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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

#WelLoveSteelConstruction

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

#WelLoveSteelConstruction

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







Structural Bolts

#WelLoveSteelConstruction

daninagsuuudunuuwaa (Snug-Tightened Bolt)

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

uunmunaIsvtunuu
Snug-tightened bolt

« Juuduwoa “Golon” AcgUs:=ISssUAI

0o =0 — J

Pretensioned bolt

« Juuduunuulausvavniou
« AVl Snug-tightened bolt

Slip—critical bolt

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



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

Structural Bolts

#WelLoveSteelConstruction

aanwnagsuuvuldusvavnau (Pretention Bolt)

Slunsaiciva laglawi=ag1vdv ascindovnsiidocio
oAUt udnvdkiniiamsiasulnanlidowacio
AJIWaIWIsalunIsSuUUIKUNUDVUDCD

aanindagauvuidaudnna (Slip Critical Bolt)

gAudacankINtAanIstasulnad:tianuLFyRIgcD
ADUIIUISOluNISSULSVUDVUDCID

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

uunmunaIsvtunuu
Snug-tightened bolt

o JuLUUWDQ “"Guidd” AdguUs:ILISSSUM

0o =0 — J

Pretensioned bolt

« Juudunuuldausvaonoau
« AVl Snug-tightened bolt

Slip—critical bolt

« 13DU3NAQ

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



Structural Bolts

#WelLoveSteelConstruction

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

#WelLoveSteelConstruction

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



Thailand Standard & Reference for Bolt

#WelLoveSteelConstruction

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



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

#WelLoveSteelConstruction

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.




wialus 22?2

awursavu bolt uaAlH
uuuwaa

naz:alksdaviu
bolt {Kla torque

#WeloveSteelConstruction

/ 13



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

14



Pretensioned (PT) Bolt

#WelLoveSteelConstruction

* 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 ]

15



| | |
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



" i

by We Love Steel Construction
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Welding

#WelLoveSteelConstruction

« 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

H#WelLoveSteelConstruction

. 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

#WelLoveSteelConstruction

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



Steel Connection

#WelLoveSteelConstruction

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



Flange-plate
Moment
Connection

#WeloveSteelConstruction




Force in Beams and Connections

#WelLoveSteelConstruction

* ASTUAIU simple beam 2 A 91D
LNAU YuNQLtNAU SU uniform
load LN1AU CiDLUNADUAU UU
support LlGYDAU d:LRUIAULC
a:(1d 9:SU max. bending
moment LNNAU wL2/8

* Reaction QsSv intermediate
support Ad:1Aaduuinnga lagi
AU 2 tudv Reaction SV
Jaltgniu simple beam nv 2 au

M=wL?%/8

/N

wi | o Vo
|
A ®
f 1)

R=wL/2 R = wL



Force in Beams and Connections

#WelLoveSteelConstruction

M' = wlL?*(3/8*3/8 - 3/8*3/16)

. ﬂ§fﬂ'mu simple beam 2 (1 gD = 9/128*wWL2
LAAU YuNaLNIAU SU uniform -
load LN1AU W@DUGDLUNADEAU UU L2/s
support LlGg7u lagaaciolWlu 3L /8 \ /
moment connection VINNS < > M' wLZIB
LWWUTuudv flexural (rotational)
stiffness Racio M* = wL2/8 LQun LA b
Avnav 2:9n redistribute (UN A ‘ ‘
moment connection ﬁ ﬁ
¢ USVV: nnmﬂIUsJoaon stiffness 3 ﬁ _ 3%
gv NMISIWL rotational stiffness n R=7"wWL/2 R=5/4*wL R=%"wL/2

aowaIH bending moment LWU
goduauluaog



Force in Beams and Connections

#WelLoveSteelConstruction

M*'=wL?*(3/8*3/8 - 3/8*3/16)

« AseUAU simple beam 2 c> 91D - gszg*wLZ
LNIAU Yu1aLNAU SU uniform
load tn1fAu W@ouCDLTNADYAU LU wws
AuLa Auo:D flexural stiffness
Jo (goiroller support NlUD < L8 - \/M' L218

flexural stiffness) wciQde load N

auuias laa-luiianisdaadd U LA Vo
1A bending moment (utan A ‘
1) 1)
R=%*wL/2 R=%*wL/2

1

R=5/4*wL



Force in Beams and Connections

#WelLoveSteelConstruction

« ASTUAIU 2 ¢ 972LHIAU vUNA M*=
LNAU SU uniform load tn1#Au 1/3*wlL2/8
LEDUCIDLUNADYAU UU support
Loeonu lagaacioldu moment
connection “ua:" Uaigaiunv 2 /- M~ =2/3*wlL?/8
(Ou fixed end 8ol rotational
stiffness gu dowald moment Qn LA

ns=o19(Ugv fixed support ‘

« M+ max lGUR Avnatva:wiu 3v * ﬁ T
Qn redlstnbu;ce Tyn:flxec_:l end R=wL/2 R=wL/2
s12 2 {u 3 (67%) Aouu midspan R=wL

moment dVIKADIWYY 1/3*wL?2/8



Force in Beams and Connections

#WelLoveSteelConstruction

¢ ASTUAIU 2 (1D §7121NAU YUNQ
LNAU SU uniform load tn1fu - M’
LBDUCIDLUNADYAU LWIAULAN D
asvdalgAIunv 2 A1 ta:ustdtu i
2ACIDS:HIIWAIU USLaUUangnu /M
golal rotational stiffness Upg
n31 fixed end (16U WU shear IR A
wall A rigid u1na) Ad:=dowalr
NS redistribute end moment
(tlGun tIN1AU 2/3*wL2/8) v:=aa
Uooav lag fixed end moment f
o=t (Ugotarausu (8v
rotational stiffness UINJvaY 1) ﬁ T
uIn UIngaAoldu shear wall) R=wL/2 R=wL/2




Flange-Plate “"Splice” Moment Connection

#WelLoveSteelConstruction




Flange-Plate “Splice” Moment Connection

#WelLoveSteelConstruction

Cptional Flange-Plate

Ref: www.structuraldetailer.com Stiffener
g | O ::\‘
] - | [
& & o & & o i
1 e = R o ||l =
| | .' |
s ‘
Sla | o 4 ||| X 4 ||| &
o & o & & o
55 & i & (8]
Bolted End-Plale Splice Bolted End-Plate Splice Bolted End-Plale Splice

Light / Medium Duty Partial Moment Resisting Full Moment Resisting



Flange-Plate Moment Connection

#WelLoveSteelConstruction

* LpMmuUbusvNMguDNUINSNT D:1AANISAQCD
wa:1na moment tutuniu Mnsumudulasu
External Moment (G1Ha0v) goudunwalHiAa
Internal Moment (dU) waz:tAQUSVAAVAINAU
HUAQnNv Tension (LU92) wa: Compression
(Lav) Bvusvsid 80% »:=a1glag beam flange

* Tension i top flange ua: Compression i
bottom flange v:QnangLd1g support WU bolt Ve

néa flange WAU flange plate lagnnv bolt i
1a: flange plate AicidvaiuisasuLazENg Vil ==y
Tension ua: Compression LU1g support [ -+ o Fae |

¢ AuUudVADVASIVADU bolt ua: flange plate \| e T
QanadusagLlDUNCDIUINULET lagMSWIISTUN N el
limit state cihoa auoulumsoanuuu <

Flange-Plate Moment Connections
Connecting to Column Flange

T = ms—— =) T

Tension

Compression

C =) mnmmmmm—" 4 C

O - - (b O T/'IO

e Shear

Flange Plate
= T

e Tensile yielding

 Tensile rupture
 Block shear

» Bearing & Tearout

o

e Shear




Design Example: Shear Connection

#WelLoveSteelConstruction

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

#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 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

#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. 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

pgAtavdingadvasulan



Flange-Plate Moment Connection

#WelLoveSteelConstruction

« (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

S

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

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

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

e

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

8mml/ \

~

.

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

8mml/ \

~

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:

.

I:E7OXX

80

80

60

60

80
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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




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)
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
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STEEL DESIGN

Flange-Plate Moment Connection

« (298I DONULUU Flange-plate moment %_

connection NSU factored moment yuna
22,500 kg-m dHSU built-up beam uuna H Factored Tensile Yielding Resistance (¢Rnf.gv)
450 x 150 x 6 x 4 mm {3 Flange plate LnsQ 87
HY370 ua:(3 M24: N-Type A325 bolt dacv L)

wuuduuuunuuldusodonou (pretension bolt) 8 mm Forox Factored Tensile Rupture Resistance (@R
8 mm l/ \ > 64

T

Capacity Full Report

~

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

Factored Bearing Resistance (@ Rnf bearing)

* Step 4: Qsd>dg@aUIIMAVSULULLUG LINAT 12

TuwudAtiadurgally

Factored Tearout Resistance (@ Rnf tearout)
107
T

1) Weld shear limit state:

2) Plate net tension limit state:
Factored Bolt Resistance (@ Rnf,bolt)

3) Plate block shear limit state: — || ——» 580
T

4) Plate bearing & tearout limit state: Factored Weld Resistance (@ Rnfweld)
» 50
5) Bolt shear limit state: N T
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AISC DG for End-Plate Moment Connections

. 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 Ll
dHSuU vacosuluuuan Moment Connections Flush and Extended
ﬁE)\)§U llS\)llWl uc_]u-[H:)ua: Seismic and Wind Applications Multiple-Row

Second Edition Moment End-Plate Connections
usvau

- Aauun 16 WusUuuunls
dHSU ocmasuluwum
iU Tiudsurdouov
lateral load system 15U
ATUSU gravity load N
ARualRUarosuluwua
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+ avui 16 1WusUuuuAldansu vadasuluwudmiu hidu
dOUHUVUDV lateral load system LU ATUSU gravity
load hmMKualkUargsuluwua

7™~ Tension Zone

Metal Building [’:M
Manufacturer

ASSOCiation (a) Beam-to-Beam Connection
(MBMA) GWUW [ —

e, o~ Tension Zone

e sOudaMlae %

=
—
‘_;___‘%_-_“_4
T
- = -~
|
=

M= Tension Zone
(a) Beam-to-Beam Connecfion

» fsUuuu doun - % Il |
Suusvav Lauo y y L

— ~ -
e
UoU (flush) ua: 4
-
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 (exfended).

Steel Design Guide Series

Flush and Extended
Multiple-Row
Moment End-Plate Connections
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End-Plate
Moment
Connections

: Smarter.
i Stronger.
: Steel.

Preface

This Design Guide includes a compilation and enhancement of the design procedures and design examples in AISC Design
Guide 4, Extended End-Plate Moment Connections—Seismic and Wind Applications, published in 2004 and AISC Design Guide
16, Flush and Extended Multiple-Row Moment End-Plate Coanections, published in 2002. Since Design Guides 4 and 16 were
written, a large volume of research has been conducted. and literature has been published on the analysis and design of end-
plate moment connections, much of which has been incorporated into this Design Guide. In addition, the number of end-plate
configurations has been expanded from the 10 configurations in Design Guides 4 and 16 to 15 in this Design Guide. This Design
Guide has an extensive literature review, an overview of design concepts. a review of the use of yield line analysis to determing
end-plate strength, and design procedures for determining required bolt strength. It also includes 15 design examples for gravity,

wind, and low-seismic-ductility design and three examples for high-seismic-ductility design.

1.1 TYPICAL APPLICATIONS

An end-plate moment connection is made when a steel plate
is shop welded to the end of a beam or the top of a column
and then the plate is fizld bolted to the connecting member
using high-strength bolts. One of the biggest advantages of
the end-plate moment connaction is that it allows fast erec-
tion of rigid joints without requiring any field welding. With
advances in 30 detailing software and automated shop fab-
rication equipment, end-plate moment connections can be
fabricated efficiently and with tolerances that create good
fit-up in the field. The following summarizes some of the
advantages of end-plate moment connections:

+ A moment connection that does not require field welding.
This can be especially advantageous in cases with high
field labor costs, difficulties getting qualified field weld-
ers, unfavorable environmental conditions such as low
temperatures or high winds, or galvanized structures for
which welding requires special accommodations.

+ The end-plate connection does not need to be designed
as slip-critical, thus allowing relaxed surface preparation
as compared to other bolted moment connections such as
bolted fAange plate connections.

+ End-plate moment connections are nod as affected by
flange out-of-square imperfections (ie. fange tilt) as
other bolted moment connections such as bolted flange
plate connections.

« A moment connection that is faster to erect than field-
welded connections.

End-plate moment connections are used in a variety of
stegl structures from nonbuilding framework o complex
building structures, low-rise to taller buildings, low-szismic
o high-seismic sites, and in structures with low o extremely
large loads. The most common application for end-plate
moment connections in the United States are metal build-
ings; however, use in conventionally fabricated structures is
becoming more common. This Design Guide can be used
for many of these connections, including conventional steel
buildings with end-plate moment connections between hot-
rolled steel sections [Figure 1-1(a)], metal buildings with
end-plate moment connections at rafter-to-column [Fig-
ure 1-1(b}], rafter-on-column connections [Figure 1-1{(c)],
or beam-to-beam splice connections [Figure 1-1{d)]. Fig-
ure 1-2 shows examples of end-plate moment connections
being erected in the field.

Connections between steel members can be categorized
as simple, partially restrained (PR}, or fully restrained (FR).
Simple connections are defined as transmitting negligible
moment. whereas FR connections are defined as transmit-
ting moment with negligible rotation between the connectad
members. End-plate moment connections designed accord-
ing o this Design Guide are intended for FR construction.
For purposes of structural analysis, therefore, end-plate
moment connections can be considered as fully fixed.

1.2 OVERVIEW OF THIS DESIGN GUIDE

The purpose of this Design Guide is to provide a convenient
source of information for the design of end-plate moment
connections. End-plate moment connections are subject



1o a set of limit states associated with the end plate, bolts,
welds, and column that have unique aspects. For instance,
the application of yield line analysis to calculate end-plate
and column flange flexural strength and the application of
the effective lee-stub analogy to calculate prying forces
require careful consideration. This Design Guide attempts to
summarize and simplify the design concepts and limit state
checks into coherent design procedures. The design proce-
dures for the 15 end-plate moment connection configura-
tions presented herein have been validated by testing.

The scope of this Design Guide includes the development
of fundamental concepts, conversion of these concepts into
design equations, and design examples. Gravity, wind, and
low-seismic-ductility applications are covered, as well as
high-seismic-ductility applications. Both allowable strength
design (ASD) and load and resistance factor design (LRFD)
procedures are discussed and illustrated throughout this
Design Guide. While some concepts are unique to built-up
members, the design procedures can be applied to both con-
ventional hot-rolled steel sections or built-up steel sections.

Two previous AISC Design Guides were consolidated
and updated in this Design Guide. Design Guide 16, Flush
and Extended Multiple-Row Moment End-Plate Connec-
tions (Murray and Shoemaker, 2002), provided information,
concepts, design procedures, and examples for nine end-
plate moment connection configurations. Design Guide 16
was intended for use in low-seismic-ductility applications.
The second edition of Design Guide 4. Extended End-Plate
Moment Connections, Seismic and Wind Applications (Mur-
ray and Sumner, 2004), included seismic design procedures

(a) Conventional steel building
(photo from Matt Eatherton collection)

and examples for three end-plate moment connection
configurations.

Besides consolidating information from the previous
AISC Design Guides 4 and 16, some of the changes and
additions incorporated into the current Design Guide are:

Expanded background chapter with more information on

past testing.

Added fundamental information on how to conduct yield

line analysis.

Included development of prying action forces.

Added more information about how to handle specific

conditions such as sloping connections and large axial

forces.

Added more information on column-side limit states.

Added more discussion of design and detailing

considerations.

Added more connection configurations to go from nine

configurations in the previous Design Guide 16 to 15 in

this Design Guide.

Expanded discussion of seismic design issues and

new design examples demonstrati seismic design

procedures.

Design procedures in this Design Guide are based on the
AISC Specification for Structural Steel Buildings, ANSI/
AISC 360-22 (AISC, 2022d). AISC Seismic Provisions
for Structural Steel Buildings, ANSUAISC 341-22 (AISC,
2022c); and AISC Prequalified Connections for Special and

(b) Metal building
(photo courtesy of MBMA)

Fig. 1-2. Erection of beams with end-plate moment connectiony.
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ig) Eighi-bolt (SES)

(k) Four-boli siiffened (4ES)

(F} 12-boit MRE 13

(o) Eighi-bolt four-wide (SEH4W)

(i) 12-bolt MRE 272

Fig. I-4. Extended end-plate moment connections.

(@) Twa-bol flush

Four-bolt
stiffened below halts

N
J

() Four-boit unstiffened

(e) Six-bolt flush

Fig. 1-3. Flush end:plate moment connections.

e} Four-bolt stiffened
between bolts

=

\
S

L=

1f) Six-bolt four-wide




]

)
y

o

o

[ 2]

o
H H

(a) Four-bolt (b) Four-bolt (c) Eight-bolt
extended unstiffened extended stiffened extended stiffened

Fig. 1-5. End-plate moment connections prequalified for use in intermediate or special moment frames.




Supports and
loading at \
inflection points ﬂ Portion of
flange and\
web at

bolts
£

TTrTTTT

(a) Beam-to-column (b) Splice connection (c) Tee hanger

Pinned connections —
at inflection points in
frame

Applicable to single
story portal frames

(d) Knee connection (e) Full frame

Fig. 2-1. Types of experimental assemblies.







| L | L

{a) Minor axis of (b) Plate on column (c) Cruciform column
I-shaped column flange tips

<>

" | —

(d) Blind bolts to HSS {e) Through bolts to CFT (f) Channel connection to HSS

Fig. 2-2. End-plate moment connections to different tvpes of column.




45° angle square (approx. 21In.) i better weld

Approximately F Typically near Large landings Landings for
7 termination

Corner clip

]
Beam web )\/
--f\r““/ N

(a) Triangular (b) Rectangular (c) Large landings (d) Current geometry

Fig. 2-4. Variations in stiffener geometry for extended end plates.

/

End plate

— — A

(a) Vertical (b) Perpendicular to (c) Diagonal (d) Horizontal
top flange of beam

Fig. 2-5. Sloping end-plate moment connections.
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f Finger
shims

Installed
location

(b) Picture of finger shims (Sumner, 2003)

(a) Application of finger shims
Fig. 4-1. Typical use of finger shims.




(a) End-plate connection (b) Yield line mechanism (c) Yield line mechanism
configuration due to moment due to axial tension force

Fig. 3-6. Transition in vield line pattern from moment to axial tension force.




First limit state is
end-plate yielding
Followed by bolt
rupture with prying
action

(a) Thin end-plate behavior

ANONNONONNNNNANNANNANN

— Limit state is bolt
rupture without
prying action

(b) Thick end-plate behavior

— Limit state is
| plastic hinging of
the beam

i

SNONNNNNNNNNNNNANN

(c) Plastic hinging behavior

Fig. 3-1. Three categories of end-plate moment connection behavior.




— Connection acts like a
(  rotational spring with moment

vs. rotation (M-8) behavior
|

iﬂ\WWH

End End
moment, M rotation, 8

Fully restrained (FR)
Partially restrained (PR)

Simple

End

moment, M 20E] Beam lines:

My = My, -

L

_ 2EI8
L

PR|

Most l,l'l
end-plate |
moment |

tions |
connections SE]

Y ~
- by
FR | R N 2=l
are ] N .
\\ .
. .

2EI0

Factored
loads

Service
loads

End

M;
QEITL)

Stiffness, K, calculated as X 0=

secant stiffness through
service load rotation

Fig. 3-3. Evaluating connection stiffness for classification as simple, PR, or FR.

rotation,
0




Deflected
shape at
edge of plate

External
work
equals MMB

Fig. 3-9. Yield line patiern for the four-bolt extended unstiffened end plate.




End-Plate Limit States:

2

Flexural yielding of the end-plate material near the ten-
sion flange bolts. This limit state in 1tself does not lead
to a loss of load-carrying strength, but end-plate yield-
ing results in a rapid increase in tensile bolt forces.

Shear yielding of the end-plate material. This limit
state 1s not typically observed, but shear in combination
with bending can result in reduced flexural strength and
stiffness.

Shear yielding or rupture of the extended portion of an
unstiffened extended end plate. It is explicitly required
to check these two limit states in high-seismic-ductility
design.

Bolt-Related Limit States:

Bolt tension rupture considering prying forces if appli-
cable. This limit state is obviously a brittle failure
mode and 1s the most critical limit state in an end-plate
connection.

Bolt shear rupture due to shear at the interface between
the end plate and column flange.

Bearing/tearout failure of the end plate or column
flange at a bolt hole.

Weld-Related Limit States:

8.

0.

If fillet welds or PJP groove welds are used. rupture of
the beam tension flange to end-plate welds or the beam
web tension region to end-plate welds.

If fillet welds or PJP groove welds are used, shear rup-
ture of the beam web to end-plate weld or the beam web
base metal.

Column-Side Limit States:

10.

¢

14.

Column web local yielding opposite either the tension
or compression flange of the connected beam.

Column web crippling opposite the compression flange
of the connected beam.

Column web compression buckling opposite the com-
pression flange of the connected beam.

Flexural yielding of the column flange in the vicinity of
the tension bolts. As with flexural yielding of the end
plate, this limit state in itself does not result in loss of
load-carrying capacity, but results in rapid increases
in tensile bolt forces and excessive rotation at the
connection.

Column transverse web stiffener (continuity plate) fail-
ure due to yielding, local buckling, or weld failure.
Column panel zone failure due to shear yielding or web
plate buckling.
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Steel Design Guide

Extended End-Plate

Moment Connections
Seismic and Wind Applications

Second Edition

Chapter 2: Background of Design Procedures

2.1 Basis of Desigh Recommendations
1) Bolt davdiadvuuu “pretension” (ILiciov SC)
2) awnaldlany A325 ua: A490 Bolt
3) s:g: Pitch (sty:s:kIwFEDUDNUDVUNAU [Ududivuudgugnalouavund bolt Alna
Ng0) JuniuAIWa:adNUa:AIUUSRIAUNISAIVIU tcitu:t31 ADSOS:8:1MAU bolt
diameter + 12 mm dHSU bolt yunaluiiu M24 ucdxinuunalkednini RIS bolt
diam. + 18 mm

4) Bolt ﬁ"::TU shear Un@o:auudairtdu bolt Tu compression zone vl N1sciouuu end
plate Uu shear Uno:[J control

5) ADIWANVUDY End plate lindstAundT beam flange width + 25 mm

6) s:8): Gage (S:8:H1VS:H31 UAD bolt ULUIAV) d:CovllilAun31 beam flange width

7) Weld s:H310 beam web ua: end plate fu US1Oeuf bolt $U tension Aavaonuuull

awnsald beam web awwisa develop usvladiv yield stress w1 end-plate
moment connection d:llidav{Rawisasulaiv beam full moment capacity

8) douudv Weld AsuU shear a:10u weld S:H310 beam web fiu end plate law1:doui
2¢j fu (UHUY beam mid depth ua: dountlu inside face Uov beam compression
flange AU end plate
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* Prepare the flanges of the beam with a 45 degree, full depth bevel.
* Fit up the end-plate and beam with a minimum root opening.
* Preheat the specimens as required by AWS specifications.

Steel Design Guide . . ] ]
g * Prepare the surfaces for welding as required by AWS specifications.
d.  Place the web welds (1).
T *1®[Tw e Place the 5/16 in. backing fillet w eb si
/ . g fillet welds on the beam web side of the beam
EXtended El‘ld-Plate T i T Efo flanges (2).
. = ! * Backgouge the root of the bevel to remove any contaminants from the 5/16
Moment Connections T | *]°® oo in. backer fillet welds (3).
Seismic and Wind Applications 1 o / o ¢ Place the flange groove welds (AWS TC-U4b-GF).
Second Edition h ; .
hy j w
hy i
-y I~ —1—< Backgouge
olle o :
e ‘ [
M'L TITA

el e 1
el e 2

(b) Eight-Bolt

"—r< Backgouge

3
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- 5 ] [ - 7 J
Steel Design Guide ISR oS oo/ | S— L lEb ] & Anandnausu } J'r T 5! j* ]
- E P £ . &
j = E ¥ ! 1]
I_ B y '
& ———
Extended End-Plate Pensndriinau IS
- —
Moment Connections AT —
Seismic and Wind Applications gl
Second Edition o .i = g P £ -6“1 &8
\ _/J ] I \_ —-}\ﬁ—-—_,_,JJ
B =i
- =9 a |
!
tie tp AINTNILNY = tr—tba— Loy
|
|
|
_ T . |
AL l | L_- I
ok T T v~ g
o le F ~-
-
End plate f’iﬂ | 4E + Stiffener
A A Bolt 4 492 (row) LA
Fig. 3.1. Four-bolt unstiffened extended bnd plate geometry. Fig. 3.2. Four-bolt stiffened extendea end plate geometry.
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Extended End-Plate
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" Location of
Plastic Hinge

Step 1: AUDTUKY moment ALAQTUARTALEN M,

R,=11  for SM490 & up

=15  for SM400

zgpe = 1.1R,F, Z,
Mye = Mye + Vi L,

L
L, = min(d/2,3bsp)

= LSt +tp

for unstif fened (4E)
for stif fened (4ES)

Step 2: iHUQUUIALA:HIATWUZIURGDVIBTUNSAIUDEU
soufivAasAKuaLAsa bolt

1
—I—-ﬂh
Tt
P
b

by

b

g
&
[ :




AISC Design Guide 4

#WelLoveSteelConstruction

p
Ag;

d.
® e rk
. L . —_— pfﬂ

— 1
e[ ® (— Pi

Po

el ® |—
l\\
\\l

P
®y®
®qHe
e e
@ ®

""" Location of

Plastic Hinge

Step 3: KuuNALFUWIAUGNAIVUDY bolt AdDVNIs

4 bolt connection (4E, 4ES) (¢ =0.75)

4 _ 2M,,,
bRea'd = 7@ F,(ho + hy)

8 bolt connection (4ES)

. ~ 2M,,
b'Req’d N 7T¢Ft(h1 + h2 + h3 + h4,)

Step 4: MHUQLIUKIAUINAIVUDY bolt UAdASIVADUN
“No prying bolt moment, M,,,,” IWgowachunu M,

4 bolt connection (4E,4ES)

T[dbz
My, = 2P;(hy + hy) P, = Fi A, = F; 1

8 bolt connection (4ES)

an = ZPt(hl + hz + h3 + h4,)

Check ... DMy, > My, (¢ =0.75)
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Step 5: 1A WHKULKWU End plate Ndovn1s

4 bolt connection (4E, 4ES)

1.1¢pMy,,
¢beprp

(¢ = 0.75)
(¢p = 0.9)

p,Req'd =

Table 3.1. Summary of Four-Bolt Extended Unstlffened End Plate Deslgn Strength
Table 3.2. Summary of Four-Bolt Extended Stlffened End Plate Deslgn Strength

Table 3.3. Summary of Elght-Bolt Extended Stiffened End Plate Design Strength

End Plate Geometry and Yield Ling Pattem Bolt Force Model

Extended End-Plate

Case 1(d. =s) Case 2(d. > s)

Moment Connections
Seismic and Wind Applications
Second Edition

“PPCREE

AEEVIEEN

o

Lk

End Plate

OMy=0,F, 027

b Ly Tp ¥

Case 1 (d. < 5)

by, 1 1 1 1 2 Ps ip, P 3 py 2
Y=L h — +hy — +h — +hy — +— b d.+== +h po+—— +h ps+— +h s+—— +p; +g
! 1}‘3;_‘ T ope Pa 5 3}" ‘4 2 PRy Pi™y ke o
Case 2 (d, = 5)

b, 1 1 1 1 2 b 3y b 3P 2
Y,=—h — +h +h — +hy —  +— Ry s+2 oh p},.,,—ﬂ +hy pﬁ—'u—" +hy s+2Le +p +g

2 ] Pi C Ps s z 4 B 4 ” 4

1
s=>\B, 2 $=0.90

Note: If ps > 5, useps=s

Bolt Rupture OM, =02 F (I +hy+hy+h) b=075
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Extended End-Plate
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Step 6: INHUQAIWKUNWKU End plate IRAUN3IATAIN Step 5

My,

Step 7: AudtuUKIUSVNIAQTUATAAMU  Fy, =

Step 8: (1S29a@UIAWENUNIU shear yielding uav End plate NdudannUnAIu uuu
4E \Wgowano:=auusviunau

Fry
LX< ORy = B(0.6E,)tpby (¢ = 1.0)

AMHUlUwaIRIWU Duns:Avaunsiu Step 8 lOUDsY

Step 9: ms:)aaaq:)"m:nuﬁmmu shear rupture Uov End plate RduponoINUNAIU LUU 4E
IWgvwano:auusvnunAu

Fry
% < @Ry = 0(0.6F,)Any (¢ = 0.75)

AMHUlUwaIRIWU duns:Avaunsiu Step 9 1OUDsY
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Step 10: §1HSU Stiffened End Plate AVLUU 4ES ua: 8ES ... 99NLUULLKU Stiffener NuAIU
HUN t5 Wa:AUGV hg,

te roa’d = twb Fyb ADIWHUNLa: yield upv Stiffener (iov match fiu ADWHUNLA:
w -
red Eys yield uov Beam web
hse £ axwao (Awdn) vov Stiffener dovlutiudn limit Av:dowa
< 0.56 3
ts E,s  cio local buckling
HUBIKQ: NsAaAY - T
JL 1} llNu Stiffener lij—lﬁu 8 De;ﬁ:ﬁ'ﬂoﬂ? o Th::t?gss (nonslg:c'liecrlgrlender) Examples
T _ End plate HSO Boea[n 1 E%a':nf;esdo;%f:s I‘bﬂ:it o 5
° Ly| £ Flange ahuisarmla ot s j” L),
a ArunIsLEdU Nty B I I R T
- - tinuous contact, T =1
Fillet HSD CJPIOOHIN | [t ocmes T

WU Stiffener HUIN3
9 mm AJSLEDULWU
Stiffener W0AU End
plate Q2835 CJP
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Step 11: "sSuLSVIIDUYDY Moment End Plate ... aUU@ (conservatively) 31 Bolt group Aotj
{u compression zone yovA U lagdRSU 4ES: 4 D (n;, = 4) ua: 8ES: 8 (M (n;, = 8)
d:Sulsvldou lagmavsuusvldouuov Bolt (BR,,) Govuinndi usvldaunuins:=m (V,)

V, < OR, = O(ny)E,Ap (¢ = 0.75) HUNYWKHQ:F, 5uﬁum§ouao bolt (A325,
A490) ua:35n1scacv (X-type, N-type)

Step 12: c1s:)aaqu:hﬁn:numa‘iaodamslﬁo bolt bearing H3D bolt tear out failure uov Bolt
group Nd&ilu compression zone YavAU K5I lagdHSU 4E HSD 4ES: 4 ¢1D (n; =
2,n, =2)Ua:8ES:8 D (n; =4,n, =4)

I, < OR,, = (n;)OR,, (inner bolt) + (n,)OR, (outer bolt) (¢ = 0.75)
l l

|

@Rn = Q)Rpl,bear = Q. [mln(24‘ * Abearing)' (121Ct):| * Fu
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Extended End-Plate
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Step 13: DONUUSDYLEDU Beam Flange 1WhAU End Plate ua: Beam Web 13111U End Plate

(cJP)
Q2VIWEIWDNMUMUMSAV DRy weta = 0.6F) ptyp
uSLulnada sto1zauuu G . e
SDELEDUADVUTVUSD
ADVLWEgVWDNY:ANUNIUAISILSVLIdDU N1 shear yielding N
Wudounwaseun 4,14 beam web

Vi < ORy weia = D * Awera * (0.6Fy weia)

tweld

V2

d
= @ * (2 SideS)[ (E - tf)] * (0-6Fu,weld)

Step 14 - 19: 15293V column 313 WISASULSVAUSLOEU Moment End Plate GIATHU alula
A Stiffen column
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Typical Detail
TYPICAL METAL DECK SUPPORT DETAIL TYPICAL DETAIL OF DEPRESSION IN SLAB ON
AT MOMENT CONNECTION METAL DECK (DEPRESSION LESS THAN SLAB THICKNESS)
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Typical Detail

TYPICAL BEAM-TO-GIRDER BOLTED
MOMENT CONNECTION DETAIL

TYPICAL BEAM-TO-GIRDER WELDED
MOMENT CONNECTION DETAIL
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Typical Detail
TYPICAL BEAM-TO-COLUMN WEB TYPICAL BEAM-TO-COLUMN FLANGE
BOLTED MOMENT CONNECTION DETAIL BOLTED MOMENT CONNECTION DETAIL
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Typical Detail

TYPICAL BEAM-TO-COLUMN FLANGE
WELDED MOMENT CONNECTION DETAIL

TYPICAL BEAM CONNECTION AT STAIRWELL
OR TORSIONAL CONNECTION
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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
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https://www.youtube.com/c/WelLoveSteelConstruction

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