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GOVERNMENT OF MADRAS.

PUBLIC WORKS DEPARTMENT

General.
Account,

Reap—the following paper:—

\»%
ol No. 2938 W., 6re Novemser 1899,

From the Government of India, Public Works Department (Railway Stores)
dated Simla, 20th September 1899, Circular No. 4 Ry. 4

The Becretary to the Government of Madras, Public Works Department.

‘The Joint Becretary to the Government of Madras, Public Works Department,
Railway Branch.

The Secretaries to the Government of Bombay, Public Works Department, General
and Railway Branches.

The Secretaries to the Governments of Bengal, the North-Western Provinces and
Oudh, and the Panjab, Public Works Department.

The Secretaries to the Government of Burma, Public Works Department, General
and Railway Branches.

The Chief Commissioners of the Central Provinces, Assam, and Coorg.

‘The Resident at Hyderabad.

The Resident in Mysore.

The Agents to the Governor-General for Central India and Rajpumtana, and
Baluchistan.

The Accountant-General, Public Works Department.

The Director-General of Military Works.

The Consulting Engineers to the Government of India for Railways, Caloutta,
Lucknow, and Assam.

The Director-General of Telegraphs.

The Managers, North-Western, Oudh and Rohilkhund, East Coast and Eastern
Bengal State Railways.

The Engineer-in-Chief, Hardwar-Dehra Railway.

‘The Engineer-in-Chief, Indus Bridge Works and Shadipali-Balotra Railyay.

The Engineer-in-Chief, Gédavari Bridge Works.

The Engineer-in-Chief, Ghaziabad-Moradabad Railway.

The Port Storekeeper, State Railway Department, Caloutta.

(By order.)

The wunder-mentioned
paper is forwarded to
the TLocal Governments
and Administrations and
to the officers noted on
the margin for informa-
tion and guidance, in
supersession of Govern-
ment of India Circular
No. 2 Ry. of 25th Janu-
ary 1895,

2. These revised in-
structions are applicable
to all branches of the

Public  Works Depart-
ment.

(Signed)  C.J. COLE,

To the Secretary to the Government of Madras,
Public Works Department.

ExNcLosuRrE.

nder Secretary.

Suggestions for the préeparation in India of Indents for Rolled Steel Joists

(Revised, December 1898.)

1. Difficulty is sometimes experienced in procuring rolled j

joists are required to bear an ultimate tensile stress of 27 to 32
elongation of 20 per cent. in a length of 8 inches.

siipplanted quught-iron for structural work,

oists of the ex ;
1t is therefore recommended that a detailed statement, giving Jimits of vmaot e

culars for each item, should be furnished on the form shown on page 3.
2. Joists are tested with central loads and must show no perman

are arranged 8o as to produce a limiting stress of 7} tons per square inch, Samples cut fy

tons per square inch, with an

3. Steel joists are now invariably supplied, because open hearth *

: demand
ation and othep pari‘ii—'

ent set after test, The loads
om the

mild steel has Practically
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M :
- ici r steel at 12,500 * tons per square inch, and that for
. Takm5g ﬁt?ngmg;l lsl(llsu:f-eelizz‘ifl:l{efgeﬂeotion of a steel joist with a limiting stress of 5:62
jron at 11,125 1 oh ig the same as that of an iron joist of the same section, and under the same
ton?hﬁ;n:,q‘::il&l: limiting stress of 5 tons. With higher limits of stress, as 74 tons, the deflection

con {)

is, of course, increased. : : : ; .
; ' i i various sections, together with constants for each,
¥ T.a,blelI;gmf;;%e%;igog:ﬂégzla{: chasily ascertained. 'lshe sections qnumera.ted are all
s v.vlnchbuo he?i lists to be ¢ stock ” sections, and should therefore be readily obtainable, but
:;:tgillgoﬁ?ng sa.n(l consequent delay are generally found necessary, probably because contractors

will not cut stock lengths to waste. ;
6. Tn estimates of weight, 2 per cent. should be added to lis

variations in rolling. ; . : . Ay
hich follow the Appendix are intended to reduce clery :
oasea7v.vh’£?2 lglsxi{tl-:; ilgg ;ird(:ars l(:ave to be designed. Table 1V gives particulars of bending

moments, etc., of beams under various conditions.

t weights of joists to allow for

® Professor T. A. Hearson, M.I.C.E. | + Molesworth's Pocket Book,
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Particulars of Sections,

TAB

LE L

Rorrep Steer Joists.

and Constants for Load and Deflection, with a limiting Stress of 7'5 tons per
square inch.

5 Case L.
Condition of joist ... Supported at both ends.
Arrangement of load ... ... Dead, uniformly distribated, weight of joist included.
” : ? Constants.
Section. Kzﬁhfog:r Th‘:ﬁw of | Moment of inertia.
5 ' For load. For deflection.
INCHES. LB. INCH. QUARTIC INCHES.
20 % 89 -60 1,646°6 823:3 09
193 X T 96 1 1,715°48 86860 091
18 X 1 75 -55 1,150:58 639-2 ‘10
174 X 63 80 625 1,163:05 665-21 ‘101
16 X 6 62 56 722:36 451+ ‘1126
16 % b A0 51 556-01 84760 -1125
163 X 6} 62 e 70458 447°33 114
15 X 6 59 b4 617:05 $11-37 12
15 X 6% 5€-5 57264 381-76 ‘12
15 X b 42 422 414-51 27634 ‘12
14 X 6 67 -5l 520-65 8719 1286
14 X 6 46 -435 422-57 301-83 -1286
183 X b} 46 i 419-63 29973 -13
13 X b 416 b1 30065 231°27 -138
12 X 6 54 -51 869-91 308-27 .15
12 X 6 44 41 314-4 262-00 15
12 X 6 42 42 296-02 24668 -15
12 X & 39 ‘44 254-48 212:07 -15
12 X b 32 36 220-95 184'13 ‘16
114 X b 37 -42 242-46 205°25 152
10 X 6 45 -489 215-97 216-97 -18
10 X b 35 -48 169-97 159-97 -18
10 X b 29 -36 141:67 141-67 -18
10 X 4} 30 -387 141:42 :141°42 ‘18
9 X 8 41 *42 200-23 20276 182
9 o 9 -36 125°90 127-50 182
9%F X 4 36 -616 15522 158:19 -184
O X 4 22 -33 80-54 8887 198
9 X 7 58 77 21681 240-90 -20
9 X 3% 20 30 7502 83-36 20
8 X 6 35 -44 111:59 139-49 -225
8 X 6 32 v 10125 12656 -295
8 X b 30 -40 93-86 117:33 -225
8 X 4 25 -41 73-24 91°65 -225
8 X 4 19 -329 5648 70°60 -2925
% X b 27 -375 82-48 10474 -2286
7% X 4 19 5616 71:31 -2286
7 X 8 18 313 41-99 59-99 257
7 X 8 16 -25 3598 514 -257
7 X 3 16 -25 38:80 5543 -257
6 X 8 18 -339 33-09 52-94 288
8 X 2 95 *25 1581 25:29 .288
6 X 6% 2 Y 4047 6640 294
6 X b 25 -423 43-46 72:43 -30
6 X 20 434 33-35 56°58 -30
6 X 3 13 +25 26-79 4466 *30
(] X 3 16 -39 25-14 41-90 -30
6 X 3 18 +322 20-77 84-62 *30
R 12 -381 16-58 2764 *50
b X 2 106 -329 12:9 2345 -327
6 X1 9 368 877 16:07 -327
5 X 43 176 e 23-14 45°15 “361
b X b 24 371 2956 59-10 ‘36
5 X 4 22 -342 2694 53-88 36
] X 4 19 ‘44 22:09 44°18 -36
5 X 8 15 -40 1609 32:18 -3
y X 3 11 -23 1565 27-80 38
5 X 8 10 25 11-93 23-86 *36
5 % 3 95 *25 10:72 2144 36
4 X 1 10 *40 8 48 1785 *379
x 1 65 6:50 1368 379
4 X 2 1B -21 7-67 16-36 *384
4 X 3 1 40 13:17 2848 -39
X 3 10 23 8:42 2041 *436
4 % 3 i 209 903 2268 45
4 x 3 95 -225 7538 1885 46
4 X 2 55 423 106 46
4 %1 8 -331 516 129 *45
4 X 1 5 18 3628 9:07 45
: X 8 105 35 587 1677 514
: X1 6 206 2:91 831 514
X 1§ 4 £1T 180 576 576
By X B 8 -25 3:67 11+98 588
3 X 3 10 -29 421 14-03 80
3 X 1 45 166 1:90 638 80 i
3 X1 ¢ . -a18 147 490 60

\
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To use Table I.

Notes to Table I.

stants given in the table can readily be adapted to suit other limits of stress than
that s:l)litz{lh ﬁ:so nbe:llll us%d (7'5 tons per square iuch), e.g., if it be desired to limit the stress in a

e 6
joist to 6 tons per square inch, the constants must be multiplied by 7 or 0'8 before the load and
deflection are determined.

deflection caloulated from the table be greater than can be allowed, and if the
oircuﬁgfigc:? ?io ;ot p:rmit the use of a deeper section or of a heavier section of the same d,ef’thr
the load caleulated from the table must be reduced in the proportion of the allowable to the calcu-
lated deflection and the number of joists increased, e g., if the allowable deflection be 05 inch and
the caleulated deflection 0-6 inch, the load should be rl;gduced to gths of the calculated load ; the

1d. of course, be reduced in the same proportion. e o=

sbress(:)v oilf ’tl‘:e ((;.eﬂaction be limited to #sth o¥ an inch per foot run of the joist, the minimum
dopth (with the limit of stress used in the table) should be as follows for Case I, viz., 72 inch for
each foot of distance between centres of bearings; e.g. if the _d.lsta.nce frpn‘x centre to centre of
bearings were 10 feet and the deflection were limited to 4§ or } inch, the minimum depth of joist,
Case 1, should be 7-2 inches.

span :— -

(a) Divide the constant for load by the distance in feet from centre to centr o
the quotient is the total distributed load in fons, including the weil;h: :g :g’:l:i:if: ;1_.
(6) Maltiply the constant for deflection by the square of the distance in feet froni contre

to centre of i * ivi ; ik !
iz ?fxgh:?es .o bearings, * and divide the result by 100 ; the quotient is the deflection

(i) To find the load and corresponding deflection for a given section of joist with a given

ot ¢ K o R ! } 3 ‘ 4
g Iﬁus)pano: _xf oot a joist for a given external load (i.e., load exclusive of weight of joist) and

Multiply the load ¢n foms by the distance in feet from centre to centre of i
: take a section against which the constant for load is slightly highgr t]ﬁz:n&?};sﬁg :
The weight of the joistt should then be added to the external load, g

: o ; and t oti
tried asin (i) for load and deflection. 'I'he depth of a joist should not,hai i

be less than f_rom 1’@ to ;s span, and in the case of joists without lateral suppoxz, ":Tgf’
the gantry girders for a traveller, the width should not be less than 2, span. Wihel

Cases II to XIII.

(iif) To ascertain loads, etc, in these cases, the constants in Table I must be multiplied by
the factors given below for each particular case before proceeding as in (i) or (ii) above. In )
Cases IX to XIII the symbol Li=distance in feet from centre to centre of bearings :— ‘

FACTORS TO BE APPLIED TO ‘:'
i Condition of joist. Arrangement of load e }
& s (dead in all cases). o Deflocti ;
efloction :
constant. constant, }
i
1I | Fixed at both ends ,, i .. | Uniformly distributed ,, 15
11T | Fixed at one end, supported at the 0 3
other . o oe ol Ditto o & 1
IV | Fixed at one end, free at the other ., Ditto o 23 e 25 "416
V | Bupported at both ends s .. | Concentrated at centre ., i 5 34 ?
VI | Fixed at both ends .. : o Ditto N i o X ‘8
" VII | Fixed at one end, supported at the 5 ‘4
é other .. s o4 4 Ditto in s
VII1I | Fixed at one end, free at the other ., | Concentrated at free end it .&5 3"'75
o 2
8 rted at both end Ve Ve w
IX | Supported a ends ] Half (2) concentrated at each ) L 6L2—gA2
; of two points equidistant ‘AL i 37 e
X | Fixed at both ends b «e p | the centre; e:gh poinltl A’;::’t y L 6LA-—8A2
: ; l from the nearer bearing, and 4AB 54 ) g
X1 | Fixed at one end, supported at the B feet from the further be.',-m L2
other .. < i )| A4+B=L) b 6AB t
% th end
X11 | Supported at both ends *] | Concentrated at one point A] t
feet from the nearer, and B __I" 16AB
X111 | Fixed at both ends o i f:aj— fé‘"_‘_‘ Ifh)e further bearing, r 81‘?'3 (IR -
ioirac ) i 16A’B
- bL3
* In Cases IV and VILI sabstitute *‘ centre of bearing of fixed end to free end for “ contre ¢ e
4 In Cases V and VIII) ntre to centre of hea "
T VIand VI § it
IX b o -
B
d XI $Total = B s :
X and XI otal load==external load4 < GAB  » Xweight of joist.
X11 L
8AB
XIII J ‘y__“
L 1248 |

R theu cases the actual weight of the joist is not, for purposes of s

up the total load, b%mt‘:? mﬁ“’“}ﬂﬁon:d would be made for mmntrausa}:mt‘:’keﬁdded to the external load o mak

be uniformly distributed. ' Tho oalculated defleations will, in thess cases, not b quite sorescr * SNt O tho joist would

XL, bt oo e e o e Boitt where ihe Joud is applied, sud ot the saeie ¥y Obdes X11 nd
E) in 1 i b ma

i ifhe foot of pages 14 and 15. y using the defloction formul given in Table [y o 4eflection.  Nearer

: » 48 explained b
1 This factor is omitted as it cannot be stated shortly, See Case X1 in Tuble 1V in Note (i1)

-
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APPENDIX,

The constants in Table I have heen caloulated from the following data :
» Symbols, :
W = Total distributed load in #ons, includ;
. L = Distance in feet from centre t,,omc ris
8 = Limiting stress in fons
4 = Degth of joist in inches
]g - %Odeofion ;n inches,
= ulus of elasticity in fons
* I = Moment of inertia o :

g the weight joi
centre of bearingi. e s

per square inch (71 for milq steel).

ong per square inch (12,500 for m;
of section of joist (from dix(:nensions(;;?r:}aie‘:)e.el)‘

; Formule.
For distributed loads, ends of joists supported (Case I),—
F WL x 12 = SI:%-

v 45T K
or WL = B (1) which is constant for each section for

From (1) WL = % (Tabular constant for load.)

i vay T100V _1:8

e ]

p (Tabular constant for deflection.)

any fixed val
V_P_XSUXI2’X22 y value of S.
T 48 & Ed ®).
308 .
F 2} —azF —555 (8) which i ko
rom ( L¥|] 9E ( 2;(;'1%}0'11 1s constant for each depth of joist for any fixed values of S
Forsteel 8 = 7:5. E = 12500.

* When the thickness of the web is known as well as the de
inertia for the section may be very approximately deter
¢35 _ Let A = area of the section in square inches.

® |, w = weight of the section in 1b. per foot lineal,

pth, breadt

w
Then for steel A = 377 , becanse 1 foot lineal of stee] 1 x 1"

weighs 34 1b,
Agsume the flanges to be of equal thickness throughout, i

-6., that the seotion is rectangnlar,
= |

s}
¢ i

: ]

|

1
Tbenl=;;{bd'-—-(b-f)dx'}.inwhiohd,istheonx dimensi i :
i SR T ?‘i“ 'Adn ¥ usion thatis not given,

whenoe dy = i e

e ————

w
andas A = 3754, oanbeioundandthevalued 1 dotormd sd
In manufacturers’ lists of joists, it ig

weights ; the extra weight in such cases iﬁ%ﬁ?&&‘&ﬂ that joists

eonuqmﬁdiﬁonto the tabular constant for load g -2 Ry ng the rolls and thus thie
ot tho joist and d is depth in inchos. Tho caloulusion 1), follo:. 5 b
#  Lest O == increase in area (in square inch &

~ in thickness of web. %) 430 t inorease of 2 Ib., per foot lingal, in woight, The =
; ofl=lay 0 _ca : 5
For the reetangle d X — L8 o
: 5 : , - and from equation (1) above, W1, = 2%’. = 5Cd
Fortocl, 8 = 76, 0= 577, and WL = e i v -
1 The obitgi'étif@mying by 100 is to save long decimaly in :ho :.m., mm
e ; t for deflection.
-

oot o B h, and weight per foot lineal, the moment of

» 88 shown in figure,—

gitly Do can be rolled about 10 per oent. heavier than ist
kening the web, and the
» # being the extra weight in 1b. por foot lineal

= iNorense
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TABLE II.

S4rE Resistances of Mild Steel Rivets (for Girders) to She

d

aring an

Crushing.

e inch of section.

h of bearing area.

Crushing, 8 tons per square inc

54 tons per squar:

earing,

Sh

Limiting Stresses. {

Ifd

then Bearing Area = di.

thickness of plate;

t, and ¢ =

rive

diameter of

S EOR vl
£2 o158 . ; SIRERITIBIIET
FLEEIEE | ¢ eSS IXARSES
BEa &8

b . .
=
3 § empepegeege
8% &
a X
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] .. 28338
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of the use of this fable :—

E

-
’

rivete in double e
 per foot og &’p%o, orp

ickness of web of
Given

ness of web
-5 of rivets—4 inches

|

found in the line for

3:06 tons, the resistance to orushing next above 3 tons
than sufficient. »‘

resistance to shearing is more

. in the column for yi-inch plates,

their

tons

2.

less than § or 3

the rivets are

in double shear,

an

foot run.
crushing

must not be

rivet

tons per
of the rivet
3 -:xi‘

Por
req

‘three rivets

¥
¥
-

Requi
As there are

§ inch rivets

‘therefore § inch.  As

3

2 5

&

¥
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| d 1 8 loads.
der various arrangem-nts of : :
i and un : : =4 _in ease of secticns symmetrical above snd
‘ A‘BLE y == distance in inches from Nentral Axis to extreme fibse of section 5 : "
conditions :
e :IM,OQW“I‘“ of elasticity per square inch .. below the Neutral Axis.)
5 iy ve perts);uama?neh by i o “ All measured b

distance fro tre to cent f . tons, or all in b-a,a::.‘o_ unit of weight, i.e., all in . : 'f : 8I _ Moment of resistance of any section.

= = . m centre to centre of beari i o y i

l=AB dxst&'noe Feins ben ol bearing at ;‘?endgfn:g :-.}lfcases except IV and VIIT 3 i 2 81 Jiss f resistance of sections symmetneal abo

# = AP or BP = distance from a bearing to any point P - 00 0 Oases IV and virr' 1 |, et nnis for given Joad W.

C doritamiad the sonte of A B e N | o of A 5 SR !&(::“f ‘;rh'sx:xiting dcom B.

K, L represent the points of Contraflexure in beams fixed at both ends : s o L

K represents the point of Contraflexure in beams fixed at on ¥ ; $ if ection (O
: ; o end and supported at {h ; B,

Q rspyesonts tho‘pom.t where maximum deflection ocours in ocases where this point do ;: oth:r end. e TR

I = Moment of inertia of section of beam in quartic inches. R pamepond widh O,

¢ = depth of beam in inches.

) Bexpive moments, ete
W = external load ; i.e., load exclusive of weight of beam

» of beams in varjong

.

ve and below the Neutral Axis.

w 2
ases 1 to XIV) =m X g »0F# X |

w3
= — or mX T
Deflection, for uniform strongth (Cases I, IV, V and VIII only) = m X W2 51 Ey.
. ; i)

Deflection factors.

- {Jniform strength | Uniform strength
: Airange Bending moments. £ B tions of points Uniform section. and depth. md breadth. 7
Condition of | ment of Bhearing stress. : Po; lc: nt 'sﬂol:lre.
beam. load o o my. i
(dead in all PR APNGEE LG L 5 i
cases). Maximum, Elsewhere. :

Maximum,

L 18 12
Elsewhere. ‘ e 5 10

e e AR

ERARE G e 0178 at C.{ *1426 at C.
6 7 . ik 58 hi* o
' B st O, —-——g‘s t C.

Wz (I—z) T —— ¢ 0 384
:Sl':gl’;_:"-’if) at P.

Bupported at | Uniformly
A and B distributed. 957 —at Pj w W (1—22) ¢ Fas v o (B—UP+2Y) ot P ;

' GrEe s L ) s =

2=AP,if P lies in A Q.

; as for bending moments.
z=BP,if P lies in BO. 1

r
Fixed at A e Wi : : : : AK =BL="211x/ Babi <5 -
and B. — at A and B, ~—at C: 884
12 T Wt i Nk 22 (1 -2)? e
£l —-j——-—*%z atP; } # (-2 4 P.
VX’(li—iSiz'z;%xz)utP; ~, Sk 2 as in Case L. i
z a8 in Cage I.
= : #
= » s
Fixed at A, % 3 Wi S ¥ i?j"t C', 1.4 at C.
- supported 162t C;

at B. -0064 X 18 atQ; AQ="BT8I. o L -

oW/ i o SRR d
matD;AD:%I; e it f_(_sl,‘%)_ﬁ_.’).tr;
' | 22 (31—22) (0—2) o4 p.
srd

Q.

Pz

BK

BD =38 = z=AP

Fixed at A " ; A i » &
fieeat B. = "‘7(12"—-"’)2 s fot T B. “Iﬁ B.
’ e 2N R e

z= AP,

Suppoﬁéd at | Conoentrated W

AandB. | atC, ; Fearp, w
7 °xoeptat C,
# a8 in Cage I.
Nilat O,
Fixed at A Wi w

and B. § 8A4,B,andC. | +(—ds)atP; Do. ¥

z a8 in Case I.

. 6W!?
“33 8t o,

bW
Te from Bto g,

NilatQ,

W (l—2z)at P :
2= AP. w.
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TABLE
{ Bending M ]
¥ Armnfement ing Moments Bhearin
Sy, Condition of “of load
. beam. (dead in all
cases). Maximum. Elsewhere. Maximum
1 2 9 ¢ 5 6
IX | Supported at A [ /W Wa W
“plsoged H“Hg ste)dm-t 2 from D to ¥. --f at any point P in AD or BF ; J,z- from A to D
centra a
vl z=AP,if P lies in AD; and from B to ¥,
%, D ot x-—BP if P lies in BF. i
, equidistant
from the centre.
AD =BF =«
2 BD=AF=1»
D b7‘d
* X | Fixed at A and Oy o Wab
B, “5; at A and B. Tf from D to F. . Do. do.
& W (224 34b)
XI | Fixed at A, . Do, . doy | .  3Wab Wa (352 — 9% +
ported at B A OIS e from :. to D
Wa (2P — 3ab) :
47 i
XII | Supported at A | Concentrated at Wiz : Wil :
! algiol!. any point D. V—V—;—b at D. —7— at any point P in AD “7~ from A to D.
AD =a. BD =3}. Waz
b7a 7 atany point P in BD.
#z=AP, if P lies in AD.
2 = BP, if P lies in BD.
T ; d{ Do. do. Wabt “Wa
R £ i atA. L PPN il o)
2Wathe from A to D.
| “pat D
v | Fixedat A, sup- | Concentrated at Fither G) is 7=¢ (¥ Wb (38— p
“ | ported at'B. o 1;"‘%"[,‘) Wad (148 tA ) Accordin;: .,(s ; (23 -
i T ol 22 VAN ;
o 5)‘7:41(‘/2:__1) from A to D,
Wa?h (214 b) ; or 0'414 X% 7
’ bty D (i) ¥.¢., according ag
4 ; or W7 = s a
‘172 WZat Aand D (i#) is the bending
S : . (#i). moment when 23? = 42 .
= : e '
xmgykmmxlm given in this table for Cases II,I]I, ¥I, VII, X, XI, XIII and XIV

e usual positions mmetrical

W ﬁamﬁ K. Scott Moncrieff, B-(E’)"y S

s &; deflection due to thaemmhaw}—weightothumu
;_,ﬁhﬁwatﬁdumﬂxa«ghtwmwzm lattor defletion eas6s of beams mmm
: Mem:@muhmmumnlfor deflection at any given point. e d “

nt.
). m?qmmimmmmlxm Jaomwxﬂomy »aqmugb.
W= ~75 — w, where w = weight of beam,

ﬂu ;0‘) --Iaﬁomot built up steel or iron girders, the moment,

tal), nor to any sections of apply m’:&mu

maximum b-ndhn NMW%

of rosistan *;%fgﬁ"ﬁﬂ#!ohia‘whﬁ

M&emwmmm‘

SN B e A0 DO SIS E T

et PR et

: 15
No. 2088 W., 6ra NOVEMBER 1899. o
mluded AR R ONESR It oot e s SR e g
Iv_coy“:;::_fr o e A SRS S »i S Deflection factors.
s Uniform section.
e Positions of points of Case.
Contraflexure. 4
4 Elsewhere. -
* 9 10 1
SRS 8
: Bldm ol iX
- F i LEr- Do oot G
T Nil from D to F.
X
o (81— 4a) al (312; 4a) 0.
AK—-BLs—‘; —-—T—at T 12bd
Do. do =
jes in DF, and m = X1
1 33724%, Q lies in DF, 8l
- DF
W (2% — 3ab) AK =-’-—‘—§—b§r—l') £ 7 _‘53_3 (#—9a (I’+b’)+1(8a’+(l”)*} mX  gaga B
o B0 ¥ | e - L bl ¥
= 3} ‘s ab F, and m=—¢ 4al
3zahlrothoF AK==; i s =20 1f p=2a% Qis & 3 o0
K=
Nilat F. B 8abl et Y w we Y |
AK=§‘.)F uw721’m’72“'a ios } e (w W)mm
BEK = 3-;3-_"_‘{;7 /\/ (21’—.5«6 i =
@y —:Lat D
arer ___il_ut D y
Wa
2Z¢rom B to D.
( )* st Q3 Vlw(ﬂ_—_ua’ )*mQ
Nilat D. “’) 2 .
, BQ= A ﬂ@._
: XIIT
¥ 2a%b
__:l—-—- % at D ld at D
W) " AR=T1ia 248
— bl IR
i sdaba A a?z) 8d :lﬁfzb')z at Q
NilatD. =W—2BL
ab (314-b) XIV
ok oLe e LR
Wat (81-4) A 198 P 8+ b
AT 4% "" i 370 414 X4
4 from B to D.
: BK"F—F n=r 6 M(m)‘tq o .
Nilat D, ( ) j() :"i(H-b)dV(gl-{-b)‘«tQ(i)
BQ= W a8
H 3 £0:414 X1,
> e e aP (1 4b)*
35’( - ’), 3 (i’) ———;—'—E’j;::—ﬁﬁ&tQ(ﬂ)
1(B45) 3200 (3P~
BQ="35_9 ;
It fam0- 018 X }(m) 1144 b D (iii)
m=-0098 X I at D
k to other beams of uniform section such as
ﬂ’ ven in Pnt iy Pmplnot Structural

lw’wdonﬂlm

Mmﬂg’ﬂcﬁ“i‘f’ ‘t.:'m' “lﬂ"-h”w dection would pmhnblybe the deflection at @ due h(th;
i . in Cuse X11 the total maximam ﬂ&ﬁm(ﬂmmxmmmm
g od separately, ; =i m(&nm
* aootion) sould b found by substitating the* “ : ¥
e i uﬁéwniohdshneo, 0g. memm a o sy A

4 that duo to the weight of th

o : 7 : 905 1 M e et SRl 7‘ at ﬁ’mm.“ o
ot i o e 8 0 Sy A BedeotSS










[ Zor General Distribution.) . 07 %
~ QCircular No. 4 Railway. /
GOVERNMENT OF INDIA.

5.
=0 PUBLIC WORKS DEPARTMENT.
RAILWAY STORES.
Simla, the 20th September 1899.
: The under-mentioned

"The Seeretary to the Government of Madras, Public Works Department. 5
e Joint Secretary to the Government of Madras, Public Works paper 18 forwarded to g :

ment, hallway branch.
arios e Goveriie Bombay, Public Works Depart- the Local Gevernments
General and R

alway Branches. Pl 3

The 31:‘"9;“‘“ to othe Govdenl\lmeil’ns of gengal.wthe N[;)rth-Westem and Administrations
rovinces and Oudb, and the Punjab, Pablic Works epartment.

Tue Secreta(;ies tolthedGﬁ;e‘rnmerg of°hB\;rma, Public Works Depart~ and dto Itlhe Oiﬁc:rs
ment, General and Railway Branches. noted on the margin for

The Chief Commissioners of the Central Provinces, Assam, and Coorg. . ¥ s .

The Resident at Hyderabad. information and guid-

The Resident in Mysore.

The Agents to the Governor General for Central India and Rajputana, 216, in BuPGISESSiOU of

i % and Baluehistan. - 3
el The Accountant General, Public Works Degartment. . Government of India s
. The Director General of Military Works. Circular No. "9 Ry. of ;

The Consulting Engineers to the Government of India for Railways, o
(aleutta, Lucknow, and Assam. 25th J anuary 1895.

The Director General of Telegraphs. 5
The Managers, North Western, Oudh and Rohilkhund, East Coast and 2. These revised
Kastern Bongal State Railways. . 5 5

instructions are applica-

The Engineer-in-Chief, Hardwar-Debra Railway.
The Engineer-in-Chief, Indus Bridge Works and Shadipali-Balotra ble to all Branches of

" 'fhe Engineer-in-Chief, Godavery Bridge Works. ' .
The Engineer-in-Chief, Ghazinbad-Moradabad Railway. the Public = Works -
The Port Storekeeper, State Railway Department, Caleutta, ; Deparhment.

By order,

.,';'-‘ | : , é%d m ?
. Under W

" ' h

=ik,

‘Suggestions for the preparation in Iudia of Indents for Rolled Steel
o oists.

(Bevised December 1898.)

1, Difficulty is sometimes experienced in pmeuﬁ:g rolled joists of the exact sections
‘demanded, It is therefore recommended that a detailed statement, giving limits of variation
and other particulars for each item, should be furnished on the form shown on page 3.
tested with central loads and must show no permanent set after test. The
arranged 0 as to produce a limiting stress of 74 tons per square inch. Samples cut
ioists are required to bear an ultimate tensile stress of 27 to 82 tons per square L iR
&ngﬂi@ of 20 per cent. in a length of 8 inches, : s
Steal jo variably supplied, zemu « open hearth” mild steel has practi-
at 12,500 * tons per square inch, and that
tion of a steel joist with a limiting stress of

¥

ist of the same section, and under
higher limits of stress, as 7§ tous,

re f'ot]furiona?'nc'ﬁjbns,‘ toééihur with ‘Eo,natants‘ for -
s can be easily ascertained. The sections enumerated are




b i. : ‘ 2
n published lists 0 be * stook ” sections

3La , and i :
TR S seqnent delay teo o r:ﬁy ;l‘:z\;ld.therefore be readily obtainable, -

tractors will not cut stock lengths to waste,
in rolling.

1o

cases where built-up plate girders have to be

4

In estimates of weight, 2 per cent, should be
7. Tables 11 and TII which follow the Appendix are intended

. o ed, Tabl i % )
moments, ete,, of heams under various conditions. oLV @ives purtieulars of bending

-

d necessary, probably

because con-

added to list weights of joists to allow for |

to reduce clerical lahour in =

REMARKS.

4

ders may
d, if so,

rm

an
o
way be of

Fo

st be of unife

1t-up
for

i

State whether bu
strength and depth.

be substituted
whether they mu
throughout or

Limiting

stress
r
square inch.

Tons,

sl
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TABLE L

Rotnep STEEL JoIsts,

Particulars of Seclions, and Constants for Load and Deflection, with a limiling Stiess of

75 tons per square inch.
Case I.

Condition of Joist . . . Supported at both ends.

Arrangement of ‘Lowd . . Dead, uniformly distribated, weight of joist included.
:’__:_________4—.—-—————‘——"'—_” 4._—-__‘._:—._-_.‘,..'. e
: CongraNTs.
Section. g\?ﬁhf‘x:f Th;gk;:f: Moment of inertia. e 0
or 10ad.
deflection.
o ORGSR [ Py MRS SR
Inches. Lbs. Inch. Quartie inches.
g0 < x T4 89 60 1,646:6 8233 ‘09
96 L 1,715:48 86860 091
75 55 1,15053 6392 R
80 625 1,;63'25 (‘1'3".{21 ‘101
. 62 '3 2236 515 1125
50 55601 34750 1125
62 70458 447-33 ‘114
59 61705 41137 ‘12
56'5 572'2% g?{lﬂﬁ 12
42 414 634 12
57 52065 371+ © 11286
46 42267 201'83 1256
46 419:63 0973 13
415 30065 23127 183
54 36991 30827 4 ‘15
44 31404 262:00 ‘15
42 296:02 2466 15
i’ég 254:48 212 07 ‘15
22095 184118 - 13
317 24246 20525 '1?)2
4? 21597 21597 18
35 159-97 159-97 ‘18
gg 14167 141 67 ‘18
14142 14142 18
41 20023 20276 182
21 12590 12750 182
g’g 15522 15819 *184,
8054 « 8887 198
g% 2176-81 24090 20
U 502 83:36 20
35 111'59 139:49 9225
32: 101+25 126:56 225
30 9386 117:33 925
25 73:24 9165 225
19 56:48 70-60 225
21 8248 - 104:74 - 2986
19 5616 | 4 118 2386 -
16 3508 bor el e TR
8598 514 ‘ B
o 3880 5543 L 4 ' ‘f
13. 3309 5294, 288
» 1581 | 072500 088 o7
. 4047 o~ 6640 | f9p4
%8 43+46 - 7248 1 30
3 5335 | B8 | 30
4 2679 £ 41’11'65 i 30
= Wl 4190 NG o
13 ROTT e Wl - 30 s

@ Section. Y]V:sglh';oﬁr
e e T
Inches. Lbs.
6 X 2 12
: by %2 105
e | 9
o % 44 195
i x b 924
e B4 22
¥ %1 19
CEY R
g RS 11
5 %3 10
5 % 2 95
4 xlt 10
4%‘ X 1% 65
4'%% X 216-6- 75
4 x 3 12
4 x3 95
4 X 2 55
& %3 8
4 % 1% 5
8§ %3 10°5
3&' Xl-&- 6
35 x 31
i@ et 31'-5 5
R Y 1 : 45

w

Sk BRI R e E0 T  —

(a) Divide the constant for load

,ﬂ To fisd the load and corresponding deflection for a given section of joist with a
ven pan i— Ty e ik e

bearings ;* the
of the joist.t

(3) Multiply the constant for deflection by the square of the distance in feet from

To use Table &

ot

 the distance in feel from centre to centré of
al distributed load in fous, including the weight

quotient is the

centre to centre of bearings,¥ s,d divide the result by 100 ; the quotient is the

deflection in in

: i :
(it) To select a joist for a given external load (i.e., load exclusive of weight of joist)

- and given span :—

A ‘Multiply the load in tons by the Gh{'.me in feet from centre to centre of bearings,”
o and take & section against which the constant for load is slightly higber than
the result. The weight of the j i

_ and the secbion

gshould not, as a

~ without lateral
_ not be less than ;5 span. 5

ches,

25 4

+ should then be added to the external load,
Joad and deflection. The depth of a joist

om % t0 ' span, and in “the case of joists
intry girders fora traveller, the width should

tried as in (i)
rule, be less than
support, €., the

X :» s "

% 5 ¥ “‘"(,__ja-—‘—-‘g‘ g
e .\r} /% Y &
b
$ (CONSTANTS.
Th 1:‘?&“ of | Moment of inertia.
For load. d For
eflection s
i.__—-————-———__' ———— ——
Inch. Quartic inches.
+381 1658 2764 *30
829 129 : 2845 827
+368 877 16:07 327
2 2314 4515 351 5
‘371 29:55 5910 36
+ 8342 2694 5388 <36
44 22:09 44:18 36
40 16:09 32:18 36
23 : 13:65 27:30 36
20 3103 . 23:86 36
20 1072 2144 36
40 848 %+ 178D ' 379
5 6:50 1368 379
21 7-67 1636 384
40 1317 28:48 39 E
23 842 2041 <136
299 9:03 2258 49 -
225 7538 1885 45
43 ¢ 423 106 45
‘331 i 516 129 45 2
18° ; 3:628 9:07 | *45 j o
‘35 - 587 16:77 514
296 i 291 8:31 514
17 7., 1:80 576 576
25 . 367 11:98 588 -
29 5 421 1403 : 60
- 156 1:90 633 60
' 218 : 147 4:90 60 - L




6. "
Cases 1T to X111,

(iii) To ascertain loads, eto., in these cases, the eonstants in Table I t be multiplied
by_ t‘he Thckns maer Jmlaw for each partionlac case before Prncee(;‘in; ag I?r? s(i) obr l(f:ll; all?o:/ee.
Si . R Yot L disdancs in feet from centre to centre of bearings :—

Facrors 1o BE APPLIED TO
Arrangement of load

Case. Condition of joist, (dead in all cases). R e R e
S e Load Deflection
constant, constant.
11" | Fixed atf. both ends . + | Uniformly distributed 15 -3
I1I | Fized at one end, supported
at the other . i Ditto ¥ . e Y ‘415
IV | Fixed at one end, free at the
other . 5 . «| Ditto . . ‘ ‘25 244,
& V | Supported at both ends + | Concentrated at centre 3 5 8
VI | Fixed at both ends . | Ditto . ’ 1 4
VII | Fixed at one end, supported
| at the other . . . Ditto 4 . - 3 415
VIII | Fixed at one end, free at the
other . . . + | Concentrated at free end . 125 39
| 8 ted at both ends . '
SRR 85 both ende 1| male (joonoemtrated at [ 2, fones
_ each of two points equi-
Mg X Fixed at both ends , . distant from the centre ;4 L® 6LA—8A?
g .? ezch point A feet from "4AB “BLB
. the nearer bearing, and
L X1 Flieghaf Ot!;‘e end, supported B feet from the fu,rther L? i
L el ?'e;,~,,,,,!{._5 3 .J» “be?gmg. (A+B=L) .|| 6AB y
XTI | Supported at both ends |Concentrated at one point, ¢ o 18AB |
A feet from the mnearer, { SaB s bt 1
: - and B feet from the fur- Ls 16A*B
Xgll _leed at both ends . . | ther beaﬁng. (A+B=L). BA B? “BLI i

# In Cases 1V and VIII substitute “ centre of bearing o‘ fixod ond to fresend ” for * centre to centre bf
bearings.” %

In Cuses V and VIIT) 3
b Sectlin L3
L
1X N | l 4A
X and XI i Total load = external load 4+ I ﬁi f X weight of joist.
T i = RPN 1
XI1I | | BAE
XII1 f P

In these cases the aciual weight of the joist is not, for purposes of oalenlation
make up the total load, becauee the caloulations would be m:de ‘;‘or concentrated lo;d.gd:ﬁ::..:hzhoxtetn;l load to
joist would be uniformly distributed. The ealculated deflections will, in these cases, not it e woight of the
Cases XIT and XIL1,they will represont tho deficotion  the paint where the lond 3s gptats o orect s aud, in
wt defietion.  Nosrer ?pm:;pmtwns way, however, be obtained by using the deﬂm) oo and e shie masts
Table 1V, as explained in Note (ii) at the foot of pages 14 and 15,

{ This factor is cmitted as it cannot be stated shortly. See Case X1 in Table 1V,

oction formule given in

__ the circumst

7

Notes tosTable 1.

i d to suit other limits of stress
i in the table can readily be adapte : imit
a) The ?"‘nﬂl:a“ﬁ:eeg':::d ‘(1;-5 :ons per square inch), €.9., 1£.1t.be desm:d to \(;fgltbtelfx:r:tr:;:
!;hun ?h?: ‘:ohl; ltonaseper square inch, the constants must be multlphed by - or
in a jois :

. - Y 4 .E
sz s(lg)d i];ftllelcetl?ltLﬁz‘:ti(cl;xteZ:::?jgted from the table be greater thid can be allowed, and b

i £ a heavier section of the
it the use of a deeper section or O Z e

ek dg nolt pf:tfé from the table must be reducgd in the pro};o:g::ll‘Swablz

he loa <1:s tg,?l oficction and ths pumber of joists increased, e.p.,l 3 S
¥ calc‘;xaand the calculated deﬂ:ct.ion 0'-(;8 i:l;ﬁ; ﬂeim:::;e roportion

the stress would, of course, A st PPN

At ﬂi?t' ‘1’;;}: ‘(li]:f;’zgtilgzdbz Ii(:nited to 74th of an inch per fo(;:’- l':sﬂ ?:llo‘i};: fg:“ iart” viss

inum(g)tapth (with the limit of stress used in tlle mlfﬂ%)e:ri;\ﬂ:— ee_l; s feote Boube

2 i istance between centres 0 1gS 5 €9 : S sininal

.tZ)z mctltxe.fz; gzglgi:g;two:rg lls()a?eet and the deflection were limited to 13 or % inch, the
cen!

depth of joist, Case 1, should be 7-2 inches.

same depth, t
allowable to the ca
deflection be 0°5 1nc

e

e A
¥
-
i
i
» v
- = ¢
0
T :
A v A g i :
- ;‘;?‘_.;; i
*
3 -
b .
A . .
a ki
"




i

-

| ji?;,r steel S=75. T =12500.

8

APPENDIX,

The constants in Table T have been calculated from the following data :—

Symbols.

W = Total distributed load in Zons, including the weight of the joist,
1, = Distance in feet from centre to centre of bearings.

S = Lamiting stress in fons per square inch (74 for mild steel).

d =Depth of joist in inckes.

V= Deflection in inches, :
' =Modulus of elasticity in Zons per square ineh (12,500 for mild steel).

*] = Moment of inertia of section of joist (from dimensions in inches),

Formule,

ot distributed loads, ends of joists supported (Case I),—

SIx2
5% 1= Ty

S, |
v
e e
o Py
-
@
%
- %
%
|
#

or W‘L_-;%(l) which is constant for each section for any fixed value of S, ~

B SLfx122x?2

firss 2}
o e T
; ‘,Fl"OﬂS"(Z)]Vj:% (8) which is constant for each depth of joist for any fixed values of '8
: and E

From (1) WLzlg-I-. (Tabular constant for load.)
 Fron ( -HOOVﬂ= 8

Nt =3" (Tabular constani? for deflection.)

Then I=5 { 10— (b—0) 2,2}
From the figure, A=bd—(b—¢) d,

may be very approximately determined as follows :—

Let A=area of the section in square inches.

w=weight of the section in 1bs. per foot lineal.

Phen for steel A=, becnuse 1 foot linenl of steel 17X 17 weighs 3:4 Ibs.

88 throughout, i.e., that the section is

i §
AU A

, in which @, is the only dimension that js nof given.

bd—A
whence dy=——r

and s A=7 ; d; can be found and tho value of T determined.
Tn manufacturers’ lists of joists, it is gene

Ily stated that joists can be rolled abeut 10

weights ; the extra weight in such cases 1s obtained by slightly opening the rolls on

g i "
R : g 1
ind  from: equation (‘k) ‘above, WL:“-.‘-;&Z:@-—J

and WL :2%’8‘ or approximately 5—?.

web is known as well as the depth, breadth, and weight per foot

el 3 o s d : oA e

he web, ai L the con'gaq%png» addition to the tabular constant for load is 4—%‘8- for a steel joist, « being the extra
_ woight in 1b. per foot lineal’of the joist and d its depth in inches. The calculation is as follows : — 8
B dvﬂ:lw“iﬁ“m' 1 square inckes) d

| ue to inereanse of @ b, per fuot lineal, in -““‘M;
Then —z=increase in thickness of webs. ; ‘

lineal, the

r "'Ont. huﬂgr
thus thickening

Wit

. ——
-
o =
¢
-
= e
£
e
i
ik 2
-
W
)
K
o ;
.

TABLE 11.

istances of Mild Steel Rivets ( for Gi}dera) to Shearing and Crushing.

Safe Res

Shearing, 5} tons per square

Lizpiting Stresses {Cruﬂéi’nu" 8 tons per square

ineh of section.

thén Bearing Area=d

inch of bearing area.

1fd =diametex" of rivet, and ¢= thickness of plate

'3
L)

2

-

s
e
. 9
L 5 =
L
Fi & o
5 ; o eanpaat- a
28 =l8. | 3538223588500 =
L e o B S 27 83 S O - =H G0 2 = I 3 o
o A g S 5 - o1 6 D 3
Bn. = @ : : 2
- (]
Aot -
.
g
53
o
@
>
(=3
=
3
e
3
=
to
=
vt
=
3
-1
b
o
o
2
)
.1 i g
O ® 3
kg iy e P BB R AN £3
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