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CHAPTER 1
ENGINEER TROOPS AND OPERATIONS
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SEcTION I
GENERAL

M 1. PurpPoSE AND ScorPE.—a. The Engineer Field Manuals are
designed to furnish technical information, describe the or-
ganization of engineer units, and outline typical procedures
that may be followed in the conduct of the more common
operations undertaken by engineers in the theater of opera-
tions. Local conditions in the field will always affect the ap-
plication of these procedures, tables, and formulas; they
should be taken as suggestions and guides to be used with
judgment and modified to conform to the situation rather
than as regulations to be rigidly followed.

b. The purpose of this manual is to present the funda-
mentals from the Engineer Field Manuals, FM 5-5 to FM 5-30,
inclusive, in such condensed form as to be available in a single
text when needed for ready reference in the field. Informa-
tion and instructional matter not needed by experienced en-
gineers or details available elsewhere required for deliberate
construction have been omitted. Other data required for
field construction have heen added.

B 2. Basic CoNncepTIONS.—a. The purpose of the engineer
arm is to assist in the accomplishment of the mission of the
force as a whole. The amount and character of engineer
work necessary to render this assistance will depend upon
the nature of the terrain, the climate, the resources and
development of the theater of operations, and the character
of enemy activity.
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9.4 CORPS OF ENGINEERS

b. The mission of engineers is to increase the combat
effectiveness of all other arms through the execution of
work to—

(1) Facilitate movement of our troops.

(2) Impede movement of the enemy.

(3) Provide for shelter and comfort of our troops.

B 3. DuTies IN THEATER OF OPERATIONS.

a. Remove or pass obstacles.

b. Provide stream crossings.

¢. Repair and construct roads.

d. Repair, extend, and operate railways and inland water-
ways.

e. Construct wharves and other facilities for water trans-
portation.

f. Construct and maintain landing fields.

¢g. Execute demolitions and create obstacles.

h. Give technical assistance and furnish tools, supplies,
and materials for construction of protective works and cam-
ouflage.

i. Construct works requiring special equipment and training.

4. Fight as riflemen in emergency. (See fig. 26.)

k. Make and distribute maps.

I. Construct shelters.

m. Construct supply and evacuation establishments.

n. Provide water supply.

o. Provide and operate general utilities.

M 4. CuaracTER oF ConsTrRUCTION.—AIll work of engineers in
war should be simple in conception, design, and execution.
No construction should be better than is necessary to meet
bare requirements. It should be accomplished with the great-
est possible economy of material and force in the minimum of
time, and plans therefor should be flexible to permit of last
minute changes or alterations. For most structures, factors
of safety can be extremely low and standards of durability
limited. Standardization is desirable and will facilitate work
in rear areas; however, in the theater of operations it will
generally be necessary to make a maximum use of expedients.
Officers and men alike must be trained in locating materials
by engineer reconnaissance, and in employing maximum
ingenuity, resourcefulness, and common sense in their use.
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SEcTION 1T

ENGINEER UNITS

M 5. K1nps oF UNiTs.—a. General engineer troops.

(1) With infantry divisions.

(@) Combat battalion (assigned to trianguiar division).

(b) Combat regiment (assigned to square division).

(2) With armored units—combat battalion (armored).

(3) With cavalry units—squadron (assigned to cavalry di-
vision).

(4) Nondivisional units.

(a) Combat regiment (corps) (assigned to corps).

(b) General service regiment (assigned to army and higher
units).

(c) Engineer regiment (aviation) (assigned to GHQ Air
Force).

(d) Separate battalion (assigned to army and higher
units) .

b. Special engineer troops.

(1) Camouflage units.

(a) Army camouflage battalion.

(b) GHQ camouflage battalion.

(2) Ponton units.

(a) Light ponton company.

(b) Heavy ponton battalion.

(3) Railway units.

(a) Railway operating battalion.

(b) Railway shop battalion.

(4) Mapping units.

(@) Corps topographic company.

(b) Army topographic battalion.

(¢) GHQ topographic battalion.

(5) Supply units.

(a) Water supply battalion.

(b) Dump truck company.

(¢) Depot company.

(d) Shop company, mobile.

c. Engineer headquarters—These are indicated in the fol-
lowing table for the assignment of engineer units to a type
GHQ force of three armies.

3




i 5 CORPS OF ENGINEERS REFERENCE DATA 5-6
TaABLE I—. ment o ineer units to a GH orce o Norte—This distribution is merely illustrative and is based on the
Aoy - s et R GHR, Jores of normal needs of a type GHQ Force consisting of a GHQ Air Force

I and 3 type armies with 3 type corps each consisting of 1 triangular
and 2 square infantry divisions.

M 6. ENGINEERS WITH INFANTRY DIvisions.—a. Combat bai-
talion.—As the engineer component of the triangular infantry
division, this unit performs the normal general engineer work

Number ! normally
Strength assigned to various
tactieal units

Designation of engineer unit

Total in GHQ foree

Officers
Enlisted men
Corps

Army

GHQ reserve
Air force

| Division
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e loo__| Camouflage battalion (army)
e P Camouflage battalion (GHQ).
_| Heavy ponton battalion.___._
--.| Topographic battalion (army).. !
_| Topographic battalion (GHQ) - - oo cvmeaaaes L4 e I
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Ficure 1—Engineer battalion, combat (triangular division).
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1 Does not include engineer units in subordinate tactical units,
1 Per infantry division (triangular).
3 Per cavalry division.

{ Per armored division.

 Per infantry division (square).




6-8 CORPS OF ENGINEERS
REFERENCE DATA

I for the division when the division is operating as part of a

corps. The combat battalion will often be reinforced to meet

/ the needs of an independent division. Transportation is

i sufficient for all personnel and material; armament consists

=N of rifles, bayonets, caliber .30 heavy machine guns, and pistols.
The battalion commander is also on the staff of the division

Ll commander as unit engineer and is responsible for engineer

b supply to the division.

I b. Combat regiment—The normal general engineer work

- of a square infantry division (operating independently or as ~—

part of a corps) is performed by this unit. In addition to

equipment similar to that of the combat battalion, it has a 8

map reproduction trailer. Transportation is sufficient for

all personnel and material. Armament consists of rifles with =

bayonets, caliber .30 heavy machine guns, and pistols. The

regimental commander is also division engineer (see a above). [

B 7. ENGINEERS WITH ARMORED Unirs—The engineer bat-
talion, entirely motorized, is the engineer component of the
armored division. Equipment, other than that of the bridge
company, corresponds generally to that of the combat bat-
talion. The bridge company has a wrecking truck, portable
cranes, power boats, heavy ponton equipment, units of H-10
and H-20 portable steel bridges and portable steel trestle
bridge, two portable ferries, outboard motors, and radios.
Armament consists of caliber 50 machine guns, heavy and
light caliber .30 machine guns, submachine guns, rifles, and L]
pistols. Transportation includes half-track personnel car-
riers, half-track cars, and scout cars all with armament,
14 -ton weapon carrier trucks, and special trucks and trailers
for the bridge company. The battalion commander is also

division engineer (see par. 6a). _

B 8. ENGINEERS WITH CAVALRY Untrs —The engineer squad- |
ron assigned to, and performing the normal general engineer

work for, the horse cavalry division is similar to the combat L-
battalion in armament and equipment as well as transporta-
tion, which is adequate for the simultaneous movement of all
personnel and material. The squadron commander is also

division engineer (see par. 6a),
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Figure 2—Engineer regiment, combat (square division).
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9 CORPS OF ENGINEERS

B 9. NoNpIVISIONAL GENERAL ENGINEER UNITs—a. Combat
regiment (corps) —Two such regiments are assigned to each
type army corps for the performance of general engineer work
in forward parts of the corps service area and such division
service areas as may be taken over by the corps. It is the
primary source of reinforcements for divisional engineers.
Power equipment includes motorized air compressors with air
tools, a motorized earth auger, a motorized road grader, gaso-
line shovels, and medium tractors with bulldozers. Trans-
portation is sufficient for all personnel and material.

b. General service regiment.—This unit is assigned organ-
ically to army and higher units for the performance of gen-
eral engineer work requiring a high percentage of skilled labor.
It generally resembles the combat regiment (corps) in organi-
zation, equipment, and armament. Transportation is suffi-
cient for equipment and supplies but is not provided for per-
sonnel,

c. Engineer regiment, aviation—This unit is attached to
the GHQ Air Force and operates under the technical supervi-
sion of the engineer section of that or other task air force
headquarters for the primary purpose of assisting in the pro-
vision of necessary air bases and advanced airdromes. Its
power equipment includes motorized air compressors with air
tools, road graders, carryall scrapers, a trencher, tractor
cranes, compaction rollers of various types, plows, gasoline
shovels, a road-material mixer, and tractors with bulldozers.
Transportation is sufficient for moving all personnel and
equipment simultaneously. Armament consists of rifles and
pistols.

d. Separate battalion—The separate battalion is frequently
attached in whoie or in part as needed to reinforce other gen-
eral engineer units, or it may operate alone. Tools and equip-
ment include air compressors, a road grader, and a gasoline
shovel, all motorized; medium tractors with bulldozers, and a
concrete mixer. Transportation is sufficient to move all ma-
tériel (but not personnel) at one time. Armament consists
of rifles, bayonets, and pistols.
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B 10. CamovuFrLAGE UniTs.—a. Camouflage battalion, army.—
One such unit is assigned to each type army of three type
corps. Its primary mission is camouflage inspection, disci-
e . pline, and training in the army area.

CHAPLAIN

BN.COMDR.
wl LT GOLONEL
|
. a | ' I ||
HQ SERV] ATCHD
S Fo o] o] () o] 2]
| | I HQ | I SERV | I CaM | | CaM | I Cam | I CAM |
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EISY |
AN e
HQ SEC SEC

Ficure 9—Engineer battalion, camouflage, army.
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b. Camouflage battalion, GHQ.—This is primarily a manu-
| facturing unit, but its duties also include inspection, train-
ing, experimentation, and preparation of camouflage plans.
It forms a nucleus for the organization of large camoufiage
factories, depots, and training centers.

W 11. PonToN Units.—a. Light ponton company.—This unit
maintains and transports its equipment but normally does not
construct bridges except in emergencies. The company is
used to instruct or assist other troops in the use of the equip-
ment, to guard and maintain completed bridges, to regulate
traffic thereon, and to dismantle the bridges.

(1) Equipment is of three types, as follows:

(a) Three units of light ponton equipage, 10-ton, M1938,
each of which will provide a complete bridge about 250 feet
—— long.

L L (b) Three units of footbridge, M1935, each sufficient for
g 2 . 432 feet of bridge.
& 8 (¢) One hundred twenty assault boats.

BN COMDR
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Ficure 8.—Engineer battalion, separate.
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CORPS OF ENGINEERS REFERENCE DATA 11-12

(2) The company has sufficient transportation for all
personnel and equipment except that prime movers for the
99 trailers on which the ponton equipage is transported must
be furnished from other sources by higher command. ‘

FACTORY
PLAT

COMPANY COMMANDER
CAPTAIN

. B
P
=5
==

b. Heavy ponton battalion—This unit maintains and |
transports the heavy ponton equipage, 25-ton, M1940. The
battalion is not organized primarily for construction of ponton
bridges, which is normally the function of general engineer
troops. However, under some circumstances the battalion
may construct the bridge. Like the light ponton company,
it is often used to instruct and assist other troops, to guard
and maintain completed bridges, to regulate their traffic,
and to dismantle them. Bridging equipment carried on semi-
trailers drawn by 4 by 4 trucks consists of four complete
units, each of which will afford 250 feet of bridge.

W 12. Rarnway Units.—a. Railway operating battalion.—The
mission of this unit is to operate the trains and yards of a
railway division; to maintain the track and structures of
the division; and to make running repairs to equipment. A
railway operating battalion may also be assigned to the op-
eration and maintenance of a large railway terminal or

: . regulating station.
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Fieure 12.—Engineer battalion, heavy ponton.
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FIGUERE 13.—Engineer battalion, railway operating
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b. Railway shop battalion—This unit handles the heavy
shop work of several railway operating battalions. It as-
sembles locomotives and other railway equipment and makes
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all major repairs thereto. It also manufactures replacement
parts not available in depots.

M 13. MaprinG UniTs.—a. Corps topographic company.—This
unit increases the density of survey control and extends it as
needed for the coordination of field artillery fire. It provides
map information to the corps more rapidly than it can be
expected from the army topographic battalion. The company
also prepares and reproduces overlays and sketches for corps
headquarters.

COMPANY COMMANDER
(CAPTAIN)

I I |

COMPANY SURVEY PHOTO - MAPPING REPRODUGTION
HEADQUARTERS PLATOON PLATOON PLATOON

Ficure 15.—Engineer company, topographic, corps.

b. Army topographic battalion—The primary mission of
this unit is to provide map information adequate for the tac-
tical and strategical requirements of the army. Detachments
may be made to a corps operating on an independent mission.

¢. GHQ topographic battalion.—The primary mission of this
unit is the reproduction in large quantities of maps, special
sketches, and drawings for GHQ and for distribution to lower
echelons. It may frequently be required to reinforce army
topographic battalions, although most of its equipment re-
quires semipermanent installation.

W 14, OtuER Units.—a. Water supply batialion.—The primary
mission of this unit is to purify water and transport it by tank
trucks to areas where the local supply is deficient. It may
also be required to develop sources and operate water supply
points when such work is beyond the capability of the general
engineer troops in the area. The unit may operate under
army control, or elements may be used {o reinforce subordi-
nate ynits. One water supply battalion is normally assigned
to each type army, but two or more may be used depending
upon the need for transportation of water in the army area.

21
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Frcure 18.—Engineer battalion, water supply.

b. Dump truck company.—The primary mission of this
unit is to transport road metal or other bulky materials needed
in engineer operations. Each company has forty-five 114~
ton dump trucks for this use.
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Freure 19.—Engineer company, dump truck.
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¢. Depot company.—This unit is employed in connection
with the operation of engineer depots and other engineer sup-

COMPANY COMMANDER

CAPTAIN
|
I | 1
HO. PLAT. | DEP. PLAT, DEP. PLAT DEP. PLAT.
©0. HO. SEC. l PLAT. HQ. SEG. l
DEP. SEC. | DEP. SEG l

Ficure 20.—Engineer company, depot.
24
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ply points. It may form a nucleus for a large special engi-
neer depot or the engineer section of a general depot, or it
may operate alone a smaller engineer supply establishment.
Depot sections, or detachments therefrom, may assist in the
operation of engineer supply points in army service areas or
may be attached to corps.

d. Mobile shop company—The mission of this unit is to
accomplish third echelon maintenance of all equipment (ex-
cept railway), for the maintenance of which the corps of
engineers is responsible.

COMPANY COMMANDER
CAPTAIN

|
I | I |

HQLELAT s:::n ;I;.i'r m:;m PLI.E.l‘I‘ s;?l ll;LEtT
l—  co wo sec —  pLaT HO
—  supsEc | rePam sec
—  TEGH sEc o s

Fi1oUre 21 —Engineer company, mobile shop,

SecTION IIT

CAMPS AND SUPPLY SYSTEMS

B 15. Brvovacs.—a. Location—(1) Location and lay-out de-
pend upon the tactical situation.

(2) Locate near the route which is being used, and parallel
thereto when possible.

(3) Make maximum use of natural cover and avoid regular
patterns.
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(3) Dig a garbage disposal pit (4 by 4 by 4 feet) for each
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AND ASHES

(4) Police site thoroughly upon leaving. Fill, mark, and e P [ o Y e MY v S s I
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Fieure 23 —Diagrammatic lay-out of regimental camp.
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Froure 25—Typical army engineer depot in combat zone, showing communications, lay-out of stocks, and expansion areas (based
on estimated 15-day stockage for army of 3 corps of 8 square divisions each); minimum operating force, 1 depot company.
LEGEND:— NOTES:= STAFF GO-ORDINATION NOT SHOWN.
______ REQUISITIONS SUPPLY BY CORPS WHEN DETACHED
—_—  SUPPLIES FROM ARMY SAME AS ARMY .
T L S
REQUIRED =
IGURE 24 —Engineer supply; normal routing of requisi-
tions and forwarding of engineer supplies in theater "
of operations. 282736°—41 (Facep.28)
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SecTION IV
FORMS AND ORDERS
8 18. ForM FOR INTELLIGENCE PLAN.

INTELLIGENCE PLAN
Period:_ i

Essential elements of enemysinformation (as announced by division
headquarters).

Agencies
(check those to be employed)

i

Information required

Agency A
| Agency B
J Agency C

i Ete
| Ete.
Ete

Information to be furnished immedi-
ately to division or other head-
quarters: i

B 19. Form FOR RECONNAISSANCE INSTRUCTIONS.—In the fol-
lowing form, check numbered items on which information is
desired, and use the blank right hand column for additional
instructions, listed a, b, ¢, ete.

282736°—41—3 29




19 CORPS OF ENGINEERS
RECONNAISSANCE INSTRUCTIONS

MO, —amea = i i
(Organizetion)
b o S e o
(Place)
Effective o oo e e 19 - 1
Maps: (Date and hour)
Reconnoiter and report information as indi- SPECIAL INSTRUCTIONS
cated below by items checked Re- | Areas and roads to be reconnoitered in

port _also any other information of tech- connection with missions ordered.
nical importance incidentally secured. Hour and destination of reports.

1. GENERAL FEATURES (complete
report with particular attention to
other items checked).

9. ADVERSE ENGINEER BSITUA-
TION IN CONNECTION WITH
ATTACHED UNIT (column delay-
ed, insufficient engineers attached,
insufficient supplies, ete.).

8. AVENUES OF APPROACH.

4, BRIDGES,

5. CAMP SITES (suitable for a battalion
or larger unit. Give details on avail-
ability of wood, water, cover).

6. COVER (suitable for reserve position
{for battalion or large unit. Generally
suitable for camonflage of activities).

7. DEFENSIVE POSITIONS.

8. DEMOLITIONS BY ENEMY (de-
tails, labor, materials, and time neces-
sary to repair).

0. ERRORS IN EXISTING MAFS.

10. FIELDS OF FIRE.

11. MATERIALS AND PLANT.

12. OBSERVATION.

13. OBSTACLES TO OUR MOVE-
MENT (natural and artificial).

14. OBSTACLES TO ENEMY MOVE-
MENT (suitable points).

15. RAILROADS.

16. ROADS.

17. STREAMS (width, depth, fords, fer-
ries, navigability, condition of banks
and approaches).

18. UTILITIES (garages, machine shops,
electrie plants, water-supply plants,
gas systems).

19. WATERWAYS.

REFERENCE DATA 20

B 20. ForMs FOR RECONNAISSANCE REPORTS.—a. General recon-
naissance.

ENGINEER RECONNAISSANCE REFPORT

1. Route followed
2. Roads traveled:

From— To— ‘ Type l Width | Condition
|
I

3. Obstacles encountered on roads (list in ord
er met and d
briefly. Indicate materials available locally for passing eacn)escrlbe

4, Streams crossed:

SansE i Capacity of | Width of
Width bridgs bridge

5. Telephone lines.

From— N :
m To— “::}E;;Of Condition 1
|
]
6. Towns.
Name Approximate N
population wi E? G

7. Road materials,

Located at— |

! Indicate serviceability of water, electric, and gas systems,
31




20 CORPS OF ENGINEERS

8. Camp sites at which fuel and water are available.
E 4. Hardware stores.

9. Feasible points on roads or railroads for creating obstacles. Location General description of stock

Estimate of
explosive re-
quired

Type of ob-
stacle

5. Gravel pits.

Location

Mmb;?fry At Daily capaeity

6. Quarries.

Crushing ma-

Location chinery

Daily capacity

(Grade)

b. Construction materials and equipment.

ENGINEEE RECONNAISSANCE REPORT 7. Brickyards (location)

8. Road machinery.
Construction materials and equipment

Date Loeation Number
Map reference |
1. Area covered by reconnaissance

IR s

2. Standing timber:
General location if plentiful_ Scrapers...
Specific location if scarce

Rollers

Accessibility from roads
3. Lumber yards.

Location

2Indicate good defensive positions, location of enemy lines, navi-
gability of streams, fords, ferries, railroad sites, condition of railroads,
and rolling stock, ete.
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8. Plle drivers (locatlon Y o e ———
10. Barbed wire.

X Approximate
Loeation quantity

11. Additional material or equipment__________________________
I e e e e

c. Roads, bridges, water supply, elc—See sections I, IT, and

.V, chapter 2.

H 21. ENGINEER SITUATION REPORT. — The following example
may be used as a guide in reporting an engineer situation.
Appropriate entries should be made under applicable head-
ings or different headings substituted.

(Date and hour)

No.

Maps :
1. ENEMY INFORMATION (including prepared obstacles).
2. OTHER OBSTACLES.

WEATHER.

ROADS AND RAILROADS.

STREAM CROSSINGS.

COVER.

CAMOUFLAGE.

ENGINEER SUPPLIES.

. WATER SUPPLY.

£ 0P =10 . i 0O

é

(Grade)

34
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M 22. ILLUSTRATIVE ORDERS.—The following orders are sam-
ples of orders issued by various types of engineer units. They
are intended to illustrate form and subject matter only and
must not be taken as tactical models. Coordinates of places
are indicated by parentheses ( ) after the name. For
general instructions concerning combat orders, see FM 101-5
(SOFM).
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Illustrative order No. 1

FIELD ORDER FOR A COMBAT REGIMENT ENGAGED
ON ENGINEER DUTIES

5th Engrs
RJ 599-D, near WHITEHALL, PA ( )
16 June 19—, 11:00 PM

FO 23

Maps: Topographical Map, Gettysburg-Antietam, 1:21, 120; New Ox-

ford, Abbotstown, Hanover, Bonneville, Taneytown, and
Kingsdale sheets.

1. a. The enemy on our front occupies a position along the
general line IRISHTOWN ( )—NEW OXFORD
( ). Our attack of this date forced his withdrawal
for a distance of about 2 miles on the left of our
division front.

b. Our division, in conjunction with the rest of the First
Army, resumes the attack at 4:00 AM, 17 June; 9th
Brig on the left, 10th Brig on the right. For details
of operations, ete., see Annex No 1.

2. This regiment will assist the attack by maintaining the
routes of communication and assisting the forward
movement of the artillery.

3. a. The 1st Bn (less Co C) will repair and maintain roads

and bridges in rear of the 9th Brig.

b. Co Cis attached to the 5th FA Brig, effective at 4:00 AM,
17 June. The CO, Co C, will report to the CG, 5th
FA Brig, prior to midnight 16-17 June, for instruc-
tions.

¢. The 2d Bn will maintain roads in the 10th Brig zone
of action, and will complete the trestle bridge across
SOUTH BRANCH CONEWAGO CREEK near RJ
500-A ( ).

d. (1) Hq and Serv Co with the band attached, will con-

tinue to operate from its present location. The
CO, Hq and Serv Co, will provide for an adequate
supply of road materials north of SOUTH
BRANCH CONEWAGO CREEK.

REFERENCE DATA 22

(2) The Div Engr Sec and Lighting Plant will continue
to operate with the Fwd Ech DHQ.

(3) The gravel pit and water supply point will remain
in operation in present location.

. (1) Priority of road maintenance will be given to the
division main supply road and to those roads
shown on overlay No 2, “Road Circulation Plan.”

4. a. Supply.
(1) Class I railhead: LITTLESTOWN ( ) —Rail-
head distribution at 10: 00 PM.
(2) Ammunition railhead: LITTLESTOWN.
(3) Engineer.
Army depot: TANEYTOWN ( ¥
Div. DP: RJ 599-D ( ).
b. Aid Sta: RJ 599-D. Evacuation through Coll Stat at
CR 633 ( ).
¢. For other administrative details see Adm O No. 8.
5. Command posts and axes signal communication.
5th Div: SMALL ( )—GEO LAWRENCE ( ).
5th Engrs: RJ 599-D—IRISHTOWN ( ).
Hq and Serv Co: RJ 599-D.
1st Bn: RJ 559-G' ( ).
2d Bn: REBERT ( 18
5th FA Brig: VALLEY SCHOOL ( ).

Colonel
Annex: No. 1, G-3 Information.
Distribution: A, and 5th FA Brig.
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Illustrative order No. 2

FIELD ORDER FOR A COMBAT REGIMENT IN COMBAT
AS RIFLEMEN

3d Engrs
WHITE FARM, PA ( )
3 Aug 19 —, 1:30 PM

FO 17

Maps: Topograpical Map, Gettysburg-Antietam, 1:21,120; Hunters-

town—Arendtsville sheets.

1. a. The enemy still occupies the observation station on hill
339 ( ) on the right boundary of the zone of ac-
tion of the 5th (left) Brig.

b. Our division continues the attack extending the zone of
action of the 5th Brig to the left to include hill 242
( ). 1st Bn, 4th Inf is on the right of the 5th
Brig. 2d Bn, 30th Inf is on the left of the 6th
Brig. 1st Bn, 10th FA from positions near SMITH
S H( ) supports operations in the area includ-
ing hill 339. ;

2. This regiment (less 1st Plat, Co E) will seize and hold the

observation station on hill 339.
Formation: column of battalions. LD and boundaries
(see Opn overlay).

3. a. The 1st Bn will clear WHITE FARM and will attack
at 2:00 PM in the direction RJ 225 ( )—hill 339
(see Opn overlay).

b. The 2d Bn (less 1st Plat, Co E) will await orders in
regimental reserve in vicinity of RJ 225.

¢. The 1st Plat, Co E, with three Hq and Serv Co trucks
attached, will continue maintenance of the division
main supply road extending its operations to include
COOKTOWN and RJ 243 ( ).

d. The Rr Ech will await orders at WHITE FARM.

4. a. Am dump, RJ 225. S—4 will obtain extra ammunition
by truck from LAWTON ( ).

b. All vehicles will be held mobile and under cover in as-
sembly positions near WHITE FARM.

c. Aid Sta: Initial location, SW of RJ 225.

d. Other details, no change.

38
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5. Command posts and axes signal communication.
3d Engrs: WHITE FARM—RJ 225—RJ 282 ( )—
hill 339.
Rr Ech: WHITE FARM.
1st Bn: RJ 282.
2d Bn: RJ 225.
1st Plat, Co E: HOLT ( ).
1st Bn, 10th FA: SMITH S H.
4th Inf: LAND CR ( Y
30th Inf: MERRITT S H ( 1
A
Colonel
Annex: Opn overlay.
Distribution: A, and to CO’s 4th Inf, 30th Inf, and 1st Bn,
10th FA.

Illustrative order No. 3

ENGINEER PARAGRAPH IN A DIVISION ATTACK
ORDER |

X X X X

3. f. The 1st Engrs. (less Dets) will be prepared to assemble
at CR 725 ( ) on 2 hours’ notice for use in division
Teserve.

X b9 b.4 X
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Figure 26.—Disposition of an engineer (3-squad) platoon in an
attack as riflemen,
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Illustrative order No. 4

FIELD ORDER FOR A GENERAL SERVICE REGIMENT
WITH A CORPS

3560th Engrs
FAIRFAX, VA ( )
FO 38 5 Oct 19—, 1:00 PM

Map: USGS, 1:125000; Mt. Vernon quadrangle.
1. a. The enemy opposes pur army on the general line
WOODBRIDGE ( )—MANASSAS ( X
b. Our army continues its preparations for the attack.
The II Corps prepares to attack in the general direc-
tion HOLMES ( )J—MARTINDALE ( ). For
details see FO No 36, 350th Engrs. Effective 5:00 AM
6 Oct the corps rear boundary is advanced to
HILL ( )—SEATON ( )—RJ 258 ( ) (all
incl) and the divisional rear boundary is advanced to
the BARR ( )—HOLMES ( )—SMITHSON
( ) road (all excl).
¢. Army engineer troops take over engineer operations in
rear of HILL—SEATON—RJ 258 (all excl) by 1:00
PM 6 Oct. The 351st Engrs (Gen Serv), First Army
take over the area work from the 350th Engrs. The
P RR (HOYT ( )—ALMER ( )—WILTON
( )) is taken over by the army for operation at
8:00 PM today. For disposition of engineer troops
in II Corps, effective 5:00 AM 6 Oct see Annex No. 1,
Engineer situation map.

2, This regiment, with 413th Engrs (Sep Bn) attached,
effective 5:00 AM 6 Oct, will execute general engineer
work in that portion of the corps zone of action west of
HOLMES—HOLT—WILTON—SEATON (all incl) and
will extend the P RR from ALMER JUNCTION to

HOLMES.
3. a. The 1st Bn (less Co A), with Co D, 413th Engrs attached,
will repair the P RR from ... 10 .

b. The 2d Bn (less Cos E and F), with Co C, 413th Engrs at-
tached, will continue general engineer work in its
present area.
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c¢. The 413th Engrs (less Cos C and D), with Co A, 1st Bn,
350th Engrs attached, will continue maintenance of
the corps main supply road WHITE ( )—HOLT—
HOLMES and will extend their operations to in-
clude HOLMES.

d. Co E will take over general engineer operations in that
portion of the corps zone of action to be vacated by
the 3d Div.

e. Co F will take over general engineer operations in that
portion of the corps zone of action to be vacated by

! the 2d Div.

f. Hq and Serv Co will operate from ALMER. Detach-
ments and equipment with units of regiment will
remain unchanged.

g. The band will remain attached to the supply section of
Hq and Serv Co.

z. (1) Reconnaissance of new areas will be initiated at

once,

(2) Troop movements will be effected after 7:00 PM
tonight.

(3) For schedule of engineer work and priorities and
distribution of regimental and special equipment
see Annex No. 2, Engineer work.

4. a. Supply.

(1) Class I railhead: ALMER JUNCTION ( ). S5-4
will draw for the regiment and attached troops
at 10:00 PM.

(2) Engineer.

Army depot: ALEXANDRIA ( ).
| Regimental supply point: ALMER.
I b. Evacuation.

(1) Aid Sta.

350th Engrs: ALMER.

413th Engrs: HOLT.

(2) Casualties by truck or ambulance to ALMER.

c. For other administrative details see Annex No. 3, Ex-
tracts Adm O No 25, IT Corps.

REFERENCE DATA 22

5. Command posts.
a. Engineers.
350th Engrs: ALMER after 9:00 PM.
1st Bn: ALMER JUNCTION.
2d Bn: WHITE.
413th Engrs: HOLT after 5:00 AM 6 Oct.
Co E, 350th Engrs: RJ 350 ( ) after 5:00 AM
6 Oct.
Co F, 350th Engrs: CR 400 ( ) after 5:00 AM
6 Oct.
b. For command posts of other engineer units and corps
and divisional troops see Annex No. 4, Command posts.
L
Colonel

Annexes:
No. 1, Engineer situation map.
No. 2, Engineer work.
No. 3, Extracts Adm O No 25, II Corps.
No. 4, Command posts,
Distribution: A.
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Illustrative order No. 5
FIELD ORDER FOR A WATER SUPPLY BATTALION

76th Engrs (W Sup)
VIVA, TEX ( )

FO 9 25 May 19 —, 4:00 PM

Maps: USGS 1:125,000; Alton, Millis, and Waverly quadrangles,

1. a. No important changes in the enemy situation.

b. Our army continues its preparation for the attack.

¢. The water supply in the LEWIS FLATS area (ALLIS
( )—BOND ( )—COLBY ( J—DEVON
( ) (all inel)) must be supplemented by water
transported in motor vehicles. Four tank cars are to
be spotted at OLGA ( ) siding at 8:00 PM and 8:00
AM daily, commencing 26 May. Purification sections
of Serv Plat, Hq and Serv Co, are attached to corps as
follows: to I Corps two sections and to II Corps two
sections. Engineer troops are in charge of general
engineer work in the LEWIS FLATS area as follows:
north of LEWIS ( )—WATSON ( ) road
(excl), III Corps ; south of LEWIS—WATSON road
(incl) and west of AUSTIN CREEK ( ) and MILL
GULCH ( ), 21st Engrs (Gen Serv) First Army;
south of LEWIS—WATSON road (incl) and east of
AUSTIN CREEK and MILL GULCH, 60th Engrs (Sep
Bn) First Army.

2. This battalion (less dets) will transport water in the LEWIS
FLATS area and will assist in the establishment and
maintenance of water DP’s.

3. a. Co A, with one purification sec Hq and Serv Co attached,
will report to the CG III Corps for operation in that
portion of the LEWIS FLATS area within the corps
zone of action. Clearing VIVA ( ) by 7:00 PM, it
will march via ELLSWORTH ( )—COLBY road to
LESLIE ( ) where it will pass to the control of the
III Corps. It will revert to battalion control when
the corps rear houndary is advanced to exclude the
general line COLBY—DEVON.

b. Co B will operate from OLGA and transport water to
water DP’s in the area ALLIS—BOND—JONES FARM
( )—BOWIE ( ) (all incl).

44
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. Co C will operate from OLGA and transport water to
water DP’s in the area LEWIS—WATSON road
(incl) —JONES FARM—BOWIE (both excl).

. Hq and Hq and Serv Co (less dets) will operate from
OLGA. Storage facilities will be established at OLGA.

. Water analysis dets will report to CO’s of Cos B, and C.

. (1) The battalion (less Co A and dets) will clear VIVA

by 8:00 PM and will march via RJ 248 ( ) to
OLGA. Order of march: Hq, Co B, Co C, Hq and
Serv Co, Med Det.
(2) Reconnaissance of area will be initiated at once and
detailed plans of operation submitted by 7:00 AM
26 May.
. Supply.
(1) Class I.
Rhd: OLGA after 4:00 AM 26 May.
Bn (less Co A and Dets) : OLGA 10:00 AM.
Co A: through III Corps.
(2) Engineer.
Army depot: LAWRENCE ( ).
Army shop: LAWRENCE.
Bn Sup Pt: OLGA after 5:00 AM 26 May.
. Aid Sta: OLGA after 5:00 AM 26 May.
Evacuation via Coll Sta: OLGA after 4:00 AM 26 May.
Medical mobile laboratories: WESTON ( )—
HOGAN ( ).
Army medical laboratory: WHEATON ( 82
Other administrative details: No change.
. Command posts.
Bn: OLGA after 5:00 AM 26 May.
Co B: Same.
Co C: Same.
Co A: through Engr Hq III Corps at HORTON ( ).
Army Engr Hq: WHEATON.
Army Med Hq: WHEATON.
21st Engrs: HOLLY ( ¥
60th Engrs: WILBUR ( 118

Distribution: A, and 21st and 60th Engrs.

282736°—41— 4 45
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Tllustrative order No. 6
ENGINEER PARAGRAPHS IN A DIVISION
ADMINISTRATIVE ORDER
1st Div
MILTON, MD ( )
2 Aug 19—, 4:00 PM

L aphical Map, Gettysburg-Antietam, 1:21,120; Emmits-
ey pg%rrsi') Taneybo?wn and Kinsdale sheets.

Adm C 12

1. SUPPLY.
G 0 e B i
b. Class I:
Rhd: GALT ( ) effective 8:00 PM 4 June.
1st Engs: 9:00 PM.
B e e e s s e
'|"| d. Water.
' (1) DP’s: LEWIS FARM ( ), AKRON ( ), RJ
694 ( Yo
(2) All water for drinking will be chlorinated.
e, Engineer.
(1) Rhd: PINEY CREEK ( ).
(2) DP commencing 3 June: CR 626 ( ).
P ) ey
9. EVACUATION.
e e
- L L R o e e e e
B b e e e A i e e

I e e e em e

e o o it iy
| (3) Engineer materials will be taken over by 1st Engrs

and utilized for divisional work.
3. TRAFFIC.

a. Circulation. .
(1) See Annex No. 3—Circulation Map, effective 6: 00

AM 4 June.

(2) Control. P
(@) Traffic control posts will be maintained at

GALT, CR 469 ( ), TANEYTOWN ( 24
WHITE MILL ( ) and DASHERS MILL
( ), and at such temporary detours as
may be established.

46
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(b) Traffic priority: Ammunition vehicles, en-
gineer vehicles, ration vehicles.
b. Construction and maintenance of routes.

(1) Division main supply road: WESTMINSTER ( )—
TANEYTOWN — BRIDGEPORT ( ) — two-
track.

(2) GALT—CR 538 ( )—TANEYTOWN road will be
will be maintained for motor traffic—two-track.

(3) RJ 438 ( ) to RJ 490 ( ) road (south of
TANEYTOWN) will be maintained for motor traf-
fic—one-track.

(4) All crossings over PINEY CREEK will be maintained.

(5) Signs will be posted indicating direction of traffic as

shown on circulation map.

d. 1st Engrs: RJ 626 ( ) released.
5. PERSONNEL.

[+ SRS S

c¢. For employment of engineer troops see Annex No 7, Engi-
neer plan.

& conoon f I SRR S e e et b

By coMMAND OF MAJOR GENERAL A:

Chief of Staff

OFFICIAL:

4
ACof S, G4
Annexes:

No 3, Circulation map.
No 7, Engineer plan.
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Tllustrative order No. 7

ENGINEER ANNEX TO A DIVISION ADMINISTRATIVE
ORDER

I8 ANNEX NO 7 TO ADMINISTRATIVE ORDERS NO 18

1st DIvIsION

ENGINEER PLAN

1st Div
MILTON, MD ( )
2 Aug 19—, 4:00 PM

1:21,120, Taneytown and Kingsdale

Maps: Gettysburg-Antietam,
sheets.

1. ROADS AND BRIDGES. |
|

a. Priority will be given the following work:

Maintenance of ALTON TURNPIKE ( ) as two-
track divisional main supply road,
Maintenance of HOLT ( )—CR 590 ( )—SEA-

TON ( ) road as two-track road for corps loads.
Repair and maintenance of CR 590—-1%-_1 600 ( ) |
‘ road as one-track mator road for divisional lo?.ds.
Maintenance of roads in immediate vicinity of railhead
and engineer distributing point. : ;
| . Other roads indicated on circulation map will be main-
tained for light motor transport only.
c. Road and traffic signs will be supplied for road system
and all temporary detours.
d. All bridges over MARSH CREEK (
tained.
e. Traffic control on temporary detours will be under the
engineers until it can be taken over by the military
police.

9. WATER SUPPLY,
a. Following water supply points for drinking water will be

operated by the engineers commencing 5:00 AM 3

Aug.
ufKRON ( ) : two 2,000-gallon tanks operated by

divisional pumping set.
48

) will be main-
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SMITH FARM ( ), LEWIS S H ( ), and

RJ 430 ( ) : each a 3,000-gallon canvas tank.

b. Distribution of water will be controlled by the division
engineer.

¢. All water sources will be marked with signs in accord-
ance with GO 8.

3. ENGINEER SUPPLY.

a. Supply points,

Army depot: SMITHTOWN ( ) 15
Division distributing point: RJ 438 ( 2

b. Local and captured engineer material will be taken
over for divisional use.

¢. Intrenching tools for divisional troops will be delivered
to regiments upon request of commanders.

d. Dumps of engineer material in division area will be
taken over by the corps as the advance progresses.

e. No changes in methods of issue.

4. MISCELLANEOUS.

a. 5 KW set will accompany the Fwd Ech of Div Hq. The
local plant at EIBERT ( ) will be operated for
the Rr Ech of Div Ha.

b. Map section will operate from RJ 438 after 9:00 PM 2
Aug.

5. ENGINEER TROOPS.

a. 1st Bn 1st Engrs (less Co A) with command post at CR
500 ( ) will be in charge of general engineer work
in the area north of line: CR 590 ( )—WOOD
( ) (both excl.).

b. 2d Bn 1st Engrs, with Co A attached, with command
post at CR 480 ( ) on ALTON TURNPIKE will be
in charge of general engineer work in the area south
of line: CR. 590—WOOD (both incl.).

c. Div Engr Sec accompanies the Fwd Ech of Div Ha.

d. Command post, 1st Engrs: RJ 438.

By coMmmaND oF MaJor GENERAL A:

p.4
Chief of Staff
OFFICIAL:
Y
ACof 5,G-4
Distribution: Same as Adm O No 18.
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CHAPTER 2

COMMUNICATIONS, CONSTRUCTION, AND UTILITIES
Paragraphs
SEcTION I ROAAS —cccccecmmmmmcmc o mmme e mme e 23-31
II. Bridges and stream crossings. . - ccceoeoooo 32-54
HI. RAIIWAYS - ocmmcmmmeme——— = --- 55-56
IV. Construction in war.__ - 57-62
V. Water supply-ccocooom oo 63-72
VI. Electricity —o-oocomm oo 33—1‘?
VII. Rigging - oo 8-82
VIII. Concrete -—.---- iE 83-87

SecTION I

ROADS

W 23. TrAFFIC CapACITY.—The maximum capacity of a single
road lane is obtained when vehicles move about 33 miles per
hour. However, for all practical purposes the capacity re-
mains constant for speeds from 25 to 45 miles per hour. At
these speeds the normal capacity of a single traffic lane car-
rying military vehicles only is about 750 vehicles per hour.
At bottlenecks this may be increased by cutting the distance
between vehicles to about one-third of that for open high-
way driving. This ultimate capacity, with speeds of 25 to 35
miles per hour, is about 2,000 vehicles per hour. At night the
ultimate capacity at 15 miles per hour is about 1,200 vehicles
per hour.

E 24. MInimom DESIGN REQUIREMENTS.—a. Widih.—9 feet per
lane; 10 feet desirable (4 feet for trails used by foot troops
and horse cavalry).

b. Carrying capacity—9,000-pound wheel load on pneu-
matic tires.

¢. Grades.—Not more than 10 percent for motor traffic.

d. Curves—Radii greater than 150 feet (otherwise addi-
tional width should be provided).

e. Overhead clearance—11 feet; 14 feet desirable.

M 25. TrarFic SicNs.—These are needed to mark the location
of, or direction to, military installations, crossroads, geograph-
ical points, etc. Letters should be of the following sizes:

a. For roads traveled only by foot troops—4 inches high.

50
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b. For main roads—4 inches high (sign should be not less
than 17 by 17 inches, and at least 4 feet above the road
crown).

B 26. ForM FOR ROAD RECONNAISSANCE.

REPORT OF ROAD RECONNAISSANCE

1. Roat Teported POl . e
(Name or designation of road and points

between which inspection was made)

2. Date of reconnaissance_____________ =
3. Character of road. e == e
(Concrete, macadam, gravel, earth, etc.)
4, Phiokness of pavamen e e e e e Ll
(Indicate if estimated)
6. Usable width il S
indicate whether one, two, or more tracks)
e dimiting gradel s e e e e
7. Bridges and culverts.

Capacity ‘ Conditions

Location ‘ Dimensions

8. Priority and nature of needed repairs or improvements.

; Estimated Materials
Location Work needed man-hours |  required
8. Materials available locally.
Kinds of materials Loeation | Quantity

" (Name, grade, organization)
W 27, CONSTRUCTION OF MILITARY RoADS.—a. General—The
basic necessity of all road construction is to provide adequate
drainage (“Get water off and rock on”). Base courses should
be well graded and compacted. Top course should be capable
of resisting the abrasive action of traffic for which the road is

des:fsned. In general, civil standards are too high for military
roads.
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Ficure 27—Nomenclature of roads.

b. Steps in construction—Construction of a road involves—

(1) Clearing trees, brush, and vegetation from the right-of-
way.
(2) Grubbing stumps and roots from the foundation.
(Stumps cut off at ground level may be left if fill will be over
1 foot high.)

(3) Grading, shaping, and compacting the subcourses.

(4) Laying and shaping the upper and top courses.

M 28. ORGANIZATION OF MAINTENANCE ParTIES.—IN general, the
two methods of organizing engineer units for most efficient
maintenance of roads are as follows:

a. Patrol—A certain designated section of road is assigned
to a small designated unit, this unit working as a whole or in
shifts depending on the situation. For continuous mainte-
nance, under normal conditions, a combat or general service
platoon should be assigned about 5 to 10 miles of road with
trucks to move men readily and less under adverse conditions.

b. Gang—A large unit goes over the road at infrequent
intervals making all necessary repairs. This method of or-
ganization should be used in military operations only in cases
of high type roads subject to slight or infrequent damage.
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-l 29. DETERMINATION OF CROSS-SECTIONAL AREA OF CULVERTS,—

Having determined the drainage area in acres, the following
nomograph will give the necessary area of cross section of
culvert to supply proper drainage:

800 —
800 —
T00 =
E00 —
500 =
-
CHARACTER OF 100 - 400
TERRAIN - 3
— 80 -
[0, MOUNTAINOUS -~ el
F o 80 L
= 50 — 1
T e T
L= HILLY S 2= A blcsiic
- e 30
Z s TRy st
W 180 -
s r T g ]
t -3 P = &0 20 g -
w b - =z s @
s[. ROLLING = hsi = 100
o o » ¥9:=)
t | Y 4 1o 2 B0 —
o L] *1
il e 0
&= =} € Ll (N
i FLAT T s0 5 so- E
S s & S
1 <
5 § ee s o G
w 4
o ot
E S 30 w
P & js
: 1e
s 20 -
L & (L3= 2
" 14 &
18 3
as 2 :
10 —
52
8 —
T -
=
8 —
NOMOGRAPH FOR SOLUTION OF “—
FORMULA! A= G4/D°
:: ::::r?:l:ﬂl.\’m OPENING IN SQUARE FEET A
NT DEPENDING ON CHARACT! RAMN
D= DRAINAGE AREA IN ACRES b
2 -

EXAMPLE= THE AREA OF GULVERT FOR A DRAINAGE

AREA
OF 500 ACRES IN GENTLY ROLLING TERRAIN (COEFFICIENT
"C= 0.4) IS 42 SQUARE FEET. [SEE DASHED LINE, ABOVE)

Ficure 28 —Nomograph based on Talbot’s formula.

NotE—Culverts should have slope at bottom to carr

i y off flows

revet:;‘;{_"nd well beyond side slopes of road unless slopes are welk
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W 30. TvypIcAL CROSS SECTIONS OF RoaDs.
o

18
TOP COURSE 23 TO 4" ;M COURSE 5'T0 6"

iy opaz
GRAVEL SUBBASE 6°TO 8"-OR- FIELD STONE SUBBASE
(omT leFszsm}

Frcure 29.—Waterbound macadam road.

Nore—Crown: Y- to 3-inch rise per foot. Slope on shoulders:
1 inch per foot.

e |

10

cnmgpmn:m

8" THICKNESS OF GRAVEL
&

1 l al
CROWN § PER FOOT \sa" THICKNESS OF GRAVEL
o

" 2]

2" 70 4" GRAVEL ‘

6" TO 8" LOCAL SUBSTITUTE MATERIAL
SUGH AS SHELL , CORAL,LIME ROCK, 8tc.

Froure 30 —Types of gravel roads.

REFERENCE DATA

Flaoring 410" 10°05
vard reil Exg”

v Stringers 4=/0%/0:0" ; f

A leas? [°0 below Subgrade : 55 Sleepers 4+ VRS La
Pickets € %M fm.’e.smry) 2o 5°
® cur ;
4’-0' L ‘ot __i

Flooring 4%10%/00
Gugrd reil €x6"

NFF A Al o e
\ 7 vy LStringers 4™10%10-0° % Wickels 6=6
At least 1:0"below Subgrad Steepers 4+/0%10-0"
Hen necessary,

Norte—Have stringers break joints. Bore 3;-lnch holes for floor
spikes. Spike planks with one spike per stringer. Place pickets at
15-foot centers. Leave gaps in guard rails for drainage.

Ficure 31 —Single-lane plank road.

L e 1
Al T1 T]
] Hill} I
(] L
o] e sy
T j
B2y H—H :
F
Tt
i
@ HALF PraN

= 1. =7 = Rl
1’ 17 Siringers 40100
Al least 1o below Subgrade ; Sleepers 4505/090"
Pickets 656" (ihen necessars)
@ HAaLF Secrron
Freure 32.—Two-lane plank road (see note, fig. 31).
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30 CORPS OF ENGINEERS
FLOORING: 3"T04"X10"X10'G"

SLEEPERS 4"XI0"x2'6"

Standard lumber.

— FLOORING 2 LAYERS 2"X10"

SLEEPERS 4"x4"

Improvised materials.

L
-+
podide B L i Plank-tread road.

10" LOGS STAPLED TOGETHER

£
3
5

=
oy A :
A least 10" below Sub 7\ 7 ahed info grovd
| T g pound Pickds
Half section.

Mean 6 diometer Logs-Allernate ljps & bufls
Longitudinal section.

FIGURE 33.—Corduroy road.

26"
Sandbag-tread road.
Fieure 34 —Types of tread roads.
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Fastened fogetherwith plas wire,

Hole to be

filled
2\
E)

df'ab}'wmb;ﬁmav? i — 9:0" ,,/ i

=7 least 8 Base
Ol Oifeh
FIGURE 36—Widening of old road.

©) Fit with Cribbing
Ficure 37—Repair of shell hole.
B 31. UserurL Roap Data—a. Formulas—(1) For computing
volumes of earthwork.
e (A,+ A4y e L
2 27
where
V =volume of cut or fill in cubic yards.
A,=areas of cross section at one end in square feet.
A.=area of cross section at other end in square feet.
L =distance between end sections in feet.
58
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(2) For transportation of earth, gravel, or crushed rock.
o= d—i—“ﬂx o
r

where
@Q=cubic yards, place measure, moved per hour.
I=length of haul in feet.
=cubic yards moved per load.

d=minutes during which vehicle is not in motion (loading,

unloading, waiting).

r=rate of vehicle in feet per minute (normally about 200

for animal-drawn vehicles; 700 for trucks).

b. Tables—Add 8 percent to figures in work-capacity tables
to allow for officers and noncommissioned officers. Add 20
percent to figures on loose earth, crushed rock, etc., to allow
for shrinkage when rolled.

TasLE II.—Man-hours required for various operations in road

construction
Man-hours required for
100 linear yards
Operation
(0] (O] ® (O]
(el o e s s s e 200 135 135 85
(2) Placing largestones . ______________________ 200 90 | et
(3) Spreading small stones = 70 11 ISttt oan
(4) Placing stones, (2)4(3) c-comccooe 270 3 b P | Ll i SR
(5) Plaging plank._. oo e L S| T . ] I
) Bpilkingnlank. . I O W R
(7) Laying plank road, (8)+(6). ... .. .| ... -1 .
(8) Cutting and placing corduroy. ... ... .| oo |oooiiameno. 80
(9) Construetion, (1)4(4), (1)+(7) or (1)+(8) ... 560 255 20 165
{10) DItohIng. ..ccoociviusansssitaniainacnosacsss 260 260 260 260
(11) Construction, (04(10)..._________.._.___ 820 515 490 425
(12) Unloading material ... . t 85 40 T e
(13) Construction, (11)4(12). ... ... 905 555 550 |--.s

1 Macadam road, 9 feet wide, 12 inches of rock, ditches 4.5 square feet cross section.

1 Macadam tread road, 2.5 feet wide under each wheel, 12 inches of rock, ditches
4.5 square feet cross section.

# Plank road, 0 feet wide, ditehes 4.5 square feet cross section.

¢ Corduroy road, 9 feet wide, ditches 4.5 square feet cross section.
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TasLE IIT.—Loosening, excavating, and loading earth TABLE V.—Capacities of various items of road-construction
equipment

Cubie yards per man per hour
Item Oapacity

Loosening earth Excavation with pick and shovel

to depth indicated (feet) Power shovels;

A ' 36-yard bucket 24 cubic yards per hour assuming medium soil, good
St 8/ TSI (NAROC, STT! oo . operator, adequate depth of cut, no !ost time.
Ye-yard bucket 30 cubic yards per hour assuming medium soi] good
. operator, adequate depth of cut, no lost time.
#-yard bucket....._.___| 40 eubic vards per hour assuming medium soil, good
operator, adequate depth of eut, no lost time.
614 cubic yards of loose rock compacted in 1 hour.
25 square yards new macadam road rolled in 1 hour.

Steamroller.________._._____

e

Elevating grader;

50 cubic yards place measure loaded per hour.

48-inch belt 250 cubic yards place measure loaded per hour.

Blade grader, 7l4-ton seli- | 440 square yards gravel road surface scarified and
propelled, reshaped per hour,

0 cubic yards loose rock or loose earth spread per
hour.

W En 3 00 13 Me =1 08
el R LY
~ b~ D~

E58588

Hardpan.._._______.

TasLe IV.—Man-hours required for clearing and grubbing

Man-hours per 100 linear yards TasLe VI—Capacity of scrapers

Width (feet
i Light Medinm Heavy Slip Fresno | Rotary
clearing clearing ! clearing Fresno

1040 40-105 105-630 | Bize, cubic yards 14-14 14-914
14-55 E5-140 140-840 Economical hauls, feet. .| Under 100 600
18-70 70-175 175-1, 050

1In the eastern part of the United States the average for this class of work is about
350 man-hours per acre.

282736°—41——5
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TasLe IX.—Man-hours required for effecting emergency passage
TaprLe VIL—Cubic yards per hour (compact measure) moved by of mine craters

60-hp. bulldozer

i Method of repair Man-hours required
Rate of e in percent,
Teatp opl RRAGeRs | Lovel S nil” |
g.:&:lg(trl;ct:; With shovelsalome............_.._._.....___..._._._...|4 X volume in cubic yards. ‘
‘ l 15 10 5 0 5 10 15 20 With shovels and wheelbarrows . ________________ 2 X volume in cubic yards.
With shovels and wagons where distance is not over | 2 X volume in cubie yards.
200 yards and number of wagons is one-fourth num-
{1 R L 32.6 49.0 65.3 Bl 6 114.0 146.0 179.0 212.0 L]
I 100 20.1 30.1 40.2 50.2| 70.3| 90.4| 110.5| 130.6 With shovels and serapers. ..._........_....__._.._ | 1 X volume in cubie yards.
I rein 14‘ T a2 23.3 35.3 40.3 63.5 7.5 9.8 With standard bridge trestle and bents (trained | 15 X diameter in yards.
oo . . 1 workmen)
.9 "
200 oo 10.9 16.1 21. 6 2.9 | 87.7| 48.5| 59.1 6o, With timbers (trees in vicinity, trained workmen) | 60 X diameter in yards.
W0esis 8.5 12.9 171 21.5 30.0 38.6 47.3 55.8 Detour of corduroy (corduroy available in vieinity) 18 X diameter in yards.
300 7.2 10.6 14.2 17.8] 240 | 38L9| 301 46.1 Detour of planks. .- - covoocooeeeeiineiccaeeo... | 9 X diameter in yards.
L 6.0 o0| 120| 10 200 29| 330]| 889 S|
400 s 5.2 7.7 10.2 129 181 2.1 2.4 33.5 Note—The volume of a conical mine crater is:
AR D 4.5 6.7 8.9 11.2] 15.7| 20.1 2.7 20.0 e Dd
() | 3.9 5.8 7.8 9.8 13.8 17.6 2.7 __2&_-’: 1—'12
B e 8.5 5.2 6.9 8.7 12.2 15.6 19.2 2.5 Where
3 109 | 139( 17.1 20.1 V=volume of crater in cubic yards.
Lo S I x—=8.1416 (or 22/7 approx.).
D=distance across top of crater in yards.

NoTe—For other sizes of bulldozer apply a suitable factor, e. g., d=depth of crater in yards.

0.75 for a 45 hp. or 1.60 for a 95 hp. tractor, (The heavy line drawn
across each co?umn indicates the economical limit of haul.) TapLz X —Cubic yards of gravel or 2o g

per 100 linear yards of road
TasLE VIII.—Man-hours required for spreading by hand

Depth spread (inches)
] Cubic yards Width of road (feet)
Material "
| per man:hons 3 31, 4 a1 5 6 8
Earth dumped 00 F08d. .-« emoeemoeocecconemmennon oo e A | 20| 202 83.3| 8ns5| 4L7| s00| 67
| Loose rock: % 10 27.8| 324 37.0| 47| 463 555 74.1
Dumped 00 108d. . . - o e emn s m oo 14 18 50.0| b5%4| 66.7| 70| 83.3| 100.0| 133.3
Dumped1 slar:igsldor:?!;-m;&-—-——-- 3 ] 1 64.8| 741| 833 026| 11L1| 1482
| Loose sereen ngs rmpe R e e R

Nore.—Screenings are required at the rate of 14 cubic yard for
each cubic yard of loose material comprising the wearing surface.
Crushed rock usually weighs between 2,300 and 2,800 pounds per
cubic yard. Granite weighs 2,800 pounds per cubic yard and lime-
stone 2,500 pounds per cubic yard. For a water-bound macadam
road 10 gallons of water may be required per square yard of
Lurfsitlsgi Crushed stone decreases 20 percent in volume when it
o
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TasLe XI—Materials required per 100 linear yards of plank-tread
road jor motor transportation

Requirements per 100
linear yxmg

Number of | Weight
pieces (tons)

Flooring, 4 inches x 10 inches X 10 feet. 180
Sleepers, 4 inches X 10 inches X 30 inches . ____ ~ L 120
Spikes, 6-inch.. 5 540

Nore—Leave 14 inch between edges of floor plank. Boat spikes, 6
inches by % inch, are driven staggered, one for each plank in each
sleeper, in %-inch round holes. In emergency, nail with 60d wire
nails

TaBLE XII.—Materials required for single-lane plank road for motor
transportation

Requirements
100 linear ymﬁr

Number
of pieces

(1) Pickets, 6 inches x 6 inches X 4 feet. 40
(2) Guardrail, 6 inches X 6 inches X 10 feet._.. . 55
(3) Flooring, 4 inches X 10 inches X 10 feet .. 351
(4) Stringers, 4 inches X 10 inches X 10 feet__. = 120
(5) Sleepers, 4 inches X 10 inches X 10 feet. 2 75
(6) Guardrail spikes, 8-inch 220
(7) Floor spikes, 6-inch 1,404

Nore—For an 18-foot road all quantities are doubled except
items (1), (2), and (6), which remain as above. Average weight
of lumber is 40 pounds per cublc foot. Sleepers are used only when

necessary.

REFERENCE DATA 31

TasrE XIII.—Materials required for single-lane corduroy road with-
out stringers or guardrails

Requirements per
100 linear yards

Material

Number | Weight
of pieces (tons)

Logs, 6 inches mean diameter, 10 feet long 600 28

Nore—Any available material may be used. Calculations are
based on white ocak at 48 pounds per cubic foot. Timber will
generally be cut alongside road and transported by hand or
snaking.

TasLE XIV.—Materials required for single-lane corduroy road with
stringers and guardrails

Requirements per 100
linear ya.rg:

Material

Number of | Weight
pieces (tons)

(1) Btringers, 6 inches mean diameter, 10 feet long 120 10
(2) Flooring, 6 inches mean diameter, 10 feet long_ ... ___ 600
(3) Guardrails, 6 inches mean diameter, 10 feet long__________ 55
(4) Pickets, 6 inches greatest diameter, 4 feet long_ - - 40
(5) Guardrail spikes, 10-inch____. . y 220
(6) Floor spikes, 10-inch 2,400

Note—Any available material may be used. Calculations are
based on white oak at 48 pounds per cubic foot. Timber will
generally be cut alongside road and transported by hand or snak-
ing. For an 18-foot road, items (1), (2), and (6) are doubled;
items (3), (4), and (5) remain as above., Spikes are };=-inch.
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TaBLE XVIL—Gyrat rock
TasLe XV.—Man-days and materials required per mile for main- ory crushers
tenance of double-lane macadam road, conditions average

Dimensions, receiving Capacity in tons
Men i | 3-ton spider openings per hour varying
Material I g
Traffic r truck- ;‘,‘,cb with character of | Horse-
Conditions cli):y (tons) | S (inches) rock power for
usher,

elevat
Dry weather_......_..._____._. i 2 76 s lmdur,

Rainy weather ... .. -co..]o-co.doo. - 12 3 dial{l‘.leI.E‘r
Cold, freezing, and thawing____| . . .do_._____. 5 16 16 A ring Sereen
Spring thaw T LR —he 80 80 (inches)
Rainy weather_. Continupus 120 124
Continuous 240 140 8 x22 254
shell fire). 816 x 24 24
5 1 1 " ! - 9 x7 24
i Under such conditions road material would be piled alongside of road whene: il 13 xas =
possible. 12 x 37 2

eeeeeneee] 14 X 44
TasLE XVI.—Volumes of cuts and fills in cubic yards per 100 linear |1 xe60 ;M

feet of length e s

Side slope 1 on 1—width of base of cut or | 434

crown of fill (feet)
Average depth addls TaBLE XVIII.—Jaw rock crushers
of eut or height tional

1 (feet
i i 18 |20 22| 24|26

Capacity (cubie yards per hour) !
Weight on for indicated ring size product
Jaw opening (inches) skids (inches)

(pounds)

3 144 21y

11T 3 { e
9x20. .. 25-35
26-35

35-50

I3x38. - % Ny 60-90
DL el S 30,000 |  60-90

! Average capacities shown may vary 25 percent according to character of material

2, 2512, 370(2, 488(2, 607
2, 4562, 581(2, 707|2, 833
2, 6662, 800(2, 933(3. 067
9, 8853, 625(3, 168(3, 307
3, 111/3, 250/3, 4083, 556
amuii 3, 3443, 500|3, 6573, 811
_____|2,033l3, 0063, 250(3, 422(3, 585{3, 7483, 013]4, 074

Note—For fills under 2 feet allow 20 percent for shrinkage; over
2 feet allow 15 percent.
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TaBLE XIX A.—Bituminous road materials

Grade designa-
tion—tempera-
ture °F. applied

Cutback asphalts (RC and
MC).

ing asphalts.

|

Product of refining crude
petroleum oils contain-

Liguids—asphalt residues
fluxed with more vola-
tile petroleum distillates.

Rapid curing
RC-0
-]

-2

-3

-4

-5

50-120
50-120
100-175
150-200
175-250
175-250

Naphtha (highly volatile),
evaporating quickly, leaving
asphalt cement binder, per-
mits early use of surface.

Medium curing
MC-0
-1
-2
-3
-4
-5

50-120
80-125
150-200
175-250
175-250
200-275

Kerosene (less volatile) does
not evaporate so quickly and
cures more slowly than RC
types.

Asphaltic road oils (SC)_ ..

ing asphalt.

Product of refiining crude
petroleum oils contain-

of refining process.

Liguids—low volatile oils
left or blended with as-
phalt residues near end

Slow curing
8C-0
-1

-2

-3

-4

-5

-6

200-27,
200-27,

Asphaltiec cements (AC) or
paving asphalts.

Product of refining crude
petroleum oils contain-
ing asphalts.

Semiliquids or solids____

AC-1  250-350
-2 250-350
-3 250-350
Also graded by

penetrations.

50-120
50~120
120-180
175-250

250-300

Penetration 200,

5
5

Penetrations 30 to 100 used for
erack and joint fillers,

Powdered asphalt (PA)____

Product of refining crude
petroleum oils contain-
ing asphalt.

Hard and solid asphalts
ground to powder.

Used with BC oils to produce
extra tough road surfaces.

Asgphalt emulsions (AE)___

Asphalt cements in water
with an emulsifying
agent,

Tlgulde = oo

Rapid, medium, and
slow setting
R8-1 60-120

MB-1
-2

-3
BS-1
-2

60-120
60-120
60-120
50-120
§0-120

Freezing destroys emulsion.

Penetration and surface treat-
ments,

Road and plant mixes with
coarse aggregate,

Road and plant mixes with
fine aggregate.

Road tar (RT) priming oils_

All road tars are products
of coking bituminous
coal.

Liquids

RT-1
-2

60-125
60-125

‘Waterproofs surfaces prepara-
tory to placing other bitu-
minous surfaces.

Cold tars (TC).oeeee .

All road tars are products
of coking bituminous
coal.

TAgeidss e oo

Road mixes and patching.
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REFERENCE DATA
Tasre XIX B—Typical users of asphaltic materials

Grade or designation

CORPS OF ENGINEERE

|

ETT
asphalts
Medium Slow with pene-

curing curing fratiana

Remarks

Dust palliative. ... - cccoo]-coccaianns MC-0,-1,-2 | 8C-0,-1,-2
Prime coats:
Tightly bonded sur-
fHpBE. =L e
Loosely bouded fine
grained surfaces
Loosely bonded coarse

BC-1

-| Mined and used loeally where

il’lam. mix and seal-coats,
}Pamhing mixtures.

150-225 | Patching and seal-coats,

150-225
175-250 | Penetration macadam.

175-250
175-250

-6 60-120

Seal and carpet coats:
With or without light
sand cover. ... - 2

ture °F. applied
-ﬂ
=10
-1
-12

tion—tempera-
RTCB-5 60-120

Grade designa-
RT-8

Clean Y-inch agere-
gate cover
Clean Y-inch aggre-
gate cover ... -.-..
Clean 5-inch aggregal
0 /.
Clean 3-inch a
gate cover. . .........
Graded gravel agere-

Solids._.__.

Road mix:
Open graded aggregate:

Maximum diame-
ter 1 inch, high
percentage pass-
ing 10 mesh____ _

]
:
g
g
:
j
:
:

of ecoking bituminous

asphalt with sand or

stone.

tile distillates from coal
or watergas tar,

All road tars are products | Nonliquids.. ... _........__
Tars combined with vola- | Ligquids__
Natural combinations of

High percentage
passing 200 mesh
Maximum diame-

ter 1 inch, high
percentage pass-

i | MC-2,-2 8C-2,-3

1 Penetrations of 100, 120, 150, and 200 show increasing softness or fluidity. Pene-
trations of 85, 70, 60, 50, 40, etc., show increasing hardness or solidity. Road oil 80-6
(with high viscosity) and the softest paving asphalts both have penetrations of about

200
m

Material

Cutback tars (RTCB)__

Hot tars (TH). ___
Rock asphalt______




31
TasLE XIX B—Typical uses of asphaltic materials—Continued

CORPS OF ENGINEERS

Purpose or use

Rapid
curing

Crade or designation

Medium
curing

curing

Paving
asphalts
wit
tration
of—

Cold patch:
Open graded aggregate
Dense graded aggregate
Cold laid plant mix:
Open graded aggregate:

Maximum diame-
ter 1 inch, high

gate:
High percentage
passing 200 mesh
Maximum diame-
ter 1 inch, me-
dian percentage
passing 200 mesh_
Aggregate precoating
followed with asphalt
Hot laid plant mix. .........
Penetration macadam:
Cold weather_ ...
Hot weather.........-.
Asphaltic concrete. ...

RC-3

RO, -5

MOC-3
MOC-2

MOC-3,+4

MO~

MC-0
MC-4,-5

[ ) B R

B8C-2

BO-3 |.....

BO-3,-4

100-200
40-150

REFERENCE DATA

SecTtION II

BRIDGES AND STREAM CROSSINGS

11 32. GENERAL DATA,
TaBLE XX —Commercial sizes of timber in inches

l

2x 4 2xu
4x4 4x 0
6X6

2x8 2x10 2x12
3x8 3x10 3x12
4x8 4x10 4x12
6x8 6x10 6xX12
8x8 8x10 8x12
10x10 10x12

12x12

2x 14 2x 18
3x14 3x16
4% 14 4X16
6X 14 6X16
8x14 8X 16
10x14 10x16
12x14 12x 16
14x 14 14 x16
mwa

NoTte—Ordinary lengths are 12 to 20 feet. Bills of material show
number of pieces, cross section, length, kind, grade, and surfacing,
as 4—6'* x 12" x 16’ yellow pine (YP), No. 1, rough (Rgh).
Dimensions before surfacing are given.

TasLE XXI—Design and reconnaissance data

Design of new bridge

Examination of existing
structures

Safety factors:!

Stringer efliciency (same
for both wood and
steel, except in large
and important bridg-
es).t

90 percent (even number
of stringers well distrib-
uted).

80 percent (odd number of
stringers well distrib-
uted).

Compute (first assuming

a dead load and check-

ing back on it).

4.0
2.2.

None except 25 percent for | 25 percent.
abutments.
7 25 il 25  (Mayuso25per
E AT R e (L+ 25 Ccent for small
bridges.)

&0 percent (if reasonably well
distributed, otherwise less,
based on any one stringer
carrying more than its pro-
portional share).

Generally assumed from data
in Field Manual (or com-
puted if time permits).

and 2.2 for steel).

1 L is span in feet.
T3

1 In designing large and important bridges, which may be used over protracted
periods, it will be better to employ the factors of normal civil practice (4.0 for woed

# See paragraph 38,




CORPS OF ENGINEERS

TasLE XXIT.—Typical and critical bridge loads

Axle loads (pounds)

REFERENCE DATA

Inter-
Front! medI-

-
E
:
z
]
S
o
5
:
£
I

Same for H-15 (corps and

any of these if vehicles are not overloaded.

army) loads

Meninsinglefile. _...._...._.
Pack train in single file

Horse cavalry in single file. .

Escort wagon, 4-mule. ..___...
Car, motor, heavy ..

Tmck B-tou, COTEO . ..
Truck, 4-ton, cargo (towlng)

155-mm howitser_ . ____ .

Tractor, medinm, M1 (towing), |,
155-mm howitzer.____________

Combatcar, M2 _____..__.____

Balloon winch, type C-2

Shovel,engineer_ ______._______

Truck, water purification.

Road grader, engineer__________
Tractor, carrier, engineer.. ..
Tractor, earrier, semitrailer_

3,200 __

4300 |
6,800 | .

5,700| 150
5,200) 132

5,200) 142

- 10,000) .| ..

15,700| 6,000f ...
17,000 4, 500].......
18,8001 3, 7000 7,900

o000 | .
T sl |
8800 |

14, 400

0,700 |

12, 500f . ...
7, 300]

Tvre A-3

MopiLe HELIuM PuriFicaTion Las.

FiELD SeRvicing TRuck

Tree E-2

13001, 13,00,

780008

"

FueL Servicing TRuck
Tyee F=1

FueL Servicing Trucs
Tyee F-2

IO 120800

Tro0m,

M | (New MopeL)
I55-MM Gun Canmiace
Mizie & | { Ouo Mooe)

Heavy WRecking TRuck
M
1300 TI00m  T300m.
155-MM Gun CamrmiacE

Truck, 7% ton,l]ﬁnchestrom
and towing_ _ ol
155-mm gt.m. Ml_____ :
Truck (AA), 120 inches Irnm

--| 34,400] 8, 000| 13,200
-| 30,000 10, 000| 10, 000

13, 200
10,

(]

Ficure 38.—Typical wheel and axle loads.

! Distance in inches between axle of towed load and last axle of prime mover.
* Length of normal ground contact of crawler tread.
# Can be carried on H-10 timber trestle bridge with spans less than 20 feot.
tank requires bridges built for H-20 loads.

74

Medium

agsom. s7o0ie. 700
3
100w 820018 S300W,

TRUCK 4-Ton Careo

BJ00m 42001, 5,300,

8000 (3200 13200

rrd
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1 32 CORPS OF ENGINEERS [ REFERENCE DATA

| 15T TRUCK T TRUCK IST TRUCK 15T TRUCK W TOTAL GROSS WEIGHT
! . 5 q 5 | T -
30'—+f—1a'—] 30' 14'— 30 b4~ 30—t 14l 30" i
s_ H 20 LOADING -

oBw

.gl T, E .aj wgl %z T YI!%L %lan rngm[u ‘; :
|lga .ruu:x' LIS T, TRUCK | 5 ] | j (J
3019 30— a_.q._so-_+_=4+—w_.-;_.s+w

L i

E_ E I o g o —r-g e
CLEARANCE AND

: e . Jcr_i“EuL "
? % §| g §| ‘g] gl gl §| - A i -0 .
,zsrrm, 10T _TRUGK § |73 TRUGK 7.5T TRUCK | | <
'. qut‘mmnuuwm

30} 14" .+_w_..]._|4+__~ao__4—| 30—l i4]e 30" | ———  OF 34" PER TON OF GROSS LOAD |
H 10 LOADING _5@

FicurE 39.—Design loading o; Anoag‘:iicqln Assoclation of State High- Froure 40.—Distribution of wheel loads for design.
way als.

TaBLE XXIV.—Capacity of masonry arch bridges
TasLE XXIIT—Classes of timber trestle bridges.
] [Crown thickness required for all loads up to and including 10-ton axles or 20-ton

Class of | Class of A fanks)
loading | bridge
Thickness of arch ring at crown| Thickness of arch ring at crown
For division bridges. .- occcecmamcmccecaceas H-10 B
For corps and army bridges up to 25 feet in span... ._.......... H-15 A i ) R bt 12 vy gt A NP SRR ol
For corps and army bridges over 25 feet inspan._____._______.. H-20 AA cement |concrete| stone cement |concrete| stone
(ashlar) (ashlar)
Feet Inches | Inches | Inches Feet Inches | Inches | Inches
, 10 12 8 8 50 2 22 20
i 1214 1314 9 9 55 o 2 2014
15 15 10 10 60 28 24 21
174 1614 11 11 65 29 26 22
20 1714 13 12 70 30 0 23
\ 2214 18 14 13 75 82 23 2
25 19 15 14 80 34 29 25 |
2744 20 16 15 85 35 30 26 |
30 21 17 16 90 36 32 28 il
a5 22 18 17 95 a8 34 29
40 23 20 18 100 40 36 30
45 25 21 19

282736°—41——6




32-33 CORPS OF ENGINEERS

TaerLe XXV.—Time of construction of bridges

Maximum
Type length Personnel | Average time Remarks
considered
Footbridge, M1935________ 432 foet. ... 43men___| 1hour._______ See tabla
XXX VI
Kapok footbridge:

Assembling on bank.___| 264 feet..._.. 30 men_._| 35 minutes._..| Successive
bays.

Shoving across 90 men___| 2040 minutes .| Launched as
a unit,

Ponton bridges:

Light bridge, M1938._| 250 feet......| 103 men__| 4-6 hours._.____ Field condi-
tions.

Heavy bridge, M1#M0__|_____ do....... 145men__| 6-8hours______ Do,

Standard timber trestle
bridge H-15 6 by 8 inch
posts with wood string-
e s T, 8 bays, 120
foet. 40men .| 12 hours L
Or steel stringers. ... 200 feet._..___
Portable steel bridge:

H-10. 72 feet 42men__.| 1-2hours._____ One hour less
if crane is
used.

60 men___| 4-6 hours
--| 40men._.| 3 hours.
_____ do_...| 5hours.
feet, 20-
foot piles..| 100 men..| 6 days.
Crib bridge. - cceeeeeceeeme 7 bays, 105 | 200 men.__| 4 days.
feet.
Railroad bridge. .. ocoooo-|-ooou d0.......| Variable, | 2 months to 4
40-200, days.

1 A stiff bottom and standard bridge members are assumed. If members have to
be assembled out of smaller material, it may be necessary to add men for extra work
or to increase time allowance. Work on abutments (but not approaches) considered.

2 Including time for assembling standard trestles.

Nore—Material is assumed unloaded on the spot, with average

conditions. Extra time or men must be provided, where necessary,
for work on approaches, cutting of banks, and unloading.
M 33. APPROACHES, ABUTMENTS, AND FOUNDATIONS.—a. Bridge
approaches.—(1) Provide straight road for at least 50 yards
at each end of the bridge with a slight upgrade toward the
bridege becoming level at abutments.

8

REFERENCE DATA 33

(2) Build road surface 1 inch above the bridge flooring ini-
tially. If traffic develops holes in the road pavement about
2 feet from the end of the bridge, these must be kept filled
with tamped gravel.

b. Abutments.

FIGURE 41 —Abutments for simple stringer bridges.

——

BRIDGE SEAT

PLAN é’
J

PLANK—7

————————

FiGURE 42.—Pile retaining wall.
79




33 CORPS OF ENGINEERS

¢. Design of foundations and footings—(1) Compute the
required area of bearing on the ground (see table CXLI) to
carry total load. If mudsills are required, assume abutment
sill provides no bearing and mudsills provide full area.

(2) Select number, length, and width of mudsills and test
against bending using formula or table below.

(a) Formula.
o /
—lP
where

K=projection of mudsill beyond bridge seat or trestle sill in
feet.
C =constant, depending on material of mudsill.
P —safe pressure in pounds per square foot on bottom of
footing course or safe bearing power of soil.
t=thickness in inches of mudsills.
(b) Footing material.

Values of C
L= coneretecc oo s o 7.0
Limestone________ S 11.5
TIMBeT . e cescssmaae s s 20.0

The value of C=Vf/3 where f is the safe allowable bending
stress for the kind and condition of material used as a mud-
sill. For timber with f=1,875 pounds per square inch C will
be 25. However, the value of C=20 for f=1,200 is sufficiently
accurate for ordinary use for inspection or design where tim-
ber may be under water or in contact with muddy ground.

TaBLE XXVI—Safe unsupported projection (K) of timber mud-
sills in’ feet (based on C==20 in formula from (a) above)

Thickness of timber in inches
Distributed load in tons per
square foot

1 2

1)

4 5 6

0.51 1.03 2.06 2.57 3.09
1.79 2.23 2.68
1. 46 182 2.18
126 1567 1. 89
113 141 170
.89

aresey

REFERENCE DATA 34

M 34, OTHER DESIGN CRITERIA.—. Minimum width of roadway.

Feet
Men on foof; single file._ .~ __°____ .. ... . .. 1%
AntitapkeaMn e a4 o 6
Machine gtifi cartal . 8. L 415
One lane for vehicles_ 10
Two lanes for vehicles_______ 18

b. Headroom.—11 feet, minimum, 14 feet if possible.

c. Clearance for navigation.—Sufficient for the river traf-
fic permitted.

d. Camber.—No camber is required for the usual military
fixed bridge when in use. When all settlement has oc-
curred, the bridge floor should be on a uniform grade from
abutment to abutment; where the abutments are at the sama
level this grade is horizontal. Where settlement of founda-
tions must be allowed for, the footings should be initially as
much above grade as required; this introduces some camber
which will disappear as settlement occurs.

e. The deflection of the bridge under load should not ex-
ceed 140p of the span.

f. Curbs.—Curbs should be of 6 by 6 inch timber bolted
to the outer edges of the flooring. A 4 by 6 inch timber on
edge or one built up from 2 by 6 inch timbers may be substi-
tuted. Spikes or lashings may be substituted for the bolts.

0. Flooring—Use at least 11-foot lengths for a 10-foot
roadway. If longer lengths are available, lay diagonally.
For heaviest traffic provide a flooring of at least two layers
of 3-inch thickness. For light vehicular traffic use chess or
flooring of at least 2-inch thickness. Use at least one spike
(preferably two) per stringer. Lay dry flooring with 14-
inch spaces between planks.

h. Handrails of 2 by 4 inch timber with 4 by 4 inch posts
3 feet high are desirable outside the curbs. They may be
knee-braced to floor planks extending 2-3 feet beyond guard
rails,




35 CORPS OF ENGINEERS
M 35. BENDING.—a. Criterion for mazimum bending.

Distance r=Wp)(i£,{ﬂg. 43)

L w W,

= 2—1)
| At f

A

L
¢
IF£ < FACTOR XL, M!S AT 3 FROM &
Wg We
f —>
‘L L —»
€
IF/XFACTORxXL, M, IS AT &

MAX

Frcure 43 —Positions of heavier axle load (Wg) on bridge to
produce maximum bending.

TasLe XXVII—Values of load factor (see fig. 43)

Load -
proportioning Value of factor
We=Wp 0. 586
We=2Wp . 561
Wr=3Wp . 5358
We=4Wp . 527

REFERENCE DATA 35-36

b. Bending moment.—(1) The formulas for bending mo-
ment, are—

WL
=—— (concentrated center load W)
4

WL
M=—— (total load W uniformly distributed over span L)

8
W (4a+b)
M=——— (uniform, moving load W partially distributed)

where
M=moment in inch-pounds at center of a simple beam.
W=total load in pounds.
L=span in inches.
b=length of load in inches.
L—b

a= , or distance in inches of each end of load from

nearest end of span.
(2) Resisting moment must be equal to or greater than
the total maximum external bending moment. The for-
mulas for resisting moments are—

M=fS (all beams)
fbd*
M=—-—-6 (rectangular timbers)

b
=-i-[‘— (round timbers)

where
M=resisting moment in inch-pounds.
f=maximum working fiber stress for material (see ch. 4).
b=breadth of rectangular timber in inches.
d=depth of rectangular timber in inches or diameter of
round timber.
S=section modulus, I/¥ in inches cubed (in.?) from hand-
books.

B 36. STRINGER STRENGTH.—¢. Design and check strength of
stringers, using the following formulas, diagrams, and tables.
Impact, dead load, and stringer efficiency are not considered.
I-beams listed are the lightest-weight standard. Values of f:
1,600 (rectangular timber); 1,000 (green logs); 18,000 (steel).

83
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36-37 CORPS OF ENGINEERS

b. The following formulas give the allowable loads on par-
ticular stringers. An allowance for impact of 25 percent is
included.

(1) Rectangular wooden stringers:

_( )bd2 3 4uL
22.5

(2) Standard I-Beams of minimum web thickness:
Nd?
W= 930T —0.4uLl
(3) Standard I-beams of average web thickness:
Nd?

W= 04
10507 —0.4uL

For uniformly distributed loads, the total load given above
may be increased to the amount given by the following
formula:

$= W(ZL T
where
L=stringer span in feet.
N=number of I-beams.
T=length of tank or tractor track in contact with the floor,
in feet.
U=total uniformly distributed safe load of length T in
pounds.
W=allowable concentrated load in pounds.
b=total width of stringers of depth d in inches.
d=depth of stringer in inches.
f=allowable bending stress in pounds per square inches
(usually 1,000 to 1,800; see table CXLIII).
u=uniform dead load of span in pounds per linear foot
(see table XXXI).

M 37. Deap Loap.—In hasty design of short span bridges it is
usually sufficient to add an extra stringer to take care of the
dead load. For long spans using light stringers it may be nec-
essary to add 25 percent of the number needed for the live load.

REFERENCE DATA 37-38

TaBLE XXXI.—Dead loads, highway bridge decks

Pounds per linear foot

Typeof stringer. . —vvovvceen. —ee-| Wood. oo | Bteel__........| Bieel.
Typeof floor. oo Wood._.o.. - | Wood..—-.....] Concrete.
BB WY oo oot e 250-350.. ... .. 250-400______._ £00 up,

WO - o s el 350-500- ... 490-T00._-c .- 1,300 up.

Nore—The figures on concrete are based on a slab thickness of 6
inches and weight at 150 pounds per cubiec foot. The weight of
timber is about 40 pounds per cubic foot.

N 38. STRINGER ARRANGEMENT AND DISTRIBUTION.

HANDRAIL

/

FLOORING

Ficure 46.—Transverse cross section of typical stringer bridge.

a. For design the proporticn cf the wheel load on any one
stringer is:

S0
8N
where

N=total number of stringers.

S’'=stringer spacing in feet center to center.

b. For a simple one-track stringer bridge, with an even
number of stringers, it is considered that stringers can be
placed to allow a stringer efficiency of 90 percent to be used
in design. For reconnaissance the determination of stringer
efficiency is a matter of judgment. If the flooring is satis-
factory, assume a stringer efficiency of 80 percent. Tables
XXXV and XXXVI provide a quick means of determining
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38-41 CORPS OF ENGINEERS

bridge capacities for various classes of stringers. For the
worst conditions, figure the live load supported by stringers
on the basis that the flooring acts as a simple beam between
stringers.

B 39. SHEAR—The maximum vertical shear develops at the
supports and occurs as the maximum load passes that point.
In timber the maximum horizontal shear occurs when the
load is at a distance from the support of three times the beam
depth, or at the center when the span is six times the depth or
less, Horizontal shear per unit of horizontal stringer cross
section area is equal to the reaction at the support divided
by the vertical stringer cross section and multiplied by 3/2.
This is important only for short spans.

W 40. Caps AND SinnLs—The width, ordinarily equal to the
diameter of the posts, should be the least dimension. Investi-
gate special and doubtful cases for shear and crushing of posts
into cap or sill.

B 41. Posts.—Posts are designed as columns, using a, b, or
¢ below. The L/d ratio must not exceed 40; L and d must
be given in same units (both in inches or both in feet).

a. Where L/d =11

p=3 (Using table CXLIII, this gives a factor
of safety of 3.)

b. Where 11 <L/d<K and K=0.64/E/s
1—1(_L\"] (Using table CXLIII, this
PE8LT 3\Kd

gives a factor of safety
of 2.25.)
¢. Where L/d >K and K=0.64VE/s
P=12X0274 (T.;E_d)'z (This gives a factor of
safety of 2.5.)
d. For round columns replace d in the above formulas by

70/79 times the diameter.
e. For reconnaissance investigations use the formula:

e
p_a(l GOd)

90
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REFERENCE DATA 41

where
L=unsupported length of the column.
d=least dimension of the column.
E=modulus of elasticity.
s=unit working stress for compression parallel to the grain
(table CXLIII).
K—064 E/s (for select merchantable Douglas fir K=22.5)
p=allowable unit load.
P=total load=pA.
A=cross-sectional area.

TapLe XXXII—Values of the erpression (1 _'%(Kid )4)

L atio of length to least dimension in rectangular timbers
Values of d
K

alielalals|we|m|s|e|2]2 2|2
7 S T ' I SO ) e e e P S pee= iy poys e | b S| i
s 78] 0.67
e .83 .76
ol | ]
i E et L90| .86
L 02| .89
Vgl .o4| .02
T .06| .94
105 Lo7| .95
st Ed o8| .96
e BT g o8| .97
e o8| .97
P go| . o8|

Nore—This table can also be used for timber columns not rectan-
ar L/d being equivalent to 0.289 L/r where r is the least radius
of gyration of the section.
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41-42 CORPS OF ENGINEERS
TaBLE XXXIII—Safe loads, square wood posts, and for various
values of Ly/d in formule of paragraph 4le

[Fiber stress assumed to be 1,200 in the formula. Proportionate
increases or decreases should be used for higher or lower stresses]

it | Safe load P

Size (inches) Tsopty z SRt tor paste
stress p pA

byl s e S 2 (] 1, 080 17, 280

Y Y s e W T 4 12 960 15, 360

6 18 840 13, 440

8 24 720 11,520

10 30 600 9, 600

4 8 1,040 37, 440

(] 12 960 34, 560

8 16 880 31,680

10 2 800 28,800

12 24 720 25,920

14 2 0 2,040

16 32 560 20,160

(] 9 1,020 65, 280

8 12 960 o1, 440

10 15 00 57, 600

12 18 840 53,760

14 21 780 49,920

16 24 720 46,080

18 7 60 42,240

2 % 00 38,400

2 3 540 34, 560

2% 36 480 30,720

W 42, PiLes.—Construct pile bents in dimensions similar to
trestle bents. When the height from the bottom is less than
8 feet no bracing is required. Place bracing above water
when required. For greater stability batter piles are fre-
quently used. If the pile rests on a hard stratum it is designed
as a column. Otherwise determine the safe load by loading
test piles or by the following rough formulas:

For piles driven by drop hammer: P= 3—2}—1‘;’.{:]

o W
For piles driven by steam hammer: P= “F301

REFERENCE DATA 42-44

where
P=safe load in pounds.
w=weight of hammer in pounds.
h=height of fall of hammer in feet.
s=average penetration of the pile under several successive
blows of the hammer, in inches.

TasrLe XXXIV.—Bearing power of piles of 1 foolt mean diameter

Penetra- | Probable Penetra- | Probable

Character of soil tion safe load Character of soil tion safe load
(feet) | (pounds) (feet) | (pounds)
Soft mud..... ... 15 4,500 || Compact sand._ ... 10 20, 000
30 10, 000 12 24, 000
Soft clay........-.. 10 7,000 15 28, 000
Compact silt._____ 15 10, 000 20 36, 000
20 13, 000 30 48, 000
a0 20,000 || Sand and gravel. _ 8 20, 000
Stiffelay._.__._.___ 10 15, 000 10 24, 000
15 23, 000 12 28, 000
20 30, 000 15 34, 000
30 45, 000 20 43, 000
Compact sand_____ 8 16, 000 30 60, 000

Note.—For other pile diameters the safe load wm vary in propor-
tion to the diameter.

B 43. TrvmBer Piers.—Make timber piers of trestle, pile, or
crib construction. They are used when simple bents do not
provide sufficient support, stability, and stiffness.

M 44. BRIDGE RECONNAISSANCE FORM.
FORM FOR BRIDGE RECONNAISSANCE

Par
(I:l’ necessary, use back of sheeta repeat number of headings.)
Location
1. Designation of route...._____

2. Two towns on route__________________
3. Name of nearest town; direction and distance from bridge-,__

282736°—41—7 93




44 CORPS OF ENGINEERS

4, Stream, canal, road, or railroad crossed by bridge e
5. Local name of bridge.
6. Remarks .o e

I
9. Total length = % & .
10. Net 1ength o oo eomommommm———mmmmmemm—mmmmm oo
| 11. 'I‘Ot&l width e
| 12. Width of roadway. e s ALu
es.
13, Clearanc O Mgyl Do NN

Above roadway---- | Vertical

14, Floor system.
(s) Flooring - ———---——- T L -
| (b) Stringers and floor DBAINB. . e i e o e S o
| (¢) Curbs, handrails - -
r \ 15. Number and width of sidewalks .- ——coomommeomm
|

16, Piers - ——- e in
17. Abutments --.- - S e
18. Winig WBIIS o o e mmmmm—Sme e ————————————

VI o s s o i
;g: ?).&xln%um loads: Now using bridge____ Reported capacity- -
21 REMATKS o ooommomc oo mmmmmmmmm e mmm

Description of crossing

Make plan and profile on extra sheet showing (a) all bridges
{ g Envolved in crossings; (b) bridge being reported on)

22, One of oo bridges involved in crossiNg--—-—----—--

_____________ Low water___.______

Char: tream., Maximum depth{ High water. .-

o e ot ¥ { Observed ——-c-eeeem

24, Velocity: Feet per second___aaig __________________________

oods per year. .- m s e
gﬁs' iqmoung an?l character of debris carried at high water.._....-
97 Character of bed and banks of stream S e
roaches.

*: 313‘)’ _______ end. Straight length.______ width_ - ——mo height
---cut or All.

o) LR end. Straight length_______ width_ ... height
_______ cut or fill.

30. Description of connectin-g— roadway between several bridges
involved in crossing = :.

REFERENCE DATA 44-45

Recommendations

81. List in order of practicability for new construction.
(Pile bents, trestle, crib supports, etc.)

32. Remarks =

34. Troops ..
85. Bill of materials (use extra sheet)

86. Location of construction camp._.__
37. Remarks

W 45, DETERMINATION OF ALLOWABLE LoADS ON EXISTING
Bringes.—a. General—Newer bridges are usually designed on
the basis of H-loadings (figs. 39 and 40) as follows:

Main Federal and State highways (including
strategic highways) H-15
Principal State and county roads_ - ___ H-10

Older bridges will vary, and no assumption should be made as
to design basis unless indicated on the bridge or by posted
sign capacity. For new bridges with heavy concrete or other
type floors giving' wide load distribution, the H-loading (in
tons) may be exceeded by 50 percent on one-lane bridges,
and by 100 percent on multiple-lane bridges, by single vehicles
at steady speeds of 5 m. p. h. For other bridges under same
conditions the posted capacity should not be exceeded by more
than 25 percent. Wherever excessive deflections or signs of
strain appear after trial the posted loads should not be ex-
ceeded. Assume that flooring and stringers, especially in
older bridges, are weaker than abutments and intermediate
Supports unless these are obviously damaged or rotted. In
case of doubt, the following more detailed check methods
should be employed.

b. Flooring—Rule of thumb: For heavy loads, planking
thickness (inches) should be at least 114 times clear distance
between stringers (feet) ; minimum permissible thickness is
2% inches if worn or 2 inches if new. In doubtful cases, way
planks or g second layer of flooring (spiked down) should be
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45 CORPS OF ENGINEERS

added. Investigate floors from below and do not assume
asphalt surfacing adds any strength.

¢. Stringers—See paragraphs 36 to 39, inclusive, or tables
XXXV and XXXVI.

! TasLE XXXV.—Hasty estimation of bridge capacities—steel stringers

[ [Number of I-beams required for 10-ton single-axle load]

l Depth and weight of standard minimum weight beams

6" (4 8" 9 2 i 0 1l 0 1 (B L
1256 | 1538 | 18.4# | 21# | 2544 | 8188 | 42.08 | 54.T# | 6544

‘ .............. re WSRO S BT O M TR e
\ £ 56 4.0 2.9 1.9 : ] S e oS S o
oo WS T B ) P ) (R ol T
86| 60| 4 ; !
A o | %al ss| a8 lae| zolaisl

12.2 8.3 61 4.1 3.5 2.3 15 -
13.6| 95| 69| 46| 40| 26| L7l __._|. ..
| i b o S S S | R L e

Nortes.—1. Explanation of use of table:

a. To find the safe concentrated load for ordinary traffic moving
at standard speeds, take the ratio of number of I-beams available to
tabular value and multiply by 10 tons.

b. If beams are not minimum weight and ratio of actual weight
of beams to minimum weight of beams for size can be determined,
increase the value found in a above by !, the percentage of increase
in weight over minimum weight. Otherwise assume beams are
minimum and disregard actual weights.

¢. For emergencies, with traffic control guards to insure reduced
speeds, only one vehicle on bridge at a time, and no gear shifting
on bridge, 1, the value found above may be used.

d. To find the gross truck weight allowable, multiply the safe axle

| load by 1.25.
2. The above table is based on the following data:
Dead load of 4-inch plank flooring 10 feet long with two 6- by
6-inch curbs plus actual stringer weight.
25
Impact on basis of formula: I—= (L+125) (L equals span in

feet).
Stringer efficiency of 80 percent included.
Safe tensile stress of 18,000 p. s. 1. used.

REFERENCE DATA 4548

TaBLE XXXVI—Hasty estimation of bridge capacities—wooden
stringers

[Total stringer widths in inches required for 10-ton single-axle load]

Depth of stringers
Span c. to c. (feet) —
6 8 0 12" 147

FEsREEERG

Notes.—1. Explanation of use of table:

a. To find the safe concentrated load for ordinary traffic moving at
standard speeds, take the ratio of stringer width available to tabular
value and multiply by 10 tons.

b.In emergency, with traffic control guards to insure reduced speeds
only one vehicle on the bridge at a time, and no gear shifting on
bridge, 114 this value can be used.

c. To find the gross truck weight allowable, multiply the single
safe axle load by 1.25.

2. The above table is based on the following data:

a. Dead load of 4-inch plank flooring 10 feet long with two 6 by 6-
inch curbs plus actual stringer weight.

lb. Impact of 25 percent and stringer efficiency of 80 percent in-
cluded.

c. Fiber stress of 1600 p.s.i. used. If actual allowable fiber stress is
less, decrease allowable load on proportional basis.

d. Trestles—For caps and sills see paragraph 40. For posts
use table XXXIIT and table XXXIV for piles.

€. Other parts—If sufficient time is available, continue the
investigation to the other parts of the structure.
M 46. Suspenston BRrGES.—a. Formulas for determining
Stresses in cables,

(1) For a uniform load:

7= .S _sxJDifi6d
S 0 8d
(2) For a concentrated load (approximate) :

T=iy/s+[ st |
97




46-47 CORPS OF ENGINEERS . BN IS e
) i
where i . 3 %
T=maximum cable tension (in all cables at one tower). — i
W=concentrated live load on bridge. i 'g
S=sum of all live and dead loads on bridge cables (including gi
impact and all other loads). o, §§§ ;
L=span in feet between towers. : é‘ * ca|
d=deflection (sag) of cable in feet at midpoint below tops = e B ! égg ]
of towers. 1 o s ﬁ
f=angle made with the horizontal by tangent to cable at q
tower — 5
- .'u g
b. Formula for length of cables between towers. ‘:- =
L+g—i€ (approximation based on a circular curve). ot § o
c. Formula for length of slings (omitting any allowance for ] f
camber). é E 2
s (4.:1 ¥ 8
y=(+3)= ¢ "
L 3 80
where 5 g
y=length of sling. ¢ 3 i i
z=distance from middle point of bridge to sling. - =i = :‘ N s — e
M 47. FoorsrInGE EQUIPMENT, M1935—One unit makes 432 ] %
feet of footbridge or 144 feet of wide bridge. Standard load for e y ‘8’
a 1%-ton truck is 9 bays or 108 feet of footbridge. An infan- = % 8
try rifle company can cross on this bridge in 3 minutes dur- H Tl ¥ g b
ing daylight or in 10 minutes at night. gl % é. Z
=H j—i g
L= =" [ é
3
§ |
3 SHE “ g
Ny
i k) -
~ ‘ % E
3 \ §
g 3
—
=
o —]

Freure 47—Construction of footbridge by successive bays.
98
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A Handrail Lines
4'dia, Manila Rope.

Fioure 49 —Assembled footbridge using guy lines,

TaBLE XXXVII—Cables and guy lines for foolbridge
[Not applicable to wide bridge]

Maxi-
mum
practica-
ble bridge
length
with
anchor
cable
(feet)

Anchor
cable
required
for
bridge
length
over
(feet)

Bridle lines,
anchor cable
to bridge

Float
cable
required
or
bridge
length
over
(feet)

Guy lines required both
sides bridge to bank
wbien anchor cable
no

1, 000

500

Each 10 bays. -

Each 6 bays. ..

Each 4 bays...
Each2bays._..
Eachbay......

Only required over 100
foet.

100-300 feet at end,

300-500 feet at end and
center.

Less than 100 feet »t end.
100-300 feet at end and
each 6 bays.

At end and each 4 bays.

Atend and each 2 bays.

Anchor eable required.

1 Any length.,

100

REFERENCE DATA 47-48

TaBLE XXXVIII—Number of 12-foot footbridge bays constructed
per minute

Current (m, p. h.) Night

Lessthan2 _____ 2 1
114
Ovar s = 3 i:

NoTeE—These rates require 40 to 50 trained men (depending upon
the m)m-ent) under service conditions with a good site. (See table

M 48. Karok FOOTBRIDGE—One unit of this bridge consists of
twenty-two 12-foot sections, or 264 feet, and can be trans-
ported on two 12-ton trucks.
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M 49. PoNTON BRIDGES.

CURRENT

Ficure 51 —Method of construction by successive pontons.

Note—The length of cable between anchor and ponton should be
at least ten times the depth of the stream.

=
-

u

Ficure 52 —Method of construction by parts. (First bay may be a
trestle bay instead of as shown.)




104

Fioure 53 —Method of construction by conversion.

REFERENCE DATA 49

Froure 55—Hinge sill raft and trestle (23-ton M1924 bridge) .
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REFERENCE DATA 49

TasLE XXXIX.—Characteristics of standard ponton equipage—Con.

Heavy Light
ponton ponton
battalion, | company,
M1924 M1938

Trestles:
Number per bridge plat

‘Width of ro‘adwsy (clcar) ,... -
Number of balk under roadway per span normal con-

Tto9

Figure 66.—Raft draw span in floating bridge.

: 1 Loads over 20 tons must be at intervals of over 32 feet.
TasLE XXXIX —Characteristics of standard ponton equipage 2Four trestles are used in this bridge in normal econstruction.
Using all basic quantities, lengths given can be built. TUnless all
trestles ean be used, length of single bridge that can be built by
ponton several platoons of equipage end to end is considerably less than 250
battalion, | feet times the number of units employed. In this case exact length

M1924 19 of bridge that ean be built must be computed using only number of
spans which can be actually employed.

s The approximate net safe buoyancy of the boat in the bridge is
the displacement of the ponton with a safe freeboard (approx. 9 im.)
minus the weight of one span of flooring. The weights of one span
of flooring of the 23-ton bridge, M1924, and the 10-ton bridge,
M1938, are approximately 4,100 and 2,600 pounds, respectively.

4 A duralumin trestle has also been made weighing 1,200 pounds.

& With outboard motor, ferrying capacity is 40 passengers with
crew of 3.

Heavy

Ponton to ponton...
Number of boats:

Per bridge plat

Total per bridge company.

Total per battalion.
Characteristics of boats:

Weight

Safe buoyancy (freeboard 9 ineheé)
One span of flooring .
Net buoyancy l.......... . ..A____._,.....do..-.

See footnotes at end of table.
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49 CORPS OF ENGINEERS

TasLe XL —Mazimum safe loads for various types of ponton bridges

Maxi- ‘Width of
mum Maxi- road-

muim
fl OBs speed way
(pounds) | (poundsy | Vehicles |(m.p.h) | (G

7%-ton, M1926, normal!_____ ] 10
7¥-ton, M 1926, reinforced 2 10
10-ton, M 1938, normal = 10
10-ton, M1938, reinforeed 4 10
23-ton, M1924, normal & 114
25-ton, M1940 6

1 Normal span of 16 feet between boat centers, seven 4- by 6-inch balk and 2 siderails
in each ponton bay and each trestle and hinge span, and 1 layer of 2}¢-inch chess.

2 One extra boat in each boat span. Seven balk and 2 siderails in boat spans and
12 balk and 2 siderails in abutment, trestle, and hinge spans. (This is the 15-ton
bridge.)

2 Normal span of 15}4 feet between boat centers, eight 4- by 6-inch balk and 2 side-
rails in each ponton bay and in each trestle and hinge span, and 1 layer of 214 inch
chess,

¢ One extra boat in each boat span. Eight balk and 2 side rails in boat spans and
14 balk and 2 siderails in abutment, trestle, and hinge spans. (This is the 20-ton
bridge.)

5 Normal span of 16 feet between boat centers, nine 53%s- by 7%4-inch balk and 2
siderails in each bay, 1 layer of 2%¢-inch chess, and 1 transverse balk in the center of
each span.

8 This bridge, now under design, will replace the 23-ton bridge, M1924,

DE

HASTY METHOD, TOE NAILING WITH
ANGULAR BLOGKS NAILED TO E
GROUP OF STRINGERS

_-5150d 40 3QISLAO NO S3DVHE HLOB\
i

I hi

-

“5CABS 2"x8" 18" ON BOTH SIDES

OR 2"x8"x18"

Sazal

A

|

[ /snca Ldiwg 9%

)

T

2 LAYERS 3"%12" PLANK Fi

GAP 6"x8"x12'

8508 1504 — =

14"

&

STRINGERS

282736°—41——8

91 WNNIXVA,
FTEVIHVA

LONGITUDINAL ELEVATION OF BRIDGE

Fieure 57.—Multiple short span (nonfloating) bridge for corps and army loads (H-15

ELEVATION OF BENT

Wood stringers in spans up to 15 feet.

loading).
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Fieure 58.—Multiple short span (nonfloating) bridge for corps and | I
army loads (H-15 loading). BSteel stringers in spans ' f ;
up to 25 feet. ‘ﬁ” & ‘T“I" E-"?
TasLE XLI—Material used in standard trestle bridge FRESTLE BENT 8 TRESTLE BENT © TRESTLE BENT D TRESTLE BENT E

LONGITUDINAL ELEVATION OF BRIDGE

Material Bize

2 layers of 3- by 12-inch by 11-foot planks. _(FILLER STRIP caizi-2s” FILLER STRIP oo woi-21®

6 by 6 inches. » »
8, 6 by 12 inches (not to exceed 16 feet in length), 4 e

Posts_._.______________| 4, 6Dby 8 inches (not to exceed 16 feet in length), = i} # T oy S

Cap and sill.__________| 6 by 8 inches by 12 feet. sl E

Bracing. ... 2 by 10 inches. ABUTMENT A \ ABUTMENT F

16 MAX
65875 16" POSTS
16 NAX
€7 0% 16" POSTS

x/<-
W Jj ih o N
5 T eva =iz SiLL :
£7x87X10"SCABS - BOTH SIDES - ON ALL TREST

TRESTLE BENT B TRESTLE BENT C TRESTLE BENT D TRESTLE BENT E

16" WA X
€7 85 16" POSTS
2"710" BRACES - ALL POSTS

2% 10 BRACES - OUTSIDE PosTa -~ o 1= @
210" BRACES - ALL POSTS

£°2 10" BRACES - ALL POSTS

r
g}._\——.

|

4N

110

Ficure 50.—Typical bridge, showing several types of trestles and stringers.
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REFERENCE DATA 50

Nore—Bents over 16 feet high are double story. Round posts
must be 9 inches in diameter. Logs for caps and sills must be 10
inches in diameter before shaping. The second layer of flooring
may be temporarily omitted. If the span exceeds 15 feet, use 6
standard steel beam stringers as follows:

Clear Class of | Weight | Nominal | Actual
& s?ans beam | (pounds |dimensions | length Material strength
(feet) index |perfoot)| (inches) (feet)

15-17%____| CB 101 21 10 x 53¢ 19 | Standard commereial.
1744-20.._.| OB 101 21 10 x 5% 2114 Do.
20-2244....] CB121 25 12x 614 24 Do.
242 | CB121 25 12x 6% 2%  Do. ,
£OIA BOLT 14° LOW TO ' n-o"
SRR T |
<@I a2 1N PLANK FLOOR LAD W TWO LAYERS Mmm '
OnE TRANSVERSELY & ONE L LY. |
e e e | 3 ]
ALTEMNATE METHOD OF
| FASTENNG STRINGERS TO | |
CAP WiTH ANGLE BLOCH '
SO A5 SHOWM I
* L
i i " ey +
( it ‘
P — SaslEn s |
I J . - ABUTMENT A
Sh-g" ‘
s 5 TR | oo s |
| B |

SiEEn cuns —]

= d
‘ Hl HE H 1 |
| T T
] n |
" n
| € FILLER STRIP # # " "
T y 1
2 "6‘ I m m
us"y 9 u u s il 1 .
3 v —f—r— 4
G /‘1 o ]2 \ |
N stoumtn b o
i scans i e s v esom was. |° | °) TR
o | o o
g, | of 10" pmAcE
e f-o"
8" a8"wIB 1T POST. T " y e —
d ] 2 I
| LA L LA

TRESTLE BENT C

FiGURE 60—Methods of fastening standard bridge deck material,
111
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51 CORPS OF ENGINEERS

M 51. SteEL TrUsSEs.—a. Portable H-10 type.

TasLE XLII.—Permissible loadings of portable H-10 truss bridge for
various lengths of span

Number of | 36 fect | 48feet | 60fect | 72fect | S4foet | 96feet | 108 feet
IR 2 I R B e ] e e
e e e ] H-20 HAb oot M=l | s
PRI el i) AL [T e [ ) 2l H-10

Note—The 12-foot box girder section weighs 1140 pounds. The
72-foot (2-girder) span can be carried on nine 11;-ton trucks or five
215 -ton trucks. Under ideal conditions an experienced crew of 42
men under an officer can construct a (2-girder) 60-foot span in
about 1 hour.

Ficure 61 —Method of launching and installing on abutments.
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b. Portable H-20 type—The long span (nonfloating) bridge
for corps and army loads (H-20 loading) built with two girders
will carry all army loads on spans up to 125 feet. The box
girder section, 2 by 6 by 121% feet, weighs 1,730 pounds. The
material for the 125-foot span weighs about 43 tons and can
be carried in twenty-four 11,-ton trucks.

M 52. Spar Bringes; TRESTLE BENTS.

NN N e

Ficure 62—Single- and double-lock spar bridges.
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52 CORPS OF ENGINEERS REFERENCE DATA 53-54
B 53. Passace BY FORDS AND ON ICE.
TasLE XLIII—Fordable depths
th of
Type of unit I)vavl:l:ero
(feet)
f ]
T O e gty e e e e T e e 314
LI L S e S - SRS e s e m s e iy SRR 414
Artillery (horse-drawn) And WaZODS. - o oo oo e oo 3
T 5 O ST RO I T e 2
| Lighttanks .. _________ oy, SN 1-3
! Medicintanin .o 1 o8 L0l e et A 2-4
J Fop it f TR B O e 4-6
| Nore—These depths require a moderate current and a hard bot-
tom.
]| TaeLe XLIV.—Carrying capacity of icel
i | Thickness (inches) ‘Will support—
I g I
e S e = - i o e A i Small groups of men,
H en Al O BOE TR e i Horse eavalry in small groups.
‘I' " TRONE R | e aecues md W oeaidlos ‘Wagons and 75-mm guns.
| h R Divisional loads.
i | |= e~ e o o Army loads.
}I( i
! " ; D e —— — 1 New sound ice in floating contact with water,
M . : ; T
| T oe ere:r“gmf 6*6'material ¥ M 54. PassAGE BY BOATS, RAFTS, AND FErriEs—The assault
'u’ - ward forcurb boat weighs 200 pounds. Ten boats are the normal load of a
| AN B 1l5-ton truck. Besides its engineer crew of two a boat will

. Elevated to this carry— fl |
positionby hand ! 9 men.
/)) 8 men and a machine gun or 60-mm mortar with

S some ammunition.

7 men and one heavier item of infantry battalion
equipment (81-mm mortar or communication sec-

FIGURE 63.—A method of erecting framed trestle bents. Hon2.
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|
|
| 54 CORPS OF ENGINEERS [

AN

Ficure 64—Rafts made from ponton equipage. |

f Curren?

| A two-boat light ponton raft with two simple landing stages e L
f (see fig. 66) can be constructed in about 1 hour by 48 men :
after equipment is delivered. This ferry has a 10-foot by
21-foot platform that carries one gross truck load of 5 tons |
or a uniform load of 7 tons, making 6 or more round trips PreurE 65—Trail ferry with landing stage.
per hour. On narrow streams the ferry may be drawn across
by cables fixed to both banks or by cables attached to the raft
pulled from shore. When outboard motors are used on free
rafts, several may operate at one site. See further details
1) on rafts in TM 5-270.

|
|
|
- — P ||
' FIGURE 66.—Flying ferry.

116 i 117 |




55-56 CORPS OF ENGINEERS

SectIOoN IIT
- RAILWAYS

M 55. REconNArssaNcE.—Information to be secured:

a. Number, location, and gage of lines.

b. Condition of roadhbed, ties, and rails.

¢. Number, types, condition, and nature of rolling stock and
other equipment.

d. Number, length, and location of passing tracks and
sidings.

e. If line is passable throughout, and, if not, at what points
and for what reasons stoppages of traffic may occur.

f. Ruling grade and maximum curvature.

g. Location and amounts of fuel, water, ballast, and mainte-
nance material.

h. Facilities for repair and servicing.

i. Locations favorable to construction of detours.

4. Condition of right-of-way for marching troops along the
line.

k. Drainage and liability to overflow or wash-out.

1. Number, location, dimensions, and strength of tunnels
and bridges.

m. Location and capacity of platforms, ramps, loading and
storage facilities.

n. Signal communications.

W 56. UseruL. Data—a. Capacity of railways—A single-
track railway line in good condition with ruling grade of 1
percent and passing tracks at 6 to 10 mile intervals can pass
10 trains per 24 hours in each direction, the length of the
train being fixed by the clear length of sidings and the maxi-
mum tonnage hauled per train not exceeding 1,500 tons.
Excess grade (over 2 percent) reduces tonnage hauled per
train rather than number of trains passed. Capacity of
double-track lines is usually limited by capacity of facilities
for dispatching and receiving trains. Rule of thumb for
determining the capacity of a terminal: Cars handled per 24
hours equal two-thirds of total length of track in receiving
or classification yard divided by average length of car,

118

REFERENCE DATA 56
u‘-i o"
s
4 | -.
® | | “50
@
IJ'-O" 16-0" l/
- le— g-0"—ot—8"-0" .?
5 |
" g 5
+ <
-
L% ':; )\ TOP OF RAIL
- £ : o ’dﬁ—.ﬁ.\g’ i
|l'k-rr.'n’ OF | RAIL ; -7 2’0"/} SUBGRADE ~
—{2'3"= | BASE OF RAIL
g

() FoR BRIDGES (@) FOR TUNNEL, SINGLE TRACK

RADIUS VARIES WITH
DISTANCE BETWEEN
TRACKS .

SPACING OF TRACKS
TO CONFORM TO

'[ RAILWAY STANDARDS.

6" DRAIN PIPE OF GAST IRON 6" OPENING
(3 FOR TUNNEL,DOUBLE TRACK
F1GURE 67—Standard clearance diagrams for bridges and tunnels.
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56 CORPS OF ENGINEERS

b. Gage—~Standard gage is 4 feet 8% inches measured at
point 3 inch below top of rail. Overgage on curves: t%
inch per degree over 8° (maximum, 4 feet 9% inches).

¢. Roadbed.—Width at top of single-track embankment:
15 feet; width at bottom of single-track cut: 14 feet (plus
ditches) ; width at top of double-track embankment: 27 feet:
width at bottom of double-track cut: 26 feet (plus ditches).
Minimum spacing of adjacent parallel tracks: 13 feet (spac-
ing increased on curves).

d. Ties—Ties are 8 to 9 feet long, by 6 to 7 inches thick,
by 8 to 10 inches wide. The normal spacing is 20 inches,
center to center.

e. Clearance.—The clearance shown in figure 67 should be
departed from only under exceptional circumstances.

f. Rails—For military use, 85-pound rails are satisfactory.
Rail lengths vary between 30 and 39 feet (normal, 33 feet).

g, Curves—~Formula for simple railway curve:

15 unit chord
sin % (degree of curve) °F
s lLIC)
" sin %5 D
For unit chord of 100 feet, R=5730/D, with R in feet, D in

degrees. (See TM 5-235 and TM 5-236 for more complete
data on surveys and location.)

Radius=

EQUALS CURVATURE OF

LENGTH IN INCHES
TRACK IN DEGREES

FIGURE 68.—Method of determining approximate degree of curvature.

120

REFERENCE DATA 56

h. Ballast.—Ballast is used only when absolutely required
for support or drainage.

TasLE XLV —Quantity of ballasti?er mile of standard gage one-track
railway

Inchesof | o hic yards of

hal]astti;mder ballast per mile

1, 529
1,770
2,082
2,205
2,577
2,863
3,137

=R - B -

—

Nore—Ties 6 by 8 inches by 8 feet, spaced 20 inches center to
center; ballast dressed even with the tops of the ties and sloping
from the ends of ties 1 on 4.

121




#, Characteristics of rolling stock.
TaeLE XLVI—Dimensions and capacities of cars

Capacity Dimensions in feet
Men (8 Outside Inside
Ani-
Type of car Square | pajs ompty | Height
Tons| CorPe | (light | Cubic |in tons | /To™
a:é] draft feet rails to | Length!
ot | at22 top of | (center| wiqpy, | Height | Length| Wids
inches) floor | of cou- gt th | Height
ment) plings)
ﬁ Mﬂirtsary:
0K .-
T R e P P 12| 38| 28 0.6 141 242 8 8.
l!;‘]:::nd gor::ncﬂ:[_l 0| 38| 2 0.0 71| 244 8 3. :
T 5-000- & 14| 38| = 9.0 130| 221 dia64| ...
ealbmcom s 13 38| 28 0.5 143 206 8 7.0
Box s=ob 38 20| 2,750 18| 35| 30.8| 10.8| 145| 36 8.5 9
40 43 22 3, 100 20 3.6 4.3 10.3 14.5 40. 5 8.5 9
s 50 43 22| 3,100 24| 37| 43| 103| 145| 405 8.5 9
.......................... M| S e i 18| 87| 420| 10| 73| 400 9
fg ........ s ) Rl 20| 37| 40| 00| 73| 45 9
(i A L 4 ] 25| 37| s20| 10| 67| 50 9
Stock 7] I— 2 | 2,62 20| 37| 8.5| 95| 140| 36 8.5 8.5
) ] 20 | 2,625 22( 87| 85| 05| 140| 38 8.5 8.5
...................... ol R A A 22| 37| 45| 1000 80| 40 9.9 4
;1| EIE] o 1,920 25! 87| s25| 103 7n3| 48 10.0 4
20| 36| 43| 13| 145| 405 8.5 9
25 3.6| 543| 10.3| 145| 50.5 8.5 9
oo| 37| sss| o3| 12| 3 | dia66|...--m-
24 3.7| 383 9.3| 140| 33 dia. 7.2 J.oooeeen
2 3.7| 415| 100 13.5| 40.5 8.2 7.2
30| 87| 45| 10| 135 40.5 8.2 7.6
45| 37| m.0| 100( 140| 60 9.1 8
2 3.7| 380| 100| 140| 2.5 8.2 7
0| 37| 80| 100| 140 785 8.5 8.5
Passenger capacity
2per | 3per2
8 double | double s:c‘;f:n
seat seats
Coach.... 481 e 60 37| 720| 100| 140| 63.0 9.1 8
Sleeper, 12 sections and drawing
s T W R e 0 40 0 37| 825| 10| 140| 740 9.1 8
sty R | o e 8| | a7| s2s| 0| 10| O o1 8

1 There are no standard dimensions of commercial cars. The figures given
comes in 32 lengths varying from 35 feet 7 inches to 41 feet 10 inches. All types
1 Ice capacity, 4 tons.
3 Jee capacity, 5 tons.

are for some types in common use.
have similar variations in capacity and all dimensions.)

(The 40-ton stock car

9¢

SHIANIONT 40 SdH0D
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| 56 CORPS OF ENGINEERS REFERENCE DATA 56-57
,i L~ ) L—g j. Man-hour data.
’ | | l :
| - 3 TapLE XLVIII—Rates of miscellaneous tasks in railway construction.
A T - I
_—— Man-hours required !
O 0 0 0 OO ¢ e
> e Task
| e—1478 A Each 100
75| TONS ON DRIVERS i 1;2;33; Each job
| e—23-1"— l
‘ 84 TONS ON ENGINE ety T i (LA o S UM el i ggils fe
| il 54'— 4" Laying, bolting, and spiking track v o [
Y FE T T e P SO e O SIS ey 1§ [
\ ! 148 TONS TOTAL (LOADED) R I N e T
-t 62'-0" | A A O - o e e el e e 13
| I. | Constructing turn-out:
5 0 L e e e R B e e Mol S A Ry b 1102
! : CONSOLIDATION 2-8~—0 STEAM LOCOMOTIVE e et o e e tose e e e s ) 196

1 Material on job. Special equipment available. Grading previously completed.
1 Assumes use of 12 experienced men.

SEcTION IV

| ]

je—12"- 9"~

Al
EI G —— k CONSTRUCTION IN WAR
‘ 1 "'—N';O'—"' M 57, RECONNAISSANCE DATA—a. Requirements for all tupes
o 30 TONS of construction sites—(1) Sufficient size for present needs
- !] | e——————— 28'- 0"—— ;ng future possible expansion, with adequate room for disper-
| 0]
(2) Adequate water supply.
{ GASOLINE — MECHANICAL LOCOMOTIVE (3) On or near railroad of sufficient capacity for supply
F1eURE 69.—Standard locomotives. and personnel movement.
. (4) Available for lease (if not already owned or leased by
Tasue XLVIL—Characteristics of standard locomotives the Government) for period up to 5 years.
75-t0n steam Atas pucior | (5) Largely free from floods. :
| (6) Adequate drainage with porous soils.
o D e 1,000-ton 4r8iD.-- - -<env-- 500-ton train. ' (7) Roads good or potentially good.
N:;-mal pay SRR T TR T R SR 250 tons. f (8) Climate favorable for training contemplated.
Length of SIINg - oeeenmemeennne| 1,400 fCRE o ooooeoiaaae 372"!2‘;;;5 | (9) No insect pests.
Fuel consumption per BOUT-——.—.--- v W e - (10) Location strategically convenient.
i S A TR R o5 e A (11) Material and labor locally available at reasonable
Tender capacity, water...o.cccooaeono 7,000 gallons. ... - wvono- - prices.

282736°—41—9 125
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TasLE L.—Bill of materials, standard building 20 by 100 feet—Con,

For corrugated steel covered building (add to bill No. 1)

Feet,
board

Pound___.
Pleca..__..

Pound . ___

74s inch
3ginch. ...
36 inches___

-| No. 10____-_____:

No.4.. . ..

. [ e
.| ¥4 by 1} inches. .
o I e k.

dfeet . ...

B K511 T A
166 feet 8 inches_ __| ___

2
200
2

21é-inch eorrugated steel sheets, black, 28

gage.
Nails, barbed, roofing, 10 gage.

Rivets.
Building, paper.
Wire, galvanized.

Staples, poultry netting,

Laths.
Nails 15 gage.

SYAANIONT 40 SJH0D

Norte.—Materiais included in items Nos. 6, 7, 8, 9, and 10 will be used if insulation is required.

For 24 sash

Lumber.
T'ransparent plastic sheet.
Nails,

For 2 pairs of doors, type 1

76 by 8 inches Lumpbe;

-| % by 6inches Do.r

74by3inches. ___. 4 - Do.

Wood dowel.

Pound_._| 6d__ . Y % LS Im]s it g
Pound..... ol i s Do

Rope, manila,

Screw eyes, wire, #106 Sargent or equal.
Berew hooks and eyes,

For 50 two-man bunks

2 by 4 inches 1300t i 800
7 by 6 inches 14 feet___ 2,100
---| 7% by 6 inches 52

-|2by 2inches______ ez s 70
-| 76 by 38 inches 350
7% by 3 inches___.




TaeLe L.—Bill of materials, standard building 20 by 100 feet=Con,
Electrical

Deseription

‘Wire, R. C. 8. B,, solid copper.
Cut-out, main line, plug fuse, double pole.

P -...| Fuses, plug.
S [ i . Bocket, pull, brass, 822 (P. and 8. cat. 38,
base B. P.).

i, A Knobs, split porcelain, with nail and
leather washer.

Tubes, poreelain.

Lamps, Mazda, 115-volt.

Berews, for cut-out and socket, No. 8,
F. H. bright.

Cord, linen, with chain and link tassel.

SHAANIONT 40 SdH0D

Number of pieces of wood sheathing must be adjusted when specified width is not available,
Allowance included for cutting waste only. To cover other losses add: For lumber, 3 percent (minimum, 1 piece each size); for nails,
rivets, and screws, 10 percent.
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Freuge 70—Standard bullding 20 by 100 feet.
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OIIGRAM OF BUNK

Ficure 71—Bunk for one or two men.
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WALL TENT FRAME (LARGE)
BILL

WALL TENT FRAME [SMALL)

| BiLL
MoPes) Sizc|LaTr FTEM ITEMS
[ a4 |00 COr
I
atls

40

-1 EEE ﬁ Eﬁlg ﬁ;E.I'LUMEL

i N or Fr?w!

2ea 1o | a1 Raihn,
o Ll STS

ES

13| Broces
NI VLA T eS|
Nousfar Framing._— |

(L]
iipf1o 3

LABOR: 64 MAN HRS,
LABOR: 10 MAN HRS.

F1oure 73.—Large wall and hospital ward tent frames.
FiGUrE 72—Pyramidal and small wall tent frames.
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MESS TABLE
FIGURE 75.—Mess-hall accessories.
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Ficure T7—Open-sided storage shed.

B 59, HospriTaLs.—a. Provide hospitalization at station hospi-
tals for 5 percent of troops in the area. Provide hospitali-
zation at general hospitals for approximately 10 percent
additional of troops in theater of operations.

b. Place latrines, feces destructor, and morgue well away
from other bhuildings, where odor and fly nuisances are mini-
mized. §

c. Provide road access to wards, operation rooms, clinics,
storehouses, kitchens, and administration buildings.

d. Use tents where building construction is not feasible.

e. In estimates, allow for floors in wards, operating rooms,
clinics, kitchens, dining rooms, and administration buildings.

AREA

WAREROUSE
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FiGcure T78.—Typical lay-out for 250-bed station hospital.
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| # 60. DepoTr Lav-ouT.—a. Lay out warehouse area in sec-

Il tions with ladder track on each side connected by house
| tracks about 1,700 feet long.

b. Space house tracks 150 feet apart.

“ ¢. Place warehouses on one side of each house track. Pro-

| vide open storage on opposite side.
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Ficure 79.—Hospital wards.
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B 61. ADVANCED AIRDROMES.—a. Facilities necessary.—Land-
ing field, airplane parking areas, personnel shelters, limited
repair shelters, ammunition dump, truck park, gasoline
storage area.

b. Requirements—(1) Provide landing strips of hard,
well-drained ground. Provide at least two strips, 3,000 feet
by 500 feet, one parallel to prevailing wind and one to storm
wind. Add 250 feet in length for each 1,000 feet elevation
above sea level. Make grades less than 21 percent, with
no changes over one-half percent in any 100-foot inter-
val. Cut grass to 15-inch height or less. Provide boundary
lighting.

(2) Park planes under natural cover.

(3) Shelter personnel in existing buildings or in tents.

(4) Provide operations office and machine shop in con-
cealed small buildings.

Tcure 81.—Typical advanced airdrome.
138
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(5) Locate ammunition, ga.soliné, and truck storage areas
with view to localizing damage from explosion.
(6) Make maximum use of camouflage and concealment.

B 62. UseruL DATA.

TasLe LI.—Personnel for erectlon of standard building 20 by 100
Jeet

Operation

A B BRI o e et i
Assembly of side frames
Erection of side frames
Assembly of end frames.
Placing rafters and knee braces

Applying sheathing

Applying roof boards

Applying composition roofing paper.__.__._.
Hanging doors and windows

1 All available.
19 at each end.

TasLe LII.—Unit requirements for theater of operations facilities

o Size of typical | Number of men per
RSty unit typical unit

Bagie ratio

20 feet by 100feet_| 50 (single bunks).._.| 40 square feet per man.
100 (double tier | 20 square feet per man.
bunks) (in
emergency).
20 feet by 92 feet A cecee-ce-=u---| 90 square feet per man.
20feet by 184 feet
20 feet by 8 feet. 1 seat per 2040 men.
(12 seats).
20 feet by 24 feot. 1 bathhouse per battalion
area.
20 feet by 12feet. - 1 lavatory per company.
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TaBLE LITII.—Approzimate man-hours for construetion under average
conditions

Type of construction Man-hours

Standard barracks (no floor), 20 by 100 feet_ . ___ ... 270

b R e e e e L e R e et

Topa B Aoor: oo T e e e
92-foot hospital ward

I R e e e e it oot o it S et i

Type B floor..___.... e Wl il s i | LR L 550
184-foot hospital ward:

Type A floor... B L TRNE T T 670

Type Bfloor. ... AR CR 1,080
Mess hall, 20 by 100 feet (no ﬂour) e 330
F IFS L TR O e e R S L L e D 50
Bathhouse:

Conerete floor.___ ... A RN S T B 225

“umlandmml&ateduanﬁuurs S SRR T e BT 200
Open-sided storage shed (216 feet 1ong) ................................. 300
B0 BN L AT 2 o« < mm oo e = m e R m ma = e B A SR —mn = =i 200
Camp, 1,000-man unit, buildings only (all floorstype A} ... ______. 13, 500
Station hospital, buildings only (250-bed) (all floorstype A).___________ 10, 000
Qeneral hospital, buildings only (all floors type A} ... _____.. 28, 750
Camp, triangular infantry division. .. .. .. 165, 000

SEcTION V

WATER SUPPLY

B 63. GeENERAL—a. Methods of supply—In the theater of
operations water is procured locally by using organizations
wherever practicable, However, when local supplies are lim-
ited or unsatisfactory, engineer personnel install and operate
the necessary water supply facilities.

b. Responsibility—Under the latter conditions engineers
are responsible for the quality and quantity of water supplied
and for delivery to the point where it is distributed to using
organizations. Medical personnel assist as may be necessary
for laboratory examinations and sanitary inspections. Han-
dling of water in organization water containers and sterilizing
bags, and in the canteen of the individual soldier, is the re-
sponsibility of organization commanders, acting with the
advice and assistance of attached medical personnel.

140
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¢. General water supply duties of engineers.

(1) Reconnaissance and collection of data.

(2) Development of sources.

(3) Purification.

(4) Construction and operation of establishments.

(5) Transportation to distributing points.

d. Water supply activities of unit engineers—In addition to
the general engineer water supply duties, unit engineers are
responsible for the following specific activities within their
areas:

(1) Recommendations as to methods of supply, quantity of
water to be supplied, and conservation of water.

(2) Collection and transmission to higher echelons of data
pertaining to water.

(3) Enforcement of water discipline at water supply points.

(4) Regulation of traffic at water supply points.

(5) Posting of signs to indicate safe and unsafe water.

(6) Preparation of maps and sketches to show locations of
water supply points.

(7)) Maintenance of records of water supply establishments
in the area.

(8) Arrangements with higher engineer echelons for the
delivery of water by truck, railway, or pipe line when local
supplies are inadequate.

e. Basic considerations—(1) Camouflage, defense against
air and chemical attack, and wide dispersion of water supply
points are provided insofar as possible.

(2) Water supply work in forward areas is taken over by
engineers of rear echelons whenever time and existing condi-
tions permit.

(3) General engineer troops normally execute all engineer
water supply tasks, except those involving the transportation
of water by truck or railway and the operation of purification
trucks.

M 64. WaTER SUPPLY PoInts.—a. Factors to be considered in
selecting water distributing points.—(1) Proximity to kitchens
and troops to be supplied.

(2) Accessibility to water source.

(3) Safety from enemy light artillery.

282736°—41——10 141
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(4) Concealment from enemy air and ground observation.

(5) Parking space for waiting vehicles.

(6) Situation with regard to general scheme for traffic
control.

(1) Existence of a natural elevation suitable for installation
of storage tanks.

(8) Hardness of ground and natural drainage.

(9) Type of containers to be filled.

b. Lay-out of water distributing points.

Ficure 82 —Typical water distributing point.

TasLE LIV.—Man-hours for installing a water distributing point

Man- Size of
Task hours ]mr;:g Remarks
required | (squads)

Erect timber trestle platform 16 (1 or 2 | Materials at the site using

for 3,000-gallon canvas tank, power tools.
Erect 3,000-gallon tank.________ 2 1 | After platform is constructed.
Set up pump and hose 1 ¥%
Install 260-gallon animal water~ 1 5]

ing tank and hand pump.

REFERENCE DATA

¢. Organization of water distributing points.

TaBLE LV.—Type organization g&r topmﬂﬂg a water distributing
T

Task Size of party Remarks

2 shifts of 14 squad each.
---| 2 shifts of 1 man each.

.| 3 shifts.
Do,

Filling milk cans..______._..
Operating power pump _.__.
Traffic police. . ...

Alr goards,. ... ooooeieeaeans

NoTtes.—1. Organizations are supplied with 10-gallon milk cans
for carrying water. A 1lls-ton truck will carry 30 such cans. At
the distributing point the cans may either be filled on the truck
with multiple hoses or replaced from a reserve of filled cans.

2, Animals ordinarily are watered from water basins rather than
directly from a stream. A group of 10 can drink from the standard,
circular, 260-gallon basin in about 5 minutes. Hose liable to damage
should be elevated or buried. Drainage ditches and spread gravel
will remedy muddy conditions.
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W 65. WATER TANK PLATFORM.

FRONT ELEVATION

BILL OF MATERIAL

|  wo.pEces | SiZE | LewsTH | mem |
L] & x & 14 CAPS AND SILLS
9 X & o POSTS 3
e " x & 14 BRACES
L] £ x 2 14 FLOORING
36 e x & (L SCABS
45188, 400 NAILS
Frcure 83.—Timber trestle platform for the 8,000-gallon canvas i
storage tank. !

REFERENCE DATA

M 66. STaNDARD PUMPS.
TasLE LVI.—Standard pump characteristics

C it Size of Horse- Spend o
apacity ze 0 pum
Type (gallons per | e i power of (revo[px-
minute) (inches) maotor tions per
minute)
Standard portable, centrifugal 1____ 3155 5114 214! 2,000
Purification truek ¥ ____________ 4100 O] 14 2,000

! The pump issued with the portable purification unit is interchangeable with the
standard, portable, centrifugal pump; these data are applicable also to the portable
purification unit when it is operated as a simple pump.

2 When operated as a simple pump.

¥ Against a total head of 50 feet (including 15-foot suction lift).

4 Against a total head of 90 feet (including a 20-foot suction Jift).

8 1f bushing is removed this pump may be used with 2-inch connections.

¢ Purification truck has a 3-inch pump. Actual intake connection, however, is
reduced by bushing to 214 inches; discharge connection is reduced to 2 inches,

B 67. WATER RECONNAISSANCE REPORT.

Organization PR
Place —==

1. Location of water source: Map.______________ ; map coordinates
ocal name

2. Date and hour inspected

8. Well, spring, stream, lake, pond (line out terms not appllcable)

4. Rabe of HOW. . ——ccsinancsamsaaas gallons per day.

b. Character of water: Clarity______________ 3 tasten e e .
1 P A L S

6. Temperature of water__________ .

7. Result of tests (if tests impossible at time of inspection, take
sample of water as prescribed on back of sheet) (latest report of
local Board of Health, if available).

"5- Location of possiblg sources of pollution. - - oo _.

9 Possibility of chemical contamination (chemical warfare agents
poisoning, etc.)

10. Accessibility to railroad, highway, or trail i
11, Well.
a. Type (dug, driven, drilled, or bored) (for characteristics see
table LIX, FM 5-35).
b. Diameter: top feet; bottom feet.
c. Depth of well . ____ feet.
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d. Depth of water_____ - feet.

e. Dis}:.ance from surface of ground to water surface ————o--oo—--
feet.

f. Type, condition, and depth of casing or Haing ota oo o

. Present method of recovering water.__
?&. Prote::ltion provided against entrance of surface water (coping,

watertight basin, ditching, ete.) -~ e =

712 spring.
41:? P?-glt.ecgion provided against entrance of surface water (coping,

watertight basin, ditching, (171 N RN,

13. Stream or pond.
ff Sketch of IL-:ross section (show width, maximum depth, and

height of banks above water surface) (reference to photograph, it
one is made).
b. Surface veloCity ———————-- feet per second.
¢. Nature of bed- - ccmceemcmcmmmmm e L = e
d. Nature of banks oo e s m

installations.
i?i‘ﬁrngg:ﬁslon facilities (sedimentation tanks, chlorinating appa-

ratus, filter, etC.) cmcmmme e e -
b. Pumps.
Intake con- | Diseharge | oqna0ity
(l?;?*?c— (.?i[‘ﬁfgngr?;r nection wnnmti&n (gallons
Type p i (size and (size an periday)
D) : type) type)
c. Engines.
Speed (revo-
Size (horse- | yutio e nar
e poven) | "minudt)

e. Storage facilities.

Elevation | Capacity
Type (feat) (gallons)

146
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f. Pipe-line lay-out (draw sketch showing arrangement, kind,
lengths, and sizes of pipe, elevations, and heads of water).
g. Condition of existing installations

15. Proposed development. i
a. Description %

b. Material avallable . ______ o __

(Grade and organization)

Note—Back of sheet may be used for sketches or additional
information.

The following instructions should be printed on the reverse side
of the form:

INSTRUCTIONS FOR TAKING SAMPLES OF WATER

If sample is to be used for chemical examination only:

1. Use a clean glass hottle, holding from 2 quarts to a gallon,
with a well-fitting stopper or a clean, unbroken cork.

2. I;{;dnse out the bottle two or three times with the water to be
sampled.

3. In sampling a well, support the bottle in a string or wire
cradle, weighted at the bottom. Lower the bottle until the neck
is 2 or 3 inches below the surface. It is advantageous to attach
the stopper to a separate string, so the bottle can be opened below
the surface of the water, In sampling a stream or pond, hold the
bottle so the neck is well below the surface. Allow the bottle to fill.

4. Insert stopper or cork, stretch a clean cloth over it, and tie
down the cloth below the flange of the neck.

5. Label the sample.

If the sample is to be used for bacteriological examination:

1. Use a sterilized bottle and stopper. Never use corks.
fma' Avoid touching the neck of the bottle or the stopper with the

gers.

3. Before removing the stopper and after filling, the neck of the
bottle, and the tap or spout from which the sample is taken, should
be heated in a clean flame (alcohol torch) to just over the boiling
point of water (212° F.).

Precautions: Never let the water entering the sample bottle flow
over the hand. Before taking a sample from the spout of a pump
or from & tap, allow water to waste for a time,

B 68. EsTIMATING QUANTITY OF WATER AT SOURCES.—(t. Wells.—
Draw the water level down a measured distance by pumping,
note time required for surface to reach its original level, and

147
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compute capacity in gallons between the two levels; or run a
pumping test, using containers of known volume.

b. Springs.—Note the time required to fill a container of
known capacity or measure the flow of the outlet stream.

¢. Streams.—Determine the flow by @=av where @ is the
quantity of flow in cubic feet per second, a the area of cross
section of the stream in square feet, and v the mean velocity
(34 of surface velocity in the main current) of the stream.
A rectangular weir built of planks can be used for measuring
the flow in small streams. (See table LVIL)

TasLe LVII.—Discharge over a sharp crested rectangular weir 12
inches wide?

Gallons Depth Gallons De{;lh Gallons
per minute || (inches) |per minute|| (inches) per minute

1 36 43 375 814 900
14 5 405 834 639
114 544 436 9 978
134 5% 468 944 1,020
2 534 500 914
244 [ 533 034
214 614 567 10 1,147
234 6% 601 1044 1,100
3 634 1014 1,234
3% 7 1034 1,270
als T 11 1,323
334 ;] 1% 1, 369
4 3 1114 1,414
414 8 113 1,461
414 84 12 1, 508

1 Depth is measured from erest of weir to surface of water impounded by weir.

d. Artesian wells—Measure the height of the jet from the
top of the vertical well pipe and obtain flow from table LVIIL
For pipe diameters not listed, @ varies approximately as the
square of the diameter.

REFERENCE DATA 68-69

TaBLE LVIIL—Flow of artesian wells in gallons per minute

Diameter of pipe (inches)
Height of Height of
jet (inches) : 2 jet (inches) . A 3

Diameter of pipe (inches)

3.96 15.6 . RS 220 87.8
5. 60 2.4 i 25.4 102
7.99 32.0 ! 30,9 1z
45.3 142
13.9 55. 5 . 43.8
16.0 64.0 e oy 58.9 26
17.9 7.6

M 69. DEVELOPMENT OF SOURCES.—a. Dams.—A type design for
a small dam (usually not over 5 feet in height) is shown in
figure 84.

I-—z’o"ro 2'6"—~l

PICKETS WIRED
i TOGETHER

CORRUGATED
IRON SHEETS

WO0oD OR
IRON PICKETS

NOTE:
FOR LOW DAMS A SINGLE ROW
OF SHEET PILING BETWEEN TWO
ROWS OF WALING WITH CLAY
BACKING WILL SUFFICE IF WELL
DRIVEN.

FIGURE 84 —Design for a small dam,
149




69 CORPS OF ENGINEERS

b. Springs—The following steps should be taken in develop-
ing a spring:

(1) Provide a substantial collecting basin.

(2) Walls of water-tight casing should extend 1 to 2 feet
above and below ground surface to exclude surface wash.
V-shaped ditches constructed on the up-hill side of the spring
will assist in diverting surface wash.

(3) Provide a tight cover to keep out dust, leaves, etc.

(4) Prohibit dipping of buckets or containers in spring.

(5) Supply water by pipe to storage tank or point of
delivery.

c. Wells—(1) Types—Based on the method of construc-
tion, wells are classified as shown in table LIX.

TaeLe LIX.—General characteristics of wells

REFERENCE DATA 69

Troagh for filling waker
carts & canteen {iller
Pum= of ‘type required

/Ca?n.tuu filler
with freated water

=
T Watertignt toof

B IR AR AR F e

“i

N 1 Iggiml Method of
Type | giameters | depths |  struction LMY
(feet)

Dug...-. 3-6feeot..-....| 20-30.......| Pick and shovel; | SBee fig. 85 for de-
use bucket and velopment of exist-
windlass to raise ing well.
material.

Driven.. | }{-3 inches___| 150 or more | Pipes driven with | Can beused in quick-
maul, pile driver, sand if equipped
or water jet. with special strain-

er.

Bored..... 4-8inches....| 100......... Hand or power-'| Cannot be construet-
driven augers. ed in solid earth

containing rock
strata or large
boulders.

Drilled. ...| 114-12 inches. | 300 or more.| Power-driven per- | Used in hard material
cussion or rotary or where water
drills. exists at great

depth,

el 0
Nore—If pump should require priming, use purified water only [
for this purpose. ‘

Ficure 85.—Development of existing well.

(2) Inecreasing yield of existing wells.—One or more of the ‘
following means can be used to increase the flow of existing
wells: |
(a) Increase diameter, ‘
(b) Deepen well.
(c) Set off charge of explosives at bottom of well,
(d) Clean strainer.
(e) Pack pocket around strainer at bottom of well with
gravel to prevent entrance of fine materials.
(f) Construct infiltration galleries (or ditches) across line
of flow leading to well,
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B 70. PuriFicATION.—a. General—All water, whatever the
source, should be considered dangerous until it is tested and
designated as safe. Regardless of apparent absence of con-
tamination, however, water should always be disinfected be-
fore being used for drinking purposes. For a summary of
common methods of water purification, see table LX. An
improvised purification plant is illustrated in figure 86.

Freure 86 —Improvised purification plant.

b. Standard purification units—(1) The M3 purification
truck has a gross weight of 8 tons. When filtering average
water in the field this unit has an approximate output
capacity of 70 gallons per minute. It is equipped with con-
nections for 2}4-inch intake and 2-inch discharge hose. The
truck itself is a 215-ton, 6 by 6 standard quartermaster truck.

(2) The M1940 portable purification unit has a gross weight
of 750 pounds. Its capacity for filtering average water in the
field is approximately 10 gallons per minute. Both suction
and discharge connections are for 1'%-inch hose. The unit
may be transported in any standard truck or trailer of !4-ton
capacity or larger.

¢. Water tests—The purification truck has facilities for
making water tests to determine turbidity, pH value, and
residual chlorine content. The portable purification unit
includes facilities for determining pH wvalue and residual
chlorine content.

Speed of action depends on coarseness of suspended
material. Very fine particles may remain in suspension

indefinitely unless a coagulant is used. (Ses below.)
an alkali to inerease, or an acid to decrease, the pH

value of the water to the range within which best

coagulation will occur. Alum, which is an acid salt as

well as coagulant, acts as an acid,
may be utilized, but size of plant and time required

usually make this method impracticable in the field.
Effective coagulation requires very sensitive control of
PH values. (See remarks under sedimentation.)

Msay be improvised in the field for a semipermanent

camp or similar establishment.

frequent removal by band methods. Existing plants
Prossure filter ? (water is | Used in purification truck and portable purification unit.

per acre per day. Mud deposited on filter bed requires

When coagulant is used it may be necessary to employ
Capacity of slow filters ranges from 2 to 6 million gallons

assisted by the
action of alum or other

coagulant.
material under pressure). |

1 Carefully graded sand and gravel usually used as filtering material.

1 A type of rapid filter.

in addition to filtering
forced through filtering

material),

Rapid filter ! (use coagulant
Gravity filter?____.___.____.

TasLe LX.—Methods of water purification

Effect on quality
coloring if & coagulant is

used,

terial contamination,
terial contamination and

Reduces turbidity and bac- | Slow filter 1. .o .ooeeeoon .

Decreases some forms of | Gravity

Filtration. ....

Sedimentation....| Reduces turbidity and bae- | Gravityalone__..___________
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TasLe LX—Methods of water purification—Continued

Method

Effect on quality

Agent

Remarks

Disinfection....._.

Softening. . . ......

Activated carbon.

Aecration........_.

Destroys most bacteria.._._.

Removes or reduces hard-
ness,

Pure chloring or chlorine
contained in the form of
caleium hypochlorite, so-
dium hypochlorite, or
chlorinated lime (bleach-
ing powder).

Tincture of iodine - ..-.-....

Heat s o s S oty
Hydrated lime. ...conceaa---
Soda ash__ - Red

When chlorine is employed a sufficient amount must be
added to produce a residual chlorine content of 1.0 part
per million. Allow 30 minutes before water is used for
drinking, and before residual chlorine test is made.
Hypoehlorite for Lyster bags is issued 'in sealed glass
tubes, Hypochlorite as supplied commercially usu-
ally contains from 60 to 70 percent free chlorine by weight.
Chlorinated lime usually contains from 20 to 30 per-
cent frea chlorine when fresh.

Two and one-half teaspoonfuls of standard 7 percent tinc-
ture of iodine are used for one Lyster bag (36 gallons);
2 drops are used per quart (canteen) of water. Wait
30 minutes after mixing before drinking.

At least 10 minutes of steady boiling is required to steril-

ize water.

Reduces carbonate hardness. Converts hardness due to
magnesium compounds to form which ean be removed
by soda ash.

nonearbonate hardness, except when due to mag-

Zeolite minerals. ............

Heat

nesinm compounds. (For magnesium compounds see
remark under hydrated lime.)

All types of hardness may be removed by percolation of
water through zeolite filters.

Prolonged boiling will reduce hardness due to bicar-
bonates.

SUTANIONT J0 SJHOD

Eliminates certain tastes
and odors and reduces
chemical contamination
by adsorbing dissolved
gases.

Reduces odors and tastes
due to dissolved gases; re-
moves objectionable gases
such as COy; adds oxygen

for oxidation of ferrous iron

to assist in its precipita-
tion.

Converts salt water into
fresh water.

Heat?

Activated carbon. .. ...

Ordinarily applied in mixing basins prior to sedimenta-
tion or filtration, either separately or together with
coagulant, Often applied in form of black alum or ac-
tivated alum (alums with activated carbon added dur-
ing manufacture). Also used as filtering material,
Dosage of carbon ranges from 0.5 to 50 or more parts
per million.

Accomplished by passing water through the air as mist
or small droplets. The finest spray is the most effec-
tive. Also accomplished by forcing compressed air
into water, or by the introduction of air through nega-
tive pressures created when water flows through a con-
stricted passageway.

Pouring boiled water from one sterile container to another
will help to eliminate the flat taste.

Removes impurities having boiling points greater than

water. Often employed to purify excessively contam-
inated water. Requires elaborate plant and large
quantities of fuel. Other methods of evaporation and
recondensation will achieve similar results.

! For water containing bicarbonates, or up to 400 parts per million of chlorides and sulphates, ion exchange materials such as zeokarb
or deacidite (or equivalent) can be used alone or in combination for demineralization.

VIVAd FONTYTITY
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B 71. PirE FLow COMPUTATIONS.—a. Manning formula.—The
Manning formula for flow of water under pressure in pipes
is as follows:
v=0‘590 d?/3 g2 )
n
Formulas (2) and (3) are convenient forms for solving for
pipe discharge and for head loss due to pipe friction.

J8/8 g2
Q=0.46"—> (2)
2
H;=2.87 n* {1 (3)

where

v=mean velocity of water in feet per second.
d=diameter of pipe in feet.

r=mean hydraulic radjus=g

I=length of pipe in feet.

Hi=loss of head in feet in length [.

s—mean slope of hydraulic gradient in dlstance=*—i—‘

Q=discharge of pipe in cubic feet: per second.

n=Manning coefficient of roughness, varying directly with
the degree of roughness of the pipe. The value for
cast iron pipe commonly falls between 0.013 and
0.015, with extreme values of 0.011 and 0.017.

b. Nomograph.—A straight line on the nomograph given in

figure 87, determined by any two variables in the Manning

formula, will pass through the corresponding values of the
other two variables.

REFERENCE DATA
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Ficure 87 —Nomograph for solving Manning formula.
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B 72. WATER REQUIREMENTS.
TaBLEs LXI—Daily water consumption in gallons

|These estimates must be modified according to eireu

climates. The maximum requi

t2 may

, especially in hot

d those of the average month by

from 15 to 40 percent and those of the average day by over 100 percent.]

Gallons
Unit consumer Conditions of use per unit Remarks
per day
Man (per capita con- | In combat:
sumption). Minimum.__.__..| ¥ to % | For periods not exceed-
ing 3 days.
INORTRAY. © o e e 1
In bivouac:

Minimum. - ...... 1 | Drinking and cooking
only, for periods not
exceeding 3 days.

Normal........... 2

Temporary camp:
Minimam. ... ... 5 | Drinking, cooking, and
washing only.

Normal. ... ._...-- 15 | Inecludes also bathing.

Field hospital ... 25
Semipermanent camp . 30 | Includes also water for
baths, toilets, ete.
Permanent camp....-. 50
Permanent hospital 200
Horse or mule, large Minimum.. ...... 3to & | For periods not exceed-
domestic animals ing 3 days.
(eonsumption per
animal).
0 e S e o 10
Camps and canton- | 30 to 50
ments.
Motors (consumption | Level and rolling | 4to}4 | Depends on size of
per vehicle)., country. vehicle.
Mountainous country.| }tol Do.
Permanent camps. . __ 30 to 50
Locomotives (consump- | Standard military_ . __ 33,000 | 150 gallons per train
tion per locomotive). mile.
Commereial...._...._.| 50,000 | 200 gallons per train
mile.

Shower bath....ocanees Semipermanent build- 300 | Depends on number of
ings (consumption using personnel and
per fixture). frequency of use.

Water closet . .......... 40 Do.

Lavatory, basin or sink. 20 Do.

Urinal. L2 T 20 40 Do.

n:mmci DATA 73-74

SecTION VI

ELECTRICITY

M 73. STANDARD (GENERATOR.—. Description—The standard
set is a 5-kva. portable alternating current generator. Its
source of power is a 4-cylinder gasoline engine. The unit is
normally carried on a 1'5-ton truck and can be manhandled,
on or off, by eight men, although skids and tackle are prefer-
able.

b. Capacity.—It may be assumed for purposes of rough esti-
mates that this unit will supply from 100 to 115 40-watt lamps
or their equivalent,

B 74. MiL1TARY REQUIREMENTS.—When camps are lighted there
need not be more than four 25-watt lights per barrack (20 by
100 feet) and one 40-watt light per officer. Electric lamps
should be provided in recreation halls. The forward eche-
lon of an infantry division requires about 75 lamps of 40 to 60
watt rating. One standard 5-kva. generator will supply this
requirement. Requirements for other units are about as fol-
lows:

TasLE LXII.—Electric light requirements

Approximate | p,
Uit Jmamber of | CIRCL
furnished required
a7 g R e o e T S, | 7 4.5
Arny Dot QORrtaEs . e it 150 9.0
HQ s crausoutd ot aleser oot al onty ouia 600 36.0
Communieationszone. ... . ... .. i......o...... 600 36.0
10,000-bed hospital 1. .. iiiiiiiioos e OB A am 135.0
0B homplbal . - s e e s s e e g 4.5

! Power is for sterilizing apparatus, dentist's tools, X-rays, ete., as well as for light.

159
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B 75. UsEFuL INFORMATION.—a. Power in direct current
(d. e¢.) circuits—In a d. c. circuit, power in watts (W) is
equal to electromotive force (e. m. f.) in volts (E) multiplied
by current in amperes (I) : W=EI.

b. Power in alternaling current (a. ¢.) circuits—In a. c.
circuits, true power in watts (W) is equal to the product of
the power factor in percentage (pf) by the e. m. f. in volts
(E) by the current in amperes (I): W=(pf) EI.

c. Ohm’s law for d. c. circuils.—In d. c¢. circuits, the
e. m. f. in volts (E) is equal to the current in amperes (I
multiplied by the resistance in ohms (R): E=IR.

d. Units.—(1) Kva.—The unit used for measuring the ap-
parent power of an a. c. generator operating on circuits sub-
ject to change in power factor is the kilovolt-ampere,
volt X ampere
1,000

(2) Kw.~—The unit used for measuring true power in an
a. ¢. circuit is the kilowatt.

kilowatt=Kkilovolt-ampere X power factor (pf)

(3) Hp—The unit used for measuring mechanical work
is the horsepower (hp).

1 hp="T46 watts

(4) Wire sizes—The unit used for measuring wire sizes is
the mil.

kilovolt-ampere=

1 mil=.001 inch

In tables, wire size is expressed in circular mils (cross-sec-
tional area). The wire size in circular mils is the square of
the diameter in mils.

REFERENCE DATA
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B 76. ForM FOR ELECTRICAL RECONNAISSANCE REPORT.

ELECTRICAL RECONNAISSANCE

Reconnaissance party:

_________________ 5o SN S ) e L BT
_________________ Map....eocae-—___.. Photographs______..
Prime movers Generators Transmission lines
g v S RO ERERRRI Bt o SRR Ll i g SRS S
(Steam, internal com- (Alternating or direct (2-wire; 3-wire Edison;
bustion, water current.) 1, 2, 3 phase alter-
wheel.,) nating current.)
Number of machines. _.__. Current__... Voltage. ..
(Alternating current or
direct current.)
Pl L LR il Kilovolt amperes..........| Conductors. . ... ..... ..
(Coal, oil, gas.) Kilowatts. ... Volts. ..... (Size and material.)
i mmesmeismeimemmsrse]| ATOperes.. Power factor..| Location. .. .ccceeccuaanena
(Amount on hand.) (On poles or below
Frequeney......-co...... ground.)
Revolutions per minute. _.
______________________ Horsepower.. Maker...._| Transformers. . .....--...-
(Feed.)
Horsepower. ... ... General condition. ... ___ Substation ... -oseeoan
(Whether transformes
or eynchronous con=
verter.)
BRI e s v e o it fr = m S b M e e i
(Kind and amount on
hand.)
st R el o amer]| CORAItION. s o i
Watersopply. - oo i Sl o & e i e i
(Character and
amount.)
General condition......... Switehboard Electrical suppliss
e | P R ——
. - Instruments.._...........| General kind..cocoaaennas
o Interconnections. .........| Inventory. .oocoocemeeoenaa

Condition....ccosvenennan
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B 77. WIRING. TasLE LXIV.—Bill of electrical material for one standard 20 by 100
foot barrack

TasLe LXIII.—Electrical characteristics of copper wire

Weight
| Bize in Deseription
Safe current-carry- pounds
Weight, resistance, and ing capacity in
Brown - length amperes for lengths
& Sh of 100 feet or less : g INBI e L 54| Wire, R. C. 8. B. solid copper.
(B ;g‘:e _| 125-volt, 30- 1 | Cut-put, main line, plug fuse,
Bare or am . double pole,
o weather- g oo | Fuses, plug.
pevol Wit i 134] Socket, pull, brass, 822 (P&S),
cat. 38, base BP,
211, 600 X i =, o | N R Knobs, split porcelain, with
167, 805 ! . nail and leather washer.
133,070 | 402.09 d .| 3 by dinches_|.. ... | Tubes, poreclain.
105,592 | 319,04 L 00831 fmacat | 25 watts._.....|......._ | Lamps, Mazds, 115-volt.
83, 604 252. 88 . 12404 wee-| 1M inches. ... Berews, for cut-put and socket,
66,373 200. 54 . 15640 No. &, F. H. bright.
52,634 159. 03 19723 | 8feet.... __._.|..._......| Cord, linen, with chain and
41,742 | 126,12 : L 24860 link tassel.
33, 102 100, 01 . 31361
26, 250 79.32 . 30546
20, 816 62. 90 L 49871
16, 509 40. 88 . 62881
13, 504 30. 56 3 . T9281
10, 381 31.37 4 1.0
B, 234 24 88 3 1. 2607
6, 530 19.73 L 1. 5808
5,178 15. 65 3 20047
4,107 12. 41 2. 5908

TEBERREsnZES

SREYNsEgaxds

-
=

Notes.—1. SBizes marked * are not used for electrical work.
2. For aluminum wire the carrymg capacity of any given size
should be taken as 84 percent of the value given in above table.
8. If current exceeds the safe current-carrying capacity of the
largest wire, two or more wires should be used.

Freure 88.—Lighting installation using porcelain knobs.
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Two fomps connected
in series

Fieure 80 —Comparison of parallel and serles circults.

Fieure 90 —Crushing insulation on long conductor.




Cut tail flush with
rubber insulation

Lrpper R TUCNS on i‘ubber

FIGURE 95—Finishing the splicet
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AT

Rubber tape
Friction fape —

Froure 96 —Applying rubber and friction tape.

SOLID CONDUCTOR WIRE (A‘f LEAST 670F BARE
WIRE ON EACH ENO
BEFORE TYING

D OF SOLIO CONDUCTOR WIRE
Ficure 97—Combination splice.

SectioN VII
RIGGING

M 78. Ancuoraces.—Determine the lolding power of deadman

as follows:
a. For a given cable pull, the number of square feet of dead-
man bearing surface required is determined by dividing the

168
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total pull to be placed on the deadman by the value given for
the depth and cable inclination selected (see table LXV).
Having determined the bearing surface area, select a length
and section corresponding to this area.

b. In order to insure that the deadman selected will not
fail in bending, test by:

__2667bh’ for a rectangular timber, or
L
__16004" for a round timber
L

T

T

where
T=maximum allowable cable pull in pounds.
b=width of contact face of deadman, in inches.
h=depth of deadman in direction of .pull, in inches.
d=diameter of round timber, in.inches.
L=length of deadman, in inches.

¢. If the maximum allowable pull T, as computed, is less
than actual pull, a timber of greater depth or diameter should
be used, and test computation repeated until a satisfactory
section is determined. If maximum allowable pull found by
the formula is greater than the required cable pull, the dead-
man is satisfactory in bending.

TasLe LXV.—Holding power of deadman in loamy soil

Mean Declination of pull (vertieal to horizontal) and safe

depth of resistance (pounds per square foot)
ani o]

(feet)

Vertical 11 1/2 1/3 1/4

3 600 1, 300

4 1,050 1, 750 2,200 2,600 2,700
5 1,700 2,800 3, 600 4, 000 4,100
6 2,400 3, 80O 5,100 5, 800 6, 000
7 3, 200 5,100 7, 000 8, 000 8, 400

d. Typical forms of holdfasts and deadmen are shown in
figure 106.
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M 79. Srings.—The most common sling is made by splicing
two ends of a rope together. To use the sling, pass it around
the article to be lifted. Pass the bight formed by one end
through the bight formed by the other and then over the
lifting hook. If the sling is the same size as the lifting rope,
it should make a minimum angle of 30° with the horizontal.
At this angle, the stress in each branch of the sling is equal
to the stress in the lifting rope. If the angle is greater than
30°, the load is limited by the strength of the lifting rope;
if less than 30°, by the strength of the sling.

B 80. Giv PoLE or Stanpine Derrick.—To erect a gin pole,
lash the tackle to the spar or suspend it by a sling run through
slot in the head of the pole. Locate the foot of the gin pole.
Lay a line through the point to mark the location of the fore
and back guys. Lay another line at right angies to this. Lay
off on the four lines distances equal to twice the length of the
spar for level ground, plus necessary allowances. Erect
anchorages at these points. Make the four guys fast to the
top of the spar. Lay the spar along one of the guy lines
with the butt nearly in the footing., Fasten a footrope to
the butt and to an anchorage on the same side of the footing
as the spar. Raise the top by hauling the back guy with a
running tackle. Let the fore guy out. Take up the slack on
the side guys. Continue until spar is in position, keeping
the slack out of all guys. For heavy poles it may be necessary
to erect a light gin pole or shears first and use this to erect
the heavy pole. In hard ground, dig a hole about 1 foot deep
for the butt of the gin pole. In soft ground, prepare an
excavation with a wood floor base to transmit the ground
pressure over a larger area.

B 81. KNoTs, LASHINGS, AND TACKLE.

170
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At

by

E -
22
ol
§ =
&3 Clove hitch
.": AS Fisherman's
g J Bendor
{ Anchor knot

Clove hitch
FicUre 98.—Types of knots.
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Hawser Bend
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Sling for barrel vertical
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Bowline

Rolling Hitch Cot's Paw b

)
..‘:‘::I‘Fu?; <2 Frcure 100.—Miscellaneous knots.
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Bowline on a Bight

i
|
—Types of knots.
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Blackwall Hitch !
' Short Splice.

Wall Knot Wall Knot

Crown on Wall
Ficure 101.—Miscellaneous knots and hitches.

Eye Splice,
FIGURE 102.—Splices.
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TasLE LXVI.—Characteristics of knots

Use

Directions for tying

REFERENCE DATA

TasLe LXVI—Characteristics of knots—Continued

1. Overhand........

2. Figure of eight...
3. Bquare or reef!...

4. Single sheet bend
or weavers’.?

5. Double  sheet
i bend.?

6. Two halfhitches4

7. Round turn and
t w o  half
hitehes.

8. Fisherman's bend
or anchor.

At end of rope to pre-
vent unlaying or to
prevent end from
slipping  through

To join two ropes of

same size.

To join ropes, espe-
cially of unequal
size.

and running parts of each
rope through loop of the
other in same direction.
Ends of each rope turn
around end of other,
rather than standing part.

To join ropes of un- | .

equal size, especially
wet ones.

To belay or make fast
end of rope around
own standing part.

To fasten a rope to a
ring or anchor.

lashed down or seized to
standing part to prevent
slipping.

See figure, Take two turns
around the iron, then a
half hitch round the stand-
ing part and between the
ring and the turns, then
half hitch round standing
part.

1 Care must be taken not to tie a thief or granny as these will slip.
2 More secure than a reef but more difficult to untie.

& More secure than a single sheet bend.

4« Must never be used for hoisting a spar.

Use

Directions for tying

10. Timber hitch®__

11. Telegraph hitch.
12. Hawser bend _ . .

13. Bowline®

8 Can be easily loosened when strain is taken off, but will not slip under load.

To fasten a rope at
right angles to a spar
or at beginning of
lashing.

T'o haul or lift spars. .-

To join two large ca-
bles.

To form a loop that
will not slip.

To make a slip knot
that will not bind.

To hoist or haul aspar_|

See figure. If end of spar is
fres, hitch made by first
forming two loops, placing
right-hand loop over other,
and slipping the double
loop over the end of the
spar. Otlerwise, passend
of rope round spar, bring
it up to the right of stand-
ing part, cross over latter,
make another turn around
gpar, bring up the end be-
tween spar, last turn and
standing part.

soized to own standing
part.

See figure. Make loop with
standing part underneath,
pass end from below
through loop, over the
part, around the standing
part, then down through
the loop.

See figure. Make first part
as above with double part
of rope, then pull bight
through sufliciently to al-
low it to be bent past loop
and come up in proper
position.

Sea figure, Pass end around
spar. Form aloop around
the standing part with the
running end. Make 8
bowline on the standing
part below the loop—on
the running-end side.

When used for hauling spars, a half hitch is added near end of spar.
¢ Length of bight depends on purpose for which knot is required.
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TasLE LXVI—Characteristics off knots—Continued

Fi
Name Use Directions for tying refer-
ence
16. Cat’s paw___....| Tosecurearope to the | See figure. Form two equal 100
mouth of a hook. bights; take one in each
hand and roll them along
the standing part till sur-
rounded by three turns of
the standing part; then
bring both loops (or
bights) together and pass
over the hook, and mouse
the hook.
17. Sheep shank.__._| To shorten a rope or | See figure. Take a half hitch 100
pass & weak spot. with the standing parts
around the bights.
18. Rolling hiteh___| To haul a larger rope | See figure. Take two turns 100
or cable, around the large rope in
the direction in which it is
to be hauled, and one half
hitch on the other side of
the hauling part.
19. Blackwall hitch.| Toattachasinglerope | See figure. ..o oo 0
to a hook of a block
for hoisting.
2). Mooring knot...| To make fast to a | See fizure. Take two turns 101
mooring or snubbing around the mooring or
post. snubbing post, pass the
free end under the stand-
ing part, take a third turn
above the other, pass the
free end between the two
upper turns,
21, Carrick bend._.| To fasten guys to der- | See figure. .- .. 101
ricks.
22. Wall knot and | To finish the end of & |..... LT e 101
crown on wall. rope to prevent un-

laying.

REFERENCE DATA

FircURE 105.—Lashing for tripod.
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Proure 107 —Lashing for shears.

Ficure 108 —Gin pole.
Frcure 106.—Anchorages.
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P —
Ficure 114—Gun tackle (mechanical advantage: 2).

F1cure 115—Whip on whip (mechanical advantage: 4).

1 M 82, RiceING TABLES.

TaBLE LXVII.—Working strength of wire and manila rope

| } Weight per 100 feet, | WV OFIng strength

Diameter | (Ircam-

Manila or
Steel Hemp Steel hemp

FIGURE 112—Double luff (2-fold tackle) (mechanical i 14 13 4,000 400
advantage: 5). Y 134 39 7,000 850

11, 100 1, 520

15, 300 1, 900

20, 700 2,300

28,000 3,100
42,000 4,300
58, 700 5,900
76, 000 7,900
96,000 | 10,300
110,000 | 16,500 [
22,500

R S

F1GUuRe 113 —Luff on luff (mechanical advantage: 16).
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TasLE LXVIIL—Relation of sheave and wire rope diameters ' TABLE LXX.—Simple block and tackle rigging manila rope
(factor of safety 3)

sfi i"bha etvonna | Ml 1y all fig
GAVE AN Ve an: -
T'ype of rope drum drum ures in table 2 2
il by e Total number of sheaves | 5 .01, [(1single,
NI : in blocks oty [ ok
double)

72 28 | Xrope diameter.
42: " Do Smallest permissible rope

3 '; l];o diameter (ineh). .. ...
: : % Lead line pull (pounds)_.__

! For standing ropes, these values may be reduced by 50 percent.
1 A 6 by 7 rope is one of 6 strands of 7 wires each.

TasLE LXIX.—Lead line pull factors and efficiencies for hoist or fall
wire ropes

Rope (inches) . . _.........
Bl et s =
Rope (inches). ... ...
Rope (inches) . ... ...
Efficiency, percent 96.1 | 92.4 79.0 [76.0 | 73.0 | 70.3 | et IR = 2 1 ("
Lead line pull factor. ... B&‘I .36 . ; ; .IB} L1650 .15 .14 f Rope (inches) . ........__.

Number of parts of rope 10

Pall......ovonemrenan .

Nore—The stress in the lead line equals the load multiplied by

the lead line pull factor.
TasLE LXXI.--Properties of chaing

A imate
Rafe working jp gﬂ“
Size (in weight (pounds
(inches) | girongth (pounds) Per 100 foct)

ag 1, 800~ 3, 000 175
% 2,500~ 3,800

% 3, 300~ 5,000
5, 000~ 7, 600
3 8, 000-11, 000
% 10, 000-15, 000
1 12, 000-20, 000
14 16, 000-26, 000
14 19, 000-32, 000

Nore—Chains are manufactured in such a wide variety of grades
that no definite strength can be given for any one size. The above
properties are limits for some standard sling and dredge chains.
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Section VIII

CONCRETE

B 83. MaTERIALS.—a. Shipment and storage of cement—Ce-
ment is usually shipped in bags of 94 pounds each (considered
1 cubic foot) or barrels equivalent to four bags each. It should
be stored in a weatherproof building and at least 8 inches
from walls and ground or floor to insure ventilation.

b. Fine aggregate—That part of the aggregate passing a
3z-inch screen is called fine aggregate. Clay and silt should
not constitute more than 3 percent of the sand by weight, or
together with coal particles, shale, shell, etc., not more than
5 percent by weight. (See table LXXII for a suitable
gradation.)

TasLE LXXIT—Gradation of fine aggregates

Passing— Pe;f-:;gttl?y
3 inch (standard square mesh) . . .. oo iaeiaaas 100
o e o ey 95-100
O A S A e e e s e e e et 3575
o[RS SRR S P SRR SEPREN S S e T SR e 10-25
N N e e i il e b el e e M A S W R s -7

¢. Coarse aggregate.—Coarse aggregate will not pass a %-
inch screen. Broken stone, gravel, slag, and cinders are com-
monly used. Maximum size of coarse aggregate depends on
the use to be made of the concrete: for plain concrete in mass
construction, 1% to 6 inches; for reinforced work, 1 inch; for
thin reinforced members, % inch.

d. Water—Water used in concrete should be clean and free
from excessive amounts of oil, acid, alkali, or organic matter.
Sea water is undesirable but may be used in emergency.

W 84. PrOPORTIONING CONCRETE Mixes—The following tables
can be used to select trial proportions for concrete mixtures
used for various types of work:

REFERENCE DATA 84

TasLe LXXIII.—Strength of concrete miztures

Assumed compressive
t.?rrﬁbg{?o 151- strength at 28 days
? = (pounds per square
gallons per inch)
94-pound
sack of
i cement) (1) m
8 1,750 2,750
T 2,300 3,300
L} 3,000 4,000
5 3, 80u 4, 900

1 Surface water or moisture earried by ageregate must be included as part of mixing
water,

1 Data published at time water cement ratio strength law was announced in 1918,
These values should be used in tlie absence of preliminary tests and careful control.

* Values representative of present day cements.

TasLE LXXIV.—Approzimate quantity of surface water carried by
average aggregates

Aggregate Water (gallons per cubie foot)
Verywetsand. oo ocoooo. iiiiiiaiioa.| Wilodl
Moderately wetsand. ... _......_..__.._| About 34,

Mosteand. oo eeaeee ... | ADoUt M.

Moist gravel or crushedrock.._..__._______| About }4.

TaBLE LXXV.—Suitable slumps for concrete

Slump (inches)
Type of structure
Minimum | Maximum
Massive sections, pavements and floors laid on ground _ ___ 1 4
Heavy slabs, beamsorwalls ... ... .. .o, 3 6
Thin walls and columns, ordinary slabs or beams. ... _____ 4 8
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TaBLE LXXVI.—Trial miztures for various water-cement ratios

Trial mix dry compact volumes for
maximum size of aggregate indicated
Slump (inches)
1 inch 2inches and over
Water-cement ratio 514 gallons per sack
B S o R T
A 1aaake L L] 1:134:8.
110452 .. 1:1%4:2)5,
Water-cement ratio 6 gallons per sack
1:214:4.
1:2:3%4.
1:134:3.
1:214:4,
1:2%4:3%.
1:2:814,
‘Water-cement ratio 714 gallons per sack
P VT e e SR T e P e et A 8 b - e e (LT
| 1T HEET e m 1:2M:3M. .| 1:2Vi:44.
5to7 L:2M:3M. .| 1:204:3%4.

Nortes.—1. Water-o:ement ratios indicated include molsture con-
tained in the aggrega

2. ions are given by volume, aggregate dry, and compact.
Thus 1: 2: 314 indicates 1 volume of cement, 2 volumes of sand, and
31, volumes of coarse te.

3. If the aggregates are to be measured in the damp and loose con-
dition they will occupy greater volumes than when dry and com-
Amount should be determined by test. Approximate aver-

pact.
age value for sand, 20 percent; for coarse aggregate, 6 percent.
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W 85. QUANTITIES OF MATERIALS —Use table LXXVIT to estimate
quantities of materials required in concrete construction.

TasLE LXXVIIA.—Quantities of materials

Materia:lg c;;;;rc;:lonlc yard Product
Mix by volume, job damp materials E,;‘;ﬁﬁ
Coment | Sabd, | Stone | (eubie
(sacks) | “toot) | ‘feety | Ieet)
9.6 12.0 19.1 2.82
7.6 1.4 22.8 3.55
1 14.2 21.3 3.82
6.5 13.0 2.7 4.16
6.0 12.0 2.0 4.47
6.8 15.0 20.4 397
6.3 13.9 22.2 4.26
6.5 16.1 19. 4 4.18
6.0 15.0 21.0 4,49
5.6 14.0 2.4 4.83
5.0 12,5 25.0 5.43
4.7 141 23.5 5.76
4.2 12.6 25.2 6. 38
5.2 16.2 20.8 521
4.6 14.5 n2 b.82
4.3 16.0 21.4 6.32
3.9 4.7 2.5 6. 89
15.5 o O 177
12.8 ooy ool L 213

TaBLE LXXVIIB.—Dimensions for measuring bozes

Inside measure (inches)

Capacity (cubie feet)
Length Breadth Height

12 12 12

15 15 954
15 15 1134
15 15 1314
18 18 1094
18 18 12

18 18 1334
18 18 1456

B e 18 18 16
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B 86. MIXING, PLACING, AND CURING.—d. Mizing —Batches of
concrete mixed by hand should not exceed 1 cubic yard or be
larger than can be placed in 30 minutes. Machine mixing
should continue for at least 1 minute after all materials are
in the mixer.

b. Placing —The following precautions should be observed:

(1) Fill forms from several points to prevent segregation.

(2) Tamp concrete in layers 1 to 2 feet in thickness.

(3) Provide construction joints to allow for temperature
changes.

(4) Pour concrete continuously whenever possible. If im-
possible to pour continuously, remove all laitance, dust, etc.,
and roughen the old surface or dowel the old and new surfaces
together by keyways or steel bars.

¢. Curing—(1) Concrete, in order to gain its full strength,
must be kept moist for from 9 to 10 days after placing (de-
pending on the type of cement used). This may be accom-
plished by—

(@) Covering concrete with wet burlap, canvas, straw, or
earth and wetting it down periodically.

(b) Laying water pipe around green concrete and allow-
ing water to trickle through small holes in pipe.

(¢) Building earth or plank dykes around surface and
keeping it flooded with water (for flat surfaces).

(d) Wetting forms before placing concrete to prevent ab-
sorption of mixing water by wood.

(2) The time of set is greatly affected by the curing tem-
peratures. As the temperature falls, the set is slowed down,
and below freezing weather makes the placing of concrete
extremely hazardous. The temperature of setting concrete
must be maintained above freezing by—

(@) Heating water and ageregates and addition of lime
products before mixing.

(b) Covering concrete in place with jnsulating material
such as straw, earth, etec.

(¢) Providing artificial heat by canvas enclosures heated
by salamanders, live steam, or unit heaters,

190
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M 87. Forms.—a. Materials.—White pine, spruce, and the
softer southern pines are the best lumber for ferms. All
lu_mber should I:fe dressed at least on one side and both edges.
Either 1- or 2-inch boards are suitable for lagging.
(1) One-inch lagging requires—
Studding or joists: 2 by 4 to 2 by 6 inches.
Distance between supports: 18 to 24 inches.
(2) Two-inch lagging requires—
Studding or joists: 4 by 6 to 4 by 10 inches.
Distance between supports: 4 to 5 feet.
cr:t.eaiani?g.—-}!fmt:r\re all sawdust, shavings, dirt, old con-
, ete., from forms and wet or oil
it them before placing
2 c. R:emovaZ.—Usually, forms should remain in place longer
or reinforced than for plain concrete, and longer for hori-
zonta.al or loaded than for vertical or unstressed members. As
a guide: -
Wa:lls in mass work: 1 to 3 days.
Thin walls: in summer, 2 days; in cold weather, 5 days.
4 ngflzugn;:s in ;hum;ner. 2 days; in cold weather, 4 days.
: —The following figures illust
principles of form construction: e
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Ficure 117—Column form,

CHAPTER 3

DEFENSIVE MEASURES

Secrion 1. Field fortifications
II. Camouflage
III. Explosives and demolitions_
IV. Barriers and antimechanized aefense__.._-__._-

SecTION I

FIELD FORTIFICATIONS

M 38. DEFENSIVE AREAS.—a. Squad and platoon.

TasLe LXXVIII—Frontages (in yards)

Size of unit defense areas

Minimum (heavily wooded
terrain)

Maximum sﬁn)u, open

Interval | Front- Interval | Front-

between| age ?;.g::‘t! between| age ?;gﬁl
defense | actually | 4o 0 ol defs tually |defended
arcas |occupled areas |occupied

1squad (12 men)......-..
Platoon, less 1 squad (2

squads). ... .....oon-o-
Full platoon (3squads). ..

30
50 7. 125
100 100 200

100 50
150 100
200 200

b. Company.—A company can defend a front of 400 to
600 yards; front and depth actually occupied are from 200
to 400 yards and 100 to 300 yards, respectively.

c. Battalion—A battalion can defend, in heavily wooded
terrain or with limited observation and fields of fire, a front
not to exceed 800 yards; in average terrain, not to exceed
1,500 yards.

28



88 CORPS OF ENGINEERS

Ficure 118 —Battalion defense area.

Nore—Locations and fires of all weapons of the pattalion to
include light machine guns of rifle companies and locations of
their 60-mm mortars are shown. Primary target areas for the
81-mm mortars and normal barrages of supporting artillery are
shown. Note that some of the 60-mm mortars are attached to
front-line platoons and that the caliber .30 light machine guns
are employed in the defense in the same manner as caliber .30

heavy machine guns.

TapLe LXXIX —Placing of barrages and concentrations fired by
batteries of Field Artillery (dimensions in yards)

Minimum safe
Area of barrage distance (rom
Burst Area of Infantry
Caliber Type of 1 concen-
shell 3 tration I
mer- n
Normal Inopen | ¢ronches

gency

| 5x 30 |100 x 200 {100 X 800 | 100-300 | 200-500 | 200-400
| 9 x 40 100 x 300 {100 x 400 | 200-400 | 300400 | 200-400

e '}0!70 .................... 200-400 | GOO-T00 | 300-400
Howitzer.. - l

75-mm...
105-mm .

155-mm .
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W 89. EFFECT OF PROJECTILES ON FIELD FORTIFICATION.—(.
Small arms.

TasLE LXXX—Safe thickness of material to protect against non-
armor-piercing bullets, caliber .30 (174 grains)

Least thick-

Maximum ness to be

Material penetration | provided for

(inches) protection

(inches)
ATIOE DI o s e s ahp e 0.3 0.5
Concrete (plain)_. ... _. 20 3.0
Brick masonry (well ¢ 3 ot i, M. PR 50 7.0
[ e e 80 10.0
Dry sand..... 12.0 14.0
Moist sand _ . 145 18.0
BEA DR - e e 20.0 240
Barth mm. o i e et 30.0 36.0
Greasy el - - ccee o ceececceceeccescss e 60.0 72.0

TasLE LXXXI.—Penetration of caliber .30 and caliber .50 armor-

piercing bullets
Armor penetration | T
Projectile in lnges at— " o?ﬁrﬂg?
Type weight to provide

(grains) protection
100 yards | 300 yards | (inches)

Callber .80, MB.. o cccommmmcmmcnnncae 174 LW
Caliber .50, M6._ - oo oomoceocmaaaas i i M 1 2

TapLe LXXXII —Penetration of special armor-piercing weapons

Armor penetration in inches
at—
Projectile Muzzle ve-
Antitank (AT) gun weight locity (feet
(pounds) per second) 600 yards, 1,000 yard
normal im- "-’l)" iiz!:'r B
pact
1 ) R O S S 0.72 3, 000 1.95 1.3
" 1.85 2,600 22 L&
Fy R TG e AR T 3.50 2,000 1.90 L2
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' b. Artillery and aircraft—Formula for maximum penetra-

P

where

to table LXXXIIL.

tion of projectiles, impact normal:
__0.23 WAK
Dl

P=penetration of projectile in feet.
W=weight of projectile in pounds.

D—diameter of projectile in inches.
| —gq constant depending on striking velocity according

TasLE LXXXIII.—Values of A in penetration formula

Veloeity Velocity Veloeity

(feet per A (feet per A (feet per A

second) second) second)
130 0.33 657 477 1, 180 8. 76
197 W72 720 5.4 1, 250 0.15
262 1.21 788 5. 89 1,320 9.54
328 1.76 854 641 1,375 9.92
394 2,36 920 6. 92 1,445 10.29
460 2.97 985 7.40 1, 510 10, 64
625 3.58 1,050 7.87 1,575 10. 98
592 417 1,113 8 31 1, 640 11.20

ance, as follows:

0.64 for concrete masonry.
0.94 for stone.

1.63 for brickwork.

2.94 for sandy earth.

3.86 for ploughed earth.

f 5.87 for clay soil.

K—=a constant, depending upon the nature of the resist-

W and D must be obtained from characteristic tables of
the projectile under consideration.

REFERENCE DATA

soil

TasLe LXXXIV.—Penetration o 1d art
octiin m,{ fie illery projectiles in

Striking
Caliber veloeity
(feet per
second)

Angle of
(degrees)

Penetration (feet)

impact

Vertical

Horizontal

g2388

45
45
45
45
45

He D = oo

-

s D Al O o

-

TAaBLE LXXXV. Eﬂeﬂt oJ ﬂ'llglﬂ of ““m‘ on ﬂeﬂeﬂﬂtiﬂu of ar tiue’y
f

Angle of impact Behavior of projectile

Less than T°...........| Ricochets.

Blight penetration.
Greater than 40°........| Maximum penetration.

Tticochets after traveling short distance
or o
e ground at slight depth. i g
.............. Tendency for nose of projectile to turn toward surface.

TasLE LXXXVI—Crater dimensions of artillery projectiles

Slight penetration

Medium penetration

Diameter
(feet)

Depth
(feet)

Diameter

(feet)

Depth
(fugt)

L5
2.5
4
4
4

.5

18.5
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e. Aireraft bombs.

TaBLE LXXXVIL—Crater dimensions of aircraft bombs in -

sandy loam

eter | Earth dis-

Weight of bomb (pounds) J;f&t{}u"etn g’ﬁm I{Jm

(feet) yards)

‘With instantaneous fuze:

2 9 4
3 13 10
5 17 17
L] 20 28
T 22 47
5 20 30
T o 70
10 37 170
13 45 320
17 50 600

TapLe LXXXVIII—Typical dimensions of aircraft bombs

Over-all | Maximum M‘gn:l,

Weight of bomb (pounds) length! | diameter (md; e

(inches) \quareinch)

2,000 (light case) .- ---eeeemcccaccmannnas @ 24 4.4
1,100 (RCAVY CASE) - eccuammamnmmnmenn (4) 12 0.7
550 (medinum case) ... ) 15 31
220 (medinm case) .. - @ 10 2.8
100 (medium case) .. = 2 ] L6
20 (antipersonnel) . - - - .occeoeiiiimmimnaaaaas 2 (1) 5 1.0

1 Figures in parentheses in this column are lengths of charge container only.

1 Weight divided by maximum cross-sectional area.

REFERENCE DATA

APPROXIMATE DEPTH OF PENETRATION
FOR UNIT SECTIONAL PRESSURE OF BOMB

/1

FOR UNIT SECTIONAL PRESSURE (LB,
F-Y

DEPTH OF PENETRATION : FEET

e —
£ 12800 \-SXI‘“ )
|

1000

N\

200 400 600 800 1200

STRIKING VELOCITY: FEET PER SECOND
Note—Gives approximate depth of penetration at normal angles
of impact, for unit sectional pressure. To obtain total penetration
multiply value for penetration taken from the figure by sectional
pressure given in Table :

Fieure 119.—Penetration of aircraft bombs.

199
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TapLe LXXXIX —Striking velocity of aircraft bombs

W 91.
{Based on aireraft speed of 200 m. p. h. with bombs weighing over 100 pounds] 91. TRENCH PROFILES AND BREASTWORKS.

Angle of Striking

Height of release | impact with velocity

(feet) vertical (feet per

| {degrees) second)

| Ay

+ 1,000 46 200
| 3,000 33 520
&, 000 26 610
| 7, 500 2 710
10, 000 19 800
12, 500 17.5 880
15, 000 16 950

W 90. TRENCH REQUIREMENTS.—A deliberate trench must—

a. If a fire trench, provide a good field of fire to permit
maximum use of defender’s weapons and permit of flank or
cross fire as well as fire to the front.

b. Provide protection against enfilade fire and localize
effects of a bursting shell by frequent abrupt changes in
direction.

¢. Be neither so wide as to receive undue numbers of pro-
jectile hits nor so narrow as to limit circulation. A com-
munication trench must be wide enough throughout to permit
two columns of men in single file to pass readily, or have
widened places at frequent intervals.

d. Be sited to take advantage of natural drainage.

e. Be simple and easy to lay out.

PARAPET

PROFILE
@ Standing type.
FiGure 120 —Development of a fox hole.

91
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0E= moresiEy

@ Creeping type. @ Standing type.
Ficure 121.—Slit trenches.

Material

REFERENCE DATA 91

= "

P'JL’ l:‘ \-,- \Il?-*‘"lu‘
",;i:"_L"v'. i gy il L
11 ———\ ,_,_‘,___',—-J

Froure 125.—Trench with irregular parapet and parados.
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%i-—- Por use without A lnames
Also shows development 1o IYpeD

Frcure 126—Standard profile, communication trench, type A.

a'fe 1-6

TR

Y
> 285sqftfxe Ficure 120 —Simple standing trench, showing development into
standard fire trench, types A and B.

¥  TyeeDd
for use With A" frames

Erry
5510 Exe

F1cUrE 130.—Standard profile, communication trench, type C; broad
communication trench.

Ficure 128 —Standard profile, communication trench, type B.

204 282736°—41——14 205




- COREIEA IR M 92. TReNcH TRACES.

P e S '\\
GENERAL TRACE LINE- >y

. \
| 40-0 \

. 3
i
— % E \\. ________ ey
, 1 g OCTAGONAL
= e 5 16 16
& i PA ES o
'uE 3 ; g r_ ’Aloq":os “ogo
: § r 7 ~2
be b - - ™~
: 5 g GENEIAL TRACE UNEZ S~ ™~ SICES
| 5 : 8 2 ZIGZAG
i' a b ugrs 4—911253—-"'
- [ osm— =
25 ’g 40-0° 40°0°
i P ~
w F ———— e
% f. : 'E ' c,eurn:'.. TRACE une
2% 2z B Ssa___cTe s
2. 2 ] | Ty )
£y 13 3 § 7 WAVY
——— i
2
B2 dy ' THE ANGLE THE DIAGONAL MAKES
g% 95 2 /\ A TOE FRONT 15 VARIABLE. 1O
» k5 3 CONFORM WITH GROUND REQUIRE®
| g uE E ¢, MENTS AND ENCHY FiRL.
| _ : 35 & J S
| ot g
| 88 {
i 3% '4 \
= L
I 3 ) ol
| 25 | b phees —I\
i

i LCHELON

i Nore—For squads with over 8 men all 16-pace dimensions may
be increased 2 paces per additional man. Make a general change

A in direction every 75 to 125 paces.

206 | Ficure 132 —Standard trench traces.
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DIRECTION
OF ENEMY

Fieure 133.—Approach crossing parallel, octagonal trace.

44 Paces ——»

Ficure 134 —Approach crossing parallel, octagonal trace, alternate
method.

M 93. TRENCH RECONNAISSANCE AND TIME AND LaABOR ESTI-
MATES.—a. Points to be covered in trench reconnaissance.—
(1) Sketch or overlay showing general location, length, and
azimuth of principal straight stretches, and relation of con-
trolling points to existing works,

208
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(2) Type of profile to be used.

(3) Estimate of nature of soil and proportion of tools (picks
and shovels) required.

(4) Estimate of amount of excavation.

(5) Estimate of time, men, tools, and materials.

b. Time and labor estimates.

TasLE XC—Ratio of length of ge;‘:cml trace to actual length of
trench.

Type of trench trace Coefficient

ORI i e e S i s RO s T R e R A A s 1.09
o T S e e U e g AR IR e i L 11,08
o e T R TS Mt D v e e i F s NS N g R

1 This will vary considerabiy with actual trace.

TapLe XCI—Man-hour estimates for day work, single relief, using
pioneer tools*

Number of cubic feet of excavation per man in—

Nature of
soil

1 hour |2 hours | 3 hours | 4 hours | 5 hours| 6 hours| 7 hours|

15 ] 32 47 54 61
23 37 49 71 81 91
30 50 66 94 108 121

1 Night work is two-thirds as effective as day work.

1 Contemplates rest of 10 minutes every hour after first hour.

& All must be loosened with pick. Requires 2 picks to 1 shovel,
+ Requires a pick for each shovel.

* Requires little or no picking. Requires 1 pick to 2 shovels,
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i = e g"’ 2 TasLE XCIII—Man-hours for clearing brush for fields of fire
sk oot Jol Ao e
| _§’ 2| E £ 2 Nature of area to be cleared Method mﬁ‘:’d”
Bl 2| B s G
(I A i
| 2 ;; E © 3818 Area 100 square yards covered with brush | Chopping or sawing i
2 Bl v | =2 By under 6 inches in diameter and contains | trees and clearing
é & & - 3
£ Elelagl = 25 trees 6 inches to 2 feet in diameter | brush.
kY BilnE e s (heavy clearing).
_ § S| =% %‘ B3 Area 100 square yards covered with under- | do._..ooooeiaes 3.5
g = Gl wi growth and some trees not exceeding 12
| inches in diameter (medium clearing).
‘E 4 o Eoo ! Area 100 square yards covered only with | Clearing brush__________ 1.5
3 | 2] w9 small brush (light clearing).
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94-95

Frcure 137 —Surface water carried under trench.

B 95. TRENCH REVETMENT,

Nore—Revetment required—24 sandbags per 10 linear feet of
parapet of type A; 132 sandbags per 10 linear feet of parapet and
front slope of type B.

Fill bags three-fourths full.

Revet at slope of 3 on 1 to 4 on 1.

Lay bags with beds perpendicular to slope.

Lay bottom row headers on prepared bed; alternate intermediate
rows as stretchers and headers; complete with a top row of headers.

Lay bags with seams and choked ends inward.

Break joints. Beat bags into rectangular shape with back of
shovel; tuck in corners of bags when placing.

Revetment will last longer if wire netting, preferably doubled, is
anchored over face.

Ficure 138.—Sandbag revetment.
212
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| |
ftommem 3° 0* )
| |
- - | 1T A
1%4" 'c
— /’(l‘;ﬁ""\ = ,__t .ﬁ"
Py «
i
o.-: o.: 8“ /
¥ STRAP IRON X'xi%'zx4' 7"

| IF AVAILABLE
SIDE ELEVATION END ELEVATION
Ficure 130.—Standard A-frame,

. » ’. i
B = 3
et O Y ____..J_}s'nuv IRON %'x1%x6'0"

i ll IF AVAILABLE

SIDE ELEVATION END ELEVATION

FIGURE 140 —Special A-frame for use in communication trench,
type C.
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F1cuRe 142 —Construction of wire mesh revetment,

REFERENCE DATA 95

PLAIN WIRE WITH

“ A TURN AROUND
PICKETS ABOUT 2" DIA. EAGCH PIGKET

PLAIN ; AND TWISTED
WS ek ea 18 UNTIL TIGHT

B e S S
— :

"*‘%{(\\ i f\\'_- 'ﬁ?' ' 7 .J
_ N % { w3
N\ A

—

5

1" e" 1
8. o.
a:tusnuoou %" TO 1" DIA. BUTTS ALTERNATING
TIME TO GONSTRUCT UNIT SHOWN 1% MAN HOURS

Ficure 143 —Brush hurdle,
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14" TO 1% DIA

ALTERNATING LARGE
AND SMALL ENDS UP

T

i
vy

TIME TO GONSTRUGT,
THREE MAN HOURS

Freure 144 —PBrush gabion.
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BOUND WITH WIRE

FASCINE COMPRESSOR
TIME TO CONSTRUCT
ONE FASCINE -

FOUR MAN-HOURS

= W\
_ W

Ficure 146.—Gabion and fascine breastwork topped with sandbags.
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B 96. TRENCH ACCESSORIES.

~2Strap fron

........

Section through Cabin

Showing position of 0P
in parapet and spproach | iddendeor
sap. Nole concealed door

An revetment N
i Trench
Gcfayamf /

1 FIGURE 148 —Cabin type observation post.

FIGURE 147 —Portable frame for compressing fascines.
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. - LOGS 6" DIA9'-0" LONG
TR =

’ CORRUGATED IRON =2
,i‘l NN NI NN, = 0
74 et 5'-0" ity =N ‘”-Ef)-]
OSSN NN N 7710-0
N kS NOTE ' THE NEWLY TURNED
) /7> EARTH MUST BE CAMOUFLAGED
{)
A
Al B2
F7 “'* ‘"5'0‘)
2'-0"

Frcure 149.—Splinterproof trench for command post.

Frcure 150.—Splinterproof command post with compartments con-
structed in side of trench.

REFERENCE DATA 96

L Built 1n sections so
_ ar fo'be carily

@rried and erecled
Bullet pmor‘;;/af,

SECTION sowind shelf ar riffe rest
slro m/mﬁgfﬂbﬂym :
Front armered plote hor comoutlgged
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T
o “1 with hids
\ : ﬁ—“—'ﬁ*
should be provided ; & Brems
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| ¥ N [ 3 ‘E Dotted lines show
| , N location of latrine
| ! e be wied when preseat
one s disconlinued,
| o] ""ﬂ'.
' i 4 5 5 . e
J— arfwﬂwﬁlr':
e S here .
ted from
i‘ﬁﬂw ‘1‘:}1’” wp old
_mdn
FiGure 153.—Deep latrine, box-seat type.
|
| M 97, INTRENCHING TooLS.—a. Issue—Seis of intrenching
i tools are included in the equipment of the following units:
Infantry
! d
least 4 percent of command an sets
Nm—%?’i&g‘%‘im;_’““ L Engineer battalion, combat (triangular division)_. 3
8 percent s Thtane geasdle type: Engineer regiment, combat (square division) _____ 6
FIGURE 152 —Deep . Engineer regiment, combat (corps) —_____________ 3
Cavalry
sets
Engineer squadron________________ JOTr.g
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b. Contents—The more important items of intrenching sets
are listed in the following table:

TasLE XCIV.—Intrenching sets

| Sets Biiltg 'l.'-l:ittt
Ttoms? i | S

Infantry?| Cavalry? | (inches) | (pounds)
Orowbars. ... .. -udsssamsssesamasrven 4 2 60 12.0
Pick mattoeks. - - ooooioaiiaaaaa 125 65 36 8.0
Bhovels, D. H,, Bo Peccac e 250 130 39 4.6
Axes, dpound. s 26 13 36 55
Saws, hand. . oo 13 6 26 1.8
Saws, ODB TNAN. - . -oeooceceemmmnnnoae 13 7 36 4.5
Wire cobtbers. « e caemmmememmm e e e 9 6 20 5.3

1 Sandbags (500), tracing tape, files, nails, and other miscellaneous items are not

listed. (See Eng. Bup. Cat. for complete lists.)
1 Total welght 3,048 pounds (including saw and tool grinder boxes).
2 Total weight 1,800 pounds (including saw and tool grinder boxes).

c. Care—After use, tools should be carefully cleaned and
dried; if some time is to elapse before the next period of use,
they should be lightly oiled or greased. Wooden handles
should be inspected and rough spots removed by sanding or
scraping. Cutting tools should be sharpened on a grinder
rather than with a file. Saw setting should be done by a
skilled mechanic.

d. Storage.—Care must be taken to see that all tools are
returned to proper boxes and that each box contains the num-
per and kind of tools specified on the list attached thereto.
A dry, well-ventilated place is needed for the storage of tools,
as well as for sandbags, tape, and similar accessories. If bags
become wet they should be dried separately before being
pbundled and put away. Tools are wired together in bundles
of five for ease in handling.

B 98. GENERAL PROCEDURES IN LOCATION, DESIGN, AND CONSTRUC-
T10N OF OBSTACLES.—a. (1) Cover throughout by fire.
(2) Have protective obstacles under observation at all tirnes.
(3) Deny to enemy cover of sheltering ground.

224
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(4) Take advantage of natural irregularities of ground and
natural growth.

(5) Provide for all-around protection.

(6) Avoid any regular, geometric lay-out that discloses
location of position and its elements.

(7) Use belts from 4 to 10 yards wide separated by intervals
of from 15 to 40 yards.

b. Barbed wire entanglements are the most nearly ideal of
the artificial obstacles against personnel. In estimating wire
requirements-for a battalion defense area, consider the follow-
ing points:

(1) Total weight of protective wire equals total weight of
tactical wire.

(2) Tactical wire (4 by 2 pace double-apron fence) weighs
10 pounds per linear yard of entanglement.

(3) Protective wire (4-strand fence) weighs 4 pounds per
linear yard of entanglement.

(4) Length of protective wire equals 215 times length of
tactical wire.

(5) Length of tactical wire equals 1% times frontage in
yards,

(g; Length of protective wire equals 3% times frontage in
yards.
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|
|
e |

Anchor. ...

Angle fron:

Bhort. .-

Full reel wire, 420 yards.. ..

Ehort, 2- to 3- inch diameter. .
Long- ...

Long, 3 to 4- inch diameter. .
Screw pickets:

Medium. ...

|
m
m
i
M.
:
:

1 Full-sized reels are carried by 2 men upen their shoulders by means of stake or

picket passed through hole in reel.

Wooden pickets:
Bobbin, 30 Yards: - --.|
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M 99. TYPES OF STANDARD WIRE ENTANGLEMENTS.

!

10" o"

4 PACES

10' 0"

4 PACES

Fieure 154 —High wire entanglement.
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TasLe XCVIL—Drill for erecting 50 yards of high wire entanglement
(two rows of stakes)

Materials

Wiring party

Carrying party

8 bundles (total of 32) long

1 noncommissioned officer

pickets. (carries pliers). officer.
32 30-yard bobbins barbed wire.| 16 men (each carries a rack | 18 men.
stick). |
1 man, carrier.

Nos.

First task

Second task

Third task

Noncommissioned officer leads party to head of work. Paces front panel and indicates
location of pickets; supervises work,

5

L

Each man ecarries out

Place pickets of front
panel,

String bottom herizontal

wire, zigzag panel.

1 bundle pickets.

Place pickets of rear
panel.

String first diagonal wire

zigzag panel.

Serew in pickets of front
panel.

String second diagonal

wire, zigzag panel,

Serew in pickets rear
panecl.

String top horizontal

wire, zigzag panel.

String bottom horizon- |
tal wire, front panel.

String bottom horizontal

‘wire, rear panel.

Each man carries out

String first disgonal wire,
front panecl. |

String first diagonal wire,

rear panel.

3 bobbins barbed | String second «iagonal
wire. wire front panel. |

String second diagonal

wire, rear panel.

String top  Tharizontal
wire front panel.

String top horizontsl

wire, rear panel.

Carry out 5 bobbins |
barbed wire. 1

Nore—Numbers 1 to 4 place
ing, odd numbers run out bobbins,

pickets lightly in ground. In string-
even numbers

fix wire to pickets.
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TasLE XCVII—Drill for erecting 50 yards of high wire enianglmem
(two rows of stakes)—Continued
Each additional row of high-wire entanglement -
a
Material Wiring party Carrying party :
4 bundles (total of 16) long | 1 noncommissioned offi- | 1 noncommissioned 'a'-_
pickets. cer. officer. 8% {&T‘g
24 30-yard bobbins, 10 men, 12 men. i35 I 4
__a_ WIRES B-7-6-5~,
7N
Nore—A drill for erecting additional row of high wire entangle- 9 p 9 g -
ment may be readily improvised based upon above drill for first =1
\VL‘ 1 ——%A‘
4 PACES ‘ 4 PACES__ | 4 PACES
w'o" 10 0" 10' 0"

1,2,3, ETC. GIVES ORDER
OF STRINGING WIRES_,

‘% o Rom0ccUPIED TRENGH

= =7 N=unoccupied
Ae— AUTOMATIC WEAPON

Fieure 156.—Double-apron fence (4- and 2-pace type).

-

i ELEVATION OF FENGE

Ficure 156—Spider web entanglement, showing use of 4-strand
fences as obstacles around combat group without disclosing
occupied portion of trenches. Can be developed into single or
double-agpron fence.

TasLe XCVIIL—Drill for erecting 50 yards of double-apron fence
(4- and 2-pace type).

Material Wiring party Carrying party

4 bundles (16) long pickets.
4 bundles (32) anchor pickets.
26 30-yard bobbins barbed wire,

1 moncommissioned officer
(carries pliers).
9 men (carry rack sticks).

1 noncommissioned
officer.
15 men.

231
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TasLe XCVIIL—Drill for erecting 50 yards of double-apron fence
(4- and 2-pace type)—Continued

Nos.

First task | Second task

Third task Fourth task

Fifth task

Noncommissioned officer carries out 1 bundle long pickets.

to Nos. 1, 2, and 3 location of pickets. Bupervises work,

Paces off and indicates

Run out front | Run out bot-
diagonal wire.| tom horizon-

Run out rear
diagonal wire.

tal wire of
fence.
Eachcar- | 740 outand | Fastenfront | Fasten bottom| Fasten rear
. :;::;;t 1 serew in dingonal wire | horizontal diagonal wire
picketsof the| on anchor wire of fence [ ©n long pick-
w plek-1  conter line. pickets. ony g ots,
Fasten front Nos. 2and 3 | Fasten rear
3 diagonal wire | Working on diagonal wire
on long pick- | alternate on anchor
ets. pickets. pickets.
Run out trip | Run out sec- Run out top
4 Ley out and wire, front ond horizon- | horizontal
serew in apron. tal wire of wire, rear
_ :;;i::“;‘: fence. apron.
4 places pick- Windlass trip | Fasten second | Windlass top
5 ets at head wire to diag- | horizontal herizontal
Each car- of work. onal wire. wire of fence wire to diag-
ries o:xt 1 on pickets, onal wire,
:::hdn: L e Run out sec- Runout third | Run out see-
6 pickets. Ay oul an ond horizon- | horizontal ond horizon-
serew inrear | 4] wire, front | wire of fence. | tal wire, rear
::cholzplc?kl Apron. apron.
pla.ees ;;;,k_ Windlass sec- | Fasten third | Windlass sec-
7 etatend of | ©ndhorizon- | horizontal ond horizon-
Work. tal wire to wire of fence | tal wire to
diagonal wire.| on pickets. diagonal wire.
Run out top Run out top Run out trip
8 horizontal horizontal wire, rear
wire, front wire of fenee. | apron.
| Carry out 26 bobbins of [_#PTOD:
barbed wire. Windlass top | Fasten top Windlass rear
horizontal horizontal trip wire to
9 wire to diag- | wire of fence | diagonal wire.
onal wire. on pickets.

Nore—Diagonal and apron wires begun and finished on end
anchor pickets. Horizontal wires on fence not carried down to end
anchor pickets.

232
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6 PACES 6 PACES 6 PAGES
15' 0" 15'0"

123 ETC. GIVES ORDER
OF STRINGING WIRES

3 PAGES § 3 PAGES
7' 6" 7'e"

Ficure 157—Double-apron fence (6- and 8-pace type).

TaBLE XCIX.—Drill for erecting 50 yards of double-apron fence
(6- and 3-pace type)

Material Wiring party Carrying party

3 bundles (total of 11) long | 1 noneommissioned officer | 1 noncommissioned
pickets. (carries pliers). officer.

4 bundles (total of 22) anchor | 8 men (ecarry rack sticks). 15 men,
pickets,

26 30-yd. bobbins barbed wire.
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TasLe XCIX.—Drill for erecting 50 yards of double-apron fence
(6- and 3-pace type)—Continued

6 PACES—+

GAPS BETWEEN SECTIONS
MAY BE CLOSED WITH
PORTABLE OBSTAGLES

4,2,9, ETC. GIVES ORDER OF STRINGING WIRES
Freure 1568—Low wire entanglement (6- and 3-pace type).

TasLe C—Drill for erecting 50 yards of low wire entanglement
(6- and 3-pace type*)

Material Wiring party Carrying party

Nos. | First task | Second task Third task Fourth task Fifth task
Noncommissioned officer carries and lays out 1 bundle long pickets. Paces off and
indicates to Nos. 1 and 2 the loeation of pickets. Bupervises work.

1 | Each car- | Lay out Run out and | Runout and | Run out and
ries out and screw fasten front fasten bot- fasten rear

—— 1bundle | in pickets diagonal wire | tom horizon- | diagonal wire,
2| long of center tal wire of
pickets line, fence.

8 | Each Lay out Run out and | Run out and | Run out and
carries and screw fasten front fasten see- fasten top
out 1 in front trip wire, ond horizon- | horizontal
bundle anchor tal wire of wire, rear

h picket fence. apron,
pickets. | No.3

4 places pick-

ets at head
of work.

5 | Each car- | Lay out and | Runout and | Runoutand | Run outand
riesout 1 [ screw in fasten second | fasten third fasten second
‘bundle rear anchor | horizontal horizontal horizontal

———| anchor pickets. wire front wire of fence. | wire, rear
pickets. No. 6 places | apron. apron.

6 pickets at

end of work.

7 | Carry out 26 bobbins of Run out and | Runoutand | Run out and

wire. fasten top fasten top fasten trip
e horizontal horizontal wire, rear
wire, front wire of fence. | apron,

8 apron.

Note—Diagonal and apron wires begun and finished on end
anchor pickets. Horizontal wires on fence not carried down to
end anchor pickets.

2 bundles medium pickets (1of | 1 noncommissioned officer | 1 noncommissioned
6, 1 of 5).0 (earries pliers), officer,

4 bundles (22) anchor pickets.? | # men (carry rack sticks). 12 men.

20 80-yd. bobbins barbed wire. y

* Changes in drill for low wire (4- and Q-pace type) :
1Three dles medium pickets %1 of 6, 2 of b enei:).
’Four bundles (32) anchor pickets,
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TasLe C—Drill for erecting 50 yards of low wire entanglement
(6- and 3-pace type*)—Continued

Nos. | First task | Second task | Third task |Fourth task| Fifth task | Sixth task

Noncommissioned officer 8 paces off and indicates to Nos. 1 and 2 location for their
pickets. Bupervises work,

1 | Carriesont | Carriesout 3
1bundle 1bundle | Lay out String and | String and | String and

medium medium and screw| fasten wind- wind-
pickets. pickets, in center front di- lass top lass top
—| lineof agonal hori- hori-

2 | Carrlesout | Carriesout pickets. wire. zontal zontal
1bundie 1 bundle wire, wire,
anchor anchor front rear
pickets. pickets. apron. apron.

3 | Carriesout | Carriesout
1bundle 1 bundle | Lay out String and | String and | String and

anchor anchor and screw|  wind- fasten windlass
pickets, pickets. in outer lass trip hori- second
anchor wire, zontal horizon-
4 | Carries out | Carries out pickets, front wire, tal wire,
4bobbins| 4 bobbing apron. center rear
barbed barbed line. apron.
wire, wire,

6 | Carries out | Carries out.
4bobbins| 2bobbins | Lay out Btring and | String and | String and

barbed barbed and serew | wind- fasten windlass
wire. wire. in inner lass see- rear di- trip wire,
h ond hor- agonal rear
6 | Carriesout | Carriesout pickets. izontal wire. apron,
4bobbin:| 2bobbins I wire,
barbed barbed front
wire. wire. apron.

*Changes in drill for low wire (4- and 2-pace type):

13 bundles medium pickets (1 of 6, 2 of 5 each).

24 bundles (32) anchor pickets.

3 Qarries out 1 bundle medium pickets. Paces off and indicates to Nos. 1 and 2
location for their pickets. Lays out own pickets., Supervises work.

Nore—No. 3 places picket at head of work. No. 5 places anchor
picket at foot of work. Diagonal wire of rear apron and horizontal
wire on center line of pickets are not carried down to end anchor
pickets. Low wire entanglements are slow to erect at night owing
to difficulty of seeing pickets.

236

REFERENCE DATA 99
0 g
| Bl |
o b}
L E:‘ i =
% £ = - L
¥/, '
=l ki, -"‘ ‘
— o ‘1-..“:" N HR
: & A
- Py = e v iFh.
Laal e e
_:"‘g“‘::\\\ "re-——q.rr.—oi

@ Element col- ® Method of making concer-

lapeed” 4nd e clement. Wi Sithe
carrying.
A Y e Y eV AV g C e Ve S N
R IR RILIE IR I

=

«pooo.‘o’.00;...;...@?‘?
NN AV AVAVAY,
B X) () X -

e
w

--"'-'—"'"_“"'-‘-'—'ZOFT-"—-

@ Concertina extended.
Fioure 159 —Concertina,

282736°—41——16 237




CORPS OF ENGINEERS

8 PACES

20’ 0"

TAUT TOP HORIZONAL WIRE (BARBED)

STAPLES INTO GROUND

CONGERTINA EXTENDED
FIcure 160.—Double-belt concertina entanglement.

TABLE cz-mm for erecting 50 yards of concertina entanglement

Material

Wiring party

Carrying party

4 bundles (16) long pickets.

4 anchor pickets.
14 coils concertina.

2 50-yard coils barbed wire.

30 wire staples.

24 8-inch pieces No. 16 plain

wire.

1 noncommissioned officer

(carries pliers).

10 men (Nos, 1 and 2 each
carry 12 pieces plain wire;
9 and 10 each carry 15

all ecarry rack

staples;
sticks).

1 noncommissioned
officer..
20 men.,

Nos, | First task

Becond task

Third task

Fourth task Filth task

Noncommissioned officer earries out 4 anchor pickets. Paces off distances and lo-
cates pickets. Bupervises work.

Carry out
4 long
pickets
cach,

Eachlaysout
and screws

in 4 long

pickets.

Open out and
place in front
lineof pickets
1 concertina,

Wire coils together in both
belts, No. 1 working on
encmy side, No. 2 opposite.

Open out and
place in front
line of pickets
1 concertina.

Run horizon-
tal wire along
top of pick-
ets, first row.

Open out and
place in sec-
ond line of
pickets 1con:

oertina, Fasten wire

to pickets,

REFERENCE DATA
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TasLe CL—Drill for erecting 50 wards of concertina entangle-
ment—~Continued

Nos. | First task

Becond task

Third task

Fourth task

Fith task

Carriesout
1 concer-
tina and
cut tie
tapes.

Lays out and
screws in 4
anchor pick-
ets.

Carry out
2 concer-
tinasand
cut tie

tapes.

10

Carry out
concertina
coil and
eut tie
tapes.

Open out and
place in front
line of pick-
ets 2 con-
certinas.

Open out and
place in see-
ond line of
pickets 2 con-
certinas,

Windlass coils

to wire at
3 points be-
tween each
2 pickets.

Run  horizon-
tal wire along
top of pickets,
second row.

Open out and
place in front
line of pick-
ets 2 concer-
tinas,

Open out and

place in sec-
ond line of
pickets 2con-
certinas,

Fasten wire to
pickets.

Windlass coils

to wire at 3
points be-
tween each 2
pickets,

Carry out 1
coll barbed
wire.

Open out and
place in front
line of pick-
ets 1 concer-
tina.

Open out and
place in sec-
ond line of
pickets 2con-
certinas,

Btaple down
both belts,

Nore—Nos. 6, 7, 8, 9, and 10 place coils in intervals between
pickets in tasks 'Nos. 1 and 2.
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B 100. CONSTRUCTION DETAILS FOR WIRE ENTANGLEMENTS.
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FIcUrE 161 —Screw pickets,
Gto"
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e
S |
 meE

11"
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F1cUuRE 162.—Angle-iron pickets,

RUNNING END

RUNNING END

WIRE FQRCED UP

WIRE FORCED DOWN

FIXED END

FIXED END

RUNNING END RAGK STIOIA

@ Intermediate eye, wire underneath,
Ficure 163 —Proper method of fastening wire to screw pickets.
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I-14 ROUND OR SQUARE
CROSSPIECES NAILED OR WIRED ™\

® ,/ <5 e <
x f CE S ST~
_‘L“G'B"—’ﬁ 13—2" ROUND OR SQUARE " 6-8"— ]

- 40-46"

>—=>7]

>

,a"‘
-
-

Fieure 165.—Proper method of fastening wire to wooden pickets,

: T -
Nore—Made from commercial 420-yard, 105-pound reels. Bob-
bin contains 80 yards of wire—weight 8 to 9 pounds,

Figure 164, —Making bobbin,
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100 CORPS OF ENGINEERS

REFERENCE DATA 101

APRON WIRE

ING
| FROM LAST PASTEN B 101. MISCELLANEOUS OBSTACLES.

| TO BOBBIN \
| APRON WIRE

. TO BOBBIN
‘“

FROM LAST FASTENING
Sl

Ficure 167—Knife rest or cheval-de-frise.

Norte—Used to stop temporary gaps in entanglements, barricade |
trenches leading toward enemy, barricade roads, and as underwater |
obstacle when made of iron framework,

TO BORBIN -
‘ALTERNATE METHOD

Figure 166.—Method of fastening two wires together by
“windlassing.”
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W i The finished
| ///I /;;:{ Goosehersy wound
Il e - spiral? with harbed
il wire, Tastened at
1 wire.
/ it hezfythg
_:_-v:f:-*r. @ spiral coil.

& o ey
-

Taken Oﬂ‘ﬂle ‘chs 'l:-‘f:-—..““‘\ e
and opened up
ﬁrmmg a sphere

8010 turns around
the pegs. fastened
atl 1wo places with
small smooth wire

Freure 168.—Gooseberry (used to block trenches; should have
diameter greater than width of trench).

Ficure 169.—Hedgehog (used to block trenches).
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REFERENCE DATA

101-102

Note—Dead abatis made by felling trees toward enemy so closely
together that branches form a barrier.

Live abatis made by interlacing and tying easily bent saplings and
lower branches of adjacent trees so that barrier is formed, Can be
made invisible to both ground and air observation.

Fieure 170.—Abatis.

M 102. UNDERWATER OBSTACLES.—a. Where beach or river line
has steeply sloping bottom, use—
(1) Small, sensitive contact mines.
(2) Heavy logs anchored or tied to shore to form booms.
(3) Heavy cables or chains stretched between piling.
(4) All adjusted so as to be under water but close to surface.
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102 CORPS OF ENGINEERS

b. Where beach or river line has gradually sloping bottom,
use those listed in a above and, in addition, use wire entangle-
ments securely anchored to bottom.

¢. Where water level changes considerably, both types may
have to be used.

Fieure 171.—Lobster pot obstacle.

F E HIGH WATER

1 ]\ Low waten 2

a—
Do Al S

2577 7

i

A and B—Standard types of entanglements and obstacles con-
structed during low water and securely anchored.
Railroad iron may be driven in sand beach where
heavy surf occurs.

C and D—Lobster pots, chevaux-de-frise, concertinas, etc., con-
structed on shore, sunk in place, and picketted or
anchored to bottom.

E and F—Small, sensitive contact mines or log booms.

Ficure 172 —Typical underwater obstacles on a gradually sloping
bottom.

REFERENCE DATA 103-104

M 103. TyPES OF SHELTERS AND PROTECTION AFFORDED.—d.
(1) Shrapnelproof or splinterproof.—Proof against shrapnel,
machine-gun bullets, and small splinters but not against light
artillery or 37-mm gunfire. Will probably afford protection
against fragments of 500-pound bombs exploding at distance
of 50 feet. Such shelters are easily provided.

(2) Light shellproof—Proof against shells from guns,
howitzers, and mortars up to and including 6-inch (155-mm).
Will probably withstand a direct hit of an instantaneous fuzed
200-pound demolition bomb. They require considerable time
and special materials for construction.

(3) Heavy shellproof—Proof against 8-inch (200-mm)
shell, against single hits of heavier shells. Will probably
withstand a direct hit of an instantaneous fuzed 500-pound
demolition bomb. They require great expenditures of time
and materials.

b. Protection in light shellproof and heavy shellproof
shelters could be materially increased by use of a 2-foot
burster course and a greater amount of cover. If this is done,
it is probable that direct hits of delayed action as well as
instantaneous fuzed bombs of the sizes mentioned could be
withstood.

B 104. HasTYy INFANTRY EMPLACEMENTS.

TasLE CII—Approzimate time and labor estimates for hasty works

Number of man-hours in—

Num-

Work her of

men Soft | Average | Hard
soil soil soil

Company command post, hasty ... ... 2-3 12 18 .o |
Company observation post, hasty ... 2 7 10 12
Light 2-man shelter in trench. . _________ v 2 7 10 12
Aid station, local, hasty_ . _________. ; 2-4 12 18 24
Battalion observation post, hasty_......._.... 2-4 10 15 20
Battalion command post, hasty................| 8-16 50 75 100
Battalion aid station, basty_ ... ................] 816 50 75 100

Note—For plans see section VII, FM 5-15.
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direction of fire | C/irestcp

Dimensions -
Rilte boxfinside) 401458
Amm  Slandard size

Nore—=Should provide for—

Piring recess in parapet 5 feet long and 10 to 12 inches deep.

Box for rifle, 48 by 12 by 8 inches, with gas curtain.

Box for ammunition, 20 by 20 by 12 inches, with gas curtain.

Ficure 173.—Automatic rifle emplacement

DETAILS OF EMPLACEMENT

———— 4 -0"— L
129> e}-—x-s‘-'—o- 1
- m"
[ e ] _<=
2p:eces
2%6=4:0" (31§
n
=il Uy

Nore—When no T-base is available, gun may be fired from sand-
bag rest by placing pintle on sandbags and anchoring legs with

sandbags.
FiGure 174.—Detall of T-base.

e i———

REFERENCE DATA 104

GENERAL LAYOUT

EHPLIGEHENY
SKIRHISI’IE'RS “og

TRENCH FOR
GUN COMMANDER

N

N
CAN BE
WIDENED TO _7
RESEMBLE A SHELL HOI.!

NoTE—Accommodates gun and two men with water and ammu-
nition boxes. Requires 60 cubic feet excavation—3 man-hours in
soft soll. If for caliber .50, length should be 10 feet and will
require 75 cublc feet of excavation.

FIGURE 1'?5—-0pen emplacement for heavy machine gun—shallow
ype (T-base may be omitted).
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@FHDI\NDURL PIT

,L.___‘.a-u o ! 3' 6" 2'3"

§ﬂ|][l|l—|l >

llm?lwlfI

\

e°)

o A,

s
=

SECTION AA

Nore—May be made from shallow type by deepening that part
of pit occupied by personnel. Will require 3 man-hours for deep-
ening and 3 man-hours for revetting in soft earth.

F1oURe 176—Open emplacement for heavy machine gun—standing
type.
252

REFERENCE DATA 104
" ADDITIONAL 5]
=/ EXCAVATION 5
=3

’nf i

FJ

“flllﬁ\{. I!;ﬂ}lﬂluha,ri

It
ol

|ﬁ|‘l |'If

4'-4"
ADDITIONAL EXCAVATION

FOR STANDING EMPLACEMENT

SEGTION

Nore—Gun platform is wider than in heavy machine-gun em-
placement because light machine gun has two rear legs.

Ficure 177 —Light machine-gun emplacement.

282736°—41—17 253




104 CORPS OF ENGINEERS

RAMP TO ROLL GUN INTO EMPLACEMENT
PROFILE

kel
PLAN

Note—Requires 175 to 200 cubic feet of excavation. Should be
used only in stabilized or semistabilized warfare.

FIGURE 178.—Emplacement for 37-mm antitank gun.
254

REFERENCE DATA 104

TO PREVENT :
INTERFERENGE WITH
SHELL

Nore—Requires 150 cubic feet of excavation. Ammunition niches
to be dug into side of pit.

Ficure 179 —Emplacement for 8l-mm mortar.

F———d’——-——ﬂ

g § —

NoTte—Requires 60 cubic feet of excavation. Ammunition niches
to be dug into side of pit.

FIGURE 180 —Emplacement for 60-mm mortar.
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Fanel 5°0'wide braced to
@T‘m door in c:mum

:w///;meM/# ol ﬁaﬂm‘/f iy /
%

= 1)

c- J— Plan
at ground level

FIGURE 181.—Two-gun, heavy machine-gun emplacement with
splinter-proof shelter.

REFERENCE DATA

104

TasLE CIIIL.—Machine-gun emplacement—mbill of material and work

data for figure 181

Emplace-
Item ment for
2 guns
Logs:

6 inches in diameter, 8feet long . - oo e e 24
4 inches in diameter, 10 feet Jong. .. - ool 220
Poles, 2-inches in diameter, 6 feet JoDgE. .- o oo e 40
Timbers, 6 by 8 inches, 3 feet long 4
Boards, 1 by 12 inches, 2 feet long__._._.... 5
Stakes, 12 inches long._..__.__._. T 200
Tbases, stanaAnd - o e e e s A e e R L o 2
Corrugated iron or roofing PaPer- - oo oo _S(UATE roct__ 750
Camouflage material_ Ea Ay P 1, 900
Bandbags._ ... __________ 2 e il 240
Wire, smooth, No. 10______ foet. . 500
Brush, for revetting steps. .- eeceecceccecccmeccmemnemeene--.. hundles 1
B S e Nyl L T L L2 cubie feet 1, 500

‘Work:
Excavation, 12men._ .. ... “hours. 10
Revetting, roofing, ete., 12 Men. <o oo ceee e ccmeecmm im0 14
b ey R L 1 e S R B e e e e e Y 24
Total man-hours. 288
I L B e e o i R it s s i B g o e 3

Note—Can be used in connection with existing trenches or in
isolated positions, and adapted for caliber .50 or light machine guns.

257




B 105. LiGHT SHELLPROOF EMPLACEMENTS,

PLANE OF FIRE SHOULD CLEAR
BURSTING COURSE BY 3 TO & FEET

¥ ExTENDS
. _;_'.. — e l;l'.‘ CUTWARD FOR & FEET
T . & &
‘o e T il l-“:‘i"*d v
T w s e 1eena .-mq%, bis Lyt *itl. i Y
: LIITITIIIIITITILERIT | Lt '
i B PLACE 3/8° WiE WESH, WIRED TO A ‘tid.
" x NEAREST REINF GRID, OW CEILING S Ay
4 . kb L
- AND ALL INTERIOR WALLS BEFORE ¥
Pl N B ) COMCRETE 15 POURED IN ORDER TO iy
= ) REDUGE FRAGMENTATION OF GONGRETE | .
, . - . b P P i
SECTION A-a
e ¢ B 3OS 8 8 T 8 ¥ MW WM 13 14 1% 8 T I8 i gorFeeY
P R A S S O I P % T 1 A s S e M R

Frcure 182.—Light shellproof machine-gun emplacement (sectional
plan and elevation).

NOTES (fig. 182)

Mix: 1:2:3 by volume.
Water cement ratio; (614 gallons per sack approx.). 90 by volume.

All reinforcement is 5;-inch steel bars spaced 8 inches c. to c. in
squares welded or wired together; welding preferred. Outside grids
to be placed 6 inches from surface; inside grids 4 inches from surface.

Ties consist of 4 strands of %g-inch iron wire between two surface
grids with average spacing of 1 foot 4 inches in both directions and
hooked or welded stirrups of 3;-inch bars between inner front anc
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rear surface grids with average spacing 3 feet horizontally and
8 inches vertically.

Concrete faces not protected by earth or bursting courses may be
faced with 14 to 1l-inch steel plates if attack by infantry weapons
at close range is anticipated.
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105 CORPS OF ENGINEERS
TasLe CIV.—Light shellproof machine-gun emplacement—bill of =
material and work data for figure 182 o i e L] a
5 I Won o— s o
: nar E e - e X999 5 ]E , E £° g L TIOIf I g 5
tem Qu.nntity. (l,mfs) a - S : E— E- § E 3 e 5 | o = o
== E ° 5 p g = 285 % % % & g
L | Rl
g:;nlent .................................. 143 26.8 T £ ¢' ¢'°¢_i—* é = EHSEE w—| e iu! 5
e = : | - & E=ist [T eirks :
roken stone or gravel (for cement)_ 64.5 88 - o ® : Ll L w—] 4 f df') 5
S O X = D = g
1 L ST s S gallons._| 3,500 16 '\,k(-",; oy g w Eg‘% = . --_%' i g
| (approxi- ° £ |92 1 EZZo i 5 #‘“L’
| | mately) U g [ 2 ola e a8 L +3 e -
| I-beams, 6-inch, 9 feet 6 incheslong. ... ......._________ jeces__ 2% L7 ® SE ~ t& g n 1 2% = v I::"
I Round iron bars for reinforeing grids 5¢-inch. i ey 8, 900 3.6 ] | G - * ol % e g 8¢ .
Iron wire for stirrups, $fe-inch____________ 1, 600 .08 s 2 = ! 0. 5 5 == 2 i
| Angles for embrasure cornerarmor__.___________________do.... 32 .25 o' lsE |*s : '.'g?d a = § 38 F
. 3 each 4 by 4 by % inch by 6 feet 4 inches. R DO G O T ~ i
| 1 each 4 by 4 by #{s inch by 5 feet 8 inches, SIER ° . *3 : E °
l' 2 each 4 by 4 by %s inch by 2 feet 114 inches, @ ol - " ]
| 2 each 4 by 4 by %40 inch by 1 foot 7 inches. i o & (h o P —+ 2 h SRR REs
[ Wire mesh, 3¢-inch for ceiling and walls________square feet_ ._ 263 .20 ° % ! e Z i .T]
| Embrasure panels, complete, consisting of— 1 L6 i I ; “§=-= il
i 1 armor steel plate 1 inch by 3 feei 6 inches by 5 feet 1 ‘g - k*‘ o TE i S
6 inches, z E
iz o E -
‘ 1 armor steel plato 2 inches by 2 feet 10 inches by 7 feeet. g wREE B 3 W= e (VT g
| 1 armor plate door 3 feet 214 inches by 1 foot 245 inches by 2z herand 'i'd = 2
4 inches thick, with hinges, door clamp assembly, and —fr- ° £y == %
| : % bl g E 01-2 EPE I Y
port cover assembly, - e 9 2
| 6 angles 2 by 2 by %4 inch by 914 inches long. ‘:5 whas E w\\ -EE E‘?%‘- § % E i .ﬁvﬁ:!’i 1 'g
Steel door for port complete, consisting of— 1 .35 ‘naiu w2 @ Nk =
1steel plate 2 feet 6 inches by 6 feet by 1 inch thick. e !..,"ig% b 4 5 ]
2angles 2 by 2 by 36 inch by 5 feet 6 inches, e S0 . L & = 19 e :
2angles 2 by 2 by 34 inch by 2 feet, L+ InoyBnosyy S9IBUD Bl X b X i B8N~y L = gg ] g
1 port cover assembly and eap. & -2 E E § 3 g3 %
2 hinges 4 by 6 by 24 ineh thick, : S e - 3 ‘E &
11ock bar 134 by 14 inch by 1 foot 3 inches. : S g %\ e
Door hook, hasp and hook, hinge bolts, : g bl R g b z8 .
Cover for periscope hole, complete, isting of— 1 .05 s {3 2 i &
1plate 11 by 11 inches by 134 inches thick. Ll R E g
| 1plate 11 by 11 inches by 34 inch thick, S s
1 round rod 34 inch by 3 feet long. > 2 S
Banabegs oo i s s s e ¢ i E e = ot E
Broken stone for burster course. ..o oee_ooooo.... square yards.__ 110 165 i AR
Lgmber: __ = gl B .. % Il‘ g b
For forms: i 0 '&
o "z W
e & .
30 e & Nette W
36 = oy Lo+ 3
! Approximately 4 cubie feet cement per barrel. :, w92 ‘: N ;. g o
260 Eeeg 1R o -
U 8 o i <
L . o g .
\ ; E

(Face p. 260)

2827367 —41
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Ficure 184 —Light shellproof machine-gun emplacement (section and details of embrasure and tripod mount).



REFERENCE DATA 105

TasLe CIV.—Light shellproof machine-gun emplacement—bill of
material and work date for figure 182—Continued

Weight

Item Quantity (tons)

Lumber—Continued.
For forms—Continued.
1by 12inch.........

1 by 4inch
For tripod mount:
4bydineh._______
1by4inch._. k.
ehybineh . eena- =
Tie wire, No. 9 gage, l’orfurms__..........._.._.........
Nails:
Bixteenpenny . . ,‘......._.__._..‘.-......_..pounds__
'Twantypenny Eca PR
Total Weight (appmxlmal.el}’)
Excavation:
Emplacement
Burster course. ..
Volume of concrete.. .

Excavation and fill -..man-hours._ .
Erecting forms, placing burster course, ete_ ... do____
Conerete, placing reinforcing, mixing, placing, and strip-

PIDE fOrMS. - . cooomcccnccecommmsnnmmennn—e-TOAN-hOUTS

Total. .
Total, 8-hour shifts, 20 men
Period for hardening (minimum):
Portland cement. . -
High ear’y sm-.ngth cement
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Ficure 185 —Light shellproof machine-gun emplacement connected
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Ficure 186.—Machine-gun emplacement in a ruined house.
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106-107 CORPS OF ENGINEERS

B 106. ESTIMATES FOR INFANTRY EMPLACEMENTS.
TasLEe CV.—Time and labor estimates for emplacements using
pioneer tools

Excava-
tion re- hM A
quired @ anTS )
(cubic feet) PPEOL.

Figure

Designation of emplacement reference

Automatic-rifle emplacement_ __ v 14 tod
Machine-gun emplacement,
type:
Light shallow_______._........ ! 14 to 1
Light standing_. . 5to 10
Heavy shallow..__ - 3to7
Heavy standing. .. L 171013
Caliber .50, shallow _ 3 3atod
Caliber .50, standing 9to 18
Splinter-proof, double em-

288

Reinforced concrete. 1,120
37-mm antitank gun emplace-
f 7 TR T B e R B 10 to 24
Sl-mmmortar. ... ..o ... 9to 18
60-mm MOrtar. ... .cooooomcaannn. Bto7

1 First figure is for soft earth, the second for hard earth,
2 Does not include revetments.

B 107. ARTILLERY EMPLACEMENTS,

Freure 187 —T75-mm gun in sunken position.
264

REFERENCE DATA 107
%?; Qra%ugglhdbzc?aae
Curtain Y § e
embrasure ' e ._ 2,

7
conforms to 7

slope

0

[}

f2=0

L
5\ il T3 ]

Section A-B-C-D

Fieure 189 —Emplacement for 75-mm gun (French, high-speed
rubber-tired wheels).
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| > Small l
: FIGURE 100.—156-mm howitzer in bank along edge of road. }{:gétggw o\ Yz s\ B = )
held in S Y,

vertical position
by guy wired

FicuRe 192.—155-mm howitzer in bank at edge of woods along road.

o——————— Aporo; SPI0>

. : 90" 7

o Appro S8:0°
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|

T A e P S8

Ml g \ T

| fmy.—g . i Jection A-B-C-D 'f'.?.‘_:',:‘___::
—:r 5 Sechion A-D
FIGURE 191.——En‘l]:il&wer‘r;:!in;1 for 13{3-mm howitzer, M1918 193 —Emplacement for 156-mm gun (G. P. F.).
gh speed). PIiGUrE
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2 195
W 108. GUN PLATFORMS AND TRAIL SUPPORTS. Ty OVL=RI VT WM (. JiuTe
Description Bize rNe‘ngh]?dr
4 inches by 4 inches by 3feet______.__. 8
.| 3 inches by 8 inches by 6 feet 8 inches . 54
.| 8 inches by 8 inches by 7 feet_......._. 10
‘? i 4
| P : E snexe7r 4 | ' NN
LA PARALLEL To LiNE OF rnz/ e éb‘o/fs 57 /
NoTte—Used in soft or muddy ground or when position is to be i My
occupied for considerable period. Brush, logs, or broken stone may
also be used.
F1cUure 194 —Improvised log platform.
[ [
ﬂ._,EI] B -
| H 1 x
e Q
z w a Ygd - - |
g L 3'x8% 87 = [ty O G
T L]
] Q 0
g 3 %
S 3 ¥
o X
- 13 L} N
i — 3 ¥ | o
‘#_/Bonstru:iql;r*n Stakes —__ R X
v ‘$‘ Ry ¥
PLAN 2 o
vl 3%8%8-7" AR g._ﬁ
Q
. <L
\ g ol o 8-7" "’4'1'1"{4’4"'
- - -
| -
' Plan Section
SECTION AA Froure 196 —Wheel support for 155-mm gun (G. P. F.).
Figure 195.—Platform for 76-mm gun.,
268 282736°—41——18 269




CORPS OF ENGINEERS

TasLE CVII—Bill of material for figure 196

Dezcrintion Size

Number
required

3 inches by 8 inches by & feet 7 inches -
14 inches by 14 inches by 14 feet. ...
Bolts. ... ooeecceeccnnnnnnn-| ¥iinch by 16inches. .. ..o......

Section A-A

Nore—If for 155-mm gun, cut timbers on a 12-foot radius.
Fasten 8- by 16-inch timber 2 feet 10 inches long to spade as shown

in figure 198.

Ficure 197.—Trail support for 75-mm gun.

; LI ' ; 851°4=2°10" wired
EmSERmRL | e

Section AR
F1cUre 198.—Concrete trail support for 165-mm howitzer,
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W 109. PROTECTION FOR ANTIAIRCRAFT UNITS.—a. 3-inch gun;
37-mm automatic cannon; searchlight; director; height
finder.

COMMUNICATION TRENCH

\ \\ <~ FROM SLIT TRENGH
‘\
Y

A i

AMMUNITION DUGOUT
6'x6'x4' DEEP

SANDBAG PARAPET
~ 5% HIGH

GUN PLATFORM AT
GROUND LEVEL

OUTRIGGER
Ficure 199 —Protection for 8-inch gun (antiaircratt).

Norte—Wheel supports may be provided in wet or soft soil.
FI6URE 200.—Protection for 37-mm automatic cannon (antiaircraft).
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DIRECTOR

d/

"SSLIT TRENGH FOR DIRECTOR
OPERATOR

“\PARAPET 3FT. HIGH | ///////// //

Froure 201—Protection for antiaircraft searchlight. FIcURE 202 —Protection for director, gun battery (ramp or other
means of emplacing lns(:rument not shown




CORPS OF ENGINEERS

TRACKER'S SIGHTS

e

/}

%
T

Fioure 203 —Protection for height finder, gun battery (ramp or
other means of emplacing instrument not shown).

b. Protection of other material—searchlight units—(1)
Control station—Dig circular pit 21 feet in diameter and 4
feet deep.

(2) Power plant—Use natural defilade. When necessary,
build sandbag parapet to height of plant.

(3) Sound locator—Build sandbag parapet to level of bot-
tom of lowest horn. Slit trench nearby for crew of four men.

¢. Figures 199 to 203, inclusive, show shapes or average out-
side dimensions for camouflage purposes rather than typical
emplacements. For details see FM 4-105 to FM 4-160, inclu-
sive (CAFM).

B 110. SHELTERS.

TaBLE CVIIL—Minimum thickness in feet of overhead cover.

Size of projectile

n

Nature of cover

fire, shell fragments

Rifle, machine

3.4

1.5 2.6 51

20| 48] 6.8
3] 8.4 11.0

7.5| 18.0{ 25.5
10.0| 24.0| 34.0

Band stone or granite 2.0, 6.0/ 8.0 10.0{ 13.0/ 14.0]
Boft limestons 3.0 9.0] 11.0] 15.0] 20.0| 21.0)
Undisturbed earth_________. 5.0{ 12.0] 17.0] 25.0| 30.0| 32.0| 40.0] 48.0

Nore—Figures to the right of and below the heavy line are for
shelters that would normally be constructed by cut-and-cover
methods; those to the left are normally for surface shelters. The
dividing line is not fixed, as the determination of the type depends
on the location, materials, and the labor and time available.
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LOOSE EARTH ARD CAMOVUFLAGE

JEes) BURSTING LAYER.(EXTREMELY INPORTAND)
2367 L00SE uml ‘on SHOCK ABSORBING CUSHION
:-o' umeo EARTH VERY IMPORTAN,

o u!mroltcen r.oucu're- BEAMS  DISTRIBUTING LAYER.
= TS .-»v-w.f. o

- TAMPED EADTH OR 373
0" BROKEW STONE o%: SHOCK ABSORBING CusHiON

e s, 33l o oz

DISTRIBUTING LAYER

'I'MIPED Hﬂll 0
A I-O'MKM STone

et 1
o] .2!?&":‘*‘ Lt

SHOCK ACSORBING CUSHION

DISTRIBUTING LAYER.
NG CUSHI
smacapsosus culnpe
T0P OF SHELTER

SHELTER

STRENGTH EQUIVALENRT TO
A7-0" OF HARD DRY VIRGIN LARTH.
PROOF AGAINST 6" SHELL

Ficure 204 —Diagrammatic section showing name, character, and
correct manner of placing successive layers of artificial overhead
cover.

Section ®
Freure 205.—Splinterproof shelters.

TasLE CIX.—Bill of material for figure 205

Item Size Unit Quantity (mfﬁgﬁ)

Logs, roof....... 6 inches diameter by 8 | Each____.__._. 13 1,000
feet.

iy DT R | |- SRS R S LT ] 100 3

Sandbags. - 30 15

Total welght.ol. s s e o 1,018

REFERENCE DATA 110
“I'6Parapet ;////(‘({.////;— e e
-‘o m m /I/IIIIIIIIJ‘ o \l.’ :‘ .l
. “spreader
—2—"—
| 50"

Branch Gallery Casc
Section Elevation
Fieure 206.—Light shelter against 3-inch shells,

TapLe CX.—Rill of material for figure 206

Ttem Size Unit Quantity| W oEht
Branch . 8 1,200

-| 1 by 4 by 14 feet__. 2 35
134 by 6 by 14 feet. 2 85
Standard__________ 16 25

| 2by 10 by 4feet ... 1 25
5 5

20 2,900

20 1

30 15

........................... LS RN gy

279
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CORPS OF ENGINEERS

SecTION II

CAMOUFLAGE

N 111. PROCEDURE—. Make camouflage effective primarily
against aerial photographs.

(1) Hide form and shadow without changing texture or
color.

(2) Do not make telltale tracks.

b. In choosing positions, consider mission, ease of access,
natural concealment, defilade, and lay-out.

(1) Use aerial photographs to aid in selecting positions.

(2) Look first for natural concealment and cover; second,
for terrain with a confused pattern; third, for most favorable
existing routes.

(3) Plan lay-outs of main position and auxiliaries in detail
before occupation.

¢. Tie in camouflage with existing features.

d. Use natural materials wherever practicable.

(1) Place in natural positions.

(2) Keep green vegetation fresh.

e. Use fish nets for quick erection of flat-tops and drapes;
chicken-wire for permanent flat-tops. Fish net is easy to
handle but shrinks when wet, expands on drying, and de-
teriorates with extended use. Chicken wire is stronger and
more durable than fish net, but is heavier, stiffer, and more
bulky.

f. Match colors to surroundings.

g. Make flat-tops flat.

h. Thin out garnishing near edges.

i. Exaggerate irregularities of outline.

4. Keep cover as close to the ground as practicable.

k. Enforce camouflage discipline.

1. Use aerial photographs to check effectiveness of
camouflage.
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W 112. DETAILS OF CAMOUFLAGE WORK.

WM»JP«W
I I ' I !cenrsin FoO I |
| | | |
LINES OF r+os l-g:?_o:laﬂtﬁ'rgn FOR ) /
AR SN aEE S
! I I lvap orim‘r ve| | l I
fe ey JERSW ]
/’\
B. C : ‘c 3

INITIAL FOLDS

PROCEDURE

| SPREAD FLAT (A)AND FOLD TOWARDS CENTER,(B. AND c)
T0O FORM LONG FOLDED STRIP (D.)

2. ROLL LOOSELY FROM BOTH ENDS, (E.) AND FOLD
ROLLS TOGETHER. (F.)

Nore—The folding procedure permits erecting the net from
under the supporting frame with minimum disturbance to
adjacent ground and vegetation.

F16URE 208.—Method of folding fish nets.
283




PANURUOD—SsdUIBI} oM do3-3eQ ‘UO[ONIISUOD JO SPOUISIN-—60Z FHODLY
‘alqeInp 210w Jng 24048

@ ad4} weyy 3on19sU00 03 SIdMWIS SSA] fOAIM USNOIYDO PUB §12U USY YJOQ JO jioddns 03 pajdepe awmay jo adAl, ©

2

Z

STAKES

POSTS

w
o3
w

L
S
£

o

(e2
>
=

w
RD
E
!....B

7

-

—_—
-

-

NAIL CLINGHED
OVER WIRE KEEPS

—

=
——— .ra.-#//l-,-_(au._.._

POLE FROM SLIDING

construct but less durable than type @ on page 285.
FIGURE 209.—Methods of construction, flat-top wire frames.

@ Type of frame used primarily to support fish nets; simple to

| i.,.l |.-%,_.. e e s
¥ Ll —_——
i e T R Ao
2A k. g = . s T —
_ —_— e B A Pl __ St ek ety —
- Y A A B ey
—— ———— SIS i AT R a_..l..{l..i S R
’ = % S = R
— ———— B :
- e ) 7 T e .
5 — y i
— - - i — ey v
o o s 1= = =
S i
=SS =
i ==
e o o
_——— = b, ¥
=
- e T L R R s, ——
P A
e or ) 2
)
¢ B N o Y il
—
-
= 4—
£1on3 punoin — e3eod — -
2%, - = g
;»..m«!&ﬁ?‘sw%!su “&- m
- it Sl TP : igﬂ
wvonsod jeujjo) paciwa sury i

- P

284




je-asouT a"-‘

USE FRICTION TAPE OR KINK
WIRE TO PREVENT SLIPPING

@ Detail of garlands.

® Garlands used to thicken natural cover.

A4

e N

I

® Extending irregularities with garlands.

NorE—Take care not to obliterate previously existing features.

FiGURE 210.—Use of garlands.
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Figure 211.—Use of garnishing.
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O

WIRE CHICKEN WIRE/

SUPPORTING FRAME
—

Note—Stretch wires overhead at varying heights and in several
different directions; from the wires, suspend branches by fastening
them near the tips so they hang vertically,

Ficure 213 —Preparation of overhead cover with natural materials
(alternate method).

#
p
p
- '~
-
& :
?b ey . i
> . A o ~
:‘o ":‘ 3 L
2\
L e 4 4 ?
>,

| TapLE CXII—Materials required for flat-top covers
| (NS Note—Stretch strips of chicken wire on supporting frame, plac- { Iy
‘ | ing strips side by side without overlap; work through openings be-

tween strips, placing branches and shrubs through wire, butt ends Tte Fish nets, | Chicken wire, 1,000
down; hold branches and shrubs upright by guy-wiring butt ends i 36 by 44 feet

| square yards
{ three or four ways to chicken wire,
FicUReE 212—Preparation of overhead cover with natural materials. Btakes, 214 feet by 8 inches diameter 40 to 100
! (See also fig. 209.) 3-inch poles, lengths as needed . . -| 80 to 100.
| | Wire, smooth, No. 12 or larger_ ... 6,000 feet.

I Nails, assorted. . ... .oo.ooooeeoeeoeaoeo-..| ¥ pound....| § pounds.




REFERENCE DATA 112

SCREENING MATERIAL AS REQUIRED

4 =

| h SR gz fo

e T s A

@ Fish net used as flat-top (as for guns in position). Must be
adjusted with changing weather conditions, be kept taut, and be
tied in with natural ground features.

L
pil

Py SR ey SCREENING IN ECHEL

|
|
| @® Fish net used as drape (as to cover trucks, tanks, etc.). Must

F1cure 215—Methods of road screening for roads parallel or oblique
to front, respectively.

291

be tied in with natural ground features.
Ficure 214.—Uses of issue fish nets,
290




| 112 CORPS OF ENGINEERS REFERENCE DATA 112

I CUTS IN OZNABURG TO ALLOW
| WIND TO PASS THROUGH

| EARARARY 2

" BRUSH SCREEN
ROLLED UP FOR

" _TRANSPORTATION
TO THE POSITION

J
; ﬁt SUPPORTING

LOOKING DOWN ROAD SIDE VIEW

T

A= BEVATION T

- : :
Sha M T TS et e ——S— SECTION

OBSERVER
—

NOT TO SCALE
| 1= }
| e X L 9000 Y08.}——f

DISTANCE BETWEEN SCREENS

| EXAMPLE

[ X= HORIZONTAL DISTANCE BETWEEN SCREENS
| ¥z HEIGHT OF SGREEN MATERIAL
| X:Y:9000:900 OR S00X:9000Y
ASSUME Y=:2YDS. 900 X =9000 X2 OR 900 X: 18000
OR x:20(YyDs), NOTE: SLOPE OF GROUND OR TURNS
IN ROAD MUST BE TAKEN INTO GONSIDERATION .

BRUSH SCREEN

900 YDS.

« CHICKEN WIRE
GARNISHED WITH
OZNABURG STRIPS

| { "~ Ficure 216.—Method of road screening for roads perpendicular to Ficure 217 —Details of road screens.
‘ front.
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113-114 CORPS OF ENGINEERS

M 113. PerTINENT DATA—a. Garnished nets—load capacity of
1Y5-ton truck.
25 rolls chicken wire, or
25 fish nets, 36 by 44 feet, or
20 fish nets, 45 by 45 feet, or
40 fish nets, 30 by 30 feet, or
80 fish nets, 22 by 22 feet, or
200 fish nets, 12 by 12 feet.
b. Road screening —Materials required for 1 mile of lateral
screen 12 feet high:
360 2-inch poles, 12 to 15 feet long.
750 stakes, 3 feet by 3 inches.
30,000 feet smooth wire, No. 9-No. 16.
¥ keg staples or nails.
1,800 yards fabricated brush rolls, 12 feet wide, or
7,200 yards oznaburg, 40 inches wide, or
3,600 yards chicken wire camouflage, 6 feet wide.

M 114. Roaps AnND PatHs—a. General—(1) Do not camou-
flage existing roads and paths; disguise their use by prevent-
ing changes in original appearance.

(2) Camouflage new roads and paths for shortest possible
distances only.

(@) Locate new paths and roads to take full advantage
of natural cover, concealment, and of existing shadows.

(b) Place camouflage material overhead on frame of
chicken wire or stretched wires in irregular, broken patches
(not in a solid blanket). (See figs. 213 and 218.)

b. Access routes to camouflaged position.—(1) Use existing
roads and paths whenever practicable.

(2) Wire-in roads and paths and post guards thereon to—

(a) Confine traffic to routes planned in lay-out of position.

(b) Prevent widening or making of turn-arounds at or near
position.

(3) Choose routes extending beyond position to logical
destination, such as house or dummy position; make traffic
go past position to such destination. (See fig. 218.) Use com-
plete loops where possible.

204

REFERENCE DATA

114

ok e
¥ CAMOUFLAGED /\\O//;%uunv

POSITION POSITIO

MAIN 1 NEW POSSIBLE
ROADS r’!_acczss ! lli%lsss

f'é ‘ROAD = JjiRd

—--_--"——_.-.-..

_,_—l—'_‘—l-_‘____-_-'-

WRONG RIGHT

LOCATION

_{fHDUNNY
'%si'rlou

CAMOUFLAGED PATH

ALONG
EDGES

Ficure 218 —Camouflage of paths and roads.
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B 115 RamLwavs—a. In general, attempt to camouflage new
or temporary lines, spurs, short lengths of track, and small
installations only (camouflage of main lines, yards, depots,
ete,, generally requires excessive amounts of labor and
materials).

b. Use methods applicable to roads and paths.

M 116. TELEPHONE AND TELEGRAPH LINES—. General —Locate
lines along existing paths or roads (so that paths made by
vehicles and personnel will not show).

b. Pole lines—(1) Site poles so that shadows are broken
up by nearby trees, bushes, buildings, etc.

(2) Paint poles (especially their tops) with dark green or
flat black paint.

(3) Conceal all spoil; cover temporary excavations.

¢. Buried lines—Site under cover of bushes, trees, etc.;
resod backfill; conceal excess spoil.

M 117. Bivouacs.—a. Site bivouacs in woods, broken ground,
or villages rather than in open terrain.

b. In average woods, place tents irregularly and cover with
brush, grass, or other vegetation.

¢. In thin woods, use overhead cover on wire frames to
supplement existing natural cover.

d. In broken ground or villages, tie tents into existing
buildings, basements, walls, ruins, fences, hedges, etc., using
paint, mud, or vegetation to disguise the tents.

e. In the open, use standard wire frames for overhead cover
of natural or artificial material; allow 5 square yards of
cover per man; make edges of cover coincide with natural
ground lines, such as edge of road or field.

B 118. BuiLpines.—a. In general, attempt to camouflage only
small buildings.

b. Locate buildings irregularly, under cover of woods if
possible.

c. Use flat roofs rather than peaked roofs.

d. Paint roofs, made of new lumber or of metal, with flat
paint or daub them with tar or mud.

e. Cover roofs with irregular patches of brush or other
vegetation, allowing some brush to extend beyond edges of
roofs.
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f. Place bushes or brush on ground, extending outlines of
building irregularly.

M 119. Dumps.—a. Scatter buildings and piles of supplies ir-
regularly, locating them in and around natural cover over
large areas.

b. Use standard camouflage methods and materials for pro-
viding or improving overhead cover.

¢. Do not locate large dumps near landmarks easily recog-
nized from the air.

d. Locate small forward-area dumps in villages or under
natural cover; do not locate them near prominent cross-
reads, lone buildings, or other landmarks.

e. Apply procedures given in paragraph 114 to roads and
paths.

W 120. Trucks AND Tanks.—a. Run trucks and tanks under
natural cover when practicable.

b. Park in scattered, irregular formations.

c. In open or semiopen country, cover with brush, weeds,
ete., or with garnished fish nets (see fig. 214 @),

d. Camouflage or efface new tracks made in driving to
concealed parking areas.

e. Paint vehicles in flat, neutral color (olive drab, for ex-
ample) ; cover or put mud on brilliant parts (such as wind-
shield, head lights) when exposed to light.

W 121. OBseErRVATION Posts.—a. Locate observation post in
existing structure or object (for example, in trench or cellar),
or locate it under ground in side of hill.

b. Make loopholes irregular in shape; locate them so light
will not shine through; provide curtains for background and
closing when not in use.

c. Apply general procedures as to artificial cover, disci-
pline, paths, and roads.

M 122. MacHINE GUNs.—a. In trenches, cover V-shaped em-
brasure in parapet, or slope shoulders thereof to eliminate
shadows. Cover or otherwise camouflage connecting

trenches or paths.

b. In the open, take advantage of existing cover; when this
is inadequate—

(1) Use artificial cover as shown in figure 219, or
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FALSE SHELL HOLE|
EMBRASURE =7
= { .~

FiGure 219 —Camouflage applied to machine-gun emplacements.

(2) Use standard 12 by 12 foot fish net as flat-top or
drape. Reduce height of net by digging in the gun, and
conceal elsewhere all spoil which cannot be covered by the
same net,
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W 123. INFANTRY MORTARS.—When existing cover is inade-
quate, use standard 12- by 12-foot fish nets as flat-tops or
drapes; arrange cover so that it may be rolled back to permit
firing; reduce height of cover by digging in mortar; conceal
spoil.

M 124. ANTITANK GUNs (37-mm).—When existing cover is
inadequate, use standard 22- by 22-foot fish net as flat-top or
drape, arranged so that the gun can be moved into or out of
firing position quickly.

W 125. FIELD ARTILLERY BATTERIES.—@. When practicable,
locate batteries under cover of woods.

(1) Avoid positions necessitating clearing for field of fire;
look for natural openings.

(2) Edge of woods is usually a good position (see fig. 220).

b. In open terrain, use overhead covers on wire frames,
blending them with natural features (clumps of brush and
weeds, hedge lines, ditches, scattered trees, etc.).

(1) In most cases, guns must be placed under individual
36- by 44-foot fish net flat-tops, scattered irregularly to fit
terrain.

(2) When terrain permits, a battery may be placed under
a single, chicken wire flat-top. (See fig. 222).

(@) Advamiages—Intrabattery paths are concealed; con-
trol is facilitated.

(b) Disadvantages —Requires more labor and materials;
forms a better target if discovered by enemy.

c. When in or near villages, buildings, etc., use debris and
similar material to break form and shadow of gun and pit.

d. Provide embrasures which can be opened and closed.
(See fig. 221.)

e. Reduce height of covers by digging in guns.

f. Conceal blast marks in growing fields by covering with
vegetation; in plowed fields, by spading. (No blast marks
ocecur over roads or very hard ground.)

g. Keep as few men as possible at guns; keep other person-
nel under cover in rear.

. Paint guns and accompanying vehicles in a flat, neutral
color which blends with surrounding vegetation. Cover pol-
ished bright and glass surfaces or cover with mud film.
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OVERHEAD  EMBRASURES

ME-»_»‘ £ fa DV
SLIT TYPE ROLL TYPE

FOR FIRING THROUGH HEDGES, ETC.

Y~ {CAMOUFLAGE CASMARIRE
Fosrmnimoes Iy 4 !
. pLowED r_:{z:o -\'ﬁ.:t-..—]

TR

COUNTERWEIGHT TYPE BRUSH HURDLES

Fieure 221 —Camouflage applied to artillery embrasures,
SMALL TREES
ABOVE FLAT TOP

Fi1eUrRe 220.—Camouflage applied to artillery positions at edge of
woods.
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'a REFERENCE DATA 126-128

| M 126, ANTIATRCRAFT BATTERIES.—a. Provide for 360° traverse

1 and for elevation from horizontal to vertical.

| b. Use standard 36- by 44-foot fish nets or other standard

I materials to erect cover at trunnion height, allowing gun barrel
to extend through; paint gun barrel so as to match cover;

Z 4/‘/{////1 : | dig in outriggers and remove platforms. (See fig, 223.)
/ 2 ‘;;;.;;_ } ¢. Conceal power plant in natural cover; where no cover
| exists, use small flat-top; bury cables or lay them along paths,
= = #:f:«:,;“:: = l in high grass, shrubs, bushes, etc.

Iif ;III] B

i

g Fiaure 223.—~Camouflage applied to antiaircraft gun.

B 127, RATLWAY ARTILLERY.~—a. Do not attempt to conceal
entire positions or great lengths of track.
b. Provide several positions, which can be quickly occupied.
| ¢. Cover each position sufficiently to make doubtful whether
or not it is occupied.
d. Make artillery equipment resemble ordinary railway
equipment.

W 128. ATRDROMES AND AIRPLANES.—c. Plant landing flelds
with different grasses so as to create impression that normal
lines of adjacent areas continue across landing field.

b. Space hangars irregularly, taking advantage of natural

! ¥ o THINNED EDGE - cover; improve natural cover by use of standard materials
| i - TR and methods.

| ! (M =TT ot AR, . ¢. Consider constructing hangars underground with con-

I e e | cealed entrances (offers high protection, but requires great

T A TO DUGOUT amounts of labor, time, materials; provides physical protec-

SECTION 7 & ¢ tion as well as concealment).

rA d. Disperse parked airplanes; run them tailfirst under

\ F1eure 222 —Camouflage apgilxifgt:lleto cg:tei_l-lery positions, battery under cover; improve natural cover by use of standard materials
' and methods,

302 303

ey e




CORPS OF ENGINEERS

REFERENCE DATA

SIVES AND FUSES.

SEcTiON III.
EXPLOSIVES AND DEMOLITIONS
B 129, CHARACTERISTICS AND PROPERTIES OF MILITARY EXPLO-

TasLe CXIIL—Properties of military explosives

Explosive

Relative
strength

b
wr_sig{;t)

Detonation by—

Ficure 224 —Camouflage applied to airplane.

Dynamite, ammonia (extra),
60 percent.

Dynamite, gelatin, 60 percent.

Dynamite, straight, 50 percent.

Blasting gelatin_ ... _____...._.

QGuncotton, dry.. - cco-oooooea-
tton, wet

Dynamite, ammonia nitrate__
A s e e e o

Gunpowder

100

1.20
1.05
.33

Issue special tetryl cap.
No. 8 commercial blasting cap.
Do.

Do.
No. 6 to No. 8 commercial blasting cap.
No. 8 commercial blasting cap (large
charges must be primed).
No. 6 to No. 8 commercial blasting cap.
Primer of guncotton, dry.
No. 7 commercial blasting cap (small
charge).
No. 8 commercial blasting cap (large
charge).
Do.
Do.
Flame,

TasLe CXIV.—Characteristics of issue fuses

Type m'i,"y'.if“d

Rate of
burning
in feet
T See-
Imt:-x:lt:l
(approx.)

To ignite

Fuse, blasting, | W hite,
time, smooth sur-
face,

Fuse, blast- | Red braid,
ing, instan- | rough sur-
taneous, face.

Cord,detonat- | Yellow,
ing PETN, | rough sur-

face.

0.03 (32~
40 sec-
onds
per
foot).

To fire nonelec- | Use match,
tric caps. To | fuse lighter,
ignite instan- | ete.
taneous fuse.
To ignite
blasting pow-
der.

To fire nonelec- | Splice  with
tric caps. time fuse;

ignite latter.

To induee deto- | Use issue de-
nation in high | tonating
explosives in- | cap.
timately adja-
cont,
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TapLE CXV —Mazimum distances for obtaining induced detonation
of cap in air (open end of cap directed at charge)

Dista Dista
Initial charge (inches) Initial charge aDeneay

1 block TNT
2 blocks TNT ...
4 blocks TNT

B 130. ELecTRIC FIrING—a. Electrical constants—(1) Cap,
including 12-foot lead wires: resistance 1.5 ohms; current re-
quired 1.0 ampere.

(2) Lead wire, 500 feet of No. 18 (B. & S.) double con-
ductor: resistance usually less than 7 ohms.

(3) Exploders: 10- and 30-cap capacity.

(4) Batteries, dry and wet, in good condition: internal re-
sistance usually under 2 ohm per cell.

(5) Ohm’s law: E = IR (Voltage = current times
resistance).

b. Locating and repairing break in wire circuit.—See figure
225,

(1) Secure connecting wire N to end connection D; hold wire
N against binding post L; connect binding post O to joint C.

(2) If galvanometer shows satisfactory circuit, break is in
lead wires.

(3) If galvanometer fails to show satisfactory circuit, con-
nect binding post O successively to joints H, G, F, etc., until
satisfactory circuit is shown.

(4) Break is between last joint showing unsatisfactory cir-
cuit and first joint showing satisfactory circuit.

(5) If break is above tamping, repair it; if below tamping,
handle as misfire,

130-131

N

|
e e

Fieure 225 —Testing a wire circuit.

W 131. DemorITION OF TiMBER. —a. Formulas for circular cross
sections.

D!
(1) External charge: N ==

2

(2) Internal charge: N=%
where

N = number Y-pound blocks TNT required.

D = diameter of cross section in inches.

b. Rules of thumb for all types of cross sections—(1) Ez-
ternal charge—Use eight V-pound blocks TNT per square
foot of cross section.

(2) Internal charge—Use one and a half }2-pound blocks
TNT per square foot of cross section.
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131 CORPS OF ENGINEERS

TaBLE CXVI—Values of D* in timber demolition formula

Circum- Circum- |' Circum-
ference I ference ference
(inches) (inches) (inches)

3.14 5 20,42 37.70
4.7 2.9 5 39.27
6. 28 23. 56 40. 84
7.85 25.13 2 42,41
9.42 . 26,70 2 43. 98
10. 99 28,27 45, 55
12, 56 . 20,84 s 47.12
14.13 . 31,42 62, 83
15.70 . 32.99 78. 54
11.27 X 34, 56
18,85 36.13

c. Examples of demolition of timber.

Diameter=50
Crarge(N- B5)-72 blocks TNT
Blocks are broken up
1o fill bore hole.

Fi1GURE 226,—Use of TNT in felling trees.

.

| e
.

=X sq.ft.
=+ X8=2 blocks TNT CHARGE PER POST

Ficure 227 —Demolition of timber trestle.

OF SECTION OF POST:
B8Y RULE OF THUMB : N=4
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\/

Y

Nore—The charge and cap must be specially protected against moisture.

F1eure 228 —Demolition of piles under water.

REFERENCE DATA

M 132. DEMOLITION OF STEEL MEMBERS.—a. Formula.

N=3%A
where 3
N=number l%-pound blocks of TNT
A=area in square inches of cross section to be cut.

b. Examples.

Tightened by RackStick

)
T Y

—

b
mooe -
TR 'L
——
L]
SN
AN

<
S

o

i

1 iz
e 4
Fid SISO ELI S F TN

A= 12"% 035 = 4209

2(5.00- 035)(22522) = 5,069

Total A =9.269
N=34=72x92609 + 694 blocks
Charge 7 blocks TNT

Frcure 229 —Demolition of steel I-beam.
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TIGHTENED BY RACK STICK

SRt ﬁ

A=2x256":5]2 SQ IN
N=%4A =¥a x(5.12)=3.84 BLOCKS
CHARGE: 4 BLOCKS TNT

™
-l— — T
| 2" ‘»las 2
2'n"

A=(16.5%2")x4=132.0 SQ IN
35“x2" =70 SQ IN
TOTAL A=202.0 SQ IN
N=%4 A= ¥4x202:151.5 BLOCKS
GHARGE: 152 BLOCKS TNT

b

L—'assl- «—16.5"

F16URE 230 —Demolition of steel built-up girders.

TIGHTENED BY RACK STICK.

as 39fx2f = 8888
2%k +24.009
(6 +5L)xixa 17259

TOTAL A =13013
N=3A = 3x%130.13%: 97.6 BrLocks
CHARGE 98 BLOCKS TNT

Ficure 231.—Demolition of steel built-up girder.
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c. Points to be observed.—(1) Blocks should be in contact
with each other.

(2) Place largest portion of charge nearest area of great-
est cross section.

(3) If form of member is such that charge must be dis-
tributed on opposite sides, opposing portions should be offset.

(4) If blocks are in intimate contact with section, and if
tamped with moist clay charge may be reduced by 50 percent.

M 133. DEMOLITION OF RAILWAYS.—a. One or two blocks of
TNT tamped with loose earth or sandbags will break railroad
rails. If two charges are used to cut a section of rail, place
them on opposite sides of rail, offset about 2 feet.

b. Overturn section of line by manpower.

¢. Remove joint bars at one end; pull up section of track
with locomotive.

d. Heat and twist loose rails; burn ties.

e. Cut rails with explosives.

f. Use detail of 8 men and push car: 2 men push car;
2 men on car prepare (fuse) blocks of TNT, hand them to
2 men following car; latter 2 men place and tamp charges;
2 men following car at 250 yards detonate charges.

g. To block tunnel: use explosives or arrange head-on col-
lision of rolling stock within tunnel.

h. To demolish rolling stock: destroy same parts on all
items of equipment; 2 blocks TNT break reverse lever or side
rod; 3 blocks break a cylinder; 3 blocks placed near bearing
spring break driver; 3 blocks break boiler; 3 blocks placed in
bottom of tank break tender,
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SDBlocks TNT
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Use of explosive on switch points.

10 Blocks TNT

Use of explosive on frogs.

SDlocks TNT

Use of explosive on crossings.
Figure 232.—Examples of railway demolitions.

M 134, DEMOLITION BY BREACHING (rock, plain concrete, brick,
masonry) —a. Formulas.
N=R’KC+25 percent (charges under 100 blocks), or
N=R'KC+10 percent (charges over 100 blocks)
where
=number of }2-pound blocks of TNT required.
R=radius of rupture (in feet) : depth to which disintegra-
tion is desired, measured from center of surface of
contact between charge and material to be destroyed.
(See fig. 235.)
314
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K=a factor dependent upon material blasted. (See table
CXVIIL.)

Cc=a factor dependent upon location and tamping of
charge. (See fig. 233.)

TaBLE CXVII—Values of K in breaching formulas

Ordinary earth
Poor masonry, shale and hardpan, gwd nmberandemh ok ds
construction.
Good masonry, concrete, rock Under 3 feet.......
o 3 (7 TR s S
G-Tieet. - ——o—s
Over 7feet ...
te, first-class Under 3 feet
3-bfet. ...

Reinforeed concrete
{Concrete only, will not cut bars.)

QLA

TAMPED G+ LO TAMPED C* I'Z5 TAMPED G= 1.25 UNTAMPED C= 2.5
UNTAMPED G* 1.4 UNTAMPED C* 1.5 UNTAMPED C= 2.0

TAMPED C= 15 TAMPED C=2.0 TAMPED C= 25 UNTAMPED G=4.5
UNTAMPED C= 3.5

Ficure 233 —Values of C in breaching formulas.
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NOTE: TO DETERMINE PIVOT POINT
USE R AND K TOGETHER OR
G AND N TOGETHER

INDEX LINE

5 ~._USE ANY STRAIGHT EDGE

\/
“'\
-~
-~
~
~,
~
o,

Y

I

&8

[T
o
N FEET
o,/ ~

T

PIVOT STRAIGHT EDGE WHERE
IT CROSSES INDEX LINE.

EXAMPLE ILLUSTRATED BY
DOTTED LINES:

o
o

Lo
o

&
K = MATERIAL FACTOR

GIVEN: K=.57
R=6 FEET.
C=1.5

I

w
Lol il
|l||lll||‘||

o
o

w
N = NUMBER OF HALF-POUND

R = RADIUS OF RUPTURE |
o

FIND N=203 BLOCKS
T.N.T

C = TAMPING FACTOR
a

INDEX LINE

»
o
1

Fieure 234—Solution of breaching formulas: N—R'KC+4—%
(added percent is included in results).

REFERENCE DATA

TAMPING MATERIAL

CROSS SECTION AT CENTER
OF BRIDGE
CHARGES PLACED ON ROADWAY

CROSS SECTION AT GENTER
OF BRIDGE
CHARGES PLACED UNDERNEATH ROADWAY

Frcure 235.—Methods of placing charges in demolition of reinforced
concrete span.

GROSS SECTION AT AA

b. Points to be observed (breaching of reinforced con-
crete) —(1) To demolish concrete parts only, use standard
breaching formula.

(2) To demolish concrete and reinforcing steel—

(a) By two-phase method—Demolish concrete, using
breaching formula; then cut individual reinforcing bars,
using formula:

N=24
where

N=number 14-pound blocks TNT.

A=area in square inches of cross section of steel to be cut.

(b) By one-phase method (to be used only when two-phase
method is not practicable) —Use breaching formula, increas-
ing charges by from 20 to 40 times.

282736°—41—21
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M 135. DEMOLITION BY DISTRIBUTED BREACHING CHARGES—Q.
Formula.
N=3.2R’KC
where
=number of 1% -pound blocks of TNT per yard.

R, K, and C have same significance as in breaching

formulas.

b. Points to be observed.—(1) Demolition by distributed
charges usually requires more explosives than demolition by
concentrated charges; use former method only for thin struc-
tures.

(2) Place charges in continuous row, extending along
structure to be demolished.

(3) For reinforced concrete, take R=1.25 times thickness
of structure.

B 136. CraTERING—a. Formula.

N=L'Z+ Do
where
N=number of %-pound blocks of TNT required.
L=depth to top of charge in feet.
Z=ag, factor depending on nature of soil (see table CXVIII)
and on line of crater.

TasLE CXVIIL—Values of Z in crater formula

Camou- | Under-
Kind of material flet charged Cgig:ann
1-line 1}4-line

Light earth 0. 010 0. 024 0. 054 0.36
Common earth. ... .02 030 L0066 | 188 4
Hard sand 014 038 .084 | 252 . 56
016 .46 100 . 300 .67

Note—Charges under 50 blocks, add 100 percent; 50 to 200 blocks,
add 50 percent; 200 to 500 blocks, add 25 percent; over 500 blocks,
add 10 percent.

REFERENCE DATA 136

TasLE CXIX —Values which multiplied by L give radii of rupture

Line of crater
Radius of rupture

2line | 3-line | 4-line

2.4 3.1
14 L7

TasLE CXX.—Depths of craters in common earth for depth of
charge L

Line of erater Depth Line of crater Depth

1/3 L. 4/3 L.
2/3 L. 5/3 L.
L.
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b. Road craters—(1) Locate in embankments, cuts, fills,
causeways, crossroads, or in villages.
EXAMPLE ILLUSTRATED BY DOTTED LINES: (2) Flood, if possible.
GIVEN. L =10 FEET (3) For charges placed in culverts, tamp thoroughly for
" K HARDPAN distance at least equal to horizontal radius of rupture.
BRESEING (4) If material falling back can be removed, use a 1% or 2
N+ 180 BLOCKS lined crater; if not, use a 4 lined crater.

TAT (5) Two or more adjacent charges often will give more
effective results (especially for hasty AT obstacles) than the
same amount of explosive in one charge which is harder to
place.

USE ANY STRAIGHT EDGE s

PIVOT STRAIGHT EDGE WHERE

armnwum.\
|- GEST OLD BRICK WORK -

—_—

Z |- meoium mm:o-go}::lfg,

MATERIAL FACTOR
B8 85 z8888

N = NUMBER OF HALF-POUND BLOGKS OF T. N. T.

g8

UNIMPROVED

CRATER
IMPROVED

&8 B8 &8

w

CHARGE
Note—Charge: N=L*XZ-}—— percent
=10°% .10 +—— percent=100-50 percent
=150 blocks TNT

Fieure 237—Road crater, two-lined, to be improved (hardpan).

L = DEPTH OF CHARGE , IN FEET.
-
H

NOTE: T0 DETERMINE PIVOT
POINT USE L AND K
TOGETHER 0 G AND N
TOGETHER ONLY

Nore—Charge: N=L*X Z-+4—— percent
= 5% % .67+ —— percent==83.75--50 percent

=126 blocks TNT
Ficure 236.—Solution of crater formula: = 2
N—L'Z+— percent (added percent is Ficure 238—Road crater, four-lined, unimpraved (hardpan).
included in results). 321
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M 137. GENERAL DEMOLITIONS; VARIOUS OBJECTS AND STRUC-
TORES.—a. Tunnels—The best points for attack are where the
tunnel passes through loose materials (destroy lining for
length of 15 to 25 yards by series of breaching charges).
Block tunnels by head-on collisions.

b. Telegraph and telephone lines—Disable by cutting or
grounding wires. Destroy completely by burning or demolish-
ing poles and cutting wires.

¢. Frame buildings—Demolish by closing doors and win-
dows and exploding concentrated charge on ground floor
(about 1 block TNT per cubic yard volume of first floor rooms).

d. Wells—Demolish by breaching charge placed 6 to 12
feet from well, at depth of 10 to 15 feet; or by charge located
just outside edge of well and deep enough to insure good
tamping; or by large charge exploded against the wall, deep
down in well.

e. Artillery—Demolish by—

(1) Opening breech, setting block TNT against hinge, par-
tially closing breech, and exploding charge.

(2) Exploding a well-tamped charge of 5 blocks of TNT
inside the bore, close to the muzzle (dangerous fragmenta-
tion). g

f. High explosive projectiles—Explode by a charge of several
blocks of TNT placed against base of fuze. Handle shells
of 200 pounds or more separately. Gather small shells into
groups of 200 pounds, place in contact with each other, and
detonate one shell (the others detonate by induction). Handle
shells carefully—explode only in a trench at least 6 feet deep.

g. Wire entanglement.—Use bangalore torpedo or lay chain
of TNT blocks under wire (results of these methods un-
certain).

h. Stumps—TUse timber formula for cutting, crater formula
for lifting.

i. Boulders.—Use internal charges if practicable.

i. Zones of demolitions—In average rolling terrain, where
routes of communications and streams are numerous, as much
as 1 ton of explosive per square mile may be required to create
an effective barrier zone. In thickly settled areas, 1.5 tons—
and more—may be required per square mile.

322
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TaBLE CXXI.—Charges for demolition of boulders

Number of 134- by 8-inch sticks of

Diametar of 50 percent dynamite required

boulder (feet)

Blockhole | Snakehole | Mudeap

M 138. STORAGE AND HANDLING OF EXPLOSIVES.—a. Location of
magazines.

TasLe CXXII—Location of explosives magazine

Distance in feet from nearest—

Explosive

pounds) | ypybited
building Railway Highway

Other
magazine

50 140 70

100 220 119
2,000 1, 20 360
25, 000 2,11 1,270 630
1100, 000 3, 2,180 1,909

! Maximum permitted in any 1 magazine.

b. Precautions in handling.—(1) Do not store or trans-
port caps or primers with explosives.

(2) Thaw frozen dynamite slowly, out of direct contact
with source of heat.

(3) Use wooden implements only in tamping.

(4) Handle caps with great care—never carry them in
pocket,

(6) Do not connect lead wires until ready to fire; dis-
connect immediately after firing.

(6) Keep explosives dry and under lock and key.

(T) Following a slow fuse misfire, wait 30 minutes; then
explode charge by another placed within 2 feet of original.

(8) After an electric cap misfire operate exploder several
times; disconnect and separate lead wires off ground. In-
vestigate at once,
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SecTION IV

BARRIERS AND ANTIMECHANIZED DEFENSE

B 139. CHARACTERISTICS OF MATERIEL.

TapLE CXXIII—Classification of obstacles

Criterion Classifieation General purposes

Remarks

Block lines of com-
munication,

Distant—25 miles
aod more be-
yond main line
of resistance.

Outlying—beyond | Impede reconnaissance;
normal antitank delay advance.
(A'T) gun range
(700 yards).

Close - in—within
normal AT gun
range.

Immediate protection
of M LR;limit pene-
tration; immediate
protection of rear
positions and instal-
lations; or to prevent
eseapeof mechanized
forees that have pen-
etrated positions,

Protect supply routes
and installations.

Rear area—on line
of communica-
tions,

Time required
for erection.

Quick.............| Block avenues of ap-
proach on short no-
tice (matter of min-
utes).

Block avenues of ap-
proach on fairly short
notice (matter of
hours).

Deliberate........| Block avenues of ap-

proach with rela-

tively long time
available,

Placed by air forces
or during raids.

Placed by Engineers
or other arms,

Placed by troops
protected by the
obstacle, assisted
by Engineers.

Engineers.

Eramples

Wire roll, cables, AT
mines, wrecked ve-
hicles, gassed areas.

Mine fields, demoli-
tions, abatis, barri-
cades, craters,

AT ditehes, exten-
sive demolitions,
inundations.

REFERENCE DATA

TasLE CXXIV.—Typical tank characteristics

Characteristics

Light
tank

Weight.

Tength. ... .....
Width each tread ... _.
Tread (center to center)
Clearance at belly ..
Fording ability . .
Climb vertical bank. . b o-smpmih
Cross diteh without jumping, width._.
Climb short dry slopes (maximum)...
Climb long dry slopes (maximum)

12
163
12
3
15
43
3
8
45
30

Nore—Light tanks may weigh from 9 to 15 tons, medium tanks
from 18 to 35 tons, and heavy tanks as much as 50 tons. In
Europe, tanks weighing 70 to 90 tons have been used in the attack

of strongly fortified positions.

TABLE CXXV.—Characteristics of antimechanized weapons

Muzzle
Projectile
weji':;ht velocity

Arm?woenetration
al yards
(inches) !

(pounds) (feet p(;a)r

Normal

30° im-
pact

Wei}zht

of piece
in firing

ition
pounds)

Machine gun, cali-
2,700

3, 000
2, 600
2,000

0.40

1.50
1.76
1.45

130

1, 200
850
1,120

1 Penetration of armor cannot be counted upon when angle of impact is greater
than 30° from normal, At these larger angles of impact, projectile either ricochets

or breaks up.
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W 140. MiNE FreLps.—a. Description—(1) Number of rows
in band: 3 to 6.

(2) Distance between rows: 1 to 3 yards.

(3) Least density: 1% mines per yard of front.

(4) Pattern: varied, nongeometric.

(5) Additional protection: best obtained by additional
bands rather than by increasing density of existing ones.

b. Methods of laying—(1) Longitudinal —Parties move
along rows laying one or more rows simultaneously.

(a) Advantage—Allows close supervision of work and
favors use of trucks.

(b) Disadvantage—May leave paths visible from air and
ground.

(2) Crossfield—Parties move across field, laying mines in
several rows simultaneously.

(a) Advantage—Adapted to situation where road parallels
field and serves as base line.

(b) Disadvantage.—Not adapted to use of trucks, or to
accurate laying, especially at night.

¢. Concealment.—(1) Burying—Effective against all forms
of observation. Scoop out shallow hole, placing mine at ele-
vation to insure detonation; replace sod or top soil over
mine; dispose of spoil.

(2) Use of terrain—Effective against air observation and
to some extent against ground observation. Lay mines along
natural terrain lines, furrows, old fence lines, roads.

d. Equipment required for erection—Trucks for transport-
ing mines; bags for carrying away spoil; picks; shovels;
tracing tape; measuring stakes; sledges.

———
g

_SAFETY CLIP f”’ ol

cC 8

- &
 FUZE ASSEMBLY

Nore—For shipment the ribbed spider fits on the bottom of the
mine case, and fuzes are carried separately. When ready for use
the fuze assembly is inserted and the ribbed spider placed on top
s0 that the hooks are clipped under the rim of the mine case.
Until removed, the safety clip prevents the fuze plunger being
forced down to fire the mine. This clip can be replaced. A ring
handle is attached to the side of the case for carrying purposes.

FIcURE 239 —Antitank mine,
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TasLe CXXVI—Typical rates of laying mines for various conditions.

Method of— Party (squads) Total
mines

= =— _$_ e __d; a laid per
arry- G Bury- | man-
& Transport Placing in? Laying| "\ | Four

1=3YDS 6
Splop oo Sgiog o WG o 0

Unburied ... 40
Buried......-.. 20
Laying from truck............| Unburied 120

; |

Norte—8-man squad, carry of 100 yards, medium soil. If tray
or carrying sticks are used, double carrying rate. Night work reduces
el all rates by 50 percent.

b oo o

Rer ‘;gvll /J 0 [ L‘?‘Z’nﬁ/ J&"&u' b viaas ..,&46\

T eCT. aer
L 1 ! QﬂWﬁW”

ABOUT IS MINES 0—1'
STAGGERED
AS SHOWN

b [o'mq
Faat
¢

® —

; "‘H‘J:"{‘-d u,,:..f NLOT /7
: Qf_jllzl_ﬂ‘ );ﬂhl :! " r;f:/' ,// [4’/,

{18 TWO TRACK ROAD——’-._-

e s e

o ? b b A b

4Lana abha &
oo o-0-0-0-6-1

ﬁ—e—?ﬁﬁ —0—0—0-—0-6-

[ b §'ere 4

Ficure 240—Antitank mine fields showing typical 3- and 5-row
patterns.

APPROX 26" APART
:‘l )
NEJ

i
N —
""\\\‘ﬁ*

4 ABOUT 15 MINES

£ ‘-L\.\-.'

Ficure 241 —Two typical patterns for antitank mine road block.
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e. Removal of mines—Use pointed sticks or rods as probes to
locate buried mines; determine extent of field; separate mines
from detonators; be careful of trap mines; use protective
clothing against persistent gas; consider clearing only lanes
through field, fencing off dangerous area. Average rate of
mine removal, daytime, with no gas or enemy interference
(reduce rates 50 percent for night work) :

(1) Unburied—i20 mines per man-hour,

(2) Buried—60 mines per man-hour.

B 141. Wire RoLrs.—a. Description—(1) Class of obstacle:
quick.

(2) Effective against wheeled vehicles (entangles itself
around wheels, axles, brakes, steering mechanism).

(3) Diameter of roll: 4 feet.

(4) Length of roll extended: 40 feet.

(5) Weight of roll: 40 pounds.

(6) Number of rolls carried on 1'%-ton truck: 75.

(7) Construction of roll: No. 11 oil tempered wire wound
in spiral; adjacent rounds connected by strong clips at 5 points
around circumference. An issue item—not susceptible of con-
struction in the field.

b. Use—(1) Rolls placed in groups of about 6; long axis of
rolls at right angles to direction of approach of enemy ve-
hicles; distance between rolls: 5 to 25 yards.

(2) Rolls placed just beyond curves and just over crests of
hills so vehicle encounters them unexpectedly.

(3) Rolls in place are extended, anchored lightly to ground.

(4) Effectiveness of rolls increased by strewing with AT
mines,

(5) Rate of laying rolls: 2 men place 1 roll in about 1 minute.

141-142

\\\“l
E : :?!\‘
&S

FROM WIRE o
ROLLS AFTER =
PLACING

“nin,

100-300_YDS TO
ANTI - TANK < WEAPON

) 72

%

STONES

A\ TN N ORI \\

2 0-ahei5 =

IST GROUP-6 ROLLS

Froure 242 —Groups of wire roll obstacles placed in a cut for con-
cealment and surprise.

W 142. ApaTis—a. Description and use—(1) Class of ob-
stacle: usually semiquick.

(2) Effective against wheeled and track vehicles (must be
heavy and well constructed to be effective against latter).

(3) Construction: tree or poles felled at angle across road,
tips toward enemy; trees or poles on opposite sides felled so
as to interlock; trunks left attached to stumps.

(4) Trees should be at least 12 inches in diameter.

(5) Rendered more effective by using trap mines and per-
sistent gas.

(6) Rates of construction—2 men can fell single trees (10
to 20 inches in diameter) in from 15 to 45 minutes; road
abatis 75 yards deep (100 heavy trees) requires 260 man-
hours. Use of power equipment highly desirable.
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MEDIUM TANKS 4'}
LIGHT TANKS 2

Fieure 246 —Sidehlll cut.

TaBLE CXXVII—Estimated time to construct 100 feet of antitank
ditch (8 hrs. to a shift).

Total time required

Bize of working party
(excluding super-
P 3 eats vision)
e oS, TN 2 8feet | 12feet '8 feet 12 feet

FieUure 243 —Abatis constructed of interlaced trees in defile.

Typﬁ of Triangular ditch Trapezoidal ditch
B0

wide wide wide wide

W 143. AnTiTANK DITcHES—Triangular ditch more econom- 32workers with hand | Light__.| 2 hours...| 314 hours.| 1 shift 1 shift plus
ical; trapezoidal ditch traps tank, tools. 1}4 hours.

Average.| 3 hours.__| 5lghours.| 1 shift plus | 1 shift plus
114 hours. & hours,

Hard._..| 5¥4hours_| 1  shift | 2shifts._....| 2 shifts plus
plus 14 314 hours.
hour,

7%-ton shovel with | Light __| 1}'¢hours.| 2 hours...| 3 hours 4 hours.
2 shovel operators
and 3 to 10 finishers. | Average | 2t4hours.| 4 hours...| 7hours______| 1 shift plus
1 hour.

Hard....| 4 bours...| Shours...| 1 shift plus | 1 shift plus
114 hours. 4 hours.

FIGUrRE 245.—Trapezoidal ditch.
339 282736°—41——22
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B 144. Post OsstacLEs.—Effective against light tanks. Posts
are of timber, 10 to 12 inches; railway ties or rails; reinforced
concrete, etc. First rows slow down tank; other rows stop it.

© 0 6 0 0 Of ©

&
oooooo-lero"‘

+

OQOOTrqu

o 0.0 o9 o 0 O

=

CROSS SECTION

PLAN.
FicUrRE 247 —Typical post obstacle.

TapLE CXXVIII—Rates of construction of post obstacles

Method of placement Operating crew I’ointlg;‘:;applng

Plle driver (drop or air | 1 NCO,8men. .| 1 NCO,8men..
hammer) using 7%-ton
mobile crane.

Power earth auger, hand | 1 NCO, 8§ men
tamping. »

Handlabor_._.............| lengineer company | ......oooooo..

100 workers.

1 Unsatisfactory,

M 145. Mi1scELLANEOUS OBsTACLES.—(For road craters see
section III.) Logs, ditches, large stones, and log hurdles
(see figs. 242, 244, and 249) should be placed in one line
or staggered 8 to 30 feet in front of every obstacle to slow
down or throw out of control rapidly approaching vehicles.
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B 146, CueEMIcALS.—a. Description of issue chemical mine.

(1) Contents of can: 1 gallon.

(2) Type of gas: persistent.

(3) Weight of mine: about 10 pounds.

(4) Method of packing: 6 mines in box crate.

(5) Method of firing: by bursting charge (special or block
of TNT) placed directly under and in contact with mine,

(6) Effects of burst: liquid is thrown 10 yards in air, con-
taminating area 20 yards or more in diameter.

(7) Use: strew mines over area, 15 to 20 yards apart.

(8) For contaminating roads: place row of mines about
17 yards apart in a row on each side of road.

TasLe CXXIX.—Gas contamination of roads

Length | Time fuse
Ig}‘gggr of road ignition
(miles) ours)

8 1 1
8 1 14

2
3

Note—A 1!5-ton truckload &t about 200 mines will contaminate
1 mile of road.

b. Decontamination—(1) Equipment required: gas masks,
protective clothing, stable brooms, buckets, decontamination
apparatus.

(2) Precautions: mark and wire off dangerous areas;
guard with sentries; work from up-wind side.

(3) Details: cold water hydrolyzes Lewisite, washes away
mustard. Earth, sand, ashes, or sawdust (preferably wet)
spread 3 inches deep forms seal giving temporary protection
against mustard.

(4) Agents: use calcium hypochlorite (bleaching powder)
in solution with water or mixed with soil (1 part powder, 3
parts soil by weight) ; allow 1 pound pure powder per square
yard of area to be decontaminated; after using powder-soil
mixture, spade it in and cover with fresh soil; solution ap-
plied from buckets, sprinkler cans, or sprayers; to decon-
taminate metal equipment, use noncorrosive decontaminat-
ing agent.
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(5) Roads: wash down with water; wash with bleaching
powder paste; coat with thin layer of sodium silicate (water
glass) or hot asphalt. Renew coating as required.
c. Field collective protector.—This equipment, which sup- CHAPTER 4
plies dugouts with air from which gases have been filtered,
has been standardized. The canister and gasoline engine MISCELLANEOUS DATA
blower, both mounted on a base, and a length of flexible hose Secrion I. Mathematical and physical data

can be transported on a truck. The unit can supply about II. Data on materials_
III. Troop movement data

200 cubic feet of purified air per minute.
SEcTION I

MATHEMATICAL AND PHYSICAL DATA

TasLE CXXX—Factors for conversion of units
[To convert A to B, multiply A by C. To convert B to A, multiply B by D]

Factor ‘
Unit A Unit B

163, 360.0 Inches.
1 5,280.0 Feet,
L6008 | . Kilometers.
3.281 Feet,
3,281.0 E: Do.
2.540 Centimeters.

1 27,878, 400.0 . Square feet.
1 640.0 / Acres,
2.50 H Square kilometers.
143, 560, 0 i Bquare feet.
4,046.9 5 Square meters.
2,471 Acres,
110, 000. 0 Square meters.
6. 452 Square centimeters,
10.76 i Square feet.

11,728.0 Cubie inches.

Cubie inches. ... 16,39 4 Cubie centimeters.

Cubie meters 35,31 Cubie feet.

Cubic feet 7.481 U. 8. gallons.
Ppcaccnvassae 6. 229 Imperial gallons.

28.32 : Liters.

1 Exact values,
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TapLE CXXX—Factors for conversion of units—Continued TaBLE CXXXI—Functions of numbers

Factor

Squareroot

Volume—Continued.
Cubie inches.
Liters.
U. 8. gallons.
Cubie feet,
Cubie inches.
i Cubic feet.
Millions U, B. gal_____ Do.
Flowing water:
Becond-feet__ Cubie feet per minute.
U. 8. gallons perminute. . 05424
Acre-feet per 24 hours. 1. 00000

Cubie feet per minute. U. 8. gallons per min-
ute. 1. 04139

Velocities: 1.07918 1. 67210

Miles per hour - eeae Feet per second. 1.11394 1. 68124
Meters per second...... Do. 1.14613 : 1. 66020
Miles per hour. 1. 17609 1. 69897

Feet of water. | 1. 20412 1. 70757
Pounds per square 1. 23045 1. 71600
inch. 1.25527 1. 72428

Inches of mereury. 1. 27875 1. 73239
Do. 1.30103 1. 74036

1. 32222 1. 74819
1. 34242 1. 75587
1.36173 1. 76343
1. 38021 1. 77085
139794 1.77815

Pounds per square foot.

Grains.
Pounds.
Bhort tons.

1. 41497 1. 78333
1. 43136 1. 79239
1 44716 1.79934
1. 46240 1. 80618
147712 1, 81201

Foot-pounds per see-
ond. g
Eilowatts. - -ococ oo . Horsepower.

EBENE BEBER

1 Exact values.
1.49136 1. 81054
1. 50515 1. 82607
1. 51851 1.83251
1. 53148 1. 83885
1. 54407 1. 84510

sREBE




¥

300/ © Jo §)puoap 0F SIYOU[—IIXXXD FTEVL

LB

1. D6848

04 | 8836 | 30584 | 0. 6054 | 1.07313

jonzaienbsg

0.7080 | 198227
97 | 9400 | 912673 | 9.8480 | L. UB6TT

08 | 9604 | 941192 | 9.8095 | 1.00123

7744 | 681472 | 9.3808 | 1. 04448

01 | 8251 | 753571 | O.5304 | 1. 05004

86 | 7396 | 636056 | ©.2736 | 1. 93450
87 | 7560 | 658508 | 9.3274 | 1 03952
83

80 | 7921 | TO4069 | 9.4340 | 1. 04030
90 | B100 | 729000 | 9.4808 | 1.95424
92 | B464 | TTBARS | O.501T | 1.96379
a3 | BG4D | BO435T | 9. 6437

85 | 9025 | B5TATS | €.7468 | 1.97772
06 | 9216 | 834738

99 | 9801 | BT0209 | O.9409 | 1. 00564
100 {10000 (1000000 (10, 0000 | 2.00DOD

LTETELE

1.01908

joo1erenbg

531441 | 9.0000 | 1.90349

82 | 6724 | 551368 | 9.0554 | 1.91381
83 | 6389 | 571787 | ©.1104

438076 | 87178 | 1.BSISL
5020 | 456533 | 8.7750 | 1. 88649
6084 | 474552 | 8.8318 | 1. 80208
6241 | 493030 | 8.8882 | 1. BOTG
6400 | 512000 | 8. 9443 | 1. 00309

TABLE cmm.—-!’unctiom of numbers—Continued

5176
G561

71 | 5041 | 357011 | 8 4261 | 1.85126
72 | 5184 | 373248 | B.4853 | 1.B5T33
73 | 5320 | 889017 | 8. 5440 | 1. 86332

74 | G476 | 405224 | 8.6023 | 1.86023
85 | 7225 | 614125 | €. 2195 | 1.92042

75 | 5625 | 421875 | B.6603 | 1. 87506
84 | 7056 | 592704 | 9.1652 | 1.92428

81
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TaBLE CXXXIV.—Natural trigonometric functions

Angle . | Cosee. | Tan, .| Bee.

0° ceeeizezz| 0.000 1. 000
1% 57.30 . 1. 000
2 . 28. 65 . 035

o
" 1] 3 . 19.11 -052 1. 001
| L

Q
7

o

Y L e | 14.34 .070 1.002
sl al o (N 1L47 .087 1. 004

- L 9.567 | .10 1.006

] 8206 | .13 | 8. 1.008
§° . 7.185 . 141
U 6.302 | .18

. | 0 | . 570 | .17
E °|;.‘I§ | e | . 5241 | 104

: 12 | . 4810 | .23
1w | . 4445 | 231

14° . 4.134 . 249

¥ 3. 864
16° . 3.628
17° .
18° . 3.236
. 3.072
20° 2.924
21° . 2,790
2 2. 669
° 2,550
24° . 2.459
25° ' 2. 366
26° '
e 2.203
28° .
29° . 2,063
30° . 2.000

.

atbte
2

.

528 33383 BEEEE sEEse

©
=

.

BEEE Ehiek Bk
23 58REE &

88

5%

a2
33° 5 1. 836
84° 1788
350
mﬂ
37°
38°
30°

400

H

@=bipci-bccor A b=atbei—2accos B ctmat+li—2abcor C a=

$
:
§
3
£
é
:

8

4

BE

42°
430
44°
45°

Fl3272888 &

als
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TasLE CXXXV.—Useful formulae

a. Areas.
xd? r=radius
(1) Circle: A-rr""T d=diameter
base

id (ona of opposite b h=altitude
and c= 1sides
"LW e L
‘A-lwr »=23.1416

Ay=nrea of base
h=height

and Ay=areas of bases
a9 :-mdius

Prismareyl!ndm' V=Ash
Pmmid cone: V=>}iAh
9} or of pyramid

o

or cone:

0 sine 0= sianrs fepee

1
(2) cosine o=z a
: sine §

REFERENCE DATA

TaBLE CXXXV.—Useful formulae—Continued

¢e. Hydraulics—Continued.
(¢} n]nnlng's formula for flow in
Pipes:

g,

(3) Reftﬂ:;:su]ar weir (Francis for-
Q=3.33L(1—0.1n)[ (H+h)¥2—h¥3]

f. Electricify.

(1) Dirautgr'mt:

. E=IR
W=EI

g-dlsuhm in cubie feet per second
=length of weir in fee!
H=head on weir in
h=velocity head in leet
n=number of end contractions (taken
as zero when L>HX10)

a?- ebmmt otive force in volts
=current in am|
Reresistanos n ohma
We=power in watts

® ma’eomng&ntd cosine 6

Egi cosine (Wa:s}-sine i}

tangent (90°

+6) =cotangent §

(?}atnb—-ﬂ:Jl —cosine §

(SJuosIne- +

‘/_-!-7535_0

Mechanics.
(l) Bectﬂinear motion:

"i
"!

t
=y t+jat?

p=velocity in feut per second
s=distance in

t=time in sewnd

a=acceleration in feet per second
p,=Iinitial velocity in feet per second

F=force in pounds

=Y ht in pounds divided by
ot w:‘geelmt due to gravity
(32.2)
I=impulse in pound-seconds
—~momentum in pound-feet persecond
jﬁ"-ggrk in foot-| pounds

=intensity of stress in tension or com-
! 4 in s per square inch

nin poun
M=bending moment in inch-|
y=distance in inches of

center of gravity of seel.lon
I-mumen ofn { section in

g-sectlon modnlns in inches ¥= 5

r=hy

g "Mﬁ" - in feet per second
mﬁq-ﬁmnsmm:mmmm nvel&c‘iituy{}cnmﬁ“goirnm

,.._‘ﬁ,iﬁ ""’%ﬁ";ﬁ&‘m tf: ’““i:xxv?m

d=diameter of pipes in in

(2) Alternating current:
W=(pf) EI pf=power factor in percentage

TaBLE CXXXVI.—Values of n for Manning’s Jormula

Type of channel Value of n

Flow in open channels
= 1.

Cement mortar with one-third sand
Unplaned timber

Rubble masonry.. .
Canals in firm ground......
Canals and rivers:
In good condition
With stones and weeds____
In bad condition
Flow in pipes:
Clean uncoated east-iron
Clean coated east-iron =
Dirty or tuberculated cast-rmn
Rivetedsteel . ___.______________
Lock-bar and wa]ded
Galvani




TABLE =
Taste CXXXVII—Properties of sections CXXXVIL.—Properties of sections—Continued

AXIS OF MOMENTS THROUGH CENTER I

A =
¢ =

AXIS OF MOMENTS THROUGH AXIS OF MOM
CENTER OF GRAVITY ON B:SEENTS

AXIS OF MOMENTS ON BASE AXIS OF MOMENTS ON DIAGONAL
A = Al = gt
= = _.ﬂ... =
C Cs v T7071d

s = 11794°
= .2357d

Properties of sectlons—Triangle.

ale SR FE o g

r = = .2887d
Properties of sections—Square.




TaBLE CXXXVII.—Properties of sections—Continued

Wi

MOMENTS THROUGH CENTER

.7854d* 31416 R®

REFERENCE DATA

TABLE CXXXVII.—Properties of sections—Continued

Cs

z

AXIS OF MOMENTS THROUGH CENTER

i

1

e

Ay o=

6 =

A

Ca

s

r

AXIS OF MOMENTS ON DIAGONAL

A = bd
bd
Vi d®
b'd?
6(b%+d?)
b2d?
6Vbe+d?
bd

Ve (' +df)

€ =

AXIS OF MOMENTS ANY LINE
THROUGH CENTER OF GRAVITY

=

bd

b sin o+d cos a
2

bd (b? sina + d* cos®a)

12

bd(b? sin®a+ d® cos? n'[
6(b sin a+d cos
- 4 /_h_ain_q;t.d_ms_ﬂ._”“
12

Propertles of sectlons—Rectangle.

351
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TasLe CXXXVIIL.—Beam diagrams and formulas for various static
loading conditions

TasLE CXXXVII—Properties of sections—Continued.

; 3 Mmax.(atpolntollﬂd) o

[T # (whenx<z) - - -

Amax. (st nolnloﬂud) ™

! Fx
Moment Ax (whlﬂlﬁ?) g s - ﬁfzn_un

Simple beam—Concentrated load at

AXIS OF MOMENTS THROUGH
CENTER OF GRAVITY

& ’
= 2 = 1.5708 R2 H.-Va(ma-‘w!\ena-th)- A P
R

"
4 4 R:-\d‘g(mu.mhtna)b)- R
e L =
( ) 5756 R Mmax.( atpointofioad ) . . . . .

3x

Me  ( whenx<a P

amax, (.t x .JH'TW'" SASeny b) _ Fab u+zb_:i\f_s. a+2b)

R ( —-987) = 1098R* . [TV
R’ (9x2—64
24 3x—4) - 1907 R® I[- aa (ltnointu!fnu). Sl B
RM B l — A ( when x < a ) STy "':ETT'“'_"""’”

o Simple beam—Concentrated load at any point.

27 EN

Faih?

NOTE:
TRANSFER OF AXES: TO FIND THE MOMENT OF INERTIA (I,)
OF ANY AREA A ABOUT ANY AXIS IN TERMS OF THE b

MOMENT OF INERTIA I, ABOUT A PARALLEL AXIS THROUGH e— i wl

THE CENTER OF GRAVITY OF THE AREA, IF X, IS THE -I-‘:I-P-m-l-n-[m RV . ... . . -
DISTANCE BETWEEN THE TWO AXES: A

2 Vx = s s s . - U(E —t)

Ix ® Io g Axo ;_ ;

Properties of sections—Half circle.

il
-

Mmax. (tt clnm)

Bhear § - -‘%‘— —x}

- St
384 EI

o
= 53T (P—2xt4x3)

Moment

Simple beam—Uniformly distributed load.

353
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TaBLE CXXXVII.—Beam diagrams and formulas for various static

loading conditions—Continued.

Ry = Vi (max.whenace). .

Ri = Va (mumun) ‘b

Vx (m:-{-and}tlﬂl)- 5

Hmu.(nu-l+—). “ s e

_ﬁ"llx (wlml x< a) w6 el
My (whons)llnd <(I+h)). .
Mx (wlmi x< (|+bl)

= %‘:-mﬂ)

wh
+ =y (2a+b)

= Ry — w0 (x—a)
- ll l o )
= Rix

- lll—‘;'Hl
= Ra (I—x)

Simple beam—Uniform load partially distributed.

Ry =V .
Ra =Va., . .
Vi (wlun x>aand < (l-—b}) .

M, (m-mwhcnR.{h). s

",

[

Vs

+. Mx (whenx<a). . .

loment

Mx (wlun x>aand < (f—b})

Mz (mn. ‘when R;<P.) o .

- P U—:z + Fzb

- w‘l‘.
Ry—Fy

= Ria

= Rab

= Raix

= Ryx—F;(x—a)

Simple beam—Two unequal concentrated loads unsymmetrically
placed.

REFERENCE DATA

SecTiOoN IT
DATA ON MATERIALS

TapLe CXXXIX —Weights of materials

Weight
per cubic
foot
(pounds)

Natural, !ouse

Earth—Continued
Band—Continued

18ee table CXL.
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TaBLE CXL —Weights of wood TaBLE CXLI—Safe bearing power of soils

Safe bearing power

Pounds
Pounds per | 1 44 hoard feet
cubie foot (8314 cubic

Pounds per| Tons
square inch squnm%t

1 1
Airdry!| Green |Airdry P 1
13.9
. 27.8
4,000 . 27.8
4, 350 s iy 55.6
55.6
60. 5
S e N 111.2
Rock (golid and first quality).. e kR e 136-347

00 o e e B BD =

&

Cottonwood, eastern.__
Cypress, southern__.____

Hemlock: TaBLE CXLII.—Allowable compressive stresses for masonry

Eastern...._......._-

Btress

Material (pounds per
squareinch)

Oak:
Rl -2 2o e s Coursed rubble, portland cement mortar 200
White e Ordinary rubble, portland cement mortar

Pine: Coursed rubble, lime mortar
Longleal. .. oo ¢ ; Ordinary rubble, lime mortar
Short leaf_ ... First-class granite masonry, portland cementmortar ... _______

First-class limestone and sandstone masonry, portland cement mortar. .

Paving brick masonry, portland cement mortar. ... ... _.

Selected hard common brick masonry, portland cement mortar

Common brick masonry:

EF EZBE nuBRE Rg2

guNERy:s

1 Indieates 12 percent moisture content,
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TABLE CXLIII.-—AHmmibIs stresses for timberi TasLE CXLIV.—Allowable stress for steelt

Compression
Extreme
fiber

Variety and grade of lumber | Pending d .| Parallel
rain | to grain Direct axial tension on net section .
E Direct axial compression, maxlmnm for stun‘l: eolu.mns

Compression in columns ?

Pounds per

Fiber stress in flexure, in tension, or in compression when the unsup-
ported length (L) is not more than 15 times the breadth ().
Compressive fiber stress in flexure for value L/b between 15 and 40.

Fiber stress in pins

Bearing on plane faced or rolled surfaces  ____

Bhear in gross section of webs of girders and rolled shapes in which (d) y
the unsupported depth between flanges or the distance between
stiffeners, if less, divided by (¢) (the thickness of web) does not exceed
43.

Shear when d/t exceeds 43

88 8

Bhear in power-driven rivets or in pins

Shear in hand-driven rivets or in rough bolts

Bearing upon power-driven rivets or in pins subjected to single shear
on one side of the bearing in question.

Bearing upon power-driven rivets or on pins when the bearing metal
lies between two planes of shear of opposite character immediately
adjacent.

Bearing upon hand-driven rivets or on rough bolts subjected to single
shear on one side of the bearing in question.

Bearing upon hand-driven rivets or on rough bolts when the bearing

ﬁ;;‘fsw are for a factor of safety of 3. For green timber use 60 percent of values metal lies between two planes of shear of opposite character immedi-

ately ad nt.
lBsahorEnzintoarddeslsmwa-uﬂmbechhﬂm VI
3 For long leaf yellow pine, this figure is 130,

ggg

-| 1,200, 000

1, 100, 000

400
400
400

1,450

! For design, all values in this table may be increased 25 percent.

! Compression stresses in columns, computed by the formulas for eolumn design,
may not exceed in any case the maximum for direct axial compression short columns.
L=length cf column; r=least radius of gyration,
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REFERENCE DATA

TasLe CXLV.—Contents of lumber
[Number of board feet in various sizes for lengths given]

TasLe CXLVI—Safe slopes for cuts and fills

Size of piece Length of piece (feet) Climatie conditions

10 14

CombPined rain | Rain, not much | Arid
i 4 e | I 914 and heavy frost frost not mucl fmst
- = [ 14
1834
214
28

Cut | Fill Cuat | Fill Cut | Fill

1634
20
Sand.. ... .- = : 2'1 134:1 21 2:1 4"1
Gravel. . 1441 11 r 151
Loam__ - 14:1 1341 1%4:1 134:1 IMJ
L6 1, S 21 4:1 1:1 31 1:1 1161
Boulders, esrth ,,,,, N 124:1 114:1 141 1341 1 1341
Rocks, slab buried in earth LI 1}4:1 34:1 | 1M1 34:1 :
Broken rock and shale. . 141 T4 | 13401 141
14:1 1.1 M:1 11 Ml

3734
21
28
35
42
40
56

18%4
28

3714

TaBLE CXLVIL—Sizes of threaded, round bars, bolts, nuts, and
washers (U. 8. standard)

S22 LHSPY B282e sagys B

Net Washers
Cross-
tional

0
area at Diam-
base of bol eter of
thread hole washer
inqnnre

ches)

-
(]

g9 R

BEENSE CEEFF Do B Bfsyr 22 uss unyay SuNEn sueg | B

12
8
12
16
20
24
22
32
18
24
30
36
42
48
16
24
32
40
48
56
64
36
48
60
2
84
06
108
120
64
80
096

Sbyi12. . ...
Sby14... .
10by 10 __
1Wbyi12 ..
10by 14

10by 16...

1EhRIE .
By o
12by 16

14 by 14 .
Hby1e. . .

SREEPE 22285 BRERE 58
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TasLE CXLVIIL.—Sizes of wire nails SectioNn IIT
TROOP MOVEMENT DATA

e NS || sizo (d-penny) | Lemstn
(inches) | 1onng (inches) TaBLE CL.—Average rates and lengths of march under favorable

conditions (see also FM 101-10)

Rates of march (miles per hour)

A

Lo P B R o Across country

Day | Night

b

TasLE CXLIX.—Sizes of fence staples iatk Abawa TRy o sillor

20-10
gigs: |Number| g, | Number e
(inches) | pFitq || Ginches) | [FT0,

00 00 En & B B8
o o A e B3 B BD

Number
per
pound

(=

25-10 8
25-10 8
108 14 87 13 85 Armored cars and scout cars 35 | 35-10 10
96 114 72 2 58 Passenger cars and motorcycles. 35 | 3510 10

5
5
5
5

1 Smaller figure in 2-figure groups is for rates of march without lights,

TasLE CLI.—Basic road spaces (for motor vehicles see FM 25-10)

Yards

Animals:

TG |1 ruh 31 g B S S e S

In column of twos._. Rt e SR CSReIL [, e

BNl e o e e s e S e e A 0L
Foot troops:

In column of twos_ ...

1In column of threes

In column of fours,




Abatis.
Abutments
Anchorages
Antimechanized defense
Antitank ditches

Antitank mines

Approaches
Barriers
moment

Bending
Bivouacs
Bituminous road materials_
Block and tackle.

Boats, assault

Data, general (see also ch. 4)
Design criteria.
Foundations

ads:
Allowable

Dead
Typical and critical

Telephone and telegraph lines
Trucks and tanks
Camps
Caps
Chemicals




INDEX

oonsGmuuCtM: I Paragraphs Pages
POl oo eeeeeeee 4 2 pxplosives end demoMtIONS. o ooooonoeeooeoo-- 120-138
In war: Explosives and t’tljle::l:u:ﬂlit.if.ms ......
S ene S Properties
Data, general (see also ch. 4)_
Depot lay-out.
Hospitals
Reconnaissance data
Semipermanent camps
Standard buildings
Cratering.

Deconﬁamination_
Demolition:
ckwork Fortifications, field_-
:g)increte Data, general (see also ch. 4)
Foundations, bridge

Steel members
Demolitions, general 147, 166
Derrick

Duties of engineers o iég

rical
ectrical wiring plan

Electricity. Intelllgence Teport
Data, general 5 170
Requirements :

Emplacements

Engineer units:
Camouflage battalion:

GHG.

Combat battalion:
red

1o}
Triangular division
Combat regiment:
Corps.

Square division
Depot company.
Dump truck company.-
General service regiment
Ponton—

Battalion, heavy.

Company, light.
Railway battalion:

Operating

Shop ____

ent, aviation
Separate battalion__.
Shop company, mobile
Squadro!

n
Topographic battalion:
Army
GHQ

Topographic company
Water supply battalion

o,

-3
-

SHEHEOC O

98-102, 139
= 22

tacles.
Orders, illustrative

-

Piers g
Piles - 2t

Pi
Pdl;tes obstacles lﬁ
Posts.

Pumps -

Rafts
Railways:

Cam ;. =
Data, general (see also ch. 4)
Reconnaissance _ -

= b b3

[
@,

ooy oy oo 0

B b et ek ek
R OO0




Rigging -

Roads:
Camo
Capacity
Construction
Cross sections.
Culvert sizes
Data, general
Design requirements
Maintenance, organization for
Reconnaissance - o
Tables._

Rope —___
Shelters

Stringer arrangement
Stringer strength
Supply, engineer__

Toolg, Intrenching .- ccooacaacnaoiccoanacauaiaaa
Trenc!

Gt AR SRS S S R e - 90-06

Wire rolls.
Wiring, electrical__

96
94
91
93
95

NOTES AND MEMORANDA

The following pages are provided for individual users to
paste or write in such data as may be requisite for their par-
ticular needs.
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