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7here are seyeral MeThodls To Calcudate 7'16/0-5"'5‘"" andl negative

éfndff% momends in Lt Slabs AHere a;;‘,,,g/e but blfféq/mdﬂad
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Firs# Check The beam 5 /éwﬂ&éjrzj_ shéa,.
Jive loael,;” wy = SookMm?  (giver)
SP//Wé/jhf = 0- 185 # 24-5 = 4.5325 kN)/)m &
Aead Lead ; ‘45.: 4S3B 40 = 52825 kN /o

u,/ﬁ‘ma’fe doadl : W,z -4 *—5.2225—-7(-/-?'*5'0

=15 8955 kA Jr %
For béam Shear (in e /47? olircetr o> =

J_"")d/ °‘1:){*‘-" L




(g +d)

&>

The Wlpinate shearing force (at he Critical sech'm) is :

V= (158955 % 4.8 ) ( 62"’ _ "; — 04SY)

TS Comés ﬂﬂ’zm/'

JT € L
Vg (wpoda) (-5 —e)) O P ~—&7
load fleqq Th olrsmge Hom : E
0=- | -|-,= 45

(a.:.‘ /25—20— ._'2—2- me
= /5gmm ) =
|<—7_—)7 L\J
b T
(Z-2-9

4

Thul o
Vj=192.689 kN

g0 Whnate béam Shear stress /53

&;gd,\.;)-x— /\/u 2 VL( _ Shegr gﬂ'?
2-91{ ‘l ﬂa ol Séc. [Ar€a.
) 197.6%7

= = 259,026 kM L*
G4.Jx0:/59 /n

:0,7—(9 f’/ogN/m?:___ 0'2«“9/‘4@,
The beaw shear s/frng/i ”}focmcre}'e e
f\/c-‘: ¢ Jﬁé

€
0.35

V28 = 0. %08 MPy

—
a—

(o <.)
For the PMCAlg 5'/,34,—‘-

wimate load ): - ﬂ? n; ]—frce Cat

A (Cp+d) ¥
Vu = wi- [, - (@a+d) ey +of)]
=
% e lf.895’5‘*[6-0*4.3—(0.45*7,\40.559)_]
= 452.952 kA
The ubimate /9“”7551"7; shear shess [rrg
v

d) +(Cyrdl)]
5 e ndi ‘g"é‘a,%@ﬁci,“( b)) d




/2.
V., = 452932 = — = /274.724 knNG, P
u 90 459 +0-657]x 0159

= 1.274 M/z

The /aanolh?' dezr/'n,d{ fﬁ’ﬁtfﬂ—af (rcrede :

. 2 /Z
VesEI7

- 2 (20

= I-416MFa
Thual N, >’\{L (o.-(<.)

No drz = Panels are peeded

Next Lo Tle éeaa//aaq moments in The Slyl
Witk Tht oy Spay (Y, = 6.om 4 C, 20.57)

S—C‘_;._f’\f‘,‘ Use 72e Em/Q/'n'CJ 74rﬂ7t{/a : M, = o _za/ pF(/ 2Cb

.S'?’erf'

3_05
/—/Cf*f':
-qr._ﬂ _,ﬂ
'fff ST *4.9% 6.0
= 2. T kns
e L b = [/ — ca
7 /-/$ e .../.06>/
Thus |
1\40:0./')(-4{;'?70 *4.0)(- /’06'%_(/._ Z*O-S—),Z

= 259.F02 AN 3X6.0

Dividle Th'smomeaf- ,ots r77 & N7 Sa The G Lurmn 8.

/‘)’haU/é ,5'75'/ & e - r
see Tables 7 {"/5% = /r‘,ﬁiy.nuf—j }-2m
/ [
Dl”éng B ‘ krO'/gMo Z'L/M
i i
o y6My 1 \ & ,’o.zzM,L [ L

= =



G2

Take The negahve EM. 'y Tle Column S’-f-rz'loz

C-46M, =0.46 #x 2§9. %02
= 9. 463 kN-m[ (2-4m w/'d7L)

Use L= _,_A_//_‘L—_ - //q'q63*/°6 ' o.- 087
¢f§ bd? o Uk 24 2400 % 1592
use +ables - ? 0092 Jor K=0.-0870
o =
S for Rz 0.0879

USE = 090925 For B=o .0 8PS

stee/ ratro ’/: ’w/%é _ o092 2510.006,67
F AT
As = Fbd

= 0-006/167 % 2407 K 1SY -2 3C7 mm?

NO . ?‘f bars ($/2mm) /s 235" %_

7 = E; .‘20,5

J ’
(Lye 2/ ¢/2 mm J/JQ,C/' ) 2400
*o S= = Y. 3 mm

Use  UrSom) spaciag

—

é} For The regatie ENM. ot 5.'dd e SO S uUs e

S= /S » 0'46—2,?0 ™

a8 —

e Tl /QD.Sr.‘IL;Ve KM ’40 7h.e Ce[“”"’? f7£77}0 4

S= 1/S # o- 46
c-22
= 240 nrmm,

¢«) Ferv The paositrve B.M. inThe mi'ddle fﬁ‘//'a :

_ O.qé'
S = //{k T

= ;fd mMrr




2. #1260480(add.) P27
S———=

k § A\ 1 °\~\Mm

X =m0 api=

(A . s et e "——‘-"——"‘,T?-::;;-—.—-'Z-

@/2 D480 Cbt.) » / 7 2920520 1

B/24) 480 St

S SR J, S S
, [: ¢/z§665 L )

D480
423

Talke the short directon (dey=4.8m g Co=0:3m) .

p:'ﬂdowo) 4
MO:O‘/ WLI"‘QQ'F (/_ ZCQ )Z

W

F'— C
= l‘ls’_ a -— .
Lo = 1S :_33: l.o3F >l

———

= 0l * 453.790 4 4. §%1.037 x¢r 2x0.3 -
= 219.266 kN 3%9.3

(Fgr 7‘71.6 Calumn ,5‘7’7'7'/3: 3.0 m)-‘- [-Srm

M=o 46 Mp o -qu: G IEAT,
=046 X 219.366 =l |
= (009 KN-rm ___/71__ 4(9_ ’

(%r 2.om Wiqlﬁ?) 0:22M, o ~lE M,
Use 2 = ]
# /2 Iz 5 Ms. h
= _foo-IX /0° T

0-9 %25 A 2ovo X 148 %

—7
= 0.06824 h Loy plo ’r’" 22
. . :::‘;_/Q_mn
where here @ 2 o a Zezomm

/2}’-2.0-/2.- T-’—'_{ﬁmm % S e



.02 ﬁr R=o0.0680
w:%
0-072 for = 0-06%9

Fram The table :
use cp=o.0?12 ;ér-/?:—o,oéé’?_

Then A= ‘d/g/,zg = 0-0F)z % 2‘__.; = 0.00474F
A

The Steel Rs will be
As = ﬁbd

NO - o;_p ¢/a mm bays =
74

IF Sfac/)j 15 meeded
Sozo _
= v 110

MT= 0.22 X 219.386
“48.260 kr.m  ( Fr om w/olA )

Use /Omforvé"mﬁ .
oL Ri bars = 2T *o-22/M,
o -¥46/M,

= I3 bars (]5-.— Im
u//’c;lﬂ,)

or S =
0-22
For 7he midd e an}o (widty, 3:6m):
0-16 M, =0.16 %219.366 — 3509 nM-m (far3m

—

M =

Use FI?farﬁcmf

1/
% 0-46 = 319 mm 22 320 mxps

0.6

-
: S=
—_—



Ml
=320

s

35709 kntem (For 3m W) Use Alse s

.16 M,

—
—

e
u——

-1..

N

Alseo

4— View

]

‘Allﬂl@

?) 053 (¥ /B

(52049 (0 1B / /

P

M,m.*ﬁswwm%\\w (s
\ (s o9%@ 0r B
_ __Ce9009b@ oD
= I s
= - 4 H. ul.Mr.w ) ‘sS°D
ﬁ
(PPo)ost oo/

(#7054 vo/BT



2. (Fla slab with oll’ap chels)

An inkerior fqu slab fas SpPans Ftm L 4.8m (Conters
t> Centers o5£ Column 5). The Columns are rfd'c‘"ﬁular(a.6m
#xo0-4m). The slab Thickness /s 1S mm & streng . ened
I”y‘( oo pane/s s 200mm. The clep anels are 3-Fm

2 -Ym (occa/o/}% The Column .5'7‘7-,)95).

Fsr Cmcirefe :;;/ =225 M
Z,C = 24.5 KA//,,,-?

For Stee/ é: 350 M,
Use F/2mm For 1€ forconent Suse a clear cver ojp

2ompy .

Yy

Il - i m
k =74 -

K1

-~~~ - - [

Qq-’-‘.‘f'-gﬂ"
b - - e e e

k.
t
|
|
l
|

=3
$

.

dreo panel \ v } -
B i SRR =2

. JL_ V"/‘ ////‘//

{. > o molt ?;), /c(,md‘,‘,y 2 The drap2 Panéls.,

{.[) Calcalate The f‘€7ec//}'ea/ sfee/ f—’u-r The positive L negatire
moym éntS /n The Co lumn _S/’r//'a i 7he /0-)% o/'rf’cj,m

7he impased Mive lowd (S g hNYm G the Swifaiing bed
1-0 kN/jpy 2



Seludhion s

—_— [

Frst Caladate 1he Sc’/}awez‘?/._f The otel selfueins

/S ¢
245 *E(:}'#’Y‘}’g’to'/;") +(3-F 2-44p.0535) ]
= 141. 414 kn (4otal Hood) .

TPl - J Lb). LE 14
F-d* 4.3

= X.9&/ KA//MZ

The self we'git™ per un/t aréa.

r "“““‘-‘—_l_’L
PW‘ZCI;/‘A; 5 A'r---/r/—"j ’l T
~ i '
Notés— % Surfate T+, =) B
& we, P TTTE
7 e wepit op B )

7he o/rap pPane/ s neglected
‘hen The 594—&0/8/‘74,/" Per unit

aréa bécomes -

24 s-*@ /.50 "‘3 G?f:e,\yz

st d (pamel) PP DUy PL G (Th)s is pot in
S _l,uuw‘Uw ‘vZrul jerrar w/' 7%
3-981 KAlsy*)

The Ulbsmate logd beames s

Wy = 1 4(3-981 +].0) +1-2 % %-0
= 20'5?3 KN/MZ

Ca/Ca/Qj'P 7he /Ownalurg 5/:8&/'/05 ﬁr(‘f - F—nJ The ff/gd—,we
c/efaﬂz (in 7% e dfaﬁ Pane/) -

ol= 200 — 20 _ T = 124 mm



The punoﬁ/noQ Shé’qh'ng 7£ar6€ N

|
A Vi = 20575 %34 *""ﬂ—m
17" ' :fq *(a'4+0-/?4)]
dfz I ’ - unch;
3 Vi = 7216129 pp bl
/7_ d/,
The wlbmatz punchy ‘g 4 erng Stress .
-€/2
A, = 72/ —— o 5398.2
z[(o.s +0:/74) + (0.4 +a./74)]x-a./74 33 Kz/;;z
=1538 M2,
The pc(ncé'% .S'qur/h; -’ffl‘nﬁm Of Concrete /s :
@D s . T
3 .
INEY T y
hen‘p’w\tﬁ Smce "\/c </Va > ﬂc’n S}tc’(l/' re/b,f,tpme«f /<
5 Otcyrs 27 neede/ .
T 2.y ’C’,
e'r-:.u'_v" /".

Qc’—vf:’f\

"?u-t-\“j—--_‘l?‘” yeo Ll € ;A_(-:VIJ,}SJ::,L (L-bars) V;&'awwyf

loen‘f‘ upP bars

j1\T

- cmmm meme —— cm——




.L;' ""1"'”- (5/ab+<rp panel) (P Bip, Lo 0 _3)7) uphc Mo O Qs
3(slab) Las'cae Slr e M e

L2 o= F-4m u <°""”X°'a
< , o /I/
" - ------- - -y
°pP Pane/ i ' |l
(ﬁ: Zaamw)\ : : QQ‘: ‘l-.z"‘
. = . :
2.4m L’72}2“ - - =~ ---17"&'_4
y A | -
i B (1
Q 2C ilctb
ot My=02IW,. 4 .F. (- b (A= 15amm)
momeat ° . ( 34, )
Here Wy =20-5234 »4.3%x7. 4
= 230.7672 KN
c é
F= 105 o —5 _ nis__28% _ 1.068N .
AL > 74 > °
M:o.l*?‘30-76}*7,41}‘/'068*(l__ 2%0-6 )Z
3x%34
=516.790 £A. m
H‘EEO rt'on 7111’; moment 3
SO p5)dsd by , | 3:3m
: | A’
DR i
@"5 ° ‘j:“M" @ 2.4m
/LT” A F'L «
‘k-_lamvuu | ‘ | [
(w:‘ﬂxalm/a) : ! [ :
: 'K: 150 mm I
(/4
"he neqative . B.M. {2

;ﬂ Me Calumn .S+I",}D I'S °

—

M=o-50M, =0.5 *5/6 .29,

—

= 253.3295 4a/. /(2. 4m widlty, )

The efflechve deoth 1S :
: c/::(200—20_./2£ = 174 rin



Use o 7 258.395 x 1o°
e e e
S @E bdr 0T ¥ 2RSH 20 (174)°

rrom 7;4/3’ :
0./ 8 when R-0.1433

o= %
0./159 whern, =044

Use , w =z0./58 fgr R=0.14368

The steel ratio s
fx “ry
= 0.1585 %27.S /350

= 2RI swrvey
Thue ﬁ;:/éc/ hg
= 0.01245 ¥ 2400 % 174
= 5200 mm?/(2.4m widty)

‘No.of B /2mm bars = ?/‘-2;'” =46 bars

. 2
?aCIry S= 4/-1200 = 52 mp,

US'C’ & = 5-0»7'-»

Notes—~ 74 s be ffe
| CHer 1o Yse P mm in This Caog
The Sioaa wrll be about [60 ~F0 mn, ’
S5 Mk ot o 5 0

MI— 0.20 Mo

= ©.20 #5/6. 29,
= 10338 fMom) (24 wid7,)

The effechve ceo’te o e K

% Slab 44, k. a = /)So - ,/a%_ =124mm



:L_:—'na’ I Ie -

From Tl¢ +ables -

use
The steel/ rats

Stee/ area

co=- o.121€

103,308 % 15 S
0-9% 27.S # 2400 % CI129)> = e larg
¢
o 2l B, L. o0.l124
5 R
0.122 Fr R=0-1133

= 0.1218% 22.5 /o
= 0.009 2,

As=o 0095 2oy 2Hou X 124 = 2345 mm' =

Ne, of ¢/me bars = 28‘/8: 28§ bars

spac/g < =

/3
2400 9¢2
—_— - M s >~ /
25 7 o
2 22 D2oo 2 ZE/22) 200
P ads / Cot.)
A /
2 —




é?
3. (ﬁna,élﬂ'f 0}0 /f/af.S‘/aés)

Bn idferior Lt stab has Spans  5-4mdb 6.6m g
’s 5%90,,‘—6/ on CI'FCAJOU' Columns OYm 7 o/f'ozmef&f,

The 5/44 /s w/'ﬂtmf olra/a FafIE/S 4 ;Ldf ‘*DM '/Z‘fqéﬂgg-
ISomm . The slab is M‘ﬂﬁrrea/ /0(7’ BIZmm Z) 128 rom i 7Le
positive Eﬂm.a///‘y momend of The Columy, 57‘77/'9 n Tle /mzj

Sy &AJ Bf2mn D 62 mm ;n The neg atr\e Lfm.e//'y

mamend” in The Same Column SFfro . The far,éc/d; lo ceof

IS o.2s KM fp 2 ,ﬁrCanaaI?:f’

< SUWMrZ , %= 29-5kn) 3
, For stee/ /7 =3lorira , cear cover 5 2517 . Find The

dive lpad Ca/aacf;{ a/ This slab

_i{,__ig_—f:'m /:/'no/ CV',:( /—%r __ff__ Cmd: ' omys
1. beam Shear

Q.FuncA.'rL; shear 3. pmr7, Colum ry Strip
(B85 B, pF in(c.s.).

-*— (.&‘\VC \oqu = W\k—do‘—.)



2 The web . Thi's is U.Sutl"a_ reCJL;MJu-‘“" or tra,aéZO:'elq{.

VW 7

7@»*(’65. No Shéar r@h;’%r(emmj‘ ,’5~ ﬂéeo/e_a/, R f’qz 7

’

minimum P Imm or Ao mm fﬁrrupj‘ at d/o near 1he
ewds 5 ot ,S_/: in The mioldle are e,

77u.tf; \/bl
bol \< Ve Where V= & ,ﬁ‘;
g s

s //exumj@(v*’ éerk//'y)&/‘ee/ mThe wel ;s
Calcdated af

fWO Pojl.ﬁ‘an .

b

Web = 200 ~255

P

= fov — 4cv mm

> 2 = > 2
— BT
3;rder Lélj ;'%’L
‘d ird
- > ! E ‘fas Qrer
2 7
€ ribs )
K e
dT
Z Z
. Sechen /-1
. _ Sechon 2-2
steel Jor n Steel for- M (7= sechon under (rechangular we,

Positive B.M.) under negative &-M.)



Examg/f (olfflan 0}—0 /-Wo}/ ribbed Slak):

A rfffﬁnyu/ar aréa « 1, CJEa.V SPanS‘ (7.6:’)7;(-/2‘4”)) /st

/—wa;g ribbed Slab.The riLs are qiven
in The ,ﬁ_*;um. The impored Live Lypect SN =5 7,

5“’)‘30}7 load 1.0 kN fm*. %Cmcrdf;/c’

Le Covered A} a

=27 -SMr7
Be = 245 KNJp 3
For steel ; 79:3/0 rM/Z,

Use  @/6mm o Flosurald Steel in The ribs & & 8 mm ;s The

fé/cmge. Cltéo/(’ The Shear /nThe ribs 4C4j: /. f'e 2o
;/fvt’wla,( Ifae/.p GVer =4omm 7

T
9.6m
Soldion s~
Firs ¢ Calewdde The ]
U/z‘l}nccfe jact.o/. 12 4m )
TS Ke W}f/anyf’ (le lab , in7e
oy slab) ?/I/Séwf
—_— gy L L H Areetiom
| ”
Wy =14 (003 x4 *#24.5 4 1.0) =F /f:fr
g s 7 (5.0 * l.o) JZS'"‘" 600 mm Ve P o
= 12-4372¢ ANYm /s, (wielty) 8 o
lein
For s, //'c«'t}/ fake,’ 4 = F e mins ] -L
2 ri'bs =l| Im (. widl1%4 )
+ - wr n-On
Phopicn M= pf= hta [T
(10 Caliaeg) o
7hue

M pr T 129725 4 0.62

Use fffeu‘ri/e deo7s |



Use R = L_
PE bol?
_ o-44q *’Oc ‘—O'O/Z?

o7 # 22.5 xlvoo ¥ 32.52

Th:'s 3;\/55 >
w=6.0613
The steel/ rat'o P = cajf;’/&
= 0:0/13 X27.5 /310
=o0.00 /IS
2 e,
So use , e’-’) = o.002 (ﬁ)— dlkfr‘,'éuj','m 57‘66/) ?
, butcheck ? VR g (8, s
Thwe As = o-00 2. # SAS % lovo
= A oo z/m (wicl7z)
Use ¢ Emm  wi7g aréa -5—5'2”‘"‘"1. The number c’f
Aar‘!; 2~
et /S éarr/,”
SFQC/;; S = —7@ - 666‘6»;”4
Use S<c 672 »mm

(m bo7z a/u"c.cﬁén—yy).

Cal Culete The (1 ftuote looels

wo = -4 [ (a./7r*o.425’+a-o7r7;aa-9?r) * 24.5
e a-??f*/m:] + 17 (0-72%57)

= 12.217 KN/a 96mn

] Soomm
7




Then c&eo/('ﬁ(j shear
\/u: W, [:’%’ - ol]

e (41?5-/-?-5')—4-0
= 460mm

V= 12.2/3 [ Z‘é 096 |

= 53021728 kN

5B = 53.021% 8 = 654. 655 &N/ 2
6.175 #046
2 1 - 56596 Mg
b ol
"’c: -—%‘@-
- 08 [27.¢
R 4
= 0-?‘/27/‘4@
’\/c >’Va o.K.

Tkep,aes/gn of r'bs.; -

asSsume 7he .S‘rfcfl'crn /.S 7/ — Sec

cl < Af (rfc)‘anﬁb(,(apr)

J

. 2
Wy 4 /2.2 .6

M = l“‘ n - /Z *(7.6) = 112-€ ¥N. ny

o /
M(Ml'i@

6 .
: ’ 5 nO2. PR Lf?

Then ool , R _N2.E X o = é,éz%?’

07 # 27.5 X o # (4605
—> co=0.0222 G}

4 50, = w/{g/ /§ Check U= ?

Ry
0-0222 x 27 /‘?/0 A-Th (i/('/O

"

= o 00 /?673



P' = "/‘i*'éﬁ!—_ agr 7~ Séc.
my A ﬁ Af
1M 2 = op.00l0l
b= S5 * Tar = 000NNF
}D(A}' /& >/0 , USé - 0.00l0l93F
Y] 1N
Then , As = [ bd
et

— 0:001769 ¥275 x 460 . .}457“’
= 7—0/,9‘;/2 ~FJo2 mm7,:(wl'on)

-

<

Use ¢Iémm W;% arfa 20l mmz_

The number df barS ry _—

( secHen 2-2)
(ot edge)

—

M



A
R.C. STA/IR CASES

s a stuckure wify, S7eps (or Starrs) used
A stairgase | |
de movYemend between Aiberent Aevels
+o Prv

r:'.ser

ﬁ"'qc/‘\z\:, L2

¢

(awiinj slab

wq I': 7

andre/
P,_p g waist (Sfea::)e
| (Fight)
[——- <’+—L

ﬁundq}i o

A ram2 PR3 vides mavemt‘mf Afszeeﬂ ch
sfe/;s (or stairs) . It hag O’nzg/

Frerent Lo vels without

q Wa/Sf -

slab




7£

( Staiv-case wity,
Wo endl siqls . )

(Here | starr Cases wrry Sing /e

Fligshts winr e Studied ) |

DEsign o Stair CQges (w:1% ste 5) or
rnampges (w/'ﬁmwf‘

Sf-ezs) .

There are hfferot Codes . Here a simpe il eof Methe o
will be Used.

N The inclined  Stnjrcage IS assumed o SPan horiZo-;\;{-q[gL )
2) The Starase ;s asSumed Sy SUWProrted at pPo infs
0}0 Contra f/f,mre (OV Zerz bﬂ*\o(l"‘j ma-mwf.s).

3) The ffw;,e .’Fan Xy 72@ hori
The o pPoints 0}” Q’m‘r‘af/ewre.

t) L Tie ends are S/hv,o% s
Span 1S Fe /mr/'zqu/ oArs




7€

‘/f) If The 57‘0/1’('41’6’ 'gaS jamd;ﬂ_j slab af one or éaﬂ CI‘LO/SJ

The point of Cmbraflexure ;s +akey ot micldlle of These
slab when These Slabs qre f/'xee/ ) 5‘47'# *ﬂdg é,
beams .

[

st f
edy \cfl’;m m

aq\j

77'_119 . A 57'21/}"@1" /s o/a"fl'ﬁn(a/ as a "‘7/’7/99{ f“fpar?‘éo/

cam with horizontal span . 2w

Notes :—

{. The olead loaols fs;oec,‘a//9_/ T2 e ‘Szf/fawa"jAf shedol | e

Ca/cula.}é’al ﬁr ne W/zo/€ IOC/I/)'QQ/ Sia,)'ca_;to .ﬂt/‘j Sf{;‘a_
weght includes e waist ons He S1205 (for Fe

hors 2on ta/ Spon o‘rbl%} .

2. The suf/ir/% loaels are Uually horizembul (o treads
Of S‘feff) -

3. The Live logd s uS'U.a/{ﬂ %,’54 {abave S AN oy 2) ot
acts Ver/fC’q,{/; (o bhorizotay Spfem )

4 ! " 4 9 <
(:_QJ:L'J_C(‘,U- AL e, v h Cloay ey 28 /v0 « lap dls SN 40 L,

4L //—o Wy, s The ‘?LU?{Z.Q \.L,Q‘qu}‘f’ ~’Q°¢-©' ,'7‘1_9 M, 11 i

positve 56&9//’ momen b s + 9
Q Ww@ el d S (repin JO) }fj(—d;;f_c;d’ TS g
oS (parunt k) O SAOD TR sy S

-
—




77

Lmportent note on 'f/n;—.’ér(fmafnf detai Iin? 2= e S Ly

The staraase wuq/éq_%as bends. The mfb;f,.(-e,,,,%faj AP
o J g bends must not ﬁ//é'h/ 74e bernd otherw)se 74e Smal/
Voo Conerebe (oyer at The bend wil/ .S)oq//q/?fﬁ.

Stee/
154)"
. p— w i
7 Steel bay )
L g _ y
N 2Ny syl
W"mj cletat),

7

Correct” deta)l;
S#&/éaf

L7 Sp0 Loy,

—w‘q‘,w‘d-"-'c)tgw’@./

F e ) g0 Gy a

CS‘/'"”"?’) _(r,u‘lr :,‘J) ;,;_g_'@/_( bend ) 3_)__4;’,2_;:, “""'"53-»‘4-‘&?‘ Y] ’.,np_‘;'_-f@‘e.b b
1 Jolll e e, N G Y3 I weleling) g,

i s e o s 51
TS Lp ity R LR BNE q.t;/,b.:._,.)gﬂ.;/’.:..,pzj

The S'ft"‘ef ﬂfar&‘/fe% nées/ 14 rl"/b/gr(é’m&nf“, '/‘}L% o
olead /[veods., 7, ]m’g > Noming a U Stee/ /s useo/.

ft (2 2 ) e f o, e SRS

re

A- SHrquJ
= o '"T"n? Stee|
. 0“”’5 budq o
i 1 stee|

main S +eef



78

Examplet= (design of stalrcoe)

widh Of .S"hzfr‘Cng

b= liom > Cmecrefe 57‘78;7.(77‘21 f =25 M/’
Com crede weight

Vo= 24.5 KN/ m 3 , steel yreld / 345‘MP
maj Docd  5.98 kn),? (/m,szq% ) Live zm/ 5.0 kn/)),

t(,(,u, .»-‘-‘-u-'J’M

c/,.bj)&..n
Clear cCover— 2o wim . Use B/ Ermm ;gr'ﬁ?a/'ﬂ 57L€e/ X ;zS/gmm
d’?:\:‘jjof;:;) jér’ o 7‘21.5"5

Solubm : -~
Firs The fotafd se/ W&'j’d‘ must Le Ca/ culot-edf
leag7h of each 90/"’? 'S
2
126"+ 2.102 = 5 449G |
A
et Selfive ght f wast (ondy ) -
w ;:o-;:.;— /Th e G800 gigen SO
g * 0%(24‘/9-/-08./..'2 449 4 2)*24-5—
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Toteld Lsasl oF steos e

WS = (.-;—_- *#0.130 %#0. 30u 1)

x 24.5 *l4ﬁ5fep5 Aa

—

= 10182 LN
T-/'//'ﬂ; load

Wy = 11 % (20 + 0-8 + 2.1+ 23) %098
= 5.821 kN

Sl
o)
lz%/mz
Total dtad [load s

= 52.985 4n/
ﬁﬁﬂ lu\/‘e/ﬂ‘a@/ W‘p: /-/ *‘(2‘/4'0'3.;.2‘./_‘,2_&?-)*5-‘0
= 29- 7 &N 2

Totod wlhmate locet wuz I-'-#wd -;.I.’-}l,uJ

I-4 (52.9485) _'./.7.(27,;)
= /124. 869 kN

The effechie span s

J = 2./ 4+ 0.8 + 2. +i8

= 5.4 m
Thwe The moy. Positive B.M. (of Centér) /'s:-
Mo Wued 4669 K (54)
—--T =

8
= 84.752 KN r

e effecti e Fdeplh 1S

o= 228 - 2o /€

=192 mm -
L 2 (éya%mﬂflwa/)

ﬁ: 0-008 768



So

Gzéc/( This w/'Th . o= ) 4 - J- o
m)'7 }_a 345 =o0.00405§

Use ﬁ:anc‘Jo 6 F/6
Then

As = 0.006FE x 116D % 197
= 1455 . 4mm?

——

vse 82 /é — ﬂs: /‘607 Mmz (0'/(.)

NMext Cmsider The Cantilever part of 7o Aond);
slab ¢ J

-_—2 7
oy = W )
“_ 2 14 .
= 62-336%N | J es’:'ff
B, b
74e Concentrateof load (at #ree eo/je of slal)

/'S 3

Wy _ 124,66
Py = __2_4_:__"2_5.;7._—_ 62.335 kN

se//we{;/.f Wg =0.225 »/./0 *-_‘22_:_3_ #24.5
= 2.426 AN

weght of ﬁ/,'rj W= flo x oz.f x0.9¢
= 0431 xN

Totad  olistrbuted dead load Wy = Wg 2
= 2.85-?-/(/\/
Toted distrbuted Live loay
LU:Q: /.lox-a.4 ¥5.0
= 2.2 kN
Totd  udtrmate load oll'fﬁ’;/mf'ed 5
“ﬁ'—"""“&-{-/‘?kl_‘p
= FF4o kN



MM; n23121-,’./@ K.M. Caf ag /;‘/de &d) ,'_S“.
'W‘Xf”')‘_lfy‘ff(_}l.;a

M= 3.0 Wit “@é»«y‘
2 may, "LA

= 62.355 x p.4 z 7340 x0.-4
2

—

= 26. 4§82 KN« m

As bc"/:r F= 192 mm

Fnd = . 002032
7o
g //'< /ff,‘,, 5 fo. usre /_—_— g;ﬂ: v-00405p

s = 0004 x /o0 4 192 = 8366.3 1,2
. ]

use 5 F)6 —s As=lo26

Sketed The ’f’hjg’wmenfs—' g

¢ /m;n

B1G0 ~ i forCtmrent
(PA2 A —strryps )



g2

DPS/&/) 0}0 L.C. Sﬁ/rfaff_’

0-36m

s o —
//
0‘/&57” e -
o

©-20m
. y
stEf —2 L}
beam t_}‘ T
e 1-6

D€:1z7n and sKeteh accarm‘e# Tae stee! reiaforcemend”
7‘907 7he Starcabe shown in The 7‘47ur€ above.

For Gmwefe  fL = 27.5 MR B, = 24.5 &N 3
For sFeel f; = 45 Mra B/2 mm bars

Scf,— ,hj joa_o/ 0.-92 K/\ymz (hon'za'nfa%’) *

Live load 5.80 AL/ 2 C,{m—,'zn.,lnﬁ?),

S72/r e d T b=120m. clear covers 20 mn, .

Hint : weight ,,?9 waisT 25.990 KN . weght of steps
€ -S2FKN . swﬁg:ﬂ# load <L .Y]8 KN.

Wo =36-933kN , Wp=22 84 /n ,W, =~ 99.034kN

S'lpa,n ._0:4.0»1 5 My = M :4?.5—/?/(’/\/#"_’

A= IF4mm | o= 000459y , G = 929.6 mm2,
USE .G /2 mm — As = 1018mm?. /——a,,Jam/,;# slabs

Mu =49.517%x 0-§ + -24 % 21.310 %xo0.8% 1
= 48.56! KN.»m /:—o.a'a%zrj,)ﬂ;”: 387 .4 pom

Use 84/2. ey

[e

S&io . i
- N
(& -strups . B /0mmn

D257 rim)
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CORBELS (0R BRACKETS)

A corbel (or bracket) /s a very deep and short Cant/lever
Carﬂfﬂj ”A.‘Jh Loads.

(ZIn industrial bu:‘lalings anel ] ‘*\/Cver;

w arehouses 1o Carr} ﬁavc///‘n/f _ I "f"'gh)
Cranes) Supporting—™2 |

Column
Corbel
[orLe/
/

- ’L‘E :

4. girder I‘- X ol

N R — 1

ﬁr E ﬁ g )Corbel

( central beam on Corbels)

Behav, our af Corbels Under

Vv (ve
= Pob
%.174 Cmcentrated doads =

L
a /s The shear s2an - -

# I_‘S- ﬂ;e df/ﬂ d,f.cﬂ/‘

£ s The oleoTh o(ffme Erzef. (u:aa/{} *;(/) ?’{)
b widln of 7ae corbel.

The ﬁ//mwh? nofah'ons are used.

The trp of fhe Corbel is unde— tensile shesres
(from bending ) .The c1ass seehon s also under high
J’/Lcczr/ly stess. At Fallure no o[,‘aﬂmd CrRek’s occiprg

becawe g a <‘£ . At Failure ,vertical cracks will oCluyr.



24

The bﬁ‘,&l’lb’?ﬂd’ /.5 -ﬂl.,(f a SI.I“‘)P/!a Mff (ﬁ‘u.fJ' afn_a_ﬂo-ay) .
The main f/exulaﬂ steel (af 7‘b/o in +en;/a~,,) i’'s The tensien
bar . Concrefe fpm 75/0 af The load 1o 1he botom end near
the Column will act bOke a bar in Cormy2 réss iom.

i - r_\__\ /(VerHCq_O CfaCk'S)

J‘o lr\j'

( ém{ke/) A
<

C
( #&m Cﬂu‘rgfp)

The YLever arm 2 af The end s u.s‘aq/éq Z= 08af
(ap/awxima-f-e/&/). ~ a .

Design af Gorbels :

Shimges p35 U Here The shear span(a) and the
5"“':,"0'{?‘" load (V) are given - Also The width (b).ss u:ua.llj

) f given: Find 7The de/)ﬂ:S‘% omol “rq/a«n.g/ cal cidaf-e
The Flexwal steel As (for éfﬂdfnﬁ) and 7he Shea—
stee/ ﬂ{ For Shear. Fhrizondad .f?"l'rrU/).S ar€
used Aere becauee e cracks ore vert'cal-

Frace oures :

Here a S/'m/o/z" method %o— o/c’f{'?n c’f
Corbels 7s given -

/. Sloec/};( ﬂwo/efﬂt 4 and Then -4/’—9( L= 2

o.-§
) %/) -5/—{
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2. specfly fre effechive clepth (o). Take +otald Cover
about FSomm. Then

o= H4_35

3. speafy fhe Lever amm 2 as:
Z2 =0.85 4
(ap/afle-ma 7‘%)
4. Find 7he Fflevural stee/ As Fom
momends o botlom of 7he €ddl:

7. 2 = Vv.a }W /45: Va

Cheek  BE N ooy te | (= A
e ry >a ang{ /ﬁ'
If This npot CAe’c,eedyﬂgn
derease (f) 3 so(d) 1o increa,

As - Bl iy s

5. Find the Aorizontald shear rein Brcemend /42{ .

Sh
n/ Ve

Use %u-’ p 5 (b = 0-85 For shear)
bd
actual/ A— :S’J:c.
P‘fin,ﬁ, a
Sheariag
SThress,

74rS IS 7he a&ﬁ(a_ﬂ b(/ﬁﬂ‘ng'e 5/,&,_,}% =tess /o
7he  Gmeefe Section Cat endl) .
plso v = oS4 (1= ) (14 645)VFE

Jfor The shear s7rerng 7 of Gncrefe (1 M) - /Aferé

. As+HY
%= Tk
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put Vu= Ve & Fnd A -

Check /z <o-20 }—Dc’
¥
ZF s is net Checked ,Then incréease J 4 So o
7o decrease 2.

AFter That Fnd horizondwl shear srtee/
ﬂ{:/f.éa/_.ﬁj ;C/l&Ck ‘i/_'ﬁs <A,£<HS

P‘UL 7% € AC"""ZONfa/ stirrups Ay 'n J r
-g‘-c/ From 7‘3/9. F o 00 =Sgers ot

€. Draw The o/fi-/'a,'/y of rein i’grasm&qj“.
e

As ——
2-165 s-h'n—up: \J—\
Ay _**6,
3-1€q stirrups __ )
\-

2o0r 3 £/6
( for SHatbilipy )

T'}pb"o"yi.-r Pod 'é:‘“d"”
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Exa_,”/o/-e (def/'jn C?-p &rée/f):

Désign  cmd S/ketch Acao—afeév_ The Stee/ N/'ﬂ)@mma‘;/’

74)' ﬁlLa C@"é f/ SA owh /’ﬂﬂf %}L{/“? . —
Var/s (it dz/
Jor Cmtrefe )fg - 225 M 72 r\,\&mi
For Stee/ }; = 345 M/Z T
(USse @/ 6 mm bars)
c lear Covesr o | g {=;®m‘ /y
wi'd 1 0}’0 corbe/ b= 4o mm /
7(:33
J'_ M
SoLufl‘mv = Coréf/
Shtar sPam  a=Y20m #
Load V = 6 80 kN (fimafe) $H G
i d He b = LD mm
,D)?/aﬂ A = Foo rom (atend)
;; =225 M

ﬁ = 45

Cover 2§ =
£ Ffechre °’L7”2 (/)= Foo—-F ~ izé_— &1 ma

Lnelt <) Flexuwal reinForremen? Py
i) trorizontel] Shear rin For Comed fy .

GrsF Pod P . Hssume o Huss C‘”@/‘Zj’(f

Then 7he lever arm 2 is Estrmateds 7‘:,4;}% l M
as : = 0.8/ “< P
2 A P Z o
= 524 450 mm 77
"y
By movients , ey g V@ 2

25 2



: g
Q= Eox /0 K 420 Y S S
g .90 A Y5 xS 24.450

=
5 ¢/5mm bors —» ﬁs.‘: 1876 mwm
As ,LD,C
check = o-04
ﬁ bd > fj’f "
/ 25 3. 850 Y oo WL

" = o-0c02/08

Viaza S T x6/7 = (W)

Use

7 £
Thuwe Aere [ >o.04/ f;

2 s used Then

(onk.)

NO?Ll'Ce ﬂa,?l' /‘;f ,45.: /f/o mm
/& - __1_31_/_0—-——— = 0‘0072?3 CO'K‘)
S T  govx6/F

Next Fno/ i/ ?

The actuad wWdHmate S/Iear/'nﬁ siess /n The Coniredo

“ses antd\ 12V

Section 7S :
S o LR At ()

Vu = gLd
_ 6% /> =2.241 AN, *
T 0.8 rHymox61F (or A%

Theé Sheer Sﬁmy% ",f&mm&*é
0-54 (/- ﬁ)(uéqﬁ)@;

f\/c::

3.24/ = 0-54 (1- 222
2 % 68/7

Lf/"— /\/u.:% ,721{’” 5
x (1+692) /275

This qjves _
J ’ /,6:: o.-0lldES

£
Check s -2 c
~ < AL
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—0-0/5942 (6-K.)
Igdf_ /f;jfi_ﬁ.f }725/7 ,Oxﬂ:/f’éa’_ 'QS

or /4{: 0’0//4/35"7%400*5/?-__/5’/0

— /024. 498 r—

Use 6 @&/6 _;,ﬁ/; ) 207 mm =
cheekt  LAL Ay < As Here o k.

Use K1 /dyerf ﬁr ﬁ{ :

9 B/6 (beter

r\Ml_ i 2 lagers )

20r3 ¢/{
(ﬁ?SﬁIZ/'A'ﬁ)
2 ¢/5
E . , (2-/
;::;‘Lﬂ farée/ Y00 mm
For .i:::/f ‘ = 2577 1206 &N
7% = -?QM/Z, ﬂOMm (‘L“'lmaj?)

USe  B/8mm For bending sheel. |
Blamm for  Shear SHee/. 60 mm
clear Cover FSrmm 7 Pors”
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PLASTIC HINGES IN LEAMS

AN D
YIELD (o CRACK ) LINES N SLARS

The &m(e/o‘f of Co//a/o,ﬂa in beays :

|. Comsider 4 5/}»/9# ﬂyﬂ/ﬁz"ea/ bears wnder un,ﬁrm
Lo oo % (Fer unt leng7h).

Let the beam dhave a rje;‘n,}f,-(,gd y *

lmirete sech'orr (bxd) . The 7 =90y, P

Whimade moment is : Moo =
Mas ZF7(1-0.57 ;’4)/9@[2

NNOW aSsume  The Jopal Z to increase grduglly

7he mags mum berding mamerd= (af miy. span) will qlso
INCréasé. Whey The Joaol 2 reuches %C (Ca//a/'ar load ),
The é”'w/"”j mement Ag- _FeH?

g will be C%M_Q’}%
the Whimate momng i of the sec. Mg, . A plast.

‘#I'fyf (/l//'// be %med " ﬂ@ V=" _S'fdn and %’
beamr  wil/ Q//dffc“- 7he beam will Le a mécéam'fm)

%L *¢g=%c!!¥i
“ t//

lastre
/7/‘;7’6’
The Co//a/afe /o] 2. /s obtuined Frorrs 3
C_ﬂ"— ~ 3 My
671‘8 = My =p, %, = T g2
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2. Cmsider a beam with 00 S\myold swoparted £ on e
fixed end. Let § (per un't leag 1) bethe loacl.

%
A

Here The négadiye 5546//'/1,(7
mamenk /s 7= 2 9P/ M I g
The fixed & 7he pa:/‘z%‘rf “
b&«za//'fij maomtnt /51 g_ﬂz ‘1/ 3y i

WA

>

M=
/

n

I

neéar The mid -span . Let
The beam have an’/'n}grf&/

lenirefe sechiom with M, = d/fé(/—ad"? P/;)‘Adz
at all sechons. 7z

Let 2 ncréases, 14em a /o/ﬂﬁ'cél'nge /s Pors o
formed af The Fixed end when pz - p7= 20%/5 .
The beam wiltl not Goffapse but /- wilf behave as a
Sz}n/og ,Su/a/aar/'eo/ béar /aar- ,#0—726’/' merfase in ;i ;
The Gllapse load D=2 will oCCur When a seco,

plastrc @Gﬁ%ﬁ:@‘a@‘ A/”f‘o %) fgrmea/ at or néar

The prd- span - How T2 ﬁnd Th,)'s Ca//a/axe /0~40/

1 Mu
gc * . % = 2c‘
A - / ) . " ? r ‘ L l ‘L
wpf 2 N sy Y 4 D1 S 4
sy By L {mechan ism) B J 57 p x M
B R ot dp o i 4 crack

PSS e D15 e S e N

I: 9 (ery "
pu & hrj/;
/Dn-_s'w-) 7
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Assume The secomdd plasts'c hr‘n‘ye is qf distonce x
%ﬂ, the Fixeo enod. Also #assume (or /n jfacf) The
Shéarra }?r-oo =0 af The s€con (akin.}en‘or)hfnge.

Use 7Tre ﬁée Ao% o/f‘aLjram af The /fff [307'1‘7\0775:
There are o methools v Pl 2.:

(&

M = A1~

D The meThod f’yfeful'/fén'u'm. | y
2) The method 0}0 virtual worf. =

Zg c#w‘/ibn'um s Take moments about 7he Mu=r*
Fixed end :
My + "y —F - x- S =0
Thus Ay

c = “ In This case ::ﬁ
XZ J X 2

W Gllapse, Thue

o= M 547,
Note: (£)r K2

X  anbe fguna/ €xactly b
7k YAy
of f‘fj/lj'—S/ole /Oarﬁbx ,0‘( 7 nj e e-ﬂ”’/’bnum

My —%c‘(J-X). \('02-9(.):

o

3. R beam Lixed at both g/

9 (pPer unit leng )
v ¢ ¥ 4 Iy

N\ W

/
Hssume M,  (nstomt ﬁ,, all 7

7

Crass sechons. At Gllapse (2=2), r= 242,

Three /)/2)'792 é/'r)jf’f are /grmcoc/. /\
—
. M= 2
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Z} equilibriurm ;

This gives

5(4/77{9/? ( /alafﬁ'c b/bjé’; 12 e, éeam_r)

,4 & Cam of Clear SpPan G- & /s Cmnect-ed +7 Column s

at bo?h ends. The Setrons and minﬁrce,,,@nj; are
Shown o The Frgure:

N o L 1

<4t QSZZ e \
(add) M 448
P ¢/g/ - / p (bi‘j
(e J AN L glc_s:o\l
“#22 (add-) +#/8(6¢) 4g/ /8
| o T st vry?-?"'k‘v, T et
4874 BT dilhry Hama #55 mm
- 2Csh)
Y ASD) b :ﬁ. 4PB/8 (st | /J%
/E‘Lk‘*'dd .‘ Qrﬂmi 46: . J’_ W llloomm J:
.5667’7‘”'(/-‘/) SccﬁmzZ-z) 5&(}7'07,(34.3)
For 72 e Concret-e Fe = 24 ngpz ( &y core)
Ve = Zf/e"//;ps
For S/tee/ /:} = o Mr%

Caledotfe The +otad lallapse loaof 2. & Hhenr Ho
A”?ﬁaf&a/ Co//a/ﬁjf loadd %z' ?

/it 2 Fest Calewdate 7ie Wtim afe mom euts CMuy, My,
arr of Musg ) ok sechoms -1 12-Z and 2-73 .

” - A
S b vl ) gl © iy L
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Next assume o mechapismi af G’ﬁ‘//a/aj‘f’-’

S, YL i,
(& 4 2
& C J
(ﬂZZﬁWDM
.V'P 2 t' j u3
2, . My, (”eﬁ‘u""’fﬁ
(fos;‘ff’yp) -
L x /L 9.6-x |
i Ce 8.4 Im ?
7hern use CLulibrim (b Virtuad work’ ) 2 Cal eaf ot
© e
The Hwo unKrievun s (X X 2C) cgubwzu?w_?xé-;crcw,,/”;

( ?w&kﬂ?’v_;&‘y{s <12l
assume 7he sheéar, e

4 rce V ; . : .
2€ra> . j % od /'Zfenar h"yﬁ ) s

AMu (¢ 4 e
PRE
V:?\LJMI/Z f)
x Y ¢ y
2 24, H#Mug
C gL va P
" F6-x L -

Mu 2, & —A

)
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The Goneept of Yield Lines /o Slabs

H._S'Sdmé The locd/ % (Péi’ Un,+ arcq) on The Slad /ﬂ(reqye:

gradually - The pos;tye benoling Moments (ot jnters,
r‘fgfoﬂ!) ool ﬂEjﬂfl'V‘? éﬁﬂ_a/:'/? Monents Cat edg@_r) wr'll
also /acrease grhalqa,/é}_,

CracKs wi'll CI/D/Oqu w/)En 7% e /)70277&11,7‘5 ﬁ’am 77LC
cpolied [yads berme bauad 1o The wltimagte moment-s cyf
The secteons. The stal w'll not (a//a/o;e and Gr take srgre
ond more loads .

NeW  sectinms will reach The)r ltimoto
moment’s and Vhe

_)-—-u:
Cracks v/l _s'/onea_c/.

The LPlocess will Cdfbf/'fu(,e unts! ay Crack's w/ll |

Joim
T29efher and Jhe slal wifl (a//afS‘co nte

Here ang¢ slabs 4,
Can‘,sz'o/éf'eo/, letl'f/f,,g

Pleces,

/50752/31.6 rfmjgrcen,eyf /s

'S The Same /n The s‘é,orf%/
n 7he /an7 direchonss ongd m

Fact fo q direch'ons ( Dike
Srychs stotre pPressure),

M, (/aer e’
Mo TN leng 14 )
(per unit
lengh ) /7

t(,aea- un/'t /azj-ﬂr)
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Assumloﬁ.mf =
I. The reinBrgement /s J'so wpic . My (s e sawm /o all divections
wdar andt Palyyond

2. The (J;e/o/ jl'nes are 57‘&1('75.1' C/'n P(’CJ'amy

Sla 5S) .
3 S/zear/'ﬂa? %r‘c'e: ar€ 2ero o inFer)or g/e/c/ \-0;/1;4_5‘.

4. Iq,fer,'or yl'efo/ ual'fIG’S Caf The ff\?é’ fdg@r (0"' olhe— ﬁo{yeg)

at right my/e,r.
5. Ultmate momeqts My (P!run,"f jmﬁﬁl) are nMH/;//'Ca/ b}
obtarn the fptay Wtimate moments , Thes ¢

726/3’ jenfﬁ 7
are Vectors (Uike ,for(e;). fos
Fram gi'?ufpc‘ I)’)DMWOn L Ml( [Pt’r wn/ t
E o . a?enyﬂl)
— W 8C .{:%I P
momend o B L = (M. 3?).(05‘9 A A
= M. . (gc. @sg )
= Mu.Ag
memend on AC = (nyg,. BE ).5i2 (S
= % '(g?, Sr.ﬂ@)
= M. ﬁ’?
" o' Here r{jhl‘— %ano/ ule s useg/ 74,— 12720 Mﬂh—a&nf.’s‘
BULS W

caf v'é;;‘f) -

No te: U.fua/(// A Grners O}af/qés , ﬂey/'c/a/ bines wrl/
have bromcKes . T Simph %y Cal elakions | treco branehs

are ne;/fofea/.
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s L LS cL £ L L

)/.L-’77/> "
/

7he Cb//alp;e meo/tanfsm /S Grrect /'f Mdﬂ ;77-0 eac/,

piece Of slab Gn Rtute ar « Hre
& Ea aéoqf
ﬁ'xe_c/ axs's . Oﬁy- -

NN

NS NN
N

Exameole
o ( Ca//a/aSe of /2.C. S/abS) }

e —
——

A spudre slab of clear spans 4 9 ki gm s Simp by

Supper tec/ ovér The edges. 7he Slal

/s /'F/.ﬂﬁrfed é/u‘
T he Gver—~ /§ 2 ns .
. For Gricrefe £r - 2,300

¥ = 24/-!-,6/\//,;3
For stee!  f =22ppm.

Caleelate T7e smpPesec! @Gllappse lomad 7 oG poa) pom

¢/O mm &) Aovmm [n o7k L imeghren 7
The Slabk Thi'ckness /s L1 g

SOM.UW."‘

Duffa %ymm B{/'% /N bo 77 all'l'\fcﬁé’y’f, 72? yl.bép/
(or cracks) bines are aﬁajmd. The Slab will Ccrecek sty
4 ef_w Plréces . Take one Prece and /et

darea) be The Gollase lovod and Me e

oﬁ a seche /nside The stzf (in . ;
/' So 792/’% ). " et die o

% ( per wurmn't
Wt e Mormedy”
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T e Mu @
4 | 4.0m
c=4.fm c@ @ @

| I My @

S .
e ,'a/?- ﬁJ, 48 +
! .
( Vield Jine Peattern )

TakKe mm&n;&*

ki ?éauf 7he edge ;.
£ \ “7——‘\2»1.,93 P
Mu.ac—%c (Ta..g_.).z_:o
- gc _ 24/
aZ
Find M, ; As = 397 mm s S ﬁL: o-0cv 3950
/v A fop

use Mu:gé%[/—-o—f? —;ﬁ)édQ

=07 %0-003970 £2F (I~ oS L2390 * 271 Yo
2.7

(10w #107°).

= Q.44 /SN ”’/m

subshhte sThea & = ZAAPLYL g 234 safa
c

h
7h e ,'m/)og‘ea/ Co //a/are /oacﬁ','
AL VYV 1 e /%' =90.824 — 0.71285 x24.
(D s Slepy = €.772 kA )2

t c- ,Wl’u"qéyid_/'
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2. simply supoorted.
ﬁnecfuﬂgub/’ slab w'th /se 752/)/6 ”f/.”}ngfm&vaa:
spans anol ecdges as shown /n The 72? ure . The bmafe
Po;;-/yv'c" momend (s 6.240 kM. 72 fprz (/'75'/9/@ The .S/<Zé)
and The Ulhmate Negative momentd /s | 2¢ gt e Bl

= 2.80 ANm)m (af The fx&/ea/‘,) for The W&/
P,L%/P/n Shown jfere in /—anq/ﬂefo//apj‘e Load.

SolubHom:
There are 2 uUnknowns (X &Zc). Tewo
e;uaﬁmf cre needed .

s ] f
pd
/] @? 7-6m
/| =
‘é,h)-
@ L
Fa
/ @ 3-6m
y 4
r_,/,,,/,/,//"J- /}>//// —/k
y S5-x x L le S-Om N
zd A A rs >T

M|, * 5.0 -%i[_‘?i. (5-x)%3-6 x 2 ] [(,?69(),4 ]]7

TaKeé prece @ x
Ma+7\L?-2 o My # 72

-2, i_ # 72 # (5-X)
(5—X)f=

* =3

_,--@
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Solve () 5‘@

X= e 2

%c U sz

check o(a((S'.o

- # |

3. ffere My = /20 My, .
C = /2'4‘ /e/\//mz (7/‘1/(’/7} Biom E

}’g = 22- 5 Mla fires _;;
fy = J4$NFa Eo'yei L

£ = (Y mm ( Slad Thichness, ) p:
Clear Cover 25mm (o bofh direchons)
vse §Z§/2 mm  Stee/ bars.

fond The ;aaf/}zi 2

Note: This /s an exam p/e 6/ Sesign of Slabs b oy
vie/d Mines).

( yield dine) (L5T Lo *cRIel 2 4 *ils

Solution :—
73e Yeild Line (or crack bire) pathern is showp:

ﬂeyq/frt’
Y-L.

Posrtive

YiL.

There are €gua / /a/lﬂt'ef .Take ome /av'ece,

M— # 5.0 +M+*» 5.9 g /
u e c,\c(-j—x;o

substtute ,7hen My = 23.64Mmffef  +

T S HAs ,use 3 n) :




l0/

é
- M . 23.6 % /o
Bt bd* 0-90 ¥ 2.6 A WD # /S0
= 0-04/9 /ﬂ;; 3;‘:/:4: cu = 0-042 G"""é‘l)

So P = wﬁ//}j

=0-043 ¥ 27-8 /345
= o+ 003440 > /f,,'”

So ﬁ::/&éa/

= 00O IH4Y ¥ Jovo ¥/S3
= 5/ mm? /L, /'w/a’/;{)

Use 74/2/)}/» 220"!3 722477 ——)-IQS ::.r?rmm%y (“".‘?’ﬁ)
o- L.

bxample ( Yield Jine inSlabs):

Aa mterior slal ( with Cobiauoul edges) Sas Clear
spans 5./ 7 sa She Skhort- dnlchomr K 2Sm sa e
/0727 it Cthon 5. Fhe slal Tucckness is /Somm. The
slalt has /k‘a%/?"c /?/h}gr[&rteld' /7 The /h,f?ﬂb" n’gl\m.!‘
(n’y/'ans 0//00-’7'/'.'/" bﬁﬂd/fg /ﬂm&tff); ¢/o n7m? ) JZ2S mm
(ot ways) & cFRechire Cover 3o mm 7

The reafragmend in The lmg edge Jor The negafive
b&?dﬂj promend in 74e Shor? lirechrme ¢S 2Bl
@,’Ujo mm ¢/Zﬁm ISE-Ir Yo

[ . :
y / » 292 Be 59 109
w0z | } ,;OI P75 areas| 4
¢ ada’.’) E— v’ Somemn

24/0) 256
T o

TR
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The reimfrcomedd inThe Short edge (Jfor Tae
negafive bending momeat in The /m/ Srechs s )
'S 2 gfomm 2SO . |

24/0

”‘D§@ ~—__ "

L (- — | S

(ﬁwo-wy)qm Loy +

«.Ju[t.AUZuS vy
d-are,”’twf [mg o g

Y

, Aor 7he y:b/c/ J/‘II'P Paﬁ‘el"ﬂ (9’1‘4"” 1 72.-0 ﬁ"yurf),
determine The Collapse load 4 - For Omoetv fr= 25002
v Stee/ Fy=275Mfa-

H——— 2N — -

< — =1 f

N

@ \)----*~-~~--//N'.9
J + }’A
/s o5 /M\
/ YL. N

5.lm

)%
L "1

“a

JJ’JU’U@""?&;;;«":“P”JZ— beam ,jo/u’: pars @ w M bp v -;k
e & t) Je), Wb i p U L S Wty o 58] ot & auds SHGs gt
. qn-e,d)dy,w Q.udl
u,dw‘ayw U (.sldé) It e (/~way ) Wie s e
) Q.J‘—“ 'A-J“‘w et ol ? W o){

>——H
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- 7
Ex-  Caleulate Tee Collapse [oecsl Q/OC 2
3 edge S.s., | €dge FeC:
5-2m —H

‘W .
} 2 |

end :
Taket  S€Irm @ TP

AR R EBERE

Jo *#5% _ 90.909 kN
P

MW @.’
7 30 (#.2) = /3 (2.6)
& [ = H5 46/ kN
= L+r2f = 162.8331 kens £

- /?af/aff e

b
vy
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Yeeld Lines By
Virtual Woeork

Thé man 7dea /5

ssW.S§=2ML@#

External Tnternal

I, Exam/olez or Z.
Ca/Ca/afe 773 /o//a/o:e loae] (W, ) 74-, 72 e

Sz'm/svg Sguare slab .

///“Q 2Lt e

@ /: %tr{,uc' ;
4 DX & o &P A
b
5 @ / :
/

]

s 4 Ya b
: :l ;
{

s
¢ VW
L]

4 Pav s
) ‘P L
2 Ex+ernal work = [q:'c: * "5.’_*'0* EI,_p] * 4
B 9, 4% 3
3
Toternal work = M x X x N * 4
% VZ‘;@W?“:
—
= N7 o

7% €

2(:.02__ | _ 24M
g sl i &?c— gz

3
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EXam,o/e .
cal cabate Hhe @wllapse [oad Z. ?
S.$5
.. L Z L rr £ Z 22,
" / ] ; -
/ ! Yer'le | 4
/
3m| S:S- ; » <ﬁ§= ., s.s.
¥ : Vv
X ; | Free | 'f
The marn € o 1’5 : * X y €-2x . X o
X & ¥
(\a:::——ﬁ [elafm NI» ffﬂ’?‘:"

Forst = WS = E. [ Laxx=sz *..31. %x2]
+Fc [ L xx#3xLH2]
-+ %GECE"Z")*; *’—é/-]

= Z (9-x)

Then Jfond
> MLE = M[j’x—..xL]*z

+MLx x L JH2
+ ML (6-2x)% L]
= —é— +2]
External work = Trittrrnal/ work

g (9-00= M(L 12) ,use 2E o tien
c 3% fod 27




les
3. Ex«mp/e.‘
A rectongubar comcrete slab (2:4m x Em).
7he slab Th'ckness .5 15Somm , Thr averey e
Coveér 'S o mm , for Cmouete f{ = 25 M2
For stee/ {j - 3o MiZ
AsTz 12 D2
A~ = B)2 D 200 4+ £/2 D400 Gaddal)

My = ¢/)f§(/- 0-.5’4%"?1 )l:alz ?

z

Fixed
A ////v////// 1
| J-vevy.L. 7/
g s /|
2‘4 +N"le / .
” S-S.; / Mo\‘ / S-S,
‘ Y/
Je y 6~2X /
X - x
K £ 4
. ( free edge
Sotudion : , #r g¢)
¢ + 2) 77
For /u s As = ‘/i * § 2SES mm "
o = /IS0 o220 =120 mm 5 /-2___ As = 56 g4
bd /ov0 p/l20
+
Mu = 0.9%0.0043 % 355 (/- 6:59 » a-;a;et*aﬁ)&,m
*(/20)2

M= 20.5 KNm o
For p L s = B4R T mm > 2 5.0 Po b
ﬂ?ﬂ ) po—

Mu = 6.9x0.00706€ %25 (I~ 054 x 2-PHE %300
= 7

(2
2¢ /M x 170
= 3o LA -m/m




o8

Entornad work = Fo [ (5 n X% 2:4 #2)% (1))
_,_%x X—x2~4x-(2)x—(.-3’—-))
/
+((2.1/)(5'_-2X) (—2—)>J
=5 20 [0.?)(.7&-0.8)(.-/. /t2(6‘-2‘X)]

=2 [16x+ 22— 2.4x]

:;c ( ?:2~-0.83x)
Trtenal ok = 5 ML(9 ©
= (2)/‘4(203')(24)( 4

g

-+(2af)x-(x)%(23:(_)

+(30)(6)(

= _‘Za;"f_ + /708 x P

gx-/frnd Work = Internal Work ‘

Ze (22 -0.8x) =(9‘z" #1208 x 4 25)

g . S?{;# +/7.68Xx+35) Gf- 4 ~ P + /7~o'7£yz

C?-?--0~3x] ) 9([?-7-—-d-§xj

sSelve Adq 7 & errzr OT'LJ /Vew o n _-falp};jm rmeHhod
x P |

e rmmm—
—

2
2.2 -
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CIRCULAR SLABS

| Ciretlor slabs are genermlly used as base slabs forr
G lomns or cover slabs Por Clradar strrage fonks.

| These slabs when laded will deflect ;o 7he Jorrr of
@ dish . The Slabk ot Fulure (or Cllapse) will develofo Cir-
%camﬂrgnj’h/ ona radial Cracks -

| ThereForg , reinfircement are needed (ail right angles

i b These Cracks). cwrcumnf.
| Cracks

radial .
 Reinforeement cletailing - ks T
l Red’angbdqr mesh Ba-{f-@,—n

Z hiTea2
yai P\
cd—joﬁ'dm ]
)
T Ao u g (BRC -ment) y
SV X 4
= :; ‘ N :
' N

.2 Crrcudar and radial resh

I‘q,alt'qj.?)‘ye/
(af" botfem for A7)




lo §
Bendling Momen? L2 Circedar Slabs :-
J

Let £ be
the load per unitarta (or wr, the wtimatfe local per
un’t ared) . Let alse P be 7The radius "f 7% e

Stab . 7hereare R @ses :

/. Ciraular slad 5,3—”/97 .su/o/Oarf'ea/ at e outer edge.

(//eré /\4/€ /'s 10 7% e I’Zw//'aﬂ /0/417€ k//h'/e /‘@ i 74e
Curcum ffretzf/'a_,o /glanf) A




f

lo9

Exam/o/a.r:

l' ‘s
B Ciradar slab /s 7o be Used as a Cover for a cirader
area o}p radias 3-0m.The slb /s assumed 7o have a

5‘/}»/99( .S'U/a/oar‘fl’a/ ealgc’. Take a Slab Thickrness {:- 7’;:'?

:31?‘—7;@: [0S mm ) /4;' more .S‘a/%? use 5{ /28 mm .
R (Daway) iz he IUip ), ¢ (85.) “dd LY S defleckin )l 6V B U =

| 7h e /m/oo:eo/ bive load 75 24N S T caledate 7he
nece ssar frm/@rremerfs For Gumcrete fr =25Mm , %=

gq.}"kﬂ/ﬂ, ﬁr stee! ]Jo 2H M. UsSe Plomm bars

W’% C/éar Cover ACmm .-

|

7he dlfinate lsad

soluky om @ ~ )
ef/eo/-t'ff’ (svér = 20 40
= 30 mom
eftechve dgo7h = 125- 30 S.5.
= 99 morr adye
T4he dead load ' (7
W)= 0:./25 4 24.5 —
= 2z M i
- 3.()62.:_,(/(//,” &,_

7he Aive [food wy = 3.000 kALY (9iven) L
RR=2E-07 -

W= 1.4+ 5.0625 4 )2 ¥z 000
= 93375 #nm ™

At Cenfer of stal, The postive bending mmends are

2
w- 2.
/",/€+=M+“ Sk _ #9308 xS _ gy

4 3 /€ ,{’Mm/m

(wi'dAh)




/10
My

To Lo Sheel réiz jorcCemend , Use i . S
Fir b , T o

6
Q= /5. 841 # /o = 0.078d
090 28+ levo %95 F

7475 Fives w=0.082

Thul
/‘0:: Cd/f//; = 0.082 ¥ 25 [22( = c-c02 454

Stee/ area , fs =0.007454 1 levo xS = F03 o fom (o' d)

USe  blomm &) /0 men 5 As = ?gffomz/m (/74 )
e S, eV Jhs Uile $L, GOU YL

| The negative éena//f/ prored s af The outer edge :
2
2 W‘f

— wy K (/1/ )

N,

Mo % 73 25
~ 2
T3875 X3 _ 5,280 kN )m (/i)

g O TN~ o
B a7 e
Cadds) / i <A ( ba;ﬁ woy's)
| (st.at
— . = e )
2"‘3 %/W"m
(I“lﬂj rf:‘aﬁfgg \ ]
v \\J\q e
76,2 rGa }ngfme«(f B grr rérp /pﬂrcemuf

( 7o M and 1g ) ( Ar Mo"8Mp")




y‘; /‘/7\(\ | (st ad eS8 : ' e e

/17

OFENINGS N
SLABS

/- Large openings :

Large OFeﬂ/'fj.f aré coan g Eraus becawr o These
ofwt'n g5 weaken 1he Stab ( e,yyec/q// a/%’m'ag: at reas. o5
BM. ot Center o max. neg. B.M.at Cenfer of edges.

L.C. beams cwre néedleal ol The edges
a/f Jhese o/oeﬂIZ?;——ﬁ Garry. The loaols and strengThened
‘Yhe step . /1t /s  advised 1> extend There beanrs 17

The  edges o}_” The stlad. (e.s-geq'aly in Shor? olirechion ).

—3-4 & /6 or larger l l

botom) 5 E
] :
/L g »?\hi“ue"
T T — beams
=i} it
'l
(B

(/n'q/den inside fhe slab)

2. Medjum —5/2e OPfrniags: , ,
The slal s fﬁ&yﬁzeﬂed byy hidden
beams gt e edlge of The o,oem'ajs-ﬂlso it /s advised 12
extend These hidden béams o 7he edges af 7he slab. ( FJ)?CC;QIIJ'«(
iaThe short Sireckion) . A hidden beam b(s‘u.a,//dg has 3 oF 4 bars
of size  [Smm or [fmm(at hp &bottem) 8 semetines larger.
shrryps are peesled (o hold These bars.




/2
3-4 £ /or larger | —
= ar arge & T
wt | A _\— B (S‘-f'afﬁp{— E"-' il B idden
i ’ bottom) | > |& bcams
ot o | IRt
ﬂr “. Ofeﬂlnj : ! ::
hiclden i il
b €aumn " -U
1(‘-‘1':'/@[@/) éeam /'ﬂS‘/'elG ’
The slab)
* 0 St )
13- S meq// a/oenmj_r :
'% I 7h's Case, The slabd s .rfhmgﬂz ened
,/9; aa/a(:'ﬁdﬂd rein Frcemend s ( Q?_ua.,o 12 The cufgor infercedts
. bars). More bars may be peeded ﬂorma(ﬁ 2 Zie d:yanqﬁs
a,f' Cokmers o /I‘?V&?f‘ Cra_c,(/% at- 7hese rners.
L, e . o D7 NN
O o ymen pp0) A 8) vp Comf?m’aﬁf? s
il AP, NP L M/h,/grcemeﬂf ‘ j
(czf Saméﬁah'ﬁ;t

af l'fl/'&'cf’pffc/ b ars)
Corner réinfor,

S oo VLI o l'ﬁ; W S e el (cliagemal) ps_waf gd=d) (20r 3 bars
at ﬁ/o Xbaﬂ—a)‘

(roore bars )
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4. opﬂwbjr near Columns in }o/af Slabs:

| tHere ,There /s a olanger of wea,{’/}z_aq the slab in /oumﬁ/n;
shear (h//:t’b 74 e o/aen/'aJ ’Ss s ThHhe Pan,céfﬂj Fone),

F%'f.’ﬂt:'.f. Caka USually Fhec,r E/hjgrcmafs over 7he
lolimns are praw'q/eo/ . These Shear n!/;'jea‘(eﬂread'ﬁ are ¢
the fomm oF cross hbars or bend bars.

@-.. N -..._._..,._._._@

—~ . ™ ¢ l

t '
- I |
[ b

| ney 2 i one «
i t«"" A»JN Spe/ < '7"-_ R I ’/V
S ab and) o g --1'._.\_.___--_.@
S DI N |
Column
f Leﬂf
‘, bars
$ g-—f“}f
opemhj

Coluren
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TRANSFER OF LOADS
IN BUILDING@ FRAMES

| A R.c. burldi /s usually made -/pram S/q/aS beams
\and  Columns . The marz U've loads amd also Jdead loads are
‘a'ﬂ slabs . The |oads /Pram The slals are ﬁ%fﬁﬂfd 12 The
ibeamr and Théer #am béams T3 Golumns F_na/éq The loads
5are Hran s ffrred /—‘?am Ca/amn__r 12 he ﬁ;malq},mr

L. 7 Fans fere o;? lo cLals ]%m Slabs 12 bearms:-

The Corceol
| o}p 7,'e/a/ Lines /s used. ﬁf’(o//a/pff,ﬂe Slab breag ks
tato  leces ond eack plece will be Carrled éd an edge

beam. For red'angl/»ldr sSlabs ,The Yield Lines make 45"
la,t' Coners. Thud The recfan_ﬁu[a'r sl s divi'cded indo fwe
frangles anol 7zve ﬁafaf 2otcdal)s - 7he 72 Fal lo-ao o2 B

Cach beam 15 o V'ded by 7he span (or Jeng 74) af 73¢ bearm
e obfein a distzbuted lsad per unit /&zj?zl.-

= -
D NN

\\(fﬁ// L l l \_\_:
DN

5
»
~ /
b_.‘_ - ...-..-*'
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| Ex a.m/a/c? N

| A Lw‘loli% frame lla: rPO?Laﬂyufarr slabs 4.8m x7.2m,
71:e Slaks are supported on béams. The smposed Qe load is EkNfm'
and The estmated dead load 4.8 kKN/m® . Calcdate The trans femed
loads om The bearms.

| solutron:

Tdke The beam of 7F-2m span:
toted Aive load i5 ; Wo=2 [.:6* Z’— (2-4 4.7.2)*2.4]

= [38-24 KN
ﬂé d:‘:/—rv'bufcd ,Q:'ve,/aad dﬂﬂtB' beam I‘S}

Total olead beod ooy boam IS ,,v,\é ;2[4.3*_51(2.4.,{-7,2)
x2:4]
= /o -592 kKN

The ofestrmbuted ofexo lad om.'s bearm /s
u = J%%i.%. = 15T 36 KA o (long7h)

Thes beam has coblifrinoad deaol lrads Fom /s
- weight or weghts af walls gn /1.

NexT take 7The beéam a;l-o Span A2 , otad ive

— ! 6 * aS———— * . '* i

= 69.)2 kN
7he distributed Live load om TS beam /‘S,b:le:: _—'l.;‘..-: 14.4

[7A
-~




, né
Totad deaol loacl j%m-ﬂm slab 4 Ta's beam Is :

_ / .
Wy = 2[4-8%(—5—*4-2*2‘4)]—[3c2‘73k/‘/
7he distrbuded dead loaod on This beam s

Wy = 55298 — /1. 52 kM/m (leng?h)

43

This beam has el road Sead (ads Fron its
welght & weights of walls on (7.

i2. Wansfer af loacdls Fram béams 1o Columns t -

'_ Usua il 4.
the Clumn witl have oxal lsad B bendlin momeﬂ?": For the
total cyial load , The half loads From each beam is transfored
Mo The Colwnn. Pemember The Columrn witl fake The /nzdrﬁm
ugoer Stories (or ﬁ/oar;) .

. |
e T Column :
VRV 2 ) R S | 7.

Eenalhimoméﬂf.s‘ 0n CGlumns
4 .

The bendiag momends (omes

frorm The dead leads Jfoom 7he Two beams on boTh Sides

and Form The Live loads Harm one one btarn o One side.




7

R 8. 8

- . ' 3

I

Dead (ead benalf'n,g morn enis »

#
1. Caledate The Fixed —end moments fn beam on both sides
of The Column (oue 7> The olead load w3 )

2

For beam g; MF-: _w_;'___:’is-i

Ei 12,
2
1 /\43,: = UJ:{‘-‘OBZ
% 12
, ~ ~ . s | i 4
- The fferemce (M- Mg, ), is distribated at goind
__I_ d(t‘ar’diﬂ.j 72 -_‘%—L of 7he rlmber . ('J'{_‘:"EJ')”»"-P s.2 ¥
— — Csé_da'fb (.5_:2:..) cp b
3 Gty e,
Thus For Golumn C, (at top): -
~
&F) F F

M= Ej“e - EZ ery - M)
| == =5 £ L
? («QCI+CJ)CZ+(J )3,+("°)32

i lar For Golumn Cy (o boTlom):-

EL F o F
Me,= el * (Mo~ Mgy )




", Tl

[

|

°“T'd —member . ‘/?'0‘0\/ I {7-

g
Live load benoling mement : ~
(V)

l. Pu+ ‘f‘ﬁe «0.\/: .Qaaa/ on opne éeam Q,Uualldl The .,Qargcr‘ L(em).

2. Calculate the Fixed- eacl momed of Encls ef This beam

2,
= "\}:Q- -‘QB,
Mg’ e

12

3. Distr'bute This mm@nfad' jdtfd- J aCCoro/:nf_ ‘/D (EI)

of each member.

For Column—Cy-at—bottom, sr +uke C, at tp first,
(EI)C1

F
= - = Meg,
‘9 )CI+( j)‘ +< £ %/ <%-)Bz

/%/z

Far Column C:z af betls am,

( = F

. 2 &L =]
(T4, + (B (G 0+ (T,

The ‘7‘5'/!2-/ mmenf orn a Cd/”/??ﬂ /s 7he Sum #am
| ﬂeoi@_..o/ lood and Dive lovol.

or we Caﬂrvn'z"c as TA e dz'/ﬁ@n.wze (5

wp, 4
AMD :(——%——') (%ﬂdw

&L

fosnrl)

K b,{3

Z/(zrm'n)r




4

=

|
|
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Exampo e’ (moments on Gluma) :
Caledate The Foted momedds
af 1‘0/9 of Column C, £ botty m of Column C, . Here dead
loads onbeam Mg = 12 kM | Nive loads on b€am wur = 15kry,

,Calunm sechoms ar€ 30D K440 m, Blam sechms are 3co

X Sov mm .? |
-7‘-
Ca 3
82 81 N
—79
d
| c, il
Columa 7%:'(3‘"’”4"”)3 * -+
- !/ 3 L em l_ 2m
beum— —l—é— an)(en) 1 1

cJ&ﬂ*ouM U.m‘w;cu L(Moe load) g —
o) A ote Lo D) Sbele %Y -

Examp/é’-'

| Degdd leads on beams (32/M/m) , and L've loae(26
KN/, Col wdate The ZEmm moments onThe interier Column.
77y eXterior Column . Fnd ogial) lead 7

Solubion :
FE.NM ﬁ?m o eqol (caol /'s,
(Mp= SZ¢ 2(8)% 170, 66 Zhen.
t {12 - r

vy
CR) (heam) )
( MD)E = ___—.-—-3,2’2-(6) =296kN.m

& The offorence befweesi momends,
A My = 170.667_96 = P4. 667 kMoon
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| Jonger beam
FEM fom W .

(r7, ) = 28(0° 50,667 khm
2R P
" take Tat longer bearw

3 (0-72)° 4 4
F ow el = 000933/ :
'Z&?" 2 > ” | 4 _
; 3 “ L(o-;n.r) (0:3%0-72) ~)
— 0.3 (e-5) Y ]
-/5‘.:. % = 0‘003/25'"#4 Zm ¥ T
/
. oy ) 1
PRI /\ -
& . 7 /2 . LA,.
gﬂ Sion
— - ooZJZqu (a-qzo-w)
— 1 — 7] 1T —
Thtn, moment on Columa Q
AMgp
| C w
| g P Yp, o.012/37 w (74.66%)
(M) ° >
D =
CB 0.00 2135 o-c02173 0.00 138/ 0-063/2
( )'I'( " F+ C"——" Sy %
= 12.0323 AN.-m

. The momend on Column C %am

Cclumn 8 5""’7’

(,% )g'e (/mger Leam)
% 138.66F = 22.38€ kN
e

(ML )cg =

S Mgy = I2.022 422+ qu = 3¢4.381 KN.om

(rad

Exterior Column : )

32(6)

. & wr W = e

&M fo >, (Mp) —
- = Q6 kN»m
e 00217
oy
)
(Mp) = + 96 =27.659

0.022137 0-002)33 0.083/25 AN
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2
26 (6)
")3/?" /2 7

Ko

(M) 5= —Z—/—:—i& (78) =22.498
Joonk SO

M. =27.669 422473
cg
=50.132 fgN.m

a.xia/ /oa.o/ -
fnm Wp = p -
= 224 N
S B o= 2 (224) =448 kN
g
Fram  Wg = o 2.5*—(._2..>+26'x-(-2_)
= 182 kn
e ,f = 2x (182) :
= 364 kKN R = 4484n
7= 3‘4/"/‘/
= /[2-
e 231t
My =22.348
AN
t.nj"l"l‘ﬂf"

Column
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PRESTRESSED CoNCRETE

The comegol o/f P,p.r—:‘m::/fz; of emcrefe

o Comcret-e
is ,ﬂ‘ran; /n Cm/ore,r:;‘cm but weak ., ﬁn:}m,ﬁmg/g,—p
s7ee! re.q /gﬂ'fﬂﬂvf s arl Used 4o tafe The 1Casi/omm
‘a Cmcrefe stuctures. Th/'s /s Te Comce2l af
reia forced Concrefe.

.Z'lL ) Fofft'é/f 72 a/o/oég SsHesses 71372? @W(rgfé Oﬁgoj,"fe

- almost oppasite 73 The Stresses 7%»1 loads. The mrul-/-inj_
spesses will have dittle or no T@asicw . This is The Conceppz-

o 7;,0 /gmfﬁzﬂrfea/ Concrel-e.

load

S LA
ﬂ fre.
resfressin
. N Pc«b/e J .
:: U )
=
- ’4 - .
(.S‘r:w/a/y .S‘c;o/Oar('eo/ beam wilh
Céntral /on'rf»ffnhj cab/e)
, Com/o, Com/p_ <QJde°/ CDM,O )
< é Little o
; ;- teas. ne tens.

( Fom “""“—074""/0) ( from Aen""“j frm lood ) Cresultomd shesseg)
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load

- j\/ > A
réS{resss,
> /e v

D

Sy 7
/l —» A .

| ( Sx'ﬂpéy -ﬂyoﬁor'l"ea/ bear w/!t%
eccentrec /om.frmm'n; cal /c’)

Compo, Comp,

é | tens.

ﬂ Com/q 4 am,p. feﬂj A

; dittle or ne
( fouman' ( fom bondding  ( froom béndiag.. “ teas. (resultsd
/;-re P) moment - Fom loads) Stresses)
re)

Note:~ [Zestressed Gmerete reguires, #{74 Aens/le steel (HTF)
| with wltimate steagth L, > lvvo MG .

This stee/ has no clear \ield sthess. Also high
Steag?h Concrete (HSC) with F{ >a0MFa is
Used .
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AdVaﬂv"ajes :-

. The /a// Corcrlre section (s effecﬁ'we n resis Hfg The external
 loads. %ereﬁm?l Smaller séchions (and so thfer £€am$> Can be

Used .

2., 7he beams are Strongér 7Than {deatical beams w/1h ordiﬁao;( réjn -

Forcement-.
:3 The beams will have smaller deflections T4an ara/:'rza% .c,
|\ beams . This Is  becawec pm:ﬁzun’n ;Z Preuces oF/po_s/t‘e o/e/?/_.
Cchions +z The loqels.

4. Mos? preast beams are presiresred.

Danzer-s:

[ Lack o/(aﬂ?"rb/.

2., Cor'raJ‘/b'ﬂ O%/Dn‘_f'l‘n’ffl'aj .f)‘?é/(éa‘{ C/I/ari'a/é’f).

Y 3 Déterioration o;.a concrefe ( b} sulphates)
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Me 7hods a7£ [Festressing: -

first a#@mﬁf was b/ The use Ojf
Jacks bor o a0 (//,,y Compresrive forces 42 .S'/'m/oéy Sysported
 beams (ufeo/ in 1950 in ﬁmnce)

TJack 2 I& -3 Tack
:L v K] \7’;..—
J
4 A A
N Prer L)bed e

Nowaolays Fr?ffh’ffz'nj s made in Factories undler
, 3¢¢J Cﬂﬂ..?‘f"a/.

G;enem/;{ ,There are fwo metheds of Prstressing

e ﬁev‘ens:bm’nf:
Heve 1he pqﬂ.f/??ﬁsir? steel wires are Fensio..
ned while inhe mould Ae’/ﬂré Concrele /s Cast. 7he wires
. remain teasimed wunt'l The Gmcrefe /s hardened. 7hen 7he
+ensiovs (s released ond goes 7 Cbm/@n‘.fr/ba ‘o 7he Comerefe.

‘ 7his method is u;ua/éy c?ap/fed s smal/
- presfressedl concrete beams such as Lintels (over opening s

B = ok

in walls) & Sleepers (under rail #racks) .

i 2. Post- ‘f"en.fl.cﬂt'ﬂj -
Here The Cmcrefe (s Gast and allowed
12 betome hardened . Ducts are prvided inSide 7he baam
Jor inserting The pprestessisg Cables (or stramds).
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The pﬂs‘?‘mﬁr‘f? 'S yooh'ed 1> The Concrete beam zéz

Jhese Cables. The /,w:;ﬁr:.s‘/hgq Cable /s }f/xec/ éf preper
drncéoi_'_oeze at one end jack: are used ot the ead fo a/a/ag(
teasion forces. Then the gacks are released and The tensiors
in The  cables will go o (ompressiars 1o 7he Concrefe. 7%/'s

method /s uUsed ﬁr /a'je’ prestresred Cmcrede beams (Such

as girders).

base

)

W%
nut
i -

TFF\@ Caue

Lase N—

( Anchorage) ( ﬁndwrage )

z Losses Of Pref FreSSrr2 2 g ﬁr ces -
- 7here are SPme,a ﬁo{urs
| Which Cause losses or reduchion (o the pre stessing forces.

/ slp at e Fransfers @S e Tack f JEZW SR
- 7he /alf:frvr.rz}y }%rcéf ’s a/a/a//ea/ b %
.fé!ctf +fo The Cables. when These Cables are released Fram facks,
Certain slyes (al theugh very Sadal) will occare . This sljo wily

\reduce 7he /QIPJﬁPJﬁ;y Jérz'e " —q,.;:;_“"?;:a] el TV e '5‘,(:_,_)‘ un
PN (RO

2. Elast'e .s*/mr+en,:y a/f Corcred €
when The Cables are réleased
from  Tacks ,The Goncrete will be s, Compression (e;;afc/'a/éy
reund 7he cables). Thue This Cmerete wi'l have Comje ssive
Strams and becomes shorter. 7The steel qlse becomes
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Shorter. 7Thus Some Pflﬂfﬁtﬂff/}% Force [s lost.

3. .Sﬁn'nkaj@ i Concrefe: ,
Concrele (dike Clay) will shrink when
/oosv'nj mo/sture (or water). 7There are two ypes O_f Shrinkage
i Concrefe z-

|
{
‘

{
|

<) plastic shrinkage (when The Gnerete (s st;u plastic in mould).

; ,-,-) D;:yin[; Shnbkage (when The Gomcrete is hardened & oul
of 7he moul o .

Zn ptestesred Comcrete, G’fyl'ﬁ'ai shrinkage s,
i por tant ~7his Shriakage will make %€ morele shorter
A q/fo ﬂf ffff/ Cablés. W ZUré ov Some meﬂl’.ﬂ?}g
force /s lost.

4. Creep ofCaﬂCrcf?z
7he creeo af @ materiall is 7Be increase

o Ff Stram wilh fime when The matersall i's nder Constuantd
-SMJ:. ;hd/crffp
stracs l\jwﬁ"hﬂ)
séamadary AT
‘ Wg )(/ \l
(; > 8 - ﬁl%’f

' ’
| ’

’,;*Llam'nmr;( cree Chigh)

4

54-7__ elash'c Strain

time




2%
7he cmmerele ynder Crmoressive porestressia /;rre will
bave Cn.‘ey?. Thes Creep witl Make The corete Shorfer £
Shorter (/'th time. The Steel/ qlée 4ecomes .Séorfwr-,ﬂwé
Sore fm.r;évm-% Fore /s st with Pime.

5. Relaxation /o The prestre rf,}y steel

Lelagator: in a
materald ;' s 7he decrease i Stess wi'7h time ez/éen
7h e materiad s kffaf Unele,— Grnstonit Strars.

72 e A{‘;A ones hzﬂ;.rz'nag Force in stee/ Cables will
become simaller a//e‘r Sorme o ( .b} relog afronm ) .

 ote: All Thece losses cap be calculoted P’?/""y'
However 72%/ are  [p — 2"74 a;.” he. /prefﬁnr_r‘/?
ﬁrf? fmm Jrk S
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gna!}l.SV'S 0£ /214}#"5590/ Concrvef'e

Eeams

on / :/'oy/a M. sygeor ted beams cre Comsiderect. Most-
prr’:/rz‘ffea/ Cortcret-e beanr S are .5/07/9# J‘ufajaarf e « ﬁﬂw@f s
means The CVIJWMF o/ 5/7\’-‘25'6; /7 /0"‘5'15‘7‘.5‘564 Corecrel-e
beams (in oifferent s/tuatrors). These are 4 ot Eferent

.S'/—r&af/ms‘ or J‘?"aié)‘

Notes .

Here The Full sechon is used s 7€ amalySis becauwea The
Corttrefe 15 not cracked Baqlso The Full sechom takes The Shes.
es . 7he area a/-a steel /s q.ruqléy small. Therefore The grass
Sé’c/um (5 wused For 7he area H X 2nd mamend a;e 7% e
prfa L, (Mot the tromsformed sechon used) , 7he neutval
af)(/f PaneS‘ ﬂm,{,jé 7})9 CWra,'J of 7he séchriom . /7/5‘0 /eré';

|
|

#ensde stresses are Lositire .
Compre ssive  shresres are neg e,

For e Sheay?h of Cmaefe Ule

oo iaibiad streagh (befw 28days)
A Fnad v (affer 28days)

umn,/ég — </2’




-
BM. G Nt HLZL Yép Y owis af beams 4 - - -~

30

=X

U ezl -——\ l € (eccentncity)
él L —3 X

. @{'OP : ‘l . ®+°P / ¥
‘ ; /or't’;f)vf-ﬁfg

i < , Cable

N L S T S, ¥
- A SR, .- St oI, s Xp Y 4

Ve ot
. ) A g0 st
AL d| e cpmitmniny foree)
@ 4ottem @) bottrm

SuY, T @) S

di»'y-%{ 2fhey (sec-(2))

3
]
i
|

2

S 21

A4e S#cye.r :

/I'O"”J‘/ff/‘f O,ZO P’?Sﬁ"&ff/fg ﬁn"? f')e2m C/:(C((f 712)
Ccrﬂf"&f'? //t’rv ﬂl?rarﬁd p’t’)‘b’@fs/ﬂi Igr(( il

5 Used (/0 </9 %m dacC/(S‘) u’wqud

Also fé }{rcmrg/'e 'S wusrec! (f'ac, < f_ﬁ/

At 7/2/0 /fzrf /! (i2 a .9@,0% 5a/ﬂpor7‘ea/ éaam)

P PE’-&\
;;/04 :.-_/?‘__{..__‘I_f_.cl F = strecs
. e S - I = 402
N bend /’ag P = presiresed
P ,[ = I.KZI"ILI\DL.P
’ ' ,e
/;ﬁ':"'———&""‘ ——‘?———" Cz -—G’ﬂ/-)-f-'{—m‘f.
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ChecK éd% RCIT Code:

Fia < 025 Fzy  (teasile)

~ A

= ’}k"yw’.v (é : ;bV'deﬁ-

—

[ 2 o plt g2, topr < 0.6 Fip  (ampressive)

2. _Z;?,'-/‘/'aﬂ ﬁMS?‘N’!f/?ﬁL fgr(@ 4»729 .S'iwf’i'y/ﬂ" o f éef_;v:

‘:f/y‘ g’ﬁ-’d)} )'g/ ~
O}"r:?).rlq// Theé béans rests fu/éﬂ om The 7%:;;0/ . 7he

| pn‘f/??)‘:‘/'rzaq 7{,.»55 wid o2 oluce n€gakive émalf.’?; moments

i;:'.! 7he béams . So,ﬂﬂ bearns wil éf[?a/ M/OWara/s‘ é—l‘ﬁrf

pres fress/q eSTRLS I
cabl, GJ Fb m l J

sl
Let Ju,epsfv’

Wg = 7‘: -F?<—7=?r'/,’/

ﬁ‘wé’{?,;o Tl g

Il - -~ - -~ -~ 7

- be The :ﬁ/faxéfyéﬂ" 0;9 b Cetrra 9r2und
;[/’Fr 't /5'2‘7 7% ). The mentimum
éfﬂa/;'adq momen T (al na'o- Span) is:~

2
Wy. 0
- g9
e

7%.s bendiag momért will pPrduce aclitrornial Stesses .
At 713/0 ﬁzce - &

M,
}f,j[ = ;‘iﬁ .__z.:L.C’,

At bettorm Juce 2 : o
f;yln — éﬁv -f-_._fi—‘cz

(U bie 3, B0 Z p2) Yo Bhad o2
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3- E}o:,{fah'l/é’ pPres 1essing }erce S The ,se/,fu:eig,l;f:

’ Afrer Some
fme | losses in ﬂﬂ/n‘.fﬁ'l'fﬂh force will Occur .Thue The
e ffective prrfﬁv::/'rzﬂg %';rce (2) must be used (@ <,2)
Also Comcrefe witt “Have éf { where /’c/ >/:’/*)=

At 43/0 fan? 1

g : M.
ﬁjng’ o /_Dz—e‘ /]'?‘Z-'Cl

\——i} Lo —— J , WSS
axiad benel ;noq bénd l'ﬂg

ﬂt‘ bottom face 2:

%ge

L s Y e

et i 4 e
| S 2k» axiod] Aénc/:‘g Foorm /;'b’na/:"y o
Fram /2 /2 Wy

J

4. Effective pmfﬁ?-’ff;éj Jorca & The Hrtal Service leads:

Here, The beans will be ;o service . 7he fotall service
lpaedd /s :

W= W SN N "
S — & -3 JC R - oo
dlzd ’}J,‘we

7% E 17200 tv2 urird éeno/,',y Mg end ( ol @/iof — spPan i a szb,/og

S5y, rted beans) rs :
4P ) . 92

MJ._:

Tois Preduces Steses:

|
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s Fso = [ 122 ‘@'/el\’MS.

At bottom face 21

-
bosen [- - TG ] TS

Check é} HCr Codes
Frse <o YSFL (Compresive)

/»?_Se <o 5 \/}2 (f’fn;f/ﬁ)

S atralp s

| Exam/a/é k< F -

/. ﬁ/an?/fﬂﬁé??ec/ Cantilever c;z.o /enyﬂz [-&m & rea“myular
Sectim F5omm % [Lomm /5 Used For /lejec/frﬁ Stair stoos.
The jailtrall /Orz?fﬁ‘exf/iy ﬁa—ce s fr =2l AN K Fie
eFfective pres fressy. Force s[5 = 924N (afreray
/a_;re;) . 7%e addeod Service load /s FdS AN forz (n0T
/'nc/uo/t'n; Z4e .57."/}0 wff:?bf) 772? =30 M/a ,/i/: Y4IMZ
check The shesses ln all Stages &

Solutior2 —
Take 7he ﬁk&/eﬂd.[}fﬁ / 77.@,,- The bettens ,ﬁce
& R for The topo JSace .

ﬁ_-: 42*‘/0{»’0&2 (4266)
| T= 504 4 mnt (T2 L4 h)
C}_—:Cz a— :gﬂmm
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My = Sury 4% =1.667 kN
M= LW s .02_._.. 6. KN presiressia
g 2 ¢ a’"g ) 77 7 A/ wrre
% {(—— 35 mm __,,l f 1
e |

e/ o o o o / e o —— e

=~ 30 m. Go‘mm e i
e 2 f" ’”" £ (e:go)""” 6’:5:»,;
6o (fixed énd ) (fore endl)

- (X—Seckion at The

Pixed end )
:57‘{76’ {3 f,a,o,.: 286 Mz (teps.)

.7‘02.,0,:'-7 —6. 429 M/ (Comypo.)

i

- Check : 0-25VF = 1269 M ( tens.)
% o068 /—ac" = [/PMra C(m/?-)

Lo 7Ah oK.

1
|
]

’ 57‘!&"79 22 ﬁjl-: —0-699NM/Z C(mf)
| /5’2_7’- 2 = Uy M (o)

Stage 3 : /%@= — 0.8 E9mR( Crm2)
Foge = =549 H% OB Ccomp.)

- 6.964 M/Z (amp.)

stage 4l F o,
2.584 M~P (tens.)

f2se

h It

Check : |
2 0.45’/2 = /845 Mfa (ampp.)

o5 V£ = 3.262 M/a Cf'fﬂfv)

( £ot#h oK)
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2. Ex: (pPrestresred Corcrele beans).

# J}'av/ﬁy/( .52//0/)0/-7‘60/ preéstressed Cmceref e bears a}?

jfa/? A= 12109m &K T _Seclzor Of area /=14 -ﬁ/bjlmﬂz’

A 20d prement oFf area L= 4.99 %10 mm* , The Z_

Secfrern S5 S Yy efri'c , €, =6¢C, .::—-/2’-—.. = 38 mm
4 2, | ~ 2. -
self we i of bean wo = 2-67 I AL

selfweght of beam Wg = 2.8 7 LN /m

- folded service leool = K02 Arle

;/—,mffz of Gwerefe fly = 32.5 M3
fl = 42 M2

e e Sy foree o= FI2 KN
1 S = 637 4N

E((eﬂ/#”.cj at mid sPan = /22 rarm
| check 7hé stesses ai al %u/- 5 7‘@5(;
7%:'s z?Xan;/D/f’ /5 ﬁam The book é/ W.n#er.

Y]

e Ie:u’zmm

/°=- S2 KN
@c"7 /
’ L L= 72109 ]
B “1

* »T-
<y

610"“’" __7,__»/ . - N N

mm
e=/32

0O
L N
L]
®
®
.
fe—»
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; Sebikior : .S"f‘age £z (7—7‘0»14‘7‘?" cfﬁfz’fﬁ’l’:f/.ﬂj -/-aor(e
}fram fack 7z Cmcrefe)

5 ?.e

At top :;{},‘. =- L= [Z-e o,

-
- _ =2 X/og_f ?5‘2{/0‘?*/32.*30;
/Y %103 4. 99«07

2 0m2 ¢

= e OS5 , a Crra )2,

e 2

I

At bottem = fp. ,%___/f;f. Ca
—~75 2% /og__ ?fzwoi /22

#2085
WY X163 4-99x%¢67

]

e /2-664 /‘4/2 (Cm:?,)

C[eck b# HCL Codle:
Ao <o28lfle  (tensite)

o2 VfL =025/ 325
= [I425 Mfa (ten.)
Fopr < 0-65 (domp)
6.8K32:5 = 195 MV/a C(me.)

Both o k.

Stage 2 (intrind prestressizg frce +selfweght)

fere The beam bends up warsly amd wil be siaplY
Suppor fed at endsr .
\ wy 0% B.67x(r2.19)*
At m) d . span :My:__i’g__n-.- : g" Y = 49 STy ke
At 75/9 5 f,’j ‘ ) My = Y9SNV N
= f—g

'3
4-99¢ 101
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=
——

—3- 603 Mla (o)

At ba‘#‘m-‘ M
:712/)[ wf ,_j_—z- 'CZ

S
—12.666 4 4T-SPHH0 |, g
4-99¢/07

i

~-9. 635 Mfa Cecomp.)

| stage 5 (t’ffecﬁ""f/am:/)r.rrfg{ Force + selFewelght)

, e (P (E-€)
bt Figen [- L2 B2).07- M
3 637*101132*305-__ 4?-5'9‘{&/@6*

— _ 6310
N % 03 499 %107 4-99#107 )
So5
= - 5. 48/ Mﬁ? ([477/9,)
Mi .Cy

At bothor : }259_[_7/1._ 2]+
—6394/0° a 63‘?#/09(-/32 £ 35 49;‘9«/:/5%3&5-
HY %103 4-99% 167 4992709

- FF30 Mfa  (comp.)
fgrtf-f- /?M Serrviceé

n

-
o

Stage 4 : (effedive Przorﬁf.s:n

load ).
t2fold service load /’S, beam ;‘d-ilid
Wy = 2.6F 4802
= Jo .69 kN/m
At mid- span
# Wg -02_ [o-69¢ (/2. IQ) — 198 .61

M_g = =




/38

At P
Lo = L B L7 .c, s c,
e LB BT ng M
- 639 x-/a‘?+ 6..?9*/(:{‘/32% 08 /qf.er/*/og*gaf
"y % jo% 4994 /07 4:99%169

— 12.586 Mz (Comp.)

i

[
— — 639 jf-/a‘? 63?*/0 ,«.]gz #2054 198.581 x )0
/e %107 G+ 97% 107 4- 7?1‘10]

x Fo§
= [ 326 Mfa (tens,)

Check by HACLT Codp : }059 <a 45‘]‘”’ ((mp)

045 fr = 0442
= 1890 MZ (oK)

#2 Se oSV Fr  (#ens.)

o.rf}_i’_: 043”/:/'_2, =7.24 Mf,
(#ens.)
(oK)




3. Example :

/39

b= 38Mf% , U, = 245 kAL, 3.
added service load s = 2o ,{fA//z‘.
check The stresses at ﬂhaj Stage.

5 oTO mmn
r L4

-1f- —r A

L 00mr l

~ B6omm

670 mm o v
| “/'u
%7‘-

. nm
25¢e ® o 0 & i lﬂrﬂﬁm Ly ﬁ
o __Eopmm |
1 o -0 = /Em
| 4
3 A BEO mnn
Sk s P LM 5R T
 (afer fosses). 1125"7 |
{
!
! 3
; 7?- /JS'MZOKN
I
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| Service momenits in /0/20)"761".5‘;‘60’ Concrefe & eams -
Sorpecfrnes
| The mavimdm service maomnent af an €X/3'7‘772€ pm,r#p.ﬂ'ca/
(o (rede bar 15 M?,w'red e For 72/s puryzose, Use,

74:&="—l§€'+—/%.£—'4-@-01

UL o =0l fE Clmmp)
x & phd Ms

Also ,use
} f - r2 — (/?'f).c
25 € ﬂ _z- &

put  fise = woS VFL S fad M.

e .}%.-Cz

7a/€p 756 smalier M; . WhE Me |5 Lnown, Thes
7he aoclbled service [oads Can be ca/cudated.

My = (W‘fl*%do(éd)’“oz
¥




|

(Ca/cw[dfl'm aﬁ service mdmeqf):-

EXan?F/Q :

l 1

-~ A
CI:]O) mm I

_ - e —{\ /F‘
@:I}% e :

#Cz & Jager —L L =l7§f9/9m r

L,
>

Self weg it Wa= 2-67kny, A= nyxio,,?
Concrete ;;‘ifnjﬂ fc’ =42r07/2 ) 2nd mme«fvfarc:'a
ELF. pres. }oa-rzf /2 = 639 kN ;L= 4.99 %/09,.,,,,‘/
é’cce«/‘n‘cgy e=132mm ’

Cﬂ/c“'/tb’/'ed ﬂé‘ ac/a/ea/ Service /C"ae/

Sohdiorn : Use, ( £, % foce):

_c.4f/?:__@. + @'CE)‘ C’/._ MS .C
ﬂ I zZ {
3 3
—o-45 xC42) = — 639 * /o . 63T#4/o" /32 . eyt MM P
14 % /63 4995107 4.99% 107

— — —_ = "9
Solve, —18.9 = —$.605 4 S/55_ @112 x/6 M

6/./12 = )
= So/. 885  N.ny
’ ’ +a'r/F/ - g—(g’e) C %
< - = J=] ﬂ "2+ I 'C’z
kg 3
o5 /F2 = - E3Tkie _ 639 #164)30 xjos , M- 205

(14 % 1o 7 4'997*/0" 4'779'*/07
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Sa/l/ta)

Ao = 3-240 #5805 +53
6112 %75 7

- 229‘ 631‘/06 N -

= 229.0B'8 i o

Use Ms = 229. 05 S /A ns

The adldes/ Service load s 047‘4/'460/ /}a,«a.,,,,

M = (¢ 9 * Wadfos). 0% W (. 2
\ ! |
v £ v 229.09¢68 = (2.67+ adclca/) 12-1g

3

Wndded = 1852 k),
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Cracking moment in pres fresseo/
LZ’o‘ﬂO’Cff bc‘am;

F;r a 5/}”/9}/ J‘cyﬂporfea/ ée’ezm , Use 7%e 7ens//e Sfress

q,f" boHor /%59}
£ = 2 _ (R.e) P \
25e 4 T 2

The Corcrefe seckionr /s Uncracpeed There e Fll (or g ross)
aréa A & 2nd m::ma/afarea Z are useo!. But ,'71” 7he loads

nréase above The serv,ce /aap/!, The sectrom wi'/l/ Crack .7he

sectron will Crauck when }ése }/_f_

when

# /s The 77 0 chidyd af
};i:: 0.7-«%‘3 (

Tupture ACT —Code
gives,

"7 M/a )

Thewe Substhbte :- a--?//?__ P (2-e)

So 73e Crac,(:% 7lorr e T~ /P Calcodoto )

NoF7ce Ay > %
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EXanv/o/t’-’ Cal culafion O}p Mer 7

A= 114 * /0307m z

T= 4.99%l'mn*

[2 = 639 KN ( Prestressed fover (e£2))
Self weaght Wo=2.6F KA/mr
Eccen,/—n'q'/% €= 132m,.

C)=C€y = /1/7_ = X053 mrnm

— Cltadafe Fpe Crac/(,'r%momeru“ (Mer) § The aclfeo!
load P

- M, > N & The /'790;@/(,0,'.@ ydead) load 2o
Cause CracK/r? P

T
C/ :30,("””‘ ‘;
. N o .

7] L ad
Cg2305mp f"gz ‘
-J ® e o o

N

Sold'on: ~ }9’:’,}'7‘ }900/ }f—)
/f.-.—o.?,/;z
=04 Va2 = 4.5268 Mia

se, r 3
u 4.576 = _ €390 _ 639 x1o 4 132 * 705 M, 4505
' TS 4-79x107 4. 99%/0
This gVES M, = 250.265 KN »> M =229.058
KNz
2..42

For T7he 5“';"/?/( '5'7’/orf€o/ éeam, use M, = ?



145

Thus 3 x 256.265
Zr=7/z-l7)1

7

£o % = 13- 474 KN/h,
o

7he /'0790580/ jaao/ 7 Canee C)‘aokfn;

2=1 -
= /3.474 — 2.6Zp
=lo.Joy kN/h,

U+ ‘Mafg mom&n}L in f’l“J 7ressed COﬂO’C’fé Sec 1‘129775:-
/

pPres7essed tmerefe has n;; Cracks al service m%%é.?.
Rbsve The servi e moment |, e cmcrete will haye CracKs
(af crac,(’/hz moment ) . whe, the section is Cracked | 77 ¢
Concrefe will not +tape fensile Stresyec All teas; /e

SHesses in The conpirete will go7s The precpe Ssing steel.,

7he sechim will  Lehave exau"/d‘-t Dike an Ordl'nar} Ninfd.\
orced Comcrete.

A+ u/ﬁnv.af( mom-ond~ The Cricrede vl e
%

make g r‘ecfamﬁular A/ack of Cam/ofwfr/'l/f Sﬁrffej(w

+z aff/—?) Azclefﬂ a= 0.8 ¢ , where ¢ /-577(,0/(7?72
af 7%€ neutral ayis. 7}e S7ee/ [n tensior wrll have /n:jé

stresses ( near 73 Tpe Wtmat-e Sﬁfnjﬁ? }?()'/eemfméer‘
7he /omrfm;r/h; has o abvious yield s7es (no )‘f}
0 Thi's Steel).
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For appr ximdde ana.tjs}s ,The stess in stee/ al wWhimdte
momend is Taken 0'70}f{ :

0.8 Sress 4 Fe
—’_ 7 o.qo/ﬁ (ld‘ NJ‘/‘~
C= 0.83'/é A.a m‘mm})
K~ g
I F_____y_ z xt)‘ - ]
, ord y ;
’ mag_ "Pmﬁr(/
/, Stee/ 7
_L e [ )4@ . f/’o: /l
—>
Stra,,
stesses la PS¢
; ¢ C. S — 57 / ]
(sectior ot wWhmate (7%:95:; j :"ﬂ .;d"""'a”

' ulf ‘gh tensile steel )
7hus at Wt fe , Consider 4 rectongodear se.fy,, (4= w/ol Ty
A d=efbectve 015/97‘77)- At wlbimate maorrengs

C="7T ’
O‘g;-foc’ ba = Afs}?a:
7h.s gl'ref,
R 2
a =87 060 fp
0.8 Fz 4 /& j";’ ol

where (CM A (steel o)

The ylfimate moment /s,

- /AJ.,{;,: (/_a.rq/}i:z’).d
= S fr Uo7 d*
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Use a reduction }—pa,alor- ¢:o-°/o } Then:

Mz o0 Py 051 LRy b

This is &a(/fé‘t The jérmu/a 7€r oro/:}—zard«{ "‘?/'ﬂ/gr(ea/
Sectror bud /% /s useo /ﬂ/o/a(f a/f 7}

Wr/'ff’ = %.//c, , Ther

Muz07cofs (rmo-59cu). bol*

or

= 7
PRT Y o o O oo S0 )
0.7/5 AO/Z

or P=co(/—o0oSFw)

7huwr fable of R _sco Conbe used.
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Far Comcrefe 7o = 36M)2

Examp' :
z stee/ 75 = 1600 MFa
f;:: 0.{5’7:‘
Finod My 7
SoL&:Ha'n 2 /
¥ Muz 00 (2 fo (1-0o57 p ZZ )b
bL=Ygymm
ey
/4/95“ Mo '
Here = =
/7 4foy x 60v §
3

- p.0045 83

—

Aps slov m,f

S

£

Swubst'tuSe ’
/74

over

M, = 6:90x% 0-00 45E3 % (0-8 4 1600)
b Ll

% (/-0 59 xo0-v4SET
* 40w —;(—60'02

= 225 266 % 165 N.nam
= 725, 266 KN

F rote: “5"”;, R—pco [ caz 2 fs
J f/
C

::04/731
7%,'s 3/'1/(-3" o= o./.STéL “
re My=0.1SS¢ %09 % 36% 4ov +6Z'al

= P25 0244 16° Aot
= 72.(034 wnds b
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ff’/'n foarcec/ Conerete TanK s

TjPe_S' of 73r7/(S

{. Circedar f‘an/(; .

2. rfc%anj WMar Henis.

3. Square fanfis.
4. S/Oéer/'cd fan/(; .
5. Po‘/yganaﬁ tank's .

Tarks may be cpen or Covered ontep . Thiy may

re.sﬁnf M graund | undergaund or magy be celevated ones.

Var jous +JF'-°5 of water fanks, with ol Fferent jo-inf' Cmdihianys

ﬁll/ L"mﬁ‘f}
== Sl . S
s TS l T s 7 F
(Tankg on grewnd )
(Fﬁtl’d ’@K,Pyr l/{;c‘a)‘fon oy;pﬁ'/,‘nj )
2V I\ ﬂ
Canf /l
‘\ t' ‘\ /
,; \\‘ /\\‘ ( SWI'm,n,',y +a”/()
s [ 77
7 .
! I
e >

(eleva_}ed ‘f‘aﬂk)
-T7Toewer —~
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Gueneral Design /eegu/'rem ents :

I- Permiss/ble shesses in Comcrete
(For tesistance of crac/(if?) - clue +» 6ena/,'9{ 3 shear

2. Permissible stresses in steel

< . For res/stenmice 42 Cloacking . when stee/ end Comcrete are

e 4
assumed 4> act éye?‘ée/ 3 /far CJ)Ec,(f.'ry The teas//e Stress

r'n Gmicrefe 7@, ave/olance o f Crackinj , The 7215, [e Shesscec
in stee/ will be It by The Peguirement- that 13e
PElrmiss/tle +eassile Stresy in e Crcrete ;s netl exceeded 3
So That fens/le stess ,, stee/  shall be etual 7 7he P2 duct
of medular rakic of stee/ und el e, amed Fhe @rrespond v
allowable teastle sposs Conzcrefe. J

it . For ;ﬁfﬂiﬁv C‘a/ada}fmi _Tnsﬁ;_a,,ﬂf/, Caleny s Th e
perm/ss/ble stresses o stee/ rein fgr(fmep(f shall be as -

a. 7easi/e shess ,, members ,, direct tensivy - ‘oo K 0“(/Cm &
b Tensi /e shess o mombe,s in bend,

) v %r
- Op /'7?41/0/ /Zﬁlh/? )%(P afmﬁméfrr — /oo ky/c z

e
- o7 ﬁ(@ qu ém /’v} '
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TJoinks in water Tank's:

Joink's to be pravided in water fanks

mey be af Allosia Three types -
? j ba Movfm%/'f‘j“”.’b’/s .
2. lms fructyon j.d'.ﬂjfa/rzd«

3 Tgmjoorag J.dl‘flf;-

I+ Movemend |oiats . Tothrs Joind relakive rmovemend s bedvees

7he srides of 7e joind are madfe oSS/ ble . S/Ofc/'oxﬂ mafen‘a s

C ,"o,._;
ar Used 7 mariatal, water_ '/‘/:7ld‘n€fr. All The move me

Jo/'aff Come Gnder The Cat {709{ of Flex/ble Joints,
Joints oo I /ﬁvﬂerddﬁiﬁy

Move ment
mte The 7hree 43,0?5:

1. Contrachor J'ainf ;
‘o Expansio Jeink ang
119 . .s‘licling J‘aiv\j‘.

e Ps,'gn O}D Circdar Tanks s

For

cle.s/'gn PU"/0°»"¢° sCirada,-
tfank m% be dtvided inte  7he

}f,//aw/'n;[ wo Cdf?jo FiEs:

(U")-ln/'
. Circadar tamg o, 7% Flexible wate 7‘;‘/43‘- s/ /'0/1'97 fa:’n.f
betweer Plonr angd vl cxd wefl - EBecaup e of 5/,'ol:'n.5

Flexcibie goind , tonk wall is free 1 Cxpond or

cmtract /'ﬂa/epﬁﬁo/emf;‘/ of The Fbar slal,

2. Cirtadar tank w 7% rig/d yoiat between Flovr ang
wall . In 7%'s Cale wall and Floor are cact mano 1ith, -

ca/dli LaThis caea walls are not fee 13 expomd or
Contract .



152

M=V=0
P2

U U( (M, V,P-7)

S . —

E"g;d jo:'nJL

Flexible 5/;01;'127 —_—
ﬁ;’bf- (h,‘n_yed) (leed)

Cirewdar tank wi'th ﬁ/‘ex:b/t‘ J.o;'r]_:{' Adween 79/0"0?‘

glab and The wall :-
Ihn 1h's caa ,cylinorical wau of

the fank s sulojed‘ea/ 1o pure 41ensiom anﬁ andl 7here
wil! hbe po beﬂz/:? stresses , 7 he wall is design ed 13

fake Yo fensile stresses developed infne wall olue 4 hyel ~
rostatic pressure of water , filted in The fank. since
/7%{""3 Stat'c pressure Vories Fore Zears at The 7‘2:/0 a/? The
wall 15 max,muyym oF 7he ‘/'una(r'o-n poiad with e Ly,
Slab 73% amount™ of ’?"";‘aoraemenf' will alse vary Py
2tr0 af T of The wall 7 magmum af The bollom .
However mi'n/mum amount cfstee! /s also previded
atl 7%e ﬁ/oo}‘ 74e wall. Main reinfmcemeond s in Form o
Ciraalar rings, generally pravided at fhe midelle Thicknes
of The vert'calbwall - DisTribution stee/ /s Previded in

}grm af Vprﬁ'Ca.g barf +auc£/'nj 7l7'€ main rf/'n%r(em&nf'

r‘n'njs. A Sh'cln’rg_ }—O/fX:'BIe d’oinf I"aV""g ef/fd';ve Wdfer—-ffjl)fn&ff
is prvided at The jumphion point of e wall & The beeo .
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A Y
/o
s/
i
H
cx

/ \

/ \\ - D
/) v
b oo =

5 8

De’sé'an SHepes :

1. Let D Lbe 7he diameter af The tank and p 15 The

/Mr/Zarlf'a-p Aydmsqu/'c pressure due 7z W-;/‘C" ﬁ‘//cal
[n The fanf .

2. Calcudafe pat The botlorm o f The wall as o llows
£ =wH , where ____/f’ 15 The depts of waler Filled in e
fank.

{9 Cﬂ/Ca/ob/Z" 7%e maymur /100/9 7"2/75/'077 (_Z_-) PEer meﬁr
height- o 74e wall as Bllows :

whH D
= 2

4, pr/eﬁ'% 1Bnsior esistomice af 7he Cmcrefe ond who e

ojf 7he fensionm [f/'n; assum e/ Ttake, Aj( Aa—u/; r%ee/ané«t,

Cd/W? 74¢ aréa O/AMP stee/ as ﬁ//aws'- /%rﬁ’l/if‘;‘,
tensile stress in stee/ -

ble
wader r&‘a/'n/'naq Strutture s /s
faken as Jooo kj/c”;z.

| -

_H_t‘:/O'D‘D
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v/ 30 P of,_f@f/m;/ be prvided at The Cenfre of The wall i ¥
1sar . ‘
Bicknesr of The wall /s small. In Cabe wall Thickness /s
ICK7? (=]
more Than 22.5cm , steel may be pravided on eacl #uice kee.

ping a minimum Cove, af 28

- The ¢ Spacing of 74e
stee/ /Iﬂvpj‘ shouwld not- be more than 3 Hmes 1he +

(Cknesy
df 7h6 wal .

5. 777044(71 7he rein foreemend™ hays been prayi
entire Aoa/a Tension , but /s does not
does rnet Fake any 7ensiors. Ty,

dedf Totake The
77 €4 1 7%af fo’)’lﬂzfé’
/éc/‘ 7‘Pﬂ;/7t SW—O"&S‘ are
ﬁ',—_;-f re? Yo m7he C’ancr&fé and 7%6’/7,46% of/ag,—jfeof-
bond betueen stee/ £ Covrergte 1878 Transferred 15 e steel

l’;an- Hence 7hickn esr of 7%e wal/ Should be so qalo/"fta’
that The fensile shoer developend ' 1he eguivalent e oja

Comirete cloes net exceey #e Whimate tensite stog of The
Concrete.

7Aern, (/oaxz‘q-(m-/)@g:’r)

1 = 7hicknesr 0}” wall 117 &m |

S = Whmale feasile stos in Coricrete which |s

ﬂarma!/g faker /2/{7/(”,2 /ﬁ,. M3y Corrcrete,
At = orta of steel per meter Ae{?/d‘ o 7he wall
i form of rinj: 5
Thickness of The cylindericed wall com be Aixed
/9# ﬁ//m/ng Em/o;ricaﬂ ﬂpmda also M
t= 3H+5

Where

where  f/ is The cdlgoth o f #3e l'guid [nThe +unk in
meters &+ 1he Thickness of wall /n Contimeters,
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qu =H, = T At or ’QS : Area ofi steel res/'st
Ky hov/o Tens;en per met€r
lenﬁ 7% of The wall .
£s o Allowable +ensile stress
in steel.

5“///'C€¢f' Thickness aif Comcref e 1'5/9'2v,'°leal +o resist
This feasion agal'nff crac/(,'nj_ & steel pravided 7}57 moré s/mzy'ﬂz )

Ex . Desiqn X
g7 @ Circdar water fank L, @ Shrage Capacit
of 500000 Liters. The Joind between side walls g The

base slab /s Frx'ble S’-/;oll'% ?P@‘

Sohdaon: Volume 6}00 fank - 5oooov = Sonm3

/oD o

Lef de5Th 0L ater in The tunk be 2.5

Floor aréa ’7—0 e Tank = 502 =/42.852 ., %
| = 143m*

Let D be e dilamefe o}o te f&f)k

7 p?

— = =47

= [ 4354
D T = 135,

17‘”(‘ aJOP; /.2-.5 L4 d; ﬂ( /;lftr'?a’ﬂ dl'ﬂlﬂ&f—t)
'.S m Y

7o *al /)o-zp/o 7815 icm PErmete é/:jlf af The 7L41)/( af

The bo#ors
-——"'ﬁ /
] = —E-W#D
= —;— K IOV ¢ 3.5 ¢ 12.5
= 23625’/<<j



/S6
where;

w: weight of wbc uni+ o water (lovs K m3) o
(9.3 160 /m3) .

T hoop tens/on

Areaq o}" steel reguired for Im /76’/:7117“

~ 2
Ap = Q-/f;azr: 23.625 cm
prvide 18mm &b bars in ﬁwm of AOUPS al /e qua'n&
af,
2.5’4*@ = /0'?§Cm' ’, ’Va"’}péqrf
23 B35 15 et I Chieg ht )
T 2ogy =07
These /)oa/o.f will Aelﬁl’awoled at 7%‘? m/a/o//e 7‘77:'0,(’171‘;;‘ 0710
The wall
Let My, nrele has 4eep, used in wall & let (£) oy

be fhe 7h'c#pess of e wall L 13 as The valug e"flﬂaolu[wr‘
r‘ad’l‘o 7,

E;_w'va./efbfarea C_*f Concrele = Jpp t +(/3__/)ﬁt

loo t 4 (13-1) 23, g26- 23625
/2,
(2t + G- 1) Ry Yog= 7

o
b= /) Cm

',U—vo_"m f: /6.36 Cm

Tk ckness a/f wa /[ écu‘fd on em/a/)-/ca.ﬂ ﬁ mul
r Qa
L= 3H+S
=S2X3.5 45
=I15.5 tm.



Ss”
locm
3l
. P b e "5 5 e it o
IOmeQ’/gc,” j
C-c /13.5m 5
3”"’" Z,
>
1Fcmcey 3.5m p
| 3
18mm &, |2
16.25¢cm N L
Ye r
/o /7 2l Flexible
— (k— 17em L Uy , [ et
AT ..far.....-l',';r'
Tk T

.;_’/4 AGMM¢;/7'CM C—c¢ N\e_* ),

( circidar water Tank ) )
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Hence adopt Thickness of tank wall , 17 cm.

THKeSs may e rdiced fouprys The 720 and wall may

t‘apen'ndcg accoroding 4o The deoth o f wafer Sivice The pressure
on The wall vares with the desTh a}DWafer) The area a]f steel
Can Le Suir‘aé/} reduced ad legsce, olgﬁ7775" I;Z intrra:;n.; He
C/c Spa,c/n;; a;_o /8 mm ¢ Lery /,00/95,
Let Thickness 0/9 The verticald wall be réduced 72 1o cm,
at The 13p , fom 17 cnat The botfom . ﬂ?ar&ﬁ&//% no how =

stee/ /s reguired of The 720 of The vertical wall, since
there 's nNo horizenfd Pressure . fowever min; mum steel
c;f 0-327, has f be Previded ﬁr— Thicknes a;_” walls up
# locm & 6.2 /%r Thickness of walls af S em
absve . Betfween Thick ness of walls
oG of steel can be /b/'e,?a/qfeal

ondl

0/-0 lo cm X 45 cp, 2 Pereeyt .
.ﬂ;ﬂfal‘é‘( -

Area of sted .f top of The wal ) 0.37,

= L'?-,\t/a # (oD = 3cm?
loo

provdde Bmm @bar hoops ap ¢, Spacing

0.5 X% /oo =~ 17 cm
o]f -

Hence areq of Ao—y/) stee/ al bottom, I5 18m

af lo-75 cm < & af +a/o 0; The wall

Arta of’ steo/ Com be suita
j"m:"l'S-

m A éar.r
‘TS5 8 mom D 17 cm %
ég varie bc’ﬁn/€€n These 4wy



\er #cad "?"”?ngemewf in The Wall ; Lk

Percentage of clistnbution Stee/ = 0-3 0./ ( 12=/0 )

(355
—o0-28/ ’Héé{%f
oF7he touie
3§0,c~: ,
Area a/ vertical stee/ /m leng74 -
, As= Pbd ; =223 13 410
5 Fed, —
= 4.76 Cnf‘
P/ew'o/e /0 mm &b bars ot </c gpac}nai of
4- 7€

5“04( /16Cm |
Q"’:qn Uf f/apr S[q_/o:
lg'o/a/of minimum Thickness c}o

7% e f/azr Skb as |Sem & pPrévicle min:s mum Stee/ af
%08 s 3 k15 %l
o: Ib*
T ATt (G Phd)

F'@\/}de lomm B bary |7 cm Cfp both weys , both al fop
as well as ot bettom of The slab.
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, . . 7 wagll = _
Circalar Tank with rigid soint betucen floy- wa ZF base

Slab of /4e tank and side walls are Cnstructed moemqylity
- /'az//ﬂ% , There /s 1o possibi) of horlzonfoy Aispla cemen -
oJf 746 wall of ﬂedaﬂcﬁ‘m, T This Cade s b€cam rpo o
monoli 1% /¢ Character, The Fixed bottom INduces moments

The tank wall. The Tank wall acls as a Cam‘:'/eygr,/f/‘xed
at ¢ 4o Horr7 f‘ﬂor Some /73".;47‘, and There /s No Ao-a/o SHecs
a./— éa 7%0/77 af ﬂt? 75/)/(/‘

At Certeya be{7/z7" aboye The base Slad , cantileve,
effect /s reduced o zenp % all The Pydestatc pmisure
Uced éj— warer s resiste, by hoop sheges 0727{7 7% e
Condilever actiom /s Fredompent of £ nér Be bare Aaf_/wv/p
KT i Prcdominant aly e 70 poid, where Cantito,, achiom

<y

Clses B occur . Heoce Jp He Gnalysis of sy 7%ankS, posipim,

of Mg, Aa‘a/ ackhon £ 778G 12 ot e« 31?”7@
£ .M. at e base, dye 7B Congt
Jﬁ/ﬁﬂm‘ne_o/. B. Iz and/ Ao—ap St
wWall  shour belrv,

M Urs /wv/: 78957 vy
’]ever— A chirr have 7 be

d"a7/am Ao Be Verd'ca J

/ /] : %
/3 2hoo \

/ ’/ h 7‘?05',,:»1 \& M
( /2 = /0 ad \;
¢! tafen by
\ \ WI'{‘INI' 6 g

L | achon —

N[\ - —

(a) Deformed posihr? (1) Horizorndal pressure ) gm,/,;; mimEnts
a; vertread wall olishr'burom al Varise Positims
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ﬁﬂa,éyﬁ': apf Such tanks can be olone éd{ -

y cle.fl'? n
mebod below ;

/
1. ,,/? I S5srér s Méﬂoa/}'/.

2 Carpegter’ Method .

. ’ g}‘;}lJL_LLI'
{= ,éf’/ffﬂt"ff /?75/300/ ; fg,‘;;,,p,. evolved a 7€rm K b%

p hewing relation .

v
K = < o

(_0_)27_2 027_7'
2

He gave tre /;//m;% 7ables fom which Exed momeonf
& mayimum Woop Tension g [ fs localiors PBom The base Slad
Can be /ﬁupa/ouf.

Lo TS method D _% Hore Knows Jram 74 e
7eomef;( of 7e tork bewuyeo for 2007 Gpacity,
a/e/oﬂ - / /?,'//,‘% 3 diamete, of 720k have bee, deter
mined First. B fp., 7hir ,h i ckness of 7he way of Tank
IS A5SU mes éﬁ ermpericad rule 7 (BH+5) cm . MNow
/Dar’ﬁ% The vahuas °f D,H & acsumey valne of 7
w 7R Formula ) value of K can |, defermined. 7he

/'n./'erpa lectrens ,ér K /s dome /agan'/%m/cq,/g( : Df‘/ﬁrmaflém

Df wall ,/oaa[ a/,';%n'éocﬁ'o'» & B_M a/ﬁ‘ﬂ‘j ﬂe /)e/’iéf“

Shown %ﬂwf above . f‘z olerro Ter /ww/) 7ens e £

/'c)'. lracl faker é’/‘( Conty'lever action. Maze; vttt rrs +8.M.

ma;{ be fake, betwee, —?f/a ——;—Z{
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2. Carpenter’s method. H- Carpenfer gaye Cell e /ents

) Y H
Fég—/( Carrc’)‘/omoa//;? 72 d/fftff&nf ratios °yf ;_—-.g.

.3 #
(,(;‘,‘,,; 77161‘? fat‘//g//‘(/'c’/ﬂ“f 7 ‘/aé(&f afo’”“ﬂt/'ﬂmm 5.M.
Posihior 5 mag i/ fuole

£
af 725, 122 U s bav/o 1895} o G be
deferminde 4, 72 ey s )

O Rsihim oL AR, sy, 00 700510 4o e bade = joy
r. N7 226 a0t rr ﬁé-ap 750y — w (H-ky)_D

1e7 . Maoc/'mam Ganf /eve—
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E,\'am/o/e: DfS/"?ﬂ a Circdar fa,y/( of Ca/aacﬁ;( /50, oo-u..Qia‘n,.

The J'oz'n/' between Verts'ca 0 wall & 1he bare slap
s mono lith/c. Bgood st of SuLL'c/ent Aga,.,-,y
Capacl'?} /s Avarlaldl/e al O-5m belg,, 7%e G.L

So[«/%/ﬂ.“ Gzﬂa(/?: %Zaﬂp /a,;k = /5a/ovv .O:'?"l!ef,

/50/ o 7a %]

Vo lutne o}p The tan K =
oo

=/% 3

Let water f/l///a% w The ‘faoyk be 3m

prea of The tapk - ’;5" = Bom?

Tank diamete—~~ J _Sox4
7z

= 2928 m Say Em

Let f— be The Fhiekrrers af e 7%,,;/(

7‘-‘: FH+S (7": Th'ck » ess
= X3 +5 or use ¢ )
= /4 Cr7
=0 . /4 m

se /-/ =

= -
3

_ = 2/.43

o0./4

Désigrn has beer done éﬂz H. Carp enters Co-e £ cient

Frem Table (3) £ 034 ;: 2/-43
D
= F= 0-0/4692 | )¢ =0.393792
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= W(H-kn) L
whH D
2 (K)

Jozo ¥3 % § (1-0-39297)

1. ) Mase imym /7"'0/0 Ter 5/

—
—_—

I

= 72?3,(3

7 ) M 119U s : .

17) Mogimurm B.M. f Juncﬁm 0 vertreal wall & Laeq 5
slat

::F_w//'?
0-0146%2 ¥ Jou ¥ (3)°

= o K9 . m

-

= 395 ov 'ej'CM

—

{'1'{') Heg bt o '
&g f 7€ point ﬁam base sipd WhEre mag .,

hooo 175102 OCeyrs

=Ky
= 0-39792 %5
= /./gm.
gyt Maey C(mcrefe be Used /apr which
r = ?—okj/cmz
t= Jow Kg/cn"

= 15
For These Va,l«u_éo}o C ‘LLAS_M
7

me
T+ rmic
/3% Fo
LOVD + 13 % Zo

N =
= O« 4?6
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o.841

I\

/ :
@ =7 N,
=0-5% Fox 0476 %0.84/
= /4.06 /(J/wl

wWall thickness (e five) |

.

//(3.(»1 ‘ = é—/\_z—
/Cg'cm :/—é’;_’_fi—_’.@._

e

cm?
4. 0 § X-/0V

— 5,3Cﬂ7

o . .
Hence adepted 7hick ness O/Wa// of 14 cm ;s adeguate.
Zf dcm effechive Comcrete (over ;o Jefr 01 756 fuce
0}0 The wal/ C(ﬂ’ﬂ/'f)ﬁ ) Cor? tacs w74 Wa/er‘, 74e al/q//q,é/c,
effective Thiclen s of way
=Y =10 Cns

Frea of stes/ o L. M /ooz'n_/' a}aw'en/

A= 1M_
whery ) I
J: a 84/ = 37.5—;\‘/030
] e
= . =<

& = /0 Cm
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/’)raw.o/e [0 mm & ver# cal bars at

0'7'77"/07 = /6. /
73 7 ¢m J‘agA{ 6 ¢ C/C

//} néar Jhe 7@(9

/r- a verticg/ Aé/(yéf af/ 16,

meas (red /%m bare slad FPboye le 1 o éf{yﬁf Cur—/m/q/v‘w-ﬂqfe

barS /0 22m Szg bars al 2 crr C/C.

D FS{'yﬂ of wall ;5,'— Aﬁa/o 7?05/’077 -

check ﬁ)’ Te5iem oy Cormposite se o o wall ;

= /0D ¥t 4 (m-1) At

=

=/ 1Y 4 (13-1) %7273

==

= 14872726 tm *

Esguivalent area of Comcrefe

Tersie STess 17 Conrefe 0/’ (onpositfe sedhor

7272 _ , po K lem® { 12 Kg fers® (5afe)

T %7275
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c/c ;/oac/'ﬂ% df /4 mm P bars (}'GUPJ') will &€ majnta;nedf
Constant up o 178 m //zm 7he base Slad . %emdé,»e ﬂt’_syﬂac/,;z

may be i9cCreased a’e/amd/ﬂ; upor 7he bovo Fersiors .

Aréa 0}0 Aa-a/o Stee/ qof 5‘7' /-5 m below 777@ 7%/0 ?/_"
The wall,
Hoo p #205/em = M
/ 2

(o2 4 /-5 5 §
2

= SWaKj

Area of stee/ = 90 _ £ (py2
/ 60D

/e 57“"”;7 Of/‘/mm¢éarf ricg s

S/hm'/arﬂ/y J/'ﬂa(/'/z;

”791 be varied as we Jo dpe Towords
ﬂf 7%/

?/a 746 wa/l. we have aa/a/afea/ QA U, o707 J/Dar/’;g
Df ﬁ? 306/77 %f ’76/9 C?ﬂﬂp Wq//.

2 c’s/jn a}ﬂ 7he base s/lal :

Since base Slab is moppls 1h/e

wi?h e y/'na’r/'ax/ wall , 74e RB.N7, #rapsms.

base s/ih will bé same as Hal ot Be boterm o]f 74 e
(,y//na/r,'Ca_ﬂ wall, Caﬂ-f"/iﬂq 71':,’«7.:‘/'0—;7 on e %Dm—- }’qcp o}a

7he base Slb. Buf This B.M. ;s S0 smwall That /A w N
N}U/f’ (4 ﬂ.’/'ﬂ/f rCemen - CVen SmaMer 7Tharn e 17112) g 17

n.’/‘ﬂﬁorazmamf 72 be LPravidedf 2)0720 0-32 3}073? Ser'ons
bo74 qu.S‘-

Hed 7 Fe
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Aol The 15 cm Thick Lase sty reinZrced both

e 7’3/0 8 botter both ways aa/a/aﬁh; aréua ij‘f'ff/ 0'30/0
in Cadh direcherr .
ﬁf&:{ of )“/’f’(’/ :.:0'4?}

0.3
gt .y
e /5 > /o

=45 cm*®

provde [omn L bors af s, C/c With Loty woys, beots
Neur fzfv S Lo #ooror Jﬂ/ﬁfe ifﬂe ba s Stald
L0 Qoloh Birns > 7% e above Sty ""‘“‘"“"” |

144 Cor
| l
j s _./'7?( 80ao—a/
162wm &, 3 2cmy - T
- > /Y mm ¢, C2lgm
PINGs
M > /0 mom ¢,/5¢m
o [——— ¥ > P
&L, : 118 :‘
%\W- b, \: ¢ )/ N\ "{\ 77
v T ' p—— - /_ 50cm
- ——— i
. 2/0/»1» ¢, 1'PCr ’

C==C

(De}a,l: of I!’fﬂﬁrcgm&»f)
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or,
M
A = =M
T Erd ey ke L
sJ kb n -+
K
= = —
d k4
r - ]"} . Es
c EC
Morren# S : /Z:: o“/ff:’
[ 5;’”ﬁ9£ .S‘Lf,aar/'tc/:—- "
+ 3
/‘4/?—/.: M@ = ’/Zé'.,f’ Cceﬂj‘\‘«r)
2
M —,:: o, M = —?—é Ced
R & € 7 )
4. F/'X'ed Cdje (J‘L?ﬂ/por'/-e‘/):_
M = My = ———-?? ( Centfer)
2
Me=0 , M = 98” (edge)

EX:

Dey,'jn a c,:dl.'n,o('-;&«ﬂ +an I< ﬂﬁr— 320013

wedhe cq/aa,c,‘;;f,ﬂp wall /s free ot base

<z 35 pmipn %

Y14 MPa , asume 724 6€

Aear'/'ﬂ_/ &/OQC/.% % = /0D KA//’”Z .7
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T o0R S/oN

Torsior? o}p closed Thin —walled sechiorns C(orcells)
& torsiom Of Thin f&f'angulcu—- Sefion s are /'ny,odrfawf
in C/vi/ Enj :‘n&er'/'ag_.

closed Thin - waqlled Thin  rectn ngular

Sech'on Section s
Closed 13, _ walled sect s (or Cells):
o /or 7‘77/:5‘ s &
Z /3{ (Shear }o/aw) IS Neeoley Shear Flny

e and{

Pesitiom /o 7he 73, wall

[oritn Ve closed coy /s def.
Shear Ll —
Py = Sh ay Shesr ra %:Ckne_s_r 72”
{4/4//
= T #
g (}gr(e/ém/?‘ leng 1)
%: t
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The ﬁ//m/r/'r# Thévrems arp Reecled :
U

I. The shear ;E/m.//‘; ComStand" in arf Closed Thin _walled
section. The 5hear,‘n_$ Stesy T S The Thicknes +
may. vard in The wall, bl L =Tt pmust remain colf
and-. This is ana/o‘jo—u,é ‘/7)7716' %/ﬂwaf watler in clo-
sed chanpel ( }D{aw= v‘e,[ac/f;(,* sech'on area)

Proof:—-

Tage a JPorfiom cut out b;_ Ja'njfﬁ/-a’imauo secheoms
& Crzss sechoms ;n 4 Ube .

£

B
v U@ Y
O o ik D \
T AR\ 4 — ;
{ RA --\"““"—\,. )f
\ t2
SN

@{Tz*@

]

| o

At e€dge 1, the shear Elorw s's
2/: Y LAt edge 2 /ﬂzéxﬁzewryé/aw

S 2= %t. . T prve 829 Comser
The horizemted) (o~ /ang/'fuo//'qqﬂ) Cquilr’é -
Fium. O xt % 0=7 xt, %9 , Thud.

ﬂc’, Gxt, = x4, , or 2/: 22 y




7o
Im/par"fan & nozes:

I. The shearing stresr T mudd be paraliel 1 The edges
of ﬂe wa//-

(7% e Cam/ammfﬁornzd 12 The €dlge deoesr net

ex:‘51 ) .
/ ':\ (ea;(”
\'\ ge)

i
AT
2. The f/'»ear/hj .S‘fnﬂ;f T /s Constant a c

Th/ckness [af‘ em;( /)o;/'ﬁboq). The Th
Smafl K T can no? va

255 The smay
‘cknese 4 s very
% in 7h/s Thlcknes o
¥
~
(7?”"6'(’:7 esr
T /S e
Songl %( T

¢ Cm’i:&.fw

3. The %r;ue T i e Closes] 7h

/s -
57

1~ walled section
T =2 g A

where A

I 7he arge enclosed
Sechon . 3 é% The wall ”7‘0 7%e
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Take ap small eng 71
(ﬂ—@):o/f /n The wall. 7%e
shear Flow A=TZ inlhk)
will preduce 7orgee;

omed J— Foree
7= r. ?r;_,é\f(f

____,,,/g,ols

) tangent 4o
- (H—E)

where Is  The Normad += (A_ £) %2—»«; ar/'ﬁ n O 73
g . ‘ . e
Dr/g’ﬂ o Comn ég /001/] /. /"7.5-’.0/6 (ar MS/‘JP) 7774” 5{’6’9'077

4

7h¢ area of 7 7‘/—;&0@/@ CrPE js AR = L py
= L rde
2

’ﬂué R dT:QZO//?

e fz;d/)
= 29 fa’ﬁ (as 2 /s Cmstant)

7hue

7= 2 ~
7234 gt

4H2’ (/f’r? 7% 4)

where /_‘:?_’_5; 'S 7he Cmtour /ﬁﬁ’”"o feien il
;7,’9 ff&ﬁb’?) *
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Defini'tron: The 7%-rzuf —Twist relofieon I's J:‘new
(Hrof's Law).
The Codtemt k= —— /s 12rs),
2 Simaf
S%fﬁ;eff.

This /s The /?’?L{c‘ éla'?a/t(/'é @ qnj/g a.faﬁ‘//:!f
ufuq/g{ P

7_=%‘7——-9 or k:i]__

7 (when G=1)
where /s e /e o '

e %uéf& G The mmw/ ﬁr;,,ﬁ 7=k

of )’/‘:7/'0//% (or shear moy (KA—/’;) //’

wlye oF e,/qi/fc/';(),é Jd a

/5 The torsim Cmé}vmf“’}a // "

the Sechom . The o dunt- ot —

‘67(?_ /s called tors;ma f rg - o A
/a//;( c?f’ 7hé sechinr. Mofripe (rif.))
That GTJ —» ET /n He bend -

/7 af é.gmf. ﬁ‘er?,olz ve ﬂ;q]‘;'
4A*
J= jc
e’ ¢

Froof: use 72 mert oo/ o read wor f
External work = Fferncd stz zf,ye?;

(T4 i‘)—r(Vaijf'y)
(Txt) —» (Gmefomt)

3
ek



73e externall werk is;

/
W= — 7
= &

as (7=©) relatiorn /s Diaemr

- ) 17N
e / V) E G ing)
| /
w=§"7_9 " N X — 2 chard""ﬁ)
, > T
é LL .Q&
7%e  jnternal stara OEr 3.
ok
[]= -i_. (o} '
V;{‘ g & (v /.) (Volame mf%mﬁ)
as 2 /s ke a”?_a"h'ff i The ?/Z(ée,
Hert)
Q/(Va/.):-—o.'f.o(.s‘ ( Volume o a A,
, 7 )
T = e 24
-
Subshhto
’ (257 )%
(C'awﬂ‘a——r U—C 2 G o ‘ o
/'né;ra.ﬂ) 2
2
_ f 7;~—0 ods — 70 f ols
< 8A%*G7 8A*G g
Use W=U , Then




/74

or 7 =

| GT . _4A*
Camfan” '/b 7 = T . P) 72(."0 J = TE
c z

4. For mutts coy sechon s ( sta /7’@/9{ /'na/c/g,-m,}ld-p)
The st s The Same Fy o cells;

7he shear Plov .

( /o 72e wesd)
Zf—-‘j = 2[ - %/'

( Shear Flni 33 s
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Exa.m/oéa.r:— ( closed Thir7- walled ce/ls)

I A tube of leng T4 Ecv mm & rectong ular ceyy (s 5hnum)

s whder o ’/'ariué AKMN 7, Ca/C&/a,fe 7% an(jﬂe of
fwist 8 also The 54 eanh} Sesres i The wayf oF The
fuée 9 67: 30’3’2)/\//»7”72 ?

l &4 rnra
1
3% P — @
)
20y mm
S o lufiem ; - Frst ﬁﬂa/ The@Mc/osey
aréq , 2
A=200%120 = 24030 mm
Use L= .Zzﬂ
ﬂf’ﬂ 734 ('dﬂf?‘éh/ 5A€arf/aw /s
2. T
27
R /Dngvrmn)
2A 24050 ( mm®)
_ /v /mm v
T 29 A/
= 4/-667F A//mn
The siean'/% SIresces jn Be way i *
T”g-
KA
/n 7he wal/ of Ymm | T= 4667

= = /0.4//? /\/,,,MZ
/n 73e€ wa [l d/ Fmm ?/—‘-‘ M_—_ /3.889 /\//mmz
g

7o Fnod T anglbe of LSt Caleutete J 7
Here J’:]ﬁ/—i—
eV 7



176

2
2
= 4 ’;f_o‘/aw/ia =12.8 4 /08 mm®
- g S )
6
s Tj . /o % Sop -3
/ use e L = 2;\‘03 = :/-5'63 #/0 racl) ans

a my:j7') I Sox /o X /2.8 #/o 2
répreyent S — )56 /o %S /do
Free ia daws ) - 4 8 e

= 089553

2 A Aube of leogh 1.2mE (rss_sechion as shown .
The ‘/uéf /S5 Unde aﬂrz(/p /-X/(/‘/'m 8- wxl'aj 7‘1.’/75/./6’

ﬂrce 20 KN . Check 7he /—é/'éop é/y /?ankim?,-ﬁre.%a@
VOﬂ M,‘:pj' ﬂfo )"/'GS‘ . @7 = go */03 A//mmz (A/o'fﬂeeded)
= Ho Mz (yreld) ? /

,éé'ﬂf'f.’ 5/1 Cay /_o/m A -pa):je .Sﬁl’f.r

Here T = 2
arfa °fhfa//
J Vt\l =Tz =0
& ’Z”XJ = - 2
Srles - Thickness
Tz = C2x =0
/E;'na/ 74 e e, aﬂ
Padadis/ o SHEsS s T, 0, 307 =0 (as 2- 5
Stesses),
F &6 rom 7|
30)0' I
T
z0// | 1‘\<M
v
. » e ,
'[4 /400 mm ﬁJ]
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Torsian _of Thin —walled multi—cell
Seetions (statr Ce//% indef-er miv afe )

Consrder a #wule of wo Cells unde~ afarzae 7.

r’\q.?_

fr‘, Y

" (W'y'ﬂj)
g (ﬂz)

I(g/ ~Z2)

Let ;/ be e shear ]—a/aw c;f Cell | (Cwi7h encly sin

area A, A Th tress £ ) 3 /67‘}0{ be
/7 cel 2 waﬂ Thickpers 19 & encloss;

7

Hhe shea, FElow
' :a}a/ ';2 e 92)
il 7he a.//a/oé/} ms bas a 54 ear }‘ﬂé}/ (2 27_) £ 7Z/CA'/)CJT
PN

74 r ;
74e 713;((9 7; in cell / é} 7he shear f/,,,,/;

/‘:;' /
77:’2'4/;/
7he pr e m cell 2
L .
) g 24 7he shea, f”/m 22,;;
/4 = 2/4222

E Wbr) ' *
0 F LT gueEs ;T 7 A7

6y 7 = 2/4/2/ —/-2_”221 - aaaaC )





