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7 Behavior of Beams under Bending Moment only. b
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Strain Diagram For sections.

Flastic Theory.
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St'ress — Strain Curve For Concrete.
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Stress—Strain Curve For Steel in Tension.
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 Modular Ratio (1)
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~ Moment of Inertia.
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~ Special Cases.
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n(i}efore cmclcing) ~ 10
C = cover From tension steel = (40 — 50) mm.

d - distance From tension steel to max compression Fibers.
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with compression steel Ag
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o = distance From Compassion steel to max compression Fibers.
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After craecking. [ .
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Q@ For T—Sec. or L —Sec.
( Tension Steel only)

No Compresion steel in T—sec. & L-sec.

To know IF the N.A. above or under the Flange.
Assume that the N.A. is exactly at the Flange.

Calculate ( First Moment of Area) S'nu.

above and under the Flange.
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alculation of Normal stresson Concrete & Steel.
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Stages of Beams under
Variable Bending Momendt.
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Normal Stresses Diagram
For beamns subjected to Bending Moment only.
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Cracking Moment (M,,)

Ald) daa Ge Bloyadl 8 258 Jof Syaa ) gug U) p3ed) AasS g
F. ARl adlis (o8 5luyindt (o3 sland) o oaie
ctr & 2 H 3

ct'r =0.6 V N\mm*

Cracking Tensile stress. (Concrete Tension Rupture)

F. M+ Y — M- F ] A M’Y‘
I Y 1—
at crocking y‘f N.A
F' at point @ = Fc;tr } & 1—
Yt
: ' L ® @9 @
. Moment at this case = Mc'r. €))
_ Fc‘t'r * Ig
cT. yt

M, = Cracking moment

Ig = Moment of Inertia around N.A.
(For virtual sec.)

yt = Distance between N.A. to extre’me tension Fibers.

(For virtual sec.)
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- Example. A

Data, Mega Pascal ‘
2 /
F‘;uz 25 N\mni — 25 Mpa 45D
st. 360/520 500
Reg. s5pl® ¢|* | 49#22
A
For the shown Cross—Section 250

Calculate M CcT.

Solution.

2
Ag= 4422 = 4 [ﬂf?]_-_- 1520 mm” 250+

5
Eo 4400 \[25 ol .
@ A,- =
ve Ao +(n-n4, | 1520 | ¥
Aoy = 2504500+ (10-1) (1520) = 138680 mnt  °O" L.

\
Tension Side\

—— e —— ——

@ yt = 260+500% 250 +(10- 1) (1520) (50)____. 230.27 mm
138680

3 2 5
@ I gross = 2202500, 250, 500(250— 230.27) + (10— 1) (1520 ) ( 230.27— 50)
12

=3097388472 mvun
® K _06\F, —06\25 - 3.0 N

F
® M, - _cir* Ig w 20+ 0938472 _ 408558479 N

L 230.27
Yy
40353347.9 N.mm

= = 40.35 kN.m
! 10°

M., =40.35 kN.m

L2/




Fxrample. A

L
Data. 2
Jota. F(;u = 25 N/mm = 25 Mpa. 450
st. 360/520 =
ke calculate M eor 50 ]
L 250 -

: 2
Solution. A= 44922 =4 [7!;32]: 1520 mm®

2
dg= 2922 = 2 [B222] = 760 mns

b ey

IF Ag<o.2 Ag We cwh, neglect As" 7] J50
L Ae f:20;-0.50> 0.2 .~ We can't neglect Ag 60
3
450 +

5 T -
@ n=£s —_2:10" _ 909 __, m =10 L
Ec 4400 \z5 so- ol 't
I 2 B

@ A’U =bx*tl+ (n- I)AS + (n_ I)AS\ Tension Sid(:\

_____ A
Ay = 2504500+ (10— 1) (1520) + (10— 1) (760 ) = 145620 mnt

@ g = 250500+ 2504+ (10—1) (1520) (50) +(10—1) (760) (450) Dt
t 145520

3 2 2
@ Igmss = -2-5;‘;—‘@ +250% 500(250—240.6) + (10— 1)(1520) (240.6 - 50)

2 -
+(10-1)(760) (450-240.6) — 3412106414 mnt

® Fi - 06\Fy, —0.6\25 = 3.0 ¥\mm?

v
© M, - _cr” lg _ 3045412106414 _ 435449677 N.mum
i 240.6
t
y 4254495:.7 Matm | 0 ey dne
10

My =42.54 kN.m




Fxample. | *190 {
Data. 4P 12 120
900
st. 360/520 ; Oﬁ
ieq- Caleulate M cr, G| 87425
—l300'—
Solution.

2
As= 825 = 8 [B2Z5] = 3927 mm’ r 00—
< 1120
A3‘=4¢12=4[E;‘_’3]=452 mm? [, e 1l 4
IF A3 <02 A;  FWe can meglect 4s _ 780
g 23 _0.135 < 0.2 + We can meglect Ag .
& IFoU /O [
[ I 3000
‘\
@’n—& =010 909 — > T2=10
Ec 4400 \[35 iﬁ T;[
‘75'nfvmi S G

© A'v= Ac +(n- f)A3=120*1900+730*300+ (10-1)(3927) = 497343 T

573.9

Mcrg235. 19 kN.m

® Y, = 1200 1900+ (780+60)+780+ 300+ (32)+ (10 — 1) (3927) (75) = 578.9 mm
497343
1900 |
@ T Mgsoouzo(mmeo 573. 9)+3_0£’:@ | o 1 J120
gross 12 12 ;. i
+3oo.780(573.9-223—°)+ (10-1)(3927) (673.9-75 )‘2 F i
g Yp=573.9 | * Vo
=44992510490 mimn {75! {3927
Bhall i
® By - 0.6 \[F,, =0.6\25 = 3.0 Nmnd® s
F
® M_-_° g o 20x 9510890 _ 235192468.8 Noaram




Example.

e yeps ] M 1200
120 120
700 700
580 —) 580
| E#23 Y p22] | 8¢ 22
50r i e 50l? —_——t
o5 20000200 —100—1-—400—-'-—400—

Fe can convert the Sec. to an easyer Cross—Sec.
and has the same properties. (Area,y,4s,¢,1& Mer.)

Data. [ _ o5 y\mnld st. 360/520

cu

Regqg.

For the shown Cross—Section Calculate M cr.

- 2
M AS: 8¢22= 8 [n;22]:3041mm2
5
@n=EL __24100 _999 . m_10

B 4400 (57

@ Ay= A; +(n—1)Ag =12041200 + 580+ 400+ (10— 1) (3041) = 403369 mn?

—1200—
® gt — 1200+120+ (580 + 60) + 580+ 400+ 282 ;. (10-1)(3041) (50) ! - et
403369 Rt S
=398.7 mm ¥ =3I8'?L 30+41 i
S -
—l—'4oaL—

@ I _ 1200 120

2 3 . 2
+1200120 (580+ 60-398.7) ; #00+580 , 400, 580 (398.7 — 580)
gross 12 3

2
+(10—1)(3041)(398.7-50) =21130115740 m'rrf
® Fu- 06VF, —0.6\V25 = 3.0 N

i
® M, _forrlyg _ 3.0. 21130115740 _ 50005504 3

P 398.7 :
Y, =159.0 kN.m.

Mctr-‘=' 159.0 kN.m

L28/°




-

Ec 4400 \[25

®A’v=f4c> +H(M—1) Ag = 14041000+ 860 +250+ (10—1) (5890) = 408010 mmni

+ (10-1) (5890 ) (330.87 — 50). — 39483504630 st

©® ‘F(;tr-z()B\/ ,_06\/25 3.0 M

_BpsIg  s0. 39483504630

330.87

Yy

= 3580 kNin.

M, =358.0kNm

= 357997140.5 N.mm

Fxample. 100
0=
- 1282519 | 40
]:_;u: 25 N\mm2 5892 mni
st. 360,520 1900
Req.
Caleulate M or
aLcutate cr L"Ziﬂ’J
- 2
Sahution. As= 12925 = 12[B222] = 5890 mar?
] |
@=L —_2+10° _ 999 _ . m_10

7000 |
— ] %9 —5890 ]| ]740
Yt -—-330L86‘ e —
- 0
@ Yy, =1000+140 *7o+25o*aso*(‘%@+f40)+(10-1)(5890)(50) £ -
t 408010
=330.87 1wy =250
@ I —10005140° 000 140 (330.87-70 » 2592860 550 a0 ( 860 860 +140-330.87 y
gross 12 12

L29/




X 40

1000

0 250l
Sec. (1-1)

For the given statical system & cross section of a water tank

with 0.25 m thick cantilever walls, It is required to Find

the max safe height of water (H 7) in the tank.

%”HHHM

E - 30 N\t st. 240/350

it
P—

sl foas ¥ (i olosadl (3 Fosd (f S0 e can asladl Sl b
Taas raladl was (o)

M, oe wle pred) gaety ¥ oF s fank I b ssmse glas S 10
tank Jlslss adeoss of (See slal) glis,) ST Glasd -
M, 30Ut ol Lol i) pUaill ple pyedl Jomg i) pUs,3) e

N
b
: 1000 ©
©

/307




M cr. For the section.

Rl
40
_ Tang
I
. Mcr.
1000 : »
5=
3 It

As=6012=678.5 mun

@ n-Es - 2%10°

Ee 4400 \/ 30

@ Aqy = 25041000 + (10-1)(678.5) = 256106 mnt

@ /yt — 250+« 1000+ 125 + (10— 1) (678-5) (40)_: 123 mm
256106 |

3 2 2
@ Ig = ’0010;?5% 1000 250 (125~ 123) + (10— 1) (678.5) (128—40)
= 1345151012 mm

® E, _06\F, —06\30 - 3.28 M\mm?

® M _Loyes Ig _ 3.28+1345151012 _ 35870693.6 N.omm
cr T

s 149 = 35.87 kN.m

LI




[ Y
—4_> ——--___:
ﬂ_ B
3 =g
R e
6wate'r * H
Owater = 1.0 1\ =10.0 kN\m’
water pressure (at base) — awate'r* H =10H kN\nd

water Force [’ = f’ (Gwater*y) o H — 21(10 H)+H = 5.0 H &y

3
Actual moment at Base = [ * gz 50H + 2 e H kN.m

3 3

3
Actual moment at Base = -—g—— H kN.m

To get the max. safe height (H)

~ Actual moment at Base — M

_g_ 35.87 knm S| H = 2.781 m,

H =

L i) p Wl e B3l p3e0) 5% s 2,781 M oo ol glisy) ol 13, -
c o)l T wasdl W Juasd by ¢ s Mcr Il e 551

L327




Working Moment (M,,)
OR Allowable Moment

e W) il (5 Sle,adl £505 Lewe
L e

RPN Ty R | N |

By i) o sl alessm slan ) 55T
Foy Leall of atd) o8 wasd) ety slan) ST

Fy ol Foy oo wandl of lusadl go oF Gle o3801 clalan ) coly 13)

. O)ASU _)l:_:.ul t:h.\p.g

eS| Same Y e By ¢ Foy o 3T 03500 SlolanY) 555 of wle Jacss 1
Allowable Stresses (L rsasadl Glolanyl) o Slolazy) ode
L) pae Glad e Blepidl 5 wasdl e 35 (S ey e Slolan) ST Ll

Allowable Stresses For Concrete — Fz,

Allowable Stresses For Steel = Ig

F,, nmnt) | 18.0(20.0(25.0[30.0]35.0]40.0
B @) | 7.0|8.0/|95[10.511.5[12.5

Fy (mme?) || 240 | 360 | 400 Egyptian Code
Page (5-2)

Fy (wow) || 140 | 200 | 220

L33/




Egyptian Code Page (5-2)

L@..a.ajlﬁ.nu;..md.ﬂ.-.uﬁll L.;;JXLS.EJ AR

< dLéa.l

{"aaf) Lass YAty ool canSall § uaad

30 | 25 20

18

7 6 5

4.5

(e emm) (_Ag_)}:.n.“ Jm.mll

10.5 9.5 8.0

7.0

Al e il f playt

0.9 0.9 0.8
0.7 0.7 0.6
2.1 1.9 I

0.7
0.5

-

1.3

oratl] Al jadl Ao glia
ach Al o Caldadidf R AT
5 _pf‘i! ehiac Q-S g

n___ﬁ Sl s u«*—“ﬁ sl

' Ay

0.7

140 140 140
160 160 160
200 200 200
220 220 | 220

160 | 160 160
290 220 220

140
160
200
220

N A b
WOBS0  ppsb cbua ]
360/520
400/600

o
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Working Moment (M) 3 e

Bluysdl of wasdl go of Gle Slolan ¥l Jog o3I poedl oo
Allowable Stresses JI

M, s bl 5 W) Labaey Luie ) o3
ﬂ@?liJaJIJal_,Ja,. 555

Modular ratio after cracking 7L =~ 15 0L )

v T N, B8 S Y
7 : %_‘Zi Lol dnr o 555 5 7 4wl caaso
D1 Poat Swese sbitas,

I J Iy ¥ (53

P .. 3 o SV gaill pot 32 s Ly 4l s Y

NA. I e Jetd) gl
Fo Lol g5 alidl gle alolan ) Joos predl Lol Gy - £

ch " Fc *Inv

VA

F a2 63 wasdl le Sholaa Yl Jooy I p3e)) el Cans - 0
‘ F
| Mg ) * Lmw
d-Z
i Foo Lia 5 wudl gle Slolandl Jooy il a3edl 4asd caws -
Moo (ﬁg) I, (oskaddl odn Jleo) (Sas)
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3

FO?" T—SQC. Actual stress distribution

AL

0350 03a5 G55 AbW) Bloyi le SlolanFl (b 0,05 00l Samy T—Sec, JI b
(S WS) abie jub plall) (@ 85T s glel ole stress JI J55 5,508

F.=- ﬂlIy Uamrmm@k@gi},
(B ad) abie plalll @ (85 b JS wie stress JI 5% o) o

v e

S Py auh phine stress ade gl b L lel ol aenn 1Y

Ave’rage stress distribution

A_c_h._zgl__ stress distribution \\ ___________________
S M 1
. e N FersF -2F,
) , | |
i i 7 £ : )
l. I I ]
! e ' :
. — e B O /
1 ] ]

< For T-Sec. Myc =




Specia,l Case.

T—Sec.

ch _ (f?ch)*Inv
yA

2
3t

1 P
— —— bl gt 1 ottt [t [ ke
| “‘”m |

%

.

not as T—Sec.

1 Mye = (Fc)*lm’
Z

=




Example.

1.8 P 2.5 P - 1.5 P
JAN l pas l
L2 25~ 5.0 —l- 5.0 2 25~

Lot 622
|- |
5{’ —— | 7418 Sf ——13¢16
800 800
] j% — | 622
L-SOO'J L300"J
Data. Sec. (2-2) Sec. (1-1)

neglecting O.W.
E, =25 Nxmni  F,_360 N\nnt
Regq. '

Fined the allowable working loads (Pw )
acting on the beam.

Allowable stresses
Fc‘u=25 N\mnf —_— Fc = 9.5 N\m?'rf

Fy - 360 n\mmi —> F, _ 200 N\mri




o

Solution. A

50L | ——|3g16
Sec. @
2 800
As=6g¢22 =28 [“;22] — 2280 mnd®
2
As=3¢16 = 3 [E218] = 603 mn’ 501 |—T— 6822
L‘300‘J
. AS\--@-O-‘?G) 0.2 . FWe can’t neglect Ag
A, 2280 o #
Ag . L— j-—300—1
e
@ Take m =15 7 2-50/ . 603
t = 7
@ Get Z by taking Sﬁ'g)éve (NAS__SQ.»?&er(M.) T b
750-2
b(z)(zl)+(ﬂ~1)As\(Z—d\)= n Ag(d-2) ‘_ . | 2950

300(2) (£) + (14)(803) (2-50) = (15) (2280) (750-7)

Z =298.3 mm

2
@) Get L, = b%g+(n—1)x43\ (Z-d) +n Ag(d-2)

3
2
]m; o L (§98'3) +(14)(603)(293.3-—50)2+(15) (2280) (750 - 298.3)
} = 10152758140 mm*

3 F :
@ Mye-TerIn_95w10752758190 _ 555006046 6 N

‘ 4 298.3

: =323.33 kN.mm

1 £ 200 10152758140

@ Mys = (ﬁs) g ( 15 )x 708740 _ 299690300 N.mm
1 d—2z 750 - 298.3 = 299.7 kN.m

® wa =299.7 kN.m

L339/




Sec. @

|—300~|
2 500 1
As=7p18="7 [TE;_“’]: 1781 mm® FF 7918
800
@ Take n -15 L
@ Cet Z by laking S’,’}{,"c;w (N.A;—Sunder(N.A) Y
b(Z)(%):nAs(d—Z) r | 58T
, 750 -2
300(2) (5) = (15)(1781) (750 -Z) _L ] o
Z = 287.1 mm
300!
2
D cet L, - __3Z, +nAg(d-2)
3
ALl 53287") + (15) (1781) (750 — 287.1 = 8090856524
@ ch _ *In'u _ _ 9.5 x 8090856524 = 267722525 N.mm

_287.1
=267.72 kN.m

(_) . (20 29 ) + 8090856524 _
-7  760- 2871

233048362 N.mm
= 233.05 kN.m

@ Mys =

©® |\ Mws> — 233.05 kN.m.




" Actual Momendt.

5.0 Lo 25!

Sec. @ M - 2875 P

To Get w—-—;»M M

act

- 2.875 K, =299.7 kNNm ——> B, =104.24 kN

Sec. @ M _ g975 P

act.

To Get B b =M

a,ct

. 3.375 B, =233.06 kNNm ——> B, =69.05 kN

P'w For all the beam is the least one of }?w’,}?m2

B, =69.05 kN




Example.

@
> W=90 kn\m 100 6222
P e e e v S
L _| v | 2g22
I
200
Sec. (1-1)
25 N\mm®  F, _ 360 N\mn

Fined the maximum design length For the cantilever.

Solution. |
. B 7o e 2220
As=6¢22 =6 [“;2’2]=3280 mm 500
2 425 _""/;7/'—
AS\____ 2422 = 2 [TC*22:|= 760mm2 { g?'/b'é_[
4 B ’ ‘/' glo
- As_ 760 _h93502 . W ’ A ~z00L-
s Al -~ v We can't mneglect Ag
;i ;
Allowable stresses
E 25 N\mm® —> F, - 9.5 N\mn?
2
Fy = 360 N\mm® —> Fy _ 200 N\

L42/




Take 1. =15

above (N.A.) under(N.A)

@ Get Z by taking

b(2) (£)+m-n4g (Z-d) =1 As(d-2)

200(z) (£) + (14) (760) (- 50) = (15) (2280) (425 - Z)

[ —-2280 |
0
125 “opg -
7600 | Z
774 50 |
v
—l200l—

=
@ Get Loy = 2 1) Ag (2-d v 45(d-2)
- 2
Loy = 200 (524'0) 1 (14) (760 ) (224.0 — 50} + (15) (2280) (425 — 224.0)
= 2453145773 mm
7 224.0
= 104.04 kN.m
F. 200
@ Mys-= (ﬁs)*lm’ ( 7)) *2458145778 _ 162729404.5 N.mm
d—7 425 — 224.0 = 162.73 kN.m
® My = 104.04 kKN.m . W =90 kN\mv
g | [ | | | | | | ]
Actual Moment = e .
| i
! 2 2 M.r %=
; M-wL _90L" _ 45 [7
| act =
J
- To get the maximum design length = [,
| w
3 'Zu(;.ct M
- 45 [P - 104.04 — s |L = .52 m




2000

50

g [

Req. Calculate Mw

‘. 2
AS: 20425 = 20[%:251: 9817 mmd’

Allowable stresses

FE . -25 N\md —> F, - 95 N\mnd

Fy:—360 N\mmz e FS:ZOO N\mmz

To know IF Z 1is bigger or smaller

than the Flange thickness = 150 mm

S nv. (above) =150+2000+(75) = 22500000 mm

- S'nw. (under) =15+ 9817+(800) = 117804000 mm

 Snv. (under) > Snv. (above)

o 75150 mm




| 2000 |

@ Take m =15 o] Ui ///////

l _Z- 150 3-75

—400-]
950-2 : 1
| |
- l——] 9817 mn{
: S =S
@ Get 72 by tak’bng ’3{%1)9 (N.A) under(N.A)

(2000) (150) (Z—75) +(400) (Z—-150) (Z‘é 50) = (15)(9817) (960-7)

Z = 345.9 mm

| 2000 ;

| !
{ i | 2

|=——] 9817 mm

3 3

Dl = 200?2(’50)+(2000) (150)(270.9% 5 400(195.9)

3
2
+(15)(9817)(604.1) = 77319715230 mnam’
@ Mye- D+l e T_ Sec.
YA

=
_ (Gloswwsastarssy _ i eosnit s

Sp =1416.0 kN.m

E
| S *In'u
® My @)
: d—Z
i (200) % 77336137390
‘ = 1706916899 N.mm
; 950 — 345.9 s

1706.91 kN.m

® | Mw— 1416.0 kN.m

|




Fxample.

- | 2800 -
25| |
W KN/ |_>
T | | [ | | 1 A 1400
% | 8838
16 2 ] 00 E00
Data. ok 1
—— , l_600-1300——1000——1300—600
B, =30 N\mm Sec. (1-1)

F;; - 360 N\mnm’

) Ag - 8838 mnt
F.C, =3.50 kN\m

Reg.

Fined the allowable working live load (kN\m?®)

F = 360 N\mmz — FS‘ = 200 N\mm2

Y
|| 2800 | | 2800 |

; 250 | | 250 | I
; B

| 8838 }(0@200 5038 Er Wi J{ e

Ls00-——1000—'—-600- | 1600 |
300 300

|
3 To know if Z is bigger or smaller b 2800
| than the Flange thickness = 250 mm 1300
| 10r0
\
| ‘

S nv. (above) =250+2800+(126) = 87500000 mm | 8838 mnt

3

} S nv. (under) =15+ 8838 + (1050) = 139198.5 mm Al

“ Snv (under) > S nv. (above) { %% l

s 22250 mm
8838171,77: [———1 m‘




@Tak:e T =15 ﬁol: ey

¢ z-250 7_250 ) 2-125
HOH
1300~ Z Rl
S|
e . 8838 mnt
; S. =
@ Cet Z by taking gbwe (V.A) under(N.A.)

(2800)(250)(Z-125)+(600) (Z—-250) (Z ‘2250) = (15)(8838)(1300-2)

Z = 810.7 mm . e |
[ 250 W7 ///////(/////////////////% ey
0.7 0.7 N | 1857
£ ol I \ ___30.34 y
N §—600~—'
989.3 ,
E e

3 3
@ I’n’U =1 280?‘_(2250) +(2800)(250)(185.?)2+ 408 (60'7)

2 4
+ (15)(8838)(989.3) = 157577886000 mm.

@D Mye-= FZ?Z*I”'“ ______ not as T_ Sec.
- 10.5 x 1567577886000 — 5825290643 N o
3107 =5325.3 kN.m
F
@ Mws.: (RS)*ITL’U
o /A

200 |
( 290) 4 157577886000 = 2128762741 N.mm

= 2123.7 kN.m

1300 - 3710.7

® | Mw=2123.7 kN.m

Vel




" 66.36 = 39.75+ (3.5+2.8)+ L.L. —> |L.L.=16.81 kN\m

o LL = 1681 _ 6 0 kn\m?

Sl oyl (3w kN\M b kN\m e Jrseall
Sl oyl le pals kN\m < kN\mD oo Jrseal

W= 0.W.+ F.C.+ L.L. = V" kN\m

O.W. of the beamn For 1.0 m.
= Volume =* (i
= [0.25(2.8) + 0.95 (0.6) + 0.20(1.6) ] (25)

= 89.75 kN\m'

32 W =2R2123.7 kNm _, |W = 66.36 kN\m’

" W=0.W.+ F.C.+ L.L. 54 jo,cll

—

L.L.~ 16.81 kN\w e
L.L. (k¥\m) ~  —TTTmTo- N

Sl oyl

L.L. (k¥\ni') =
L.L. - 6.0 kN \m?

S e e s

2.80

L.L.=6.0 kN\m*




Examople.

Data 100 5h 100
. 100
ﬁ(:"u: 25 N\mm 100
F, - 360 N\mm’ N
800
Req.
Calculate M i
w
Solution. . 8#25
= L200-
= = M*257] mm’
As=gpes = 8 [E222 ] = 3927
Allowable stresses
Fcu':' 25 !\T\ﬂ'z::rnfaJ  — FC"’ 2.5 N\*mmz
Fy =360 N\mmz _— F.S': 200 I\f\”m:mf“2
Inertia For right angle Triangle
e e
3 7T TE
Ix= ——b h X?Yja h
36
— | —-100.—&100‘—
To know tf Z 1is bigger or smaller ‘ ! {100
than 300 mm ' s \ _100
15?66‘.6‘ Z 100
S'nu. (above) =(200)(300)(150) + 2 (100)(100) (150) { i
+2(2i)(1oo)(100)(ss.6)= 12666000 mm’ | |
i 500
S'nv. (under) =15 + 3927 » 450) = 26507250 mm’ 3927
© S'nv. (under) > S'nv. (above) R s 3
% = =l pgpi-
s 2> 8300 mm




100r—200—~|1 00r

@ Take M =15 f—ﬂ % 160 |
@ Get Z by taking Sggjéve (NA;Sunder(NAJ Z%{- ' % § 190
T s :
200(2) (2£)+ 2 (100)(100) (Z-150) E_f_ % !
800
+ 2 (E’_)(ioo) (100)(Z-233.4) Jq R
A 500
= (15) (3927 ) (750~ 7) X
| |3927
7 = 887.77 mm ' =
200

@ Get Im, 200(3387 77) 9{100*700 )dL? (100)(100) (387.77— 150\
1004100 L
+2 (T)+2("2")(100)(100)( 387.77-233.34)"

2 4
+ (15)(3927) (750 - 387.77) = 13007509270 mum

F
@ M, ,_ferdny _9.5% 13007509270 _ 51067 1733.5 N.vrum

Z 387.77

= 3818.67 kN.m

E
s)sl 200 , 130

@ M, - ( )+ Lo ( * 19007509270 — 478793741.5 Nomm
d—27 750 387.77 = 478.7 kN.m

® (Mw= 318.67 kN.m




-  Fxample. 100 100

A
POl | s i e S ﬂ_
F - 360 M\mm®  gp
700
Req. 1022

Calculate M ol
w I*—S 0‘0_.J

Solution.

Ag= 10,;522 - 10 [ﬂ;*?z]: 3801 mm®

Allowable stresses
I =25 N\mn? —— F,_ 9.5 N\mm?

cu

£ =360 N\mwi ——> F;_ 200 §\mm?

Inertia For semi circle.

4 _X_ _A_’_’)l*'
Ix=0.117 9.424LTJ

r e P

To know if Z is bigger smalle
s gger or smailer 100 400 100
than 200 mm _ SR —

TC (200)* - @_ _m_ﬁe
2

S'rv. (above) = (84;8) = 5328141.1mm’

S'nw. (under) =15 » 3800 + (650) = 37059750 mns’ ko 650

© S (under) > Snwv. (above) - 3801

S 22> 200 mm L
—soo— [31F°

—g




100 100

S 400—1~
;D‘_O \ 21152
| z—foo_&\\\-z ng :
TO 3801 T'%—sz
@) Take M =15 ¥

: S ey
@) Get Z by toking Whowe (NAT  tmnderinal

T ;200)2 (Z-115.2)+ (600) (Z-200) (Z‘f""

= (15) (3801 )(850-2) / = 381.92 mm

2
2
@ et L, = 0.11 (200) + ngzoo) (381.92-115.2)

600+181.89°
3

4
= 18341282030 mm

+ + (15) (3801) (850 - 381.92)2

: F _
@ My, o * Ly _ 9.5% 18341282030 _ 40506904 N.yrim

Z 381.92 = 456.22 kN.m
FE
s). 7 200
& M,s - (n) w_\1s5 ) ¥ TRASIEGROB. enp peanne s,
d—27 850 — 381.92 = 522.45 kN.m

® |Mw = 456.22 kN.m

3 L52F




