UNIT LUNVERSIONS

mil = 1077 inches = 2.54 x 1073 ¢m.
micron = 10”3 mm = 0.0000394 inch

(" UNIT_CONVERSIONS ‘ )
LENGTH '
1in = 2.54 cm Tem = 03937 in
i = 30.48 cm fem = 0.0328 ft
1 yord = 09144 m t'm = 10936 yd
1 mile = 1609.30 m ' m = 0.000621 miles
1 noutico!l mile = 1853,27 m tm = 1,390539 nouticol miles
1
t

AREA

1 Sq. in = 6.4516 Sg. cm 1 Sq. cm = 0.155 Sq. in

1 Sq. It = 0.0929 Sq. m 1S m = 107639 Sq. ft

1Sq. yord = 08361 Sq. m 1Sq. m = 11960 Sq. yord

1 Acre = 4046.86 Sq. m 15q. m = 0.000247 Acres

1Sq mie = 2500 Sq. km 1 Sq km = 0.3861 Sq. mile

1S m =1 x 107 Heclores 1 Hectare ~#.40000 Sq. m

VOLUME & CAPACITY

1 Cu. in = 16.3871 Cu. cm 1 Cu. em = 0.061 Cu. in

1 Cu. fi = 00283 Cu. m 1 Cu. m = 35315 Cu. Rt

1 Cu. yord = (.7645 Cu. m 1 Cu.m = 1.308 Cu. yord

1Ci.m = 1000 Litres 1 Litre = 0.001 Cu. m

1 Callon (Imp) = 4.546 Litres 1 Litre = 0.22 Gallons (imp)

1 Cu it = 28.316% Litres 1 Litre = 0.03532 Cu. ft

1 Cu. ft = 6.2288 Gallons (imp) 1 Gallon {Imp) = 0.1605 Cu. ft

WEIGHT

1 Groin (Avoir) = 0.0648 Groms 1 Gram = 154324 Groin {Avoir)

1 Ounce (Avoir) = 28.3495 Grams 1 Grom = 0.0353 Ounce (Avoir)

1 Pound (Mvoir) = 0.4536 Kiiigroms 1 Kilogram = 2.2045 Pound (Avoir)

1 Kilogrom = 0.001 MT 1 M7 = 1000 kilogram

1 Hundred weight = 0.0508 MT 1 MT = 19684 Hundred weight
o (Cwt. Br.) = 10181 W1 - - 09842 Tons(c'L 8r.)

\_ ! J




MATHEMATICAL AND TRIGONOMETRICAL FUNCTIONS

N

TRIGONOMETRICAL FORMULAE
sin2Q+cos2Q = 1
sec?0-ton29 = 1

‘cosec20-cot20 = 1

sin(@+9) = sing cos ® + cosQ sin #
sin(Q-9) = sinQ cos ® - cosQ sin #
cos(@+9¢) = cos@ cos # - sing sin ¢

cos{@-#) = cos@ cos  + sinQ sin

on(0+6) = ton® + ton @
on ~ 1 - tonQ-tan ®

ton@ - ton ¢
tond-9) =

1+ ton@ ton @

sind + sin 6 = 2 sin(1/2)(@+9)cos(1/2)(0~9)
sing - sin # = 2 cos(1/2)(@+9)sin(1/2)(@~9)
cos@ + cos #= 2 cos(1/2)(0+9)cos(1/2)@~-9)

cos® ~ cos = -2 sin(1/2)(@+¢)sin(1/2)(0-9)

sing sin ® = 1/2 [cos(0-#)-cos(@+9)]

sing cos ¢ = 1/2 [sin(0+9)+sin(@-9)]

cosp cos # = 1/2 [cos(d+#)+cos(@-9)]
\ 4

(" MATHEMATICAL AND TRIGONOMETRICAL FUNCTIONS ﬁ

SOLUTION OF TRIANGLES
Applicable to ahy triangle ABC in which AB = ¢, B8C = ¢, AC = b :
ain A ’sina sin C
(] ] [4
be sin A oc sin 8 ab sin C
o = =
2 2 2

= J[s(s - a)(s - b)(s - )] where s =(. 3 +¢c)2

A
A ’(s—b)(s-c):l
w7 [ be c-/- tb

b2 + ¢2 - o2 o c
2bc

CsSA =

ROQTS OF QUADRATICS

ox2 +bx+c=0

X M ————— - —

20 20

222l #)
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MATHEMATICAL FORMULAE

AP

("~ MATHEMATI

AND TRIGONOMETRICAL FUNCTION
]

1. Roof slopes, s = J(1 + ,1‘2) :

(o) Limiting siope for inchined roof looding = 20" :
H = cot 20" = 2.7475
Therefore limiting slope = 1:2.75.
(b) Limiting slope for inclined roofs = 10" :
H = col 10° = 5.6713
Therefore limiting slope = 1:5.67.
2. Eorth pressures : !

1 - sine
ko= ——— = lan? (a5 _.L)
0 1 + sine ( 2
1 1+ s
kye — = S0 ton? (45‘ +.9.)
kg 1 - sing 2

3. Hopper boftom slopes :
Specified minimum slope in volley = ¢
Y/x =R

x=Hcoto/J(1 + R
lone, = ton 9 (1 + Rz)

tonsy = ton 8 J(1 + R’)/R

Sy

Oy

Y X

-~

METRICAL PROPERTI £ P FIGUR

S

DEFINITIONS

LACB = LADB
TLAOB = 2 LACB = 2 LADB
LEGF = 90

For any cyclic quadriloterol
LABC + LADC = 180°
LBAD + £BCD = 180°
AC x BD = {AB x CD) + (AD x BC)

It CD is tangentiol ot C
LBCD = £ BAC, |
0c? = DA x 0B

G x JH = EJ x JF

AB? = BC2 + ACZ - 2(AC « CD)

Bc?

AB2 + ACZ + 2(CA x AD)

+ 1<




rl!"HEMATlCN. FORMULAE MATHEMATICAL FORMULAE

[ UREACES, A ) 4 RFACE AREAS AND VOLUMES OF SQUDS )
“ POSITION OF CENTRE OF GRAVITY SOLD CUR"EERES;’R“CE VOLUME DIAGRAM
, SURFACE SOLID DIAGRAM - . =

]| SPHERCAL T/ | 5. Meh SPHERE e Ar, )
O K L) A(3-n) § —— — -

l | HEMISPHERE 7= (/2 ZONE T (3024 3024412)

- 2 +{r=h)(2n+1/3) SPHERICAL ne 272

l l SPHERICAL " 2h+1/2 SECTOR -5 (4h+1) -

( SECTOR {convex ond conicol -

surfoces combined) SPHERICAL

' SEGMENT 27%rh 72 (r - h/3)

I | HOLLOW RIGHT CIRCULAR S re2h

[l HEMISPHERE CYLINDER

-

[ r HOLLOW .

g PARABOLOID CYUINDER 27Xh(R+r) )h

|| oo o iR ”’_'5} -

l ELLIPSOID PARABOLOD | 57 [( = +n2) (‘) L

" PYRAMID OR, jxab

CONE .

l (siont surfoce ofly) HYPERBOLOD Dz':‘ 3
‘l“‘ 12 % =
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 JATHEMATICAL FORMULAE

MATHEMATICAL FORMULAE
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A
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MATHEMATICAL FORMULAE
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( IAGRAMS FOR PROBLEM

(Shaded portion is enclosed areq)

N_AREAS: )

mrtiiILmnliWaL | VIVRULAL

1. Curve: One orch of

|
|
|
|

y = sin ox

| e
N‘-’°=S sin 0 xdx
(0]

2. Curve; y = x2

y
X
0[2 5

Area = stxzd x

3. Curve: %;-wg-ﬂ

R
Areg = S (VR-x2)dx
0

4. Curve: y2= x, x2= y|5. Curve: One orch of |6. Curve: y2= 3
y Y = cos x y
i)
R
1 >
X X » X
- 0] T 0
27T

rea /2
90-2S cos x * dx
0

7. Curve:
Line: y=mx

y2= 4ax

40/ m?
Mea = S(mﬁ-mx)dx
0

t

8. curves: y2= 40x
Lotus rectum: x = o
y

AC%
gt
(]

% x

Areo = 252«5{; o

Areq= g‘:[(.'ixﬂ)-(ZxH)]dx

o

32

' DIAGRAMS FOR PROBLEMS ON VOLUMES:

(Shaded portion is enclosed volume)

R

Volume of solid got
on revolving OLS
around X oxis

2
Volume = TTSOBx dx

2 y?
11. curve: 0—2* b3 =1
y

Volume of solid got
on revolving A'OAB
around X axis

Gp2
Vol. = 2 “503—2(02_‘2)“

12. Curve: y2=x(2x -1)2

Volume of solid got on
revolving OAB oround
X oxis

/2
Volume = ITS x(2x-1)20x
0

13. Curve one arc of
y = sin 2

Volume of solid got on
revolving OAB around
X oxis

2
Vol. = ngsinz 2x * dx
1}

14, Curve: y = log x

Volume of solid got on
revolving ALB around
X oxis

Vol. = WS?qu x)2dx

15. Curve: y=[1+x2

or one branch of the

hyperbole y2-x2=1

y &t
Y .

Volume of solid got on|
revolving OACB around
X oxis

4
Vol. = nS (1+x2)dx
o

33




MATHEMATICAL FORMULAE

S MATHEMATICAL FORMULAE
(- n  CENTER OF GRAVITY (C.G) T NERSION GACUL ~
Center of Grovity (Method of Moments)

Y

2
4 X3
2
FRONT ELEVATION - SIOE ELEVATION
Consider o0 body of mass M whose c.g. is required to be found
out. Divide the body into smoil masses, whose centres of grovity -
ore known, 0s shown in fig.
Let m,, my, my...... etc. be the mosses of the porticies and v
(%1020 0 (%3.¥2.22)0 (X3.¥3.23 )ecnee be their coordinotes of the 24Py
centres of gravity respectively from o fixed point O os shown in fig, €. X

Let %, §¥ ond 2 be the co-ordinotes of the c.g. of the body.
From the principle of moments

) MR = my x; +m, Xy +M3 Xy .....
(or) % =% L B
. _ Tm mz , - . AZ+BX
similorly  § = E2L ond z =E%. W MNGLE TOUOHES K € = ' sy
where, M = m;+my+my+.... < pe L B ! z
mple for cglculgtion of X
y—Axis (18x 2+ 10x5+ 8x 7)Tm
3.944m X =
: (18+10+8)T
2]~ = 3.944 m from left edge of the lood.
1870 @ ot 87 The calculation con olso be . LB
: | L ° x-Axis used to find position of c.g z
2m along y-Axis ond z—Axis for L S
_._5m three dimensional objects. : z

L 7m | % ‘j
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SIMPLY SUPPQRTED BEAMS

LOADING

)
L
RA 8

Mc = Mg =2PL/5 Mp=Mg= 3PL/S

MOMENT

Ry _
Rg

SHEAR

Ry=Rg= 2P

DEFLECTION
o 4
.|
| b
la.
3

PPPPPPP

n yn(n=1) Torces
Ra L 8
when n is odd, Mmox (a2 ~1)PL/g
when n is even, Mmax = n.PL/B
R
B
RA = Rs = (n-l)P/Z

when n is odd,

oot 43

when n -s even
-1
dmon. lQZEI "‘[3 2 <+

N

4
“n

TOTAL LOAD = W ——\

T T 1T 11
Vyzn nsmm SUPPORTED BEAM W50
WAL |

When n>10, consider the lood uniformly distribuled. The reoction ot the
supports = W/2, but the max. SF. ot the ends of the beam

= W(n=1)/2n = AW. The volue of the

maximum bending momcnt = Cw

The value of the deflection of the centre of the span = v.ﬂ-

IMPLY SUPPQRT
e — w=unil lood w=unit lood
2 EL;;EC“ %E g Eﬁiﬁ
- A LR AR A
) sz/B
2 T o
F My =Mg=-wN2/2 . Ma=-wN2/2
A,

2 . 5,

~=:=RA—-“E="m Ra=w(N+1) /2L Rg=w(L+N)(L-N)
g Ra=Rg=wN_g mex/La=N/L N
=
z o d %#71\./(4# S

3
- WUN

é de=dg= 'g'gj (24N/1) GC-‘ 245 (3n3+4n2-1)
| %] 4 3 2 2
= & wi2N2 o= 24{1[‘“L 02'“ (1-a2)#m(1-2n2)}
) = T 166 -w
= * a8 (-1

value of n A C k
2 0.2500 | 0.1250 | 0.0105
3 03333 | 0.1 0.0118
4 0.3750 | 0.1250 | 0.0124
3 0.4000 | 0.1200 | 0.0126
[ 0.4167 | 0.1250 | 0.0127
7 0.4286 | 0.122¢ | 0.0128
8 0.4375 | 01250 | 0.0128
9 0.4444 | 0123 | 0.0129
10 04500 | 01250 | 0.0129
40

MOMENT  LOADING

SHEAR

A
Max. upword deflection is ot 0.
e ——————
2
Mp=-wN“/2

Ra= (2L+N) Rg"'N

/r”f’r&l&\s slm:qh!
wLN

_m<1 n\

d¢ =

§ 240 =5 (4+3N ; 2 38 A\L

§ dp= ;o-()-‘}-zill'L—N— For onticlockwise moments

E 4= wiNQ the Jeflections are reversed
1281

(*:]

Mca = Ma/L Mcs
R R
Ra = Rg= M/L
As shown adb d

= Mb/L

L3




BM,SF & & - FORMULAE FOR BEAMS

BM.SF & & - FORMULAE FOR BEAMS

SIMPLY SUPPORTED BEAMS
gl DNV A N e
% o . b ' | o B A o | B
Ra L Rp Ra L n Rg
m = g,
S| £ We/6 ™\
g Mmox = Wo/6 —x Mmox = !‘q(!—nwzén 5)‘
= 3
when x = 0(‘!-!%1\!
% Ral ! 1 RN ' /
u R‘B B - Re
& Ry = Rg = W/2 ‘ Ry = w@-lg-;.
= ) ~ gmox i Rg = Wm/3
g W
v =N 18,2 2
g dmox = 520E] {180* +200b+5b%)
© W/2 ; "“W/z w —
= W/ M/a
e e
—L L
R R R
A 6 A ™ = o/l ]
;J Mo/ L——4um= _Zﬂé_Zm\"/z
2 Mmax = Wo/3 3
when x = o i
% Ral R
£ Rg 2 Rg
& Ra = Rg = W/2 Ra = w(-—;“-)
dmox =
& "\*—971 Ro = 23
g
S, |dmos = o (1607 +200b45b7)
(=)
\_ 44

MPLY_SUPPORT )
2nd degree porcbolo L]
2 egree po W E—- L _—18
g A "ACIO%
L Mo MA =Mp
- Ra Rg
x m=x/L
—
&
3 M, =WL (m*-2m3+m)/2
ZF | Mo = SW/32 :heor diogrom when M, #Mg
. X h
g Ra Ma-Mp
& Ra = Rg = W2 o MRt
A =Rg= O—————==
z dmex @ _____
2 S—t’p/—’i @r/_—m‘,l
S
o _ G.IN 3 when MA=Mg )
& dmax = 3841 Omex = _'g'%.
Complement of porabolo
2 ‘ Totol '°°d=wa7 W=unit lood.g
A : Rg a R ' R v
% 4 Yo 2N
;’ 4 [ -HN2/2 Mp= My + ILz/B
3 My = WL{m-3m? +4m3~2m4)/2| ™Az
ek R et
% (R RA-RB-w(N-bL/Z)
o Rg
7] Ra = Rg = W/2 t W——?
= r-dﬂ:!
o 2800 = M
Bl dme = 3 e Sia-207)
45 ")




OM,If X &2 ™ T

VIRMULAL TUR DCAMD

MOMENT

Moo ki

PRQPP Tl
(Z’ N M 3 v
1R ) Rg E~-—-a—L-—l-—h Rg
MA%% M‘:‘ 8 Wob,/2L
SV

My=- _Yln(z_,,) where o/Len

% Ra . %(M—%—"fu n(4- n)
21 Ru=SH/B Rg=W/E RAC—

x/L=m + . Rg

RN VA Ry =W[8-n2(4-n)}/8 Rg=Wn2(4-n)/8

§ o 1 | A ok
S !\-E.( m-3m34+2m4)
o 3 _M - -n)
pry dmac= TBMS'ET dc'48£ls 120470 ~n3)

MOMENT LOADING

SHEAR

DEFLECTION

2424

‘%&

Ra

Wab/2L. Wb/8
My

-~

(5_",) b/L=n
My == M(2-0) Mg = B(on-nls
Ra

Ra
Ry =Wn(6-n?)/8, Rg=W(n*6n+8)/8

ni el T

[ ;ﬁ%[(ntswsnmna
‘abEl[Zp‘-pln(n"-Sni-B)i-

pn? (3n2-8n+6)]

W
"0—-&__%__—}-_: Rg
w Rg.c

2 2va2 _2_,2
E3 - -¢"-d
=i (6 el - -a)
R
A Rg
Ry=ry +My /L Rg=rg=My/L
Where 1, ond ryore the simple

support reactions lor the beom
(Mabeing considersd positve)

Yy

(T PROPP ] ‘
ol wa2 w/2 ]
Bl ./ 3
3 ¥ ¢ 0 8 P 8
| bt L
"
= Wo/16 A ==
p- |
g X
o m=o/t. then betieed B hnd 0. =-.WL(2om2 -2Im+7)
My=W[-2¢2 +x0{4~Jen+2m2)/8a _M.
g +Moe When x={o/4)(4-3m+2m?) - +Mm-m46vgih
& | dam-wol-20)/8 R,,: ‘; ]
R o= d5(0-20m2) g, 3N ® LW
R x=20 Ry=29 R
Bl fas?eni-tod 8 L :_ 50
E RS-:E-(ZLZ ~3oL+40) 0.0061WS
S Qo = = tl when x=0.598L
H W w2 W2
ey |
= L x . L x
[=]
=
we- 280 dpe- ML
D g, =0.0596WL 32 Mg, =0.0454WL
S [when x=0.447L] {when x=0.283L]
& (R . Rl
Rg
I e
z Ra=5 Rg=3 Ry= "~ Rg=1}
g —— __dmm. — _dm
]
=4, - Q00870 o = Q000w
o = £l when x=0.447L ma” Ol when xw=0.404L
\. 49 J




BM,SF & & - FORMULAE FOR BEAMS BM,SF & & ~ FORMULAE FOR BEAMS

G ~ PROPPED CANTI } (1 PROPPED CANTI,EVERS }
g W=w(L+0) : W=w.0 2 P p P P P
E li‘___—:LL_.—LE.,K--l" tlj0§;4b . 3 i‘A_'mc L wﬁ@”& 2R
- /3 3
P, | s s =
" :
A “AVAQ § M= PL/9 Mp= 2PL/9 MA=—15PL/32 MD=17PL/64
S | wg=-w?/2 My=-w( -202)/8 | Mg=-2My=-wa?/2 A Mp=-PL/3 - Mg=33PL/128 -
g +Mpmor, =WL2(36p" -28p2+9)/128 p=ofL E %RB Re
wven /Le5/8-%24 | q = bJL | Ra= 4P/3 Rg= 2P/3 ¢ B3P/32 Rp=33P/32
R Ra ! - 04231 _40.426L
o —T% — N 5|y yaL o 3 T
Z | Ra=wi(5/8-3p2/4) Ra=-3wop/é g o o *
& 2 . S| dme= 001528 o= 0.020925
| Rg=wl(3p?+p+3/8) Ra=wo(1+3p/4) w El q]
4
‘ e % P P P I
do ’ P I o —— g
%——‘_—;—’ﬁ% . fkﬂo =1 7 l/J—-l~L{‘D 7 Ra ’1L/5I uss L/SIL/S L/5|Rg
4
0= B (e Npr0)-20] | 0= 2o (6 Bp+Elas6p°p+1)] = W&“‘ WZS&
z o2 2 MA=-19PL/48  Mp=21PL/96 M =-3PL/5  Mp= 9PL/25
5 |o= 2 2665563 ] | -G = Zor— Mg=53¢1/288
IR 4K Ra R
s Jmax ¥hen % Rg Rg
3 | RA=01P/4B  Rg=53P/48 RA=13P/5 Rg=7P/5
=L 115-180% [324p-
3/L= 35 (15-18p /324;; 156¢+33) | oan o
- z }—:E{ 3 [ One
—_
[ &3
. S s = ; 1
T - i - P
Bl doo= 00169 o, = o.ozss-é—
L ] ~ y, L 53 J/
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pod! I WVivmuLu, | VIV ULy

(1 PROPPED CANTI 1 (T BUILT-IN BEAMS h
e S e -
P— 2"“50?:3;?: = e | =l
% N X Re t T g C ot —leg
M mex/L —‘]m-X/L et ——
A [
WL ! R R —emm——— N a7
H "*"'2T A 2 Wpelg=-W/12 Wp=Mg =-Wa(3L-20)/12L
S |uy= —-—(10m‘—20m3+7m) My= T(-mhmms-m?mm) =* Mc= W./24
+Mm=0 08BBWLwhen x=0.3385L]  +Mpan 20.0399WLwhen x0.2343 % R Ra i
R R <
o | ™ : ke ke H|  Ra=Re= W2 B Ra= Rg= W/2 s
al
& RA:li'”_ Rg=—7-!- Ra= 20 R8=‘1375w' - 021 0
20 20 0 I
z 0421, oM 31 3 d i £na E
= max. o 3
2 [Y¥)
=i 3 3 & .
& | dmon= 000674 X~ s, = 0.00278 - & dmox. Tgaei e = R (1)
3 My 3
P W % \
Q N . (&)
Z 3 = i]:—%rﬁ g p =R
2 iz C 3 3 o b 0 b ¢ oL
S L/2+L/2 DE—— Rg g a—:e:*‘ L=m
W Ma W M, Mg
g MAIA - I — m(3m2-8m+6)
= My=- DA oy My =-0.193PL g W13 3 A TT
= A W - = (o) AL-3¢
=} M"='%_P6L_ M= S;;L P when 5=0577L 3 " [e (4L-3e)-c3(4L- X)) g WL m2(s-3m)
: M= %b é-%+§> mox.Mc =0.174PL M8=-1T[d3(4L -3d)-a3(4L-30)] +Mmex = %mz*
g RA[:::R when b=0.366 § Ra—— R {(-3/2)m® +6m* ~6m> ~6mZ+15m-~8)]
B ]
& R =P Rs-i’. RA[:"——____—IRa 7 L when ¢ is the simple support recction RA[}TWhen x=o(md - 2m2+2)/2
ST =16 2 Ma-M Mg-M
z 1 4 0Mn RB--E;I.;(MZL) Ry =P-Rg Z RA"A*"AI"& RB='3+—EL_A' Ra=W(m3-2m?+2)/2 Rg= .m3!22-mj
= i Z aﬁ . = . d m
2 7P]J }—cg—_, E i"\#—-{
§ 9= 76367 Pdp? 4d [when usc, When O'L/Z ond x; =0, 445L
3 =-US - 3492 2_go3 .M
L = 0.00932 B do= g3 (40) J L = i (120 arol-80%)| ey « g ¢ * 34
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BM,SF & & - FORMULAE FOR BEAMS BM,SF & & — FORMULAE FOR BEAMS

(] BULT-IN BEAMS 1) (1 LT-IN_BEAS 1)
2 W porobolic lood totol load=W- mt of 2 P : F”C L \
g @‘E - 2 ir:uz ..L._CL/zzf Lol ¢
= L L - Me
SWL/32 16
Zl w = M M = M z X " ") ") "
o) Al B Al 8 ol M M __Pa __P _ 2pa?b?
§ Ma=Mg=-WL/10 My=Mg=-WL/20 § Ty 8 M= 2 Mg= e M= .
. . Raf |
N R R
% RAE)QRB R“M 2 C:}R Ra= P(b/L):(1+2.o/l.) 8
B B =
& Ra= Rg= W/2 Ra= Rg= W/2 & Ra= Rg= P/2 Rg P(o/L)d(H;Zb/L)
- C
Pl | e B RN
5 5 do=ETR  dgs _Z_ﬂz_t)?_
S 8 361 36(3L-20
= = Law .4W3 =] _ S
E’ Inox, = 3846 dm‘%ﬁ% g Omoe, = 19261 when x = L2/(3L-20)
Any symmetrical lood W 3 P P [ P
B P | s t| o | oo
g symmetricdl diogram t g - ° L ° H L/E k)
o>2b&‘§ —~ PL/4
s i s i e
= Mp=Mg=-Ag/L " =| M Mg Mg
&y [ where Ag is the areo of the “free o=b -—_d&_ d W, _, __Poll-o) “Ma=Po?2 " ) Ty
g bending ‘moment diogrom My = ".'&(hfl)k'-l'& (3-1) g MA—“B-- L Mc-— p=ra /L /U -3PL/16 Mc—MD—pL/'lG
Ra when o/L=mMcps-M.{1-m)1-3m+6m?) - RAl k,
= Ruz FRB L —— R R
§ s ¥ ‘ Rp=Rg=slope of moment diogram g Ra=Rg=P 8 Ry =Rg=P 8
The fig, shown is Mict¥or | Mcgtipe v d d
haf the bending o b mox
3 +-ond ¢ S
g l;."'cc" when o/L=m . 5 _B (g 8
& fcin, ¢ = Wm0 -mP (- 2m S| 9me B fa -(L)) Pox™92E]
] o]
| where Agis the orea of the faing For onticlockwise 2momenls reverse e
moment diogrom the deflections




UR,JI R A URMULAL TUR

DUAWMO

UM, O & & = FURMULAL FUN DLAMD

(" CONTINUOUS BEAMS: SHEARS FROM EQUAL LOADS )

ON EQUAL SPANS
ALL SPANS LOADED | MPOSED LOAD(SEQ-
LOAD|  (E.G.DEAD LOAD) | UENCE OF LOADED
SPANS TO GIVE
MAX. SHEAR FORCE
0313 0.688 0406 0.688
0.688% 031 0.688% 0.
% | |00 0s00 0650 0425 0625 0675
‘g 0.650%0.500% 0 0.67550,62580.4
H 0.339 0554 0.445 0.561 0420 0654 0507 0,681
% £0.66% 0.4458 0,554 0 330 £0,68180.607% 0 6543 0.420%
§ 0.342_0.540 0.500 0.460 0.658 | 0.421 0.647 0636 0.615 0.679
4£0.656% 0.460% 0.500% 0.540% 0.3422| £0.679% 0.615 0.636% 0,647 0.42P
0333 0.667 0.417 0.667
2 KossAossP KoesAonA
f 0.367 0500 0633 0433 0.611 0.65
£ |80533%0.500%03673 0.656%0.61180.4,
; 0.357 0548 0452 0.643 0429 0637 0595 0.661
3] |SoesPF 0450548k 0352 £0.6680595% 0.637 0.428
2 ,
g 0.360_0.535 0.500 0.465 0.640 | 0.430 0.631 0.621 0.607 0.659
S | %0.640% 04658 0.500% 0,535 0.360% | £0.659% 0.6020.627 0.6318 0,480
§ 64

(CONTIN HEARS FROM N PANS)
ALL SPANS LOADED IMPOSED LOAD(SEQUENCE
LOAD (E.G.DEAO LOAD) OF LOADED SPANS TO
GIVE MAX. SHEAR FORCE
0.375 0625 0438 0.625
Consfosrsd Foshoase
k' 0400 0.500 0.600 0.4 1,583 0617
2 B | 0600805008 0.4008 K0.51730.2858 0,450
(<] _—
S
z 0.393 0536 0464 0.607 0443 0.803 0.571 0.621
5 £050% 04648 05368 0,302 £06218057% 0,605 0.146*
2
0.995 0526 0.500 0474 0.605 | 0.447 0598 0.591 0.576 0620
£0.605% 0.474% 0.500% 0.526% 0.395% | £ 0.620% 0:576% 0.59 % 0.598% 0.447
0.34 0656 0422 0.6%
Kosse ot Coesgea?
3 0.375_0.500 0.625 0437 0.605 0.646
.g 0.625%0.500%0.375 £0.546¥0.60580.4372
b= .
= 0366 0.545 0.455 0.634 0433 0.628 0.589 0.651
3, L0638 0.4558 05458 0,366 £0.651%0.589% 0.628% 0.433*
8
= 0.363 0552 0.500 0.468 0.631 | 0.434 0.622 0.614 0595 0.649
0.63™ 0.468% 0.500% 0.537% 0.369%| 40.649% 0.5058 0.6148 0 577 .43

i

For ony tropereidol lood

SF COEFFICEENT = (k - 1/2){) +a-a%) + 1/2
WHERE & IS SF COEFPCIENT FOR UMIFORM LOAD,
READ FROM ABOVE TABLE.

Eg. Fan 0.5 COEFFICEENT AT CENTRAL SUPPORT OF
WO ~SPAN BEAM 1S (0.625-0.5)(1+0.5-0.25)+0.5=0.656.

65
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W,SF & D - FORMULAE FOR BEAMS

OMor & &

(" CONTINUOUS BEAMS: MOMENTS FROM EQUAL LOADS )

ON EQUAL SPANS

ALL SPANS LOADED

IMPOSED LOAD(SEQ-

LOAD| (E.G.DEAD LOAD) |UENCE OF LOADED
SPANS TO GIVE MAX.
'BENDING MOMENT)
015
‘___r_‘o.|55 &oaz7%0.a22
0.03470034 0.45 0.M5
£ 10 80102%01342
3 0.124 0124 0.1470.10270.134

&pa07%0.040%0.1072

[0.133] [0.088) {0.033)

40.105%0.05180.06840.05140.105%

= (0.144) (0.133) (0.144)
0.133_0.089 0.33 0.149_ 0133 0.149
kg 15ohp 10950.10940 1552
: %0.105%0.054*0.054%0.105* 0.132%0.109%0.109%0.132
= 0131 009 0068 0131 %o.m} {o.osa} Eo.osa} Eo.m]
L 0.144) (0.132) (0.132) (0.144)
1Y A A A A A
0.1047005070.06570050°0.14T) - g.149 0.138 0138 0.149
4£0.13380.10780.11540.10740.1334
0.156
" 0.156 Ty STy YT )
kel 0.129%0.129
0.05%0.095 0.146 0.146
0125 0125 £g136%0.104%0.1363
2 &q.108%0.042%0.108% {0.134] {0.089) [0.134)
(0.145) (0.134) (0.145)
0.134 0,089 0.134 0151 0134 0,151
= £0.104%0.056%0.056%01042, &o.134kp. % 11k, 1 342
S - 0.132) [0.099] [0.099] [0.132)

0.150 0.439 0.139 0.150
£9,135%0.109%0.11720.109%0.1358

ON EQUAL SPANS

ALL SPANS LOADED

IMPOSED LOAD(SEQ-

LOAD| (E.G.DEAD LOAD) |UENCE OF LOADED
SPANS TO GIVE MAX.
BENDING MOMENT)

018 P

A 0.175 0175

g 0150 0150 Ko 721350.17580.2138

‘€ | |%0775%0.100%0.1753 [0.161] [0.107) [0.161]

] (0.174) (0.161) {0.174)

3 0.161 0.107 0.161 0.181 0.6 0.181

% £0.1720%0.116%0.116%0.1702 £9210%0.183%0.1834p 2102

& 0.158 0.118 0118 0.158 fo:158] [o-1e] 0.1} [0.158}

LormRonzbazbornboart

{0.174) {0.160) {0.160) (0.174)
0179 0.167 0167 0.179 |
£0.21140.18140.19140.18140.2114

Concentrated ot third points

68

0.167
kg iikgand

0.133 0.133
Kpizkooskoad

0.143 0.085 0.143
£0.119%0.056%0.05680.119%

0.140 0.105 0.105 0.140
4£p.120%0.050%0.06180.05040.120%

0.167
0.13940.139

0.156 0.156
£0.144%0,100%0,1442

{0.143) [0.005) [0.143)

{0.155) (0.143) (0.15)

0.160 0.144 0.160
£o14380.11180,11180.1432

[0.140] {0.105] [0.105] {0.140]
{0.155} (0.142) (0.142) {0.155)
0.159 0.148 0.148 0.159
4£0.14420,10840,115%0.10840.1442
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4 w per unit length
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[} wh2/B—
A 1L 0 %0 l X
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" wh[ k3 dked " whl| kK x
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B l ,
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P
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Constont : 0y = o/h
Ug = - Mc = Po Hp = Hp = P

[ e

” ucs%‘-%)“—-i] el yer-y

My = - Hya M2 = Pc - Haa |

2P0
V‘--Vn---l.—

Moment ol loods = t Pg

. 2_
H ua.uc.fi“ﬂ'l‘ﬂ. VAa=Vp=P

H o= g = S :
' My = - Ha My =Pc-Ha

2
Mg = Mg = - %—
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|

I

w per unit length
o s e

C
-
T8 D
‘ =
L
A 3
e ercrertrreere. IR
Loy w2 k(8+150)+#{6-9)
Constonts : X = 32 ——N1
‘0 = w? k{16+150)+¢2
1%y N,
M= +X Xy Mg= -Xz-X3

-2
Veu g T
=

W=V

wt?

*s= 32Ny

‘Ng= +X1+X3

Vo= ~Xp+Ks

BM & SF - FORMULAE FOR FRAMES

N

w_ per unit height

C
—
D
L

il K(39+4)+8(6+9)
8

Ny
xpe M. i(8+99)-# . _ulh__ 4Bss
8 Ny 8 N2
Was X1-X3  Mg= +Xg+ (—"—i'ﬂ- X

o= - (- x;
2
Mox ~ -"—:—4 ® Xy 4mX,

VA' ..Vt- - M+ .2&

A L
wl k +
- A2
Hy= = (wi-Hg)
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Mpy=Mps =St Mo=My= —2—tenll
A=ME M B=MD m
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” Vy=Vp=P

Pc+MA-ﬁ
Hy =Hg = n

My =M, ~H,0 My =Mg +Hcb

Pa{B+3byk)
Constont : Xy = ————-

My= - Mg= - Xy

Mg= - Mp= Po

Vpa= - Vg= -2 [Po:x,} Hy= - K= -P

-7 Me=0
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ML
%
3PUk+2ks +9) 3PLkm
u‘:&- —T—— ugauos - ZN‘
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r
w per unit length
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w per unit height
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(T CONCRETE PRESSURE DATA w - —T]
EXAMPLES DESICN PRESSURE DISTRIBUTION 2

WALL 05 x 100 x 60 m. HIGH T - . Pous = D (G + GG, TR] or Dh kN /N

0PC concrete with retorder S whichever is smaller

Concrete temperature ot placing,: 10° C CE, Kl where, ,

Rate of rise = 3 m/h © ) Cy = coefficient dependent on the size ond shope of
Py = 91 KN/m? L_ . formwork (see Toble 1 for values), Jmh
e = ._ :
*350m = 91/26 ‘ Prx = 9 Im/,,\? + €y = coefficient dependent on the constituent
. moteriais of the concrete
. - (see Table 1, for volues),Jm -

COLUMN 0.5 x 1.75 x 10.0 m. HIGH 0 1 density of te kN/m?

OPC concrete without retarder ; 4 = wet densily of concrete kN/m

Concrete temperature ot plocing : 10° C € © H = vertical form height, m
Rate of rise = 10 m/h b= h = verticol pour height, m
P = 158 kN/m? K. = temperolure coefficient loken os (.'56/(T+16))2

. _ R = the rote ot which the concrete rises verticolly
608 m = 138/26 -L up the form, m/h
P = :
l_"f_ﬁ kN/m’ T = concrete lemperoture ot plocing, 'C

WALL 0.2 x 25 x 3.0m HIGH where, Ci{R > M, the fluid pressure (Dh) should be

OPC concrete with retorder - token os the design pressure.

Concrete len.\pero&ure at plocing : 5 € “The term CyJR incorporates the effects of vibrotions and workability,
Rote of rise = 62 m/h becouse these foctors ore lorgely dependent on size, shape & rote
Pocs = 78 KN/m : 73 kN /rn of rise. All the effects of the height of ~"schorge, cement lype,

*300m = 78/26 odmixtures and concrete temperotur icing are incorporated in
the term.

Concrete pumping force on folsework 025 x pumping pressure (N/mm?) x .

coxion croxs section ore {men?) CyKJH-Cy R

Probable moximum pump icol pumps - 500 N/mm?

_ Preumotic plocers - 0.70 N/mm?

. 100 _/ g 1C
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JRMWORK FORMWORK

— . A (IS 456-2000 (CLAUSE:11.3) STRIPPING TIME )
dD PROPERTI F_SAWN_TIM Forms shall nol be ‘released until the concrete has ochieved o strength of
i b ot least twice the stress to which the concrete moy be subjected ot the time
| o, . N1 4 [r minfcm. . of removol of formwork. The sirength referred to sholl be thet of concrete
b x d (WCHES) | AREA (Sq cm) | Zxx fom) | bex fom®) infem.) using the some cement and oggregoles ond odmixture, if ony, with the some
2x2 230 18.5 455 1.16 proportions ond cured under conditions of lemperature and. moisture similar
H 2x25 2.0 20 8.0 127 to those existing on the work.
2x3 345 420 154.0 127 - While the obove criterio of sirength sholl be the guiding foctor for removal
” 2x4 46.5 76.5 3780 127 of formwork, in normol circumstonces whete ombient temperature does not
2x 45 43.0 94.0 5330 1.3 foll below 15'C ond where ordinory portiond cement is used and odequate
2x5 58.5 1215 7250 1.26 curing is done, following striking period may deem to salisfy.
x . 1.26
H 2x6 o 1763 | 1080 TYPE OF FORMWORK MIN, PERIOD BEFORE
Ix3d 53.0 64.5 236.5 1.9 STRIKING FORMWORK
Ix4 ns nzs 5800 1.88 _
l 3x5 90.0 1865 1155.0 1.87 s o) Vertical formwork to columns, wolls, beoms 16~24 h
Ix6 109.0 o 20225 1.862 b) Soffit formwork o slobs (props to be refixed 3 doys
‘ 4x4 96.5 1585 782.0 285 . immediately ofter removal of formwork)
426 147.0 363.0 27260 247 c) Soffit formwork lo beoms (props to be refixed 7
4x8 185.8 529.3 §393.3 254 immediotely ofter removal of formwork) days
l PROPERT! F_PLYW F d) Props to slobs:
H i wi {Ref: 1S: 4990-1993) 1) Sponning up to 4.5m 7 days
DIRECTION DIRECTION - 2) Sponning over 4.5m 14 do
! ACROSS THE  PARALLEL WITH ) Spanning ys
GRAIN OF THE GRAIN OF e) Props to beoms and orches:
l g OUTER PLIES  THE OUTER PLIES T 1) Sponning up to 6.0m 14 days
& WINIMUM bm 0.9m 1.25m 2) Sponning over 6.0m 21 doys
BENDING 9mm 1.65m 2.15m For other cements and lower lemperoture, the stripping time recommended
RADIUS | 12mm 2.55m 3.30m obove moy be suitobly modified.
l TENSKE . 9 : The number of props left under, their sizes ond disposition sholi be
" STRENGTH- 225 N/mm 32.5 N/mm! such as to be able to safely corry the full dead of the slob, beom or
. . orch os the cose may be together with ony In ikely to occur during
‘ Mg&%&ésmot' 4000 N/mm? 8000 N/mm? | curing or further construction.

NOTE: The sum of the lensile strengths in both directions sholl be not less thon 60.0 N/mm? Where the shope of the element is such that the ork has re-entront
Plywood without ony plastic cooling o suiloble overily may be bent to st#l smoker angles, the formwork shall be romoved os soon « asible after the concrete
rodi by socking in cold or hot waler (temperolure up to 70" C) before Fning. hos set, lo ovoid shrinkage cracking occurring due .. the restroint imposed. Bt

. L . 108 _J . 109 |
S R |




FURMITUNRR

AL} )
- T ey
n_ pe o] feer] P°
™ - =17 B
NN NI 38V SNOISNINIG TV L m /ﬂl 3 Mﬁw T
TEION | _ _ i
[ owox = peoa wion | (O35 & L. o A A © p
- M + . \.NI
WoN]  RO1i1di¥053a oK _ i i &
00Z1 AV N S1ex009] 1 «l _ _ _ ..4
00Z1 3Vid W §%03| ¢ ® 2o ® o %. ]
3V W S%09| £ g
MMM 3 0 SIEX0S | ¥ ..h.é lb/+|r \H* e k )
[ X 3Vid M eiexoL] S wm wu .
001 | o wi <_~ 3Ivid N 01x05| 9 ¥~ v NOIIJ3S ot
1108 01e 803 310H Zis] ¢ Toeom T -
001 |oveve ws <~/ 3Ivid M 01x05] 8 oK ‘H oo T e Hx “oos ».“
30K 1034 02%8] 6 o1 ._w oo¢ H o H sor-  TTo%i
05 3 7 siexos] o1 gard PaCILON o~ '
@.L‘o..l.._l- vt Yty M et ] it
T RODS | i
© \@ o’ Q@\ TR T H
% 44 +¢I 3 @ g - g NS :
: _ o] o £ \ 3
) T o/ O ® |
e — e
(" (664 sovs peddors vorpnposd) JRVYJ T J0 LI )
DNV OH AT TN O W 08T | Y3l PUZ
— 6121 - T 6121 AY3IA3 1V ONIQTING vV 3HN
L Lt MW 00 wweg NIONYLS TIVIS ¥ Ol
: > J A1 | W3ISAS 3HL N3LSV3 IHOBH
_ \|.oo WWyGL SYIL ¢ NvHL 34OW 10
2 - | ONIQT044vOS v Sy a3sSn 3
W 38 00 “wwycz /] JI0N
~N —— ——
- HT 00 "wwy'sg
- — e ) m ~N
_ __ _ S
- - A =
00 wwg'lg . m
O ¥3d 931 ¥3d $931 WA NO
In gl Inee Q3ddv QVOT Y31 ¥ ¥OJ ¥
931 ¥3d o1 ¥3d 5931 WA NO
me IN 9¢ 03ddv (V01 ¥3il € ¥04 €
oN ¥ 931 ¥ °8931 WY NO
N LT 1N SLE 0ddv V01 ¥3iL Y04 T
93 ¥34 931 ¥3d §931 WIILNIA NO
JLIRAY N 0S5 03Nddv V01 ¥3U JIONIS ¥03 I
=N TX0n | Sy-W TXI0R
InVYJ G3GT3M | 3RV Q303N




....NFORCED CONCRETE

Vu?m: 1 MENT I h

H Concrete surfoces protected ogoinst weother or cﬁqruivo

conditions, pt those ted in area.

MODERATE:

H Concrete surfoces sheitered from severe roin or freezing whilst wet

Concrete exposed to tion ond roin

Concrete continuously under woter

Concrete in contact or buried under non-—oggressive soil/ground woter,
H Concrete surfoces sheltered from soturcted soit oir in coostol oreo.

SEVERE:

Concrete surfaces exposed to severe rain, citernate wetting ond drying
H or occasional freezing whilst wet or severe condensotion,

Concrete completely immersed in sec water.

Concrete exposed to coostal environment.

Concrete surfoces exposed to seo water sproy, corrosive fumes or
severe [reezing conditions whiist wet.
‘ Concrete in contoct with or buried under oggessive sub-soii/ground woter.

Surfoce of members in tida! zone.
H Members in direct contact with fiquid/solid oggressive chemicals.

REINFORCED CONCRETE

1 PROPORTIONS FOR NOMI MIX CONCR
l' Grade of Total quontity Proportion of Quontity of
concrete of dry aggregotes fine oggreqote woter per
: by moss per 50 kg to coarse 50 kg of
‘ of cement, to be oggregote cement, mox
token os the sum of (by mass) Litres
) the individuo! maosses
of fine ond coorse
‘ oggregates, kg (mox.)
M5 800 Generolty 1:2 but 60
! M 75 625 subject to on 45
M 10 480 .. , upper fimit of 34
M 195 330 .| ' 1:1.5 ond ¢ lower 32
\ M 20 250 imit of 1:2.5 30
NOTE: The proportion of the fine to coorse oggregotes should be odjusted
from upper limit to lower fimit progressively os the groding of
\ fine cggregates becomes finer ond the moximum size of coorse
l& oggregote becomes Iorqer.‘cfoded coorse oggregote sholl be used.

116 . J

content kg/cum.

30 | i
L=
BET|R|R|®|8|T
Cgl=i=j=|=|a.
gv
€
Bl2e
SlEg|8|8|5 5|3
Blef| | | |
-
#

max. free woter | min. grade of | Min. cement

1. Cement content prescribed in this toble is irrespective of the grodes of cement ond il is inclusive of oddilions mentioned in

The odditions such as fly osh or ground gronulaled blost furnace siog may be token into account in the concrele composition

with respect to the cement content and woler-cement ratio if the suitobifty is estoblished ond os long os the maximum

amounls token into account do not exceed the limit of pozzolong ond siog specified in IS 1489 (port 1) ond 455 respectively.
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REINFORCED CONCRETE

NLHWTVRLLY WWINLRLHL

~
FLEXURE - REINFORCEMENT PERCENTAGE,
P, FOR SINGLY REINFORCED SECTIONS
fck = 25 N/mm?
Mu/bd?| fy = Mu/bd? fy= | Mubdd| ty=
N/mm2 415 N/mm2 N/mm2 415 N/mm2 N/mrnz 415 N/mm?
0.3 084 155 0.466 W [ 1]
.55 1059 160 5482 s 5938
o4 113 165 ) %0 956
.45 127 1.70 1513 .95 977
50 0.142 .78 532 .00 997
0,55 156 0 ) 05 D18
0.60 71 55 565 310 %
[ 188 % 383 08 061
570 201 95 501 ¥ 082
75 218 00 518 ¥ 104
0.0 231 05 635 30 A28
[EOy 248 10 653 XL
281 xD 3} X AL
095 278 20 58 .6 1,189
1.00 291 25 .07 ) 1162
108 307 .30 %75) 390 [T
AL 327 3 743 Q 1.180
1.1 38 X 782 X7 118
IR 353 45 781
1.25 ). 360 .50 .
I 385 1.55 0218
133 401 .80 837
@ 417 8 257
148 XY 70 i
i X7 75 56
\_ 120~

w / bd?
N/mm2
wn
280
290

3.10
320
3.30
3.40

3.30
3.60

3.70
3.80
-3.80
4,00
4.10

4.20
4.30
440
450
4.60

470
4.80
490

5.10

FLEXURE - REINFORCEMENT PERCENTAGES

d'/d = 0.05
3 Pc
0958  0.002
0967 00N
0996 0042
1025 0072
1055 0.10)
1084 0133
1113 0964
1042 0194
7 N2
1,200 0..55
1.230 0.285
1.2%9 0.318
1.288 0.346
1397 0378
1,346 0.407
1375 0.437
1405 0.468
1434 0498
1463 0.528
1492 0559
1521 0589
15% 0620
1580  0.650
1.609 0.680
1.6 0.

14

FOR DOUBLY REINFORCED SECTIONS

fck e
fy =
¢/d = 010 d'/d =015
' Pt Pc n Pc ‘
0958 0002 0959 0.003
0968 0012 0968 0013
0.998 0.045 1.000 0.049
1.029 0077 1.0 0.084
1.060 0109 1.066 0.119
1.091 0.142 1099 0.154
1.022 014 1R 0490
1,152 0.207 1184 0225
1183 023 1197 0.260
1.214 0271 1.229  0.295
1245 0304 1262 0.331
1276 0336 1294 0366
1.306 0389 1327 0.401
1.337 0400 1,360 04
1368 043 1382 0472
1309 0466 1425 0507
1429 0498 1487 0542
1460 0530 1490 0.578
149 0563 1523 0613
1.522 0.595 1.555 0.R4R
1553 0.628 1588  .688
1.583 066 1.67" [P RAM
1.614 0.692 1853 0¥
1.645 0725 1606 0785
"1.676 075 16 0828
o, ot
i :

N

20 N/mm?

415 N/mm?

¢'/d = 0.20

oo pc!
0959  0.003
0963 0.015
1004 0.054
1038 0093
1073 0132
1.108 01N
1,142 0.210
1477 0.249
1212 0.288
1246 0.327
1281 0.366
1315 0.405
1350 0444
1385  0.483
1419 0522
145 0561
148 0600
1523 0.640
1338 0.679°
1593 078
1827 797
1352 g 8796
1696 0.8
1757 0.874
1766 0.913

ar

.




“CINFORCED CONCRETE

REINFORCED CONURETE

I( PERMISSIBLE_SHEAR STRESS IN_FLAT )

(Refer clouse: 31.6.3. of 15:456-2000)
i/

” :‘ """" 1 /-cnl-qol -r—i (cﬁl-qol

____E::} ’::“t’.:?\Lﬁ:;I

support_wection Lo e e _J =
l column/column heod
[ When sheor reinforcement is not provided, the coiculoted

' shear stress ot the critical seclion sholl not exceed ks Tc,
” where
’ = (0.5+ B;) but not gtnoter than 1, 8. being the rotio of
” short side to long side of the column / copital; and

T = 0.25Jfck in limit state method of design, and 0.16 Jfex
l] in working stress method of . design.

when the sheor stress ot the critical section exceeds the obove
” values, but less thon 1.5Tc sheor reinforcement shall be provided.

If the sheor stress exceeds 1.5Tc, the flot slab shall be
redesigned. Shear stresses shall be investigoted ot successive

[l sections more distant from the support and shear reinforcement
shall be provided up to o section where the shear stress does not

i exceed 0.57Tc. While designing the shear reinforcement, the

I[ shear stress corried by the concrete sholl be assumed to be
0.5% ond reinforcement sholl corry the remaining sheor.

” MP M ~CONSTRUCT !
(EXTRACTS FROM SP-16)

| I For the cose of purely oxio!l compression, the points. plolled on the y-axis ol the
choris are obtained os follows: .

1 Pu P s
H B0 " 08 S (s 046 )
| OCASE -1

When bending moments ore olso ocling in oddition to oxiol lood. the y & x points on the
l chorts ore obloined os follows.

' ‘\ 124 V )

6 When the neutrol oxis lies outside Lhe seclion \

e+ 3 = (i - fe) |~ = (05 - cz)+§ o Usi = fei) i
fex bD - 100 fex *¥ fek boz s~ e P
(b) Wnen the neutrol oxis Ties within Lhe seclion

Py L .
Tww" 0.36k + 2 o0 T (tg; - tc.)

Mu ¥
" vy, = 036k (0.5 - 0.416K) + 2‘ kwo (g - fei) —al-
fex = Chorocleristic compressive strenglh of concrete

lge = Compressive siress in sleel corresponding to struin ¢. 0.002.
p = reinforcement percentoge

Cy = cosfficient for the oreo of siress block lo be tok. " m Toble beiow

Where,

[H =i’-‘m Ag & the area of reinforcement in the ... row;

[

fg; = stress in the ith row of reinforcement, compressic'  ‘ng posilive ond tension
being negotive;

fcj = stress in concrete ot the level of the ith row o ‘ement;

n = number of rows of reinforcement

CzD = is lhe distonce of the centroid of the concrete dlock, meosured from
ihe highly compressed edge;

y; = is the distonce from the centroid ol the seclion : ith row of reinforcement;
positive lowards the highly compressed edge and iive towards the leost
compressed edge.

. Depth of neulral oxis
. Xy Areo of stress biock Dis f centroid from highly
7 (€1 & D) co  dedge (C;0)

1.00 0.361 fex D 0.416 0

1.05 0374 fex D 0432 0

1.10 0384 1, O 0.443 D

1.20 0.399 fex O 0.458 D

X FOR COMBINED AX BAXIAL  BENOIN
H B‘-'L] <10 M.,,. My = momenls aboul x ond y axes due to design loods,

Myx1, Myyt = moximum unioxiol moment copocily for on oxiol lood
an = 1 {Pu/Puz) of Pu, bending oboul x ond y oxes respectively.
@ vory hineorly from 1 to 2 for Pu/Puz = 0.2 to 0.8
for Pu/Pur values ¢ 0.2 Gn is 1.0, for volues
3 thon 08 an is 2.0.

Puz = 0.45 Ick. Ac + 0.75ly. As.

\_ 125 ' Y,
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6.2 BENDING STRESSES

6.2.1 Moximum Bending Stresses ~ The moximum bending stress in tension
(Obt, col) or in compression (Tic, cal) in extreme fibre colculoted on the
effective section of a beom shall not exceed the maximum permissible bending
stress in tension {Ubt) or in compression (Obc) obloined s follows nor the
volues specilied in 6.2.2, 6.2.3, 6.2.5 ond 6.2.6, of IS 800-1984 os oppropriote:

Obt or Obc = 0.66 Iy

6.22.1 In TABLES 6.18 (poge No: 137, 138 & 139)
D = overall depth of bearn;

dy = i) For the web of o beam without horizontal stilfeners~the cleor distonce
between the flanges, neglecting fillets or the clear distonce between
the inner toes of the flonge angles as oppropriote.

ii) For the web of a beam with horizontol stiffeners-the cleor distance
between the horizonlal stiffener ond the tension flonge, neglecting
lillets or the inner toes of the tension flonge angles os appropriole

! = effective length of compression flange where eoch end of the simply
supported beam ond girder is restroined against torsion shall be taken

os follows:
o) Wilh ends of compression flonges unrestrained against loteral
bending. 1 = spon

b) With ends of compression flanges partiolly restrained ogainst laterol
bending | = 0.85 x span

¢) With ends of compression flanges fully restrained ogoinst loteral
bending | = 0.7 x span
fy = radius of gyration of the section obout its axis of minimum
strength (y-y axis);

T = mean thickness of the compression llange, is equal to the ares
of horizonta! portion of flange divided by width;

For rolled sections, the mean thickness is that given in oppropriate
indion standards.

t = web thickness

128

(" SECTION 6 DESIGN OF MEMBERS_SUBJECTED T0 BENDING }

T (MAXIMUM_PERMISSIBLE BENDING COMPRESSIVE )
STRESS IN _BEAMS AND_ PLATE GIRDERS

{ (CLUASE 6.2.3 of iS: 800 - 1984)
fo - f
o be = 0.66 Y -
n
n n
Where, E‘cb) + ('y)]
fep = elostic critical stress in banding in MPa
fy = yield stress of the steel it. m ‘0; ond
n = o factor assumed os 1.4.
c
fep = Ky (x+k2Y)—c§-
. area of both flanges at the point of leost BM
k'l is (t) Y= areo of both flanges ot the goin{ +f mox. BM
. lyy of compression flonges af lh: point of mox. BM
k, is flw) w=

lyy of compression+tension 'I'?:'iqts at the point of mox. BM

X =Y Wik
L (ADV ) we
E+ zo(r,o)j ¢

5
*1
y = 2830107 e,

(1/ry)?
¢y, Gy = respectively the lesser ond groter distonces from the section
neutral oxis to the extreme fibres. {cy = ¢ For equal flange beoms)
6.2.4:1 Volues of fch sholl be increased by 20 percent when T/t is
not greater than 2.0 and dy/t is nol greater than 1344/ [Ty where d; is os
defined in poge No: 128 and 't' the thickness of web.

| L 129 y




STRUCTURAL SItkL, WAL, TVDLS ANU FiFLo

STRUCTURAL STCEL, RAILS, TUBES AND PIPES

714 Bending and Shear - Irrespective of cny increose in the permissible \

—
713 SYMBOLS - The symbols used in 7.1.1 ond 7.1.2 sholl hove the following

"

meoning: stress specified in 3.9, the equivalent slress e, cul., due to co-existent bending
goc. cal. = pa lole; overag OXEO: somp l. stress { tension or compression )} ond sheor siresses obtoined from the formulo given
of, col. = colcu gverage oxial tensile stress . lue: -
Obc, col. = calculoted bending compressive stress in extreme fibre in 7.1.4.1. shall not e?u:eed the vouf Gf ) 0.9[’y
ObY, col. = colculoted bending lensile stress in extreme fibre : Ge = per q t siress.
Ooc = permissible oxial compressive stress in the member subjected . P . . .
to oxiol compressive load only 7.1.41 The equivalent stress Ue, col. is obtoir.d from the following formula:
Oat = permissible oxiol lensile siress in the member subjected to oxiol 7 2 2 2
o lensile load only ' Je, cal. = \/; b, col. 4 3 tvm, col. O . Obe, col. 4 3 1vm’, cal
be = permissible bending compressive stress in extreme libre . N : .
Obt = permissible bending tensile slress in extreme fibre 7.1.5 Combined Bending, Beoring ond Sheor Stre - Where o beoring slress

elostic criticol stress in compression = E.Z_E

slenderness rotio in the plone of bending

represent x-x ond y~y plones

o coefficient whose volue sholl be token as follows:

(o) For members in fromes where side swoy is not prevenled:
Cm = 085

(b) For members in fromes where side sway is prevented ond
nol subjected to transverse looding between their supports
in the plone of bending:

Cm =06 - 0483 04
NOTE 1 - B is the rotio of smaller lo the lorger
moments ot the ends of that portion of the unbroced
member in the plone of bending under consideration.

NOTE 2 - B is positive when the member is bent in Description of Fosteners | Axiol Tension g Sheor, Tvi Bearing; Op!
reverse curvature ond negalive when il is bent in single - MPo - - MPo MPo
curvoture. Ciose tolerance ond oy g

turned bolts 120 100 30
{c) For members in fromes where side swoy is prevented in the .
plane of looding and subjected to tronsverse loading belween Bolts in cleoronce holes 120 80 250

their supports; Lhe vaiue of Cmmay be determined by
rotionol onolysis. In the ‘ob ol such onalysis, the
following. values may be used:

For members whose ‘ends ore restroined agoinst rolotion

Cm = 0.85 whichever i the lesser, to 235 Mpo.
For members whose ends ore d ogoinst rotoli Under combined shear ond lension <
{, col !
Cm = 1.00 ided <Td ) QUG < O ond W) (e T § 14
\ 132 L 133 )

is combined with lensile or compressive, bendin ¢ shear stresses under the
most unfovourable condition of looding, lhe eqr ‘t stress e, col. obloined
from the following formuloe, sholl nol exceed (p = 0.9 fy

2 2
Oe, col. = \/ Obt, col. -+ Op. col. 4 Obt, col. Op, cal. 4 3 1vm2. col.
o

2 ] 2
Oe, col. = \/a col. 4 Op. col. + Obe, col. Op, col. 4 31vm2, col.

71.8: In 7.1.4, ond 7.1.5 Obt, col; Obe, col; tvm , col. and Op, col.
ore the numerical values of the co-exislenl bending { compression or tension ),
shear ond bearing siresses. When bending occur about both oxes of the member,
Obt, col. ond Obe, col. shall be token as the sum of the two colculoted fibre

stresses. (g is the i permissible equivoien! stress.

TABLE 8.1 MAXIMUM_PERMISSIBLE STRESS IN BOLTS

The permissible stress in o boll (other than o high strength friction grip bolt) of
property closs higher than 4.6 shall be lhose given obove mulliplied by the rotio
of ils yield stress or 0.2 percent proo! siress or 0.7 limes its tensile strength,




STRUCTURAL STEEL, RAILS, TUBES AND PIPES STRUCTURAL SIttlh, KAILS, 1UBLY ANU PIFLY

' -
COLUMNS WITH BATTENS ) )
FOR IN BATTEN:
—V/2N  =>V/2N
M 2 |g|5!2i5|2F|218|3|](R
The number of bottens shall be such that - - s hanll Bl Il sl Shontl amsll oo
the member is divided into not less thon g - alxslzslslzliziglg|glinix
three ports longitudinally. . bl ol Rl B il Rkl Rl sl
o o alnlel-loleloin|Nnicls
[ D xR Pl P2l Dl el g Bt Rt g B
V/2N4+—  V/2N+— =3
oo " S EEEEEEEREEE
; o
g — o o | = |Be|z8|z(2]z]E]z]8]E
tad © ol T
vb vbw %d oirlniv|lo|lOIivniR D= |
. £z V| & |2loeeZizizi2i2oe
SPACING OF BATTEN: (Bottens be ploced opposite to eoch other) : =3 g —-!,_ hll it o
‘ 1) A o alslalylele|z|2iginla
S| ol the component within the bolten spacing is e - -] i XTI |e
3 < =
Mo - P N YN R BEEEE
Ae = slenderness ol eoch of the component of the member é L~ 2 = o “Tolml s =
. ¥ o —
s = spocing of the balten u§‘° | & [B|B|B|3|2|2F|Z|2|3|B
R . o @
¢ = minimum rodius.ol gyrolm of each of the component of the member diY o © glelgls|sizisiz|eislis
The design consideralion is &88 8: - === l= === l=]=
A §07 Ag ot $ %0 22 =| = |3[3[s[z[s|z|z|2[2(z|2
Am = most unlovourable slenderness rotio of the member os o whole (about its xx) o o B
- = 2| =« |2ialzlslala|z|z|2|2|=
THICKN F_BATTEN ; gg 0 - Ll Bl Kl Rl Rl Rantl Rl st Ranll Bl o
Bottens con be any of the rolled sections or plates. In cose of plates baltens, = g > o BIBIR. BB B|aITIL(S|=
the thickness should be al leost one-filtieth of innermost connecling line of weids. 3 = il Gl B el bt Rl et
2 F ! o |s|8w 3833882
NSTRAINTS AT BATTEN CONNECTION: @ = = e R el Rl el Kl Bl il Bt
o) Effective deplh (dy) of intermediate bolten plates 2 0.75 o ._l.- nlelgialslnials
over [lop >4ty limes the distance between the ceniroid of main members. - « ‘S‘ﬁgi.-’ig‘ﬂ‘.’_’ﬁ“.?‘.’_".’.’
» o) T
\ b) Effective depth (d,) of end batten plates 2 1.0 lime = ' i ! [
d L the distonce between Ihe centroid of main members, -
B A { TSR 3818 1R 8|
S But in no case shoil the effective depth {d,) of the batten o \— l i
plotes be less thon twice the contoct width of one member i !
| in the piane of bottens. :
L 136 . 137 '
| _ /
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< UCTURAL STEEL, RAILS, TUBES AND PIPES

r TRAPEZOIDAL DECKING PROFILE R

(FOR COMPOSITE FLOORS & PERMANENT SHUTTERING)
* PENNAR INDUSTRIES LIMIT PIL 44 / 130

/1 '}\7/ ‘\7/ T\TAT}'/ '\7/ 7\{'\

—

< - e > ==

j—

po—
C
Y
=
N\

[\* LK "% | B
S T ' 7E0L PIICHES 0 130 = 910 #-.;1-3
I - . ... SN _J
1 [o o [ w00 ] S
‘»— . . g/sqm. cm# em

l 1 0.63 6.43 21.03 9.557

2 0.80 8.16 26.70 12137

l ' 3 1.00 10.20 33.38 15,171

(- 4 1.25 12,75 41.72 18.965

H s 1.60 16.32 53.41 24.278

( 6 2.00 20.40 66.77 30.351

T\ 148 Y.

>
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STRUCTURAL STEEL, RAILS, TUBES AND PIPES

(" TRAPEZOIDAL DECKING PROFILE \
(FOR COMPOSITE FLOORS & PERMANE, SHUTTERING)
PENNAR INDUSTRIES LIMITED (PIL 44 / 130)
A IN_k m.
SL |THICKNESS ISPAN t N METRES
No.i mm. L 00 {1.20|1.40]1.50|1.60|1.70|2.00 |2.50|3.00 |3.50 |.00
) 0.63 1195 830 610 531] 467| 413| 299 w1 f 33| 98| 75
2 0.80 1517|1054 774 574] se3| 25| 379) 243 | 160 | 124 | 95
3 1.00 189811317 966 Ba3| 749§ 636] 74| 303} 211 | 155 | 119
4 125 2371164811210 {1054 | 926| 820 S93| 379 | 283 | 194 | 148
s 1.60 303512107 | 1548 | 1348 {1188 [ 1050 730! 486 | 337 | 248 | 190
[ 2,00 379412635 {1936 | 1686 | 1482 | 1313 948 607 | 422 | 310 | 237
NOIES:
1. The properties given.are for one metre width of the profile.
2. Moterial conforms to -IS: 513 (D) quality. / IS 107481995 gr.2.
3. Bosic design stress of moterial is 1250 kg/sqcm.
4. Limiting deflection is token as spon / 150.
5. Aliowable loods ore applicable for sheets spanning over o
minimum of four supports ond for permanent shuttering oniy.
6. Above agllowable loocds moy be muliplied by a foctor of 0.80
for sheets sponning over 2 or 3 supports.
\_ 149 Y,




STRUCTURAL STEEL, RALS, TUBES AND PIPES
7

PROPERTIES OF ANGLE SECTIONS
't
v\ ‘ﬁ". Y
U
& /
X. A 1 woww
“TaTH N X
A °%\:$
[V} | 8 MV
AOLUON Iuass| a_ICx=Cylix=ly (kx (u'lﬁ. 5= Sl é‘éff
AxBaxt [Kg/m|l emé| cm jcmd cmt {cmd] €M [em Vem | emd |mmym
80x 80x 6/ 7.3 9.29 2.18 | 56.0 89.622.5| 2.46 |3.11]1.56| 9.6 [45] 20
80x 80x 8| 9.6{12.2 | 2.27 | 72.50116 {29.4| 2.44 [3.08[1.55|12.6 |45 20
80x 80x10{11.8|15.0 | 2.34 | 87.71139 {36.0{ 2.41 |3.04(1.55{15.5 |45/ 20
80x 80x12[14.0|17.8 | 2.42 [102 {161 {42.4| 2.39 [3.01(1.54]18.3 |45/ 20
90x 90x 6| 8.2|10.5 | 2.42 | 80.1128 [32.0| 2.77 |3.50(1.75{12.2 [s0] 20
| 90x 90x 8/10.8{13.8 | 2.5 [104 |166 |42.0| 2.75 [3.47[1.75]16.0 |50/ 20
|1 90x 90x10[13.4{17.0 | 2.59 127 (202 |51.6] 2.73 |3.44{1.74|19.8 |50( 20
__92{ 90x12{15.8/20.2 | 2.66 {148 [235 |60.9| 2.7t {3.41]1.74|23.3 |50| 20
100x100x 6 9.2|11.7 | 2.67 i1 178 |44.5| 3.09 {3.91[1.95!15.2 | 60| 20
100x100x 8]12.1{15.4 | 2.76 |145 [232 |58.4| 3.07 |3.88(1.95{20.0 |60| 20
100x100x10{14.9(19.0 | 2.84 177 282 |71.8] 3.05 {3.85(1.94!|24.7 60| 20
[ 100x100x12]17.7122.6 | 2.92 {207 |329 {B4.7| 3.03 {3.82{1.94|29.2 |60| 20
!k 152 .
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PROPERTIES OF ANGLE SECTIONS

DESIGNATION
ANGLES
AxBaxt

Maoss|
Kg/m

em?

= b
=
o )

MIN.)
L ¢m

Ix=1y
cmd

MAX.
BOLT
mm

110x110x 8

13.4

17.1

3.00

3.40

4.28

2.18

24.6

20

110x110x10

16.6

211

3.09

240

3.37

4.25

2.16] 30.4

20

1 10x110x12

19.7

25.1

37

3.35

14,22

2.15

1359

2

110x110x16

25.7

328

3.32

357

330

4.15

2.14

46.5

20

130x130x 8

15.9

20.3

3.50

526

4.04

5.10

2.59

349

20

130x130x10

19.7

5.1

3.59

405

640

4.02

5.07

2.57

431

20

1.30x130x12

23.5

299

3.67

476

757

3.99

5.03

2.56

51.0

20

130x130x16

30.7

39.2

3.82

609

966

3.94

497

2.54

66.3

20

150x150x10

23

29.2

4.08

634

1010} 260

4.66

5.87

2.98

58.0

22

150x150x12

273

348

4.16

746

1190

4.63

5.84

2.97

68.8

2

150x150x 16

35.8

45.6

43

959

1520

4.58

5.77

2.94

89.7

22

150x150x20

44,

56.2

4.46

1160

1830 481

4.53

15.71

293

1110

2

200x200x12

36.9

46.9

5.39

1830

2910) 747

6.24

7.87

3.99

125

27

200x200x16

48.5

61.8

5.56

2370

3760

6.19

7.80

3.96

164

2

R00x200x20

60.0

76.4

3.7

2880

457001180

6.14

1.73

3.93

201

27

P00x200x25

739

94,1

5.90

3470

55001440

6.07

[761

3.91

246

27

\—

153
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PROPERTIES OF BOX CHANNEL SECTIONS

Y
b i
-
il I
..
Y

HANNELS Moss| o 1 bx| by | DX 1 D b f

"‘S 'EEb PESGUATION Kg/m | cm?| cmd| cm® | cmd | cmd om | o
75x BO|ISMC 75| 14.28| 182 157 156.52] 41.87] 39.13| 2.94{2.93
100x100 [ ISMC 100} 19.12| 244 384/ 34551 76.8 | 69.10] 3.97 3.{5
125x130 | ISMC 125} 26.2 | 334 850| B813.66 136.0 |125.18] 5.0414.94
150x150 | ISMC 150 336 | 42.6 1576{1402.63] 210.13{187.02| 6.08|5.74
175x150 | ISMC 175{ 38.2 49.8 | 24801648.17| 283.43{219.76| 7.06{5.75
200X150 | ISMC 200 44.6 | 57.0 | 3660 *°313] 366 |251.08{ 8.01 57_5
225x160 | ISMC 225| 52.2 | 666 547.'\_ 25| 481.78{316.53| 9.0216.17
250x160 | ISMC 250 81:2 80| 77 ) 22| 620.8 |369.53| 8.97 6.15_
300x180 | ISMC 300{ 72.6 | 92.6 128401 856 |524.56{11.78|7.14
350x200 | ISMC 350| 85.4 | 108.8 | 20000 .31{1142.86|708.63{13.56 | 8.07
400x200 | ISMC 400{100.2 | 127.6 | 30400 It 1.44(1520 83474 [15.43|8.09
L 150 _J
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-
o N\
APPENDIX A
(CLAUSES 0.3 AND 8.3) §
't
SUPPLEMENTARY LIST OF CRANE RAIL SECTIONS - g
(=]
A - 1. THE DIMENSIONS OF 22, 30, 32, 43, 45, 52A, 528, 57, 67, 74, 75, 101 3 - .
AND 125 kg/m CRANE RAL SECTIONS ARE GVEN IN TABLE 6 2 s g ’;E
AND FIG. 2 TO B. THE SECTIONAL PROPERTIES ARE GVEN IN TABLE 5. o NM - NT N~ = m E 2z
N o+ H o+ H H 4O + > =
TABLE ~ 5 (IS:3443-1980) o 52
SECTIONAL PROPERTIES OF NON-METRIC CRANE RAIL SECTIONS = b §§
DESIGNATION AREA WEKGHT MOMENT  SECTION  RADIUS otsng:css REFD%NCE _— 8 = X
OF MODULES _ OF o O w
INERTIA GrRATION  NEUTRAL - FG./TABLE 8 B8 n 8 % ok
xx Tnx " ¢ R E N
X L 73 s @+ H 1 H H O+ z 9
m ( 3 @ (s) (6) 0} (® 3 = &
kg/m em?  kg/m cm emS  cm cm 3 n §
| -
2 83 22 9 25 19 M TABLE 6 Sie 3 g 2
» B0 298 68 16 423 587 e 2 2 o =3 g R
» w71 N0 8 ©9  an 388 TABLE 6 2 & N - &N o~ - = oy EF
. ~ ] H OH H H O+ + =z g
4 554 435 37 AV B X)) 4 TABLE 6 4] § 2 ; &
. o Va3 w
5 567 445 1584 272 530 748 e 3 K ;‘ L §§ Q
521 660 521 1204 199 % 654 G 4 ! =1 . B ¢
: = S 3
522 65 522 1270 198 437 643 s 3 z 8 52 g
57 721 566 45 109 21 500 TABLE 6 & x " =
&7 854 670 2705 m 563 8.70 AG 6 - - S E o £ 2
. z z 5 g% B 58 3
7 948 744 895 170 307 5.24 7 %] 2 = ¥ E -z = g =
7 956 752 888 170 305 521 TABLE 6 ‘, g - S 2 & % o é g & ‘é 3; §
01 0 IR 570 TBLE 6 S 5 ¥ =2 ¥ ¥4 ¥ g % &
S B
125 18 122 348 492 487 760 FG 8 ' 2 s -
4 o . 165 bl 4
L 1 164 . / ‘ \ : J I




( IABLE-2 DIMENSIONS OF CRANE RALS )

DIMENSIONS, mm
DESIG- A

INATION A B C D E F G H Ry Ry Ry Ry Rg Rg Ry
3

(1 @ @) @) 6) @) @)@ (0) (1) (12)(13) (14) (15) (16)
ISCR50 90 90 S5 50 25 20 20970 30 26 18 6 6§ 5 15
1SCR 60 105 105655 60 27.524 22982 350 32 20 6 6 5 15
ISCR B0 130 130 87 80 35 32 26975 400 44 26 8 8 6 15
ISCR 100 150 150 108 100 40 33 30112450 50 30 B8 8 B 20
1SCR 120 170 170 129 120 45 44 35153 500 56 M 8 8 8 20

ISCR 140 170 170 150 140 50 60 40 206 700 60 40 10 10 110 3.0

9. FREEDOM FROM DEFECTS

9.1 THE RAILS SHOULD BE. REASONABLY FREE FROM TWIST AND THE CAMBER SHALL
NOT EXCEED 0.2 PERCENTAGE OF THE LENGTH.

9.2 THE ASYMMETRY OF THE RAIL CROSS SECTION WITH RESPECT TO THE VERTICAL AXIS
SHALL NOT EXCEED 2 mm AND 0.6 mm IN THE RAIL FLANGE AND HEAD
RESPECTIVELY.
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CRANE RAIL SECTIONS BASED ON IS 3443-1980
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Dbk -SHACKLES ANU ROPLS

DEE-SHACKLES AND ROPES
4 S) (- N NGINEERI p N
(EXTRACTS FROM 1S:6132 (PART-II)-1972) N TRAN x 1 1 1) FI R
T DA | TOLE- | APPROX.| MINIMUM BREAKING LOAD OF THE ROPE CORRESPON-
—_— ~ METER| RANCE | WASS DING TO TENSILE DESIGNATION OF THE WIRES OF
¢ s ) x| w00 | '® kgl/mmZ | 180 kgf/mm? | 200 kgf/mm?
| R OR OR
b ) mm Metres | 1570 N/mm? 1770 N/mm? | 1960 N/mm2
l N [R] o 103 kgf] KN [103 kgt| ®N [103 kgt KN
AW pe | BODY EvE WORKING LOAD TONNES : 2 > : 2 ° ! ’ ?
INS! KING L
WSOE| ey | MATERIL onrer | oursioe | o S |+, -1] 300 ] o4 | 43 | 0% | 43 035 | 540
VOTH a2 2w | T | Omin | DVGRETER') GRADE 30 | CRADE 40 | GRADE 63 4 [+6, -] 55| 079 | 77 | 090 | 87| 098 | 980
(1) (2 3) [0} {s) (6 n ® - 5 - 8.60 1.23 12.0 1.39 13.6 § 150 | 15.00
8 0 10 12 X - - 10 6 J+5. ~1] 1240 177 | 74| 200 196 220 | 2150
20 “ 12 0 Pr) - 10 1.25 7 . 1700 | 240 | 235] 272 | 270 300 | 2.5
n 49 M 16 ) 10 1.25 16 B |+ -1] 2200 315 | 30| 356 | 350] 390 | 3850
P 95 16 19 38 1.25 1.6 20 9 . 2800 { 400 | 300 | 450 | 440| 500 | 4880
§: 3; :; z‘z’ :g ;: :: i"; 0| - 3500 | 490 | 480 | 556 | 545| 610 | 6020
. = - e - % 2 o " . 4200 | 59 | 584 672 660 743 | 7280
m m ” % % 2 w0 0 12 . 5000 { 790 | 695| 800 | 785| 880 | 86.70
45 99 27 3 62 40 50 [X) 13 . 58.00 8.30 815 9.39 92.0 | 10.40 [102.00
% | 10 30 3% 70 50 63 80 ' 14 . 6800 { 9.60 | 945 1090 | 107.0 | 1200 | 11800
5 | 3 3 78 63 80 100 - 15 . 7800 | 11.10 | 1080 | 1250 | 1230 | 1380 [136.00
6 | 1% 38 4 8 89, 108 125 _ 16 * .| 8800 | 12.60 | 123.0 | 14.20 | 138.0 { 1570 [154.00
: :f;; :: :‘; , :“’z : :‘2’: :"5’:' ;:‘; 171 - [ 10000 | 1420 | 1380 | 16.10 | 1570 | 17.70 | 17400
o 1% o o 2 160 20 250 :: . :12 00 3 90 156, 0. 18.00 | 176.0 i 19.90 | 195.00
o T % F ™ 200 750 20 2500 | 17.80 | 1740'| 2010 | 1970 | 2220 |217.00
o % o -3 102 =0 20 @0 20 . 13800 | 1980 |19 220 | 2180 | 2460 | 241.00
n7 758 b7 T 82 164 320 40.0 50.0 /3l . 15200 | 21.70 | 2., . =50 | 240.0 | 27.10 | 266.00
10 | 286 79 91 182 40.0 50.0 630 N n . 167.00 | 2380 | 2330 : 7.00 | 2640 | 2970 |291.00
140 308 . 84 97 - 194 0.0 83.0 80.0 *
153 337 93 110, 220 63.0 80.0 - X :
. _ 180 J \_ . 181 Y,
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BOLTS: 12,0 6, 40mm LG, 44 Nos. WTH MIT & WASHER
NOTE; AL DAMENSIONS ARE 3¢ M,

{SCALE 1:15)

DETAILS OF TRESTLE

-
: (/) < (1/10) )
A% TERNAL PRESSY
m\ /m Hoop- stress, sec.m-m,
\\4// wDL wD
R="%=, (=57 ~————~~ 0
R B ® 2 2t (0)
5 Longitudinal stress, sec.n—n.
? 0% . _wD
c =E—L M f, = UL b
T § a hmar ®)
— = w=unit internol pressure.
fam =i -
= = g‘ Both Hoop and
n o} " § longitudinol stresses are
=== -+ independont of the form of
R R the ends.
m = Meon raodius
THICK PIPES AND CYLINDERS: (t/r,) > (1/10)
Longitudinal ter le stress
. wa?
| | P
| B
LI Tensile stress . oop
; 2w - b2> ( e )
= ——— —5] (mox. r=a
' t ’ th bz _ \ r2
fro— —
R Raodiol compr 2 stress
[ — 2 ! 2
lor o] o e— 1 - 2_) (mox. ® r=aq)
r 2
RE! -ao
w = unit interncl pressure. m = Mean rodius
\_ 189 W,

rve



LWL TVNive

(" Macalloy post~tensioning bar systems

A._CHARACTERISTIC LOADS
NOMINAL | CHARACTERISTIC FAIUNG LOAD | MENIRM 0.1X PROOF LOAD oA wass/
DUMETER | STANDARD STANLESS STANDARD |  STAINLESS METRE
mm kN N N N mm? | kg
0° - 34 - 31 342 | 2488
3 308 " 410 » #£0.8 4,080
25 5% - 480 - M5 4580
2 828 804 70 643 043 [T 1]
36 1049 - 230 - w0mre 8451
40 1288 1287 1030 1008 12966 | 10.410
50 2 - 6% - 9833 | 1600
» amn - s - N34 | 3200
WORKHG (0N) OUANG LETING/LOWRNG = (23/100) & GWACTCRSTC FALAG LOW
B. PHYSICAL PARAMETERS
NOMINAL BAR DWMETER - mm |
e NI T 5% T765] 9 [ % | W] 0|75
| W mm | 25 | 33 {37 | & |48 [ 5 | 7[00
FUAT NUTS  ['WOTH ACROSS FXTS | o [ 42 | 46 | %0 1 36 | B2 % {138
+% | OUTSIOE DWMETER mm | %0 | 60 (65 | 70 | 75 | 80 {105 -
FLAT WASHERS [ macciess m | ST ST 5] 5] 5 sT<
LENGTH mm 1100|100 110 [125 | 140 [150 | 200 | X0
WO men 100 (100 |10 [ 125 [140 (150 | 173 [ 2%
ENO PLATES  ["rac0iss - st mm |25 |40 |40 | % | % | 6| 6]
HOLE OWMETER mm | 26 | 35 | 36 | &1 |45 | 52 | & | ®
% - Awoloble o siciiess grode only
A% ~ sphericol nuls ond woshers ore owoible o occommodale rololion 7 reqd.
DYWIDAG Bonded Single Bar Tendons
M. { SMOOTH BAR THREADBAR
STEEL GRADE mad | 838/ | 1080/ 1030 1080/1230
(MELD/ULTMATE) 100 14/ i W/ 1030 | 12% s/ /
DWMETER  TYPE 32 | e | 26€ | 3¢ | dee | 260 [ s | 360
DOAMETER mm | 32 | 3% | %S| 32 | % | ®wS|%2 | %
ULTRATE LOAD o A N 828 [ 1252 | %68 | 828 |49 | 678 | 9% |12
EWD A0 Yo A W 671 | 1099 | 460 | 671 | 850 | 595 | 888 | 099
FANGUE STRESS RANGE
STEEL G = 09%an Nmal] 20 | 230 210 20
NUT/COUPLER
Go = 08y Nk | 98 | 98 ] ]
NOW, CROSS SECTIONAL AREA mmi| 804 | 1018 | 551 | 804 | 1018 | st [ s [ 1018
NOMINAL WEICHT kg/m 6.3 | 799 448 | 633 | 827 448 1 653 § A
LSKAM (0 STO #) mm 38 44 32 38 44 n p ] “
192

SFLUIAL TUFILY

- FLOATING BODIES )
METACENTER CALCULATION
N M e(METACENTRE)
a) T e ® T e
8 W,
%oz . e - Lo
RN P | T i a0y
8
' I3
L]
i Tl -
B PONTOON_STABILITY

Melacentric radius = BM = I/V
| = Moment of inertia of the liquid plane about AB/CD oxis.
V = Volume of liquid dispiaced

METACENTRIC HEIGHT = GM = ‘BM - BG) > 0, |

N\

FOR BOTH THE CASES OF MOI ABOUT 8 & CD AXES |

FOR STABILITY OF PONTOON,

[ MINMUM METACENTRIC HEIGHT = 5 OF DRAFT|

MOI is also about CD ie. ! = tb3/12&
ANGLE OF TILT DUE T

When moment is about AB axis, L = Pontoon length
MOl is aiso obout AB ie. | = be/12 2 = gf“;fw width
A = Dro
When moment is about CD oxis, Y = Specific wt. of liquid

= angle between the
M OF M: pontoon's original liquid
M line WolLoand the kquid
—_VT(CM) Itii?le W, L, ofter pontoon
For stobility , wsholl be 1:10 (5.7") or less with
smallest freeboord of zero or more.
193
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1

—

WELDING DETAILS FOR HYSD BARS

— Binders ploced closely

- 269
Lop welded
i Bars (>20mm)i___ l 1&

z-i;—l—h———l L Dla ?
JONGTUOMAL_SECTION

=
[ El S
Ly | ‘
[ 54| 54 ‘
140 J0NT - TYPE 2
SIZE OF BAR IN mm SIZE OF ELECTRODE (MIN.) IN mm
UP TO AND INCLUDING 6 16
OVER 6 UP TO AND INCLUDING 10 - 20
OVER 10 UP TO AND INCLUDING 14 2.5
OVER 14 UP T0 AND INCLUDING 20 318
OMVR 20 4.0

. 6013 TLECTRODE SMALL BE USED IF THE CARBON CONTENT OF REBAR IS LPTO 0.25%

. WHEREVER CARBON CONTENT OF REBAR IS MORE THAN 0.25X, THE REBAR SHOULD BE
PREHEATED T0 100°C, BEFORE WELDING AND 7018 ELECTRODE SHAUL BE USED SUNTABLY.

. THE CARBON CONTENT OF REBAR T0 BE VERIFIED FROM MANUFACTURER'S TEST CERTIFICATE.
. BUTT-WELD IS NORMALLY ADOPTED T0 JOIN BARS OF DVAMETER MORE THAN 20mem.

196
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SPECIAL TOPICS

( CALCULATION OF INITIAL TENSION )
' IN GUYS

h = sog = 27% of guy length = 0.02 S.
e = h/R
W = Seif weight of guy
W =WxS/R
Fu = W. R?
8h
TENSION (T) = F,, (14160 + ton’a + 8otona )2

|
|
197 )
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I
MAXIMUM_SAFE BEARING CAPACITY OF SOILS

TYPE DESCRIPTION T/m?
Hard rock without lominalion and defects e.g. granite, 330
trep and diorile.

é Lominated rocks in sound condilion e.g. sond stone 165
Residuol deposits of shatlered and broken bed rock %0
ond hard shale, cemenled materiol.

Soft rock 45
Grove!, sond and grovel, (compoct and offering high s

" ist to penetrotion when "bylools3

§‘ Coarse sond, compact ond dry 45

§ Medium sond, compocl and dry 25

g Fine sand, silt (dry lumps easily puiverised by the fingers) 15

& | Loose grovel or sond gravel mixture; loose coarse to 25

! | medium sond, dry

§ Fine sond, loose ond dry 10
Konkar 32
Sand with cloy 20
Soft shole, hard or stiff clay in deep bed, dry 45
Medium clay, readily indented with o thumb noil 25
Moist cloy ond sand cloy mixture which con be indented 15
with strong thumb pressure
Soft cloy indented with moderote thumb pressure 10
Very soft clay which con be penetrated several inches 5

a with the thumb.

§ Black cotton soil or other shrinkable soil or exponsive 10

& | clay in dry condilion (50% sturotion)

&

© ] Red eorth 30
Alyviol soil 13 to 9|
Allwvial loam b 10 17
Peot s to naf
Fills or made up ground (consalidated) SJ

\L 200 )






