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P =5ton
W =220K(g
P, =1.25%5.22 =6.525Ton
P, =0.1*P, =0.6525Ton
P, =0.2*P, =1.305Ton

at

[ piagrams for Frame Object 11 (HE240B) N > w‘ ooy G)L.u J'-\A )J) i )Q 45 &)5—‘-‘ )...» )‘JL Ja.‘> &Ua.a

End Length Offset Display Options
Case [0BTE o] teocaton) [y P ) ) ) ) o
tems | Major (V2 and M3) ~ | Singlovalued B ??"r‘;‘% P S Cewyo 9y aS wo T QS’LA) e R )—45‘~.\>
JEnd |0 m

T o Pl VEP Gulul 13 (o (b 10 05l 05 o5 4SS
493 1044 s
CT : — 1 ;‘»G:M)JJ)H)HIU[JL}&EW@‘)J@&‘);&W
701 427

N — et Ao (p 8 )50 bawg 0P L o aS wes e f, Sloj (sies S

Resultant Moment o ] )‘m O-'Q-LAL; 6Lm ojL“J L).:-lz.‘. j‘ ‘LL@I} @'L.;-; g},b 45 é}‘.‘b b)‘ﬁ

Moment M3

- g it Ab o 7.1 ToNm L il cies S 2STos

1

ectiol
Deflection (2-dir)
0.002877 m
= at1.7675 m
\J Positive in 2 direction
O Absolute O Reative to Beam Minimum @ Relative to Beam Ends.
Reset to Inttal Units unts  [Tonf,m C «
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QU PP IIP S

g T o 5 = T _
w005 (0§59 90 J9o pi (s (2yb s lal
fo = I\gux =0.9*2400 = 2160Kg / cm?

X

M,, =7.1Ton.m = 770000Kg.cm > MinS,_ = 328.7cm®
Choose = IPB200 > S, =570cm®
ColaS pae Sygo 4o g esls plasl T Glp 1y gl ojle slo J S 4 ail (oo IPB200 LS > s j5ie alabio | adsl o

Lb 5 Lr s olF 4,5 alols aST s 4y Lo &l phe Ve oo b gillas by pudlys (g 5YL Conglivn b abaio ¢lpms 4 abaiio

DS B e )50y (il oy LS sl ojls I

(el st (LS o b S

M =C.|M_—(M_ —0.7F.S m B 0 DY
n— “~b p_( p Y yx)(L L) =Wy

T —p
r =5.07cm
* 6
L =1.76r E =1.76*5.07*, / 2710 =257.5cm=257m<3.6m= L,
P y Fy 2400

3.6-2.57
7.413-2.57

2 2

0.7F

L —195r,——— [€, [ €] g76) 215
0.7F, \|'s, "\Ls,h, E

*105 * * 2 * 2

M, :1*[15.43—(15.43—0.7*13.68)( )} =14.185Ton.m

0.7*2400\ 570 570*18.5 2*10°

I.h *
o= [ _ [BT007185 o o
25, 2*570
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M, =¢M, =0.9*14.15=12.735Ton.m > 7.1Ton.m > OK

[ Diagrams for Frame Object 11 {HE2008)

Case DSTLZ

EdL gthOff et

~ e it 12

ftems | Minor (V3andM2) ~ |Singlevalued tnd: | o.m
(0. m}
313

JEnd | om
@em

Equivalent Loads - Frez Body Diagram (Conc:

entrated Forces in Tonf, Concen

0.99

Cr

1.32

2.09

!

1

0T

Resuftant Moment

() Absolute

Reset to Initial Units

() Relative to Beam Minimum

(@ Relative to Beam Ends.

x

Display Options.
O scroll for Values
@ Show Max

trated Moments in Tonf-m)

Dist Load (3-dlir)

0. Tonfim
at3em
Positive in -3 direction

Shear V3

-1.3185 Tonf
at1.8m

Moment M2

1.38508 Tonf-m
at18m

Deflection (3-dir)

0.00301 m
at18m

Positive in -3 direction

Unts | Tonf,m C

r, = 8.54cm

5% Jel 2 a1p0 5 (B il L il @ el
alod (p 55,5 50 e Sl ez S lade [ 500
B¢ awlgs 1.385Ton.m sae b plp (b oo s
dae 3l o8 ST o alols aSl Jdo s iso opl o

oleS o)y 8 S il el i Lp

- b (ga Sl LS g all (oo ol s

Dy g0 S

* 6
o =1 76[’ /FE 1.76*8. 54"‘1/2 10 =257.5cm=4.34m >3.6m=L,

=F,Z, =2400*321=7.7Ton.m

M oI ¢Mn =0.9*7.7=6.933Ton.m >1.385Ton.m > OK
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QU PP IIP S

ControlCompresionForce :
k=11, =360cm, A, =78.1cm’, |

v Ymax ' “min

r= \/I =5.06cm
A

=2000cm*

H=71.14
r

’E 2 2
F = W =3897Kg/cm® > 0.44Fy =1056Kg /cm

F, =| 06587 |*F, =926kg / cm’
p, = A, *F,, =72351kg = 72.35ton
Q=167

P =p,/Q=43.32ton

allowable
DBl ge 00l 05lg 9y 51 185 alade (g,Lid b ) 0ad (oo cupline &S jshailes a5
e (o0 Pl ]y (550 5 5 (S S S0l S

) $r970 9y 5 (siez S iS00 5 alal, 5l sl (Jo Oy Ve G V-Y-V-Y - 0l Gillas

M
R + M”X+ Y1
2Pc Mcx Mcy

0.625 N 7.1 +1.385
2*43.32 \12.735 6.933

) =0.007+0.557+0.2=0.764 <1 OK

Joghe i (b 2 ib

298 o0 dwlone pjalaly 5l L8 69 slp 5L oS 3 LRFD bl 5 o1k sillas
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V= /¢ F,AC, OV-F-Y-V )

(o) o A

ol oY¥gd olus = Fy
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V,=0.6*F *A, *C, =0.6*2400*16.6*1=23.9Ton
V,=¢,*V, =1*23.9=23.9Ton >10.44Ton > OK
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__NR _ 15*5220
tz  0.9*5.986

| *1 53
Z = Cﬁ/Tf :3.25§/ (20 tz )12 _ 3 95+1 84— 5.9860m

e 145 5,5 5 5 1 ey JU sl (ol plos gpame sttt It b el el 55 oL
Jedo el jo a5 090 (g0 S b 22 b 5l Jole 5 dae 000 S o w0 1y 2 ) (o
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=1455Kg / cm? = 0.6F, =1440 > OK
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S e 5l 226 sla 5 4 Lagiins g 00 dslone 1y alarl) Aoy & Lo A5 ol g o b
/]

I s [ 21, +1,)" }

13



(=@ISCO

Ol j0m SY g LS5 50

wg;,/ i Electrical crane structure calculations in RO1 section

P, =10440/4 = 2610KgForce

Pt *
f, = 8(2(1, +|F)D :[M} \/2*5 625% 1 _332kg / cm?
8(l,+1.) t 8*5.625 0.9

398 Al
kg/em’ cus gy abee b cov s | 36 U e 5 Ty
em’ s p by aaie ol Glae Iy

cm’ cues 2 B Jb gl ploe Ir

WP Jb ke

kg s E2 2290 )k S P
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S o bl s 5 i b age ik ] 3 e 5Ly LS TTY 5 a5
dloo b g £9d90 (nl Cluial b a5 858 oo atulS 15 (cheed Sodyb I T jlade ay 0k 48 5 a5 s
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APB260 £33 51 i ygio (ol 5o JSuls it J 5
sae b a5 sl i wlas Jobo 1/1000 51 als YYO @585 V-5 s b b joie 2Ll 55 )b 55
ol Jgu8 0590 ol plaie s Gl a8 ek Y 5l aS il o VFY

] piagrams far Frame Object 11 (HE260B) *
End Length Offset Display Opticns
. Location
Case | Live w ( T () Scroll for Values
tems  |Major (V2 and M3) | Single valued 2l ?ﬁ cm ) ® Show Max
. Cm,
Jt: 13
J-End: 0. cm
(380. cm)

Eguivalent Loads - Free Body Diagram (Concentrated Forces in Kgf, Concentrated Moments in Kgf-cmj

Dist Load (2-dir)
2725201 lGSZr.

0.93 Kgflcm
C T at 209.933 cm
418621 | 2512_21 Positive in -2 direction
RESULGHL STedl
Shear W2
-4186.21 Kgf
at 0. cm
Resuftant Moment
Moment M3

465994 21 Kgf-cm
at 180. cm

Deflections
Deflection (2-dir)
0.142534 cm
at 180. cm
\ / Positive in -2 direction
() Absolute () Relative to Beam Minimum (@ Relative to Beam ENge
Resetto falUnis Unts  [KefomC

Ly ;o 385 e bl (BU o5 lawg jo 3 #STas ojle Julog Ly g (ws Slwlne Gillae pioren

g2 90ls> 25 L pln Jade 9o 3

PL® 5000*360°

Oy = = 5 =0.16cm =1.6mm < L /1000 = 3.6mm > OK
48El pg,,, 48*2*10° *14920

il oo IPB260 ghaie Y il 3ubs 50
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P, =12%0.3+1.6*(1.25*5.22) =10.8Ton
P,=12*0.3+1.6*(0.1*P,) =1.08Ton
P =1.6%(0.2*P,) =2.088Ton
P, =83.2*3.6 =300kg
UseBox15*15*0.8ToConnection :
A, =4*15=60cm’
I =1, =1531.94cm*

153194

* 1572
M, =P,*15=0.162Ton.m

My = Py *-15 = 0.324Ton.m

=204.25cm?

fy= i =1.8ton/m
A,
PUlat
foe = =3.6ton/m
A
fo =7.94ton/m

fore = SU'at =15.88ton/m

X

foy = it =18ton/m

A,

- \/faxz # i +(fou + o + oy ) =42.0ITon/m = 420.1Kg / cm

j _2*4201
) 045Ft © 0.45*3700*.8

F,. = 4200Kg /cm’
¢=0.75

=0.63<1>0K

f.
*
(Ej ) 274201 =0.73<1> 0K
C ) 6Ft 0.6*2400*.8
(2
C

a, = fo =0.315cm
¢*0.6F,*0.707
t., =0.8cmp>a,,,, =0.5cm

Use _a,=0.5cm_ E6013 17
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Jedo 5l ol ol 3ub 4 090 o)l ailes (355 )5 awsg 0 P oL jo a8 w0 25 Silej (ctes S S ey ol
sl 0 17.45Ton.m b ply cies S aSTas Jlade el o ol

1 | l 1
5.82 kN 4.98 kN

17.45

ol 0§98 190 Joo i (oS (2 b s lal

f,, = My _ 0.9%2400 = 2160Kg /cm?

X

w

X

M, =17.45Ton.m =174500Kg.cm > MinS, =807.87cm®
Choose = IPB240 > S, = 938cm®

Sygo 0 g ools plil Tl ly sl sl sla J S a5 wil o0 IPB240 LS > b j9ie 2les! o5 adatie 5 adgl oo
o5 4SS alold aSST Lo 4 o &l yhe Vo Cone b gl .28, audles (6 5YL Canglio b adatia ¢l 4 adaiio colaS pac

DS B sp S5 5 (Sl shom GBS sl syls S LD g Lr
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R e

(el o (LS > Sl s

Lb - Lp
M,=C, Mp—(Mp—OJFySX)( ) gMp
L, - Lp
M 0 = FyZy =25.272Ton.m
r, = 6.08cm

* 6
L, =1.76r, £ =1.76*5.07* 210 =257.5cm=308.9m < 3.6m = L,
F, \ 2400

6.255-3.09
8.554-3.09

2 2

0.7F

L —195r = €, [ €1 g6/ 205
0.7F,\'s, \ls,h, E

*106 * * 2 * 2
L, =1.95*11.12* 2710 \/103 1+\/( 103°¢ J+6.76(mj =8554cm

M, :1*{25.272—(25.272—0.7*22.512)( )} =19.76Ton.m

0.7*2400\ 938 938*20.6 2*10°

I.h =
oo [ _ [11260%208 ), o
25, 2%938

M, =¢M, =0.9*19.76 =17.784Ton.m >17.45Ton.m > OK

Sl 5 50 s Sle pied K jlade s jsie b 4 ol 2 40 5l (GO0 (oSl L 25U @ azgl,
S dalg> 1.385Ton.m sae b plp b jge

GBS (om0 5 JF5 80 635 sl s LP 36 oS 4S5 o abolb a5l oo &2 i (ol o
oy o S s i o i 55 g i
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2 Electrical crane structure calculations in RO1 section
-/f.. [=EISCO

Ol j0m SY g LS5 50

r, = 8.54cm

E 2*106
L, =1.76r, F_ =1.76*8.54* =257.5cm=4.34m >3.6m =L,

=F,Z, =2400*321=7.7Ton.m
M, = ¢M , =0.9%7.7=6.933Ton.m >1.385Ton.m > OK

oo :.s"LQ-*-" oy s”‘)‘l"
1298 (o0 dewle oy abal) 5l 250 690 slp b euS 5 LRFD. bl o1k ilas

y) VfD

Y) \wD+yvsL+- (L L S LR)

) yDH AL L SLR)HL L -0\ fW)]
) YD+, -(\VEW)HL+-0(L: L SLR)
&) \YD+\,-E+L+- xS

) - AD+) - () FW)

Y) -AD+\-E

A) \¥D+. oL+ (L L S+ YT

) \WYDHVSLHVA(L L S)tme T

V=1.6%6.252=10.44TON sus 5, 65, o] llas 45 wily oo o, N5 ,L el o5 Sy ¥ s

D9 (50
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&, [=EISCO
R e

oD § (02 L (g0) oiildiw (sl adaiie b slael (Vi) ol oy Caoglie

Dy et i daly ol Ly e g (g el g0 Slaldls bl (eSS s L)
Vn= /7 FyAwCV Q) Y-\ )

:QT 4o oS

ol oV s il = Fy

tw) ol culrs o (d) dhie IS see oo ol b ol plpaS shis ol colaw= Ay

e -G

h E n . - -
o SN \/F:y boods 5,95 S T abolie o)l (sl (I

V,=06*F*A,*C, =0.6%2400*22.3*1=32.112Ton
V,=¢,*V, =1*32.112 = 28.9Ton >10.44Ton >OK

APB300 ¢ 5 5l (o2 leg! b (ygiw (Slao it S5y J 508
sae cpl a8 il yiin wlas Job 1/1000 51wl YYO @585 V-7 by Gab i jsie (bl 5 5k o5
Gl Jo8 3590 bl dhade o Gl S ade £V 5l aS el el B.AA

E Joint Displacements x
Joint Object 243 Joint Element 243
1 2 3 N
Trans 0.01693 0.02037 l 058863 ‘]\> alas Ja...uj JX»: pevey
Rotn -0.00198 -4.396E-04 6.655E-05
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J.a.&.c)mjoﬂ;@5)o)’5).o;a)le)’l‘5&u,§bm5)oﬁ.">;5b>o)’L»J,,.l:J.lagb)&UmQ.z.:.g;o.as

g aple> 5L ol

5 - PL®  5000*625.5°
" ABEl by,  48%2*10°*25170

=0.505cm =5.05mm < L /1000 = 6.25mm > OK

a3l oo IPB300 glaite Vb clolrs 3ol 5o (loil 3
02500 (50 o3l (S G 4 2kl 5 el (S @
Qg 4 Sl o Jlail (o1 b

S bl oo 3 Ol 5o (o olyen 4y et (i b (lads eole Jlal g 5l (gt 4 5 ol JLas]

58 o b Japte 8 51 (o3 oz g S o

o (Bl 10 Jsb 4 Ve oped o ot | e il YO Jsbds 106 505 (e (s 00l b Ll

E Diagrams for Frame Object 335 (HE300E) *®
End Length Offset Display Options
Locati
Case |COMBI (Location) 1 1g7 () Scroll for Values
hems | Major (V2 and M3} | Max/Wii Env o] “Eril ?ﬁ cm ) @® Show Max
L - . Cm
Jt 195
J-End: 0. em
(625.5 cm)
Resultant Shear
Shear V2
-_— at 625.5 cm
_4785.26 Kaf
at 0. cm
Reszultant Moment
Moment M3 —_
1336754.7 Kgf-cm
at 312.75 cm
16544215 Kgf-cm
at 312.¥5 cm
Reset to Iniial Units Unts  Kgf,em C
— T ] —— I I

sl s A S (g9, 9 S iSTas e (Selus Jb cos Sap i ejle Judos mlo sillae

V =4.786Ton
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2 Electrical crane structure calculations in RO1 section
= [EEISCO
R e
(oo (i (2 510
R, =5.82Ton

IPB260 >d =26cm,b, =26,t, =1.75cm,t, =1cm,d —2k =17.7cm
IPB300>d =30cm,b, =30,t, =1.9cm,t, =1.1cm,d — 2k = 20.8cm
Local yield limit state of the web

t, =1cm
k =3.8cm
N = R, —-2.5k >k
yw
= 5620 =2.425> N =3.8cm
2400*1

15
t
N=9 R L b ) g 408em
3037 \EFL, |\t

N =max{3.8,0.5} =3.8cm

X =1.5cm

b>N+x=>5.3cm

b, =10cm > UselL15*15*1, L = 35cm
e, =x+N/2=3.4cm

t=1cm

r=11cm

e=g, —t—r,=13cm

R
t= -
0.6F, L

t> [2RE€ _5o66<1m 0K
0.9F, L

h=10cm
20.25¢. 2
R 1+ f

" 2h h?
$=0.75
F,. = 4200Kg / cm’
a, = S I =0.398cm

$*0.6F,*0.707

tn =1cm>a,,,.. =0.5cm
Use_a,=0.5cm_ E6013
t=1cm

(BJ: fw __ 582 437 100K
C ), 06Ft 0.6%2400*1

=0.27 <1lcm> OK

=531.9kg /cm

D fo 532 =0.32<1r> 0K

(El T045Ft  0.45%3700%1
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G, [=EISCO
R e

ol yo e (2

R, =5.82Ton

IPB260>d =26cm,b, = 26,t, =1.75cm,t, =1cm,d —2k =17.7cm
IPB240>d =24cm,b, =24,t, =1.7cm,t, =1cm,d — 2k =16.4cm
Local yield limit state of the web

t, =lcm
k =3.8cm
N = R, —-2.5k >k
yw
= 5820 =2.425> N =3.8cm
2400*1

15
t
n=d Ruz bW gl | =0.498cm
3| 0.3t,” \EFt, t,

N =max {3.8,0.5} =3.8cm

X =1.5cm

b>N+x=>5.3cm

b, =10cm >UselL10*10*1, L =15cm
e, =x+N/2=3.4cm

t=1Icm

r=11cm

e=e, —t—r=13cm

R
t> v
0.6F,L

t> [2RE _5966<1m OK
0.9F, L

h=10cm

20.25¢,2
f, = %1 /1+Tf =531.9kg / cm

$=0.75
F,. =4200Kg /cm’

=0.27 <lcm> OK

a, = e =0.398cm
¢*0.6F,*0.707

tyin =1cm>a,,,, =0.5cm
Use _a, =0.5cm_ E6013

t=1cm

(2) _fw 582 e qp0k
C), 06Ft 06%2400%1

(2) o 582 gspiipoK
C ), 045Ft 0.45*3700%1
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A=0.3

iz g o) )b ol jo 7y gliow OGS

b sk o o o k.
AL 3 S oo b3 by )
x| dj e sy | Y
n [NV
AG o i by | f

Al oo Cwdy YA+ » asls (ol (0)Jgox 5l pleidlo (sai 09,8 @ 4z gs b aS leislo Coenl o oY

1=1.4 Livgie Coadl U ) 05,5 il Sl 5l Glonsl 09,8 - iy 3,515 5 (5,950 Slesls 15,5
Bl oo sy £ 9oz b sl o3l j0 oolaiwl 5,90 (il il sl winccs olul el jlid, o oY
R=3.5 X cqz o (X gz ailas o ausl o9y Cuzr 4) @oV58 Jsone 1500 o)l it

RE5 1} g o lawgie cdod Ol e

G s 4 4255 b Cgzgo,0 o 1) o5l sl lejanly bl Gleisle QUL Gy (6 arnlre sl i pleitle CUSL G po
9] Sy il sl
slesleal b by 515 51 ol glaisly lesslo Glasin 4 (K lugs Lol Cgls loy YA« » asls O] Y=Y oo b sllas
193,500 et 2) e bl

gYad clal o -

T = 0.08H°75 (-v)

T =0.08H%" =0.08*6"" =0.3s

ot il Sk o o (6 dluore 4 bgs e sl ol )b ¥ Jaus el pailow ¥ %@}Iﬁ&&%@pgb
S$=1.75 Ts=0.7 T=0.15 :$gice
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0'(. .
R e

BzHS(%) '<T<T,

0

B=S+) T, <T<Ts
T

B=(S+)(Ts/T)" T>Ts

Sg g0 o3laiwl pas Jae,d 5l aS dilowe <0 g0 dae 90 o5l gl loj Cuz 90,00 Cwl asise aS jghiles
B=1.75+1=2.75
i) e o g awlmo

1;»-1)9T 0 S |y A3y o0 g 00,5 (510K Jge 8,0 Lt 5ks 390 sl el )b adS™ (30 55l oy 51 oy

C_ ABI
R
* *
- 1.4*2.75*0.3 033
* *
C, - 1.4 2.575 0.3 _0.231
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R e

Ve 0505 Sogl Jr90 £ 3wyl o (ol,4b
ControlCompresionForce:

k=11, =680cm, A =27cm*, I . =412cm*
= ,fl =3.9cm
A
k
2 =174.35< 4, =200
r
7’E 9
F = > =651Kg /cm” <0.44F =1056
(kI /1)

F, =0.877F, =571.2Kg / cm?
P, = A, *F, =15422kg =15.42ton < 8.94*1.6 =14.304

osliial (55 gl B+ Juolyd 5 aodd I g sl oo )+ SIHl Uhgo Yl Slile oo Sl (51 03,0 (sl oo i
oS (o0

S 59 bwgs Slogl Jgo Jlail Wlwwlxeo

F,. =420Mpa

Q=2

L =30cm

P
1/ Q)*0.6F, *L*0.707
t.. =10mmp>a, =6mm

5.7mm

aW:

f =%=514N/mm

ru

(2)1 2o =0.36 <1 0ok
C™ 0.6Ft

4:0.13<1|>0k

D
()= 0.45F.t
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Sg wlem il Ve len bo ig> Job dl (o oS oo oolaiul yie (Sle VO Jgb @ ad ks (isx 5l CwlS 5y 0
el JUatl o g ool o e P g 5 (55 4y el 535 Ll 5 <ol 3,5 4 gt JLos) s

o wioslee b Joro 50 (Slo (359 JLail (210
10) yia lo Yo b ply sz b oS oo oolitl ye lo ViVDEDe &5 5 B oo o i les o sl (sl

W PR 4.»..»[.714)4))0 JL@‘ d)ﬁ wl.?bosuuP MLQS Mbdﬁ&u?wymb(@‘éab JL> d)—b)&)—wwlﬁd

USE : PL50*15*1cm

F,. =420Mpa
Q=2
L =30cm
P
a, = =5.7/mm
(1/€)*0.6F,*L*0.707

t.,=10mmpra, =6mm

P

fm=I=514N/mm

2y -t _036<100k
c” T 06F

2y, - fv “o13¢1m 0k
C’2 " 045F 1
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MONORAIL BEAM ANALYSIS
For W-shaped Underhung Monorails Analyzed as Simple-Spans with / without Overhang
Per AISC 9th Edition ASD Manual and CMAA Specification No. 74 (2004)
Name: Keyhan Gostareh Gharb Company Subject: |Design Monorail Beam for Phase3
Number: E-C-PH3-02 Originator:|m.asgharinia | Checker: |
Input:
RL(min)=0.25 k RR(max)=6.25ton
Monorail Size: “, L=3.6m \t Lo=0.75m
. Select:[ IPB240_| k=3.6m . '|‘ i’
Design Parameters: ) S=55¢cm )
Beam Fy 5 240 |Mpa 5 |(_’| ¥
Beam Simple-Span, L =| 3.6 m. ' OIQ V\'L IPB240
Unbraced Length, Lb =| 3.6 m. Note: sketch depicts Nw = 4,
Bending Coef., Cb = 1.00 Pv=6.25ton for 2-pairs of wheels.
Overhang Length, Lo =[ 0.75 m. Nomenclature
Unbraced Length, Lbo =[ 3.6 m.
Bending Coef., Cbo = 1.00 W10x60 Member Properties:
Lifted Load, P=| 10.44 [Ton =l 223 cm.A2 d/Af=| 1.49
Trolley Weight, Wt=| 1.8 Ton =l 240 mm. Ix=| 11260 |cm.4
Hoist Weight, Wh =| 0.45 Ton tw=| 17 mm. Sx=| 938 cm.A3
Vert. Impact Factor, Vi = 25 % bf =| 240 mm. ly=| 3920 cm.A4
Horz. Load Factor, HLF = 10 % tf=] 10 mm. Sy = 327 cm.A3
Total No. Wheels, Nw = 4 (2-pairs) k=] 3.8 cm. J=| 103 cm.M
Wheel Spacing, S =| 0.55 m. rt=] 21 mm. Cw =| 486900 |cm.n6
Distance on Flange, a = 1.00 cm.
Support Reactions:  (with overhang)
Results: RR(max)=[  10.44 |= Pv*(L+(Lo-S/2))/L+w/1000/(2*L)*(L+Lo)"2
RL(min) = 0.25 = -Pv*(Lo-S/2)/L+w/1000/(2*L)*(L"2-Lo"2)
Parameters and Coefficients:
Pv=| 10.44 ton Pv = P*(1+Vi/100)+Wt+Wh (vertical load)
Pw=| 261 ton/'wheel  Pw = Pv/Nw (load per trolley wheel)
Ph = 0.5 |ton Ph = HLF*P (horizontal load)
ta=| 1.725 [cm. ta = tf (for W-shape)
r=[ 0.077 L =2*a/(bf-tw)
Cxo=| -1.944 Cx0 =-2.110+1.977*1+0.0076*e"(6.53*1)
Cx1=| 0.440 Cx1=10.108-7.408".-10.108*e”(-1.364*L)
Czo=[ 0.192 Czo = 0.050-0.580*A+0.148*e*(3.015"1.)
Cz1=[ 2.450 Cz1 =2.230-1.490*1+1.390*e”(-18.33"1)
Bending Moments for Simple-Span:
x=| 6 m. x = 1/2*(L-S/2) (location of max. moments from left end of simple-span)
Mx=] 7.1 ton.m Mx = (Pv/2)/(2*L)*(L-S/2)"2+w/1000*x/2*(L-x)
My =| 1.385 [ton.m My = (Ph/2)/(2*L)*(L-S/2)*2
Lateral Flange Bending Moment from Torsion for Simple-Span: (per USS Steel Design Manual, 1981)
e=| 13 cm. e = d/2 (assume horiz. load taken at bot. flange)
at=| 52.501 at = SQRT(E*Cw/(J*G)) , E=200000 Mpa and G=11200
Mt=] 0.156 |tom.m ksi Mt = Ph*e*at/(2*(d-tf))*TANH(L*12/(2*at))/12
X-axis Stresses for Simple-Span:
fox = 46.6 |Mpa fbx = Mx/Sx
Lb/rt=[ 51.99 Lb/rt = Lb*12/rt
Fbx=[ 136.5 [Mpa Fbx = 12000*Cb/(Lb*12*(d/Af)) <= 0.60*Fy fbx <= Fbx, O.K.
(continued)
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Y-axis Stresses for Simple-Span:
fby = 10.13 |Mpa fby = My/Sy
fwns = 8.13  [Mpa fwns = Mt*12/(Sy/2) (warping normal stress)
fby(total) = 18.27 |Mpa fby(total) = fby+fwns
Fby =] 170.64 |Mpa Fby = 0.75*Fy fby <= Fby, O.K.
Combined Stress Ratio for Simple-Span:
SR =[_ 0449 | S.R. = fox/Fbx+fby(total)/Fby S.R.<=1.0, OK.
Vertical Deflection for Simple-Span:
Pv=| 10.440 [Ton Pv = P+Wh+Wt (without vertical impact)
A(max)=| 0.1850 |cm. A(max) = (Pv/2)*(L-S)/2/(24*E*1)*(3*LA2-4*((L-S)/2)"2)+5*W/12000*L"4/(384E*l)
A(ratio) =| L/1978 A(ratio) = L*12/A(max)
A(allow) =[ 0.8128 A(allow) = L*12/450 Defl.(max) <=.Defl.(allow), O.K.
cm. (from CMAA Specification No. 74, Section 1.4.1.2)
Bending Moments for Overhang:
Mx=] 0.18 [ton.m Mx = (Pv/2)*(Lo+(Lo-S))+w/1000*Lo"2/2
My =| 0.013 [ton.m My = (Ph/2)*(Lo+(Lo-S))
Lateral Flange Bending Moment from Torsion for Overhang: (per USS Steel Design Manual, 1981)
e=| 12.954 |cm. e = d/2 (assume horiz. load taken at bot. flange)
at=| 52.501 at = SQRT(E*Cw/(J*G)) , E=29000 ksi and G=11200 ksi
Mt=] 0.08 [ton.m Mt = Ph*e*at/(d-tf)* TANH(Lo*12/at)/12
X-axis Stresses for Overhang:
fox = 11.4  [Mpa fbx = Mx/Sx
Lbo/rt=| 49.82 Lbo/rt = Lbo*12/rt
Fbx=] 136.5 |Mpa Fbx = 12000*Cbo/(Lbo*12*(d/Af)) <= 0.60*Fy fbx <= Fbx, O.K.
Y-axis Stresses for Overhang:
foy =| 0.344 [Mpa foy = My/Sy
fwns =| 4.1 Mpa fwns = Mt*12/(Sy/2) (warping normal stress)
foy(total) =| 4.55 [Mpa foy(total) = fby+fwns
Fby =] 170.64 |Mpa Fby = 0.75*Fy fby <= Fby, O.K.
Combined Stress Ratio for Overhang:
S.R.=[_0.038_ | S.R. = fox/Fbx+fby(total)/Fby S.R.<=1.0, OK.
Vertical Deflection for Overhang: (for Nw =4 and S >= Lo, assume 1/2 of Pv without impact at end of overhang)
Pv=| 10.440 |ton Pv = P+Wh+Wt (without vertical impact)
A(max) =[ 0.0091 |cm. A(max) = (Pv/2)*Lo2*(L+Lo)/(3*E*|)+w/12000*Lo*(4*Lo2*L-LA3+3*Lo"3)/(24*E*1)
A(ratio) =| L/3314 A(ratio) = Lo*12/A(max)
A(allow) =|__0.0678 |cm. A(allow) = Lo*12/450 Defl.(max) <= Defl.(allow), O.K.
Bottom Flange Bending (simplified):
beq 20.72 |cm. Min. of: be = 12*tf or S*12 (effective flange bending length)
am+g 11.02 [cm. am = (bf/2-tw/2)-(k-tf) (where: k-tf = radius of fillet)
Mf=| 0.1627 [ton.m Mf = Pw*(am-a)
Sf=[ 0.038 [cm."3 Sf = be*tf*2/6
fbo=[ 150.85 [Mpa fb = Mf/Sf
Fb=| 170.64 [ksi Fb = 0.75*Fy fb <= Fb, O.K.
(continued)

20f3 11/13/2023 12:02 PM



Electrical crane structure calculations in RO1 section

(=EISCO

ol e ¥ gd o5 4o

Bottom Flange Bending per CMAA Specification No. 74 (2004): (Note: torsion is neglected)

Local Flange Bending Stress @ Point 0:
-103.3

GX0 =
GZO0 =

10.2

Mpa
Mpa

oxo = Cxo*Pw/ta”2
czo = Czo*Pw/ta”2

Local Flange Bending Stress @ Point 1:

23.4

ox1 = Mpa ox1 = Cx1*Pw/ta’2
cz1=| 130.2 |Mpa cz1 = Cz1*Pw/ta"2
Local Flange Bending Stress @ Point 2:
ox2=| 103.2 |Mpa ox2 = -GX0
cz2=| -10.2 [Mpa 6Z2 = -6Z0

Resultant Biaxial Stress @ Point 0:
foxo=| 6.76 fbxo = Mx*(d/2)/Ix = Mx/Sx
foyo=[ 0.06 fbyo = My*(tw/2)/ly
cz= 54.6 |Mpa oz = fbxo+fbyo+0.75*cz0
ox = -77.4 Mpa ox = 0.75*cx0
wxz=| 0.00 [Mpa wxz =0 (assumed negligible)
oto=| 115 Mpa oto = SQRT(ox"2+06z"2-0x*0z+3*1x2"2) <=Fb = 0.66*Fy = 150 Mpa, O.K.
Resultant Biaxial Stress @ Point 1:
fox1=[ 6.76 fox1 = Mx*(d/2)/Ix = Mx/Sx
foy1 =] 1.36 fby1 = My*(bf/2-a)/ly
cz=| 153 Mpa oz = fbx1+fby1+0.75*cz1
oX = 17.5 Mpa ox = 0.75%cx1
™xz=[ 0.00 [Mpa wxz =0 (assumed negligible)
ot1 =] 145 Mpa ot1 = SQRT(ox"2+6z"2-0X*0z+3*1x2"2) <= Fb = 0.66*Fy = 150 Mpa, O.K.

Resultant Biaxial Stress @ Point 2:
fbx2 =| 5.85 fbx2 = Mx*(d/2-tf)/Ix
fby2 =] 0.06 fby2 = My*(tw/2)/ly
cz=| 33.1 |Mpa oz = fbx2+fby2+0.75%*cz2
ox=| 77.42 |Mpa ox = 0.75*cx2
wxz= 0.00 [Mpa wxz =0 (assumed negligible)
ot25 67.3 |Mpa ot2 = SQRT(6x"2+6z"2-0x*6z+3*1xz"2) <= Fb = 0.66*Fy = 150 Mpa, O.K.
Y
[ J
|
]
p—— —_— {\y
X
Pw Pw
Z/
L]
/-—- Point 2

(Sign convention: + = tension, - = compression)
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SUMMARY OF CHECKS:

Row No.: Results: Stress Ratio:
Simple-Span Stresses and Deflection:

54 fbx <= Fbx, O.K. 0.342

61 foy <= Fby, O.K. 0.107

64 S.R.(combined) <= 1.0, O.K. 0.449

70 Defl.(max) <= Defl.(allow), O.K. 0.228
Overhang Stresses and Deflection:

84 fbx <= Fbx, O.K. 0.012
90 fby <= Fby, O.K. 0.027
93 S.R.(combined) <= 1.0, O.K. 0.038

99 Defl.(max) <= Defl.(allow), O.K. 0.136
Bottom Flange Bending (simplified):

107 fb <= Fb = 0.75*Fy, O.K. 0.908
Bottom Flange Bending (per CMAA No. 74):

129 fto <= Fb = 0.66*Fy, O.K. 0.766

136 ft1 <= Fb = 0.66*Fy, O.K. 0.970

143 ft2 <= Fb = 0.66*Fy, O.K. 0.448

From: "Allowable Bending Stresses for Overhanging Monorails™
by N. Stephen Tanner - AISC Engineering Journal (3rd Quarter, 1985)

Use: Lbo = Lo+L =| 4.0000

K=Lo/(Lo+L)=| 0.077 Index
Use: Cbo=| 0.693 1
2

3

4

5

6

7

8

9

10

11

10f1

Table 1: Computed Values

k = Lo/(Lo+L) Cbo
0.0 0.67
0.1 0.70
0.2 0.73
0.3 0.76
0.4 0.80
0.5 0.84
0.6 0.90
0.7 0.96
0.8 1.05
0.9 1.15
1.0 1.28

Design By m.asgharinia KGG.co

11/13/2023 12:02 PM
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Design Assumptions and Limitations:

1. The foll

a.
. Dupont Engineering Design Standard: DB1X - "Design and Installation of Monorail Beams" (May 2000)

. American National Standards Institute (ANSI): MH27.1 - "Underhung Cranes and Monorail Syatems"

. American Institute of Steel Construction (AISC) 9th Edition Allowable Stress Design (ASD) Manual (1989)
. "Allowable Bending Stresses for Overhanging Monorails" - by N. Stephen Tanner -

® QO 0 T

= (o)

[ —

owing references were used in the Design of Monorail Beam:
Fluor Enterprises, Inc. - Guideline 000.215.1257 - "Hoisting Facilities" (August 22, 2005)

AISC Engineering Journal (3rd Quarter, 1985)

. Crane Manufacturers Association of America, Inc. (CMAA) - Publication No. 74 -

"Specifications for Top Running & Under Running Single Girder Electric Traveling Cranes
Utilizing Under Running Trolley Hoist" (2004)

. "Design of Monorail Systems" - by Thomas H. Orihuela Jr., PE (www.pdhengineer.com)

. British Steel Code B.S. 449, pages 42-44 (1959)

. USS Steel Design Manual - Chapter 7 "Torsion" - by R. L. Brockenbrough and B.G. Johnston (1981)
. AISC Steel Design Guide Series No. 9 - "Torsional Analysis of Structural Steel Members" -

by Paul A. Seaburg, PhD, PE and Charlie J. Carter, PE (1997)

. "Technical Note: Torsion Analysis of Steel Sections" - by William E. Moore Il and Keith M. Mueller -AISC

Engineering Journal (4th Quarter, 2002)

2. The unbraced length for the overhang (cantilever) portion, 'Lbo’, of an underhung monorail beam is often debated.
The following are some recommendations from the references cited above:
a. Fluor Guideline 000.215.1257: Lbo = Lo+L/2
b. Dupont Standard DB1X: Lbo = 3*Lo
c. ANSI Standard MH27.1: Lbo = 2*Lo
d. British Steel Code B.S. 449: Lbo = 2*Lo (for top flange of monorail beam restrained at support)

Lbo = 3*Lo (for top flange of monorail beam unrestrained at support)

e. AISC Eng. Journal Article by Tanner: Lbo = Lo+L (used with a computed value of 'Cbo' from article)
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HE 240 B Dimensions

The steel beam dimensions for the HE 240 B section can be seen in the table. The depth of the section is 240 mm. The width of the section is 240 mm.

Top Width
Dimension Value
Top
Thickness
Fitlet Radlus - Depth 240 mm
Top Width 240 mm
E Top Thickness 17 mm
=R
2 Bottom Width 240 mm
Web Thickness = —
Bottom Thickness 17 mm
Eottom Web Thickness 10 mm
Thickness
Fillet Radius 21 mm

Bottom Width

HE 240 B Section Properties

The HE 240 B section has an area of 10600mmZ2. The below table outlines the HE 240 B section properties including the torsion constant as well as moment of inertia and plastic modulus
properties.

A N ] Iyp @ Izp @ Alpha @ w@ PlasticModYp @  PlasticMod Xp @

10600mm? 1030000 mm* 39200000 mm* 113000000 mm*  Odeg 487000014848 mm® 498000 mm? 1050000 mm?





