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USVABUDAN vs. UsuMmeiumu

#WelLoveSteelConstruction

e ISVNANYUDN UDvAMIUUS:LAN gravity beam
» Dead Load (DL): U'hKUAlASvasiv Wlivun1euon
e Live Load (LL): UhKUND1AAU LWDSULDDS

* usvNMgiunu
 uaavlusduov “usv” l[aun
* Shear (SFD)
* Moment (BMD)
 uaavlusuuov “Hudgusv” [aun
* Shear stress (1)

* Normal stress (o)

W a=0.4L

A

=

_—

0.6W

Shear Force
Diagram (SFD)

- 0.4W ‘

a.R1=0.4L (0.6W) = 0.24LW

Bending Moment

Diagram (BMD)



USVABUDAN vs. UsuMmeiumu
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b
s 0= My/l, W a=04L
_ = (0.24LW). '
b.d/2 1=VQ,/Lb (d/2)/1, L = i
d _______ IC:( = (OGW) * } -— L
(b.d/2 * d/4) - -
/b R, R,
? Shear Force
0-6W Diagram (SFD)
. —0.4W
usvneiumu U oew
« uaavlusuuav “Hudeusv” laun M= 024w aR1 = 0.4L (0.6W) = 0.24LW

e Shear stress (1)

 Normal stress (o) Bending Moment

Diagram (BMD)



USVABUDAN vs. UsuMmeiumu
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b G My/l % 6 — M24 A325 Bolt
T - X 70 mm c-c spacing
= = (0.24LW).
= o Thick Plate
b.d/2 t=VO,/b (d/2)/1, : N oL 9 mm Thick P
d b =(0.6W) * 2 8| std. hole
(bd/2 * d/4) <r. O| 40 mm edge distance (typ.)
/b
/\,
 usvnMeiumu
* uaavlusUuov "Hudgusv” laun 4 -

 Shear stress (1) 0MgWIU web / =

* Normal stress (5) angW1U flange







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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Surface Processing for General Steel Structures

uunmunaIsvtunuu
Snug-tightened bolt

« Juuduwoa “Golon” AcgUs:=ISssUAI
. Madv duAusiu X KD N-Type

Pretensioned bolt

« Juuduunuulausvavniou
ANdvlnl 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)

(GAudadonknAanstdaulnav:iianNuLFoRgcD
AIWaWsalunmssutsvuoviocia soulusudivdacio
dantnagdnomsigstonzikadndwasgiu (Oversized
Hole)

na: uamaaanmaaanUSLm uuusao (Slotted Hole)
gn3ulunsin AANVYDVLSVANS:AAVAINAUAANIY
ONUEIDUDVSDVSLIN:

ST0: Slasdard hoke DG Cresrsized hole
L Shar-aloted Bl SL Long-sdat ™

Kigles Slzes ghwen ane ford = , and

uunmunaIsvtunuu
Snug-tightened bolt

o Juuuuwod "fioﬁa" 63805 9sssuM

0o = — 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



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
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ASTM vs. ISO vs. Japan
High Strength Bolts

#WelLoveSteelConstruction




Bolt Standard
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» Jasgaumsadnuuulasvasivikanuavus:inalne (Oan. VYK.)
duIJNDIVDV Bolt standard anu ASTM A325 A490

* U1asZu Bolt ydvUs:nATNS WI5H10:0USINHLaWI: UDAN. 2454-52
gudnalawN: bolt yunalan (small series) uunaltFuniAUENaIY
IHEUZ—IO 16 mm A1av Bolt 5109V ISO 898 class 8.8 10.9 . 9

* J7OSYU Bolt uaoUs-mnthu 010V JIS B 1186 uaavdasdanuad
QX8uUNQ WULQYIAU ASTM ua: ISO HUZ)EJ metric At@NIUAULIU
lasvasiv Ao M16 M20 M22 M24 M27 ucanKuQLAsQlaqady
deuanueu “F” gou1o1n Friction Grip



JIS B 1186 Bolt Standard
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. 1Uu Bolt (3anndes) HOKAKABU NYULUUAGIY Nut (WJuthdgd)

- Grade: F8T (F, 800 MPa) F10T (F, 1,000 MPa) F11T (F,, 1,100 MPa)

* Proof stress d:Noumn
stress {u bolt NlLMI(K
bolt thamistagsUnds

* MSYULU (torque) HSD
wuuGowoa (snug) tWusn
A (UingdnU bolt grade

Grade according

Proof stress Tensile strength Elongation Reduction
to mechanical pro- N/mm? N/mm?2 of area
perties of bolt (kgf/mm?) (kgf/mm3? % %

F 8T 640 min. 800 to 1000 16 min. 45 min.
(65.3 min.) {81.6 to 102.0)
F10T 900 min. 1000 to 1200 14 min. 40 min.

{91.8 min.) (102.0 to 122.4}

F11T 950 min. 1100 to 1300 14 min. 40 min.

{96.9 min.) {112.2 to 132.6}




TC Bolt
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e iU Bolt dnUs:1nn AlUlEROHNLIKA8U (Hex Bolt) ucitlu Bolt HFonau
mom:nuuo:ads LWOWLAYNIVATIUKIY lagludoviard Bolt 1an
Ju Audaldaduudiu (Ia torque) K1vv:=U10DDN ONU ASTM v:S:=U
F1852 1iguinn A325 ua: F2250 1Rgutni A490 1390 Bolt Us:tand
o1 Tension-Controlled Bolt KSo TC Bolt

IuUs InAedyu JSSC: Japan Society of Steel Construction [a
ATHUQUIASYU Bolt Uszinnldoonu sHa JSS 11I-09 lags:utnsa
lUU "S" KSD Shear (H'\\)lDE)UU’\OlUE)llUU) AA1gAAVAU JIS "86 n
ANAUQDY “F" KSD Friction



F10T vs. S10T
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Grade according Proof stress Tensile strength Elongation Reduction
to mechanical pro- N/mm? N/mm? of area
perties of bolt (kgf/mm?) (kgf/mm?) % %
F 8T 640 min. 800 to 1000 16 min. 45 min.
(65.3 min.) {81.6 to 102.0}
F10T 900 min. 1000 to 1200 14 min. 40 min.
(91.8 min.) (102.0 to 122.4}
F11T 950 min. 1100 to 1300 14 min. 40 min.
{96.9 min.} (112.2 to 132.6}
Grade according Tensile Ioads (mmimum) (kN) {kgﬂ Hﬂrdne!s
s mech'amcal Designations of screw threads
properties of
bolt M12 | M16 | M20 | M22 | M24 | M27 [ M30
F 8T 68 126 196 243 283 368 449 |18 to 31 HRC
(6 934} | (12 848) | (19 987}| (24 779}| (28 858} | {37 526) |{45 785)
F10T 85 157 245 303 353 459 561 27 to 38 HRC
(8 668} | (16 010} | (24 983}| (30 898} | {35 996) | {46 805} |{57 206}
F11T 93 173 270 334 389 505 618 |30 to 40 HRC
(9 483) | (17 641} | (27 532}| (34 059)| {39 667}| {51 496) |(63 019}

Grade by Proof stress | Tensile strength | Elongation | Reduction
mechanical 2 2 of area
properties kgf /mm kgf /mm % %
+ *
of bol (8/mn?} (N/mm?)
min, 90 100 to 120 . .
§ 10T {min. 882.6}| (980.7 to 1176.g} | ™o 14 | min. 40
Grade by mechanical Tensile load (min.) (kgf){kN}
properties of bolt Designation of bolt Hardness
M 16 M 20 M 22 M 24
15700 24500 30300 35300
T
§ 10 {154.0) | {240.3} | {297.1} | (346.2} | TgC 27 to 38




VS

: 496 olfs




ASTM Bolt
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. 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, kN2

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)
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* 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 1T Turn

equal to 12D




Bolt Pre-Tensioning Method (2)
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2. Apply TC Gun 4. Remove Gun

* Tension-Controlled Bolt - -
mislgaaninagdnduauusvav 1

(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)
msldaunsaiuvdusvaviasasy

Before Tensioning After Tensioning

Wumstdurousov (washer) NOUYUYu 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%202017-02-21pdf
aIUADVNS

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

4 bolting




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

Clamped Clamped

body 9 l})dy
N T 3 4

Wumsigus:udsliawilAvRlnMsaadv gauge 30

AUSVAY KSD clamping force 5 3sn1siADUTY A0 Guge G -
d-adn ua:=us:Hoa umwc‘mmomlch‘laommsUsu et het
AN H3D calibrate tNd30dg0aN@UDAd8UIHUN fedalpdf F2OTHOMSHrachral: o method-for torcune e caoret
(W) ﬁns-lun'-] mju:—)guaoﬁwam OBolts%20rev%202017-02-21pdf wrench_figl_325714143
Nnul clamping force (F) JUs=uraunislaon 75% Bolt condition m
Uov proof load gulmnu proof strength (ksc) Bolt ch TULAZoUo SEOEET
ATUAUWUARUIAQAAIUIEUDIN LdURIAUSNATY ° e
(d) udv bolt UommsmanonauIUlUum Torque Bolt yulpdaudvn:d 0.177 - 0.22
(T) IGn T = K*d*F Tosn K WuAAvA Sudu i Byl e T 012 - 016
anutu=N1VMYNIWUDY bolt 1awisadulauuula — —

Bolt yulthaouuAQLOYY 0.11-0.15

lagvigrsSolutweavla



Bolt Pre-Tensioning Method
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ASTM vs. ISO Bolt Strength

#WelLoveSteelConstruction

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)



wialus 22?2

awursavu bolt uaAlH
uuuwaa

naz:alksdaviu
bolt {Kla torque

#WeloveSteelConstruction

/ 31



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

32



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 ]

33



| | |
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



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



Column

Column
lCOlumn Beam .Co‘umn Beam “ Beam ‘l Beam
3 Double
Double i |/~ Double i @ Double
. H <
M Angles . | Angles ol Angles 5 Angles ]
W anassuNMsany : L L
: B G |

uUSvlla:MsMu«d — — :

- I 'Y ‘l v

(c) Bolted-Bolted (d) Welded-Welded

(a) Bolted-Welded (b) Welded-Bolted

Aavudv double

' Girder Girder Girder Beam
l h /—Glrderfaeam /_ rBeam /- rBeam i(_| 'S
ang e s ear — s Double © J— Double
— o1 Angles - | Angles
i - 3 -
connection .
—

(g) Bolted-Bolted (h) Welded-Welded

(e) Bolted-Welded

(f) Welded-Bolted

Figure 2.1. Four Types of Double-Angle Shear Connections for
Beam-to-Column and Beam-to-Girder Cases

Ref: Asteneh-Asl (2005), “Notes on Design of Double-Angle and Tee Shear Connections for
Gravity and Seismic Loads,” Structural Steel Education Council



General ’
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. Luamusuusomauan [(Us bR lUumHunussnnnon
(DL) uHUAUssNAYs (LL) Ya4 luanueu: Ao1ou
umunussnﬂuwu (distributed load) HSons: mlUuao
(point load) AUAD: mgusoluggiusav (support)
lagidouludiAtuio AU (beam) GoVUTVUSOLWEOWD

+ usvnaned support JUAUANUTU=NISCIDS: H310 beam
AU support lagrnunsdauuu pin end ﬂa =[U
awisaneluwuala (uu:nZumoUgum 219raacion
Wu 100% pin_ [dornuinnmu KSadnUgRUY Dnsane

lwwudweavlanling Bviindn negligible)

- WouludawifAa (1) connection GidvudvusvIWaOWD (U
nna anna a:u nv plate, bolt, weld, etc. ua: (2)
support GooUdvUSVLIWYOWD LEU base plate Su
moment g1usin footing lla‘la‘uuu ACDVDUDUIR

diuisasu moment avnardla

Ref: www.ideastatica.com



Double angle shear connection
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* Shear connection Us:tnnKUvAJUNdguU Ad double
angle shear connection HSd OOC’IE)SUllS\)laE)UlHaﬂ
Q1nA LUumsmmanmnsdwssmsosaumUs auNv 2
QuUdv beam web CiDLUAU support

« UnGfp awnsadaavlavig lagmsudssyua:zaaco,
(fabrication & erection) awnsataonlanvy nmsaacv
LHANANAUIAU support HSDUAU beam d1nlsvvu
wdssu (fabrication 1 shop) KSoo:GalkanaNHUY
AU support La:3ncHAU beam tWasLdslRASAQAY
awsamlaviengankiou

¢ Anutu: luownmﬂssuua\) double angle shear
connection Aatdus:uunsuusoldauldd Su torsion
[OG ua=i fixity 2gunv IWiHWaGNSSU 100% pin Ons
sSuua:ag moment USLUIKANANNATUDE U Kang
ASY WDDNLUUUD: povllu redundancy HSDLWDADU
Uanafie nseulnatHansauli,mailu

Ref: www.researchgate.net



Double angle shear connection
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Line of
action
d/f2 Sc
¢ col
€ end reaction
angle
(|

€c

Vconcentric

” — teccentric

Vconcentric ﬂ

=)

Vconcentric ﬂ

l i I
|
|
|
Combined Shear and Tension

When combined shear and tension loads are transmitted by an ASTM A325,
A490, F1852 or F2280 bolt, the ultimate limit-state interaction shall be:

1 7% T,
(9R, :'r_i (4R, :L_i - (Equation 3.2)



Behavior and load transfer
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« adhsusvidou (ua:luwudidnloy) dou vertical part UdplHaNDINED: Wuabunsu shear 910 beam web &80 bolt
AcialgAU beam web gousvcialun SI91:NIHANAINA DINUURD:ENEUSVIINSLDNIKANINE mummanmnnldaoaaun
IHdN2NAGDLINAU support Suaatlu bolt HEd weld ... AVGDIN Compatlblllty dunagiduuu (Avsy) yovlKananNAo:
deform TUAANVAY LA:LAANISEVLTHY beam web UURU:R AdouaivuovlkanaINAD:UIUDDA LAQUSVDQUU

Fractu re

!/fTeeI4anger

~— Fracture

Shear
Yielding Shear

Yielding

SHEAR  —
YIELDING

Column
Buckling

Buckling BUCKLING

Fracture

Ref: Asteneh-Asl (2005), “Notes on Design of Double-Angle and Tee Shear Connections for Gravity and Seismic Loads,” Structural Steel Education Council



Limit state in general
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« luMSAIUZTUANAVSULSY WRDNLUUADVWIISEUN “NASULLUU
ns3Uana:=t0ulula” fudturaviuuda: failure mode HA
ATNJQIINQ NSy limit state

- b Approxima
: Y|eld Area

)

* AN limit state AlRAAvdga 2:1WuAN control waanssu
Na1dAD o= lﬂC\ﬂ‘lSDUC‘IﬂE)U lUE) connectlon SuusvavA
limit state uua K$pna1dlAdi limit state Uua v:10uUMAVSU
LLSVUDVNV connection

t, F,

* NE)E)ﬂllUUEﬂU‘]SﬂlaE)ﬂZ)SmSWO’ISfU'I C‘I’IUHaﬂmSUE)\) ASD
K$o LRFD Ald lagthAnvanisca “ANULdev” Ms3Uau
Us:nou (resistance factor, ¢ HSD factor of safety, Q)

Possible
Local

- Tye |0 0 Buckling

Shear yielding 1.0 1.5

Tension yielding, Compression yielding 0.9 1.67 .
Ref: Asteneh-Asl (2005), “Notes on Design of Double-Angle and Tee Shear

Bolt shear, Weld shear, Shear rupture, Tensile ruptue, Block shear, Bearing, Tear out 0.75 2.0 Connections for Gravity and Seismic Loads,” Structural Steel Education Council

Concrete bearing (footing) 0.65 231



Limit state 1
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% @B Approxima
< B Yield Area

)

« Double angle 2193UalanN1s “ASIN” AdYLSVLIADU CE
) v

"
[ -

 Shear yielding Wo1StUTWUNNVYHUQ gross area

Possible
Local
Buckling

Ref: Asteneh-Asl (2005), “Notes on Design of Double-Angle and Tee Shear
Connections for Gravity and Seismic Loads,” Structural Steel Education Council



Limit state 2
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— B —

 Double angle 2193UG[0DINANS “aNUIORWIULUISLDE" QDY
usvLasu \'

* Shear rupture wWoi1saun Wuﬁan (net area)

Ref: Asteneh-Asl (2005), “Notes on Design of Double-Angle and Tee Shear
Connections for Gravity and Seismic Loads,” Structural Steel Education Council



Limit state 3
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« Double angle 2193Ualav1nns “SUdiqdsusvldauunazaGouia
WIUSLON:" QJ8USVLADU \'

 Block shear Wo1sgtu1 Andvusuusvdouna (tensile rupture)
wa=AUoguovMavidounsIALIRgUAUMAVLIIDUYIQ

Ref: Asteneh-Asl (2005), “Notes on Design of Double-Angle and Tee Shear
Connections for Gravity and Seismic Loads,” Structural Steel Education Council



Limit state 4
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 Double angle 2193uda1nNS “n bolt nanUYUSL:LAANS
€” HSD “sLo:zlAaNIsgouanuIQ”

« Bearing and tear out Wo1stuNAndusuusolunniu Lo tsvon
bolt gnangWIUSLO:LUNG double angle

« AMISWISEUN limit state U DN1SAQHY “AUEIEVILU" QDY
Na1dAD KHNWoonuUUanUagnssy gaulHinanistdasy (N1se)
USLIEUSLON 1800 {uulasTIUAS: ULoaquIHwaanuuuawmsn
iWwurhavsuusuldsnsid 20-30%

Ref: Asteneh-Asl (2005), “Notes on Design of Double-Angle and Tee Shear
Connections for Gravity and Seismic Loads,” Structural Steel Education Council



Limit state5
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1 .

 Double angle connection D193U( tu chuHuvsauLdoU 91N
usvldpuntnadu

« Weld shear Wo1stu1 AdvsSulsvldauuiauavsoLiou

Ref: Asteneh-Asl (2005), “Notes on Design of Double-Angle and Tee Shear
Connections for Gravity and Seismic Loads,” Structural Steel Education Council



Limit state 6 (End Plate)
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+ UDNPINT FuADVWISEUNTAVSULSVLEDU UDY
bolt hdiaAvlu1AU beam Buadeldu double
shear plane Mavsuusvldaudvnau 2 LINIY

 Advsuusvldouyov bolt Tunu (1) grade 3aq

bolt la: (2) ssUuTUNNSIADUITWIUSDVLANAYD
bolt thread HSoluU

dHSunsaidacv bolt 1WAU support L1EU Lan
NISWYISTUN D19CADVASIVIDU “USVav” 1A

moment (210) luanuyauzAa1wAAVAU end
plate connection

Fracture

AN
</

o T= A, Fi

i N ) q
T=As F
'\&\ M g o
5 T= A, Fy

M, NN @ RNg
& T=A.F
\K@> | / b It

J ///
o F.
. .

Ref: Asteneh-Asl (2005), “Notes on Design of Double-Angle and Tee Shear
Connections for Gravity and Seismic Loads,” Structural Steel Education Council



Limit state 7 (Gusset Plate)
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« QacidsSuusvav UpNIINN

>:0lomaliawnanssu Tension connection: potential limit
N1svQ (prying action) )2 state

wad goilamaiianis a

SUANKIAQ3NUDS G x-a

Usingoiususnade

< <

")
[l
i’ / BEOEEE)

Gusset plate connection:
Whitmore failure




Steel
Connection




*Connection

Types of Connections 2 LAX 33X EX0=6
) " stener line A ,
st - vy "
W16b4 687 %« : 2 Tié Y W24 X 104°
\, 10 _ /

° |# O o 1 WEB LEG

:O Of I T ~ .
Tl rI‘NWM S
. | UNE ‘ /
=AM © [T &Y = 0.50"
= '\"J' tw— 3 SWNPC127 GAUGE
, o ["fs%
O
OSL & NSL Welded Connection
'e) m"__
(4] - flange)
, 7
weld : A
size
3" B 4
3 -
1 5
T 2—L4X3—2—><-1z>< 1'-6"
—

Beam-to-Girder Double Angle Shear Connection
TS oy we LBoUble Angle Shear Connection
Ref: Salmon et. al, “Steel Structures: Design and Behavior”,



Steel Connection
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L

sULUUNISOUA ua:navsuusy

O0~—0~—0

[
— e

auualutnanisouan Column

o Shear yielding
o Shear rupture

= Beam web
yielding & web
crippling / web
buckling

» Bearing (at bolt)

Beam Connection
= Beam shear Angle (Plate)
capacity capacity

o Shear yielding

o Shear rupture
(Net/Block
shear)

o Bearing (at bolt)

o Bending (seated
connection)

Bolt shear capacity

Weld shear
capacity

Connection capacity A2 A1 capacity AdAga

uovsUuuu failure mode nuHuQ




Steel Connection
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sULUUNISOUA ua:navsuusy

t Beam Connection
f
— = Beam shear = Angle (Plate)
capacity capacity
t o Shear yielding o Shear yielding
Yoo d o Shear rupture o Shear rupture
(Net/Block
= Beam web shear)

yielding & web
crippling / web
buckling

o Bearing (at bolt)
o Bending (seated
connection)

= Bearing (atbolt) | " Boltshear capacity

*= Weld shear
Local web crippling % > 0.2 capacity

Connection capacity A2 A1 capacity AdAga

5 4N twy1s
OR, = (0.75)0.4t,,“[1 + (—d — 0'2)(_t )]
! uovsUuuu failure mode nuHuQ




Steel Connection
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sULUUNISOUA ua:navsuusy

(1.0) (0.6F,A4)  (0.75) (0.6F,An)
ol el e
ol o] £

_

O

O

O

®R, = (0.75)|(0.6F,A,)

+FAnt
OR,, = (0.75)| (0.6F,A,,)

o Shear yielding
o Shear rupture

= Beam web
yielding & web
crippling / web
buckling

» Bearing (at bolt)

Beam Connection
= Beam shear Angle (Plate)
capacity capacity

Shear yielding
o Shear rupture
(Net shear
Block shear)
o Bearing (at bolt)
o Bending (seated
connection)
Bolt shear capacity

Weld shear
capacity

Connection capacity A2 A1 capacity AdAga

uovsUuuu failure mode nuHuQ




Steel Connection
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L

sULUUNISOUA ua:navsuusy

O O

©

aludovmsiHsto:dasy
@R, = (0.75)(1.2L.tE,) < 2.4dtF,

agouUlHSIO:LdasU
@R, = (0.75)(1.5L.tE,) < 3.0dtF,

o Shear yielding
o Shear rupture

= Beam web
yielding & web
crippling / web
buckling

» Bearing (at bolt)

Beam Connection
= Beam shear Angle (Plate)
capacity capacity

o Shear yielding

o Shear rupture
(Net shear
Block shear)
Bearing (at bolt)

o Bending (seated
connection)

Bolt shear capacity

Weld shear
capacity

Connection capacity A2 A1 capacity AdAga

uovsUuuu failure mode nuHuQ




Steel Connection
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sULuuNIsOUa ua=n

L

VSULSY

O O O

o Shear yielding
o Shear rupture

= Beam web
yielding & web
crippling / web
buckling

» Bearing (at bolt)

Beam Connection
= Beam shear = Angle (Plate)
capacity capacity

o Shear yielding

o Shear rupture
(Net shear
Block shear)

o Bearing (at bolt)

o Bending (seated
connection)

Bolt shear capacity

Weld shear
capacity

Connection capacity A2 A1 capacity AdAga

uovsUuuu failure mode nuHuQ




Steel Connection
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L

sULUUNISOUA ua:navsuusy

O O O

OR,, = (0.8)(0.6FxxAeid) PJP Groove

®RTL == (0-75)(0-6FEXXAweld) Flllet & Plug

o Shear yielding
o Shear rupture

= Beam web
yielding & web
crippling / web
buckling

» Bearing (at bolt)

Beam Connection
= Beam shear = Angle (Plate)
capacity capacity

o Shear yielding

o Shear rupture
(Net shear
Block shear)

o Bearing (at bolt)

o Bending (seated
connection)

Bolt shear capacity

Weld shear
capacity

Connection capacity A9 A1 capacity AdAga

uovsUuuu failure mode nuHuQ




Steel Connection
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sULUUNISOUA ua:navsuusy

AISCLRFD

Shear Connection Strength = Minimum of ](_

_ ]
Gross Shear = (¢=1.0)(C.6F )A,..
Net Shear = (¢=0.75)(0.6F)A,

Bearing

Block shear =(
(LRFD 2005) <

u 'nt

(¢=0.75) [O6FA JFFRALL
(= 75)[06FA JEAL

Bolt Shear = (4=0.75)n.R, po1+-Apoir
J

Weld shear =(¢=O.75)[0.6FEXX.IW.sizeW]

=

.

L



Design Example: Shear Connection
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VUASIVADU connection NSDVSUAULEDUUS:ADUUUNAO 500x250X12Xx6 J1d@wwisasuuson 1.5 tnuav
UDL (Uniformed Distributed Load) [aHSalu lagwoisaundimugnAgunivaiudnooinwuaasauud

Design criteria SEEDID ICTIAE 8 mm

A = 8,856 mm* 8 mm
= ) = 950.0 rmm ;5:' X * 6-M24 A325 Bolt
1. NvAULLA: connection hy2 = 238 mm S 70 mm c-c spacing
Y S 1 Yena = 250 mm - ~
NaQvINltHaAnllWU LAsQ hJ2 = 228 mm E o
By = 0.95 mm $5400
F, =3,000ksc L=  4.112E+08 mm' 6 mm 500 mm E
y ) I,= 31,258,568 mm* 3 ig’- ho'ed distance (typ.)
F = 4 OOO kSC I.= 31,250,000 mm® 1 mm edge distance (typ.
u ! 5, = 1,644,852 mm’ LI 12mm
E =2,000,000 ksc Se= 164,852’
Z,= 1,803,864 mm
i e = 215 mm — —
2. Weld (B1nsa E70 o= 50
r= 67 mm
< [ &
3. Bolt LUUNISUUWLUU snug Co=  1861E+12mm . ]
. o - 1= 323,136 mm*
tighten Uanuau:zLNAYD c= 1.000 2
« T = 67 mm
tJuwuu N-Type k= 0.45 | ||



Design Example: Shear Connection
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DVCISIDADU connection NSDVSUAULEDUUS:NDUULNIA 500x250X12x6 F1WISASULSVN 15 LH1UDY
UDL (Uniformed Distributed Load) [aHSalu lagwoisaundimugnAgunivdioonwuaasquud

Design criteria

1. n':omuua: connection
WACDINLHANWWU LASQ
Fy = 3,000 ksc
F, =4,000 ksc
E =2000,000ksc

2. Weld (31nsa E70

3. Bolt tUun1sduwuu snug
tighten Danuau:1nayd
tuuuu N-Type

Step 1: Kusvidauniiaduon Moment goaa i 1UDL

V, =

W91seu1 A 15 th1 Yo UDL :1G31 Shear capacity Ndavn1siAn

HUNELHQ: LINYUANU beam shear capacity (V,) A 42,530 kg

12 m




Design Example: Shear Connection
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VUASIVADU connection NSDVSUAULEDUUS:NDUUUNA 500x250X12X6 J1d@wwisasulson 1.5 tniuav
UDL (Uniformed Distributed Load) [aHSalu lagwoisaundimugnAgunivdioonwuaasquud

Design criteria Step 2: AUdeU shear connection limit state citoa
1. AvATULA: connection 1) Bolt shear limit state: ORsotc = D-Mpott * (Fpor * Anote)
WAINLHANUKU LNSQ 2) Weld shear limit state: OR et = 0 * Aweta * Foetd = D * Ayerg * (0.6F, yera)
F, =3,000 ksc 3) Plate gross shear limit state: @V, gross = 0. (0.6F,) * (Ag,) = 0. (0.6F,) * (t, * L)
F, =4,000 ksc 4) Plate net shear limit state: OV nee = 0. (0.6E,) * (Apy) = B.F, * (£, * (L — 1. dpore)
E =2000,000 ksc 5) Plate block shear limit state: @V pioce = @. [Min(0.6F, App, 0.6F,Agy) + Fydne]
2 Weld (5iasa E70 6) Plate bearing limit state: ORppear = 0. [min(2.4 * Apearing), (1.20c8)] * F,
3. Bolt tUun1sduwuu snug . Type |0 [0
tighten Danuau:=ln&ayd Shear yielding S

Tension yielding, Compression yielding 0.9 1.67

tuuuu N-Type

Bolt shear, Weld shear, Shear rupture, Tensile ruptue, Block shear, Bearing, Tear out 0.75 2.0

Concrete bearing (footing) 0.65 231



Design Example: Shear Connection

#WelLoveSteelConstruction

VUASIVADU connection NSDVSUAULEDUUS:NDUUUNA 500x250X12X6 J1d@wwisasulson 1.5 tniuav
UDL (Uniformed Distributed Load) [aHSalu lagwoisaundimugnAgunivdioonwuaasquud

Design criteria Step 2: ANUDeU shear connection limit state citoa
1. AVATULLA: connection 1) Bolt shear limit state:
WAODINLKANUAU LSO Foupore = 120 * (0.62 % 0.9) * 0.8 * (70%) = 3,750 ksc
F, =3,000 ksc Ao =" = B2 _ 452 e
F, =4,000 ksc BRyotc = B-More * (Foubote * Apott) =

u

E =2000,000 ksc

2) Weld shear limit state:

2. Weld (31nsa E70

Fywetq = 70 * (70%) = 4,900 ksc v r.ﬁf_, Lo

3. Bolt WJun1sduuuu snug hoss = 2+ (1) +1) = B
tighten Danuau:1nayd
tuuuu N-Type

ORyera = D * Ayera * Fywela =

DRyerq =



Design Example: Shear Connection
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DVCISIDADU connection NSDVSUAULEDUUS:NDUULNIA 500x250X12x6 F1WISASULSVN 15 LH1UDY
UDL (Uniformed Distributed Load) [aHSalu lagwoisaundimugnAgunivdioonwuaasquud

Design criteria Step 2: AUdeU shear connection limit state citoa
= . )
1. nuAULA: connection 3) Plate gross shear (shear yielding) limit state: O
WAONANLHANIKWU LASQ g
BV gross = 0. (0.6F,) * (Agy) = 0. (0.6F,)  (tp; * L) o
F, =3,000 ksc - -
I:u = 4'000 ksc 4) Plate net shear (shear rupture) limit state:

E = 2'000'000 ksc ®Vpl,net = 0.(0.6F,) * (Any) = 0.(0.6F,) = (tpl * (L —n. dhole)
~ _ O
2. Weld (8i1nsa E70 - -
= . - O
3. Bolt LUUNSUULLUU snug 0
tighten Danuau:1nayd i

tuuuu N-Type



Design Example: Shear Connection

#WelLoveSteelConstruction

DVCISIDADU connection NSDVSUAULEDUUS:NDUULNIA 500x250X12x6 F1WISASULSVN 15 LH1UDY
UDL (Uniformed Distributed Load) [aHSalu lagwoisaundimugnAgunivdioonwuaasquud

Design criteria Step 2: AUdeU shear connection limit state citoa ,,
= o
= . @)
1. NYAIUUA: connection 5) Plate block shear limit state: O
— < [ O
NAQVIALHANWAU LASQ OV pipiock = 0. [Min(0.6F, Ay, 0.6F,Agy) + Fydne] o
O
F, =3,000ksc = @
F, =4,000 ksc =
E =2000,000ksc =
- . . . . O
2 Weld ZUlﬂSO E70 6) Plate bearing & tearout limit state: o
- DRy pear = 0. [min(2.4 * Apearing), (1.21.0)] * E, g
3. Bolt LUUNSUULUU snug = o
tighten Danueu:ln39) _ gy

Wuuuu N-Type .
Step 3: asUwa 910 Limit state AAIUDTU WU
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Design Example: Shear Connection

#WelLoveSteelConstruction

2VCSIDADU connection AsavSUATIULGEDUUS-NDUUUIAO 500x250X12x6 I1aiuisasuusvi 15 tiusv
UDL (Uniformed Distributed Load) larsSolu

Design criteria

1. NVAIUWA: connection
WAODINLHANUWU LASQ

F. =3,000ksc

y

F =4000ksc

u

E = 2,000,000 ksc
2. Weld (31nsa E70

3. Bolt tUun1sduwuu snug
tighten Danuau:1nayd
tuuuu N-Type

Step 2: AUDEU shear connection limit state civa

1) Bolt shear limit state: ORpo1r =

2) Weld shear limit state: ORye1q =

3) Plate shear yielding limit state: @V, gross =
4) Plate shear rupture limit state: ~ @V, per =
5) Plate block shear limit state: OVpiblock =

6) Plate bearing limit state: ORp1 pear =

SM490: Fy = 3,150 ksc Fu = 4,900 ksc

< Calculation

Capacity Full Report

Factored Shear Yielding Resistance (@ Rn,gv)
73,143
kg
Factored Shear Rupture Resistance (@ Rn,nv)
50,803
kg
Factored Block Shear Rupture Resistance (@ Rn,bs)
54177
kg
Factored Bearing Resistance (@ Rn,bearing)
114,307
kg
Factored Tearout Resistance (@ Rn,tearout)
95,851
kg
Factored Bolt Resistance (@ Rn,bolt)
75,730
kg
Factored Weld Resistance (@ Rn,weld)
107,255
kg
Factored Shear Connection Resistance
50,803
kg



Design Example: Shear Connection

#WelLoveSteelConstruction

2VCSIDADU connection AsavSUATIULGEDUUS-NDUUUIAO 500x250X12x6 I1aiuisasuusvi 15 tiusv
UDL (Uniformed Distributed Load) larsSolu

Design criteria

1. NVAIUWA: connection
WAODINLHANUWU LASQ

F. =3,000ksc

y

F =4000ksc

u

E = 2,000,000 ksc
2. Weld (31nsa E70

3. Bolt tUun1sduwuu snug
tighten Danuau:1nayd
tuuuu N-Type

Step 2: AUDEU shear connection limit state civa

1) Bolt shear limit state: ORpo1r =
2) Weld shear limit state: ORye1q =
3) Plate shear yielding limit state: @V, gross =
4) Plate shear rupture limit state: ~ @V, per =
5) Plate block shear limit state: OV biock =

6) Plate bearing limit state: ORp1 pear =

SS400: Fy = 2,400 ksc Fu = 4,000 ksc

< Calculation

Capacity Full Report

Factored Shear Yielding Resistance (@ Rn,gv)
55,728
kg
Factored Shear Rupture Resistance (@ Rn,nv)
41,472
kg
Factored Block Shear Rupture Resistance (@Rn,bs)
44,226
kg
Factored Bearing Resistance (¢ Rn,bearing)
93,312
kg
Factored Tearout Resistance (@ Rn,tearout)
78,246
kg
Factored Bolt Resistance (@ Rn,bolt)
75,730
kg
Factored Weld Resistance (@ Rn,weld)
107,255
kg
Factored Shear Connection Resistance
41,472
kg



Design Charts and Tools

ol TRUE-H 3G 19:50 1% il TRUE-H 3G 19:04 il TRUE-H 3G 20:51

ol TRUE-H 3G 20:51 1% il TRUE-H 3G 20:52
Calculation < Calculation < Calculation < Calculation < Calculation
Select Product Select Section Insert Value Capacity Full Report Full Report Export
(HSS) Rectangular (HSS) Nominal Compressive Strength (Pn) Section Properties
45'167 ry 4.92 cm
Q kg
- Limiting Width-to-Thickness Ratio

Factored Nominal Compressive Strength (@ Pn)
Column

40,650 M 2578
\ ‘ kg p 40.41
9] fa 2578

Compressive Strength

Steel Grade $5400
KLfr 52.82
Fy 2400.0 ksc
Fe 7,076.38 ksc
Fu 4000.0 i ksc For 2,082.39 ksc
Base Plate ) H 125 cm Axial Force
o gl o P 45167 kg
"
P, 40,650 kg
L3onuUs:LNANUDY LAonUs:LANUDY {dA1 1nsalsanua: souUs:uUdana l[anmavuov **JIRSUNIUNBIS:
member NAovN1S RUAQ yurQuovkUunaa member Loud:=auisana Full

AUDTU

© © ©0----

Report LtWDQ/Uuiin
ANIGoINNISATUDEU
NVHUQ

Adobe Acrobat Adobe Acrobat
Document Document

Full Report Manual




Workshop

#WelLoveSteelConstruction

Typical Detail

TYPICAL BEAM-TO-COLUMN
SHEAR CONNECTION DETAIL

TYPICAL BEAM-TO-BEAM
SHEAR CONNECTION DETAIL




Workshop

#WelLoveSteelConstruction

Typical Detail

TYPICAL BEAM BRACING CONNECTION

TYPICAL DETAIL AT NOTCH BEAM




Workshop

#WelLoveSteelConstruction

Typical Detail

TYPICAL COLUMN ON BEAM DETAIL

TYPICAL HANGER DETAIL




Workshop

#WelLoveSteelConstruction

Typical Detail

TYPICAL BEAM BEARING ON COLUMN DETAIL
COL. WEB PARALLEL TO BM. WEB

TYPICAL BEAM BEARING ON COLUMN DETAIL
COL. WEB PERPENDICULAR TO BM. WEB




— Be friend with us via ...

LINE ID WeLoveSteelConstruction: @060tlizi i SAVI NG

11 MILLION TONS
OF CARBON
ANNUALLY

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

https://welovesteelconstruction.ssi-steel.com/

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