1 nunmuunn
fasvaswsvwssn . . . N
S‘UllS\)F'IE)UU'I\)UE)EJ C2 C2 NnunNniuu»¥ C2 nuniuvhunaiv C2 nuniuwan
§UllS\)U'\UﬂEﬂ\) C3 C3 numuﬁaa C3 nuniuvunaiv C3 nuniuuan
suusvFouTIVUIN C4 C4 nuNmuudg C4 numuuiunaiv C4 nunmuuin
§UllS\)U'lﬂ S:d_U C5 C5 numuﬁaa C5 nuniuvunaiv C5 nuniuuan

HUNELIHQ 1. RPDNLUULAU requirement 1ndUovlAsuMsiAavmiss:auaununiutinia

asufasiSmsua:vividon

as:nssvumalas 2. §pDAUUU identify S:QUADIUSULSVYDVANTIWLDQADU

w.f. 2561

3. WoDNUUULADNS:UUAAUATU D109V UYNW. 1333-61 (9100v I1SO 12944)
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Protective Coating per DPT 1333

ﬁ"!a"lﬁ‘-"l 12 szuudldasnun mﬁmauman'ﬁu danzdmasuddmivaninuanaay C3 HEH. 1333~ 61

. &
hot-dip-salvanized steel TOA “m&“;:::,::‘:::::::.‘:‘sman
3 Asnaniu Avuwmin 77U o
‘EEUU slaaisa husiuas
s dmuau | NDFT p_— dwwau | NDFT | 2nglden (@) ;
winuiay ArgAUTzETY b fatAlIzETY 2 i
1] (Ltm) Hu (Llrm)
AT 01 - - - PVC | 80 2815
AT 02 PVC 40 PV 2 120 > 5 fla 10
AT.03 PVC ' 80 PVC 2 16 > 51 10
AT.04 PV 1 a0 P\VC 3 240 > 54 10 asulasiSmsna:vividon
o as:ns>vurmalng
AT.05 = 2 AY 1 a0 2oa5 w.A. 2561
AT.D6 A 1 40 AN 2 120 =5 fla 10
_ - C3 nunuwuin
AT 0T AY | B0 AY 2 160 =564 10
AT 08 AY 1 an AY 3 240 > 511 10
AT.00 - - . EP, PUR Aliphatic 1 an S & 210 gs:uua 2 daqas AD A7.12 ua: A7.13 (nu 15 - 20 U)
AT 10 EP, PUR 1 &0 EP, PUR Aliphatic 2 120 > 5 fia 10
Jgas A7.13 MSPOWUGIY Epoxy HSD Polyurethane
AT.11 P, PUR 1 80 P, PUR Aliphatic &0 0115
ikl P PUR i = LR A - ‘ =0 A 135U Hun 80 TuAsdU PINUUMAUKUINAY Epoxy
EP, PUR Aliphatic ) | >15d:20 HSD Polyurethane sla Aliphatic (RADIWHU1SOU
EP, PUR Aliphatic : 0 | >15820 320 lupsau




Heavy-duty Corrosion Protection Coating
— From Corrosion Protection Principle to
Design, Execution and Maintenance —

Part 1 Corrosion and Corrosion Protection of Steel Products
Part 2 Heavy-duty Corrosion Protection Coating

Part 3 Corrosion Protection Design

Part 4 Execution and Execution Control

Part 5 Maintenance of Heavy-duty Corrosion Protection Coating

Part 6 Durability Assessment Test for Heavy-duty Corrosion
Protection Coating

Part 7 Future Development of Heavy-duty Corrosion Protection
Coating

Reference Data 1: Main Points in Partial Repainting of
Highway Steel Bridges (draft)

Reference Data 2: Proposal to Preventive Maintenance of
Highway Bridges
Reference Data 3: Reference Literature
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Part 1 Corrosion and Corrosion Protection of
Steel Products

1.1 Corrosion of Steel Products
Corrosion, Classification and Forms of Corrosion
1.2 Corrosion Protection of Steel Products
Corrosion Protection Methods for Steel Structures
1.3 Coating of Steel Structures

Transition in Corrosion Protection Paints for Steel Structures, Transition in Coating
System, Application of Heavy-duty Corrosion Protection Coating

18



Part 2 Heavy-duty Corrosion Protection
Coating

2.1 Current State and Future Tasks in Social Infrastructure Stock

2.2 Definition of Heavy-duty Corrosion Protection Coating
AU RDAARDINUFNNLIAADN LASHETNYDIDIAUIZNBUANY 9 U9
Heavy-duty corrosion protection coating

2.3 Function of Heavy-duty Corrosion Protection Coating
AENUAYDITzULLAR DU BINUaTENI81 Heavy-duty corrosion protection
coating LAaIw

2.4 Durability and Expected Years of Service Life of Heavy-duty

Corrosion Protection Coating System
ATNNUNIWFDNITITUUDN T2UUARD U aeNuaRNaed Heavy-duty corrosion
protection coating

2.5 Coating

Primer, Corrosion Protection Substrate, Mist Coat, Primer Paint, Intermediate
Paint, Top Coat Paint, Mineral Terpene-soluble Paint
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Application Environment for Heavy-duty
Corrosion Protection Coating

Application to General Atmospheric Corrosive Environment

General corrosive environment: Environment not affected by air-borne salt
Strict corrosive environment: Environment exposed to high sea breeze and strongly affected
by air-borne salt

Classification of Corrosive Environments

Corrosive environment described
in Heavy-duty Corrosion
Protection Coating

Classification by area

Corrosion loss of steel products
in Japan
(um/year)

General corrosive environment

Mountainous area

Rural area
Urban area ~50
Industrial area

Strict corrosive environment Coast, offshore 50~200




Definition of Heavy-duty Corrosion
Protection Coating

1) The coating has corrosion-protection substrate composed of inorganic zinc-
rich paint or organic zinc-rich paint. Meanwhile, the metallic-sprayed film and
HDG hot-dip galvanized layer can be regarded as the corrosion protection substrate.

2) The coating shall apply such primer coats excellent in corrosion factor cutting-off
performance as epoxy-resin paint ,mineral terpene-soluble type epoxy-resin
paint, heavy thick-type epoxy-resin paint, epoxy-resin paint containing glass
flake. Epoxy / Polyurethane = Co-Reactive Binder

3) The coating shall apply such top coats excellent in weather resistance as
polyurethane-resin paint and fluoro-resin paint..

4) Total coating thickness shall be approximately 250~1,000 um.

5) The durability (corrosion resistance and weather resistance) expected to new
coating shall be 30 years or more in strict corrosive environment.
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Paints and Materials Used for Heavy-duty Corrosion Protection Coating

Structure

Newly-installed structure coating

Top coat

Fluoro-resin paint
Polyurethane-resin paint
Silicon modified acrylic-resin paint

Intermediate
coat

Epoxy-resin paint
Polyurethane-resin paint
Fluoro-resin paint

Primer coat | Epoxy-resin paint
Heavy thick epoxy-resin paint
Glass flake-contained epoxy-resin
paint

Corrosion Inorganic zinc-rich paint

protection Hot-dip galvanizing

substrate Metal spraying

More environmental friendly
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Expected Durable Years of Heavy-duty
Corrosion Protection Coating System

e Trial calculation from actual results: 20 years or more of durable years for
fluorine-resin paint; 35 years from coating loss to repainting

e No corrosion-induced deterioration even in 20-year exposure test in strict
corrosive environment

e 20 years or more of expected durable years in strict corrosive environment

* szanmminiangmamiud 35 1

e PinmanTassuiulana kM M Andeuiulaseailuiuiffiniae
nIaugy ldwuaNiemeanadnlusay 20 1

o Friuluiuindnmtandougs AanToneignisldaud 20 3



Part 3 Corrosion Protection Design

3.1 Effect of Structure and Environment on Corrosion )
HAINNEMNWLIANDNLAZANBULNIILATINI Y 1% adlnadn laTunaa Nty
Wionavefing agiiaunzis uan

3.2 Structural Design
N1308NLUUIEUUDINWERBNIVNULATIET N JINDINIATANTATIVFOULAZANT
repaint §1%3UNNIUIFITNEN

3.3 Specifications for Heavy-duty Corrosion Protection Coating |
ToriMuANIIDNUUUNUALAToUTaINUNIINANTAUGY S IMTUNUFZINIWAANT
831919H WIpUMNUFE WA TN YD ulaTIEIananUIsLANS Y 9

3.4 Lifecycle Cost (LCC) of Heavy-duty Corrosion Protection Coating

NIAWIUAUNUIULARBUTBINUERNAREA9TBLBIEN T 109
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Difference in Corrosive Environment
within An Identical Structure

Chalking of solar-radiated surface (facing south) Solar-radiated surface (facing north)

Example of effect of ultraviolet ray on polyurethane-resin top coating
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Difference in Corrosive Environment within An
Identical Stl’UCture mﬁ@mﬁuﬁmmﬁﬁu

PRIUHINN

WITILILNY gusset plate

MAJARANIINNTTITN 184 horizontal bracing ANIAAFANNV IR ALAT
P09UIuae antifreeze 9N e T09NH87

expansion joint

..-f"df..q_-

%_
N179198978989N
UV ob Anutlenzuas
MAAaNINNYBTZUY
WwRey InANNTeNTY
MIFEFNTDIARLALE nytknagldgianIzaun

anyUsn vk bearing
Lae stiffener

Typical corrosion causes and corrosion occurrence
position at plate girder bridge
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MANAFANTNLHY gusset
plate k8 horizontal bracing

MIAATRNNITINOALRZ T
LA

AMINATHNNA
AN

NN ENYDIAULAZHY

stiffener

- @nydIn vk bearing ez

nMsiaadaAtnu
POIATW WAETN
horizontal bracing

f’?

T
=T
|E~“‘|l s
—— = -ii"'"'-‘ | S
g ==,
i

{137

MINANANTILKY gusset
plate uazNyAs

N3 9RTeEaN UV
b WU NLUE

AMINATANNTI O ALAT IO
LA

Typical corrosion cause and corrosion occurrence
position at arch bridge
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UWITIUHUAT gusset plate
989 horizontal bracing

NIAATHNIINNIT
TINIRNNNAY [~

AMINATHNNITIHOALAE IO
LA

NINZENYDIABLAZAINNUIN USLIDh
bearing wae stiffener

NANATHNIINNIT
TR IINA

MINATHNNI IO ALNE IO
LNREN

M ANATRNNTUEIN
Tastasamnannnelu
LD ADWNI

Typical corrosion cause and corrosion occurrence position at truss bridge
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b4

- % " 4
nIvinTeazdenlyd Top of Footing # slope msr‘imuﬂgﬂuuun'ﬁda cross member
2}

nsivwazduuuniséia stiffener n1388NLUY builtup section

Source: Info Steel, “Guide to protection of steel against corrosion Indoor and outdoor structures”
(2012)



Structural Design

ltems for which due considerations should be paid in structural
design

B Nﬂﬁl’iﬂ’]’iﬁi‘ﬁ%ﬂ’]i@ﬁﬁ]ﬂaw LAZNIINIANY

& N’]@iﬂ’]ﬂ%ﬂ’]ﬁ&ﬁlﬂlﬁ@%’]i’]% FIRINaR DN ADNTN TN DIFTTLTTN

e H1AINTIUNIALRUNITLH AN NAWIANNIBOENINNEBINTT
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Example of Countermeasure against
Coating Thickness Shortage

,a‘ ’-‘
"

' -+ )
-1~ ,(
+ ]

’

NN

7

R =2 mdl L

’

Example of curved-surface
finishing of corner section

Advance coating Test on coating thickness of edge section
Sharp edge 2R fabricated edge
Edge General Edgeand Edge General Exigpiand
section section 3:;;%:; section section S:Sg:'s
Thickness in first coating 10um 70pm 14% 50um 70um 1%
g‘;:";ess uptosecond | goum | 140um 29% tiopm | 140um 80%
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Steel Bridge Design Handbook, Volume 19

LLS.Department of Transportation
Federal Highway Administration

Corrosion Protection
of Steel Bridges

Publication Ko FHIVA-HIF-16-002 - Vol 19
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What’s Right

For you?

* Uncoated Weathering
Steel (UWS)

* Liquid Applied
Coatings

* Thermal Spray
Coatings (TSC, aka -
Metallizing)

* Hot-Dip Galvanizing
(HDG)

e A709-50CR (previously
known as A1010)
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Uncoated Weathering Steel (UWS)

(ksi)

HPS 50W
HPS 70W
HPS 100W

QST 50S
QST 65
QST 70

36
50
30
30
30
70
100
30
30
50
65
70

Grade designations ending in “W” are
weathering grades.

. They develop a stable patina that provides barrier
corrosion protection
. The patina controls the rate that oxygen can reach

the bare steel underneath
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Uncoated Weathering Steel (UWS)

Provides “barrier” protection

BRI
PorEam seies b
Erdon: o Sl 2

Well formed patina has a dark-
chocolate, almost purple hue.
Also has fine pinholes.
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Modern Liquid Applied Coatings

Types & Definitions:

* 10Z-Inorganic Zinc
Primer

* 0OZ-0Organic Zinc Primer

topcoat

e E-Epoxy (intermediate intermediate

coat)

zinc rich
primer

* U-—Urethane (topcoat)

» . - . " g .- . g
o T a0 T g e, B v g
R R 2 Lt w s ~ q:f . Cow
.. - . - - e - - 4
D ~J ot PR
P e i steel

Source: FHWA : b
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The Misperception Dilemma

This bridge utilized the old lead paint systems prior to implementation of current practices.
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The Colorful History of Steel Bridge Paint Systems

1960 - 1977 Lead (Alkyd) Paints Widely Used

Modern Systems
Widely Adopted

1967 1974 1981 1988 1995 2002 2009
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The Colorful History of Steel Bridge Paint Systems

1960 -1977

Lead (Alkyd) Paints Widely Used
1977 -1989 Lead Still Used Via Exclusion
1985 - 1990 Y Zinc Rich Primers Adopted
1980 - 1990 Y Benefits of Surface Preparation Realized

1990 - 2021 | — \°71°"" SYStems
Widely Adopted

Zinc Rich Primers Introduced

1975

|
Lead Paints Banned

1977

VOC Regulations - Eliminate Vinyl Paint, = AASHTO/NSBA Guide Spec For Systems
Blasting Regulation Implemented with Zinc Rich Primers

1992 2014

1967 1974 1981 1988 1995 2002 2009
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Liquid Applied Coatings

*  Primarily “barrier” protection, however zinc-rich primer provides
“cathodic” protection if exposed

-~

=k
~

«“% Source: Chris Stuvek
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Liquid Applied Coatings

Workhorse systems
 3-coat, OZ/Epoxy/Urethane
 3-coat, |0Z/Epoxy/Urethane

Innovative systems

* |OZonly

 |OZ with acrylic topcoat
 2-coat, OZ/polyaspartic

172



Hot-Dipped Galvanizing

* Dipping steel in ¥830°F zinc
creates a metallurgical bond

n

Source: AGA

Source: AGA

Both “barrier” and “cathodic” protection

173



Hot-Dipped Galvanizing

Surface Preparation

Cooling and
Zinc inspection

Rinsing solution

Pickling

Degreasing Rinsing



Hot-Dipped Galvanizing — Surface Preparation

* Thorough cleaning is necessary

as zinc will only react with clean
steel

* Three cleaning solutions:

* Degreasing — removes dirt, oils, organic
residue

* Pickling — removes mill scale and oxides

*  Fluxing — mild cleaning, protective layer

* Unclean areas will not grow zinc
coating

Source: AGA
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Common Alloys

Aluminum (Al)
85715 [Znf Al) =cs-eesssmenssees

Zinc (Zn)

Most common

Molten metal droplets
propelled towards
steel substrate

Steel Substrate with Blasted Surface Anchor Profile
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Thermal Spray Coatings (TSC)

Source: FHWA

- ==t

Source: HA
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Thermal Spray Coatings (TSC)

Sealer

TSC are porous —sealing is
common, but not necessary

Sealers are low-viscosity, liquid
applied coatings meant to
penetrate through pores

Mechanical process, whereas
HDG is chemical process
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Innovation in Bridge Construction

#WelLoveSteelConstruction




Innovation in Bridge Construction

#WelLoveSteelConstruction
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