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PREFACE.

THESE Tables are intended to aid those engaged in the calculation of trusses. The
system of concentrated loads annexed, is very closely that generally laid down in the

specifications of our principal railroads. The use of the tables will be found sufficiently
illustrated for all those for whom they are designed. The principles upon which the

calculations are based are given at length in the author's work, "Strains in Framed
Structures'' from which these Tables are reprinted.

December 10, 1884.
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TABLE I.

CONCENTRATED LOAD SYSTEM.

SHEAR.

EXPLANATION OF TABLE.

THE load-system adopted is given in Table I. It consists of two locomotives with tenders, followed by
train

;
the wheel-weights and distances being given in the first column. The locomotive agrees closely with

the " standard consolidated engine," usually specified by the best railroad and bridge companies. It is believed

that the load-system assumed is such as will give, in every case, results slightly in excess of the heaviest possi-

ble loading which can actually occur in practice.

The use of Table I. is quite simple. The length of span is /. The load always comes on from right,

The maximum shear at any point, distant x from the left end, is given by one of four formulas. These formulae,

and the limits between which they hold good, are given at the head of the table. For \\\<t first eightfeet of any

span we must use formula (I.). From x 8 up to a certain limit we must use (II.). This limit is given in the

table to right, for every length of span from 27 to 300. Thus, for a span of 100 feet, this limit is 47^ feet from
the left end. From this limit, up to x I 8, we must use formula (III.). At the limit, both (II.) and (III.)

give the same result. For the last eight feet of span we use formula (IV.).

Thus, for instance, for a span of 200 feet, we must use (I.) from x o up to x = 8. From x = 8 up to

x = 89^ we must use (II.). From * = 89^ up to x = 192 we must use (III.). From x = 192 up to x = 200 we

must use (IV.).

The table gives the values of P and A for the corresponding value oil x, or / x 8.

Thus, suppose ive -wish the maximum shear for a span of 200 feet, at 7, 80, loo, and 195 feet from end,

load coming on always from right.

For x= 7 we use formula (I.). We have, then, /= 200, / x= 193. From table, we see that for any
value of / x between 190 and 195 we have P 527000, and A = 41730000. Hence, for x= 7,

527000 41730000
Shear = 193

^-^-- = 299905 Ibs.
200 200

In like manner, for x=8o, we have I x = 120, / x + 8 = 128; and, since the limit is 89^, we must use

formula (II.). We have from table, for / x = 120, P 383000, and A = 19410000; and, hence,

15000 383000 10410000
Shear =- 128 + ^-^120 --= -- 15000=127350^5.

200 200 200

Observe that the table gives these values of P and A for any value of / x between r 1 5 and 120, including

1 20. For any value of / x between 120 and 125, including 120, we have, also, P 395000, A 20850000;

and these values in formula (II.) would give the same result. Thus,

15000 395000 20850000
Shear = - 128 + 120 --- -- 15000 = 127350 Ibs.

200 200 200

For x= 100, we have I x 100, / x 8 = 92; and, since the limit is 89^, we must use formula (III.).

We have from table, for / x 8 = 92, P = 335000. A = 14370000 ; and, hence,

15000 335000 14370000
Shear = -= 100 + === -92

--^- 89750 Ibs.
200 200 ' 200

For x = 195, since this falls within the last 8 feet, we must use formula (IV.). We have, then, / x = 5 ;

and

Shear = 5 = 375 Ibs.
2OO

Whenever formula? (I.) or (II.) apply, the second wheel is at the point: when (III.) or (IV.) apply, the first

wheel is at the point.
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CONCENTRATED LOAD SYSTEM.

SHEAR.
/ = length of span.

x = distance from left end, in feet, of any point at which the maximum shear is required.

Values of P and A to be taken from table for corresponding / x, or / x 8.

From x = o to x = %, )
. P . A

j i , , j. * /Shear = -
7 (/ x)

--
r -

second wheel at point, |
/ /

From x = %> to limit, \
. pi..

>Shear = M/, \

., >
int, \

/*

8)+ -(
I

., 7 ,,.,
second wheel at point, \

I

Limit to be found from table on right, pi 15000.

. --
r 15000.
I

(II.)

(III.)

From x = limit to x I 8,

first wheel at point,
Shear = ^-'(/*) + -=(/ x 8) r

I I I

"row x I 8 to x

first wheel at point,

From x I 8 to x /, ) , /i ,
.

\ Shear =
fj (I x). (IV.)

WEIGHTS, LBS.



TABLE I.

CONCENTRATED LOAD SYSTEM.

SHEAR.
/ = length of span.

x = distance from left end, in feet, of any point at which the maximum shear is required.

Values of P and A to be taken from table for corresponding / x, or / x 8.

From x o to x 8, I

(I.) , . . . , .

'

>
second wheel at point,}

,

Shear = -j(lx) --r
From x =8 to limit, \ . pi,, a . P., A

, , , J , . > Shear = ~(l x+ 8) + -=(/ x) --r 15000. (II.)second -wheel at point, \ /
v

. / /

Limit to be found from table on right, pi = 15000.

from x = limit to x = / 8.
| _, pi., P , . A

(
HI

-)
first -wheel at point, }

Shear = T (/
~

x) + 7 (/
~ * ~ 8)

~ T
From x=i-Stox =

I,
) _ /.

first wheel at point, \

bhear
~J (l x>~

WEIGHTS, LBS.



TABLE II.

CONCENTRATED LOAD SYSTEM.

* In applying II. to a. framedgirder, if the panel length is more than 8 feet, we must put instead of 15000 (= pi),

that portion of pi only, which, by the law of the lever, takes effect at the 1st apex on left of pi.



TABLE I.

(i.)

CONCENTRATED LOAD SYSTEM.

SHEAR.
/ = length of span.

x = distance from left end, in feet, of any point at which the maximum shear is required.

Values of P and A to be taken from table for corresponding / x, or / x 8.

From x = o to x = 8,

second wheel at point,
From x = 8 to limit, \ fa= -
rom x = o m, . ., ... .,

j , , * + + > Shear = -(/ x+ 8) 4- -r(/ x)
--r 15000.second wheel at point, \

/ . / /

Limit to be found from table on right, /i = 15000.

(II.)

From x limit to x = I 8, | , fa .

first wheel at point, |

Shear =-(/_.

From x = I 8 to x = /,

, .....
first wheel at point,

x = /, | _, fa .

.. > Shear = T-(/ x).
int, \ I*

(IV.)

WEIGHTS, LBS.
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TABLE II.

CONCENTRATED LOAD SYSTEM.

MOMENTS.

EXPLANATION OF TABLE.

FOR the maximum moment at any point of any span given in the table, simply multiply the value of the

reaction Jf by the value of x, the distance of point from the left end, and subtract the value of /. The index

of p, in the last column, shows the number of the wheel which must rest on the point, and hence the position of

the load-system on the span. The load-system itself is given in Table I.

Thus, for span of 200 feet :

At 5 feet from left end, the reaction at left end is R 305175 Ibs. The moment is

Kx= 305 1 75 x 5= 1525875-

The second wheel of the system must rest on the point.

At 10 feet from left, the reaction is j? = 306850 Ibs. The moment is

fix m = 306850 x 10 120000 = 2948500.

The second wheel of the system must rest on the point.

At 20 feet from left, the reaction is J? = 293600 Ibs. The moment is

Rx m = 293600 x 20 320000 = 5552000.

The third wheel of the system must rest on the point.

To find the moment at a point not given by the table, find the reaction R for this point by interpolation,

and then proceed as before. Thus,

At 30.7 feet from left, the reaction is 280650 (280650 278060)3*5 = 278837. The moment is

Rx m 278837 x 30.7 645000 = 791520.

The fourth wheel of the system must rest on the point.

If, however, this point falls between two "fields" find the moment by interpolation. Thus,

At 45.4 feet from left, we have the moment at 45, 255050 x 45 1095000 10382250. The moment at 46
-is 270290 x 46 1900000 = 10533340. At 45.4, then, we have

10382250 + (10533340 10382250)^, = 10442686.

The fifth or sixth wheel at point, indifferently.

In general, it will not be necessary to interpolate, but will be sufficient to take the nearest foot given in

the table.

To find the moment at any point of a span not given in the table, find the moment at the same point for

the two nearest spans given, and interpolate.

Thus, span 204 feet, moment at 10 feet from left:

The moment at 10 feet from left, for a span of 200 feet, is 2948500. The moment at 10 feet from left, for

span of 210 feet, is 3063330. The moment at 10 feet from left, for 204 feet span, is, then,

2948500 + (3063330
-

2948500) 1%
= 2994432.

The second wheel of system at point,

vi



TABLE II.

CONCENTRATED LOAD SYSTEM.

MOMENTS.

= J?x

SPAN,



Vlll APPENDIX.

MOMENTS.
= Rx m.

SPAN,



CONCENTRATED LOAD SYSTEM. IX

MOMENTS.
M., Rx m.

SPAN,



APPENDIX.

MOMENTS.
/r = Rx m.

SPAN,



CONCENTRATED LOAD SYSTEM. XI

MOMENTS.
M,, = Rx m.

SPAN,



Xll APPENDIX.

MOMENTS.
M,. = Rx m.

SPAN,



CONCENTRATED LOAD SYSTEM. XIII

MOMENTS.
= Rx m.

SPAN,



XIV

MOMENTS.
Mx = Jfx m.

SPAN,



CONCENTRATED LOAD SYSTEM. XV

MOMENTS.
Mx = Rx - m.

SPAN,



XVI APPENDIX.

MOMENTS.
Mx = Rx m.

SPAN,



CONCENTRATED LOAD SYSTEM.

MOMENTS.
= J?x m.
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XVII

Sl'AN,



XV111 APPENDIX.

MOMENTS.
= Rx m.

1

SPAN,

,
73

feet.



CONCENTRATED LOAD SYSTEM. XIX

MOMENTS.
= Rx m.



XX APPENDIX.

MOMENTS.
Mx = Rx m.

SPAN,



CONCENTRATED LOAD SYSTEM. XXI

MOMENTS.
= Rx m.

SPAN,



xxu APPENDIX.

MOMENTS.
M, = Rx m.

SPAN,



CONCENTRATED LOAD SYSTEM. XX111

MOMENTS,
X = J?x m.

SPAN,



XXIV APPENDIX.

MOMENTS.
Mx = Rx m.

SPAN,



CONCENTRATED LOAD SYSTEM.

MOMENTS.
M, = Rx m.

UNIVERSITY

SPAN,



XXVI APPENDIX.

MOMENTS.
= Rx m.

SPAN,



CONCENTRATED LOAD SYSTEM. XXV11

MOMENTS.
M, Rx m.

SPAN,



XXV111 APPENDIX.

MOMENTS.
M, = Rx m.

SPAN,



CONCENTRATED LOAD SYSTEM. XXIX

MOMENTS.
x = Rx m.

SPAN,



XXX APPENDIX.

MOMENTS.
= Rx m.

SPAN,



CONCENTRATED LOAD SYSTEM. XXXI

MOMENTS.
Mx = Rx m.

SPAN,



xxxn APPENDIX.

MOMENTS.
Mx = Rx m.

SPAN,
130
feet.



CONCENTRATED LOAD SYSTEM.

MOMENTS.
M, = Rx

XXXlll

SPAN,



XXXIV APPENDIX.

MOMENTS.
= Rx m.

SPAN,



CONCENTRATED LOAD SYSTEM. XXXV

MOMENTS.
x Rx m.

SPAN,
160
feet.



XXXVI APPENDIX.

MOMENTS.
Mx = J?x m.

SPAN,



CONCENTRATED LOAD SYSTEM. XXXV11

MOMENTS.
M, = Rx m.

SPAN,



XXXV111 APPENDIX.

MOMENTS.
= Rx m.

SPAN,



CONCENTRATED LOAD SYSTEM. XXXIX

MOMENTS.
M, = Rx m.

SPAN,



xl APPENDIX.

MOMENTS.
M, = Rx m.

SPAN,



CONCENTRATED LOAD SYSTEM. Xli

MOMENTS.
M, = Rx m.

SPAN,



xlii APPENDIX.

MOMENTS.
= Rx m.



CONCENTRATED LOAD SYSTEM. xliii

MOMENTS.
M, = Rx m.

SPAN,



xliv APPENDIX.

MOMENTS.
Mx = Rx - m.



CONCENTRATED LOAD SYSTEM. xlv

MOMENTS.
T* = Rx - m.

SPAN,



xlvi APPENDIX.

MOMENTS.
Mx = Jfx m.

SPAN,



CONCENTRATED LOAD SYSTEM. xlvii

MOMENTS.
= Rx m.

SPAN,



xlviii APPENDIX.

MOMENTS,
= Rx m.

SPAN,
280



CONCENTRATED LOAD SYSTEM. xlix

MOMENTS.
= Rx m.

SPAN,



APPENDIX.

MOMENTS.
Mx = JRx m.



CONCENTRATED LOAD SYSTEM.
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ILLUSTRATION OF THE USE OF THE TABLES.

A FEW illustrations will make clear the use of the tables.

ist, SINGLE SYSTEM OF BRACING. Take, for instance, the Pratt truss, worked out on

p. 107, Fig. 99. Here we have / = 90 feet required to find the maximum strains due to

live load.

For any upper flange, as A, Table II. for span 90 feet, p. xxii., gives at once the

greatest moment. Thus, since the centre of moments for A is at the foot of the post ab, we
must find the maximum moment at ten feet from the left end. For this point, the table

gives at once,
Maximum moment = Rx m = 157888 X 10 125000 = 1453880;

dividing this by lever arm of A, which is 10 feet, we have at once,

A = 145388 pounds = 72.69 tons.

In like manner, for E, we have ^ = 40 ; and hence

E X 10 = Rx m = 145610 X 40 2550000 = 3274400;
hence

E = 327440 pounds = 163.72 tons.

So for any flange, upper or lower, the greatest strain due to such a rolling load as our tables

assume can be at once and easily found. This rolling load is believed to be such as to give

greater strains than can ever occur in practice. To the strains thus found, we must, of

course, add the strains due to dead load. If we assume this at 0.5 ton per foot, or 5 tons at

each upper apex, as on p. 107, we have at once for A, since the re-action at left is 20 tons,

A X 10 = 20 X 10, or A '= 20 tons ;

E x 10 = 20 x 40 5 (30 + 20 + 10), or E = 50 tons.

The total strains are, therefore,

A = 72.69 + 20 = 92.69 tons ;

E = 163.72 + 50 = 213.72 tons.

Comparing these with the strains found on p. 107, viz., A = 100.33, ar>d E 22 3> tons,

;

we see that the method given there gives us greater strains than our table. This would

indicate that our "locomotive excess
"

of 33 tons, there adopted, is somewhat large, and that
* 28 tons would nearer meet the requirements of practice, and cause the values of p. 107 and
i those found by use of the table to agree quite closely.

For any diagonal, zsfg; we can easily find the requisite shear from Table I. Thus, we

have, in present case, / = 90, x 40, / x 50, / x + 8 = 58. We see at once, from



Ill APPENDIX.

Table I., p. iii., that the limit for span 90 feet is 48^ ; hence, for x = 40, we must use

formula II. We have, then,

115000 1715000 3210000
Shear = 58 -} 50

^
15000 = 56222 = 28.1 tons.

90 90 90

To this add the dead-load shear, which is 5 tons, and we have shear for fg 33. i tons. The
shear found on p. 108, for 33 tons locomotive excess, is 40 tons. As before remarked, the

results there given are somewhat large, and a locomotive excess of 28 tons would give a

closer agreement.
The preceding, if followed carefully, will fully explain the use of our tables in all cases

where we have but a single system of bracing.

2d, DOUBLE, OR MULTIPLE, SYSTEM. For any flange, find from Table II. the greatest

moment for its nearest centre of moments, and then find what uniform load will give this

same moment at the same point ;
calculate the flange for this uniform load divided into

apex loads, and acting upon each system.
If x is the distance from left end to centre of moments, and p is the uniform load per

unit of length, then (/ x) is the moment. Put this equal to the moment found from

Table II., and the value of / can be found, in pounds per foot, which would give the same

moment as the table, at the given point. The flange can then be calculated for this uniform

load. Each flange should thus be calculated for its own equivalent uniform load.

For any brace, find the greatest shear at the foot of it from Table II. ; then find the

equivalent uniform moving load ; divide this into apex weights, and calculate the brace for

this loading.

If m is the uniform moving load per unit of length, coming on from right and extending
my x\z

up to a distance of x from the left end, then the shear is -
-.

2/

Put this equal to the shear found from Table II., and the value of m can be found in

pounds per foot, which would give the same shear as the table. The brace can then be

calculated for this uniform moving load. Each brace should thus be calculated for its own

equivalent uniform load.
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