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Modulus of Elasticity
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Tensile Test of Mild steel
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Properties of sections
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Y, ~ NA = Neutral Axis
NI Y e Il Y INA = (a,%37)+(axy2) + (a,x5?)
Ty, INA = ) Ay’
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X X hd’
Given Axis Iya = el
=L, + Ay . Rectangular
A

-y L, -0 vy e
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[ya for rectangular = %
bd’ 3
I,5 for rectangular = T AK?
bd*
I for rectangular = Ty + AKS

suroneadn Rectangular owoposd (m) L, () L, (o) Iy
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Nod o NG, g A
A B
C d
Example 1
Rcfgpc b=4",d=8", K =4", K,=58"
_ bd®
m i INA - A
4 12
- ——» -
‘ = X8 17066 in*
12 |
8" bd?
N 3 sl G [, = — + AK?
-%' AB 12 1
ol a1t 3
“’l' _L = 4x¥ 4 x 8 x 4 = 683.66 in>
\ B
C D bd3
- Ip = “1'2— + AK%
3
= 4;;8 + 4 x 8 x (5.8)2 = 1247.15 in’
Example 2 coiconiean Section & L. cr%po’]n
g
BD? bd® |
o I, = -2
1" T M2 [12]
; i B _3x8(1x3
| 3 12 12
: Loy 5
; | ! 375 9
N*___é__ -i‘--_—__-“A ; ——12—-“—26.751114
f m§éz ‘
3 3
I, = 1’1-‘-12.- + 2(% -»AK'."]
3 3
= IX3 L3 s koo
— —— 12 1
. 3" ——] ‘

-2 +z(l-+ 12)
4 4
5

225 + 245 = 26.75 in*
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Example 3 soroaieoon Irregular channel dwmose L, o3epcl

5x1x‘/z+7x1x9/2+4x1x”/2

coioMmeonOd Y = ;
. 63 16
68
- 5/2 + /2 + /2
’ 16
7 .
_188 17
2x16 4
NA ooéese’:o%e@gs 425" aaog:ogcc:@o%:)g):wéu

3 3
]

Iya for A, _bli + A,Kf:4><1 +1><4><(4.’25)2=§1—7§— in’

3 73 .
Lo, for A, =20 4 ALK2 =207 10 02s) = 16199 4

- 12 48

3 3

I for A, = bli +ALKE =22 +5><(3.75)2=5X4279 in*

871  7x199 5x%679
+ +

Total I, = in? =173.33 in*

12 48 48
S00E95 08P
Ju [ 3" |
1,;1: ' =l¢H{eopH lovp)
, p Irregular "I"
Section wopored
1 Q
5u - 1 |¢— INA O’ga’xﬂn
T
A
‘ 4" g
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cotconien  Section & INA o?ejporln

Il suicodseadn  Built-up girder section LR L, o3gpch

I 14" .
" . ‘i; ) 1.99"] 6"x4"x% < s
2 —
: : A=475 in?
k F 1 1.97"
O x4"x% <8 X = 0.99 in
— 14" X Y plate y = 197 in
I =174 in*
XX .
. ‘ I =68in*
| 5
: N
14" x % " platel, Bz
N 7y




Gi sorconeady Built-up girder section ogel 1, SBepch

S ——— R 10" channel 15.3"
L 5 Channel 10" ( 15.3)
22 A = 4.47 i
A =735 in? Ixx =66.9 in
L, =1823 inf I, = 23in
I =134in* - C.G distance from back of web = 0.933 in
"” vy thickness of web =0.24 in

C s O 0
QL esaomo']gogccn INA o?spo']n

[ .:{_..16"x %" plate L 20" x VA"
s — 3"x3"x g

I =22 in
A= 275 in’

12" channel 35 lbs
I, =178.8 in‘

-

e 14"x 15"

Lo

= [

J—20" x 15"

—
{ —~+— 16" x 4" plate

3'x3"x " <s ¥=7=093in

¢ oc¢

og| ogézmgcﬁ) 0.39_3@909:'?: Moment of Inertia cr% gé:ooo{ )
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w[gés|odadie Neutral Axis s& sofof:adisaoprmcoisl o2:(5&:[4E[god 0SB §:03

4 4 L [¢] 4
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Moment of Inertia

Section Modulus =

Distance of Neutral Axis from outer most edge

ie L,
Z= in®
y
Example 1 .
6" x 12" cobaoniwny ;ed [gddmedr Z s Z, BBepoln
. l 6" .
R —— b exi2t
A i = 12 12
l 12 .
. : y = 5 ~¢otm
S | | 6x12°
X~ —T—— —— 71— —x (NA) Zo = o =M
I | 3
I Iyy '= 12X6 = 63 in4
Y | 2
. : Xy = B = 3 in
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Example (2) 6"x4"x %" [§058&0m8 Z, & Z,, S3a3epch

r'C

=099 in, y = 1.99 in

X
A = 475in® ,1, =174 in*,1, = 63 in’
Xl
Z,= Lo — ﬂ—434 in’
y 4.01
[
7z =2 =53 509 iy
w X 3.01
c0I89508P4P:
or Unequal channel osc Top flange oS 3"x 1" [¢6q Botton flange oogb 4" x
1" @5@: web :Dé 5"x 1" @fgoaén 95: channel & [go5 <cé5 cg:néj{ " §5 Zyy A3l

[

i eoicomiean section & Z, sc Zyy A3encli

L2

T

1' T.
A
E.' H A 3—13_.
I 7 1

i "

Radius of gyration "r" or "kK"

N . 2c¢ < [
O me: O copFeCc:

‘Radius of gyration 3oopden oglogpSi00903 cuicsn: ewogméeﬂé 0qdea mp5Bads
A3 c&l e§onsl oxg) qeonqsdl §6cbn3Sigt: oc@ow@u G&:ad 1 (D) k m:nooeooecuooéu

c,0.9¢ e S E ~
&c3o3é Column ep.ogmq]me.pé Z2053(glecoaopdi

-

— in

O
-
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3>};:_;1

r, =

Where - _ A -
I =Moment of Inertia in in*
A = Area of section in  in?
r = Radius -of gyration in in

Example 1 10"x6" B.S.B oo radius of gyration about x-x axis s¢

. o 0O
about y-y axis o3a3epdli [ =2048 in’
— I, =2176 in'
10" x 6" B.S.B A = 11.77 in?
.F____.______—.—._——
I 204.
oy =4 = —%—§=4.2 in
A 1177
I 2176
r,=.-2=.,——=136 in
e e — » VA V177
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i
Klv | f[Torx2 x %<, X=y=06 in

" 4_‘__ T Al . .
At YT o 035 in?
A =094 in’
' coroomieoon built up section @ Zxx,Zyy,
(J L Y. rxx . l‘w o%o%spo’]u
| Jr o
z 10" >
g }‘* 10 1
r 1" v
SR L, |
2"x2" xS <A=136in x =y = 0629 in
- = in?
10" x 1" , I I_V'v 0.467 n
e . N
3"x3"x?%" <A=367in* x =y =117 in
| i 1, =1, = 546 in'
» 1"
10"x1" ¥
o Semi circle & 3}:? , I =10.1098 r*
s

. ® o O. Q
corconeanda I, o§oBiadepli

-.—.T - . - - — -

1.5"

l f—1.5—

¢ col[gdl builtup section & Z ,r,. 2 .1, o§5hcded

, f/ 14" x 2" flat
{

- - o - "

"“-1 — —— r—ﬂ<\
" 2/ 10"x6"42 & A=12.4 in?
—— 7" —— '
I =212 in*
hadndiddieini i did i i o M ) I _—_229 in4
Yy
| 14" x %" flat
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QL 00y€[geoneoon Built-up Section &1 1 s& 1 o303epoli
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‘/ 1/2 H
1"
- -t Tx
—-—~—>1!v 1" e .9" — " 1"4'———’
8"
R by =X "
__—:/‘" ]//- 1
— 12" ———
off 6035@@0:@330 Built-up Section & Z_ §8° Z, oo%:r‘é:o%o%gpo’]n
v | 0.933 "
1 : :
N 2/ 12" x % " plate 1
: | 2P I
= — ‘ o
415" Y——10" x 3%4" channel & i
§ g A =8.296 in? \
X b X I =1179 in* X X
""" I R A A [ =8194 in*  ~=q--{i---
V ' o 1
t '
‘ 4
NI 4
} Ly
'Y
ol ¢op€[geoniean qult—up Secti‘o‘nu a l ,Z s I, 3B3epch
I 1 12" x Y4 " plate
: l ﬂ 3"x3"x%/ 2 S
) o . : y
Ixx—Iyy-5.16 in* }_‘_’{1‘17“’
= pd 1.1 3 - D
2/ 12" x % " plate_S™] xTy 71 % :
A =375 in?
, r“’[ L . 12"x % " plate
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REACTION . SHEARING , FORCES AND BENDING MOMENTS

1. Classification of beams
beams

(D(Ta:l)é UDG&)")OSS’)S’%CC!] %80882(35:@6&" C,‘é:‘:% B'Dgg:‘QJ?:ODé

Soeete REe STeH eoTogcC: §0opdagb§a0pd wcbeoTogwoSeqoochogglcm F26C0I0$4p367 MELE[GD
saccviofepigde) woadea: 2305600056003 oamep 103 &1 cancdegcdepic sncqsacocr%&é
sconodeandedl opé onpdq) 2(03otomel (9 9) §r3lgorcon: c;cooaéu

1. Simple beam - ( freely supported or simply supported beam )

P

L ———»

2. Cantilever Beam -

@

3. Over hanging beam -

N

5. Continuous Beam -

I
r

Kinds of Loads  of=dpdp

mg§>:murﬁmq<73_o§oaé Gmcﬁeqlogepé c8$:9ﬂ8
c02:(gE16§0> b anamEammiagcdeomn wnpad Simple
Beam ogeaTecOoaéu

c. ¢ ¢, 0 o C‘A‘ ¢ c .
929§ 10000503103 209 oo.ysﬂoeooomeooo.gj
m@o:mg§:muc§r§ G@’)OSQOD’):@&Q%]GOD’) ooogo% Canti-
lever Beam U?G:;Tcmznéu

§69 (33 ) eoocﬁep com c;ooocﬁeqjogep GOTCTJ(S
3 [L] L
chooécgj S o g$ moeas S ewnod §émasoad:
S (9 Q C
CaOMBEGOAEPEe Sagadegeand woeP: 0% Over hang-

C

ing Beam oyesloopdi

(o [y C . o] [ [o
F29$:§ONMODIM s'aeaacg%quo CCONMLCONEDD
Beam O%L Fixed Beam o’ecaTaaéu

S 900056kt . c T S N [of )
?0'_ mep.eooo GCD’DO’)QSJFT)GJ’J.GO O'ODC s‘lomgc\;‘]mﬂem
03030% Continuous Beam o?GaTa)éu

1. Concentrated load -or pointed Load

< C T Q o _C C c
G’BQO’JO’)QO’JE:GO o] ‘D:!DCDCDO')GGP(DGOJ’)
E L v it
$03 Concentrated or Pointed Load

co
Fa6QO:0 QJ
C

UBGSTODEBI!
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2. Uniformly Distributed Load (U.D.L)-

- vDL |

(OOOCEO000600000000000 ) W@ gapioenypoded] 0pé B%é g WAdeepad
@ [« ° 10

T , T ajes§eann o§ad Distributed Load wmeslwpdi 2y

Unit length edl's [9§5.000056epadecn saeciofepien
oagecﬂm Uniformly Distributed Load o?eaTcnén

" 3. Uniformly Increasing Load -

N oacro)gaoap:oaécopog %égsjoacﬁesptﬁeawmeco:o.%?osog%
mﬁb’@ﬁj@m(\) . c N c, c 0 Unif I Q,C ¢ ¢ 0o
» 3 Y sa@o.s*aogsﬁ.oaoamog niformly o?.gjmoeoa’) GCid
r Uniformly Increasing Load weslaopdu
N L
REACTION -

. -] (o c [oR e} < ' C cO cQocC Q
v ‘ Reaction QWP ST VMWV SFPOIAYMFEAD FIEQVI0$IY$QRAM)
m§§E[e: Equilibrium @69®q$330365 G(I)DCTS@SJCTS@J’):GOTU&&Q)USGQ’DOSC\J)JO’S%OJ@? Upward

(] . C
Forces g¢p:o3 Reaction ugeg'rmg.[

C

1000 * 22005§) 20 ft sqp58eaon Simpe beam ogeol ot oG35

! L

A B 1000#ogqm§eoao00ncentrated Load oypcocdeqpasesolm
L———- 20" —_—4 sandbegad 2§ Reaction goie 500% 5223:8:8e5(m

500* 500 %  &fogos 20905038 Eacoanpn
' 1000 * Beood Mmeio§d BSMad sanddogebe 6 ft
, B 2008 wodeepaieodiom conndesjed | 5§ Reaction otles
A 3 " — I copbc3§: Moment oosomoep: 52q gporgepS [gdecooopdn
A 03¢ Moment oyear R, x20=1000x6
R, =3007
| R, =1000-300 = 700*
(or) B 3¢ Moment ayeo0’ R, x20 =1000 x 14
R, = 700"

R, = 1000 - 700 = 300"%

Example 1

comdméeuiconicarn wmel Reaction apradepal
. o] ] (A LJd

# # # )
400" 200 600 A crgé Moment OIBG:D’S

(20 | 3 | &4 6' .
AT YT v B (2x400)+(200x5)+(600x9) =R, x15 .
% . 15' : »TR 800 + 1000 + 5400 = R x15
R, B |
) R, =20 480
15

R, = (400" +200" +/600") —480 = 720°




cotomeon womel Reaction ep:o%epo"lu
. [A] L4

. )
100#/re 5007 500

DA ‘},i‘ . 1

A ogé Moment ulgsoa% -

(100 x 5% %/,) + (500X 5) + (500x 10) = Ryx 15
1250 ~ + 2500 + 5000 = Ryx15
R, = 58333"
' R, = (500 +500+500)-583.33
EXample III - g1667"

607/Rit

' # #
gof/rit 800 900 |
I , - euiomeon Simple  Beam ogggagm:c%

e B . : oc, R . . ‘
A‘- = +~_“ 4 3 ep.?n ;@T@:’]ga_o?c. cwoodepodeses  Re-
- g e 2 777 action qpi3 gpdl
RA‘ .

B ogé Moment u@eo&%-
R, x 18 =(860x9)+(800x12)+(480x15)
=7740 + 9600 + 7200

R, = 1363.33 lbs , R, = 776.67 lbs
g ehogept

cTNOClc0I0nie0 éep:cﬁ Reaction qp:tr%epo’]u
L . LJ

100%/ft Run

' 600% ~ ’
50%/ft Run ‘ !

Ra Re " ‘# 600% "
400* 300 4. 300 .
ol fﬁmﬁ‘ , LT INas
a6 5 | « Vs |
. T
500 1200 40Rit 1600 . s0%t
l é A
v o rmmmmomm
. l 3, T » 5| ‘ 3| l l2' !
P —— 14’ e 5'



Stresses in Beams

load =W ‘
F s
7
j E
A joad =W —__load =W__;,,ﬂ
,77% Q—W P /\\:——t:///fv“_‘—“
g 3
:';i |
Vertical Shear Horizontal Shear

s@sm:o%o% cobiesonesqean Beam qp: Fail @oﬁﬁwé ooésp:eooo@o%qé Biaed

1. By Vertical Shear ( scon05egodepieaaplgodoyEe: )
2. By Bending. ( cogpyifgs: ) |
3. By Horizontal Shear (08l Fiber gp: - Horizontal Direction

, QQU%E:GQ)JO@USCQIEES ) ©20p503[gda0pSH
Beam o3sen  Design [Geodepopé scodesl [gol  Fail [g6§|ceo0o
mepéiad (o) 3 ¢[gb§Ceoqs Materials R35¢) Soabearn: Resistant Stresses qprev§cp)
529059202103 cgrajcSqecogdi
Vertical Shear "V"
C

c,o ' o ¢c__ Q¢ < S _.2C, c._Q ¢, g
GC:e2 Beam :ooezcﬁ PO PO CIMIV M[§NQC:Q clcrislosfeviioaleiciophie

On

103 BB G&:03 sepep " VY g€ ;mT@smooéu
Beam & ocesep§ Vertical Shear & VLML g&sao:ogoc&aé FPOO
1 , A Y

L J
00 cumfp oowo%cocﬁéi Vertical Forces ep:crcé DR :Defp§aczsaq ecﬂ&q@é:oé@éwé
c ¢ C < < : o ¢ Q@9 ¢ ¢ o ¢
epogcogmsdmspé QUNRE0F Vertical Shear & SO GEITIRAVPITVYEIG COOIOTIM
c

Vertical Force op: mogq:mang:@q co 5:@5:0’303’3 oaéooego%mé: sao.?:@l@cﬁn

soxplgons

a,

O

c
QM

[

s

4

'280 1;80

The vertical shear at any

section of a beam = Reaction - Load to the left of the section

Reaction gp:sé Load gl Unit gpien qusmzmo:@é_ Ibs q}’a@é_@emoe@oﬁ
Vertical Shear & Unit ¢ Ib oé@;ﬁwéu
Shear force Diagram
ooogcﬁ mmp:oaeoopo%%leooo Vertical shear ep:eﬁ\ ommor% ewT@oaé Dia-
gram o3 Shear force Diagram wesl'oogbi




Example 1.

o]

Qogéewmooo:coao Beam ooecopo% G§q33303:33:§] Vertical shear

Ao§dd padeedq Shear force Diagram Bgoln

A
R, =1

-

#
1600,2 850* __600%
4! 4} 2' l 2l
¢ D +E B

, T ‘
12—
R,=1600

450*
Taking moment at A
_ (1600 x4 )+ (850x8) + (600x10)

B 12 .
Ry= 1600% |

R, = (1600 + 850 +600) = 1450

S.F at pt A(R) = Reaction - Load

‘ = 1450 -0 =1450*

SFatpt C (L) = 1450 -0 =1450*

SF at pt C(R) = 1450 - 1600 = - 150*

SF atpt D(L) = 1450 - 1600 = - 150*

SFatpt D(R) = 1450 -1600-850 =-1000*

SF. atpt E (L) = 1450 - 1600 -850 = 1000

SFatpt E (R) = 1450 - 1600-850-600 =-1600%

SFatpt B (L) = .1450 -1600-850-600 =-1600*

SFatpt B (L) = (1450 +1600)- 1600 -850 -600 = O

1600  ssof  |800%

Linear scale 1" = 4 ft
_ Shear force scale 1" = 1000 #

Vertical Shear @cioo%wcr%ﬁ S'aesl:@:eoacg%no% J 9oden
Maximun Shear [gésa esepaogS Reaction gpioacgfgé:
Shear Force Zero o3 [gobogaieamesspoopd Bending Moment

L

gaqj’):a'gze‘?qo@@@é:o%@éméu :

&



Bendi‘nq'Moment o @o%cv‘%% "M"

L L
C cre

SREED saeooooe@epq e %oom§ Bendmg Moment o G saecocv%ou%@lj gcc: @%1 W0 Bewros
coadp 026050058 saaepidicopS B Siap: 0B sa0pep208psebi92q) 60lEi(gE0E[gooopd G&:3 ag

Bending Moment gpc3oop5200056l consdmad§eanigpied OpSMBEgPiITad: TREPIPFERTIE
colés[géiodom oaémego%mé:sadg:@@cmwéu
The bending moment at any section of abeam is equal to the moment
of the reactions- minus the moment of loads to the left of the section -
Example 1.
dogé[gaonadpieacic:  Simple beam omaeolpé  concentrated load 2
soocdespadesaycd§eln & Beam @ Shear Force s& Bending Moment Diagram

. N
QJ’JSGG\: 98(5]"

9000% 6000*
Taking Moment at B
¢ 2
A Ay [ B _ 600x2 + 9000 x 8
\ C ) RA - 12
R, = 7000"
R, = 8000
SF at pt A, =R, -0 = 7000%
0. C, =R, - 0= 7000" "
»  C.=R,-9000 = -2000
R D, = R, - 9000 = . -2000
o i D; = R, - 9000 -6000
S.F Diagram = -%OOO
1 "B, =R, - 9000 6000
= - 8000
1 B = 0
Benfing moment at point A =0
I C = R,x4-0
= 28000 P
" D = R, x10-9000x6
- # -
12800% = 16000
N . h B =R, x12-(9000 x 8 +6000x 2)
// ‘\\\ : = O ‘
/ \ 1600t
/ N
0/ \0
B.M Diagram

© Linear scale =1" =5'-0"
Bending Moment scale = 1" = 10000 *

€




Example I - cotcontean Simple beam 0aa) SF s BM 933 ¢

Diagram gp:o3eq:acli

200 lb/ft
AR A R TATATATATATAY PRTETETaT L

Reactions = -—20—25—6—~ = 600*
Shear force at A = 600*
Shear force at Centre =0

Shear force at B = 600*

Bending moment at A =0
« 1" from A =600x1-200x%=500"*

2 i =600x2-:200x2x1=2800""
i 3 "y =600x3-200x 3x3/2 = 900" *
4 i =600 x4 -200 x 4x2= 800" "
) 1 =600 x5 - 200 x 5x5/2= 500" #
Example I
Beam oeapéich sagpdoops 20 ft [989) 60056905
"WTVT‘?A’?WVWWWWOUB@ J 2e6Tgé dopéfgoomtonplmecié: owosad 4 ft

QoScseoqs 8écomcin géiampS 150 Ib/Rft
QesnéBpmgn @%mgcoo:oaé me0§0BbieaE
qoopd §ed5 [gbecTegd S.F s& B.M 58:3:03¢pq)
docb@: Bending moment Zero [géeo> Point of
contraflexure o3epcli

R = 150 x 20 x 10

A 15 = 1875*
R, = 1125%
SF at point C. = 0
I A, = 0-150x4 =-600*
' AR = 1875-600 = 1275%
. B, = -1125% (1275-15x 16)

S.F Zero [goeommeddoogd D [gdolay u
D § S.F w5 Zero [goq)

R, -150(4+X)=20
1875 -600 -150X =0
150 X =1275
- X =85 fi
BMat ptC =0

0 -150x4 x4, = -1200"'*#
R, x8.5 —150x125 x 12.5/2 = 421875'#
=O

,
I

A
i D
B




B.M Zero [gbeoo> Point of contraflexure 0p5 A g Y ogaeo:oaé@o%cﬂs’q I
(RAxy)f-(ISOx(4+y)x(i§ljJ:0

' 1875y—(75(y2+8y+16))-=0
1875y ~ 75y? — 600y —1200 = 0
y> =17y +16=0
(y-1)(y-16)=0
y=1ft, ory = 16 ft

. Contratflexure point w8 A ¢ 1 ft sa0z0038g8apSn

e L T |
ol ssmosedl[goonicanwmemd S.F s§ B.M oedmepiodgpg  Diagram gpio3

| Gq:sg@o']n Max : B.M owmo%cuéfj:gpo’]n

L c , #
(@) 4000 g000*  2000% ) /400 Rt
s, v |4 | JETaTeaY (OO0
' ' : 5 ' ' :
T<_______ 15 ____m___uj xL‘ i 20 — 5 10___.
500%/Rft | ) # #
800 #
(s) - S00°/RIt R 400
Y I .
CO00OCOONSONTAOGNDOO0D) l . 3 i
i g J COT000 Q000000000 )
4 20 ‘ ! 4 T 6 l 5 4 f
(o) (=)
. f='s) # 4
2 cwt 6cwt 8 cwt 2 cwt 8 1007/Rft 400
— & — YRit |
l ' ' l ' l ' ' l AR REWNY /r"".‘zoo IRt v 4
4 4 4 2 5 UL L LTI T 7T 7777777777777 7777 ]
1 . 3' '
T 15 . T a 5 - 118
® o
w # # #o #
# # 500 100 200 100 4
2007/Rft BQO 400%/Rit ; i , 200
a 400*IRTt v "

4

|4 T] 2| 2] & 'IZ'T 4 T4'[ g |4 T4




5k Sk 1k [ Rit

/ 500* 500"
.. el ~1000* { , '
L , , 4 , v 5 , 5
4 — 10 ~+J<—‘ 10 '—4 l 3 5 vl100#7th 5 [foo’IRM ).
' ﬂzx@ﬂ Y

n 6060100016000 Shear force Diagram o Over hanging beam dl
aomeqomc\%chow smecio§epiad 6ol (9 g&:a  Bending moment diagram

CQ(TJQJO')GGI S(g@()r]ll

13,98,

500"

S.F Diagram

Shear Force_and  B.M for Cantilever Beam
‘Cantilever beam ep sacnm Shear Force m spc;(ospooc SF oe’mr)oog
Free Side 0o5§ sao.ep.m PR :DSJ’.)§E)_.3 saq cdlé:[ges gg]oa&)u q)emoo@ 2200561 comoo')mq
6327050053 oomsspmeooosraecu 0§ s‘aocu » (-ve) @&lmoo§:r> :n@@oaaas\cmoaezu
B.M owrmoopd e@w@meogcoéaso (-ve) :ra&crgoa§:73 oaoslj Free Side §

) o L

Moment qo.eo’\c.@c.@c_agjwegu

(w)xL

! é(ﬁmmmm

i

O TR,

o S.F__Diagram
S W 3 S.F_ Diagram

. _W .
B.M_Diagram T2 \//



S.F at pt A =400+ 600 + 500 = 1500 #
S.F between AB = 1500 #

S.F between BC = 1100 *

S.F between CD = 500 %

B.M atpt D=0

1 C=500x4=-2000"*
i B =(-500x7)+(-600x3)
=-5300# ,
i A =-{(400x5)+(600x8)+
 (500x12)}
= -12800'%
-12800"% ‘
GC\)(’DJCG}$OO’JQ‘P
1. soeabol Cantilever beam op: eracoo% SF s¢ B M Diagram gpieqeadsoicl
2T 5T T & 900* 600 500t run
l 3' l 4 l 2 E
INY
1000% 500%
|
5' i ' l
lmmmmoﬁ 5
‘ ' \200#/th
Fixed Beam ®
‘ W
L oL E
1 = |z
L : Lo}
TR

N|E




£ [

Example - coionen Fixed Beam sopd> S.F s¢ B.M Diagram sqpadeoidh

E)

200% R ft R
T I 000000 )

“Shear Force at end = 2% ;1% = 1200 %

BM at end =- 20X02X12 = _ 400 Ip-t
BM at centre = 200X12X12 - 1500 pf

Shear Force and Bending Moment Formula For Typical Beam
1. Simple beam with central point load .

" |
W« * w_
-1 ~ 1%
n— Maximum ~SF =-3-

%T Maximum . | BM = 4

S.F _Diagram

B.M Diagram

2. Simply Supported beam with U.D.L over the entire span

W=wf

w
5
W

8

L

Maximum S.F
Maximum | B.M

%@ia’qram

V)



3. Simply Supported beam with one point Load at off centre

Wa Maximum SF =--

S.F_Diagram Maximum | B.M = lV.Eb'

L
B.M Diagram

4. Simply Supported beam with fwo equal point loads équallv spaced

W W
L | L L
_h vl l /s
e L '—-—'--—————-bT
W e ; Maximum S.F = W
Shear force Diagram Maximum|B.M = '_\%’L
WL '
3

n/ ' ' 0 B .M. Diagram

v

5. Simply Supported beam with Three equal point loads equally spaced

L L

4

< _ | ‘ Maximum S.F = —?’Z—Vy-
IW == WL
o == Maximum(B.M = ——

S.F_Diagram

///‘
B.M Diagram

0 : 0




6. Cantilever beam with one pointed load at the extreme free
T B \
¥ ’ ) \ Maximum S.F =
PRI |
i Maximum | B.M
A

1}
2

WL

WL

7. Cantilever beam with U.D.L through- the entire span

Maximum- S.F = W or WL

Maximum |B.M = 5 |or T

w
7 L | L 8. Fixed beam with central point load
7 2 + 2 R ‘
4 L L
PAERENEY

]

W
2
W

-

Maximum S.
B.

F
M

Maximum

8

7 ‘ WI/R ft 2 ,
j’mﬁﬁmmﬂmj 2 ai:xed beam Wlth U.D.L over the entire
é“'—_"'_“ L ___M_,.S _Q._..
We
2 S
Maximum S.F. =—5—
i - WL
Maximum |B.M = 5
: - o WL
Maximum Negative [B.M = 15




MOMENT OF RESISTANCE AND DESIGN OF BEAM

b

/WW A_ N ///%%/A s —Ed FL.J‘,
oo NN N g

X - Section Stress variation
Diagram

| Z

cc C

Slmple beam oo’ gaecw: ;0§ 0odeepad[3ci[ad Gog.egmcuoeowmé] el

2260l 3E:§ q Fiber qp:aopd Compression @@GOTcnoénnoomeﬁ es@oa%é*‘% Fiber gproop Ten-

?
sion @eeoTcm@, &Rl esepe>  Compression s& Tension sdsocdislgbeol 03§esep
¢&:03 Neutral layer oeslecompdn Rectangular Beam op:é) Neutral layer o> Beam
section & mcoduddopé §: medlsSeamoiuadoiont @&oTc\;Jo%éﬁe:m Compression  s¢,
Tensile stress A& oenangr Neutral layer ¢ saopooecos 1§6RHBYOd T m@osj me0 disC
GG?’)O’)GO ooooc MaXImum stresses gp: @®GOT0ﬁchﬁu
Neutral Axis

Beam section o2 Neutral Axis BaogSen & Section s203&: Beam & Neutral
@o%ogo.sp éﬂeuG@DC’O?GSTGC\)QDgH-
Moment of Resistance ( M.R)

Wy GoTog FEO% o%o% oao%espcrgeo)eoaosa& eop: gogeo)%cé ooéj%ooé:éoé v
wmemoyé:§ Fiber gpiopé Compressive s¢ Tensile stress gaa:a% deol g g&: stress

c _C Q
Qe e eog.%oo@c,g moagw@weu 09:13 Bending Moment 03 2300RWF TPPOSID

Horizontal sacp&: 93002 5. ( Couple ) elo3pé [gbeclarmearn Moment or{%) Moment of
Resistance weslq) g&oop Bending moment owoans cppBecoaogi
Let b.= breadth of beam
d. = depth of beam
f. = Max: fiber stress in the top half andLower half of the section
C =Total Load in compression in the top half of the section.

T = Total Load in tension in Lower half of the section.

€D




Average stress x Area

Total Compreésive Force

At bd
-T2 X2
:f..t?._d..
4
Similarly T = f%ﬂ.
Couple Arm = d -(L x 9 ). (Lxd
ple . (x5 ) (zx3z)
- 2
. 3
Moment of Couple = C X~~§._ d
= bd 2d
= fx 7 X 3
_ b d?
= f 6

but t)6d2 = Z (For Rectangular Section Z = Ee—di

.. Momenst of Resistance M = f Z (flexure F)

Example 1.
2"x 6"  wdamao obegpéiaps U.D.L 1000 # Beobigel wé:

& Effective span ¢> 8 feet [g8e005 0oyt saep:s@:wo%eqxﬁs§ewo Stress

(‘fceﬂ)of]tl
1000 *
(RUETITTIOORGIEIIIT  eoicontgodoaq W = 1000 #
«—— 8 ft ——» L = 8 feet
Max:BM = 8
1000 x8 x 12 :
= ~ 8 = 12000 ft-Ib

Bending formula oq M = fZ  [g8q

M
f = 27 @503@&
1000x8x 12
f = 8 = 1000
Example 2. BEDFBE 3395:0';6?@% Clebiet sa%oaé 12'x10" glcﬁn @é:@ S

&
secoiooopd 1 sg-ft ¢ 40 Ibs §oopSi gErmaficl sacopicdad oBmpdmpap [3&:(ge
oo con§Ees 0502w RE sagoSsam:o% ogn%sJogclo:cﬂu »ndoodl Permissible stress

1200 Ib /in? [g6aopd ((ofommwgel b 3 3" vpopsodh )

Q
lop}
4
>8]
4

L

&



on .

@mﬁ@uﬂo JGa000

|L,.“__ —

GCDO’)JC S]§ OO‘DQJ’)

j

wmabseant qevnedun = 12 x 5 = 60 f?

i 996(\)20%

= 60 x 40 = 2400 *

Bending Formula M = fZ o3¢

: - Wi
TS‘. M=

f
Z
144 x 300

S 72

d
Say

Cn

3 ea)oooma'agos = 3"
L e

— 2400 x12x12

8
= 144 x300in-1b
= 1200 1b/in?
- bd*_ 3xd?
6 62
=1200 x 9%
2
= 2
= 8.46 in
= 9 in
X 9" V

Timber Joist maw&) 100Ib/ftR U. D.L o:co@ caon&oon: qoa@n mmw@ JOIS’[ a

Effective Span¢> 8 ft [g&clon & eod s JOlSt section moaoo@ooeo :0] 11 oA

stress = 1800 #/ m2

2
8 il

C
i

Q Cise QocC
N AB &c CD wops agog:ng goac@cno.aags'ao?c
- Point Load 203505 O?E o&es078 00 g 99@3 W

EF &5 b Gaooccooq 95:
L
[of

80

=

o QC <
OJCOC?(D%Q)E?C GCID’JCDQ(I)’J‘:G’C]\ I G200

B.SB 3 AB wmm@mmw@

L

cqucﬂu Z=65.6in°

Q

QO
L

[od [ C
32708 S’Bg:?:?OCDOOO?
a.)gj 14"x6x4"
» Maximum stress

@é:aé:mgogé mo@:@[oooseaao Timber Joist @J’JS@% Size v 2"x5" @é@cﬁn Joist

ol Effective span oo 9 ft [gdcu mmdg  [&e&isé Joist el mei0§4pPigadlenot
120 b / 2 &8 cobreaonfoonicgé Permissible bending stress ¢> 1200 Ib /in? [gogé Joist

eJ'):c:cn Foepiads cofs:ceooéfﬁ&gé mcg)s@eo:cr%aoo’ln

@ ;




THEORY OF BENDING (Gog:agog[é& §are )

A " ‘\‘ C . ] * .

S ’ v A
N E / ) F "
B ot e LS A ol ity Firabii etk .-
G .-....-."-. o - -.-.--v-\‘-- - o oo wf H " )
7 .
N .

)

n dopéedlgooniean coipeol o gaecu:o$wo%cqoo$cbsaoosra:ﬂ SMptevtey)
smodndgonogy w03 sogipgodagnrepSigdaopdt AB & CD 2005 vemich§ meggod
qo350[gEsbe [g6q Neutral Axis 5& ccon&efoyopb :

oaogeog:@o%ogazcmsaaﬂ AB s CDoSA'B' s¢ C'D' [g60p5n B'A'sE D'C'
3 2005a3¢lon 92905 O 03¢ eop,so0pdi RoopS O weode NA gfiedlsd saapecoigs: &
& Radius of Curvature vpeslooph |
: AC o5 A'C' B o3 ofopifi: BD g5 B' D' Bgpbogabeanieops: EF 20p5 eelgréiadeq

GHopSEFe Y 520209260:3C 600 ol %2030083[gddlm cogiydBigsopé G 'H'

[§6c0na0pSt GH ¢ qedcgadaneon 988005 @005 gEdaRO3eE 523&:[gdoopdi

EG" 3 FH' s&mfEgecomsl g5 ogodarneomeadiogs G'G" [g&0p5n.

A EG'G" s§ AOEF BaopSaam§oplogaopd

73 r;80

GG _ EG’

EF QF
ﬂéogogcoasooo s Y
QLT - R



. &
Strain = |
. f
Strain = —¢ (499
£ Y , f _ E
E R Y R
Bending Formula o2q
M=fz
= f _l___
M Y
M o= _f
- Y
M _ f __E
| Y R
-95:035 - ‘ .
M = Moment of Resistance: or ,
Maximum Bending Moment (in-ton orin-ib)
I = Moment of Inertia- (in*)
f = Unit stress of Beam (Ib/in? or ton/in?)
Y = Distance from N.A toextreme layer of fiber (in)
E = Modulus of Elasticity (lbs/in? or ton/in?)
R = Radius of Curvature (in)
Example -

wborwmodeapingd 8"x 12" 9agSdq) o§:igE 14" §G: 3 tons §eo
Point Load o>§320p5 secodbodBopéaabeepodegaoghi (o) [gbeclesupd Stress o3gpoli (s)
Radius of Curvature c3copbiepcli E for timber = 800 tons / in

3tons
. l wneaizngd b = 8%
A K ‘B d - 12u
. span L = 14 ft
e 14 ft ———>
- g&a M = VY‘L =3X1:X12 = 9x14 inton
Flexure Formula seq
M =fz
Ox14 = fx8x12x12
~. B
= 63 = in?
f o6 0.67 tons/in
Bending Theory oeq -
f = _E
Y R
- EY - 800x6x32 . 5100 = 7314.98 ins
R 21 ‘ 7 ’

€




GC\)CC{IC Sl:% ()0’)@")

ol 0damotmbespéial o Depth oo 9" e@ss o8 12 ft §G: U.D.L. 250 Ibs/ft Bcobs
caontooniqeln Stress 339_31200 Ibs/in? cocb ©3e0q$ gEsoéer breadth Bepdgjeonig
Qésé:m ' ’

i 50026 9§00900 ooogoosspé:ooé 4" chﬁgjch 9" §a0p5n gérpé 05 eERNaYH

. .0

%Gmsasc\)"o%w 250 Ibs/ ft - run @5§ f= 1000 psi oaocvesmﬁmc%soqf% span egg‘@q@ésém

Qi [38sac: onboopeacy: [gea0 soGepo? »8"clc é]sj sraax@[o:n 1l o§20Ge0 O ft e [R&iat:
e ossw']sraoc 120 Ibs/ft? Booé: rcanqé soeproagudsaon: moao%g;o%eo A
f =120 psi
ci I Section Rolled Steel Beam ma0pé flange gpicimmycden 5 [gdg wen

0.575 in §G: web ¢> 0.375in oo:oén Over ai! depth > 8" gl q5 : Beam oopd o§igé
12 ft ooecgpmooso’]é 9 tons qsooo u. D L cﬁcoe Gsoocssqsoaoclc oam:nogé @5@0Teé
max. stress Bepali :

ol a§ig 10§15t §i&§recmcdoconican wmoa: eoToac U.D.L 1200 Ib/ft

[}

L]

aao%sqocf)cgjo%%lw@m@cmmommeoooogeqjms 3ft smgoogé 7500 Ib pomt load Booé cone
f =20000 psi ,Z=28.76in3 §eo 8" 1 Section Bmadge$ o€ eodedeamzilgodeudi

G ngsoogmzsncxg&%msogé 0%5 J orcéé :Dé 18' saogémso:cgé%@oaéuéﬁ:o%éspz
Q c

GOTGDCCD(DODO OJO’)COGQPCS cnéjo%éjoo% J ) O’E O%Q‘P 06 ft G‘BCD’DQQ)ODC (e8sH C\%éﬂll O<§§]®U¢DO’JQ

O r

Baopdgagpiad: 2 toNs specwr o%ooég&ﬁ f=2400 psi 38Eeanador: oaoomespé rfn:nqoSm

P

b = /2 o™ éooowooeo 20 1

o 4'x 4' X 4 §oa cqpfbBorgosgd 2t saepobopbecmomieprc: T epberdamniangl
gE:oEap: G%JBS]éZDE 8 ft B@wé 1t 0§ GEscoSaproogd 8 ft qs:m Main Beam cl opé
0589 Main Beam ° gpiopd Trestle 86038 00580l ofa oocnogoo f“’iSQOpSE
588can codoo: [s¢ Design cooo"lu

J»

( Empty Tank & seecuig)§aopd 1000 lbs s@ss@ sacoozoopd 52.4ibs/ft? [wboophn Joist s¢

El

Beam o%ccnoécr‘?oSsas‘m:o? opdapé: ofienig§ ocddl)



DEFLECTION OF BEAM

I

“~ . A . ) -7

£ - ! - » B
~ s‘\.* i D —— '.p"'
~e RE TGN R s
Y " ]
O

-
-
-
- -
[ e

Beam ooéL)c;oT:fa 9600105 MOSeEPOdeocaN 3l & Beam g5 sopinoSgliyé
colagod sacoudoud§ gaossepe eapipaod(: eg.cypiogicammasasaad Deflection vresl oS

& Deflection o3 auo§ qodeg(yé [3p5e) 0[g€§Eeandaopd: GEroopSoajgbedles
G&:od Beam gpioan Design [Goodepopé saeepaonig) oé:m:ogb%q}cf)qemoaén

& Deflection o3 '/, of Span sacBom €GeS Beoodempagsilos cdfB8ody
que§ea Beloppé Design of beam o3¢ Maximum allowable deflection c7‘§ Yueo OF span
B DABYSmeI gpreaslgl (38985 528:03€. [gEomscvio§eps Deflection
~0p5 &: Limit ooSeomSay§dlm 03 2205003 8:[3¢:[gdecTomaS scvpsSt oS e[mnd
gEi3RobieaontqupSfgbeds Beam , Ginder , Joist s0§aopd Horizontal Member gpicd
Design dféqoogcc: G&: 1/360 or " 1,5, Of span limit wcﬁeoq;%cg% gée[geon BeloE Wy
mawpd  Flexure Formula o2q %59%@1@85382@5 O.)OSG_?CF)G)’):GOD’J Deflection wobedcoas

@cgcoémc)eso:qemooéu

Formula for Maximum Deflection of Beam
W = Total Uniformly Distributed Load or point Load (in-lbs or tons )

P Point Load
L = Length of span in inches
E Moments of span Elasticity, (lbs/in?, tons/in?)

o Moment of Inertia in (in*) '
and D Maximum Deflection in ( in)
1. Freely supported Beam with U.D.L of W

1l




2. Simple supported beam with one concentrated load at the centre

w

! .1 wLe |
4 ; ——g D = 26 X B ins
¢ L :

!

L L oL |
/ / /
i 3 l 3 Jy 3 2 D = 23 x W L3 ins
S P 648 El
4 . Simple beam with three equal points Loads equally spaced
W W W
AR
— ly ! 4 D = 1 x WL ins
: 384 El
——— L - ,

5. Cantilever beam with one concentrated Load at the free end. -

1 I

- Wk | .

D = 3EL ins
— i
I o o l D = WL | s
SelelahelaloNAleIssISTeleIs /eI e[oTe0) : 8EI
L —— |

Example 1.

GiSroooporegpéiangs a§:98 18 ft §9 U.D.L eocdlé: 25,000 Ibs
Bwd saE oS 95:0303:390305 12" WF27# | Section 0%99&'3:@1q$ deflection
wogos Safe [gdolgbaosiodfgal

(12" wF 27% & | =204.1 in* E = 29x10°% Ibs/in?)

‘ - W= 25000 * Go:ooozaJcr‘S W = 25,000 Ibs
OO 000000 L =18x12 in
— 18 — » E =

29x 29x10° psi
204.1 int

Simple beam ¢ UD.L wcﬁeepo%oa@ci !
Maximum Deflection -

‘D" L WL3
= 384 X TE3 9



5, 25000x(18x12)

D= =
384 2.9 x 10° x 204.1
= 0.5546 in
Allowable Deflection = -—1_ x span
T 360 .
= _1_ x 18x12 = 06 in
360 ‘

Allowable Deflection > Maximum Deflection
L g&ommsd 12" wF 27# T Section 20p)
Deflection sacpe5 Safe [g6claopS |

DESIGN OF BEAM
Beam oaa3 Design [gopSepopélgbee Design [goodconfficas beam oo
cgiqeded :Déeooc 208 @oospmc@aeo 692003¢]703¢E: ogmq;o%qoag_;u '
oooesaa:)cs'ae§[§c S kTR Design moq@a beam & sacfgsecssé aoadeepadean
Loads @Jo 1901 DOSEEPHBE50d:AE: aep Qqepdn poes - 10 ft qedeoxn Simple supported
beam o3¢ Point Load 500 lbs opb smoddocdepé oamespms‘?m@aoo']m

. #
500

— 5 , o @)oo eqpafBiesncd seecuiodapislond [ghedeoxs Max:

F— 4 ? B.M & veom M c3epegd) Allowable fiber stress

e 10ft —— & (f) s€oxq z 3 edef M =fz [gdean Flexure

Formula o%saofg:@ls‘@éu

Design @lmoqe&gaoo']m Table ¢ oomeijqecoo Z wod gprean Z 0§03 §o00d
Beam oaomnicg: aJooqegu (ﬁG@’)O‘) Table cg: gJoaoao icoo> Beam & Own weight
Baopyogé: oé ooiq) c;c 1005 Z mepsleen B z s& Load c@cc@ﬁeoTcozeoao Z 3
sdleiqgéiopSegigSamicars Beam & z coch $pd: o']m Safe [4dq) o[y [€20p51 Begrad
beam & deflection o3odssoiqecompSi

Example 1
Simple beam oaa:n@ 18 ft span §q secocdocdoré 43000 Ibs §soon Point

L O
Load 0905 cobieaonlqead o§ beam 920305 g203: [glqeps wma3 Design &l

f=20000 psi, E=23x10° psi
43,000 % G&: beam wmoped Load efopEfgdean

i
f— 9'— |
, . Max: B M.M < WL _ 43,000x18x12

e ) ,.4 )




M .= 54 x 43,000 in lbs
g8l Z 3ok M =f Z(Flexure Formula) sq
_ M _ s4x43000 _ o
Z = 7 720,000 116.1 in

- Table sq 20"x 6%"x65 Ibs Begiess -

Own wt =65x18 Ibs

WL _ 65x18x18x12
8 8

Z =16 ind

95:57) M = in - Ibs

Total Z = 1161+ 1.6 =117.7 in®

Tableo 20"x 6%"x65% & Z = 12260 §§ Flexure smefGéoogS:

_wls 5wWlLs
Deflection for bgam = 28 El X 384E]

43,000 x (18 x 12 )2 . 5X65X18.(18X12)3
48 x 29 x 10° x 1266 384 x 29 x 108 x 1266

= 0.125 in
. 18x12 .
Allowable Def{ectlon = 7380 = 0.6 in

", Bocgoogh Safe [gégE 535:{g§1E 205

", woyoagloeen: = 20"x6%"x 657

scoméafogoep:
o ofig8 22 ft § &&comdSeconican womegpéiel maddoudnpé 170 Ibs 8
Point Load 02303 co&iesonéq§mogoS 15" 1 42.9 Ibs § wogad [GoeSepSadlon Deflection
s0p05 Safe [gbofgbadedesoigdl , ‘

(15" 1429% & 1, =4418 in*, E =29x10°)
i FSecmoSomnieon wopdi 3§:9800 24" 385 G&wopedl§ 4 Ibs 8§ Point
Load ;) 208 woa 7/, esepdoé moS:oS:qecpo%qoaé@é Wwxel RaPimeaypdbeocdlé:
24,000 Ibs §ean U.D.L of 0&iea0€65qa0pSI G&:0m920305 [,,=5833in* § 16" wF
45 1bs wma} seadfyclon Deflection saope5 805395 §o§ ogoSeuzdl

((wogel meec0i0§03 copiopdiofioniqs ocBch ) }
ol mgéeo 20 §eoo wpmeapdiod 14" depth §eon I section ELeT
:!a‘:'a.?:@ooo:o']m’ GEapd mcuuSco%@S sogipcde| Deflection 0,25 " ooo%ec?eoqf;‘ SRENETe sl
oacrgeq:ogqeé sracm:o&ﬁisﬂoo']uo%ooo%espcﬁﬂs[@oa wcgmogé:@ﬁeoTeé Intensity of beding
stress  cloenana3copSiepdli (beam & | = 440 in*, E =30 x 106 psi )
Y 4" x 8" §easwporegpéich span o> 14 ft @559@(\)&0@@@039_5085 point
load =02: total U.D.L. 1152 Ibs Boéeaonéedlm deflection op59)[gbepSspS
an U.D.L. 225 Ibs/ft run ﬁw@:emﬁmzqcmqé:mo‘é:mc@mﬁcﬁ Stress o> 1200 lbs/in? 49
effective span ¢> 10ft g5t E = 800 tons / in? [g6e>5 deflection 52020501 8055)qe0d
w&eaySean Beam section m:go%gpc;o:o’\u




G Span 14 ft §eom wpozded Span Amacdody contentrated Load 17000 # o3
w&eanéongall smodq) f= 20,000 Ibs /in? [g6e05c3embegs | ‘Beam oa03 030%qjc5@o:o’]u

g&:el Deflection oopd a¢[gopScodh eoyboemys s0fiodeuidl

Table s2q - 12" 1 40.8*s Z = 448 in®
1271 35* & Z = 378 in®
127 1 31.8*a& Z = 36.0 in®
10" 1 40 & Z =316 in°
E= 30x 10° psi '
ol 8 ft goSeom Cantilever Beam CPERRRY UbD.L 600#/th c@@é:emaéc&o:qcﬁn

~omocdq) f =20,000 psi [ge0d & Beam of Flexure sacgoS Design [geoSq, Actual
Deflection o3¢pcli E = 30x 10° psi
DEFLECTICON FOUND BY (‘GEFF!CIENT
Actual deflection o3 Coeificient §Eg[§qmg,§pﬂcsmmgu o%:fé-ep@gsﬁs?ogm
soadsol [gol acwn:§ coefficient o§Bigpiod §9epS[gbecoogdi BIpBoepd wapd span 5

<

ODO%(JQO%OD’J:GOJ’) stress (TTJ table ¢ coefficient o"é@loiéﬁ beam & depth ‘?5‘ o ogcr%qjo%qz;o‘:g::

3

s}

span f = Ibs/in? span f = lbs/in? span f = lbs/in?
in ft {18,000 | 20,000 in ft {18,000 | 20,000 in ft {18,000 | 20,000
6 0670 | 0774 | | 18 | 6.033| 6.696 30 | 16.759 | 18.60
7 10912 1.004 | - 19 | 6722 | 7460 | ({31 |17.894| 19.80
8 1.191 1.322 20 | 744D | 8268 | |32 |19.067 | 21.16
9 | 1508 | 1674 21 8.211 | 9.114 33 |20.278 | 2250
10 1.862 | 2.068 22 | 9.012 | 10.002 34 | 21526 | 23.80
11 2.253 | 2.500 23 | 9'850 | 10.934 35 | 22870 | 25.30
12 2681 | 2976 24 110.725 | 11.604 36 | 24132 | 26.70
13 3.146 | 3.942 25 | 11.638 | 12.918 37 | 25516 | 28.30
14 3.649 | 4.050 26 | 12,588 ! 13.972 38 | 26.888 | 29.80
15 | 4.189 | 4.650 27 | 13.574 | 15.066 39 |28.319| 31.40
16 | 4767 | 5.292 28 | 14.599 | 16.204 40 |29.793 | 33.00
| 17 5.381 5974 29 | 15.660 | 17.382 41 31.30 | 34.74

Deflection_coefficient for U.D.L. loads
m0cd0lan:§ o§SBgpiangd Umformly Dlstnbuted Load PEeRReba (464
sfg: Load op S?O’JO’) sg0036looadecba0dep: 5203¢E: mqu@e@omgu
1. One Concentrated load at the centre. of span =0.80 of -ve value
2. Two equal point ioad at the 3™ point of span = 1.02 of -ve value
3 Irregular loading at the 3. point of span 0.92 of -ve value

Actual stress x Coefficient in tabie
Allowable stress  Depth of beam

§p@gspogc“3 - Actual Dveﬂection =

@qﬂ)@(g@é”
9503 Actual stress'; Total Maximum B.M

C C
Z of Designed Beam [gBecoaogy




. - N C o
Unsymmetrical Section gpioecgodas

Deflection = Actual stress

Where -
y = The distance of extreme fiber from N. A

TABLE FOR BRITISH STANDARD BEAM

=]

L

x Coefficient in table

Allowable stress

2y

Refer| Size. |Wt| Area | Moment of Radius of Section Modulus
ance | in Ibit] in Inertia (in )* Gyration inch (in)3
Mark | inch sg-in| L | - L Iy | Z Z,
BSB : GIRDERSECTION
140 |24 x7%19527.94 |2533.0] 62.54 | 9.52 | 1.50 211.09 | 16.68
139 |22x7 [75]22.06 | 1677.0 41.07 8.72 | 136 152.40 11.73
137 |20x6%|65(.19.12 | 1266.0 | 32.56 8.01 [ 1.31 126.60 { 10.02
134 |18x6 (55]16.18 | 841.8| 23.64 7.21 1.21 93.53 7.88
131 |16x6 |50(14.71 | 618.1] 22.47 648 | 1.24 77.26 7.49
130 |15x6 {45]13.24 | 491.9] 19.87 6.10 | 1.23 65.59 6.62
125 [13x5 [35[10.30 | 283.5| 10.82 525 | 1.03 43.62 | -4.33
117 [10x4%|25 7.35 1223 | 6.48 4.08 0.94 24 .47 2.88
115 9x4 |21 6.18 | 81.13{ 4.15 3.62 | 0.82 18.03 2.07
112 8x4 |18] 530 55.63| 3.51 3.24 | 0.81 13.91 1.75
108 6x3 12| 353 | 2099 146 | 244 | 0.64 7.00 0.97
103 | 4x1%| 5| 147 | 366 019 158 | 036 1.83 | 021
(101 | 3x1%| 4| 1.18 | 1.66] 0.13 | 1.19 | 0.33 111 | 017
B.SB HEAVY BEAMS AND PILLARS
136 |18x-8 |80}23.53 (1292.00f 69.43 741 | 1.72 143.60 17.36
133 {16x8 [75]122.06 | 973.90{ 63.30 6.64 | 1.76 | 121.70 | 17.08
128 114x8 |70]20.59 | 705.60| 66.67 5.85 | 1.80 100.80 | 16.67
124 |12x8 |65]19.12 | 487.77| 65.18 505 | 1.85 81.30 | 16.30
120 J10x8 |[55]16.18 | 288.69] 54.74 422 | 1.84 57.74 | 13.69
119 {10x6 |40]|11.77 | 204.80| 21.76 | 4.17 | 1.36 40.96 7.25
116 9x7 |50]14.71 | 208.13 40.17 3.76 | 1.65 46.25 11.48
114 8x6 3511030 | 115.06] 19.54 3.34 |1 1.38 28.76 | 6.51
110 6x5 25| 7.37 43..91 9.10 2.44 | 1.11 14.56 3.64
107 5x4'%|20] 5.88 25.03] 6.59 2.06 | 1.06 10.01 2.93
104 4x3 [10f 292 7.79] 1.33 1.63 | 0.67 3.89 0.88

table o Coefficient &3 2y s¢ m:@é:@&q"

§103

éil



Column and Strut

Tumber Column

meamnadeashoyé Compressive Stress 586990:03 565qe000928059238: Member g0
Column or strut ep:fgélgecoopdt woaa3e ep.oogep:eoadsn:@& Rectangular a3owo)
Square Section gp:fg8[e300p51 wdaxBEqpizé BETgRS L §& meoiadienddionon (Di-
mension) d BA%es: L/d B3 Slenderness Ratio vyesq) g&: L/d 20p5 11 coodeagpspdiclon
Short Column 383w meBeeeoslge gE:o3cal Allowable Strength Compressive load
Bopadgodepoé saodifgamaiean woomdite Allowable Compressive Stress o3 o3ce Per-
missible unit-stress s[gdc3c5§adorcdilgmel o Egpiape SIenderness ratio L/d
Boreprad: 30 5acdgé[gieontecoogi

Slenderness ratio 11 coodempag§eanddEqpiepian sapipacsfgéiapilgdedl [géreloynd
BE seaypigqeboyé BE Size A3[o3:6) ohiqupdlgdoopdi o3 qpdypieal Unit Permissible Stress
Bepas deonspdieciCigpigrmsad sagpiadisaddifgsandemspdies f = C(1-L/80d) [gbe) G&:0?
Straight Line Formula vyesl scooopbi

where f = The Maximum Permissible Unit Stress in Ib/in® for the Column
Cross Section.

‘ C = The Maxumum allowable stress in Ib/in? for short block.
L = The unsupported Length of the column in inches.
d = The Least width or diameter of the cross section in inch.

Example,
mecoio$ Lbs 50000 :Dmeepm@c eqea 14 ft mqé%@mﬁ oJé o5

4 J

r'80

ocC C O .
10Ccon09m) Design
[gncxg&ﬂu C = 2000 Ibs/in? mcma§e§ j 6" x 6" oooosooogu

Slenderness Ratio L /d = 14x12 /6 =28 gE:0p5a3E ExgqaS[ydq)
Straight Line Formula sq

f—c(l—-——-)

80d
f= 2000(1 | 1axi2)
80 6
= 2000 x = 1300 11:/

Allowable 1oad = 1300x6x6 = 46800 lbs

26[g8&eax Load ¢ 46800 Ibs an§s) 6" x 8" o3¢S Safe ofgbeor
7" x 7" Badieood
7
Slenderness ratio = E—;ml— =24




feo(l - —
. ¢ 80d)

2000 (1 - 14x12
80x7
56

= 2000x — = 1400 psi
80

)

Il

.. cobiesont 5G®QO$ = 1400 x 7 x 7 = 68600 Ibs .

20

7" X T sagud o%zsraof?:@[eéu

G

ocC C

(1) 12 ft 2ogp5§eo0n 6" x 6" g $:03Edael wéiesnéSen) Total Axial load o3epcl
C = 1400 Ibfinz. |
(2) 9 ft agpbfeann qfionod: BEmbegpéionpS axial load 30000 Ibs o codiczone§§oocdi
moSq gfimncde allowable unit stress wop5 2000 lbs/in? [§éeoo5 Be366ps size depdh
(3) 15 ftoageS§ear og§iciEonbeaniongs Total Axial load 100000 Ibs oo&eaodéqeé@é
- ooghi oI oacc% Allowable unit stress ¢> 1200 Ibs/in? [gdeoo’ Gé: )8 §:03Ee oagaoeesaqwmm
Bepal
(4)  gono3[glgepbeonican 8" square post cdl'a§ 40000 Ibs seccvio§dcbespadengé:yl
¢ = 2000 psi [gdcln GE:3ée 52953 epal
STEEL COLUMN |

Steel Column ¢p:03 Design [goobepapé Least radius of gyration (1) oBcopponts @é heRH
msaoeooo@n Gé: Least radlus of gyration oa&) Column & Cross-Sectional Area &c Shape
260l 9oopbq) e egcneas&o@c 11 2203690292030 P S atevale e LER AT D

Steel Column gpisecyos Slenderness ratio ¢>03¢cis29p55¢ Lead Radius of gyra-

tion o L/r o€[gde Main compression member [g8fo3en  Slenderness Ratio o
120 cocb wembag§qeon Secondary Member opilgdeon S&ieggm: Strut 0033953 Slen-
derness Ratio :Dp_S 200 oocr%@éoqjgcxg$qeqj:|

c

Slenderness Ratio 20p5 120 wdSemBayd  se0p&:§eom ‘Secondary Member
gpisecpas (L /r>120 <200)

1800 Slenderness Ratio 120 coS sempagbearnssl Main
f= ™ 1= Compression Member gpisa0pcb (L /1< 120
1800 r? ‘
f=17000-0.485 ( Lir )

G&: Formula gp:a3 A.1.S.C (American institute of Steel Comstruction Specifi- }
cations) Formula ooesTeooa)p;)u
(1) 14 ft 529258en 8" W.F 35 * Steel Column m@scﬁ A!Iowable axial load a30adli
Yo=35in,r, =2.03in,A=10.30in. :

- _ L _ 14x12
Slenderness ratio == % 553 °“ 82.75



- Slenderness ratio :ng <120 @cgj
= 17000 - 0485 (— )

= 17000 - 0.485 X (82.75 )2
= 13680 Ib/in?
Allowable Axial load = 13680x10.3 = 141800 Ibs.

Examgle (2)
Unsuppdrted Length 18 ft [36¢) Total Axial load 110000 Ib o3 coS:e50oE qops

03& oo@c;spc :noom 8" W.F 31 #u)mm SZovE @sﬁ ¢ eoacso @ooso o']n

8" W.F 31*&r, =3.047", r,=2.01", A=9.12 in?

» 9
Slenderness ratio = 18x12 = 1072
2.01

qé:‘:bé:120 @b vempagsfgd
£ = 17000 - 0.485 ()2
. r

= 17000 - 0.485 x (107.2)?
= 17000 - 0.485 x 11500

= 11425 lby
n

Allowable Axial Load = 11425 x 9.12 = 104200 Ibs
G&:o005 Actual load cocbspdies o[gé safe efgdch

Belop€ Boeccorogonieepodqsoecyad 8" W.F 31* wma3 eodiondl
scom§epogoep: |

(1) Unsupported Length 12 ft §eoon 6" W.F 25 Ib Steel Columnh o621 Allowable
Axial load mspcﬂ 6"W-F25# &r=152", A=7.37"in%

(2) 10" x 31.2% Steel pipe column c>d200p5 Unsupported length 13 ft §e cé: cﬁ Al-
lowable Axial load o3 cgoscli r=3.7", A=9.178 in?

(3) saccoio§ 59000 lbs B338Eq$ 520305 Unsupported Length 10 ft §eax BEandeapé:anjyd
4"x14.98 * Steel pipe Boodigg§ o vofodesoicli Area = 4.407 in? , r=1.48in,

Euler's Formula For Long Column

n?E1 |

P =
12

where , P = Buckling or Crippling load.
E = Modulus of Elasticity.
I = Least Moment of Inertia.
1 = Effective length |
L = Actual Length Unsupported Length.




Case (1) One end fixed and the other end free.

C C < C c ocC
DOYWMED UDQ)(DO’JC\O)QDO?C

p
y free end b 7t2EI
- 2
I=2L I- Case (1) Rounded or Pin Jointed Ends
| or Boths Ends Hinge
FIXED END , §605 50§19 3E
P
1-,| p-TH!
) I
Case (IIl) Both Ends Fixed '
§.o‘5@0’39’ag$:eo&o§5u
P
/ N
FIXED END 2
, . 4 I
1=y, |p =22 2E
TC | Akt
FIXED END

Case (IV) One End Fixed and the Other End Free to Rotate o»§ocSea 0Buabgldsi

4

P
l ' free to rotate
2
=2 _ _ 2n°E1
Example (‘ 1)

Cylinder 6 Cast Iron 23038 »d0p5 8" dia: §g) ev 20t 55§05 GE:3E s

sboodeagfican (Both Ends Fixed ) sra@osraoo [Gleosein g&:BEen Blucklmg load ooepo%
E for C.I = 5000 tons/in?

4
. . wd
Cast Iron 093561 W Moment of inertia = ——

64

T X 84
: 64
L = 20x12in



Euler's Formula 9§
Case (1) [goq) L="/, [gdo[a¢

472 El
P= 5
L
 4xm? x5000% 7 x 8
= 3 = 689.3 tons
64 x(20x12)
. Buckling Load = 689.3 tons.
Example (2)

¢

Euler's Formula o% mog@ej 10 ft 920588 9298: sdwadsan: Pin Jointed Ends

Q 4
ao0baniean Circular bar 920305 Blucking Load o3gpdli GE: bar o3 Freely supported beam s2[gd

L
., c_ o _¢ . _cac 10 . c __ ¢
222)[ge) 92000503RE 10 Ibs saccvio§orEcdorsonnges] %" deflection [gdoogd

‘L - GE: Bar s20: Freely Supported Beam 2(gdmadgod
e - %" Deflection [46)
10' .
3
D = _..l__ X _WL graq
48 EI
3
EI = i X lN_.L..__
8~ D
_ 1 1ox (10x12)°
48 0.5
_ 10*x12?
2
Euler's Formula s2q
n? El

Case (ii)[gog P = 3
2 4 2
= A0 X2 403 7 1bs
2x10° x12

. Buckling load = 493.7 lbs (Ans)

scomEapogrep:

(1) 22" §q) 100" gpSeox Column 0>632005 both ends hinged [§SesSlon E =2 x 10° Ibsfin?
coiconicqé Blucking load opSg5§EenSs bu ‘

(20 4"x4"x5/8" british Standard Angle 028903 Strut 3a[g5a5:{gjcotep One end hinged and the
other end fixed cpdaoo:oopdi GE:el Actual Length 9o 16 ft §005 gE:df§ig> cobieannE8Eepd
Axial Load o%gpo']u (Least ] =276 in*, E = 13000 tons/in? , Factor of safety = 4 )




1+

Rankine or Gordon Rankine's Formuia for Short Column.

f A
“T+a ( Y, )
Where -
P = Crushing or Crippling Load.
f, = Stress at yield points of the material in compression
A = Cross-Sectional Area of the column.
a = a constant dependmg on how the column is fixed at
the end
| = the equavilent length of the column.
r = Least radius of Gyration.
VALUES OF"a"
MATERIALS F. TONS/IN2 , »
‘ CASE (i) CASE (ii) | CASE<(iii) | CASE (iv)
16 4 1 16
MILD STEEL 21.00 30000 30000 30000 9 X 30000
16 4 1 16
WROUGHIRON | 16.00 36000 36000 36000 9 X 36000
: — 16 | _4 | _1 . | _16 _
CASTIRON 36.00 _ 6400 6400 6400 9 X 6400
16 . S 1 16
TIMBER 2.25 3000 3000 3000 9 X 3000
©055|0dI 1 0558E:003¢E :

‘mGsToaegu coSolon 032)5093 GsTaaagn

Example (1)

ep.oac o%gcﬁ ferleber opg Diameter & s230 30 com@ :0len o%éﬂ&:

- 88:e30002§ Strut 3692005 Both end fixed cp6oomg) orbsoaangS GE:Amgeben 8

ft §¢) 12 tons ceoreaon 0§ cbieanéq§§aopS Rankine's Formula s& Factor of safety 4 o3
sadgg 3%" x 3%" x %" B..S.E. Aooéoaésmﬁe §o§ =0§:060305505gul
"¢ Equal Angle & Least r=0.68" and Area of sectlon = 3.985 in?)
sorcong|ab9eq Both ends fixed [gdeooneforné

L="%L="x8=4x12in
Table ¢ f, = 21.00
-
30000
rankine's Formula
, f. A
p = € L [
1 +a(=)?
r
_ 21.00x3.985
1 4x12
x (-—5)?
30000 0.68



Buckling Load
S.F

safe load =

= '%-3- = 17.825 tons

Safe load w0p5 Axial load cocdep:q) 92a3gq$ EsySclagb

c ¢
scomiEahogoys

(1) 2" Square §eon wdeIdmdepd 20" godwpdi Eicigegsigpisen (One end
fixed and the other end free) cy6cone5 wéieanéEopl Biucking Load o3 Rankine's
Formula s2qgpolu . '

(2) =2qpS 20 ft §ecoo Cast Iron Pipe 6903 a3 m[gdmeadigooniep géiodéa

L 3

s[jEncSngdinps 6" [§6§ mmas %' [g6opSi Rankine's Formula of 03:[g|§)

o cog, ¢ ~E 0 ’
COQ,GSO’JC(%CQEBGBGC\D.O§O?§TDO(]H '

4
f, = 36 tmy ,a= ——
¢ in? 6400

(3) bABE(gdsacdigqs 12" x 6" x %" Rolled Steel Joist 56503 %" Pm{ed 16" ;s
Plate [§o:563(gS, oo[gE esoioag§s meonpSapg) Built up'Section 2(gd[goSoon:(§: i8¢ e

L
. . C [og C
220§:800050  Pin Jointed soo5com0pdi gE:o3éel Safe Load cﬁépor]u

f, = 21 tO‘yz ,a = 4 , Factor of Safety = 5#)
in

7500
P
— - ECCENTRICALLY LOADED COLUMN
el . Axis of Col-
umn .
Column & Axis GOT:BL_ o%o%%rfgeaqjespoggwo 00§05 gé:
Y Column 3 eagiga0560§Es) qEimannio§a’ Eccentric Load 0eal b

Eccentrically Load Column ez Design [gepSepogé egpdign Eccentric Load §& Equiva-
lent [géoopy Axial Load depopqepdi dopéeol [gaonsanp§eac3é: P oS Column sl oocbeqpas
age5§eo> Eccentric Load" [36g) Column &1 Axis ¢ "e" saopo9060i03€ 00bespadagod§oopSi oé:
Eccentric Load §& Equivalent [géeooo Axial Load 6 veaanen Eccentric + Moment of Eccentric Load

about the axis x Bending Factor [gdoop5i

Af = P + MxB,
Where A = Area of Steel Column in in’
f, = Actual fibre strees in the column in lbs/ 2
n

i

Eccentric Load in 1bs.

Bending Moment of the Eccentric Load in inlb (M = P xe)
Bending Factor with respect to X - axis.

Corss Sectional Area - A

Section Modulus a bout X -axis Z

&

i

P
M
B.\'

XX




Example (1)

30000# Eccentric Lbad 30000 ibs oacr%cepo%cqo%%lsoao 8" W.F . 354 &1
| Eccentric Load o3 Design Load s2gdegocicuscln

A =103in°, Zy = 3L.1in°
Equivalent Axial Load

= 30000 + (30000.><4><—§—(%£1 )

N DN

= 30000 + 39742
= 69742 lbs.

Example (2) : ‘
5BEnSact sagpden 18" [g8e) Axial Load 10000 Ibs §¢ ' X' 0§§re 5 se0p00p¢
Eccentric Load 45000 Ibs owcSeqpoSesedsi  gé: Column sacg0 B. S. B 120 10"
WF 55# ogaeSq§ondeant aifgodch A=16.18in* ,Z, =57.74in° ,r, =184in

10000# | i4500()#
\ v Total Axial Load = Axial Load + Equivalent Axial Load
| — 10000 + (45000 + 45000 x 5 x ‘18
I 57.74
i = 118045 lbs
|
| ] = 118045 7295 psi
16.18
Slenderness Ratio = L M = 117.39
' . T 1.84

Slenderness Ratio is Less than 120
F = 17000 - 0.485 ( - )2
r

18x12 )2
1.84 |
10315 psi Allowable or Permissible Stress.

17000 - 0.485 (

i

Permissible Stress ( 10315 psi ) 2505 Actual Stress ( 7295 psi ) cochgpdtd) 10" W.F
55" | Section o3 9203:g|q$ 20 eapclaopdn -

S8 95 ogRept

(1) Steel Column & sqpSen 11 6" §§ Axial Load 76000 Ibs & ou3e 4" saopay€ 3000 Ib
scoiearn Eccentric Load cdaoodespabogeddein oé: Column 20305 8" W.F 35 * c3egigudclm
eém:%g%p% am%:oogcﬂn Table s2q A =1003 in%, Zxx =31.1in°, My = 2.03 in®

El




2 12 ft s2qp58ea0o Column o603 6" W.F 20# adiooniep sagpiaiicndicaont@Cop) Auial Load
o%spcﬂu P05 GE: Column oaé Axial Load 25000 Ibs 3 codisaonéqlon Axis o 3" RAN0NE 6§INWOSE
La L 3  C

E tric Load e, L. O C_ cogce. C__C.
ccentric L.oa G?QJD.S?.GE%(JB (I)Q.GSO’JC&LCE.GED_.‘?EB.H

For 6" W.F20* (A = 590in’, 1, = 2.66in ,t

Yy

= 150in , B, = 0.44)

(3 12 ft 52ge5§ea0> Column 20p5 Axial Load 30000 Lbs §& Eccentric Load 7500* 9208:38:3
<;D§:Gsoocc:ooo:q$@6mén q& Column 890030% A=470in?, Ty~ 1.26",Z =8.52 § 5"WF16#% a@

sadge§ 0EeEadlgodeoid

Y
4) e
]
M /T
; <« 14" X 3/8 " plate
'
x —————— = { - —4—-;-—'.-‘- e Dor W oy A -y X

i i \L
' %12" x3" %35 Channel
Y

doé eul(geonica Builtup section Column & sagpishicodicaonc@Eepy Eccentric Load

Bepdln Column Aogpden 141t [gd20p5n

Distance of C.G from Web = 0.69 in

A = 10.26in?
1, = 178.8in*
Iy = 5.9 in*

(5) 10" W.F 49 Ibs column 025203 Axial load 100000 Ibs ¢ Eccentric load 45000 Ibs o3
61650783 q§ maadifglooaraopdi 6&: Column & saqoSo0pd 18 ft [g8¢) Eccentric oogd Column &
AXis ¢ 5 in :apn60ip8 0adeepaesIeand ddoagubodéad mokig§ms ew§oaasgdl

From the Table, for 100 W.F491bs, A = 14.40in®, 1, = 4.35in,

tyy = 2.54in, Zyx = 54.6in’

(6)  Unsupported length 19 ft oS¢) axis ¢ 5" saczocpé Eccentric Load 150000 Ibs o3 cobteanded
[s820051 gfoS0bieanEgEaq§ 10" W.F 89 Ibs section column o saobfgidlon co§ean§opadfg

 From the Table, for 10" W.F 89 Ibs, A = 23.19in?, r, = 4.55in,

tyy = 2.63in, Zyx = 99.7in’

&




7 Column mdocl Effective Length 9o 12 ft [0S géia sacougoo%cygé 80000 Ibs

ooo%eepo%cqcf)%@: ooo'gg; 5" Gaogoogé 30000 Ibs oao%espcﬁ@mu on%cféésaogo% 10" W.F 40 Ibs CT%

ea:quSs?o.?:@looozoaéu Safe @5@@60305@6]11

From the Table, for 10" W.F 40 lbs, A = 11.77 in? s Iyy = 41710,

-

tyy = 1.36in, Zg = 40.96in®

STRESS PRODUCED BY AN ECCENTRIC LOAD

P
: tal load
‘ Direct Stress = To a. oa
: Cross Sectional Area
: _ W _(p+w)
A A
Bending Stress = Benc?mg Moment
P P, Section Modulus
=]
‘f . M=fxz = M
. Z
W Maximum Stress. = Direct Stress + Bending Stress
*—w» .

Manimum Stress = Direct Stress - Bending Stress
If Bending Stress is minus value = Column or Slab
will be failed or up Lift.

be cwvm s wmdrwm nnne

Example (1) 2 7500#

L (o]
06l2203¢:[gde) BETccvIo§0S 2500 Ibs §oopd

L

ew'r@cﬂo%éo%ooogsmé oao%eq’m%co‘]ogﬁeow o$qp:90'
[3 L i . El
o

(00) Maximum ¢& Manimum Stress 02§ &:qp:03epdli

() Stress Variation Diagram o3 eqea3[gol

(0) qccz:o%ésaé Safe @a%rleéecmu

R S R I L R DR




Go:ooossﬂcﬁg)u n P = 2500 lbs
P, = 7500 lbs
e = 2"
A = 6"x12"=72in?

Total Load 7500 + 2500

Direct Stress = Cross Sectional Area 72 = 138.8 psi
: _ Total Load T _ 7500x2x6 _ ,
Bending Stress = Saction Modulus = Bx12x12 - 104.1 psi
Maximum Stress = Direct Stress + Bending Stress
= 138.8 + 104.1 = 2429 psi
Maximum Stress = Dirext Stress - Bendihg Stress
138.8 - 1041 = 34.7 psi

Manimum Stress 02§3:0005 ( +ve ) 52601Ci0§ %0084 GE:dEnd safe BLES!

; eoqq&qécgg:@o:
(1) ot suramaeand cone: Pier §& Foundation o361 saea0:0§03 copdoy 0&:05:0016) 69220501035
%TJGO:O,]H ‘
5T
I3"
¥ x (oo) e@@:eéTmo%sqowSeé Maxumum Pressure
12"x12' ; | (=) Fundation 03¢ gmemsadcbeepadfaé: § o
Pier 3 Q"
[ ‘ i (o) Stress Variation Diagram 303 cqadeo:dli
| v
l " .
I 12 Density of concrete = 130 lbs/ft?
3'x3" foundation }
[ A
I !
stA | e
_ 4"
3" ! _ [ 4
- ¥ - T
I ' ? l 2'x 1
I ¥ N | pier
TTTTITIITITTRTTTITIITTNT 4 |
[ 3 ! [ 4'x 2
e c o o — Y i Foundation
(2) Go:o:n:eoaoceogc Pier &€ Foundation ogcﬁ G260 12" |
03[3_5 C 0550’3':@ ' - /////////////'y///////////
() G@@ euTa)mespoogeg Maximum Pressure. !
t .
(=) Foundation Slab c36&teo0é .ooo:eé cvepern §dlaeconi - I |
(e} L) S 4 2
o i e
(o) stress Variation Diagram o303 &3[guls W B
[N 2 ! v

Density of Masonry = 130 Ibs/ ft

€




Concrate Foundation Siab c36ap5 edll ol 032 measio§em cdegpadesel

- . . o ~ I . c. [ (9§
e;_::;'@gcgaﬂ“mcﬁeqocﬁeé Maximum Pressure 25} epuiu ges Foundation euley @mme&) SElepl 2o

Eoinamooni
- 1
i
e s o s+ | S——— ——— -
’ i
i ]
3|| i 12T - v 24T
t
SN IR SRR
i AR
Lo 2 )
P M
I U S ! - -
X 6
A ~
C N ° C oC O C’ C C Co&\. ¢ QO C R c C u\w‘
(4 es@omew’TBcﬂ Slesoy) concrete eplelep) oa@f@tnooegu GCiSh VCMVITICAI0S T0lmod VM

(2) eap&:cl Reactions gp:3d] 0616507 qopdi 65200563 Z Z c5eppEfepy Pressure Diagram o3

Density of concrete = 130 lt:yﬁ 3

1T 2T
Si 1 g'“ 6 ? « | section beam
3.-}~ l’ 2' x 2' concrete column
i /. 3 x3 Foundation
, z
1 : col® wt = 130(2x2x3) = 1560 lbs -
" 3 "
[ R A A Found" wt = 130(3x3x1) = 1170
o - P = 27301bs
: ; o P+P . +(1+2)22
‘ — Direct Stress = — _ 230+ (1+2)2
[ : | A 3 %3
v 2730 +-672
. _ 6720 _ 950 _ |\ oib
e T 9 9 5q-
- 1299 _ M
Bending Stress = Z
_2X2240 x J5 -1 x2240 x 1)
3x3x3 N
6
_1x240x ¥ x2 2240

9 9
= Ib '

249 165 4

max ; stress = 1050 + 249 = 1299 Ibs/,

mini ; stress = 1050 - 249 = 801 by,

&



Design of Steel Base Plate for Column

T_.-—-'\’——\\r--j-‘ N
C//
/ //
~
D | O O ‘
- 0 O | Base plate /\ " thickness
B
’ } SR 1 | R 18] 13 LR
‘ Pt i RS ]
obo%équoaé obo%espo%ewo
v
l L_ d — ”i | s*aau:o%ep:o% qé:cﬁlwe@s‘i Base Plate
T l o C S ° (o} C . "T‘ Q
gPte 000G, G_BGEQ MMVl
B Ko 0.8b C e c c C . OoC o
; _L . - [g8§00degpadeoqmndy B3Pl
_L ’ T ! $050360705 m$m%®:@07m5 Rag Bolt
. ni! L 3 4 [¢] 4 o] R
. : (2) egpc: S omad (4) eaaCs[ye,
*m k D.o95d_ m > c ¢ . o) < 0 Q ¢ _c¢coc <
¢ C b OO00COARCHOI WD OI0DCKCY$
[¢]

s c :
angie @J’DuO’) 390{).@{00’) OG\)’)QOO’JQCI i

i
200 C c c C Q C
&)ﬁ@J(‘D@C‘Co QOmQ)OCD’).GCD.ﬂQD&ZH

Q

[ . C C Q. o c_ < <
Base Plate gp:0) Design @lc?oepogc OCOERDY 8QUIDM CRYM SO

P
A=
f
c

O
Qn

. 08
On

P = Column Loads in Ibs.
f = The allowable bearing pressure of foundation.

ogg%m% Foundation epzs?ogo% bearing pressure ooé qé:éﬂ saé?“:sam: quality
eoT(imée;?@ saquf}m:@(i f =600 Ibs /in? or 800 Ibs/? oi@cqgla)én

0%2q GE: Base Plate 61 e§oon A =BxC ,

Column load 2005 ¢3¢ Dotted Line §E[gooto0psea03és 205eepades0gdi GEso0pS 0.95d
s¢ 0.8 b §oopdu ‘ ‘

Base Plate 20p5 Uniform Pressure "P" [¢& c005eepoSaopSfgboii "P" 05 " Bearing Pressure

of Concrete " ooo%eqp:qeon

e§uqg[Greaoses] g&: Base Plate 6 03&isaomgbea B & C o3 2005905qe0emS
Q ' oy Q Qe C ° Q C oy C <
Boesl "m" §& "n" A} m§iedad nlnlgdornd madaeia ‘

"“m"s€ "n "093 aogg@:cswosaé] Plate &1 00 "t"cr%gpegqooén on%o%aoegspogé 652200

4o

Formula (2) 03 s20%[Q8CQ)" 1" 0§80 gprepoaqoogli

2 2 :
= Fee or = B g8 Formula so0pob  F, = 20000 ibs/ in? §e00554)
a C -
38361338“ .
c - oSS 42 -  pm? 2 . pn
wmade) F, = 18000 Ibs/in @ogm t 000 O t 5000
Where P = The actual Bearing Pressure on the foundation.

G2




“Example (1) 12" W.F 53* 2303Eomndaa0pd geecvio§ 250000 Ibs o SEEEL) 03%0951 Foundation

“eilon&oonigp concrete & allowable bearing stress f_ oaé 600 psi @693 f_ for steel = 20000 psi , d

= 12.06" , b=10" @50’]0’3 cf?sa&;:n') base plate 1 s'agcﬁcr% Design C\?(SGO:(.;]H

coiconta0d g « P = 250000 Ibs

250000

= 416.6
600
A=BxC
nmadg) C =24" Wea0d
| _ 4166 _
B= >4 17.36 (say)
LA : _ 250000 _ :
. Actural Bearing stress P A% 18 578.16 psi

Actual Bearing Stress 2005 Allowable Bearing Pressure cocdeuds) Safe [gbaogb
- C=2m+0.95d [g59

g 20y
244095 x 12.06 _
T b=10"
2 | o DLl .
m = 6.27 | T’ Y T‘
B-08 _ 18-08x10 _
T 2 = 0-99¢ -~ |d=12.08
| |
. < < 2 _ pm Y e Ty l__
- msEnopt momg t° = gges 29

o 5786 X (627)
6666
t = 1.85 say 17

1

cx%sa&eoao Base Plate sragoS =24"x 18" x 1%



0189508

(1) oeeco§ 260000 Ibs cr?qoé:saooéqgéoécr%é mamood Base plate o3 Design

cwdcl f for conc: 800 psi, f for steel = 20000 psi,b=10",d=13.91"

(2) 14" W.F 87 lbs a')cr?)cczoo?wé :arac;cu:o$ 400,000 lbs cﬁmé:e@oéq@é@f)wéu 95:339:
Q

5§/ Cqpbom: 800 psi §wpgd Concrete ohiedl 03¢ mnémcdilm Seabears Base plate 03
Design [epbeoscl f for steel = 18,000 psi,b=145" d=14" '

VDesiqn of Beam Bearing Plate

. beam

7

BN —

dogélyeonanpyseodé:  Bearing Plate & efoopS A =B xC [g620p51

Bef§undees A = ’P/f o292gé, P §|Eoopdi GE:xé P 05 wa 529 §:00503 ¢
CDS:G&)')EGV:) fO%@ng CN A ‘
f= concrete or Masonry & Stress .
C & m§Biord 84ch 92000005 68qeg) I Bx[gé Bearing plate Amp t wgd
3/8 ! ooo%e§é:Q9Jil '
t2 = fanz =(f, =20,000 psi)
" geee (s 20000 p
(2 =™ _ ¢ 218000 psi )
6666 s ’
- B _ a
=% =5




Example 1.
| 16" WF 40% cwmowpS sfigé 12 ft §f Total UDL 70,000 lbs
o%m&csoqéqeé@o%wéu 0554a mcn 10" [g6cln Bearing plate o3 Design &Al

f for steel = 18,000 psi,f for Masonry 200 psi,a =7"

: o __P _ 35000 _ -
Bearing plate eqo» =—¢ = 500 175 in
C=10",B= > =175in ,Say 18 in

_ 35000  _ ‘
Actural Stress f = 8 x 10 194.4 psi

Allowable Stress > Actual Stress Safe @6339_5.1

n - —— Tor e T e — e [
2 4 2 4 4
2 fa n2
6000
(22 194.4 x 29 x 29 _ 1305 Say 1%

6000 x 4 x 4

", Sebeon Bearing plate sgd = 1}8"x10"x13/8 "

¢
sQLMIC

wmmaedsd Total U.D.L 44,000 lbs ox8comeepSfgdoogdi $4Smcpps 8"

6§ Beam 3 13" x5"x35* BeodgepSgédlon Bearing plate o3 Design o6l
f for wall = 200 psi, f =20,000 psi

Riveted or Bolted Connections ‘
obooémﬁc%:‘qo:ogé s0005¢|ep: @lcxzf)epé Rivet ep:o% gao."g:@@eoo%g& | Bolts

and Nuts qo:n%sao%:@lgjeoo%g& aoé@ﬁgpp:@peﬁ@q@mwén Rivet szo% 9335:@[‘916
a-a'coo’)sm'@é Y, dia: && 7/ L
4 Hli1e} 4 Qia. §C.

0

dia: gpadsead(goacdioge [36§1Ecgié mreamnodmsioacdisacyod
Diameter of Rivet.o>§poophicBan s20(g[5&:{gé 88oguSopecoanghi Rivets gpicdeachilggssaozod

L

0

ob@d:@p:oc’?gaeo']cﬁew%%cdaosaé\ Rivet Diameter coo5 '/, " 3q)[0feon meclodBeslodgecoongd
5300500903€. Sxbepy Rivets qpicl 526q20000) opdbgeiep§ eqdign Rivet

»ach Allowable working value Bepeyep§ GE1m500503¢ oeepodepd meao§ad Rivet e

‘Allowable working value [g€ oxfgieanig Sedepd Rivet 926q220R0503q§ 0!

Rivets Qé@pz

ROUNDED RIVET FLAT RIVET COUNTERSINK RIVET BOLTS &NUT




Type of Riveted Joints

(@) Lap Joint cobsoab
/ RIVET

(b) Sigle Covered Butt Joint ovo53:cora005

COVER PLATE

[ ——

TIE PLATE OR MAIN

VY

—
NN

o=

PLATE
(c) Double Covered Butt Joint s60053:6032005
P~y 4 LT L[ ] __F—P

Riveting ( Arrangement of Rivets )
(a) Chain Riveting

200 | 9006
600 I 000

saeocr%@‘o: ocaopodepé Rivets gpicd 0200505 264 5203E: c02[8:§c5[g€:03 Chain
Riveting o?es'roaéu
(b) Zig Zag Riveting

©
0o

Q00

. e, [ = 1 0 Q c N\ C : Q. c c e c
deoms[gaionecopodopé Rivet gpadoastoms aJoddq) Zig Zag Qo002:(gE:[gd 205

Pitch of rivet
e O [of C C c H
odgeqpcimegpiig¢meapt: vddmapmeoidy Pitch vyeslaogS Cleeeval:ret 1]

' 00 . . C . o .
3" 04" oog@ Minimum Pitch 92§ P10 (T E0N) wés?qjézcﬁ gaoooozgpaéu S24E R NOPTIE0:
Maximum Pitch o3sackediod(gnicoat obeo 0%90305899’3:0305@qoo%éqeq:ooéooégpzsaogog 6" ;
D Fwode 008@5":3 2B p5epmmod 8" woduScoqeol  modid:  Rivets Sood

e} : q 9§ , 2> é 2609 Qoi: clome
Slgrmgsidmnyseco: ( Distance of Rivet at Edges ) w5 Rivets 1%" dia s 1"
Gor]é:ooéeo:spaén o%qvogécgo%eoga{::qoé 7/8" dia; saogo% 1%", % "dia:

C VALY AR RPUHIS C 1 " o Q C
oy 17", %/ ;" dial seopon 17/, " contecgqoopdi




Diameter of Rivet o ~ .
Rivet & Diameter o3 Unwin's formula sq d= 1.2/t [gEepop§fcin d ¢

Rivet & Diameter @5§ t o Plate @o:é] s'aora@ocaooén
- Failures of Riveted Joint

(@) By Shearing of the Rivet
(1)  Single Shear

b[gigbeba3 Rivets @&aoo%ooo:@:g&ob@owpseo'ro% Tension or_Compressive force
m8amdeepodeogéis g 563§ Rivet Aigeden[géar soyplgodeos) Rivets oo Fall
(36882053 603,600 “B3ecyplgifgiogd Rivet & mbesepophidarn saplgdenfs
&3 Single Shear opeslaogh h '

Single shear Strength of one rivet= Shear area x Allowable Shearing Stress

, _ ,
(2) Double Shear | _ nd < f

\EP

o) l

U R -

od(gorgprec'ad F26C0I0§ 00HEEPA>E0ENTS] saypfgodeodSeann “ Rivet o¢pa
qodelgE esep sbesep[yde) o%cﬁo%eoop@o%@é:@u:o% Double Shear oeslooghi

12
md :
x f

s

Double shear Strength of one rivet =2x

Where
= diameter of rivet in inch

d
f = Allowable shearing Stress on lbs/ in® or Tons/ in®



(b) By Bearing of the rivet

D Z
T ¥4 >

o C < QC, s o C QL C ¢ C s o & N C C
cgogc@ooo.oap_gsacreco oa[gp. J goo rivet @qeom@ooomsp F2EQVI0$EIVMIECEP
C

cocomeesl wlgx J g6¢ Pressure wpd Rivet @ Shank edl's wocbeqpadfl: samcSe) Rivet
@ diameter wé@@ 35@9"000%5]0’3 Rivet :l)é oo[go coco& ocC::D'J@° qu%o% G@%E:Déu Far ,uj

o N O

Rivet diameter DDEG:D@ Ja@:v,ooeoao Rivet G@e q}ma) s ﬁcc‘i\uCOtDoa@oScoTe@coao Stress

L i
Q

3 Bearmg Stress weslopli

it

Bearing Strength of one rivet Bearing Area x Stress

d xt xfb

Whers - -d = diameter of rivet
t Thickness of rivet
(t oopdeacksds o3goranfgaopd )

(c) By Tearing of the Plates

s« \: é
4_.....> P
N m—

ob@owpzcﬁ oé@:saégo msoogggﬁswog§qoapsogé pxtx ft )
ma00sespypiy od8edlodypredlobqfabicloné Sesep§ d[grepé gbimé S1a016c0 05
rfsfaﬂmewT@ofl B0c3ch J uaddieond Double Covered Butt Joint

> &
DeseP§EGes w030 o3 [Gas(Entgote[ogéieny quonsi GE:0390¢ msp5:0: 96100
aaaoo%a?looézesooéﬂceow 9&:mE m(gdursoqoogdi ‘

c
3
O
0
0
5
_.e,)
g
of
N
2
6

00 ° 4 T
900 i O@e p
i 4
12 3 321 sec:. 1 sec.2 .sec:3

)

NN
MM




: . < C
\.JeCtIOH G?G‘PO‘JC VOQI.GO’]O’)COGCQO’)CDQ :Doqeoooc@oc :D[Q’J C’ﬁ COG GSO’)C-ﬂCQOJ’D (anS’BCQJ:YD

{p- (d+1/15)} txft@o)oaezu

Section 2 egepogé 38edled J edlad§[gliefois, o&iea008§|Ecom g&imalen
{p- 2(d+1/16)} txf, +1v [gdaogh

SEC: 3 G§q0mc :De[eo']m o cola5§[gés e@oc o0& esooc&é@oao«g S1960n -

J

{P-3(d+ 1/16 JItx f +3v [g8oopSugeioé v gorivet 0636 sgcqésm [g620g5
Cover Plate o3 Main Plate w0080 %, contecd,§aopdi cosaaeandoze Cover Plate

A oespSiadigbenden meo’]msnep 10t @oean Section 3 csepaptq & csepigbiont
= {P-3(d+"s")}2 t; xf RLESRT!
52500500026 S Bodgqeam ogé:saéo%épepcgé
() Rivet gpicl gﬁ:’sa’;:
(s) Main Plate A sa5pdiadip6ie:
(o) Cover Plate A 925p5iadigbionnicd 925059 mspiadiongicd: Least Value o

ie
C [o c C

maomcﬁc\e[élo%orgqjga oo&eaooé%ée:m gezmcm@o @ choaén

, :Economical Diameter Of Rivet o
Shearing Strength s¢ Bearing Strength o3,0pp3620923 ﬁ@e‘j@:pd rivet & diameter o3
Economical Diameter opesloogdi '

o]

Shearing value of one rivet = Bearing value of oné rivet
n d? .
2 x f, =dxtxf (SS.V)
2w d?

2 xf = dxtxf (DSV)

Least strength of Joint
Strength of solid ‘plate

. ""“ — .

Percentage Efficiency of Joint = 100

Example 1

%" ceox gusset plate ;éscgé %" dia: rivet 4
0o s C 5 : o [ ‘ o
oo | od:fgé, 9, in mogews Tie Plate oo
aoo%og(f)ooo:ooén_ f=6 ton/in?; f, = 12 ton/in?
W sagpiadicobiesontbery Load c%rjpo'%ﬁ

Single shear [gdoopd

Single shear value of one rivet = 7r4d' x f, ek
22x1x1x1
= ——— X6 = 8f:tons .
Tx2x2x4 b
d xtxf

1
= = X
2

i

_Bearing strength of ,one rivet

3

Ex 12 =:3.75, tons.

5
a
Ko

' y"}‘r.;gé_ o
rivet oocdl strength wopb 1.18 tons @a?oaéu § '
cobicant8Eep) Load = 1.18 x4 = 4.72 tons [ga3gbn |



Example 2.

ooéedl [goonapmddé: %" mewn Tie plate J 33 3/8 " mean Cover
plate  3[gE B6A3E J vo5Gia005 Double Covered Butt Joint socSconcin seadfgears Rivets
gpien %adia: §g f, = 6 tons/in?, f, = 12 tons/in?,f, =7 tons/in? [g&dlm maocdel

X S%{csaoc sasco:o%v?gpo’hz

f
35 8530 obiesont .
QY| ©o0RF° wei 4" Tie plate t

!

o |
4%"1“25 [“’gig°,] %' {1 Qz

3/8 Thick cover Plate

voseen

(a) Rivet strength
(1) Shearing Strength -

2md?

Double Shear Value of one rivet = —~ x f

8

22 3 3 !
= 2X — X = X = X
-4 4

' = 3.3 tons
(2) Bearing Strength of one rivet = d x t X f,

=—§><—1-><12
4 2

. : = 4.5 tons
Rivet Strength = 4.5 tons x 3 = 13.5 tons
(b) Main Plate Strength at section 1

l -
=¢p-(d+ — )t xf
(o s+ Dol xi
=.{4.75-(3.+i)}.l><7

4 167 2
= 13.78 tons

at section 2.

{p-Z(d+—ll—6)}txft+lv.

3 1 1
= 9475 -2(= + —)p = X T x45
{ ( 4 16 )} 2,
= 15.42 tons
Main plate Strength = 13.78 tons

(c) Cover plate Strength

Least Strength at set: 2 = ¢ p - 2(d + i—) 21, x f
16 4 l'
= {4.75-2(—:Jl + —-1-—)}2>< 3
4 16 8

. = 1641 tons
Cover Plate Strength = 16.41 tons

1
| Ans  m0bel méieané§fean ghimlv mwdS (a), (b) s¢ () g&imalypionsds
mypoiadifgbearn (a) cigbisaéfgboogby

525050 cxl:[élmoof;:esoog%éswaoé; = 13.5 tons

[¢]




caumIEq5oodep:
(1)  Tee Joint Member omaa1 72" sraoocleooa Gusset plate odsoac 3/ " mfeam Tie
plate w3 2" dia;, rivet 6 c\>[§c soodagcbeonieg€ f =6 tons/in?, f = 12 tons /in® oxclon

Joint gagp2et: o0 Gaooc.ﬂégp_o o§mspor]n

(2) ‘/z" sacp§eo> Tie plate j 203 Lap Joint @8300838050”3%‘ & Tie p; ale r%
axial load 16 tons o33§Eqs coo%go%oooc%u °ly" dia: rivets g3 f, ¥6 tons
f, =12 tons /in? wom rivet gaﬁué:szézeégjo%@éo%ﬂxﬂn

Q

3) %" ooqeo Tie bar j 203 %" mean Cover plate | s[g€8503¢f
Double Covered Butt Joint socdconein g&: Joint 20p5 24 tons axial Load 3§ 5%‘@”
f, =6 tons/in?,f, =12 tons/m2 581894 srndemSahimallgaeny rivet diameter s& rivet
C\J GG]O’) ODO’JQOSGO Or]ll

< <

(4)  couscomeom Joint eclopé rivet & oodwadq Safe load "Bepch

~ S, %" Thick
' f. =6 tons/in?
fb =12 tons/in

N

3/8 " GUSSET PLATE

5/8 " DIA: RIVET

(5) Joint ;gedlopé axial Load 32 tons 20 056EPO>Yd AN Gt Joint o
Double Covered Butt Joint @oj Tie bar 1o 5/ " (96 7/ "dia: rivet qp: (ra?ﬂ)u
02200951 aASE) f, "6 tons /in?, f, =12 tons/in2 f,=8 tonslln2 92058 oa@o:ﬂ e
(0) 3ze60p3ad: ss]:( ) Tie bar GMDJOSI(?/ Cover plate sracxlﬁ;é, (5) Joint & Percentage
Efficiency o%_cr%ﬁoo']u : '

(6) 12° oo 1" secpeoon dfgn | acd oot oyiadid8Eq§ 0305 man0dmand Design
cbeuidli gEisazoodoop Double Covered Butt Joint [g8opSi 6&: Joint & Percentage
Efficiency a3copd: gpeoich

(f, = 6tons/in? f =12 tons/in? f = 8 tons/in?)

@



(7) : GsaomGwT@& DSBS 2] o5 8:2005 Double Covered Butt Joint ot P= 14
t

L

=307t = [gdopdn f =6 tcms/m2 f, =12 tons/in?, f = 8 tons/m2 qu‘ o
o{v:s@wée‘a}') rlvet A Economical Diameter mepcﬂu )mBd | 95250 opdpdgaan -
38eomEigs s b

o0o0ioo0o ' 00000, ,

s (saiass) { ¢ [emslsse) <

Fig (A) Fig (B)
(8) 13"x5"wF 35% B.S.B | 8" x %" %%,
. = - 3 r____J v : o HJ 7 =
N ey

1D @ & S © Gp 9

c:;_'l:

Web Thickness= 0.35 " N

f. =6 tons/in?, f, =12 tons/in" -
)

colfycloe  Bolt s€socdoomicon srndSon 03¢ ez o 5260010803 Bolt edl

dacs@aé:@@ speoidh

. — Y2 " dia: rivet
2Nos 4"x4"x %, " o C o
\.
28000 % . _
L""‘”"‘")‘%* JOINT A&B
K ,
QQQ x Y e o
© )f ¥ " GUSSET PLATE 72" dia: rivet

‘5?* “

X
\I»J ~

| 4s00® , JOINT C&D

(9)

Axial Load ep:ooo%espo%e;ean Truss & 9’380’8828&0’308%8’20808

o
¢
Joint A,B,C,D, 03990805 '/, " Dia: Rivet gp: eégjgoézq@én% speozch f. =6 tons/in?

'fb = 12 tons/in?

9’3000’3@@5@6] 9390% :

-




Framed Structures

Framed Structured soooggeo Member gp:seo: ®§r~®mmJ DADHOD @l fecpr oaé

Roof Truss, Girder, Water Testle oxpSd3, meeT:ngn Framed Structures oécloéson
Member 03803,0p5 Compression or Tension Member op: :m@o@megu c;é Member
gt GOTé Bending Stress gpiocoaiespcdeoos 20050686c02[gE:[gdoodn gE:Member o :§ Stress
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