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bending up from the weight which they have to carry. Some­
times insufficient rivets are used in connecting such clip 
angles to the floorbeams. Even when a loop hanger passes 
down through or around both flanges of a floorbeam and 
takes bearing on the bottom flange angles, if there is no tie 
plate or only a thin loose washer plate, these angles and 
washers are very often found to be insufficient.

stitute at every third tie. There should be not less than 6 
ins. thickness of timber above the dapping. For wide spac­
ing of girders or stringers, or when one rail is elevated 
while the stringers are at the same level, deeper ties may 
be required.

Guard Rails
Inside guard rails are a very important adjunct to a 

bridge carrying a track, to prevent the wandering of a de­
railed car; such guard rails should be fully spliced or their 
efficiency will be greatly reduced. Care should be taken 
that bolts are so placed that neither heads nor nuts can 
be sheared off by a derailed car. Some engineers do not 
realize that outside guard timbers do not answer the same 
purpose; and the requirements of at least one Railroad Com­
mission until recently called for lining angles on these 
timbers, apparently with this misunderstanding. A brief 
consideration of this subject will show the fallacy of this 
view; if a wheel is retarded by rubbing against the inside 
rail, it will tend to turn the axle a little, directing the car 
toward its normal location; but the retarding of a wheel by 
rubbing on the outside guard timber will swing it further 
out of line and away from its proper place. This change of 
direction, too, will throw it against the guard more nearly at 
right angles, thus making it more likely to climb the guard 
and leap into whatever disaster is lurking beyond.

Though the outside guard timbers are not qualified for 
guiding a derailed car, they do have a very important office. 
Without them or some substitute, the ties would be likely to 
become bunched; the guard timbers also help to distribute 
the load and reduce the danger that the ties will tip up 
under a derailed wheel when stringers are too closely spaced. 
Guard timbers should always be notched over the ties and 
should be bolted to at least every fourth tie. Splices should 
have a horizontal lap joint.

Decay of Timber Stringers
The reduction of the strength of timber stringers due to 

decay is not always appreciated. That the unit stresses gen­
erally allowed for timber leave a larger factor of safety 
above the elastic limit than is commonly left in the case of 
steel members is realized. This is wise, because wood ex­
posed as is usual on bridges, deteriorates more rapidly than 
steel or iron which receives reasonable care. But, regard­
less of the reduction of strength of individual fibers which, 
though not so far gone as to be called rotten, are approach­
ing that stage, a slight loss of section in the top or bottom 
of a stringer reduces the strength for resistance to bending 
altogether out of proportion to the amount of section lost. 
In a timber beam 12 in. deep a loss of 1 in. in depth reduces 
the section 8 per cent, and the strength 16 per cent. ; 2 ins. 
in depth reduces the section 17 per cent, and the strength 30 
per cent.; 3 ins. in depth reduces the section 25 per cent, and 
the strength 44 per cent.; 4 ins. in depth reduces the section 
33 per cent, and the strength 55 per cent.

If the decay is uneven the loss of strength is even more 
striking. A 12-in. stringer having full depth at one side and 
reduced at the other side 2 ins, has its section reduced 8 per 
cent, and the strength reduced 28 per cent.; 4 ins. has its 
section reduced 17 per cent, and the strength reduced 46 per 
cent. ; 6 ins. has its section reduced 25 per cent, and the 
strength reduced 58 per cent. ; 8 ins. has its section reduced 
33 per cent, and the strength reduced 66 per cent.

Sound timber, notched for pipes or other obstructions, 
would be reduced by these ratios; but in considering decayed 
timber it must be remembered that there is not a sharp 
dividing line between sound and rotton wood. Hence it is not 
wise to increase the allowed unit stress in timber for the 
consideration of existing structures above the amounts given 
in the specifications, particularly as decay in timber is wont 
to proceed rapidly when once started. Oak, chestnut, ash, 
and to a less degree, spruce timber, may lose a great part of 
their original strength while still showing little change in 
their
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appearance.

Corrosion and Bolt Holes
Corrosion and bolt holes in flanges of rolled steel beams 

reduce the strength far more than is generally realized. 
Of course the fact is known when thought of, but it is too 
commonly overlooked. The following figures illustrate these 
cases:—

If a 12-in.-31 %-in. I-beam used as a stringer has 1 hole 
% in. in diameter in one flange, the strength is reduced 12 A 
Per cent.; 1 hole % in. in diameter in each flange, the strength 
’s reduced 1414 per cent.; 2 holes % in. in diameter in one 
flange, the strength is reduced 24% per cent. ; 2 holes % 
in diameter in each flange, the strength is reduced 28% per 
cent.; % in. thickness rusted from one flange, the strength 
18 reduced 1514 per cent.; Vs in. thickness rusted from each 
flange, the strength is reduced 19 per cent.

If a 12-in.-20Mi-in.-lb. channel used as a stringer has 
1 hole % in. in diameter in one flange, the strength is re­
cced 17% per cent.; 1 hole % in. in diameter in each flange, 
the strength is reduced 21% per cent. ; % in. thickness rusted 
from one flange, the strength is reduced 15 per cent., Vs w. 
thickness rusted from each flange, the strength is reduced 
18% per' cent.

Spacing of Ties
Ties should be spaced not more than 8 ins. apart in 

the clear (6 ins. is better), or a derailed car wheel will drop 
low between the ties as to cause too great pounding. 

They should be notched not less than % in. for the stringers 
and attached to them by hook-bolts or some suitable sub-


