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PREFACE.

Uxper the title of Railroad Structures and Estimates, the
intention is to cover in brief and concise form, the numerous
subjects that enter into the Engineer’s Estimates of Railroad
Building; for the purpose of ready reference, as to general construc-
tion and cost, on a business rather than a technical basis.

As it is impossible to give data to suit all conditions, the weights,
quantities, and cost, are given in detail in most instances, and may
be varied as desired.

The author is indebted to H. M. Mackay, Professor of Civil
Engineering, MecGill University, for a number of suggestions
embodied in the manuscript, and to J. G. Sullivan, Assistant
Chief Engineer, for permission to use C. P. Ry. Illustrations.
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RAILROAD STRUCTURES AND ESTIMATES

CHAPTER I.
TRACK MATERIAL.
Rail.

TaE standard rail section recommended by the American Society
of Civil Engineers is now generally used, manufactured mostly by
the Bessemer Steel Process. Delivered in 33-foot lengths, ends
sawed square gnd bolt holes for splice connections accurately drilled.
A small percentage in shorter lengths is generally accepted; the
best rails are usually termed No. 1, and those not of the best No. 2.
No. 1 rail only, is used in main line or fast running track.

Rails are bought and paid for on the actual weight, and are
usually quoted in gross tons (2240 pounds) and weight per yard
(3 lineal feet). \

General Chemical Composition.

(072140700 I AT et S . ¢ 0.45 to 0.65 per cent.
Phosphorus. ... .-« ot it e gl 0.06 to 0.85 per cent.
Silicon: B 010 L) Syl Se et 0.10 to 0.20 per cent.
Manganese. ... .. . .4 . ¥y uues s 0.75 to 1.05 per cent.
Sulphiirsd il A N 0.03 to 0.07 per cent.
General Physical Properties.
Elasiiclinitay: Lr s Sh i 55,000 to 65,000 Ibs. per sq. in.
Ultimate strength........ ... 110,000 to 120,000 lbs. per sq. in.
BIOnEation: gttt i S48 el 12 to 15 per cent. (8 or 10 in.)
Modulus of elasticity.......... 29,000,000 to 30,000,000 lbs.

One mile of single track requires:

10,560 lineal feet, or 3520 yards.
352 rails if 30 feet long.
320 rails if 33 feet long,
3



4 RAILROAD STRUCTURES AND ESTIMATES.

To find the number of gross tons of rail required for one mile
of single track, divide the weight per yard by 7 and multiply by 11.
Ezample. — For 70 pounds rail, (70 + 7) X 11 = 110 tons per
mile.

%—erl“-lmge-?{ -
Fig. 1. Rail Section,

TABLE 1.— QUANTITY AND APPROXIMATE COST OF RAILS PER MILE,
SINGLE TRACK.

o TS % |4 5 Material only F. O. B.
+ =1 .
Rail dimensions. E. 8 § ’8\« Sl
oy ke . »
B §, & -2} =5 O & U b o
o $ |2 & Dt
B . ] =1 2= [E& |28 |E&
£ Bl g S0 g8 (87 |E 8
3 p= 2
¢ W TN SO S O b LR R 58 |Re |3
e 0 | a ) © 2} 2 3 s R B ]
s (2| 2|8 @ % 5 5 23218588528
& o(plDZ|E]| B & = = SE3|882 888
In. | In. | In. | In. Dol. Dol. Dol.
6 4% | 43 [ 2% | 3 56 60.00/ 1.67 | 88.00 | 2728 |......|......

6.7 (41|43 |28 | 3| 60 | 56.00/ 1.79 | 94.29 | 2923 |......|......
7.4 | 4| 4% 243 4 | 65 | 51.69 1.94‘ 102.12 | 3166 |......[......
8.2 | 4§ | 45| 2% 42| 7O | 48.00 2.09 |110.00 | 3410 |......[|......
9.3 | 413 413 233) 31 | 75 | 44.80[ 2.24 (117.86 [ 3654 |......|......
100 |5 |5 [ 23|32 | 80 | 42.00 2.38 |125.71 | 3897 |......[......
11.0 | 57| 58| 28%| & | 86 | 39.53| 2.53 | 133.57 | 4141 [......[......
12.0 |53 53| 2F| f | 90 | 37.33) 2.68 [141.43 | 4384 |......[......
13.3 | 5%| 5%| 21| & | 956 | 35.37) 2.83 [149.29 | 4628 |......
14.6 | 5% | 53 | 23 | & |100 | 33.60] 2.99 [167.14 | 4871 |......

Note. — For condensed cost of track material per mile, above subgrade, see table 7, p. 13.
* Price for track rails F. O. B. Chicago, 1908 delivery, $28.00 per gross ton.

Add your own prices and records in blank spaces.



TRACK MATERIAL. %)

Splices.

Fish plates, angle bars and special fastenings for connecting the
rails at joints, are made in a variety of designs; the ordinary kind
in common use are the four and six hole angle bars; usually quoted
in gross tons (2240 pounds).

The short four-hole angle bar suspended rail joint only will be
considered, as this is generally the most acceptable splice in service.

Material.

High-carbon steel open hearth or basic open hearth.

Carbon not to exceed
Phosphorus not to exceed. .. .....
not to exceed.........

Manganese

Average Chemical Composition.

..... 0.15 per cent.

0.10 per cent.
0.40 to 0.60 per cent.

M
\\\\\‘n
=7

Fig. 2. Rail Splice.

Average Physical Properties.

Ultimate strength..............

Elastic strength

60,000 to 90,000 1bs. per sq. in:
30,000 to 45,000 lbs. per sq. in.

Elongation in 8 inches not less than 25 per cent.

Reduction in area not less than 30 per cent.

One Mile Single Track Requires

352 pairs angle bars for 30-foot rails.
320 pairs angle bars for 33-foot rails.



RAILROAD STRUCTURES AND ESTIMATES.

TABLE 2. — QUANTITY AND APPROXIMATE COST 4HOLE ANGLE BAR
JOINTS PER MILE, SINGLE TRACK.

RAIL

30-ft. rail lengths.

33-ft. rail lengths.

—‘é 3 Material only* § "6 Material only,
. i S F. O. B. cars. i & F. O. B. cars.
F18 2| 2 |s4lz T=g | 2|24l 722
65| & |5 |Bag B:d) B2 A B
S| 8|2 & |4 A=K BsR ) 4 |4 |EsR Fsk
Lbs. | In. —L‘b—s- Dol Dol Dol. |. Dol
56 | 24 | 30 | 10560{ 200 Q1281 5F 4= o 9600, 182 192
60 | 24 | 33 | 11616] 220 23 30 1A S ke 10560{ 200 7)1 [ S
65 | 24 | 36 | 12670, 240 254 1. .00 11520 218 ORI R A & oS
70 | 26 | 42 | 14784 280 296 {......... 13440, 255 LN (B0 25 5 d oe
75| 26 | 45 | 15840, 300 Sittf|aaoedb oo 14400, 273 28 SR
80 | 26 | 49 | 17248 327 BASH v - 15680, 297 314 o
85| 26 | 53 | 18656] 354 | 374 |......... 16900f 320 | 338 |.........
90 | 28 | 61 | 21472 407 430 19520{ 370 SIRE |85 a8 00 6h
95 | 28 | 66 | 23232 440 |0 ok S8 o e 21120, 400 423 1. .......
100 | 28 | 71 | 24992 474 500 !......... 22720[ 430 455

Note. — For condensed cost of track material per mile, above subgrade, see table 7, p. 13.
* Price for angle bars accompanying rail orders, F. O. B. Chicago, 1908 delivery,

1.5 cts.; car lots.

Bolts and Nuts.

The ordinary rolled or cut thread shouldered track bolts are
made of steel ¢ inch to 1 inch thick, in lengths to suit rails and
fastenings used, and are generally put up in kegs of 200 and 224
pounds in weight. The nuts are either hexagon or square. The
Harvey grip, or other approved form of bolt, is generally used,
requiring no nutlocks.

Average Chemical Composition.
Soft Bessemer steel with carbon not to exceed 0.15 per cent.

Add your own prices and records in blank spaces.



Elastic limit

TRACK MATERIAL.

Average Physical Properties.
Ultimate strength....... 2
................ 27, ,000 to 32 000 Ibs. per sq. in.
Elongation in 8 inches not less than 25 per cent.
One Mile of Track Requires

1408 bolts and nuts for 4-hole splice bars, 30-foot rail lengths.
1280 bolts and nuts for 4-hole splice bars, 33-foot rail lengths.

e

Fig. 3. Harvey Grip Bolt.

LY

. 54,000 to 64,000 lbs. per sq. in.

TABLE 3. — QUANTITY AND APPROXIMATE COST OF BOLTS AND NUTS
PER MILE, SINGLE TRACK.

Bolt dimensions. 30-ft. rail lengths. 33-ft. rail lengths.
% e Material only g 5 Material only

o e g‘ f F. O. B. cars.* & g F. O. B. cars.*

> 15 18 |8 & | 2

Bl |5 |x8Ce| S BB g |8 [De| 2 RELE | 8
=| < |3 |EslsE| 2 |BEs FCHEREFA
S 2 (LRI B \GRE LG 0 LRI 1u2E] e8] g
2|l s |z |78 |&|Beg|B) B |z | &|Bgs|iy) &
Z| 8 [ 218 (8 | 2|3%8|s°| g |E |2 ({g28|g"| &
gl 3 |glz |2 |g18%%|8 | S |2 |&[8=%8 | ©
Lbs.| In. | Lbs. Dol Dol. | Dol. Dol. | Dol. | Dol.
56 | 33X %|1.20| 170| 8.4(0.84| 63.00[42 710.77| 57.75138.50|.....
60 | 33X {1.25/ 160, 8.80.88/ 66.00/44 8.7(0.80] 60.00/40.00.....
65 | 33X %{1.25| 160 8.8/0.88/ 66.00/44 8.7/0.80; 60.0040.00;.....
70 | 4k §[{1.33] 150 9.4(0.94] 70.50147 |..... 8.50.85 63.75(42.50].....
75 | 44X %11.33] 150, 9.4/0.94] 70.50147 8.50.85 63.75/42.50].....
80 | 48X F/1.4 | 143} 9.9/0.99| 74.2549.50{.....] 9.0/0.90] 67.50(45 |.....
85 | 43X %|1.4 | 143 9.9/0.99| 74.25/49.50/.....] 9.0(0.90| 67.50(45 |.....
90 | 43X %|1.5 | 134/10.6{1.06] 79.50/63 |..... 9.6/0.96| 72.00(48

95 | 43X }{1.5 | 134/10.6/1.06] 79.50{53 |..... 9.6/0.96| 72.00148 |.....
100 | 43X 1]1.9 | 105/13.4/1.34'100.50'57 |..... 12.2(1.22] 91.50{61 }.....
Nore. — For condensed cost of track material per mile, above subgrade, see table 7, p.13.

* Price for common bolts and nuts F. O. B. Chicago, 2.15 cts. to 2.20 cts. base, square
nuts, 2.3 cts. to 2.35 cts. base, hexagon nuts.

Add your own prices and records in blank spaces.



8 RAILROAD STRUCTURES AND ESTIMATES.

Spikes (Open=Hearth Steel).

The ordinary railroad spike in general use is ¥ inch square X
5} inches long for rails over 45 pounds per yard in weight. They
are usually put up in boxes or kegs of 200 and 224 pounds.

Boat spikes % inch X 8 inches are used for spiking frogs and
switch blocking to the ties, and long track spikes 7, 8 and 9
inches in length for shimming work. :

f«Curved-> %E
i 2 3 %
i
113
Fig. 4. Track Spike.
Average Chemucal Composition.
@arbon AN R 0.12 to 0.25 of one per cent.
Manganese.................... 0.50 of one per cent.
SiliconRla e Setee |~ i ok 0.05 of one per cent.
IBhosSphornsEir i PR Io S St e 0.04 of one per cent.
SR 5 4 6 508 GO0 St Gl Aqai 0.04 of one per cent.
] Average Physical Properties.
Ultimate strength.............. 50,000 to 70,000 lbs. per sq. in.
IBlEERG LT 50 oo o am bl d aap.s 27, ,000 to 35,000 Ibs. per sq. in.

Elongation in 8 inches not less than 20 per cent.
Reduction in area at point of fracture not less than 35 per cent.

Tests.

The body shall be bent, both hot and cold, through 180
degrees, flat on itself, without sign of fracture on the outside.

The body shall be twisted cold one and one-half turns with-
out sign of fracture.

The underside of the head shall be bent backwards cold- by
one blow of a hammer into line lengthwise with the face of
the body without sign of fracture. The same test shall be
made when the neck is ground half through.



TRACK MATERIAL. 9

TABLE 4. — QUANTITY AND APPROXIMATE COST OF SPIKES PER MILE
SINGLE TRACK.

3500 ties per mile.

0 - 2 (=21 - :
Q = o 3.3 Material only F. O. B. 5
% éi g s |8 8 o =% 82 ¥ S
5} 5 8 =
-.2 2R gé Eé; 8.«5 28 Cost per | Cost per P
@ [Pyl B |gwel g0 28 |mile at $56/mile at $40 e
o g &% § Z4°| 58 a8 per ton. | per ton. ESLRLOIE
In. ! Lbs. Dol. Dol.
43X % 530 .38 27 104 2.75 154 TS 68 a00 6060
5X3% 490 .40 29 110 2.90 163 116 |......o.. ..
5% ¥ 360 .52 39 148 3.90 219 TG0 "1 . e aele o
54X 5| 340 | .58 | 42 | 160 | 4.20 236 168 |..........
3000 ties per mile.
In. Lbs. Dol. Dol.
43X % 530 .38 23 88 2.3 129 P I S E SRt
5X 4% 490 .40 25 96 205 140 1000 S0 o0
5X % 360 .52 34 130 3.4 191 136
53X % 340 .58 36 137 3.6 202 144 |..........
2600 ties per mile.
I, Lbs. Dol. Dol.
45X % 530 .38 20 75 2 112 80 fiv.i.....
5X % 490 .40 22 84 2.2 124 88 M- otk
5X 15| 360 .52 29 110 2.9 163 116 <« S BE fant |
54X 5| 340 .58 31 118 3.1 174 124 « i T L.l

Boat spikes for shimming, ete.: .

2 77X §”, 650 per keg (200 Ibs.).
8”% ¢”, 600 per keg (200 lbs.).
97X §”, 525 per keg (200 Ibs.).

Note.—For condensed cost of track material per mile, above subgrade, see table 7, p. 13.
* Price for common track spikes F.0.B. Chicago, 1908 delivery, 1.80 cts. to 1.90 cts.
per 1b. :
Add your own prices and records in blank spaces.



10 RAILROAD STRUCTURES AND ESTIMATES.

Ties.

The ordinary ties are 8 feet long, 6 to 8 inches thick and 8 to 10
inches wide, ends sawed square. The most common kind are of
pine, spruce, hemlock, cedar, oak, including various other timbers
that can be procured locally. They are usually classed No. 1 ties
when of first quality, and No. 2 when conforming with No. 1,
excepting that the thickness is an inch or so less; those failing to
pass inspection as No. 1 or No. 2, are designated ‘ Culls ”’; the
latter, if sound and otherwise fit, are used in sidings, spurs, ete.

Owing to the growing scarcity of timber, many railroads are
treating ties by a chemical process so as to retard decay;. the cost
of the treatment paying for the extra years’ service obtained. As
it requires a number of years to demonstrate its usefulness and
economy, the development is in consequence very slow and uncer-
tain. Steel and concrete ties are mainly experimental and are
used to a limited extent. The number of wood ties per rail length
varies from 18 to 20 per 33-foot rail length, and cost from 35 cents
to 75 cents per tie or more. Probably a fair average is 50 cents
delivered on the site, but not placed.

Switch Ties. — For turnouts and crossovers sawn oak ties, or
good quality local timber is used, varying in length to suit the
switch layout. For quantity and cost, see under Switches.

TABLE 5. — QUANTITY AND APPROXIMATE COST TRACK TIES PER MILE,
SINGLE TRACK.

. Cost per mile. — Material only, F. O. B. cars.*
Distance Average Num Le2 ) %
center to | pumber | €T PeC
i v 100 ft. At At At At At At At
of ties
about e B of 50 cts. [ 45¢cts. | 40cts. | .. cts. | .. ets.| .. cts.| .. cts.
* | track. | each. | each. | each. | each. | each. | each. | each.

Ia. Dol. Dol. Dol. Dol. Dol. Dol. Dol.

18 3500 67 | 1750 | 1575 [ 1400 [......|......I. T St (1
21 3000 o0 8 MIS00NBI3508|S1200=f . sne - f o oL
24 2600 S0RS BIB00FISISIZ0 SIST0408 . LL A . o a3
30 2100 41 1050 | 945 ] 840 |......0......]...... AT

Nore. — For condensed cost of track material per mile, above subgrade, see table 7, p. 13.

* Prices for ties F. O. B. Chicago, 1908 delivery, 67X 8”X 8 oak, 1st grade, 74 cts.
each. 67X 87X 8 oak, 2d grade, 67 cts. each.

Add your own prices and records in blank spaces.



TRACK MATERIAL. 11

Ballasting, etc.

Ballasting. — Ballasting consists in procuring selected material
for the road-bed to make good track, and includes the loading,
hauling, unloading and transportation of all material hauled by
train or otherwise for the purpose of surfacing the track; the
material is usually gravel, cinders, broken stones, slag, etc., and
the average depth 8 to 12 inches.

Approximate cost. Actual cost.

Cinder ballasting, 15 to 50 ets. per cubic yard ........[.......coeuein...
Gravel ballasting, 20 to 30 cts. per cubicyard.........|[..... ...l
Stone ballasting, 60 cts. to $1.25 per cubic yard.......|..........ool.

Loading gravel on cars by steam shovel, 5 to 12 cents per cubic
yard.
Surfacing. — Surfacing includes all work in placing surface
material under the track, tamping, lining, and all other work
-incident to the preparation of the track for operation.

Approximate cost. Actual cost.

Surfacing with cinders, 10 to 15 ets. per cubic yard...[...................

Surfacing with gravel, 15 to 25 cts. per cubic yard ....[............ ... ...

Surfacing with broken stone, 25 to 40 cts. per cubicyard|............... LB |

TABLE 6. — APPROXIMATE QUANTITIES AND COST OF BALLASTING AND
SURFACING PER MILE, SINGLE TRACK.

(Including Ballast between Ties.)

Kind of ballast. G yds) Approximate Approxima.tte Actual .cost

cost per yd. |cost per mile. per mile.
10” gravel.......... 1700 $0.35 $595.00 [..............
102 rocl i R GE 1900 - 1.25 SEIBs00 oo 6ago aobd coan
12" gravel.......... 2000 .35 T00FCORRIEE. Vo TR
128 ook Fit S 2200 1.25 U |losg0ib goas dob o
15" gravel.......... 2500 .35 CASEEY T (80 68 6008 0o to0:
@ eb o0 s aao o 2800 1.25 3000 NGO P D e T

Nore.— For condensed cost of track material per mile, above subgrade, see table 7, p. 13.
Add your own prices and records in blank spaces.



12 RAILROAD STRUCTURES AND ESTIMATES.

Tracklaying. — Tracklaying includes all work in the laying of
ties and track material, turnouts, switches, crossings, etc., and
such necessary cutting down and filling up as may be necessary to
allow the safe passage of trains before final surfacing.

Approximate cost. — One mile of single track, $350 to $500.

.........................................................

Tie Plates.— The plates are made of mild steel with .20 to .25
of one per cent of carbon, and are sheared and punched to
template. .

The ordinary tie plate is 5 inches wide and 8 inches long, 5 to
inch thick, with ribs on the under side, which enter the wood and
prevent slipping; the spike holes are arranged so that the plates
will not be right and left. Tie plates with a shoulder or rib on top
to fit against the outside edge of rail are also used.

The plates increase the life of ties and prevent spreading of
track, canting of rails and the cutting of ties by rail pressure, and
excepting at joints are usually placed in pairs one on each end of
the same tie.

All ties on curves including turnouts and all soft ties on tangents -
are usually tie plated, held down by two spikes on tangents and
three or four on curves. In general, three spikes should be used
on curves less than 6 degrees and four on curves over 6 degrees.

The average weight of the ordinary tie plate is about 4 pounds,
and using 3000 ties to the mile, 6000 plates would be necessary,
which at a cost of 12} cents each in place would total per mile
$750.

Record of G RGERORE: el ok S MIRT 00 vy oa i e ol v rie

Add your own prices and records in blank spaces. .
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Rail Braces.— Rail braces are used principally on guard rails,
switches and curves, and are generally placed in pairs one on each
end of the same tie.
in a variety of forms to fit the rail and support it laterally, and are
spiked down to ties with three or more spikes.

rail brace weighs about 4 pounds.

Cost. — 10 to 15 cents each in place.

Record of actual cost : —

They are made of cast iron and pressed steel

The pressed steel

TABLE 7.— APPROXIMATE COST OF ONE MILE OF SINGLE MAIN LINE
TRACK, ABOVE SUBGRADE.
(Summary.)

2 ki

Splices at Bolts and §§ = Y ‘é
Rails (33-4t. lengths) | $44.80 per | nuts at$75 | SPIeSat |& %1% w| & | 2 18 g
856 (cdi¥E| £ L3
at $31 per ton. ton (2000 per ton e 293 SiE 5 |8
1bs.). (2000 bs)). | PF PO 1821 TS| & A |5

P LB [+ @ w

EE8 | E|8|8
Wt. | Tons. | Dol. | Tons. [ Dol. | Tons. |Dol. {Tors.|Dol. |Dol. |Dol. [Dol. |Dol. {Dol.
56 | 88.00] 2728 | 4.29 192 | 0.77 | 58 | 3.6] 202|1350 875 250{5655/1.07
60 | 94.29 2923 | 4.72 212 | 0.80 | 60 | 3.6| 202/1350| 875/ 250/5872(1.11
65 [102.12] 3166 | 5.18 231 | 0.80 | 60 | 3.6| 202{1350| 875| 250/6134(1.16
70 |110.00, 3410 | 6.05 269 | 0.85 | 64 .6 202(1350| 875| 300/6470|1.23
75 [117.86] 3654 | 6.44 288 | 0.85 | 64 | 3.6] 202(1350{ 875 300/6733|1.28
80 |125.71 3897 | 7.00 314 | 0.90 | 68 | 3.6 202[1350| 875 400/7106/1.35
85 [133.57| 4141 | 7.50 338 | 0.90 | 68 | 3.6 202{1350; 875 400(7374(1.40
00 [141.43| 4384 | 8.72 391 | 0.96 | 72 | 3.6| 202{1350] 875 400/7674/1.46
95 [149.29] 4628 | 9.40 423 | 0.96 | 72 | 3.6| 2021350/ 875 450({8000(1.52
100 |157.14| 4871 (10.11 455 | 1.73 | 92 | 3.6| 202/1350] 875 450{8295/1.58

Add your own prices and records in blank spaces.



14 RAILROAD STRUCTURES AND ESTIMATES.

Ballast Sections.

The following ballast sections are recommended as good practice
by the A. Ry. Eng. and M. of Way Association.

The section for class A track is intended to show minimum depth
under ties and is recommended for use only on the firmest, most
substantial and well-drained subgrades.

The sodding of the roadbed shoulder next to ditch and of the
slopes of the ditch is recommended.

The slag, which should be dressed to section shown for crushed
rock and slag, is broken slag, similar in character to crushed rock.

Granulated slag should be dressed to section for gravel, cinders,
chats, etc. :

Class “ A" gravel, cinders, chats, ete., also cementing gravel
and chert Class B, the ballast slopes 3 to 1 from end of ties to sub-
grade instead of 2 to 1 as shown.

10" 1 .
10— | 13" 1 Slope ¥ t0 1

il Course Stone, end of draini /Rad.4’
-=—Praln where needed 17
Crushed Rock and Slag
Class A

Crushed Rock and Slag
Class A

Crushed Rock and Slag
Class B

Fig. 5. Ballast Sections.
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Grading. — Grading includes all excavation and embank-
ments for the formation of the roadbed, all diversions of roads and
streams, all borrow pits and ditches and similar work connected
with and incident to the construction of the roadbed.

The material excavated is classified usually as  Common Exca-
vation,” ¢ Loose Rock,” ‘“Solid Rock,” and measurement and
payment are by units of one cubic yard, measurement made in
excavation only, and by any method.

Approximate cost. ’ Actual cost.

Common excavation, 20 to 30 ets. ...o.. v
Looserock, 60cts. to $l.. . ..o e
Solid Rock, $1.60t0 $2.50 .. ....ooon it

Overhaul. — When the distance of handling material exceeds a
certain limit an extra is sometimes allowed under an overhaul
clause. Usually 500 feet is designated as the limit of free haul, and
any haul exceeding 500 feet is paid for at the specified price per
cubic yard per station.

Average cost overhaul .01 to .02 cent per cubic yard (100 ft.).

AN 8 e 8 6 0 BB 0 0 ook Bd bbb 0o 6.dad &oooldb oob0 do oot doo ¢

..........................................................

Tile Drains.— Sub-drains of tile are used chiefly in cuts where
it is difficult to get a proper diteh, or where the ditch fills up with
sliding material. It is laid 2% to 4 feet deep with a fall where
practicable. Tile drains are made in one and two foot lengths.
3 to 6 inches diameter are the sizes generally used. Water
enters the drains through the joints. Measurement and pay-
ment are by unit price per lineal foot, including excavation and
refilling. :

Approximate cost. ' Actual cost.

3” tile, 12 to 15 cts. per lineal foot in place . ..........|......coooiiii it
4” tile, 13} to 18 cts. per lineal foot in place ..........[......ccoeiiun...
6” tile, 15 to 20 cts. per lineal foot in place ...........|[.....cco.iiii....

Crosswaying. — Crosswaying when required in swamps or
muskegs is built of logs the full width of the embankment and
Add your own prices and records in blank spaces.
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projecting beyond if desired, logs not less than 6 inches in diameter,
small end, made up if necessary in one or two layers crossing each
other at right angles placed close together and covered with brush.
Measurement and payment are by units of 100 feet square.

Approzimate cost. — $30 to $50 per 100 feet square.
X e B R P I R e AR & R S AR D 2 €1

........................................................

Clearing. — Consists of clearing the right of way of all trees,
logs, brush and other perishable matter, and burning or otherwise
disposing of the same off the Company’s property, stumps to be
cut off even with the ground when the filling over them exceeds
two feet. The last item is generally termed “close cutting.”
Measurement of clearing and payment for same are paid for by the
acre or by units of 100 feet square actually cleared.

Approximate cost. — $40 to $60 per acre or $10 to $15 per 100
feet square.
A S P S e o PRI o

Trees.— Dangerous trees outside right of way considered unsafe
are paid for at a specified rate per tree removed.
Approximate cost. — 75 cts. to $1 each.
- All trees reserved for construction purposes are usually stripped
and neatly piled. Payment for this service is usually by the cord
of 128 cubic feet.

AT (B TE= o S oh i e A L PO PR

Grubbing. — Grubbing consists in removing stumps and large
roots where excavations occur, including ground from which
material is to be borrowed, and from all ditches, drains, new chan-
nels for waterways and other places, and all ground to be covered
by fill of less than 2 feet. Measurement of grubbing and payment
are paid by the station of 100 feet or by units of 100 feet square
actually grubbed.

Approximate cost. — $20 to $30 per 100 feet square.
7 A R e At e A o Gl e e S L e 1 e A SAP S RPI

Add your own prices and records in blank spaces.
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Turnouts, etc.

The arrangement by which an engine and
train pass from one track to the other is
termed a turnout, and consists of a switch,
frog, guards and lead rails. (Fig. 6.)

A train approaching so as to pass the
switch point first is said to ‘“face” the
switch, and when it approaches in the op-
posite direction, passing the frog first, it is
said to “ trail ”’ the switch.

Switches. — The switches in common use
for turnouts are the stub and split or point
switch. If the ends of the rails are cut off
at abevel, soas to lap slightly when thrown,
it is called a lap switch. The split switch
is practically universal as a standard, and
generally is 15 feet and 164 feet long, or
half a rail length, for frogs 1 in 5 up to 1
in 12,

Split Switch. — The switch rail is slightly
elevated above the stock rail by means of
plates with risers, and is one-half to three-
fourths inch below stock rail at the point,
and one-fourth inch or so above stock rail
5 or 6 feet from the point. The distance
which the switch point rail moves when the
switch is thrown varies from 4 to 5 inches,
and two to four tie bars either fixed or
adjustable are used to connect the switch
rails.

Fixed end of switch is called the heel.

Movable end the toe.

Stub Switch heel is farthest from the
frog.

Split Switch heel is nearest the frog.

Toe of Split Switech is the point of
switch.

Toe to heel is the length of switch.
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Fig. 6. Split Switch Turnout.
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The throw is the distance over which the free end moves when
thrown.

Turnout between switch and frog is usually made a simple circu-
lar curve.

Stub Switch. — The ordinary stub switch breaks the continuity
of the main line in three places, two at the switch head block and
one at the frog. Owing to the pounding of wheels over the open
space, account settlement of head block, and to expansion and
contraction of rail, rendering the joints tight in summer and operi
in winter, and the liability of derailment should a train trail the
switch, their use has been practically abandoned except in lsolated
tracks in yards or at points seldom in service.

Stip Switches. — Slip switches are used where space is insufficient
for ordinary turnouts or crossovers. Single slip is used when only
one crossover track is required, double slips when two crossovers
are necessary. (Fig. 11.) The switches are operated simultane-
ously from a central “ slip switch stand.” Each end of a slip
has a special twin split switch, which forms the entrance to the
crossovers, each crossover containing one right and one left turnout.

Switch Stands. — Automatic and rigid switch stands are used
generally; for main line track switches the rigid type is principally
used.

Frogs.— The frog is a device whereby the rail at the turnout
curve crosses the main track rail, and is represented by Fig. 7, with
all the parts designated in the terms generally used in ordering
the various items, either bolted, clamped or riveted, rigid or spring
rail.

5 32

a -

;i

F‘ ; Teft Wing Rail

' '

T i 1
Mouth : e

Main Point,

Fig. 7. Rigid Frog.

The bolted type of frog is generally used, with spring rail frogs
for main line turnouts where siding traffic is relatively small.
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Crossovers. — The arrangement connecting two parallel tracks
is called a crossover and consists of a double turnout. (¥Fig. 10.)

To find the distance between frog points:

From the distance between gauge lines of parallel tracks sub-
tract the gauge of track; multiply the remainder by the number
of frog. .

Example. — Distance between gauge line is 8 feet; gauge line
4 feet 8} inches and No. 9 frog. 8 feet — 4 feet 8% inches = 3 feet
31 inches, which multiplied by 9 = 29 feet 74 inches, the distance
between frog points.

TABLE 8 — AVERAGE COST OF TURNOUTS INSTALLED COMPLETE
(WITHOUT LEAD RAILS).

Switch
Switch stands, Frogs Laying Total
Name. Kind. i rods, with | and sur- cost in-
¥ lamps, |guards.| facings stalled.
ete.

80 Ib. split switch | Spring | $100.00 | $30.00 ($60.00] $50.00 | $240.00
80 1b. split switch | Rigid 100.00 | 25.00 | 50.00, 50.00 225.00
60 1b. stub switeh | Yard 85.00 | 25.00 | 50.00; 40.00 200.00
80 1b. slip switch | Single 150.00 | 50.00 | 75.00[ 75.00 350.00
80 1b. slip switch | Double | 200.00 | 90.00 |140.00, 125.00 550.00

TABLE 9.— DETAILS OF COST.

Switch ties. Approximate cost. Actual cost.
1 set for main line switch..........| $80.00 to $125.00|. ..................
1 set for yard switeh.............. 70.00to 100.00 (. ..................
1 set stub switch ties..............| 65.00t0 95.00|...................
1 set yard switeh ties............. 55.00t0 80.00)...................
1 set slip switch, single............ 125.00 to 150.00 |. ..................
1 set slip switch, double........... 150.00 to 200.00 |. ..................

Add your own prices and records in blank spaces.
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Switch Ties.-—Switch ties are usually oak or best local hard-
wood, 7 inches thick and 9 inches wide, ends sawed square.

TABLE 10A.— BILL OF SWITCH TIES FOR 15-FOOT SPLIT SWITCH
TURNOUTS.

All Ties 77 X 9”.

No. No. No. No. No. No.

Length. s 8. 9. 10. 11. 12.

No. No. No. No. No. | No.

Ft. In.

G 110 ks ol T O B e & Arat SRR | 5 5 5 5 5 5
S a3 O DO T B S ) 3 3 3 3 23 3
) (s 3 3 3 3 3 3
G N Ly e T B 3 3 3 3 3 3
O Dl s i AP B RO M. ey A8 3 3 3 3 3 4
(T SO o P ) W R el S T L R 2 3 3 3 3 3
(125 (Boib.c Ao oot SR o B A TR S s 2 1 2 2 3 3
OPRR0 - E PN B N T s b - i . 1 2 2 2 3 3
D, Do S Ve s i U SRUINGE (S 1 1 2 2 3 3
LD 4 K o 6 e ey D] A O R TR 1 2 2 3 1 2
I (30,4 S 0 6 T BBt A 1 1 2 2 2 2
10AR0 RS SR ANED Tt r e, 2L Y 1 2 2 2 2 1
] R O T e ol e S 1% 1 1 2 2 2
0 B 5 60 Ot 3000 OARE  EeE T e R 1 1 2 2 2 1
BT i S S R S s P S 1 1 1 1 2 2
LI, bl b L ool 20 S LS e 1 1 1 2 1 2
303 (D o'ol FRGEIO G 3 AT R CIFRAAE. A 1 1 1 1 3 2
RS o DR R RS A L S 2 - 2 2 1 1 1
I ol B e K S SR A 2 2 1 2 2 2
128 R0y oA L L R 1 1 1 2 1 2
I AT & 7S TR i, T I iy O U 1 2 1 1 2 1
13 S S SRR R L R 1 1 2 -2 1 2
L& (R S ety S - 8 e e 4 SR 2 1 2 1 2 1
TR o f LSRR Ml Sort ookt ot R A il 1 1 1 1 1
(R e S SR I I 1 1 1 2 2 3
A A e A e IR M O L 2 1 2 2 2
TANSGN: .Y e ey AT TR S e 1 1 2 1 2 2
It 50 2 et NP Sy TR e 1 1 1 1 2 1
160 102 T R Bt ot o ok ster e S r e o 1 1 1 2 1 1
3 LN 5 I e, v o Al B WD PRSI 1 1 1 1 1 2
15 €6, N St RS % | e 1 1 1 1 1 1
T R L e & B o (I S 1 1 1 1 1 1
16 Headblock... . snh 5o oo 2 2 2 2 2 2
Totaligf 2 Wa My E gl ) s e L 50 55 59 64 68 69

1 00 by et b ot A O = o 5553 | 6141 | 657 718% | 765% | 7763
BeetiBoMu i famt e mn 2, 2918 |3225 (3449 (3771 |[4019 4077
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standard.

CHAPTER II

FENCES, GATES, SIGN POSTS, ROAD CROSSINGS
AND GUARDS.

Fences.
For fencing in the right of way each railroad usually has its own

Wire Fence. — The ordinary fence consists of hard galvanized
iron coiled wires, made in five to seven strands, spaced from 5 to
10 inches apart, the fence averaging about 4 feet high, reinforced

with verticals at varying distances.

Wood fence posts are placed

from 17 to 33 feet apart, set about 5 feet above ground and 3 feet

under.

The fences are either woven or field-erected, the woven being
used on fairly level ground, and the field-erected on rough and
uneven ground. Cross braces of 4”7 X 4” timbers and wire are
used at end panels to stiffen the fence lengthwise. (Tig. 12.)

End Panel

This Post to be strained up at least 2'
- 99 '-.«_—'32 bt

L ol 3 Dotble Strands N 0. 9 Wire 1
Rd ‘o) ; :~4.'t AL
~ ol
b | e | 257a All Wire No, 9
Q? hl & ! i
* Y
= Y s ZNZZS AV 7 ZZZEN
2xpx30 . : ' ,
LT | 120 : Variable from 165 to 3366
2'x a3 1 ! t
[ ] N

Fig. 12. Right of Way Fence.

TABLE 11.

Fencing per mile

of track, erected comnplete.

Approximate cost.

Actual cost.

7-strand 48-in
5-strand 42-in
7-strand 48-in
5-strand 42-in

. woven-wire fence....
. woven-wire fence....
. field-erected fence. ..

. field-erected fence. ..

$270.00 to $300.00|..................

216.00 to 230.00
320.00 to 400.00
282.00 to 325.00
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Picket Fence.— The ordinary picket fence for use in yard
shops, ete., consists of 8-inch cedar posts 9 to 10 feet long, set
6 feet above ground and 3 to 4 feet under, at about 8-foot centers,
with 3”7 X 4” runners top and bottom, set about 12 to 18 inches
from ground and top of posts; to these are nailed 4” X 1”7 X 6
vertical pointed end pickets, with spaces between varying from
1 inch to 6 inches.

Approximate cost per linear foot, 50 to 75 cents.

..........................................................

Wood Snow Fences.— Snow fences are used in open country
to prevent or minimize trouble from drifting snow blocking the
track. They are usually of wood, though tree and hedge fences
and earth banks are in use.

When permanent, a close or open board fence is erected on the
portion of the right of way affected, 30 to 50 feet from track.
When located off the right of way, permission is usually obtained
from the farmers, and portable fences are used and placed 150
feet or more from the track.

Kind. Approximate Cost. Actual Cost.
Permanent close board fence per lin. ft. .| 50to 60cts. |...............
Permanent open board fence per lin. ft. .| 40to50cts. [...............
Portable fence perlin. ft................. 30tod0ects. |...............

Permanent Close Board Fence. — Cedar posts 8 inches
diameter by 12 feet long, placed 8-foot centers, standing about
8 feet 6 inches from ground line, and covered with Z-inch boards to
within one foot of ground with 1”7 X 6” cover piece over the joints
at each post.

Add your own prices and records in blank spaces.



FENCES. 29

]

WU VO R R

60"

Fig. 13. Permanent Snow Fence. (Open Board.)

1
1 x0 x10-00e

i " T Tor
- 1] )

| 8"x 3% 2/0"1g. ' 333220715,

Average spread 6"

Fig. 14. Portable Snow Fence.

Permanent Open Board Fence. (Fig. 13.) — Similar to the
close board fencing excepting that the boards are placed with
6-inch spaces between. '

Portable Fence. (Fig. 14.) — Made in sections 14 and 16 feet
long, with triangular shaped supports 6 to 8 feet high, and about
6 feet spread, with 2”7 X 6” inclined main supports at 7-foot
centers, and 2” X 6” brace behind; when not held down by stakes
to ground, 2”7 X 6” ties are used at the bottom of frame and stone
piled on top.

The boards are Z-inch material from 6 to 8 inches wide, about
12-inch centers with 4 to 6-inch spaces between.
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Approzimate esttmate of cost.

PerMANENT CLosE Boarp FENCING.
One 16-foot Panel.

2 fence post holes at 35 ¢t8. . .. .oovviiiiiiiiaiiiiaean, $0.70
2 posts 8 inch-diameter, 12 feet long, ) G seb ot o Bl 08 (A A 2.16
150 feet B. M. boarding at $35. . Bt e, 1A ke B B 30 ]
3} pounds 12d. steel nails at 8 cts i .. 0.28
2 stake posts 6-inch diameter, 5 feet long, each at 25 cts 0.50
16 feet galvanized iron guy wire. ............ ..ol 0.11
INexEL 0 10 e 6 006 60t 0600 99 b Aar o dRk.o & 380 4P 00 O $9.00....

PerMANENT OPEN BoArRD FENCE.
One 16-foot Panel.

2 fence post holes at 35¢ts..........cooii it $0.70

2 posts 8-inch diameter, 12 feet long, at 9 ets............. 5 2016

97=feetiB Muboardinglat $355 1A Ll gt L R L 3.40

Sponnds mailsiati8ye el i ns | L R AR e R 0.13

2 stake posts 6 to 8 inches diameter, 5 feet long, each 25 cts. 0.50

16 feet galvanized iron wire........ ..ol 0.11
Ttk 00 (TR 0d 5 Bo06 4 06 600N 8100 00 Bt a0 0E0 B0 6o $7.00....

PorTABLE FENCE.
One 14-foot Panel.

150 feet B. M. timber at $35......... ... . i $5.25
Sipoumndssnaill SEatRBECHSER It N L S R e e 0.24
317X 4}” carriage bolts with washers. ...................... 0.31
Ground stakes or bottom ties..............coviiiiL .. 0.20
IR I Do PR E ot 6 b 6496 did SHOB B aG000 3 AP TINRARS $6.00.. ..

Safety Crossing Gates.

At public road grade crossings it is sometimes necessary to
place safety gates, consisting of iron posts placed at the curb of
roadway parallel with track to which are connected the main
and sidewalk arms, usually of wood, that stretch over and pro-
tect the crossing. They are operated by hand crank at gate
level, or by hand lever or compressed air from a tower (some-
times a number of crossings are operated from the one tower),
arranged so that the gates cannot be opened or closed excepting

Add your own prices and records in blank spaces.
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by the operator. The connections for operating the gates simul-
taneously are either placed underground or overhead as desired.

The gates are usually located 8 to 10 feet clear of the nearest
rail, with the elevated tower on one side or between tracks when
convenient,

The span of gates varies to suit conditions. They are made
usually in two-post or four-post crank, lever, or pneumatic types,
the two-post style being used when the road is not too wide, and
four-post construction for large openings. The smaller the span,
other things being equal, the easier will the gates be operated.

TABLE 12. — SAFETY GATES.

Kind. Approximate Cost. Actual Cost.

Two- -post crank gates with watch-

man’s shanty complete...........| $300.00 to $400.00{..................
Four- post crank gates with wateh-

man’s shanty complete........... 400.00 to 500.00{..................
Two-post lever gates with wood

tower and connections complete..| 450.00 to 650.00(..................

Four-post lever gates with wood
tower and connections complete..| 600.00 to 800.00(..................
Two-post pneumatic gates with
wood tower and connections com-
plete® i Az B s 500.00 to 700.00{..................
Four-post pneumatic gates with
wood tower and connections com-
pletel . B %, 50 ezt 2N e 700.00 to 900.00(..................

The above prices are for wood foundation throughout.

Two=post crank gate would consist of —
One cast-iron power or crank post,
One cast-iron dead post,
Two bifurcated wooden main and sidewalk arms,
Two shafts,
Piping, wood or concrete foundations,
Watchman’s shanty and bells if desired.
A four-post crank gate, excepting for the first and last items,
would be double the above.

Add your own prices and records in blank spaces.
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Two=post lever gate would consist of —

Elevated tower with posts and foundations,

Two cast-iron posts,

Two bifurcated wooden main and sidewalk arms,
One lever stand with two levers,

Chain and rod connections,

Gatepost foundations and ducts,

Installation,

Bells for arms and tower if desired.

A four-post lever gate would be double the above excepting
the first and last items.

Two=post pneumatic gate would consist of —

Elevated tower with posts and foundations,

Two cast-iron posts with locking connections,

Two bifurcated wooden main and sidewalk arms,

One air-pump and valves (unless air can be supplied),
Piping and connections,

Gatepost foundations and duects,

Installation,

Bells for arms and tower if desired.

A four-post pneumatic gate would be double the above except-
ing the air-pump and first and last items.

The elevated tower for crossing gates would cost from $150 to
$200 each.

Generally speaking the lever crossing gate is more positive in
action than the pneumatic type; the pneumatic type under cer-
tain conditions is not always satisfactory.

Farm Crossing Gates. — Generally made of wood and wire, or
gas pipe and wire, the last mentioned being known as the steel
gate.

Usually 14 and 16 feet long, standing 4 feet 6 inches above
ground 4 feet high, made to swing outward away from track.
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Kind. Approx. Cost. Actual Cost.

Swing wire gate with wooden frame com-

plete 14 ft. long (Fig. 16)............... $3.75t0$4.50 |...............
Swing wire gate with steel frame complete
14 ft. long (Fig. 17).. 5515 60 o8 <o 560 | & B DA MG N |88 S8 B8 5565 66 o o
Swing board gate, board frame 16 ft. long
(BigS L5} T B e S 4.00to 5.00 {...............
Swing wire gate, steel frame 16 ft long
Fig. 17) .. 5.00t0 6.00 |...............
~ - Lam
1'x 6 x 16-0
163160
160"
Track Side
Field Side
Fig. 15. Swing Board Gate.
o= — r— ——= 7
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Fig. 16. Swing Wire Gate.

Wooden Gates. (Figs.15 and 16.) —The wooden gates are usually
made of 2” X 3” frame all round with a 2” X 3” post in center

Add your own prices and records in blank spaces.
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and No. 9 galvanized wire mesh over, with two diagonal cross-
wire ties.

The wooden swing board gate is made up of four 1”7 X 6” X 167
planks with 8-inch spaces between having one center and two
diagonal planks 17X 6”.

Steel Gates. (Fig. 17.) — The steel pipe gates are made with
13-inch steel pipe, divided into three equal panels with two vertical
13-inch bars between, covered with No. 9 galvanized iron wire
mesh with diagonal wire brace.

‘ @I%pb Gay H 2 E \J

il = = W; e B \}
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o ‘\’ 163163l 1 636 1634k B3E 1 B A1 636k 63 11 656" 1 S
/ [ ¥eo—] i
i 23 |
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i Y-
-g \ «
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' 7o 1% |
¢ 140 i
4 1
=2
-
14 Feet Gate
ELEVATION

Fig. 17.

Highway Crossing Alarm Bell. — At highway -crossings where
traffic does not warrant a watchman or safety gates, an electric
alarm bell attached to the road-crossing sign, or erected on a special
iron or wood pole, is often used, arranged so as to ring ahead of an
approaching train; a light also is sometimes provided above the
bell. The track rail joints are bonded for a distance of 1000 to
3000 feet on either side the crossing and insulated for battery and
bell circuit, a battery being necessary at each end of the bonded
track and one at foot of bell post.

The approximate cost of alarm bell erected complete, $300
to $400.

When a light is installed, the cost is increased 25 to 50 per cent.
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General Signboards and Posts.

Approximate cost, ete., of various signboards and posts usually
erected on the right of way, from C. P. R. Standards, F. P. Gutelius,
Assistant Chief Engineer.

Railway Crossing and Highway Sign. — Placed at all public
road grade crossings facing the approach. Post 7 to 9 inches
round, about 12 feet above top of rail, set into ground about
4 feet, two 8-inch planks on top placed crosswise with the words
“ Railroad Crossing ”’ marked in plain block letters 6 inches
high on each side.

Approximate cost complete, $4.00 to 5.00.

Actual cost :— . . e

Railway Crossing, Railway Junction and Drawbridge Sign.
— Post 7 to 9 inches round, about 10 feet 6 inches above top of
rail and 5 feet in ground, with four boards on top placed diamond
shape with the words ¢ Railway Crossing One Mile ”” in plain block
letters 6 inches high, or ¢ Drawbridge Crossing” or ‘‘ Junction
Crossing ”’ in place of * Railway Crossing.”

Approxvmate cost complete, $3.50 to $4.50.

Actual cost: — . .. o

Wing Post Sign. — Placed 8 feet from rail and 150 feet from
obstructions where wings of snow plows must be closed and
points lifted. Post 4 to 6 inches round, about 7 feet above rail
and 3 to 4 feet in ground, with two boards placed erosswise at the
top with a round black disk painted in each corner.

Approximate cost complete, $1.00 to $1.25.

Actual cost: — . ...

Flanger Post. — Placed 8 feet from rail, and 150 feet from
obstructions where points and flangers must be lifted. Post
4 to 6 inches round, 7 feet 6 inches above rail set 3 feet 6 inches
below ground, with 8” X 2’ board on top, having two round black
disks, one on each side.

Approximate cost complete, $1.00 to $1.25.

L IR ol Sl o oolio 6 516 0 0 5000 0 & 0 b 0 9 SIS 1 © Bla T Jo.c

Add your own prices and records in blank spaces.
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Station Mile Board. — Placed 10 feet from rail, 6 to 8 inches
round, post about 9 feet above rail and set in ground 4 feet, with
‘board 12 to 15 inches wide 5 feet long, with “ Name of Station ”
and 1 mile under in plain block letters.

A pproximate cost complete, $2.00 to $2.50.
AiCtalicost: —= 0 5L e e SR e I

Yard Limit. —6 to 8-inch round post about 9 feet above
rail and about 4 feet in ground, with board placed on top and
“ Yard Limit ” marked in plain block letters.

Approximate cost complete, $2.00 to $2.25.
Actual COSE: — o o e

Section Post.— Placed 7 feet from rail. 4”X4” square post
standing 5 feet above rail and set 3 feet in ground with 10” X 18”
board on top, with the two section numbers marked.

Approximate cost complete, $0.90 to $1.00.
Actual CoSt: ~— . e e e e

Mile Post. — Placed 7 feet from rail. 10”X10” square post
set diamond fashion to the track, about 5 feet above rail, and set
3 feet 6 inches in ground; about the top of the post the mile
number is painted on the two sides facing the track.

Approximate cost complete, $2.00 to $2.50.

Actual coSt: — . . oo e i e

Mile Board. — Attached to telegraph pole about 10 feet above
ground. A 107X 3’ board with the mile painted on each side,
and attached to the nearest telegraph pole.

Approzimate cost complete, 30 to 50 cents. 3

A LGNGO St T R R e e e

Whistle Post. — Placed 7 feet from rail and one-fourth mile
from public road crossings. A flat board 3”X9” standing 5 feet
above rail, and set 3 feet in ground; the letter “ W” is painted
at the top.

Approximate cost complete, 75 to 90 cents.

D T E (5 e 5 b e kot okt gy R R SN

Add your own prices and records in blank spaces.
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Trestle Number.— Placed in center of structure on milepost
side. 12”X36” board with the trestle number painted on in
plain block letters, and bolted to one of the ties outside of the
guard.

Approzimate cost complete, 35 to 45 cents.

Actual €ost: — . . . e

Culvert Number. — 4” X 4” square post standing 6 feet above
ground, 8 feet from rail, with 9”X24” board having the Culvert
number painted on in plain block letters.

‘ Approximate cost complete, 80 to 90 cents.
N = 18 6 6 68 5 /36 0 0.5 ipi0-0 0 80 6:0/d.60 5.0 AbIB B ABE0 008 BoHo

Trespass Sign.— Six-inch round post standing 5 to 6 feet
above the rail and about 4 feet in ground, with 18”X30” board
on top, having the words “ Caution ”’ “ Do not trespass’ painted
in plain block letters.:

Approximate cost complete, $1.50 to $1.80.

Actual cost: — . . . . e

Clearance Post. —4”X4” post standing about 9 inches high
above rail set 2 feet into ground with chamfered top painted
black with the lower portion white placed at extreme clearance
points of sidings.

Approximate cost complete, 40 to 50 cents.

VAT GRG0 0 0 6l 5 0 3.g 0 0.0 010 0.9 0K b 486 0 000 0 BIBHO G o & %o g

Elevation Posts. — 4” X 4” posts standing about level with top
of rail, placed on the outside of, and at the beginning and end of
curves and spirals about 6 feet from outside rail, with the letter
E and O under facing tangent, and G and O under facing track,
on tangent end of spirals, and the letter E with elevation under,
facing spiral curve, and G with excess gauge marked under, facing
track, and D with degree of curve under, facing circular curve.

Approximate cost complete, 40 to 50 cents.

ACTUOL COSEI==m % 3 e e b NE S paeTin £ (e S FATS i

Add your own prices and records in blank spaces.
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Rail Rack Posts. — 6”x15” posts made up of old stringers
with three 5-inch steps at top, to hold spare rails; posts are set
18 feet apart 7 feet from rail, and set about 3 feet in ground. '

Approximate cost complete, 75 cents to $1.00 per pair.

SN R e 5 b 6a 55 bio BBkl Lo dlbe o & IBIBIE Gl A s & 3 S8 o o Al &

Stop Signal Post Sign.— Used where trains must come to a
full stop, at railway crossings, ete., placed 400 feet on each side
and 8 feet from rail. Six-inch round post standing about 8 feet
above rail with chamfered end, set about 4 feet in ground, with
tapered board 8”X3’ about 12 inches from top, and the word
“Stop”” painted on in plain block letters.

Approximate cost complete, $2.00 to $2.25 each.
Actual cost: — . ... ... e

Slow Signal Post Sign.— Used where all trains must be under
full control, placed 2000 feet from points protected and 8 feet
from rail. Post similar to stop signal post sign, tapered board
8”x3’ with V-shaped end, and the word * Slow '’ painted on
in plain block letters.

Approximate cost complete, $2.00 to $2.25 each.

Actual cost: — . . . oo

Bridge Warning. — Placed over the track 100 feet or there-
abouts from all overhead obstructions less than 22 feet 6 inches
clear height above top of rail. 8 by 8 post standing about 26 feet
above rail and about 5 feet in ground with 6” X 6” horizontal arm
on top 13 feet long, fastened to post with iron strap and 6 by 6
brace; from the arm are suspended sixteen §-inch sash cords 3 feet
6 inches long each, well bound at the bottom and looped to one-
half inch by 2-foot long double eye bolts, hooked to screw eye
bolts fastened to the horizontal bar.

Approximate cost complete, $15.00 to $18.00.

ACtuUBl COSE: = v v e et e e

Add your own prices and records in blank spaces.
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Mail Crane.

Mail cranes are erected at way stations where necessary to col-
lect the mail while the train is running.

The main post, either of wood or steel, is set up about 10 feet
from center of track, and attached with a blocking piece to two
extra long track ties, the post being stayed at the back by a
double brace. :

At the top of the post about three-foot centers two horizontal
arms project 3 feet towards the track arranged to hold the mail
bag. The arms have a steel spring attachment at the post end
so that when the bag is released they automatically rise and fall
towards the post, one going up and the other down.

A light iron ladder is placed for convenience of the operator,
so that he may be able to catch the arms and tie the mail bag in
position.

Approximate cost of an iron mail crane complete, $25 to $50.

Actual cost: — . . oo

Grade Road Crossings.

At grade crossings of public and farm roads it is necessary to
make a driveway for the safe passage of vehicles over the track,
for a width of 12 to 16 feet for farms, and 20 feet or over for
public crossings. Three-inch plank is generally used of varying
widths, and of the desired length, placed fairly close together
between rails and one on the outer side of each rail, spiked to
2-inch shims under the planks and secured to the ties; the height
of shims is made to suit the rail, and the ends of planks are
usually chamfered off, and in some cases a rail is placed on its
side, butting against the web of the main track rails with the base
against the plank to form a flangeway.

In some cases a wooden frame is made and filled with gravel or
cinders at about the same cost. This form is not recommended,
as heavy loads may cause the wheels to sink into the filling when
teams are passing over, and is likely to cause trouble.

Add your own prices and records in blank spaces.
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Approximate cost,
Kind. Single Track Cross- Actual Cost.
ings.
12-foot wide plank crossing......... $172005C0) B1OLQONEE NN Lrnl e tepih..
16-foot wide plank crossing......... 10.00 to 15.00 |......... BERONTy Lo
20-foot wide plank crossing......... 155004t0% 12000 S pYSARe B s e S
24-foot wide plank crossing......... QD D S50 [ o o 8 a 56 00 4 8 bl &

Overhead Farm Crossings. — The overhead farm crossing is in
the nature of a light highway bridge, and generally has to be
designed to suit the varying conditions of ground actually met
with. The bents are placed about 20 feet apart across the track
for single, and 30 feet or more for double track, with a clear height
of 22 feet 6 inches under the crossing, and a width of 14 feet or
more. The balance of the bents are spaced 14 or 16-foot centers
on either side of track. The floor joists up to 20-foot center to
center of bents, may be 3”X12”, and for double track 31 feet 6
inches centers to centers of bents 6” X 14”, at about 2-foot centers,
covered with 3-inch plank; a railing 4 feet high or more is placed
on each side of crossing made up of 4”X4” posts about 8-foot
centers with 2”X3” brackets and 4”X4” hand rail secured to
posts; the floor plank is made extra long at the posts to take
the bracket, and 17 X4” fencing is used. The bents have 127X 12”
caps on three cedar piles, or 107X 12" posts, three to a bent, with
flatted cedar sill under and 12”X12” cap on top; the bents are
cross braced from sill to cap with 3” by 10” plank, one on each
side, and 3”X10” braces are also inserted longitudinally, at least
one panel on each side of the track.

Approximate Cost.—$8 to $12 per lineal foot for 14-foot wide
crossing,.

Actual cost: —

..........................................

Add your own prices and records in blank spaces.
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Cattle Guards.

At public highways and other crossings cattle guards are placed
on each side of the road, to prevent cattle from getting on the
right of way.

They are made of various material, metal and wood being
used principally. The metal guards are liable to rust unless
frequently painted. The wood guards is the most popular.

Wood Cattle Guards. (Fig. 18.) —The common wood cattle
guard consists of a number of board slats 1}”X5”X8' nailed at
about 4-inch centers to slant face wood blocks, one block at
each end between each slat, 10 slats with 18 blocks forming a

?L%‘x 6
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Fig. 18. Wood Cattle Guard.

section; three sections are generally used, one at each side and
one in the center of track, and placed each side of road crossing
resting on 2”X6” timbers supported on 8-inch diameter cedar
posts with small brace straps at the bottom and ends; the rest
timbers are arranged to come about level with base of rail, so
that the guard extends about 4 inches above the base of rail. The
guards and fence posts are usually whitewashed when placed.

Approxvmate Cost. — Cost of wood cattle guards (6 sections)
complete in place, $15 to $25.

Actual cost: —

Pit Guards. — The pit guard is usually an open culvert spanned
by stringers to carry the track; their use for many reasons is not
recommended.

Add your own prices and records in blank spaces.
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CHAPTER III.
CULVERTS.

CuLvERTs are used for conveying small streams under the road-
bed and for drainage purposes. Tile, concrete, and cast-iron
pipes are principally used, including masonry and timber boxes
and concrete arches.

When pipes are used locate on solid ground high enough to
clear when flow ceases, and lay on a uniform grade equal to that
of the natural ground, with a camber when grade is less than one
per cent to prevent formation of pockets by settlement. Pref-
erably excavate trench to fit the bottom part; otherwise solidify
by tamping and compacting carefully around the culvert.

Do not block, wedge, or lay in water. Place all sockets upgrade
and begin from lower end.

Back fill in tamped layers. Do not tamp on top, but form
an arch of tamped material over, leaving one diameter of loose
material over the centers; then tamp all the way across.

When two or more are used side by side keep them one diam-
eter apart.

When there is a liability to scour, end walls or sheet piling is
provided.

When pile foundation is necessary use one row for small pipes
and two rows staggered, for 24 inch or greater, supporting the
entire length of pipe. Box or arch culverts are piled when
necessary under the main walls.

Pipe Culverts.

TABLE 13. — LENGTH OF PIPE REQUIRED FOR DIFFERENT HEIGHTS OF
EMBANKMENT.

Height, base of rail to invert. Length, pipe required in linear feet.

26
90

12
48

14
54

16
60

18
66

20
72

22
78

24
84

28
96

30
102

6
30

8
36

10
42

Height, ft ..
Length, ft..
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Outlet End

Inlet End

PIPE CULVERTS

Fig. 19.

Joints usually made of caulked oakum protected by cement
mortar; when foundation is solid joints may be filled with cement
mortar, one cement and one sand.

TABLE 16. — MORTAR FOR 100 JOINTS CONCRETE OR TILE PIPE.

18-inch diameter pipe 14 barrels cement } yard sand
24-inch diameter pipe 2% barrels cement } yard sand
30-inch diameter pipe 4 barrels cement 4 yard sand

36-inch diameter pipe 6 barrels cement $ yard sand
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Concrete Pipes. (Fig. 19.) — Concrete pipe must have at
least 4 feet of embankment on top; a considerable saving may
be effected in transportation by having the pipe made at or
near the site, especially on new work.

TABLE 17. — APPROXIMATE COST.

Mixture: 1 cement, 2 sand, and 3 broken stone.

Pipe Weight in lbs. at ADDrox. Rip-rap
1 lengths. 130 per cu. ff. C 2 cost per for end
di ;r:erof f ];;er Thickness | lin-ft. at walls
pipe..in. lix'l. N of pipe. $10.80 whe.n reqd.
Ft Per Per per cu. | (Fig. 19)
: lin. ft.| length. yd. | cu. yds.
18 3.0 150 450 1.15 22 $0.46 10
24 3.0 300 900 2.3 33 0.92 12
30 2.6 430 1075 353 43 1.32 14
36 2.5 550 1375 4.25 545 1.70 16

Excavating, laying, and refilling extra.

Joints. — One part Portland cement and one part sand, and
all inside joints pointed. See Table 16.

Cast=Iron Pipe Culverts. (Fig. 19.) — Cast-iron pipe must
have at least 10 feet of embankment and preferably not over
25 feet, carefully tamped.

TABLE 18.-~APPROXIMATE WEIGHT OF LEAD AND YARN PER JOINT.

Diam.| 3In. { 4In. | 6in. | 8in. | 10 in. | 12in. | 14 in. | 16 in. | 20 in. | 24 in.

Lbs.
Lead..| 7.25 | 8.75 [11.75 {15 18 21.5 |33 37.25 |41.5 |53.5

Yarn.| 0.11 { 0.12 | 0.19 | 0.25 | 0.30 | 0.35 | 0.40 .45 1 0.6 | 0.68
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TABLE 18a, — CAST IRON PIPE, APPROXIMATE COST, ETC.
Bell and Spigot Joint.

Length of pipe | Weight in Ibs. per Rip-rap
Siz‘;;{’;’_‘e’ Thickness A $35 SR
pipe. | Overall. | Laid. | F% | Lengin, | O PiPe- | perton. "Zg‘::;_“‘i%‘;:
In. | Ft. In. | Ft. In. Cu. Yds.
4 12 4 12 22 | 264 5 $0.39 |.........
6 12 4 12 36 » 432 3 63 |.........
8 12 4 12 53 636 L .93
10 12 4 12 73 876 3 1.28 |.........
12 12 4 12 95 1140 B 1.66 8
14 12 5 12 119 1428 3 2.09 8%
16 12 5 12 147 1764 1 2.57 9
18 12 5 12 176 2112 21 3.08 10
20 12 5 12 208 2496. 33 3.64 11
24 12 5 12 282 3384 1 4: 93 12

Excavating, laying, and filling extra.

Material up to this line included
\4 in quantities for End Walls, !
H

Fig. 20. Concrete Arch Culvert.

Concrete Arch Culverts. (Fig. 20.) — Mixture: One cement,
3 sand and 5 broken stone. Execavating, laying, and refilling extra.
See Table 19.

Settlement. — In places where settlement is likely to occur build
in 8 or 10-foot lengths, separated with a heavy layer of tarred
felt. Joints to be vertical and the width of base increased.

No filling to be done before concrete has thoroughly set, the
minimum time allowed being two weeks. '
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Rail Concrete Culverts.

For permanent structures where there is insufficient head-room
for culvert pipes or concrete arch culverts, rail concrete culverts
are used.

The spans given are from 4 to 10 feet, the arrangement consisting
of concrete retaining walls, sloped with the bank, with concrete
reinforced floor over, 10 to 12 inches thick, the reinforcement being
old rails embedded in the concrete at about 12-inch centers. The
floor is paved with field stones, and the ends of walls riprapped
when necessary.

TABLE 20. — APPROXIMATE COST, ETC., SINGLE TRACK.

St WL S L)
N
LR

Fig. 21. Rail Concrete Culvert.

Mixture : 1 cement, 3 sand, and § broken stone.

Concrete. Rails. Paving. Riprap.
Cu. .| Cost R
A. B C. yds. ;50; 'l; o| Tons a?gsztz '§, at ﬁ ;;(50;; Total
Span. | Depth.|Length.| con- rails. 7| $1.50 | 7 cost.
| crete. per yd. Certon; & |peryd. | 3 per yd.
Ft. In.|Ft. In.

4 9 621 0O 39 $390 | 1.10 | $24 10/$15.00| 8| $24 [$453.00
6 9 6|21 0 42 420 | 1.40 31 15/ 22.50 16| 48 521.50
8 (10 624 O 53 530 | 1.70 38 25 37.50( 24| 72 675.50
10 {11 6 {26 O 64 640 | 2.00 44 35| 52.50] 48| 144 880.50

Excavating and refilling extra.
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END VIEW

Fi 22. Stone Box Culverts,

TABLE 21. — APPROXIMATE COST, ETC.

51

Material : Rubble Masonry, in Cement Mortar.
Body. Paving. Add for 2 end wing walls.
Total Total
Cu. | Cost Sq. cost . Ay
Rip- Cost cost

Size. 3;:1? a;’)ets 3;‘1?_ Caots t Eﬁr Cu. Cost rap, at $2 | for 2

lin. | cu | lin. |s1.50.| fr. | Vs jat38.| cu | per | end

. | yd. | 1. L e

ete.

Ft. Cts.
3x3 | 1.10 | $8.80] .30 45 $9.25 7 [$56.00, 8.00/$24.00/$88.00
3x4 | 1.50 | 12.00] .30 45 12.45) 12 96.00; 9.00{ 27.50{123.00
4x4 | 1.75 | 14.00] .40 60 14.60; 12 96.00| 10.00| 30.00/126.00
4xX51 2.0 16.00| .50 75 16.75{ 19 {152.00] 12.00] 36.00/188.00 .
5X5 | 2.25 | 18.00[ .50 75 18.75) 19 {152.00| 12.00} 36.00({188.00
5X6 | 2.5 20.00, .60 90 -| 20.90{ 27 1216.00/ 14.00| 42.00!258.00

Excavating and refilling extra.
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Cedar Box Culverts. (Fig. 23.) — To be used only when pipe
or concrete culverts cannot be placed economically.
embankments use side frames as shown in dotted lines.

In sand

«—Height—

g

JLhe et | Pl
I

e L

SINGLE BOX
Fig. 23. Wood Box Culverts.

TABLE 22. — APPROXIMATE COST, ETC.

Ft. Gy Paving,|Cost at | Iron, | Cost at Izozgroxr'
Size. Kind. B.M. $30 M52 yds.| $2 per | lbs. 5 cts. per 1t dpe
per ft. per M1 per ft. sq. yd.| per ft. 1b. SRCOML=
plete.

Ft. Cts.
2X 4 Single 90 $2.70 0.5 ($1.00 6 30 $4.00
2X 4 Double | 150 4.50 1.0 [ 2.00 10 50 7.00
4X 4 Single 175 5.25 0.5 1.00 15 75 7.00
4X4 Double | 275 8.25 1.0 | 2.00 20 180 11.25

Sheet pile at ends when scouring s likely to occur.
Excavating and refilling extra.
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CHAPTER 1IV.

BRIDGES, TRESTLES, RETAINING WALLS, CRIBS,
TUNNELS.

Bridges.

Deck Plate Girders. (Fig. 24.) — Deck plate bridges are
made of steel plates and angles, fabricated and riveted up into
girders, etc., in the shops.

The girders are placed at 9 feet centers more or less, and are held
laterally by steel brace frames at varying intervals placed cross-
wise, and by longitudinal bracing top and bottom.

Usually the span is completely shop-riveted and shipped ready
to drop into place, so that it is only necessary to insert the stone
bolts and erect the floor, which is very easily done.

The ends of girders resting on the masonry are supported on
steel bearing and bed plates bolted to the bridge seats; the bolt
holes are slotted to allow for expansion and contraction for bridges
up to 50 feet span, and for bridgés over this limit, bearing and pin-
centered bed plates with steel rollers are generally used.

Generally speaking, though not the cheapest type of bridge to
use, it is the most convenient when ample clearance can be had.

Approximate weight and cost of Deck Plate Girder Spans from
20 to 100 feet are given in table No. 23.

Half Deck Plate Girders. (Fig. 25.) — Half deck plate bridges
are fabricated in the same manner, but the girders, frame and
bracings are shipped loose and field riveted to the girders when
placed. The girders are widened out to allow train clearance
between, as the floor is placed below the top flanges of the bridge;
the brace frames being somewhat shallow are reinforced by gusset
plates, which extend from the top to the bottom flanges in trian-
gular form.

The floor system, on account of the longer distance between
girders, is very much heavier than the deck floor; in many cases
it is built of steel and reinforced concrete, with ties embedded in
ballast.
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This type of bridge is convenient, and used to a large extent
where the bridge clearance is limited. The wood floor between
girders is the cheapest, but steel floor beams and stringers is better
construction.

Approximate weight and cost of Half Deck Plate Girder Spans
from 20 to 90 feet, are given in table No. 24 (wood floor between
girders).

Deck and Through Trusses. (Figs. 26 and 27.) — Deck and
through lattice truss bridges are fabricated from plates, angles,
etc., and shop riveted in sections for different members; the
trusses are usually shop riveted and shipped in one or two lengths,
the frames, bracing, etc., being field riveted to them during erec-
tion at the site.

The deck bridges have cross brace frames at every panel and
longitudinal bracing top and bottom; the floor is placed on top of
the main girders or independent floor beams, and stringers are
inserted on which the floor rests.

The through bridges have floorbeams every panel crosswise,
with stringers running lengthwise, riveted to the floorbeams. The
trusses are cross braced top and bottom in panels, with heavy
portal bracing at the inclined arms of each end. The floor is
secured to the steel stringers and carries the rails and guards.

Deck truss bridges are used when there is ample clearance, and
for high crossings, where it would not be economical to place
smaller spans.

Through bridges are used when the clearance is limited, and at
wide crossings, where it would not be economical to place shorter
spans.

Approximate cost and weight of Deck and Through Truss
Bridges are given in tables Nos. 25 and 26.

Drawbridges. (Fig. 28.) — Drawbridges are fabricated and
built in a similar manner to the through and deck truss bridges
already described. In all cases it is necessary to provide operat-
ing mechanism to open and close, lift or lower the same.

They are used for crossing navigable water or canals.

Approximate cost and weight of a few drawbridges are given in
table No. 27.
























62

RAILROAD STRUCTURES AND ESTIMATES.

TABLE 28.— ABUTMENTS FOR DECK PLATE GIRDERS. (Fig. 29.)
Bridge seats. Approximate cubic yards in one abutment. Height '‘ C.”
Span.
A B 10| 14| 18| 22 | 26 | 30 | 34 | 38 | 42 46 50
: . Ft. | Ft. | Ft. | Ft. | Ft. | Ft. | Ft. | Ft. | Ft. | Ft. Ft.
Ft. |Ft. In.|Ft. In.
20 20| 3 9| 28| 64| 114 180 265 370 498 650| 829/ 1036 | 1274
30 2314 629 66| 116 182 267 372| 500 652 831| 1038 | 1276
40 26| 5 6| 30| 68 | 118/ 184| 269| 374] 502| 654| 833 1040 | 1278
50 296 613170 120 186 271| 376/ 504| 656 835 1042 | 1280
60 30(8 0....] 72| 124]| 190| 275 380 508| 660| 839] 1046 | 1284
70 33(9 0. 74 | 128] 195 279| 384 512| 664| 843 1050 | 1289
80 36110 0. 75 | 130 198 283| 388| 516/ 668 847| 1054 | 1293
90 40|10 6. 76 | 133 203| 288} 393| 520| 673 852| 1059 | 1297
TABLE 29. —ABUTMEN;I‘S FOR HALF DECK GIRDERS. (Fig. 29.)
Bridge seats. Approximate cubic yards in one abutment. Height * C.””
Span.
A B 10 | 14 | 18 | 22 | 26 | 30 | 34 | 38 | 42 46 50
3 : Ft. | Ft. | Ft. | Ft. | Ft. | Ft. | Ft. | Ft. | Ft. | Ft. Ft.
Ft. |Ft. In.[Ft. In.
20 2 0|1 827 63| 113] 179 264] 369 497 649| 828! 1035 | 1273
30 2 3|1 8728 65| 115 181| 266 371| 499 651| 829| 1037 | 1275
40 2 6|1 8|29 66| 116/ 182 267| 372] 500{ 652| 830 1038 | 1276
50 2 9|2 529 67| 117 183] 268 373 501| 654 832 1040 | 1278
60 3 0311 30| 70 | 121} 187 272| 377 505/ 658 835 1043 | 1281
70 3 3|410 ) 31| 72| 124 191| 276| 381} 509| 663 840/ 1048 | 1286
80 3 615 91|32 74| 127/ 195 280| 384 512 666 843| 1051 | 1289

TABLE 30. — ABUTMENTS FOR THROUGH BRIDGES. (Fig. 29.).

Bridge seats. Approximate cubic yards in one abutment. Height ¢ C."”"
Span.
A B 10 | 14 | 18 | 22 | 26 | 30 | 34 | 38 | 42 46 50
: L Ft. | Ft. | Ft. | Ft. | Ft. | Ft. | Ft. | Ft. | Ft. | Ft. Ft.
Ft. |Ft. In. | Ft. In.
100 4 0|5 6| 38| 84 | 139 208 294| 398| 526/ 680 857| 965 | 1303
125 4 0|5 9| 39| 8 | 140 210/ 296, 400] 528 682| 859! 967 | 1305
150 4 0|5 9|39 85| 141] 211 298| 402| 530/ 684| 861 969 | 1307
200 4 6|6 0|40 86 | 143} 213 301| 405 533 687/ 865 973 | 1311
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TABLE 32.— APPROXIMATE CUBIC YARDS IN ONE PIER. (Fig. 29a.)

Width of piers. For girders over 13-foot centers up to 20-foot centers. Total height.

10 | 14 {18 | 22 | 26 | 30 | 34 | 38 | 42 | 46 | 50 [ 54 | 58
Ft. | Ft. | Ft. | Ft. | Ft. | Ft. | Ft. | Ft. | Ft. | Ft. | Ft. | Ft. | Ft.

w

83| 117| 152| 190| 231| 273} 318) 364| 415 467 520/ 576 635
90| 127| 166| 208| 251 297| 345 395| 448 503| 561 621 683
98] 139( 181 225 272| 321| 373| 427| 483| 543| 603| 667, 733
106 150| 195 243| 293| 346| 401| 458 519 583| 647| 715 786
114) 161) 211| 262| 316/ 372| 431| 492| 557 622| 692| 764 837
123) 174) 227) 281] 339| 399( 461 528 595/ 664| 738! 812 891
132| 186| 241| 301| 362| 426/ 492/ 562 632 707 783] 861 941

©CoEauR D E
coocmoxoy

When it is necessary to carry abutments or piers on piles, a
grillage of 127X 12” timbers embedded in concrete is very com-
monly used to form a base over the piles as shown in Fig. 29a.

The piles and timbers are placed about 3-foot centers, and the
quantities per square foot of area covered (D. X E.) would be
approximately as follows:

Numberof piles. . ........... ... 0.12 X D. E.

Gublchyardsiconcretel JHErs e spte o 0.06 X D. E.

120t BRIV LABDINOETE S0 oloto o bk b ol 6 6 0 & olod e 80 X D.E.
Estimate for concrete base and pile foundation from above

data:
Piles 20 feet long, D. 9 feet and E. 18 feet = 162 square feet.

No. of piles 162 X .12 =19 X 20 = 380 ft. at 25 cts......... $95.00
Ft. B. M. 12 X 12 timbers 162 X 8 = 1296 ft. B. M. at $30.. 38.88
Cu. yds. concrete, 162 X .06 = 9.7cu. yds. at $8........... 77.60

ORI T\ N 8 o by SRRl 2 o e e 5 L $201.48

In addition to the concrete base it is usually necessary to
place caissons or wood cribs around the piers, forming a water-
tight box from which the water is pumped so that the founda-
tions can be laid dry. These boxes are made up of 12”X12”
timbers framed and braced, or sheet piling, either wood or steel,
is often used. The cost and quantities vary with the nature of
foundation and are usually paid for at unit prices.
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Timber Trestles.

Timber trestles are of two types, pile and frame, and are used
principally for rapid or cheap first-cost construction, to be even-
tually filled or replaced by permanent structures at some future
date.

The structure must be made rigid by sway bracing the bents
crosswise and longitudinally, to withstand the pull from a mov-
ing train, or the thrust when brakes are applied. Trestle fail-
ures are frequently caused by insufficient bracing. Trestles of
long lengths should have fire breaks; that is, a few bents at vary-
ing intervals should be filled in or made fireproof, so that should
a fire occur, the whole trestle will not be destroyed.

Frame Trestles. (Fig. 30a.) — The bents are made of square
timber framed together and braced, the economic limit of height
being probably 100 feet. The foundation may be piles cut off
at ground level, with timber sills on top or masonry piers. The
structures must be made rigid by bracing transversely and longi-
tudinally throughout.

Approximate cost and quantities are given in table No. 35.

Pile Trestles. (Fig. 30.) — The bents are formed of several
piles with caps and sway bracing, the floor consisting of longi-
tudinal stringers with cross ties, or solid plank with ballast floor
on top.

Owing to the long length of piles required, they rarely exceed
30 feet in height.

For heights over 10 feet up to 20 feet, longitudinal bracing
should be inserted at least every fifth panel; over 25 feet every
alternative panel should be braced, arranged so as to hold the
posts midway to stiffen them as columns.

Approximate cost and quantities are given in tables No. 33
and 34.
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TABLE 33. — PILE TRESTLE: SINGLE TRACK. (Fig. 30.) APPROXIMAT
QUANTITIES AND COST COMPLETE. -

Bents 12-foot centers.

Piles. Bracing and floor system.
Height.
Bottom of . Ft. Iron Approxi-
sill to top No. Averlplinesl Cost at| B. M. Gostiay per lin.| Cost at| mate total
age |ft. per $35 per
of cap. per | 30 cts.| per ft. ft. of | 6 cts. | cost per
bent. engthy Frtzlof per ft. of Lk trestle,| per Ib. | lineal ft
each. | trestle. B.M. Y : J
trestle Ibs. of trestle.
5 4 20 7 [$2.10 220 1$7.70 20 |$1.20 | $11.00
10 4 25 9 2.70 230 | 8.05 22 1.32 12.00
15 4 30 10 3.00 240 | 8.40 24 1.44 12.84
20 4 35 12 3.60 250 | 8.75 26 1.56 13.91
25 5 40 17 5.10 260 | 9.10 .28 1.60 15.88
A}
30 5 45 19 5.70 270 | 9.45 30 1.80 16.95

Rails and fastenings not included. For cost, see p. 13.

TABLE 34.— PILE TRESTLE: SINGLE TRACK. (Fig. 30.) APPROXIMATE
QUANTITIES AND COST COMPLETE.

Bents 15-foot centers.

Piles. Bracing and floor system.
Height. I
Bottom of b Lineal Ft. |Cost at| —~°n Approxi-
sill to top | No. | AV fr. oo | Cost at| B. M. | $35 “peral Cost at| mate total
of cap. per 1 age JJper 30 cts.| per ft. | per M. e 6 cents| cost per
bent. ength | f¢. of per ft. of fits fof per 1b.| lineal ft
h. | trestle. trestle 3
cae trestle.| B. M. | PoT€ of trestle.
5 4 20 7 [$2.10 200 ($7.00 18 [$0.90 | $10.00
10 4 25 9 2.70 210 | 7.35 20 | 1.00 11.05
15 4 30 10 3.00 220 | 7.70 22 1.10 11.80
20 - 4 35 12 3.60 230 | 8.05 24 1.20 12.25
25 5 40 17 5.10 240 | 8.40 26 1.30 14.80
30 5 45 19 5.70 250 | 8.75 28 1.40 15.85

Rails and fastenings not included. For cost, see p. 13.
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Steel Trestles.

For permanent work, in some instances a high steel trestle
will be less costly than a fill embankment.

The tower spans are usually made 30 to 40 feet, and the spans
between vary from 30 to 80 feet, depending on the height of
bents. They are generally made wide enough at the base so as not
to require anchorage.

H. E. Vautlet’s rule for estimating steel trestles, used by the
Canadian Pacific Railroad for preliminary estimates, is as follows:

Steel trestles up to 100 feet in height with 30-foot towers and
60-foot spans. (Fig. 31.)

Number of piles
Masonry in cubie yards
Weight steel in pounds (C. D. feet X 850) + (S. X 14).
Length of floor A. B. feet.

A Base of Rail ._B

100 + .4 C. D. feet.
350 + 1.25 C. D. feet.

i

.
S
=]

e

Fig. 31.

Approximate estimate steel trestle on pile foundation from

the above (trestle 50 feet high at center, track rails and fasten-

ings not included): A. B. 2400 feet, C. D. 2100 feet, S. 63,000
square feet. Piles 20 feet long.

Piles, 100+ (0.4X 2100)=940X 20 feet long each=18,800 lineal

T (D AL UAOLL T ot B N 0.0 6 o G o ot 5 28 o 5 50 53 6 8,004 SN O ¢ B A $3,760.00
Masonry, 300+ (1.25X 2100)=2925 cubic yards at $7...........  20,475.00
Steel, (2100% 900)+ (63,000 14)=2,772,000 Ibs. at 4 cts........ 110, 880.00
Floor system, 2400 lineal feet at $5.................oconiint 12,000.00

$147,115.00

or, about $62 per lineal foot of trestle.

In this instance, unless for other specific reasons, it would
evidently be much cheaper to fill, as the cost per cubic yard for
filling would have to exceed 80 cents to make the cost equivalent
to a steel viaduct.
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Howe Truss Bridges.

For branch lines in a timber country and for temporary bridg-
ing, Howe truss spans are often used. The chords and braces are
made of timber and the vertical rods of steel usually upset, with
cast-iron blocks at the angles of braces, which are bolted or
doweled into the main members. The best class of timber is
used with as few splices as possible.

The loads, quantities, and weights in the table of cost are from
Johnson’s modern frame structures, taken from the Oregon Pacific
(A. A. Schenck, chief engineer) and published in the Engineer-
ing News, April 26, 1890. The live load assumed was two 88-ton
engines followed by a train load of 3000 pounds per foot.

For deck bridges add 20 per cent to the weight of the timber
and deduet 20 per cent from the weight of the wrought iron.

To protect the chords from engine sparks, galvanized iron is
often used. Sometimes also the timbers are treated by a chemical
process to prevent or retard decay, or whitewashed with a fire-
resistant compound. They require to be closely inspected at all
times.

TABLE 36. — APPROXIMATE COST, WEIGHTS AND QUANTITIES FOR HOWE
TRUSS BRIDGES.

Total RO Estimated quantities.
: ‘otal dea .
Length Style of Height No. of | and live Approxi-
of truss of panels.| load per . DO EES
span. . truss. 2 £ Timber, | Wrought | Cast | erected.
: ft. B. M. iron. iron.
Ft. Ft. Lbs. Lbs. Dols.
30 Pony 9 4 6000 10,200 2,200 | 1,000 550
40 ..do. 11 4 5500 13, 400 3,000 | 1,300 740
50 *5dor 11 6 5200 19,100 5,700 | 2,900, 1170
60 ..do. 12 6 4900 22, 800 6,800 | 3,700, 1410
70 ..do. 13 7 4800 30, 000 17,500 | 8,300 2480
80 ..do. 14 8 4800 35,400 22,000 |10,000{ 3010
90 ..do. 15 9 4800 42,800 28,700 |12,600/ 3890
90 |Through| 25 8 4800 41,900 33,100 |13,300| 4020
100 ..do. 25 9 4800 48,900 41,600 114,300] 4810
110 ..do. 25 10 4800 54, 800 48,200 {16,000/ 5290
120 ..do. 25 11 4800 62,100 56,900 18,300 6350
130 ..do. 25 12 4700 70,200 67,300 |20,900 7320
140 |...do...| 25 13 4700 78,200 73,900 |23,300, 8100
150 |...do...! 25 14 4700 86, 700 87,300 127,100° 9330

Prices assumed : Timber, $35 per M. ft. B. M. erected; steel, 5 cts. per pound erected;
cast iron, 4 cts per pound erected.
Supervision and contingencies, 10%,.
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Subway and Overhead Crossings.

The natural location very often decides whether the crossing
will be over or under the tracks. In towns and cities in many cases
the railroads are compelled to raise their tracks and provide sub-
ways for city traffic to the detriment of railroad traffic.

When team, street car, and foot traffic is very heavy and dense
this may be necessary; when car and team traffic, however, is light,
and foot traffic considerable, an overhead crossing is generally
adopted, as the cost is a great deal less.

Approximate cost. — The approximate cost of overhead crossings
for team and foot traffic only (Fig. 32), varies from $1.25 to $2.00
per square foot of area covered.

For overhead crossings for teams, street car service, and foot
traffic, the cost varies from $2.00 to $3.00 per square foot of area
covered. (Fig. 33.)

'
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Fig. 33. Cross-Section Overhead Bridge.
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For subways, steel girders, and reinforced concrete (Fig. 34),
the cost varies from $5.00 to $8.00 per square foot of area covered,
including approaches.
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Guards.

Bridge and Trestle Guards. — For through and deck bridges,
including trestles, it is customary to make provision by guards for
the protection of trains in case of derailment, on and approaching
the structure to prevent a wreck.

Wood Guards. — The ordinary wood guard consists of an
8” X 10” timber, placed on each side of the structure about 6 feet
from center of track, with a 5” X 8” inner guard, placed about
3 feet 6 inches from the center of track on each side; these timbers
are dapped down and bolted to the floor system, the inner guard
being flared out at each end for about 30 feet, to meet the outer
guard after passing off the bridge.

The cost of the wood guard is usually included in the floor system
of the structure. A

Jordan Guard. — The Jordan guard is made by placing two or
three lines of light rails inside the track rails, equally spaced and
parallel with them; at each end of the structure the rails nearest the
track are sometimes curved to meet at a point in the center of the
track, a distance of 20 feet or thereabouts, or the head portions of
the rails are flared off at the ends and a metal plate used, fastened
to the ties.

The rails are carried over the entire structure, and sometimes for
a distance of 50 to 100 feet beyond the ballast walls.

The cost of the Jordan guard, using three old rails, at $20.00 per
ton, is approximately 75 cents to $1.00 per lineal foot.
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Retaining Walls.

Description. — Retaining walls are built to sustain earth, sand
or other filling deposited behind it, after it is erected.

Fig. 35 illustrates a retaining wall, which has been used-by the
C. P. R,, in rock-faced masonry construction, and the quantities
given are conveniently tabulated for estimating purposes, Table 37.
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Fig. 36. Retaining Wall, Fig. 37. Retaining Wall, Harlem
N.Y.C. & H.R. R. River Speedway.

Fig. 36 illustrates the Standard retaining wall section, 18 feet
high, New York Central and Hudson River Railroad, built in good
soil, with first class quality rock-faced ashlar, set in cement.

Fig. 37 illustrates a retaining wall designed for the Harlem River
Speedway, New York, as illustrated in the Engineering Record,
Oct. 6, 1894.
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Cribs.

Crib Work. — For cheap first cost or temporary construction
across or alongside water fronts or embankments, or for abut-
ments, piers, dams, retaining walls, wharves, ete., wooden cribs
are used extensively. Figs. 39, 40, and 40a.
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Fig. 89.

The bottoms of the cribs are constructed to suit the irregu-
larities or unevenness of the ground, any deposit or obstruction
in the bottom being removed so that a section when sunk in
place will take an even bearing throughout; when filled with
ballast the top of the crib should be reasonably straight and in
good alignment. Sometimes the portion under low water level
is built of several cribs, piles being driven on the outer line
of the work against which the cribs may be floated and sunk,
the guide piles being cut off below low water after the work is
completed.

Construction. — The timbers are usually cedar under water
and tamarac above with bark removed; the outer timbers are
hewn or sawn perfectly true and parallel on two opposite sides
to a face of at least 9 inches, and from 10 to 12 inches thick, the
joints made as close as possible without dressing and so laid as
to break joint; all cross ties are dovetailed; notches are cut in
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the face timbers to receive the dovetails, one-half into the course
above and one-half into the course below; timbers at the angles
are halved and carefully dovetailed. All timbers held by drift
bolts ¥ inch in diameter, equal to a depth of not less than
3} courses; sometimes tree nails of oak or rock-elm are used in
place of drifts.

.'l'
£/L0G RETAINING ==
d,l CRIBS

The cross and longitudinal ties may be round logs long enough
to pass completely through the erib from side to side; when they
intersect they are boxed down on each other and bolted.

A close floor of cedar spars, not less than 8 inches in diameter,
is laid on the first tier of cross ties to hold the ballast, or stone
filling; sometimes the floor is laid solid crosswise of the crib and
resting on bottom longitudinal face courses.

APPROXIMATE COST OF CRIBBING IN PLACE.

Squared timbers per thousand feet board measure.. ..... $30.00 to $50.00
Round cedar timbers per foot................. ... .12 to .20
Iron inlcribiper pOUNd . r s . ot el s o ohare vrole Safe T oie .04 to .06
Filling (stone or ballast) per cubicyard................. .25to  1.50
Leveling off and clearing (dry) per cubicyard............ .20 to .30

Leveling off and clearing (wet)......ooovvvvviiiinn, .50 to  1.00
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Tunnels.

Any tunnel work will usually require a special survey and care-
ful investigation before being undertaken.

They are generally built straight, and are usually dug from
each end.

The construction depends on the nature of the material; in
very soft ground a circular cross section is used or an inverted
arch along the bottom with tapering sides and a semi-circle along
the top.

The general construction is usually a rectangle with a semi-
circle or semi-ellipse top, lined on the inside and graded through-
out its length so as to drain with open gutters on the sides.

When wood lining is used it is made extra wide so as to allow for
a permanent lining at a future date.

Any crevices made by the material falling outside of the con-
struction line are filled with dry broken stone, rock, or split cord
wood.

When intermediate shafts are built they are generally closed
up when the tunnel is complete, as.they tend to produce cross
currents of air, which retard ventilation. The movement of
the train through the tunnel is said to be the best ventilator.
In long tunnels power-driven fans are sometimes used.

The ordinary wood or rock tunnel sections in common use are
shown on Figs. 41 and 42, and their average cost is about as
follows:

Fig. 41, Post section with lagging:

Excavating 18 cubic yards per lineal foot. .
Timber, 450 feet B. M. per lineal foot.

Cost per lineal foot $45 to $55 without track or ballast.

Post section without lagging:

Excavating 18 cubic yards per lineal foot.

Timber 350 feet B. M. per lineal foot.

Cost per lineal foot $35 to $45 without track or ballast.

Fig. 42, Rock section:
Excavating 14 cubic yards per lineal foot.
Cost per lineal foot, $50 to $65 without track or ballast.
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Portals. — The end portals for the tunnel consist of 12”7 Xx12"
posts spaced 2-foot centers for a distance of 8 feet from the ends,
with 127X 12" timbers built over and across the end posts, to
form retaining wall on top; the end walls are also braced with
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Figs. 41 and 42. Tunnels.

127X 12" timbers forming wing walls running parallel with the
track at an angle of 45 degrees at one-third and two-thirds the
height with lining behind if necessary to take the end slope of
the hill; the brace posts are secured at the bottom by extending
the main sill.

The timber in the portal as described above would be 3000 feet
B. M. per foot for the last 8 feet of the tunnel at either end. The
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Fig. 44, 8
Fig. 44, double, 10 feet wide, 24 feet long and 7 feet high,
erected complete, $125 to $170 each. i

Construction. — Plank or cedar sill foundation for flat ground,
and cedar posts 6-inch diameter about 5-foot centers, or old
bridge stringers, when on sloping ground.

Sill 4”x4” all round the outer walls, joists 4”X6” at 2-foot
centers, covered with 2-inch plank.

2-inch by 4-inch studs, 2-foot centers doubled at door open-
ings and all corners, 4”Xx4” wall plates 7 feet high from floor,
outside boarded with Z-inch rough plank finished with seven-
eighths ship lap or drop siding with 17X5” planed, top, bottom
and corner boards.
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Rafters, 2-inch by 4-inch, 2-foot centers, one-third pitch roof
covered with J-inch rough boards and shingles with building
paper between, gable ends.

A small window is provided at each end, a double door facing
the track, opening outwards, about 7 feet wide, with stringers
and light platform from the house to the track, for convenience
in taking the hand car out and in. The door is provided with
chain staple and switch padlock.

Double Tool House. — A double tool house is usually two
single tool houses under one roof, built when a single house is
considered too small, or when circumstances make it convenient
to have two-gangs at one point.

Approzimate estimates of cost.

SINGLE TOOL HOUSE.

Quantities. Material. Labor. |Total Unit. Cost.

2000 ft. B. M. lumber per thou-

sand ft. B. M.. ....| $17.00 | $13.00 | $30.00 $60.00
2000 shingles per ‘thousand. . . .. 2.00 2.00 4.00 8.00
Hardware and glass ........... 3.00 2.00 |......... 5.00
Painting e L 5.00 7.00 |......... 12.00
Total.. covvveeieeeeeea e e ceeeeo...|  $85.00

DOUBLE TOOL HOUSE.

Quantities. Material. Labor. Total unit. Cost.

3500 ft. B. M. lumber per thou-

sand ft. B. M, ....... ... ... $17.00 | $13.00 | $30.00 $105.00
4000 shingles per thousand... .. 2.00 2.00 4.00 16.00
Hardware and glass ........... 6.00 2000 {|odbcac 6o 10.00
Paimting. ... ..0o e e caeouls 9.00 12300 D[ 21.00
Totalic . oo eleleioelSeteale[loteehleelo Jiele ool ererel | ool fone ohere $152.00

STANDARD SIZES OF TOOL HOUSES ON VARIOUS RAILROADS.

Pennsylvania....... 16 ft. by 30 ft.  Philadelphia and

Pennsylvania....... 16 ft. by 20 ft. Reading......... 10 ft. by 13 ft.

Pennsylvania....... 12 ft. by 14 ft. Canadian Pacific and

Cincinnati Southern 12 ft. by 16 ft. Northern Pacific 10 ft. by 24 ft.*

Union Pacific........ 10 ft. by 14ft. Canadian Pacific and

Atchison, Topeka & Northern Pacific 10 ft. by 12 ft.t
Santa Fe......... 12 ft. by 16 ft. Lehigh Valley..... 16 ft. by 20 ft.

* Double. 1 Single.
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Tool Equipment.

Tools to supply every man in the gang and several extra for
repair purposes are required, for each section.

The kind of tools used vary according to the ballast and other
conditions, and the following is an average list of the minimum
equipment for section gang of foreman and three men:

Adzes........... .. ... .l Handles, piek.................. 2
AXeS.. ..o Jack track............... ... 1
Bars,claw...................... Lanterns....................... 4
Bars,erow..................... Levels, spirit pocket............ 1
Bars, lining. .. ................. Levels, track .................. 1
Bars, tamping ................. Oilean......................... 1
Boards, elevation .............. (190000 0o o0 00 000 80 666 00 0o o 1
Brooms................ .. ... Oil (signal), pints.............. 4
Cars,hand..................... Padlock, key, and chain. ....... 2
Cars,push...................... Pail, water..................... 1
Chiselrail...................... Picks and handles . ............. 4
Cup, tin................ooin Platform dumping for push cars 1
Flags,red...................... Ratchet and 3drills............ 1
Flags, yellow................... Rail tongs...................... 2
Grindstone..................... Saws,hand. .................... 1
Gauge, track ................... Saws, crosseut.................
Globes, red..................... Scythe, complete, grass or brush 1
Globes, white................... Shovels, track.................. 6
Globes, yellow. ............... Switch key. ..............cou.l 1
Hammers, maul................ Tape, 50 feet............ooiunen 1
Hammers, nail................. Template, standard roadbed .... 1
Hammers, sledge. . ............. Torpedoes.. ............ccovuuen 12
Handles, adze................ . Wrenches, monkey....... o - 1
Handles,axe................... Wrenches, track................ 3
Handles, maul... ...............
Approximate cost.

lear,hand......... ... .. . $40.

1LIGENS 1 TE) %o 0 0.0 0908 00 00 8dlo0 0 00 pp 0d abboao o coddooaoad 30.

e, CATE N DI ENAT1 71000 0 o' 0j 00 060 00 06 o o Bado adbo o 21.

LTI 0I5 659 odoo0bo0dobao o000 06006668050006 000000000 27.

L TEB G L & Solo st 08 g B0 08 0000kt 36 adalda aoboBoac ao o d 25.

Balanceasperlist .......... ... ...l 182.

i o e e R S $325
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Watchman’s Shelter.

When it is necessary to have a watchman to operate gates or
look after crossings, a wood shelter or shanty is usually provided
for the convenience of the flagman, usually located at one side
of the crossing, on the right of way, set well back so as not to
obscure the view from approaching trains.

Approzimate Cost. — Five feet wide, 7 feet long, and 7 feet
high from floor to wall plate (flatted cedar sill foundation),
$65 to $75. '

Construction. — Six-inch flatted cedar sill foundation, at 2-foot
6-inch centers.

Two-inch by 4-inch joists 1-foot 9-inch centers with Z-inch T. and
G. rough board and %-inch finished floor with tar paper between.

Two-inch by 4-inch studs, 1-foot 9-inch centers doubled at cor-
ners with 4”X4” top and bottom plates, covered with f-inch
T. and G. boards and Z-inch ship lap *or drop siding with
paper between, on the outside, and sheathed inside with %-inch
material.

Roof one-third pitch, gable ends, 2”X4” rafters 1-foot 9-inch
centers with 17x4” ties and wall plates, covered with two
layers Z-inch boards with paper between and shingles on top.

One window in each end and one side, and door with sash at
other side, locker, seat and small coal bin including 6-inch cast-
iron smoke jack.

Approximale esttmate of cost.

Quantities. Material. Labor. | Total unit. Cost.

1000 ft. B. M. timber per thou-

sand ft. B.M................. $18.00 | $17.00 | $35.00 $35.00
Hardware. ............... i 4.00 25000 [y rae- o8 6.00
Glazing and painting.. .. 4.00 6L.005 et - s 10.00
800 shingles per thousand 2.00 2.00 4.00 3.20
One 6-in. C. I. smoke Jack and

flashing . 3.80 P30 s o sokon 5.80
Coal bin, seat ‘and locker. . . 3.50 R U o oon ot o 5.00

o1 e I heo T2 b 3o | RO o D 10 B o 0.t B0 T G 0 0.0 $65.00
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Section Houses.

Section houses are built along the right of way principally for
the convenience of having the trackmen live close at hand to
readily respond for emergency service at any time. The houses are
usually framed structures, and are built single or double; the
double houses sre convenient at points  where it is necessary to
keep two gangs.

Single Section House (Fig. 45):

Approximate cost complete. :

Cedar sill foundation............... $750. to $ 950.
Masonry foundation and cellar....... 900. to 1200.
Double Section House (Fig. 46):
Approximate cost complete.

Cedar sill foundation............... $1400. to $1750.
Masonry foundation and cellars...... 1700. to 2200.
T
1 I
Kitchenl Dining Bed Room
9k’ | Room 'x 18’
9x 11 T
i im [
g Living Room Bed Room L
18'x 13" 9'x 13/
| === ] Wl ; E = ﬁ
FIRST FLOOR SECOND FLOOR

FRONT ELEVATION *
Fig. 45. Single Section House.

Construction. — Frame and partitions, spruce; rough boarding,
floors, clapboards, outside and inside finish, frames, ete., good
quality native spruce or pine; shingles, pine or cedar; all mouldings,
doors, windows, and inside finish, stock pattern.

Cedar sills or posts about 5-foot centers, or when it can be done
cheaply, concrete, stone, or brick foundation with cellar. Frame,
2" X 3" studs at 16-inch centers, 2” X 10” joists at 16-inch centers,
ceiling roof joists and rafters 2” X 6” at 16-inch centers, 4”7 X 3”
wall plates and runners, outside walls §-inch rough boarding, with
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Z-inch ship lap, siding, or shingles, with building paper between,
and 1”7 X §” trim around windows, doors, porch, eaves, ete. All
inside walls lathed and plastered. Shingle roof, g-inch boards
with building paper between. Floors -inch rough boards and
Z-inch finished floor with building paper between for ground floor,
and -inch finished floor only for upper story.

I Kltchen I Dining Bed Room
ox1’ R°°m 'x13’
J 9'x 11

— " n i n |
i s o :um?f e h g

"”‘5 Ro?m Bed Room

18x18 o’x 13"
FIRST FLOOR SECOND FLOOR

FRONT ELEVATION
Fig. 46. Double Section House.

Approximate estimates of cost.

Quantities. Single house. Double house.

Excavation and wood foundation.. . $20.00 $ 35.00
Brick 8Ty U s Sl S S e 35.00 70.00
Hardware S 5. rra: By A 20.00 35.00
Carpentry. . 518.00 953.00
Lath and plaster ................. 82.00 167.00
Shingles. . 25.00 45.00
Painting and glazmg .............. 50.00 95.00
¢ $750.00 $1400.00

If masonry foundation, add ........ 150.00 300.00
Totaln 1557 0 Sne Ao S $900.00 $1700.00
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Privies.

Where there is no drainage or water system, privies are some-
times built at wayside stations for public or employees’ use,
usually two compartments 5 feet wide and 7 feet long, with pit and
vent.

Wood structure, located generally in close proximity and to one
side of the station in some place where it will not be too conspic-
uous; a lattice screen is usually placed in front.

Approzimate cost. (Fig. 47.) — Double compartment 7 feet deep, .
10 feet long, about 8 feet high from floor to wall plate.

(Wood sill foundation)............ $95 to $125

Construction. — Flatted cedar sill foundation, floor joists
2" X 4" about 2-foot centers, with 1-inch floor boards; frame 2”7 X 3”
studs about 2-foot centers, doubled at corners with 2” X 3” sill
plates, and 4” X 3” roof plates, covered with two layers -inch
boards. Roof % pitch gable ends, 2”7 X 3” rafters, about 2-foot
centers, covered with f-inch boards and shingles on top.

Pit, 2-inch plank box about center of house, projecting 2 feet
6 inches from side of house, extending 5 feet in length, 5 feet in
width, and 5 feet deep, with lid on top, and 8-inch square vent
from pit to roof, with louvre top.

Screen, 2”7 X 4” posts, 17 X 10” top and bottom plate, 3” X 11"
cross laths.

One small light at each gable, one door to each compartment,
also closet seat 2 feet wide, 1 foot 6 inches high, made of 14-inch
material.

Approximate estimate of cost. %

Quantities. Material. Labor. | Total unit. Cost.
2000 ft. B. M., per thousand ....| $18.00 $17.00 $35.00 $70.00
2000 shingles, per thousand ....[ 2.00 2.00 4.00 8.00
HardWarer et i S i el 6.00 400 el o o 10.00
PAING: A5 Sl S e o5 o o b i Salorerors 4.00 (00 J | I T 10.00
VBRI i A s o [ 3.00 25008 EP Y A s 5.00
N1 S P e e e | | T $103.00
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Stations.

The following frame stations range in price from $1000 to
$3500, which is about the average run of ordinary way stations.
They are not submitted as ideal schemes, but simply as sug-
gestions as to size and cost in a general way, that may be varied
as desired.

Shingles
N\ Ceiling
e
T HE
|HE N EEE oL
LD IO S T
\ =]
I 1 IIE=]] Fior
I
T = o
Room Room
Boggage | o e 7'x10' 10'x 10’
or Express
8" 10'x 10'x 6 Room le— gt—s
i 10’x 20" ——f H
L
Living
Office Room Kitchen
10°x 10" 126'x10' | 10'x10’
ar—m
1l
|

o
-

. Platform 250 feet long S

Y
Fig. 50.

Fig. 50, station with waiting room 10 X 20 feet, office 10 X 10
feet, and baggage or express room 10 X 10} feet. Height from
floor to ceiling 9} feet.

Approxzimate cost with platform complete:

Cedar posts or mud sill foundation. .. .. $1000 to $1300
Masonry foundation with cellar........ 1250 to 1500
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Figs. 50 and 51, station similar to the above, with agent’s
dwelling over.

Approxzimate cost with platform compiete:
Cedar post or mud sill foundation. ..... $1500 to $1700
Masonry foundation with cellar........ 1800 to 2000

Fig. 52, station similar to Fig. 50, with a freight room added.

Approximate cost with platform complete:

Cedar post or mud sill foundation. ..... $1400 to $1700
Masonry foundation with cellar........ 1650 to 1800

Fig. 53, station with waiting room 16 X 16 feet, ladies’ waiting
room, 10 X 20 feet, office 12 X 10 feet, baggage and express
16 X 16 feet, with corridor between general and ladies’ waiting
room, and lavatory accommodation in the rear.

Approximate cost with platform complete:

Cedar post or mud sill foundation. ..... $2000 to $2500
Masonry foundation with cellar........ 2400 to 2600

Fig. 54, station with waiting room 16 X 16 feet, ladies’ room
10 X 10 feet, office 10 X 13 feet, baggage or freight 16 X 16 feet,
with kitchen and living rooms in the rear and four bedrooms
above.

Approximate cost with platform complete:

Cedar post or mud sill foundation. ..... $2500 to $2800
Masonry foundation with cellar........ 3000 to 3500

Construction. — Cedar sills, post or masonry foundation,
brick chimneys, 2”X4” studs 16-inch centers for outside walls,
and 27X 3" studs at 16-inch centers for inside partitions. Ceiling
joists and roof rafters 2”X8” at 2-foot centers, well tied and
secured to wall plates. Outside walls and roof to be covered
with Z-inch T. and G. boards and finished with ship lap, clap-
boards or shingles, with building paper between.

All inside walls and ceilings lath and plastered, and rooms
finished with baseboard and picture mould, with architraves,
sills, thresholds, and general trim for doors, windows, and other
openings. Waiting-room walls burlapped 6 feet high, and
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freight and baggage rooms sheathed 8 feet high. Ground floor
laid with second quality maple, or local hardwood on f-inch T.
and G. boards with building paper between, other floors -inch
T. and G. narrow boards, good native pine.

When cellars are provided the floor may be of cement or
2-inch plank on 3-inch to 6-inch flatted cedars at 4-foot centers,
embedded in cinders, with coal bin and chute in approved position
80 that coal may be shoveled from car at level of platform and
run by gravity to cellar.

Platform 3-inch plank on heavy cedar sleepers at 4-foot cen-
ters, well bedded in good gravel or cinders.

Station Furniture.

List and approximate cost of the principal articles generally
required in the furnishing of an ordinary way station:

Armehair. ................. $2.50 Mophandle................ $ .10
Baggage truck (3 Wheel) . 21.00 Oilecan,5gallons........... 1.35
Battery jar.. ; o' .20 Oil-can, 2 gallons. .......... .40
Bracket lamp .............. 1.25  Oil-filler................... .15
Broom? R g e .30  Platform lamps............. 1.40
Bulletin board.............. 3.00 Platformsecale.............. 32.00
Cash till.................... 3.50 Safe.. ..................... 135.00
Coal scuttle................ .35 Secrub brush................ .20
Copying press.............. 12.50  Settees, seats, or chairs.. . variable
Desk for office.. ............ 12.00 Window blinds............. 1.50
Desk for operator.......... 12.00 Set planks for unloading

Dustpan... ................. %15 JD{ ST BE60 o0 00 I8 08 S 5Too 10.00
1B 56 500,00 60 b 0 00 6B 0 .40 1 stand, zinc lined, for

Fire extinguisher .......... 11.00 WEIDFEr S S S 12.00
Fire shovel. ................ .25 1 stationary cabinet........ 17.00
Flag, green................. .06 1step ladder............... 1.20
Flag,red. .................. .06 Stove and pipes............ 15.00
Flag, white... .............. B S 910 0 0 6018 6aHE 68 00 60 0050 *7.00
Funnel..................... .06 Table lamps................ .20
Gang plank................ 2.50 Towelrack................. 1.25
Hammer. . ! ot c. oo e a. .40 Waterpails................ .65
Hand-axes .o 0t ook s .90 Watercooler....... ....... 2.50
Handisawa i Eei .. g .35 Wick trimmer.............. .30
ket CagBL .y - oo 5110 oo ohe 6..00% | "WRInZEer. .k .5 ke - - oo - ... 2.80
Lantern, red............... S R BINChSb ATt L o s he ol .95
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Platforms.

Freight Platforms. — At points where the freight shed is at
one end of the station building, either as an extension or a sepa-
rate building on the main line, it is impossible to unload car-load
freight or heavy machinery. On this account it is sometimes
necessary to erect unloading platforms on the siding delivery
track, where machinery or car-load freight can be handled.

The platforms vary in width from 8 to 24 feet or more, and
should not be less than a car length, or about 30 feet, with a
ramp at one end.

Approximate cost. — The cost of such platforms varies from
25 cents to 50 cents per square foot erected complete.

Grain Loading Platforms. — Grain loading platforms are
erected where grain is shipped from teams to cars. They are
built 4 feet above rail, with a grade of one in ten on the up
side, and one in six on the down side, supported on posts 8 to
12 feet apart longitudinally and about 5 to 6 feet cross ways,
with 107X 10” caps over and 3”X10” joists covered with 3-inch
plank.

A platform 18 feet wide, with ramps, 100 feet long, with 8 X 10
rail on the track side and a hand-rail on the opposite side, will
cost approximately $7 per lineal foot.

An earth platform of the same dimensions can sometimes be
built very cheaply by using old bridge stringers to retain the
fill on the track side, tying it back with old ties, the filling slop-
ing 14 to 1 on the opposite side.
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Freight Sheds.

When posts are not objectionable inside the house, the flat roof
construction is probably the simplest and cheapest for this class of
building. i

In long wooden sheds, brick gable walls are built at each end,
and at intervals of 50 to 100 feet fire walls are inserted, the walls
being carried 12 to 24 inches above the roof, capped with a coping
of concrete, stone, or tile. '

Hand sprinklers and fire hydrants are also introduced through-
out the house for fire protection, and in many cases the sprinkler
system is installed. This consists of a series of main and branch
water pipes. The mains are carried up at frequent intervals, and
the branches are carried across the ceiling fairly close, and equipped
with sprinkler heads that automatically open when the tempera-
ture exceeds a certain limit. Scales are also provided to weigh
freight when desired.

Fig. 55 illustrates a 32 feet wide shed, 14 feet high, with trucking
platform on track side, posts 16-foot centers both ways. The doors
on the track side can be hung on a double trolley track overhead,
so that they may slide by each other, or on sheaves, with counter-
weights, to slide up similar to the ordinary English window. The
doors on the road side may be 16-foot or 32-foot centers, the balance
of the construction as per sketch.

Approximate cost. — $1.00 to $1.40 per square foot (concrete
floor) or $32.00 to $45.00 per running foot (concrete floor), or 5 to
7 cents per cubic foot (concrete floor).

Tig. 56 illustrates a 40 feet wide shed, 14 feet high, w1th0ut plat-
forms, with two inner rows of posts at 16-foot centers either way.
The roof joists towards the track side are cantilevered out 8 feet
and carry the doors and lights over. With this arrangement, and
the doors hung on a double trolley track, so that they slide past
each other, there are no posts to interfere with car doors, and
truck platforms are not necessary. The balance of the construc-
tion is shown on the sketch.

Approximate cost complete. — $1.20 to $1.50 per square foot
(concrete floor), or $48 to $60 per running foot, or 6% to 9 cents
per cubic foot.
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Fig. 57 illustrates a 52 feet wide freight shed with platforms
both sides, wood floor and overhanging roofs. The front posts
are 8” X 10”7 at 8-foot centers, the inner posts 8” X 10” at 16-foot
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Freight Sheds.

centers. The doors on both sides are placed 32-foot centers,
and are hung on pulleys and weights similar to the English
sash windows, so as to slide up. The balance of construction

is shown on the sketch.
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Approximate cost complete. — 75 cents to $1.00 per square foot
of building, or $38.00 to $52.00 per running foot, or 3 cents to
4 cents per cubic foot of building.

Freight sheds, 25 cents to 50 cents per square foot. When
covering a large area with suitable ground, so that the floor rests
on natural soil, construction 6” X 8” posts, 16-foot centers across
and along the house, the posts resting on cedar sills.

The main roof beams are 8” X 10”, corbeled over the posts and
bracketed at each side, the rafters 2” X 8” at 2-foot centers, with
17 X 2" bridging, %-inch roof boards on top, and finished with tar
and gravel or ready roofing. The posts are held crosswise by
2”7 X 4” braces.

The floor is second quality hardwood on -inch rough boards,
with tar paper between, on 3 to 6-inch flatted cedar sills embedded
in the ground.

A wood-built wall of 6-inch cedar posts and 3-inch planks is
made along the track sides. The doors are hung on a double trolley
track so as to slide past each other.

Freight shed, 50 to 75 cents per square foot. This is somewhat
similar to above, excepting that the floor is raised about 4 feet
above the natural ground.

Paving Freight Shed Teamways.

Approximate cost. — Paving, including filling excavation and
gutters per square yard, $2.25 to $3.25. Concrete curbing 1 foot
wide by 1 foot 6 inches deep, per lineal foot in place, 60 cents to
$1.00. 12-inch vitrified tile drain pipe in place, per lineal foot,
75 cents to $1.00. :

Grading. — Roadway excavated or filled or both to insure a
good foundation and to conform with subgrade.

Excavate for the curbing to such depths as may be required to
properly set the same and insert a bed of broken stone 3 or 4 inches
thick before concreting. Fill to subgrade with good gravel, thor-
oughly pounded, or rolled, and water if necessary before rolling,
all soft material to be removed before filling, surplus material to be
deposited as directed or removed.

Paving. — Over the prepared subgrade, lay a bed of clean
sharp sand, not less than 1} inches or more than 3 inches
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Engine Houses.

The ordinary engine house in common use is a circular building,
Fig. 58, divided into stalls, and is generally termed the roundhouse.
They are erected at divisional and other points where convenient,
for the housing of engines when out of service, and are built of wood,
brick, stone, or concrete.

The building is located generally about the center of the yard,
sufficiently far over to be clear of possible yard expansion. In
cities and towns, where land is limited, the house has to be placed
as will best suit local conditions.

The size of engine houses varies from 60 to 100 feet in depth.
An 85-foot house, which is about the average, would have the fol-
lowing dimensions, using a 70-foot turntable:

Center of turntable to front face of engine house . . .. 95 ft. 2§ in.
Center to center front door posts................. 13 ft. 7 in.
Length from front face to back face of back wall... 85 ft. 0 in.
Width center to center back wall pilasters ........ 25 ft. 10 in.
Height of front, from base of rail to roof.......... 24 ft. 0in.
Height of back, from base of rail to roof.......... 19 ft. 0 in.
IR IRE S 0 d 000 0ib b 6.5 d Ak 60,58 0 ol bic 12 ft. 6 in. X 17 ft. 0 in.

The area of one stall as above is approximately 1700 square feet,
and the cubic capacity about 34,000 cubic feet.

Approxvmate cost. — Approximate - cost per stall for various
designs, dimensions as above:

(1) Frame building: Wood vposts, cinder floor, cedar sill founda-
tron, wood roof, $1600 to $1800. Average, $1 per square foot, or
5 cents per cubic foot.

(2) Frame building: Wood posts, cinder floor. masonry founda-
tron, wood roof, $2000 to $2200. Average, $1.25 per square foot,
or 6} cents per cubic foot. .

(3) Brick building: wood posts, cinder floor, masonry founda-
tion, wood roof, $2400 to $2600. Average, $1.50 per square foot,
or 7} cents per cubie foot.

(4) Brick building: steel and concrete posts, cinder floor,
masonry foundation, mill construction roof, $2800 to $3000.
Average, $1.75 per square foot, or 8} cents per cubic foot.
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(5) Masonry or concrete building: steel and concrete posts,
brick floor, cedar sill foundation, concrete -roof, $3200 to $3500.
Average, $2 per square foot, or 10 cents per cubic foot.

The wood roof for the first three estimates would consist of
ordinary joists with double §-inch boarding on top.

The mill construction roof would consist of large wood beams,
spaced at least 8-foot centers with 3-inch plank on top.

The concrete roof would consist of reinforced concrete beams
at least 8-foot centers, with 3-inch concrete over, reinforced
with expanded metal.

The above costs are for building one stall complete, and
include heating, electric wiring and lights, steam, air and water
pipes, smoke jacks, drainage inside the house, etc., as per detailed
estimate on page 124.

The boilers and boiler house with engine and machine room
are not included; see under ¢ Boiler Houses.”

Construction. — A brief description of the work, in connection
with the building of the engine houses, on which the estimates
are based is as follows:

Foundations. — Masonry back walls 24 inches thick, with 12-inch
footing courses projecting 6 inches on each side of wall and 5 feet
deep from floor to bottom of foundation.

Piers. — Plers for inside columns, footing 3 feet square, 18
inches thick, with cap on top 2 feet square by 18 inches
thick.

Outside piers for front columns; footings 4 feet square, 4 feet
deep, with square top, 1 foot thick. ’

Front Walls. — Sometimes brick, stone or conecrete pilasters or
pillars are built with arches over the door openings. A steel or
wood column is better construction.

For the house described 12”X12” wood posts are figured for
frame buildings, and two 8-inch channels and one §-inch plate for
steel columns for the others.

Back Walls. — The back walls are built in wood, brick, stone,
or concrete, for framed building, 2”X6” studs at 2-foot cen-
ters, covered with two layers of f-inch boards with tar paper
between.
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Brick walls, unless specially hard burnt, are not recommended,
as the smoke fumes and gases from the engines disintegrate.
soft brick. They are built 13 or 17 inches thick. Concrete walls
are usually 14 inches thick, with large pilasters at the inter-
sections of each bay to carry the longitudinal beams supporting
the roof timbers. When columns are used in the wall the pilas-
ters can be dispensed with.

Stone walls are usually 18 to 20 inches thick, with pilasters at
the intersections of each bay.

Windows with double lights 12’ 6” X 14’ 6”, about, are built in
the center of each stall in the back wall, window sill 2 feet 6 inches
to 3 feet high.

Columns. — Inside columns are 12”X12” timbers for wood
posts and two 6-inch channels with lattice bars for steel posts,
with angle iron braces on each side. Where steel is used they are
encased in concrete.

End Walls. — End walls built similar to back walls, divided
into three bays with two pilasters 2 feet wide and 4-inch pro-
jection to stiffen the wall laterally; windows are usually inserted
similar to back wall.

Fire Walls. — Fire walls are usually brick or concrete 13 or
14 inches thick, with stiffening pilasters similar to end walls. A
fire door 3’ X7 is provided at one end, and the wall is carried
18 to 24 inches above the roof.

Roof. — For frame buildings 12”X12” longitudinal beams
over the columns with corbels and brackets over the posts,
27X 12" joists at varying centers to suit span, with two Z-inch
layers of timber over, and tar paper between.

Ml construction. — Fig. 59, for brick, concrete, or masopry
buildings: The longitudinal beams over the columns are of steel
18 inches high, 55 pounds per foot, with brackets over posts. The
steel posts and beams are incased in concrete. The roof timber
beams vary from 6”X12” to 8”X16” at about 8-foot centers,
and are covered on top with 3-inch narrow T. and G. plank
well nailed laterally with heavy cut nails about 18 inches

apart.
~ Concrete roofs are similar to the above for the posts and
longitudinal beams. The roof beams are about 8-foot centers, of
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reinforced conecrete, and the roof covering 3 inch thick concrete
with expanded metal.

All of the above roofs are covered with tar and gravel for
weatherproofing.

Engine Pits. — Length 63 feet, width 4 feet, depth at back
2 feet 4 inches, depth at front 2 feet 8 inches. Concrete walls
17 inches thick with 1 foot 6 inches thick footing courses 24 inches
wide. The rails are laid on 6-inch plank 3 feet wide, on the top of
concrete walls, with cedar sills where the plank projects over the
walls. The 6-inch planking is built out at both ends to provide
for jacking, extra cedar sills at close intervals being used for
supporting the plank.

The floor of the pit may be 4-inch brick or concrete, built
convex, with a 4-inch rise. The sump hole is 12 inches wide by
12 inches deep across the pit at the low end, with grating over
to provide for drainage.

Drop Pit. — The drop pit is usually built between and econ-
nects two engine pits in convenient position so that the driving
wheels can be taken off and lowered and removed. The pit has to
be large enough to take the largest drivers, which is done by
removing the portion of rail and its support spanning the pit
under the wheel and lowering the wheel by jacks. The use of
the telescope jack for this purpose does not require the pit to be
much deeper than the ordinary engine pit. In the estimates
given the drop pit is 7 feet 6 inches wide and 5 feet 6 inches deep,
with truck rails on floor of pit at 2 foot 9 inch centers on 5" X 8"
ties at 3-foot centers with 18-inch concrete floor under.

Truck Wheel Pits. — The truck wheel pit is usually built at
right angles to one of the engine pits in convenient location to
remove the truck wheels, and is 4 feet 2 inches wide, 3 feet
6 inches deep, and 19 feet long, with rails 2 foot 9 inch centers
supported on 6-inch flatted cedar ties, 3-foot centers with 12-inch
concrete floor under.

Floor. — Concrete, brick, cinder, or wood is used. Probably
a cinder floor is to be recommended for the first year or two, so
that the ground may be compacted before a brick or cement
one is placed. A wood floor made of old bridge timbers laid
close makes an excellent floor for this class of building. A
cinder floor is figured in the estimates.
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Drainage. — Ten-inch or 12-inch glazed tile pipe connecting
each pit at the sump hole graded to drain to manhole located
convenient to suit local conditions and possible future extension.

Smoke Jacks.

The only desirable opening in an engine-house roof is that
required for the smoke jack. Skylights rob the house of a good
deal of heat, and very soon get blackened up.

Ventilators also, unless operated by mechanical suction or fan,
are of little use.

The smoke emitted from engines, when mixed with steam, forms
sulphuric acid that destroys all exposed metal. All material, there-
fore, for openings of any kind should be such as will not readily
be affected by smoke fumes.

Smoke jacks especially should be of fire and smoke proof
material, constructed so as to avoid condensation and dripping
down on engines; in addition the smoke jack should form a good
natural draft to assist engines in firing up, and also provide for
the escape of smoke that very often fills the house when engines
are entering or leaving the premises. The latter trouble is taken
care of by using a combination smoke jack and ventilator.

Smoke jacks are made principally of wood, cast iron, cast iron
and aluminum, asbestos, tile, and various other materials, and
the three essential parts common to most consist of a hood,
either stationary or swinging, that covers or engages the engine
smoke pipe when in place; the ventilator portion above the roof,
either separate from the smoke jack or combined with it; and
the supporting mechanism attached to the roof, holding the
jack in place, the safety guy or supporting cables of which are
usually aluminum or copper.

The Gutelius patented smoke jack, made of asbestos and used
as a standard on the Canadian Pacific Railway and other roads,
has been figured in the estimates given, and consists of a com-
bination smoke jack and ventilator, made of } inch thick asbes-
tos, set up with asbestos angles and put together with copper or
brass bolts and screws.

The ventilator is 3 feet 6 inches square, 14 feet high on wood
posts, protected by the asbestos plates on the outside and
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asbestos angles inside, and guyed four ways to the roof with
heavy wire. A damper inside is arranged if desired to prevent
the heat escaping from the house when the jack is not in use.

The smoke hood under the ventilator is 3 feet 6 inches wide by
8 feet long, flared on ends and sides and hung on rigid supports,
arranged so as to be adjustable in height, and provided with
safety guy wires of copper. The smoke jack portion extends
into the ventilator 3 or 4 feet, leaving a space all around the jack
at the roof for the escape of smoke that may get outside of the
jack. The smoke hood is 8 feet long to allow the hostler some
latitude in spotting the engine.

Electric Wiring and Lights.

Probably the best method of wiring engine houses is to enclose
all wires in conduit pipe and sealed boxes, running the mains
and branches on the roof, an improved type of which is the
‘“Ravelin ” patented system. By this method all wiring and
joints are protected from smoke and gas fumes, and the work
of wiring is simplified, and as all parts are accessible, repairs can
be made easily.

Usually three incandescent 16-candlepower drop lights are
placed between each stall, with a plug receptacle connection
on each post for portable hand light. The lamps are protected
by wire screens over the lights.
~ Switches are placed on the back or front walls for each stall or
series of stalls. '

Outside, arc lights are generally used, strung on poles in con-
venient position. The number vary with the size of the hause
and the amount of light desired.

Approximate cost. — The cost of complete installation varies
from $40 to $60 per stall.
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Steam Air and Water Pipes. (Fig. 59a.)

One of the most important features about an engine house is
the installation of the steam, air, and water pipes.

The steam is required for heating purposes and engine supply,
the air for engine and shop supply, and the water for washing
out purposes and fire service.

For the ordinary run of engine houses up to 22 stalls the fol-
lowing sizes are commonly used:

Live steam main 3 inches diameter, branches 1% inches
diameter.

Air pipe main 1} inches diameter, branches 11 inches diameter.

Water service main 3 inches diameter, branches 2 inches di-

ameter.

The branch pipes where connections are desired are arranged
so as to be attached to the inside posts, and terminate about
5 feet from the floor. The steam pipe is equipped with a valve
and air-brake coupling, the coupling being used for hose con-
nection to convey live steam to engine boilers when necessary.

The air pipe is fitted with a Westinghouse air brake and
coupling.

The water pipe is equipped with gate valve and drip cock for
fire purposes, also a globe valve and hose coupling for engine
boiler service; in addition a short length of pipe extends above
the fire valve, with elbow, to which are attached 50 feet of rubber-
lined hose and 18-inch fire hose nozzle; the hose and nozzle are
supported on a stand with movable brackets secured to the posts
and encased in wood frame with glass front.

A valve is placed on each branch pipe near the main so that
any branch supply can be cut off for repairs without interfering
with the rest of the house.

Owing to smoke fumes corroding the iron and the annoyance
from dripping it is considered the best practice to place the
pipes in underground ducts instead of stringing them overhead
inside the house.

The ducts are arranged so as to be easily accessible for repair
purposes and valve service, and are usually built of wood or
concrete.
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The wood duct, though cheap in first cost, is high in mainte-
nance. On account of being subjected to the moisture from the
ground on the outside, and excessive heat inside, it soon rots out,
and has to be renewed every few years.

To eliminate the maintenance charges entirely, it is neces-
sary to build the ducts of concrete or masonry, or such material
as will be permanent; and to be successful it is also necessary
that its cost will compare favorably with the price of wood.

The “ Thurber "’ patented system of rib concrete ducts is said
to accomplish this result, and the method of installation is as
follows:

The main ducts carry the steam, air, water, and heating pipes,
run between and connect each engine pit, either at the front or
back of the house, making a continuous passage throughout, so
that no breaking or cutting of walls for the passage of pipes is
necessary; they are made 2 feet: 9 inches wide and 2 feet 9 inches
deep.

The ducts carrying the branch steam, air, and water pipes con-
nect with the main duct between alternate pits, and extend back
to the end post so as to serve two pits, the pipes being carried
up the post face. The branch ducts are 1 foot 6 inches wide
and 1 foot 6 inches deep.

The method of building the ducts consists in placing iron tee
section ribs at varying intervals, not exceeding 3 feet, and setting
up concrete slabs between; the slabs fit into the bottom pockets
and bear against the iron sides of the ribs, and are held by bolts
or rods at the top, the rods being used to hang the pipes inside
the ducts. The floor can be made in slabs or built in conerete in
the usual way. All slabs are laid in cement mortar.

The approximate cost of steam, air, and water pipes installed
complete, not including the ducts, averages from $55 to $80 per
stall.
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Heating Engine Houses.

In the heating of roundhouses there are two methods in vogue,
the hot air system and the direct steam vacuum method.

Hot Air Heating. — The heating apparatus when possible is
placed about the center of distribution either in the engine or boiler
house or in a separate annex, and consists of an engine, fan, and
heater, set up and anchored on concrete or wood foundation.

The heater is made up of a series of coiled steam pipes enclosed
by a sheet steel jacket, to which is attached a steel plate fan,
usually driven by a vertical or horizontal steam engine.

The fan draws the air over the steam coils and forces the hot air
through pipes or ducts to any part of the house desired.

On account of smoke fumes corroding any iron work that is not
well protected, the air ducts are usually placed underground. The
main duct is built of reinforced concrete, and the branches are
usually tile pipe, though wood is often used on account of cheap
first cost.

Usually the main duet runs around the back of the house, the
inside face of foundation wall serving as one side. It is necessary
that all inside surfaces should be as smooth as possible, without
projections of any kind inside the duct. Branches are taken off the
main with long radius bends and run down between pits with off-
sets to the engine pits, and risers at points where it is desired to
admit hot air to heat the balance of the house, the outlets being
controlled by dampers.

The- ducts absorb a portion of the heat and are also subject to
dampness from condensation. The main point is to provide means
for keeping them dry. This is done by grading the ducts so as to
drain to the air outlets, and placing covers in the main duct that
can be opened to let out the dampness at favorable times.

Capacity and approximale cost. — The capacity of the heating
apparatus depends upon the size of the house. In any event
it is always necessary under ordinary conditions to figure the
units large enough so as to provide for a reasonable future house
extension.

For the ordinary run of engine houses the supply of hot air per
minute varies from 2000 to 3000 cubic feet per stall at a fan speed
of 200 revolutions per minute.
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Figuring 2250 cubic feet of air per minute, a 20-stall engine house
would require the following:

Steel plate fan 8 feet in diameter by 4 feet wide. Theoretical
capacity, 45,000 cubic feet of air per minute at 200 revolutions.

Side crank steam engine 8” X 12”.

Heating coils, 6700 lineal feet of 1-inch pipe capacity.

Approximate cost of the above installed, with concrete founda-
tion walls and timber floor for the fan and heater, varies from
$2800 to $3400, or on an average $150 per stall.

The cost of the main duets, branches, risers, dampers, ete., in
place averages from $100 to $180 per stall, or the cost of the com-
plete installation $250 to $350 per stall.

The sizes of the mains and branches have to be figured out for
the volume of air carried, and are usually given by the manufac-
turers of the heating outfit. No boilers, or steam main connec-
tions from the same, are included in the estimate.

A feed water heater and pump with valves and connections
arranged to receive the drip of the heating system for boiler feed is
often added, also a vacuum pump in connection with the hot air
heater to relieve pipes of air, ete., and give good steam circulation.

The cost of a 100 horsepower heater with feed and vacuum pump,
including valves and connections set up complete for the above
heating apparatus, varies from $500 to $750.

The heater is generally arranged to condense the exhaust from
the fan or other engines for boiler feed, and when omitted, steam
traps are provided for removing the water of condensation to the
drain.

In exceptionally cold weather, the air is taken from the engine
house and reheated, openings being provided in the air chamber
so that this can be accomplished. It is not an ideal method, but
under exceptional conditions is often necessary.

Steam Heating. — The ordinary method is a low pressure direct
steam heating system, adapted to use and utilize all exhaust
steam available from the engine and boiler house, with such
additional live steam as may be necessary from boiler during
severe weather.

From the exhaust header the main steam supply is run around
either the front or back of the house, usually in the underground
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ducts carrying the air and water pipes, with branches to the pit
and wall coils, including a return main to which all coils are con-
nected.

The steam main reduces in size as it goes along proportionately
as the amount of radiation is decreased, and the size of the return
pipe is increased proportionately as the coils are added to it. To
relieve heating coils of water of condensation and air, the return
pipe is connected to a vacuum pump located in pit near the boiler,
the water of condensation being discharged into a feed water
heater, and from the heater to the boiler by a feed pump. The
exhaust header is connected into heater full size of header, with
relief pipe from heater to roof fitted with a back pressure valve.

Valves are applied in steam main or mains near exhaust header,
between vacuum pump and heater, steam supply from boiler to
vacuum, and boiler feed pumps.

Heating Surface and Equipment Required. — For ordinary round-
houses the amount of heating surface usually installed varies from
1 to 14 square feet per 100 cubic feet of enclosed space; probably
11 square feet is a fair average.

For one stall having a capacity of 34,000 cubic feet the heating
surface would be %9 X 1% =425 square feet, or 680 lineal feet
of 2-inch pipe per stall.

The best distribution is to put four pipes on each side of the
engine pit and the balance as coil radiators on the roundhouse
walls.

Sometimes five or six rows of pipe are placed on the engine pit
walls, but this method is not recommended, as it will usually be
found that so much pipe will impede circulation, and as a résult
the bottom pipes are generally cold.

The pipes are supported by cast or bent steel pipe hangers about
6 feet apart. Usually wood plugs or strips are built into the wall
to which the pipe supports are attached by lag screws, the screws
serving in the case of the bent steel hangers as supports on
which the pipes rest.

For a 20-stall engine house the steam main would be 5 inches for
the first ten pits, 4 inches for the next six, and 3 inches for the bal-
ance. They are hung from strap hangers supported by rods pass-
ing through the ducts about 7-foot centers, or on floor rollers with
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expansion bends. - The return would be 2 inches for the last four
pits, 2 inches for the next six, and 3 inches for the balance.

The heater not less than 100 horsepower, and made sufficiently
strong to carry 10 pounds of steam pressure. The vacuum pump
31" X 53" X 47, all brass lined, and feed pump 4} X 23" X 4”
duplex.

Approximate cost. — The cost for complete installation varies
from $225 to $300 per stall without ducts. Only a portion of the
cost of ducts would be chargeable to the heating, as the same ducts
would be used to run the live steam, air, and water pipes. No
boilers are included in the above estimates. See under “Boiler
Houses ”’ for cost of boilers, ete.

Washout System. — By using a series of hot water tanks suitably
connected with pipes, valves, pumps, ete., the steam and water
can be taken from locomotives and stored in tanks to be reused
for washing-out purposes and refilling when desired.

By this method a large saving of time is effected in washing out
and refilling locomotive boilers, and as the water is hot, the work
is done without danger from unequal expansion to the tubes, stay
bolts, or fire box, and in addition 50 per cent of the water is saved
and reused, and it is possible to take the water from a boiler and
refill with a fresh supply in 30 minutes without removing the fire.
To blow off, wash the boiler, and refill it with a fresh supply, and
obtain 100 pounds steam requires about two hours. The old
method of blowing off and letting the water waste to the drain
requires from 8 to 10 hours to wash out, refill, and get 100 pounds
steam.

The system consists of one or a series of storage tanks, with blow
off, hot water, wash out, and filling, pipe lines, including live steam
piping to the tanks, also valves and connections; where a series of
tanks are used for washing out, refilling, and superheating, pumps
are required to maintain pressure at the hose nozzles for filling
purposes.

Approximate cost. — Usually the piping is furnished to a few
pits only when for washing out purposes, and to each pit if refilling
and washout system is installed. The cost varies from $6000 to
$25,000, depending upon the capacity and requirements of the
plant.
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APPROXIMATE ESTIMATE FOR ONE STALL 85 FEET LONG ENGINE HOUSE
MILL CONSTRUCTION. (Figs. 58, 68a.)

Quantities. Material. | Labor. Tot',al . Cost.
unit
Excavation 14 yards. ................... SR g FOREa e $ .50(% 7.00
Concrete, 26 yards...................... $3.50 [$4.50 | 8.00 | 208.00
Steel, 9000 pounds................c...... .023 .02} .04} 405.00
Encased concrete, 8 yards............... 4.00 | 8.00 |12.00 96.00
7500 feet board measure, per thousand ...| 22.00 (18.00 (40.00 | 300.00
144 square feet back window............ .40 | .20 | .60 86.40
40 linear feet eaves..................... ! .25 | .15 .40 16.00
208 square feet door front............... .30 .20 .50 | 104.00
80 square feet window front............. .40 | .20 | .60 48.00
17 squares roofing, per square (100 square
T e e S bE ol e e b St R 2.00 | 2.00 | 4.00 | 68.00
500 feet board measure squared timber,
per thousand......................... 18.00 |17.00 |35.00 17 50
4ecedarties..........ooiiiiiiiiiiiat, .40 .10 .50 2.00
Combined asbestos and ventilator smoke
jack erected. .. ... ... . ... Ll 100.00 (25.00 |......| 125.00
Reinforced hot air or pipe ducts[27 feet],
(87150 Iabl 516 6190 06,0 0 b6 G0 6 4 Bolo 368 5666 S0k 4.00 | 6.00 {10.00 70.00
12/yardsiexcavation ..l er e S el R ceeeed| .50 6.00
Engine Pit.
87 yards excavation..................... 20 0:0099 6||ag 0o 06| /oagend $43.50
40 yards conerete....................... $3.50 | $4.50 $8.00, 320.00
2500 feet board measure 6-inch plank
per thousand. . d 18.00 | 17.00 35.00/ 87.50
Seyardsiloori S R S 4.00 { 6.00| 10.00, 50.00
14 feet 12-inch tile.................. ... 50 00 50 00a||a0bo oa .50 7.00
Cast iron gratings....................... 2.75 5l 3.50
1SRN0 56 0600 GOl & 6 B0 A0 A0 0666 B 58686 66 60 66 8 b 06 66 68 00 A 250..00
Steam, air, and Water .. ..... .ottt 55.00
Electric wiring and lights.. ... 55.00
Floor 12-inch cinders 56 yards at 50cts........................ 28.00
T e ol 0 £ B GO0 a3 0 6 I8 BEEt 36 A8 8 Rtk I8 Ha . 5.00
Proportion of end or fire walls drop and wheel pit per bay..... 150 00
$2638.00
Engineering and contingenecies 10%,.......c.cooviviinvnn.. 262.00

00 G0 a0 b a8 da0da 0000 5000 30 a0 do.q S o B0 Hla o A6 B0 GoE $2900.00
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Boiler Houses.

The boiler house is usually built behind the engine house, as
an annex, principally to supply steam, air, and water to the
engine house proper, and incidentally to supply heating for other
buildings and cars in the yard if necessary.

The building consists of machine, engine, and boiler rooms,
with locomotive foreman’s offices, registry room, and lavatory
on one side of the machine room, having a small gallery for light
stores over. The boiler room is made sufficiently large to hold
two or three batteries of boilers, with a coal bin on one side which
is filled from cars through the openings above.

Approximate cost. (Fig. 61.) — The average cost of boiler
houses for the building only, ranges from $1.75 to $2.50 per
square foot; for the one illustrated the cost would be $6000 to
$7000.

For boilers and equipment 100 to 150 per cent extra.

Two 100-horsepower boilers erected complete $3500 to $4000.

Engine room equipment $3000 to $5000.

Construction. — Masonry foundation walls to five feet below
ground, face walls common brick, stone, or concrete, with arches
over doors and windows. Roof 8”X14” beams at 8-foot centers,
covered with 3-inch plank, and tar and gravel on top. Office
inside finished with hardwood floor, ordinary trim, and plastered
walls and ceilings.

Machine room: hardwood floor, walls and woodwork white-
washed; boiler room: brick floor, with wood plank over coal bin,
walls and woodwork whitewashed.

The ordinary locomotive type of boiler is generally used in
units of 100 horsepower, with mechanical draft or large chimney,
the boiler room being made large enough to hold an additional
boiler in case of future extension.

The machine room equipment generally consists of an engine
and air compressor and a small lathe, planer and saw, with
benches fitted up for convenient use.
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Storehouses.

At divisional, terminal, and other points store houses are neces-
sary to receive and store supplies for engine, car, and general
service, for repair and operating purposes.

The house is usually a frame structure on masonry, cedar sill,
or post foundation, divided up with shelving and racks to hold
the miscellaneous articles usually kept in stock, with an office in
one corner for the storekeeper; to this may be added a counter if
desired.

Sometimes the store and oil house are combined, or the oil
house is placed in close proximity to the storehouse so that
both can be looked after by the storekeeper.

APPROXIMATE COST OF STOREHOUSES COMPLETE, INCLUDING PLAT-
FORMS, ETC. (Fig. 62.)

Concrete foundation and

Size. Wood foundation and floor. e e oo
30X 30’ X 13" high $ 900.00 to $1200.00 $1500.00 to $1800.00
45" 30’ X 13’ high 1300.00 to 1500.00 2100.00 to 2500.00
60’ 30" 13’ high 1800.00 to 2100.00 2800.00 to 3300.00

Construction. — Fig. 62 illustrates a small storehouse 30’ X 30’
with platform. The house can be extended by adding 15-foot
bays.

Concrete foundations taken below frost, walls filled between
with sand or good ballast well puddled and finished on top with
concrete or wood floor. Framing consists of 27X 6” studs 2-foot
centers, with 1-inch rough boards and siding, and building paper
between on the outside and sheathed on the inside. The roof is
made of 47X 12" rafters at 7 foot 6 inch centers, covered with
3-inch plank and tar and gravel. Shelvings and racks are pro-
vided to suit the class of goods kept in stock.
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0Oil Houses.

Oil houses are necessary on railroads to store and handle the
various oils required for engine, car, and shop service.

The most common arrangement consists of a frame or masonry
shed with basement and platform, located alongside a track in
convenient proximity to the various departments to be served.

Usually steel tanks are provided for storing the oil, varying in
capacity from 500 to 2000 gallons or more; they are set up on
concrete supports in the basement, so that they can be easily
examined and cleaned.

When the supply is brought by barrels, they are dumped over
fillers inside the house or outside on the platform if desired;
when filled from car service tanks, the pipes are extended under
the platform and provided with stop cocks and hose connections
as per Fig. 63.

The floor. over the basement is usually heavy plank not less
than 3 inches thick, or reinforced concrete. A trap door and
small ship ladder are necessary to gain access to the basement,
the trap door and frame being made fireproof. No other openings
are provided, electric light being used when desired for inspection
purposes.

The tanks are generally ventilated by a pipe connecting each
tank, with a main riser taken above the roof, to allow escape of
air and gases.

The floor above the basement is used for the distribution of
oil to employees; each tank is connected to a hand or power
pump; the pumps are grouped together and set up conveniently
in one corner of the house with oil stands, trays, and drip pans,
and a counter with waste bins and can racks is placed where
most convenient.

APPROXIMATE COST OF OIL HOUSES COMPLETE. (Fig. 63.)

Size Concrete foundation and

: floor, wood platform.
30720’ 12’ high $1500.00 to $1900.00
45720’ X 12’ high 2500.00 to 2900.00
607< 20’ 12’ high 3000.00 to 3900.00

Construction. — The chief points to be considered in the con-
struction are to eliminate the risk of fire, to provide ample storage
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and convenient means for filling the tanks either from barrels or
oil cars, and to provide proper facilities for handling, pumping,
and distribution.

Fig. 63 illustrates a 30’ X 30’0il house with steel tanks in basement.

The foundation walls up to platform level, also basement floor,
are of concrete; the oil house floor may be of reinforced concrete or
heavy plank. The house frame is 2”X6” studs at 2-foot centers
with rough boarding and shiplap with building paper between on
the outside, and 1-inch sheathing on the inside. The roof is 2”x8”
joists at 2-foot centers covered with 1-inch T. and G. boards and
finished with tar and gravel.

The platform on the track side is supported on 8-inch diam-
eter cedar posts on mud sills, with 27X 10” joists at 24-inch centers
covered with 3-inch plank.

The tanks are made of steel boiler plate with pipe connections
and hand hole with valve for cleaning purposes, and have the
following capacity:

Four feet 6 inches diameter, } inch thick metal, 12 feet long,
1200 gallons.

Four feet 3 inches diameter, 1 inch thick metal, 12 feet long,
1000 gallons.

Three feet 3 inches diameter, ¥ inch thick metal, 12 feet long,
600 gallons.

Three feet diameter, % inch thick metal, 12 feet long, 500 gallons.

Approximate estimate of cost: (Fig. 63.)

L. Mate- Total
Quantities. rial. Labor. S Cost.

68 cubic yards exeavation......... ... o]l $ .50, $ 34.00
53 cubie yards masonry.................... $ 2.50/% 3.50] 6.00] 318.00
23 cubic yards concrete.................... 3.000 3.50| 6.50{ 149.00
7000 feet board measure lumber, per thousand| 18.00 17.00| 35.00, 245.00
Doors and windows. . ........... ..ol 50.00/ 35.00(...... 85.00
5squares roofing, per square (100 square feet)| 2.50( 2.50] 5.00 25.00
Hardware and reinforecement. .............. 75.00, 47.00|...... 122.00
Painting and glazing....................... 25.00/ 30.00|...... 55.00
5 tanks, capacity 4100 gallons.............. 280.00/296.00.. .. .. 576.00
Pumps, piping, connections, and fittings ...[100.00| 63.00|...... 163.00
S VEDIEIRE 0a 6 aatbs.00 08 BABA 0.0 6 A3AYE TaB o oC 16.00] 12.00|...... 28.00
$1,800.00

Supervision and contingencies............ ... ..ol 180.00
7 B b Dol S DAk 0L ob A dO B IO 00 4 O S SR A S $1,980.00

or about $3 per square foot or 16} cts. per cubic foot.
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Ice Houses.

Ice houses are generally framed structures built by the railway
company to store ice at divisional, terminal, and other points con-
venient for storage and supply. The houses are stocked in winter,
and the ice used for drinking purposes, ete., in office, car, freight,
and general service.

For office and car service the ice is washed and broken up in the
ice house, and trucked to the cars, ete. For refrigerator freight ser-
vice a siding is generally placed close to the ice house, with an
elevated platform running alongside, from which the ice is handled
from house to car by trucks.

Ice-handling machinery for storing and handling blocks of ice
either into or out of storage consists, if the quantity is small,
of adjustable tackle hung from beams projecting over the doors,
the doors being arranged in tiers to facilitate the handling of ice at
different levels; when large quantities are handled, elevating and
lowering machines on the endless chain, pneumatic, or brake prin-
ciple are used which automatically dump the blocks at any level
desired.

In estimating the capacity of ice houses, the height of storage is
usually reckoned to the eaves, and a ton of ice will occupy from
40 to 45 cubie feet of space.

Cost. — Ordinary frame structures, cedar sill foundation, insu-
lated walls, two air spaces and three boards, insulated partitions
and roof with louver ventilators, and 1-inch rough hemlock board
floor, on a cinder bed as per Fig. 64, will cost approximately $3.00
to $4.50 per ton capacity, or 7 to 10 cents per cubic foot.

APPROXIMATE COST OF VARIOUS SIZES OF ICE HOUSES.

Wood Masonry
founda- Founda-

tions. tions.
250-ton ice house 24 feet wide by 36 feet long by 18 feet
hightoeaves.......... .. .ot iiiiiiii i, $ 950 $ 1,300
500-ton ice house 24 feet wide by 72 feet long by 18 feet
hightoeaves..........oiiiiiit i iineannns 1,850 2,500
1000-ton ice house 30 feet wide by 84 feet long by 20 feet
hightoeaves......... ... i i aan. 3,350 4,000
2000-ton ice house 30 feet wide by 168 feet long by 20 feet
hightoeaves............ . ... i iiin. 6,650 7,800

3000-ton ice house 30 feet wide by 252 feet long by 20 feet
hightoeaves.. ..ottt 9,950 11,500
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APPROXIMATE ESTIMATE FOR A 250-TON ICE HOUSE. (Fig. 64.)

Quantities. ::;I :};‘i Labor. Eﬁ;ﬂ Cost.
20,000 feet board measure lumber,per thousand|$18.00/$17.00/$35.00| $ 700.00
Doors. ... 25.00{ 10.00|...... 35.00
Hardware...........ocoiiiiiiinn.. S 25.00 15.00...... 40.00
JEEb0580 0 0% 0 oo 60 00 00 00 0a 00 00 0d D el 080000 00p 34.00| 40.00|...... 74.00
Cinders and drain........... ... oo 18.00
$ 867.00
Supervision and contingencies. .. ........ ... .o 83.00
. $ 950.00
If masonry foundation, add.........cooviiiiiiiiiiiiiiiiiian 350.00
Ie1#2 000 00 00 6000 60 06 06 00 000680 00 bIEBO 06 6o 0B B 0 blob asles 0o $1300.00

Construction. — To avoid shrinkage as much as possible, stone
or concrete foundations should be used for the outer walls;
ordinary wood sill foundation is not sufficient to prevent
heat penetrating through the outside ground to the floor in
summer. ]

The outer walls and roof should be insulated with at least three
coverings of board and two air spaces, and a vent should extend
the full length of roof.

The house should be divided up into a number of compartments,
the cross partitions serving to tie in the main walls instead of iron
rods; it also serves to lessen the exposure of ice to warm air when
ice is going out; it divides the house into so many units, and one
unit only is exposed when handling.

The floor should slope slightly both ways to the center of the
house and be well drained, the drain having a water seal and vent
when possible.

Cutting, Storing, and Handling. — No doubt the method of
cutting, storing, and handling the ice has a great deal to do with
obtaining results. Outer doors should be used only when filling the
house, and inner doors for removing; working always to one main
outlet rather than to a series of outlets. All ice should have snow
caps planed off before storing, and the blocks cut to a size easily
handled; 100 pounds or thereabout, 10 to 14 inches thick, is
recommended.
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When storing, a space should be left all around each block, so
that it may not be necessary to hack and break the ice too much
when removing. For quick and easy handling ice machines should
be used rather than slides or block tackle, to avoid waste and to
deliver the ice in good condition. 2

Artificial Ice Making.

In many localities it may be cheaper to erect a mechanical ice-
making plant than to store ice, and the following is an approxi-
mate estimate of the installation and the cost of operating a 20-ton
capacity plant by steam and electric power.

When electric power can be obtained at a cheap rate, the cost of
a boiler house is saved, and the inconvenience of handling coal, ete.,
is done away with, or when the house can be placed in some posi-
tion in the yard where steam is available the same remarks would
apply.

Steam Plant. — Capacity 20 tons of ice per day per 24 hours,
allowing for 300 working days = 6000 tons per year.

Approximate cost of installation.

Boiler, machine shop, and ice house $ 6,250.00
Boiler and machinery foundations.............. 800.00
Water pipes and connections. ............... ... oLl 500.00
Boiler, feed water pump, injector, steam engine, steam
pipes and connections, ammonia compressor, condenser,
ice tank with cans, coils, ice lift, ete., including insula-
tion and all connections, erected complete.............. 20,500.00
ITH 577 T2l F¥leso 0 6 008 Fo 0,00 06130 8 A0Man ob ot 0. ofFon!daB 0 0 5.5 d 6 2,500.00
$30,550.00
Supervision and contingencies 10%. .....covvuviriina. .. 3,050.00
$33,600.00
Approximate cost of operating steam plant, figuring 300 days
per year.
Interest on first cost $33,600 at 6% ...l $2,016.00
2 engineers at $2.50. .. .. ... .. iiiieiian., $ 5.00
IhelpertatiS150A5 P S ot i s el 5 e 1.50
A ERIE L1 Floo Sob Bl o Bogblose o 500 o J006EE 4.00
Qilamdewasteldi® L Ll o AT L L 1.00
3tonsofcoalat $3............ ...t 9.00
Depreciation, repairs, and incidentals. ...... 3.50 "
$24.00X 300 7,200.00
T otal e ares, 2 ok SIS LAl i B ceesaes  $9,216.00

or $1.54 per ton.
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Cold Storage.

For hotel, dining car, and restaurant service it is necessary to
have good storage and ample facilities for keeping eatables in first-
class condition, as the supplies are usually bought in large quanti-
ties; this necessitates either an ice or mechanical refrigeration plant.
For dining car service the building is generally located at one end
of the sleeping and dining car stores, and in the basement of hotels
or restaurants.

Comparing natural ice and mechanical refrigeration, the latter
is by far the best means of keeping dining supplies; with natural
ice the cooling process is limited, there is also dampness and poor
ventilation to contend with; ice leaves a residue liable to foul unless
the storage box is cleaned out frequently.

With the mechanical cold air process the proper temperature
for keeping supplies in the best condition can be attained, and the
temperature can be varied for any class of goods the air is purified
and fresh at all times.

Cold Air Refrigeration. (Fig. 65.) — The walls and partitions
are insulated similar to ice houses, and divided into compartments
for storing the various classes of goods.

The mechanical plant is placed at one end of the building, and
consists of a steam engine coupled to a double-acting ammonia
compressor, an ammonia condenser and receiver, with all necessary
ammonia gauges and gauge boards; connection pipes and fittings,
including an air cooler, consisting of an iron tank with refrigerator
coils, brine pump, air fan, and sundry connections.

The cooler is placed next to the cold storage room, and the wall
between it and the engine room must be insulated similar to outer
walls. 5

The following is a comparative estimate of installing and operat-
ing a cold air plant and natural ice refrigeration plant.
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Cold Air Plant. — Six tons capacity, approximate cost of
installation and operation. '

Cold storage house 40”X 48’ X 24’ high, $3600 at 6% ............. $216.00
Cost of 6-ton ice plant, $3200 at 69, per annum................. 192.00
Foundations for ice plant, $200 at 69, per annum .............. 12.00
10 horsepower per annum at $40 per horsepower ............... " 400.00
Maintenance, repairs, and depreciation ........................ 42.00
Labor, one man at $2 per day (seenote)....................... 730.00
Ammonia Per annUM . .o..eeeeie ittt it e 30.00
AW e 88 6175506 o 68,0600 0 06 5.0 A8 R0 0060 16 0.0 86 06 Go0d 8803 0 .08 S8 a0 b oo 35.00
$1,657.00

Note. — One man can run an ordinary 35 horsepower plant and also assist in the

shop or stores at other work. Less than 309 of his time is taken up with the cold
storage plant.

Natural Ice Plant. — Approximate cost of installation and
operation.

Increased height of building for ice storage with air ducts, drain-

age, lifts, and insulation, $4800 at 6%, per annum............. $ 288.00
3tonsof iceperdayat $2perton.........coooiiiiiiiii.... 2190.00
Labor,oneman at $1.50 perday.......ccovevviunieniiiii... 548.00

$3,026.00

From the above it will be noted that the cold air plant, besides
keeping the supplies in better condition, is a good deal less costly
than buying ice at the price quoted.

Construction. — For cold storage buildings the construction is
about as follows:

Rubble or conerete foundation walls taken below frost, 24 inches
thick, with 12-inch footing course.

Outer Walls, Frame Buildings. — Beginning on the outer
face, two layers of l-inch matched sheathing, with insulating
paper between, 2”X6” studs at 16-inch centers, two layers 1inch
sheathing with insulating paper between, 2”X4” studs 16-inch
centers, with 1-inch matched sheathing, 2 by 2 studs 16-inch
centers, with two layers of 1-inch sheathing and insulating paper
between; with this arrangement the walls are about 20 inches
thick. All spaces are filled with mill shavings. ‘

Ground Floor.— A bed of gravel at least 12 inches thick,
with 3”x3” sills on top, at 18-inch centers, covered with 1-inch
matched sheathing, and 1”X2” scantling on top, and two layers
of 2”7xX4” matched flooring over, laid flat with insulating paper
between. All spaces are filled with mill shavings.
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Inner Walls. — Between cold storage rooms: 2”X6” studs at
18-inch centers, with two layers of 1-inch matched sheathing on
either side, and insulating paper between boards, all spaces filled
with mill shavings.

Between cold storage rooms and corridors: 2”X8” studs at
18-inch centers, with two layers of 1-inch matched sheathing
and insulating paper between on the inside, and 1-inch matched
sheathing, and 1”7 X 2” seantling 18-inch centers covered with two
layers of matched sheathing, with insulating between, on the cor-
ridor side.

Ceiling. — Two-inch by 8-inch studs at 18-inch centers, with
two layers of 1-inch matched sheathing on each side, with insu-
lating paper between boards. Spaces filled with mill shavings.

Roof. — Two-inch by 8-inch studs, 18-inch centers, with two
layers 1-inch sheathing on each side, with insulating paper be-
tween, roof joists 47X 12" at 8-foot centers, with 3-inch T. and G.
boarding on top, covered with 5-ply tar and gravel roofing.

Cold Air Ducts. — Wooden air ducts are provided for exhaust-
ing the air from the various rooms to the fan and cooler, and
from the cooler back into the rooms.

Insulation for the main suction ducts consists of two layers
F-inch T. and G. sheathing with double insulating papers between
and 17X 1” battens on the outside covered with 1-inch T. and G.
sheathing; other ducts consist of double boarding with insulating
paper between.

The ducts are placed usually on each side of the room close to
the ceiling, with hardwood slides on the bottom of the delivery
ducts and on the sides of the suction ducts.
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Coaling Stations.

Coaling stations are erected to supply engines quickly with
coal, to reduce delay to engines and to release coal cars as soon
as possible, to take care of all coal held for emergencies (at least
three days’ supply), and to minimize the cost of handling.

They are usually built at divisional, terminal, and other points
and are principally constructed of wood, though concrete and
steel are coming into extensive use for this class of structure.
Generally speaking, no mechanical plant can handle coal, ashes,
and sand with the same mechanism and do it efficiently; the
nature of the materials is such as to render this a very difficult
matter.

The structure is usually located parallel to or across the round-
house tracks, convenient to the cinder pits, the arrangement
depending upon the type of coaling plant adopted.

Hand Shoveling. — The coal is shoveled direct from flat-
bottom cars into the locomotives, the track being elevated in
some cases to facilitate shoveling; this method is probably the
cheapest for very small amounts.

The cost of elevated track depends on the nature of the ground.
In many cases the location may lend itself to make this a very
easy and cheap method. When a trestle or fill has to be made the
approximate cost would be $250 to $500.

Jib Crane and Buckets. — Where the demand is somewhat
heavier than the above, but quick service is not essential, a plat-
form is added and one-ton buckets used for storage, the buckets
being filled when convenient and held ready for service when
required. A jib crane operated by air is used to hoist and dump
the buckets. This method is also cheap for a limited quantity,
when air can be piped from the boiler house close by. The
same remarks in connection with the elevated track for hand
shoveling will apply here also, and the approximate cost would
average $750 to $1500 or more.

When a platform is used alone the cost would average from
25 to 50 cents per square foot of platform.

Mechanical Plants. — The ordinary mechanical plants, con-
sisting of elevated pockets fed by endless chain, belt, or buckets,
are arranged to hold from 30 to 800 tons or more; the amount
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of coal elevated per day depending upon the capacity required,
the number of tracks to be served, and the storage necessary for
emergencies.

The cost of a mechanical type of coaling plant varies accord-
ing to capacity and style of plant adopted, and may range from
$20 to $75 per ton capacity. In cases where it is necessary
to weigh the coal taken by locomotives the cost is somewhat
increased.

In figuring the cost of handling coal the unit considered is
generally one ton of 2000 pounds.

To make a fair comparison for any type the following items
should be estimated and fair values given to each.

Capacity of Plant.

Interest on first cost............. 6 per cent.
Depreciation............ ... .... 10 per cent to 20 per cent.
Operation.

Maintenance.

Car storage.
Switching charges.

Capacity of Plant. — In addition to the tons of coal handled
per day, the storage capacity of the plant should be considered.

Car Storage. — Car storage is usually much more expensive
than storing in bins. Figuring a car holds 40 tons, and that it is
worth a dollar a day, storage in cars costs 2% cents per ton per day.

Self-clearing cars can be unloaded into a hopper at from 5 to 6
cents less per ton than from flat-bottom cars by hand.

Switching. — When coal is delivered in self-clearing cars and
dumped into a hopper, tracks can be arranged so that ears can be
handled by gravity, without the need of a switcher, thereby reduc-
ing the cost of operation.

Two=pocket Plant, Single Track, Wood Structure. — Fig. 66
illustrates a two-pocket single-track McHenry coaling plant with
dynamometer weighing device to each pocket so that the amount
of coal taken by each tender can be recorded. Capamty 70 tons.
Cost complete $4000 to $5500.

Four=pocket Plant, Single Track, Wood Structure.—Fig. 67
illustrates a four-pocket, single-track McHenry coaling plant with
weighing device to each pocket. Capacity 140 tons. Cost com-
plete $8000 to $9500.
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In the two and four pocket plants the coal car is spotted over
the hopper and dumped, the coal running by gravity into the boot,
where it is hoisted by endless chain and bucket method to the
pockets above. On the upper horizontal run the coal is seraped
along the conveyor. Gates are provided to each pocket so that the
coal may be dumped into any one desired by leaving the gate open.
In the four-pocket plant the chains and buckets make an entire
circuit round the house, the drive being set above the up-shaft end.
The engine house with steam or gasoline power is placed a little
beyond the coal structure, and a rope drive connects the engine
with the main drive above. If desired, the mechanism ecan be
motor driven direct or by pulley, thus dispensing with the engine
house, when electric power can be obtained. The chain speed is
65 feet per minute and the power consumption about 12 to 15
horsepower. The space under the pockets may be boarded and
used for storage purposes.

Four=pocket, Three-track Plant, Wood Structure.— TFig. 68
illustrates a four-pocket, 150-ton elevated capacity, three-track
coaling plant. Cost complete $10,000 to $12,000 with dynamometer
weighing device to each pocket, so that the amount of coal taken
by each tender is recorded. Under the elevated pockets next to
the coal hopper the space is boarded and used for storage purposes
if desired, gates being provided so that the coal can flow back into
the hopper and be re-elevated when necessary.

This structure is a modification of the McHenry type of coaling
plant, and consists of two double elevated coal pockets, located
between three tracks and connected together on top by a house
spanning two tracks; the bottom hopper, into which the coal is
dumped, is located behind the main pocket on one side, and is ele-
vated 6 feet 6 inches above the locomotive service track, and made
wide enough to take side-dump as well as center-dump cars.

The elevating mechanism consists of endless chain and buckets
and a steel boot. From the bottom of the hopper the chain is car-
ried up and over the house across the tracks, returning under the
floor, and back to the boot. The drive is run by electric motor
controlled by a switch on the ground near the coal dump hopper
for the convenient use of the operator.

When the coal is dumped into the hopper it flows by grav1tv
into the boot, regulated by a gate, and is picked up by the endless
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buckets and hoisted up to the elevated pockets above and along the
horizontal trough over the track. Openings with slide doors and
chutes are arranged to supply any pocket with coal when desired.
The chain speed is 65 feet per minute and the power consumption
about 20 horsepower.

Sand Tower. — With the foregoing arrangement three tracks
are provided for coaling locomotives, and the space between the
elevated pockets facing the track may be used as a sand tower, so
arranged that sand can be furnished on two tracks, the sand being
elevated by air pressure from a cylinder in the drying room through
inclined pipes, the sand house being located between the two
tracks about 50 feet ahead of the structure. The cost of the wood
sand house lined with galvanized iron on the outside, including
sand bins between coal pockets and all mechanism, averages from
$1200 to $1500. §i 1oy

Balanced Bucket or Holman Type. (Fig. 69.) — The elevated
pocket has a capacity of 350 tons. The coal car is spotted over the
hopper and fed by gravity into two vertical cars that are alter-
nately hoisted and lowered, one going up as the other comes down.
The buckets are automatically fed and dumped by feed device and
tripping arrangements, the buckets being designed to hold three
tons and are self-clearing.

They are operated by hoist with cable drive and 25 horsepower
motor controlled by the operator in the engine room. At a speed
of 60 feet per minute 100 tons can be delivered to the elevated
pocket per hour.

The approximate cost of the plant complete averages from
$12,000 to $15,000.

Belt Conveyor. (Fig. 70.) — This plant may consist of one or
a series of pockets with an inclined belt on a 25-degree slope, fed
from a track hopper beneath the coal car track, the coal being
delivered to the belt by automatic feeders.

A 30 inches wide belt, 180 feet run, with a speed of 100 feet per
minute will deliver 50 tons per hour.

The belt and its supports with a gang walk is usually housed
in and supported by trestle, under which the engine room is
placed.

The coal pockets are wood construction usually, and a sand shed
beneath the coal wharf can be arranged and the sand shot by air
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Coal Storage.

Towers. — For hoisting coal from boats to storage pockets on
wharfs, or coal storage adjacent to the wharfs, the elevated
tower type of hoist is principally used, either built stationary on
the wharf or arranged to run on track and trestle.

For quick service the one-man steeple type is used, requiring
two engines, one operating the grab shovel and the other to run
the trolley in and out on the boom.

The ordinary sizes and capacities are:

One-ton shovel, average capacity 400 to 500 tons per 10 hours.

Two-ton shovel, average capacity 600 to 700 tons per 10 hours.

Two and one-half-ton shovel, average capacity 700 to 800 tons
per 10 hours.

Where favorable conditions exist the above capacities can be
increased 50 to 100 per cent.

The bucket is operated by two steel wire ropes or flat link
chains from independent drums on the hoisting engine, one clos-
ing the shovel in the coal while the other is hanging slack. When
the shovel has been closed both chains are used to hoist it.

The operations of filling and dumping are automatic, excepting
at the last, a few laborers are required for cleaning up.

Approximate cost. — As most all towers have to be built
specially to suit the varying local conditions the cost is extremely
variable, depending upon the condition of wharf, service required,
etc. For estimating purposes $20,000 to $30,000 is a fair average
price for one steel tower installed complete, with two-ton shovel.

Towers and Cable Railway. — When the storage yard is
some distance from the wharf a cable railway is very often oper-
ated in conjunction with the coal hoists. The cable cars, holding
one to three tons, are fed from the tower hopper and make a cir-
cuit or continuous loop around the building or yard on an elevated
trestle track, automatically dumping the coal at any point desired.

The cost of trestle and cable railway system will vary with
local conditions, storage capacity and service required. The cable
car trestle may range from $10 to $50 per foot; the cable cars
$200 to $300 each; the engine drives, power house, boilers, etc.,
are all too variable to give approximate costs that would be of
any value.
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When the coal is dumped on the ground it may be rehandled

again by steam cranes into cars, tracks for which are usually

provided.

*  Towers, Cable Railway, and Traveling Bridge. — When
the storage and rehandling of coal are extremely large, the towers
and cable railway are further supplemented with traveling bridges,
which span the yard and transfer the cable cars across its length
so that the coal can be dumped over the whole storage area. In
some instances the entire plant — tower, cable railway, and bridge
—moves together on the wharf.

Fig. 73 illustrates a scheme for handling enormous quantities
of coal designed by the Mead Morrison Company of Chicago.

The coal is hoisted from the boats at the wharf by the ordi-
nary tower cranes and hoppers into cable cars that circuit around
the wharf and up the center of the storage yard on an elevated
trestle. On either side of the yard is a traveling bridge which
transfers the cable cars at any point across the yard. By this
scheme all of the ground can be utilized for storage. The elevated
coal pockets are arranged under the cable car trestle and car tracks
run alongside. The coal is rehoisted from the pile from both sides
of the bridge and trolleyed to the hopper ends, where it is redumped
into the cable cars and run to the elevated storage or to any point
desired.

A plant of this size would handle 2000 to 3000 tons per day,
and the approximate cost of equipment installed complete would
average $350,000 to $500,000.
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Ash Pits.

Ash pits are required at divisional and other points so that
ash pans of locomotives can be cleaned out.

The pits are usually placed convenient to the coal and water
supply, and within easy reach of the turntable.

There seems to be a tendency at the present time to locate the
ash pits inside or adjacent to the engine house, so that the work
may be done under cover, and thus facilitate inspection with less
engine movement.

The time required to clean a locomotive ash pan is from twenty
to sixty minutes, depending on weather and other conditions,
hence the type of ash pit to select depends on the number of
engines to be handled and the time in which it has to be done.

Construction. — The walls are usually built of stone or con-
crete or 127X 12” cedar timbers. When concrete is used a lining
of fire brick is built on the inside face of walls, and when of tim-
ber old boiler plate is used. The lining of fire brick or other
protection is necessary to protect the walls from the detrimental
effect of hot ashes. .On account of the wave action when the
engines travel over the pit it is difficult to keep the rails anchored
to the masonry, and for this reason wood stringers, or cast-iron
rail chairs 3-foot to 4-foot centers are used frequently. The wood
stringers are protected by a covering of sheet metal.

Water is used to cool the ashes, and this necessitates a water
service with hose connection, valves, etc., and proper drainage.
A sump hole 12 inches wide and 12 inches deep at one end of
the pit, with the floor dished so as to drain to the sump, serves
the purpose, the outlet to drain being placed on the side of the
wall about 6 inches above the floor of sump.

V/SIVAY '/,,?S

73

Shallow Pit. (Fig. 74.) — This type of pit is built in long
lengths, and necessitates sufficient help being on hand to remove
the ashes promptly. It is also used for temporary work during
construction and occasionally on main lines.

Approximate cost, $5 to $7 per lineal foot complete.
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Deep Ash Pit, Closed Sides. (Fig. 75.) —The deep ash pit is
constructed somewhat after the ordinary engine house pit, built

47814~
Sheet Iron

10"
K——26—

Fig. 75. Deep Ash Pit.

33 feet long and over. When two pits are placed on the same
track they should be at least 50 feet apart. The ashes may be
dumped directly into the pit and then shoveled out by hand, or
small ash cars or buckets may be used under the engines to
catech the cinders, the buckets being hoisted out by crane or air
hoist when the track is clear.

" Approximate cost, $8 to $10 per lineal foot without buckets or
hoist. Cost, $17 to $35 per lineal foot with buckets and hoist.
A pit 33 feet long with two ends would average $300 complete.

7

4/812° 2-80 Ib. Rails

Fig. 76. Deep Open Ash Pit.

Deep Ash Pit, Open One Side. (Fig. 76.) — This pit is similar to
Fig. 75, excepting that the pit is open on one side and the
outer rail is supported by cast-iron posts. The ashes may be
dumped and shoveled out by hand while the engine is over the
pit, or small ash cars or buckets may be used to catch the cinders,
arranged to be pulled out from the sides and then hoisted by
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crane to dump into ash car. The latter method is known as
the Ord type of ash pit.

Approximate cost, $18 to $25 per lineal foot without buckets
or hoist. Approximate cost, $35 to $50 per lineal foot with ash
buckets and air hoist.

o TieRod /g1 4\’B-t!ol'b.ma_ila

Fig. 77. Depressed Ash Pit.

Depressed Pit. (Fig. 77.) — This pit is similar to Fig. 76 with
a depressed ash car track on the outside, the ashes being
shoveled direct into the cinder car.

Approximate cost, $25 to $35 per lineal foot.

Mechanical Ash Plants.

Ashes are best handled in bulk, so that most mechanical plants
are arranged to dump the ashes directly into small cars or -
buckets under the engine tracks, the small cars running on tracks
at right angles to the pit so that they can be pulled out and
hoisted by trolley, crane, or other device and automatically
dumped into the cinder car.

Gantry Crane. (Fig. 78.) — The trolley beam is hinged at
one end and is worked by air cylinder, with sheaves fastened to
the gantry frame. The crane is moved along the track by
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geared hand wheels, one on each side, and the air is conveyed to
the cylinder by hose pipe suspended on trolleys on an overhead
wire. The supply of air is generally obtained from the engine or
boiler house close by.

When the engines are off the ash pit, the gantry frame picks
up the filled ash baskets and runs them by trolley to the ash car,
where they are automatically dumped. By lowering the boom
the basket is returned to the ash pit.

Approximate cost complete, with 6 ash baskets, $800 to $1200.

Ord Ash Pit. (Fig. 79.) — The ash baskets are placed under
locomotive ash pan and pulled out from the side and hoisted by
air crane and dumped without interfering with the movement of
engines. The rails on which the ash baskets run are made of
pipe, in which steam circulates, keeping the pit free of snow and
preventing the water used in cooling the ashes from freezing.

Approximate cost of a single-track 30-foot ash pit with crane
and four ash baskets complete, $1200 to $2000.

Dump Bucket and Hoist. (Fig. 80.) — The engines are cleaned
out over the track hoppers and the ashes dumped and run
into a detachable bottom dump bucket in the cross pit. A
man in the pit operates the hopper gates and chutes and moves
the buckets when filled, to the hoist, where they are raised and
automatically dumped into the ash car. Perforated water pipes
are placed around the sides of the ash hopper for cooling off the
hot cinders. This type of pit is used by the Pennsylvania Rail-
road at Cleveland and Alliance.

Approximate cost of installation is said to be about $5000.
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Sand Houses.

At divisional and other points where engines are housed, pro-
vision is usually made to supply locomotives with sand to use in
case of slipping on heavy grades or on account of climatic condi-
tions. This generally consists of a small wooden house with an
extension wet sand storage bin and an elevated dry sand box or
tower, into which the sand is elevated by manual labor or some
mechanical hoisting device or by blowing it through a pipe by
compressed air, where it is stored and run by gravity to the sand
box of the locomotive when required. The shed is generally
arranged so that the wet sand can be conveniently delivered and
shoveled from cars to the storage bin, the bin being sufficient to
hold at least one carload. A small room is provided to house in
the sand drier and hoisting mechanism, ete.

Instead of hoisting the sand into elevated hoppers, a platform
is often used on which dry sand is placed in buckets arranged so
that they can be easily handled by the enginemen, the platform
being placed alongside the engine track on a level with the foot-
board of engines.

The sand is dried by cast or sheet iron drying stoves, or by steam
pipe troughs, and is generally screened before being placed for use.

The sand house is usually located in close proximity to the coal
and water supply, so that engines when taking coal or water can at
the same time obtain their supply of sand.

Approximate cost. (Fig. 81.) — 32 feet long, 13 feet wide, con-
sisting of wet sand bin 16’ X 12/, drying room 14’ X 12/, small
coal bin, sand drier and screen, compressed air cylinder and ele-
vated sand tower, masonry foundation, $700 to $900. With weod
foundation, balance as above, $600 to $700.

Construction. — Wood sills or masonry foundation, concrete
floor in sand-drying house, frame walls, 2-inch plank on 4”7 X 4”
studs at 4-foot centers, lined on the outside with corrugated iron;
no finish inside; roof, 3-inch plank with 6” X 8” beam, tar and
gravel finish; tower, 8” X 8” posts well anchored to base at floor
level, height about 30 feet from base of rail to center of sand stor-
age, braced with 2” X 6” horizontal and cross timbers; sand tower
walls 2-inch plank with corner posts, roofed over with -inch T. and
G.boards, covered with shingles and building paper between boards.
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The tower is provided with sand valve and spout with rubber hose
at end for running the sand to the engines.

Wet Sand Storage. — Two-inch plank walls supported by 8” X 8”
posts about 8-foot centers, set on cedar sills on the ground, or the
posts may extend into the ground 5 feet or thereabout; roofing

2-inch plank and 8” X 8” rafters, with tar and gravel finish. The
length of wet sand bin varies to suit conditions.

Approximate esttmate of cost.

Quantities. M.ate- Labor. Tot_al Cost.
rial. unit.
40 cubic yards excavation ................. 2% ok (R pr e $0.50, $20.00
24 cubic yards conerete............ooua... $3.50] $3.50, 7.00{ 168.00
8 cubic yardssand fill ........... ... o oo .50 4.00
8000 feet board measure lumber, per thousand | 18.00; 17.00| 35.00| 280.00
PICIErIS B8 Bt ok o8B0 5660 60 8dEBaC o o d dLE L 5.000 -2.50[ 7.50( 15.00
1 window 6.00, 3.00] 9.00 9.00
1 sand-drying furnace with cast-iron smoke
jack and piping .........cciiiiiiiiinn 20.00{ 23.00|...... 43.00
1 compressed air sand eylinder............. 25.00{ 30.00|...... 55.00
30 feet 23-inch pipe............. ... ool .16 ik .33 10.00
lglovevalve.........cooi i, 1.75  .50]...... 2.25
Iedrainlcoc ks S e o P R Py .75 .25, ... 1.00
5 squares galvanized or corrugated i 1r0n, per
BQUATE oo tetieatet et caaneeeeaaann 4.00f 3.00] 7.00f 35.00
Sand sereen.........coiiiiiiiiii i, 2.00] .50]...... 2.50
1 sway supply spout with connections....... 20.00] 9.25...... 29.25
1} squares shingles, per square (100 square
1) ook o B8 S0 aIa00 0 4o A oh 58 Ak o S0 86 2.00, 2.00/ 4.00 6.00
4 squares tar and gravel roof, per square (100
square feet) ... ...l iin 2.50| 2.50] 5.00, 20.00
(BT ANBERE B G0 AR B0 A0 B50 60 80 A0 88 GBS 14.00] 16.00|...... 30.00
Bl T (015188 gtk 0 68 0000 00 0 3B A B0 50 86 36 8.00| 12.00|...... 20.00
$750.00
If wood foundation is used under sand-drying room, deduct..... 150.00

$600.00
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Track Scales.

The ordinary railroad track scales for freight-car service are
100 to 150 tons capacity, and are usually placed on masonry foun-
dations, with timber frame and platform, provided with dead and
live rails. ‘

The scales are usually placed between the receiving and separat-
ing yards, or on one side of the main yard, parallel with and next to
the switching track convenient to the main line. ’

Size, 8 feet wide, 42 feet long, and about 6 feet deep, with exten-
sion on one side for the registering beam, and a shelter over for the
weigher, when desired.

Approximate cost. — 100 tons capacity scale, masonry founda-
tion, wood scale frame, registering machine, shelter, dead and live
track, platform, ete., all complete, $2600 to $3600.

100 tons capacity scale, similar to above, with steel scale frame
and cross ties (no dead track), all complete, $2900 to $3700.

125 tons capacity scale, similar to above, dead and live track,
with wood seale frame, all complete, $2800 to $3400.

125 tons capacity scale, similar to above, with steel scale frame
and cross ties (no dead track), all complete, $3200 to $3900.

150 tons capacity scale, similar to above, with wood scale frame,
dead and live track, all complete, $3000 to $4000.

150 tons capacity scale, similar to above, with steel scale frame
(no dead track), all complete, $3500 to $4500.

Construction. — Masonry walls, pedestals, and concrete floor
with drain, usually built from plans supplied by the scale company.

Steel or timber frame for supporting the scale in accordance
with the makers’ details, including platform, registering scale box,
dead and live track, ete.

Shelter 6 feet wide, 10 feet long, 8 feet high, frame building on
cedar sills, 2 X 4 studs, double outside boards with paper between.

Double Z-inch floor on 2” X 4” joists, flat roof sloping away
from scale, with 2”7 X 4” rafters, covered with Z-inch T. and G.
boards and ready roofing. A small coal bin and a chimney are
provided.
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Approximalte estimate of cost.

100-ton scales (timber scale frame), masonry foundations, ete.

120 cubic yards excavation at 50 cts............... T L
75 cubic yards masonry at $7............ ... .o il ",
7000 feet board measure timber at $35.............. ... ... ...
300 pounds iron at 6 ets. ... ...

6-inch tile drain (100 feet laid) at 65 cts

Dead and live rails, 2 tons 60-pound steel at $33.......

6 pairs angle bars at $50.40 perton....................
Bolts and spikes at $62.50 perton.....................

2 turnouts complete at $237........... ... ... ... .

Laying switches and track.............
Installation of scales and freight.....................
SIAEIK¥F48 06 0000 00 00 00 ac ao 66 0 B ddasogacsobobdbs Gddo ooa

100 tons capacity scales (wood frame) . .
Type registering machine................. ... ... ...

..............

150-ton scales (steel scale frame).

140 cubic yards excavation at 50 cts. ...

90 cubic yards masonry at $7..

4000 feet board measure timber at $35. . o os

12,000 steel at 4 ets.....................

Rails, 1 ton 60-pound steel at $33.......
3 pairs angle bars at $50.40 per ton. .....
Bolts and spikes at $62.50 per ton. .. ... L
2 turnouts complete at $237............
Laying track. .........................
Installation of scales, freight, etc.......
Shelter. .........cocovvii i,

150 tons capacity scale (steel frame)....
Type registering machine..............

$ 66.00

4.00
474.00
50.00

$150.00
110.00

$650.00
254.00

$ 70.00
630.00
140.00
480.00

65.00

$ 33.00
1.50
2.00

474.00

40.00
300.00
110.00

$950.00
273.50

597.00

260.00

$1770.00
904.00

$2674.00
266.00

$2940.00

$1385.00

860.50

1223.50

$3469.00
331.00

$3800.00
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Stock Yards. (Fig. 80.)

Stock yards are erected at way stations and terminals for
receiving cattle for shipment, and also for rest and feeding pur-
poses for cattle en route. The yards are located parallel with
the siding tracks convenient to the roadway at stock business
points. 4

The ordinary wayside station stock yard consists of a series
of fenced-in pens, with feeding and water troughs, including feed
barns and shelters when necessary. '

The terminal stock yards are usually housed in and are
arranged with pens, feeding and water facilities, to suit the
different classes of stock.

The usual arrangement is to provide loading and unloading
platforms with chutes alongside the track. The platforms are
made narrow so that the gates of the chutes when open shall
come close to the cars for convenience in loading the cattle.
The chutes lead to a main alleyway, from which the distribution
of pens is arranged, the pens being divided to hold a car or
portion of a car load, and made so as to open into one another
and to branch alleyways in the center, so that the cattle may be
sorted and classified if desired. Barns and shelters are erected
on the branch alleyways for feeding purposes when necessary.

In addition to feeding and shelter sheds, water has also to be
provided, with frost-proof hydrant valves to avoid freezing, the
pipes being graded to drain when not in use.

Construction. — The construction generally is cedar posts
6 inches to 9 inches in diameter, placed 5 to 6 foot centers, set into
the ground solid. The fencing is from 6 to 7 feet high, of 1 to 2 inch
material, with 3 to 8 inch spaces between. Feed racks are placed
on one or two sides, made with 2”X6” plank, the height and
width varying to suit the stock. Water troughs are placed on
the opposite side of feed racks, and are made of 2-inch plank
supported on 2-inch plank brackets, with three-fourths to 1 inch
water supply taken from a 1}-inch main and extending above
the water trough with a goose neck. The floor, where the busi-
ness amounts to anything, is usually of concrete finished rough.

An ordinary 20 car capacity stock yard would consist of a
4-foot platform placed 7 feet from rail, with 4 loading chutes
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Snow Sheds.

Snow sheds are erected principally to protect the track from
snow slides, and are designed to suit the varying conditions for
each particular locality.. )

Level fall sheds are also built where excessive heavy falls of
snow are frequent.

What might be termed a typical shed, Fig. 83, built with cedar
crib on the inside to retain the earth, and rock backing from the
original slope line, with roof over track, and trestle bent sup-
ports on the outside. The width of roadbed is made sufficient to
take summer and winter tracks. The bents on the outside are
spaced 4 to 8 feet apart and sheathed with plank 2 to 4 inches
thick, depending upon the span.

Approximate cost, $45 to $80 per lineal foot of shed complete.

A gallery shed (Fig. 84) is built with round or square timbers
in trestle fashion to carry slide protection back to slope, and the
roof over the track. The gallery bents are built 4 to 12 feet
apart, with run beams to carry the roof joists and planking.

Approximate cost, $18 to $45 per lineal foot of shed complete.

A valley shed (Fig. 85) consists of two cribs with earth and
rock backing and roof over tracks. The eribs resist the impact
from sliding masses of snow that may come from either side.

Approximate cost, $70 to $100 per lineal foot of shed complete.

The crib and gallery sheds (Figs. 86 and 87) are a combination
of crib and gallery trestling to take the slope with roof over track
and timber trestle bents on the outside.

Approximate cost, $30 to $60 per lineal foot of shed complete.

Level fall shed not exposed to slides. The side walls are built
of round or square timbers sheathed with plank, with double-
pitched roof over track, properly braced, with openings left for
ventilation. The width varies from 16 to 18 feet, and the height
20 to 22 feet 6 inches clear, the bents being spaced from 5 to 12
feet apart.

Approximate cost, $10 to $15 per lineal foot of shed complete.
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Locomotive Turntables.. (Fig. 88.)

The two types in use are the deck and half-through turntables
varying in length from 60 to 100 feet, the average being about
70 feet. 4

The deck is used where foundation is suitable, and the half-
through where it is necessary to reduce the depth of pit on account
of the character of the ground.

When a large number of locomotives have to be turned an air or
electric motor is installed.  Ordinarily, however, they are moved
by hand.

Diam. of Pit 4
Diam of Turntabl >
- Base of Rail ]
& Fii Fioor el it Foor
i Drain Fipe £
DECK TURNTABLE HALF THRO.TURNTABLE
Fig. 88.

Approximate cost. — 70-foot turntable and pit, masonry walls
and cinder floor, installed complete, $7000 to $8500.

70-foot turntable and pit, wood walls and earth floor, installed
complete, $4000 to $5000.

Construction. — The turntable has solid main girders made up
of steel plates and angles, with lateral and diagonal stiffening
frames and braces, all shop riveted and shipped ready to drop into
place and receive the floor. The table is supported on the center
pier and pivots on conical rollers or steel balls encased in a box
with bearing plates under, fox bolted to the masonry. Thé-end
trailing wheels on the circular rail are set with journal boxes in
channel irons that go across and connect with the girders. The
floor consists of wood ties dimensioned to suit the span, with an
inner guard, and sometimes a narrow 2-inch plank sidewalk on
either side. '

The retaining walls and center pier may be built of wood, stone,
or concrete, and the pit floor of cinders, good gravel, brick; or
concrete.

The circular rail for the trailing wheels is usually bolted to the
walls, and the ballast walls finished on top with hardwood timbers
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laid flat in short lengths cut to radius for the inside face and held
together with dog irons.

Approximate estimate of 70-foot half-through turniable and pit
(Fig. 88). Girders, 12 foot 7 inch centers, 8” X 16” ties, 57 X 10"
guard 7 foot 6 inch centers; diameter of pit, 71 feet 6 inches;
height base of rail to circular seat, 2 feet 2 inches ; width, 3 feet
9 inches from seat to pit floor; center pier, 5% feet square and
3 feet 5 inches from base of rail to pier seat; depth of masonry,
5 feet below pit floor.

Masonry Foundations. —

998 cubic yards excavation at 50 €tS,..veee it iitir i, $ 499.00
250 cubic yards concrete at $8.50. ... ... .. ..., 2125.00
45 cubic yards broken stone or coarse gravel (pit floor) at $2 .. .. 90.00
1000 pounds iron at 6 CtS..eeve it vt i e 60.00
24 tonsof rail at $33... ... ... . ..ol 0000000008000 74.25
ttonanglebarsat $51 ... ... . .. 12.75
9000 feet board measure timber floor per thousand at $35 ....... 315.00
2600 feet board measure timber coping (hardwood) at $45....... 117.00
60,000-pound steel turntable. F. O. B. cars, at 5% ets............. 3200.00
60,000 pounds freight and erection at $et....................... 450.00
Tgrating. ... ... i 5.00
80 lineal feet 6-inch vitrified tile pipe, laid, at 65 e¢ts............. 52.00
$7000.00

Supervision and contingencies 107 .....ovviiveieirieanininan.. 700.00
Total... . oot e e e e $7700.00

Wood pits may be constructed for temporary work. This
consists of a grillage of 12”7 X 12” timbers for center pier and
ordinary ties sawn in two placed 2-foot centers for circular wall,
set in gravel or cinder bed, with 12”7 X 12” posts well braced
and 3-inch plank retaining wall sufficient for one track approach.

Approximate estimate of cost of T0-foot half-through turntable and
pit. — Wood Foundations. — '
General dimension above pit floor same as previous estimate.

284 cubic yards excavation at 50 ets........... ...l $ 142.00
50 ties at 40 CbS. . vttt e e 20.00
2600 feet board measure (grillage) center pier per thousand at $35 91.00
200 pounds iron at 5 etS.e v vttt i e e e e e :
2t tonsof rail at $33. .. ...... ... it o

1 ton anglebars at $51 ... ... .. ... ... .. i,

60,000-pound steel turntable, F. O. B. cars, at 5} cts..........

60,000 pounds freight and erection at 4} (30" o000 unat. 0 0o Ho OB E0g0

9000 feet B. M. floor per M. at $35.. o GO 0OLED CAILEOTE B o bE
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CHAPTER VI
WATER STATIONS.

General. — The ordinary railroad water station usually consists
of an elevated tank for storage purposes, a pumping outfit or
gravity main to supply the tank, and standpipes when necessary
for convenient service. A locomotive consumes from 30 to 100
gallons per mile, and carries from 2000 to 5000 gallons. Owing to
mixed traffie, possible detentions and climatic conditions, however,
it has been found necessary to place water stations 10 to 20 miles
apart, usually at regular stopping points along the right of way.

Purity. — As the water is to be used principally for locomotive
purposes, a sample should be sent to the company’s chemist to be
analyzed to ascertain if it is suitable for the purpose. Conditions
will sometimes make it necessary to treat the water chemically
to render it soft for economical boiler service.

The treatment may be lime only, when the hardness is due to
carbonates of lime and magnesia, or soda ash when the hardness is
due to sulphates of lime and magnesia. The method of applying
these reagents to the water may require a special mechanical out-
fit, or a mixer with valve, feed, etc., connected with the water sup-
ply, can be so arranged that every stroke of the water piston may
take in a desired portion of the chemical previously made ready.
To render the work efficient, it should be closely watched and super-
vised by the company’s chemist or his assistant.

Supply. — When a municipal water service is established and
the rates are favorable, there may be a saving in obtaining water
by meter or other agreement. Under ordinary circumstances, how-
ever, the permanent supply is usually obtained from artesian or
driven wells, or from a natural lake, river, orstream,and the delivery
may be by gravity or by pumping, local conditions determining
the method employed. A gravity supply usually requires a dam and
spill-way for storage purposes. When the location is convenient
and a permanent and abundant supply can be obtained in a natural
or artificial basin, a gravity supply is the most economical. For
description and cost of dams, see page 203.
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Tanks. — The amount of water storage required for locomotive
purposes depends entirely on local conditions. Ordinarily a tank
holding 40,000 to 50,000 gallons of water is about the average in
use, although 60,000 and 100,000 gallon tanks are very common,
and in some instances the storage tanks are as low as 6000 gallons.
For description and cost of water tanks, see page 197.

Standpipes. — Duplication of water service is obtained by the
use of water columns or standpipes. For description and cost, see
page 201.

Pumps. — When practicable the pump is placed under the tank,
or in a separate pump house when the source of supply renders it
necessary. For description and cost of pump house, see page 196.

The pump may be operated by air, motor, steam, gasoline, oil,
gas, or electric motor, and in some instances by the hydraulic ram
driven by the fall or force of running water.

The most popular in common use is the duplex type of steam
pump, with an independent vertical boiler to supply steam to
operate the pump, or a steam pipe is run from the local boiler house
when convenient and the pump boiler dispensed with.

The gasoline direct-connected combined pumper is also favored
to a large extent.

When selecting or investigating a pump, the following informa-
tion is necessary:

(¢) Maximum quantity of water to be pumped per minute.

(b) Height to be lifted by suction.

(¢) Length and diameter of suction pipe and number of
angles or turns.

(d) Height to which water has to be forced, from pump to
top of tank.

(e) Length and diameter of delivery pipe and number of
angles or turns. .

(f) Pressure of steam to be used.

When the above information is known the following should be
estimated:

(@) Capacity (Table 43).

(b and d) Lift (Table 44).

(c and e) Pipe friction (Table 45).

(f) Power to be provided to raise the water, to overcome the
friction of the water in pipes, and bends, and to over-
come the friction in pump, and connections to the
engine.
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The lift and pipe friction pressures equal-the total pressure
against which the pump has to work, and the area of the water
cylinder multiplied by this pressure equals the total resistance.

The area of the power cylinder multiplied by the working
pressure equals the total power pressure, and the ratio of power
to resistance must be sufficient to move the piston at the required
speed. For this, an excess of 33 to 50 per cent is usually allowed.
When the capacity, lift, and friction heads are figured, the power
necessary to drive the pump may be obtained from Table 46.

As it is not necessary to deliver the water to the tank at high
pressure, steam economy is obtained when the ratio of steam
and water piston area is proportioned for the actual conditions,
using, of course, the nearest commercial size pump.

Approrimate cost. — Pumps, boilers, ete., with approximate
cost for the ordinary run of tank service, may be obtained from
Table 39, with comparative estimates for steam, oil, and gaso-
line outfits on page 179.

Ezample. — A, equals 200 gallons per minute; B, 15 feet
(pump set dlrectly over well); C, suction pipe 5 inches diameter,
15 feet deep in well, one elbow; D, 45 feet; E, 4 inches diameter,
delivery pipe 5000 feet in length, two elbows; F, 80 pounds
boiler pressure.

Lift or actualhead (B + D) =15 + 45......... equals 60 feet.
Pipe friction (C) 5-inch pipe 15 feet long
(Table 45) 42 X Jon -oeevevvne. equals 063
1 5-inch elbow (Table45a) ............ equals .068
(E) 4-inch pipe 5000 feet long + 60 :
feet = 5060 feet = 1.22 X 510(?(;) ..... equals 61.732
2 4-inch elbows =.172 X 2........... equals  .344
Total pipe friction................. equals 62.207
Equivalent height of water for friction
pressure = 62.207 X 23 * ... ... .. 0.l equals 143 feet.
Total head against which the pump has
10 0] B LSO et = £ O DR L BOI00 B s ) A T RO equals 203 feet.

Referring to Table 39, under 205 feet head an 8”X5”x12”
pump is given.
* 2.3 = height of water for 1 pound per square inch pressure.
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DATA OF CAPACITY

TABLE 39.— DUPLEX STEAM PUMPS AND BOILERS.

AND APPROXIMATE COST, ETC.

‘9oe[d ur
19710q pue dund
3800 [%}03 ‘x01ddy

420
510

‘I9qi0q
Jo, 1800 ‘xoxddy

105, 270
150; 350

150{ 360
150{ 380

160 400

190| 500

150

190

150 420
190 540

190 570

190, 600

: ‘qj8uay

Ins.

18 ($105| $250

18

2-in

%
3
2
2 |-requny

31

31

5 (27

54 (27

5|27

|27

85 | 48 | 230 600

54 | 27

85 | 48 | 230| 600

85 | 48 | 230| 660

85 | 48 | 230/ 630

128 | 57 | 420 880
174 | 57 | 660 1350

68 | 38

85 | 48 | 230, 660

128 | 57 | 420] 950
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Combined Engine and Pump.

The combined engine and pump is a self-contained urnit run
principally by gasoline or oil. In many localities it will be more
economical than the ordinary steam pump and boiler to operate,
although higher in first cost.

Their use is not as well known as the steam pump. The handling
of oil or gasoline and repairs are matters that require special
attention. They are gradually, however, coming into favor, and
may eventually be as common as the steam pump.

TABLE 40.— APPROXIMATE COST, ETC.

Gallons Ap-

Adjustable | Strokes . per min- . .prox-

HOf'se- stroke, | per min- C_yhtr:der. ute pump | Ft. head. S_uc- 120 imate
PoREL inches. ute. JOCHES, displace- tion. |charge. cost in
ment. place.

5 8, 9,10 91 437 51-137 96-259 34 3-4 |$ 600

8 8, 9,10 97% 5-7 663—146 | 145-319 4 4 9C0
10 8, 10, 12 100 7-8% 133-295 90-200 6 5 1200
15 8, 10, 12 105 7-8% 140-310 | 127-281 6 5 1600
20 8,10, 12| 110 7-8% 147-324 | 163-360 6 5 2000
25 8,10, 12| 1094 8-10% | 215-494 | 134-356 U 6 2300

Cost oFr PumpPING WATER. CoOMPARISON KESTIMATES BETWEEN
: SteEAM, OIiL, AND GASOLINE.
Conditions. — Pump to deliver 200 gallons per minute working
10 hours per day and 300 days per year, against an equivalent
head of 200 feet, or 10 theoretical horsepower.

Steam PuMmp AND BOILER. —

One 8X 5% 12 pump and boiler complete, from Table 39.......... $540.00
Connections and contingencies................ooiiuieiiian... 60.00
Total.. . vuveene et enenennnnn U R S $600.00

Cost of Operating. —

Assuming 20 pounds of coal per horsepower hour=200 poundsX

10 hours=1 tonX 300=300 tons per year at $2.25............. $675.00
Attendance by station agent or portion of a regular pumpman’s

time at $10 permonth......... ... i i 120.00
Ol and Waste . o. oottt e e e e e e 25.00
Repairs and maintenance................oooiiiiiiiiiii ., 50.00

A b eI AT 150 006 0,00 66 0060 08160 06 30 8@ oEICK oPS 66 60 0 60 g© oE $870.00
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or $2.90 per day, or 29 cents per hour, or about 2} cents per 1000
gallons. If necessary to have a pumpman all the time, $300 more
would have to be added for his wages, making the cost about
31 cents per 1000 gallons.

O1. CoMBINED PUMPER. —

8X 12 pump direct connected, from Table 40. . ........covuueen... $1200.00
Connections and contingencies. .........cviiiiviiiiierareeannns 120.00
: $1320.00

Cost of Operating. —

Coal oil 15 cents per gallon.
Assuming 1} cents’ worth of coal oil per horsepower per hour, in-

cluding waste and handling=10X14=15 cts.X 10=%1.50X 300.. $450.00
Attendance by station agent or portion of a regular pumpman’s

time at $10 per month.............. 8 45 Sty Jom O LA G oA 120.00
Lubricating oil and waste.......cooeviieeiieninni.n. o OB 0 g 30.00
Repairs and maintenance. oo oeveiecrcroecetieeinienconoccnoas 90.00

INETE |5 S S O SRR At 8 BB Tk AL o o.c o & SBIRRC T8 5 $690.00

or $2.30 per day, or 23 cents per hour, or 1.9 cents per 1000 gallons.
If necessary to have a pumpman all the time, $300 more would
have to be added for his wages, making the cost about 2% cents
per 1000 gallons.

GasoLINE CoMBINED PUMPER. —

8% 12 pump direct connected, from Table40.........cccvvveeen... $1200.00
Connections and contingencies. ..........ooeeeetvoneancnasene.. 120.00
$1320.00

Cost of Operating. —

Gasoline 18 cents per gallon.
Assuming % imperial gallon per horsepower hour=1 gallon=

18 ct8. X 10=81.80X300.. .. .00 ovrieir e ittt $540.00

Attendance by station agent or portion of a regular pumpman’s
time at $10 permonth. ..o .o oot it iiiiiiiiiiiiii i 120.00
Lubricating ol and WASTE! o wa. i eias ot e 5 o eiie 1e18) o o) steiorege® & 30.00
Repains and madibeINanee s o ./ s cieieie sis s o e e islara cfafei oo sloisfaslers 45y 90.00
$780.00

or $2.60 per day, or 26 cents per hour, or 2.2 cents, about, per 1000
gallons. If necessary to have a pumpman all the time, $300 more
would have to be added for his wages, making the cost about
3 cents per 1000 gallons.
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Service Connections.

The discharge pipe should enter the water tank at the bottom,
as it reduces the head and takes less power than feeding it from the
top.

Provide a check valve in delivery pipe and a waste cock in the
discharge chamber, so that air may be expelled, a stop valve for
shutting off the back pressure, so that the pump can be opened for
inspection.

Set up the pump on solid foundation of concrete; wood is liable
to rot and cause leaky joints. To obviate jar or vibration, use
expansion bolts to anchor the pump. R

Arrange the steam pipe feed so that the water of condensation
will drip away from the pump when not in use, and insert drip
cock.

An air chamber on the suction pipe will make the pump work
smoother at moderate speed, and is advisable, as it prevents pound-
ing or water hammer; in high lifts it is a necessity.

Unless the suction lift and length of supply pipe are moderate,
a foot valve and strainer are also advised for all pumps raising water
by suction.

The foot valve is placed at the bottom of the suction pipe and
holds the priming.

The suction pipe must be entirely free from all leakage.

Lay suction pipes with a uniform grade from the pump to the
source of supply, and avoid air pockets. All pipes should be as
direct as possible; use full round bends for elbows and Y’s for
tees.

Service Pipe. — Steel riveted, cast-iron, plain wrought-iron, and
galvanized iron pipe are used extensively; east iron is the most
durable and reliable for underground service, and above ground
plain wrought-iron pipe proves quite satisfactory; for weight of
pipes, etc., see Tables 41 and 42.

The depth to which pipe should be placed in the ground should
be sufficient to avoid injury from frost, usually 4 to 5 feet. A water
main laid in a rock-cut trench is less liable to freeze up if covered
with broken stones.
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Pipes.

Cast Iron. — All cast-iron pipes and fittings must be uncoated,
sound, cylindrical and smooth, free from cracks, sand holes, and
other defects, and of a uniform thickness and of a grade known in
commerce as ‘‘ extra heavy,” cast in lengths to lay twelve feet,
with bell and spigot joints, and to withstand a static pressure of
not less than 130 pounds per square inch.

TABLE 41. — APPROXIMATE COST AND WEIGHT OF CAST-IRON WATER

PIPE.
Approxi- | Approxi-
Ofamelr | Tk | Wl per| Pk B | o nts | s fon 1 o a1 A5
per ton. $35 per $40 per
ton. ton.
Ins. In. Lbs.
2 $ 8 250 21 $0.14 $0.16" IS TR
3 15 15 133 11.1 .26 ool 6o daandst
4 3 19 105 8.8 .33 oGhr oll80 oo B 43
5 3 26 77 6.4 .45% s A |56 8o Aot ¢
6 % 32 62.5 5.2 .56 S48 BN S
7 5 40 50 4.2 .70 ot ||ob 5E e oo
8 % 47 4.5 3.7 .82} A e el
10 3 63 31.9 2.8 1.10 1,260 M At
12 B 82 24.4 2.0 1.43 B o o B0 ol

Joints.— All joints must be made with picked oakum and molten
lead and made water-tight. For estimating, take 1} pounds of
soft pig lead for each joint for each inch in the diameter of the
pipe, and 1 ounce of oakum for each joint for each inch in the diam-
eter of the pipe.

Fittings. — Ordinary cast or malleable iron water fittings.

Wrought=Iron and Steel Pipes. — All wrought-iron and steel
pipes must be equal in quality to “ standard.”

The pipes shall be not less than the following average thlckness
and weight per lineal foot; supplied in random lengths with threads
and couplings.
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Formulas.

Capacity, — The capacity of a pump depends upon the
speed at which it can be run, and the speed depends largely on
the arrangement of valves and passageways for water and steam;
ordinarily it is reckoned by the gallons per minute the pump
plunger can deliver at the average speed of piston travel.

For short-stroke pumps, generally used in railroad water tank
service, the piston travel may be rated at 100 strokes per minute.

stroke X area
231
231 = cubic inches in a gallon of water.

Capacity per stroke in gallons =

TABLE 43. — CAPACITY OF PUMPS PER STROKE IN GALLONS (ONE

PLUNGER).
Diam- el
o Area Length of stroke in inches.
ot water
cylin- cylin-
der. | der- 5 6 7 8 9 10 12 14 16
In. | Sq. in.
4 12.56] .272| .326] .381| .435 .489 .544| .652| .761] .870
5 19.63| .425 .51 .595| .68 .765| .85 1.02 |1.19 | 1.36
6 28.27| .612| .734| .877| .979| 1.101| 1.224) 1.468] 1.713| 1.958
7 38.48| .833] .999| 1.166| 1.332| 1.499 1.666/ 1.999| 2.332| 2.665
8 50.26| 1.088| 1.305] 1.523| 1.740| 1.958] 2.176 2.611| 3.046| 3.481
9 63.61] 1.377) 1.652| 1.928] 2.203| 2.478| 2.754| 3.304| 3.855| 4.406
10 78.54| 1.7 2.04 | 2.38| 2.72| 3.06| 3.4 4.08 | 4.76 | 5.44
11 95.03] 2.057| 2.464| 2.879| 3.291| 3.725| 4.113] 4.936| 5.759| 6.582
12 |113.09] 2.448| 2.937| 3.422| 3.916| 4.406 4.896| 5.875 6.854| 7.833
14 (153.93| 3.331f 3.997|......| 5.33 | 5.996| 6.663| 7.994| 9.328/10.66
15 {176.71| 3.824| 4.589 .. ....| 6.119| 6.884| 7.649| 9.178/10.70 |12.23
16 [201.06 4.35 | 5.22 ¥ 6.96 | 7.83 | 8.703[10.44 |12.18 {13.92

Gallons delivered in one minute equal capacity per stroke multiplied by strokes per
minute. For duplex piston or plunger, multiply by 2. For triplex piston or plunger,
multiply by 3.

Example. — What quantity of water is delivered per minute
with a duplex pump 5-inch water and 7-inch stroke, piston speed
100 strokes per minute ? Ans. .595 X 2 X 100 = 119 gallons per
minute.
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TABLE 44. — FEET HEAD AND EQUIVALENT PRESSURE IN POUNDS PER
SQUARE INCH.

head. pounds. head. pounds. ool pounds. head pounds.
1 0.48 43 18.62 85 36.82 127 55.01
2 0.86 44 19.05 86 37.25 128 55.44
3 1.30 45 19.49 87 37.68 129 55.88
4 1.73 46 19.92 88 38.12 130 56.31
5 2.16 47 20.35 89 38.55 131 56.74
6 2.59 48 20.79 90 38.98 132 57.18
7 3.03 49 21.22 91 39.42 133 57.61
8 3.46 50 21.65 92 39.85 134 58.04
9 3.89 51 22.09 93 40.28 135 58.48
10 4.33 52 22.52 94 40.73 136 58.91
11 4.76 53 22.95 95 41.15 137 59.34
12 5.20 54 23.39 96 41.58 138 59.77
13 5.63 55 23.82 97 42.01 139 60.21
14 6.06 56 24.26 98 42.45 140 60.64
15 6.49 57 24.69 99 42.88 141 61.07
16 6.93 58 25.12 100 43.31 142 61.51
17 7.36 59 25.55 101 43.75 143 61.94
18 7.79 60 25.99 102 44.18 144 62.37
19 8.22 61 26.42 103 44.61 145 62.81
20 8.66 62 26.85 104 45.05 146 63.24
21 9.09 63 27.29 105 45.48 147 63.67
22 9.53 64 27.72 106 45.91 148 64.10
23 9.96 65 28.15 107 46.34 149 64.54
24 10.39 66 28.58 108 46.78 150 64.97
25 10.82 67 29.02 109 47.21 151 65.40
26 11.26 68 29.45 110 47.64 152 65.84
27 11.69 69 29.88 111 48.08 153 66.27
28 12.12 70 30.32 112 48.51 154 66.70
29 12.55 71 30.75 113 48.94 155 67.14
30 12.99 72 31.18 114 49.38 156 67.57
31 13.42 73 31.62 115 49.81 157 68.00
32 13.86 74 32.05 116 50.24 158 68.43
33 14.29 (5 32.48 117 50.68 159 68.87
34 14.72 76 32.92 118 51.11 160 69.31
35 15.16 77 33..35 119 51.54 161 69.74
36 15.59 78 33.78 120 51.98 162 70517
37 16.02 79 34.21 121 52.41 163 70.61
38 16.45 80 34.65 122 52.84 164 71.04
39 16.89 81 35.08 123 53.28 165 71.47
40 17.32 82 35.52 124 53.71 166 71.91
41 17.75 83 35.95 125 54.15 167 72.34
42 18.19 84 36.39 126 54.58 168 72.77
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TABLE 44 (Continued). — FEET HEAD AND EQUIVALENT PRESSURE IN
POUNDS PER SQUARE INCH.

Ft('i p}rge(ilsl.l ‘lln hFatA.i If‘g;l vm th('i pErgsl;Wm hF t(‘i plti(;:.l ‘:n
beacs pounds. Zh pounds. oA pounds. cac, pounds.
169 73.20 206 89.23 243 105.26 280 121.29
170 73.64 207 89.68 244 105.69 281 121.73
171 74.07 208 90.10 245 106.13 282 122.15
172 74.50 209 90.53 246 106.56 283 122.59
173 74.94 210 90.96 247 106.99 284 123.02
174 75.37 211 91.39 248 107.43 285 123.45
175 75.80 212 91.83 249 107.86 286 123.89
176 76.23 213 92.26 250 108.29 287 124.32
177 76.67 214 92.69 251 108.73 288 124.75
178 77.10 215 93.13 252 109.16 289 125.18
179 77.53 216 93.56 253 109.59 290 125.62
180 77.97 217 93.99 254 110.03 291 126.05
181 78.40 218 94.43 255 110. 46 292 126.48
182 78.84 219 94.86 256 110.89 293 126.92
183 79.27 220 95.30 257 111.32 294 127.35
184 79.70 221 95.73 258 111.76 295 127.78
185 80.14 222 96.16 259 112.19 296 128.22
186 80.57 223 96.60 260 112.62 297 128.65
187 81.00 224 97.03 261 113.06 298 129.08
188 81.43 225 97.46 262 113.49 299 129.51
189 81.87 226 97.90 263 113.92 300 129.95
190 82.30 227 98.33 264 114.36 310 134.23
191 82.73 228 98.76 265 114.79 320 138.62
192 83.17 229 99.20 266 115.22 330 142.95
193 83.60 230 99.63 267 115.66 340 147.28
194 84.03 231 100.00 268 116.09 350 151.61
195 84.47 232 100.49 269 116.52 360 155.94
196 84.90 233 100.93 270 116.96 370 160.27
197 85.33 234 101.36 271 117.39 380 164.61
198 85.76 235 101.79 272 117.82 390 168.94
199 86.20 236 102.23 273 118.26 400 173.27
200 86.63 237 102.66 274 118.69 500 216.58
201 87.07 238 103.09 275 119.12 600 259.90
202 87.50 239 103.53 276 119.56 700 303.22
203 87.93 240 103.96 277 119.99 800 346.54
204 88.36 241 104.39 278 120.42 900 389.86
205 88.80 242 104.83 279 120.85 1000 435.18
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TABLE 45. — FRICTION OF WATER IN PIPES.

Pressure in pounds per square inch to be added for each 100 feet of clean iron pipe.

£3
g5 Pipe sizes. ~
5.2
-]
P i)
Sg 3 1 13 13 2 23 3 3% 4 5 [ 7|8 | 9 |10-]12
50 3.3 .84/ .31} .12
1013.0/ 3.16| 1.05 .47 1 [ IR 7] 185 05 | [ 00 B o0 o o aaod| (Ao s TS, I8 8ol ot o e
15128.7| 6.98| 2.38| .97 25
20(50.4| 12.3 | 4.07| 1.66 42
25/78.0/ 19.0 | 6.40| 2.62 62
30 27.5| 9.15 3.75 .91 .30
35 37.0 [ 12.4 | 5.05| 1.22] .40
48.0 [ 16.1 | 6.52] 1.60] .53
.| 20.2 | 8.15 1.99] .66
.| 24.9 [ 10.0 | 2.44 81
.| 36.0 [ 14.0 [ 3.50[ 1.17
43.0 | 20.0 | 4.80| 1.50
56.1 | 22.4 5.32| 1.80
64.0 | 25.0 | 6.30| 2.00
80.0 | 32.0 | 7.80] 2.58
100]....0......]...... 39.0 | 9.46| 3.20
125|.. 14.9 | 4.89
150|. . 21.2 | 7.00
175]. . .| 28.1 | 9.48
200. . 37.5 | 12.47
250)..
300]..
350]. .
400! . .
450! ..
500 .. .09 .04
750|. . .18/ .08
1000/. . .32 .13
1250). .. 49| .20
1500|... .70 .29

Table is based on Ellis' and Howland’s experiments. To find * friction head " in feet multiply

figures by 2.3. B
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TABLE 45a.~— FRICTION OF WATER IN ELBOWS.

Pressure in pounds per square inch to be added for each elbow.

Pipe sizes.

Gals. per min-
ute delivered.

124

Table is based on Weisbach’s formula for very short bends, or with a radius equal to the
radius of the pipe. To find * friction head ”’ in feet multiply figures by 2.3.

Theoretical Horsepower.

Theoretical horsepower necessary to raise water any height

_ gallons per minute X 8.33 X height in feet
- 33000

= horsepower per minute.

weight of a gallon of water.
number of foot-pounds per minute in one horsepower.

I

8.33
33000

I
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Engine Horsepower.

PXLXAXN,
33000

Horsepower =

P = average effective pressure in pounds per square inch.

L = twice the length of piston stroke in feet.

A = area of piston in square inches.

N = the number of revolutions of the crank shaft per minute.

TABLE 47.-— AVERAGE STEAM PRESSURE ON PISTON, IN POUNDS PER
SQUARE INCH.

Aver. press, throughout

the piston stroke. .966 | .937 | .919 | .846 | .743 | .699 | .596 | .385

(Initial press.=1.)
Grade of expansion of :

f 13 | 13 18 2 22 3 4 8

Steam cut-off. 3 2 3 3 $ 3 1 P

Initial steam press., lbs-
per sq. in.

25. . 24.1 | 23.4122.9{21.1/|18.5|17.4 | 19.9 9.6
2 28.9 | 28.1 | 27.5125.3|22.2(20.9 | 17.8 | 11.5
1 T 33.7132.8132.1|29.625.9|24.4{20.8]| 13.4
) O b6 000 0500 00 38.6 | 37.4 | 36.7 | 33.8 | 28.9 | 27.9 ( 23.8 | 15.3
45. ... 43.4 | 42.1 | 41.2 | 38.0 | 32.6 | 31.4 | 26.8 | 17.3
50.. .. ..l 48.2 | 46.8 45.9 42.3 1 37.1 | 35.0 | 29.8] 19.2
55. . 53.0 | 51.3 | 50.5 | 46.6 | 40.8 | 38.4 | 32.8 | 21.2
60................. 57.8 | 56.0 | 55.1 | 50.8 | 44.5 | 41.9 | 35.8 | 23.1
65 62.8 | 60.7 | 59.7 | 55.0 | 48.2 | 45.4 | 38.8 | 24.9
a0 0000000000000 67.5 | 65.3 | 64.3 | 59.2 | 52.4 | 48.9 | 41.6 | 26.7
U355 o % 00 00 00 0000l 72.3 |1 70.0 | 68.9 | 63.5 | 56.1 | 52.4 | 44.7 | 28.6
(o2 ol 00 0o 6 ok 0 00 77.1| 75.7 | 73.5 | 67.7 | 59.3 | 53,9 | 47.7 | 30.8
85. . ..., 81.9 | 80.3 | 78.1 | 72.0 | 63.0 | 59.4 | 50.7 | 32.7
90.. .. ...t 86.7 | 84.0 | 82.7 | 76.2 | 66.8 | 62.9 | 53.7 | 34.6
95. . 91.5 | 88.7 | 87.3 | 80.4 | 70.4 | 66.4 | 56.7 | 36.6
100. .. ... 96.4 | 93.3 | 91.9 | 84.5 | 74.2 | 69.9 | 59.6 | 38.5
We Ll o 101.2 | 98.0 | 96.5 | 88.9 | 77.9 | 73.4 | 62.6 | 40.4
L 106.0 [101.7 [101.0 | 93.1 | 81.6 | 76.9 | 66.6 | 42.3
1 {5 8% 3% 6 oo db 0o oo 110.8 {106.3 |105.6 | 97.4 | 85.2 | 80.4 | 69.6 | 44.2
120, . ..o 115.6 [112.0 [110.2 [101.6 | 89.0 | 83.9 | 71.6 | 46.2
b5 . A 120.5 [115.7 |114.8 [105.8 [102.8 | 87.4 | 74.6 | 48.1
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Erample. — What horsepower will a steam engine 8-inch
bore and 12-inch stroke develop at 100 revolutions of the crank
shaft per minute, cutting off one-third stroke and having an
initial pressure 100 pounds?

P, 100 pounds initial pressure one-third stroke, - from
table = 69.9, less say 14.9 for back pressure,=55 pounds;
L, twice stroke, = 12" X2 = 2 feet; A, area 8-inch piston, = 50.26;
N, 100; hence horsepower of engine

55 X 2 X 50.26 X 100

33000 s

General Water Information.

TABLE 48. — EQUIVALENTS OF WATER BY WEIGHT AND MEASURE.

‘Water. U.IS. Balgnperel Cubic feet. | Cubic inches. | Pounds.
ons. gallons.
U. S. gallon....... 1.00 .833 .133 231 8.33
Imperial gallon...| 1.2 1.00 .16 277.274 10.00
Cubic foot........| 7.48 6.23 1.00 1728 62.35
Cubie inch........ .0043 .0036 .00058 1.00 .036
One pound....... .12 .10 .16 27.72 1.00

A miner’s inch of water is approximately equal to a supply of
12 U. S. gallons per minute.

Area of Pipe.— To find the area of a required pipe, the
volume and velocity being given, multiply the number of cubic
feet of water by 144 and divide the product by the velocity in
feet per minute.

Velocity. — To find the velocity in feet per minute to dis-
charge a stated number of gallons per minute divide the amount
of discharge in gallons per minute by the number of gallons in
one lineal foot, or the number of gallons per minute by 144, and
divide by the area of pipe in inches.
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Pump House.

When the source of water supply renders it necessary a small
frame building is erected to house in the pump and boﬂer, simi-
lar to Fig. 89.

Approximate cost complete. —

Cedar sill foundation.. ... .............. $500 to $700
Masonry foundation.................... 650 to 850

Corrugated Iron

%
%

Boiler ~
Pl‘{;"ol; Coal Shed
162 16" 16x 20

Fig. 89. Pump House.

Construction. — Lumber, spruce, hemlock or pine; mouldings,
doors, windows, frames, etc., stock patterns.

Boiler house 16’ X 16/, coal shed 16X 20’; cedar sill or masonry
foundation; frames 2”X4” studs at 2-foot centers; wall plates
and runners 4” X 4”; rafters and ties 2”7 X 6” at 2-foot centers; frame
covered with %-inch rough boards finished with drop siding or
clapboards with building paper between; roof covered with
§-inch rough boards and corrugated iron.

Boiler room floor, 9 inches cinders well rammed; coal shed floor,
2-inch plank on 3-inch cedar sleepers about 4-foot centers; studs
to be braced to cross ties with 2”X4” braces, and the inside lined
with 2-inch plank 5 feet 6 inches high.

When a gasoline or oil pump is used the coal shed can be dis-
pensed with and the cost reduced about 40 per cent.



TANKS. 197

Tanks.

At way stations the water tank is usually placed on the right of
way convenient to the track so that locomotives can take water
direct; in yards the tank is placed about the center of distribution
when possible, arranged so that it will not interfere with future
extensions. In large yards duplicate tanks are provided, and they
are sometimes raised high enough to provide sufficient pressure for
fire purposes. Convenient water service is obtained by the use of
standpipes fed from the tank.

Construction. — A diagram of the ordinary tank structure is
shown on Fig. 90a, and consists of stone or concrete foundations,
wood, steel or cast-iron posts, and wood or steel tank with frost-
proof roof; the floor of the tank is generally 3-inch plank on wood
or steel joists, or reinforced concrete. Frost boxing around the
supply pipe is required to protect it from freezing, and when climate
conditions are severe the inner or outer posts are boarded in, or the
structure is enclosed by a separate house as per Fig. 90c. The
space enclosed is sometimes used as a pump and boiler room when
convenient.

Tank.— The common wood tank is made of pine, eypress, fir,
cedar, or other suitable timber; the staves and bottom are machine
shaped, so as to fit tight when erected, and are assembled with
dowel pins; the tank walls are held by iron bands on the outside,
fastened with lugs and bolts, arranged so that they can be tight-
ened up when necessary. The steel tank is made of boiler plates
riveted together and calked.

The sizes vary in capacity from 10,000 to 100,000 gallons or
more; the general standard is from 40,000 to 50,000 gallons.

Fiztures. — The fixtures consist of a tank valve and outlet pipe
with elbow, to which is attached a sway pipe with holdfasts,
pull chain, hangers, counterweights, sheaves, eyebolts, guide pipes,
valve rod, indicator, pulley, chains, sheaves, and float.
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Fig. 90b.

i

Fig. 90c.
Water Tanks.

A ey

Fig. 90a.
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TABLE 49. — APPROXIMATE COST OF WATER TANKS COMPLETE; FOR
TOWERS 20 FEET HIGH FROM RAIL TO TANK FLOOR.

Approximate

Height Distotor Enclosed Semi-enclosed, | Semi-enclosed,
capacity in tank o tanks, wood. wood. masonry.
gallons. staves. E Fig. 90c. Fig. 90a. Fig. 90b
Ft. Ft.
10,000 10 143 | $1000-1200 | ............
20,000 12 3% {l8d000000doos 12001500 | ............
30,000 14 21 $1800-2100 1500-1800 $1500-1700
40,000 16 22 2300-2800 1800-2200 2200-2600
50,000 16 25 3300-3800 2600-3000 3000-3500
60,000 16 27 43004800 3500-3800 38004300

Note.—In the above cost no allowance is made for supply pipes, waste and drainage;
these generally are included in the estimate of water supply.

For cost of pump, boilers, ete., see page 178.
A brief description of a 40,000-gallon enclosed water tank
(Fig. 90c¢) is as follows: —

Foundations. — Masonry or concrete piers under each post,
1 foot 6 inches square at top and 4 feet square at bottom, depth
5 feet. The piers of the outer posts are extended to catch the
foundation sills of the housing.

Posts. — Outer 12” X 127, inner 12” X 16” upright, well braced
and tied with rods, 12”7 X 12" framing and 12” X 16” cross beams,
with oak corbels at top of posts and 4”7 X 12” joists over, covered
with 3-inch plank.

Tub. — 16-foot staves, bottom outside diameter 24 feet, top
outside diameter 23 feet, cedar staves 3 inches thick with iron
bands at varying intervals on the outside.

Housing. — The housing consists in building an ordinary frame
structure around the tank, supported on cedar sills resting on the
foundation piers. The walls are octagon-shaped, set back to get
18 inches clear at the tub, studs 2”7 X 6” at 2-foot centers, doubled at
corners, with 4” X 6” wall plates, and 27X 6” stiffeners, and double
boarding on the outside with building paper between. The roof
is made of 2” X 6” rafters and ties, covered on the outside with
T. and G. boarding and shingles or ready roofing on top. The
frame is held to the main posts of the tank with 2” X 6” braces.
The mechanism has already been deseribed under fixtures.
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Standpipes. (Fig. 91.)

The ordinary track water column or standpipe for railroad pur-
poses is principally used to duplicate the water service from a main
supply, for the convenience of locomotives.

As it takes up little room and is arranged to swing clear of the
tracks when not in use, it is not considered a serious obstruction.

They are used very extensively at stations, yards, and other
places where convenient for quick service, and are generally
located so that one standpipe will serve two tracks, the distance
being made wider for this purpose. When tracks are parallel, the
minimum distance is 16-foot centers.

A pipe line from the service water tank the full size of the stand-
pipe is run connecting the two as direct as possible, so as to render
a high velocity supply; sometimes the connection is made with the
city or town’s high pressure mains and charged by meter.

The standpipes in general use are 6, 8, 10, and 12 inches, weigh-
ing from 2500.to 5000 pounds each.

%)
D)

(=}
g

STAND PIPE
Fig. 91.

Approximate cost when the supply line does not exceed 50 feet.—

Wood Concrete

chamber. chamber.
6-inch standpipe complete in place .......... $300 to $400 $400 to $450
8-inch standpipe complete in place .......... 450 to 550 550 to 650
10-inch standpipe complete in place ......... 500 to 600 600 to 700

12-inch standpipe complete in place ......... 550 to 650 650 to 750
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Construction. — The standpipes are made in a variety of designs
and usually consist of a cast base, wrought-iron flanged upright,
steel spout with splash nozzle, including valves and operating
mechanism, as per Fig. 91.

The supply is controlled by levers convenient for ready use.

The valve is placed in a wood or concrete box about 4 feet wide,
8 feet long, and 7 feet deep, with wood or concrete floor dished to
drain; a frost-proof cover is placed over the pit about top of rail
level, on which the cast base of the pipe is secured; a manhole is
also inserted for inspection purposes, and a suitable drain is neces-
sary to carry off the waste and leakage.

APPROXIMATE ESTIMATE FOR SUPPLY PIPE AND STANDPIPE. —
SUPPLY PIPE 140 FEET LONG.

Supply pipe:
Excavation for supply pipe, 110 cubic yards at 75 cts. $ 82.50

C. 1. pipe, 10-inch supply, 5.26 tons at $35.......... 184.10
Lead for joints, 168 pounds at 8 cts................. 13.44
Laying pipe, 140 lineal feet at 17 cts................ 23.80
Connections. oo v vr vttt e s 10.00
$313.84
Standpipe: 5
1 10-inch standpipe erected................... ... ... $350.00
Excavation for pit, 10 cubic yards at 75¢ts......... 7.50
Conerete pit. .. ...oooiiuiiiiiii i 100.00
57.50
Drain 5 feet deep:
Excavation 164 cubic yards at 75 cts.. veeee.o.. $125.00
210 lineal feet 4-inch tile pipe laid, at 16 cts .. ... .. 33.60
Bell trap bends and connections.................... 13.40
170.00
$941.34
Supervision and contingencies 10%. .. .............oiieiiinan. 94.66

T L, daoma0 8 Bom o doih o B oo 6% anEHE doo modias 6 aoha aoRae $1036.00
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Dams.

Dams for impounding water for gravity service average from
6 to 12 feet in height; consisting usually of an earth embankment
or such material as can be had conveniently near the location, or
wood crib, or stone or concrete retaining wall.

Siope1ln20

-Plank Boxfilled with stone
WASTE WEIR

Fig. 92.

Fig. 92 represents the general cross section for earth dam;
with ordinary material it is recommended that the upstream slope
should not be steeper than 1 to 3, the rear slope 1} to 1, preferably
1 to 1, top width not less than 6 feet for a height of 10 feet or less,
8 feet wide from 10 to 15 feet high, and 10 feet wide for 15 to 20
feet high.

The foundation should be on firm ground, with all sod and per-
ishable matter removed over the entire area of the foundation for
a depth of at least 6 inches, to prevent disintegration and possible
leakage.

When the height exceeds 10 feet, an intercepting or bond trench
2 feet deep, from 6 to 12 feet wide, should be made running the full
length.

The inner slope should be protected with a thick layer of hard
material, and when subject to wave action a further layer of heavy
rock should be provided; the rear slope is best protected by sod.

The waste way if possible should be located at a natural gap. If
placed close to the dam, care must be taken to prevent the spill
from endangering the dam from washing, saturation, or erosion, by
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building aprons and wings to prevent the water from passing
around or under the dam. For safety, waste water should always
be discharged at a distance from the dam.

Top of levee should be at least 6 feet wide and level with top of
dam, with slopes or waste side not steeper than 1 to 3, riprapped
when possible. Difference in elevation between top of dam and
bottom of waste way should not be less than 4 feet, with slope of
dam side at angle of repose.

A deep fall waste should have checks so as to form a series of
smaller falls.

The waste way may be constructed of timber as shown in sketch,
though permanent material is more desirable.

Crib and Masonry Dam. — When the location is convenient
and only a gap or small length of dam is necessary a masonry
or concrete wall or crib as illustrated in Figs. 93 and 94 is often

used. gt |

(3 M-

B B
\IA&W@V/A},\ 3
% Z

CRIB DAM
Fig. 93. Fig. 94.

27

With the masonry dam it would be necessary to have a waste
way at some natural point around the storage reservoir or a
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Track Tanks.

Track tanks are used to a limited extent, and usually consist
of steel troughs placed directly on the ties, to hold the water
so that locomotives can scoop up a supply while in motion, and
are used for passenger and freight service to expedite train
movement on congested districts.

A comprehensive article in detail is given of this type of strue-
ture in the Railroad Gazette, March 13, 1908, by H. H. Ross.

The tanks must be located where the supply of water is abun-
dant and of good quality; 15 to 50 per cent of the water is wasted
by being forced out over the sides and ends by the engine scoops.
The speed for satisfactory service is from 25 to 30 miles per hour,
and the tracks are graded at the approaches to enable the neces-
sary speed to be made, and for this reason track tanks should be
away from any structures, crossings, yards, ete., and be well
drained so that the water that gets into the bank is carried away
quickly. This is done by stone-filled trenches and tile between
tracks, the ballast being covered with large flat stones to hold
the ballast and shed the water.

Approxzimate cost. — A double-track installation will cost
$15,000 to $30,000 exclusive of grading, track work, and drain-
age. The maintenance averages probably about 8 per cent of
the cost.

Construction. — The ties supporting the trough should be of
white oak 8” X 10”7 X 8 6” long, and track thoroughly surfaced
and filled in with stone ballast and same quality of ballast con-
tinued for at least 1000 feet beyond the troughs on the trailing
ends, and all ties tie plated.

Water is usually supplied from elevated tanks, with a large-
sized main reduced for the different inlets; 1} to 2 minutes are
required to refill trough after an engine has scooped, and the
filling is done with automatic valves.

Trough recommended, 28 inches wide, 7% inches deep, and 2000
feet long, to give 5000 to 6000 gallons in a run. When track tanks
are used in cold climates, it is necessary to heat the water to
keep it from freezing, which is done by steam blowing, or by
circulating by means of a pump or an injector.
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CHAPTER VIL
RAILROAD SHOPS.

THE cost of slow-burning mill construction shops, usually
built to conform with the underwriters’ requirements in fire
resistance, is given in Table 50, and the construction generally
is as follows.

Foundations. — Masonry or concrete foundation walls, from
floor to five feet below ground, or to such depths as may be neces-
sary to secure a good foundation, finished with a 12-inch cham-
fered water table on top.

Walls. — Exterior walls built of common brick, faced with
second quality pressed brick; door and window sills, bush
hammered stone or concrete. Walls are self-supporting, 24 to
16 inches thick at the bottom, and not less than 12 inches thick
at the top, with pilasters at every bay, well projected inside
when carrying trusses. The gable walls also are stiffened with
pilasters between doors or windows.

Floors. — Floor foundation 12 inches cinders in which 47X 6”
sleepers are embedded 4 feet apart and covered with 3-inch
plank, for most of the buildings.

Roofs. — Flat roof construction sloping 1 in 12 from the
central axis, and covered with tar and gravel on 3-inch
plank.

Lights. — The buildings are lighted by large windows occupy-
ing about 50 per cent of the wall area, and roof skylight moni-
tors about 12 feet wide, with double pitched roofs glazed with
rough glass. The skylights occupy about 25 per cent of the
roof area, and have 24-inch ventilators in each skylight.

Office, etc. — Small lean-to’s are placed on the side of the
buildings for lavatories, fan rooms, and shop offices.

Heat and Fire Protection. — The buildings are equipped
with the sprinkler system of fire protection, and heated by the
hot-air method or exhaust steam vacuum system.
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Electric Light. — Arc and incandescent lamps, open wire or

pipe conduit.

Equipment. — The equipment is given in percentage of total

cost in Table 50 and in detail in Tables 51, 52, and 53.

TABLE 50.— APPROXIMATE COST DATA RAILROAD SHOPS, FOUNDATIONS
5 FEET BELOW GROUND.

Cost of building only. | SAUIP-
Average width, add
Shop name. length, and Contents. per
beight: Total. | Sa. ft. | Ou. tt. | S O
cost.*
Ft. Sq. ft. Cu. ft. Cents. |Percent
Blacksmith...[146X 434 and
130X 158x 32 | 83,600/2,697,000/$101,000 {$1.20 | 3% 30
Cabinet....... 62X 58027 | 36,900, 954,700/ 53,000 | 1.43 | 5% 25
Car machine..|130X 288% 27 | 38,400/1,066,600 44,200 | 1.15 | 43} 25
Car truck..... 82X 434X 20 | 36,800 763,600 38,600 | 1.05| 5 20
Dry kiln, soft
wood....... 70X 85X 16 | 6,900, 96,500[ 7,400 | 1.05 | 7% 90
Dry kiln, hard
wood....... 40X 85X 16 | 3,700, 51,700] 4,200 | 1.11 | 8 90
Foundry, gray
iron. .[1223¢ 342 30 |- 42,70011, 354,700, 80,300 | 1.90 | 6 40
Frelght car. .[107 X540 30 | 59,500/1,829,900] 76,700 | 1.28 | 4% 25
Frog an d
switch'. ... 102X264x 22 | 30,300/ 674,000, 29,700 | .99 | 43} 30
Locomotive,
boiler, erect-
ing and ma-
chine.. ..... 163168 50 (191, 300(9, 520,800, 497,200 | 2.60 | 5% 10
Offices........ 56X 80X 54 | 4,500/ 241,900 27,700 | 6.20 | 12 .35
Passcnger car
erection....[100X 672X 24 | 69,400/1,752,700, 69,000 | 1.00 { 3} 35
Passenger car s
paint.......|100X 672X 24 | 69,400/1,752,700, 75,800 | 1.07 | 4% 35
Pattern....... 50X 82x26 | 4,100/ 135,500, 7,400 | 1.80 | 5% 25
Pattern stores | 50X 150X 30 | 7,500/ 247,500, 17,300 | 2.31 % 5
Planing mill. .| 50x 150X 30 | 63,300/1,835,300/ 64,400 | 1.33 | 4 30
Power house..[104X 160 393 17,200, 616,400 84,700 | 4.92 | 1} | 500
Stores general | 85X 594X 33| 50,500/1,653,500 88,100 | 1.75 | 5% 20
Wheel foundry|107X 187X 24 | 24,300/ 649,800( 46,700 | 1.93 | 7} | 100

* Equipment includes heating, plumbing, ﬁfe protection, cranes, elevators, electric
wires and lighting.
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TABLE 51.— DATA OF MISCELLANEOUS POWER HOUSE EQUIPMENT.

. Approximate cost in | Approximate cost per
aginient, place. unit.
Boilers and stokers............... $88, 500 $27.50 per B.H.P.
Generators. .. ... ..ooovveennennn. 50, 600 22.48 per Kw.
BNZINES .« o o5 oo e efeheloheleh il e 68,000 20.88 per H.P.
COMPTIeSSOTS .« oo vvvvvvvvnvnennnns 15,400
ECOnomizZers.........ouooveennree.. 10,500
Induced draft.................... 11,500
Ash-handling apparatus........... 1,500
P 200000 06 66 66 660000604000 00H0G 27,000
Switchboard . 28,000
Feed pumps. PP 2,500
Shaving feed and storage .......... 8,800
Total.o.vveoeeeiieeeininnns $312, 300

Rated H.P. boilers, 3219; engines, 3265; Kw., 2250.

TABLE 52. — SHOP ELECTRIC TRAVELING CRANES.

Capacity. hl/;oéorsé 513.?. Spr;ie?nsi;?x:é. 2
o v loaded. g] 8
] : g 8%
8hop location. o e FER: gl 85
182 88 slelul.lelel |85
Ele|kldle|lZ2]|51E|2|2|%|8| &
Z|2|2|&|3|8|E|E|Z|Z|E|AI2|E]| <
Ft. [Ft. Ft. | Dols.
Erecting........ 2 | 60] 10|76%/25% 50| 73 50| 27| 10{100|250| 25|24%|29, 200
Machine........ 1} 15/...152 |25%| 27| 34| 27|...| 19|125[300|...|25%| 5,800
Machine........ 1| 10|...{52 |25%| 27} 3 | 27|...| 27|150|300|...{25% 5,300
Boiler..........[ 1| 20| b5|763(25% 25 5 | 25/ 10| 12100250, 20|...| 9,500
Midway.........| 1] 10[...|77 (30 | 25| 3 | 25|...| 25125{250...|...| 5,100
Foundry........ 1| 10/.../60 (30 | 25| 2 | 25(...| 25(100/350|...[...| 5,000
Foundry........| 1| 10]...|60 (22 | 25[ 2 | 25(...| 25/100/350|...|...| 5,200
Foundry........ 1] 10{.../30 (12 5/...1 5...| 16|...1200{...]...] 2,500
Frog........... 1 2i...130 (20 3. 3...| 10/.../200]...]...| 2,000
TABLE 53. — ORDINARY YARD LIFT STEAM CRANES WITH BOILERS.
. N Approximate cost
Capacity. Radius. el
Tons.
13 25 $2000 to $2500
2 20 1800 to 3000
2 25 2500 to 3500

TransFER TABLE 75 tons capacity, 75 feet long, complete with 550-volt motor A.C.,
travel 125 feet per minute loaded, 300 feet per minute light (cable 4 inch), $5500 to

$6500 erected, without foundations.
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The Angus shops built by the Canadian Pacific Railroad at
Montreal, H. Goldmark, engineer, may be taken as a typical lay-
out for clustered buildings of this elass, and the following brief
description, partly taken from the Railway Age, Dec. 9 and 16,
1904, embodies the principal features of each building tabulated
in Table 50. k

Blacksmith Shop.— Masonry foundations, brick walls with
pressed brick facing, door and window sills stone, steel posts,
trusses, and purlins, wood rafters covered with 3-inch plank and
tar and gravel roof.

Skylights over the center running the full length of shop.
Floor, 12 inches cinders. Lavatory and office accommodation
inside shop, ground floor.

The building is I-shaped, with extreme dimensions 434’ X 300/,
one wing being 146 feet and the other 130 feet wide.

The building is opposite the gray iron foundry and car machine
shop, with the long side facing the midway. In the interior of
the building the wings have * hip ” roofs, and each divides into
three equal aisles by row of columns supporting the roof trusses.
The center aisle has a clerestory equal to the width of the trusses.
The building covers an area of 83,600 square feet, and is equipped
with tools and furnaces for working iron. The furnaces all use
oil fuel, so that there is little smoke, and the ventilation is
obtained by overhead pipes connected with large exhaust fans
driven by electric motors. The larger hammers, punches, and
shears are located in the small wing. There are three standard
gauge tracks leading from the forge to the runway and overhead
crane, and also three tracks leading from the smith shop. In
addition there is a longitudinal track through the center of “the
long portion of the building.

Cabinet and Upholstering Shop.— Masonry foundations,
brick walls with pressed brick facing, door and window sills
stone, wood posts and rafters in cabinet shop and steel posts
and beams in storage portion and upholstering floor, roof 3-inch
plank with tar and gravel covering. Skylights 10 feet wide
running lengthwise over the center of the building, which is
62’ X 500’. The cabinet shop occupies half the ground floor,
the other half being set apart for hardwood storage; the portion
above the hardwood storage forming a second floor is used for an
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upholstering room. The building is located convenient to the
planing mill, the passenger car shop, and the dry kiln, and is
equipped with hoists, stairs, and office accommodation inside,
with a lavatory lean-to on outside of building. Ground floor,
3-inch plank on 4”X6” sleepers 4-foot centers on a 12-inch cinder
bed; upper floor, 3-inch plank on wood joists.

Car Machine Shop. — Masonry foundations, brick walls with
pressed brick facing and stone trimmings for door and window
sills, steel posts, wood trusses and rafters covered with 3-inch
plank and tar and gravel roof, skylights in each bay 12 feet
wide by 60 feet long. Floor, 3-inch plank on 4” X 6” sleepers
4-foot centers on a 12-inch cinder bed.

The shop is 288 by 130 feet. It has three lines of track run-
ning through it longitudinally. The cross section is divided
into equal spans 43 feet 4 inches by steel columns 24-foot centers,
which support the wooden roof trusses. A lean-to on one side
of the building provides office, lavatory, and fan room 