( ! "HS % & ' $
)* +8,
N - -,
& 01
$*, 23 ,$%,45
66 " 28%66% 66,5*A4 4 &665 66,$*, 66 66, "66 *% 66 ,$ 66 66,%*,
449 $ "
4 < +8,
9 )$
—-@-—} @ @é-&@
73 &;% 4 < ;$ 8
. _ =9
€2 >
(f¢ @
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: 30cm+  15cm"AB  ,$ $*, (f
19
T
[N
L]
e
1
—
( f¢ C D

(f,15 15 15cnEl5cmé& 52 ,$*,
(f.,20" 20) 20cnE20cm& 52 ,$*,

4 , %, - 30cnEl5cm ,$ %,

f(=08f 5, »f&=072f ..

f = 09 1:cu15 15

cu20 20

FC"G
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+"3A,4H*DIF3 (1

A,"l' 4H* DIF3 (& *

K&,2 J("
74, &A % 4"% L$ C
1% M,"%D " Stress-strain 4%*,

(SI0O 4 N&.N FC'G $"
E. =W*" 0137/f¢
FC'G (E.(kg/Cn?)
P$> ) (W, (kg/Cm)
> (f&kg/Cn7)
144kkg/m® W, 248kg/m®

E. =1510Q/f¢ &1$*5
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Tensil strength & %

$ $ R23MC . Q1

$ f,.=—— ;3
( ct de\
l $*, $S , . R23MC .4 %, &%
$*, "AB f, =178, f¢C
$*R23MC . 4& %M Kglen? Kglcn?
3

N ()

$*, "AB(d

$*, $S (L

$ $R23MC .48& %M (fct

& $*, &*IMC . -

&>9  (fr=2/fe
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® 4AKGreep JU: @

7% & VMC: ) 3=9 #M "# W 4&* C $ <23" X
A33& O *B 4 &YV W Z"" X &% $A
Elastic deformation Initiak,. C [ 1 z2"" X
Time depentent Deformatidn 4 C) <23" X
U6l ][6 6 6B46 46#M6"6# & $WI[C\ 4 <" "X

74$3 & 9 IGreep

tQG
q = = 6 Ch
. 10+t
U: @ FC"C
u:t reg (G,

Fa" =9 \ 2t

Ul&C<,& , 23" X FC"G ?72.35?7C,
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Shrinkage &9 3 *L C J @ ,

7HBCIO B ,] B )4 . 6 \GB* _BGAB BV).OBGaM 6% 6 )63 _6*L;BCV &
%& & % < 4aC ;34 W 4

\ "#
7318l OA 4b" 4aC c

@ , & ,M"% ?Eg,
@ , d$" &C < M,"% (e,), €0.0008

t

esh:t+35(esh)u e & ) $S
FA" )4 . *\ ™ _AB 5) (t
40% "f&, $S "0 FC'G
% 1.4-0.01H 40<H<80 %
Y4 . *\* AB VD &, $S (H
3-0.03H 80<H<100 %
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Reinforcement K% C$ J %0 4%

&* 56G$ 6 .74 44%6L $ &6 . B2T!L 4 6 6Q56G )4"6% R"BS"
A4 M%
", * 4 [*%
\"L4" X @ ,;CV "% C "9%L

<1$ +$,

47 K$ J!$

(3USL 123
| ng
fy kg/cnt F, kglcn? &> 9Z/! M,"%
4 Al4$ 2400 3800 "
L. All 4% 23000 000 "
L. Alll4$ 2000 000 >

(
6 B6"46 % M6 "6C 4 6B$63 &6 ;6C4 BM,"6%& 6, $6S"6 X M &

7C* & *[ \$ &1$B

7C* & *&AI\$S )3 LA, 4% %4%$3& ;C4 4%
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(24
Safety; &*C
(&*C
4$663 866 4 ). 6 ; B "6* $6B6%H &C B! "g% B & GBC 666 66E ;
73 "
S>L
66(L 66 (S
("C=v |
66! b"6 @"6 "6 % 6!4Z6a, FEH, 6 ;B3N"GS). "6 6% 6B% &
2" X " %

% lten Strength

C‘l Loads " 4 !

(%& "G ) *S 37M4$L % &' $
@" ! &5B ! \
@" C$ &5B _C$ 4\

42 & % ; 1,4 %&G" <C :4

Copyright by: www.afshinsalari.com86/7/22



@" ; i AZ
&""S 4 ~"C4 ; &5B 45 4\
@" < 01 &5B \

%" )

G "4 ! +8,
519 , T. ?Deadload4" !
2," X). 5B$  %4$3& 9&C!
Live load; ,
;7 R"S D d$" !
519 , T. «— R
519 , T. <« 4
2800 , T. < 11
bl[,2 <1$" <« Dl
\ " L4" X
\ [,2 <+«— \5C

Working Strees Design{ a M U
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i3 $%

* ) *S F GIF.S

) *S 34

F()

)

fx30

pla<x>b)= "~ f(xd,

Ly i ‘_\
%
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L.Fs<S
(&C<, U
*ng1/18_$
73 & " 4%*,"C 0A
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CharacteristicLoad > 5 h"S

fis) .
s sd E: 3
) *S 37 m>0 ,m=s-L>0 ,s>L
7 &4 "X O! mV &4 I"X LS

m?) *S 37 d$" 5 R",

4$3-"12 ( * A S-L<0

m> bs
; &*C C, ?b
KJ6C "28%% &*C FC"G ?/
D$ ?S

D$ 2L

[C "9: &*CFC'G?g,
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7 [C "28%% <,. D$ FC"G N4 & M'% & $

7 [C "9: <. D$ FC"G NH4& MC: % & $

ultimat estrength disign &C <, U

Sn = &* Nominal Strength

J? "iMI'%FC"G
/ S?K&M'S J; &5B
Y, ?Zi d$" FC'G
L ?i; *3
3%$%  %? YL
/S, %YL &Cx<, UH
Working stress-Design a M U

. / /1
S3yL LssL L=-—
5 S3y ySn vy Fs

S, L 3]

n

B

S 1
F.s J%
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M| j =09 $ M%
MYV U" /=085 $
0 "f 4MH /=065 H *
E(1:1 w(4 D(;4"
T(\ "™ L4" X F5C
1.4 D+1.7L L,

— 0.75(1.4D+1.7L+1.7W) ; C:
—
(_0.9D +1.3W ;1%
-
0.75(1.4D+1.7L+1.87E) ; C:
—
(__0.9D+1.43E ;1%
-
1.4D+1.7L+1.7H ; C:
—<
0.9D+1.7H ;1%
N~—
_—
1.4D+1.7L+1.4F ; C:
—~
0.9D+1.4F ;1%
N~—
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J =07

j =09

075

j =07

=9

"i M! % FC "G
09
< %" FT"G
L(;,
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0.75(1.4D+1.7L+1.4T) : C

1.4(D+T) ;1%

7l 'Bi4 4% aMU 4 % a <
0.45f(, ?2&* "# 4a M
042/f¢20 "f 4 a & %M
0.55F=4% 4 a & %M
=69 Q6'> 6< %" "6CD)$ 4;34aC $ ","C 4;3;44),-B "

kKC.

4" ?1t/m

?2t/m

B A, &5B %" 4 ?10ton
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(0G$
-6>, 661" C'6 &6B," 16 ;4660 :@, =69 QB> \B N BE -6GB &

Case 1: D % &

W,=1.4WD+1.7WL=1.4*1+1.7*2=4.8 t/

+1., M,=0® -48 6" 3+F, 6=0
3 & g4'9 4V <L 1
Fp,=P,=48 6 > =14.4ton'% ()

Fon =P, = 4.8 g =1448% & | "#

Case2

0.75(1.4D+1.7L+1.7w).

oc"/*,"'n, 4 ).4 ,;4" 9 )$84 % OC"9& "n,4 4" 9 ! "# |[C

07514" 1+17" 2 =36t/m
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w4 %™

WU=12.75 36T/M
—>
075 17 10=1275ton Wu?12.75ton
0 * %Y Y® P,,=36" 6 %+12.75’ §=17.175ton
/- . -~ Y Y¥%Ys P,,=36" 6 % 12.75° §=4.425ton
Case 3
W, =0.9 1=09ton/m
0.9D+1.3W W, =1.3 10=13tol
WU=0.9
4 1. , .3 ,
0 x Y, 9, I3.® Pus—z 09" 6+13 E—9.2ton % ()
. 1, , , 3
/- *. - ¥4 VY P”3:E 09" 6- 13 82-3&0”1((
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(9
7%h'S"C =9 " ;$% 4%$)$ [C
R=18ton P.=13ton
a 1
l 4 4 j =07 Fy=3000kg Cr?
WP erA IR &C<, U
P,=1.4R +1.7R =1.4" 18+1.7" 13=45.9ton
yiLiEjs
:£® F=s5s.A=S
A

y.L, =P, =/ Af,® 47.3 1000=0.7" A" 3000
® A =2252cnf

342 8 =0.55F =0.55 3000=1650kg/cnt
P=13+18=3lton 7'3 72 %# 56
342 *2 &  =13+18=3lton

342 2 & =1650" A =31000kg P.A=S
A =2290_ 15700m?
1650
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A

&*I\5AB & ~*"S & "

Beam !"
Slab <14
Footing <,$ ,$
T~ $C4
&
&B $ \$ 23" X 'V , 48" 8 4% 23" X B % $ \
748" $ ") YH 19l
7T%& " X &AI\NS " + 4& ,23" X

A 44" %)*lI 4&C<,M U &1 4 44% V4 4 4" % )*l 40%5 aM U

AeEs (48 _A 47,
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f=—= D %&"Y CC 4% '$ 14 143

7 4 4% Transforsed section A " p$ A

f =¥7!4& 4 M

g
=M 24 4g am
Ig
lg:4$>,b" A &"C 9
(N-DAs:4$>,b" A

nAs;4 $lb" A y(&g | "n,4% A,

M?_A 4&*1"1 f2'n, 4% A, 4M
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k %- " 14];3;44_S " Kg

f& = 280kg/cnt

1 A =3F20
2 A=3F28
:3C _S
KJ23 "
f¢=280® E, =15100/f¢=25267%kg/cm’?
_Eg _204710° _
E. 252671
Ag=3F20=942cm?  (n-1)As="-=) ) "< A=T7942
yo30 6073047794210 o _og 09y, 3
30" 60+7" 9.42

| =l—1230' 60° +30" 60(30- 29.293° +7" 942" (29.293- 10)° =565448m"

g

A, =3F28=18.47cnt 23 "

520- 15" 35 15+325 +77 1847 75

50" 50°
y= 50" 50- 15" 35+7 1847
y =22.054cm 9., 3
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l - 150 +50 500 (25- 22.054)° - 115 35°-35 15
12 12

2
15+%’ - 22054 +7° 1847(22.054- 75)* = 45903@&m’

9# 1>?2@A 072 =f =2[f¢
"/1"C4\  C 4$3& 4b"4aC +"3c % /1  (&94$Ib" "/ 1M,

73 f."v & w 4)Ds$:34ac&wM %

Crackin moment

70 % :4 lg O0,%$&*% 3=9"9 O %;4 ;4%>b" Ig C :,)4%Ib" nl14
4$lb" S " <lg A
( 23

f. =2,/f¢=2,/280=335kg/cm?

y, =29.293cmM , = 33'2,9.%3: 646651 kg.cm M=6.47T.m
M<M ;4 $>, b" C "*%"1
M>M ¢ ;4 $I b" c " "1
( 23
y=22.054 M, = 33';%6: 69727%g.cm=6.97ton.m
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™ * M%,$&_A Z*&gl "C 4 (;4%>,b" _A 4

72 * M%D 4% &yl "C 4 (431b" _A 4

M*mcr M<mcr

i

;uamI
S wa ]

73 & A$>b" A " 48$Ib" A 4 &gl$

( ca4

7A$3& 4C "1

7A$3& O% &C _A OA

(2

7%& ' "1 A Z* 1:4%$>Db" A 4

7T%& ' "1 & % 4" ;™A *BD 481b" _A 4

74 & " 481b" _A , &gl 48l b" _A 4

7Z%$> b" _A &94$Ib" /1 ) 48>b "1~ ["/1MC:
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7 " )" 4Bql )$8 ;4%lb A H "N

73 4C C" _A 48Ib" _A 42C 1

$I b"

working streess design{ a M U

7 &Al:,+ 4 W,"%strain\"X 1

7 %& "Vb$)$,B 430 O 2

Es=2.04x16

Ec-15100/f ¢

M>M ¢ A m"t &% 3 "9: Mg 4 /12 $ 43

74 ,43L $ . &3:X1 $/iY! 4
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(,C

045B= 4 a M

All (1400 kg /cm” 4% 4& % a M

Alll (1680 Kglcm~2

aM &'"sU 4 &2,

"C=v I C IFC'G) 4 | 1

7% a 4 aM cC, 4 M 2

7% a4$ aM C ,4%3& %M 3

74A$> 08 NKKI4$Ib" 1748, 4b" MC V"# 4 % & 2,

T%& %" * &gl 1

7C& MC: 4% 4M 2

7C& M % ;4 %>, b" .4 81 b" A &"C)* 3
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fc=Ecec

(481b" _A 17

JE— i o
e ablae g,

4;34aC M (f; A <V (b

f<=Es. €5 f=Ec. €c

F,=0® T=C,T=A.f, =A_E &

€
C=2f kdb= kdbE, <
2 ° 2

T=C® AE.e= kdbECE—ZC KJ

€ __6& kd
—= ® e=——¢6
kd d-kd d-kd

KJ

KIKI kab9=a Es(gokd) n=Es =B
2 " "°E, E.'  bd
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"#$ + (d

& % 4% 0A (As

4% & %M (fs

H4,"% Strain  4$*,



kdbk—zd =nA(d-kd

2 2
"sE 12 D@& 2 bd

2
k? =nr{1-k)® k?+2nrk -2nr =0

*k=-rn+,/(rn)?+2m;4$1b" & A _S "D

bd E.
kdb’ k—zd =nA,(d-kd)
A4%$b" A 4%l CC A
) & &gl $ 5 <L&A "f_ S " &A _S "D *A ("%=
74"% 4 31 b" A &gl $
M=Tjd=Cjd jd=d-kd/3  jHI3
T=Af,, =f—°kdb &A S "D
2
M =fA_jd,M = fo b= Lo kjba?
2 2
M 2M
4% 4451 M f_ = f.=—— 4M
$ $ $ s Asjd c kadZ
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7.F A4$,"9 F A 43 aM "C4 "YU, f,"C4 "9
OC 401 fct: Myt <fr 1fccmax:M< 045f(g: I\/Icr:fﬁ
Iy Iy Yi
f,|
M, =2 fo=nYoor asinr A
Y I

4$>b" A &"C)* 2l

S

f,=n"Ys <055, 485, b _A

cr

f=MYe_oa¢ am

C
cr

M>M, ® ;481 b" _A
M<M_,® ;4%$>Db" _A
&A "f_ S " A~U
(g
"C 23T_A "
k % V &gl$ 5B$ Q1D
k %-" ;481b" _A &"C "1 HKJ

f ¢= 250kg/cnt
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E, =15100/250 = 23875Xg/cn? A =3 %(3.2)2 =2413cm?
A, =NA,=8.54" 24.13= 206.18cm n= E— =854
KQ1
&gl$ , ~,0A "1
(60" 10)" (y-5)+(y- 10)" 30 ((37'—210)) =15y? + 300y - 1500
&l$  ,4%$ 45 0A 1
20618(53.75- y) =11082175- 20618y
15y? + 300y -1500=11082.175 206.18y
15y% +50618y-12582.175-0 y =16.646cm
$63! *6B "6 y; 64C 4 481 3$3!'*B4&gl$ % . $S y4 "9*
O<*0Ol4Za, KA A @" J&A C 49l

&gl $ $748/b" A &" C)* (l Cr

I, = 1—12 60" 10° +60° 10" (16.646- 5)* +1—12' 30" (16:646- 10)° +30(16.646- 100040~ 10)2

+20618 (5375- 16.646> lcr =3731625cm’

fo= w< 045f'c f = M < 045f",
3731625 I

cr

_n" M’ (375- 16646
37316.5

fs < 055f,
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Kg

A, =1593%n?
f'.=280kg/cnr

f, =420kg/cn?
n=8® n-1=7

-$'A
&94 $I b" /1
7 % M, € < "C4

n=8 y=3414®

_f. 71, 3305 64958

|, =64905&m' M. =
Y, 65- 3414

cr

f, =2,/f&=335kg/cn?

M, =70458%g/cm73 &>9 C fi"" )M % C.& 4$L$ &B &94$Ib" "/1

70458365 3414) oo (4$>b" A
64,048
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74$3&2€8 C 4M "g% ""*% ¢ [C4

_ 704583 3414

4 M "g% A f = 37.06kg/ cn?
9707 e = 6005t J
4% 48 M f, =5 704583 3414 ooqsakgient
64905
( 2
73 p4 , ;3s> 21 %&!IAG %&$ 4D 4$>b" _A 4
1)fct:M°f'yt<fr 3)fs=M<fy
Ig Ig
2t =MeYe o gg51
Ig
(2
&A "fA$1b" A 4
3)fs_nMCr'(d y)<fy
g
7$3" 894 $Ib" "/ 1 c "1
n=8 A 199 _g011e £, =00879
bd 25 58

k=-rn+(rn?+2rn=034® j=1- k3 =0.887

f =M _ 704583 :859.7“% ;
Ajd 1593 0887 58 cm
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aU &A AC"%

aM N4$ a M

Gavenb,d, A, Req: f,, f.
% U
453- 7 1 =22 455 a ”:5%:4
) bd ) E,
j=1- V,k:- m+4(rn)?+2rm 7 %-~ Kk"Ca
M 2M
f f.= %- N fo fs"C4

A" igod”
&A "f_S "&% 1"
7 % 48Ib" _A " &gl B

()7 % :4$Ib" A &"C)*

7 % 4% 4M
; _nM.y, ; _M.y,
° ICI’ ) Icr
Kg
k"C 23_A 4 43 443L$ M $A
f' =200kg/cnv
f, =400kg/cnt
M =20onm
A, =3F 20
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aM =045f" =90kg/cn’
4% a M =055f =220kg/cn?

E, =1510Q/f', = 213546

_E:M: O55® n=10
E. 213546

)
A, =10"3 314 P 43 = 94.2cn?

*B "1

<
N <

N |-
w <
w

5 |~<|

o3

4% "/1942° 260- y),%+94.2y- 4710=0® ¥ =2882%m

4
U4sl; B ,&T cg |Cr=(28'% +942° (50- 288212 | =7100Znt

f =20 10 28821_g1108gicnt> a M 2
7100:

f =1 20" 10° (50- 28821 =59657kg/cnf< a M ?
1C 7100z

70 %@% _A CO %4C 45 CO W48 C C
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&A _A[Cz "1)4.
aM N4$ a M
Gavenb,d, A, Req: M
It 2% 1N

0% 4% "aM 4 %

4C 4% +«— 17"C" 4 B"f «— " aM

1745 4% «—%+"C" 4 B «— " aM ) *14$
45 M 1~
€Cc
Ceo_ K T kd]
e, (d-kd) E. %
f / [d-kd
e == A
Es €s
foe_ ko6& fo_ k.
ef, 1I-k e f, 1-K
n=5 ,rzk
&, fe
(45 M 1~
:':) 342 8 - fsall - O55fy {M :AEfsalljd
9# 342 8 f 045f ¢ f
] y {M =2 kjbd?
k=" j=1.% .
n+r 3
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re(454$4

74&t 45 M 17). % 493 4
A, id = kibd? @ £ f, =@k
sall 2 e " sall 2
rezﬁ E:L = n 45 4% 4 $"
1:sall 2 2r 2r(n + r)
le:;3:4 al < )38
&A S " *51$4
aM N4$ aM
Gavenb,d, A, Req:M
7 %_/\ r:h 1n=E"C4
call EC

r=5 70128 24
bd

K=-rn+{(rn)>+2/n® j=1-k/37% V &gl 5B$

M =min f;" kjbd? 1 f =045f"
Af_jd 2 f, = 055, B r>r

KC4$ 4 & aM
7'4& 4 [CM 4" 3 &; %" %

D% " %

M :%kjbdz < M=tfAjd
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4C 4 " aM 4%

74& 4 [C M 4"IN3 &; %" %4%$

% " % ¢
M=Afgyld —b :Eckjbdz
& "% 5 0O %&->, 4% "28%% % Z%" ;4"%-" M1740,% B 4
%&1MN4"9 g )$5 ;% " %43 3"28%% 179 3"28%% 17"9 4%3
70C . & f¢ O "B fA4d - M %" %
Kg
ka U 4 "
E. =15100/f", = 25267kg/cn?
4 6
:E:M:B ,AS:3F26215.93cm2
E. 252671
= i = L'% =0.0118 rn=0.0118 8=0.0944
bd 30" 45
k=pn+.(rn)?+2nr =035 ,j=1- k/3=0.883
A f,jd =10.76 tonm
M =min 4% ® f_, =170%kg/cn?
%kjbdz -1182tonm sal g
& "g% "M,
(0C4 M A )3 LA 4% )%$8 fsan)* Fs
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M =10.76®

(o 2M _ 271076 10°
° jkbd® 0883 035 45
f, =1146kg/cnf

3 $l:, 45 4% 49

fsa _ 1700
f 126
8

call

r =
© 2 135(35+8)

re=00138>r® ; %" %4%$
A.=rhbd= a5 1743 =1863%cn?
=94$%$ A 45 )4 .
Na <
Req=b,d, A(p) Given=M
%Au
%- " r:fsa",n:E"C4
fcall Ec
j=1- k/3k=—" %- A~ | k"C4
n+r
+ c4a 384 b@ 7 w4 bpr=2M
2 1:caIIkJ
k4 . d b"C4 )$ & bd?
M
A=—— T74. 4%~ "C A
fsall]d
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(9

7 s> ).+ 2a). <V %&A _A [C ,

4"%;4 Al & C _S "C

74"% C &5'G \ % )4$ 0a*0%\$ 4)$ "C4 A OA 7

Given:b,d,m, a < &A _A[C43% )4 .
Req: A
% A"
%-"45 M 1~ " rn
k=" j=1-% %~ jkuca
n+1 3
Mcz%kjbdzm. %* 4%$) ,$& A % "/1"g% "
T M>M® o34 4$ C483u: A 45 C

if M<M_® U C % 4

A= oC.& "C A 4%

r=27 0.1 a3 4
bd
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OoC . & "C A k
K=-rn+.rn*+2rn j=1-k/3

7014& 4 &34'9\$ \™* OC & M

Kg

W%&A"S a.M U ;3;44)' =9 ] " Nll ) - I\)

W _=1T /m

W, =2T/m
f'_=200kg/cny
f_, =1800kg/cnt
f_, =90kg/cnt

sall

call

h > L 3 , Z n n % 2’. n
16

h>1—|'6:62.50m , h=80cm , b=40cm g4

C.& o05iB4"C4 ") 5 " & *>"C4 C

P$>)

")
W', =08" 04" 24=0.768ton/m
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70C"& % FC'G) ! aMU & "SU )$8

W=1+2+0.768=3.76&/m

M =M,,, =WL =< 3768 10? =375 tonm
8 8

O & iB4 $s 45 7
E, =15100Q/f', =213546
PN

n=29410" _965® n=10

213546
f.u = 045f' =90kg/cnv

fon _ 1800 n 10
p= _sal - =20 k = = 0.333

i, 90 n+r  10+20 CLas

f 90,

M :7" ki bd> ® 47.1° 10° == 0333 0889 bd®> ® bd? = 353280

bd* = 40" 70° =196000< 353250
b=50cmd =90cmh =10cm® bd* =50" 90* = 405000
405000> 353250

O %& % Cd,b)45 A
W', =05"1" 24=12ton/m
W=1+2+12=42ton/m

M =%' 42" 10* =525tonm

OoC4"/ " zZ4 1" O %-" 4% 40!%$> N ;32Z%$545 ~

M :%kjbdz :9—20' 0.333" 0.889" 50" 90” = 54tonm

c

P
Ag = M = 525 10, :36460m2
f,jd 1800 0.889" 90

r=" 200081 Kk=-rnJ(rn)? +2rn=03296
bd AR Kk

i=1- X~ 08901
3

A = 5,2.5 105, _3641
1800 0.8901 90
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! A =3641 %0 %&->, $ . & %" 'V

(A‘s) prov = 393C|'T]2

73 '$ ."AB' ;, C 25cmC CO! !$ .4.' B~ , C. 4

ultimale strength Desigr{&T <, u &\'"s

K*¥ B"1"9% *"J % * &"l* ,$& % & "] NA & '] (mn

4FC'GL</s
7C. & 4| A ( ,49% &* (My
M,</M,(&T<, C U &‘"S 5
J =09 M, =/M,
! & " 4 5 M
C" 44 (strain) & , 23 " X % ). " 4 5
M,"% % 433 & 4"l & B 434"l % ). 5 "/C4\ 5 7" €, =0003
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failure +$,
74$3 & 4" (Brittle failure K J4"

743$3& L4$ (Duetile failure K& % JZ",

e Jlad 1

J__): ,-_"_gj - i

T g g

I ERFEEFRE TP )
Frogt R O WYL T B
I

& %4$ 4H " I &/,$28 c

K4$3 & 4"l JOC 44" N4C 4% 17

Over reinforced

74%$3& +"34% O’ fNO%& %4$ (Z4 1"

Under reinforced

74"\ $ O%&l& %4% (Z$ 1"

Lightly Reinforced

failure of under reinforced beam(4C 4$ !"

failure of under reincforced beam (0% 4% !"

4 &AI )$ & O%4$ " T4 & &% &gl 4% )4$ O% 1

74"%
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i~ M<M;

N

;34aC "1 4 8lb" "1

73 & O%4$ 4% " d$" 2 3
0.425 f'c < 280kg/cn?
b= 085- 005 %’ 280< f'c < 560kg/ crm?
0.325 f'c>560
0.8%'c

085 f' <280
b,=2b= 085- 005 1< 280 280< f', <560
065 f' >560
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M. =c(d- %) = 085f"_ab(d - a/2)

C = 085f'_ab
T=AF, =085f' ab T
T=C n_('E)_Asy('a )
__AFRy _a
“osgl.b b 4% 4
AL : rf, d
r=— Aj=rbd,r= ® a=—2
bd _ _ 085f ",
g=tension Reinforcing Index
rf
a="r a=9  yn= /oo, @- 9
f¢ 085 17
4" % 4 %"
rf -
M, =rbd*f 1- —X)
ATE
f
q=r—-
M, =f' bd?(- 1) £,
17
Kg
lp (pn)w%_ AN C &* 1] llj
A (@) " 14 $S
25cm
o8 | | 450m f,=420kg/cnt, ', =20kg/cnt
00
A, =12 .32cm?
’
=R - 1232 _g0100 M, =rbd?f, (1 Y
bd 25" 45 YT
O %& "%V M, =20134869=2013 tonm 3 & % 2C " d"
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_Af, 1232 4200

a= = —£92 7T 12175
085f' b 085 200" 25

b, = 085® c =2 =14.324
b,

0003 _ e _d-c

Y © 0,003
c d-c c
e, = 30714324, 103= 0.0064
14324

e, = f,/E,=4200/204" 10° = 0.00206

OC 42", V70 %0% C 4% 43 DfV @ e<e

M =Pk o 2 4M, _ 4720046

=16.03aon
4 L
€>€,®
(& %4% B~
A$Ib" w 17 C 4 3 "*9%&94 $I b" "1 A [C&* “I"9
M =M 4% BN Mp<M¢ 73 181 &, <9, 84" A

n cr —

74$3 & "n, R" Mg 443 43L "#
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7 :8,&14%)4% O% '
4% @d o C" d-§)$ a  )4$ [8%% L$

K CJIOC"/"n, 4&2C b

&94 $1 b"
2
MC[ = Cc _h TC = r D’ b\N MC[ = fr'h'bW’ E h: fr'bw'h
4 4 3 6
2
M. f, b,.d
6
2
M":Asfy d-% @&fyd ’Mcr:Mn %:&fyd
¢ 2./f¢
At g 21  £.0=280® r = V1&_ 558
b,d 6f, 6f, 6f, f,
_ 25" 558 14
min_—® rmin__ (AC' , T.
f, f,
14
_ . fy \
rmm—m|n4 SV % 4$ 4
3

70C" & % 4% 4)$ 4% "*%Z %"
(& %4 % "g% ~
) :*I' KO0.003 starain) J )34%$ | 1~ C 4 Balanced Failuré 4 5 i~

A4131t4% O

0.85f'c
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T,=¢,,AF, =085f" ad

T, =¢,
A, f, =085f" ab
085f' ab 085f', b,c,b
Asb:F—y® a, = bc, ® Asb:F—y
_ 085ph,f',., 6120 4@ ; = 085p,f'.., 6120
f, 6120+ f, b f, 6120+ f,
70C 44" 3 r, C " 4% 49
70C 4 2Z", 3 C "*%43%$ 4"9
r...=05r, il 1:1iSs " r..x= 075",
(M1 "&A I &M "S
M,E/M, ® M "" &% A Gf =09
&A S .4 1 $
C=085f" ab
M,=c(d-al/2),M,=085f" ab(d- a/2)
rf.d
T=Af,T=c® a= Ay _ My

085f' b  085f',
_A

/’__
bd
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rf
M, = rbd?f, (1- ) M, =#bd?f, (- —2L)
1.7F'c 17f'c
14 N
57
Fan = "y F o = *orutis ot
4 075r,
A
3
Mu=Xk %-~ %* ,$& A C % ;3 $% "/1"g%Kyg

f'_=200kg/cnv?
f, =340kg/cnt

Fow= 0757, = 2789 €. 120 4050550020 OK
f 6120+ f,

y
rf

17

M, =jr bd? = f, (1- fy, ) = 235887&g.cm

M, =2358T.m

Copyright by: www.afshinsalari.com86/7/22



a=Asfy/0.85f'cb= 16.087 Z4 "

M, = Af,(d- %) = 24.13* 3400(40- 16.087/2) = 26.218tonm

f=09
M, =fM_, =23587%onm

7 %h"S M=20 tonm3 $% !"/1 "&A _A [C Kg

f'_=200kg/cn' f, =420kg/cnt

= % =00033  r,, =075, =00153

y

min

r=0012® - >, (~

rfy
17f",

0.012 420(5
1.7" 20C

)® 20" 10°= 09" 0.012" bd?

M, =/r bd*f,(L-

© 420Q1-

bd? =5176Em’7 ! "9: d Ol4& "*%b *

o=280me 3= (75 _gssom

take: b =25cmd =45.5cm h=50cm

A =rbd=0.012" 25 455=136

A =rbd=0.0012 25 455=1365
1365, 4
3 p

USE=3F 24
=%= 2%J HI
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(< & %4% . " [C&"S

2$3->, f, f¢"C4

7%s> &C<, N FC"G * % 5 C" |

A$3 " 23" X \nr L$ "+ B A"

@$3 C "C 'B"r& C 3,Z (defection): | " % 2, "

DC"3 [C 4 R'S[C R"S 4

&9 2 $VR"S $V

LR 785 V|

W, = 2320P$ > ) f, = 42000
( P$>) " hr FC'G

109

max = P$>) "hr FC"'G
1.65- 0.0003N,

f
04+—2=&" 4% +%, " hr FC'G
700(C

7%:1,.[ \$ ; &C<, I "#

7% 5 h b45
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7% 5 Lmax I—min

I-min<|—<|-ma><0/0 %'>, ,$9 P

bd? = : A
rf, 1o
T T aee
7%->, p$ N 4 d b
As =Lbd 7%- 1~ 4%
7. =9 4% "& MC.!$ . $ C4 L$

74Za, b" @" " %

('s . $ Cc4

73 "*%25CmCdb C ,QC4[C4!$ .4.' B~"

73 "*%25Cm C,$ .QC4 4 4 .°

7"9 'BC'CQC4 !$ . o B4& C& QC4 !$
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K& . M3V I$ .x

:C DC"3 M3$Vv B *

H* 4 4$3& >C % &

7.5Cm
73 & OoT4

3yl $@5 4 & 3.8Cm
"9: CF184"/ 5Cm
" 28%$9%6F 164"/ 38Cm

(g

)& %4%$ " C45 % & * W, =3.310ton; 3 $ % 72m,!14 " [C

7%

f¢ =200 kg/CrA ,  { = 3400 kg/Crh Wu =3.31 -

Mu = :—éwu L2 =21.384T.m
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min

f
Ry, = 04+—— "~ 45=3986Cm
7000

Lmin = 0.004 P =0.012
Lmax = 0.0205

bd? = M, _— = 47349
of 1.
TP 078

b=30Cm d=39.73Cm
b=30Cm , d=40Cm , h=45Cm > 39.86

As=Lbd = 14.4 Crf

USE = 4F 22
784 O ! $>, defection" % .V
k 84%$ 4N3 s> " 45 2 $ 4
Given: b, d, h, ¢, fey, My Reg:, As

M =jr bd?f 1.
w=/ v 17¢

c

M f,

u —_

— =k
Jbd*f, 1718
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Ya 4%$6 "6*%"69 63

"6 O6Gin 496 "6*%"69 &1 3 ,"max4$ 4 C

AR 4

k,=r(-k,r) k,p?-r+k, =0

_1- [1- 4kk,

r =
2k,

— MU
AS_/fy(d- 2,

A f,

a=

085f ¢b

(KKl & U Jz4U
(0.85d)4$3:4 C 1 *> [C %d—"/l "1

7%-" 1 As

7C . a AsH "
nc" % d- %
(g
M, = 25.m
f ¢= 200kg / cnt

f, = 2800kg/ cn?
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(U
k, = M; =0.01323
Jbd"f,
fy
k, =—L-=8.2353
1718
1- 1- 4k k
r=—2Y"_"12 -00151
2k,
Linin = 14 _ 0.005<0.0151 o.k
Lmax = 0.0266 > =0.0151
As =Lbd = 22.65 Crh
Z4u

d- 9/2 =0.85d = 42.5 Cm

— MU —_
As= W =2334 Cn?

f
a=5Y 15816 cm
085f &

d- % = 43.592

AS=2275 , a=12494

d- %= 43.753 , A=22.67 , a=12.449
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Compassion steel 4$ Lo man
"g% ). 4 % < & %4S$ " &* Y "4 &*M"12 $ 4
oc4nr; 4712+ " 3" 2& %4%
r=§<rmax=0.75rb
bd
D %: " 45
D %4 " N4 48

bt bobial vz Lo8 5E g

b tobitul (3 Lo 533 a0 5

"6 X O63 634 6 4%6 6%&C6!" 4 6K% GreepU:l 4% 4L

7% VMI%\ 41 )2

MC:6 6A “j 7$3:4 OMUMC: & %4$ 2,.) 4% "9

7% VMC: Puctility C_A "C=VRA5, &1 &, V
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coppress stieel

=

7 tensill stieel

&6%4%$6 6 6 4%6 ; , &C M 2_A "jMC: " 4% "9

46 c6 4$3 & G & %4$ "C 483 !1$10%_A "C=RA5 1 C 40D % G

A$X O% "CR/A5, 4$3&

A 4" "C'v 4 A 4 4% 4

AP 4C &'1& % 145 O%"

$ . &C =1 % 4aC " 5Gb" @ v 3 "9: 8% ." AB 8"

D %4 4C45 "O%"AB

&% 1" 44% "g% 5

763 &6 p46 OC 4& % 4% ). 4 %&A "f &A S ""CuU
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&6%4%$ C™ 4 0.003M,"%

_ 6120
°” f¢+6120
»=M.G
- de
et =0003 &9
b
E
f¢=min %E or
fy
ch = 0.85 tE Ac y

) ) *1 %

Ts=f) " cO"

7 %- "

A$X " 2C4:0.003

. E4E
f¢&=min

7%-" 4%

G = A® f¢,

Copyright by: www.afshinsalari.com86/7/22

7 45 2C @"
( % AN

&p &B,

)3 L1 &gl

7%-" &gl 5B$

O % - " a

4% 4 Strain

€ b3 4% "28%%¢ 8"l



4 465 6145 4 6 CAs F ™" %-" & %4% 4& % " 6
( % AS X <L
Ts:Asbfy
C,+C c. C
Ts=Cp+Gp A= be D —f—°+f—5
y y y
075C. C
Asmax— f < f_s
y y
(9

7%-" 45 & %4$"C 4:44), A

- 6120 _agsacm f, = 480kg/ cn?
6120+ 1, d = 68.75cm

& =0.85¢ = 32.575 cm
Ac=125 37.5+(32.575-125)125 =121.875 chn

Cep=0.85fc Ac =0.85 240" 721.875=147262.5

Csb= Asp Ty Asp= % =3068Cnr Asmax=0.75 Ap=0.75" 30.68 = 23.01 Cfn
y
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f¢ = 200 kg/crh

f, = 4000 kg/crh

f¢ = 200 kg/crh
f, = 4000 kg/crh

6120
Cp =

=——— "d=37769 cm
6120+ fy

& =0.85¢=32.127 cm

et = %~ 9% 0003= 00025
G

. elE, =0.0025 204 10°=5148
f&=min
f, =4000
C.=0.85f g b = 136540 kg

Cs=A¢f¢=12.32" 4000 = 49280 kg

T=G+G  Ap= o+
fy fy
W= T 00F1232 Asb=465 C
C. C
= 075 ¢ + s =3791cn?
&max fy fy
4% 4 r¢:§

Copyright by: www.afshinsalari.com86/7/22

f &= 4000kg/ cn?

& %4$ 4

&A _S 4% 4"%=

A

r=—
bd



Lmax=0.75 pb O3 34& %4%$ "9

(
Lmax = Lim = 0.75Lb + f¢=L 03 340! 4% "9

4 $ n 6 &/\ IIS

T =1 A
T, = fyxﬂg
M,=M; + M,

My=j Mnp=j (My+ My)

A [C& N 4% )4"% V
Given: b, d, ¢ fy, f¢, M, Req ¢AAs
7%-~ N%* 4%) ,$& A % "/1"g% A m /1
I oo |
M, =r o bd* f, 1- 2~
17f¢
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7% C My Mg

My >f M "C M 4 N& L Z 4%

Me = M,
7%-7 T,&% ",
M, =T,(d- d)=C,(d- d T, =M
: d-de
7 % As, ).
T M
A= 2= 2
#7f, f,(d-d9

7%-" %& %49

M
Ag =1 bd or 1
sl max A %y(d _ %)

7%s> &gl % 5B$

= A fy c -2
085f b b,
7 % 4% 4 Strain
- ek
e¢=0.003 G- d¢ f &= min fs ®
c

7%-1~ 4%

f
T2 = Cs Ag fy = A%q;fsq; A‘s¢: A%zf_yq:
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4% _A[C " 5

Given: b, d, A Ag, f¢, f,, d Req: M,

7%" % 4 B~” "g% ~"C4

14 rmax:rlim:0'75rb+r¢% rmin<r<rmax

Fin =5
y

3 ; 0" A~ 4% 2, @"

Co= AL f¢ = AL f,

T=Af,=C,+C, = Af, +085f( a.b

acA- Ay o (A A,
085 fg 085 f ¢
&A S 4 Ac=a.b a=2 c=2
b b,
et= C'Cd‘ 0.003 7 4%$)3 L" %
fy
et>e,=—L ok ( 17
eS
=1:4$ 4 430" @
M, = 0857.@b (d- 3]+ At (d- dd
@4 1A

€ <€, Not good

=1;4$, 4 43%$0' @"
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A$E 4 HA [C c "

b= C'Cd( 0003 , a#bc
f(=E, €

7%- " 4% & % ", Cr
T=A f,
C,= A f C.=085f(ab

B>, c)4$ 4" %

TeEC.+Cq 4% 4& >, c (Zz9
T<C. +Cq 4% Df& >, ¢ , ->,"28%% KZ9Q
T>C. +Cg 4$ Df& >, c,->,"9: ¢ KZ9Y

M, =C,(d- 8)+c.(d- a9
(g

Given: Mu=27tm,b=25Cmd =40Cm ,d¢=5Cm f¢=200g/cnt, f, =340kg/cnt

Req: As=7?,As=?

(
r =075r,=075 085b5,1¢ 8120 _ 40205

f, 6120+f,

y
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As1=Lmaxb . d =20.49 Ch

r_.f
M, =7 bd? fy 1- ﬁ =2216460kg.cm=22.16t.m

A%$3 4

M, =Mu_ M, =30- 2216= 784tm
J

_ M, _784 15
2 d-d¢ 4C-5

= 22387 kg

A, =% = 658 Cn?
y

AT

a= =16.392Cm c= =19.285 Cm
085fb %1

c- d¢,
C

et=

S

0.003=0.0022

f
e, =— =00017< et
ES

Agt:pgz%:pgz = 658 Cnt
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4%

& C

Vv



A =4F28+1F18 A =2717CnY
A =2F18+1F14 A¢= 663Cn¥
€4,

= 8120 yne = 0120 - 4_957 4 =085¢ =2186Cm
6120+ f, 6120+ 3400

c=T A, f,=085f(A A, 3400= 085 200 2186 25
A,=273Cnf A _ =075A,=2049Cnf

) 16.392

c=T A_f, =085f&a,, ana, =16302Cm  c==2=5=10285

M, = 085f¢ 16.392" 25" 40- 167392 =2216tm

M, = '\/" M —%—2216 784tm

egtzc'cd(' 0.003=0.0022 e, :g:o.0017:>

=>fg =1, 130" 4%
M, f,(d- dd=Agred- d9 Agt—fsq(d a9 fo=f,
poeMa __TBHAS oo

f,(d- dd 3400 (40- 5)
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L)

As= A+ As, = 6.59 + 20.49 = 27.1 Ch

A¢ = 6.59 Cm

(9
Given:
b =25 Cm, = 200 kg/cr d = 40 Cm.§ = 3400 kg/crh

d¢=5Cm ,As = 27.17cm, A& = 6.63

Req: M="
(oc4 4%$0' @ (™
a:w: 16.432 Cm
085 &b

c= %1 =19.332 Cm

- d¢
eg=C~ 9% o_003:0.0022>ey:f% =ﬂ06=0-0017 ok
c Es 204710

B &0 43 0' @ "
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M, = 0.85 f& ab (d -%) + A® fy (d-di

Mp = 3008637 kg.cm

My =] M,=27.078 ton.m

(9
Given: b =30 cmf€ = 200 kg/crhd = 45 cm,fy = 3400 kg/ctn
d¢=5Cm ,A=18.47cm , A¢=12.32 crh
Req: M="
«
r :i: 18,'47 =0.0137
bd 30" 45
©cC 4 4% O' @"
- A f
a:& =41Cm < 5Cm
085 b
78 & D'f 43 0' @" %0OC"/ a, a * 0,
-2_ 4 _ugcm
. 08
c- d¢

et= . 0.003=- 0.0001< ¢, =0.0017 Not good
78 & D'f 4% o' @" 'V
C*& N~ Al & U v 'V

OC 4 3& v C4&>, c%O®->,4 C "9:
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c=10 a=85Cm

Ju flang

e by ey W

- df¢
eg="° Cd * 0.003=0.0015< g, = 0.0017
f¢ = 2.04" 16°° 0.0015 = 3060 kg/Cfn
T=A f,=1847" 3400=6279%g
Cs= A¢ f¢ = 12.32" 3060 = 37699 kg
C.=0.85f a . b = 43350kg
Cc+GC=81019>T 4$3->, C "28%%c
c=7.821Cm Z4->,
a=6.648 Cm
e¢=0.00108
f¢ = 2207
T=62798 M=C.(d-3,)+C(d-d)
C.=35600 M=25.713tm
Cs= 27190
Cc + Cs= 62790 kg

© %4 c). ":, I1&A %&5S

c- d¢,

AGE, = 0.003+ 085 f ¢ bi =Af,
1
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23T 1" @
(1 38& <V 3423 T I" C:
0.00:
AR u: "# A
s 2% 1$51&%+ 4 bY
7 R" 4&CS$L
7 4" MI%
73 & Z° C& %N23T" 4 "g% 'V
"z <V
6C" ", <V C M, 1$2C C$ % 23 T"  &C <V'#z <V

7%4aC &5B C$ C.
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&% 17
L= , 14
L
b, *+ 712
1) % ® : b.=min b, +6h,
S
b, + 5,
V4
4
2)& ™ :b.=min b, +16n
b, +s
h, £b, /2
T I
3) 23 b, £ 4b,

a 23 T " 48&G" $

. 6h,
S, =Mmin '$ . " "g% "
45Cm
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73 R\ "M 4% E %4$3 " % C Y™

23 T I" 4& %4% B~

Foin =5 A‘smin = rminbwd
fy
Asmaxz 0.75 Ab = 0.75 Q/fy 4 $ )

23 T I" &"S

Eh @"® "B" 4dor % b$

4 6 b 6<V6&AG6_A d$"D )$&:,:1,.C&"S "17C 4

A%

a>h, 4"/, "B 4 b$
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" As = (b —hy) by yL~ Av=hy.a

oA A=A+As A= Agt A

M, = M; + M,

M, = 0.85 fi Af(d-*%) M= 0.85 ft A, (d - 3))
23 T " & %4S "g% A

O % - " G &'C4 0OC"& "'n, 4 45 in

6120
= —"" ’“d , =M -
®7 5120+ 1, a=M-

2'%:4 d+ be <V &A A D )$ & a<h"o

, -085feh 6120
° f 6120+ f,

y

, Lmax=0.75Lp

Asmax=Lmax. b .d
A"% ;4 C 23T _A d$" D a>h"9
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7%-" Cg K

Ceb = (Aw + Ay) (0.85 1)
Ar = (b —hw) by
Ay=hb,.a

7 %-"  Ag [ (

085

T=AT, =Co A= ES(AHA)
Asmax= 0.75 Ap
23 T" [C&* "
Given: k, by, h, d, fy, f€,As
Req:Mn
Amin < As < Asmax DW "% & %4$
7%-" a
gz A f, a<h
085ft, a>h;
% * t\$ " (a>h N &A A (a<h

7% * 23 T\$ " "9

T=c Af,=085%A

Af,

A=
085 f¢

A=R-b)h ,A=h.a
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7% p" B a aC %

M =085 1¢A d- h% + 085 fC¢AN(d . 3/2)

23T I" 4 ,4%4%

Given: k, hy, d, by, f¢, fy, My Req:sA
DC& 4%"g% "H " _A "
M "
M w>—> 0k 4"%-" 4% )% &
/
M "
M <— Not good 4'%- " 4% )$ &*,
/
7%-" a (a<h) _A &A @"
f
My .
Jbd*f, 17f¢
1- J1- 4k.k, A f
p=———— , A=lbd ,a= Y
2k, 085 f &b,
D) a<h Ok
2) a>h Notgood
7 ;3Z* v K U

A% 4%$ 23 T"H "&C RU
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73 23 T_A &5Ca>hfl" 4

M, = 085 fEA, d- h%

Ar = (b —hy) by
M
M, == M,
M2:0.85ﬂ::AW(d-%) M=o.85ﬂz:bw(d-%)
7C& al45 C ~ %4$3%  ~aF~" Z4 L4 145 [C

_065f(A,+A,) AsE 4% C{A

f

y

(4% " Al & U

D% "% B1” ¥ "1

M >—+ ol 4 %O0O,$

n may

a=h %@'h"" a

7T%-" As&A _A D H"

A=
jfy(d- %i

7C . A C.=TA

_ _AT,
085 A=Ay Ac=gart
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% - " a
Ac<h.be az% &‘A _A
Ac>h. b a:A:t')WAf 23 T_A

Ac=A+Ay , A=(le—hy) h, Av=pw.a

D % - A y 23 T_A

AN+ A3,

Ar T A,

y:

DOw-""C A As CL

(g

T. A& Y

d =45cmf, =4200kg/cm?2
A = 6F 25=2946cnT
f&=17%g/cny

b, =35
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(U
=ﬂ' d =2668cm
6120+ f,
a»=Mg=22.68cm>h 3 & 23 t_ A
A; = (b - R) h= 350 cmi A=h,.a=793.91ch
_ 085f¢(

Agp= (A, + A )=4051cn?

f

y
Asmax=0.75 Ap=30.385 crh
Asmin < As < Asmax 0.k

As=6F 25 = 29.45 cf< Asmax

79%8&*,4aC " &2 45 4%V

@A @
a=%:;be=11/880m>hf =10cm
6 6L$ 6 =1 &* 23 t\$ _A 23 Df_A &A @" 'V
oC . CL aCt_A

f
A= At =831.53 crh
085f¢

C

A = (.—hy) h, =350 Crd

A-A

W

=1376Cm M, = 085 f¢ A, d-h% +AN(d-a2)

a=

M, = 481334 kg.cm =48.13 ton.m u M M, =43.32 ton.m
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Aty
085f¢

Cc=Tc O085fA.=Afy, Ac= =831.52
#'9 "B

831.52=10 70+ca—-10 35 a=13.75>10 O.k

YA _ 70" 10" 875 375+37%, 35
A 70 10+ 375 35

=7.66

y:

@4u

yl&l + 2C @"

7 4@"

M, =Asf, (d—y) =0.85f Ac (d—y)=29.4 S 4200 (45— 7.66) = 46.1 t.m

M, =/M_ =4149

B g Asmax= 0.75 Ap = 30.385 Crh

(g

My=43tm
fy = 4200 kg/crh

f¢ = 175 kg/cr

A¢ =350 CMi A, = A.— A = 857.93 — 350 = 507.93 Cm . a =k;ﬁ =1451 Cm

h
M, . =085f¢A d- % +AN(d-az) =4934
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Y446 X 6 6, 4 * $& & %4$ 23 T A A4S F _A 45V

OC , A 45
(&I A @II
M f
k = ——4— =0,008025 k,=—— =141176
Jpbd® f, 17f¢
1- \/1- 4k Kk
r=—N"_"1"2 -000923
2k,
A= bd = 0.00923 70" 45 &= 29.06 Crh
f
a=L =11.72Cm> hf
085f§
&A6 6 @6 "6C 3& 'v -$L; . As 3 & 23 T_A V
73 & ; 3 &5A
M, =085 fé A, d- h% = 20282500 kg.cm
M, = '\ﬁ - M, = 43 15 50282500= 2695278 kgcm
M,=085%a. bv(d-%)
2
a - = =
A 453 +517.7=0 A=13.542 Cm
A, =35  13.542 = 473.97 Ch¥ bw.a
085f (A +
A= A, Af)=29.18 cn? USE:B25  As=29.45Crh

f

y
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A=h=10Cm

- M,
AS_W =28.44 Crf

be. h=70" 10 =700 Crh

a=2" A _1o94cm
b,

A, =h,.a=453.01 Crh

A Dp ARy 5.829Cm

y Af + Aw

A =— M, -5904crh

j,(d-y)

A.=819.988 Ch , a=13.428

y=5.982 Cm

A<= 29.155 Crh

As=29.177@29.18
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7 B1~, 1 A"

Af,
= =803.01 Crf
& 085f¢

#= 350 Cnf

@a

Aw = 469.988
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ckb U'®d &B3I MBWMB 6G2' 63 &Edch &HB3IMGB G . 6 @!" 4

A$3 & 9 Diagonol tension'”ABM % U" &3,& %M N 3 !3$l

(., 44U" &3, <%"

)LU" b" Web sher crack

73 O%&'IMY &3, M M*I C 4 2C &5C

73 " C[8%%&*1"/1 % &p & < ' 4
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flexural shear crak

6L$ 6 B 6 O6!/U'6 ;496 46C )."6/16 6% 6 &6 p6 &C!LN <%" C
K 124 ;9 2 23 , J3 "4C Ol&94 $Ib" "1 "/T4 4
(M* & 3, <%" 43L

" " 4 _BA B B C&EB M BHB% B U'SB &6,$ &6 GB% &EB58 0A6

7$3 & 0% U"
v:%7 C& MC: ;34aC &3" M N4$3& O%U"A OA )$8

74" [CN . I" 4U" &3,
7 "9:U" h'S) *S FC"G" C C4
7 p &* "/C4\ 5 N P &* B&3" & C *A
i 5 ":3T <1$" Y vV . s u d$" $v
P , 481" 4C 5AB _A

(% & LAC4U""" A %& S
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STRRUPSTIE <$ |

\$ | OPEN STRRUP
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74334 u: S 4 4CN<S$I 47T
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"m4$ A, 4 A <V 27t &"C "/ 121

73 [,":C M C 01 K
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73 &AIO1 K
mC 4 &3" 5 4 %&r2
73 & U" "# YV 4 ol 4 [C
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Vc=05/f¢ +175r V“d£09 fe
C WM C

u

1
VC ~Vu ~M_U~A$~ fC¢

e é//

Copyright by: www.afshinsalari.com86/7/22

_A
g "1
(( ®&* &3"
kglcnf0OA ~ 4 &* &3" Ve
kg/en? ;28 2 f4

& %4$ 4 ?r,
kg'n,4$ _A 44$L$ &3" ", 2?2V,
CmFA" "#$ +  2d

"n,4% _A 448L$ &*1"1 ?M,

(O< 2,

V..
70C =9& 4 )fIN-E=<1"9

u



v, d
70C =9& ). L 4 N\ >1.q

u

V. < 093/f¢ &% C4

S

0]
T 70 %-"Gb,d 4 "S"9
L
[T [ V. d
S~ V, = (05 fg+175r b, £ 093,/ T, d
V. >V,
A M4 %* $&&C< %&3" ", MV
4T &3 "rCo$" ) $&) *S <L4
Ve = 053/ f¢ V., = 053 f¢h, d
77 &3" n $ n , "#
H# \Wi *%
4h- d
M m = Mu - Nu T
kg$W "4 $ ", 2N,

cm A %+ ?h
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7014& "B Mp My L %\ C 4'%4 &BA )* )$ &

Vd
7014& "B )*OC . % 4 "l 4%3& 34" M <1 C4

74$3& ~'C A &3 g% A

V. £093/Tdb,d [1+ 3§Ag Ag &% A OA

74$3 & Km3 & & B ? Ny

74"%;4 'C ;34 $" )$ &

V. = 0531+ N, Jfdo,.d

140,
&% $ ", W
V=03 u: N& % ","9
V, = 0531- W [fnd
35A,
74"9 "B& % ", % 3 $S =9 &1 4$3& &\"SM* S$W %&,

73 & KJ& NyN3 &% $ ","9
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f$ =250kg/cn¥
Q1J V=18 tonNV,=4.1ton.m
- JV,=18tonNM=4.1ton.mNN,=4.5 ton
yJV =18tonNM;=4.1ton.mNN,=4.5ton

6 D6$ 6 6 B&63" "6, :3:44 =9 17

kK %-"

Ve = 0.51/fc¢+175rwvl\;|'d b,d
v,d _18 1090 435 _ 191>1 v.d —1
M, 417 10° m,
_ As _ 1847 — 0017 KQ1

fw=h.d 25 435

V. =(05v250+175 0017 105" 435 Vv, =1183%g
cont :093,/fdb,d = 093/250" 25 435=15991>V,
V. =1183%g /V.<V,® 0=2 #N .

ramnd

4 $" V. =053/fd,.d=053/250" 25" 435=911%g

VC & $S $"

V. @ s 0.53/f¢
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N
V. = 053/fdh,.d 1- —*—

35A,
V. =91131- 45 1000 _ 41764
35" 25 50

FV <V, 74"%;:4 &3" $ .\$1 C

V, = 0.5/|:C¢+175rw\|\//ulOI
14776<16794 M

M, =M - N, % = 417 10° - 4500 220 435

M., =32196%g.cm

V,d _18 1000 435

=2432
M 321969
V., =1646%g
o , 4500
093\250" 25 435" [1+————  =16794>V
35 25 50 ¢
V. = 0537 db,d 1+
w 140A,
4500
= 053250° 25 435 1+— > =9348k
140" 25° 50 g
7148 L ",
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[ Ve

vu</V7C7 83" $
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&M 4% 814" U "#

V,</ V., Q>\~"

&L ~ j =085

EM Ve TO %4 &3S BN %OC 4y

V,<jVe % ).3,Z &3" $

h£25cm
R, =Mmin h £ 2.5h,

hEh,
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14813 <14
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8" 40
70 %4 1N, V. a O,$ & 8 40

7%* ,$& %&3 ",)$

Kg

7C . % * &3" $ ) ,$& A %&3""g % ~:3:44 A 4"

KQ1J KJ
Q1J 7"9"n, 4 <V\$ " )P & & "g %"
25cm
0.5 20=50cm
" 50=25cm
433 & <V" 'V

V, =/ V. =0.85 0.53/f®,d = 085 053,210 50" 15=4896kg

-J
h £ 25xkm
h. =min{ hE 25, =25 20=5@cm
1 , <V
h£bW/2=§’ 50 = 25m
Vv, =% :/5' 0.53\/f_g:bw.d=0'785’ 0.53 /210" 50" 25=4080 kg
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W, =340kg/m?
W, =500kg/ m?

V, =0.53,/f¢b,d =0.53,/210" 12.5" 32.5=3120kg

7%* $&) %"

7%* $& &3" $ .) ,$& 8" "M% " ,"gh’

1.1V = 343%kg
W, = (1.4° 340+1.7" 500) 0.6=795.6g/m

78" [C ;3 $%

e
‘kafm

V, =2386.80.325 795.6=2128.23kg

Vi o 212823 5505 gkg<1.1v, = 3432kg

J 085

%* &" $ ) ,$ 'V
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A, =nA v.=94 f,
S
7%* ,$&&3" 4% % & |
v ALd (A
T s Ve

Vo A &3" | %

Vc4$ 4aC DS %_A &3" "] &*B

Vs4$3& 4aC $.D$ %_A &3" " &*B

(U &3,

Vi =2.12\/80,.d
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(&3n ! $ . ] Ilg% N
4494 <$ 1" &C %_AB \$ I[C B ~;34aC &3" <%" 2,
Sya =Min[d/2 , 60cm] for V, <1.06,/f b, d

Spax =Min[d/4, 30cm]for 1.06,/fd,.d < Vs < 212,ff b, d

(&3" !'$ .M BN

&1 4% * D$ &3 ",Z* 4 %> b" "ABM % "# % &,
",&1 4 & &3" "] ;* *B4$3& "j"ABb" 1 2C w
,$ 3 34B" [C&C &3" $ V4$3& 4 &3" $ &,<9,\$

7% * &, <9, ", C

70 % :4 C \$ I O,% & 433&*, @% U" <L % O3 34) *S "9
b s
A =3.5fL
min y
:A\,.fy
max
350,
(C &3" ' $ .

A\/.f (sina +cosa)d
V="
S S
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(U "" [C& "s
C. :3$% ! &*1"1 &3" ", 4$*,
7 %- A D$ * B&3" ",
D %@ A 45 C 4$,"9 3V,</V.& C <V I' 14$13 <14 "

74$3;44MC: A 456 & 6p$ A6 }6G Z \$ 4

C"faK$vqgqlJ ,Z &3"4% 3 Vu<j\%%&$ 4 &*I\5AB"C

7 &p "C 17 4\/u>/V7C &5C\$

v
[ C H . n
d /3<Vu</vcﬂ$ 4 &3 $ B~ 1A
2
SmaX:mm GOc;n
Aly
30y 433& 4 &3" $ B A 1A
Ve
Y,
- u
Vg=-U- v,
if Vg m%@%u
Vs> 212 [fdh,"d 7433u: & C _A 45

if V< 2.12\/f>c¢bw.d, and V< 1.06\/Tét.bw.d

Aty

3.5bW

~d
Smax =min (Sézcm
A\/fyd
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if V< 2.12\/Tcdbw.d, and V> 1.06\/Tc¢.bw.d

Shax = Min[d /4

il

A, =3927cnt, f$=18Ckg/cnt
f, =350%kg/cnf W, = 29t/mW_ =7t/m

v d
“U- = 0,899<1
MU
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Wu=1.4" 2.6+1.7" 7=15.9¢t/m
V, =15.96(3 0.55)=39.102ton
V... =47.88ton

Mu :%' (47.88+39104) 0.55= 23.92ton

As
r. =——=0.01785
W phd

— Vu'd —
V.= (05 @+17&WW)%d =20936g
u

093/fdn,d=27456Kg>V,,

v .
ITC _ 085 220936:8898<g

JV, =1779&g

\Y% " .
Vu=39102(g>j?C ©C4 &3"8 . 'V

V,>/V,® 217

— VU —
Vi eV =25086<Vg o,

Vomax™ 2.12\/Tcmaw.d =626ton>V,

106,/ fdn,, d =3%on>V

f
h =47.1cm ® S= 14.5~ 15cm USE f 10at 15cm
35b
w
S ~ 60cm=60cm
=min
ma -
X %- 275cm
d
A\/fy =145cm
V
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‘9 2 "
V,, =2’ 15.96=31.96ton
Mu =39.9tonm
V d
U™ = 044<1
MU
VU
V, =1778Kg,V = a V, =19.750n
O %->
A f, d
s=_YY -1836cm
V
S
‘9 2 "
Vu =2394ton
M, =53898.m
V d
U _-0244
M
u
V, =1643%g
VS=11.729:on
Afd

s= VY _30cm
\Y,

S
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z
1+50r¢

(
r¢=$
bd

2 =0.605+ O.774Logio £2

K C; J) .

1 0.6

;2 1.00
;6

1.4

; 18 1.6
3

1.8

4 1.9
5

2.00
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