
Elements of 
RAILROAD 

ENGINEERING 
The Late WILLIAM G. RAYMOND 

Dean of  the College of  Applied Science 
State University  of  Iowa 

HENRY E. RIGGS 
Professor  Emeritus of  Civil Engineering 

University  of  Michigan 

WALTER C. SADLER 
Professor  of  Civil Engineering 

University  of  Michigan 

Sixth Edition 

1947 

N E W Y O R K • J O H N W I L E Y & S O N S , I N C . 

L O N D O N • C H A P M A N & H A L L , L I M I T E D 



C O N T E N T S 

PART I: THE RAILROAD INDUSTRY 

1 Growth of  the American Railroad System and Development 
of  Regulation 3 

2 Competing Transportation Agencies 12 
3 Interior \A'aterway Transportation 20 
4 Character of  High-Speed Streamlined Railway Service 29 
5 Present-Day Transportation Problems 44 
6 Organization and Administration of  the Railroads 56 
7 Railroad Valuation 73 

PART II: PERiVIANENT VVAY 

8 Alignment 91 
9 Rails 97 

10 Rail Fastenings 108 
11 Ci'ossties 118 
12 Ballast and Roadbed 141 
13 Culverts, Bridges, and Minor Structures 154 
14 Turnouts 180 
15 Side Tracks and Yards 191 
16 Elevation of  the Outer Rail 210 
17 Signals and Signaling 216 

PART III : THE LOCOMOTIVE AND ITS WORK 

Streamlined Motive Power 247 
The Diesel-Electric Locomotive 258 
The Steam Locomotive 276 
The ^̂ •'ork of  the Locomotive 298 



X CONTENTS 

22 Locomotive and Grade Problems 325 
23 Railroad Expenditures 330 
24 Effect  on Operating Expenses of  Change in the Number of 

Trains, the Tonnage Remaining Constant 334 
25 Effect  of  Distance, Rise and Fall, and Curvature on Train-

Mile Cost 339 

PART IV: RAILROAD LOCATION, CONSTRUCTION, 
AND BETTERMENT SURVEYS. 

26 Reconnaissance, or First Survey 357 
27 Preliminary Survey 373 
28 Location Survey 396 
29 Construction Survey 405 
30 Betterment Survey 426 
APPENDIX : TABLES FOR FINDING TRACTIVE EFFORT 430 

INDEX 439 


