Stresses in I-Beams

L by
/Y t1
t, c
h
y > X
, |t
b;
o= b 212+ [(h-t3)? - t17] . /2 + b3 . t5 . (h-t3/2)

bi.ty+t. [(ht3) -t ] + b3 . t3

b := 5.00in = 127mm
by := 8.00in = 0.203m
hy:= 6.00in = 152.4mm
t; == 1.00in = 25.4mm
ty == 1.00in = 25.4mm
ty:= 1.00in = 25.4mm
Ly:= 20.0in = 508 mm

Flbeam = 5000kgf
MB;y := 1000kgf-m
oy = 250MPa

O'UTS = 350MPa

= bty [4212 + (€ -t4/2)2] +bats[ 52112 + {e-(h-t3/2))]

to.[(h-t3) - ta].[{(h - ts) - 1712 + {(h-t3)+ t1-2c}/4]

Calculation of Shear Area, Area Moment of Inertia, Stresses and Factor of Safeties

2
Afpeam = b1ty + (hy = t3 = t1)tp + b3ty = 0.01Im

2AIbeam

= 87.4mm

CI:

t t 2
_ 1 1 3
MIIbeam(bl’b3’hl’t1’t2’t3) = Xl < bltl E + CI_ ? + b3t3

.2
AIbeam =17in

cr= 3.44in

o

X1 + tz(hI — t1>|: 2 +

-5 4
IIbeam = MIIbeam(bl ,b3,hl,t1 ,tz,t3) =3575% 10 m

Note the direction of X-Axis

F
Ibeam
Shear Stress: TIbeam = N
Ibeam
) . MB
Bending Stress - Top Fiber: Ol Top =7 I 24-MPa

Ibeam

. 4
IIbeam = 85.886-in

=4.471-MPa

(hl - t3 - tl)z (hl - t3 + tl - 201)2:|



Bending Stress - Bottom Fiber:

Maximum Shear Stress:

von Mises Stress:

Factor of Safeties:

Welds in a I-Beam

MB;
—(¢y — hy) = ~18-MPa

O1LBot = |
Ibeam

) 0.5
TT.Max = (maX(|O-LTOF;| ’ |O_I.B0t|) + TIbeamZ} = 13-MPa

2 ) 0.5
O¢.Ibeam = (max(|GI.Top| ’ |°'I.Bot|) * 3TIbeam ) = 25-MPa

o
FOSIYLD = =992 OK |f > 2.0
O¢.Ibeam
ouUTS
FOSpyTs = = = 13.89 OK if> 3.0
e.Ibeam

baty) T (+ 12 -15) + (ba+ 2) .t (h + 3t/2)

Note: dimension 'c’ is with respect to top face

hoo= t (by+2t) [t2/12 + (c2)°] +

2ty [t 21 2+(ct4,/2)7] +

t (by-t). [B12 + (c1,-3t12)7] +

t (b3-12) [t112 +(h+t/245-)]

2t (h-tyta) J(N-t1)712 + {ct-(h+tyt:)/2F ]+
2ty 1 [°/12 + (h+t - 12/2-)] +

t (bay+2t). [2112 + (h+3t/2-c)°]
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[™ =1
Weld Leg Length Weld Throat Length: Weld Joint Efficiency:
. tLeg . .
tLeg = 0.5In ty = f = 0.354-in Ny = 75%

Calculation of Shear Area, Area Moment of Inertia, Stresses and Factor of Safeties

ALWeld(tW) = Ay « (b1 +by - t2)~2tw + (hI + ZtW).ZtW AI.Weld(tw) 534 x 10%-mm>



th 9] 3ty
CI-Weld(tW) L (bl + 2'tW)'7 T2yttt ) tw'(b3 + 2'tw)' - ° hy
t 3t 3.t
3 W -
Xy < 2.tw.t3.(hI + iy — ?j + tw'(bl - tz)'(tl + TJ + (hI -t - t3)'2'tw'(hl + T _ t3j

t
Xl + X2 + (b3 - tz)tw(hl + 7W - t3j

AI.Weld<tw) CI.Weld(tw) = 107.2-mm

2
t

2

2 2
4 4
RS 2'(tw'tl)' T + (CI.Weld(tw) —tw - ?j

2
t

2
3.t
x3 ¢ X + ty(by — 1) % + (CI.Weld(tw) - TW - tlj

2 P
t t
x4 < x3+ ty (b3 — 1) % + (hl + 7W ~ 13~ ¢ weld(tw)

2 2
3 3
X5 < X4 + 2tw't3' E + hI + tW - ? - CIWCld(tW)

h—t—t)2 hy+ty - t2 )
(hy =t - t3 1t -1
Xg ¢ X5+ 2ty (hy =ty — t3): 1t cr weld(tw) = tw - -
¢ 2 3t 2
W w ~5 4
X6 + tW(b3 + 2tW) ? + (hl + T — cIWeld(tW)j MIIWeld(tW) =3243 x 10 m
Shear St ) ) Flbeam
ear Stress: TIbeam. W = ﬁ = 5.746-MPa
I.Weld( W)
) ) MB;
Bending Stress-Top Fiber: oy y 1., = ﬁ'CI.Weld(tw) = 32-MPa
I.Weld( w)
) MB;
Bending Stress - Bottom: oy po; = — t '(CI.Weld(tw) - hl) = —14-MPa
I.Weld( W)
0.5
2
Maximum Shear Stress: ‘ m3"‘(|"I.W.Top| ’ |°I.W.Bot|) 2
TL.Weld.Max = 4 * Tlbeam. W = 17-MPa
5 005
von Mises Stress: Oe.Ibeam.Weld = (max(|UI.W.T0p| ’ |GI.W.B0t|) + 3Tbeam. W ) = 34-MPa
. Oy .
Factor of Safeties: FOS| weldy = — My =553 OK if > 2.0
Oc.Ibeam.Weld
ouTs .
FOST WeldU™= ———— —Mw="77 OKif>3.0

O¢.Ibeam.Weld



bT = 5.00in = 127-mm

hT = 6.00in = 152.4mm

ty = 0.5in = 12.7mm

1.00in = 25.4mm

-
[\
Il

Lt:= 25.0in = 635mm

Fp = 5000kgf

MBT := 2000kgf-m

oy = 250MPa
co bt 212 + (0 - %) . /2 oy = 400MPa
b e +t2.(h-t1)
2 2 2
= bt (4212 +(c-4/2%) + byt . (hT -1 )-tz
to.(h - t).[(h - t1)/12 + (hety-2c) /4] opi= — 2 S%7mm

Calculation of Shear Area, Area Moment of Inertia, Stresses and Factor of Safeties

Aq = bty + (hp— )ty = 5,161 107 A = 8in” op = 231in

tlz tl 2
MIT(bT’hT’tl’tZ) = Xl <— thl E + CT - 3

= tl)z ) (b +t) - 2~cT)2
12 4

X1+ t2(hT - tl)

-5 4 4
Iree = MIp(bp,h.ty 1)) = 1223 x 10 "m ITee = 29.385-in

Note the direction of X-Axis

F

Shear Stress: TTee = el = 9.5-MPa
A
T
MB
Bending Stress - Top Fiber: OT.Top = 7 °T= 94-MPa
ITee
MBp
Bending Stress - Bottom Fiber: oy = —~(cT - hT) = —-150-MPa
ITee
0.5
2
Maximum Shear Stress: max( |°T.Top| ) |GT.B0t|)

2
TT Max = 1 + TTee = 76-MPa



0.5
von Mises Stress: e Tee = (max(|GT.Top| , |°T.Bot| )2 + 3TTee2) = 151-MPa

(o3
Factor of Safeties: FOSTvip = = 1.65 OKif> 2.0
e.Tee
SuUTS
FOStyrs = o —— =263 oK if > 3.0
e.Tee

Welds in a Tee-Beam

t = Throat
Length

h My=[t.(b+2t)] " ti2
M.=[2.(t.t,)]" (t+t,12)
! M;=[t. (b+2t-t,)] * (32 + t,)
My=[2t. (h-t)] " [(h+t;)/2 + 2t]
Ms=[t.t;]" (h+3tl2)
c= M + Vo + Ms + My + Ms
[(b+2t) . f] + 2°[t; . t] + [(b+2t-ty) . ] + 2'[(h-t;) . 1] +1> . t
|= [t.(b+20] . [CM2 +c-t2)° [+ 2°(t ) [t,/12 + (c-t-1,/2)°] +
t. (b+2tt) . [EH12 + (c- 32 -t)°] +
20t . (h-t))] . [(h4)%/12 + {(h+t;)/2 +2t - c}] +
(t.t) . [FN2+(h+3t2-c)]
Weld Leg Length Weld Throat Length: Weld Joint Efficiency:
. tLeg . Ny = 75%
tLeg = 0.51n ty = f = 0.354-in w

Calculation of Shear Area, Area Moment of Inertia, Stresses and Factor of Safeties

AT.Weld(tw) = |A] « (bT + 2-tw)-tw + 2ty by, + bty

Ap +[(bp+ 2ty — o)ty + 2(hp — 1))ty AT weld(tw) = 5341 x 10°-mm’



CT.Weld(tw) =

IT.Weld(tw) =

ty t) 3ty
x| < tw-(bT + 2~tw)~7 + 2ty oty by + > tw-(bT + 20y, - tz)- — U

X1+X2

AT.weld(tw) °T.Weld(tw) = 61.3:mm

t 2 t 2
X] < tw'(bT + 2'tw)' % + (CT.Weld(tw) - ?Wj
2 2
4 Bl
RS 2'(tw'tl)' T + (CT.Weld(tw) —ty - Ej

2
t

2
3-t
X3 <~ X9 + tW(bT + 2tW - tz) % + (CTWeld(tW> - TW - tlj

X4 < X3 + 2tW(hT — tl) + ( + 2tW — CTWC]d(‘:W)]

12 2
2 2
t 3t
Xq4tt -t2-i+ hT+—W—cTWld(t ) I t _39549.'4
w 12 2 -Weld\'w, T.Weld( w) = 27087
F
T
Shear Stress: TTee.Weld = ——— = 9.181-MPa
AT weld(tw)
MB
. o T
Bending Stress - Top Fiber: or y 1, = ﬁ'CT.Weld(tw) = 73-MPa
T.Weld( W)
MB
. T
Bending Stress - Bottom: o1 w pot = —'(CT.Weld(tw) - hT) = -109-MPa
I weld(tw)
0.5
2
Maximum Shear Stress: . max( |°T.W.Top| ’ |°T.W.Bot|) 2
TT.Weld.Max = 4 * TTee. Weld = 55-MPa
5 )05
von MISGS Stl'eSS.' Ge.Tee.Weld = (max( |O-TWTOp| N |O'TWBOt|) + 3TTee.Weld ) = 110-MPa
(o3
Factor of Safeties: FOST weld Y = —Y-nw =171 OK if > 2.0
O¢.Tee. Weld
. OUTS
FOST weldu= ————"Mw=27 OK if > 3.0

O¢.Tee.Weld



