Yield Line Mechanism Yield Line Mechanism (Deformation from Virtual Rotation)

Section Cut (At Lower Bolts)

Section Cut (Side)
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Yield Line Analysis
Internal Work = External Work SW; =YW,
External Work YW, = M6
Internal Work YW; =Y. (mlf)
Determine Angles of Yield Line 0 = @ _ ﬁ
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Area o

Factor out mé

. b
Groupmg;terms

Grouping “‘2—7 terms

segment @y =m () (%) = (2) (%)
segment @:W = m (2-2) (%) = m (8- 2) (2]
segment @, = m (£)(2) = m(2) (2)¢

wwe =m(3)(2)e +m(3-5)(2)e +m()(2)e
mwo =ms|(5)(2)+ (-5 (2)+ ) ()
swe =ms|(5)(%+ %)+ () (23]
swo =mo (3) (5]

Area e

Factor out mé@

.2
Groupmg;terms

Segment @: Wa = m(s) (%) = m(s) (%1) 6
Segment @: Wa = m(s + pf,l-) (%) = m(s + pf,i) (2%) 0

Segment @: We = m(pf,i) (2_,—1> = m(pf,l-) (%hl) 0

IWe =Wt We+We

£ = m(s) (222) 0 + mls +pp) ()0 + mlpr) (52)
s =m0 (222) s+ 57 (22) + o) ()
s =m0 (222) s+ 57 (22) + o) ()

SWe =mb [(E) (h)(s+s+pp;+ pf,i)]

YWe =md [G) (h)(2s + pr,i)]




Area 9

Factor out m@

. b
Groupmg;terms

Grouping “‘2—7 terms

segment @: W, = m (3-9) () = m(3-) (2o
seament ©: W = m () (32) = m (8) ()
seament ©: W = m(3) (52) = m () (72
IWe =Wo+Wg+We
e =m(z-3)(5)o +n ) (r)o +m () ()e
wwo=m[G-5) ()~ @)+ 6 )
2o =] (5) 5 5)+ @G53

e =0 (3) 5

Area 0

Factor out mé@

Grouping b terms

Segment @: Wa) = m(b) (p'%) =m(b) (z::—"o) 6

Segment . W) =m(b) (— — 9) m(b) (phTo — 1) 6

ZWO =Wa +Wg

o >6+m(b)<h0 —1>9

pf,o pf,o

)0l

1% f,0 pf,o

YWey = mb [(b) ( h - 1)]
o~ fo pfo

)

ZWG = m(b) <

ZWG =mé [(b) <

ZWG me [(b) <




Sum of Internal Work

Factor out 2mé

. b
Groupmg;terms

.2
Groupmg;terms

W, =2Wg +2Wg +2Wg + Wg
SW; = 2m# [(g) (ZThl)] +2mb [G) (h)(2s + 2pf,l-)] +2mb [(g) (%)] +mo [(b) <Zfz - 1)]
=2 ()(2)+ () vt 2+ () (22) ) (2|

b\ (2h, 2h, 2h, > 2
W; =2mo (—)<—+—+ -1 +(—) hy)(2s + 2p¢;
Z i [ 2 S pf,i pf,o g ( 1)( pf,l)

b
SW; = 2mé [(5) <2h1 <§ + %) + 2h, <p;o> - 1) + (2) (2hy)(s + pf,i)]

Equate External Work to
Internal Work

SW, = SW,

M6 = 2mé [(g) <2h1 (% + pi;) + 2h, (p:_) _ 1) + (g) (2hy)(s + pf.i)]
= () (om (51 ) 20 5 ) 1)+ Gt )

SetM =M,
2

Setm=ﬂ
4

Setb=bp

Rearranging terms

M, =2 (@) [(bz—”) <2h1 G + i) + 2hy (p:,o> - 1) + (2) (2hy)(s + pf,i)]
e I Bt
- %) + (2) (h)(s + pf,i)]

~3)+ )@y +9)

AISC Design Guide 16 Table
4.2. Equation (for Four-Bolt
Extended Unstiffened
Moment End-Plate)

oM, = ¢pry thY

v bp[h<1+1>+h<1> 1]+2[h( +9)]
=— —+ = —=|+= +s
o [ pri s 0 Pro ) g 1\Pr.i




