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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

Py

=

_—

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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e 0= My/L
= (0.24LW).
(d/2)/1,

b
bd;2 T= VQX/|Xb
d L = (0.6W) *
(b.d/2*d/4)
/b

e usvAelumu

 uaavlusuuov “Hudgusv” [aun
* Shear stress (1)

 Normal stress (o)

W a=0.4L
' 1
i a A
— -— L _
R, R )
9
Shear Force
0.6W _
Diagram (SFD)
- 0.4W
V =06W
M=0.24LW

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

Bending Moment

Diagram (BMD)



USVABUDAN vs. UsuMmeiumu
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b G My/l % 6 —M24 A325 Bolt
L - X 70 mm c-c spacing
= = (0.24LW).
= ® Thick Plate
b.d/2 €=V ILb (d/2)/1, : ) ;i
d b = (0.6W) 3 8| std. hole
(bd/2 * d/4) :r. O| 40 mm edge distance (typ.)
/b
/\,
* usvnelumu
* uaavlusUuov "Hudgusv” laun . =

 Shear stress (1) 0MgWIU web / IEEEF

* 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 Ll >

Grip s:g:§a0UAIUKUNGUYIU



Structural Bolts
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UUNAMUS=E:L1NAYD

N-Type X-Type
|| Bolt tndeiiu || Bolt tndenTutéiu
|| surhavladaav wsa:idewun || Suradolduinni
|| symuwon3 (Fundedea:ni) | symgnni

GovuAUAUAIUKUNIKG Mviugn

|| Avuldazaonni

N-Type X-Type

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



Structural Bolts
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daninagsuuudunuuwaa (Snug-Tightened Bolt)

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

uunmunaIsvtunuu
Snug-tightened bolt

« Juuduwoa “Golon” AcgUs:=ISssUAI

0o =0 — J

Pretensioned bolt

« Juuduunuulausvavniou
« AVl Snug-tightened bolt

Slip—critical bolt

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



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

Structural Bolts
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aanwnagsuuvuldusvavnau (Pretention Bolt)

Slunsaiciva laglawi=ag1vdv ascindovnsiidocio
oAUt udnvdkiniiamsiasulnanlidowacio
AJIWaIWIsalunIsSuUUIKUNUDVUDCD

aanindagauvuidaudnna (Slip Critical Bolt)

gAudacankINtAanIstasulnad:tianuLFyRIgcD
ADUIIUISOluNISSULSVUDVUDCID

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

uunmunaIsvtunuu
Snug-tightened bolt

o JuLUUWDQ “"Guidd” AdguUs:ILISSSUM

0o =0 — J

Pretensioned bolt

« Juudunuuldausvaonoau
« AVl Snug-tightened bolt

Slip—critical bolt

« 13DU3NAQ

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



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

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

Column [/

/// B. 3 P
- ase plate
Anchor bolt ek

N |
O )
O
h !
o | | —
/ //l:HJ \\\ |
|

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 Specificationfor
Structural Joints
Tensile Matched - :
Group Strength Bolts Bolting Assemblies Usmg ngh
Strength Bolts
Group 120 190 Ksi ASTM F3125 ASTM F3125
(840 MPa) Grade A325 Grade F1852
: ASTM F3148
Group 144 144 ksi — Grade 144
. ASTM F3125 ASTM F3125
froup 150 Gaeors Grade A490 Grade F2280
Hot-dip or mechanical galvanizing of Group 150 heavy hex bolts or Group 150 995‘;%2%!

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 L, <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
(inchudes April 2015 Emats)

Supersedes the December 31, 2009 Specificarion for
Soructural Joints Using High-Strength Bolts.

Prepared by RCSC Commuttee A 1—Specifications and
approved by the Research Couneil on Structural Connections.

boltcounci

www.boltcouncil.org
RESEARCH COUNCIL ON STRUCTURAL CONNECTIONS
/o AISC, One East Wacker Drive, Surte 700, Chicago, Illinois 60601



Latest US Reference for Bolt
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Table 5.1
Nominal Strengths per
Unit Area of Bolts Speciiiltidifor
Applied Load Condition Nominal Strength per Unit Area, F,, Ksi atI‘UCtLIJ_II'a I l"lj oints
Group 120 Group 144 Group 150 Stsmg tl‘llgB R |‘|:
Static 90 108 113 rength bolts
Tension?
Fatigue See Section 5.5
) Ls<38in. 54 65 68
Threads included
in shear plane )
Ls>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
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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
wuudGiowaad (snug) Wudn
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 loads (minimum) (kN) (kgf} Hardness
e mech.amcal Designations of screw threads
properties of
bolt M12 | M16 | M20 | M22 | M24 | M27 | M 30
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 bolt (N/mm) (8/mm?}
min, 90 100 to 120 . .
s 10T {min. 882.6}| (980.7 to 1176.8} | ™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
S 10 {154.0) | {240.3) | {297.1} | (346.2) | HgC 27 to 38
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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

#WelLoveSteelConstruction

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

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

B 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
9N YunuuulaLtdunIgugnalv (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. Ap 4. Remove Gun

* Tension-Controlled Bolt 5
misidaaninagdnduALUSVAY —

(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)
misidaunsaluvdusvaviasaso

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 d body
N T 3

Gauge
N ampe
Fl SE BN i body
N
Y €
N =
. Rl T
3 N 4 o

Wumsigus:udsliawilAvRlnMsaadv gauge 30

ALSVAY KSD clamping force 35n1sUADUUID 2 Guge  Gauge -
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
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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)



Welding
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vl



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
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* 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 _
l3DU” AvUu MSAUDLUANIAVSULSY AN
(Ldou) yovsouldou Judiovulav F, 1u
F,, lag F, = 0.6*F , 0Wunqu1) yield
criteria

Throat Length




AAVSULLSVUDVSDULBDU
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« 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, 0

[ASD] Q=20
[LRFD] vy =0.75




Fillet Weld Strength
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. 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.

> \\ ‘T;/ =
ASD
FS=Q0=2
Ralow = Rn/0Q

Rajow = 0.3F Ay efr

al, Throat Length

|,

LRFD

¢ = 0.75

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



Fillet Weld Strength - Quick Number
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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



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 SEEDIL CTIAE 8 mm

A = 8,856 mm’ 8 mm
= ) = 950.0 rmm . rZ':g o * 6~ M24 A325 Bolt
1. NvAULLA: connection h2 = 238 mm R 70 mm c-c spacing
WaYINLKANUWU LASA Yo 2o I~ ol
h,/2 = 238 mm e 9 mm Thick Plate
By = 0.95 mm $5400
F, =3,000ksc L=  4.112E+08 mm' 6 mm 500 mm E
y ) I,= 31,258,568 mm’ e itod' ho'ed distance (tvp.)
F = 4 OOO kSC I.= 31,250,000 mm?* 1 mm edge distance (typ.
u ' S, = 1,644,852 mm’ .1 12mm
E =2,000,000 ksc Sa=  L,644852mm
Z,= 1,803,864 mm
- Ny = 215 mm _— —
2. Weld t31nsa E70 = 59 mm
r = 67 mm
[ [ (1
3. Bolt tWumsyuuuu snug o e I —
- — " = ' mm
tighten Uanuau:zLNAYD c= 1.000 b
« T = 67 mm
tJuwuu N-Type o= 045 | L




Design Example: Shear Connection

#WelLoveSteelConstruction

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

H#WelLoveSteelConstruction

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 e r Lo g

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

ORyera = D * Ayera * Fywela =

DRyerq =



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
= . )
1. NYvAULA: connection 3) Plate gross shear (shear yielding) limit state: O
WAaQYINLKaNUWWU LNSQ 8
BV gross = 0. (0.6F,) * (Agy) = 0. (0.6F,)  (tp; * L) o
F, =3,000 ksc = e
FU = 4'000 ksc 4) Plate net shear (shear rupture) limit state:

E = 2'000'000 ksc ®Vpl,net = Q. (0-6Fu) * (Anv) = Q. (0-6Fu) * (tpl * (L —n. dhole)
~ _ O
2. Weld (8i1nsa E70 B 9
a . - O
3. Bolt LUUNSUULLUU snug 0
tighten Uanuau:l1Naed f

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 ,
. ol
= . 0}
1. nuAULA: connection 5) Plate block shear limit state: O
_— < [l O
NAQUINLHANWAU LASQ OV ptock = 0. [Min(0.6F, Ay, 0.6FAgy) + FyAne] o
0
F, =3,000ksc = 0
F, =4,000 ksc =
E =2,000,000ksc =
- . - ) O
2 Weld ZUlﬂSO E70 6) Plate bearing & tearout limit state: o
c BR,pear = @. [Min(2.4 * Apearing)» (1.21c6)] * E, g
3. Bolt LUUNSUULLUU snug = o
tighten Danueu:ln39) _ gy

Wuuuu N-Type .
Step 3: asUwa 910 Limit state AAIUDTU WU

pgAtavdingadvasulan



Design Example: Shear Connection
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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)
73143
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



Flange-plate
Moment
Connection
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Flange-Plate Moment Connection
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« (298I DONULUU Flange-plate moment
connection ﬁ§U factored moment yuna
22,500 kg-m &HSU built-up beam yuna H
450 x 150 x 6 x 4 mm {3 Flange plate LnsQ
HY370 ua:l3d M24: N-Type A325 bolt Gacv
wuuduuuuuuuldusvdonou (pretension bolt)

* Step 1. Us:U1tuN1ISYIUDLU bolt
* Step 2: UszuraunisuunQ flange plate
* Step 3: dachUKUY La:=asIvddu limit state

* Step 4: sd>vdaudIMavsuluuud vINnNN
lwuAaNNQUUHSD(L

N

ksc
Fouporr = 120 * (0.62 x 0.9) * 0.8 = (70 E) = 3,750 ksc

md? (2.4)? 1
Abolt = 4 = TI. 7 =452cm

ORypore = O * (Fyupor * Apore) = 0.75 * (3,750 * 4.52) = 12,723 kg

=

KAusvl3ouf bolt 1A factored moment

M
Fyy =—

d

J31UdU bolt AciovMs tWadIUNIULSYLEDU

n

— Fvu
QRv,bolt




Flange-Plate Moment Connection
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« (298I DONULUU Flange-plate moment
connection NSU factored moment uunQ :E:E:_
22,500 kg-m &HSU built-up beam yuna H
450 x 150 x 6 x 4 mm {3 Flange plate LnsQ
HY370 ua:l3d M24: N-Type A325 bolt Gacv

wuuduuuuuuuldusvdonou (pretension bolt)

* Step 1. Us:U1tuN1ISYIUDLU bolt

* Step 2: Us:untunisuuna flange plate %_

* Step 3: dachUKUY La:=asIvddu limit state

WunHUNAauov flange plate dhgandavnis

* Step 4: sd>vdaudIMavsuluuud vINnNN
lwuAaNNQUUHSD(L oF,



Flange-Plate Moment Connection
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« (298I DONULUU Flange-plate moment
connection NSU factored moment uulQ
22,500 kg-m &HSU built-up beam yuna H
450 x 150 x 6 x 4 mm {3 Flange plate LnsQ
HY370 ua:l3d M24: N-Type A325 bolt Gacv
wuuduuuuuuuldusvdonou (pretension bolt)

* Step 1. Us:U1tuN1ISYIUDLU bolt
* Step 2: UszuraunisuunQ flange plate
* Step 3: dachUKUY La:=asIvddu limit state

* Step 4: sd>vdaudIMavsuluuud vINnNN
lwuAaNNQUUHSD(L

usvnaeLdng flange plate (Wo1stuNAIWHUN)

8 mm

8 mm

NV

S

I:E7OXX

80

80

60

60

80




Flange-Plate Moment Connection
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« @281 DDNUUU Flange-plate moment ATHUQ S191: standard hole uuna d = 27 mm
connection NSU factored moment uulQ
22,500 kg-m &HSU built-up beam yuna H
450 x 150 x 6 x 4 mm {3 Flange plate LnsQ 1) Weld shear limit state:
HY370 ua:l3d M24: N-Type A325 bolt Gacv E 707075 _ 4000 k
wuuduuduuuulgausvdoniou (pretension bolt) wwetd = 70 (7075 = 4900 kese
Awera = 2% (tosp *L) =

* Step 1. Us:U1tuN1ISYIUDLU bolt

®Rweld =0Q= Ayera * Fv,weld =

* Step 2: Us:unrunisuuna flange plate PRuweta =

* Step 3: dachUKUY La:=asIvddu limit state
2) Plate net tension (tensile rupture) limit state:
* Step 4: sd>vdaudIMavsuluuud vINnNN
IUluudﬁlﬁoijUH's"a-[lj QRpl,net =0.(F,) * (Ape) = 0. (F,) * (tpl *(L—n. dhole))




Flange-Plate Moment Connection
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« (298I DONULUU Flange-plate moment
connection NSU factored moment uulQ
22,500 kg-m &HSU built-up beam yuna H
450 x 150 x 6 x 4 mm {3 Flange plate LnsQ
HY370 ua:l3d M24: N-Type A325 bolt Gacv
wuuduuuuuuuldusvdonou (pretension bolt)

* Step 1. Us:U1tuN1ISYIUDLU bolt
* Step 2: UszuraunisuunQ flange plate
* Step 3: dachUKUY La:=asIvddu limit state

* Step 4: sd>vdaudIMavsuluuud vINnNN
lwuAaNNQUUHSD(L

ANHUQ S1O1: standard hole yuna d = 27 mm

3) Plate block shear limit state:

®Rpl,block = @ [min(0.6FuAm,, O6FyAg‘U) + FuAnt]

4) Plate bearing & tearout limit state:

DRy pear = . [min(2.4 * Apearing), (1.21.)] * F,

80

80

60

60

80




Flange-Plate Moment Connection
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« (298I DONULUU Flange-plate moment
connection NSU factored moment uulQ
22,500 kg-m &HSU built-up beam yuna H
450 x 150 x 6 x 4 mm {3 Flange plate LnsQ
HY370 ua:l3d M24: N-Type A325 bolt Gacv
wuuduuuuuuuldusvdonou (pretension bolt)

* Step 1. Us:U1tuN1ISYIUDLU bolt
* Step 2: UszuraunisuunQ flange plate
* Step 3: dachUKUY La:=asIvddu limit state

* Step 4: sd>vdaudIMavsuluuud vINnNN
lwuAaNNQUUHSD(L

8 mm

8 mm

1) Weld shear limit state:

2) Plate net tension limit state:

3) Plate block shear limit state:

4) Plate bearing & tearout limit state:

5) Bolt shear limit state:

NV

S

I:E7OXX

—
g
80
e e
80
. @ @

60 80 60
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STEEL DESIGN

Flange-Plate Moment Connection

#WelLoveSteelConstruction

« (298I DONULUU Flange-plate moment

connection NSU factored moment yuna

22'500 kg_m ac-]HgU bUilt_up beam Uu-lo H Factored Tensile Yfez'io:gc::sistance (F:II?::Z:t

450 x 150 x 6 x 4 mm (3 Flange plate LnsQ 87 f

HY370 ua:l3d M24: N-Type A325 bolt Gacv :

wuuduuuunuuldusodonou (pretension bolt) gmm [\ (F Factored Tensile Rupture Resistance (o R
8 mm I/ \ E70XX > 6T4

Factored Block Shear Rupture Resistance (¢ Rnf,bs)
> 69
T

Factored Bearing Resistance (@ Rnf bearing)

103
T
1) Weld shear limit state: Factored Tearout Re::;an ce (@ Rnf tearout)
* Step 4 QSDO@DUD'\ﬂ'\a\)SUIUlUUG UanNnNoI 2) Plate net tension limit stat T
e = 5w 7o ate net tension limit state: —
IU uanitnQuu HSE)IU Factored Bolt Resistance (@ Rnf,bolt)
3) Plate block shear limit state: — || ———— %0
T
4) Plate bearing & tearout limit state: Factored Weld Resistance (@ Rnfweld)
5) Bolt shear limit state: S T




End-plate
Moment
Connection
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Flange vs. End-Plate Moment Connection

H#WelLoveSteelConstruction

3 Tension Zone
Tension Zone

FE:E:___. . E—

| B

#E:E:—'—— gs—h—

Compression Zone

Zone

Flange-Plate Moment Connection End-Plate Moment Connection




AISC DG for End-Plate Moment Connection

. llUDUﬁJﬁlvT}amsaanuuu
9100V AISC D 2 aUU AD
auun 4 1a: avun 16

#WelLoveSteelConstruction
Steel Design Guide . l
@ MBEMB Steel Design Guide Series

- avun 4 1WWusUuWuunls Extended End-Plate iy
dHSuU vacosuluuuan Moment Connections Flush and Extended
ﬁa\)gu llS\)llWl u 6 u-[H:)ua - Seismic and Wind Applications Multiple-Row
usvau Second Edition Moment End-Plate Connections

- Aauun 16 WusUuuunls
dHSU ocmasuluwum
iU Tiudsurdouov
lateral load system 15U
ATUSU gravity load N
ARualRUarosuluwua




AISC Design Guide 16
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+ avui 16 1WusUuuuAldansu vadasuluwudmiu hidu
dOUHUVUDV lateral load system LU ATUSU gravity
load hmMKualkUargsuluwua

* souvamlag b T | P m |
Metal Building %[\M “")% . )

Manufacturer
A S S O Ci a ti 0 n (a) Beam-fo-Beam Connection
(M B M A) CI W U W ------ / Tension Zone

e~ Tension Zone

(uU 2002 S S | %

., \ Tension Zone
o™= Tension Zone
(a) Beam-to-Beam Connection

» fsUuuu doun I % Il ,
Suusvav Lauo y y L

— —~ -
A
UoU (flush) ua: g
-
8 u (eXte n d e d ) (b) Beam-to-Column Connection (b) Beam-to-Column Connection
Figure I-1 Typical uses of end-plate moment Figure 1-2 Typical uses of end-plate moment

connections (flush). connections (extended).

Steel Design Guide Series

Flush and Extended
Multiple-Row
Moment End-Plate Connections




AISC Design Guide 16
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+ sUuuu dunsuusvaviauaudu (flush)
awnsavalarainsargsvuuu lasndiu
UNLWUDIUDU bolt uazo1vaaav stiffener
(WuLGituusiaunsuusvav vn end
moment

« Stiffener DauaArunydaUovAUNSIAQ
“msva (prying)” puinamisnistaosu
ypvuWudauaigos:auusvav (910 end
moment) IWUJVTU Gvd:dowaciolioylu
&v bolt MK bolt AdvSuusvaVIWUTU
NNHAUDVNISVQ

« lagr1ndDVMSIWUAEVSU Moment 15
JodunatdumslagusulRaounsuusy
Qvéiu (extended) poNoINUDUAIU

/
//
/
v \_

(c) Four-Bolt Stiffened with Web Gusset (d) Four-Bolt Stiffened with Web Gusset Plate
Plate Between the Tension Bolts Between the Tension Bolts

Figure 1-3 Flush end-plate connections.
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N1sva Prying action Ada:ls

#WelLoveSteelConstruction
* AduHKvDU LWuaUnsauBwAGAUNIIU

* ddu "Huau” I3aHSUNS “va” A=y Acon
W Tlltudolo

* 1S “VQ" ADvN1NS "m" KOADULUIAURND
ypvaiunuduldenn tWaasiv “usvia”
LNUANS “fpuddN” A2YNISAVA:UYAIY
Aoulasqsy

- Msva Jvtdunisnausvagrovy a lag
usvnaov{snoua:y R=P * (L/H)




N1sva Prying action Ada:ls
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. amsulnsoaswlhan usomaomaaosu KN
Jusv P GuBuaudinm nﬂcmumu Q29 bolt
2 (1D wHanauaqa bolt uaa: MAY:LAQUSY
QDU UAMINMAUR = P/2

* Nl wanSsuausUo: nadulandotds ddu
vovlAsvasivkandim GANW “rigid” LN
luidesulaoe

* Rigidity Analddvd a:nou nmummsnlu
A1SAIUNIUNISAQCIUDVLIKAN FuTunU
“ADIUKUNUDVLKAN (1)” WuKan

0




Pulling out an anchor
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P

1)

P

*

Support

P

1)

sUdeg

av anchor rod Ada fixture WIAU
SUppOI’t ncmcmaenoauums Qe
usodv P AGuUNALAAUNY 2 AU LSV
A anchor rod »:1aSU Ad 2P

sUuon

Qv anchor rod Ada fixture LWWIAU
support NaAvaEIvVaUUIAS QDY
usvdv P IWev 137U usvi anchor
rod d:=[OSU A 2P

Anchor rod 1aausv 2P tnau




Pulling out an anchor
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0 ]

Support

wiousvadv P iidtine

wsvdv P 2:[UMIKR contact pressure
s:HJ1 fixture AU support BolAa
v1NNSYULLLUN anchor rod anav

Wiausvdv P bAgodu

P guoufivs:aunlurinii contact
pressure 19U dulAianIsKUU sou
VAHUU ADYS:UULAILAUUIAS KN
wostunauqalutyua (2P*L/2 = P*L)
JoifausvAaHyULiIAU P

Anchor rod 1aausv 2P tnau




Pulling out an anchor
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P ios:e:1Uasundaviu

A
\ 4
A

L 3L
t ausawasaunauqauvav moment [ALEULOU AuAsTUn
Usinn H1n arm length uov usvnmeuon P DAL + 3L = 4L
=091 usvdvon anchor rod d:0A1 P*4L/L = 4P

usvva Prying force ( Q)=3P

i3 B 0 B A o
7] hs Y7 LI
(277777 77777[177

{a) mode 1 {1 mode 2 (¢ mode 3




N1sva Prying action Ada:ls
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* ASTUddUUDVIHaNNIQAU support A2 bolt [ oo
AWKUNURYLAUIU ([U rigid LWgowDd) d:1AQ
wanssu “N1sVQ” KSo Prying action Uu lag
DNHANJUQA d:LRU

N
e

2(Bolt force) = Applied force + 2(Prying forces)

Bolt force
w

Prying forces

 INgUnuUnsadlulna Prying action (LKan rigid)
If the element thickness is greater than 7,, then no
prying will develop.

2(Bolt force) = Applied force A

7/8" dia ~

for  As2sbots —

* D:LRUDUAQUSVAU bolt UINGVTU KIALAQ Prying 1 P
force BollunseduWundaulvoulAUNIAIAIIU el B <P
HU12N{ 0 KSD critical thickness (t.) e
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» sUuuu d@unsuusvavdiu (extended)
2NV INUDUAIU DWLUusUruunlud
ns@aav stiffener (unstiffened) KSd
gnis@aav stiffener (stiffened)

 gavna (limit state) HlUvNAov
Wo1SEUN{UTUODUNISILASI:K ANUDEU
DDNUUUAD "yield line” vdgiui
“the continuous formation of plastic
hinges along a straight or curved
line” KSD uUdMISAsSINBVDLUU
1Iduasvlsaidulav

+ Yield line K1[G91nAY equilibrium
a: virtual work method 3935Havd:
IKU:auunani

,9_*;,__;_] -::—'—____i_j‘l\ ‘::::::@ ]\
b T _Ei& — L2
— —
——— = L) ey
e e %‘-bﬁ___‘_;-——é
o \\'| 5 \\I \
- |
— T A/‘ — 2
i o T .-l/ —
Hﬁ}iﬁﬁ:‘::_——— = %ﬁh&;‘ﬁ\ — wx‘a .‘/
eI H“:::l“:&“‘“-«:h“ﬁ
(a) Four-Bolf Unstiffened (b) Four-Bolt Stiffened (c) Mulfiple Row 1/2 Unstiffened
il N
e B = ~—
iy — e —
(2] %“-—-‘ \\‘*-‘
o e
. 3
S <

(d) Mulfiple Row 1/3 Unstiffened (e} Multiple Row 1/3 Stiffened

Figure 1-4 Extended end-plate connections.
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* nssun end plate uvautaulu o1vdvwanii bolt dounsuusvdv Aovsu
USVAVUINIVTUDINWAUDVNISVAQ

qu:omsumu (a) usvgvliunun end plate gvluidasu wodinssutHiiou
LHANUWUHUN (thick plate) cipw TdusvGolwuludn asv stem Yoo fitting
o: lﬂC\ﬂ‘lSF\S‘lﬂplasUc hinge 9: form A3 ISUAQNISYA fu dall (b) usvav
{u bolt >:1WUTUU B = F+Q ua: luaiausoomwuan (c) end plate Ad:lians
ASINLWUTU 1AQ plastic hinge dncKUY USID8U bolt hole

2F

I

L

t l

B B

(a) First Stage / Thick Plate Behavior

-
2 ol
(ti |

B Q

=R

(b) Second Stage / Intermediate Plate Behavior

QIJ.IRKB

(c) Third Stage / Thin Plate Behavior




Effect of Bolt Pretensioning -1
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Wadu bolt Ruuu 1Wu pretension
= = bolt (PT) Av:t1Aia bearing UTus:K31v
steel fitting AU support DgIaUQa

Waldusodv P A steel
fitting DufivyaKUv
bearing d:10u O usvdolu
bolt 2:twudu laglUiinnAu P

4 4

t P Pretension Pretension

S =

loAdga lausvdv P N
steel fitting D=dowalK
bearing aqavusvavlu

[ [ bolt D:tWuTULaAUDY l l

Pretension % Pretension = P Pretension Pretension




Effect of Bolt Pretensioning - 2
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« MINWAMSANWIYDY Kulak et.al. [aAnns
naaou bolt Adnsldusvdvnau (pretension)

Bolt Force, B, (kips)

| ' | ' INMISTULLUUWLAY AgUsuav T AU IKaNAN
HUTt >t wu:n (ugovusa Lwodusvdv T gully
80~ < paration at -4 wAun bolt AY:=LAQUSVAVIAN pretension N
bolt line \ lﬂOD'\ﬂﬂ'\SUUllUU (Us:=ueu 90% uov Fy)
a0 . 7/8" dia. . R -
Lf 7 M1 Az2sbons - « uci fu DKUY Wousvdv
b b=1%in. B — Bolt Strength T lU‘lIﬂa pretension
20 b= ,,/ B s e £ = 111/ iN. = B.=Bolt Force =T + g force ﬂ:a lﬂO gap UU
// *Bc *BC (Figure is taken from “Guide to Design (Separatlon at bOlt l]ne)
// ofBo,'tedandRivetedJofnrs”z 2nd Ed., S H:)_]\) lHaﬂ lla support
L | I | | Geoffrey L. Kulak, John W. Fisher, and
20 40 60 80 100 John H. A. Struik, Wiley- iwsvlu bolt B ﬂD WU
Applied Load, T (kips) Interscience,1987.)

Mmuusvao T nﬂS n
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e ucidkSu Lkannuv t < t_ wudn ugoousn
“QogWavIn pretension” MK Prying action

Bolt Force, B, (kips)

' ' ' ' gollitiadu bolt usvdviu bolt d:Us: e
LN1AU pretension force dufivoaRrUv LKAN
60~ ;o - uWu:lAanIsaa (ODUlHC‘IanaﬂllNUU‘l\) U
Prying Force, Q
£ rigid wo)
40} ____y,_f Tzr 218 dia. = . WatAa Prying action
A325 bolts Note: usvlu bolt Av: lwuaouu
T[%? b=2in. B = Bolt Strength UINAIIvUSVOY T NAs:N
T Wf ” /T/// e I goudowalkn1s3Uan
// Prymg Ty Bc e (Figure is taken'from “Ga{ide”ro Design bOlt (tenSile rupture
L L L Geafty L Kuak.Jom . Fisnerana failure) 1HQTUIANIONIN
Applied Load, T (Kips) Intorscience 1967 nAscuntsanurWursun (U

LNQ Prying action)



Effect of Bolt Pretensioning - 4
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aaadv bOltEua,ﬂhUEu: Steel Fitting KUNLWgOWD Steel Fitting HualLiwd
Kacua laggoluvu

wa:zgvludusvavlaa

’u’-“ —_—
S 60 : = & sof . -
x Separation at = “ Prying Force, Q
@ bolt line \ @ A i
m— ” H q; 7
5“0 . bor  Asosbors ] 5 0 7 Ay TEda S
v R w Re A A325 bolts
© ’ = 3 i ° // .
8 7 b b=1%in. @ L : L | b=2in.

20 7 o t=1"gin. = 20 7 f 1( T

,// ¢BC *Bc /// Prying Force, @ * + Q
BC BC

7 7/
7‘:\7' | | | | * I I I |
20 20 80 80 100 20 40 80 80

Applied Load, T (Kips) Applied Load, T (kips)
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tHoou bo_lt ZHuu_uWDO Steel Fitting HUNLWgOWD Steel Fitting Huhluiwa
(snug tightening)

I I I | | 1 T T
m n
2 60f _ - 2 60|~ . -
: : = Separation at x < Prying Force, Q
o bolt line )
[y Iy
e 7/8” dia. o :
8 40 - © 40 - 1\ 7/8” dia u
o g , o 4 ,/ .
b P Tzr A325 bolts 2 y iT A325 bolts
= ’ = 3/ i oY ,/ .
YAXR AYPRRTTERTS hrxy 8}f? 5 PTtHm é.’z,‘k % [,
, [ _ . , | |
O— 4 t—111/16|n. — 2 - e -3 . —
7 R4 f f t=%in.
’ s/ .
Ve, V5, i pongarce.@ bodle
l l / | 1 | I 2 I | I I
20 40 60 80 100 20 40 60 80
Applied Load, T (Kips) Applied Load, T (kips)

Pretension Pretension



Effect of Bolt Pretensioning -6

#WelLoveSteelConstruction

(iodu bolt IRuLU §v
S:QU pretensioned bolt
(Proof strength: 90% F,)

S =

TTTETTTTTTTT T

4 4

Pretension Pretension

Bolt Force, B, (kips)

Steel Fitting HUNLW8VOWD

Separation at

7/8” dia.
TZT A325 bolts
b b=1%in.
L] t=1"gin. =
VB, V8,
| I |
40 60 80 100

Applied Load, T (Kips)

Bolt Force, B, (kips)

Steel Fitting Hunliwa

&

0
~ ~ Prying Force, Q

’ bp 78 dia. ~

A325 bolts
b=2in.

. ]
/// Prying Force, Qf*Bc B{ fQ

t=%in.

20 40

80

Applied Load, T (kips)




Effect of Bolt Pretensioning -7
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(dusvavn web usvavlu
bolt iIWULanUo® wc
uniform pressure aQav

TP

S =

TTTETTTTTTTT T

4

Pretension Pretension

4

Bolt Force, B, (kips)

Steel Fitting HUNLW8VOWD

Separation at

7/8” dia.
TZT A325 bolts
b b=1%in.
L] t=1"gin. =
VB, V8,
| I |
40 60 80 100

Applied Load, T (Kips)

Bolt Force, B, (kips)

Steel Fitting Hunliwa

[¢2]
o

0
~ Prying Force, Q

N
o

&

’ bp 78 dia. ~

A325 bolts
b=2in.

. ]
/// Prying Force, Qf*Bc B{ fQ

t=%in.

20 40

80

Applied Load, T (kips)
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(dusvdon web fivya

KUV KN Steel Flange T
rurliwa o:1Aa plastic Steel Flange KHuluwo

hinge ua: usvva (Q)

TP
s =

60—

L
~ ~ Prying Force, Q

d
7/8" dia. =
TiT A325 bolts
,/, -|(—)| b=2in.
o ’E;E# :EEEEEEEIZE%EE t=%in.
,/, Prying Force, Q@ ‘»Bc Bt Q

] | | ]
20 40 60 80
Applied Load, T (kips)

40
P

Bolt Force, B, (kips)

20

Pretension Pretension
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For a flush connection:

| . [ | — L} o B
* NNSUULUUUDY bolt UWatioMav H2(P, 0, Ndy +dy)]
oM = ; (2-18)
2T ), + dy))
TABLE J3.1M For an extended connection:
Minimum Bolt Pretension, kN
Bolt Size, mm Group A (e.g., A325M Bolts) | Group B (e.g., A490M Bolts) ¢[2(E “Qnax,o)dﬂ'l'?(Pt -Q,m,i)(d;+d5)+273,dz]
M16 of 114 M AUE, = O M + 213 (d) + dy +d3)]
M20 142 179 =
M22 176 221 T AUR ~ O Ny +d3)+ 2T, () + )]
M24 205 257 27 (d. +d, +d,+d
M27 267 334 m’"ﬁ bl +d; +d; +dy)]
M30 326 408 (2-19)
M36 475 595
B 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. Note: For A325 snug-tightened bolts, the following

values of 7T} should be used:

T, = specified pretension in Table J3.7 of AISC dy <5/8 1in., T, = 75% of minimum bolt pretension
b ASD or Table 13.1 of AISC LRLI";D (also re- dy,=3/41n., T, = 50% of minimum bolt pretension

. - . d, =7/8 m.. T, = 37.5% of minimum bolt pretension
~ : -
produced in Table 2-1 of this Guide). dy = 1 1., Tp = 25% of minimum bolt pretension
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Table 3-2 Summary of Two-Bolt Flush Unstiffened Moment End-Plate Analysis

Geometry Yield-Line Mechanism Bolt Force Model
by te
1

o o 1F =2, - Qu)

tw_......._ h h. ||Mq d1

L —— ‘
g
==
* L ] * L ] D
1 =
o, _%‘Mpf :%;f 4
b ( ) 2
End-Plate Y :T{hj L] :l-!-;[f}}(pf +s)] Note: Use ps=s,ifpr>s
Yield S A
1 — _
5—5\.'35,3 ¢ =0.90
Bolt Rupture A = M = H2(P, - 0p)ds] $=075
w/Prying Action T Jel@)a)] '
Bolt Rupture
g M, =@M, = J2(B)d,] $=075

Mo Prying Action

For a flush connection:

¢M - ¢[2(Pt '"Qmm:,f)(dl + d2)]

T P2(T)(d, +dy)] (2-18)

For an extended connection:

AL, ~ O, 0o + AR, — O )y +d5) + 2135 )
AUE, — O S +21,(d) +d, +d3)]

M =
T AR O, )y +d3)+ 2T (d) +d)]
man A 2Tp(dy +d; +d; +d5)]
(2-19)
Note: For A325 snug-tightened bolts, the following

values of 7T} should be used:

dy, <5/8 ., T, = 75% of minimum bolt pretension
dy,=3/41n., T, = 50% of minimum bolt pretension
d, =7/8 m.. T, = 37.5% of minimum bolt pretension
dy = 1 1., Tp = 25% of minimum bolt pretension
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Table 3-3 Summary of Four-Bolt Flush Unstiffened Moment End-Plate Analysis

Geometry

Yield-Line Mechanism

Bolt Force Model

E(E - Om\)
2B - Quu)

t“.—-—-— 1]_1 1 d] dl
L = I‘
g
==
L ] g L]
Mn =%‘Mpf =%Fp}f;}’
b ( ) f 2 \ o
End-Plate Y=-2|p N h_?'_[ 1 +=mlp, +075p, )+ 1s(s 40255, )]+£ Note: Use p;=s,ifps=s
Yield 2| ey ) ls)p 2T 2
L = 0.90
= ER 2 = 0.
Bolt Rupture H2UP, — Qe M +d )
, . - M}; =¢:Mq= [') t 1 ]
w/Prying Action 2T ), + )]

Bolt Rupture
No Prying Action

@M, =M, = J2AP)d,; +d,)]

For a flush connection:

_ ¢[2(Pt - Qmm:,f)(dl + d2 )] _
e W)+ o) =

For an extended connection:

AL, ~ O, + AR, — O, )y + ) + 213 ]
AAE, — Oy, Jp +21,(d) + dy +d3)]

AAE, — O N +d3) + 2T, (d)y +d)]
A2L,(dy+d, +d; +d;)]

=

max

(2-19)

Note: For A325 snug-tightened bolts, the following
values of 7T} should be used:

dy, <5/8 ., T, = 75% of minimum bolt pretension
dy,=3/41n., T, = 50% of minimum bolt pretension
d, =7/8 m.. T, = 37.5% of minimum bolt pretension
dy = 1 1., Tp = 25% of minimum bolt pretension
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Table 3-4 Summary of Four-Bolt Flush Stiffened Moment End-Plate Analysis (Stiffened Between the Tension Bolt Rows)

Geometry Yield-Line Mechanism Bolt Force Model
L bp . ts
7T 4_‘_1) s e . .
pte e T—— e . —— 2R -Q.)
ps"’J—: A P, | TR
”[ -t;. *— T .\E '.--IS l-— E(PI'Qm{)
f 14 LA
h T
Lo h, d, d,
tp— E h,
e
-~
* * [ ] L ] r
Frr k :—r—
Wn =¢b‘Mpf =%Fp}fp?}’
| | ( 2
End-Plate Y=-2|n 1,1 +hs 1.1 +=[p,+p. )+ h(s+p.)]  Note: Useps=s,ifp=s
Yield 2| \py By \ 5 P 4 ’
I o— _
5=5\.ubpg ¢ = 0.90
Bolt Rupture A = i = 2B~ O dy + )] $=075
w/Prying Action " @), +dy)
Bolt Rupture @M, = @, = ¢[3(Pr)(ﬂ'g +d;j] $=075

No Prying Action

For a flush connection:

¢M - ¢[2(Pt '"Qmm:,f)(dl + d2)]

T P2(T)(d, +dy)] (2-18)

For an extended connection:

AL, ~ O, 0o + AR, — O )y +d5) + 2135 )
AUE, — O S +21,(d) +d, +d3)]

M =
T AR O, )y +d3)+ 2T (d) +d)]
man A 2Tp(dy +d; +d; +d5)]
(2-19)
Note: For A325 snug-tightened bolts, the following

values of 7T} should be used:

dy, <5/8 ., T, = 75% of minimum bolt pretension
dy,=3/41n., T, = 50% of minimum bolt pretension
d, =7/8 m.. T, = 37.5% of minimum bolt pretension
dy = 1 1., Tp = 25% of minimum bolt pretension
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Table 3-5 Summary of Four-Bolt Flush Stiffened Moment End-Plate Analyvsis (Stiffened Inside the Tension Bolt Rows)

Geometry Yield-Line Mechanism

Bolt Force Model

T —E_.. 2P -Q,)
b i ,II\ -
{ *T 3 T Ts , = 2 -Qu)
rts .'HI ]
h T
L S
. , ‘.M“‘ N ;
h, \
t—T : \
g
7=
[ ] L] L] L]
FEEE FE FIFFF H:_I_
2
Wﬂ =5%"Mpf =%JI;JY
Bl (1) ¢ 2 \ e )
End-Plate Y="2|n 1 +h_?'_rl +—[.h;(p, +0.75py )+ hy(s +025p, )]+i Note: Use p;=s,ifp;> s
Yield 2 \pr) \sJ| g 2

1

=

s=- ,"."bpg =p. (Note upper bound on s for this connection)

¢ = 0.90

I2(F, - 0,..)d; +d>)]
#2T)(d; +d>))

Bolt Rupture
oM, =M = $p=0.75

w/Prying Action max

Bolt Rupture
] P _ @M, =@M, = ¢2(B)(d; +d))] ¢=075
No Prying Action

For a flush connection:

_ ¢[2(Pt - Qmm:,f)(dl + d2 )] _
e W)+ o) =

For an extended connection:

AL, ~ O, + AR, — O, )y + ) + 213 ]
AAE, — Oy, Jp +21,(d) + dy +d3)]

AAE, — O N +d3) + 2T, (d)y +d)]
A2L,(dy+d, +d; +d;)]

=

max

(2-19)

Note: For A325 snug-tightened bolts, the following
values of 7T} should be used:

dy, <5/8 ., T, = 75% of minimum bolt pretension
dy,=3/41n., T, = 50% of minimum bolt pretension
d, =7/8 m.. T, = 37.5% of minimum bolt pretension
dy = 1 1., Tp = 25% of minimum bolt pretension
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Table 4-2 Summary of Four-Bolt Extended Unstiffened Moment End-Plate Analysis

Geometry Yield-Line Mechanism Bolt Force Model
b F
2P -
o oy I i =205~ Q)
__@f.crr . m%ﬁm
i —_ - e — = T(F. - i
Y »— £i -\.:::. j:a Jn‘ ( t QmJ)
r |III L
M
dop b M || a
t— h, ‘
=5
[ ] ] L] [ ]
T | 1 E =1

2
MI = %‘Mpf = %}FPY

b,| | ( 2
End.—Plate Y =Tp Iy ! + ! +ha‘ ! ]—% +;[FiI (pf_,. +5]] Note: Use py=s.1fp;; =5
Yield = \Py; & \Pra) =| E
1 —
5= lelbpg ¢y =0.90

IRB -0, g + 2B~ O, )d))

Y PP~ Op.)dp + 2T )(d )] =075
= = ° =013
"N b -0, 0d, + 2Ty )0d,)]

2T (g +d )]

Bolt Rupture
w/Prying Action

Bolt Rupture oM, = @an = ¢.[3(R)(d6 + di)] $=0.73

No Prying Action

For a flush connection:

_ ¢[2(Pt - Qmm:,f)(dl + d2 )] _
e W)+ o) =

For an extended connection:

AL, ~ O, + AR, — O, )y + ) + 213 ]
A = AAE, — Oy, Jp +21,(d) + dy +d3)]
T AUR ~ O Ny +d3)+ 2T, () + )]
man A 2Tp(dy +d; +d; +d5)]

(2-19)

Note: For A325 snug-tightened bolts, the following
values of 7T} should be used:

dy, <5/8 ., T, = 75% of minimum bolt pretension
dy,=3/41n., T, = 50% of minimum bolt pretension
d, =7/8 m.. T, = 37.5% of minimum bolt pretension
dy = 1 1., Tp = 25% of minimum bolt pretension
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Table 4-3 Summary of Four-Bolt Extended Stiffened Moment End-Plate Analysis(Continued)

Geometry

Yield-Line Mechanism: Case 1 whens <d,

h,

S

Bolt Force Model

i —=2(F 'va.o)

=2, - Q)

: dg d,

e e
- :: .._
s

hy

h,

For a flush connection:

_ ¢[2(Pt - Qmm:,f)(dl + d2 )] _
e W)+ o) =

For an extended connection:

AL, ~ O, + AR, — O, )y + ) + 213 ]
A = AAE, — Oy, Jp +21,(d) + dy +d3)]
T AUR ~ O Ny +d3)+ 2T, () + )]
man A 2Tp(dy +d; +d; +d5)]

(2-19)

Note: For A325 snug-tightened bolts, the following
values of 7T} should be used:

dy, <5/8 ., T, = 75% of minimum bolt pretension
dy,=3/41n., T, = 50% of minimum bolt pretension
d, =7/8 m.. T, = 37.5% of minimum bolt pretension
dy = 1 1., Tp = 25% of minimum bolt pretension
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« (D8I DDNUUU Extended stiffened end
plate NSu factored moment uula 22,500 kg-
m &1HSU built-up beam H 600 x 20Q x 10 x 6
mm lagn End plate tnsa HY370 dadvulauo
uauUnmu (flush) lagliasy stiffener ua:=(g
A325 bolt (F,=75% F,) Giacdivuuudunuiuwaa
(snug tight)

* Step 1. AMUdTUKIYUNQUDY bolt lagauudnou
71 “TdiAansva (no prying)”

* Step 2: AMUDTUKUNADIUKUNUDY End plate

* Step 3: AMUdtuKIMavsuluwudda lag
WDISTUN “Wadnusvva (prying force)”

* Step 4: sd>vdaudIMavsuluuud vINNN
lwuAantnNatuHSo(U

E
[

27l e
& ;|"\
i e ne
____\;It'______
’ i
/
do h
dl ; 11
_""'Ej""'_t'ﬁ 1
b - g__l
@ @
1 — [FFFFTTs A | |

h 0

bp= 200
t= 10
= 75
Pi= 45
Pio= 60
Pext= 125
= 600
d,= 655
d = 540
hy= 660
h = 545
o= 1

mm
mm
mm
mm
mm
mm
mm

Extended
end plate

Z@FtAb(do + d1) =M,

d = \/2M, /n@F.(dy + d;) = 1.59 cm

2

d
20F ——(do +dy) = My

—)

(5 bolt M16
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« (D8I DDNUUU Extended stiffened end
plate NSu factored moment uula 22,500 kg-
m &1HSU built-up beam H 600 x 20Q x 10 x 6
mm lagn End plate tnsa HY370 dadvulauo
uauUnmu (flush) lagliasy stiffener ua:=(g
A325 bolt (F,=75% F,) Giacdivuuudunuiuwaa
(snug tight)

* Step 2: AMUDTUKUNADIUKUNUDY End plate

Example

Yield-Line Mechanism; Case 1 when s

<d.

.

Bolt Force Model Yield-Line Mechanism; Case 2 when s = d.
—= 27, - Qus) . e
, T2 - Q) w e
/ i
\M“ d d hy
! b,
' L] .
M, =g My =g Fpn Y
ol o | ) )
e Y:T»[m\\ Lottt }-g[;,l@,,,, weifeezpa)
: Note: Use py =s. ifp, > s
1 —
End-Plate Al 0 =0.90
Yield M, =M=tV
bl (1 1 (1 1)] 2
polefy Lt h‘— —‘ [ 10
(sa:z 2[11\1)1'4- ‘ D.\Pfo > } g[;? ) P )]
o Note: Use py=s, ifpyi > s
e e
2P, ~ Oy Vo + 2B~ 0,0 |
Bolt Rupture AR~ uana o + 2Ty (@) ~
wPrying Action == o7, Oy + 2T, ) pmor
el 2T (A + )]
o rying Acon M, = M,y = J20R)dp + ) g=075
. 1.1y, ((Z)an)
d = 700 mm pr = 2
e pryY
s= 612 mm
1.1(1)(22,705 * 100)
Y= 7957 mm = =
0.9(3,700)(7,957/10)

1.1cm

bp = 200 mm
t.= 10 mm
g= 75 mm

P;i= 45 mm
Pifo= 60 mm
Poxe = 125 mm

= 600 mm

d,= 655 mm
d,= 540 mm
h,= 660 mm
h,= 545 mm

2
p, = ”(146) (6300)

— 12,667 kg
Q)an = ®2Pt(d0 + dl)
=22,705kg —m

(5 bolt M16
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# W e LO V e Ste e l.C 0 n St r U Cti 0 n Geometry Yield-Line Mechanism: Case 1 when s < d.
hP S
E . L :d'

« d2Dg1 DONUUU Extended stiffened end - o b,= 200 mm
plate NSu factored moment uula 22,500 kg- 4 al t= 10 mm
m a1HSU built-up beam H 600 x 200 x 10 x 6 4 g= 75 mm
mm laen End plate tnsa HY370 aadolaud : p;;= 45 mm
youUnmu (flush) laglulasu stiffener ua:ly “‘”{1 [T P, = 60 mm
A325 bolt (F, =75% F,) Gacdvuuudunuuwad T venines | P = 125 mm

1 End-Plate 75 "“b’? =090
(snug tight) e - 600 mm
[Sa;edz Y:%{hl\i+%}+hg]\i+i/‘}+épﬁ,(pf,+s)filg((fi,+pjj)]
e oo d. = 655 mm
DT, =+ 205~ 0y | (0]
oy e, ZF:’;:iS:::zfiZi”:;}’Z;i;‘;Jﬂ oo d,= 540 mm
2T )(dg +dy)
. Nfs‘l;ilw:::m @M, = M, = 92(B)(dy +dy )] $=075 hO = 660 mm
* Step 2: MUDTUKUNIADIUKUNUDY End plate h,= 545 mm
— — Yr = 1
(Gt,12mm W (Gt 10mm
©
0
(G bolt M16 =4 | (3 bolt M20
(1]
(]
d = 700 L
e~ /25 mm 5 _ [p0t) _ |M@2500-100)
s= 612 mm |.E tp,req'd - (DpryY - 09(3’700)(79’570) - Y cm

Y = 7957 mm
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« (D8I DDNUUU Extended stiffened end
plate NSu factored moment uula 22,500 kg-
m &1HSU built-up beam H 600 x 20Q x 10 x 6
mm lagn End plate tnsa HY370 dadvulauo
uauUnmu (flush) lagliasy stiffener ua:=(g
A325 bolt (F,=75% F,) Giacdivuuudunuiuwaa
(snug tight)

* Step 3: AMUdtuKIMavsuluwudda lag
WDISTUN “Wadnusvva (prying force)”

Geometry Yield Line Mechanism: Case 1 when s < d.
b
-— 7
Pl @ —:5— | 3d'
N
- .
TR
he
t— by
-
)
1
D=4 My =g ¥
Bl (1 1) (1.1 ‘ 20 ¢ L ¥
T =2l ——+ =+ hp| =+ — ||+ =n, 5)+hgls+pys, )
cre P e e = P s
: Note: Use py, =s. if py; > s
1
L =090
End-Plate =508 %
Yield )y = My Y
Bl (1 1) (1 1]z )
Case 2 Y:Tp{hl 7*;1*“ o +7[hl(pfF+s)7’lﬂ((’p+Pu/,a)]
o 2| Ny s) N\ ppe 25)| g
Note: Use py; =5, if pi>s
1
=3P f=0.90
¢F'P, oy =207, = QW,T. Jd,]
Bolt Rupture ar _ (PR~ Omaxaddo + 2Ty )(dy). 075
wiPrying Action B == b - 0 s = Ty )] =07
2T )(dg +dy)]
Bolt Rupture _ - j=
No Prying Action 4y = Py, =R +d)] 9=
2 |
wr, 2
— P =
) O = 1| Foy =3 =
Inside 4a, \ |, )
Bolt i 3
; (t, |
i Rows a,=3.682 2| —0.085
gt, 10 mm .
) mum
e ° Prying w=b, 2=(dy +1/16)
e} Force . ( b \ rd3F
7 12F, 0.85%+080w"+ ; !
"R - )
(3 bolt M20 | B R
- Pri
© I B
- wi | ((E )
2 A
()] Opaso =~ 1| Foy =3 |
'E; Outside 4a, \ \Wip )
d = 700 mm | kA | & SR YR
- a, =>3. o — | — R s —Ps
e c Maxi- ¢ \ds ) at " Pso
— 61 2 " p— mum Y [ Y (f ,
S= . mm L Prying w=b, /2-(dy +1/16)
- Force ( b 3 3
N .| w@d;F,
= 2F, 1085240800 |+ 2L
=7 mm ol 0533 N
F-— ’
4sz>

bp= 200 mm
t.= 10 mm

= 75 mm
P;i= 45 mm
Pifo= 60 mm
Poxe = 125 mm
= 600 mm

o

iy

‘= 938 mm
w'= 780 mm
ksc

o))
]

.,.,

;
s
3
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# W e LO V e Ste e l.C 0 n St r U Cti 0 n Geometry Yield-Line Mechanism: Case 1 when s < d.
hy S
E . L :d'

« d2Dg1 DONUUU Extended stiffened end - o b,= 200 mm
plate NSu factored moment uula 22,500 kg- 4 al t= 10 mm
m a1HSU built-up beam H 600 x 200 x 10 x 6 4 g= 75 mm
mm laen End plate tnsa HY370 aadolaud ! p;;= 45 mm
youUnmu (flush) laglulasu stiffener ua:ly W—{—a P P, = 60 mm
A325 bolt (F, =75% F,) Gacdvuuudunuuwad T venines | P = 125 mm
(snug tlght) e ;‘;‘i;i:%,;y%j' | = 600 mm

Case 2 Y:%P hlii+%}+hg]i+i] +§[hl(pf,+s)filg((fi,+])lj)]
Fully-tightened bolts sl NDILL;.P,, ths }
T,=  specified pretension force in Table J3.1. S . ’t“‘) o dO = 655 mm
AISC LRFD Specification for fully tight- — — S K - )
ened bolts (ASD Table J3.7). Wring Ackon e rwEE?;Z}%'T'HWWM s d,= 540 mm
Bolt ?ll}g-tizl’lteued A325 bolts__ ‘ | | o 4, = 0 = o)) #=073 hy= 660 mm
. » 1s taken as the following percentage of the
PI_‘?ten' AISC specified full pretension given in Table h] = 545 mm
SIO 1 131, AISC LRFD Specification (ASD Table J3.7) y=
dy < 5/8 in., use 75% ~ = r
d - 3/4 in use 50% (35 t,10mm | % oM, = 22,017 kg-m
dy=7/8 in., use 37.5% 9 20,037 kg-m a'= 938 mm
dy = 1in.. use 25% - '
b {3 bolt M20 | 19,719 kg-m w'= 780 mm

* Step 4: QsdvdaudAavsululuud vinn3 = 17,739 kg-m Fi'= 4129 ksc
lwuAantnNatuHSo(U d - 700 mm | H Quaxi = 7.451 kg

N = dM, =22,017 kg-m a,'= 938 mm
s= 612 mm | b 0
ve7957 mm | B $ M, =22,500 kg-m Fo = 3,097 ksc

Quaxo = 7.557 kg
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#WeLoveSteelConstruction TP ————T)
« d2Dg1 DONUUU Extended stiffened end e L b, = 200 mm
plate ASU factored moment uuNQ 22,500 kg- 4 al tf = 10 mm
m &HSU built-up beam H 600 x 200 x 10 x 6 14 g= 75 mm
mm lagn End plate tnsa HY370 dadvulauo : p;;= 45 mm
uauUnmu (flush) lagliasy stiffener ua:=(g | y’”[ 1 ‘1**1 N pi,= 60 mm
A325 bolt (F, =75% F,) Gacdvuuudunuuwad s ’ P = 125 mm
(snug tight) P - 600 mm

o |l l 2| oo manil
* Step 1 AUDEUHIULNOUDY bolt lagauudiniau f“ - d,= 655 mm
31 “liamsva (no prying)” s fwese Gl d,= 540 mm
. N TR T o h,= 660 mm
* Step 2: MUDTUKUNIADIUKUNUDY End plate h,= 545 mm
vo= 1

* Step 3: AudtuHIMavsuluwudda lag G t,12mm W (Gt 10mm
WO1SaU1 “Wavinusvva (prying force)” 9 a/= 938 mm
(5 bolt M16 =¥ | (3 bolt M20 w'= 780 mm
* Step 4: Qsd>vaous M Avsuluud vinndT < Fi'= 4129 ksc
lwuAantnNatuHSo(U T Quaxi = 7.451 kg
oM, = 22,705 kg-m B | oM, = 22,107 kg-m a,’= 938 mm
= Fo = 3,097 ksc

7,557 kg

O
3
o
x
o
I}
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Calculaton b = 200 mm
ABOLT EXTENDED STIFFENED END-PLATE MOMENT CONNECTION p

Project name Exctended stiffened end plate Location = tp=12 mm t —_ 'l O m m
Project No. : 21 Date : f

Designby : +we love stesl construction Clisat smug Eghtened MI6 bkt Vs g 7 5

Material Properties ho = P+ h pf,l = 45 mm
SteclGrade = HY370 N _ 660 . pf,O = 60 mm
" e 1 Py = 125 mm

F = 4,600 ksc h = h—ty—Fp = 600 mm
. {3 t,12 mm -

R Moo - d,= 655 mm
W em N T d,= 540 mm
a - m (3 bolt M16 - hy= 660 mm
e oo S " h,= 545 mm

o= ® o da - 655 mm

d = 7000 mm

Py

P = 125 mm d'- - do P““ P..-, f ! S = 61.2 m m

Lo Y = 7,957 mm
dr = 540 i

& = 500 mm

g = ® R ¥ = T, BG6. 62
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b = 200 mm

4BOLT EXTENDED STIFFENED END-PLATE MOMENT CONNECTION ‘ Thjd{ Plat.e E ] "lul' | p
zﬁ:::-p j\:videdshffenedmdp[ale ;::ij\an: tp=12mm tf = -l O mm
D:yby:- V;lw\e steel construction CL\E'I smug Sghtened M16 bolt EDd_Plate YiEI-d-II“E
. . g= 75 mm
M, = 2ol ¥ —
100 ¥ < _
Material Properties B 0 pf,'l 45 mm
End Plate -
. M, = 42,39 T-m Pso = 60 mm
SteclGrade = HYSW = '
. S - Baolt Rupture (Wo Prying Action) pext = 125 mm
B, = 4,600 Jse B = ].TT = Ay = 600 mm
. {3 t,12 mm -
Bolt
P = 12,465,584 kg =
- d,= 655 mm
B = 6,200 ks (do+dy) 1 d = 540 mm
M., - 2% Fox 5 T 1
s - (G bolt M16 | h,= 660 mm
4 = 20106 om? ﬂ-f“:u = 2374 T-m h-l = 545 mm
End Plate and Beam Geametry _ .l
Ve =
b = W mm If Moy = 00My
Py, = 60 i
B _ 5 - So, Thick Plate Behavior Controlled by Bolt Kupture with de = 700 mm
;.
- - s= 612 mm
A0 = min g Mg, du )
y - a - N e Y = 7957 mm
h = 00 ™ -
M = 22,35 r—m
g - mm
: - - Otherwise, The Connection Behaves in Thin Plate Behavior @an = Q)Zpt(do + dl) = 22, 705 kg —m
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Calculation | b = 200 mm

ABOLT EXTENDED STIFFENED END-PLATE MOMENT CONNECTION P
Project name Extendedstiffenedend plate ~ Location tp 10mm tf = 1 O I | I I | I
; 22
Project No. 22 Date . - 1

Designby: we love steel construction Client Saug tightened M20 balt g = 75 mm

Material Properties

End Plae pfO = 60 mm

W " P = 125 mm
B - :“ " - h—ts— Ppi = 600 mm
Gt,10mm |

: — S " d,= 655 mm
o ~ asxyhos d,= 540 mm
. | ®Wbotm20| _ h,= 660 mm
R oo - h,= 545 mm

E T —— . - Wl .= 1
i : 3 . do a 655 mm
’ d,= 70.0 mm
. & = G-Pu-Pu-t s= 612 mm
. w Y =7957 mm
dx = ] T
. - 0w . v - 7, 056,62
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Thin Plate Behavior |
Bolt Prying Force for Inside Balts Belt Brying Forca for Outar Balts bp = 200 mm
ABOLT EXTENDED STIFFENED END-PLATF MOMENT CONNECTION w'f,;-, #71‘“ ;
- —2 Inpz Q3 32 L 142 ot
Project name Extendedstiffensd end plate~ Location. tp 10mm Qunees - 1a; 1,"'*’"‘ -4 W'f',.] kg Qunzzp = %1.‘:1";‘;;‘ “(:,Tv]‘- tf = 10 mm
o -
Project No. 22 Date
Designby: we love steel construction Client Saug tightened M20 balt where: whee: g’ = 75 m m
. 1 _
W = Bef2 — ldy + g % 25.4) . = b2 (dt (= x 254 .= 45 mm
w 8 % fi
Material Properties '
End Plate - = 7541 mm - _ . o pf o = 60 mm
f
Steel Grade = HY$
o = demeiaerbor . Poxe = 125 mm
Foy - 3,700 ksc
e . = 600 mm
E, = 4,600 ksc * dy = = i
~
Gt 10 mm
5 - 10 P mm t = end-plate thiclmess b - end-plate thickness
- d,= 655 mm
Type = Snug- Tightened t, = 1 me b - w0 mm
d,= 540 mm
K = 6,200 kac a; = [3.682(t, /da)* — 0.085) = 25.4 a, = min({3.652(t, /dy)* — 0.085) % 264, eas — ppe)
.
o, (GboltM20 | hy= 660 mm
a; = 953 mm a, = 453 mm
P - h,= 545 mm
Fyy = end-plabe material yield stress F, - end-plate material yield stress
End Plate and Beam Geametry ,Y = 1
r
Py = 1, 700 ks , = 1,700 kse
by = 200 mm
1
P = 50 e o = [£2F,,(0.85b,/2 + 0.50%") + md] Fy /8] /(4p4,) F, = 3 Fp (0 856,/ 2 -+ 0.80w") + md Fi /5] {40 ) a] = 938 mm
1
P, = 15 mm B, = 41187 <« kg ¥, - 1, 086.08 < kg W - 780 m m
P = 125 T ' -
B = nominal tensile strength of bolts E = nominal tensile strength of bolts Fi 4 ! ] 2 9 k S c
t = 0 . N
I = & 200 ke B = 6,200 kae Qmax,i 7'451 kg
s = 600 mm : '
a, = 938 mm
g - ® . 30 S
1
Fo = 3,097 ksc
d, = & mm Qs - 7, 376.15 kg Oz = 747027 kg

7,557 kg

O

3

o

X

o -
|
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Bolt Rupture (w/ Prying Action)

1

M, = 2(-‘\*va.&)dﬂ*ﬂ-"x*@vmﬂd!.XW - — _ =
, AWLdulUlanaoiatu b,= 200 mm
e s " e = Bolt LnduDNUA:UAIIU t= 10 mm
Designby: we love steel construction Client Saug tightened M20 balt “E 10° lﬁo prying - g = 75 mm
s 1 = Bolt undudnLAQ prying P;i= 45 mm
Mys = 2(F: — Quaaz)dr + 2(Th)(do)] x o

e wadtuldtia prying (tAa Pio= 60 mm

w4 yield) ¢= Poe= 125 mm
w woom PRI * Bolt undlutia prying = 600 mm
] - IU tp Ut . M, = 24.26 <:| N llﬂDUDﬂIUlﬁO prying

- (1Aa yield) €= d,= 655 mm

R R = Bolt unduanuazundiu d,= 540 mm
{3 bolt M20 * nv 2 uadluiia prying hy,= 660 mm

(1fia yield) ¢= h,= 545 mm

W - 1

End Plate and Beam Geometry M, N B Tom ’Yr = 1
b - W e If My e < M, d)Mq = 22,017 kg_m h
Py = w m So, Thin Plate Behavior Controlled by End-Plate Yielding 2 0'037 kg_ m <:I a1l = 938 mm
W - . em 19,719 kg-m <= w'= 780 mm
P = 125 i I i ) . 17'739 kg—m <:| FI' = 4,]29 kSC
o - o B o Qmax,il = 7,451 kg
: : 600 : ()therlw\se. Thin itaxe ljeha:or Controlled by Bolt Rupture (w/ Prying Action) (I)Mq - 22'017 kg_ m ao' - 9.38 m m
o B $ M, =22500 kg-m F, = 3,097 ksc

= 21.59 T-m Qmax,°,= 7’557 kg



Be friend with us via ...

— First limit state is
Limit state is bolt / end-plate yielding
rupture without ,— Followed by bolt
prying action 4 rupture with prying
action

Limit state is
plastic hinging of
the beam

LINE ID WeLoveSteelConstruction: 060tlizi

https://www.facebook.com/WeLoveSteelConstruction

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

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

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

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

v @ WLCE

SSI BUILDING TECH West Coast Engineering Co.,Ltd.
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