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CHAPTER 1
INTRODUCTION

Sectian |. Purpose and Scope
1. PURPOSE

This monual provides a convenient pocket reference for afficers and noncommissioned
afficers ot the platoon level. The continuing requirement of reodily accessible field
data, when library facilities are nat availoble, will be fulfilled to a great extent by
this monuol.

2. SCOPE

a. Content. This ! d doto on o wide voriety af subjects
pertinent to the field duties of engineer afficers and nancommissioned officers. Infor-
mation is presented in tables, diograms, farmulas, and written motter. [llustrotions
are odded ta supplement this instructian.

d

b. Applicatian. The infarmotian in this monual is opplicoble fo both nuclear ond
nonnuclear warfore.

c. Comments. Users of this manuol are encouroged ta submit comments or rec-
dations far ch to imprave this monual, Comments shauld be keyed to the
specific page, paragraph, ond line of text in which the change is recommended. Rea-
sans should be provided for each comment to insure understonding ond proper evolua-
tion. Comments should be forwarded directly to the Cammandont, U.S. Army Engineer
School, Fart Belvair, Yirginia.

Section 1. References

3. MANUALS i
Pertinent manuols and other militory publications ore listed in oppendix I.
4. STANDARD AGREEMENTS

Infarmotion in this manual reflects, where oppropriote, Narth Atlantic Treaty Organi-
10tion (NATOQ) ogreements in the form of stondord ogreements.
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CHAPTER 2
EXPLQOSIVES AND DEMOLITIONS

Section |. Use
5. CHARACTERISTICS OF EXPLOSIVES

See table | far the principal types of U.S. explasives cammanly used far military
purpases.

NOTE: Safety regulatians will be abserved in all situatians ta the fullest extent
permitted by time, by materials available, and by requirements of the missian. The
generol rules apply in all cases.

a. Never handle explasives carelessly.

b. Respansibility far the preparatian, placement, or firing af charges is never ta
be divided; ane persan shauld be responsible 1o supervise alt phases of a demalitian
missian.

c. The fallowing criteria give the missile hazard distances at which persannel
in the apen are safe fram missiles created by bare charges placed an ar in the graund,
regardless af the type ar candition af sail.

(1) Far charges less than 27 paunds the minimum saofe distance is 900 feet.
(2) For charges fram 27 to 500 paunds the safe distance farmula is:

Safe distance in feet = 300 x ‘%/pounds of explasive

(3) See table 2 for minimum safe distances far persannel in the apen.
d. Far further infarmation, see AR 385-63.
6. CALCULATION OF CHARGES

Calculatian of the required amaunt of explasives far demalitian wark may be quickly
accamplished by the use af a farmula. In this formula, the value abtained for P re-
presents the amount of TNT (in paunds) required far o particular charge. When ather
explasives are used, the valve of P must be adjusted in accordance with their
strength. This relative effectiveness factar is used anly when external charges are
camputed for:

a. Steel cutting. c. Breaching.

b. Timber cutting. d. Pressure.
Calumn 4 af table 1 gives the data an the relative strength factors of explasives. Ad-
justment is dane by dividing the P value obtained far TNT by the relative strength
factar far the explasive ta be used.
7. STEEL CUTTING CHARGES

a. Farmula far Structural Steel Sectians. This is the grade of steel used in build-
ings, bridges and ather steel structures. The fallawing formula is applicable ta this



steel (such os )-beoms, girders, and plotes) except slender bors of 2-inch diometer or
less:
P =38 A where P = paunds of TNT required ond
A =cross sectianol areo, in squore inches, of the steel
member to be cut.

NOTE: Chorges colculated fram these formulos should be rounded aff to the next
higher unit packoge of the explosive. If colculations coll for 3 27/64 pounds, then 4
pounds would be the correct omaunt of TNT to use.

b. Formula for Other Steel Structures. This is the recommended formulo for high-
corbon steel, alloy steel, structural bors of 2-inch diometer ar less, choins, cobles,
strong forgings, machine parts, ond high-strength tools:

P=D2  where P = pounds of TNT and

D = diometer in inches of section to be cut.

c. Roilroed Rails. The size af a railrood roil is expressed by the weight of 1
yord af rail: an 80-pound roil weighs 80 paunds per yord. Ta cut this size roil, or
smoller, 1/2 paund of TNT is set agoinst its web. For o heovier roil, use 1 pound of
TNT. (As o rule of thumb, o rail over 5 inches high weighs more than 80 pounds per
yord.)

d. Exomple:

(1) How much TNT is required to cut the steel 1-beam in figure 1?

Colculation: P = 3/8A (see a obove)
Area in flonges = 2x 1/2in. x Sin. = 5 sq. in. P=38A
Area in web = 3/Bin. x 11 in. =4 1/83s9. in. P=3/8x%91/8=
Tatol oreo = 9 1/8 sq. in. 3 27/64
Use 4 paunds of TNT.

(2) How much 60 percent stroight dynomite is required to cut the same {-beom
(fig. 1)? Since the omount of TNT required is 3 27/64 pounds, or 219/64, ond 40 per-
cent stroight dynomite is 0.83 times os effective os TNT (calumn 4, table 1), there-
fore

P (of 60 percent straight dynamite) = % = 4 1/8 pounds.

Use 9 {or possibly 8 1/2) 1/2-pound sticks of 60 percent stroight dynomite.
(3) Plostic explosive is best suited far cutting steel.
e. Exomple: How much TNT is required to cut the steel chain in figure 2?

Coleulotion: P = D2 Use 1 pound of TNT ot A and 1 pound ot
P=1in xlin. B to desatray the choin link.
P = 11b. of TNT



Table 1. Continued

Relotive
Smollest cap [effoctive- | Yelocity | Yolue os |Intensity | Water
Nome Principol Use |required for | ness os [of detono-| crotering [of poison-| resist- Packoging
detonotion | externol |tion, fps | chorge Jous fumes| once
chorge
. 40% Lond cleoring, | No. 6 com- 0.42 8,000
Gelotin 0% (-~ rfinued) | morcial cop,{ 0.47 | 9,000 {Good  |Slight |Good | 50-1b box
dynomite  60% (Continued) | 0.76 | 16,000
Speciol
Detonating blasting cap,
PETN cord electric or 1.00 | 21,000 |NA -do- -do- —
nonelectric
Blosting cop | NA
Speciol
blosting cop,
Tetryl Boostor chorge| (|octric or 1.25 | 23,400 |NA Dongerouﬁ Excellent, _—
nonelectric
Composition B Bongaloro Speciol
torpedo blasting cop, 1.35 | 25,000 |Good ~do- ~do- —
lectri
Amatol 80/20 -do- romaleeme | 117 | 16,000 [Excetlont| -do- [Poar | Bulk
Black Powder 2'."'“ blosting | Na 0.55 |Unknown |Fair -do- -do- Bulk
vze
Speciol
. blasting cap, .
Nitrostarch Substitute electric or 0.80 —  |Good ~da- Sotis. 1-1b blocks
for TNT nonelectric foctory




Table 1. Characteristics of Principal U.S. Explasives

Relotive
Smallest copeffective-| Velacity [ Volue os| Intensity { Woter
Nome Principol Use | required for | ness as |of detona.| crotering |of poison- | resist- Pockoging
. detonation | externol | tion, fps | chorge |aus fumes| once
chorge
% b, 100 to box
TNT Moin chorge, 1.00 | 21,000 {Good DongerousiExcellent 11b, 50 to box
booster chorge; 16 blocks i
Tetrytol, M1,M2 |cutting ond Speciol 1.20 | 23,000 |Foir -do- -do- locks in
breaching blasting wooden box
Composition C3 [charge, gen- | cop, eloc- 134 | 26,000 |Excollent -do- |Good |162%-lbblocks
erol and mili- | tric or non- in wooden.box
- tory use in electric ; 24 24-lb blacks
Composition C4 fo/ L4 oreas. 1.34 | 26,000 -do- Slight Excellent o 10!
Ammonium Cratering ond 40-1b chorge in
nitrote ditching 0.42 | 11,000 -do- | Dongerous|Poor metol con
Militory dyno- Q d
e ey 092 | 20,000 |Good do-  |Good  |%-lb chorge
Stroight 40% 0.65 | 15,000 Good, if
dynomite  50%(Lond clear- 0.79 | 18,000 |Good -do-  |fired with] 50-1b box
(Commercial) 60%| N9 cratering, 0.83 | 19,000 in 24 hrs
quarrying, and | Na. 6 com-
generol use in | merciol cop,
Ammonio 40%!cear arecs, electric or 0. 9,000
dynamite  50%|such os ditch- | nonelectric 0.46 | 11,000 EXC'"’"J -do- Poor -do-
(Commerciol) 60%|ing ond stump- 0.53 | 12,000
ing.
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Table 2. Minimum Sofe Distance for Persannel in the Open

Pounds of explosive

Safe distance

Pounds af explosive

Sofe distonce

in meters in meters

.27. .. ... .. 275 65. . . .. ... 366
B, ... 277 0. . ... 375
2. . .00 280 5. 00000 384
V. ... 283 8. . ... .... 393
32. . ... . 290 85. . ... ... 401
M. ..o 25 0. ... 430
6. . ... 302 95. . . ... 417
B, ..o 307 100 . . 457
0. ... ... 3n 125. . . . . . ... 457
42. . ... oL 317 150. . ... .. .. 486
4. . .. ..o 320 0. ........ 534
6. . . ... L 327 300. . ... ... 612
. 329 400 .. ....... 673
0. ........ 336 50......... 726
85. . ... ... 348 Over500. . . . . . . 732
60. . . .. ... 357

\ 2II

Figure 1. Calculotian of charge for cutting steel |-beam.
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Figure 2. Steel chein.

f. Teble. See table 3 fer ameunt of TNT required te cut different rectangular steel
sectiens.

Table 3. Cutting Chorges Far Rectangular Steel Section

Paunds of TNT for Rectenguler Steel Sectices
Average ef Given Dimensiens
Thickness
ef Sectian Width ef Sectien in Inches
in lnches
2 (314|516 8 [10]12 |14 (16 |18 |20 | 24
Y 2| .31 4| 5] .6 8[10.2 [1L3|V5{L7 (1923
3/8 35| 6|7 .9]12|1afh7 |20[23]26|28]34
] 4 [ .6 8[10]12]1.5(1.9]23|2.7(3.0{34{3.8]| 45
5/8 5 | .7[10]12 (1419|2429 |33]|38[|43|47( 57
% 6 ) 9]12]14]17] 23/28(34{40|45|51|57 68
7/8 7 o lrafr7]20] 27]33{40)46]53(|60]66]79
1 8 [1.2]1.5019 23] 30({38[|45][53|60(68(7.5(90
TO USE TABLE: 1. Measure rectangular sectiens of member seperately.
2. Using teble, find cherge for eech sectien.
3. Add cherges for sectiens te find tete] cherge.
4. Never use less than calculeted cherge.
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8. TIMBER-CUTTING CHARGES

o. Requirements. Different types of timber in vorious locolities require vorying
omounts of explosive to cut them. Hordwoods ond fibrous weads {(coconut) require
more explosive than softwoods. Therefore, no single formulo for cutting is proctical;
test shots should determine the specific omount of explosive required for o specific
type of timber.

b. Fer Untumped Externol Chorges. To cut trees, piles, posts, beams, or other
timber, the following formula is the test shot.

2
P (TNT) = b where P (TNT) = pounds of TNT required ond
40 D = diometer of timber in inches.

For other explosives, odjustments for P are mode occording to toble 1.

c. For Cutting Trees to Create on Obstacle. To cui irees ond leove them ottoched
to their stumps, the following formulo is used to compute the TNT needed for o test
shot.

2
p-D2 where P = pounds of TNT needed and
50 D = diometer of timber in inches.
The result determines whether or not to increose the explosive for subsequent shots.
d. For Tomped Interne! Chorges. The following formula opplies:
P = % where P = pounds of any type explosive ond

D = diameter or least cross-sectionol dimension ininches of
dressed timber.

e. Toble. Use toble 4 os a guide for both internal ond externol timber-cutting
chorges.

Table 4. Timber Cutting Charges

Leost Dimensian af Timber in Inches
Type of Charge
Crorge |Extasivel yuie [ 6 [ 8 [10 12 [1s [18 ]2 [24 ] | %
Block or Paunds of Explosives
Internal Any Ib. 1k Ik (1 1T [l 2|2%) 416
Externol | TNT Ib. 1 2 |2%(4 |6 (9 |1 ]15]23 |33




9. PRESSURE CHARGES

e. Use. Pressure charges ore effective ogoinst simple spon, reinforced concrote
T-beam bridges.

b. Far Tomped Pressure Chorges. To determine the omount of TNT required, use
the following formuia:

P = 3H2T . where P = pounds of TNT required for eoch stringer
. H = hoight of stringer (including thickness of roodway) in
feet, ond

T = thickness of stringer in feet.
if H ond T ore not whole numbers, round them off to the next quorter-foot dimension.
Neither is ever considered to be less thon 1 in the formulo.
¢. Far Untamped Pressure Chorges. increase the colculated volue of P by one-
third in the above formula if the pressure charge is not tamped. A minimum of 10
inches of tamping is required.

d. Exomple. How much TNT Is required to destroy the bridge spon in figure 37
The amaunt is calculated in figure 3.

P = 3HT

H =3 fset -‘ l-—T-|5'

T = 1.25 feet
Pa3x32x1.25-33.75
Use 34 pounds of TNT for eoch chorge

Figure 3. Coicuiatian and plocement of pressure charges.

9
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Table 5. Pressure Charges

Pounds aof TNT for Each Beam (Tamped Charges)
Height of Thickness of Beam in Feet
Beam in Feet
1 W 1% 1% 2 2% 2% 2% 3

12in. | 15in. [ 18 in. |21 in. |24 in.{ 27 in. |30 in. | 33 in. | 36 in.
1 (12in.) 3
W (15in) 5 6
% (18 in.) 7 9 1
1% (21 in.) 10 12 14 16
2 (24in) 12 15 18 21 24
2% (27 in)) 16 19 23 2z 3 35
2% (30 in.) 19 24 29 33 38 43 47
2% (33in.) 23 2 34 40 46 51 57 63
3 (36in.) 27 M4 41 48 54 61 68 75 81
3% (3% in) 32 40 48 56 64 72 80 88 95
3% (42 in.) ks) 46 56 65 74 83 92 | 107 1
3% (45 in.) 43 53 64 74 85 95 106 | 116 127
4 (48in.) 48 60 72 84 98 108 120 | 132 144
4% (5Y in.) 55 68 82 95 109 122 136 | 149 163
4% (54 in.) 61 76 92 | 107 122 137 152 | 169 183
4% (57 in.) [ 85 102 | 1V9 136 153 170 | 187 203
5 (60 in.) 75 94 113 132 150 169 188 | 207 225

e. Continvaus Bridge Spans. Far cancrete stringer bridges of cantinuaus spans,
charges are calculated by the breaching farmula (par. 10b) ond placed under the
bridge.” Charges shauld be sa placed and calculated ta insure that the breaching
radius ar radii will cause a camplete severance af the crass sectian.

f. Boams. Faor cutting beams, see table 5.
10. BREACHING CHARGES

a. Use. Breaching charges have their mast important use in the destructian of
bridge piers, bridge abutments, and field fartificatians af o permanent type, ar ta
breach walls and blaw hales in concrete slabs ar roadways.



TAMPED C=1.5 TAMPED C=2.0 TAMPED C=25 UNTAMPED C=3.5
UNTAMPED C=4.5

Figure 4. Yolues of C {tomping factor) for breaching charges.

b. Formula. P-R3¥kcC

where P = pounds of TNT required,
R = breoching radius in feet,
K = moteriol factor (table 8) which indicotes strength ond hordness of moteriol

to be demolished. (When it is not known whether ar not concrete is rein-
forced, it is ossumed to be reinforced.)
C = tomping foctor (fig. 4).

NOTE: To breoch wolls 1 foot thick ond under, increase the total calculoted
chorge by 50 percent. Add 10 percent for chorges under 50 pounds. For externol
charges, use ot least 5 pounds for reinforced concrete ond at leost 3 pounds far dense
concrete.

c. Tobles., See toble & for the breoching of masonry items ather thon reinforced
concrete. For reinforced concrete breaching, see toble 7.
d. Number of Charges. Ta demolish o pier, slob, or wall, use this formula:

=¥ whare N = number of charges,
R W = width af pier, slob, or wall, in feet, ond
R = breoching rodius in feet.

1
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Table 6. Breaching Charges
(For Masonry ltems Other Thon Reinforced Concrete)

Canversian Factors
Paar Masonry, Shale, Good Masanry, Dense
Thickness Earth |Hardpon, Good Lumber, Ordinory Concrete, Concrete,
and Earth Consty. Rock First-Class
{Bunkers) Masanry

Less thon 3
feet thick A .5 .5 6
3 feet to
less than 5§ A .5 .5 7
5 feet to
less than 7 a1 .5 .5 7
7 feet or
more A .5 .55 7

TO USE TABLE:

1. Determine the type of materiol in the object you plan to de-
stroy. If in doubt, assume the material to be of the stronger
type.

2. Measure thickness of moteriol.

3. Using obove toble, determine conversion foctor.

4. Using toble 7, determine omount of TNT required if object
were mode of reinforced concrete.

5. Multiply number of pounds of TNT (from toble 7) by the con-
version foctor from above toble.

When the colculoted volue of N contoins o froction less thon 1/2, the froction is dis-
regarded; if 1/2 or more, round off to next higher figure. Exception: in N volues
between 1 ond 2, fractions less thon 1/4 ore dlsregorded 1/4 or more is rounded off
to whole number of 2.

e. Example. Find the number ond size of TNT chorges to breach o bridge pier,
dense concrete, or first-closs mosonry, charges placed at ground level, tomped.



No. of Charges Size of Chorges

N = W/2R P=rRIKC
W= 30 f1. R=9ft.
R=9 f1. K = 0.28 (toble 8)
N=23_°T =167 C = 2.5 (fig. 4)
X
(Use two chorges) P=93x0.28x25=5103

(Use 511 pounds of TNT for eoch chorge.)
Table 7. Reinforced Concrete Breaching Charges

Thickness of :
Concrete in Distance Between
Feot Pounds of TNT Chorges in Feet*
Cofumn 1 2 3 4 5 6 7
2 16 28 | 22 8 1 2 4
bl A 551 43 16 2 % 5
3 41 67 52 21 4 3 [
M 59 107 | 83 | 33 6 7] 7
4 88 | 159 124 ( 49 8 4 8’
L 126 226 | 176 63 n 4% 9
5 157 282 | 219 ” 16 5 10
5% 208 375 | 92 | 104 2 5k n
6 270 486 | 378 [ 135 21 6 12
6% 344 618 | 481 172 26 6% 13
7 %9 664 | 517 | 185 33 7 14
7% 445 817 ) 635 | 227 40 % 15
8 551 9N |7 | 276 49 8 16

*Ses Note for Toble 8.

f. Breoching Hard-Surface Pavements.

(1) A hord-surfoce pavement is breached sa that holes con be dug for cratering
chorges. Use a 1-pound charge of explosive for eoch 2 inches of povement
thickness, with tomping twice as thick os the povement,

(2) Pavement may be breached by chorges ploced in boreholes driffed or
blosted through the povement. A shoped charge reodily biosts o smoil
diometer borehole through the povement and into the subgrade. Concrete,
should not be breoched ot an exponsion jaint becouse the concrete will

then shotter on only one side of the jaint.

13



14

Table 8. Values aof Material Factar K far Use in
Colculating Breaching Charges

>M;l<eri;r— R (breaching -ru-dius)" ) ) K
Ordinary earth All values 0.05
Paar masanry, shale, and hard- All values 0.23
pan, gaad timber ond earth
canstructian
Goad masanry, ardinary Less than 3 ft 0.35
cancrete, rack 3 # ta less than 5 ft 28
5 ft ta less than 7 ft 25
7 # ar mare .23
Dense cancrete, first-class Less than 3 #t 0.45
masanry 3 #t ta less than 5 ft .38
5 #t ta less thon 7 ft .33
7 # ar mare .28
Reinfarced cancrete (far cancrete Leoss than 3 ft 0.70
anly; will nat cut reinfarcing steel) | 3 ft ta less than 5 ft .55
5 ft ta less than 7 #t .50
7 #t ar mare 43

*Distance (in feet) fram the explasive, within which all material is displaced ar de-
strayed. Far extemal charges, the thickness of the mass ta be breached may be
taken. Far internal charges, take ane-half of thickness of mass ta be breached if
charge is placed midway inta mass. If hales are drilled less than halfway inta mass,
the breaching radius is the langer distance fram center af drill hale ta autside of
mass, e.g., ta breach 4-faat wall by internal charge placed 1 faat inta mass; breaching
radius is 3 feet.

11. CRATERING CHARGES
a. Requirements. Ta be effective abstacles, raad craters must be taa wide ta be
spanned by scissar-ype bridges, and tooc deep and taa steep sided far vehicles ta
pass thraugh them. They must be large enaugh ta tie inta either natural ar man-made
abstacles at each end. See figures 5 and 6 far dotails of placement.
b. Road Cratering at Culverts.
(1} Culverts cavered withless than a 5-faat fill may be destrayed and a crater
farmed by explasives placed the same as far hasty raad cratering.
Place cancentrated charges equal ta 10 paunds per foat af depth in bare-
hales at 5-faat intervals in the fill abave and alangside the culvert.

(2) Culvertscaveredwith fram 5 feet ta 15 feet af fill are destrayed by charges
placed inside the culvert against 1ts raaf ot intervals equal ta 4/5D



(Endhalas always 7-faat)
Resulting crater opprox-
imately 8 feet deep and
25 feet wide

Figure 5. Placement of charges far deliberate raad crater.

Hales of equal depth,
spaced ot 5-faat inter-
vals. Use 10-pounds of
explasivas per faat of
depth. Resulting crater
dapth approx. 1% times
depth of borehales. Width
approx. 5 times depth of

Figure . Placement aof chorges far hasty road crater.

15
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Ta calevlate size af charges:
Charges A and B:
P = 2022 2 x 152 2 4 pounds in each charge
Charges C:
P=22-2x82-128 paunds in each charge
Charges D:
P = 10D = 10 x 4 = 40 pounds in each charge

CHARGES TAMPED
WITH SANDBAGS

Figure 7. Placement af cratering charges in a culvert.

(fig. 7). Base calculatians an this farmula: P = 2 p2
where P = paunds af explasive per charge and
D = maximum depth in feet at which charge is placed.
Charges under the shaulder af the raad, where depth is 5 feet ar less, are
calcvlated an the basis af 10 paunds af explasive per faat af depth af
shaulder. Space these charges 5 feet apart.

e. Antitank Ditch Cratering.

(1) The deliberate cratering methad as autlined in b abave is suited far heavy
tank antitank ditches. This methad gives a Y-shaped crater abaut 2.5
meters deep and 7.5 meters wide.

Far hasty cratering against medium tanks, place 40 paunds af cratering ex-
plasive (ammanium nitrate) in 4-faat hales spaced 5 feet apart. This gives
a ditch about 6 feet deep and 20 feet wide. Against heavy tanks, place 50
paunds af cratering charge in 5-faat hales 5 feet apart. The resulting ditch
will be abaut B feet deep and 25 feet wide.

(2



(3) To ensure agoinst misfires, oll crotering chorges must hove on odditienol
primer—a one-pound chorge ploced on top of eoch con ond incorporoted into
a duol firing system.

(4) Rule of thumb for number of holes:

d. Shoped Chorges.

Ne L6 g

Toble 9 shows the size of boreholes obtoined in concrete,
ormor, ice, ond permofrost by using the stondord M3 (40-pound) ond M2A3 (15-pound)

shoped charges.
Table 9. Sizes of Boreholes
M3 (40-1b)
Moterial Informotion needed shoped M2A3 (15-1b)
charge shoped chorge
Moximum woll thickness which con be 60 in 36 in
perforoted
Depth of penetrotion in thick wolls 60 in 30 in
Re. X Entronce 5in 3 in
inforced D;:';‘;::' Ajle.loge k)] in 2% in
concrete Minimum din 2in
Depth of hole with second chorge 84 in 45 in
ploced over first hole
Armor. | Perforotion At le.uﬂ 12in
plote 20 in
Averoge diometer of hole WHin Win
Depth of hole with 50-in stondoff 72in NA
Depth of hole with 30-in stondoff NA 72in
Permo. Depth of hole with 42-in stondoff NA 60 in
frost Diometer of hole with overoge (30 in) NA 6 to 1% in|
stondoff
Diometer of hole with 50-in stondoff 8t 5 NA
Diometer of hole with normol stondoff 26-30 to 26-30 to 4 in
Zin
lee Depth with overoge {42 in) stondoff 12k 74
Diometer with overage (42 in) stondoff é Hin

17
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Section 1l. Demolition by Explosives

12. DEMOLITION SETS

Demolition sets ore composed of demolition explosive items, occessories, ond taols.

a. Demalitian Equipment Set, Explosive Initiating, Electric ond Nonelectric.

(1) This electric and nonelectric demalition equipment set comprises TNT
ond composition C4 demolition blacks, and accessaries for electric and

nonelectric priming.

(2) Components ond quantity in eoch set are as follows (N indicates non-

expendoble):

Camponents (nonexplosive)

Adopter, primary.
Adhesive, poste, 1/2-Ib can.
Bag, canvas, carrying: demolitian equipment.
Blosting machine: hond operated, 10-cap capacity.
Box, cap: 10-cap capacity.
Cable, power, electrical, 500 ft.
Chest, demolitian.
Clip, cord.
Crimper, cap: M2 w/fuze cutter.
Galvanometer, blosting.
Insulatian tope, electrical, roll.
Knife, pocket.
Pliers, lineman’'s.
Reel, wire, firing, 500 .
Seoling compound, 1/2 pt can.
Tope, camputing.
Twine, ball.
Wire, electrical, 200 ft.
Companents {explosive)
Cap, blasting, electric.
Cop, blasting, nonelectric.

Chorge, demolition, comp C-4.

LE=lhib ===l

Quantity

Quantity

Ly
(=]

NMM—'—-NNG—'N*—'—'L’!—'MM

588



Chorge, demalition, TNT.

Cord, detonating, primacord, 50 ft.
Destructor, explasive.

Fuze, blasting, time, 100 fi,
Igniter, blosting fuze, M2.

Eoch component is o single unit of issue.

b. Demalition Equipment Set, Explasive Initioting, Nanelectric

8 w8

(1) This nonelectric demolition equipment set consists of composition C4
demolition blocks, and occessories for nonelectric priming.

(2) Components ond quontity in each set ore listed as follows (N = nonex-

pendable}):

Components (nonexplosive)

Adopter, priming.

Adhesive, poste, 1/2-1b con.
Bog, convas, cofrying.

Box, cap, 10-cop capocity.
Clip, cord.

Crimper, cop: M2 w/fuze cutter.
Insulation tape, electricol, rall.
Knife, pocket.

Seoling compound, 1/2-pt con.

Tope, computing.

Components (explosive)
Cop, blosting, nonelectric.
Chorge, demolition, comp C-4.
Cord, detonoting, primacord, 200 ft.
Destructor, explosive.
Fuze, blosting, time, 100 f.
|gniter, blosting, fuze, M2

Eoch component is o single unit of issue.

19
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c. Demadlitian Assembly Charge, M37. Here are eight campasitian C4 demalitian
blacks, eight demalitian black haak assemblies, and twa M15 priming assemblies.

13. TUNNELS

o. Hasty Demalitians, R ble s af canventianal high explasives are
ineffective in hasty demalitian of tunnels; na hasty methad has been devised ta cause
extensive damage ta a tunnel. The tunnel may be rendered useless temporarily by
disladging part af the lining with narmal breaching charges at a number af paints, ar
by creating slides at the partals with cratering charges placed in the slapes above.
Nuclear devices of praper size placed advantageausly pravide a means far camplete
tunnel demalition.

b. Deliberate Demolitians.

(1) Detanate charges in prepared chambers in the media next ta the inner face
of the tunnel whether ar nat the tunnel is lined. Each charge chamber
parallels the lang axis af the tunnel at ar abave the spring line (fig. 8).

\ MIN. IM WIDE x

750 LBS. EXPLOSIVI 1.5M HIGH

CHARGE CHAMBER

6.5M

- MAX.4.5 M—>

5M
|

Figure 8. Charge chambers dug at spring line for tunnel demsolition.

(2) The T-type charge chamber (fig. 8) inflicts seriavs damage ta o tunnel.
These chambers may be appasite each ather, may be staggered, ar may be
all an ane side. The distance fram the inside rack wall is 15 feet. The
chamber shauld be large enaugh far canvenient canstructian and laading
and na smaller than 3 1/2 feet wide by 4 1/2 feet high. Other dimensians
in slzes of charges are shawn in figure 9.

3

Stemming, the material which fills the barehales ar charge chamber is
necessary (fig. 9). It is not necessary between charges within the chamber.



(4) In some tunnels there are chombers er heles constructed in the roef for
demelishing the tunnel in the future. They usually have epen, brick venti-
laters aver them. {f ventilaters are net detected, strike reef of tunnel with
a heavy ebject until a hollew seund is heard. When charge chambers are
lecated, explesives are set in them as tightly as pessible. Sandbag stem-
ming is recommended in timber tunnels, it tends te cause tunnel timbers te
ignite when charge is detanated.

SANDBAG STEMMING —

750

T-TYPE
CHARGE CHAMBER

Figure 9. Detail for tunnel demalitien.

14, BRIDGE ABUTMENTS
Placing charges in the fill behind an acbutment is ecenemicel in explesives ond cen-
ceals the charges frem the enemy.

a. Abutments 5 Feet Thick er Less. Place 40-pound cretering charges in heles 5
feet deep and 5 feet behind the river foce of the abutment, beginning with a hele
placed 5 feet in from one side af the read (fig. 10). Te calculate the number af bere-
heles, use the formula written in figure 10.

b. Abutments Mere Than 5 Feet Thick. Place breaching charges in contact with
rear face ef ebutment (fig. 11). Calculate the size of charges by the farmula in figure
11. Charges ere placed at a depth greater than er equal te R. The spacing and num-
ber ef charges ere determined by the calculatians explained in paragraph 10. Te
calculate the number ef charges, see the formula in figure 11.

c. Cembinotien Charges. Place a cembination of external breaching charges {aleng

21



Beginning 5 feet in from the side
of therood, place 40-pound croter-
ing charges in holes 5 feet deep,
5 feet an centers ond 5 feet be-
hind the river face of the abut-

ment.
Formulo: N = _V;_ -1

where N = no. 4 borehales
W = width of obutment

Figure 10. Charges placed in the fill behind a reinforced cancrete abutment less
than 5 feet thick.

sooffeo

Size of Chorge Formula:
P = R3KC
where R = abutment thickness
K = material factor

(table 8)
C = tomping foctar
(fig. 4)
Number of Charges Formula:
N=_Y
2R

(This formula moy olso be used
for concrete ond masonry piers.)

AT :'\“":a.;ﬂ
Figure 11. Charges in the fill behind a reinforced concrate abutment more than 5 feet
thick.




SMALL DRAGON'S TOOTH
CHARGE: 20L8B

CYLINDER TETRAHEDRON
CHARGE: 40LB. CHARGE: 20LB.

gure 12. Explesive pecks needed te destrey typical smell cencrete abstacles.

Fi
e abutment) te destrey ebutments mere

battem ef abutment) end fill charges (behind th
The fill cherges may be calculeted

than 20 feet high. Fire them simulteneausly.
eccerding ta the fermule:
ment thickness.

N = _V;_- 1 er eccarding te P = R3KC, depending upen the ebut

]
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15. CONCRETE OBSTACLES

a. Small Obstocles. Far small abstocles such os those found an beaches, use
hond-ploced chorges. As depicted in figure 12, use 1 pound of militory explosive per
cubic foot of reinforced concrete.

' |4"| s
LOG POST STEEL HEDGEHOG

Figure 13. Plocement of chorges for destruction af steel ond lag obstacles.



Figure 14. Size ond placement of charges used agoinst common wooden obstacles.
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b. Lorger Obstocles. For larger obstacles, place and explode the chorges in two
or more successive stages, ond by blosting boreholes for internol charges. Use obout
2 pounds of explosive per cubic foot of obstocle.

16. STEEL AND LOG OBSTACLES

a. Plocement. The illustrations in figure 13 show severol obstocles ond the place-
ment and sizes of charges ta destroy or cut them.

(2) CHARGE:. GREATER THAN 1000 LB.

Figure 15. Plocement af charges far wall § feet thick and for wall aver 6 feet thick.
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Wm;ﬁﬁmw,,ﬁm e

Figure 16. Breoching a bockfilied lag woll.

b. Charges for Lag Obstocles. Examples af the sizes and plocement af chorges
far typicol lag abstacles are shown in figure 14. Generally, the chorge shauld be
placed at o jaint where the abstacle is weakest. Against lag cribs place 30 to 40
paunds af explasive in the center of the eorth fill twa-thirds the depth af the crib and
tamp thoroughly. Similor chorges are ploced on 8-foat centers far the full length of
the crib. Demalitian snakes may alsa be used ta clean a path thraugh o field of
woaden posts. Log scaffalding (aften under water) is destrayed by tying three 15-
foot lengths of bangolare tarpeda tagether and placing them ot right angles to the
line af scoffalding. This clears a lane 12 feet wide. Charges placed an obstacles
driven inta the graund should be attached belaw ar as clase ta the surfoce of the
graund as passible.

17. WALLS

o. Concrete Wolls nat Backfilled. On walls up ta 6 feet high and 6 feet thick, use
160 pounds aof explosive per foot af thickness. For larger walls, add 80 paunds af
explasive far eoch odditianal faat af height ar thickness. Example: For o wall 8 feet
thick ond 10 feet high, (6 x 160) + {4 x 80) + {2 x 80) = 1,440 paunds. The pasitians,
amaunts, ond patterns af charges are shawn in figure 15.

z



b. Bockfilled Wolls.

(1) Concrete. Increose by 20 percent the chorges specified for wolls not bock-
filled. On some walls where this moy not be encugh, use o second shot
of cleor with dozers or hond lobor.

(2) Logs. Ploce o 500-pound chorge 10 feet long on top of the wall 2 feet
from the foce {fig. 16).

Section Ill. Constructive Use of Explosives
18. QUARRYING

o. Multiple-Bench Method. Militory quorries ore usuolly developed by the multiple-
bench method (fig. 17).

b. Spocing Boreholes. There is o relotionship between the burden, which is the
distonce from the row of boreholes to the free foce (fig. 18), ond the spocing of bore-
holes in o row. This spocing olso depends upon the type of boreholes, of which there
ore two:

OUTCROP

STEMMING

SECTION THROUGH :
A MULTIPLE BENCH CHARGE~-
QUARRY

Figure 17. Multiple-bench quarry.
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BURDEN
KN

Figure 18. Arronging parallel rows of vertical holes.

T

FACE HEIGHT

HOLES DRILLED
8 TOIOFT.
APART, FIRED
SIMULTANEOUSLY

QUARRY ¥
FLOOR ¢ TWE
ONE

—_—2 N S U NpREpNSI. 1

HOLE SHANK
COMPLETELY

6 TAMPED

CHARGE PLACED

IN SPRUNG HOLE HOLE SPRUNG SEVERAL TIMES
Figure 19. Snokehaling.

(1) Vertical holes. The depth of vertical holes is limited by depth of rock,
the length of drill, ond drilling equipment. Spocing is equal to, or o liftle
more thon, the burden. When severol rows are drilled, the spocing of the
reor rows is 10 percent less than in the front row (fig. 18).

(2

Snokeholes. Drill ot bose of quorry foce ond begin from 2 to 4 feet obave
the flaor. Slope eoch hole downward ot the some angle so that the end of
the hole is level with the guorry floor. Burden will equal ane-half the
height of face, with spocing between 8 ond 10 feet {fig. 19). Snokeholes
ore sprung by drilling to the desired depth, then firing o small springing
chorge ot the bottom of the borehole to form o chomber in which the lorger
chorge is placed.

2
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c. Amount of Explosives. An opproximate omount of explosives per foot af bore-
hole is shown in toble 10.

19. ROCK EXCAYATION

o. Overburden, After the quorry loyout hos been decided upon, the work of remov-
ing the overburden should be storted os soon os possible.

b. Blasting.

(1) Benching. Excovotion is done os described in poragroph 18, above.

(2) Well hales. Use well holes to bring through cuts or sidehill cuts to grode
with one shot by drilling aheod of power shovel. When the whole cut con-
not be blosted ot once, drill boreholes 100 to 150 feet ohead of the shovel
and blost four or five rows ot o time (fig. 20).

(3) Snokeholes. Use snokeholes to widen cuts (fig. 21). Drill them on 5foot
centers ond wherever possible fire them simultoneously.

c. Explosive Chorge. Determine weight of explosive chorge required per borehole
by test shots. Ten to twenty percent overchorge makes shoveling faster and mini-
mizes redrilling ond reshooting. Toble 10 gives the explosive copacity per foot of
borehale of various sizes.

20. DITCHING

o. Conditlons. Rough, open ditches 2 1/2 to 12 feet deep ond 4 to 40 feet wide
con be blasted in most types of soil, except in grovel ond sond. Trees, stumps, and
lorge boulders ore chorged separotely, but are fired simultaneously with the ditching
chorges.

b. Test Shots. Before beginning the ditching, run test shots to determine the
proper depth, spocing, ond weight of chorges for desired results. Begin with holes 2

Table 10. Amount of Explosives to Use in Boreholes

Diometer of Explasive per Diometer of Explosive per
berehole, in. #., Ibs* borehole, in. ft., Ibs*
11/2 0.45 s 7.40
V¥4 0.90 51/2 8.30
2 1.20 55/8 9.35
21/2 1.85 6 10.60
3 2.70 61/2 12.50
3172 3.65 7 14.50
4 4.75 8 18.90
41/2 5.95

NOTE: Explosive in 2/3 depth of hole, stemming in 1/3 depth.

*

quorrying, see TM 5-250.

|

Estimotes are bosed on militory dynomite in troprack. For turther informotion on
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Figure 20. Benching.
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feet deep and 18 inches apart for small ditches and increase in charges and depth as
required (fig. 22). Average size ditches abtained with variaus charges are seen in
table 11.

'd
.~ SNAKE HOLES

WIDENED CUT:
. Figure 21. Snakeholes.

LINE OF SIGHT ROO READINGS

ITCH BOTTOM
LINE

Ll' BETWEEN DITCH BOTTOM LINE
AND CHARGE DEPTH LINE
Figure 22. Charge hales set by transit line.

CHARGE DEPTH
LINE




Toble 11. Exomple Charge Points (Elevotions Exaggeroted for Clority)

M ) 3) ()] (5) (6) ?
Ditch- c:":’h" Line-of- Ground | Depth of
Cherge | bottom line epih: sight ROD | gjevetian hole
point elevatian, ‘ line elevation, reading, (4)-(5)=(6), | (6)-(3)=7,
A L] ev:flon, @ ft PA A
1 1] 1 9 5.0 4.0 3.0
5 1 2 10 4.8 5.2 3.2
9 2 3 n 6.7 4.3 1.3
13 3 4 12 7.0 5.0 1.0
17 4 5 13 5.0 8.0 3.0

¢. Alinement and Grade. Mark ditch centerlines by chelk or trensit line, and by
drilling holes olong it. When a transit is used, the grede of the ditch con be occu-
rately cantrolled by checking the hole depth every 5 or 10 holes ond ot eoch chonge

in grede.

Drill hales in soft ground with shorp punch ar quicksand punch (fig. 23).

Lood and tamp them immediately ta prevent cove-ins end insure cherge is et praper

depth.

d. Defonotion Methods.

m

]

Propogation methods. Prime the hole, or holes, at one end af the proposed
ditch; cancussion will set off the succeeding chorges. Use straight dyne-
mite. It works in moist soils, particularly in swemps contoining stumps
with the ground under severel inches of water (fig. 24). 1f more than one
line of charges is used to obtain e wide ditch, each line is primed. Over-
chorge the primed hole 1 or 2 pounds.

Electricol methad. Use any high explosive in this method of ditching, end
in ony soil regordless of moisture. Prime eech cherge with en electric
cep. Blow oll charges simulteneously (fig. 25).

Detonoting cord method. Use eny high explosive with this method. This
method is effective in eny soil except sand and grovel, regerdless of the
emount of maisture. Each charge is primed with detonating cord end con-
nected to a ring mein.

a. Loading Methods.
(1) The method oi looding for a deep, nerrow ditch is pictured in figure 26.
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{2) The reliet methodof looding for shollow ditches is depicted in figure 27.
Ditches 1 ond 3 ore blosted first to retieve the chorge in ditch 2,

(3) Figure 28 shows the posthole method of looding for shallow ditches in the
mud.

1% PIPE 15 x bt x il

2 PIPE TEE
HANDLES

1h# ROUND
TOOL STEEL

SHARP
PUNCH

TAMPING ROD
FOR PUNCH HANDLE

thor x 1l x1lor x il

1" PUNCH POINT PIPE CROSS

3/8. KEEPER PIN

1" PUNCH POINT
COTTER PIN

QUICKSAND PUNCH
NOTE: PUNCH POINT REMOVED AND CHARGE
IS PLACED THROUGH PIPE BOTTOM
OF HOLE.

Figure 23. Punches used to ploce chorges ot proper depths in soft ground.
LARGE STUMP 18”70 24"

REQUIRES
EXTRA CHARGE

SMALL STUMP

: . REQUIRES NO
EXTRA CHARGE — > EXTRA CHARGE

EXPLOSIVE _ “NDITCH BOTTOM LINE




FIRING
WIRE

NONELECTRIC
BLASTING CAP

Figure 25. Combination dual firing system.

FIRST CHARGE

SECOND
CHARGE

Figure 26. Method of loading o deep, norrow ditch.

(4) The cross-section method of loading to clean and widen ditches is ex-
plained grophicolly in figure 29.
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Figure 27. Relief method of fooding for
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Figure 28. Post.hole method of looding for shollow ditches in mud.
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21. BLASTING TREES AND STUMPS

o. Size of Charge Required. The size of the chorge required varies with the size,
variety, and oge of the tree ar stump, and with the soil conditions. The rule of thumb
22below) shows haw the size of chorge vories with the size and age, using 50-per-
cent dynomite. To remove stumps properly, test shots ore required.

b. Drilling Holes for Charge. In drilling holes far the chorge, follow illustrations

in figure 30.
22. BLASTING BOULDERS
a. Size of Charge. See table 122
b. Methods af Blasting. See figure 31.

Table 12. Charges far Blasting Baulders

] Lbs af TNT required
Boulder diameter, ft Blackholing Snokeholing Mudcapping
% 1/8 % !
2 /8 % 1%
3 Y% % 2
4 8 2 g
s 172 3 6
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TAMPING
CHARGE

TAMPING

LARGE ROOTS ON SIDE OF TREE

" EVENLY ROOTED STUMP
TAMPING

DETONATING'
CORD

Rules af Thumb. Use dynamite as follows:
(1) Far dead stumps -« 1 pound per faot of diometer.
(2) For live stumps -- 2 pounds per foat of diameter.
(3) For standing timber -- odd 50 percent for stonding timber.
Figure 30. Stump-blasting methads for variaus raat structures.
23. BOOBYTRAPS. - -
A boobytrap is an explosive chorge which is exploded by an unsuspecting person
when he disturbs an apporently harmless object or performs a presumably sofe act.
Ditferent mechanicol devices permit mony variotions which couse the firing device
to function. Boobytrop areas are marked as shown in figure 46.
a. Direct Pressure. Direct pressure is the most commanly used method (fig. 32).
Pressure af foot, wheel, or track aperotes the mechanisms.
b. Pull. Pull is used to initiote action. It may result from the movement of some
conceoled object such os a thin wire attoched to the firing device (fig. 32).

c. Pressure Release. Release of pressure is on effective woy to initiote action
under many conditions. This method is used where enemy souvenirs are used os boit

(fig. 32).
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FUSE OR LEAD WIRE
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MUD TAMPING ————MUDCAPPI NG
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®@ BLOCKHOLING
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Figure 31. Methods of blosting boulders.
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Figure 32. Initiating actions.



d. Tension Relaase. Release of tension is used when boobytrops ore locoted
omong wires. Examples ore found in borbed wire entonglements, or loose communi-
cotion wires, where an enemy moy use wirecutters (fig. 32).

e. Electrical Means. Electricol energy is used, where initioting oction cioses an
electric circuit and fires an electric cop (fig. 32). Current is provided by bottery.

f. Percussion. Percussion is widely used. The releose of o compressed spring
tronsmits energy through o striker (ar firing pin) to o primer,

g. Chemical Action. Chemicol action is vsed within o firing device. Here chemi-
cols either domoge ond release firing components held in sofe positions by some con-
trivonce such as wires, or initiote ignition in onother chemicol compound. Delays
ore introduced whenever time is required for chemical action.
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CHAPTER 3

LAND MINE WARFARE

Section |. Minefield Instollotion
24, PLATOON ORGANIZATION

The arganizatian af the plataan as the basic unit far installing o standard pattern
minefield 1s presented in table 13.

Table 13. Plotoon Orgonizotion to Install Minefield

Persannel Officer | NCO EM Equipment
Supervisary
personnel 1 | I I Officer: Map, lensatic campass,
natebaak, and minefield|
recard farms
NCO:  Map, natebaak, and
fensatic campass
Siting party ,e- 1 3 Stakes ar pickets, sledges,
hammers, tracing tape an
reels, and nails ta peg tape
Marking party ... 1 2 Barbed wire an reels, marking
signs, lane signs, wire
cutters, glaves, sledges
Recarding party .- 1 2 Sketching equipment, lensatic
campass, minefield recard
farms, map
1st laying party R 1 6108 Nateboak far squad leader, picks,
shovels, pickets, and sandbags
2d laying party .- 1 618 - da -
3d laying party EER 1 618 . - do -
TOTAL 1 7 25 to 31

NOTE: Under CBR warfare canditians, persannel engaged in laying taxic chemical
mines require pratective clathing ta include impregnated boots. Each indi-
vidual will wear the pratective mask and pratective glaves. Decantomina-
tian and first aid equipment shauld alsa be on hand.



25. TYPES OF MINES
a. Live Mines.

(}) Antitonk Mines. The antitonk (AT) mines ore listed and described in
table 14.

(2) Antipersannel Mines. The necessary dato for antipersonnel (AP) mines ore
listed in toble 14.

b. Training Mines. Troining mines ore pointed blue. in this category there are
two types:

(1) The practice mine (blue} is o replico of a live mine which emits a puff of
smoke and mokes a noise fo simulate detonation, but it does not explade.

(2) Theinertmine (block) is o replico which doas not explode or make a noise.
A proctice fuze should never be used in an inert mine.

26. MINEFIELDS
o. Siting. The proper procedure in loying minefields is given in toble 15.

b. Factors Influencing Siting. In the siting of minefields the follawing foctors
must be considered:

(1} Overall plon of operation

(2) Terrain

(3) Lacotion of other obstocles

{4) Likely ovenues of enemy opprooch

(5) Passibility of later expansion of the field

(¢} Must be more hozordous for the enemy to breach than to flank

(7) Should compel chonneling of an ottocking force into o smoll areo cavered
by mossed fires

(8) On lorge scale,site in potterns so that penetrotion of the foremost field
will be contoined by subsequent fields

(9) Enemy capabilities in armor and infantry, in breeching methods, and in
harassing or interfering with mine loying

{10) Availobillty of mines ond restrictions on use of certain types
{(11) Troops available for mine laying, and their experience
c. Lones ond Gaps.

(1) Site the lones and gaps so that the unit pratecting the field, and odjocent
units, may carry out operotiono! plans such as potrolling, ottocking, ond
counterottocking. The tacticol commonder gives the genero! location of
lones and gaps to the commander of the loying unit. Skillful siting of the
lones and gops will prevent the enemy from eosily determining their location.
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AP mines

Toble 14 Continved

(&) © (D) (F)
& Mina
ine weight {Ibs) Weapan's Effect fllustratians Emplocement Capability
trpe (ratal/ i
5 model | yrolosive) ond Limitations
1. M2 5/04 Frugmauunun penetrahan Must be monuolly emploced 1n holes.
Metalhc, 360° donger area 8 10 mir
baunding, radius w/40% probability
frog that anyane in the area
will be o cosuolty
2 M3 9 6/0.9 -da- Normolly used in baaby trapping - can be tiad ta trees ar
Metallic, posts and trip wired to caver trails, efc
fixed
frag _
3 M4 0.25/0 008 | Blast; inpures the foot of Must be emploced by hond, buried flush w/suifoce & stoked
Non- the man who steps an 1t, in ploce. Slip-on collors of wire ar cardboard can be im-
metallic, blaws a tire of wheeled provised i the fiefd to give the mine o “"scotter”’ capobility,
blost. vehicle
A MI§ 84 Frugmenlulmn penetratian Muet be manually emplaced in hales
Metollic 360° danger atea 915 mtr
bownding, rodius w/50% probobility
rog that anyone in the oreo
will be o casualty.
5 M18 25/08 Shropnel penetrotion 457 Must be manually emploced, etther on a inpod abave ground
Metallic, donger oreo 8 30 mir in o or tied to 0 tree, post, etc  Mine (s oimed down o defile or
fixed, zone 30 mtrs wide ond 2 other avenue of praboble enemy opproach Back-blost fram
shropnel mtr high w/95% prabability the mine 13 dongerous fo 10 mirs to reor & sides of mne
{claymore} that onyane in the tone
will be a casualty
6 M23 23/0 8- With VX liquid filler, con- With primary fuze anly, mine con be emploced erther by hand
Metallic  |HE/IN 5¥X | taminotes an area w/a 24 or by the Dan Patch & Starm Petrel mine loyers but can be
chemtcal mirs radius (1800 sq mtrs) ectuoted only by vehicles which tend to *‘smother™ the con-

w/a cantominates density
which 1s lethal to personnel
thraugh 2 layers af cambat
clothing

tomination & greotly reduce the oreo ol contaminohion. Must
be manuolly emplaced & activotor inserted in the side fuze
well 1f the mine 13 to be rigged for personnel actuotion or
for controlied hiring.
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AT mines Toble 14. Wine Dato
[0\] © (0} (F} (G}
Mine . .
Mine | Lyicht (Ibs) Weapen's Effect Ilystronens Emplacemaent Capebility Mine
type {raral/ end Limitations density
% modol | gyplasive)
1 W6 2012 Blosy; blows o wheel ot Can be manuolly laid on the graund er buried in 3
Metallic brecks o track al vehicles. @ hales Con be machine loid by the Dan Patch
AT and Starm Poetrel mechanicol mino plonters  Ac-
tivating is net passible whon machine laid
(A 5/35 Blast, blows a Must bamanually lard - either an graund er 1
Metallic of wheeled vehicle, braoks bunod. Far use against heavy tonks, 5 mines
AV track af light tracked must be faid together 1a be affectivo
vahiclos
3 WIS N/ Blast, blows wheel & As lar M6, alse, when the M15 is monually 3
Metallic breaks track ef any vehicle buriad, the holes must be sloped avtward ot o
AT 45° angle, thamine buried llush with the tap ol
the graund ond dirt mounded ever the mine about
1% high n ordet ta insure detenotien by o
vehicle.

‘ With the count fuze, mine can be set for detane- -de-
tion on the fust, sacond, or any ether number of
octuatiens up of least 5. This fuze will make
the mine prochcelly immune 1o breoching by me-
chonicol or oxplesive braaching devicos.

4. M9 B/ As fer M5 Must ba menyally laid aithor en the greund or k]
lan- buried flush with 1%'* dirt meund in heles slepad
Morallic @ autward ot o 450 angla. Slight medificatian te
AT both the Dan Patch & Starm Patrel are roquired
bofote thoy con plent this mino
S M2l | 187511 | Blast & armor prercing Wust bemanyally lard m hales dug by an oarth 5
Metathc pengtratian Blews o whea! auger {maaually dug hales ere too uneven and
AT ond breaks o track 1f deto- irtagulor 1o permit the saug, even fit required te

nated there er will pone-
trato th y of vohicles
ta kil er injure the crow.

keep tho mino fram fipping ovor when o vehicle
hits the nft red) Con be taid en end as on off.
read mine te “'cever’’ reads & defilos. In this
pasitian black pewder charge must be re-

moved and en efectrical firing system inserted
far centrol firing by a concaclod abserver; er o
trip wire attached te o hiring device adapted te

the fuze welf can be rigged far vehicte acuation.




Yoble 14 Continued

AP mines
(A) © (D) (F)
o Mine
ine weight (Ibs) Weapon's Eifact Hluatrotions Emplacement Capobility
&'w'd i {total/ and Limitations
mocs sxplesive)
7 M25 2 Shoped chorge, directional Monuolly emplaced with pressure on shoulders of mine

type, capoble of injuring oot
of person, will penetrote 12-
ply outo hre ond tube

3

to force it into ground Insert chorge into body recess
until safety clip rests on shoulders of nune.
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Table 15 Consclidoted Minelield Data
Field Requirements

Type al field | Required authanry Tacticd emplayment Type ol mine Marking required Rengval required
Pratective Bottle Group and Clase-n pratection and worming to All mines must be | Marked and/or guards | Yes, removal required by
Battohen, Com- small umts in the bottle positian, 1n  |readily detectoble.| posted os required to | loying unit unless reliev.
mander or higher © rear areo, ar on on 1sclated mission |No boabytraps pratect luendly traops | ing umit cammander speci-
May not be delegated] such as outpasts, or delense ol road- |AT, Apers and im- lically 1equests them ta
to lower than com- | blocks. A protective minefield 1s provised mines be left in place. Certili-
pany commanders narmolly laid an shait natice for o may be used cate al transler sent to
limited hime Trip llares shauld lowest commonder hoving
also be used command gver bath units
involved
Defenssve Battle Group ond Instolled 1n occordonce with the divi- JAll types ol AT As required ta pratect | No, 1l respansibility 13
Battahion, Com- sional plon to strengthen the delensivelond Apers mines. | fnendly ioops. Nor- | nionslerred, certilicate
mander ar higher position in the lront, rear, ond an the |il feasible, ot mally the stondord will be campleted os lor o
Moy nat be delegated | llanks, to disorganize enemy attacks, [least 5% ol AT morking lence w/moark- | protective minefield
ta lower than cm- | and ta canalize enemy movements mines should be | e1s 13 used
pany commonders They are nat laid an shoit natice baobytrapped.
Tnp flores should
be included
Barnier Division Commander | Ta caver intervals between strangly  |All types of AT As 1equired ta protect | No.

or higher  Can nat
be delegated

delended localities to dallect the
enemy intg chasen killing grounds,
ond ta pratect llaaks end rear al posi-
tigns against lop May be

and Apeis mines,

1o include toxic

chemical mines 1f
b

planned and installed prior to out-
break ol hostilities, when 1t oppeors
that wor 18 immminent ond that o pre-
longed defense 15 necessary

propriate 1o the
purpose of the
held 1f leasible,
at least 0% aof
AT mines shauld
be boobytrapped
Tnp flores should

be included

d ond ap-

Inendly taops and
cralions  Normally
the standard marking
lence with matkers1s
used.




Toble 15. Continued
Reperts ond Records—Continved

Type of field] Reponts required Records required Density Pottern Remorks
Delens:ive |. Intentian to loy.  {Standord lorm with ot least mnimum | Initiolly 1 AT & | Normollythe stondord | 1 Min depth of 100 yds,
2 tnitatian af Yay-  |inlarmatan Farward to at least 2 ar I Apers and | pottern will be used. | 300-500 yds 1s desirable.
ing. Div Hq A record af chonge 15 re- 1-4-8 on cam- 2 Must be covered with
3. Campletian el lay- |quired 1111eld 15 ditered pletion fhire
ing.
4. Progress {if lotge
lield).
$. Report of chonge
Forward campletian
1eport 1a Army Hg
Barrier 1 Intentian ta lay.  [Standard farm with ot least minimum | Minimum required | Standard, nonstandard [ 1 Air and ground abser-
2 Initiotian ol Yaying linlormatian. Farward to Army Hq. Re-| density: 3 AT, & |patterns and scattered | vatian 1s required
3, Progress ol loying (cord of change 13 required. Irag Apers and 8 |mining 13 autharized. | 2 Maby nits usually
4 Completian of Joy- Blast Apers mines| used to detend field
ing. per yd of front,
5 Change of field
Completion report to
Army Ha.
N 11 to ley [Stondard form. Forward to Army Hq. | None specilied Nane speciliad. 1 Abandaned frelds ba-
2 Initiatian el Jaying| came nuisance lields
3. Progress (if lorge 2 May or moy nat be cov-
field). erad by fire.
4. Completian of 3 A bogbytropped oreo is
Vaying. . considered o nuisonce
$ Chonge of fiald. minefield
Completion report 10
Army Hq
Phony SAME AS FDR THE TYPE FIELD SIMULATED 1. Planning & coording-
tion lor loying & lire cov-
erage myst be dane with
some core os for type field
being simulated.
Enemy Locotion {include op- [Stondard record form with as much in.

parent baundaries and
known bypasses)
Forword to Army Hq
by unit locoting fiald.

[larmation as 1s avoilable Farword ta
{Army Hq by umt discovering lield.




Toble 15 Continued
Fisld Rsquirements~Continued

Type of field] Required outharity

Tocticol employment

Type of mine

Morking required

Removof requited

Army Commander or

higher Moy be dele.
gotod to Tosk Force
Combat Commond or

Division.

Nuisance

To deloy, disorgonize and lower mo-
role of odvancing enemy; to hinder
his vso af an orea or ravte. Parti.
culorly effective in setrogrode mave-
ment, deniol operotions ond during
evocyotion

All types of AT
ond Apers mines,
boobytrops ond
dirty tnck de-
vices, to include
toxic chemicol
mines ) f outhori-
1ed ond oppro-
priote to the pur-
pose of the field.
1f time permits oll
AT mines should
be boobytropped

The Commander who
hos the outhority to
instoll the typemine-
feld simuloted.

Pheny

Enemy {ony minefield thot the enemy
loid or hos on opportunity te influ-
ence the disposition of mines there-
).

To deceive the enemy into thinking
thot on area contoins mines. Used
i conjunction with live
supplement or extend them; w

dom be used alone. Used to comoy-
floge gaps in live lields; these gaps
moy be used os counterottock routes

None, unless ninolly
protect friendly troops

Normolly does not
contoin livemines.
A law mines moy
be instolled toin-
creusedecephon.

Alltypesof mines,
speciol fuzes, ond
boabytrops.

Seme os for type field
simuloted.

Morked ond/or guords
posted to protect friend-
ly troops, by liest umit
discovering the field.

Ne.
Live mines [iT vsed].
No.

Reports and Records

Type of hisld | Repotts required

Records required

Densiry

Pottem

Remarks

Protective |1 Intennon to loy

) ol loying

Stondord lorm with of leost mmmum
| € vrgency ol

3 Completion of

oying.
4. Report of chonge,
if ony

5. Report of removol.
Forword oll reports
to Div Hq or equivo-
Yeat Hq.

tocticol situotion moy sometimes pre-
clude recording ot time of foying.
Forword record 1f ordered.

None specified.

None specified.

1. Must be covered by Tire
2 Severol men should
know exoct focation of
eoch mine.




50

(2) Change the locotion of lanes ond gaps frequently to prevent detection ond
subsequent ombush of friendly patrols. Tocticol commonders must alwoys
be consulted regording future locations of lones ond gaps.

27. STANDARD PATTERN

a. Pottem. The standord pattemn is illustrated in figures 33 and 34, ond stotisticol
details are given in table 15.

b. Clusters. The mine cluster (fig. 35) is the basic unit of the stondord pattern
minefield. A cluster may contain from one to five mines. Two rows aof clusters moke
up a minestrip, as shawn in figure 34,

c. MNumbering. The clusters in each strip ore numbered from the right end of the
strip when focing the enemy (fig. 36). Cluster number 1 is the first cluster on the
right when looking down the strip.

d. Tripwires. If tripwires are used, they are ploced on antipersannel mines in the
enemy side of strip centerline row with not more thon one tripwire-activoted mine to a
cluster, ond no closer thon every third cluster {fig. 37).

e. Arrangement. The strips are not always parollel; a center line moy have os
mony turning points os desired {fig. 38).

!

ENEMY

MINEFIELD

WIDTH (FRONT) )

" (EXPRESSED IN METERS)

LANE EXIT
£

—_—

MINE ROW
v w

STRIP

LANDMARK-RDAD JUNCTIDN

2ND LANDMARK-NE CDRNER OF BLDG

Figure 33. Stondard minefield, fenced, morked, and referenced.



ENEMY

t—3 PACES T3 PACES

PACES

"
3 PACES—+|+-3 PACES—{

I
| CENTER LINE OF STRIP

CLUSTERS ARE LAID ON BOTH SIDES OF STRIP §

}
I
I
l

3 PACES ~—

THE CENTRAL MINE IN EACH CLUSTER MAY
BE EITHER ANTITANK OR ANTIPERSONNEL FRAGMENTATION

ADDITIONAL MINES, ANTIPERSONNEL ONLY, ARE PLACED
WITHIN EACH CLUSTER (SHADED AREA] IF DESIRED
Figure 34. Mine strip.
28. MINEFIELD MARKING

a. Reor Areo Minefields. Completely fence o reor-orec minefield with two stronds
of borbed wire ot the time of loying (fig. 39). As figure 33 depicts, the fence does
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not follow the oxact boundary of the field, but is placed whore it does not indicato
the boundary. It is not placod loss that 20 paces from the nearost mino. Standard
markers (fig. 40) aro hung on tho upper strand so that tho word “‘minos,’* ond, in tho
case of a chomical agont field, the word *gas’’ faces away from the field. Lanos aro
marked as shown in figure 41.

b. Forward Area Minefiolds. Mark forward aroa minefiolds the same as just
doscribod in o, with theso excoptions:

(1) Minefields forward of tho FEBA are somotimes fencod only on tho friendly
sido, or on the friondly side and flanks.

(2) Lanes in forward aroas aro marked inconspicuously by plocing wire, tape,
or closely spaced objects on tho ground on oach sido of tho lano, with the
lane entrance identifiod by markers such as pickots markod with tapo or
pilos of stonos, and tho liko. Do not mark lane oxits on onomy side. Fone-
ing, marking, and floging of minofields must be carofully maintained.

29. INSTALLATION PROCEDURE

a. Limitotions. Tho proceduro describod here moy be variod accarding to tho por-
sonnel, terrain, matorials, and praximity af tho enemy.

b. Laying Out tho Field and instolling Minos. When he arrivos at the site with his
siting and marking parties, the OIC pracoeds to lay the minefield as shawn in figures

42 through 47.

A CLUSTER MAY CONSIST OF
ONE ANTITANK MINE

OR
ONE ANTITANK MINE PLUS
SEVERAL ANTIPERSONNEL MINES / .
WITHIN A 2-PACE SEMICIRCLE Iy [ 2N
FROM THE ANTITANK MINE L——%— 4

ONE ANTIPERSONNEL MINE ‘

OR -
SEVERAL ANTIPERSONNEL MINES AN
WITHIN A 2-PACE SEMICIRCLE VR S
OF THE BASE ANTIPERSONNEL 8. e
MINE —— -

Figuro 35. Mine clusters.
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Figure 36. Mothod of numbering clusters in mine strips.
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Figure 37. Use of trip-wires on front row of mine strip.
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c. Use of Dozer-Mounted Scoop. This minefield scoop is used to dig holes for the
emplocement of mines. |t digs the holes only; personnel must plont, orm, ond bury the
mines. The scoop moy be odjusted to fit ony dozer blade. The tractor operotor con-
trols the digging rote ond length of hole.

* TURNING
CLUSTER "3 1S POINT

LAST CLUSTER OF \
A STRIP SECTION

cLusTer ¥4 15

FIRST CLUSTER OF DIRECTION
A STRIP SECTION OF LAYING
THE LAST BASE MINE
WiLL NEVER BE LAID
CLOSER THAN 3 PACES 3 3|3
TO END OF A STRIP
SECTION

‘4 2;
THE FIRST MINE LAID

4+

ON A SECTION OF A
STRIP WILL ALWAYS
BE 3 PACES FROM THE
TURNING POINT AND
ON THE OPPOSITE SIOE
OF STRIP CENTERLINE
FROM PREVIOUS
CLUSTER LOCATION

{F NECESSARY TO TURN
ANGLES SHARPER THAN
THOSE SHOWN,OMIT A
CLUSTER TO ASSURE
BASE MINES BEING 6
PACES APART, ANO NO
CLUSTER AREA CLOSER
THAN 3 PACES FROM
ANY CENTERLINE TAPE

Figure 38. Turning points in o mine strip.



ANKLE HIGH

Figure 39. Standard minefield marking fence.

BOOBYTRAPS
/

RED SIGN
WHITE LETTERS

AN FRONT 7.5CM
RIGHT ANGLE DIA.

REAR
RED SIGN

Figure 40. Standord marking signs.
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MINEFIELD

s
t\ Py Ceg \’

YELLDW, GREEN
% ENTRANCE
MARKER
YELLOW GREEN
LANE

MARKER
YELLOW. GREEN

EXIT
MARKER
WHITE (ALL 3

Figure 41,

Standard minefield lane marking in rear area.

P
MARKING
PARTIES
PSTARTING
WOODS

POSITION WHEN
NO

FEN
01Gs, INSTALLED

WoOoDS ( h
> SITING LS SUPS

PARTY ‘.‘B £ LN

c
220 ‘3 e
'PACEI

> MM nar
d\l
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Initial steps in laying minefield.

ENEMY

Figure 42.
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Figure 43. Estoblishing the right-hond boundary stokes of o minefield.

ROAD JUNCTION
LM

Figure 44. lLaying aut the IOE strip.
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Figure 45. Laying aut strip A and establishing mine dumps.
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Figure 46. Minefield campletely taped, including safety lines, and traffic and
safety lanes.

d. Logistical ond Planning Data. See table 16.

e. Matarial and Monpawer Requirements. See table 17.

f. Comavflage. The principles expressed in FM 5-20 apply ta all phases af me-
chanical mine planting, including camauflage of the equipment and of the minefield.



Table 16. Logistical and Planning Data (per 100 meters of minefield front)

Mine weight, | Time required Truck
Type AP, AP, tonsper100m. per 100 m. 2aton trucks e
1 : AT or 100 m componies,

mine- Density + | Frag, | Blast, | Totol P X . Wh-te

fiold MI5 | vig | mia Mon. | Com- | (mines b,

Crtd |Uncrtd | o pony croted} (mines

urs doys crated)
Defensive 1-2-4 153 06 | 612 1071 [ 5.06 | 3.7 230 .20 2 .053
Defensive 1-48 153 612 (1224 1989, ) 7.4 5 415 415 3 .080
Defensive 2-4-8 pal 612 | 1224 2127 [10.8 7.2 445 (445 4 .105
Borrier 348 428 612 | 1224 2264 |14.2 9.4 445 445 5 a0
Protective | None 2 22 | — 44 | 0.5 | 0.4 1 on 1 025

Toble based on the following:
1. Tatal mines includes mines in strips plus IOE and 10 percent safety factar.
2. Cluster composition in IQE - 1-2-2.
3. Mine weights bosed on M15, M16, ond M14 mines.
4. Time required bosed on o loying rate of mines per hour per mon in on A/T ond A/Pers field (these figures ore
subject to revision upon publicotion of CONARCT tests).



BOUNDARY STAKE

FUZERS

Figure 47. Loying mines on o section af o regulor strip.

Mines should be buried or nat, depending upon type of mine, terroin, mineloying tech-
nique. When AT mines ore planted by hond, they shauld be buried flush with, or
slightly above, graund level. Regular maunds of ecrth over each mine, the distinctive
appearonce af the troce af the mechonicol plonter, ond the trocks af vehicles furnish
speciol prablems. On bare soil drog o heavy chain ar similar object. A method of
burying ond camouflaging mines is shown in figure 48.

g. Mechanicol Mine Planting When Using **Dan Patch’’ Mine Loyer.

(1) The mechonicol planter is towed by a modified D7, D8, or similor crowler
troctor. Supplementory equipment includes tractors, crones, magazine sup-
ply vehicles (trucks ar helicopters), and siting and marking devices.

{2) Personnel requirements ore ~

(o) Operators for supplementory equipment.

(b) One NCO (combot construction foremon) ond 13 to 17 men for eoch mine
handling unit.

(c) One NCO (cambat construction fareman) to supervise each plonter.
(d) One maintenonce mechonic for eoch set of mine plonting equipment.

(e) One minefield guide per plonter, if needed.



Taoble f7. Minefiefd Moten ol ond Monpawer Requirements

Averpge requirement per 100 meter of minefield trace
1 Matenal Antiper 1 Antitank Minefield
Mineheld |Protective | Defensive] Defensive|Defensive | Bortier
0-4-8 (1) None (1) | 1-224 () [ 148 () | 2-48(f) [3-4-8(D)
ANT{TANK MINES
2{ Heavy Melalfic
3! Heavy Nonmetallic
4 Totol Antitank Mines
ANTIPERSONNEL MINES (See tobfe 16)
5| Fragmentation
6| Blast
7 Totol Antipersonnef Mines
FIRING DEVICES FOR
MfNE ACTIVATION
8| Assorted - 12 12 12 37
TRIP FLARES
9{ Parachute 20 10 18 18 18 18
10} Candle 7 4 ] 6 6 6
n Tatol Flares 27 4 24 24 24 24
BARBED WIRE (Morking
Fence Only}
121 40D yd reels (See toble f6)
PICKETS {Marking Fence
Onfy)
131 Long 94 93 93 93 93
f4| Short f4 - 12 12 [Fd 2
MANPOWER
1 1on h
lg C::w::‘y'sdnys (See '“blelle)

NOTES.
(1) Mine field density

fst number = number of AT mines per yd of front
2ndnumber = number of AP ‘mgmemnhnn mines per yd of front
3rd number = number of AP blost mines per yd of front
(2} Total mines include mines in strp plus {OE ond 10 percent sofety factor
(3} Cluster compasitan :n fOE - 1-2:2.
{4} Mine weights bosed on M1S, M16, and M14 mines
(S) Time required bosed on a foying rate of mines per hour per mon 1n on AT ond AP field

30. REPORTING AND RECORDING

a. Reports.

(1} Except for protective minefields, three reports ore required for every mine-
field laid. First is the report of intention to lay, which is made os soon as
it is decided ta instol] the minefield. The second repart is the initiotion

of laying ond is made when the laying unit is ready to begin.

report of the completion of laying.

Protective minefields require only the first ond third reports.

Third is the

All reports ore clossified SECRET.

‘The moxi-

mum length of o minefteld to be recorded on one form DA1355 is 550

meters.
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{2) In oddition, there is the written report of transfer mode to the relieving
c der by the c der of the unit responsible for the field when

the tronsfer of responsibility is effected.
(3) Also, there is o report mode to the next higher commonder immediotely
when friendly mines ore removed.

{4) Lostly, when ony chonges ore maode in a friendly minefield, o report is
sent by the commonder responsible for the mine field to-the heodquarters

which ordered the mines loid.

CROSS SECTION OF
BURIED MINE

SOD CUT IN
60 Cm CROSS

% CROSS SECTION
. OF BURIED MINE

Figure 48. Burying ond comoufloging mine
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Table 18. Logistica! Mine Dato Toble
Nate: Figuras in poranthasas indicata maximum laad within 100 percant everhead capebility and/er maximum velume ef cerge spece

Msno packaging dete
Nine | Weight No. of Woight | __Crote dimensiens, 1n K-35 2%-ton_carge truck (carge spoca: 147 by 88 by 60 in.)
. ef mines,
madel | P ate, por crate por No.of | He No.of T rorl ot Tatal
Ly | M crate, | Length | Wdh | Huight} e | camed | P02 nes | woight, tame
8, w/luzes 56 1525 |1 (825 |90078) |Flat 2(0) 70 (1,424) |252(498)
MTAY -] 50 172 wibuzes 7L 235 075 |es (700140 [Fler ' |20a | B4 (1680) |25(5)
Uncrated mines 13.13in diam . 3.25 ... [Flat 4 250 {264} [2.5(2.64)
M AT .| 200 [, w/luze & activeter | 31 135 | 135 | 375 |162(32){ Onend(flat{l (8) 162032 [251(4 9
2, w/huzo & octivator __| 60 1813 {16 | 9.75 _ [84(180) |Flot 2(4) 168 (320) _ [2.52(4.8)
Uncrated minee . 1313 diom |5 ... . |Flet{ion, 3 166 (09) 249 (313)
M1S 30.0 n gnd)
T w/fors & achivatar | 49 18 1513 | 7.5 [103 (200)[Flot 35 03 (200) (15304 9)
MI9AT | 280 |2 w/fuzes & ectivater | 80 1625|105 |16 3029 g 1O 126(250)  |2.52(5)
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Toble 18. Continved
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b. Records.
{1} The stondard minefield recard is a single printed sheet as shawn in the

2

samples in figures 49 and 50. A standard minefield recard farm is pre-
pared by the cammander af the laying unit, signed by him, and sent ta next
higher headquarters. It is clossified SECRET. The number af capies pre-
pared depends an the type af minefield and SOP. Narmally ane capy is
forwarded to higher headquarters. The SOP should pravide far dissemina-
tian af recards up, dawn, and laterally. Far this purpase, the recard is
photagraphically reproduced.

When changes are made ta a friendly minefield, o campletely new recard
must be prepared an the standard farm. It is marked REVISED.

(3) Baabytrapped areas are recarded as nuisance-type minefields.

31. MINE SYMBOLS

Type unknawn (D AT, activated II
Apers v AT, double ar multiple (@)
AT o Baabytraps é

32. LOGISTICAL DATA
See table 18.

Section if. Enemy Minefields

33. RECONNAISSANCE
a. Types.

(1) Ground recannaissance.

(2) Aerial recannaissance.

(3) Reconnaissonce by fire.

{a) Artillery, martor, ar racket.
(b) Bambing.

b. Recannaissance Patral,

(1) A minefield recannaissance patral should narmally camprise on experi-

(2

)

enced officer ar seniar NCO, faur ta six trained men, and a security ele-
ment armed with light autamatic weopons and grenades (fig. 51). .

Depending upan the patral’s mission and types of mines it may encaunter,
equipment may include campasses, wirecutters, prabes, mine detectors,
disarming implements (wires, safety pins, and the like), tape, and protec-
tive body armar. |f secrecy is nat essentiol, include prepared demalitian
charges, grapnels, light lines, ond similar means far mine remaval. Where
taxic chemical mines may be encauntered, take such equipment as protec-
tive clathing, first aid supplies, and decantominatian equipment.
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OFFICER OR

NCO IN CHARGE.
e

SECURITY /l’f

RELIEF DETECTOR MAR \

CARRIES SPARE
ELECTRIC DETECTOR

DETECTOR
MAN

MINE MARKER
AND TAPE LAYER

RESERVE AND
GETAWAY MAN

Figure 51. Minefield reconnaissance patral.

(3) Where recanncissonce is preliminory to breaching, the patrol records infar-
motion by o tope loid on the centerline af the path. Indicate location of
tripwires ar types of mines by knots tied on tape os follaws:

Type No. af knots
Apers mine 1
AT mine 2
Tripwire 3
New type mine 4
Toxic chemicol mine -1

34. REPORTING AND RECORDING

a. Reparting. Report ony knowledge or suspicion af the existence of an enemy
minefield to the next higher commonder immediotely. Oral or written, this report is
forworded ta division ond should include os much of the following information os is
obtoinoble:

{1) Locotion and apporent baundories of the enemy minefield.
{2) Byposses around the field, if ony.

(3) Type and density of mines.

(4) Potterns.

(5) Enemy defenses, fortifications, fire coverage, ond observotion.



A unit encountering on enemy minefield erects temporory worning signs, pending in-
stallatian of standord markings os prescribed in porogroph 280 for friendly rear oreo
minefields. A report is mode to the next higher headquorters whenever enemy mines
ore remaved.

b. Recerding. Use the stondord U.5. minefield record form when preporing a record
af on enemy fleld. This record contoins the identity of the unit preporing It ond is
identified ot the top by the words ENEMY MINEFIELD. Include o full description of
the morkings, o sketch or overlay showing locotion, ond other informotion os outlined
in porogroph 30b. Whenever odditionol information becomes ovalloble, onother record
is prepored ond submitted to higher heodquarters.

Section lll. Breaching end Clearing Operations
35. MINE DETECTION METHODS

a. VYisvol. Visual seorch is an importont method of locating mines. Experlence
with the mine hobits af an enemy is often of greot help in locating his mines. Likely
locotions are pointed out in FM 20-32.

b. Prebing. In this method, the eorth is penetroted with o sharp instrument such os
a mine probe, o bayonet, or o stiff wire, Probing is the best woy to lacote buried non-
metollic mines, porticularly the smollontipersonnel type similor to the M14. The
soldler moves on honds ond knees with sleeves rolled up to locate tripwires and
pressure prongs. .

c. Electricol Detection. When used in connection with visuol inspection ond prob-
ing, mine detectors {metallic ond nonmetallic) ore effective oids in locoting mines.
Both types of detectors, small-metals or nan-metallic, moy give a signal when items
other thon mines ore detected; experience in operating each type helps to determine
the charocteristics of the signol 1o be expected for eoch type of mine. For the saldier
ossigned fo this tosk, it is an exacting job and he must constontly watch far booby-
traps ond tripwires. Twenty minutes ot o time should be the moximum period for each
soldier. Operation of these detecting sets is fully covered in TM 11-210 and TM
59541,

d. Truck-mounted Detector Set. This is a jeep-mounted detector set (AN/VRS-2).
It has been designed to locate buried metollic AT ond AP leod mines. This device
moy be set to stop oll forward motion of the vehicle when a mine is detected. It can
detect on M6 AT mine buried 20-1/2 inches below the surfoce. It can detect over o
poth 6 feet wide.

36. METHODS OF BREACHING MINEFIELDS

o. Hasty ond Deliberate Methods. Breoching Is the use of ony meons ovailoble to
open o lone through a mined areo for the passoge of vehicles or personnel. It is
elther hasty or deliberate.
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(1) Hasty breaching roquires speed with o minimum of plonning.

(2

=
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Leoding
cambat uvnits must often cleor o mine-free lone. Speciol mechanical or
oxplosive devices, ortillery or aeriol bombordment,. or speciolly troined
teoms accomplish this. See table 19.

Deliberote breoching requires extensive plonning, and is normolly done
by engineers or ather trained personnel, supported by combined orms.
Deliberate breaching is usuolly mode in the following phoses:

(a) Reconnaissance.

(b) Plons and preparotions.

(c) Breoching and attack.

(d) Possoge of forces.

Table 19. Minefield Breaching/Clearance

Average Time and Materiel Requirements

Width of clecred Mon-hours
Method lane (in meters) reqd per 100 Remorks
meters

Manual
Locatian by probing . . | 1 (footpoth) 16 - 22 See nate.
Removal by rope or
explosives. . . . . . 3.65 (vehicle lane) 3B- 44 See note.
Locotian by detector,
assisted by prabing . . | 3.65 (vehicle lone) 27-33 Seo note.
Removal by rope or
explosives. . . . . . PJ 220 - 247 See note

Explosive

Demolition snakes, M3A1{ 2.75- 3.65 0.80 Employment time
only. 90 - 100 hrs
roqd for assembly
of M3A1.

Cable, ontipersannel, M1 | 1 (footpoth) 3.5-4.5 Cable, ontiperson-
nel, M, is not ef-
fective ogoinst
antitank mines.

Bangalore torpedo. . . [ 1 (footpoth) 3.5-45 See note.

NOTE: Bosed upon overage canditions of visibility ond moderate enemy octivity and
normol U.S. countermeasures; i.e. screening of enemy observation ond counter-battery

fires ogoinst hostile artillery or other weopons covering the field.




b. Explosive Mothads. Theuseofexplosives isthe easiest method ofremovingmines.
A half-pound demolition block or o hondful of plostic explosive, with o standord firing
ossembly, ploced on top of o mine will detanote mostmines. A detonating cord moy con-
nect o group of mines to firo thom simultaneously (fig. 52). In flat or gontly roll-
ing terroin, the domolition snoke is useful for deliberate breoching. This shoped-
chorge snoke (*'Diamond Lil'') is 120 meters long, weighs obout 10,000 pounds, and
contolns obout 2880 pounds of explosive. It will clear minesover anoreo 100 meters
long ond 3.5to4.5meterswide. It is pushed into a mined orec by o tank. The tank
then releases the snake, backs off, and detonotes it by firing mochinogun rounds into
o cop on the near end of tho snoke. For hosty os well os deliberoto brooching to
provido foot lones, the bongolare torpeda (fig. 53) ond the rocket-prapelled bongolare
torpedo (fig. 54) ore suitoble. The rocket propulsion kit for the bongalore torpedo
providos self-propulsion ond remote detonation to o train of bangolore torpodoes.
It will corry AP mines ond borbed wire to provide a footpath }4 meter wide for troops.
Both of these explosives ore described in TM 9-1946 ond TM 5-220.

Figure 52. Mines prepored for destruction in ploce with explosive and detonating cerd.
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OLIVE-DRAB COLOR
BOOSTER

CONNECTING SLEEVE

7
THREADED NOSE SLEEVE

CAP WELL

Figure 53. Bengelere torpede.

c. Mechenical Metheds. The term mechenical meens refers te use ef rellers,
plows, flails, er similer devices, pushed by ermcred vehicles.

d. Plateon Orgenizatien and Equipment fer Manuol Breaching. Table 20 end figure
55 shew the orgenizetion ef this pleteen end the eperetien eof e breeching perty,
respectively.

37. METHODS OF CLEARING MINEFIELDS

e. Intreductien. Te clear e mine field is to remove er destroy ell mines, enemy or
friendly, in the field. The metheds used in mine clearence ere similer te these in
breeching, but are mere deliberete end carefully epplied. Minefield recerds ere'used
to the meximum. Brush end ether cever in the minefield eree mey be removed by
burning.

b. By Prebing. Te clear small nenmetellic mines frem an enemy field or o friendly
field for which records ere unaveilable, the precedure described here is to be can-
sidered as guide enly. The platoon is used es the besic unit, end mines ere blown in
plece er remeved by rope.

(1) The pletoan is ergonized es shewn in teble 21. The clearing perties op-
erote os depicted in figure 56,

(2) The use of explesive s described in peregreph 36b.



{3) Rope removol is sofer thon removing mines by hond. See figure 57 for
illustrotions of this methad. Proceed as follows.

(o) Uncover top of mine.

(b) Attoch rope or wire ot leost 45 meters long fo mine.

{c) Moke sure oll personnel neorby hove token cover.

(d) Toke cover ot leost 45 meters from mine and pull it from hole. (Moke
sure the ploce of cover, such os o foxhole, is checked for enemy booby-
trops prior to this oction.)

() Wolt 30 seconds béfore opprooching mine.

{f) Recheck hole for odditionol mines.

Remove fuze or cut the firing choin.

=

(g
(h) Corry mine to o dump for disposol or reuse.

ROCKET MOTOR

ANCHOR CABLE

Figure 54. Rocket-propelled bangalore torpedo.
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Table 20. Platoan Organizatian and Equipment

.

far Manuol Breaching

Personnel Officer NCO EM Equipment

Officer in charge 1 ... .- Lensatic compass, map,
radio, and individual
weapon

Platoon sergeant R 1 -- Same as OIC, except no
radia

No. 1 breaching party - 1 7 2 portable detectors,

2 probes, mine markers,
marking tape or wire an
reels, safety pins,

clips, smooth wires
(18" lengths), %-Ib
blocks of explosive,
blasting caps, detonating
cord, safety fuze, fuze
lighters, crimpers, and
portable radic

No. 2 breaching party RS 1 7 Same as Na. 1 breaching
party

No. 3 breaching party BRI 1 7 Same as No. 1 breaching
party

Support party B 1 10 Same as No. 1 party, plus:|

sledges or mauls, ham-
mers, pliers, wirecutters,
2" by 4" stakes at

least &' long, individual
weapons, litters, lane-
marking signs, gauntlets,
barbed wire, stakes

and pickets.

TOTAL 1 5 31

NOTE: Under chemical warfare conditians, personnel require protective clothing
to include impregnated boots. Each individual will carry the protective
mask and protective glaves, ready for immediate donning, upon discovery
of a toxic chemical mine. Decontamination and specialized first aid equip-
ment should also be at hand.



Table 21. Platoon Organization and Equipment
for Manual Clearing

Personnef Officer NCO EM Equipment

Officer in charge 1 .- -- Map, lensatic compass,
portable radio, and all
available informatian
on mines in area.

No. 1 clearing party R 1 10 Mine probes, trocing tape
an reels, mine morkers,
grapnels, rope or wire

in 45 meters lengths,
45-cm lengths af 10-ond
16-gage wire, demolition
equipment, shovels or
entrenching tools, and
portoble radios

No. 2 clearing party R 1 10 Same as No. 1 ¢learing
party

No. 3 clearing party .- 1 10 Same as No. | c¢learing
party

Control party .. 1 2 Map, lensatic compass,

partable radio (2
preferably, 1 far platoon
and 1 fat campany net)

TOTAL 1 4 32

NOTE: Under chemical warfare conditians, personnel require protective clothing
to include impregnated boots. Each individual will carry the protective
mask and protective glaves, ready for immediate donning, vpon discovery
of a taxic chemical mine. Decontamination ond specialized first aid equip-
ment should also be at hand.

¢. By Use of Detactars.

(1) The plotoon is organized the some os for probing, except that each clear-
ing party has three electrical mine detectors and is reduced by one man.
The duties and procedures are basically the same as for probing.

(2) Figure 58 shows the clearing party in action, using electrical detectors.
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NO.! DETECTOR
OPERATOR

MINE MARKER (OR PROBER)
NO. 2

10 MINEMARKER
cM AND TAPE LAYER .
P rd
RYEC 2*
ALWAYS PAINTED p
WHITE

Figure 55. Minefield-breaching party. Men are numbered only to indicate theit entry

into the field.
o
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Figure 56. Number 1 clearing party in aperaticn.



57. Using A-frome to remove minel.

Figure

L BETWEEN DETECTOR

THE 25-PACE INTERVA

PARTIES PREVENTS ELECTRICAL INTERFERENCE

BETWEEN DETECTORS AND HELPS TO o —’:.K

REDUCE CASUALTIES FROM . / -\j.,\
/ DE

MINES.

DETECTOR MAN
SWEEPS 25M
OF FRONTAGE

-
- = //

Figure 58. Clearing party using electrical detectors.
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CHAPTER 4
FIELD FORTIFICATIONS

Section I. Loyout and Methods
38. PRIORITY OF TASKS

Many af the jabs invalved in preparing a defensive pasitian are carried an cancur-
rently, but same will be executed in priarity. The cammander, therefare, specifies
the sequence far the preparatian af the positian and any special precautians ta be
taken regarding comauflage. The following is a recammended sequence.

a. Establishing security.
b. Pasitianing weapans.

c. Clearing fields af fire, remaving abjects, masking abservation and determining
ranges ta prabable target lacatians.

d. Praviding far signal cammunicatians and abservatian systems.
o. Laying minefields and preparing impartant demalitians.

f. Preparing weapans emplacements and individual pasitians ta include averhead
‘caver, and camauflaging them cancurrently.

g Preparing abstacles {ather than minefields) and less vital demalitians.

h. Preparing rautes far mavement and for supply and evacuatian.

i. Preparing alternate and supplementary pasitians.

j. Preparing CBR pratective shelters as required.

k. Preparing deceptive installatians in accardance with deceptive plans af higher
headquarters.
39. CLEARING FIELDS OF FIRE
In all cases, when preparing defensive pasitians far expected cantact with the enemy,

suitable fields are cleared ta the frant af each pasitian. The fallawing principles are
abserved:

a. Principles. Da not disclose friendly pasitians by careless ar excessive
clearing.

{1) When arganizing for clase defense, start clearing near the FEBA and wark
farward at least 100 meters.

{2) Leave a thin, natural screen ta hide defensive positians.

(3) In sparsely waaded areas, remave lawer branches of large scattered trees,
ar remave ontire trees which might be used as reference paints.

(4) Da nat campletely clear fields af fire in heavily wooded areas. Thin dawn
the undergrawth, remave lawer branches af trees, and clear narraw lanes af



fire for outamatic woupoﬁs.
(5) Remave ar thin aut thick brush.
(6) Remave hay ar grain craps by mowing.
(7) Dragaway cut brush.

b. Manhours Required. The manhaurs required ta clear 100 square meters are tab-
ulated in table 22.

Table 22. Manhaurs Required 1o Clear 100 Square Meters

Descriptian of clearing Taals used Manhours required*

Medium clearing: Saws, axes 5
Clearing undergrawth
ond trees less thon
12" in dicmeter

Light clearing: Axes, brush- 25
Clearing small haaks, machetes,
brush ond hatchets

* Figures are for daylight; for wark ot night, increase labor by 50 percent

40. EXCAVATION

a. Time ond Labor for Canstructing Entrenchments. Infarmation is presented in
table 23.

Table 23. Time and Labar far Canstructing Entrenchments!
] 2 3 4
Excava- No. of Aporaxi-
) Type of emplacement tion men mote time,
cu meters working h
2| Crawl trench (per linear meter) 0.5 3 %
Standard trench (per linear
meter) 1.5 3 2/3
4| Prane emplacement 0.7 1 1
5| 1-man foxhale 1 1 2
6| 2-mon foxhale 1.8 2 jb)

Yhen ditching machines are used for excavating, use the following dato:
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a. Width of cut 0.6 meter.
b. Moximum depth of cut 1.8 meters

c. Excavotion rote up to 24 lineor metersperminute, depending on the type af

soil ond depth of cut.

d. For general plonning, use 0.5 cubic meters of earth removal per minute in soil

of medium hardness.

e. For high- speed ditching mochine, the excovation rate is 3.6 to 6.1 lineor

meters per minute of o depth of 1.8 meters.

2T'lme pertoins to average, unfrozen soil.

b. Excovatian ond Comoufloge Dota for Emplacements.

This doto is presented in

table 24.
Table 24. Excovotion ond Comauflage Data
1 2 3 4 5
Area to be E Manhaurs
Type of camay- x.ﬂ"u' required to
1 Weopon emploce- flaged, tian, canstruct in
ment meters cu meters medium soil*
2| Rifle, US, col 7.62-mm,
M14 Foxhole Ix3 1 2
3| Rifle, 7.62-mm, M14M { Foxhole Ix3 1 2
4] Louncher, rocket, Pit 1.5x 15 1.5 2
3.5-in 2 Foxhole 4.5x45 27 4
5{Machinegun, 7.62-mm |Horseshoe 4.5x45 3.5 7
2 foxhole 4.5x45 2.0 4
6| Mortor, 81-mm, on
mount Pit 48 x4.8 3 6
7| Rifle, 106-mm, jeep-
mounted Pit 9.7'x 6.1 11 30

*Figures ore for daylight; for work ot night, increase lobor by 50 percent. Time pertains

to overoge, unfrozen soil.

41. INTRENCHMENTS AND EMPLACEMENTS

a. Stondord Types. These types meet the follawing requirements:

(1) Permit each individual or each weopons crew to occomplish ossigned fire

missions.




(2) Be simple and easlly constructed.

{3) Pravide maximum pratection with minimum time and labar.
(4) Be camauflaged and cancealed.

(5) Pravide protectian against mechanized attack.

(6) Pravide protectian against nuclear attack.

Mustratians aof these intrenchments and emplacements are in figures 59 thraugh 65.

//X’}/\

.3M WIDE
ELBOW REST

PRI
Ty L .
bt PARAPET WITH

TOPSOIL AND
VEGETATION
REPLACED
OVER SPOIL
FIRING STEP

WATER SUMP WITM
{0° SLANT TOWARD

GRENADE SUMP GRENADE SUMP .5M LONG

AND AT A 30° ANGLE
Figure 59. Open one-man foxhole.
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b. Retoining-Wall Type Revetments. This type of revetment is used in relatively
unstoble soils. The harizantal loyers af the wall are tied together sa that the woll
acts as o structurol unit without any sliding of one part upon another. This type af
revetment (fig. 66) may be constructed of sandbogs, sad blocks, ond various expedi-
ents as described below. The methods af building each of the types of this revetment
ore os follaws:

(1) Sandbags ore useful for temporory revetments. Loy them os fallows:
(a) Fill ta three-fourths of full copacity.

(b) Place o dauble raw af alternote headers ond stretchers as shown in

figure 66.

(c}) About 340 sandbags are ploced per 100 squore meters of revetted
surface.

(d) Stabilize bogs by filling them with 1 part cement ta 10 parts dry earth;

in a sand-gravel mixture, increase ratio to 1 to 6.
(e} Tuck in bottom corner of bags ofter filling.
(f) Slope the wall taward revetted foce at slope of 3 or 4 ta 1.

(g) With stobilized sondbogs the foundation shauld be about 15 centimeters
below floor level.

(h) Ploce bags perpendicular to slope.

(i} All bags on bottom row ore ploced as heoders (fig. 86).

(i) Alternate intermediate rows as heclers and stretchers. .
(k) Toprow is af heoders.

(1) Ploce slde seoms and choked ends on inside.

(2) Sod blocks of thick sod with good .cats provide sotisfactory revetting
moteriol. Cut sad blacks into 20-by 45-centimeter sections ond loy them
flot, using the olternate stretcher-method os with sondbogs((1) above). Lay
sod grass-to-grass and soil-to-soil, except for the top loyer which is
ploced with grass upword for comauilage purposes. Drive two woaden
pegs through eoch section of every layer os it is completed. Loy this sad
revetment ot a slope of 3to 1.

(3) Expedients may be used, such as ice blocks in cald weother. They ore
stacked the same as sandbags or sod. Woter is run over them ta bind by
freezing. Another expedient is earth-filled packing coses or ammunition
boxes, which are placed in position and nailed to the loyer below. The
boxes ore then filled with eorth or rock. In wooded areas, small timber
moy be used os revetting materiol.

~



Figure 60. Open two-men foxhole.

c. Fecing Type. This type of revetment serves mainly te pretect revetted sur-
feces from weether and domege ceused by occupetion. The sails must be stebie
enaugh ta sustein their weight. This revetment cansists aof fecing (revetting) mete-
riel and suppart which hald this materiel in plece (fig. 67). The tap of the facing is
set belaw ground level so thet the revetting Is nat domoged by tanks crassing the
emplacement.
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(1) Materiols used in focing moy be mode of brushwood bundles, continuous

brush, pole ond dimensioned timbers, corrugoted metol, or burlap ond
chicken wire. Construction methads of each type are described in (3)
below.

(2) Methods of support include:

(o) Timber frames af dimensioned timber (fig. 68) are built to fit the bottom

ond sides af the positian and hold the focing materiol apart. This In-
sures that the excavoted width remains stoble.

(b) Plckets ore driven into the ground on the position side of the focing

material ond held tightly against the focing by bracing the pickets aport.

{3) Methods of constructing focing type revetments are:

(a) The size of pickets depends upon the sail type and the kind of facing

material, but the pickets should not be smaller than 7.6 centimeters in
diameter. Moximum spacing between pickets should be 1.8 meters. The
U-shoped pickets used for barbed wire are excellont for revetting.
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Figure 61. Two-mon foxhole with holf cover and odjaining shelter.



Pickets ore driven at leost 0.45 meters into the floor of the position.
Where the pickets ore anchored ot the top, proceed os shown in figure
68, Alternote onchors are staggered ond at leost .61 meters farther
bock.

A brushwood bundle (hurdle) is a woven revetment unit usuvally 1.8
meters long and of required height. Figure 69 shows haw to build the
fromework. When completed, the 1.8-meter lengths ore pulled up and
carrled ta their position.

(b

(c) A contlnuous brushwoad revetment is built in place. Detoils ore pic-
tured in figure 70.

(d) The pale revetment is similor ta the continuaus brush revetment, except
that a layer of small harizontal round poles cut to woll lengthisused.

if ovailoble, boards or plonks ore used.

Figure 2. Plain view ond cross-section of pit type emplocement far caliber
.30 mochinegun.
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ROCKET LAUNCHER
EMPLACEMENT WITH
CONNECTING TRENCH

1L2M

DIMENSIONS AS FOR
STANDARD HALF COVERED
TWO MAN FOXHOLE WITH
ADJOINING SHELTER

ROCKET
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EMPLACEMENT
WITH ADJDIN-
ING FDXHDLE-
SHELTER COM-
BINATION

Figure 65. Racket launcher emplacement.
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Figure 68. Methad of anchoring pickets.

(8) Corrugoted metal sheets ar pierced steel plonk ore strong, durable, and
are rapidly installed. They may be used for any height or length of
revetment. Smear metal surfaces with mud ta eliminote possible reflec-
tion af thermol radiatian and to aid comoufloge.

d. Specialized Types. Specialized types of intrenchments ond emplacements moy
be developed progressively fram the standard types described obove (o through c).
These ore needed when operatians demand a perimeter defense. Features such os
overhead cover and grenade sumps may be used to protect personnel.

e. Minefields. In constructing field fartifications ond the obstacles assoclated
with them, minefields not only present on impediment ta the odvonce of the enemy,
but can inflict casualties. Minefields change fovorable terroin to unfovoroble terroin
ond moteriolly strengthen the defense system. See chapter 3 for informotion on mines
and minefields.



Figure 69. Moking a brushwood hurdle.
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Figure 70. Continuous brushwood revetment.
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Table 25. HMatenal Thieh n s Needed for P Agoinst Direct Hits by Direct-Fire Weapans
Smali-amms T
ond Antitank
hine-g; nile 20-mm, 37-mm 50-mm 75-mm 88-mm.
Moterial (792mm ) [(7 92.mm ) | antitank ontitank | ontitonk | direct fice, | direct fire, Remarks
fire at fire at fire ot fire ot fire at 0 to 500 to
Wom! | 100m 200m 400 m. 400m | 1000m | 1000m.
Sohd walts.2
Brick masanry. 45 60 76 152
Concrete, not rem(urced"‘ 30 45 £0 107 120 137 198 Plain, formed-concrete wolls.
Cancrete, reinforced . 15 30 45 %0 107 120 198 Structurolly renlorced
Stane mosanry 30 45 76 107 137 152 «ewseeee [These ligures can be taken as
guides only
Woad &0 90 120 These figures can be token as
guides anly.
Timber 90 152 These figures can be token os
guides only
Wolls ol loase moterial
pocked between boards’ 2
Brick rubble . ] 60 76 152 180
Clay, dry. 90 120 Add 100 % 1f wet
Loom, dry &0 90 120 Add 50% if wet.
Gravel or small crushed
rock . 30 60 76 152 180
Sond, dry 30 €0 76 152 180 Add 100% 1§ wet.
Sondbags filled with;
Brick rubble . . 51 76 7 152 178 e
Cloy, dry 02 %2 Add 100% 1f wet.
Loom, dry . 76 127 152 Add 50% if wet
Cancrete, gravel or
small crushed rack 51 76 76 152 178
Sand, dry 51 76 7 152 178 Add 100 % +f wet.
Loose pﬂvae‘s of:2
Cloy. - 107 152 Add 100 % of wet
Laam . 90 120 152 Add 505 1l wet
Sand 60 % 120 Add 100% of wet

NOTE Protective thicknesses qlven are far o single shaf only (except ) Where direct fire weapons ore able ta get five or six hits in the some areq,

the required pr
10ne burst of five shots

2 Thicknesses given to nearest 15 em

3For 3,000 psi concrete.

[H

pol

ly twice

thot indicated
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42. PROTECTION AGAINST SHELLS AND BOMBS

a. Prefabrication. Items adepted ta prefabrication include stonderd frames, stond-
ord sheathing, members for empiacements of post-cop c tion, and bers for
modular shelter sections. Plonning for this type of operetion begins with o study of
the work to be dane and the meons avoiloble. Drowings are made, showing cuts to be
made on eech member ond the finished dimensions. Further detoils moy be reod in

EM 5-15.

b. Protection Against Direct-Fire Weapans. The thickness of cover needed for
pratection ogoinst direct hits by direct-fire weepons is tabuleted in toble 25.

Table 26. Material Thicknesses in Centimeters Needed Agoinst Projectiles
and Bombs Exploding 15 Meters Away

High-explasive shells
Material ond rockets Generel-purpose bombs
75-mm | 105-mm 155-mm | 100-ib | 250-ib | 500-1b 11,000-1b

Solid Walls:

Brick masonry. 10 15 20 20 25 a3 43

Concrete, ploin 10 13 15 20 25 38 46

Cancrete, rein-

forced. . . . 8 10 13 18 23 k1] 8

Timber. . . . 20 25 3 38 46 60 76
Walls of loose

moterial bet-

ween boords:

Brick rubble. . 23 25 30 45 0 n 76

Gravel, smoll

stones. . . . 23 25 k1] 45 60 n 76

Eorthl. . . .| 38 45 60 60 | 76
Sandbags filled

with:

Brick rubble. . 25 25 50 50 50 76 100

Gravel, smell

stones. . . . 25 25 50 50 50 76 100

Sand! ... .1 25 25 50 16 | 716 100 | 100

Earth! . . . . 50 | 0 76 76 | 100 00| 127
Poropets of‘.2

Sand! .. .. 30 45 1 6 60 | 90 % | 120

Eorth! . . . .| 60 90 120 90 | 120 152 ) -

1 Figures based on dry meterial. f wet materiol, double figures.
2 Figures given to neorest 15 cm.
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c. Protection Against Projectiles and Bombs Exploding 15 Meters Awoy. See
table 26.

d. Protection Again st Nuclear W eapons.

(1) Personnel need protection agoinst the effects of blast, nuclear rodiation,
ond thermal radiation. Although such notural shelters os caves, mines,
ond tunnels may be used by troops os protection ogoinst nuclear weopons,
the information here is confined to artificiol shelters of both the surface
and subsurfoce types. Whotever type is used in o porticular situotion de-
pends upon the charocter of the ground, the protection required, and the
moterials ovailable.

(2) Surface shelters should be of smoll capocity (2 to 12 men) and well dis-
persed.

(o) Wooden shelters are not a good protection against nucleor blast. The
fire hazard is an important considerotion. Against initial and residuol
rodiation the tronsmission factors hove been determined as follows:

Eorth cover Initiol gammo, Residual,

thickness, m roentgens roentgens
0.45 0.20 0.02

0.75 0.08 0.009

1.0 0.04 0.004

Neutron tronsmission factors are about the same as, or slightly less
thon, prompt gammo tronsmission foctors.

(b,

Metal surface shelters are superior to wooden because they ore usuolly
orched ond more ropidly erected. Compore the doto below for metol sur-
face shelters with thot in (o) obove for wooden shelters.

Earth cover Initiol gammo, Residual,
thickness, m roentgens roentgens
0.45 0.10 0.015
075 0.07 0.004
1.0 0.03 0.003

(3) Subsurfoce shelters provide better protection; they are not subjected so
much to blost effects. Protection ogoinst rodiotion is olso improved be-
cause of the surrounding eorth.

(4) Cut and cover shelters ore found most commonly in a forword area. Their
protection depends on the construction, thickness, ond overhead cover.
These shelters ore suitoble for command posts and aid stotions.

(5

Cave shelters ore mode below the surfoce by mining methods. They ore
effective protection and require the leost materiol, olthough they consume
much time to build and troops may be tropped in them,



{6) Safe distances for complete protection afforded by vorious shelters withaut
cover from a nuclear explosion whose explosive force is equol to 20,000
tons af TNT ore given in toble 27. The distances shawn ore meosured
along the ground from the point directly under the burst of a nuclear de-
vice. |t is assumed that the bomb is burst at a height of 760 meters obove
the ground on a cleor day. When the explosion is greoter than 20 KT, far
exomple 30 KT, the following factors ore used todetermine sofe distances:

3’ KT multiplied by distonces in toble 27.
0

{7) In the cbsence of fortificotions with overheod cover the best ond quickest
protection for the individuol is the one-mon standing foxhale (fig. 71).
With cover, the effectiveness ogoinst gommo rodiations depends moinly
upon the density ond thickness of the covering material.

Toble 27. Sofe Distances from 20-KT Explosion

Stondinginopen. . ... ..., ... ..., 4000 moters
Lying flotinopen. .. .. ..o iiiinennnnnnn. 2700 meters
Lyingbehindlow woll . . ... .. ... ... oL, 1600 meters
Lying behind small hild . .. ... ... . .o L., 1150 meters
Lyinginditeh. . ...ttt iiienennn 1150 meters
Lyinginculvert. .. ... . . . i, 900 meters
Ordinory faxhole. .. .. ... ..o, 900 meters

50cm
MiNIMUM

Figure 71. Foxhale protection from nucleor blosts.
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Section ll. Wire Obstacles
43. ESTIMATING BARBED WIRE REQUIREMENTS

When the length af frant is taken as the straight-line distance between limiting
paints, the rules are:

a. Tactical Wire. Length af tactical wire entanglement is 1% times the length of
front, regardless af the size af the unit invalved.

b. Pratective Wire. Length aof pratective wire entanglement is 5 times the length
af the frant being defended. Because pratective wire encircles each plataon area,
the pratective wire far units is 2% times the averoge plataan frantage, times the
number af plataans.

c. Suppl y Wire. Suppl y wire in frant af the FEBA breaks up the

line of tactical entanglements. It is 1Y% times the unit's frantage. Behind the FEBA,
the length af supplementary wire is abaut equal ta 2% times the distance fram the
FEBA ta the rearmast reserve unit.

44, WIRE ENTANGLEMENT MATERIALS

See table 28.
Table 28. Wire Entanglement Materials
Approx Approx | Na. car.] Approx weight
Material weight, tength, |ried by | af man-laad,
Kg M 1 man Kg
Reel 47.5 366 Y 24
Babbin 3.5-4.0 27.5 4-6 14.524.5
Standard barbed-wire concertina 25 15.2 1 25
Expedient barbed-wire cancertina 13.5 6.1 1 13.5
Screw Long 4 1.6 4 16.3
pickets  Medium 27 0.81 | 6 16.3
Shart 1.8 0.53 8 14.5
Extra Lang 7.25 24 3-4 21.8-9.0
U-shaped Lang 4.5 1.5 4 18.1
pickets Medium 27 0.81 6 16.3
Shart 1.8 0.61 8 14.5
Extra Lang 7.7-10.5 213 2 15.4-20.8
w“d':ickm Lang 547.25 | 1.5 3 | w327
Short 1.4-27 0.75 8 11.0-21.7




45. MATERIAL AND LABOR REQUIRED
a. See toble 29.

b. For a somple estimate of moteriol and lobor required to organize o given de-
fensive position, see FM 5-15.

46. ORGANIZATION OF CREWS

o. Operations. In the erection of triple-belt stondard concerting in units of 300
meters or less, a 300-meter sectian is o plotoan job normolly requiring less than 1
hour. There are two operctions, os expressed belaw. Eoch graup comprises obout
ane-third of the plotoan.

(1} For the first operotion, one group lays out dll pickets, one installs oll
pickets, and one loys aut all concertino rolls. The front-row long pickets
ore laid out at 4-meter intervols. Then the reor-row long pickets are laid
out 1 meter to the reor ond opposite to the center of intervol between the
frant-row long pickets. At each end of each line on anchar picket is laid
out 1.5 meters from the end long picket. The second group instolls the
pickets along the front row first. The third graup Joys out the concertinas
alang the rows of pickets. One roll is placed ot the third picket in the
front row, and one ot every fourth picket thereafter. There are 16 staples
for eoch front-row concertino. Two rolls ore ploced in the second row at
the third picket, ond two ot every fourth picket thereafter.

(2) As they complete the first operatian oll men ore argonized in_ four-man
parties toopen and install the concertinos, beginning ot the head of the
fence. The sequence of this task is shawn in figure 72. It proceeds os
fallows:

(o) Open the front.row concertinos in front of the double line af pickets
ond the ather twa in its reor.

(b

=

Lift each frant-raw concertino and drop it over the long pickets, then
jain the concertina ends os shown in figure 73.

(c) Fosten the battom of the concertino to the ground by driving o staple
over soch poir of end hoops, and one over the battam af o coil at each
fong picket, ond one at the one-holf ond one-quarter points of the 4-
meter picket spacing.

d

-

Stretch a barbed-wire strand tightly through inside the concertino in
order to assist in supparting the concertino coils.

(e

-

Instoll the rear-row concertina ond stretch o horizontal wire along the
tops of the reor row of pickets.

{f

Instoll the cancertino 1n the top row {fig. 72), fostening the end hoops of
15.2-meter sections with plain steel wire ties. Begin this row at o point
between the ends of the front and reor of the lower rows.
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Table 29. Material and Labar Requirements far 300-meter Sectians
aof Variaus Barbed-Wire Entanglements

Kys of |Man-haurs
Pickets Barbed materials | to erect
wite, na.{ Na. of per lin m {300 m of
Type af entanglement Extra Me- of 400 m,| concer-{Staples | of entongle-
lang |Lang | dium |Shart|47.5-Kq | tinas entongle-| ment
reels ment
Dauble-apran, 4- and 2-pace | - 100 § - 200 | 14-15 4.9 59
Dauble-apran, 6- and 3-pace | - 66 | - 132 [13-14 35 49
High wire (less guy wires) - 198 | - - 17-19 5.9 79
Law wire, 4- and 2-pace - - |T00 200 n 3.7 49
4-strand fence . 100 | - 2| 5-6 . - 1.9 20
Dauble expedient cancertina| - 101 | - 4 3 100 295 6.9 40
Triple expedient cancerttna | 51 | 101 | - 7 4 148 295 10.4 99
Triple stondard cancertina - 160 | - 4 3 59 317 7.9 30

1 Lawer number of reels applies when screw pickets ar e used; high number when U-shaped pickets are
used. Add difference between the twa ta the higher number when woad pickets are used.

2 Average weight when ony issue metal pickets ore used.

3With the exceptian of the triple-standard cancertinas, man-haurs are based an the use af screw pickets.
When driven pickets ore used, odd 20 percent to mon-hours. With experienced troaps, reduce mon-haurs
by ane-third. Increase man-haurs by 50 percent far night wark.

4 Based an cancertinas being made up tn rear areas and ready far issue. One expedient cancertinaapens
to 6-meter length, as compared with 15 meters far a standord concerting; it requires 92 meters of stand-
ord barbed wire, olsa small quantities af Na. 16 smoath wire far ties.
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(g) Rack the top concertino to the reor horizontol wire at points halfwoy be-
tween the long pickets.

b. Erection of 4. ond 2-Pace Dauble-Apron Fence in Units of 300 meters or Less.
There ore two types of double-apron fence, the 4- ond 2-poce, ond the 6- and 3-poce.
The former is the better obstocle and more commaniy used. Set the center pickets 4
poces oport ond the onchor pickets 2 paces from the line of the center pickets in posi-
tions shown in figure 74. The construction of a 300-meter sectian of either type of
double-apron fence is o platoon (36 men) tosk normolly requiring 1% hours. There ore
two operatians: laying out and instolling pickets, ond instolling wire. The second
operotion begins os men become ovailoble.

(1) In the first operation, the working porty is divided into three groups of
about equol size. One group lays out the long pickets olong the centerline
of the fence ot 4-pace (3-meter) intervais on the spot where they wlii be
instolled. Anather group ploces the onchor pickets, positioned 2 poces
(1.5 meters) eoch way from the centerline. The third group installs all
pickets, ond is helped by other members of the first and second groups os
they finish loying out the pickets.

(2) As the groups complete the first operotion, they begin instailing wire.
Wires ore instolled in the order given in figures 74 ond 75. The men ore
divided inta 2- or 4-mon groups ond praceed ta instoil the wires in numeri-
col order os follows:

(o) The No. 1 wire is the diogonol wire on the enemy side ond is fostened
by o top-eye tie ta all pickets ar by the post tie if expedient pickets
are used.

(b) The Na. 2 wire is the tripwire on the enemy side. It is secured to both
diagonols just above the anchor picket with the apron tie. It should be
tight and within o few inches of the graund.

(c) No. 3is an apron wire on the enemy side. Secure it to the flrst diaganol
wire (No. 1), to eoch olternote diagonol, ond then to the last diogonal
wire. No. 4 wire is also on opron wire on the enemy side. it is secured
to No. 1 wire, ta the diogonal wires to which No. 3 is not tied, and then
to the last diogonal wire.

(d) No. 5 wire is not storted from the end onchor picket, but ot the first long
picket. |t is secured with the intermediote eye tie or with the post tie if
expedient pickets ore used.

(e) Nos. 6, 7 ond 8 wires complete the center portion, ond ore secured to fht;
long pickets. These wires form the backbone of the fence.

(f) No. 9 is the diagonal opron wire on the friendly side of the fence ond is
secured to all pickets. Nos. 10 ond 11 are apron wires, ond No. 12 is
the tripwire on the friendly side. No. 12 is instolled in the same way os
No. 2 wire.
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T < INSTALL FRONT ROW
- \ AND HORIZONTAL WIRE

INSTALL BACK ROW
AND HORIZONTAL WIRE

INSTALL TOP ROW
AND RACK TO REAR
HORIZONTAL WIRE

Figure 72. Installing concertinas.
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PLACE BOTTOM PORTION OF PLACE BOTH BOTTOM AND
FIRST COIL OVER PICKET TOP PORTION OF SECOND

PLACE TOP PORTION OF
FIRST COIL OVER PICKET

Figure 7). Joining cancertinas.

101



102

T enemy

2 PACES S 9 o REARSE—9 10

1.5m 7" APRON 2 1"
S === AW

PLAN
NOTE,
AS_YOU FACE ENEMY,
EYES OF PICKETS
FACE TO RIGHT.
ENEMY

e

ENEMY

LONG
PICKET

LEGEND

1-2-3-4 ETC INDICATES
ORDER OF ERECTING WIRE

ANCHOR PICKET
AT EACH END
\, OF FENCE

ISOMETRIC VIEW

Figure 74. Double-apron fence.
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Figure 75. Sequence
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c. Low Wire Fence. This is iike o 4- ond 2-poce dauble opron fenco, except thot
medium pickets instead of long pickets ore used in the centerline (fig. 76). The Nos.
5, 6, and 7 wires ore not used, which rosuits in oll apron and diogonol wires being
much closer ta the ground. Being lgw to the ground, this obstocle is easiiy hidden
in toil gross ar shailow woter. For best results, it should be used in depth.

d. Four.Strand Cattie Fence. This is the four-strond center section of a double-
apron fence. In farm country, such on obstocle blends with the iondscope. Wooden
pickots at 2- to 4-poce intervais ore set up. |f guy wires ore used, they shovid be
odded seporately when estimoting becouso this moteriol is not included in the amounts
listed in toble 29.

(1) Use eight men on short sections of this fonce. On 300-meter sections, use
up to 17 men.

{2) In the first operotion the working porty is divided inta two opproximotely
equol groups. The first group loys out long pickets ot 3-meter intervols.
It begins ond ends the section with on anchor picket, including anchor
pickets for guys, if needed. The secand group instalis the pickets.

(3

<

As eoch mon campletes the first operotion, he moves to the fence. Thsse
teoms of two ar four men are orgonized to instoil wires® In four-mon
teams, two men corry the roei, ond two make ties and tighten the wiro. In
the two-mon teoms, the wire is unrolied for 50 to 100 meters, then tho mon
moke the ties. The first toom instails the bottom wire, ond succeeding
teams Insfoli the next wires in arder.

e. Combination Bands. Mony types of fences may be combined in bands to form
obstocles mare difficult to breach than single belts. Several types of effoctive com-
binotion bonds ore shown in figure 77. Other voriotions moy bo readily developsd.

f. Portable Borbed-Wire Obstacles. Standord concertinos ore in this category be-
couse they ore reodily moved. Other portoblo borbed-wire obstocios ore:

(1) Spirals of loose wire are used to fili open spoces in ond betwoen wire
entonglements. Prepore them by driving four 1-meter posts into the ground
to form o diomond 1 moter by .5 meter. Wind 75 meters of wire oround
them from bottom ta top. Remove wire from the frome, tie it ot tho quorter
points, then bond them to the site where they ore opened ond usod.

(2

>~

The knife rest (fig. 78) is o portable wooden or metol frome strung with
borbed wire. it is about 4.5 meters iong ond 1.2 meters high. |t must be
securoly fixod in position.

(3

&

Right after a defensive position is occupied and bofore protective wire is
erocted, trip wires shouid be ploced just outside of grenado ronge {obout
30 or 40 meters). Stretch the wires obout 25 centimetors obove the ground
ond stretch on pickots ot 1.5-meter intervois. Conceol them in long gross,
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Figure 76. Low wire fence.
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Figure 77. Combination bands of wire obstacles.
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an the side at a path, ar at the edge ot a field. Ploce them in depth in an
irregular pattern.

{4) Tanglefoot Is used where cancealment is needed (fig. 79). Use it In a
minimum depth of 9 meters. Place pickets at irregular intervals af fram
.75 ta 3 meters. Height af the barbed wire varies fram .25 ta .75 meters.
Slte this wire in scrub, if possible. Use bushes as supports far port of the
wire and shart pickets in apen graund.

(5

<

The trestle apran fence (fig. 80) has Inclined crosspleces spaced at 4.8-

6-meter intervals ta carry wires an the enemy side.

TENSION WIRE

END VIEW

SIDE VIEW PLAN VIEW

Figure 80. Trestle apran fence.



CHAPTER 5
BRIDGING

Section [. Marking of Bridges and Vehicles
47. MARKING OF BRIDGES
a. Classification.

{1) Tha class number af a bridge reprasants the safa laad-carrying capocity
af a single-lana bridga, ar tha singla lana of a mulllane bridga under
narmal crossing conditians. The bridge class number may ba a singla
class numbar, which will parmit either a whaaled ar trackad vahicle ta
crass if the vahicla class number is aqual to or'less than the bridge class
*numbar. The bridge class numbar may ba a dual class number, which in-
dicatas ane narmal class number for whealad vahicles and onathar narmal
class number for trackad vehiclas. Dual classification may ba used far
bridgas with a capacity graatar than Class 30. Duadl class numbars are
writtan {70)/50, (80)/60, {50)/70, and sa an, with tha whealed class num-
bar always in'parenthasas abova tha tracked vehiclas class number. , :

{2) Tha normol class number is tha largast bridge class number {singla ar
dual) which permits the narmal crassing of vehicles whasa vehicla class
numbers ora aqual to ar lass than tha bridga class numbar.

{3) A spacial class numbar represants the laad-carrying capacity of a bridga
under spacial crassing conditians. Thasa numbers are nat posted an stand-
ard bridge marking signs, but an supplementary signs.

{4) Width requirements. Sea table 30.

Table 30.;Bridge Width Requirements

Bridge class 4-12 13-30 31-60 é1- 100
One-lana width 9'0" 1'o” 132" 14'9"
Two-lane width 18'0" 18'0"" 24'0" 27'0"

b. Bridge Signs.

(1) Far prefabricated bridgas and ferries, bridga signs indicata the class
number given in saveral technical manuals. For bridges fixed in placa
ar far nanstondard fixad bridgas designad in tha fiald, bridge signs shall
indicate tha class numbar.

(2

=

All single-lona bridge signs cre a minimum af 16 inchas in diomatar. Far
multilana and dual class bridgas, tha signs are at least 20 inchas in dlam-
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eter. Numerals are black on a yellow backgraund, with o black border 1%
inches wide (fig. 81).

A multilone bridge has o raadway wide enaugh te carry at least twa lanes
of traffic simultaneously. If each lane has the some class, the signs are
the same as for single-lane bridges. If the lones are of different classes,
each lane has o closs sign (fig. 82), Two-lane bridges may carry o combi-

ERICLES ABOVE %
auss 40 use BE
INSIOE LAKE (5

" WARNING SIGN FOR !
TRAFFIC CONTROL
B YLK EWP ST e

Figure 82. Multilone bridge sign.
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nation circular sign {fig. 83), which gives the normal two-way classification
on the left and the computed, one-way classification on the right.

Duol classification is used for bridges with o capacity greater thon closs
30. Two numbers are then shown on the sign: the upper one for wheelod
vehicles, and the lower one for tracked vehicles (fig. 83). Dual-class two-
lane bridges may carry a combination of dual class and combination circu-
lar closs signs (fig. 84),

c. Traffic Contrel. To expedite passage of vehicles and to prevent domage to the
bridge, rigid control of bridge traffic must be maintained. This Is done by the follow-
ing conttol meosures:

m

A traffic park is set up where vehicles con be halted and dispersed s0 as
to avoid congestion.

30 | 40 ) (#=m10

it/ \a==bl

2

(3

4

TWO-LANE DUAL

Figure 83. Typical bridge class signs.

A turnout is an area used for vehicles to turn off the road and out of the
line of traffic. It is meant primarily for vehicles having mechenical trou-
bles, but it can be used as a limited traffic park.

Telltales are provided for bridges having overhead framing, trolley wires,
or other fectures which limit overhead clearance (fig. 85).

A nommol crossing is defined as one in which the vehicle class number is
equal to or less than the bridge classification number, where vehicles
maintain 30-yard gaps, and where speed is restricted to 25 miles per hour
ond sudden stopping or accelerotion is forbidden on flodting bridges.

Special crossings are authorized by the theater commander or local clvil
authorities under exceptional operating conditions In the field to permit o
vehicle to cross a bridge, or other crossing means, whose class number is

m



Figuro 84. Typicol combinotion of duol class ond twa-lane bridge closs signs.

less thon thot af tho vehicle. Special crassings ore either coution cross-
ings ar risk crossings.

(o) A caution crossing of a bridge is pormittod whero vehicles witho classi-
ficotion up to 25 percent obove the copacity af the nonstondord bridge or
tho publishod coution closs of o stondard bridgo can procood under strict
troffic control. For stondord profabricatod militory bridgos, refer to tho
published coution closs in tho appropriote bridgo tochnical monuol.
Cautian crossings opply to singlo lono bridges ond multilono bridgos
when the vohiclo remoins on tho centorline, maintoin o 50-yord distonce
from the vehiclos in frant, does not oxceed 8 milos per hour, doos nat
stop, is not occolerotod, and does not have its geors shifted on the
bridge.

(b) A risk crossing may be mode only on profobricatod fixod ond flooting
bridgos. Risk crossings ore made only in the grovost emergencios. Tho
vohiclo movos on the centorline, doos not oxcood 3 milos por haur, is
tho only vohiclo on the bridge, doos not stop, is not accolerotod, ond
stoys in low goar. The vohicle closs number must not excoed tho pub-
lished risk class. After tho crassing, ond bofore ather troffic is por-
mittod, tho engineor officer should reinspect.

48. MARKING OF YEHICLES

o. Weight Clossification. All vehicles with o gross woight avor 3 tons andoll
trailors with arotod poyload over 1% tons aro ossignod classificotion numbors. Those
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IF YOU HIT TELLTALE

YOU CANNOT CROSS |y
BRIDGE

hridoes.
numbers indicote o relotionship between the lood corrying capocity of o bridge ond the
effect produced on i by o vehicle (fig. B5). The effect of o vehicle on o bridge de-
pends upon the gross weight of the vehicle, the weight distribution to the axles, ond
the speed ot which the vehicle crosses the bridge.
b. Vehicle Signs.

(1) Clossificotion numbers ossigned to vehicles ore whole numbers ronging
fram 4 through 150. Front signs on o vehicle are 9 inches in diometer and
the side signs ore 6 inches in diameter. The signs hove black numerols
on o yellow bockground, ond the numerals ore os lorge os the sign will
permit {fig. 87). Place the frant sign above the bumper to the driver’s
right ond below his line of visian; and the door sign on the right side of
the vehicle in o ploce where normol use of the vehicle does not conceol
it from view.

(2) With o combinotion vehicle (two or more single vehicles spoced less than

30 yards oport), the front sign shows the normol vehicle closs for the com-
binotion with the letter *°C’’ in red obove the closs number. Eoch vehicle
in the combinotion carries o side sign which shows its class os o single
vehicle.

(3) if one vehicle is towing onother, they ore considered seporate. However,

n3
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EFFECT OF VEHICLE ON BRIDGE
DEPENDS ON:

I. GROSS WEIGHT OF VEHICLE
2. WEIGHT DISTRIBUTION TO AXLES
3. SPEED AT WHICH VEHICLE CROSSES BRIDGE

21 TON VEHICLE
A -
G (4]

= =

|

Q [~ =
ﬂ 81/4 4 |/2\‘ ,/'
TON TON TON

Figure 86. Effoct of vehicle on bridge.

CLASS YELLOW
NUMBER BACK
(BLACK) GROUND

Figure 87. Typical vehicle sign.



if they ore both on the same span and the distance between them is less
than 30 yards, they are considered as a bination vehicle with a tempo-
rary front sign showing the class number. If the class numbers of the two
vehicles odd to less than 60, use the formula9/10 (A & B) where A is class
of first vehicle, and B the class of the second. If the class numbers add
to more than 60, add A & B.

49. OIMENSIONS, WEIGHTS, ANO CLASSIFICATION OF YEHICLES

(For information on these factors, see FM 5-36 ond FM 55-15.)
Sectian 1. Design and Classification

50. NOMENCLATURE

The types of stream.crossing methods found in place ar normally constructed in o
theater of operatians ore described in this section. The existing bridges found in
developed areas vary in size and complexity from simple wood trestle and stringer
bridges to multispan arch or suspension bridges. Thase narmally constructed in a
theater af operations include floating bridges, rofts, fixed bridges assembled from
floating equipment, ond panel bridges. (For tabulated data on the use ond capaci:
ties af light streom-crossing equipment, see table 115, paragroph 135.)

a. Floating Bridges.

(1) The oluminum footbridge is the standord means of crossing foot troops.
This footbridge setfurnishes 472 feet 6 inches of bridge, and can be used
incurrentsup to 11 feet per second.

(2) The M4 floating bridge (fig. 88) has a capacity of class 60 in currents up
to 5 feet per secand. The deck consists af hollow oluminum balk. With on
18-balk roadwoy, the deck is 166% inches wide. The flaating support is
provided by joining two aluminum half pantans stern to stern.

(3) The class 60 floating bridge has o copocity of closs 65 in currents up to 5
feet per secand. The deck consists of two steel deck-tread panels and
one filler ponel. This provides o racdway width of 162 inches. The flaa:-
ing support consists of two pneumatic half floats, jained stern ta stern.
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(4) The M4T6 bridge is a manpawer-assembled bridge far o rapid means af
stream crassing far military vehicles up ta class 55 in currents up ta 5fps.
It has a cantinuaus raadway af hallaw aluminum allay deck balk 166 %
inches between curbs and this raadway is identical with that of the M4
bridge. The deck balk aof the M4 was adapted ta the flaating suppart af
the class 60 by the yse aof saddle adapters and balk connecting stiffeners.
This bridge is hand erectable.

(5

>

The light tactical raft flaating bridge is assembled fram the light tactical
raft equipment. Bath raft and bridge cansist af a deck built of aluminum
sections supparted an aluminum pantans.

(6) Ancharages must be pravided ta secure the bridge between the abutments
and ta insure cantinued alinement. The selectian af an ancharage system
is influenced by the width af the river, velacity, turbulence, variatiens In
stage, debris flaw, nature of material in the river bed and embankments,
and the time, materials, and persannel available. The ancharage system is
designed ta withstand the worst canditians anticipated. The basic anchar-
age systems used are: averhead cable bridle-line system, share guys, and
bed anchars. The mast satisfactary methad af ancharing a flaatingbridge
is the averhead cable bridle-line system supplemented by share guys.
Flaat-supparted cables, share guys, and bed anchars shauld nat be used
as the final ancharage system except when it is nat passible ta install an
averhead cable system. Althaugh cambinatians af the basic ancharage
systems may be used during assembly and far reinfarcement, the laad can-
nat be praperly divided between twa systems; ane system must supplement
theather (fig. 89).

b. Rafts.

(1) The light tactical raft is usually a 4-pantan raft cansisting af 2end panels,
the romp panels, the articulatar assembly, and 3 bays af decking supparted
an 4 aluminum pantans. The laading space width fram curb ta curb is 108
inches, and the laading length is appraximately 29% feet.

(2) The M4 raft (fig. 90) can be assembled fram the p ts af the M4
flaating bridge set {a(2) above).

(3) The class &0 raft {fig. 91} can be assembled fram the campanents af the
class 60 flaating bridge set (a(3) abave).

(4) The MAT6 raft (fig. 92) can be assembled fram campanents af the M4T6
flaating bridge set {a{4) abave).

c. Fixed Bridges Assembled from Flaating Equipment. |

(1) The deck-balk fixed bridge {fig. 93} 1s a means far heavy vehicles ta crass
gaps. The deck balk fram the M4T6 flaating bridge set (a(4) abave} can
be used. This bridge has a raadway af deck balk laid as a single spanar
multiple span between trestles ar expedient piers.

17
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Figure 89. Typical anchor cable system.




(2) The superstructure aof .the class 60 flaating bridge may be used ta bridge
gaps. Single span fixed bridges up ta 60 feet in length (fig. 95) can be as-
sembled from 1t or trestles employed far multiple spans.

d. Panel Bridges.

(1) The M2 panel bridge, Bailey type (fig. 94), pravides o ropid means aof
bridging streams and ravines far all military laads. It can be assembled
in different ways far variaus spans and classes. It is o through-truss bridge
supparted by twa maintrusses farmed fram 10-faot steel truss sections called
panels.

(2) Each bridge set has 126 panels (weighing 577 paunds each), 56 transams
(618 paunds each), 96 stringers (260 ta 267 paunds each), and 48 ribands
(215 paunds each). :

e. Stringer Bridges.

(1) A timber trestle bridge is ane aof the simplest types of bridges built in a
theater of aperations. Spans are usually limited to 25 feet using timber
stringers. The stringers rest an abutments and trestle bents as shown in
figure 97. lts campanents are listed in toble 32, with numbers carrespand-
ing ta thase in figures 97 and 99.
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Figure 91. Closs 60 raft.
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Figure 93. Layout of deck-balk fixed bridge.
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Toble 31. Classes of Fixed Span Assemblies Shown in Figure 95

’7 Clear Span

Clear Span Type of Classes Type of Closses
() Assembly () Assembly

N | (20 Moy
100 Cl es
ABCD .
c | 20* 120)
24 ABCDE 100* » Rl 90
(120)* W | 010

R | 100 70
(120)* (120)
Nl es E €| s
(120)* 120)*
ABCD c ,00) R1 o5

(120)* N 95

2% R | 100 80
(120)* (105)

N | 100 32 BCDE cl s
(120" (120)

E ¢ | o0 R | &

(120)* (85)

R 100 N 55

(115) 90

N | go 34 BCDE c (63)
(120)* (10)

ABCD C| e R | 75

{120)* 79

- R 1100 N 50
(120) BCDE c (81)

N | g5 58
" 110)

(120) R |

c 36 68

E 92 1%

(120)* 45

R | 100 c |79

COE

2 aBcD | N [(100) 53
65 R (90)

65

*Limited by raodway widths.




Table 31. Continved

Clear Spon

Type of

() Assomaly | E1%°
N[0
4 owe (€|
R @
N[
50 CE | c (332)
R %
N | @
60 e fc (@
R [

Nates

1. Figures in parentheses represent wheeled
vehicle class ond other figures repre-
sent tracked vehicle class.

2. These copacities ore for most critical
position of obutments.

3. For symme’nicol erection of type B with
respect to obutments, the stoted copoci-
ties may be increased to 10 tans.

4. Number of normol deck panels utilized
depends on span length desired.

(2) The pile bent bridge uses piles becouse of canditions which prevent the
use of timber trestle bents. Deep water, swift current, or other footing con-
ditions demond the use of piles (fig. 100).

(3) The load corrying component of the superstructure is the stringer system,
which may be rectangular timber, raund timber, or steel beams. Steel
stringers ore either |-beams, wide-flange beams, channel beoms, or built-up
beoms. Moximum span will depend on the size beom and capacity required.

§. Concrete and Mesonry Arch Bridges.

(1) In the concrete slob bridge, o reinforced concrete slab extends between the
supports (fig. 101). The slob is usually supported by concrete obutments
ond piers. It Is seldom in spans of over 20 feet.

(2) The concrete orch bridge hos the lood-bearing members orched. The masonry
orch bridge is set up In the some design.
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ASSEMBLY TYPE (A) ASSEMBLY TYPE (8)
6. 5 ONE OR MORE DECK PANELS

ASSEMBLY TYPE (C)

Fiﬁ’ﬁé—/@%ﬁ

ASSEMBLY TYPE (D) ASSEMBLY TYPE (E)
LEGEND

1. NORMAL DECK PANEL 3. CONNECTOR BEAM 5. NORMAL CURB

2.RAMP 4. SHORT DECK SECTION 6. SHORT CURB

L INDICATES CLEAR SPAN LENGTH
Figure 95. Class 60 fixed bridge.
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Figure 96. Timber trestle pier.

Figure 97. Timber trestle bridge.
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Toble 32. Bridge Components of Timber Trestle Bridge*

No. Bridge Campanents Camman Sizes ar Reference
\ Tread See figure 97
2 Open-laminated deck See figure 97
3 Curb 6" x 6", figures 97 and 98
4 Curb niser black See figures 97 and 98
5 Handrail See figures 97 and 98
[ Handrail past See figures 97 and 98
7 Handrail kneebrace 2" x 4", figures 97 and 98
8 End dam Use tread material
9 Timber stringers See paragraph Slg
10 Steel stringers See paragraph 51h
n Cap See figures 99 and 100
12 Pasts See figure 99
13 Transverse bracing 2" x 10’ ar 3" x 8", hgure 99
14 Langitudinal bracing 4" x 6" aor 3" x 8", figure 97
15 Scabs Use tread material
16 Sill See figure 99
17 Faatings See figure 99
18 Abutment sill See figure 97
19 Abutment faatings See figure 97

*See figures 97 and 99.
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Figure 98. Curb and hondroil system (minimum specifications).

Figure 99. Typical timber trestle bent.
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Figure 100. Pile bent.
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Figure 101. Concrete slab bridge.



SIDERAIL
STRINGERS SAW TOOTH BRACING
h s EFFECTIVE SUSPENDER LENGTH
L : EFFECTIVE LENGTH OF CENTER SUSPENDER
n = PANEL POINT OF SUSPENDER
N = PANEL POINT OF TOWER
C = CAMBER
d = DIP

Figure 102. Light suspension bridge.

9. Light Suspension Bridge. The suspension bridge (fig- 102} is used for long
spans high above the water. The floor system 1s suspended from cables, which are
supported on towers ond anchored to abutments.

h. Amored Vehicle Launched Bridge.

(1) Thisbridgeis o class 60bridge which isdesigned to be tronsported, lanched,
and retrieved by o modified turretless medium tank The bridge
is designed to fold at midspan and to be transported an top of the launcher

13
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by meons of a launching mechanism ond corrying rack. It is conventional,
girder type bridge of aluminum olloy ond moy be lounched or retrieved from
either end. There are eight main sections together with necessory bracing,
diophrogms, and pins. Its length, while being tronsported, is 31 feet 6
inches; when unfolded, it is 63 feet.
(2) The ormored vehicle lounched bridge has o clear span of 60 feet. Each
cleor treodway width is 4 feet 11 inches, and a single treadway will cross
a Y%ton vehicle. With both treadways, larger vehicles (including medium
tanks) can crass this bridge. The usable treod width is 12 feet 6 inches;
the overall width is 13 feet 2 inches.
i. Amphibious Mobile Assoult Floating Bridge.
(1) This omphibious river-crossing equipment consists of these major items
(fig. 103).
(a) The omphibiaus bridge vehicle, closs 60 (ABV-40).
(b) The amphibious romp vehicle, class 60 (ARY-60).
(2) The basic wnit of oll three amphibious vehicles is a welded steel-plate.
water-tight hull approximately 39 feet in length, mounted on a four-wheel
drive chossis.

(3) Ta insure stability and buoyoncy during novigotian, eoch vehicle is equipped
with two pneumatic floats obout 39 feet in length ond 4) feet in diameter,
attoched to the sides. A campressor is kept in operotion during water trovel
to mointoin o constont pressure on the flaots.

An integrol port of eoch ABVY-60 is 26” 3'* of decking folded for raad trons-
part, ond pivoted and widened for bridge construction. After entering the
water, the deck section is rotated 90 degrees, widened to 13’ 2", ond deck-
filler ponels are odded.

(5) The effective length of the ramp of the ARV-60 is 26' 3" long, and 13’ 2'*

wide.

(4

=

51. ESTIMATING CAPACITIES
a. Flooting Bridges. See toble 33.
b. Rafts. See toble 34.
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Figure 103. Amphibious mobile ossault floating bridge.
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Table 33. Continued

vel

Streom velacities in feet per secand
for spocifiod ossombly
Typo of Transportation Typo of Normol
bridge required crossing
3 5 7 8 9 n
maTe3 Two 2%-ton 6 x 6 corga Normal? (50)55 (45)55 (40)50 (35)45 (30)40 (25)30
trucks, or ane 5-ton bridge s
i 60 58 54 49 45
truck per bay Cautian ( )61 ( )59 ( )55 ( )51 ( )47 (35)37
i 8 66) 62, 9. 4
Risk? (6 )69 ( )67 ( )63 (5 )60 (5 )56 (43)45
Light tocticol Namol 16 16 13 n 8 2
ft Hooti —_—
bridgo Coution 8 (8 |5 {129 |3
Risk 21 21 7 14 1 5

1Basod upon abutment deck level within 10 inchos of flaating bridge deck level, oxcept for hingod ar ather spe-
cial end spans. Whero limitations are excooded, copacities must be roducod.

2Roinforcod by plocing 3 floating supports under 2 bays of decking. 50 porcont reinfarcod.

JCcpo:iﬁes based on roadway widths of 18 balk ond dock width of 22 balk. Reinforced assembly requires o 38'4"
suporimposod ond span,

4Reinforced bridge capacities up ta 9 fps are cantralled by end spon limitatians.

5Tronsponmion far bridgo equipmont only. Additianal neodod for any canstruction equipmont roquired ond for
troops.

6Avorogo for troinod troops and continuous doylight ossombly. Allowoncos ore roquirod for specific situations.
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Table 33. Closses of Floating Bridges‘
Stream velocities in feet por second
for specified ossembly
Type of Tronsportotion Type of Normol
bridge required crossing
3 5 7 8 9 11
Aluminum Two Pb-ton, b x 6 corge Normol
footbridge trucks w/2 pole tlrs, or
three 24-ton trucks Coution Safe - - - - -
Risk
12
ma3 One 24-ton Iwb bolster Nermel? 60 [-1] (45)!” (45)45 (30)35 “8)20
truck per 15 ft. of bridge
Coution® 48 65 (58)59 (52)53 (44)46 (29)31
‘o7 61 7
Risk 72 e |61, 8153 BT,
Closs 60° gne S-ton bridge truck per Normol? (60)65 (55)65 (45)55 (40)3) (35)45 (22)25
oy
. 4
Coution® (65)m (62)67 (56)61 (52)56 { 5)49 (34)37
9.7 75, 72 67, 62,
Risk ( }9 ( )77 ( )72 ( )67 (57)62 (46)50




Toble 33, Continued

Streom :.Iociﬂo.s‘ ir:i feot po; second Troffic copocity and vehiculor
Type of Type of ar specified assembly dls?o.nce for sofe :roslings. in
bridge crossing 2 doylight, except os otherwise
Reinforced noted
3 5 7 8 9 n
7 (70} 65 (55) (Z7) 400 vehicles per hour, see
M4TE3 Nomal 75| 75 75 | 70 | 60| 30 | notes7,8, ond9.
(66) ](43)
Coutiond [ 80 |80 | 79 [ 73| | 45
s (59)
Risk” 90 90 9 87 81 50

Tyohicle onywhero on width of bridge deck. Spoeds of 15 mph recommended; up to 25 mph permitted.
BCentor of vehiclo within 12 inches of bridge contorlino. Moximum spoed 8 mph. Vehicle spacing, 150 feet. No

sudden stopping or occelorotion.

9Center of vehicle within 9 inches of centerline and with guide. Moximum speed, 3 mph. One vehicle on bridge.

No stopping, braking, or gear shifting.
107 rotfic capacities are for all maving forword and rearword.
HUse 2-spoco distonco for 3 fps only; 1-bay distonce for 4ond5 fps; 2boy distonce for 6 ond 7 fps.
12h esled vohicle classificotion (40) Trocked vehicle clossificotion 50. Single clossificotion indicotes both

clossifications are the some.

9tl
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Table 33. Continued

Streom velocities in feet per second
for specified osumbly]

Troffic copocity and vehiculor

Type of Type of distance for safe crassings in
bridge crossing Reinforced2 daylight, except as otherwise
nated
3 5 7 8 9 n
Nermal
Aluminum Day: 75 men per minute. Night:
footbridge N 40 men per minute ot 2-poce
Coution Sofe - - - -|- -|- - distance. Blockout: 25 men per
minute.
Risk
3 7 (75)  |le0} | (a5} | (24)
M4 Normol 95 95 80 65 50 27 | 400 vehicles per hour; see
(100) @8) 75 ) notes 7, 8, ond 9.
CoutionB 100 99 85 74 | 62 37
Risk? (105) |(105) |(101) (88) |(74) (45
's 100{ w00 96| 85 73 46
Closs 604 Normol’ 65 65 65 65 65 (30) 400 vehicles per hour, see
35 | notes 7,8, ond 9.
Coution® 75 75 75 75 75 | (47)
' 51
(70
Risk? 85 |8 (85 |8 |8 )7 4




Table 34. Cantinued

Length Clos s of roft ond no. of
No. of ore power units needed? Type of
Type of pontons or | Overall, | Availoble [Operating! Typeof . * power vnit
roft floots including for crew | crossing Stream Velocity, fps required
’ romps looding! 5 7 9 n
Nomal | (501 (?;)7 (ﬁ)‘ (3?5
5, normol 107'=5" | 66'-0" 5 3 3 ] 5
Risk (2?) (g) (gg) (ﬁ)
1 sqd--- 1 2 3 5
Normol | (559" | (55)4 |(45) (35)
. " " g 60 60 50 40
5, rein- 92'-5 54'-6 @) 102 (554 | 455
forced Risk 170 les |60 | %
5, wi ! 21504 | 4m3
, with one Normol | (60)" | (60) |(50) (50 27-fr bridge
Closs 60 ;:;'::::fk 83'-1" | 43'-9" 11 men 65 . 65 > 55 7 5 erecfio3n
forced . ond nec- | Risk (72) (;g) (gg) (23) boots.
essory
boot | Normol |65 | (652 |(60)# | (5015
- 75 75 65 55
6, rein- 92'-5'" | 50" opero 3 3 3 3
forced tion Risk (gg) (gg) (gg) ((;8)
6, with one 60! [60)2 [(55)4 | (a5) 5
‘ - Normol
short deck 98'-9" | 50'—10" 70 70 60 50
boy rein- Risk |97 {092 |68 4 | (556
forced 85 (85 |75 65

gel
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Table 34. Classes aof Rafts

Length Closs of raft ond no. of
No. of power units needed T ;
o. 0 . o of
T{:;“ pontons or .Ovelo!l, Avoiloblo OP::::W :ry::‘l:‘g Streom Velocity, fps* P°Y:" onit
floots including for 1 required
romps looding 5 7 9 n
Normol | (50 [ 500! | (502 | (409 3
4, normol 55 55 55 45
i | 169 {592 |(a5) 3
60 1 60 &0 50
: Normol | (70)! (;g)‘ 65)2 |50 3
MadS 6, portiolly | g3 _q_ 51'-8" 75 70 55
reinforcod . risk |9V oS Les)2 |59 3
80 80 80 60
7, fully Mool | @3 (89 |60)2 |is5) ¢
reinforcod 1 sqd-~-- 90 90 85 60 27-ft bridge
Risk (90)] (90)] (90)2 (65) 4 erection
95 95 95 70 boots.
Normal | 101 (€02 {(25)% {(25) 4
4, normol 92'-5" 51'-0" 45 3 45 5 40 0
i |60 602 @93 s 4
Closs 60 55 55 50 40
Normel “_1,?' (402 (43(5))3 (25) 4
4, rein- 83'-1" 40'-0" 45 X
forced ' risk  [(597 [02 |@s)® |cas) 4
& 55 50 40




Toble 34. Continued

Class of raft and no. of

Length
No. of g power units needed? Type of
Type af | pontons or .OV'ﬂ?”, Availoble |Operating Typo.of Stream Velocity, fps* power unit
raft floats including for crew | crassing required
ramps laoding! 5 7 ¢ n
4 pontons s Normal 12 12 8 0
; 3 ba isk
Light 5 Al Ris 1 u 12 4 27-ft bridge
tactical |2 pontens |} g4 Normal 9 9 8 3 erection
raft 5 bays Risk Al 11 11 6 boats.3
6 pontons 69 Normol 13 13 13 6
4 boys Risk 15 15 15 10
. - Stream width, ft
Operoting choracteristics of rafts 250 500 | 1,000
No. of round trips per hr in currents of 5 fps in dayhght {reduce
50% for night or adverse conditions) . . . . . . . .. . .. 10 [ 4
No. of rofts which con be used efficiently otone site . . . . . 1 2 3

*Numerols in parentheses represent wheeled vehicle closs; numerols without poren-
theses represent trocked vehicle class.

IMeasured from outside edge to outside edge of end pontons or float soddle beams.
2Copacities are based on loading rafts with center of gravity of loods 6'" down-

stream from top of roft ond an praperly inflated floats.

30ne 19-foot bridge erection boot moy be used in currents not over 5 fps. In cur-
rents of 5 fps and over, normally two 19-foot bridge erectian baats may be sub-
stituted for one 27-foot boot.

4Extreme coution is required inloading and unloading vehicles weighing more thon

70 tons.

5Roodwuy width consists of 18 balk between curbs with 22 balk overall.




Table 34. Continved

Closs of roft ond no. of

[§43

No. of Length power units needed? T p
. ype o
Type of | pontons or Overall, | Avoilable Operating| Type .ef Stroam Velocity, fps* powar unt
rafs floots including for crew crossing required
romps looding! 5 7 9 n
Normol (45)'l (40)' (30)3 (25) 4
4, nomol | '87°-1" | 51'-8” 55 1 50 . 40 g 3 -
. 66, 62 54 43
Risk (66)' | (62)° | (54)° | (43) 27-# bridge
MaTS ! sqd- 8 1 & 2 o 2 5 erection
Nomot | 79V | (702 {(55)3 | (23 | Preehy
5 rein ag—o | s0r_ orme 65 | 60 | 30 oots.
forced Risk (90)| (90)2 (8])3 (59) 5
60
Normol (45 |40 |(30) [ (13
50 45 35 15

2, normol 104

(55 | 48) |40 |(18)

Risk 1% |53 |45 [ 2 ,
(60) | (55 |(40) |(22)
Normal
AMAB 3, narmol 131'-3" 65 g hd x5
Risk (70) | (63) |(50) (32)

75 68 55 35

N R CREREL
4, normol 157'-6" 65 60 50 0
a1y [6en |60 |65
78 72 65 40
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c. Fixed Panel Bridges, Beiioy Type, M2. (See tebie 36).
d. Fixed Bridges from Floeting Bridge Sets. See teble 35 end 37.
e. Armared Vehicle Launched Bridge.

4}
(2

(3)

For e nermai spen up te 60 feet, the bridge has e nermai reting ef class 60,
e ceutien reting ef ciess 45, end e risk reting ef closs 75. -

This bridge hes the mebility approximetely that ef e medium tank. With the
bridge in trevel pasitien, the leuncher cen meintain the rete ef march of both
edministretive end tactical moments. Hewever, in plenning e raute, the edded
weight (class 62), width, end everhead ciearence (13 feet, 1 inch) required
must be censidered. An escert recennaissence vehicle sheuld precade the
launcher end bridge threugh built-up ereas.

In leunching this bridge, benk canditiens must suppert the leunching vehicle
end previde sufficient beering te ellew the bridge to support its rated leed
after launching.

f. Amphibious Mobile Assevit Fleeting Bridge. (See teble 34).

The cepecities ef the rafts very from 30-50 tons, for e 2-unit rafts, te 80-110
tons far e 4-unit reft in current frem 5 to 8 fps. A reft consisting ef 5-ABY-
60's and 2ARY-60's can cerry ail vehicles (leeds) currently essigned to
the 7th United States Army. Appreximately 3 reund trips per heurs during

both dey end night operetien cen be mede ecross the Rhine River (900 feet
wide).

9. Highway Bridge With Timber Stringers.

M

(2)

&)

Ceunt number ef stringers (N) in eech lane ef weekest spen. (If weakest is
unknewn, use precedure for eech span.)

Measure width end depth of stringers in inches and spen length in feot.
NOTE: Spen length (L) measured frem center te center ef caps.

Entering teble 38 with the width (b) ef the stringer and the depth (d), reed
“m"”. Determine “M'’ by the formula

_M = Nm.



Table 35. Deck Balk Fixed Bridges (5pan Capacities)

(34}

T Copocity for Specified Span Lengths (feet) and Rotio of Deck/Roodway Widths!
ype
of
Crossing 234" 300" 384" 45'0"
2 22 |22 (24 {22 {22 {24 |26 |20 (22 |22 {u | u |3 |2
B 18] 16| 18] 18| t6{ 18| 18 16| 18| 16| 1w 16| 18] 16
Normal 20285 |(90)  [90) [4s [50) [55) [e5) f24) 290 Y30 [ | (40 [0y |43)
wo| 65| 70 | 700 35| 40| 45{ s0] 25| B3| W| W s | 35| 4
o (1202 1000 [oo) [lios) (7o) |70) [(79) KeD [40) 1(48) Fag) Ns1) | (s1) [(S6) K54
wmton | 102 so| 80| 5| s1| 51 55| 0| 35| 40| 4] 43| 43| 4| 4
Risk 1202 {oy [Mo) |5y [78) |78 [85) K900 {(47) [(54) K540 [(6) | (60) {(66) |(68)
()
* 1002] so| of 95| 57| s7| 62| 7| 4| 45| 45| 4| | s3] s3

'Deck width (number of bolk} = = = = = = ~ ~

18 Roodway width (number of bolk)

Limited by roodwoy width

(45)

3Wheeled vehi ificotion = =~ = = = = =
seled vehicle classificotion 50 | Tracked vehicle classification
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Toble 36. Closs By Type of Construction and Type of Crossing
Posting Classificotion (Boiley Type, M2)

Span | Type of | ¢g DS TS Span| Typeof $S 13 TS
fr crossing ft crassing
(302 a0 | 6o
N‘ 302 N 60
(24) .| (68)
10 o (g;) 70 C ©
4n (30) (78)
RV | R » |75
(el N ae | o | @)°
N 55 80
@6) @ |60 | ©
40 C 24 80 c & 90
(40) (24 | (66) | (100)*
R
38 R 64 90*
N 244 | (753 N (12 | @ | (65
70 45 65
Gy |63 90 (16 10 | 74
0| ¢ o s c 50 75
. (36) | (89) a9 | 6 | ©2
35 | 84 R 55 82
() | (65 N 8 | (30) | (50
N 65 B | 55
(0) | (77 (12) | (30 (57)
60 100
c » |73 ¢ 39 | 60

R (33 | (85 a4 | 42 | ©»
n|» R 44 66




Table 3. Continued
Spom) Type of | oo | ps | 15 [|%en Typeof | oo ps | Ts
crassing ft | crossing
(20) | (35) 2
N ® N
(30) | n a8
mw{ ¢ 2 e ™| €
(34) (52) (22)
R % | o4 R
(16} | (30) ®
\ N o N
1] ¢ 23 (i?) w!| ¢ as
| (27) (43) 17
R X 45 R
N (12) (29) N (4)
8 | (31 00
1| ¢ n (7o) ¢
@n | @5 RE)
R 38 R
N (8) | (16} |jSpon] Typeof | 5y | 1 lp7 |TT
ft crossing
08 | 4 (803 |
140 C N 80
7 86
R an (2;:) wo | ¢ (90>
(96}
R 90
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Table 36. Continued

Span

Type of

Span | Type of oo | 70 | DT T " A DD TD [DT | TT
ft crossing crassing
(65) |[(90)3 (24) [ (35) [(60)
N 70 | 90* N 45 | 6
(72) |(100) (32) |4 (7D
LU B 76 90-1 0] ¢ 35 | 5 |85
R | B9 [(100)* R (36) |(54) |(85)
83 | 90* 4 |58 | 90"
(45) (753 (16) {(30) |(55)|(20)3
N 55 | 803 N 35 | 5575
57 [@3) (25 {(3) [(69) [(100)
120 ¢ 61 | 90* 160 C 4a | 1| 904
&4 (91 R (30) | (45) |(80) {00
R les |90 33 | @ |89 | 90t
(35) [(s5) |(70) N (12) | (20) |(45) |(70)
N 45 |60 | 80 50 | 70
(47) [(65) ((80) (19) ] (31) ((57) | (80)
10| ¢ |5 |72 |90 7 ¢ u | a4 | 900
R |53 |74 ] 50 R ({24 [(38) [(64) | (50)
56 | 80 | 90* 40 |74 | 90*
N (30) [(45) | (70) (8) 1(16) (35} (55
35 |55 | 70 N 45 | 60
(3) |(57) | (80) (15) |(24) [(48) | (66)
01 C 1y 16 |9 180} € 53 | 75
2 | o |68 2 (08 [ [55]07
48 |70 | 90* 2 (e |87




Table 36. Continued

Type of

Span po | TD [ DT | TT
ft crassing
N (12 | (30) | (45)
35 | 55
190 c (18) (i’;) (ZZ)
(22) | (46) | (68)
R 51| 77
(20) | (35)
N 4
| c e |
R 8 | (s5)
43 | 62
(16) | (24)
N
(25) | (38)
210 C 43
(31) | (46)
R 35 | st
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NOTES

*Limited by raadway width,
IN = Narmal, C = Caution, R = Risk.

pper figure represents wheel laad
class -- Lawer figure represents
tracked laad class.

3Bridges which have a narmal rating
aver class 70 must be constructed
with dauble transams.

4Single classificatian is designated
belaw class 30.

Wheeled I {45)| Tracked

vehicle | 50 vehicle
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Table 37. Class 60 Fixed Bridges

Capacity far specified clear span (feet)
Type of
crassing
24 [26 (28 {30 [ 32 ]3¢ (36138 {4 |50 | 60
Normal 2n20 200 Y1s 05 |05 |85y | 750 | 65 |60 | 30 | )
a
1001 )95 [80 | 65 |60 |55 |50 [ 45 |40 [ 30 [2
oo 200200 (10 [0s) [ (90) |81 | 75) [(68) | (38 [(22
Cautian
100 | 100 87J75 70 |63 |58 (53 [0 |36 [25
Qisk (120) IZO)‘(IZO)IIZO)' (120) [(110) [(100) [(90) |(83) |(50) | (28)
. 1s
1007 {100" 100 | 90 | 85 | 75 | 68 |65 |60 [45 |

Timited by roadway width

2yhoeled vehicle classificatian {120}
100

Traocked vehicle classifi-
catian

If the stringer size is nat listed, campute *°M’’ by the farmula
M Nod?

30
(4) Mark this value af *M"* an the left side af the graph in figure 104 and draw
a harizantal line thraugh this paint.
(5) Draw a vertical line an the graph alang span length {see battom af graph).
(6) The Intersectian af the lines drawn in steps 4 and 5 gives the bridge class
besedanmament. Ifintersectian falls between the twa class curves, estima-
tion shauld be used ta determine class.

(7) Entering table 38 with the width (b) of tha“stri:g—ef and the depth (d), read
**v'’. Determine ¥ by the farmula
V = Nv.
If the stringer size is not listed, campute **V*" by the farmula
Vo _2Nbd
45

(8) Mork this value af *'V'’ an the left side of the graph in figure 105 ond draw
a harizantal line thraugh this paint.

(9) Draw a verticol line an groph alang spon length.



Table 38. Properties of Timber Stringers

Actual size, Moximum ] |Actuol size, Moximum
in. {breadth | m** v spon in. {breadth| m** v spon
ond depth) length, || ond depth) {ength,
. 1.
4x8 8.53| 1.42 12 12x20 160.0 { 10.67 k]
*4x10 13.331 178 15 12x22 193.6 { N.73 3
*4x 12 19.20{ 213 18 12x 24 220.0 | 1280 %
6x8 1280 213 12 14 x14 91.5 8.7 21
6 x10 2.0 267 15 14 x16 119.5 9.96 24
6x12 28.8 32 18 14x18 151.2 | 1.0 27
6 x 14 3.2 an 21 14x20 186.7 | 1244 0
*6x 16 51.2 4.7 24 14 x22 226.0 | 13.69 a3
*6x 18 64.8 4.80 i 14 x24 29.0 14.93 36
8x8 17.07| 284 12 16 x 16 136.5 (1.8 24
8x10 2.7 3.56 15 16 x 18 172.8 | 1280 7
8x12 38.4 4.27 18 16 x 20 2130 | 1422 0
8x14 523 4.98 21 16 x 24 307.0 | 17.07 36
8x16 68.3 5.69 24 18 x 18 194.4 | 14.40 7
*8 x 18 86.4 6.40 7 8Bx2 240.0 | 16.00 0
*Bx2 106.7 .1 0 18 x 22 290.0 | 17.60 3
*8x22 |18 7.82 33 18BxA4 346.0 | 19.20 36
*8x 24 |153.6 8.53 36 8¢ 1005 [ 251 12
10x 10 313 4.44 15 9% 14.311 318 13.5
10x12 48.0 5.3 18 105 19.63 ] 3.93 15
10 x 14 65.3 6.2 il 11¢ 26.1 4.75 16.5
10 x 16 85.3 .1 24 12 339 5.65 18
10 x 18 108.0 8.00 r4 134 43.1 6.64 19.5
10 x 20 1333 8.89 30 14¢ 539 7.70 21
*10 x 22 161.3 9.78 33 16¢ 80.4 | 10.05 24
*10 x 24 1920 | 10.67 36 186 1145 (1272 7
12x 12 51.6 6.40 18 204 157.1 11871 K]
12x 14 78.4 7.47 21 2¢ 209.0 | 19.00 33
12x 16 102.4 8.53 24 244 2710 | 226 %
12x 18 19.6 9.60 77

* Lateral broces required ot midpoint ond ends of span.
** Section modulus may be found by solving 5=15m.

¢ Diometer of butt end.
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(10) The infersection of the lines drown in steps 8 and 9 gives the bridge class
based an sheor.

(11} The lower af the closses abtained in steps 6 and 10 is the closs of the
bridge.

NOTE: The class found above is the only number necessary for a one-
lane bridge sign. For a two-lane bridge this is the twa-way closs number
placed an the left side af the sign.

Ta determine the one-way closs number for a two-lane bridge, change
steps 1 ond 2 as follaws:

(1) Caunt TOTAL number af stringers in the weokest spon. Measure width and
depth of stringers, the spon length and the width af roadway.

(2

Multiply total number of stringersby_ 15
roadway width in feet

ta obtain "'N,"" the effective number af stringers.
(3) Steps 3to 11. Na change.

EXAMPLE 1. Given: One-lone bridge; woad stringers; 16-ft span, 7 stringers,
eoch 6" x 12" (actvol dimensions); 10-it roadwoy width. To find bridge class: Since
there is only one lone, all seven stringers are effective in that lane. Fram table 38
for b=6"" ondd= 12", reod m = 28.8. Therefore, M = 7(28.8) = 201.6. Mork this "'M"’
on the left side of the groph in figure 104 and draw o line harizontally ta intersect
the vertical 16-ft-span length line. Read class 25 fram curve. From toble 38 read
v = 3.20. Therefore, V = 7(3.20) = 22.4. Mark "'V'’ on the left side of the graph in
figure 105 and drow a line horizontally to intersect the vertical 16-ft-span line. Read
closs 31 wheeled and tracked from curve. Bridge is class 25, but because width is
less than 11"°-0, o width restriction sign must be posted (fig. 106).

h. Design Pracedure For Timber Stringers.
(1) Moment design.
(a) Determine the value af Mg from the moment groph (fig. 104) by entering
the graph with the spon length and drowing the line verticolly to the de-

sired class curve. From thére draw a line horizontally to the left and in-
tersect the value of Mg.

(b) Determine “‘m'’ from toble 38 by entering the toble with the stringer
dimensions b and d.

(c) Compute the number of stringers required per lone from the formula:

NOTE: If the stringer size is nonstandord, and “’m’’ cannot be ob-
toined fram table 38, then the number af stringers per lane con be com-
puted from the following formula:



30M .
Ne = 22 (Min K-Ft)
ST

(d) Campute the number of stringers far the tatal bridge width by multiplying
the number per lane (step (c) abave) by the number aof lanes:

Np = Ny xN_
(2) Shear design.

(a) If the ratia L ; 12 is less than 13, shear will praobably be critical. If

.E"T12> 13, then shear design should be amitted.

(b) Campute the volue of shear (V) that will occur in the span by entering
the shear chart (fig. 105) with the span length and draw a line vertically
to the desired class curve. From this paint drow a line harizantally ta
the left, intersecting the value af shear (tans) accurring in a lane af the
bridge.

(¢) Determine the value of **v'’' fram table 38 far the particular size aof
stringer being used.

(d) Campute the number of stringers required per lane fram the farmula:

\
Ne = 1
S v

NOTE: If the stringer is a nanstandard size and cannet be abtained
fram table 38, then campute the number of stringers fram:

Ng = % (V in tans)

(e) The total number of stringers for the entire bridge width is:
Np = Nsx N
i. Highway Bridge With Steel Stringers. Use same methad as far timber stringers
except change steps {2), (3), and (7) as follaws:

(2) Measure width, depth, averoge flange thickness, and web-thickness of
stringers in inches and span length in feet.

(3) M the stringer is a beam listed in table 39, read ‘'m'’ fram the table. De-
termine *'M"" by the formula

M = Nm.
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If the stringer is nat listed ar 1f doubt exists, compute ‘’M'* by the formula
M= 2Ndg (Ag+ Aw ). (See example 2).
6

{7) 1f the stringer is a beam listed in toble 39, read **v’’ fram the table. De-
termine V"’ by the formula

V =HNv.
If the stringer is not listed ar if daubt exists, campute 'V’ by the formulo
V = 5Ndt,

EXAMPLE 2. Given: Two-lane bridge: steel stringers; 43-ft-span; 4 stringers,
each 30%’’ deep, 10}’ wide flange, 1"’ thick flange, and 5/8'* thick web; 24-# road-
woy width.

Figure 106. Bridge sign with width restriction.



Table 39. Properties of Steel Beams

Max

Naminal Actval | Actwal | Flonge Web Max b
i thick- thick- | m! v span | Or9c
size depth width ness ness llength | '"9
space

2Z518u278 | S1-1/4 |14 V58 34 | w27 w2 |28 | 15
3s9wFm | ®-174 [ N-v4 | 17016 | /4 1574 | 147 | 98 | 15
3a7wrms | 37-1/8 | W1-va | 17716 | 3/4 472 ) 140 | 93 | 15
WEL0 | 363/4 |165/8 | 1116 115/16 | 210 | 172 | 92 | 255
36WF194 | 36172 |121/8 | 1-1/4 [13116 (1327 | 148 | 91 | 14
36WF182 | 36¥8 | 12178 | 1-316 | w4 1242 | 136 | 91 [ 13
36WF170 | 36178 |12 1178 (/1e [ s | 124 | 90 | 12
36WF160 | 36 12 1 Wi 1082 | 124 | 90 ) s
36WF20 | 357/8 |16-1/2 | 1-1/4 | 3/4 w61 |1 | 90 | 19
2swEis0 | as7/8 |12 15/16 | 5/8 1006 | 112 | 90 [ 105
3aswrmr | a8 |n-wva | Lans| e | rma i3 | oss | 16
333wFi96 | 333/8 |1-y4 | 1316 w4 1274 | 125 | 83 | 17
3wF220 | 33174 15374 | 178 13n1s | 1asr [ 135 [ 83 [ 2
3wF1a | 33174 [ 11-172 15/16 | 5/8 894 [ 104 | 83 | N
wF1 | 3318 (112 778 {9716 | 810 | 93 | 83 | 10
33wFZ0 | 33 153/4 | v | va 1339 | 124 | 83 | 185
33iwFiso | 3172 |14 | 15018 (/e ns |08 | 7 | 165
DWF124 | 3178 |10-1/2 15/16 | 5/8 709 | 94 | 75 | 1
VWFNE | B 10-1/2 778 19716 | 656 | 845( 75 [ 10
3owF108 | 2.7/8 {10-1/2 3/4 {916 | 598 [ 84 5] 9
3owrirs | 2172 {1vas | 1516 {ii/1s [ 1028 (102 | 74 | 17
3gwein | a2 {newva | 1sns/e | 942 | 945 | 69 | 185
27%wF102 | 2-1/8 {10 1316 | 1/2 533 | 68 | & |10
L1vF94 267/8 (10 /4 | 1/2 486 | 67 7 | 9
hewr1s7 | 25172 {134 | 1178 | 578 814 | 795 64 |19
24WF94 21/4 | 9 178 |12 a2 [ 605| & [ N
24WF84 218 | 9 va |12 3| & & [ 95
24WF100 | 24 12 3/4 112 @8 | &0 | 60 |13
24112 2 8 /8 1vie | 02 | 97.5] & | 125
241 106 2 77/8 | 1178 |58 a9 | 15 | & | 12
24180 4 7 778 |12 a8 | & @ | 85
24WF76 2378 | 9 nnslr21s | 31| 52 | & | 8s
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Table 39. Continved

Max
Nominal Flange | Web Max
°::'l": Actual Ac.fuol thick- thicke ml v span I.na:-
depth width ness ness length| 19
{space
324wF153 | 23-5/8 11-3/4 1-1/4 5/8 736 |74 59 120.5
3261134 23-5/8 8-1/2 1-1/74 | 13/16 | 564 | 96 59 15
32175 2 7 1316 1/2 274 | 55 55 8.5
321wF139 | 21-5/8 11-3/4 1-3/16| 5/8 622 | 67.5 | 54 124.5
12 | 2-5/8 7-7/8 1-3/16) 3/4 440 81 54 14.5
21WF73 21-1/4 8-1/4 3/4 1/2 301 53 53 9.5
21WF68 21-1/8 8-1/4 11/16 | 7/16 | 280 46.5 | 53 9
21WF62 21 8-1/4 5/8 3/8 253 [ 39.5 | 53 8
201 85 20 7-1/78 15/16 ) 11/16 | 300 69 50 n
320 165 20 6-1/2 13/16 ) 7/16 | 218 | 44 50 9
320WF134 {19-5/8 11-3/4 1-3/16| 5/8 552 ] 61.5 | 49 23.5
18WF 60 18-1/4 7-1/2 11716 7/16 | 216 | 40 46 9.5
318186 18-1/4 7 1 11/16 | 290 62,5 | 46 13
18WF55 18-1/8 7-1/2 5/8 3/8 196 | 34 45 8.5
318180 18 8 15/16 1 1/2 260 45 45 14
18WF 50 18 7-1/2 9/16| 3/8 178 A 45 8
18 1 55 18 [ 1116 1/2 177 | 45 45 7.5
S18wrF122 |17-3/4 11-3/4 1-1/16 | 9/16 | 576 | 50 44 23.5
3181 62 17-3/4 6-7/8 3/4 3/8 212 | 33 44 9.5
gy 77 17-3/4 6-5/8 15/16 | 5/8 250 55.5 | 44 1.5
316wFn2 |16-3/4 11-3/4 1 9/16 | 400 47 42 23.5
316170 16-3/4 6-1/2 15/16 | 5/8 212 | 52.5 | 42 12
16WF 50 16-1/4 7-1/8 5/8 3/8 161 30.5 | /1 9
16WF45 16-1/8 7 9/161 3/8 145 .\ 40 8
16WF64 16 8-1/2 11716 | 7/16 | 208 35 40 12.5
16WF 40 16 7 1/2 5/16 [ 129 25 40 7.5
3161 50 16 [ 11716 | 7/16 [ 138 35 40 8.5
16WF36 15-7/8 7 7716 5/16 | 113 25 40 6.5
36wF110 {15-3/4 11-3/4 | 1 9/16 | 307 | 44.5 | 39 25
61 62 15-3/4 6-1/8 7/8 9/16 | 178 44.5 | 39 1.5




Table 39. Continved

Flen Web Mex |Mex
Neminel | Actval | Actual 'Mc:-' ihl:k- ml v 'P:,:‘ brac-
size depth width ness ness length ing
space
361 45 153/4 | 55/8 | s5/8 | 7/16 | 134 [345(39 | 7.5
315wF103 | 15 1-3/4 | 15716 | 9/16 | 328 |42 |38 |245
Sis1s6 |15 5778 | 1316 | 172 | 154 | 375 |38 {105
151 43 15 si/2 | 58 |7/16 | 118 |335 |3 | 7.5
31awF101 | 14-174 | 11374 [ 15716 [ 9716 [ 306 {40 (36 |26
314140 141/4 | s53/8 | 5/8 | 3/8 | 106 | 265 |36 |8
3141 51 141/8 | 55/8 | 3/4 |12 | 134 [355 (35 (w0
g1 70 14 8 15216 | 717 | 182 {305 |35 |18
34157 14 6 8 w2 |13 (35 ({35 |12s
314140 14 si72 | s/8 |38 ws |26 [35 |8
14WF34 | 14 63/4 | 71716 (506 | 97 122 |35 |75
14wF0 | 13778 | 6374 | 38 | 1/4 84 175 |35 | 6
314wF92 | 133/8 N3/ | 778 ) 2 [ 264 | 335 |33 joss
314146 133/8 | 53/8 |n/16 | 1w/2 |12 335 |33 |9
3t 3s 13 5 5/8 | 3/8 76 | 245 (33 |8
Sisia 12578 | 5178 {1116 | 9/16 | 96 [355 [32 | 9.5
12WF3%6 | 12174 | 65/8 | 9216 | 5716 | 92 |19 |31 [ 9.5
312165 12 8 1516 L 716 162 |26 |30 |2
12wF27 | 12 6172 | 3/8 | 1/4 68 |15 |30 |7
121 50 12 s1/2 [ 11216 fuze [ (a1 (30 |0
121 32 12 5 9/16 | 3/8 72 | 225 |30 | 7.5
32134 N-172 | 434 | 5/8 |7716 | 72 |25 |29 | 8.5
S1wrzs | 1 n 1316 {172 | w08 |27.5 |28 |27
S 10-5/8 | 4-3/4 | 9/16 (516 | 60 [165 |27 | 8.5
10WF25 | 10-1/8 | 53/4 | 7716 | 1/4 53 [125 |25 | 8
310 1 40 10 6 AT Y 82 |1 |25 |is
10135 10 5 172 | 5/8 58 |31 |25 [ 8
w12 |10 458 | 172 |56 | 49 |55 |25 | 75
10WF21 9-7/8 | 5-3/4 | 5/16 | 1/4 43 |125 |25 | 6.5
310wFs9 972 | 972 {nns [ 7216 sy |24 [23
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Table 39. Continved

Nominol Flonge Web Max | Mox
o:;ne Actool Ac‘luc.l thick- thick- 'ml v spon | broe-
depth width | fess ness length| ing
span
Y125 9-1/2 | 4172 1/2 V16 | 46 15 2% |8
¥iso 9 7 w16 | a8 |92 17 23 |21
B35 8 6 5/8 5/16 | 58 125 | 2 |155
B 8 5 9/16 | 5/16 | 44 125 | 2 Ins
BWF31 8 8 716 | 516 | 55 125 | 20 (145
3gwF44 7-7/8 | 7778 5/8 ¥ |72 15 2 (21
3wFas 7178 | 7178 916 | 38 | 52 135 | 18 [185
36wF31 61/ | 61/4 9/16 | 358 | 4 ns | 16 |15
LEGEND

15ection modulus may be found by solving S=1/2m.
2 ynctional component beams (TM 5 - 302).

3These nominol sizes hove no U. S. equivalent.

Ta find bridge class: Roodwoy width limits two-woy closs to classes 4 10 60. Num-
ber of stringers per lone = 2. Since table 39 daes not list this stringer, find 'M"’ and

V' as follows: (fig. 107). M~ 2Nd; (A AW )
= +
1153+ —

dy=d-21,=28.25

Ap=bxty-10.5

A= dyxty= 1766

M = 2%2) (28.25) (10.5 +17.66)~ 1519
3

V = 5(2) (30.25)(5/8) = 189
Two-way class: Bridge 1s class 60 wheeled and closs 48 tracked.

_15 _ x No. of Str.
roadway width in feet

=15,4-
_2_4_x 25

One-woy class: Effective No. of 5tr. =



M= 225) (8.25(10.5+ ‘7'6“) - 1899

V= 5(25) (30.25)(5/8) = 236
Bridge is class 85 wheeled and closs 63 sracked.

- b

+

21 !

Figure 107. l-beam dimensiona.
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Design Procedure For Steel Stringers.
(1) Moment design.
(o) Determine the volue of Mp from the moment groph (fig. 104) in the some

(b

(c

d

)

)

=

monner os for timber stringers.

Determine “'m'* by extrocting the valve from toble 39.. If the stringer
size is not listed in table 39, then the value of “’m’’ con be computed
from the formulo:

m = 2§ (S = section modulus), see foomote to table 3.
Compute the number of stringers required per lane in the some way as for
timber stringers (h(1){c) obove).
The total number of stringers required for the entire bridge width is
determined by multiplying the number of stringers per lone by the num-
ber of lanes in the bridge:

NgT = Ng x N

(2) Sheor design.
(o) If the rotio L x 12 < 10, then sheor will probobly be criticol rother

(b

{c

(€]

(e

)

-

)

-

than moment. [f the ratio is equal to or greater thon 10, the shear de-
sign is omitted.

Determine the volue of sheor {¥) in the spon by following the procedure
for timber stringers (h(2)(b) obove).

Determine *‘v'’

size being vsed.

by toking the proper volue from toble 39 for the stringer

To compute the number of stringers required, follow the procedure for
timber stringers (h(2)(d) obove).

NOTE: Should the stringer in question not be listed in toble 39, then
the number of stringers required is computed from the formulo:

v . . .
N¢ = where t_ is web thickness ond d is depth of beom
S .
5dr,, w

The total number of stringers for the entire bridge is computed by mul-
tiplying the number for one lone (N) by the number of lones:

Ng = Ng x Ny



k. Capacity of Trestle Bents. In olmost oll coses the stringer is the most criticol
member of the bridge (fig. 108). However, o check of the copocity of the posts moy be

mode. To
m
(2)
(3

(4)
(5

check post copocity of the weakest support:
Count posts ond meosure size of posts.
Use toble 40 ond determine moximum lood per post.

Multiply moximum Jood per post by number of posts. (Result is moximum
lood support will corry.)

Add the lengths of the spons which ore supported by the trestle bent.

For o one-lone bridge or the one-woy closs of o two-lone bridge, use the
volues obtoined 1n steps (3) ond (4) in the groph in figure 105. to determine
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the class af the trestle bent. Far the twa-way class af a twa-lane bridge,
divide the value abtained in step (3) by twa and use this value in the graph
in figure 105.

{6) Campare this result with the stringer class and use the smaller value as
the bridge class.

A
Max. Laad = TP

p = Crass-sectianal area aof past (sq. in.)
I. Rules of Thumb

(1) Pasts. Maximum c-ta-c spacing is 5 times depth af cap ar sill. C-ta-c
distance af auvtside pasts equals the distance face-ta-face between curbs.

PLACEMENT CONTROL LINES

I_ngNGERs

_|cap

uosrs

| TRANSVERSE
BRACING

< — : "rJ SILL
Y 3 59 Y e B £ 5OTINGS

Figure 108. Placement diogram aof timber trestle bent.




Maximum unsupported length of post is X times least dimension. The

number of posts required is computed as follows (see figure 109):

x Nr. of lanes

\
N =
post = cop/post

V is token from figure 105 ofter computing L = Ly+ Lo In figure 109
this would be -35 feet. By using figure 105, V would 10 47 tons. The
volue of cop/post is taken from toble 40.

Table 40. Capacities of Posts

Size of post or pile, in.
Rectangulor Round Moximum lood, tons
6x6 7 9
6x8 8 12
8x8 9.5 16
8 x 10 10.5 20
10 x 10 1.5 25
10 x 12 12.5 30
12x12 14 3%

o
R,

(] L2
19-0" 16-0"

Lm
Figure 109. Bridge spons.
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(2) Caps and sills. With raund timber, diometer ot feast 2'’ greoter thon that
of post. Hew timber fo fit at fop and joints. With rectongulor timber, ot
leost same size timber as posts with larger dimensions verticol, 6'' x 8"’
minimum,

&)

=

Brocing. If bents ore mare thon 4 feet high, use tronsverse cross brocing
on all bents ond langitudinol brocing between bents in every other spon.
Transverse bracing on pile bents moy be omitted if pile is exposed less
than 11 feet above ground line. The minimum size of brocing materiol is
2" % 10",

Foatings. Moximum length is 8 times thickness for SBC less thon or equol
to 4 tons per sq. fi. ond 6 times thickness for SBC aver 4 tons per sq. ft.
(See table 4) for SBC.) There must be ot least as mony foatings os posts.

Table 41, Soi! Bearing Capacities (SBC)

(4

Bearing volues,

Soil description tons per sq ft.

Hardpon averlaying rock. . ... . ... ... L L oL 12
Very campoct sandy grovel. . . . . .. ... .. ... L. 10
Loose grovel ond sandy gravel, compoct sond and grovelly

sand, very campoct sand-inorganic silt seils. ... .. ... .. [
Hord, dry consolidotedclay . .. .. ... ............. 5
Loose coarse-to-medium sand; medium compoct fine sond . . 4
Compoctsandeloy. . ...... . ... ... ... .. L. 3
Loase fine sand, medium compoct sond-inorganic silt

SAlS . L. e e 2
Fimmorstiffcloy . ......... ... .. ... ... ... .. .. 1.5
Loose soturoted sand-clay soil's, medivm soft<loy . .. ... 1

(5) Flooring. Minimum thickness exclusive of treod is c-to-c stringer spacing
divided by 8. ar 3", whichever 15 grecter. Tread is ot least 2'' thick.

(6) Curb and hondroil. For specification, see figure 98,

NOTE: If bridge specificotions do not comply with the obove rules, or
if members are damoged, reinforcement ond/or repoir will be necessary
prior to finol clossificotion.

m. Mosanry Arch Bridge Clossificotion. To obtoin the bridge classificotion num-

ber for o mosonry orch bridge, o provisional closs number based on the crown thick-
ness ond span length is determined; this provisionol class number is then adjysted by



applying foctors bosed on the moterials and the condition of the bridge.
(1) Provisional closs number.
(a) Mark spon length (S in fig. Y10) on col. A aof figure 111.
(b) Mork totol crown thickness (t + D in fig. 110) on col. B of figure 111.
(e) Drow a straight line through the points morked in steps {(a) ond (b), ond
where this line intersects cal. C, read the provisionol class number.

(2) Prdfile foctor

(o) Divide span length (S in fig. 110) by the rise (R in fig. 110) ond mark the
result at the battom of figure 112. If the result is 4 or less, profile foc-
tor is 1. Otherwise . . .

(b) Drow a vertical line fram the mark mode in step (a) and mork the point
where it intersects the curved line.

(¢) Draw o horizontal line from the mork mode in step (b} to the left edge of
figure 112 ond read the profile factor at this point.

(3) Other factors {See toble 42). Select the moterial, joint, deformatian, crock,
obutment size, ond obutment foult factors fram the table. Use only those
foctors which apply.

(4) Actuol closs number. Multiply the pravisionol class number by each of
the various foctors found abave. The result is the bridge classificotion
number.
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T

A

S

Y

Figure 110. Masonry arch bridge.

EXAMPLE 3. Given: Mosonry orch bridge, span (S), 40 ft; rise (R), 8 ft; orch ring
thickness (), 18 in; depth of fill at crown (D), 12 in; raodway width, 15 ft; material,
lime-stone in good candition; joints, martor, some deteriorotion, small voids, close
jaints; cracks - lorge langitudinal crack in arch under one parapet wall; abutments -
ane opprooch up a narrow embankment.

Find Bridge Closs - Solution: Roadwoy width limits bridge to one lone. Total
crown thickness (t = D, see fig. 110) = 18 in. + 12in. = 2.5 ft. Using figure 111 line
up stroight edge ot spon of 40 ft. {col. A) and total crown thickness of 2.5 ft. (cal. B).
At the intersection of stroight edge ond Cal. C, read provisianol closs number, 34.

Determine the prafile factor. Span/rise rotio = 40/8 = 5. Enter the bottom of figure
127 with the spon-rise ratio ond drow o verticol line. At the intersection of this ver-
tical line ond the curved line an the graph, pivat (going horizontally) to the left edge
of the chart. Read the profile factor as 0.86.

Moterial foctor far limestone in gaod candition is 1.0. Joint factor is between 0.80
ond 0.70, soy 0.75. Crack foctor for one crack at the edge of the ring is 0.90. Abut-
ment foctor for one unsotisfoctory obutment is 0.95.

Determine octuol class number by multiplying provisionol closs number by foctors
found obove.

Actuol closs number = 34 x 0.86 x 1.0 x 0.75 x 0.90 x 0.95 = Class 19.



Provisional

A 60 Total Crown B Cllc;-; Number €
Arch Spon Inches  Foet
Foot 72 6
80 = 120
60 —f—5
E 100
=3 \40 48:—4 %0
E =
3 ~o. ¢ 80
-3 N 36—4—3 70—
3 by 60
o 30
3 — Ny 9'0 50
= a——2 N,
= P - 9o
] 18— ~ 3
] . o3
] lz—-L—| P
] i 202
n o3 3
1
10—

Figure 111, Chart for determining pravisianal load class of arch bridges.
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Figure 112. Pmfile factors for arch bridges.




n. Reinforced Conerete Bridge

{1) Due to wide voriotions in design criteria, 1t is not possible to caleulote

the exoct capacity of a reinforced concrete bridge bosed only on the meos-
ureable externol dimensions. Therefore, when informotion 15avoiloble per-
taining to the design loading or civil lood roting for the bridge {(from o locol
agency or from intelligence reports), the closs will be obtoined by correla-
tion if chorts are availoble relating civilion design load to the militory
closs for vorious span lengths. Such charts ore avoiloble in TM 5-260 for
many United States ond foreign civilion design loods, or they moy be de-
veloped within certoin Army areos.

(2) Vhen the necessory informotion is not ovailable for classificotion by cor-
relation, the expedient methods shown moy be used.

(3) Slob Bridges: Measure the span length from center-to-center of supports In
feet, the roadway width (\¥) in feet, and the depth (D) of the concrete slab,
exclusive of any wearing surface or fill, in inches {fig. 114). FEnter figure

Table 42. Arch Factars
HMaterial Factar
1. Granite, whit estone, and built-in-coursemosoney . . . . . . . . . . . . .=15
2. Concrete or blue engineeringbricks. . . . .. . ... ... .. ..=12
3 Good limestone masonry and building bricks . . . . . . . . ... ... . -10
4. Poor masonry or brickwood (of ony kind}. . . . . . . . .. .. .07 -0.5
Joint Factors

1. Thin joints, 1/10in orlessinwidth. . . . . . . . .. ... .. .. .=125
2. Normal joints, with width up to % in. . . . e .. .-1.00
3. Ditto, but with mortar unpointed . . . . . . . . . ... ........=09
4. Joints over Y% in wide, irregulor goodmortar. . . . . . . . ... .. . .-0.80
5. Ditto, but with mortor contoining voids deeper thon

1/10 of the ring thickness . . . . . . . . .. .. ... .......=070
6. Joints 2 in or more wide, poormortar. . . . . . . ... .. ......=05

Ceformation Factors

1. The rise over the offected portion is

olways positive. . . . . . . . . . Apply span-rise rotic of affected portion to

the whole arch.

2. Flaot sectionof profile. . . . . . . . Mox class: 12
3. Aportion of the ring is sogging. . . . Mox class: 5, if fill ot crown exceeds 18 in.
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Crack Factors

1. Small cracks within 2 ftaf theedge. . . . . . . . . . .. ... ... .=10
2. Large cracks within 2 ft af the edge. . . . . e e e e ... .=10
3. Longitudinal crocks in center third af bridge . . . . . . L. ... =09 -07

onesmall crock. . . . . . . . Lo ... .-10

one large crack or several namow cracks . . . . . . . . . .. ... .=0.5
4. Small laterol and diaganal crocks. . . . . . . . ... .. ... .=-10
5. Large lateral and diagonal cracks. . . . . . . . Mox class: ]Z or flgure derived

by using the ather factors.
6. Crocks between the orch ring and parapet woll due

ta lateral spreod of the fill . . . . . . . e e e e .. .=09
7. Cracks between the ring and spandrel, due to a
droppedring . . . . . . e e e e e Reclassify from the nomograph,

on assumptian that crown thick-
ness 1s that of ring alone.

Abutment Size Factors

1. Both abutments sotisfactory . . . . . . . . . . . .. .. .. .. .. .=100
2 One unsatisfactory abutment . . . . . . . . . .. L0 L., L. .. .=095
3. Both abutments unsatisfactory . . . . . . . . . . .. L. L0 L -0.90
4. Both obutments massive, clay fill suspected. . . . . . . . ., .. .. .=0.70
5. Arch supparted an 1 abutment and T pier. . . , . . . . . . s e ... .=090
6. Arch suppartedan 2piers . . . . . . .. L. L. 0.0 . .. .. .-080
Abutment Fault Factors i}
1. Inword movement of 1 abutment. . . . . . . . c e e e e o .. =075 -0.50
2. Outward spread of abutments. . . . . . .. e e e e e e ... =100 -0.50
3. VYerticol settiement of Y abutment. . . . . . . . . . .. .. ..=09 -0.5

113 with the span length, drowing a verticol line until it intersects the
curve representing the depth (D) of the slob and estimating when neces-
sary where this paint should be. From this intersection draw o harizontal
line ta read the value af "'m."" Determine ‘‘M’’ by the formulo

M=W m,

inwhich W|_equals the width afone lane in feet.  Enter the graph in figure
104 with this value of *"M’* ond the span length to obtain the class of the
bridge.
EXAMPLE 4. Given: Two-lone cancrete slab bridge; 20-ft span length, D = 16*/;
22-ft raodway width.
Ta find bridge class: Roadway width limits twa-way class ta classes 4 to 30. From
chort in figure 113, m = 37. The width of one lone is 11 feet, therefare M = Vipm=
11 (37) = 407. Vith this value of "M’ and the spon length, abtain class 52 wheeled
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Figure 113. Moment for reinforced concrete slab bridges.
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Figure 114, Cross.section af RC siob bridge.

and class 36 tracked from the graph in figure 104.
Two-woy Class: Bridge i1s class 30 as limited by roodway width.

One-woy Class: FEffective width of roadway is 15'. Therefare, M = 15 (37) = 555.
Bridge is class 75 wheeled and class 54 tracked.

T-BEAM BRIDGES: Moke the necessary measurements as shown in figure 115 and
find L, the span length from center-ta-center of supports. All dimensians are in inches
except L and W, which ore in feet. Calculate “’M’’ by the farmula:

M=N{158+ D(1.07T + 0.34L + 0.0275 + 0.77b~ 24.1)] + 0.08.2
Enter the graph in figure 104 with this value of "M'* and the span length ta abtain the
class of the bridge.

EXAMPLE 5. Given: Twa-lane concrete T-Beam bridge; 32-ft span length; 7 T-
beams, S = 48", D= 30", b= 12", T = 6"*; 24-f4 raadway. (See fig. 115).

To find bridge class: Raodway width limits twa-way closses 4 ta 0. Number of
stringers per lane = 1.5.

M=3.5[158 + 30 (1.07 16 + 0.34132+ 0.027 148} +0.77 {12{ ~ 24.1)}+0.08 (32)2

M=3.5[158+ 30 (6.42+ 10.88 + 1.30 + 9.24 — 24.1)] + 82

M=3.5[158 + 30 (3.74)) + 82=3.5(158 + 1122} + 82= 1028

With this value of ’M’’ and the span length, abtain the class fram the graph in fig-
ure 104,
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Figure 115, Crass-sectian af RC T-beam bridge.

Twa-way class: Bridge is class 60 wheeled as limited by raadway width and class
50 tracked.

One-way class:

Effective Na. of Str.= 15 x Na. of Str.=15 x7 = 4.375
raodway width in feet 24 -

M= 4375158+ 112.2] + 82= 1264

Bridge is class 95 wheeled and class 63 tracked.

o. Truss Classificatian. Far expedient classificatian af truss bridges, assume
that the stringers are the critical members. Cansider that the c-ta-c distance between
ponel paints (fig. 116) is the span length of the stringers and calculate stringer capac-
ity as far the trestle bridge.

p. Light Suspensian Bridge.

(1) Data. See infarmatian in table 43 and figure 102.

(2) Example af main-cable design. Determine tensian in main cables for a
200-faat-span suspensian bridge with a suspended weight af 10 tans. As-
sume a 10-percent sag ratia and a 4-ton’line laad.

Suspended weight. . . . . . . . . . .. . . 20,000 ib.
Linelaad . . . . . . . . . ... . . 8,000 Ib.
lmpact . . . . . . . ..o 8,000 Ib.

Tatal . . . . .. .. 36,000 Ib
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Table 43. Light-Suspension Bridge Design Dato

ltem

Data

Panel length

10 ta 15 f1.

Comber

Approximately 2 fi.

Stringer design

See poragraphs 51h and j

Flaar beams

4" x 4" far faat traaps or pack animals.
6" x 6" far Y-ton truck.
8" x 8" for %-tan truck.

Stress in suspenders

Design for dead laad of ane panel, live laad ond 100% aof live
laod for impact. See table 103 for cable strength.

Length of suspenders

2
h=L+ (.:_.J (C + d) See figure 137 for meaning af symbols.
N

Sag ratia

5% far faat bridges ta 10 % far onimal and light vehicle
bridges.

. Main-cable design

Sag ratia Max tatal tensian in Length of
main cables, in cable between
% parts of total suspen- towers, in
ded weight of bridge parts af spon
and laad. length
7 1.94 1.012
8 R 1.018
9 1.46 1.022
10 135 1.026
1 1.23 1.033
124 112 1.041
162/3 0.90 1.070

Tawers

12" x 12" pasts ond caps will take laads, including a 24-ton
truck. 6" ta 8'' timber side, back, and forebroces. %'* wire-
rape side and back guys. 1to 1 slope for side guys; 2)4 hari-
zantal to 1 vertical slape for back guys.

Ancharage

Deadman or ather ancharage must hald moximum tensian of
main cable.

Factar of saf ety

Wire rope = 2

Cardage = 3.5




Maximum tatal tensian in main cables far a 10-percent sog ratia = 35,000 x
1.35 = 48,600 paunds. If twa main cobles are used, each must have a
tensile strength af 24,300 paunds.

S2. CONSTRUCTION AND PROCUREMENT DATA (Stondard Fixed and Flaating

Bridges)

a. Steel Panel Fixed Bridge, Bailey Type, M2.

(1) See figure 94 for data.

(2) Paonel bridge parts may be transparted an twenty-twa, 5-tan dump trucks.
The laading plon is based an the experience that the dauble-single truss
assembly pravides for mast bridging prablems which require the panel
bridge, Bailey type, M2. The laads have been arranged an the basis af the
abova vehicles capable af carrying cll parts issved far a 130-foot DD
bridge, including spares. The engineer panel bridge campany is the TOE
unit designated ta carry ane bridge set and pravide technical persaanel
and equipment ta transpart and supervise erectian of panel bridging.

{3) The arganization of assembly details is given in table 44,

(4

{5) Foar parts required, see TM 5-277.

(6) Other data is shawn in tables 45 thraugh 50.

(7) Far the dual classification Bailey type, M2 bridges see table 36.

Figures 117 thraugh 122 depict raller and equipment layaut.

STRINGERS

4

DISTANCE
PANEL POINTS ‘ BETWEEN PANEL

POINTS

Figure 116. Truss bridge.
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Ky 16 14'-10" 1'6% "
82 L L —aa ay e 83
) ) o + [ o [ o
? —1 |

Figure 117. Transom used as template

-6’ 14'-10" {1'-¢"
' "
i N gy

v —i

Figure 118. Plain roller, SS, DS, bridges.

a "
85 (-a" 14'-10° -4 8%
Ill
1
Iv—-l [o) —IO—E—-i
Figure 119. Plain roller, TS, DD, TD, DT, TT, bridges.
1° e et 1"
85, '-6% 14' -0 I'-6" B3
OTTOM CHORD ROCKING

3 OF TRUSS ROLLER T

[ n|'_ "

I |

2

—A

BEARING
Figure 120. Layaut of rocking-roller template.

3-6" —12'-6

12' = 6ty 25" 25" =
2 - 6% [
e
2" VERTICAL CLEARANCE AT
MINIMUM DISTANCE FIRST PAIR OF PLAIN ROLLERS
FROM GAP

THESE ROLLERS REMOVED AFTER
LINKS PASS OVER ROCKING ROLLERS

ROCKING ROLLERS MUST BE AT LEAST 2'-6"
FROM FINAL POSITION OF END POSTS
Figure 121. Vertical clearance necessary for remaving first pair of near-share plain
rollers after links pass racking rollers.
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Table 44. Organization of Assembly Details

NO. OF NCOs AND EM

Type af bridge

Single-| Double.| Triple- | Double- | Triple- |Double. |Triple- | Double. | Triple-

single | single | singfe | double | dauble | triple triple triple | triple

Constructian by manpower anly Using 1 crane*

CRANE. . . . .. .. . .. 0-3 0-3
Truck driver .. - Q)] (N
Crane aperatar .. .. [4)] [§)]
Haokman. . . . . . ()] [4)]
PANEBL. . . . . ... 1-14 1-14 | 2-28 2-32 { 3-50 3-50 |3-68 3-3%0 330
Carrying . . . . . . (12 (12) (24) (28) (44) (44) (60) (24) (24)
Pin .. ...... (2 (2 (4) (4) (6) (6) (8) (6) (6)
TRANSOM . ... .. 1-9 1-10 } 1-10 1-10 | 1=10 2-28 | 2-28 2-2 2-0
Carrying . . . . . . (8) (8) (8) (8) (8) (24) (24 (16) (16)
Clamp . . ... .. m @ @ @ @ (4) 491 @ (4)
BRACING 1-4 1-6 1-8 1-12 | 1-20 1-32 | 1-4 1-32 1-38
Sway brace . . . . . (2 (2) (2) (2 (2) (6) (6) (6) (6)
Raker . . ... .. (2) (2) (2) (2) (2 (2) (2) (2) (2)
Brocing frame . . . . | . . . (2) (2) (4) (4) (8) (8) (10) (8)
Chord bolt . . . .. . .. 4) (8) (10) (14) (10) (14)
Tieplate . . . . . .. d1... (4 e (4 P (4
Ovethead supp't . . . PR PR . .. (6) (6) (4) (4)
DECKING .. .... 1-12 1-12 | 1-12 1-12 | 1-12 1-12 [ 1-12 1-12 1-12
Stringer . . . . .. (8) (8) (8) (8) (8) (8) 8) (8) (8)
Chess and riband . . (4) (4) (4) (4) (4) (4) (4) (4) (4)
Tatal = =42 |55 - = 7-122 | 7-148 | 7-%97 7-103

*Normally, o crane is nat used far single- ar double-stary assembly.




Table 45. Bailey Bridge Launching Construction

Bridgs  [No. of boys in nose [ Distence o‘l links |Rsquired dl:lunu Bridge o, of bays in noss| Distonco of links |Requirsd distanco
from tip.of nose | bshind rocking from tip of noss | behind rockin
Type S::n R ) fr. rollses, h. \Type S:'en $$ | DS | DD h. rollers, . 9
1 6 40 106
0 | 2 - 35 poliseie | 4 106
o213 - s Gl |3 y 4 ‘g 13
= f1go (7 |+ q n7
0 4 10 55 10377 3
$S 70 S 20 3] )10 6 20 n
80 S 0 & 7 20 84
|6 30 75 130 6 2 » 90
*100 | %6 30 76 40| 5 3 30 96
— 4 150 | § L] 40 103
Zg 3 10 5; *160 [*S *4 40 106
70 4 10 57 *170 |6 *q 10 & 40 [1¥3
80 ] 5 20 64 *180 [*7 | ™4 108 40 125
DS %0 | ¢ 2 n *190 |*7 | *4 20840 126
100 [ 6 20 76 1301 § 3 X o
00 | 7 30 L:X] 140 | 5 3 30 9
120 8 40 90 1B S 4 0 102
130 L] Ig & lg 35 160 ] 5 5 40 109
*140 | "8 1084 3 DT [*170 [*5 *5 40 n2
80 H Pl o3 *180 | *5 *5 40 1né
90 | 6 20 70 190 [*6 | *5 10 & 40 131
100 [ 20 74 *200 | "7 *S 20 & 40 132
10 7 30 gl *20 |*7 *5 0840 135
120 7 0 6 . .
15 |10 | 8 © 5 NS b o ol
o | 9 104 40 100 g0 [ | = | = © 102t
wase | -9 2840 1 Mgy teg 1og (2] 10840 1124
160 | =9 20840 106 w6 | v || 2z 15+
e X n 20|47 (5 (6] & nr
O 7 30 86 ;?T.".:;.d hed incompleto. See following fablo
130 ] 30 93 b g
401 7 1 2 40 100
LAUNCHING TT BRIDGES 1. Launch until near-bank rocking rollers ore under last TT bay of ininal constiuction 2. Add up fo six bays TT boys

10 tail of imingl construction  This completes all but 210-foot span. 3. Cantinue lounching unhl near-bonk 1ocking rollers aie under last TT bay
odded in step 2. 4 Add remoinder ol TT bays ta complete tridge (210-foot span anly). 5 Add five boys DS nose-type canstruction to tail of bridge.
& Lounch forward until first threo DT bridge bays ore beyand far-bunk rollers. 7. Complete first thiee bridge bays by convertingto TT ond odding
transoms 8 Pull buudge back 1o final pasitian, romove DS tail, 0dd decking where noeded, and jock down.

8Ll



Table 46. Bailey Bridge Spans

Launched Incomplete

No. of
Span, bays, Omittod
Type docking | of top
ft. & stary
stringors
Ss 100 4
DS 140 é
10 6
RA P 10
160 7
DD 170 7
180 12 2
160 3
170 0
™ 1w | an
190 All 31/3
170 3
180 8
PT | wo | an
200 All 3
210 Al 5
No. of brldgo boys
in inltiol con-
struction *
160 3 14
170 6 14
180 6 14
l 19 | AN 15
200 All 14
210 All 13

* First throe bridgo bays are constructod
DT with only one tronsom per bay. Last
bridge bay Is constructod DT becauso of
stoggered construction nocossary when add-
ing subsoquent bays.
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Toble 47. Number of Jocks Needed ot Each End of Boiley Bridge

180

No. of jacks

T Span, needed at

ype . each end of
$S 30-100 2
DS 50-140 4
TS 80-140 4
150-160 é
DD 100-120 4
130-180 é
TD 110-140 é
150-190 8
DT 10 é
140 -180 8
190-210 10
T 160-170 10
180-210 12

Table 48. Number of Rocking Rollers Needed for Boiley Bridge

Type Span, Near Far
ft. bank bank
SS 30-100 2 .
5-80 2 v
Ds 90-100 2 2
110-140 4 2
TS 80-160 4 2
100-130 4 2
DD 1140180 | 4 4
110-120 4 2
™ s | 4 4
DT [130-210 4 4
TT [160-210 4 4

* Use two plain rollers



Table 49. Weight per Bay of Bailey Bridge

Construction Woights por bay,
fons

BRIDGE

S i e e e e e e e e e e e e e e e e e e 2.76

DS . e e e e e e e e e N

TS . ot e e e e e e e e e e e e e e 4.0

[0 0 4.66

TO. . . . .o e e e e e e e e e e e e e e e 5.88

0 6.46

i 8.9
L AUNCHING NOSE

8 i e e e e e e e e e e e e e e e e e e e 1.00

DS . L e e e e e e e e e 1.64

5 o 2.90
DECKING |

Stringorsonly . . . . . . . L. ..o 0oL 0.79

Chossond stool ribonds. . . . . . . . . .. . ... ... 0.66
FOOTWALKS . . . . . . . . i i v i it e i e o 0.17
OVERHEAD BRACING

Supports, tronsoms, sway brocing, ond chord bolts . . . . . . 0.54
WEAR TREAD AND TRUSSGUARDS . . . . . . . . .. ... 0.35

NOTE: Footwalks, woar troods, ond truss guords not included. Overheod bracing
includod on DT ond TT.
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Table 50. Critical Dimensians of Bailey Bridge

Road width between steelribonds . . . . . . . . . ... .. ...
Rood width between timber truss guards . . . . . . . . . .. ...
Loterol distance between centerlines of trusses:

fnnertrusses . . . . . . . . . . ... e

Middletrusses . . . . . . . .. ..o Lo

Outertrusses. . . . . . . . . . v L vt e e e e e
Lateral distance between centerlines af base plotes:

Strussbridge. . . . . . . .. ... oL L Lo oo

Dtrussbrdge . . 7. . . ..o oL oo

Ttrussbridge . . . . . . . . ... Lo L
Lateral distonce between outside edges of base plotes:

Strussbridge. . . . . . L .. Lo oo

Dtrussbridge . . . . . . . . . .. ... L

Ttussbndge . . . . . . ... L o oo
Laterol distance between meosuring lugs of rocking roller templotes . .
Laterol distance between measuring lugs of ploin roller templates:

S5, DS bridges . . . . . ... ... ... ... e e e e e e

TS, DD, TD, DT, TT bridges. .. . . . . . . . . . ... .. ..
Longitudinal spacing between plainrollers . . . . . . . . . . ...
Height from base of base plote to top of chess. . . . . . . . . . ..
Height from base of rocking roller template fo top of rocking roller . . .
Height from base of plain roller templated to top of plain roller . . . .
Height from base of romp pedestal to top of ramp chess. . . . . . . .
Height from bottom of holf round lug under sloping end of romp to

topoframpchess . . . . . . ... ... Lo,
Height from top of chess to overhead brocing:

Normol. . . . . . . . . ...

Expedient . . . . . . . . . .. .. o e
Height from base of beoring to bottom of ponel. . . . . . e e e e
Height from bottom of panel to top of chess . . . . . . . . . .. ..
Height from bottom of half round lug of end post to tap of chess . . . .
Height from base of rocking roller bearing to tap of rocking roller . .

126"
139"

14 10"
17°10"
19°3*

14°10""
16° 4"
17° 3%"

lor 5
0"
21° 106"
e

11° 68"
10" 104"
25

2 5/16"
16 5/16"
8 1516
17 %"

57/8"

14°7"
1273

5 17/32"
20 11/16"
n 13/32°
13 516"




DEPENDS ON ANGLE OF
REPCSE OF GROUND

SACKS AND JACK SHOES Qua = ————— —
END N!B\ ! 3te"MIN.
o R T S e Y
—C_EEm TR B
m?m——t:_t—:s I ] , ure | e
— H 3
o — e o : —
S f e f—
‘”“”"\ = [ e——
PANELS ol | | i

K 25— s

STRINGERS l SWAY BRACES

=y

I

LAYOUT Saseg
As LEFT 3IDE

Figure 122. Loyout of equipment at bridge site,

b. Class 60 Fixed Bridge.
(1) Single spans: 20 . 30-foot 10 - 60-faot
13 . 45-foot 8 - 75-foot
{2} Multiple spans:

1- 165-foot with 6 trestles 1 - 420-foot with 6 trestles
1 - 225-foot with & trestles 1- 525-faot with 6 trestles

(3) Transpartation of the components of this class 60 fixed bridge set 1s done
in the 5ton, 6 x 6 military bridging truck. Ropes, hoists, and occessor-
ies are carried on 2%-ton cargo trucks.

<. Aluminum Flaating Footbridge. For construction ond transpartation dato,

'see table 51,

d. Bridge, Flaoting, Aluminum Deck-Balk Superstructure (M4T6).
{1) The plon is illustrated in figure 123,

(2) Construction and transportotion data is seen in table 52.
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Table 51. Canstructian and Transpartation Data of

Aluminum Flaating Faatbridge

Bridge set

Basis of issue

Suggested warking party

Detoil NCO| EM
Normol Assembly: {One set ta eoch engineer |Neor-shore onchar coble. 6
472 £t 6 in. float bridge compony Far-shore onchor coble . 1 [
Light vehicle Vehicles required for Bridle. line. . .. ... 2
bridge: 100 ft. tronsporiotian of bridge | GvY line. . . .. e . 5
. set: Shore assembly. . . . {1 5
Expedient rafts: : X
3 Twa % Assembly corrying.. . . 6
wa 2r-ton 6 x 6 |River ossembly., . . . . | 5
Mojor items: corgo trucks with Hondreil. . . . . . . 3
Ponton 42 2-ton pole-type
Treodways 42 trailers or 3 24-ton Totol. . . . . .. ] 2 |38
corgo trucks. Plus 2 EM per 100 ft of bridge.
Table 52. Constructian and Transpartation Data of M4T6
Brid. e set Bosis Suggested warki )
9 of issve 99e arking porty

Normal flaating
bridge,
141 ft. 8.n.
One 4-float ond
one 5-float
reinforced raft,

2 flooting bridges,

75 f1., one without

reinforcing bolk
on end flaot,

3 38 ft. 4in. span

fixed bridges.

Detoil No. of Nca EM per
crews crew
Floot inflation. . . | 1 1 8
Saddle ossembly. .| 2 1|10
E“!‘"“’ Hloat Assembled floot
bridge compony | gejivery . .. .| 1 | 1] 2
(5 bridge sets Bolk-corrying
of 141" 8*
coch for a floot from sljore. A A | 2140
bridge company Bolk-loying . . . . ] 1 1 {12
ot full strength, [Anchoroge . . . .| 1 2|12
ond 3 sets for Neor-shore
© company of obutment . . . .| 1 1 8
reduced
strength) For-shore
obutment . . . .| 1 1 8
Totel . . . .19 10 |00




e. Flaating Bridge, M4.
(1) For the plon, see figure 88.

(2) Construction and tronsportation doto is in table 53.

Table 53. Construction and Transportatian Data of M4

Bridge set Bosis af issue Sugges!e.d working party

Class IV Detail NCO| EM

Flooting bridge: [Vehicles required for Near- shore abutment . . . 1 8

608 ft 4 n. tronsportotion of Ponton outfitting (2 crews) | 4 | 36

. bridge set: Ponton delivery (2 crews). 2 10

Fixed bridges:

Anchorage . . . . . . . 2 12

2-23 f1 3-ton corgo truck Bolk corrying . . 2 |88

2-30 ft 2%-ton corgo truck Bolk laying 1 8

2-38 fi 2h-ton truck, bolster For-shore ot.:utmen! 1 16

2-45 fr 25-ton bolster trailer | - ) 1 3

24-ton pole type trailer 9 -

Rafts: 4-1an dump truck Totol 14 81
4-4-ponton
4-6-ponton
4-7-pantan

f. Class 60 Bridge. Construction ond tronsportation dota is in toble 54.

g. Light Tactical Bridge. The assembly of the normal light tactical bridge 1s
generolly similar to thot af the normol S-ponton roft. The orgonizotion for ossembly
is given in table 55. With a troined crew, during daylight hours, ond in still woter,
this bridge con be erected ot the rate of 3 1/3 feet per minute.

h. Armared Yehicle Launched Bridge.

(1) The method used to ossemble the bridge depends on the state of disos-
sembly af the bridge for transporting, i.e., 1t would be completely disas-
sembled for transporting on bridge trucks, or it would be separated
lengthwise for rail or low-bed trailer shipment.
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Table 54. Constructian and Transpartatian Data of Class 60

N ted warki
Bridge set Basis af issue uggeste warking parly
Detail NCO| EM
Flaating bridge: Swpervisory . . . . . . 2
607 ft. Class Iv Cranecrew . . . . .. .| 1 |1
Saddl bly - .
Fixed bridges: Vehicles required far e e assemoly Zorews.| 2 |2
_ Flaot inflotion. . . . . 9
20-30 ft transpartation of Deck panel 1 6
13-45 f bridge set:  Jo L o T T T T
10 P Flaot handling. . . . 8
8‘30 f' S-ton 6 x 6 military |Single bay, cannecting . .| 1 6
754 bridging truck carries |Boat crew. . . . 4
1 multispon one complete bay, Bridge ossembly. 1 8
from 165 ta Z4-1an cargo truck Anchorage . . . . . . . 1 |10
525 ft. carries accessaries [Trestle. 1 8
Rofts: Total . . . . . .. 10 |80
2-4, 5 0r6
flaot.

Table 55. Crqanization far Assembly of Light Toctical Bridge

by Successive Pantans

Summary of tasks

Unlood, launch, and join half pontons.
Unlood and ploce deck panels, curbs ond

filler ponels an pontans.
Deliver complete bays ta bridge-connecting

Cannect ossembled bays to the bridge.

Canstruct neor-share obutment; connect
articulator ond ramps; and mointain bridge
alinement.

Construct far shore abutment; instoll end
section articulatar ond ramps.

Details NCO | EM
Ponton . . . . 1 10
Deck. 1 10
Ponton delivery . . . 2

site.

Bridge connecting . . . 1 4
Near-shore abutment . . 1 8
For-shore abutment. 1 8
Anchorage .. . . . . . 2 12

Install anchor coble, bridle lines, and share
guys (see TM 5.210)




(2)

Far details of assembly, lounching and retrieving, see TM 5-216. 4 twao-
mon crew with authorized equipment is required.

'i. Amphibious Mobile Assoult Flaating Bridge.

(N

(2)

&)

(4)

A faur-mon crew, consisting of a driver, pilat, and two crew men, is re-
quired to aperate the vehicle on lond, in the water, ond during bridge con-
structian.

The ABV-60 enters the water ready for incorporatian onto a bridge or raft
as a 26'3"" floating section. All movements of the decking during construc-
tion are hydraulically contralled. As successive units enter the woter they
ore joined until the required length of bridge or raft hos been built, then
ramps are added to each end.

The ARV-60 is tronsparted by the ABV-60. The carrier unit positions
the ramp for connection to the bridge or roft and is disengaged when the
connection hos been made. All movement of the ramp during construction
ond operotion is done by the hydraulic system af the carrier ond bridge
vehicle to which it is connected.

For rofting, the canstruction procedure for 2-, 3-, 4-, aond 5-unit rafts is
similor ta that used for the bridge. Time required varies from 15 minutes
{2-unit) ta 25 minutes (5-unit). In each case, about 10 minutes are re-
quired far connection of the ramps.

53. STANDARD RAFT
a. Light Tactical Roft.

m

(2)

(3

The deck of the light tactical roft consists of oluminum decking and filler
ponels. The unit of 1ssue af this roft pravides companents of ane 4-ponton
normol raft. As o reinforced roft, the looding space from the autside edge
of the pontons ts opproximately 29 feet. This some set is used in as-
sembling rafts of vorious closses.

The canstruction time far assembly of the light tacticol raft is given in
table 56.

The light tacticol raft companents are narmally transported on two 2/4-tan
cargo trucks ond one 2%-ton pole-type trailer. Vith eoch raft set there are
faur chain slings, four binders, and ane cradle; the choin slings and binder
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Table 56. Construction Time for Light Tocticol Raft

Type of ossembly NCO EM Time required,
minutes
4-ponton, 3-bay. . 3 27 15
5-ponton, 5-bay. 3 7 x
6-ponton, 4boy. . . 3 27 30

to secure the roft sets on vehicles, and the cradle to nest the holf pontons
on the trailer. The eight deck panels, eight filler panels, and eight long
curbs of the superstructure are transported on the 2%-ton truck used to haul
the troiler. Another 2%-ton truck tronsports the articulating assemblies,
ramps, ponels, articulator and ramp curbs, orticulotor ond ramp fillers,

anchors, ond holdfasts.

(4) The porty operoting the roft is normally under the supervision of an NCQ
and comprises o raft crew, a neor-shore crew, ond a for shore crew. Table

57 outlines their duties.

Table 57. Duties of Porty Operoting Light Toctical Roft

Duties

Crew No. of men
Roft 8
Neor shore 1
Far shore 1
Guy line 4

4 men operate outboard motors;
4 men place ond remove chocks
from wheels of vehicles.

1 man guides vehicles onto roft
ond instructs drivers in proper

operotion of vehicles while being
looded ond unlooded.

1 man guides vehicle off raft.

Hondle guy lines.

b. M4 Raft.

(1) The bosic 4-ponton roft con be converted to a reinforced roft with greater
The other recommended types

load copacity by adding reinforcing pontons.
of rafts ossembled from M4 bridge equipment are the 6-ponton ond 7-ponton,
both reinforced (fig. 90). These closses of rofts ore given in toble 34.



(2) The amount of time ond the number of troined men required for the ossembly
of M4 rofts ore given in toble 58.

Table 58. Time ond Labar to Assemble M4 Raft

Type of ossembly 1 Time, hr.2

4-ponton roft, 15-ft spocing. . . . . . . PR e 2
4-ponton roft, shortdeck . . . . . . . . ... e e e 2
Normol rofts, reinforced -

Sponfon. . . .. oo e e e e e e e 2%

6-ponton. . . . . . . N . 3

Jponton. . . . . . . . e e e e 3%
S-ponton roft, shortdeck . . . . . . . .. . ..o L. . 2%

10ne plotoon 1s required for eoch type of ossembly.
2For night ossembly, increose time 50 percent.

Assembly time does not include time for preporing londing site, londing stoge, or
opprooch roods. The lorger rofts (5, &, or 7-ponton) ore ossembled by odding one,
or more, pontons to this 4-ponton roft. Tho reinforcing ponton(s) is centered between
the center pontons ond fostened to them by four reinforcing ponton spocers. From five
to seven bolster-body trucks, depending upon the number of odded pontons, ore re-
quired for tronsportotion.

(3) These rofts ore propelled by bridge erection boots or outboard motors, os
ouxiliory power (see toble 34 for copocities).

¢. Class 60 Rafts. See plons of this closs 60 roft in figure 91. Other doto moy
be reviewed in toble 34,

d. M4T6 Raft,
(1) An exomple of the MAT6 roft is illustroted in figure 123.
(2) More detoiled doto of this M4T6 roft is presented in toble 34.
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Far information about connection of the M4T6 bridge to the M4 and closs 60 float-
ing bridges, see TM 5-210, with chonge 1.



CHAPTER 6
CONSTRUCTION

Section I. Concrete
$4. IMPORTANT FACTORS
The important considerations in mixing good cancrete ore:

a. Plastic Mixtures. For plastic mixtures, using saund, cleon sand, coarse aggre-
gate, ond odequate placement procedures the strength of concrete under given job
canditions depends upon the net quantity of mixing water used per sack of cement.
This knawledge has made passible the effechive and proctical means of concrete
strength.

b. Sand and Aggregate. Assuming that proper cement is available, the first item
of importance for a specific concrete job is the ovailability af suitoble sand and
coarse aggregate. Water may be located in mast regians, although some water should
not be used, pointed out in paragraph 57 belaw.

c. Strength., Factors affecting the strength of ane mix relative ta another mix of |
this same water content are strength, gradation, cleanliness, and shape af the aggre-
gate particles. With suitable materials available, praper portions of eoch can be
determined by a mix design pracedure given in parograph 58.

d. Mix. The amount of sand and coarse aggregate required for each batch should
be carefully measured by weight or volume.

e. Mixing Time. The recammended mixing time far o 1-cubic-yard mixer is 1minute,
with an added 15 secands for each additional % cubic yard or fractian thereof.
5S. CONCRETE MATERIALS

a. Farmulas.

(1) A good formula by which ta estimate the weight ond volume of aggregate is:
Volume = 0.2618 x height x diometer (squared).

(2) The graph in figure 124 gives the method of estimating both volume ond
weight of aggregate in a pile ar storage.

b. Starage Capacity. An explanation for using abave the three pairs of curves in
figure 124 considers the fallowing:

(1) The capacity of the conical-shaped piles is determined from the two curves’
an the far right and the vertical column on the outside right. You could
determine, for example, that a stockpile of crushed stone 30 feet high has
a capacity of 2,010 tons.

(2) In determining the capacities per lineal foot of tent-shaped piles, note
that the two ends of these piles are equivalent ta one canical pile, and
their capacity con be determined in the manner described in o above. The
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Figure 124. Storoge capacity curves.

capacity of the intermediate section far various heights is determined by
using either of the twa curves in the middle of the chart and the verticol
calumn on the inside right. For example, a stockpile af gravel 19 feet
high has a copacity of 24 tons per lineol foot. The copacity of the 2 end
sections I1s 630 tons: therefore the total capocity of o stockpile with o 50-
foot-long intermediote section would be 24 x 50 + 630, ar 1,830 tons.



3

The verticol column of figures on the left gives the diometer or width (B)
of conicol or tent-shaped stockpiles of vorious heights. For exomple, o
17-foot-high conicol pile of sand hos o bose diameter of 45 feet. A 17-
foot-high tent-shoped pile of crushed stane hos a base width of only 41
feet.

c. Woter, Woter for mixing cancrete should be free af foreign matter, such as silt,
decoyed matter, alkali, sulphotes, or solt.

56. DESIGN OF CONCRETE MIXES

a. Water.Cement Rotio.

m

(2

3

(4)

The omount of water in mixing concrete 1s of major importance. It is ex-
pressed in terms of gollons per sock of cement, or it moy be in terms of
weight of water per sack af cement to the weight of one sack of cement.
Toble 9 gives the quantities of woter for concrete of given strengths.
Yhere strength and economy are importont, tests for strength shauld be
mode with materials under jab canditions. These tests should include ot

leost three different water contents. The 15 percent sofety foctar used
with toble 59 should be used here.

The gallans af woter per sock of cement to make duroble concrete for var-
tous conditians is shawn in toble 60.

How much the strength of cancrete increoses with time is shown in figure
125. Far exomple, at the end of 14 days the strength gain is slightly less
thon 90%.

Tabie 59. Refatians Between Mixing Vater and

Compressive Strength of Concrete*

por su:l::frcemenf, Prabable average strength, psi
gal. 7-day strength | 28.day strength
4 4,400 6,000 -
5 3,500 5,000
6 2,800 4,000
7 2,200 3,300
8 1,800 2,800

* A safety foctor of 15 percent should be allowed when se-
lecting the water content required. If 2,800-psi concrete ot
28 days is required, o water content correspanding to a
strength of 3,200 psi should be selected.
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Figure 125. Strength goin in concrete.

b. Consistency.

m
(2)

Immediotely ofter being mixed, cancrete shauld be plostic.

Cansistency is meosured by the slump test. The mix is placed in o cone-
shaped form (fig. 126) in 3 layers and radded. Eoch of the 3 loyers aof
concrete is rodded with 25 strokes of the temping rad. Each stroke shauld
penetrate into the underlying layer, with the bottom layer being radded
throughout its entire depth. The form is then removed ond the concrete
slumps ta o position of equilibrium. It is measured, and the greater the
slump, the more fluid the mix. If mare slump is needed for the placing
crew to place this mix, the omount of aggregote shauld be changed rother
than by adding more woter.



TAMPING
ROD:
DIA.-5/8"
LENGTH-24"
—

Figure 126. Measurement af slump.

(3) Warkability alsa depends upan where the mix is placed. Far example,
cancrete cantaining lorge aggregate particles wauld be warkable in a mass
such as a dom, it would nat be warkable in a relatively thin wall with re-
infarcing bars.

c. Trial Methad af Mix Design.*

(1) If cancrete is mixed praperly, every particle af aggregate is surraunded by
a cement-water paste and almast all spaces between particles are cam-
pletely filled with paste.

(2) When ecanamy 1s on impartant factar, use as much aggregate as passible
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Table 60. Woter-Cement Ratios for Varicus Types of Canstruction and Expasure Canditions

Type ar Location af Structure

Sovore or moderote climoto, wide
ronge of temporoture, roin, ond
long freezing spells, or frequent
freezing and thawing, gol per sack

Mild climoto, roin or somi-
orid, rorely snow or frost,
gol per sock

Sections Sections | Sections| Sections | Sections |Sections
0in to 3int024 ) over24 | Ointo in t024 | over 24
8 in thick | in thick | In thick | 8 in thick] in thick | in thick
A. At wotorline in hydroulic or woterfront
structures or portions of such structures where
complete soturation or intermittent soturation 5 5% 6 5 S, 6
is possiblo, but not whero the structure is
continvously submorgod in wotor
B. Portions of hydroulic or woterfront struc-
tures some distonco from woterline, but sub- 5% [ 6 5% 6% 7
[oct to froquent wotting by water
C. Ordinory exposod structuros, building, and 6 % 7. 5 7 7%
portions of bridgos not coming undor obove group
D. Complete continvous submergencein wator 6 6% 7 6 A 7
E. Concreto deposited through water (*) 5% 5% (&) 5% 54
F. Povemont slobs directly on ground:
Wooring slobs 5% 5% 5% é 6 6
Bose slabs 6% 6% 6% 7 7 7

G. Spociol coso: For concrete not oxposod to tho woothor, such os intoriors of buildings ond portions of struc-
tures entirely bolow ground, no oxpo suro hozord is involvod and tho woter-cement rotio should bo selected on the
bosis of the strength ond workobility requirements.
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becouse it is cheaper than cement. To get the right proportions of aggre-
gate ond cement, use the trial-mix method.
(3) Mix design by weight.

{(a) A mix design may be determined by weight. Compressive strength with
various amounts of water is given in the toble 59. The amaunt of water
for moximum durability under different exposures is determined in table
60. For o watertight structure, the moximum number of gallans per sack
should be 6. After computing the above omounts of woter per sack for
strength, durability, and watertightness, select the smallest figure (in
gallons per sack) as the one for the mix, including the free water in the
aggregate os well as the woter odded. Next, select the slump best suited
fr- ke type of construction from table 61.

(b

-~

Using the selected water-cement rotio and slump, determine the propor-
tions for o trial batch fram tables 80 ond 62.  The batch should be at
least one-holf the capacity of power mixer. Conduct a slump test. |If
too great, correct os follows:

1. Increase of 3 percent in aggregote will decrease slump obout 1 inch.
2. Increase of 3 percent in water will increase slump about 1 inch.
3. If the mix is plastic, o chonge in the omount of cement does not appre-
ciably affect the slump.
(4) Mix design by valume. (See toble 62}.

(a} This is not as accurate osproportioning by weight. Triol mix guontities
ore seen in toble 62 in terms of surface dry compacted weight. Water in
sand may increose volume up to 30 percent.

{b) To determine mix proportions, select the quantities by dota in table 62.
A ftrial mix is made ond o slump test 1s token. If the slump test does

Toble 61. Recommended Slumps for Various Types of Construction*

Slump, in.

Type of constructian
Maximum | Minimum

Reinforced foundotion wolls ond footings .

Plain footings, caissons, ond substructure wulls
Slabs, beoms, reinforced wall .

Building columns .

Pavements . A

Heavy moss cons"ucnon N

[REANT NN N
— A N A

* With high-frequency vibrators, reduce the toble volues by one-third.
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Table 62. Trial Propartions and Yield Per Sack of Cement*

Woter-

Proportions by surfoce

Surfoce dry
weight of oggre-

d ight Proportions by volume, cu ft
cement y welgh gote per sock of Yield, cu ft
rotio, cement, |b concrete per
US gol sock cement
per Slump, | Ce- | Fine | Coorse Fino oggro- | Coarse og-
sock | ine |ment|aggre- | aggre- [ Fine Coorse| Cement gote {dry | gregato {dry
gate gate comp) comp)
Btol] 1 1.9 33 175 310 1 1.6 3.0 4.09
5. |3t 4| 1 17 31 160 20 1 1.5 28 3.85
5te7 |1 1.5 2.8 145 262 1 1.3 2.5 3.01
Ktol| 1 21 3.6 200 340 1 1.8 3.2 4.49
5 |3t0d ] 1 20 | 3.3 188 310 1 1.7 3.0 4.22
5t7 |1 1.8 31 168 20 1 1.5 2.8 4.00
¥tol] 24 39 226 366 1 21 35 4.87
6 3tod | 1 22 | 37 206 U8 1 1.9 3.3 4.64
5t7]1 21 34 200 30 i 1.8 3.0 4.43
¥tel] 1 2.7 | 4.2 254 390 1 2.3 38 5.23
6k |3t04 ] 1 25 3.9 235 366 1 21 35 4.99
5t07 (1 2.3 kY] 218 340 1 2.0 3.2 473
hte 1] 1 3.0 | 4.6 232 433 1 2.6 4.1 576
7 3t0 4] 1 2.8 | 4.2 262 5 1 2.4 38 5.40
S5t7] 1 2.6 39 246 %6 1 2.2 3.5 5.12
¥l 3.3 | 47 310 440 1 2.8 4.2 6.10
8 34| 3.1 4.4 20 415 1 2.6 4.0 5.82
S5t07] 1 2.9 4.0 272 386 1 2.5 37 5.53

*The maximum sizo of coarse oggregote is 1) inches.

861



nat shaw desirable rasults, the quontities are adjusted, using the three
rules far adjusting the mix as given in (3)(b) abave.

(5) Hand mixing. f hand mixing is used, the tria) batch shauld be made on the
basis af one ar less sacks af cement instead af twa.

d. Yield.

(1) With na air-entraining agent, assume that the ingredients in cancrete farm
a vaidless mass. This 1s very nearly carrect far plastic mixes.

{2) An acceptable field expedient far determining yieldis by the 2/3 rule. This
rule is used as fallaws:

(a) Determine the mix and water-cement ratia at 1, 2, 3, that is, 1 sack af
cement ta 2 cubic feet af sand ta 3 cubic feet af gravel. Ta this, odd .87
cubic faat (6.5 ga)) af water. The tatal then is 1+ 2 + 3+ .87 = 6.87.

{b) The sum af this valume is then multiplied by 2/3: -

2/3 x 6.87 = 4.58 cubic feet
Therefare, the yield per sack af cement is 4.58 cubic feet.

{c

This 2/3 rule can be further explaited to determine the quontities of all
material required far a specific tatal yield. Far example, assume that
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916 cubic feet af cancrete are required. Using the same ratia as in 2(a)
above, yau have:
1. 916 (tatal yield required) _
4.85 (yield per sack af cement)

2. 2 cubic feet of sand are used per sack of cement (2 x 200) = 400 cubic
feet of sand required.

= 200 sacks af cement required.

3. 3 cubic feet af gravel are used per sack af cement (3 x 200) = 600 cubic
feet af gravel required.

4. .87 cubic feet of water per sack af cement (.87 x 200) = 174 cubic feet
of water required, ar 1305 gallans (7.5 gals. per cu. ft.).

(3) Except far lightweight aggregote, a value af 2.65 shauld be used if the

material is not o type listed in table &3.
Table 63. Bulk Specific Gravity ot Rock

Rock type Specific gravity
Traprack 2.90
Quartzite 2.67
Granite 2.62
Limestone 249

57. METHODS OF MIXING AND HANDLING COMCRETE

a. Hand-Mixing Concrete. Whether dane by weight ar by valume, the cement, water,
and aggregate must be measured befare mixing begins. On the big jabs there are auta-
matic measuring devices. {See TM 5-742 far details.)

(1) Hand mixing must be corefully and tharaughly dane. It is efficient anly far

2

(3

)

a few, small batches af na larger than 1 cubic yard each.

Equipment required camprises a wotertight metal or woaden platfarm {about
10 feet x 12 feet), twa shavels, 1-cubic-faat measuring baxes, martar haes,
and pails far measuring water.

Mix sand and cement dry first. If the batch cansists af 2 sacks af cement,
5,5 cubic feet of sond and 6.4 cubic feet of caarse aggregate, 3 cubic feet
of caarse aggregate and 3 cubic feet of sand are dumped an the platfarm
first. Lay the sand aut flat, and spread a sack of cement evenly aver it.
Then lay the rest of the sand ond the other sack af cement similorly on the
pile. Turn this mix two ar three times until the moterial is a unifarm calar.
After the cement and fine aggregate are mixed the pile is leveled offand
the caarse aggregate is measured and spread over it. Then turn this batch
twa ar three times and ‘“traugh’’ the center. Paur water, corefully meas-
ured, inta the traugh. Turn the dry materials inta the water and mix until
cansistency is unifarm.



b. Hondling Concrete.

{1) Handling must be done in such a way that the mortar ond aggregate do not
seporote.

{2) Equipment depends upon the job. On o smoll jab requiring na lifts, trons-
portation by buggy is the most economical. Sometimes chutes are neces-
sary. Cancrete con be carried in buckets to o higher or lower position. A
crane derrick, coblewoy, or truck moy be used to transport a bucket. Pump-_
ing moy'be the best method when spoce is too limited for buckets or
buggies. Tronsportotion over rough roods and dropping fresh cancrete from
excessive heights should be avoided. Excessive ogitotian during plocing
and vibrating shauld be ovoided. More detoils on the pumping method moy
be found in TM 5742

58. PLACING AND CURING CONCRETE

a. Basie Principles. Good plocing techniques result in a tight bond between the
martar ond oggregote, and in the complete filling of the farms. The height of the drop
is significont, o drap of more thon 3 or 4 feet will couse segregotion, ond forms ond
concrete already ploced will be domaged. For distonces over 3 or 4 fest, caoncrete
should be drapped through o verticol pipe. Depasit cancrete in its final position os
neorly as practicable. Do not deposit in o lorge quontity at one point. After concrete
is placed, it must be cured and protected.

b. Depositing Conerete. Subgrodes, forms, and steel reinforcing must be properly
prepored and placed before plocing the cancrete.

(l) Rock. On rock subgrades the surfoce should be roughenedond tharoughly
cleaned. Remove woter depressions and coat the rack surface with o %-
inch layer of mortor cantoining only fine oggregate and o woter-cement
rotio the same as for concrete. It should have o é-inch slump.” Work the
mortar in with stiff brushes.

(2} -Cloy. A fine-grained subgrade, such as cloy, should be moistened to a
6-inch depth to help cure the concrete. Sprinkle the sail intermittently to
prevent muddiness.

(3) Gravel and sond. Over grovel or other laose subgrades (not including com-
pacted sand), loy tor poper ar burlap. Lop the tor paper ond staple. Join
the burlop by sewing with wire, ond sprinkle before cancrete.

(4) Forms. Check the forms. They should be tight and cleon, well broced, ond
caated. {See TM5.742 far oil coating pracedure.)

Depositing on hardened concrete. |f concrete is to be placed on hordened
concrete, the latter must be neorly level, cleon, ond moist. Remave any
soft loyer of mortor {colled loitance) on the hardened concrete, ond moisten
the concrete. Dried-out concrete must be saturated far severol hours, but
be sure ta leave no paals af woter.

01
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(6)

(7)
(a

202

Flaar slabs. Vhen building a flaar slab in twa caurses, the lawer course
shauld be braamed with a stiff-fiber ar steel braam befare it sets. Clean
and maisten this first layer befare pauring the secand layer.

Wall consfruction.

} In wall canstructian, the inside farm shauld be stapped aff at the level af
the jaint. Overfill the farm far abaut 2 inches and remave the excess just
befare setting accurs ta insure a raugh, clean surface. Befare placing
the next layer af cancrete, depasit a }5- ta 1-inch layer af sand-cement
mortar, with the same water cantent as the cancrete and a 6-inch slump.

(b} Depasit cancrete in horizantal layers. Cansalidate each layer befare the

next layer is placed. Place each layer in ane aperatian. In mass wark,
the layer shauld be abaut 15 ta 18 inches thick. In reinfarced walls, it
shauld be fram 6 ta 12 inches thick. As the walls are filled, remave the
farm spreaders.

(c) When placing cancrete in tall farms, avoid dropping mare than fram 3 ta

5 feet. Use a chute ar tube instead. In this way the aggregate is nat
separated and the farms and reinfarcing metal are nat splashed with can-
crete which wauld harden prematurely befare the main part af the cancrete
reaches the tap level.

(d) When cancrete is placed in tall farms at a rapid rote, there may be a

(e]

bleeding af water ta the tap. Reduce the rate af placing and use a stiffer
cancrete.

In high walls, place the cancrete ta within 1 faat of the tap af the wall
and allow an haur far settling. Resume pauring befare set takes place.
Over-fill the farm by 2 ta 3 inches and cut aff the excess cancrete after
it has set a litile sa that the part af the farm with higher water cantent
is remaved.

-

(8) Order of depasiting concrete

(a

) In walls and beams, the first batches shauld be placed at the end of a
sectian. Place fram there toward the center far each layer sa water will
nat accumulate at the ends and carners.

(b) Place cancrete at the far end af a slab and dump each batch against the

previaus ane.

(c) Place concrete an slapes by depasiting at battam af slape first.

(9)

(10)

Depasiting cancrete during rain. This invalves pratective measures. Use
waterpraaf cavering sa rain is nat mixed with cancrete befare it is set.

Rate af placing. On large jabs, avaid excess pressure an farms by keeping
the rate of fill at nat aver 4 feet per haur, measuring vertically, except far
calumns. An interval of at least 7 haurs (preferably 24 haurs) shauld elapse



between completion of columns ond wolls ond plocing of slobs, beoms or
girders supported by the columns.

(11) FExpedient operotions. Concrete is not o good moteriol for temporory con-
struction, it tokes severol doys ofter being ploced before it con be used.
If emergency construction of temporory type is required, concrete moy be
ploced in any monner with ony equipment ovoiloble. When forms ore used,
do not fill foster thon 4 feet per hour.

¢. Under Woter. Concrete should be poured under woter only when it is improc-
ticoble to do otherwise. Voter should hove o minimum temperoture of 45°F. The
velocity of flow should not be over 10 feet per minute, olthough socked concrete moy
be ploced in woter flawing ot greoter velocities. If woter temperoture is below 45°F,
the temperoture of the concrete should be obove 60°F, but not obove 80°F.

{1) Tremie method. A tremie is o pipe hoving o funnel-shoped upper end where
concrete is fed. Figure 127 shows the device.

CANTILEVER
PLATFORM

1

STEEL PIPE—~ |I

|

REMOVABLE =
SECTIONS |

Fe =

.

#

[ — |

N————=— "

CONCRETE
FORMS SIT ON BED

Figure 127. Plocing concrete under water with o tremie

203



204

(o) Frequently the lower end of the pipe i1s equipped with o gate so that it
may be filled before the concrete enters the woter. The lower end of the
pipe is kept continuously buried in newly ploced concrete. With the pipe
constontly filled with concrete, oir and water ore excluded. Lift the
memie slowly to ollow the concrete to flow out. Do not lose the seal ot
the bottom, if the seol is lost, roise the tremie, plug the lower end, ond

lower into position ogain. Do not move tremie loterally through the de-
posited concrete. When time to move, lift the tremie out ond move to
desired position, keeping top surfoce of concrete as level os possible.
For lorge orea, use several tremies, spoced ot 20- to 25-foot centers.

(b} Pumping from the mixer is the be st way of supplying concrete.
(c) Large tremies con be suspended and hondled from o crane boom

{d) Concrete poured through o tremie should hove a slump of obout 6 inches
and o cement content of 7 sacks per cubic yard of concrete. About 50
percent of the total oggregate should be sand ond the moximum coarse
aggregate size from 1% to 2 inches.

(2) Concrete buckets. Concrete can be placed at considerable depth into the
water by open-top buckets with o drop bottom. Moke the concrete slightly
stiffer than that placed by tremie. Mixture should be same-- 7 socks of
cement per cubic yord of concrete. Fill the bucket and cover the top with
canvos flop. Lower slowly into the water so os not to disploce the flop.
Discharge the concrete on reaching the surface where it is to be placed.

(3) Sacked concrete. Concrete can be ploced under water in socks in on emer-
gency. Jute sacks of about 1-cubic-foot copacity, filled obout two-thirds
full, ore lowered into the water, preferably shollow woter. Place the socks
in header and stretcher courses, interlocking the entire moss. A heoder
course is placed so thot the length of the sock is at right ongles to the di-
rection in which the stretcher-course socks are loid. Sacks are bound to-
gether because the cement from one sack seeps into odjacent socks. Do
not use sugar sacks, sugor is harmful to concrete. Do not try to compoct
this concrete under water, the less it is disturbed the better.

d. Consolidoting Concrete. Excepting concrete placed under water, all concrete is
worked into place by spading, by puddling, or by mechanical vibrotors. Consolidation
eliminotes rock pockets ond brings fine material to the surfoce. Work concrete core-
fully oround oll reinforcing steel.

(1) Vibration. Mechanical vibrotors are effective in consolidotion.

{a) Vibration mokes it possible to place mixtures to stiff to be placed in ony
other way; concrete with only o 1- or 2-inch slump may be deposited.
Less cement is required, and there is less danger of segregotion ond the
working of woter toword the top.



(b) Both externol ond internal vibrotars are ovoilable, the former ore applied
ta the forms and the latter into the concrete. They are powered. Internal
vibratars shauld be inserted at points obout 18 inches oport. Vibrotion
continues until o thin line of martar appeors along the form ond when the
caarse aggregate has sunk. Do not overvibrate. Da nat vibrate concrete
if it has a slump of 5 or 6 inches. Hand spading should be used along
with the vibrotar.

(2) Spoding (puddling). Spoding shauld continue until the caarse oggregote

disoppears into the mortar.

e. Curing and Protection.

(1) Maist curing. The loss of moisture must be prevented during hydratian.

Keep the exposed surface maist by sproying or ponding, ar covering with
eorth, sand, or burlap, mointained in o moist conditian.

{2) Curing compaunds. Remove the forms ond spray on the campound in 1 coot.

(3

=

Do not use the compaunds if the air temperature is above 100°F ond the oir
is dry.

Pratection against law temperatures. Do nat let the temperature af fresh
concrete foll below 40°F.
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CHAPTER 7
ROADS AND AIRFIELDS

Section . ROADS
59. MINIMUM DESIGN REQUIREMENTS
Table 64 gives a summary af military road specificatians.
60. TYPES OF SURFACES

a. Earth Roads. Earth raads cansist af native fine-grained sails, graded and
drained ta farm a surface for carrying traffic. Their use is limited ta dry weather and
light traffic. In cambat areas these raads are used where necessity demands speed of
canstructian with limited equipment and persannel.

b. Oiled Earth Raads. Oil is spread an earth raods ta prevent dust and help water-
praaf the surface. It is successful with silt ar cloy. The amaunt af ail used varies
fram abaut % ta 1 gallan per square yard applied in twa ar three increments, depending
upan the sail and the type af ail used.

c. Soil-Stabilized Surfoces. Bituminaus sail-stabilized mixtures and sail cement
may be used as raad surfaces as an expedient far relatively shart periads and ta carry
light traffic.

d. Sandy-Clay Raads. This type af raad has a natural ar artificial mixture af sand
and clay, graded and drained ta farm a raad surface. Usually fine gravel added ta it
will give stability. These raads serve well far light traffic, and will carry heavy
traffic except in adverse weather, althaugh they withstand such canditians better than
earth raads.

e. Gravel Raads. Gravel raads are o campacted layer af well graded gravelly sail
which meets the plasticity requirements far mechanically stabilized sails. Grading
requirements far this type of surface are given in table 5. Natural pit- ar bank-run
gravel may meet these requirements with anly screening. Other pit- ar bank-run gravel
may require bath screening and washing. River gravels normally require the additian
af binder sail. The capability af gravel raads ta carry heavy, sustained traffic depends
an the strength and hardness af gravel, the cahesiveness af clay binder, the thickness
af the layer, and the stability of the subgrade. These surfaces make on excellent base
far later pavements.

f. Raads af Pracessed Materials. Pracessed materials are prepared by crushing
and screening rack, gravel, ar slag. The infarmation an gravel raads is applicable ta
these raads. They shauld meet the grading requirements set farth in table 66.

g. Use af Calcium Chlaride and Sodium Chlaride.

(1) Calcium chlaride is widely used in canstruction (and maintenance) af me-
chanically stabilized sail surfaces, gravel raads, and raads made with cam-
pasite type pracessed materials. Calcium chlaride attracts and retains



Toble 64. Military Raad Specifications

Choracteristic Specificotion
Width
Troveled way (single lone) Min - 12 f1 (3.5 meters)
Troveled way (two lones) Min - 22 ft (6.5 meters)
Shoulders (each side) Min - 4 ft (1.5 meters)
Cleoring Min - 6 ft (2 meters) an each side of roodwoy
Alinement
Grodes:
Absolute moximum Lowest maximum gradobility of vehiclas for
which road is built
Normol moximum 10%
Desiroble moximum Tangents ond gentle curves, less than 6% shorp
curves, less thon 4%
Horizontol curve radius Desired min = 150 ft (45 m); Absolute min -
Verticol curve length: 80 # (25 m)
Invert curves 100-ft min (30 m) for each 4% algebraic dif-
farence in grodes
Qvert curves 125-# min (40 m) for eoch 4% olgebraic dif-

ference in grodes
Sight distonce: ’

Nonpossing Absolute minimum - 200 ft (60 m)
Passing Abselute minimum - 350 ft (110 m})
Lood copacity
Rood proper Sustoin 10,000-1b wheel lood
Bridges Accommodote using troffic
Slopes
Shoulders % in per #
Crown (grovel ond dirt) ¥ to % in per ft
Crown (poved) . Y to }4 in per ft
Superelevation Y% to 1-Y% in per ft
Cut Vorioble
Fill Voncble
Droinoge
Good Adequate crown or superelevotion with odeq

ditches and culverts in good condition. Toke
full odvontoge of naturol droinoge. Try to

locote road af leost 4 ft above the ground-woter]
toble
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Toble 64. Continved

Characteristic Specification
Miscellaneous
Overhead cleoronce Min - 16 ft (5 m)
Traffic volume 2,000 vehicles per day
Turnouts (single lone) Min - every % mile

Toble 65. Suggested Groding Requirements for Gravel ond Composite
Type Surfoce Courses of Processed Moterials

Sieve designatian % passing, by weight

1in 100

3/4in 85 - 100

3/8 in 65 - 100

No. 4 55 - 85

No. 10 ’ 40 - 70

No. 40 25- 45

No. 200 0-10

moisture from the oir. Use 0 5 pound per square yard per inch of compocted
mixture when mixed-in-place canstruction is used. If the mixture is pre-
pored at o centrol plont, the mixture should be 10 paunds of colcium chlo-
ride per ton of mixture. It is recammended that 1 pound per square yard be
applied when the surface is camplete.

(2) Sodium chloride (generolly rock salt) may be used in much the some way as
obove. Use about 1 ton per mile per inch of compacted surfoce 20 feet (6
meters) wide,

h. Othsr Aggregate Moterials.

(1) Coral. Coral requires cansideroble maintenonce because it will scor and
rut when given hard usoge, causing water to pand and soften the bose. 5Sur-
foces must be periadically shoped with a groder. Traffic will also produce
a fine dust, which requires periodic sprinkling, preferably with solt woter.

(2) Coliche. The life of caliche (o hard pon, cemented by mineralizing salu-
tions) 1s greotly increosed as a surface when bituminaus treatment is
applied.

(3) Tuff. Tuff (depasits af fine minerals ejected by volconoes) 1s dusty when



Table 66. Suggested Groding Requirements for Coorse-Graded
Type Surface Course of Processed Materials

Sieve designotion % passing, by weight
% in 100
No. 4 70 - 100
No. 10 35- 80 )
No. 40 25- 50
No. 200 8-25

dry ond slippery when wet. Regorde ondroll the surfoce ofter o roin to hold
surfoce moisture ond close crocks. An ospholt seol coot will prevent in-
filtrotion of woter.

i. lce Surfaces. In northern lotitudes, vehicles ond oircroft moy use the surfoces
of fresh-woter ice on lokes ond rivers, or solt-woter ice on seos or along coostlines.

(1) Fresh-water ice breoks up in the spring. During the winter the strength of
this ice exceeds thot of young seo ice. The strength of seo ice increoses
with time, ond has o use equol to fresh-woter ice when thick enough.

(2) lce strength is offected by temperoture ond its condition. Inspect the condi-
tion of ice corefully for honeycomb, rotting, or melting before imposing
heovy loads.

(3) Snow ond ice roods ore sotisfoctory for troffic use where the snowfoll
reoches o minimum of 2 feet ond the temperoture folls to below 20°F for ot
leost 3 months. Four types of snow ond ice roods ore: pioneer, trough,
ond wide and norrow rut. See TM 5-349 for their construction. A pioneer
snow road corries corgo vehicles or snow troctors with gross weights up to
obout 5,000 pounds. A trough rood supports 24-ton trucks ond medium trock-
type troctors with sied troins. A wide-rut rood supports 6-ton trucks ond
heovy trock-type troctors with sled troins. However, over ice the beoring
copocity depends on the ice thickness. Toble 67 is o rule-of-thumb guide
to the lood copocity of ice.

i. Portoble Road Surfaces. During operotions in the field it 1s often necessoryto
mok es temporory use of metol mesh, metol fonding mots, wood mots, or vorious types
of treodwoys. These moteriols ore ropidly tronsported ond ossembled over mud,
swomps, beoches, or other unstoble soils. TM 5-330 gives the detoils of constructing
portoble surfoces.
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Toble 67. Load Copocity of [ce

Minimum Minimum
thickness intervol
Lood of ice ft
in
Single riflemon on skis or snowshoes. . . . . . . . . . 1% (40 mm) | 16 (5 m)
Troops in single file, 2-poce distonce . . . . . . . . . 380 mm) [*23(7 m)
Troop column, single horses, motorcycles, unlooded
sleds, or motor-toboggons . . . . . . . .. . ... 4 (100 mm) [*33 (10 m)
Single light ortillery piece, Y%-ton truck, 4 x 4. . . . . . 6 (150 mm) | 49 (15 m),
Light ortillery, possenger cors, medium 1%-ton trucks
with gross weightof 3% tons . . . . . . . . .. .. 8 {200 mm) | 65{20 m
2Vs-ton trucks, lightloods . . . . . . . . ... ... 10 (250 mm) .| 82 (25 m)
Closed columns of oll orms except ormored force ond
heovyortillery . . . . . . . . . .. .. ... .. 12 (305 mm) {98 (30 m)
Armored scout cors, ighttonks . . . . . . . . . . .. 14 (355 mm) 115(35m
20-ton vehicles . . . . . . . . ... ... .. ... 16 (405 mm) 131 (40 m)
45tonvehicles . . . . . . . ..o, 24 (60 cm) 164 (50 m)

* Minimum intervol between files or columns.

61. CROSS SECTIONS

A cross section isotronsverse sectionof o road token ot right angles to the horizontol
projection of the rood’s centerline. The cross-sectionol shope of the subgrode de-
pends upon the surfocing to be used (figs. 128 through 132). The subgrode on eorth
roods is shoped to the standord rood cross section. If surfoced, the subgrode is
groded to the some slope os the finished surfoce. With the trench metbod, the eorth
which is excovoted to form o trench is pushed to the sides of the rood to form retoin-
ing shoulders.
62. SOILS

o. Control of Soils. The militory engineer must know how to evoluote existing or
potentiol soil conditions, to predict soil behovior under vorying conditions, ond to
reoch sotisfoctory solutions to the problems deoling with foundotions ond eorthwork
construction which he encounters in militory operotions. The control of soils encom-
posses the formation ond chorocteristics of soils, their classificotion, the movement
of woter, frost oction, the compressibility ond sheoring resistonce of soils, beoring
copocity, ond the compoction ond stobilizotion of soils.



b. Hardness. The crust of the earth is composed of o variety of solid materials.
The mast common is rack, which is camposed of minerals, The hardness of o mineral
is o measure of its ability to resist abrasian. The follawing scale is a list in order of
increasing hardness:

Tale,armica. . . . . . . . . .. o . 1
Gypsum . . . « . . o .. e oo e e 2
Caleite . . . . . . . . . ... 3
Floarite . . . . . . . . o v v v oL 4
Apatite . . . . . . ... ... 5
Feldspar. . . . . . . . . ... .. .. 6
Quartz. . . . .« . . 000 o 7
Topoz, arberyl . . . . . . .. ... 8
Corundum . . . . . . . . . ... ... 9
Diemond. . . . . . . . .. ... ... 10
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Figure 129. One-woy earth rood.
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Figure 131, One-woy rood using double-course construction.
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BLEEDER ORAINS INSTALLED IN SHOULDER $I0E BLEEDER DRAIN
Figure 132. Two-woy rood using double-course, trench-type construction.



c. Field Expedients far Soil Analysis. The fallawing field tests may be af value
in saoil analysis.

(1) Feel. Sond has o gritty feel when rubbed between the fingers. Dry silts
have a smaath, silky, flaury feel. Some wet clays feel slick ar saapy. Very
light ar very heavy sails feel very light ar very heavy in weight.

(2) Shine. When rubbed with fingernail aor knife blade, inarganic clays remain
dull, high plastic clays became shiny.

(3) Taste. Fine-grained sail will tend ta stick ta tangue.

d. Dralnage Characteristics. Seils may be divided inta three general groups an the
basis af their drainage characteristics:

(1) Vlell-draining sails. Clean sands and gravels fall inta this classificatian.
They may be readily drained by gravity systems. For raads ar airfields,
open ditches may be used in these sails ta intercept ond carry water.

(2) Poorly draining sails. These are the inarganic ond arganic fine sonds and
silts, arganic clays af law campressibility, and caarse grained sails hav-
ing an excess af nanplastic fines. Dratnage by gravity alone is difficult in
these sails.

(3) Imperviaus sails. Fine-groined, hamageneous, plastic sails, and caorse-
grained sails cantaining plastic fines ore in this cotegory. Subsurface
drainage is sa slaw in these sails that it is of little value in improving
their condition. Any drainage pracess may be difficult and expensive.

63. DRAINAGE

a. Check Doms. Check doms are used an sidehill cuts ond steep grades, where
they are plaoced in side ditches ta slaw the water ond prevent it fram washing aut the
raad. Check dams are nat used when the ditchline grade exceeds 5 percent ar where
erasian is o prablem. They ore made af timber, sondbags, cancrete rack, ar similor
materials. Figure 133 shaws the methad af camputing check dom spacing.

b. Culverts. Culverts are required wherever drainage channels ore needed ta crass
raads, ta pravide ditch relief, and ta cantinue side ditches ot the intersectians ar raad
ond access rautes. In tactical situations where raads will be used anly a few weeks,
the cross-sectional areas aof drainage facilities are estimated by hasty methads.

(1) Tolbot’'s farmula may be used as an appraximate methad far camputing the
crass-sectional area af a prapased culvert. This farmulais:

A=C4/D3 ,ara=cD¥%

where A = area of waterway apening in square feet
D= drainoge area in acres
C= caefficient af retardation based upon slape, sail characteristics,
and shape (see table 68).
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Figure 133. Methods of computing checkdam spacing.

(2) Toble 69 shows required culvert apenings as computed from Talbot's
farmula.

(3) An alinement chart far solutions is given in figure 134,

(4) The deliberote method of estimoting runoff cambines engineer judgment
with calculotions based on anolysis, measurement, or estimatian. It is
expressed by:

Q=CIA
where Q = runoff from o given areo in cubic feet per second
C = o coefficient representing the rotio af runoff ta roinfoll
| = intensity of roinfoll in inches per hour for the estimated time af
concentration
A= droinoge oreas in acres



The value of C is derived from a study of the sail, the slope, ond condi-
tions af the surface. The more cammanly used volues ore shown in toble

69. Other formulas may be found in TM 5-335.
c. Culvert Placement.

(1} A way to prevent erosion is pointed out in figure 135, Suggestions an their
alinement ore shawn in figure 136.

(2} Culverts are normolly ot the grade of the natural ond ortificial drainage
channels which discharge inta them. Grodes of 2 ta 4 percent are desir-
oble. Velocities should not be aver 8 feet per secand nor less thon 2.5
feet per second.

(3} Culverts shouldbe ploced wherever natural drainage channels require crass-
droinage. Figure 137 shows the spocing af ditch-relief culverts. The
bedding and spacing af multiple-pipe culverts is equol to ot leost half the
diometer af the pipe {fig. 138).

d. Bax Culverts. There are severol types of box culverts; log box, timber box,
and concrete box. Examples of each are shown in figures 139 through 141.

e. Nestable Corrugated Pipe Culverts. These culverts are af two types: notched,
having o natched edge ond ploin edge: ond flanged, having flanges with slotted holes.
The two types are not interchangeable. Figure 142 shows the strutting diogrom for
assembling the corrugated pipe.

Table 68. Surface Runoff Foctors

Types of surface Factor
Bituminous povements. . . . . . | 0.80 t0 0.95
Concrete povements. . . . . . . | 0.70 t0 0.90
Grovel or macodam pavements . . | 0.35t00.70
Impervious soils . . . . . . .. 0.40 10 0.65
Impervious soils, with turf* . . . | 0.30 t0 0.55
Slightly pervious sails* . . . . . [0.15t0 0.40
Perviaus sails* . . . . . ... ]0.01t00.10
Wooded areas (depending on surfoce,

slope and soil caver) . . . . | 0.01 t00.20

* Far slopes from 1 to 2 percent.
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Table 69. Required Culvert Opening, in Square Feet,
Computed from Tolbot’s Formula

Droinoge orea Mountain-
in ocres ous Hilly Rolling Flot
(C=1.0) (C=0.7) (C=0.5) (C=0.2)
2. ..o 1.7 12 0.9 0.3
5. . .o o 33 23 17 . 0.7
10......... e 5.6 39 2.8 1.1
2 ... .. .. . 9.5 6.7 4.8 19
0. 12.8 9.0 64 26
40 ... 15.9 1.1 80 3.2
L 7.8 125 8.9 36
75 . . ..o 25.4 17.8 127 5.1
100. ... ........ 316 2.1 15.8 6.3
150. . .. ... 429 3.0 21.5 8.6
200. ... ... .. SN 531 37.2 26.6 10.7
0. ... ... R 722 5.5 36.1 14.4
400. ... oL 88.1 617 44.1 17.6
00. ... ... 106.0 74.2 53.0 21.2
600. . . . .. ... ... 1210 85.0 610 24.0
800. . ... ... .. .. 151.0 106.0 76.0 00
1,000. ... .... SN 178 0 125.0 86.0 360
1,200. . ... ... .. . 2040 1430 102.0 41.0
1,500. .. .. ... ... 2410 169.0 121.0 43.0
2000. . ... ... o 299%.0 209.0 150.0 60.0
250. .. ... ... 353.0 247.0 177.0 71.0
300. ... .. ... .. *) 840 2030 81.0
4,000. . . .. e ™ 352.0 252.0 1010
5000. ... ... .. .. ") *) 298.0 119.0
7,50. .. .. ... ... (*) *) *) 161.0
10000 . ... ...... (*) (*) ") 200.0
15000 . . ... .. ... ) ) " 271.0
20,000 ... ... ... (*) (*) *) 33.0

* Formula not ta be used for these canditians.

NOTE: Value of C moy be reduced where ponding ar temporary starage is available,
such os in irrigated areos or rice paddies.



RUNOFF, COLFFICIENT C

«00
300
. 200
180
CHARACTER OF
TERRAIN 100 -
R o0 _ -
9 __ wouwtainous o -
- v
¥
P g}
.7 HILLY .- 0 H
- w
o .78 £
[ . E
s _- ¥ o420 3
- z s 7
- “roLuino o @ z
fei ¥ :
X a2 1w <
- 3
. ¢ =
-3 3 6 %
FLAT 3 s B
- w
4 4 o
L, g 2413 3
5 2
| 2
a g
>
15 g
. 1] =
2
0.3

OR A=¢CD¥,

Az AREA OF CULVERY OPENING IN SOUARE FLET
C=COEFFICIENT DEPENOING ON CHARACTER OF TERRAIN
O= ORAINAGE AREA IN ACRES

EXAMPLE ~ THE ARCA OF CULVIRT FOR A ORAINACE AREA
OF 500 ACRES 1M GENTLY ROLLING TEARAIN{COEFFICIENT
€50 4) 13 42 SOUARE FEET {SEE DASHEOD LINE, Asovi)

AOWT

4000 }‘
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Figure 135, Culvert extended beyond fill to p

USE LONGER

CULVERT IN
HAN'L

e

BAD ALINEMENT GOOD ALINEMENT

Figure 136. Alinement of culverts.



f. Expedient Culverts.
{1) One type of this culvert uses oil, gosoline, or aspholt drums. Remove
their ends with detonating cord, sharp hond tools, or the toal-pneumatic

metol drum opener.
CAUTION: Da not use o torch ar other tools an gasoline or oil drums
unless they are completely empty. Join these drums end to end by tack-
welding, bolting, or wiring (fig. 143).

Figure 137. Spacing of ditch-relief culverts.
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Figure 139. Log culvert, 30-inch.



SCABS AT JOINTS

3"X 12" STRINGER
3"X12"X2'-0" SILLS

3"X12X1'-6" GOLLAR

3"X12"X2'-6" COLLAR
Figure 140. Timber box culvert, 18- by 12-inch.

6'CENTER-TO-CENTER

3"Xi2°X4'-6"
COLLAR

/77

Figure 141. Timber box culvert, 19%- by 12.inch,
p2)



{2) Another type of expedient culvert is olso illustrated in the lower part of
figure 143 It uses sandbags and pierced metol panels, the lotter being
placed both above and below the sondbogs os shown in figure 143
g. Cover. A minimum cover requirement of }4 the diometer con be used for rein-
forced concrete pipe ond corrugoted metol pipe culverts. Culverts other than pipe
should hove o minimum of 12 inches, preferably 18 inches, of cover. Where heavy
equipment is used in construction, odequote caver must be provided to protect culvert
structures from domoge.

64. EARTHMOVING EQUIPMENT

o. Output. Toble 70 is written to give much of the required data for the small-unit
leoder concerning overoge dozes earth-maving capabilities.

b. Formulo.

(1) For the purposes of small-unit operations, the following formula may be
used in situations wherein toble 70'would not be opplicable.
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Figure 142 Strutting diagram showing end and langitudinal views.



Figure 143. Expedient culverts.



W =WIDTH OF CHANNEL AT HIGH WATER MARK
Wo = WIOTH OF CHANNEL AT BOTTOM
H=VERITICAL DISTANCE FROM BOTTOM TO HIGH WAT

ER MARK
w
(%—)n: AREA OF WATERWAY

SI1ZE OF CULVERT = AREA OF WATERWAY + SAFETY FACTOR 100%

Figure 144. Hasty culvert.

225



6

(2) Taking a push distance of 300 feet for the D8 dozer, the problem could be
worked as follows:

Push | Return  Fixed time 2
00 ft 08 . 020 =
2.3 x B8 ft/min/mph * 3.7x88 M
300 300
—_— 0.20 =
2024 356

. 1.48+ 0.92 + 0.20 = 2.60
Therefore, total cycle time = 2,60 minutes )

The number of trips per hour would = gd;‘;g/ﬁr

Trips/hr = 23.07

Table 70. Dozer Qutput

Praductian rate

Capacity X Speeds in mph Gal of
Model in yds per br, in yds 3 — R fuel per
_#t haul |100-f haul | Farwa everse b
(loose) % w 0 w {2nd gear) [{(3rd gear) ’
D8 5.0 450 250 23 37 n
(DSL)
D7 41 0 35 22 5.4 10
(DSL)
D6 26 284 154 2.9 42 9
(DSL)
TD-18 (Same data as far D7) 2.1 3.4 (D]gL)
TD- 24 (Same data as for D8) 2.6 8.0 (I;;L)
LeTourneav 12
Super C 50 34 272 3.69 8.3
Tournado zer (DSL)

NOTE: These figures will vary with percent of grade, weather conditions, elevation,
experience of the work crew, type of soil, and length of haul. In checking
grade resistance, use GR (or GA) = total weight (in tons) x 20 Ibs/ton x units
of percent grade. Far altitudes above 3,000 feet,a 3% horsepower lass is en-
countered for each 1,000 feet thereafter. Regarding each type of soil, see the
soil conversion factor in table 77. Bowl capacities given are for common earth
(loam, sand, and clay mixture) in loose cubic yards.



Since the number of yords moved per trip is 5 (toble 70), we have
23,07 x5x0.83 = 95.74 yds per hr of loose soil, For 0.83, see toble 72 3

To convert this into bank yards, multiply this answer by 0.80 (the load, or

soil, factor given in table 71, column 4):

95.74 x .80 = 76.59 bank yds/hr

NOTE: 1The88 is derived from 5280 ft/mile divided by 60 to get ft/min.
This is the basic fixed time for a trocked dozer when onother

c. Pertinent Dato.

gear is used on return trip.

Efficiency factor from toble 72.
Tobles 71 ond 72| give the dota necessary to wark the formula

in b, above. N
Table 71. Appraximate Moterial Characteristics
Lbs per 'Load (or soil) Lbs per
Material cu yd, % of (canversian) cu yd,
bank Swell factor loase
Cinders 1,200 40-50 72-.65 780-860
Clay, dry 2,700 to 40 .72 1,950 to
" wet 3,500 40 .72 2,500
Cool, anthrocite 2,600 35 .74 1,900
** bituminaus 2,250 5 74 1,650
Earth{loom or silt):
dry 1,700 to 15-35 .87-74 1,250 to
wet 3,500 25 .80 2,800
Grovel, dry 2,450 to 10-15 .87-.74 1,250 to
" wet 3,900 10-15 .91-.87 3,550
Gypsum 4,300 30 .77 3,300
Iron ore 4,600 18 .85 3,900
Limestone 4,400 65 .60 2,650
Sond, dry 2,200-3,400 10-15 91-.87 1,900-3,100
" wet 2,450-3,900 10-15 .91-.87 2,150-3,550
Sondstone 4,000 65 .60 2,400
Shale (soft rock) 4,400 65 .60 2,650
Troprock 5,000 50 .66 3,300

*
The weight and lood factar of moterial will vary with such foctors as grain size,
mai sture content, and degree of campoction.
termined, then a test must be run an thot particular sample.
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Toble 72.  Dozer Efficiency Foctors

Time of operotion | Tracter type Working hrs Eff. foctor

Day Trock 50 min/hr 0.83
Wheel 45 min/hr 0.75

. Trock 45 min/hr 0.75
Night Wheel 40 min/hr 0.67

65. CONSTRUCTION ESTIMATES

a. Cubic Yords, Loose Meosures, Gravel or Crushed Rock Required per Linear
Unit of Rood. This informotion is contained in table 73.

b. Linear Feet of Spread per Cubic Yard of Gravel or Crushed Rock to Produce
Required Thickness. Toble 74 shows thot dota.

¢. Gallons of Bitumen Required. Toble 75 specifies the totol number of gollons
of bitumen per mile required ot vorious rotes of opplicotion per squore yord.

d. Productive Capacity of Labor ond Equipment. Toble 76 gives the productive
copocity of vorious items of equipment when used in construction ond mointenonce
operotions. This informotion should be used only os o guide, refer to TM 5-252 for
detoiled methods of estimoting the work output of vorious items of equipment.

Toble 73. Gravel ar Crushed Rock Required per Linear Unit of Road

in Cubic Yards, Loose Meosure

Thickness ! Length of rood section
Width, f T
In. Condition 100 # 100 yds 1 mi
10 1 Loose 3.09 9.2 1629
Compocted 3.86 1n.s7 203.6

* Rotio of loose thickness to compacted thickness ossumed to be 1.25.

Exomple: Quontity required for 4-in compocted course on 350 yds ofrood, 22 ft wide, is:

2 4 350
Q= 1157 x —— %X ——x
10 1 100

= 356.4 cubic yords, loose measure.




Toble 74. Linear Feet of Spreod per Cubic Yard of Grovel or
Crushed Rock to Produce Required Thickness

Thickness of Width of roodwoy, ft
Condition
surface, in. 12 n 30

1 Loose 2.0 14.7 10.8
Compocted 216 ns 8.6

3 Loose 9.0 49 3.6
Compocted 7.2 39 29

4 Loose 6.7 3.4 27
Compacted 5.4 29 21

6 Loose 45 2.4 1.8
Compocted 36 1.9 1.4

Exomple: Length of spread for 2/4-cubic-yord truck to produce 4-inch compocted thick-
ness 22 feet wide is: L = 29 x 25 = 7.25 feet.

Toble 75. Gollons of Bitumen Required for 1 Mile of Rood

Raoad widths, ft
Gals per 9 12 20
sq yd Total gols
0.25 1,320 1,760 2933
0.50 2,640 3,520 5867
1.00 5,280 7,040 11,733
1.50 7,90 10,560 17,600

66. IDENTIFICATION OF BITUMINOUS MATERIALS

o. Aspholt ond Tor. Aspholt ond tor praducts are the principol bituminous mate-
rials used for rood and oirfield constructian. Figure 145 is o field guide to identifi-
cotion of unknown bituminous materiols. Toble 77 shows the few grades which may
be monufoctured in the field.

b. Asphalt Construction. For emergency use, mix-in-ploce surfaces ore mode of
3.5 1o 6 percent bitumen, depending on the fi s of oggregote. (See TM 5-337 for
procedures.)
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Toble 76.  Productive Copocity of Equipment

Equipment

Rate units
per hr

Unit

Conditians

DRAINAGE DITCHES

Grader, matorized 250 cv yd | V-ditches, easy digging
150 cu yd V-ditches, med. hard digging
8s cu yd V-ditches, hard digging
Shove) ar dragline, 3/4 60* cv yd Hard digging
cu yd 125* cu yd Easy digging
Hand tools S manhes | 100 ft V-ditches, 3 ft wide, 1 foot
deep, easy digging
9 man.hrs | 100 £ VY-ditches, 3 ft wide, 1 foot
deep, medium hard digging
Ditching machine, lad- | 0-8 f. per min. Operoting speed depends an
der type width (18 or 24 in.), depth
{0 to 99 in.), and type of
soil
Ditching machine, 0-28 ft. per min. Same as above, except 24 in.
mobile wide
CLEARING AND GRUBBING
Hand toals 14 man-hrs | tree 3 man blosting team, gaad
canditions
125 man-hrs| ocre Light clearing
350 mon-hrs| acre Medium cloaring
25 man-hes| 100 lin yd Light clearing, 30 ft wide
70 man-hes| 100 lin yd Medium clecring, 30 ft wide
Mawer, with tractor, 30-| 20 ocre Cutting weeds and grasses
dbhp
Tractor, 66- ta 90-dbhp, | 1.0 ocre Light stripping ar clearing
with dozer 0.25 ocre Medium clearing
2 to 50 trees 4 in. to 10 in. diameter
31012 trees 12in to 30 in. diameter
GRADING
Tractor, 66- to 90-dbhp, | 400 lin f¢ Sidehill cut, medium-hard
with dozer digging, 109 slope
190 lin ft Sido_hillim, medium-hard

digging, 20_° slope

™
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Table 76.  Continued
Equipment Roto units Untt Conditions
por hr
GRADING -Continuod
Troctor, 66~ to 90-dbhp, | 110 lin # Sidehill cut, modium hord
with dozor--continuod | digging, 30° slopo
120 cu.yd Sidehill cut, modium hard
digging
920 cuyd Sidehill cut, hord digging
130 cu yd 50 ft lovel houl, modium hard
digging,
80 e yd 100 # lovol houl, modium hard
Scrapor, towed 12 cu yd digsing
, v
;:;o;roct:: Uil es cu yd | 500 ‘l' levol houl, medium hord
sol
iy cuyd 800 # lovol houl, modiumhord,
digging I
Shovol, power, ¥ cuyd | 45 cu yd Hord digging
75 cuyd Eosy digging
Groder, motorizod 0.2 milo Digging side ditches and
shoping crown, 4 round
trips
Hond tools 1.210 24 jeuyd Looding loose motoriol into
truck, 1 mon with shovel
1.5 cu yd Excovation with pick and
shovol, to 5 ft, eosy digging
EMBANKMENT
Troctor, 70 - to 90-dbhp, | 00 cuyd Spreading materiol
with angle-dozer
Rollor, sheepsfoot, 250 cu yd 9 In loose layers, 8 passos
two drum-indine, 200 cu yd 9 in loose layers, 10 possos
towod by troctor, 70- | 150 cu yd 9 in looso layers, 12 possos
to 90-dbhp
SUBGRADE PREPARATION
Grodo, motorized 400 sq yd Scarify ond shapo




Table 76. Continved

Rate unlts

tor, X-dbhp

Equipment Unlt Conditions
per hr
SUBGRADE PREP ARATION-Continued

Raller, sheepsfoot, two {650 sq yd 6 in layers, 8 passes

drum-in-Jine, towed by ]540 8q yd 6 in layers, 10 posses

tractor, 70- to 90-dbhp |450 sq yd 6 in layers, 12 posses
Raller, rubber-tired with |3000 sq yd 5 mph, 5 passes

tractor, 30-dbhp
Raller, road, tandem, 5- |1000 sq yd 3 mph, 5 passes

to 8-ton

BASE COURSE CONSTRUCTION

Troctor, 70- to 90-dbhp, ]300 cu yd Spreod moteriol

with angle-dazer
Grader, motorized 200 ey yd Spread moterial

450 8q yd Shaping surface

Roller, road, tondem, 5 |300 sq yd Compacting gravel

to 8-tan
Roller, road, tondem, 5- | 75 cv yd Compacting gravel

ta B:ton
Roller, rubber-tired, trac- 1500 sq yd Compacting gravel, 10 passes

SURFACE TREATMENTS AND PAVEMENT CONSTRUCTION

Sweeper, tractor, 30-
dbhp

Distributor, troiler
mounted

Distributar, truck
maunted

Spreader, aggregate,
froction pawered

Roller, road tondem, 5-
to 8-tan

Raller, rubber-tired,
tractar, 30-dbhp

2500 sq yd
2500 sq yd
1250 sq yd

(See TM 5-1134)
5000 sqyd
3000 sqyd
3000 sqyd

Sweeping compact base

0.1 gl per sq yd, 24-# spray
0.2 gol per sq yd, 24-ft spray
Spread cover aggregates
Rolling oggregate, 3 mph, 3

posses

Rolling aggregate, 5 mph, 5

posses
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Table 76. Continued

Equipment Rate units Unit Conditians
per hr
SURFACE TREATMENTS AND PAVEMENT CONSTRUCTION=-Cantinued
Grader, matorized 150 sqyd Mixed in place, 2-in bitumi-
nous material
AGGREGATE PRODUCTION
Crusher, two-unit, 25 15 ton 1-in aggregate, screened
cu yd per hr p.i] tan 1%-in aggregate, screened
ki) ton 24-in aggregate, screened
Crusher, (D|-50) tph 18 tan 1-in aggregato, screened
30 ton 1%-in oggregate, screened
43 ton 2-in aggregate, screened
Crusher, 225 tph 10 ton Yein aggregate, screened,
washed
220 tan 1%-in oggregate, screened,
washed
Crusher 15 tph, Air- 15 ton 1-in aggregate, crushed
bome 25 tan 1%-in aggregate, crushed
k] tan 2-in aggreagete, crushed
Compressor, 210 .cfm 210 cfm At sea |evel
180 cfm 5000 ft. above sea level
Compressor, 315 cfm as cfm At sea level
%5 cfm 5000 ft. above sea level
Compressor, 600 cfm 800 cfm At sea level
510 cfm 5000 ft. above sea level
Drill, rock, 35-Ib class p.] lin £ 1%-in hale, max depth 8 f.
Requires 40 to 60 .cfm af air
Drill, rock, 45-1b class 20 lin & 1%-1n hale, max depth 12 f.
Requires 70 to 90 cfm af air
Scoop laader, whed 2 | 200 cvyd Truck laading
cu yd

*dbhp = drawbar harsepawer




Table 77. Approximate Composition of Cutback Aspholts

Grade of
Type and asphalt Solvent % of solvent % af osphalt
grade af cement by volume cement by
cutback {penetratian) valume
SC-3 2 78
SC-2 i) 70
SC-1 200-225 Diesel ail 8 62
SC0 50 50
MC-3 22 78
MC-2 7 73
-1 K
MC-1 120- 150 erosene 35 65
MC-0 45 55
RC-3 16-19 81-84
RC-2 85- 100 Gasali 22-25 75-78
RC-1 arctine 7-32 68-75
RCQ F-42 58-63

67. ROAD-CONSTRUCTION IN THE ARCTIC

a. Nanpermafrost Areas. Canstruction design and pracedures are generally the
same far nanpermafrast for narthern areas ar far any temperate climate. Allawances
are made for the canditians af winter frast; in the arctic and subarctic regians, the
depth af frast penetratian is greater than in temperate zanes. (See TM 5-349).

b. Permofrost Areas. In permafrast areas, site selectian is the mast impartant af
oll canstructian aperations. Canstructian design depends an the surface and subsur-
face canditians at the selected site. Prime cansideratian is given ta subgrade sail,
graund water, surface ice fields, snaw, 'and surface droinage. If at al! passible,
lacate raads on sail campased of coarse-grained, nan-frast-active materials, e.g., high-
_bench gravel terraces. Ground with pares filled by ice ar water shauld be avaided.
{See TM 5-3497)

c. Bridging. The constructian of bridge foundations in permafrast areas is obout
the same as for other large structures. Far detailed infarmatian an raad and bridge
construction in the arctic. (See TM 5-349.)

. Section I1. Army Airfields and Heliports
68. STANDARDS OF CONSTRUCTION

Army airfields and heliparts are divided inta three genera! classes in relatian to can-
structian standards; pioneer, hasty, and deliberate.

a. Pianeer. Lawest standard of canstructian, yet maintaining favarable aperating
canditions. Sofety factars ot minimum. Runwoy af sail ar sod surface.
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b. Hosty. Substondard butoperoble margin of safety Reasanably safe ond efficient
except in pralanged inclement weather. Runway depends an soil, weather, time af
year, avoilability of surfacing material, and length of time field is used.

c. Deliberate. Safety and efficiency standards observed. Can operate under odverse
conditians. Must have gaad subgrade ond well-mode flexible ar rigid pavement ta be
all-weather operable.

69. ARMY AIRFIELD MARKING
The methods outlined belaw are most commanly used in theaters of aperatians.

o. Pianeer. The usable landing area far a pianeer airfield ar heliport is normolly
morked by panels. A ‘'T" panel 1s ploced at the downwind end of the field. A single
ponel is placed at the upwind end ta mark the limit of the landing roll. If needed,
panels may be placed langitudinally along the sides of the runway to indicate usable
width. Because af the updraft fram helicapter rotar blades, panels must be securely
fastened to the ground.

b. Hasty

(1) The usable landing area for hasty Army airfields (or heliports) may be
marked by painted ‘‘sandwich-baord”’ markers, 55-gallon drums, or ratian
cans spaced appraximately 10 feet fram the edge of the runway and 100 feet
langitudinally olang the runway. The markers normally are painted block
and white. For taxiways, flat pieces af waad or metal 9 by 12 inches in
size are fastened to stakes and placed at intervals af 100 feet ond obout 5
feet fram surface edges ta serve os markers. A mare permanent type of
marker may be made by painting rectangular markers 10 feet long and 2
feet wide parallel ta the centerline every 500 feet olong bath edges of the
runway. Yellaw paint furnishes the highest visibility for this L-shaped
markers having 10-faot legs are ploced on the faur carners af the runwoy.

(2) Vihere portoble landing mats are used an hasty airfields, the centerline af
the runway may be painted. The end af the runway 1s accentuated by o
rectangular mark nat less than 20 feet by 60 feet, cainciding with the run-
way centerline.

70. GENERAL NOMENCLATURE OF ARMY AIRFIELDS
The general layout and namenclature are shawn in figures 146 ond 147.
71. ARMY AIRFIELD DESIGN CRITERIA
a. Specificatians of Army Airplones. These specificatian are listed in table 78.

b. Runway Length. The tokeaff ground run far the criticol madel of each Army
airplane 1s given in table 78.

72. ARCTIC CONSTRUCTION OF AIRFIELDS

The informatian on the canstruction af raads in the arctic is generolly pertinent ta air-
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Figure 146. Flightstrip nomenclature.

field construction in orctic oreos. Runwoy design over frost-susceptible soils must
toke into occount frost ond permofrost conditions. For detoiled informotion see TM

5-560.

GLIDE ANGLE

Figure 147. Flightwoy nomenclature.

73. GENERAL NOMENCLATURE OF ARMY HELIPORTS
See figure 148. Sizes of helicopter pods ore given_ in toble 79.
74. ARMY HE LIPORT DESIGN CRITERIA

For specificotions of Army helicopters, see toble 79,
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Table 78.  Specifications of Army Airplanes*
Take-
Qverall dimensians aff
Fuel | Maxi-{ dis-
Grass | Fo% Fuse. can- | mum [tance
Type |weighy,|senger Carga, lage Heighy | Wing-| sump- take- | ta
Ibs | €oPac: Ibs length span | tian af’ |clear
ity per |graund]50-ft
hr., run, pbsta-
gals 1 cle
]
L-19 | 2,400 1 191, ea 25'9.5'"'1 7'6" 36'0"") 55 380 | 480
wing
L-204} 5,100 4 500, ea | N'S" 10'5"" 48°0" 1138 555 | 1000
wing
U-1A [8,000 9 NA 41'10" 12’5 580"’ 141 950 | 1650
L-23D} 7,000 5 NA 316" 116" 45'4"| 04 1280+ 2120

* Figures shown are subject fo change. Cansult mast racent airplane publicatians
when they are available.

**Landing graund roll far this airplane is greater than its takeoff graund run; all
other plones listed have fesser figures for landing graund rall.
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Table 79. Pertinent Specifications of Army Helicopters

akeoff Overal! dimansi
Groas | Fuel | pag. | Nos |siing dlIfm.:o o veratl cimansions
. Army J wl, h senger |corgo, [loods,| ¥
Holicoptar type | 4o ucnorigd Ibs ""I“ copoc. | Ibs | Ibs :::" i?.f‘ Ioo:l‘:: ::ds Length | Reter
(gols ity h’ fuselago| diameter | Height | Tread
per hr)
Recannarssonce H-13G | 2,350| 84 1 210, eo{ HA 250 (Pods must be graded | 31°5"* | 35'2" 98" 78"
skid and compocted Mini-
H-23C { 2,500[ 92 H 178, ea| NA 480 mum siz0 (rectangulor}| 28'2° [ 35'0" 9 78"
e
Width  }; diometer of
Uniity H-19D [ 7,300 270 10 1,000 600 0 rator blode. a2 530" 153 [ 10"
Length: % length of
H-21C 13,500 515 2 3,065| 250 515 helicopter syt e 159 |13e”
Light ond Me-
dwm Trons-
orts Circle pod Sizes
? H-3¢a |13.300) 510 | 18 4,000 606 0 inscribed wer [seor | s 120
inside abave
H-37A  |31,000{1320 33 6,575| 600 50 rectongle.) &' {720 224 199"

Cnteria subject to change; consult mast recent aircraft publications, when availoble.

24t seo lovel, gross weight, hord surfoce, ne wind 59° F , from dead stap.
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Figure 148. Layaut, hasty Army heliport.



CHAPTER 8
MILITARY SANITATION IN COMPANY CAMPS AND BIVOUACS
75. LOCATION OF CAMPSITES

a. Features for Campsites
Cesirable
(1) Soil - sondy loam or gravel, favoroble for waste disposal.
(2

(3) Site - elevated, well droined.

Surfoce - firm for vehicles, gross covered.

(4) Spoce - sufficient to ovoid crowding of traaps and ta permit distonces
between kitchens and latrines: 50 sq. yd. per mon, 100 sq yd. per vehicle.

(5) Shade trees for protectian from sun ond heot
(6
(7) Good raad net.

(8) Concealment from oir observation.

Undesirable

Pratected slape or trees as windbreaks in cold weather.

(1) Dry niver bed, ravines, or depressed areas in subject to rainstorms.
(2) Clay, or loose, dusty soil.

(3) Marshy ground, ar areo near water which moy be mosquita infested ar sub-
|ect to mist or heavy dew.

(4) Ground-woter level less thon 4 feet below surfoce.
(5

(6) Locotian within one mile af o native village in trapical or subtropicol
climotes.

Steep slapes.

b. Security Requitements. The cammander details the bivouoc autpost ond interior
guard. He prescribes the necessary meosures far antimechanized defense ond for pro-
tection ogainst attacks by small graups of the enemy wha may succeed in infiltrating
the bivauac outpast. The interiar guard defends impartant octivities, installations,
and moteriel, ond gives the alarm in event of an attack. Passive measures of defense
comprise dispersion, concealment, and caver.

76. LAYOUT
Fngineer work at comps and bivouacs includes the fallowing:

a. Water Supply. Development of source, purificotion, storage, orgonization of
water paints, ond water distribution insafar as that may be directed by higher autharity.

b. Raads, Walkwoys, Hardstandings, and Traffic Signs.
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c. Utilities (i.e. Electric). So for as they are to be provided.

d. General Construction as Directed. The erection of tentoge other thon individual
shelter, and provision of tent floors, 1f authorized.

e. Erection or Supervision of Any Instollotion. Frections which need speciol skills
or special equipment.

f. Tentoge. Table 80 gives information on tentage usually authorized to the engi-
neer company level.

Table 80. Tentage

. Number ond Number and
Type Size Length of Pins | Length of Poles
Commond post 20" 7" long x 10’ wide| 20, 16" long 8, 5 8" long
x 9" high 12, 24" long 2, 9 0" long.
Medium generol 32' 8" long x 16' 48, 16" long 1, 17" 0" long
purpose wide x 10’ high 28, 24" long 2, 10' 3" long
10, 5 8" long
4, 6 2" long
Hexagonol Each side woll1s6'74"*| 20, 9" long 1, 9 0" long
long; tent is 8’6’ high
Kitchen 18" long x 12’ wide x 31, 16" long 1,11° 10" long
9" high - 32, 24" long 1, 5 11%" long|
2,12 3" long
16, 6' 2" long
1, 77 0" long
5, 9 0" long
Maintenonce 26' 915" Tong x 18" 2°”° 38, 16" long
shelter wide x 13' 11 7/16" 18’ 24" long
high '
Mountoin (for use 82" long x 54" wide 6, 9" long 12, 15" long
only in cold x 43" high
climate)
Wall, large 14’ long x 14' &'’ 26, 16" long 1,14" 2" long
wide x 11’ high 18, 24"' long 2,12" 3" long
4, 4" 9" long
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Figure 149. Layaut for a bivavac.

g. Maintenance and Repair. This includes aperatians of utilities, for which engi-
neers are respansible, during the period of accupatian of the camp or bivouac.

h. Layout. A typical loyaut far o bivauoe is sketched in figure 149. Bivauacs are
accupied less than 1 week and have temparory sanitatian focilities.

i. Security. Security is abtained by active ond possive measures. Eoch umt de-
signotes rallying points and prepares plons ta fight fires. Important octivities, in-
stallatian s, and valuable materiel ore defended by on interior guard. Antitank weapans
are emplaced for direct fire agoinst ormared attock. Passive meosures are dispersion,
concealment, and cover.

77. LATRINES

a. General Rules. Build latrines at leost 100 yards fram unit mess and water
source. Do nat dig latrine belaw the water level in the ground, nar locate where 1t
moy drain into o woter saurce. Locate them at least 30 yards from the edge af the
unit area. Spray twice weekly with an appraved insecticide. Close them when refuse
is within 1 foat of the surfoce, ar when abondoned.
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b. Types af Latrines.

(1) The types are stroddle trench, deep-pit, mound, bored hale, and padil lo-
trines. Figures 150 and 151 give illustrations af two of these lotrines.,

(2) Urine dispasal facilities should be provided far ot leost 5 percent of the
cammand. Figure 151 depicts this arrangement.

SHOVEL
*
TISSUE

*NO. 10 CANS MAY
BE PLACED OVER
TISSUE TO PRO-
TECT FROM
WEATHER

Figure 150 — Straddle trench latrines far 100 men, with handwashing device.
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Figure 151 ~ Pipe urinal arangement.

78. KITCHEN SANITATION N

a. Garbage. A pit 4 feet x 4 feet x 4 feet is svitable as a garbage disposol for 1
day for 100 men. After being filled, the pit is covered with o foot of compacted earth.
If buriol is impracticoble, use incinerators.

b. Rubbish. This cotegary comprises emptied contoiners, woste paper, wood,
metol, glass, and so forth. Rubbish is bath combustible and noncombustible. In camps
and bivauocs, it is buried along with the gorbage. '

79. BATHING FACILITIES

a. Handwashing Devices. These facilities should be set up near latrines and
kitchens. Figure 152 shows grophically how water cons moy be arranged.
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Figure 152 — Handwashing device, using 5-gallan water cans.

b. Shawer Facilities. Showers should be provided whenever possible far personal
hygiene and morole. In the field, showers may be set up as pictured in figure 153.



55 GAL DRUM
WITH END REMOVED

PIPE TOFIT 172"
BUNG HOLE IN TOP
OF 55 GAL ORUM

TIN CAN W/TOP
REMOVED 8

BOTTOM PERFO-
RATED

Figure 153. Shower unit, using-55-gallon drum.
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CHAPTER 9
MEDICAL INFORMATION

Section I. First Aid
80. THREE BASIC STEPS IN FIRST AID
o. Stop the Bleeding.
(1) For opplicotion of direct pressure see figure 154,
{2) H blood is gushing, exert finger pressure on '‘pressure points’’ between the
heort ond the wound. The pressure points ore locoted os follows (fig. 155).
(o) Press just cbove lower-jow socket (number 1 in fig. 155).
{b) Press upword ogoinst jow bone (number 2 in fig: 155).
{c) Press thumb in front of muscle (number 3 in fig. 155).
(d) Press thumb deep in hollow behind collor bone (number 4 in fig. 155),
(e} Press outword just behind inner border of muscle (number § in fig. 155).
(f) Press with both thumbs ogoinst bone (number 6 in fig. 155).

Ploce opened first-ald dressing ovor the wound. Exert fiem pressure on dressing With severe bleed-
Ing,I contlnue hand pressure for 10 to 15 minutes. After S m 10 minutes, hond pressure cor usuolly be

P d by of di 9 talls wroppad oround the Injured port.
Figure 154, Application of direct pressure to a wound to contrel bleeding.




PRESSURE POINTS

1 Press [ust cbeve lewer-jow secket
2. Press upwerd egeinst [ewbone

3. Press thumb in frent of muscle
4

Prass thumb deep In hellow behind
celler bone

5. Pr
bo

4. Press with both thumbs egeinst bene

utwerd |ust behind Inner
of muscle

Figure 155. Pressure points.

{3) Lay potient down with injured part elevoted.

CAUTION: If there is a suspected frocture af an arm or leg, do nat
raise the injured limb until after it has been praperly splinted.

(4) Apply a tourniquet (fig. 156). This will not stop oll bleeding immediately.
Veins cantinue to bleed until the limb has been droined af blaod already in
it. A taumiquet may be applied anly when one is sure extremity might be
lost. Leave the tourniquet expased so thot it is readily seen. If possible,
mork the casualty with o ‘T’ an his foreheod {blaad may be used) ond
indicote the time when the taurniquet was opplied. (Skin-morking pencils
are in Emergency Medicol Treatment Unit — Phase 1) Only campetent
medical personnel should remave a tourniquet.

b. Protect the Waund. See figure 157 far pratectian of a waund.
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1 MAKE A LOOP AROUND THE LIMB 2 PASS A STICK, SCABBARD OR BAYONET

UNDER THE LOOP

3 TIGHTEN TOURNIQUET JUST ENOUGH 4 BIND FREE END TO LIMB TO KEEP
TOURNIQUET FROM UNWINDING
TO STOP BL EEDING AND ADD A TIME TAG TO SHOW
WHEN TOURNIQUET WAS APPLIED

ONLY A MEDIC OFFICER SHOULD REMOVE OR LOOSEN A TOURNIQUET. REPEATED LOOSENING
BY INEXP ERIENCED PERSONNEL IS EXTREMELY DANGEROUS.

Figure 156. Apply a toumiquet this way.

c. Treat for Shock. See figure 158 far information ond illustration.
81. FIRST AID TREATMENT

a. Treatment.

9]
(2)
(3)
(4)
(5)
(6)

Chest wounds. See figure 159 for core of chest wounds.

Belly wounds. See figure 160 for procedure in treatment of these wounds.
Jaw wounds. Figure 161 illustrotes the core of jow wounds.

Head wounds. The care of head wounds 1s covered in figure 162.

Shock. (See para. 80c above).

Burns.

(o) First degree: reddened skin, no blister. Second degree: skin is blis-

tered. Third degree: skin 1s destroyed or charred.



. TEAROPF PAPER & GRAB BANOAGE
BY FOLOEO ENOS. PULL OPEN.

DO NOT TRY TO CLEAN YOUNO.
DO NOT TOUCN THE WDUNO WITN
ANYTHING BUT TNE ORESSING.

2 PLACE SOFT THICK CENTER

ON WOUNO WITNOUT ALLO¥ING
IT TO TOUCN ANY THING ELSE.

3. WRAP THE BANOAGE AROUNO
THE INJUREO PART AND TIE
TNE ENDS SECURELY.

Figure 157. Protect the wound.

(b) Carefully remave, ar cut clathing away; da nat remave clath that sticks
ta skin; da nat try ta clean burn, da nat apply aintment ta secand degree
burns. Tauch anly with sterile dressing.

(¢} Fallawing instructians in paragraph 80c for shack, but da nat give warm
stimulants, give small amaunts af caal water with salt, ar salt and sada.

(7) Fracture. Tenderness, pain mavement, inability ta mave defarmity, swell-
ing and discalaration. Clased fracture has break in bane withaut break in
skin; apen fracture has break in skin.

(8) Heat exhaustian.

(a) Dizziness and faintness, paleness, maist caal skin.
(b) Lay casualty dawn in shade, laosen clathing, and give caal salt water if
he is cansciaus.

(9) Heat cramps.

{a) Muscle cramps, especially af intestines, abdamen, arms, ar legs. Fre-
quently vomits and is weak.

(b) Give large amaunts af salt water as in heat exhaustian.
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2 KEEP HIS HEAD
Low

MAKE THE MAN
COMFORTABLE

LAY AN UNCONSCIOUS
MAN ON HIS SIOE OR

FACE DOWN. DO NOT
GIVE ALCOHOL. IF

CONSCIOUS, GIVE FLUIOS
BY MOUTH. 00 NOT GIVE
FLUIOS TO ONE WHO IS

The victim moy tremble ond oppoor nerveus. He moy be thirsty, very pole, wet with swaat, ond moy
poes out. Shack moy not appear uniil oftor o lapse of time Treat the wounded man before shack
occurs. Obtaln medical old os scan as possible.

Figure 158. Prevent shock.

(10) Heatstroke.
{0} High body temperoture, unconsciousness, stoppage of sweoting; hot, dry
skin, bright pink calor, may be delirious.
(b} Lawer body temperoture ropidly by immersing in cold woter. 1f no woter
for both, ploce him 1n shade, remave clothes, ond pour woter over him.
Fon him. Get medical oid. When he regoins consciousness, give him
cool solt woter ta drink.
(11) Sunstroke.
(o) Flushed foce, dry skin, strong ropid pul se, spots before eyes, heodoche,
high temperoture.
(b) Remove fram sun and toke off clothes. Elevote head ond shaylders. Ap-
ply caol compresses ar bothe cosualty in cool woter. Give him cool solt
water to drink.



t AN AIR SUCKING CHEST
WDUND CAUSES THE LUNG
TO COLLAPSE

~

PRESS THE DRESSING
FIRMLY DVER FOIL TO
STOP TNE FLDW DF AIR

3 CDVER COMPLETELY WITH
SOME MATERIAL AND BIND
SECURELY

MAKE AIRTIGHT AT DNCE. INSTRUCT CASUALTY TO EXHALE AND NDLD BREATN WHILE
SEALING WDUND.

Figure 159. Sealing a sucking wound of the chest.

(12) Trench foot. Avoid stonding in water, snow or mud, whenever possible,
exercise yaur feet, massage your feet ot least ance daily, keep socks cleon

and dry.
{13) Frosthite.
(o) Part of body gets grey or white, and loses feeling. Usuolly na pain.

(b) Remove clothes at part offected. Place affected part next to bady, ar
warm it gradually at temperature no greater than 98.6 degrees F. Do not
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1 DON'T TRY TD REPLACE 2 BANDAGE SECURELY
PRD TRUDING DRGANS UNLESS AN EXPOSED AND TREAT FDR SHDCK
INTESTINE, FDR EXAMPLE, MUST BE
MOVED INTD BELLY BEFDRE CDVERING

3 DD NDT GIVE FDDD DR
WATER BY MDUTH MDISTEN
LIPS

Figure 160. Belly waunds.

use walking, massage, exposure ta open fire, cald water saaks, ar rubbing
with snow. V¥rap man in blonkets ond give warm drinks. After thawing,
wrop part loosely in dry, sterile dressing. Ca not apply ointment or vase-
tine gauze. Do nat apen blisters. Treat as litter patient. Get medical
oid.
(14) Drawning. Perfarm artificial respiratian promptly (par. 81b below). Speed
is essential.
(15) Snokebite
(o) Vithin practicol limits achieve immediate, absolute immobilizatian af the
offected part in a positian belaw the level of the heart.
(b) Place on improvised, lightly canstricting band (tourniquet) two to four
inches closer ta the heart than the site of the bite and reapply the con-
stricting band aheod af the swelling if it progresses up the arm or leg.



The canstricting bond should be ploced tightly enaugh to halt the flaw
of bload in the superficial blaod vessels, but nat tightly enaugh to stop
the pulse (arterial flaw).

{¢) In case the bitten person stops breothing, prolonged mauth-to-mouth or
mauth - ta - nase artificiol resuscitation, as oppropriate, should be
emplayed.

1 STOP BLEEDING BY EXERTING 2 TIE A DRESSING TO PROTECT
PRESSURE WITH A DRESSING THE WOUND AND SUPPORT
IF UNCONSCIOUS, CHECKX MDUTH THE FRACTURE. DDNDT
FOR BRDKEN TEETH, BONE, OR BANDAGE MDUTH SHUT.

BITS DF FLESH.

3 KEEP THE FACE DOWN AND TREAT
FOR SHDCK.

Figure 16). Jaw waunds.
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Figure 162. Head wounds.

(d) Assistonce from the nearest medicol source or transpartation of the
patient ta o freotment facility should be occomplished os soon os passi-
ble.

(16) Insect bites. Treat same as snakebites.
(17) Poisan plonts.
(o) Redness ond intense itching; small blisters.
(b) Learn fo recognize poisan ivy, poisan oak, ond paison sumoc (fig. 163).
Wash affected parts with woter ond strang soop before rash oppeors.
Get medical attention.
(18) Cuts ond scrotches. Pratect breaks in skin against infection. Do not
tauch with hands or clothes. Keep cuts cleon. Apply dressing.
{19) Fareign body in eye. See figure 164 for procedure to remove foreign body
from eye.



(20) Foreign body in ear, nase or thraat.

(a) Never prabe in the ear. An insect in the ear may be remaved by attract-
ing 1t with a flashlight held ta the ear. If this foils, drown insect by
pauring water inta ear  |f the particle 1s the type which daes nat swell
when wet, 1t may be flushed with water

(b) Prabing into nose generally jams a fareign bady tighter. It can damage
nasal passages. Gently blaw nase ta remave farergn bady. If this fails,
get medical aid.

(c) Coughing will frequently disladge foreign abject fram the thraat. If nat,

try to reach 1t with fingers, but be careful nat ta push it down thraot If
all of above methads fail, get medical aid.

(21) Foat trouble. Prevention is best first aid far feet Keep them clean. Dry
tharoughly between toes. Use issue faot pawder twice daily Change socks
daily.

{a) Ifyou acquire athlete's faat,” get medical aid.
{b) Co nat cut a carn or callus. Get medical aid.

(c) Keep taenoils clean and short Ta avaid ingrown effects cut taenails
straight acrass; do nat raund them.

(d) Do not wear sacks with holes, with paorly darned spots, or ill fitting.

/4
PO{SON SUMAC

POISON IVY

Figure 163. Poison piants.
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(e) Break in shoes befare wearing them on march.
(22) Uncansciousness.

{a) The cause af uncansciausness may be impassible ta learn; it may have

been bleeding, heat-strake, or head injuries. Give cosualty first oid
which thismonual explains in porographs under bleeding, heod wounds,
and effect af bleeding above. Keep casuolty lying dawn if nat sure of

cause of unconsicausness. Da not move unless necessary, then move
gently. If he is cold, see thot he gets warm. Do not paur liquids into
mouth. Remove false teeth, chewing gum, ar ather abjects from mauth
which might cause chaking. Take aff his equipment. Laasen clothing.

Get medical oid.

INSPECT TNE EYEBALL ANO LOWER 2 IF TNE OBJECT IS NOT IN TNE

L10. GENTLY REMOYE OBJECT WITN LOWER LIO, INSPECT UPPERLIO.

A MOIST CLEAN CORNER OR NAND- GRASP THE EYELASNES WITN TNUMB
KERCNIEF ANO INOEX FINGER. PLACE A MATCN

STICK OR SMALL TWIG OVER THE LIO

3 PULL TNE LIO UP OVER THE STICK.
EXAMINE INSIOE OF LIO WNILE TNE
MAN LOOKS OOWN. GENTLY REMOVE
TNE PARTICLE WITN A CLEAN CORNER
OF A HANOKERCNIEF.

Figure 164. Removing an object from the eye.



(b) If he hos merely fointed, cosuolty will regoin consciousness in few
minutes. Keep him quiet. Loosen clothing. Apply wet, cool cloth to
foce If he shows indicotions of fointing while sitting up, lower his
heod between his knees. Do not let him foll. If he foints while sitting
up, loy him down gently.

(23} Electric shock.

(o) If he is in contoct with electric current, turn it off if switch is neorby.
|f not, use dry wood pole, dry clothing, dry rope, or some other dry mote-
riol to remove cosuolty from contoct with current (fig. 165). Do not
touch cosuolty with bore honds.

Clectric shock stops -breothing; stort ortificiol respirotion immediotely
ofter freeing cosuolty from wire.

(b

=

Figure 165. Electric shock.
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{24) Corbon monoxide poisoning.
(o) The moin source of this gas is outo exhoust fumes, but it can also come
from open fires, stoves, and lanterns. Chorcool fires give off carbon
monoxide. This gos is odorless. Keep shelters well ventilated.

{b) There is no excuse for corbon monoxide poisoning. It comes from care-
lessness. Prevent 11! Symptons ore dizziness, weokness, heodoche,
vomiting, then unconsciousness. Skin ond lips ore often bright red.
Get casualty into fresh air ond stort ortificial respiration immediotely.
Keep him quiet.

b. Resuscitatian. The preferred method of ortificial respirotion 1s the mouth-to-
mouth method, unless the casuolty 1s in a contominoted otmosphere, ot which time
the modified Silvester method is used (FM 21-11). The mouth-to-mouth (thumb-jaw
1ift) is described here. See figures 166 ond 167.

c. First Aid for CBR Casualties. See toble 81 for these first aid measures.
d. First Aid for Smokes ond Incendiories.

{1) Imbedded white phosphorus. Remove oll porticles of phosphorus. Put out
burning pieces on the skin with woter, then remove. Do not use greases
or oils because phosphorus poisoning results. Get medical treotment ot
the eorliest.

{2) Other smokes. Personnel must mask when exposed in confined spoces,
when in o downwind area from releose point, or during long exposure.
Enemy smokes should be considered dongerous until otherwise proven.

CLEAR MOUTH AND THROAT OF MUCUS,
FOOD, OR FDREIGN MATTER.

Figure 166. Mauth fo mauth (thumb-jaw-lift) method.



PINCH NOSTRILS, OPEN YOUR MOUTH
WIDE, AND BLOW UNTIL CHEST RISES.
LISTEN AND LOOK FOR SIGNS OF
THROAT OBSTRUCTION OR CLOGGEO
AIR PASSAGE. REPEAT 10 TO 20 TIMES
A MINUTE.

Figure 167. Procedure of mauth-ta-mauth methad.

(3) Incendiaries. hite phaspharus, thermite, magnesium, cambustible ails,
and napalm are the principal incendiaries. Remave particles af thermite
fram skin. Then use the same first aid treatment as far ather burns, in-
cluding burns fram flamethrawers, incendiary bombs, ar napalm. Magnesium
particles an skin must be remaved by trained persannel using lacal anes-
thesia. Get medical treatment immediately.

Section Il. Chemicol Agents
82. RADIOLOGICAL DECONTAMINATION
a. Tables 81 and 82 present this informatian.
b. Evalvation af Fallaut Hazard.

(1) Predictian. The radialagical fallaut predictar (DA CTA 3-30) enables
small-unit cammanders ta make an immediate estimate of the lacatian af a
patential fallout hazurd withaut waiting for the receipt af a detailed fallaut
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Table 81. Continved

WHEN DO THiS THEN IF ~|= DO THIS
AN ATTACK |- tocticol | Your buddy hoe great difficulty getting his Some s s obove BUT AL SO give him ARTIFICIAL
hits your po- {situotion breoth or stops breothing-- RESPIRATION. CONTINUE MISSION NERVE GAS
sition-- permuts.
for exomple
4 Givethe |You fee! immadiote savers poin in eyes or Use BAL eye cintment ond decontominate skin
ALARM. on skin-- CONTINUE MISSON.
You ore hit |5 DECON- }You hove drops or sploshes in syss or on Flush ayes with woter only ond decontominate
by ENEMY |TAMINATE. |skin but feel NO immediote severs pain-- skin by procedure below. CONTINUE MISSION.
BOMBS,
SHELLS, or
ROCKETS:-- --remove wat |You hove wet spots on clothes-- Cut awoy spots ond rub skin with protective
spots from ointment. CONTINUE MISSION BLISTER GAS
SKIN and
clothes.
SPRAY from
on AIR- & CON- You begin breothing ropidly or gosping for Move to freshoir if poserble. inhole omyl BLOOO GAS
PLANE folls |TINUE MIS- |oir-- nitrite.
on yous. SION.
A Jow CLOUD ﬁi;‘,:é':, You cough or choke. Your chest becomes | Loosen clothing. CONTINUE MISSION CHOKING GAS
youer UNTIL AREA [tight-- If shortnese of breath occure, keep wormond quiet.
HAS BEEN
OECLARED . CONTINUE MISSION, Observe diseoss preven- |BY
SAFE There is no opparent effect on onyone-- tron rules, keep wounds ond cuts cleon; eot and |AGENT

drink only cpproved food ond woter

If loter (1 to 10 doys) you or your buddies
get eick--

Get medicol o1d ond report sickness.

1474



€92

Table 81. Nuclear Attack

INOIVIOUAL ACTION TO PROTECT AGAINST A NUCLEAR BURST

EFFECTS OF A NUCLEAR BURST

twitches, jurks, or stoggers..

BLFORE If ALERT 13 sounded, follow unit SOP. Il warned before | BLAST SUOOEN Shock pressure from burst 1s not enough
BURST explosion, pick strangest shelter you con find in o hurry SHOCK to kill. Flying abyects couse almost oll
Underground shelters, bosemants, deep foxholes, ond tonks inturies  Keep down, clase ta shelter.
g+ ve good protection.
Il you see BRILLIANT LIGHT brighter thon Bare skin con be bunedat great distonce
sunlight, DIVE FAST ta put something (dirt, 1 Irom explosion. Yaur clothes or ony ather
1 tree, wall) between you ond explosion. FLASH matenal whch will cast o shodow gives
QURING TAKE FALL FLAT on ground, face down, if you HEAT protection. Keep minimum amount ol skin
cannot reach shelter in 1 stop. CLOSE orea exposed.
AND COVER
EYES. Keap head cavered. Protect FACE |yp 1 Flash heot storts forest and brush Tires.
AFTER ond HANDS ~ Stoy untl blost effect 13 over 2 Fuel and short-circurts stort athers
BURST or unt| heavy moteriol hos stapped lolling. FIRES Fight these lires i the normol monner
URS 7 Be reody for arders and instructions. Help Mast radiahan occurs 1n the lirst 2 sec-
STAY your lnaders 1o re-farm your unit. Your hfe 1 onds of explosion. By the ime abjects
CALM ond your unit depend an your dotng the right PROMPT | hove stopped folling there 1s na donger
thing ot the right time. NUCLEAR | RADIATION | Irom prompt radiotion.  In most coses, 1f
The nuclear burst 1s only me part ol the RADIATION you ore not waunded or bumed, you need
3 enemy's plon. Be ready for mare fo come. nat worry about prompt radiahan,
CONTINUE | Expect an enemy ottock ofter on explosion 7 From on oir burst, 1t 13 not dongerous. [l
MISSION neor your pasition  Be prepored fo ottack FALLOUT | lollout lollows onother kind of burst, you
following an explosion on enemy positions. will be told wht to do.
BIOLOGICAL OR CHEMICAL ATTACK
WHEN DO THIS THEN IF -4~ DO THIS
A TOXIC 1 STOP Your nose starts runming suddenly-- Give yoursell I atrapine shot ond fosten used tube
AGENT 1s BREATHING | Your chest feels hight-- an shirt or jocket packet
suspected-- Your eyesight gets dim . CONTINUE MISSION
Breothing become difficuls.«
The ALARM | 2 MASK. Your buddy Mosk your buddy and give him his otrapine shot il NERVE GAS
is sounded-- | 3 Toke has dilliculty breathing.. he hos not token 1t Col| medic.
COVER slobbers, sweots, or vomits: CONTINUE MISSION.
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Table 82. Radialagical Decontaminatian

Equipment ar

Item Methad decantaminant Remarks
Clathing Vacuum clean Vacuum cleaning |Dispase af cantamination re-
machinery. maved by machine filter.
Wash. Laundry. Dispase af water used far
washing and rinsing.
Equipment Depends on nature | ~-ceecmmeeenn See tables LVI and LVII
of surface. (FM 3-8).
Buildings Abrasian,caustics. B See tables LVI and LVII
(FM 3-8).
Terroin Decay. Nane. Wait far natural decay.
Water Water treatment. Filters, stills, Must be pronaunced safe by

and purifiers

medical afficer ar water

(engineer specialist.
equipment).

Foad expased|Generally, nane, [Digging Nat safe ar practicable ta
dispase af, equipment. attempt ta remave radiolagi-
isolate, or cal contaminatian fram ex-
shield. pased ar apened faad.

Faad cavered

Persannel

Serub ar wash.

Bathing, scrubbing,
shawering, wash-
ing.

Brushes ar hase.

Brushes, hase,
shawers, saap.

Must nat be unwrapped arpeeled
until lawering af cantamina-
tian level is adequate and
pranaunced safe by medical
afficer.

Bathing and serubbing must be
cantinued until cantamination
is lawered ta a safe level.

prediction report fram the Chemical, Bialagicol, Radidlagical Center
(CBRC) at divisian level and Chemical, Bialagical, Radialagical Element
(CBRE) at carps and army level. If a fallaut predictar 1s nat available, it
can be praduced lacally by the follawing pracedure.

(a) Step 1. On a piece of pliable, transparent material draw a thin, dotted
line (a reference line) ta o length af 20 miles (using apprapriate map
scale) from a paint selected ta represent graund zera.

GZ

Reference line



(b) Step 2. Drow two rodiol lines from ground zero ot angles of 20°fo the
left ond right of the reference hine.

200

~Reference Lane__ _ _ ¥ _ _|_ 00

Gr— — —

20°

(c) Step 3. On the side of ground zero opposite the reference line, drow o
series of concentnic semicircles(using the oppropriote mop scole) hoving
rodit of 0.75 mile, 1.1 miles, 2.25 miles, 3.75 miles, and 5.8 miles, cor-
responding to cloud rodii from nucleor bursts of yields of KT, 5KT,
30KT, 100KT, ond 300K T, respectively.

= — —Reference Line

00 KT
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(d)

(e]

<

(f

-
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Step 4. From the ends of the semicircles, draw straight lines parallel
to the datted reference lines ta the sides of the twa radial lines. Lobel
these lines (starting with the line clasest ta GZ and moving up fram GZ)
A, B, C, D, ond E. Moving dawn fram GZ, lobel the lines 2KT, 5KT,
0KT, 100KT, and 300K T, respectively.

Step 5. Using the oppropriate map scale, graduate the datted reference
line and the two radial lines in miles.

To use this field-constructed follout predictar, place a pratroctor aver an
ossumed GZ on the map, and drow o line representing the effective wind
direction far the yield group af interest. Ploce GZ of the predictar over
on the map and rotate it about ground zero until the dotted reference line
of the predictor canincides with the effective wind direction. Use figure
168 to determine the dawnwind distonce of the zane of \mmediate opera-
tianal concern, and drow an orc at this distance between the appropriate
yield graup cantour lines. Then draw an arc ot twice this distance ta
abtain the dawnwind distonce for the zone of moderate risk. The dots
far effective wind speed and direction ore received fram CBRC/CBRE.

(2) Monitaring. The radiacmeter (IM-108/PD) is the standard Army survey
meter used for radiological manitoring. Graund surveys con be conducted
by personnel on foot ar in vehicles, but these surveys will be conducted in
armored vehicles, whenever passible.

(o)

(b)

Primary method. Take readings with the radiacmeter held 3 feet obove
the cupolo of tank or armared personnel corrier (APC). Record the dose
rates together with times ond lacations on DA farm 1971-R (fig. 169)
Obtain the vehicle shielding correction foctor by use of the follawing
farmula:

VSCR = Dose rate with instrument autside vehicle.

Dose rote with instrument inside vehicle.

Vthen a direct determination cannot be mode far this correction, the fol-
lawing table is apprapriate.

Type of vehicle Carrectian foctor

Internal External
Tank, M41 or M48 100 1.5
APC, M59, M84, M113, ar M114 20 1.5

At least three sets af graund and vehicle readings should be taken ot
equal intervals thraughaut the contaminoted areo.

Alternate method. This method is for use when the primary method can-
nat be used. Readings ore taken fram inside the vehicle with hotches
closed. The farmula in (a), obove, is used ta get the vehicle carrection
foctar.



(¢) Survey routes. Survey parties should follow predetermined routes and
report dose rotes, locotion, ond times of readings, os directed by CBRC
or CBRE, or control party. Include well-defined terroin features, points
of operationol interest, measured distonces along the route, and pre-
scribed dose rotes.

NOTE: Further informatian moy be found in TC 101-1, w/C2.
83. PERSISTENT WAR GAS DECONTAMINATION
See toble 83 for this informotion.
84. BIOLOGICAL DECONTAMINATION
See table 84 for instruction on biologicol decontaminotion.
85. TRANSPORTATION OF SICK AND WOUNDED
a. General. Seriously injured persons must be moved with care ond skill; other-
wise their injuries may be made more serious. It may even result in the cosuolty’s
deoth. Do not move him unless absolutely necessary; owait a litter ar ombulonce.
But there will be times when you may have to move the injured, so you should leorn
the different ways of doing 1t. Also, before you move a casualty, give him first aid.
If he has a broken bone, splint it before moving him.
b. Improvised Litters.
{1) Pole and blanket litter. A blanket, shelter half, torpoulin, ar other mote-
riol may be used for the litter bed. Make the poles from branches. tent
poles, rifles, skis, and so forth {fig. 170).
CAUTION: If rifles are used, moke sure they are unloaded. -

(2) Blanket roll litter. If no poles can be obtained, roll a blanket, shelter
holf, or tarpaulin from both sides toword the center. Use the rolls os grips.

c. Corries. Shown in figures 171 and 172 are woys of moving a casuolty without a
litter. Use the most convenient for you ond for the situation. Never carry o cosuolty
who hos a broken back or neck.

(1) Firemon's carry. This is the easiest method by which one man con corry
another (fig. 171).

{2) Supporting carry. Grasp the wrist of the casualty’s uninjured arm and draw
his arm around your neck. He con then wolk, with you as a crutch. ltis
useful for foot and ankle injuries {fig. 172) .
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RADIOACTIVE CLOUD AND STEM PARAMETERS
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Figure 168, Rodisactive cloud ond stem parameter.
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Toble 83. Continued

Basic material

Decontaminant (method)

Primory

Secondory

Field expedient

Metals (bore)

Pointed surfaces

Plaster!

Plastics (opoquc)]

Plostics {tronsporent)

Rubber (notural and syn-
thotic)

Sand

Undergrowth and toll
gross

Woter

Wood

Water

DANC solution?

Slurry

Slurry (apply corefully)

Hot soapy water

Boiling woter? (immerse for 2 to 3
hrs).

Boiling water? {immerse foréto 8
hrs).

Bleoch

Slurry.' Explosives

Superchlorinotion
Bleoch. Slurry.' Boiling woter
{immerse for ¥z to 1 hr).

DANC solution?
(then cleon ond oil).
Solvents.

Slyrry. Woshing sol-
vents,

Aerotion

Woshing. Weothering.

Gosoline or kerosene.

Slurry

Slurry

Slurry

Fire exploding of
bleach drums.

Dechloringtion

DANC solution?

Aerote.

Blot off surfoces. !

Allow to weother.
Allow to weother.
Blot off surfaces.
Apply protective
ointment.

Apply pratective
ointment.

Cover with earth.
Scrope off 3to 4in.
of top layer. Allow
to weather. Burn.

Allow to weather.

NA
Burn.

1 Aerate ofter treatment.

2¥hen liquid contominant is visible ond personnel ore
neorby, dry mix should be used.

3|f opplicable.

4Do not use DANC solution for decontominotion of

G-series wor goses.

sLangfh of treotment depends on amount of cantomi-

notion, thickness of rubber, ond future use.
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Table 83.  Persistent Wor Gas Decantomination
Decontominont (method)
Bosic materiol Field expedient
Primary Secondory
A::phuli1 Bleach? Slurry Cover with eorth.>
Brick or stane 3leach Slurry Cover with eorth.
Convas Hot, 5% woshing sodo (sodium Boiling woter Aerote.

Cotton ond wool

1

Concrote

Eorth!

Glass
Grass and low vegetation

1

Impermeoble fobrics

Leother

corbonote) oqueous solution (im-
merse for 5 ta 1 hr).

Boiling water (immerse for ¥ to 1
hr; for cottans, water must be
made alkoline - 2 oz woshing
sodo per 10 gol woter).

Bleach. Slurry

Bleoch.2

DANC solution4
Bleoch.“ Slurry

Boiling woter (1immerse for 13 to 1
hr).
Woter ot 120°F. (immerse for 4 hrs)

Laundering process.

DANC solution?
Slurry

Wpshing1

Fire

Slurry (keep bleack off
of fobric side).

Aerotion DANC solu-
tion.

Apply protective
ointment,
Aerote.

Cover with eorth.3

Cover with uncon-
tominoted eorth.
Scrope off 3 to 4 in.
of top soil. Allow to
weother. Burn,

Blat off surfoces.

Cover with eorth,
Scrope off 3 to 4 in.
af tap so1l. Allow 1o
weother.

Allow to weother.

Blot aff surfoces.




Table 84. Continued

Item

Methad

Remarks

Terroin:
All

All
Porous

Hard surfoced roods.

Yegetotion

Air (inclosed spoces)

Woter3

Using decontominoting opporo-
tus for washing with soop ond
water,

Weothering

Weathering

Wetting with woter

Sproying with slurry (20%
bleoch solution).

Pauring, spraying, or spreading
oif.

Buming with flome thrower.

Filter oir by meons of protec-
tive collector.

Spraying calcium ar sodium
hypochlorite solution.

Yoporizing triethylene glycol.

Boiling for 10 min
Chlorinotion

Superchlorination, Corps of Engi-

Suitoble for interior of buildings.

Sun, wind, ond roin usuolly eliminote exterior
germs within o few hours.

Evacuote contaminated area and ollow sufficient
time for weothering.

Will keep germs on ground.

Suitoble to limited extent for some types of
terroin.

Will keep germs on ground.

Con be used to bum off oreos ond possogewoys.

Renders oir relotively free from germs.

Can kill consideroble portion, thaugh not oll, of
oirborne germs in inclosed spoces.

Can kill consideroble portion, though not oll, of
oirborne germs in inclosed spoces.

Generolly effective for killing most hormful
orgonisms.

[For heovy contaminotian Follow with dechlorina-

tion.

neers Equipment
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Toble 84. Biological Decontaminotian

Item

Mathad

Remarks

Cotton clothing

Fine instruments, mask face-
piaces.

Helmets oand mass gaar.

L eather and rubber items.

Large items

Buildings

Bailing in water far 15 min.

Autaclaving for 15 min. ot
1239 C.

Immersion in 7% blaach solu-
tion for 30 min.

Loundering

Methy| bramide vuporsl in

dalousing bags.

1

Methyl bromida vapors ' in

dalausing bags.

Washing with saop and watar
and bailing for 15 min.

Methy| bramida vapors' in
dalausing bags.

Methyl bramida vapors' in
dalavsing bags.

Scrubbing with soop ond hot
watar for 20 min.

Scrubbing with DANC solutian,
ar 7% bleach solution.

Fumigatian with formaldehyda
and staam.

Sproying with formaldahyde,
ar glycerin-farmaldehyde.

immediate rinse required.

Destrays ar inactivates al! but highly resiatant
spare-farming argani sms.

Leave in bog far 12 hrs, then aerate for 2 hrs ta
remova vapar.

Leave in bag far 12 hrs, then aarate far 2 hrs ta
ramove vapar.

Leave in bag far 12 hrs, then aarata far 2 hrs ar
wash ta remava vapar.

Leave in bag far 12 hrs, than aerata far 2 hrs ta
remava vapar.

Requires water rinsing ar flushing after scrubbing.

1 ml aof farmddehyda salutian per cu. ft. Build-
ing is sealad bafare fumigation and thoraughly
aerated aftarwards.

Suitable for furniture and interior surfaces of

buildings.




Table 84. Continved

Item

Method

Remarks

Food3

Personnel (Honds)‘1

Boiling in woter for 10 min.
Cooking

Immersion or spraying

Bothing with soop ond worm
water.

Woshing with hypochlorite
or cresel.

Thorough cooking insures effective destruction
of microorgoni sms.

Packoged food or food which is peeled or pored
may be immersed or sprayed.

Remove clothing ond shower for 20 min.

Yin five times the quontity used for ordinory delousing. Ethylene oxide 1s used when methyl bromide is not

ovoiloble,

2To effectively decontominote focepieces of protective mosks, boil in woter, wosh in lukeworm soapy woter,
rinse in cleor woter, and then dry ot room temperoture. Mosks determined to be infected with mycobocterium
tuberculosis or pothogenic spore-forming organisms should be destroyed by burning.

3Should not be consumed until pronounced sofe by o medicol officer.

4inor cuts ond obrosions should be freoted immediotely.

SWhen showering, heod should be held bock to prevent run-off from possing over eyes, nase, and mouth.
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OPEN A BLANKET, LAY ONE POLE
LENGTHWISE ACROS55 THE CENTER
ANO FOLO BLANKET OVERIT

PLACE THE SECONO POLE ACROSS 3 FOLO THE FREE EOGES OF THE BLANKET
THE CENTER OF THE NEW FOLO OVER THE SECOND POLE

Figure 170. Pole and blanket litter.

Figure 171. Fireman’s carry.
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CHAPTER 10
RECONNAISSANCE
Section |. Introduction
86. TYPES OF RECONNAISSANCE

a. Route Reconnaissonce.

(1) Route reconnoissance is governed by the some fundomentols thot apply to
oll reconnoissance. It is usuolly mode on the ground, but it should be sup-
plemented by oir reconnaissance when practicable. Route reconnoissonce
is to give informotion to aid in route selection for the movement of traops,
equipment, and supplies.

(2) Informotion sought in this type of reconnoissance includes:

{o) Noture of terroin.

{b) Whot roods exist ond their chorocteristics, including lood-beoring copo-
bilities. {See TM 5-250 for more detoiled informotion).
.(c) Obstructions.

(d) Bridges ond other streom crossing means.
(e) Tunnels.

{3) Route reconnoissance must consider the mission of the parent unit. Recon-
naissance is mode in consideration of the weight, width, ond height of the
vehicles thot will be used, the classificotion of these vehicles; the approxi-
mote number of eoch closs to be moved per hour; and the opproximate length
of time the route will be used.

(4) A route reconnaissonce report should be accurate, concise, ond clear. The
preferred method of preporation is in simplified mop form {fig. 173) or over-
loy, using symbols (fig. 174) to show the limiting feotures. A route recon-
noissonce report is occomponied by a rood reconnoissonce report ond
bridge, tunnel, ferry, and ford reconnoissonce reports os needed. Militory
sketches of limiting feotures, local maps, ond photogrophs of significont
foctors (terroin, roods, tunnels, bridges, ferries, fords, and so forth) sup-
port the route report.

(5) Symbols for use in preparing a route reconnoissance report are listed
below and olso oppeor in figures 173 and 174.

(a) Length (in kilometers) between well marked points may be shown.

{b) Curves hoving radii of less than 30 meters with these rodii marked in
feel o1 meters.
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JOHN E. DOE /LT

C. A, Ist ENGR. BN,
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BELVOIR 55614
I: 25,000

Figure 173. Exomple of route reconnaissance report.

(c) Steep grades, with their moximum gradients in percent, and length of any
grode af 7 percent or greater.

(d) Rood width af constrictions, with the widths af the traveled ways in
meters; their lengths in kilometers.

(e) Underposs limitations, with their limiting heights and widths in meters.

(f) Bridge bypasses, classified as easy, difficult, ar impossible (c belaw).

(g) Civil or military raad numbers, or other designations.

(h) Feasibility of driving off roads, including shoulders.

(i

Lacations of fards ond femies, including limiting infarmatian.
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(14)
(15)

(16)
a7

(18)

Sharp Curve
{radius in feet ar meters)

Steep Grode {arrows point uphill} (grade in percent) (Iength.
of arrows may show length of grade when scale allows)

Constriction {width in meters)

Arch constriction (widthon left&height an right in meters)

Underpass Constrictian (width on left & height an right in
feet ar meters)

Byposs eosy
Byposs difficult
Bypass impossible
L.evel crassing

Ford (Length, width, bottom, ond depth) Ferry {Length,
width, load capacity)

Tunnel (Shuge, length, width, verticol clearance)

Rood Block
Raad Block (reody to use but not in position)

Proposed Road Block

Limits of Sectar

Civil or Military Raute Designotion

Cover (woods) (deciduous - left) (evergreen - right) Arrow
denotes possibility of driving off the rood into deciduous
cover

Possible waterpbint/waterpoint in operotion

Figure 174. Overoy symbols.
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{6) Route classificatian formula. Symbols for route reconnaissance maps or
averlays are shown in figures 173 and 174. Further symbols are as follows:

(a)

1

(0]

[[®)

(b)

1

2
3
4

(e}

1

Types of roads.

(X) All-weather -- Any road which, with reasonable maintenance, is
passable thraughout the yeor to a volume of traffic never appreciably
less than its maximum good weather capacity. This type of road has a
waterproof surface and is anly slightly affected by rain, frost, thaw or
heat. At no time is it closed to traffic due to weather effects other
than snow blockage. The following are examples of this category:
Concrete; Bituminous; Brick or Stone.

(Y} Limited All-weather -- Any road which, with reasonable mainte-
nance, can be kept open in bad weather to a volume of traffic which is
considerably less than its narmal good weather capacity. This type of
road does not have a waterproof surface and is considerably affected
by rain, frost or thaw. The following are examples of this category:
Crushed rack ar Waterbound macadam; Gravel ar lightly metaled surface.

(Z) Fair weather -- A raad which becomes quickly impassable in bad
weather and which cannot be kept open by normal maintenance. This
type af road is senously affected by rain, frost or thaw. The following
are examples of this type: Natural or stabilized soil, Sand or Clay;
Shell, Cinders; Disintegrated granite.

Formulas.

20 feet Y 50 describes a route 20 feet wide (minimum), limited all-
weather type, and laad classification of class 50.

20 feet Y 50 (Ob). “'(Ob)}*"* indicates an obstruction along the route.
20 feet Y 50 (T). **(T)" represents snow blockage.
20 feet Y 50 (W). ‘*(W)*’ represents flooding.

Causeways, snowsheds, and galleries. Although these structures are
not often encountered in a route reconnaissance, when they constitute
an obstruction to traffic they should be included in the route reconnais-
sance repart. Limit the data to clearances and load-carrying capacity.
If possible, support the informatian with phatagraphs or a sketch of
each structure. Also, include enough descriptive information to permit
an evaluotion concerning the strengthening or removal of these struc-
tures.

A causeway is a raised woy across wet or unstable ground.

2 A snowshed is a shelter protecting something from snow, such as a

long structure over an exposed part of a road or railroad.



3 A gollery is o sunken or cut passogewoy covered overhead as well os
ot the sides. In a combot areo, o gallery may be importont not only be-
cause it moy be an obstruction, but because it moy offord additioncl
protection.

b. Raad Recannoissance.

(1) Raad reconnaissance is performed to get infarmation an raad classificotion,

primorily in support af selecting a route, and report changes to existing
mops for dissemination in the theater af operotions. Its moin concern is
with existing rood conditions and nat far mointenance operotians. lts pur-
pose is to find out the quantity ond kind af troffic ond laods thot a raod
can occammadate in its present conditian. It moy include estimates of the
procticobility of improvement and the omount of engineer effort necessory
ta prepore a route far specified troffic ond loods. Obtaining dota far com-
plete rood classificotian should be done by an engineer.

(2) Informotion required-

(e

(f} Tunnel lacatians, together with their lengths, widths, and heights. (Tun-

(s
(h) Snow gollery locotions, together with their lengths, widths, and heights.

(a) Lacal name af rood.

(b) Local rood designotion ond number.

{c) Lacatian of rood by map grid reference.

(d) Obstructions, which include, among other items, underposses, fords,

lorge tree limbs, croters, projecting buildings, areos subject to inundo-
tion, and so forth.

Bridge locations. (Bridge reconnaissance 1s autlined in ¢ below )

nel reconnaissance is described in d below.)

Snowshed locations and estimoted caverage.

(i) Other requirements are listed in a(5)(a) through (e), ond (j), obove.

(3) Roodclossificotion formula. Rood chorocteristics ore expressed by defini-

tion ond symbols in the following order: limiting factors, width, construc-
tion material, ond, If desired, length.

(o) Limiting factars. The symbol A’ is used if there are no limiting fac-

tors. The symbol ‘‘B'’ meons one or more limiting foctors. A question
mork in parentheses {?) means an unknown limiting foctor. A V-like
symbol on o mop or overlay represents the terminol points of the road
sector. (See fig. 173.) Table 85 shows limiting factors, their criterio,
ond symbols representing them.
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(b

Width. The troveled woy of a rood is expressed in feet ar meters fol-
lowed by a slash, with the width of troveled woy and shoulders com-
bined, as 14/16.

Construction moterials. See foble 86 for these symbols.

(c

(d) Length. This moy be shown, if desired, in parentheses ot the end of o
rood classificotian formulo.

{e) Exomples.

A 5.0/6.2 mk -- concrete rood, 5.0 meters wide, 6.2 meters, including
shoulders; no limiting factors.

N

Bgs 14/16 ft 1 (Ob) -- grovel or lightly metolled, 14 feet wide, 16 feet,
including shoulders, steep grodients; rough surfoce; ond obstructions.
Be (f ?) 3.2/48 m p (4.3 km) T -- Poving brick or stone. 3.2 meters
wide. 4.8 meters, including shoulders; sharp curves, foundation un-
known, 4.3 kilometers lang; ond subject to snow blockage.

w

(4) Meosuring curves.

{a) One methad of measuring short-rodius curves may be dane with o card
ta swing an arc (fig. 175). For radii up ta 75 meters and lacated on
level graund, this method is practical.

Figure 175. A curve stoked by using o cord.



(b) Another method for determining the radius of o curve is bosed an the

formulo:

R = C¥/8m + m/2(fig. 176)
where C = length of card*

m = perpendicular distance fram center af cord to cemerline(cL) of

rood

R=radius of circle
By fixing m ot any canvenient distance, such as 5 feet, the formula be-
comes -- R=C2/40 + 2.5

Figure 176, Measuring o curve using formula R = c2/Bmim/2.
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Table 85. Criteria for Determinatian of Limiting Factors

.

Limiting Factor Criteria Symbal

Shorp curves Shorp curves with radius less thon 100 ft {30 m) cause c
some slowing of convoy traffic and will in addition
be reported os obstructions.

Steep gradients Steep grodients, 7 % or steeper, couse some slowing of g
of convoy troffic. Grodients steeper thon 7 % ond
excessive chonges in gradients will, alsa be re-
ported os obstructions.

Poar drainage Inadequote ditches, crown/comber, or culverts; culverts d
ond ditches blocked or otherwise in poor candition.

Weak foundation [Unstable, loose ar eosily displaced moteriol. f

Rough surfoce

Excessive comber
or superelevo-
tion.

Bumpy, rutted, or potholed to on extent likely ta reduce
convoy speeds.

Falling awoy so sharply os to couse heavy vehicles to
skid or drag toward the rood side.




Table 86. Symbals far Types af Surface Materials

Symbol Moterial Normol road type

k Concrete Type (X); generally heavy duty

kb |Bituminous or ospholtic Type (X); generolly heavy duty
concrete (bituminous plant
mix).

P Poving brick ar stone Type (X); generolly heovy duty

tb | Bitumen-penetroted mocodam; | Type (X) or (Y); generdlly
woterbaund mocadam with medium duty
superficial ospholt or tar
cover.

4 Waterbound mocodam, crushed [ Type (Y); generally light duty
rock, or corol.

| Grovel or lightly metalled Type (Y); generally light duty
surface.

nb | Bituminaus surface treatment | Type (Y) or (Z); generolly
on naturol eorth, stabilized light duty
soil, sand-clay, or other
select material.

n Natural earth, stabilized soil, | Type (Z); generolly light duty
sand-clay, shell, cinders,
disintegrated gronite, or
other select moterial.

v Voriaus other types not (indicote length when this symbol
mentioned above. 15 used.)

NOTE: In addition to the symbols shown above, the symbol *'b'" (bituminous surface)

moy be used olane when the type of bituminous construction cannot be deter-

mined.
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In applying the formula, m is measured from the centerline of the curve
toward the estimated center of the circle ond then C is measured perpen-
dicularly tom, making sure that C is centered on m. | C is meosured ot
18 meters -- R = 26.8 meters,

* Rule of thumb. If C is 19 meters or more, it need not be reported.
(5) Determining raod grodient

Vertical distance

x 100 = % of slape or yau may use a clinometer 1f
Horizantal distonce

one is avoiloble.

(6) The rood recannaissonce repart has the information required for classifica-
tion af o rood. There should be several capies, each covering a selected
section of the rood. Short forms or warksheets moy be designed for ropid

field work. (See FM 5-36).

c. Bridge Reconnaissance,

(1) The limiting features of bridges ore of basic importance to the selectian of
a raute for normal troop movements. (See tables 87 ond 88.)

(2) Bridge recannaissance has twa methods.
(o) Hasty reconnaissance determines immediate trofficability.

(b) Deliberate reconnaissance 1s done when there is enough time and quali-
fied personnel to moke o thorough analysis ond classification of the
bridge, including necessary repoirs or demolition pracedures.

(3) Full bridge symbol includes the location of the bridge, the orbitrerily os-
signed bridge number, the militory lacol classificotion number, the overoll
length of the bridge, the roadwoy width, the vertical clearonce, ond the
bridge byposses. Horizontol clecronce, under-bridge clecrance, number of
spans, fype of spon constructian, type of span construction material, ond
length ond condition of spans (fig. 177 and 178). Information should be ob-
toined ta complete the Bridge Report Form (DA Form 1249).



TRUSS GIRDER SLAB

—

{ Closed Spondrel } ARCM { Open Spondrel ) SUSPENSION
v
e
SN S
STEEL STRINGER CANTILEVER
Bridge Number Symbols Construction Materio} Symbols
Type of Number Moteriol of L etter
Spon Symbol Spon Construction Symbol
Truss . . . . .. .. 1 Steel, or other metol . . a
Girder. . . . . . ., 2 Concrete . . . . ., . .. k
Beom . . . . . . .. 3 Reinforced concrete . . . ak
Sleb . . . ... .. 4 Prestressed concrete . . kk
Arch (closed spandrel). & Stone or brick. . . . . . P
Arch (open spondrel) ] Wood . . .. .. ... n
Suspension. . . . . . 7
Flooting. . . . . . . 8
Others. . . . . ., . 9

Figure 177. Comman types of span construction.
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Toble 87. General Dimension Doto Required for Eoch of the

Seven Bosic Tyoes of Tridges

Dimensian data Sirr|p|e Slab | T-beam | Truss | Girder } Arch Suspen.
stringer sian

Overall length. . . . . . x x x x x x x
Na. af spans . . . . . . x x x x x x x
Length of spans. . . . . x x x x x x x
Panel length . . . . . .| -=eeeomen ’------» --------- X [ememme e x
Height above streambed . x x x x x x x
Height above estimated

narmal water level. . . x x x x x x x
Width of raadway . . . . x x x x x x x
Vertical clearance {aver) . | ----eema- T- ---------------- X e PR x
Horizantal clearance. . . x x x x x x x

NOTE: The letter *'x'* indicates that the dimensian is required.

{4) Bridge bypasses are lacal detaurs, which are classified as easy, diffi-
cult, ar impassable. Figure 174 shaws the symbals used far each classi-
ficatian.

(a)

(b)

(¢)

Bypass easy is a lacal detaur by raad ar crass-cauntry mavement which
all types af traffic can make in 15 minutes ar less, ar 4 miles (6.5 km)
added ta the direct raute distance. It shauld require less than 4 haurs
far 35 men, with praper equipment, ta imprave or canstruct.

Bypass difficult differs fram bypass easy in that mare than 4 haurs are
required far 35 men, with praper equipment, ta imprave ar canstruct.

Bypass impasstble exists when .-
Na alternative bridge is available within acceptable distance.
Terrain prevents aff.-raad mavement ar temparary raad canstructian.

Characteristics af the stream prahibit farding ar canstruction af tem-
parary crassing means. .

Depth ar slape of abstacle prahibits canstructian af appraaches ta
crassing site.

(5) TheBridge Recannaissance Repart {DA Farm 1249) is used ta repart bridge
infarmation.  Shart farms ar warksheets may be used by recannaissance
units when time is shart. (See FM 5-36).
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Table 88. Capacity Dimensian Data Required for Each af the Seven Basic Types aof Bridges.

Capocrty (1) drmension data

Bosic types of bndge

Srmple stringers

Slob

T-beom

Truss

Gurder

Arch

Suspan.
sron

Thickness of weorrng surfoce .
Threkness of flooring, deck, or
depth of fill o crown

Distonce, c-to-c, between T-beoms,
stringers, or floor beams

No of T-beoms or strrngers

Depth ol eoch T-beam or stringer

Width ol eoch T-beam or stringer

Thickness ol web af I-beoms, WF-
beams, channels, or1ails . .

Sag of cable . .

Na of eoch size of cable

Thickness of orch nng

Riseolorch . . . L.

Diometer ol each srze of coble .

Depth ol plote girder

Width ol flonge plates . .

Threkness of fionge plates . .

No of flange plotes

Depth of llonge angle . .

Width of flonge ongle .

Thickness ol llonge angle

Depih ol web plate

Thickness of web plate

Averoge thrckness of flange

Timber

Steel

Rec:

Log {-beom
tong.

Chon-

nel

Rart

X ox o=

) x

x

x

x

x o o=

x

x o x x

Mo ox e

o oM M % ox oW om X

x

x

x xow o=

Note “'x'’ indrcates required dimension
1 Copocity rs computed by the use ol formulos ond dota 1n bridge manuals

2 Diometer
3 Vidth of flonge




20

b — b b~

a = Overall Length

b = Span Length (Center
ta Center of Supparts)

¢ = Under Bridge
Clearance

FLiE

= Raadway Width

= Harizantal
Clearance
f =]
g
/ f = Thickness
g = Depth

Figure 178. Typical timber cross sectian.



d. Tunnel Recannaissance. Because tunnels are sometimes used for storoge, moin-
tenonce ossembly, or other purpose, their limiting feotures must be known. The re-
quired information {DA Farm 1250) is pointed out in FM 5-36.

e. Ford Reconnaissance.

(1) Clossificotion of fords. Fords ore clossified occording to their crossing
potentiol for foot, wheeled, or tracked movement.

(o
(b) Approoches may be poved with concrete or bituminous moteriol, olthough
they ore usuolly |ust sond or grovel. The composition ond slope of the

approoch ore importont; 1ts trafficability in inclement weother depends
upon them.

Their trofficobility 1s indicoted for vehicles ond foot troops in toble 89.

(c) The composition of the streom bottom determines its possability. It is
importont, therefore, to indicote it

(d) The stream bottom ot o ford hos been poved, in some coses, to improve
its lood-bearing capacity ond to reduce the streom's depth. The paved
area moy be of concrete, gravel, layers of sandbogs, steel mats, or
wooden pionks.

Seosonol floods, excessively dry periods, freezing, ond other extreme
conditions af weather affect the fordobility of o stream

(e

(f) Swiftness of the current ond presence of debris affect possability of o
ford. Current is recorded os swift (over 5 feet per second), moderate
(1 to 1.5 meters per second), or slow {less thon 1 meter per second}.

(g) Mimensionol doto of o ford are pointed out in figure 179,
(2) Streom width.

(0) “ith o composs, determine the ozimuth from o point on the neor shore
close to the water's edge to a point neor the water’s edge on the for
shore of the streom directly opposite. Then onother point, either up-
streom or downstreom from the previously morked points, 1s estoblished
on the neor shore, from which the ozimuth to the point on the for shore
s 45° at vorionce with the previously morked ozimuth. The distonce
between the two points on the near shore 1s equal to the distance ocross
the streom (fig. 180).

(b} Stretch o string across the streom, then meosure the distonce on the
string. A meosuring tope moy be used if one long enough is ovailoble.
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Table 89. Trafficability of Fords

R Max desiroble
Type of traffic Fardable Min width, Type af slope an
depth, m m botten appraaches
Foot. . . . . . . . ... ... 1 1= Firm 1:1
{single file) enough
2= fo
{column prevent
of 3's). sinking.
Trucks and truck-drawn artillery . 6 3.6 3:1
Lighttank . . . . . . .. ... 3t 4.2 Firm 2:1
Medium tanks. . . . . .. .. . .6ta 1.2 4.2 and 2:1
Heavy tanks . . . . . . ... .l 1.2 1.8 4.2 smoath. 2:1

1 Moderate current.

,
2 Based on hord, dry surface. If wet and slippery, slope must be less.

{3) Streom velacity. Streom velocity is calculated by measuring a distonce
along the riverbank, then determining the time it takes o light abject to
float this measured distance (fig. 180). Velacity is camputed as follows:

Measured distonce (m) _ velacity in meters per second.

Time (sec)

(4) Ford reconnoissance report. This report is made on DA Form 1251, Ford
Reconnaissance Report. Shart forms or worksheets may also be used.

f. Ferry Recannaissance. Ferries actuolly differ widely in appearonce, copacity,
propulsion, construction, and so on. For information on ferry reconnaissance, see

FM 5-36.
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OeeCe®®

60-APPROACH ELEVAT ION
6B)=APPROACH DISTANCE
(8)-SLoPE OF APPROACH (122}

Figure 179, Standard dimensianal data for fards.

g. Wdter Reconnoissance.
(1} Locotion of woter source. This olwoys involves field reconnoissonce, with
o brief study of o mop.
(2) Sources. \ihen troops ore in combot ond moving ropidly, usuolly there isn’t
time to search for the best woter, ond units must toke whotever is ovoiloble
ond purify it with moteriol ot hond. The principol sources ore:
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g  FAR SHORE /
e
UPSTREAM DOWNSTREAM
-« N _—

c A ]

NEAR SHORE
ADD 45° TO SUBTRACT 45°
AB AZIMUTH FROM AB AZIMUTH
TO GET AZIMUTH TO GET AZIMUTH OF
OF CB BD

WHEN TURNING 90° TO THE LEFT,
ADD 45° TO THE A TO B AZIMUTH TO
GET THECTO B AZIMUTH.

WHEN TURNING 90° TO THE RIGHT,
SUBTRACT 45° FROM THE A TO B
AZIMUTH TO GET THE C TO B AZIMUTH.

1 MEASURING STREAM WIDTH, USING A COMPASS.
- L T

OIRECTION OF CURRENT

DISTANCE AB IS MEASURED

FLOATING OBJECT IS THROWN INTO STREAM AT C
TIME REQUIRED FOR FLOATING OBJECT TO FLOAT
DISTANCE A'8' IS DETERMINED

V(FPSs) = AB(FEET)
TIME TO FLOAT
A'8’ (SEC)
2 DETERMINING STREAM VELOCITY

Figure 180. Methods of measuring stream width and velocity.
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Figure 181. Examples of the full bridge symbol.
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(o) Surfoce woter {streoms, lokes, ond ponds).
(b) Springs.
(c) Wells.
(d) Seo water.
(e) Roin.

(f) Snow ond ice.

(3) Copocity of source (quontity). It is necessory to compute the minimum,
overoge, ond maximum flow of streoms, wells, or springs, ond the dimen-
sions, ond depths of lokes or ponds, with their rote of cutflow. The omount
of woter thot posses o point in one minute is determined os follows:

Q=AxVx75x.85
Where A = Cross-section oreo of streom
Y = Flow in ft/min.
7.5 = No. of gals. of woter per cu. ft.

.85 = Friction loss constont

(4

=

Quality of woter. Check the color, turbidity, odor, toste, ond possible pollu-
tion. In o pollution check, examine the droinoge oreo, os much as time
permits, for humon wostes, industriol wostes, corrion, or poisoning by
enemy oction.

(5) Tests. Tests ore performed by personnel operoting woter points.

(6

-~

Accessibility. There should be o rood system connecting o water supply
with the users.

(7

Proposed development. Compute the time, lobor, ond moteriol necessory to
improve the site.

Doto from locol inhobitonts, locol records, ond soil surveys. If o woter
source is to be used for some time, informotion must be obtoined on seo-
sonol voriotions, seasonol floods, seosonol drought, ond odditional sources.

(8

(9) The obove doto should be reported on pertinent maps with the conventionol
militory symbols and signs described in FM 21-30.

h. Water Supply. Quontities of woter required per man per doy ore written in toble
90.

i. Airfield Reconnaissonce. See section I, Chopter 7.



Table 90. Per Capito Woter Consumptian in a Theater of Cperotions

Situatian Gals. Remarks
Traaps in cambat 45 | Absalute mimimum, drinking anly, nat aver 3 days.
1 A small additianal allawance far caaking.
Aarch ar bivavae 2 Minimum far drinking, caaking, washing mess

uvtensils, hands, and face.
5 Allaws in addition same bathing and laundry.

Temparary camp 5 Minimum, see preceding.
15 Includes bathing and waterborne sewage an an
ecanamy basis.

Semipermanent camp 20-60
Cantanment (theater) | 60-100
Haspital 10* | Minimum.

S0* | Allaws for waterborne sewage.

v
Per bed.

87. SYMBOLS FOR OVERLAYS
o. Bridge Symbols. See figures 173, 174, 177, and 181.

b. Tunnel Symbols. Tunnel data 1s largely the standard dimensianal data written
an the repart form (DA 1250j.

c. Ford Symbols. Fard data is mainly the dimensianal dota given an the repart
farm (DA farm 1251),

d. Ferry Symbals. This data 1s the type of measurements required by DA farm
1252.

e. Water Supply Symbals. Water-saurce and water-supply data may be recarded
an o map ar averlay, using the opprapriate symbal as given in FM 21-30.

f. Airfield Symbals. Abbreviatians, symbals, and natatians as used far raute
recannaissance (par 860) are useful in airfield reconnaissance.

g. Minefield Symbols. The symbols used in the sketches and reparts of minefields
are as given in paragraph 30 abave.

Section 1. Mop Symbals ond Conversians
88. UNIT DESIGNATION

a. Cambining Symbols. The arrang t of the binatian of basic symbals,
letters, numbers, and abbreviatians ta shaw any specific traap unit, abservation
paint, ar military installatian is shawn as fallaws.
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Size
X
X X X X Bronch2 X X X
Sub-sub- Sub-sub  Sub-sub Sub {Type) Parent Add'l Explonatory
sub-sub- sub unit unit (Coliber unit  info info
unit unit of weapons) _

1. The symbol T denotes troop unit; other symbols, such os A for observo-
tion post and (O for vorious supply ond service instollotions, ore olso used.

2. Branch opplies only to troop unit; other bosic symbols, such os Y for closs
111 supply, would be used for other types of figures.

D Troop unit
I:]+ branch symbol (><}

+ size symbol (@)

+ parent unit (31)
g 31 + sub unit (2} =

o
2& 31 + sub sub unit (Compony C)

o
Cc2 E 31 + sub-sub-sub-unit

(1st plotoon)

»
1C2 g 31 + sub-sub-sub-sub-unit
(3d squed)

+ additionol info
(Atch Co. B)

3]C2g3]

=31C2 g31

infantry unit

= X=
= E= infontry squod

2 g31=

squod of 31st
Infontry

squod of 2d Bottle
Group, 31st
Infantry

=C2 31 = squod of Co. C, 2d

Sottle Group, 31st

Infontry
L]

= 1C2 31 = squod of 1st plotoon,

Co. C, 2d Bottle
Group, 31st Infontry

= 3d squod, 1st plotoon,
Co. C, 2d Sottle
Group, 3lst Infontry

=31C2 (=31 (Atch Co. 8) = 3

squod of 1st plotoon,
Co C, 2d Bottle Group,
31st Infontry {Attoched
to Co. B)



The reading of the final symbal is: 3d Squad of the ist Plataan, Campany C, 24
Battle Graup, 31st Infantry {Attached ta Campany B).

b. Units.

Airbarne

3

Air Farce

Army aviatian units
Armar

Artillery

Antiaircraft artillery
Cavalry (mechanized)
Chemical Carps . [7aY)

Engineer

B NHOnE

Infantry
Medical

Civil Affairs
Military Palice
Qrdnance
Quartermaster
Signal

Transpartatian

HHEREEENE

Veterinary

NOTE: At times 2 of the abave symbols may be cambined. Far example, the
armared infantry wauld cambine the symbal far armar and infantry {

c. Size of Units.

Squad °
Sectian . [ 1]
Plataan [ 1 1]
Detachment [ 1 1]
Company, traop, battery, ar air flight ]
3attalion, ar squadran i
Regiment, graup, ar air graup 1l
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Brigade, combat cammend, or equivalent X
Duvision XX
Carps XXX
Army, ar oir force XXXX
Army graup, or air command XXXXX
Area command of CammZ section [o e}

Area command ar logistical command
headquarters of a sectian af CommZ o O
Theater army logistical command

headquarters

89. MAP DISTANCE CONYERSION

Table 91 shows the equivalents af map distance and graund distance.



Log

Table 91. Map-Distance Conversion

Representative froction (RF)

Map Ground | 1 / 1 1 1 1 /
distance distance

25,000 A) 75,000 |,/100,000 A) 250,000 @ 1,000,000

_ Inches 25,000 | 50,000 | 75,000 | 100,000 (200,000 | 250,000 | 500,000 1,000,000

Ore nch Foet 2,083 | 4,167 | 6250 | 8,333 | 16,667 | 20,833 | 41,667 | 83,33

Yords 94| 1389 | 2083 | 2778 | 5555 | 6944 | 13888 | 2,77

Meters 635 | 1270 | 1905 | 2,540 | 5080 | 63% [ 12700 | 25,400

Miles 0.4 0.8 1.2 1.6 3.2 4 8 16

Kilometers 64] 13 191 2.54 508 635 127 25.4

Inches 9,843 | 19,685 | 29,528 | 39,370 | 78,740 | 98,425 | 196,850 | 393,700

Feet 8m | 1,640 | 2460 | 3281 | 6562 | 822 | 15404 | 32,808

One centimo- | Yards 73 547 81 | 1,094 | 2187 | 2734 | 5468 | 10,93

* Meters 250 00 | 7% 1,000 {-2000 | 2,50 | 5000 { 10,000

Miles 0.16 0.3 0.5 0.6 1.2 15 3 6

Kilometers .25 .50 .75 1.00 200 250 5.00 10.00
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CHAPTER 1

- USEFUL DATA

Section |. Matetials
90. WEIGHTS OF COMMON MATERIALS

Table 92 gives the weights and specific grovities of materials commonly used in on
engineer unit. Further information on other materials is found in FM 5-35.

91. WIRE NAILS
Examine table 93 and figure 182 for this information.
92. DRIFTPINS.

a. Description. [Driftpins ore long, heavy, threadless bolts used to hold heavy
pieces of timber together. The term "'driftpin’' is almost universally used in practice,
but for supply purposes the correct designation is “'driftbolt."" Driftpins have heods
ond vary in diometer from 1/2 to 1 inch, and in length from 18 to 26 inches.

b. Uses. To use the driftpin, ahole slightly smaller than the diameter of the pin is
made in the timber. The pin 1s driven into the hole and held in place by the compres-
sion action of the wood fibers.

93. WIRE GAGES -
Table 101 shows the breaking strengths of different sizes of wire rope.
94. ROOFING '

a. Introduction. Roofing repoirs should be made in cleor, mild weather with the
outside temperature not below 50°F. Repair minor damages by applying osphalt plas-
tic flashing cement. Loyer breaks are repaired by opening the horizontol seam below
the break and inserting a strip of roofing.

b. Materials Required. Depending on the method used to repair a roof, the quanti-
ties and kinds of materiols vary.

(1) When 4-inch strips of fobric and ospholt roof coating are used, the quantity
of coating for 100 square feet of roofing is 4/5 gallon; 39 lineor feer of
strips are needed.

{2) Vhen 6-inch strips of roofing, aspholt plostic cement, ond asphalt emulsion
(clay type) are used, the following quantities per 100 square feet of roofing
are used:
Asphalt plastic cement - 6 pounds
Roofing strips - 39 linear feet
A sphalt emulsion - 1 gallon
c. Other Roofing. For roofing ond repair when osphalt shingles, metol roofing,
wood shinglés, slots, or tile are used, see TM 5-617.



Table 92. Weights and Specific Gravities
Weight, Specific
Substonce Ibs per cu. ft. gravity
Bituminous
Asphaltum 81 1.1-15
Coal, anthracite 97 1.4-17
Caol, bituminous 84 1.2- 1.5
Coal, coke 75 1.0-1.4
Petroleum, gasoline 42 0.66-0.69
Tar, bituminous 75 1.20
Building materials
Ashes, cinders 40- 45
Cement, partland, loose 90
Cement, partiand, set 183 27-32
Coal ond cake, piled
Caol, anthracite 47 -58
Cool, bituminous, lignite 40-54
Caol, charcoal 10-14
Cool, coke 23-32
Earth, etc., excavated
Cholk 137 1.8 - 26
Cloy, damp, plastic 10 | eeeemmmmnee
Clay, dry 63
Cloy ond gravel, dry 100
Cloy, marl 137
Earth, dry, loose 76
Earth, dry, packed 96
Earth, moist, loose 78
Earth, moist, packed 96
Earth, mud, flowing 108
Earth, mud, packed 15
Sand gravel, dry, loose 90- 105
Sand gravel, dry, pocked 100-120
Sand gravel, wet 118-120
Liquids
Qil's, minerals, lubricants 57 0.90-0.93
Water, 4° C. (mox density) 62.428 1.0
Water, ice 56 0.88-0.92
Water, snow, fresh fallen 8 0.125
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Table 92. Continued

Weight, Specific
Substance Ibs per cu. #. gravity
Masonry, ashlar
Granite, syenite, gneiss 165 2.3-30
Limestone, marble 160 2.3-2.8
Sandstane, bluestane 140 2.1-24
Masanry, brick
Pressed brick 140 22-23
Cammon brick 120 1.8-20
Saft brick 100 1.5-1.7
Masanry, concrete
Cement, stone, sand 144 2.2-24
Masonry, dry rubble
Granite, syenite, gneiss 130 19-23
Limestone, marble 125 1.9-2.1
Sandstane, bluestone 110 18-1.9
Masanry, mortar rubble
Granite, syenite, gneiss 155 2.2-28
Limestone, marble 150 22-26
Sandstone, bluestone 130 2.0-2.2
Metals, alloys, ores
Aluminum, cast, hammered 165 2.55- 275
Capper, cast, ralled 556 88-9.0
Iran, cast, pig 450 7.2
Iron, wraught 485 7.6-79
Lead 710 11.37
Magnesium allays 112 1.74- 1.83
Mangane se 475 72-80
Steel, rolled 490 7.85
Zinc, cast, rolled 440 6.9-7.2
Minerals
Asbestos 153 2.1-28
Bauxite 159 2.55
Rock
Limestane, marble 165 25-28
Sandstone, bluestone 147 2.2-25
Riprap, limestone 80-85 - -
Riprap, sandstone 90
Riprap, shale 105




Table 92. Continued

Weight, Specific
Substance Ibs per cu. ft. gravity
Solids, various
Gloss, common 156 24-26
Hay and strow (boles) . ¢ S
Paper 58 0.70- 1.15
Potatoes, piled 42 | e
Rubber goods 94 10-20
5al4, gronulated, piled 48 | e
Sulfur 125 1.93- 2.07
Wool 82 1.32
Stone, quarried, piled
Basalt, gronite, gneiss 96
Greenstone, hornblende 107
Limestone, marble, quortz 9
Sandstone 82
Shale 92
Excavations in woter
Clay 80
River mud 90
Sond or grovel 60
Sand or gravel and cloy 65
Soil 70
Stone riprap 65 -
Timber, U. S. seasoned {Moisture cantent by
weight. seasaned timber, 15% to 20 %;
green timber, up to 50 %}
Ash, white, red 40 0.62-0.65
Cedar, white, red 22 032-0.38
Chesmut 41 0.66
Cypress 30 0.48
Elm, white 45 072
Fir, Douglas spruce 32 0.51
Fir, eostern 25 0.40
Hemlock 2 0.42.0.52
Hickory 49 0.74-0.84
Locust 45 0.73
Maple, hard 43 068
Mople, white 33 053
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Table 92.  Cantinued

Weight, Specific

Substance Ibs per cu. ft. grovity

Ook, chestnut 54 0.86
Oak, live 59 0.95
Oak, red, block 4] 0.65
Ook, white 46 0.74
Pine, Oregon 32 0.51
Pine, red 30 0.48
Pine, white 26 0.41
Pine, yellaw, longleof 44 0.70
Pine, yellow, shartleaf 38 0.61
Paplar 30 0.48
Redwood, Colifarnia 26 042
Spruce, white, block 27 0.40-0.46
Yalnut, block 38 0.61
Yalnut, white 26 0.41

95. PAINT

a. Paint Materials. For detoils on which type of point shauld be used for o speci-
fic jab, see the point manuo! published by Natianol Bureou of Stondards, or TM 5-618.

b. New Viark (Exterior) on Wood Surfaces.

(1) Far the priming coat, the point cc.aes in creom or grey Narmolly, 1t re-
quires no thinner, but in cald weother thinner moy be necessory, in this
cose, use }; pint of turpentine odded to 1 gollon point.

(2) Apply unthinned point ot a spreoding rotia of about 450 square feet per
gollan 1f it is to be follawed by or: caat of finish point. For three-coot
wark, thin the priming paint os instructed in (1) obove, then opply ot 600
squore feet per gallon.

(3} For the finish caot where o three-coot jab is required, opply the paint at
the ratio of 600 ta 700 squore feet per gollan. In good weother, o 48-haur
drying periad between caats is sufficient. For twa-caot work, o spreading
rate af about 550 squore feet per gollon is required.

c. Exterior Metal Surfaces.

(1)} Far finishing caots, use ail paint ar enomel similor ta thdt used for waad.
Far new steel bridges, opply two finish caots.

(2) Before pointing metal, clean off oll greose, rust, loose mill scole, dirt, ond
ather fareign matter.

{3) The priming coat shauld contoin a carrasion-inhibitive point  Allaw 2
doys to dry.



Table 93. Wire-Nail Sizes, Wire Gages, and Number Per Pound

L0E

L Common Siding Finishing Flaoring Fence
Size ength,

in Gage |io./Ib | Gage | Na./Ib [ Gage No./Ib | Gage |Ma./Ib | Gage No./lb
2. . 1 15 876 15% 1,010 16% 1,351
H. . 1% 14 568 | 144 | 635 | 15K 807
4. . 1% 124 316 14 473 |15 84 .. .1... P P
5. . 1% 124 271 14 406 |15 500 ¢...([... 10 142
6. . 2 Nk 181 124 23% |13 309 n 157 10 124
7d. . M [AV) 161 124 210 |13 238 n 139 9 92
8. . 24 10% 106 1% 145 | 124 189 10 99 9 82
9. . 2% 10% 96 11 132 [ 12% 172 10 90 8 62
10d. . 3 9 69 10} 94 {14 21 9 69 7 50
124, . k) 9 63 .. .. .. | 1K 13 8 54 6 40
16d. . k7] 8 49 B e R 90 7 43 5 k1]
0d. . 4 6 31 el 0 61 [ 3 . ..
d. . 4% 5 24 RPN
404 . . 5 4 18 N
50d. . % 3 15
60d . . 6 2 n

Nate 1. To avaid splitting, noil diometers should not exceed ane-seventh of the thickness of lumber to be
mailed.

2. Gages are U. S. Steel Wire Gage. Fractional gages are:

Goge. . . . .. 10% 10%4 1% 12 14% 15%
Diameter, in . . 0.1314 0.1278 0.110 0.0985  0.0760 0.0673
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Figure 182. Size, type, ond use of nails.

d. Interiar Waod Surfaces. Apply anly ane primer coot and one finish coot. Two
finish coats may be applied if primer and first finish caats have been thinly applied.
Allow 18 hours between caats.

Section [l. Math and Physics Data
96. LENGTHS, AREAS, AND YOLUMES OF GEOME TRIC FIGURES
a. Legend.
A

orea r = radius
oltitude D = diameter



b. Farmulas.

(1)
(2

(3)

(4

(5)

(6)

Any triongle:
Right triangle:

o o »
I
8] a) e
~
+i
ol oo
(S I
o
o
)

0 >» » n
ron
(=]
g -
@
by
2

Circle:

Segment af circle:

]
A=Klr(l-krakl V2N

praly
k = yZor—of oa.ongle

Sector of circle: in degrees
A = % = ;'_;% (ongle in degrees)

Regulor polygons. The oreo of any regular polygon (all sides equol, oll
angles equol) is equal to the product of the square of the length of one side
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ond the foctors shown in toble 94. Example: Areo af a regulor octogon
hoving é-inch sides is 6 x 6 x 4.828, or 173.81 square inches. See factars

in table 94.
{7) Rectangle and parallelogram: T
YA b
A=ob b 1_
® Tapesaid /N
A=V7u(bl+b2) ba

(9) Irregulor figures. Meosure widths ot affsets regularly spoced along any
straight line, ond apply ane af the follawing:

(o) Trapezoidol rule. A = one holf the i.terval between offsets x (sum of
twa end widths plus twice the sum of the intermediate width s).

{b) Simps’on's rule. (Assumes laterol boundaries are parabolic curves.)
A = ane third the intervol between offsets x [sum of twa end widths plus
twice the sum of the odd widths, except first and last {3d, 5th, 7th, etc.)
plus 4 times the sum af the even widths (2d, 4th, 6th, etc.)]

NOTE. The above rule requires on odd number of widths. If there is
an even number, compute separately the area of a tropezaid at ane end.

Table 94. Polygon Foctors

No. aof sides Factor Na. of sides Factor
3 0.433 8 4.88
4 1. 000 9 6.182
5 1.720 10 7.694
6 2.598 n 9. 366
7 3.634 12 11.196




(10) Cube: b@
V=b?

(11) Rectangular parallelepiped:

a
V=ab, b, ba
(12) Prism or cylinder: A
V = a X (area of base) a
v
(13) Pyramid ar cane: é}
V =1/3a X (area of base) ® t
(14) Sphere:
V=4/3n0 =700 &
7r 3
A=4qr?

(15) Prismoidal sectian:

V = ane sixth the length X (sum af the end areas pius 4 times the midsec-
tian area)

97. TRIGONOMETRIC SOLUTION OF TRIANGLES
Examine table 95 for this infarmatian.

98. NATURAL TRIGONOMETRIC FUNCTIONS
These functions are listed in tabular form (table 96).
99. FUNCTIONS OF NUMBERS

The squares, square raats, cubes, and logarithms of 1 through 100 are listed in
table 97.

100. CONSTANTS

g=322ft/sec 7 2= 9.8696
7 /2= 1.5708 1/n%= 0.1013
n/3 = 1.0472 V7 = 1.7725
2n/3 = 2.0944 Y= 1.4646
1/7 =0 3183
101. FORMULAS
Feet, baard measure = length (ft) x width (fQ

x thickness (in)
1090 ft/sec

Velacity of sound in air

3N



Table 95. Triganometric Solutions of Triangles

aZabls e? 2 2becash

a?aclop?
b2aals 2o 2 ac casB
: ° 2,62 g2
a 20?482 2ab casC ¢ bleeloa
3
s dtbte 2o b2
b 2 b
RIGHT TRIANGLE
Gi TO FIND
v A B8 C Q b c Area
ab a b ab
d tnA= £ tan B = - 900 VaZibZ v
a,c sinAa & co:B-% 900 o GTJEQ__J
Aa 900-A 900 acat A ﬁ' —"—z;ﬂ
b b2 tan A
Ab 90°-A 90° btan A o R

Ac 909-A 900 esnA {ccas A <2 sin 24

OBLIQUE TRIANGLE

TO FIND
Given .
A B [ ] b c Area
A, Ala~ B s = b) -

abe feor 3oVEEY [eon 2o VD e L. AT . ey
aAB 1800 — (A + B) E L'T;"_AS
ab,A sinBw baing ) h'.nnin C

in A ab sin C
b tan A~ C: 'g:-t adeb2-2gb cosC +

tie



Table 96. Notural Triganometric Functions

Cosec

57.30

28.65

191

14.34

1 47

9.567
8.206
7.185
6.392
5.759
5.241
4.810
4.445
4.134
3.864
3628
3.420
3.236
3072
2.924
2.790
2.669
2.559
2.459
2.366
2281
2.203
2.130
2.063
2.000
1.942
1.887
1.836
1.788
1.743
1.701
1.662
1.624
1.589
1.556
1.524
1.494
1.466
1.440
1414

Sec

Tan

.000

017
035
.052

070
.087

105
123
141
-158
176

194
.213

231
.249
.268
.287
-306

325
344

364
.384

404
.424
.445
.466
.488
.510
532
.554
.577
.601
625
-649
875

700
727
.754
.781
.810

839
842
.900
933

966
1 000

Cotan

Coton

57.29
28.64
19.08
14.30
11 43
9.514
8.144
7115
6.314
5.67
5.145
4.705
4.331
4.011
3732
3.487
3.271
3.078
2.904
2.747
2 605
2 475
2.356
2246
2.145
2.050
1963
1.881
1.804
1.732
1664
1.600
1540
1 483
1.428
1.376
1.327
1.280
1235
1.192
1.150
L
1.072
1.03¢6
1.000

Ton

Sec

1 000

1.000-

1.001
1.001
1002
1.004
1.006
1.008
1.010
1.012

n




314

Table 97 Functions of Numbers

Ne. | Square] Cube ] Sq. root | Logorithm] No. |Squore | Cube | Sq. root|Logorithm
1 1 1] 1.0000 | 0.00000 511 2601 132651} 7.1414 | 1.70757
2 4 8 | 1.4142 .30103 52| 2704 | 140608 7.2111 | 1.71600
3 9 Z | 1.7321 .47712 53| 2809 | 148877|7.2801 | 1.72428
4 16 64 | 20000 60206 54| 2916 | 157464| 7.3485 | 1.73239
5 25 125 | 22361 69897 55| 30251 166375|7.4162 | 1.74036
[ 3% 216 | 24495 77815 56| 3136 | 175616 7.4833 | 1.74819
7 49 343 | 26458 .84510 57| 3249 § 185193| 7.5498 | 1.75587
8 64 512 | 2.8284 90309 581 3364 195112]7.6158 | 1.76343
9 81 72 | 30000 95424 591 3481 | 205379} 7.6811 [ 1.77085
10 100} 1000 | 3.1623 | 1.00000 60| 3600 | 216000| 7.7460 | 1.77815
n 121 1331 | 3.3166 1.04139 61| 37211 226981}17.8102 | 1.78533
12 T44 | 1728 | 3.4641 1.07918 62| 3844 | 238328 7.8740 | 1.7923%
13 169 | 2197 | 36056 1.11394 631 3969 | 250047(7.9373 | 1.79934
14 196 { 2744 | 3.7417 1.14613 64| 4096 | 262144 8.0000 | 1.80618
15 225 | 3375 | 3.8730 1.17609 65| 4225 | 274625|8.0623 | 1.8191
16 256 | 4096 | 4.0000 1.20412 66| 4356 | 287496|8.1240 | 1.81954
17 289 | 4913 | 4.1231 1.23045 67| 4489 | 300763|8.1854 | 1.82607
18 324 | 5832 | 4.2426 1.25527 68 4624 | 314432 8.2462 | 1.83251
19 361} 6859 ) 4.3589 1.27875 69| 4761 ) 328509)8.3066 | 1.83885
20 400 | 8000 | 4.4721 1.30103 70 | 4900 | 343000 8.3666 | 1.84510
21 441 | 9261 | 4.5826 1.32222 71| 5041 | 357911|8.4261 | 1.851%
22 434 | 10648 | 4.6904 1.34242 72| 5184} 373248)8.4853 | 1.85733
23 529 | 12167 | 4.7958 1.36173 731 5329 389017} 8.5440 | 1.86332
24 576 | 13824 | 4.8990 1.38021 74| 5476| 4052248.6023 | 1.86923
3 625 | 15625 | 5.0000 1.39794 75| 5625|421875|8.6603 | 1.87506
2 676 | 17576 | 5.0990 1.41497 76| 5776|438976|8.7178 | 1.88081
Z 729 | 19683 | 5.1962 1.43136 77| 5929 | 45653318.7750 | 1.88649
28 784 | 21952 | 5.915 1.44716 78] 6084] 47455218.8318 | 1.89209
2 841 | 24389 | 5.3852 1.46240 79| 6241]493039|8.8882 | 1.89763
30 900 | 27000 | 5.4772 1.47712 80 | 6400 512000]8.9443 | 1.9009
3 961 | 29791 | 5.5678 1.49136 81| 6561 | 531441{9.0000 | 1.90849
32 | 1024 | 32768 | 5.6569 1.50515 82| 6724 | 551368|9.0554 | 1.91381
33 | 1089 | 35937 | 5.7446 1.51851 83| 6889 | 571787|9.1104 | 1.91908
34 | 1156 | 39304 | 5.8310 1.53148 84} 7056 |592704 [9.1652 | 1.92428
35 | 1225 | 42875 | 5.9161 1.54407 85 7225 [614125|9.2195 | 1.92942
36 | 1296 | 46656 | 6.0000 1.55630 86 | 7396 | 636056|9.2736 | 1.93450
37 | 1369 | 50653 | 6.0828 1.5680 87| 7569 |65850319.3274 |1.93952
3B | 1444 | 54872 | 6.1644 1.57978 88 | 7744 |681472|9.3808 | 1.94448
3 | 1521 | 59319 | 6.2450 1.59106 89 | 7921 |704969]9.4340 | 1.949%




Table 97. Continued

Na. | Squore| Cube | Sq. root |Logorithm|No. | Square} Cube [Sq. root [Logorithm
40 [ 1600 | 64000 [ 6.3246 | 1.60206 | 90 {8100 | 729000( 9.4868 | 1.95424
41 | 1681 | 68921 | 6.4031 | 1.61278 | 91]8281 | 753571 9.5394 | 1.95904
42 | 1764 | 74088 | 6.4807 | 1.62325 | 92 | 8464 | 778688| 9.5917 | 1.96379
43 | 1849 | 79507 | 6.5574 | 1.63347 | 93 | 8649 | 804357 9.6437 | 1.96848
44 | 1936 | 85184 | 6.6332 | 1.64345 | 94 18836 | 830584] 9.6954 | 1.97313
45 | 025 [ 91125 | 6.7082 | 1.65321 | 95 [9025 | 857375( 9.7468 | 1.97772
46 | 2116 | 97336 | 6.7823 | 1.66276 | 96 | 9216 | 884736| 9.7980 | 1.98227
47 | 209 103823 | 6.8557 {1.67210 | 97 | 9409 | 912673| 9.8489 { 1.98677
48 | 204 110592 6.9282 [1.68124 | 98 | 9604 | 941192] 9.8995 | 1.99123
49 | 2401 17649 | 7.0000 | 1.690D | 99 19801 | 970299} 9.9499 | 1.99564
50 | 2500 {125000 | 7.0711 | 1.69897 }100 10000 §1000000{10.0000 | 200000

Ohm's low. volts = amps x ohm

Watt's low: wotts = amps x volts

Kilowott hour = 1000 wott-hours

Degrees centigrade = 5/9 (°F. - 32

Section [Il. Strength of Materials
102. MOMENTS
a. Bending Moments:

b. Section Medulus.

M= fS
where f= allowoble fiber stress in pounds per squore inch
$ = section modulus (b below)
M= bending moment. (Multiply by 12 to convert foot-pounds to
inch - pounds.)

(1) Rectangulor sections:
L

6

where b = width of section in inches
d = depth of section in inches.

(2) Circulor sections:

§-92

10

where d = diometer of circle in inches.

315
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(3) Steel beams:
A
S=4d, (Af+ T"’ )

where, d, = depth of beom
Af = area of flonge
Aw = cross-sectionol oreo of web

103. WORKING STRESSES FOR AVERAGE TIMBER (DOUGLAS FIR OR SOUTH-
ERN PINE)

o. Bending: 2,400.

b. Sheor Porollel to the Grain: 150.

c. *Beoring Perpendiculor to the Grain: 500.

d. Madulus of Elesticity: 1,600,000.

e. Compression Numbers.

(1) Short columns, for L/d rotios not greoter thon 11:
f= 1,300.

(2) Intermediate columns, where L/d ratios ore greoter thon 11 but less thon
K = 0.64 \/E/c, in which E 1s the modulus of elosticity ond ¢ is the ollow-
oble compression stress porollel to the groin:

faell-_t 1

3Kd
(3) Long columns, for L/d rotios greater thon K:
f= 0274
(L/d)?

NOTE: For working stress of oll types af timber , see TM 5-312.
104. WORKING STRESSES FOR STEEL (in pounds per sq. in.)
a. Axiol Tension, Net Section: 27,000.
b. Tension on Extreme Fiber: 27,000.

c. Beoms or Stringers in bending: 27,000 . bd < 400.
b+ f

d. Balts at Root of Threod:  20,000.
e. Axiol Compression. ’
(1) Stiffeners of plote girders; 27,000.
(2) Members with riveted ends, for L/r ratios not greater thon 140:
f= 21,300 - 3/8 (L/1)2



(3) Members with pinned ends, for L/r rotios not greoter thon 140:

f= 21,300 - % (L/r)?
(4) Splice moteriol, gross section: 27,000
§. Shear: (in pounds per sq in.)
(1) Girder webs, gross section: 16,500
(2) Power-driven rivets ond pins: 20,000.
(3) Turned bolts: 16,500.
(4) High tensile strength steel bolts. 20,000.
(5) Unfinished bolts: 12,000.
g. Beoring: {in pounds per sq. in.)
{1) Onrivets, single sheor: 32,000.
{2) On rivets, doubie sheor: 40,000.
(3) On unfinished bolts: single sheor. 20,000.
(4) On unfinished bolts: double sheor- 25,000.
(5) On milled stiffeners ond other steel ports in contoct: 40,000.
(6) Exponsion rollers ond rockers, pounds per lineor inch:

(o) For diometers up to 25 inches:

S - 13,000 gogq

20,000
{b) For diometers from 25 to 125 inches:

S - 13,000 45004

f

in which d is the diometer of the roller or rocker in inches, ond 5 1s the
tensile yield stress of the roller or bose, whichever is smoller.

105. BEAM MOMENTS AND SHEAR FOR VARIOUS LOADINGS
o. Symbols.

A -- oreo of section

b -- width of section

¢ -- distonce from neutrol oxis to extreme fiber
d -- depth of section

F --lood in pounds

f -- ollowaoble stress in psi

| -- moment of inertio of section to extreme fiber
L -- spon

i --iength in inches

a7
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M -- bending moment
R -- reoction
S - section modulus |
C
¥ .- tatol sheor
v -- unit sheor
w -- laod per unit of length

b. Moximum Bending Moments and Sheor. Moment ond shear are shown in toble 98,

Section Y. Timber Construction
106. DIMENSIONS AND PROPERTIES
Table 99 gives the dimensions ond properties of timber.
107. STRUCTURAL TIMBER DATA
This doto is shown in table 100.

108. CARPENTER TOOL KITS

a. For Engineer Squod. This set provides the necessary hond tools for o corpenter

ta perfarm basic waad-warking ond waad construction operotions.

this set ore listed as fallows:

Campanents
Bor, wrecking, 30 in.
Blade, hond hacksaw, 12 in.
Chalk, morking, blue, 72 per box.
Chisel, froming, % in. wide.
Crayan, morking, blue, 12 per bax.
Crayan, morking, red, 12 per box.
File, hond, flat, 12 in., bostard edges and foces.
File, hond, flot, 8 in., smoath edges ond foces.
Frame, hand hocksaw, adjustoble 8 to 12 in.
Hommer, hond, block smith, cross-peen, 3 Ib.
Hommer, carpenter, noil, curved clow, 1 Ib.
Hammer, screw-in foce, plostic, 2 Ib.
Handle, file, woad.
Hondle, hommer, wood.
Hatchet, holf, 3% in. wide edge.

Level, line, 3 in. lang, metol.

The components of

Quontity
- 2
—_ 12

1
1
1
1
2
1
2
—_ 4
1
1
2
2
1



Components Quontity

Level and plumb, 24 in. long, wood. 1
Plane, smooth, 2 in. wide, 9 1n. 1
Pliers, lineman's, side cutter, 8 in. 2
Pliers, slip joint, w/cutter, 8 in.

Rasp, hond, 14 in.

Rule, multiple folding, aluminum, 6 ft.

Saw, hond, crosscut, 26 in. blode.

Sow, hand, rip, 26 in. blode.

Screwdriver, flat tip, flared, % in. wide, 4 in. blode.
Screwdriver, flat tip, flored, 5/16 in. wide, 6 in. blade.
Screwdriver, stroight, 3/16 in. wide, 3 in. blode.
Squore, carpenter, steel, 16 in.

Square, try, wood, steel blade, 8 in.

Tope, meosuring, steel, 50 ft.

Tool,box, 31 in. x 157/8 in. x 8 in.

Twine, cattan, 35-1b., breaking strength.

BERRRRRRRRRRRREY

1
1
2
2
1
1
1
1
1
1
1
1
4
1

Wrench, open end, adjustable, 1 5/16 in. jow.

b. Far Engineer Platoon. This set provides hand toals for a carpenter to do gen-
eral carpentry wark, including sowing, drilling, filing, fostening, and some shoping of
wood. lts components are:

Components Quantity
Bar, pinch, 26 in. 1
Bevel, sliding T, 8 in.
Bit, ouger, 14%in., 7/16 (n. diameter.
Bit, ouger, 17% in., 5/8 in. diometer.
B

Bit, exponsive.

t, ouger, 17%21n., 1 in. diometer.

Bit, screwdriver, flored, 5in., 3/8 in. wide.

Bit, screwdriver, flared, 5 n., % in. wide.

LETTTEET

Bit set, auger, screw paint, w/roll.



Camponents

Bit, auger, % in. diameter.

Bit, auger, 3/8 in. diameter.

Bit, auger, }2 in.

Bit, auger, 3/8 in.
Bit, auger, 3/4 in.
Bit, auger, 7/8 in.

Bit, auger, 1 in.

Brace, bit, ratchet, 10 in., sweep diameter.

Chalk, marking, blue, 72 per box.

Chest, carpenter, 37% in. x 22 in. x 9 3/8 in.

320

Chisel, cold, hand, 3/4 in. wide, &) in.

Chisel, framing, % in. wide blade.

Chisel, framing, % in. wide blade.

Chisel, framing, 1 in. wide blade.
Chisel, framing, 1% in. wide blade.

Countersink, pilotless, 5/8 in. diameter.

Dividers, mechanic's, steel, 8 in. long.

Drill, hand, single speed.

Drill set, twist, high speed, steel.

Drill, twist, 1/16 in.
Drill, twist, 3/32 in.
Drill, twist, 1/8 in.
Drill, twist, 5/32 in.
Drill, twist, 3/16 in.
Drill, twist, 7/32 in.
Drill, twist, % in.
Drill, twist, 9/32 in.

File, hand, auger bit, 7 in.

File, hand, flat, 8 in.

File, hand, regular taper, 6 in.

Quantity
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Campanents
File, hand, slim taper, 6 in.
Hammer, hand, carpenter, nail, curved claw, 1 Ib.
Hammer, hand, screw-in face, plastic, 2 [b.
Handle, auger, waad, 17 in.
Handle, chisel and gauge, 5% in.
Handle, file, waad, 4 in.
Handle, file, woad, 4% in
Handle, hammer, waod, 14 in.
Handle, hatchet, 14 in.
Hotchet, half, 3% in. wide edge, 14 in.
Level, line, metal, 3 in.
Level and plumb, waad, 24 in.
Nail set, 3/32in. diameter paint.
Oiler, hand, 12 az., straight, 5 3/4 in.
Pencil, carpenter, black, hard, 7 .
Plane, jack, 21n. cutter, 14 in.
Pliers, slip jaint, w/cutter, 5 in.
Plumb bab, steel, 8 az.
Rasp, hand, half raund, waad, 14 in.
Rule, multiple falding, aluminum, 6 f1.
Saw, hand, crasscut, 26 in.
Saw, hand, rip, 26 in.
Saw set, hand, single plunger.
Saw, nested.
Blade, campass saw, 12 in.
Blade, keyhale saw, 10 in.
Blade, plumber’s saw, 16 - 18 in.
Handle, saw, waad, pistal gnp, drilled.
Screw, waad, steel, flat head, slat drive, 2 3/4 in.
Screw, waad, steel, flat head, slat drive, 1% in.

Screw, waad, steel, flat head, slat drive, 1'% in.

k73|
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Quontity
3

9
2
3
4
4
2
9
6
3
1
1
1
1
1
1

1
1
1
4
5
1

1

1
1

1

1

1

144
144
144
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Campanents Quantity

Screw, woad, steel, flat head, slat drive, 7/8 in. — 144
Screwdriver, crass tip, Phillips, 3 in. blade. -
Screwdriver, crass tip, Phillips, 6 in. blade. -
Screwdriver, flat tip, flared, % in. tip, 4 in. blade. —_—
Screwdriver, flat tip, flared, 5/16 in. tip, 6 in. blade. -
Screwdriver, flat tip, flared, 7/16 in. tip, 8 in, blade. _—
Screwdriver, flat tip straight, 3/16 in. tip, 3 in. blade. -
Square, carpenter, steel, 16 in. tongue, 24 in. bady. —_—
Square, cambinatian, steel; scriber and level, 12 in. —_
Square, try, woad, steel blade, 8 in. -
Stane, sharpening, 8 in. -
Tape, measuring, steel, 50 ft. —_

Twine, cottan, 35-Ib. strength. -

L o e N o e

Vise, handsaw, filing. -
109. PIONEER TOOL KITS

a. Far Engineer Squad. This set pravides the necessary hand taals far clearing
land, building emplacements, and general engineer manual labar. The campanents are:

Campanents Quantity
Ax, single bit, 4 3/4 in. edge, 34)2 in. lang. - 3
Bag, sand, burlap. -
Black, tackle, 1% tan, ardinary, 2 iran sheaves. -
Black, tackle, 2% tan, snatch, 1 iran sheave. -
Bush haak, hgnd, 10 3/4 in. blade, 36 in. handle. -
Chest, pianeer equipment, 40 3/16 in. x 17 3/16 in. x 16} in. -
Chest, pianeer equipment, 65'% in. x 17 3/B in. x 16}4 in. -
Crawbar, pinch paint, 59 ta 62 in. lang. -
Cutter, balt, rigid head, 22 in. lang. -
Digger, pasthale, hinged, 2 handles, 60 in. long. —_
Hammer, hand, blacksmith’s, dauble faced, 8 Ib. -

Jack, hydravlic, hand, self-cantained, 12 tan. _—

-t R e e o e - N = N W

Level, line, metal, 3 in. -



Campanents Quontity

Machete, rigid handle, 18 in. blade. - 2
Marline, hemp, tarred, 160 Ib. strength. —_— 10
Nail, common, wire, flat head, 2% in long, 8d. - 51b.
Nail, camman, wire, flat head, 3% in. long, 16d. — 101b.
Nail, common, wire, flat head, 4% in. long, 30d. - 30 Ib.
Nail, cammen, wire, flat head, 6 in. lang. 60d. —_ 30 Ib.
Pick, digging, 7 Ib. R 3
Pliers, slip joint, w/cutter, 8 in. - 2
Rape, manila, 5400 Ib. strength, 6 ft. per Ib. —_ 50 1Ib.
Saw, crasscut, two man, 5 ft. - 1
Shears, metal cutting, hand, 13 in. —_ 1
Shavel, hand, D-handle. —_ 3
Shavel, hand, long handle. R 3
Tape, textile, cotton, 36 yd. — 10
Trip wire grapnel, steel, 3 prang. R 2
Trowel, brick. —_ 2
Trowel, cement, N 1
Twine, cattan, 35 Ib. strength. N 2
Yise, machinist's, swivel base. - 1
Wedge, timber, splitting, flared bit. N 2
Wire, steel, carbon, 5 Ib. reel. — 10b.

b. Far Engineer Platoon. This set cantains hand taals to be used far clearing
land, building emplacements and fortifications, and ather types of manual labor. Its
companents are:

Campanents Quoantity
Adz, full head, 3ta 5 1b., 3% ta 4} in. edge. —_ 2
Auger, pasthole, hand, adjustable blade. R
Ax, single bit, 4 Ib. head, 4 3/4 in. edge. -
Bar, wrecking, gooseneck and pinch point, w/claw, 30 in. long. ——

Bar, wrecking, gooseneck and pinch point, w/claw, 48 in. long. ——

—_— - = N

Bar, wrecking, pinch paint and claw, 30 in. lang. —_—
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Companents Quantity
Belt, safety, industriol, leather, lineman’s, 22 in. 1
Blade, hand hacksow, 12 in. 12
Block, tockle, 3/4 ton, fiber rope, 1 iron sheave. 2
Block, tackle, 1% ton, fiber rope, 2 iron sheaves. 4
Block, tockle, 2% ton, fiber rope, 1 iron sheove. 2
Bolt, drift, steel, square head, cane point, 16 in. 80

Box, tool grinder, 18 in. x 14 in. x 8 in.

Bush hook, hond, 10 3/4 in. blade, 36 in. hondle.
Corrier, timber, hond, 4 ft.

Chain assembly, single leg, grob hook, ring, 20,000 Ib.
Chest, ax, 37 15/16 in. x 13% in. x 9 7/16 in., for 13 oxe
Chest, pioneer tools, 23% in. x 17% in. x 8% in.
Climbers set, tree and pole, w/strops and pads, adjustob
Croyon, marking, blue, 12 per box.

Croyon, marking, red, 12 per box.

Crowbar, pinch point, 59 to 62 in. long.

Cutter, bolt, rigid heod, 22 in. long.

Drill, mosonry, hond, star, 13/4 in., 36 in. long.

File, hand, crosscut, 8 in.

Frame, hond hocksow, odjustoble, 8 - 12 in. blode.
Grinding mochine, bench, hand operated, 6 in. diometer.
Grip, col;le, jow, 5000 Ib. lood, O to % in. wire rope.
Hommer, hond, blacksmith, double face, 8 Ib.

Hommer, hond, nopping, double foce, 3 Ib.

Hammer, hond, railrood trock maul, double foce, 10 Ib.
Hommer, hond, stonemoson, 3 Ib.

Hondle, odz, 34 in.

Hondle, cant hook ond peavy, 60 in. long.

Hondle, file, wood, 4% in. long.

Hondle, hommer, wood, blacksmith, 16 in. long.

CEEEEEETEEEEEEEE TR
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Hondle, hanmer, wood, sledge, 36 in. long.



Components

Handle, mattock pick, drifting pick, 36 in. long.
Handle, mattock pick, railroad ar clay pick, 36 in.
Handle, shovel, wood, D, 27 in. long.

Handle, shovel, wood, long, 48 in. long.

Handle, single bit, ax, 36 in.

Jack, screw, hond, 12 ton.

Level, line, metol, 3 in. lang.

Machete, rigid handle, 18 in. long.

Mallet, wood, 8 in. diameter face.

Morline, hemp, tarred, 220 ft. per Ib., 160 Ib. strength.

Mattack, pick handled, 5 Ib.

Noil, common, wire, flot head, 8d, 2} in. long.
Nail, common, wire, flot heod, 10d, 3 in. long.
Nail, common, wire, flat head, 30d, 4} in. long.
Nail, common, wire, flat heod, 60d, 6 in. long.
Oiler, hond, 12 oz.

Peavy, 13 in. lang, 54 in. haondle

Pick, digging, drifting, hondled, 5 Ib.

Pick, digging, railrood or clay, hondled, 7 Ib.
Pliers, lineman's, 8 in.

Pliers, slip |oint, w/cutter, 8 in.

Rope, manila, 13.3 ft. per Ib., 2650 Ib, strength.
Rope, monila, 6 ft. per lb., 5400 Ib. strength.
Rope, monilo, 3.71 ft. per Ib., 9000 Ib. strength.
Sow, crosscut, two mon, 5 ft.

Shovel, hond, D-handle.

Shovel, hond, long handle.

Spoon, miner's, 56 in.

Strap, sofety, industnial, leather, 70 in.

Tope, textile, general purpose, 3/4 in. wide.
Tool kit, crosscut sow reconditioning.
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Components Quontity

Trowel, brick.

Trowel, cement,

Twine, cotton, 35 [b. strength, 150 ft.
Wedge, timber, splitting, flored bit, 5 Ib.
Wire, steel, corbon, 5 Ib. reel.

Wrench, open end, odjustable, 8 in. long.
Wrench, open end, odjustable, 12 in. long.

Wrench, open end, odjustoble, 24 in. long.

NRENEERN

Wrench, pipe, odjustoble, Stillson, 18 in. long.



Toble 98. Moximum Bending Moments ond Sheor

Condition Diogram M mox V max
Supported both ends, F
load concentroted ot FL F
center LH 4 2
Simply supported
Concentrated load, F FY
distance X from one 5 FXY L
Xr— Y L (Provided X is |
) v rovided X is less
Simply supported thon Y)
Uniformly distributed w b/t
lood [ | N
Simply supported 8 2
Load evenly distrib- w Ib/11 R X
" o 2 w
uted aver o distonce Y hx oz RL Y5 T 2Z+ X
Simply supported L
R, R,
Contilever, concen-
troted load at free {
end % L FL F

Section V. Rigging

110. CHARACTERISTICS OF KNOTS, see figure 183.
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Name

Mlustration

Use

Square

Jain twa rapes af same size.
(Will nat slip, but will draw tight
under strain.) Ta end black
lashing.

Dauble
sheet
bend

Jain wet rapes, of unequal size,
ar rape ta an eye. (Wil nat slip
ar draw tight under strain.)

Bawline

Farm a laap. (Will nat slip under
strain and is easily untied.)

Timber
hitch

Lifting ar dragging heavy timbers.
(Is mare easily cantralled if sup-
plemented by half hitches.)

Clave
hitch

Fasten rape ta pipe, timber, or
past. (It is used ta start and
finish all lashings and may be
tied at any paint in rape.)

Sheep
shank

Sharten rape ar toke laad off
weak spat in rope.

Anchor
knat

Ta fasten cable ar rope to anchar.

Figure 183. Knats.




Toble 99. Dimensions and Properties (Dressed Timber)

Naominal size American stondard Aroo.of | L bn?
section 12 6
In, In. In.2 In#4 In.?

Tx3............ 25/32x25/8 2.05 118 0.90
Txd. .......... 25'32x35/8 2.83 3.10 1.7
Tx6. .......... 25/32 x5 5/8 4.39 11.59 412
Tx8............ 25/32x71/2 586 27.47 7.32
1x10 .. . ..... 25/32 x 9 1.2 7.42 55 82 11.75
Ix12..... 25/32 x 11172 898 99.02 17.22
2x4 ... .. .. 15/8x35/8 5.89 6.45 3.56
2x6 ... ... ... 15/8x55/8 9.14 24.10 8.57
2x8 . 15/8x71/2 1219 57.13 15.23
2 x 10 15/8x91/2 15.44 116 10 24.44
2x12 ..... 15/8x111/2 18 69 205 95 35.82
3x8.... ...... 25/8x71/2 19.69 92.29 24.61
3x10 ... ..., 25/8x91/2 24.94 187 55 39 48
3 x 12 25/8x 11172 30.19 33249 57.86
4 x 12 35/8 x 11 1/2 41.69 459.43 79 90
4 x 16 35/8x151/2 56 19 1,124.92 145 15
6 x 12 51/2x 11 1/2 63.25 697.07 12123
6x16 . .......... 51/2x151/2 85.25 1,706 78 220 23
6 x 18 51/2x 17172 96.25 2,456.38 280.73
8x16 .... ..... 71/2x151/2 116.25 | 2,327 42 300.31
8x20 ..... ..... 71/2x191/2 146.25 | 4.634.30 475.31
8x24 .... ..... 71/2x231/2 176.25 | 8,117 690.31
NOTE:

Lumber quontities ore expressed in feet, boord measure (fbm or BM). A board foot is
the lumber in a rough-sawed board 1 foot long, 1 foot wide, ond 1 inch thick. As an
eoxomple, 0 2" x 8% x 12’ boord has 12 x 2/3 x 2 or 16 fbm.
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Table 100. Continved

Variety ond grode of wood A"’f’g‘ Allowoble warking stresses for military use!, Ibpersqin.
unit Extrome ' : . Madulus
Species and grade Stress weight?, fiber Hari- Campressian | Campressian ‘
description grade’ Ib per stress in | Zantal perpendicular parallel | ot
cu ft bending“ shear ta grain ta grain elosticity
UNITED STATES SPECIES—Continued
Structurol 1,100¢ - 1,650 150 400 1,500 -
Eostern hemlock - 0 - - - - 1,100,000
Select structural 1,100f - 1,650 105 400 1,050 -
FOREIGN SPECIES
Graup | - 45 - - - - 1,600,000
Teak, sal, white siris,

jarul, ook, ash, Philip- 1,800~

pine mahogany, lendia - - \2,7001 20 360-500 1,680-2,000 -
Grawp Il - 35 - - - - 1,250,000
Deadar, chir, paan gumhar, 1,500-

Narway (narthern) pine - - 2,250 150 300-450 1,340-1,800 -
Group Il - 0 - - - - 1,000,000
White deal, koil - - 1,340-1 100 2%0-390 1,110-1,500 -

2,000

TReduce oll stresses to 70 percent of tabular values far green wood and for design af ports of bridge structure can-
tinvausly wet. Reduce all stress volues to 75 percent of tabulor values far design of structures corrying lang-
cantinued live laad.

rade designotians adopted by United Stotes lumber industry for lang-time use.
At about 15 percent maisture cantent.
Varking stress in tensians same as for bending.

5Working stresses for compression parallel ta groin opply o posts, columns, and struts, the unsupparted length of

which does not exceed 11 times the least dimensian of cross section,

Q€€
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Table 100. Structural Timber Data

Vatiety and grade of waod Averoge JAllowable working stresses formilitary usol, Ib per sqin.
unit
Species and grade Stress welghfa, Ex."eme Hari- Compression Compressi Madulus
descriptian grade Ib per fiber zantal P dicul P olsls;on of
o stressin | . | pependicular paralle elasticity
bending ta grain ta grain
UNITED STATES SPECIES
Dauglos fir - 35 - - - - 1,600,000
Dense select structural 1,800f - 2,700 180 500 1,950 -
Select structural 1,600f - 2,400 150 430 1,800 -
1, 400f - 2,100 180 500 1,650 -
Yellaw pine (long |eof,
ar dense short leaf) - 40 - - - - 1,600,000
Select structural 2,000f - 3,000 150 500 2,200 -
Prime structural 1,800f - 2,700 150 500 1,950 =
Merchantable structural;
and stryctural square
edge and sound 1,600 f 2,400 150 500 1,800 -
Na. 1 structural 1,400 - 2,100 150 500 1,500 -
Larch - 3% - - - - 1,300,000
Select structural 1,800f - 2,700 200 500 1,950 -
Structural 1,600f - 2,400 150 470 1,800 -
Common structurol 1, D0f - 1,800 135 43 1,650 -
Redwaad (structural) - k t] - - - - 1,200,000
Dense select oll heort  |1,400f - 2,100 135 350 1,800 -
Select all heart 1, 00f - 1,800 120 350 1,650 -
Bulkhead and heart 1,000f - 1,650 120 350 1,500 -
Sauthem cypress - 32 - - - - 1,200,000
Select structural 1,400 - 2,100 180 400 1,800 -
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Table 101. Breaking Strength of Wire Rope

Breaking strength in tons (6 by 19 wire rope)

Diometer, in. 3/8|(1/2 |58 |(3/4 |7/8 1 1-1/8 | 1-1/4 [1-1/2

Approximote weight
per 100 ft, Ibs. .| 23 | 40 } 63 9 | 123 | 160 | 203 250 360

Moterial

Wraughtiron. . .| 2.1 |3.6 | 5.5 | 7.9 [10.6 | 13.7 | 17.2 [ 21.0 2.7
Traction steel . . | 4.0 {68 [10.4 1148 }120.0 1260 | 32.7- | 40.6 56.6
Cose steel . . .| 45 |7.7 |11.8 {16.8 |22.8 | 29.5 | 37.0 |46.0 65.0
Mild plaw steel . | 5.0 |8.5 {13.1 [18.7 | 25.4 | 33.0 | 41.5 [51.0 72.5
Plaw steel . . . [ 55 19.4 14.4 |20.6 |28.0 | 36.5 | 46.0 |56.5 | 80.5
Improved plow
steel . . ... 6.3 |10.8 [16.6 |[23.7 |32.2 | 42.0 | 53.0 |é65.0 92.5

b = length of base 7 = 3.1416

¢ = hypatenuse { = length of arc

C = circumference , k = length of chord

= volume

111. FIBER ROPES, WIRE ROPES, CHAINS, AND HOOKS
o. Dota. See tobles 101 through 104 for dota an ropes ond chains.
b. Properties of Hooks.
(1) Figure 184 shows the slip hook,
(2 Laods. Safe loads are given in toble 105,
112. MECHANICAL ADYANTAGES OF YARIOUS BLOCK ARRANGEMENTS

a. Blocks and Tockle. Figure 185 shows examples af typical tackle systems. In
a simple tockle with 2 lines (fig. 185-1) leoving the lood the mechanical advontoge
is 2. In a simple tockle with three lines (fig. 185-2) leaving the load, the mechanicol



SLIP HOOK

Figure 184. Type of hook

odvontoge is 3. In o simple tackle, using 2 double blocks (fig. 185-3), with 5 lines
leoving the lood, the mechonicol odvontoge is 5. In o compound system with 5 lines
(fig. 185-4) leoving the lood, ond the foll line of this tockle ottoched to o troveling
block with 2 lines supporting it, the mechanic~l advontoge 15 2 times 5, or 10. A
more complicoted compound system {fig. 185-5) is mode up of two simple systems,
eoch of which hos 4 lines supporting the lood. The troveling block of the first simple
system is fostened to the foll line of the second simple system, ond the mechonicol
d of this c d system is 4 times 4, or 16.

9 P

b. Choin Hoists.

(1) Vith o choin hoist, o lood con remoin stotionory without requiring ottention,
ond the hoist con be operoted by one mon to roise loods of severol tons.
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Toble 102. Properties of Monilo and Sisal Rope

No. 1 monilo Sisol
Nominal | Circum- Ibs
diometer | ference per Breaking Sofe load, Breoking Safe lood,
in. in. s strength, tons strength, tons
tans (F.S. =4) tons (F.S5. = 4)
1/4 3/4 020 0.27 0.07 0.22 0.06
3/8 11/8 .041 0.63 0.16 0.51 0.13
1/2 1172 .075 1.32 0.33 1.06 0.26
5/8 2 133 220 0.50 1.76 0.44
3/4 214 167 2.70 0.67 2.16 0.54
7/8 23/4 .186 3.85 0.96 3.08 0.77
1 3 270 4.5 1.12 3.60 0.90
11/8 31/2 .360 6.00 1.50 4.80 1.20
11/4 33/4 .418 6.72 1.69 5.40 1.35
11/2 4172 600 9.25 2.31 7.40 1.85
13/4 51/2 .895 13.25 3.31 10.60 265
2 6 1.08 15.50 3.87 12.40 3.10
21/2 71/2 1.35 23.25 581 18.60 4.65
3 9 2.42 32.00 8.00 25.60 6.40

NOTES: 1. Breoking strength and safe loods givenare for new rope used under fovoroble
conditions. Asrope ages or deteriorates, progressively reduce safe loods to

one-holf of volues given.

2. Safe working laad may be computed, with safety foctor of 4. When condi-
tion of materiol is doubtful, divide camputation by 2.

T=D2

where, T = sofe working stress in tons
D = diometer in inches



Figure 185, Mechanical advantage of variaus tackle riggings.

(2) In figure 186 are examples af twa chain haists.

Rules of thumb. Safe warking load may be approximated by the follawing formulas
which use a sofety factar of about4. Where age and candition of moterial are doubthul,
ar where human life ar expensive equi t may be end d, divide the camputed
safe warking stress by 2.

T = safe warking stress in tans.
D = diameter in inches. Far chain, D is diameter of metal of one side of link.
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Table 103.| Breaking Strength af 6 x 19 Standard Wire Haisting Rape 1

Breaking strength,2 tons of 2,000 Ibs.
Dluir:.eter, A::i::'l‘m;::: lron Tractian | Mild plaw Plaw Improved
steel steel steel plow steel
1/4 0.10 1.4 2.6 2.07 2% 2.74
3/8 0.23 2.1 4.0 5.0 5.5 6.3
1/2 0.40 3.6 6.8 8.5 9.4 10.8
5/8 0.63 5.5 10.4 13.1 14.4 16.6
3/4 0.90 7.9 14.8 18.7 2.6 237
7/8 1.23 10.6 2.0 25.4 2.0 32.2
1 1.60 13.7 26.0 33.0 3.5 42.0
1-1/8 203 17.2 32.7 41.5 46.0 53.0
1-1/4 2.50 21.0 40.6 51.0 56.5 65.0
1-1/2 3.60 2.7 56.6 72.5 80.5 92.5

14 x 19 meons rope composed af 6 strands of 19 wires eoch. Strength of wire rope
vories slightly with the strand construction and number of strands.

2 The maximum ollowoble working load is the brecking strength divided by the appro-
priate factor of sofety as given in table 104,

3 Safe working load. (See note 2 under table 102) T = 8D2

Table 104. Wire Rape Safety Factars *

Type af service Minimum safety factar
Trock cables . . . . . . .. .. .. 3.2
Guys . . . .. ... ... 3.5
Miscellaneous hoisting equipment . . . 5.0
Haulage ropes . . . . . . . .. .. 6.0
Derricks . . . . . . . . ... ... 6.0
Small electric and oirhoists . . . . . 7.0
Slings. . . .. .. .. ...... 8.0

* Where age and condition of rope are daubtful, or where human life
or expensive equipment moy be endangered by rope foilures, apply
a safety factor of at least 8.



113. PICKET HOLDFAST
a. Picket Haldfast, 1-1-1 C ination (fig. 187).
b. Picket Holdfost, 3-2-1 Combinatian (fig. 188).

c. Holding Power. Sound wooden pickets 3 inches in diometer driven ot leost 3
feet into undisturbed earth and spoced 3 to § feet oport shauld stand the following

pulls,

Poinds
Single picket. . . . . . ... ... ... 700
1-1 picket holdfost combination. . . . . . . 1,400
1-1-1 picket holdfast combination . . . . . . 1,800
2-1 picket holdfost combination . . . . . . . 2,000
3-2-1 picket holdfost combinatian . . . . . . 4,000
For wet eorth, halding power should be multiplied by the fallowing factors.
Clay andgravel. . . . . . . . ... ... 0.9
Rivercloyandsand. . . . . . . . . ... 0.5

Table 105. Sofe Loods an Hooks

Inside
Diameter af diameter of Width of Length of Safe Jaad
metol A,‘ eye B, apening C, haok D, an haadk,
in. in. in. in. Ibs.
mwi. . ... 7/8 1-1/16 4-15/16 1,200
<77 P 1 1-1/8 5-13/32 1,400
7/8. . . ... 1-1/8 1-1/4 6-1/4 2,400
1........ 1-1/4 1-3/8 6-7/8 3,400
1-1/8. . . ... 1-3/8 1-1/2 7-5/8 4,200
1-1/4. . . . .. 1-1/2 1-11/16 8-19/322 5,000
1-3/8. .. ... 1-5/8 1-7/8 9-1/2 6,000
1-1/2. .. ... 1-3/4 2-116 10-11/32 8,000
1-5/8. . . ... 2 2-1V4 n-22/2 9,400
1-7/8. . . . . . 2-3/8 2-1/2 13-9/32 11,000
2-V/4. . . ... 2-3/4 3 14-13/16 13,600
2-5/8. ... .. 3-8 3-3/8 16-1/2 17,000
3.0 0. 3-1/2 4 19-3%/4 24,000

* Far reference to A, B, CI, or D, see figure 184.
NOTE: Formulo for safe work load for hooks: T = D?
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@ DIFFERENTIAL @ SPUR GEAR
CHAIN-HOIST

Figure 186. Chain hoists.



114. DEADMAN

a. Log Deadmon (fig. 189).
b. Steel Beam Deodman (fig. 190).
c. Holding Power of Deodmen in Ordinory Earth.
(1) Log deodmon.
Legend: for figure 189 ond the formulos below:

T
MD
SR
HD
Ve
HP
BAr

FL
VST
Tim D
TimL

= tension (Breoking strength of rope)

= meon depth (you select)

= slope rotio (%3, 1/3, Y%, etc.)

= horizontol distonce (see formulo 1n (2) below)
= verticol depth (Must be ot leost 1 fi. obove meter toble)
= holding power (see toble 106)

= beoring oreo requires (see formulo in (2) below)
= effective length (see formulo in (2) below)

= width, sloping trench (1 to 2 feet)

= timber diometer (you select)

= timber length (see formulo in (2) below)

(2) Formulos.

(o) BAr

(b) EL

(¢) TimL = EL+ WST

(d) vD

(e) HD

(3) Problems.

Given:

T .
ol (in lbs)
_ BaAr

Tim D
= MD + (Tim D)

2

_ VD

SR
T = 1in. wire rope |.P.S. Find: BAr
MD = 71 EL
SR = Y% TimL
HP = 8,400 Ib. (toble 106) vD
WST = VAt HD

3%



Figure 188. Picket holdfast, 3-2-1 combination.

Tim D
Solution:

BAr

EL

Tim L
vD

HD

2 #.

84,000 _ 1g 54, #1.

8,400

0.

2

5.+ 14 B = 64 b
7+ 20 gn
2

8 _
R

5 f.

3214



Figure 189. Log deadmon.

TRACK CABLE ANCHOR SLING

VERTICAL
TIMBERS

STEEL BEAM DEADMAN '

Figure 190. Steel beam deadman.
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Table 106. Holding Power of Deadmen in Ordinary Earth

Mean depth Safe resistance far inclination of pull (vertical or horizantal)
af of prajected area of deadman, Ibs per sq ft.
ancharage,
# Yertical n 1/2 1/3 1/4
3 600 950 1,300 1,450 1,500
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 3,800 5,100 5,800 6,000
7 3,200 5,100 7,000 8,000 8,400

<X
g

),
RS - lz)

W \\\\“\\\\\\

NN
AN,

Figure 191. Wire rape clips.

115. ATTACHMENTS

o. Clips. Clips are used in making up eyes in wire rope. The correct method of
attaching clips is shown in figure 191. The base of each clips should bear against
the line, or long rope, end, and the U-bolt should bear against the dead, or short,
end. Space the clips at least six rope diameters apart, the number of clips equals
three times the rope diameter (in inches} plus one. If this calculotion results in a
fraction, use the next larger whole number. For example, on a ¥%-inch rope--

Na. of clips =30 + 1 - (Minimum o 3 clips)
= (3x %) + 1
= 3%, or 4

Spocing af clips = 6 D

b. Clamps. Figure 192 illustrates how to opply o wire rope clamp. Slip the two
end collars of the clamp on the rope, facing each other. Bend the rope, bringing the
free end back along the long end. Slip one end collar of the clamp over both parts of
the rope. Place the two side pieces of the clamp over both parts of the rope so that
the free end of the rope 1s even with the ends of the two side pieces. Screw the col-
lars on the side pieces, using a wrench to force a snug fit.

c. Wedge Socket. This fitting is shown in figure 193. It 1s used when the fitting
must be changed at frequent intervals. This socket has two parts, the socket proper
with a tapered opening for the wire rope and a small wedge to go into this socket.
Remove the wedge and insert a loop of the wire rope through the tapered opening



WRONG

Figure 193. Wedge socket and fitting.
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from the bottom of the socket up. Place the wedge through the loop and pull the ends
of the wire rope back through the tapered opening until the wedge forces the wire
rope against the sides of the wedge socket. The loop of wire rope must be inserted
in the wedge socket so that the long part of the wire rope will form o nearly direct
line to the clevis pin of the fitting. If properly mounted, o wedge socket will tighten
when o strain is put on the wire rope.

116. SAFE CAPACITY OF SPRUCE TIMBER AS A GIN POLE

See toble 107 for these capacities. Weight of timber is 40 pounds per cubic foot.
Table 107. Safe Capacity of Spruce Timbers as Gin Pales

in Normal Operations

Safe capacity for given length of timber, Ibs
Size of timber, 0H | BR R DR o X
n- 6m | (7.5m) | (9m) {12 m) (1Sm) | (18 m)

6dia. .. .. . .| s.000 3,000 2,000
8dio. . ... B — 11,000 8,000 | 5,000 3,000 | ceeoeeees
Wdia . ..... 31,000 | 24,000 | 16,000 | 9,000 6,000 | eeeeme
|2 - S [ — 31,000 | 19,000 | 12,000 9,000
6x6. . ... . .| 6,000 4,000 3,000
8x8. . . .. . feeemeeen 14,000 | 10,000 | 6,000 4,000
0Wx10...... 40,000 | 30,000 { 20,000 | 12,000 8,000
(P2 2SN G (U — 40,000 | 24,000 | 16,000 | 12,000

NOTE: Safe capacity of each leg of sheors or tripod is seven-eights of the value
given for a gin pole.
117. SLINGS
a. Single Slings. See figure 195 for camponents of a single sling.
(1) A bosket hitch has o single sling passed under the load ond both ends
hooked over the hoisting hook (fig. 194A).
(2) Single slings with two hooks are sometimes used for lifting stone (fig.
194B).
{3) The double anchor hitch is used sometimes for hoisting cylindricol objects
(fig. 194C).
b. Endless Slings.
(1) The anchor, or choker, hitch is o common method of using on endless sling
by casting the sling under the lood and inserting one loop through the other
and over the hoisting hook (fig. 194D).



Stone Dog Hitch

& =

Endless Sling Endless Sling Endless Sling
Anchor Hitch Bosket Hitch Toggle Hitch

Figure 194. Hitches.

(2) For abosket hitch, ‘the endless sling is ;:ossed around the object ond both
remaining loops are slipped on the hook (fig. 194E).
(3) The toggle hitch is o modificotion of the basket hitch ond is used only
for speciol applications (fig. 194F).
118. SLING LOAD FORMULA
a. Stress. The stress ar tension in each leg of o sling depends on the number of
legs, the angle of the sling leg, ond the total load.
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SHACKLE

HOOK
WIRE ROPE

Figure 195. Single sling camponents.

b. Formula. (See fig. 196).
T-¥,L
N V
= tension, in pounds
= number of legs

= verticol distonce, in feet

T

N

W = weight, in pounds

v

L = length of leg, in feet.

c. Problem. s it safe to use a %-inch cordoge rope sling to lift a 2,000-pound
load with a 4-leg sling which has vertical distances of 6 feet and length of leg of 12
feet?

/oL
T=1 x>
NV
T = .2'_0409_ x 16—2 = 1,000 pounds

The tension on each leg will be 1.000 pounds. The sofe working capocity of ¥%-inch
cordage rope is: T = D? (3/4)% = 9/16 = .5625 ton = 1125 pounds. Sling is sofe.

119. SLING LOAD CHARY
See figure 197.

120. SHEARS
a. Materiols. This device 1s used to erect heavy mochinery and bulky objects.
Figure 198 shaws its construction. It must be guyed to hold its position. It is

odapted to work at an inchinotion from the vertical. Eoch sheor leg shauld not be



Figure 196. Sling stresses.
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Lood chort of sling tenslon ot Totol Total
vorlous anglee of Inclinotion vorticel | sling- Angls
with o lood of 1,000 Ib. :r:)d '-(‘I.I:)M degress

1000 [t1473] 5
1000 [ 5759] tO
1000 | 3863]| 15
1000 | 2924] 20
1000] 2366] 25
1000] 2000} 30
1000 1743]| 35
1000] 1555] 40
3

t000] t414 5
3w |o|olojolololololo|o)
3: 32 |o|olojololojo|olo|o]
= 3=% | O|O|OfO[O[O| O] O|O| O Tension in coch leg of o aling
bl bly ls found by dividing
. E the totul sling tension by the
555 | OIMODIFI|G OOl S number of legs. If the lood I8
3252 1918loIRI8el0| Q| F]ever or ender 1,000 pounds,
=8 O|2[CIC]Of= = N|™| 2 divide the lood by 1,000 ond
— multiply by the rotol sling ten-
.9 slon found In the tobls for tho
=8 O[] O|n|Oko| O | ] O] 1] corresponding angls.
<$ | o] |~ ||| v]n] e

The chart illustrates the variotion of tensian on one sling leg when applied to o
constant 1000-pound load at vorious angles.

Example

Prablem: 100,000 paunds weight is ta be lifted by a four-leg
sling ossembly with each leg lifting at an ongle of 45 degrees.
What will be the tension on ane leg:

Procedure: From the chort the total sling tension on one leg
ot 45 degrees for 1000 pounds is 1414 pounds.

Totol tension for 100,000 paunds = 141,400 pounds.
Tension on eoch leg = L]:ﬂ = 35,350 pounds.

If oll legs lifted verticolly, the tension on each Ieg=_]004000 =
25,000 pounds. -

Figure 197. Sling laod chort.



CLOVE HITCH

FRAPPING

DETAIL FOR 4
SHEAR LASHING  /

Figure 198. Lashing for shears. -
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langer than 40 times its minimum thickness, althaugh the ratia may be up to 60 far

light loads.

b. Erection. Hales should be dug at the points where the legs are ta stand. On
hard surfoce, the legs should be level and loshed ta prevent spreading.

121. GIN POLE

a. Description. A gin pale is an upright spar, guyed at the top ta hald 1t in a ver-
tical ar near-vertical pasitian, and equipped with suitable hoisting tackle. It is easily
rigged, maved, and aperated.

CLOVE HITCH = CLEAT
ACH g8
IN'EACH 6UY~_ |
GuUY
GuY
DETAIL AT TOP OF MOUSING
GIN POLE
_— SEIZING
o
R 9
CLEAT . 2
—_— M
. TACKLE
POLE — J BLOCK
POLE
— -]
SE1ZING ~] A AT

LASHING

DETAILS AT BASE
OF GIN POLE

———

MOQUSING

Figure 199. Lashings for o gin pole.



BACK GUY FORE GUY

SIDE
Guy

TO SOURCE OF POWER LN

_—

Figure 200. Gin pole reody for operotion,

b. Erecting. A gin pole 30 or 40 feet long moy be roised eosily by hond, but longer
poles must be roised by supplementory rigging or power equipment. Ten or twelve
men ore required to roise o gin pale. The loshings ore illustroted in figure 199,
while figure 200 shows the gin pole in position for operotion. The moximum ollow-
oble length is 60 times the minimum diometer. Guys ore 3 or 4 times the pole length.

122. BOOM DERRICK

o. Rigging. Booms ore used on gin poles to lift loods ot o distonce from the bose
of the pole. The boom is two-thirds the length of the gin pole. For heovy loods,
lower butt of boom to ground, roise it for lighter loods. It must not beor ogoinst the
upper two-thirds of the pole.

b. Operotion. Roise the boom into position when the rigging is finished. In opero-
tion, it 18 o convenient means for looding ond unlooding trucks ond flotcors, ond on
docks or piers. Figuwe 201 shows the boom derrick in position for operotion.

123. GUY LINE TENSION FOR SHEARS, GIN POLES, AND BOOM DERRICKS
The most stress on o guy line occurs when o stroight line through the lood ond pole
posses through the guy line. Becouse the pole moves around, this con hoppen ot ony
time. To compute the tension, use the formulo shown below.
wd
Y
where t = tension’in guy line.

w = weight of lood + }4 weight of pole.

d = drift

y = perpendiculor distonce from reor guy line to-bose of pole.

t o=
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GUYS

MAST

BOOM

FALL

LEAD —=

800M

GREASE _ FEEEEE]
HERE . £

DETAIL OF FORK

Figure 201. Boom derrick.



Figure 202 shaws an illustratian of the principles of this camputation.

Prablem:
Laad = 2,500
\leight of pale = 800 paunds
Drift = 10 feet

y-distance = 2 feet
2900 x10_. 1,450 Ibs
0

Therefare, t =

TENSION, t=wd

Y
WHERE: d = DRIFT
y = PERPENDICULAR DISTANCE FROM
BASE OF POLE TO REAR GUYLINE
w = WEIGHT OF LOAD + '4 WEIGHT
OF POLE

/ LINE
OF
LOAD
X
REAR N - [
GUYLINE 90 I
AN I FALL
\ 1 UINE
% f }
N i |

Figure 202. Computing stresses in single guylines

124. TRAMWAYS AND CABLEWAYS

a. Tramways. Tramweys mave laads in a harizontal directian. They are usually
multiple span but can be single span.

b. Cableways. Cableways are always single span, but they differ fram single-
span tramways in that there must be a means of vertical laad displacement as well as
harizantal.

c. Highline. The highline 15 a tralley line passing thraugh a snatch black al each
suppart (fig. 203). It is the type mast cammanly erected at the plataan level.
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TROLLEY LINE

SMEARS

TROLLEY BLOCK

BRIDLE LINE~

HOLD

Figure 203 High line.

d. Sog. The sag in trock coble when laaded shauld be not less thon 5 percent of
the span.
e. Farmula far Safeload of Highline.

sL = BS(lbs) _ DL (Ibs)
5 x SF 2

Problem:
Spon is 400 feet
Trock line is %-inch monila rape
Houl Jine is Y5-inch monila rope
Safety factor is 4.0
Trock coble sagis 5 percent.

Solutian:

B S (breoking strength) far ¥%-inch
monilo rape = 5,400 paunds

¥ (%-inch rape) = 66.8 pounds/400 feet
Table 102 = 66.8 pounds/400 feet

W (%-inch rope) = 60 paunds/800 feet
Table 102 = 60 paunds/800 feet

Therefore,
SL - 5400 _ 66.8
5x4.0 2
SL= 270 -334
SL = 236.6 paunds



For the paylaad, use the formula

PL=SL — (2 W of haul rape + V/ of troveller + W of corrier)
Far this problem, this would mean-

P L = 236.6 - (30 plus the weights af traveller and carrier).

NOTE: For information on suspension bridge, see Bridging.

Section V. Signal Dota
125. CODE AND ALPHABET

o. Morse Cade.

A - .- - - S . 2..- - -
B - K-.- T- 3... - =
c-.- L. - u..- 4.... <=

D - M- - V. - 5....

E . N - W, - - 6 - . ...

F..- 0--- X—..- 7 --...
6 - - P.-- Y- .- 8 - - -

H . Q--.- z-- 9 - - .
. R.- | I 0 - - - - =

b. Phanetic Alphabet.
{Internatianal Civil Aviatian Organization)

[Reference AR 105-30, AR 105-31 and ACP 125(B)] Speak anly the word representing
the letter, as LIMA, ZULU. Da not say L as in LIMA, or L for LIMA.
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A ALFA G GOLF L LIMA Q QUEBEC V VICTOR

B BRAVO H HOTEL M MIKE R ROMEO W VYHISKEY

C CHARLIE I INDIA N NOVEMBER S SIERRA X X-RAY

D DELTA J JULIET O OSCAR T TANGO Y YANKEE

E ECHO K KILO P PAPA U UNIFORM Z ZULU

F  FOXTROT

0 ZERO 2 Too 4 FO-VWER 6 SIX 8 ATE
VUN 3 THUH-REE 5 FI-YIV 7 SEVEN 9 NINER

126. RADIO TELEPHONE PROCEDURE

a. General Instructions.

Q

)

(2

(3
(4
(5

)
)
)

Virite ar plan message befare transmitting.
Listen befare transmitting.

Speck clearly and slawly.

Keep all transmissians as brief as passible.

Use the phanetic alphabet as directed in paragraph 125.

b. Procedure.

(1) Statian identificatian. Statians are identified by tactical call signs ab-

(2

(3

)

tained from unit SOI. EXAMPLES: X79: REDS.

Time. The ariginatar’s time af any message is always transmitted digit
by digit. EXAMPLE: Time 2300 spaken as TIME TWO THREE ZERO
ZERO.

Operatar’s indarsement. Put an the message (incaming ar autgaing) by the
aperatar.

OUTGOING INCOMING
CALL FREQUENCY CALL / FREQ / OPER /TIME OF
SIGN SIGN / INIT / RECEIPT
OPERATOR TIME OF
INITIALS TRANSMISSION

c. Campanent Parts of a Message.
(1) Each message will always cantain three parts. HEADING, TEXT, AND

ENDING.

(2) The HEADING will always include the call:

EXAMPLE: (Full call; cammunications conditians gaad )
CAGEY SIX - THISIS - CAGEY TWO



{a) CAGEY SIX, the coll sign of the statian called.
{b) THIS IS, a praword thot may be faund in every tronsmission.
(c) CAGEY TWO, the call sign af the calling statian. The call moy be ab-

breviated after the initiol cantact hos, been mode by omitting the coll
sign af the called stotion in each successive reply:

EXAMPLE: (Abbreviated coll) THIS IS CAGEY SIX Other procedure
items which may be faund in the HEADING in the follawing correct order
are:

CALL
MESSAGE FOLLOWS
RELAY TO, READ BACK, DO NOT ANSWER
PRECEDENCE
TIME
FROM (FOLLOWED BY CALL SIGN)
TO (FOLLOWED BY CALL SIGN)
INFO (FOLLOWED BY CALL SIGN IF USED)
GROUPS (FOLLOWED BY NUMBER OF GROUPS IN MESSAGE TEXT-
IF COUNTED)
(3) The TEXT may consist af plain longuoge, cade, or cipher graups.

{4) The ENDING may include messoge authenticatian and must in¢lude either
one af twa terminoting prawards, OVER or OUT but never both in ths same
transmission.

EXAMPLE: RED-EXEMPT RED TY:0 - THIS IS-RED FOUR-MESSAGE
FOLLOWS -RED ONE - RELAY TO RED SIX - PRIORITY - TIME 131642Z -
FROM - RED FOUR: TO - RED SIX - INFO - RED ONE - GROUPS NINER-
BREAK-FIVE ENEMY TANKS REPORTED IN WOODS TO RIGHT FLANK-
BREAK - AUTHENTICATION IS DELTA DELTA - OVER.

d. Authenticatian. Station authenticatian is tronsmitted as fallows:

(1) The ‘chollenge is transmitted after the call-up, preceded by the phrose
WHAT IS AUTHENTICATION OF

EXAMPLE: YARP, THIS IS SHADE - WHAT 1S AUTHENTICATION OF
GOLF SIERRA-OVER.

{2) The reply 1s similarly transmitted, preceded by the phrose AUTHENTICA-
TION IS It may be followed by a counterchallenge.
EXAMPLE: SHADE, THIS IS YARP-AUTHENTICATION IS LIMA LIMA-
VHAT IS AUTHENTICATION OF HOTEL PAPA - OVER.
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o . ONE DIP-
G "N A, O ENDOF
kd NI TR YN8 WORD
% %I’ ‘% N % : S

M Group
DOT DASH ATTENTION  READY TwO DIPS-

FOR END OF
MESSAGE

WIG-WAG (MORSE CODE)

43 b

ERR
(REPEATED
SEVERAL
TIMES)
AOR | BOR2 COR3 DOR4 EORS
gm’ﬁ % A/ ‘ﬁ % %"J
FORG GOR7 HORB 10RO JORO

| 444
T 1
“F%%%%
?%

ATTENTION NUMERALS BREAK

Figure 204. WIG or WAG and semaphare signaling.



ANSWER: THIS IS SHADE - AUTHENTICATION IS DELTA - OVER.
127. SIGNAL FLAGS
See figure 204 far illustratians of these signals.
128. PANEL CODE
Far panel cades, numerals, indicatars, and special signs, see figures 205 and 206.
129. GROUND-AIR EMERGENCY CODE

The fallawing symbals may be made by using strips of fabric or parachute, pieces
of waad, stanes, ar by tracking in the snaw. Pravide as much calar contrast as
passible between symbals and backgraund. If passible, symbals shauld be 8 feet ar
mare in length ond 10 feet apart. In additian, use radia, flores, smake, ar ather
meons to attract ottentian.

Require dactar, seriaus injuries
Require medical supplies
Unable ta praceed

Require food and water

Require firearms and ammunitian
Require maop and campass

Require signal lomp with battery aond radia

x -0 <«mnx = —

Indicate directian to proceed

Am praceeding in this directian

Will attempt takeaff )]
Aircroft seriausly damaged 1
Prabably safe ta land here A
Require fuel and ail L

All well LL
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Na N
Yes Y
Nat understoad JL

Require engineer (mechanic) W
NOTE: Elements shauld be spaced 10 feet apart, whenever passible.

Sectian VII. Miscellaneous
130. CHARACTERISTICS OF INFANTRY WEAPON

See table 108 far a chart an infantry weopans.

131. COMPUTATION OF MANHOURS

A standard guide far the computatian of man-haurs, plataan haurs, and sa forth, for
engineer units is suggested as fallaws: ) :

a. Manpawer. For o cambat engineer battalian (divisian), for exomple, vse man- -
pawer as fallaws:

(1) 10 men per squad.

(2) 30 men per plataan.
(3) 80 men per campany.
(4) 650 men per battalian.

b. Man-haurs. Use 10 mon-haurs per day per man. Increase the time 50 percent
for night wark.



NUMERALS

INDICATORS

FLASH INDEX WHEN USED W1 THOUT
ANOTHER INDICATOR ABQVE
IT,IT MEANS, “READAS
E: CODE “ IN ALL DTHER IN-
STANCESIT INDICATES
“TOP DF PANEL NUMER-
ALS,” AND “'DISPLAY READY
TO READ™

LETTERINDICATDR YHEN DIS
PLAYED ABOVE THE FLASH
INDEX, IT MEANS “READ AS
ALETTER“ LETTERS ARE
INDICATED BY THE NUMER-
ALDF THEIR PDSITIDN IN
120° THE ALPHABET

NUMERAL INDICATOR WHEN DIS-
120° 120° PLAYED ABOVE THE FLASH
INDEX, (T MEANS “READ AS A

MUMBER (FIGURE)"

MAP COORDINATE INDICATOR USE
THEINDICATOR 3 ABOVE THE

FLASH INDEX. IF MAP CO-
b ORDINATES ARE SENT ONE
DIGIT AT A TIME THE SEP-

ARATIVE SIGN (PROSIGN 15}
WILL BE USED BETWEEN
COORDINATES

SPECIAL SIGNS

wTHsoiRecTion [C__J—b—{__ J+b

YIND DIRECTION

DROPPED MESSAGE NOT FOUND

_a- HOSTILE AIRCRAFT NEAR YOU

DROP MESSAGE HERE

X [

B — BASE PANEL b - PANEL LENGTH
MAXIMUM DISPLAY VIDTH (17 PANELS ~-31*

Figure 205. Numerals and indicotors.
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TION UNTIL MESSAGE
1S READY TO BE PICKED
w

==
]
i

VY

B. “HOSTILE AIRCRAFT
iN

o

o d

1

C CODE GROUF 11
MEANS ] HAVE A MES-
SAGE FOR YOU"

1

O CODE GROUP SMEANS
“REQURE SMALL - ARMS
AMLNITION

_(i_

j__
E CODE GROUP 10,
MEANS “WAIT {FIGURES

MAY FOLLOY TO
CATE MINUTES)"

F  THE NUMBER 7

]

| I—-o—ﬁﬂﬁ’

|._

G THELETTERFP

1

T
-1

H THELETTER D

-} PAHEL LENGTH

MORMAL SPACINGS:

=1 PANEL LENGTH

e~1 TO 3 PANEL LENGTHS

Figure 206. Panel cade and messages.
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Toble 108,

Choracter etice of Infontry Wecpone

Unlooded *Cyclic (O | *Sos- | *Moximum *Moximum *Meximum Appx
weight Type | ormoximum | tained | effective range offective | effec.
Weapene {opproxi- of rate (M) rote of | rote offire (nearest 25) range tive Remarks

H;:'l), feed of fire, fire, rde per {necreet 25) | buret-
. r r in

rde per min vd';i:o min Yorde | A Yords ,r:. uI":‘

Metere

M26A1 ! .
Hond Grenadee T 2 X 30 15
" 5 |5 15

Pietal, Avtomanic Cal .45, | 2% 7d 5-42 10 | 21-28(M) (1600 | 1475 50 50
MI911AL mogozine]

Submachinegun, Cal .45, 9 0 | BHC) 40-60 | 40-60 1700 [1550 | 100 100 To be reploced by
M3A] mogozine M-14 nfle

US Corbine, Cal 30, M2 5 30ed | 750-775(C) | 40-60 [ 40-60 ;0 [2025 | 275 %0 To be reploced by

magozin. M-]4 nfle.

“Sniperscope, Infrored Set | 32 H0ed | 750-775(C) | 40-60 | 20-30 2200 [2025 | 125 125 Ta be repfoced by
NR 1,20, DQ_? Volte mogozine| M—14 rifle.

US Rifle, Cal 7.62MM, 2414 | 8% 20rd | 700-750{C) 8-10 | 20-30 3500 [3200 | 500 450 Full ovtomatic

mogozine] 40-60({M) Sem- capability re-
Semiauto- oytomotie] etallo-
motic 120- 40-60 ector
150(M) Avtomo- . Suetained|
Automotic tic
US Rifle, Col ,30M1 W 8rd clip | 32-40(M) 8-10 [ 16-24 3500 3200 | 500 450 .
U5 Rifle, Col .30MIC 12 8 rd clip | 32-4004) 8-10 | 16-24 500 |30 | 800- | 725- }8), M4B2 or MB4
1000 | 925 teleecapes moy
he ysed,

US Rifle, Col .30 M1, with | 10% Monud | 4(M) 4 2 300 s 125 125 Complete round
Rifle Grenada Laouncher, weighe approx
M7A3, Heot Rifle Grenade, 1% Ibs.

M31 & Sight M1S




Table 108. Contlnued
. *Moximum | Appx
*Crehe Q) | *sue- hammm | Mot | offoctive Jeffec
Type |ormeximum | teined | effective (necreet 25) range tive
Weapen 3 rote (M) | rote of rote of (nacreet 25) |buret- Remarke
feed of fire fire, rde | fire, rde ing
rde per min | permin | per min Yorde |Metere | Yorde M:". ;:‘:’,.
Machinegun, Cel .50, HB, 126 belt 500(C) 40 100 7400 | 6800 | 800 | 725
M2 metollic AAA | AAA
link torget | terget
2000 | 1825
N groundground
terget 1 torget
3-5IN Racket Louncher, 13 rec —T8(My | 4 810 (950 | 500 7150‘_175 T0x20 | Complate round
M20AIBI laoding maving{moving waighe epprex
by hond torget [targe! 8% Ibe. Sue
300 (275 teined rote
Staho- |stoto- bosad on eshi-
nory  [nary mote.
torget {target
Porteble Flemethrowar, 40% Fuel pre- [Continvous [Contin-  [Continvoue| 25 25 25 Contoins 4%-4%
M2A1-7 pelled discherge | ueus discherge |Unthickoned Unthickened gole of fuel
by gee | 6-9 sec dis- 6-9 eac 0 50 50 50 waighing 25 te
under cherge Thickened fuel | Thickened fuel 29 lbe
prassurs 6-9 eec
BIMM Mortor, M2 with Borrel ~28|Muzzla |24(M) for 1T |2 with 2 4000 | 3875 | 4000 | 367530 x | Ammumition
Meount, M23A3 Bipod 40} leeding | min with cherge 8 20(AY weights 7-12
Boeeplote | by hend | cherge 8 Ibs (A)
25 rote ond sus-
be determined
4-24n Mertar, M3D with 840 Muxxle 15-20(M) 1 1 4000 | 5500 § 4000 5500 [ 45 x | Ammunition
Maunt, M4A] (Artillery leeding 15(A)| werghte 25
Weapon) by hend 28 Ibs. (A)
106MM Rifle, M40AY with  [483(B)(in- |Breech (1 por 6 sec 1 5-6 8400 [ 7700 [ 1200 | 1700 | 15{A) [Meximum offectivel
Spatting Rifle Col 50, M8 | cluding | looding | with not (A | (&) | meving|moving range deter-
(On M38A1 % Ten Truck) | spetting | by hond | more then torget |terget
nfle) spotting | 5 rde betere 1500 (1375
nifle-10rd | allawing Stetionory
megezing) rifle te cool terget
NOTES: {A) Oepending upon type of ammunition usec. B} Not including vehicle.
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Tabfe 108 Continued
" oxil *Moximum x
Unlaaded *Crelle (C) | *Sue- | *Maximum ":::‘:m effective :l’f:c-
welght Type |ormoximom | toined | effective (nearest 25) ronge tive
Yecpon (Approxi- of rate of rate of (neoreet 25) | pyrys- Remorke
mete) foed fire, rde 3 m ing
fbe i permin | permin | Yorde Metere | Yorde | Mot o 0
ere
Metere
U5 Riflo, Cal 7.62MM, M15 [ 13% 20rd 1700-750(C) | 15-2 |20-30 3500 | 3200 | S00 | 450 Sustained rata
megozine| 40-60(M) Semiauta- bosed an
Semi qutoma- matic limited toste.
tic 120~ 40-60
150(M) Av- Autanatic
fomatic (210 3d
burets)
120-150
{’20 ]
| | borste) 1L 1 |
Browning Autematic Riflo, | 19% 20 50{C) Slow | 40-60 | 40-60 3000- [ 2750-| 500 | 450 Ta be replacad by
Col .30, M1918A2 magazine| Rate {210 3rd| 3500| 3200 M=15 rifla.
550(C) Fast burats)
Rata 20-150
120-150{M) (20rd
[Mochinagon, Col 7.02HN,  |Gon 23| Balm |B00(C) | 100 | (4100 [ 3750 | 1200 Woximom aHective |
60 Tripad 25 |metallic ronga limited by
link gunnars ability
10 eaa ond adjuet
on targat. Mey be
firad from bipod
maunt,
Browning Machinagon Caf |33 Balt | 00-675(C) | 75 150 300 (320 | 120 [0 Noximom offactive
30, M1919A% matallic rengo limitad by
inl gunnere ability
to sa0 ond adjust
an targat. Moy ba
fired from triped
maunt. LMG to
be raplacad by
M0,
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132. CONVERSION OF KNOTS, MILES PER HOUR, AND FEET PER SECOND

See figure 207 for a chort showing these conversions.

KNOTS] MPH | FPS KNOTS| MPH | FPS

—3

Figura 207. Conversion chort for knots, mph, ond fps.

133. CONVERSION FACTORS

o. Weights ond Meosures. See toble 109 for conversion foctors on weights ond
meosurements,

b. Linear Meosure. See toble 110 for these conversions.

c. Time-Distonce. See toble 111 for time-distance conversion.



Table 109. United States, British, and Metric Units
All weights ore Avoirdupois unless otherwise specified

Multiply By To obtain
acres 43,560 sq ft
acres 4047 sq meters
baard feet 144 cuIn
bushels (US) 1.244 cu ft
bushels (US) 32 qgts (dry)
centimeters .03281 ft
centimeters .3937 in
cubic centimeters .06102 cuIn
cubic centimeters .001 liters
cubic feet 1728 cuin
cubic feet .02832 cu meters
cubic feet .03704 cu yds
cubic feet 7.481 gols (US)
cubic feet 28.32 liters
cubic feet .025 tons (ship)
cubic feet per minute 1247 gals per sec
cubic feet per second 646,315 gols per doy
cubic inches 16.39 cu cm
cubic inches .0005787 cu ft
cubic inches .004329 gols (US)
cubic inches .01639 liters
cubic meters 35.31 cu ft
cubic meters 1.308 cu yds
cubic yords 27 cu ft
cubic yords 7646 cu meters
degrees 60 min (circulor)
fothoms 6 ft
feet 30.48 cm
feet 1667 fothams
feet .3048 meters
feet of woter 62.43 Ibs per sq ft
feet per minute 01136 mil per hr
feet per secand 5921 knots
feet per second .6818 mil per hr
gollons (British) .1605 cu ft
gallans (British) 1.201 gals (US)
gollons (US) 3785 cucm
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Table 109. Continued

Multiply By To abtain

gallans (US) 1337 cu ft
gollans (US} 231 cu in
gallons (US) .8327 gals (British)
gollans (US) 3.785 liters
gallons per minute .002228 cu ft per sec
groms .001 kg
grams 1000 mg
grams .03527 oz
groms .002205 Ibs
hundredweight 112 Ibs
inches 2.540 em
inches .08333 ft

- linches 1000 mils
kilagroms 1000 gms
kilometers .6214 mil
kilometers .5396 mil (nauticol}
knots 1.152 mil per hr
knots 1 mph (nauticol)
kilowotts 1.341 hp
links (surveyors) 7.92 in
liters 1000 cu cm
liters 61.02 cuin
liters .2200 gals (British)
liters .2642 gals (US)
liters 1.057 qts (liquid)
meters 100 cm
meters 3.281 ft
meters 39.37 in
meters 1.094 yds
miles 5280 ft
miles 63,360 n
miles 1.609 kms
miles .8684 mil (noutical}
miles 1760 yds
miles {nouticol) 6080 ft
miles (nauticol} 1.1516 mil
miles per hour 88 ft per min
miles per hour .8684 knats
mils .001 in




Table 109. Continved

Multiply By To obtain
ounces 0625 Ibs
pounds 7000 groins
pounds 453.6 gms
pounds .4536 kgs
paunds 16 oz
pounds of woter 01603 cu ft
pounds of water L1198 gals (US)
pounds per square inch 2.307 ft of water
radians 57.30 degrees
rods 16.5 ft
squore centimeters .1550 sq in
square feet 929 sqcm
square feet 144 sq in
square inches 6.452 sq cm
squore inches .006944 sq ft
squore meters 10.76 sq ft
square meters 1.196 sq yds
square miles 640 acres
squore miles 2.590 sq kms
squore yards 0002066 ocres
squore yards 9 sq ft
squore yords 1296 sg in
square yards .8361 sq meters
temp (°C) + 17.8 1.8 temp (°F)
temp (°F) -~ 32 .5556 temp (°C)
tons (long) 1016 kgs
tans {long) 2240 Ibs
tons {ship) 40 cu ft
tons (short) 907.2 kgs
tans (short) 2000 Ibs
yards 3 ft
yards 36 in
yards 9144 meters
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Table 110. Conversian Foctors Lineor Measure

Unit ‘N:’i'li::' s:it': mKeif':r-s IS:;';' Fathams| Meters | Yards | Feet | Inches :::::s
1 nauticdl mile~ 1.1516 { 1.8532 | 8.445 | 1,013.4} 1,853.22,026.8  6,080.27 | 72,963 | 185,325
1 statute mile— 0.8684 1.6093 | 7.333 880 |[1,609.3|1,760 |5,280 63,360 | 160,933
1 kilometer— 0.5396 | 0.6214 4,557 546.8| 1,000.0}1,093.6 | 3,281 39,370 | 100,000
1 cable length- 0.1184 | 0.1364 | 0.2195 120 219.5( 240 720 8,640 1 21,945
1 fatham— 1.829 2 6 72 | 182.88
1 meter— 0.5468 1.0936 |3.281 39.37 {100
1 yard— 0.5000 | 0.9144 3 36 [91.44
1 faat- 0.1667 | 0.3048 | 0.3333 12 ] 30.48
1 inch= 0.0833 2.540
1 centimeter— 0.0318 | 0.3937

0L€



Table 111.

Time Distonce Conversion

Miles Feet Kilometers Meters
Knots
per hour per second per hour per second
1 0.8684 1.4667 1.6093 0.447
2 1.74 2.94 3.23 0.897
3 2.59 4.41 4.83 1.34
4 3.46 5.90 6.45 1.78
5 4.34 7.33 8.05 2.23
6 520 8.80 9.65 2.68
7 6.07 10.30 11.30 3.13
8 6.95 11.80 12.90 3.58
9 7.81 13.22 14.50 4.03
10 8.68 14.67 16.09 4.47
n 9.55 16.20 17.70 4.92
12 10.40 17.62 19.30 5.37
13 11.23 19.10 20.90 5.82
14 12.10 20.60 22.60 6.27
15 13.00 22.10 24.20 6.71
16 13.90 23.50 25.80 7.16
17 14.75 25.00 27.40 7.63
18 15.60 26.40 28.90 8.05
19 16.45 28.00 30.60 8.5
20 17.40 29.30 32.20 8.95
21 18.20 30.90 33.80 2.39
22 19.10 32.30 35.40 9.85
23 20.00 33.80 37.10 10.30
24 20.80 35.30 38.60 10.75
25 21,70 36.70 40.30 11.15
2 22.50 38.20 41.90 11.60
27 23.40 39.70 43.50 12.10
28 24.30 41.20 45.10 12.50
) 25.20 42.60 46.70 13.00
0 26.00 44.20 48.30 13.40
31 26.90 45.60 50.00 13.90
32 27.80 47.00 51.50 14.30
33 28.60 48.50 53.00 14,73
34 29.50 50.00 54.55 15.20
35 30.40 51.50 56.50 15.65
36 31.20 53.00 58.00 16.10
37 32.00 54.50 59.70 16.50
38 32.90 56.00 61.40 17.00
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Table 111. Continved

-
Miles Feet Kilometers Meters
per hour Knots per second per hour per second

39 33.80 57.50 62.80 17.40
40 34.60 58.80 64.50 17.83
41 35.60 60.50 66.00 18.38
42 36.40 61.90 67.70 18.80
43 37.30 63.40 69.20 19.20
44 38.20 64.80 71.00 19.70
45 38.90 66.50 72.50 20.20
46 40.00 67.50 74.00 20.60
47 40.70 69.10 75.90 21.00
48 41.50 70.50 77.50 21.40
49 42.40 72.00 79.00 21.80
50 43.50 73.80 80.50 2.30
51 44.10 74,90 82.00 22.80
52 45.10 76.50 83.60 23.20
53 46.00 78.00 85.70 23.70
54 46.70 79.50 87.00 24.20
55 47.50 80.90 88.70 24.60
56 48.50 82.20 90.00 25.00
57 49.50 83.90 91.90 25.50
58 50.10 85.00 93.40 25.90
59 51.00 86.80 95.00 26.40
60 52.00 88.10 96.70 26.80
61 53.00 89.60 98.00 27.20
62 53.70 91.10 99.80 27.70
63 54,60 92.90 101.70 28.20
64 55.60 94.20 103.00 28.60
65 56.20 95.30 104.50 29.10
66 57.20 97.00 106.00 29.50
67 58.00 98.20 108.00 30.00
68 58.90 100.00 109.50 30.40
69 59.80 101.80 111.00 30.80
70 60.70 103.00 113.00 31.30
7 61.60 104.00 114.00 31.70
72 62.50 106.00 116.00 32.20
73 63.30 107.30 117.30 32.60
74 64.20 109.00 119.00 33.10
75 65.00 110.00 121.00 33.60
100 87.00 147.60 161.00 44.60




d. KMPH and MPH. See figure 208 for o groph showing this conversion.
e. Time-Length of Vehicle Columns. See figure 29 for groph.

f. Weight ond Meosure Conversions from U.S. to Metric Terms. See figure 210 for
charts.

g. Degrees to Mils. See toble 112 for this conversion.
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Figure 208. Conversion chort for KMPH ond MPH.
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134. MARCH FACTORS

See tables 113 ond 114 far infarmatian an march farmulas and factors, and rates and
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lengths af marches, respectively.

135. LIGHT STREAM-CROSSING EQUIPMENT DATA

See table 115 far infarmation.

52,

Far mare detailed infarmotian, see paragraphs 51 and

Figure 209. Time length of vehicle calumn.
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17.8 mils (or 18 approx)

.056°
375

0

360

360

6,400

3 minutes 22.2 seconds
17.8 x degrees

6,400 mils

6,401

metric data.

°

1 mil = 0.056° opproximately

360°
1 mil

re 210. Weight and measure canversion for U. S. and
Mils

Table 112. Conversion Factors of Degrees to Mils

Figu
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Table 113. March Formulas and Factars

Metric Conversion Foctors
Kilometers (KM)- Meters(M)-Yords(yds)
Miles (mi) To convert meters
To convert kilo- ords:
meters to miles: Multiply the number
Multiply the number |of meters by the
of kilometers by the |foctor 1.1.
factor .62. Yds = Nrof Mx 1.1.

i = Nrof Km x .62 {To convert yords to
To convert miles to {meters:
kilometers: Multiply the number
Multiply the number |of yords by the foctor
of miles by the 91
foctor 1.6.
M = Nr of mi x .6.

M = Nr of yds x .91.

For Time Length (TL) of Motors (Open
Column)-

Multiply number of vehicles by foctor
for formation ond rote of march ond add
time intervols (T1) between units.

TL (minutes)= (Nr of vehicles x foctor)
+Tl's
Select factor from table below

Rote {kmph) M/Veh Foctor
3 E

24 100 .2500

32 100 1875

40 100 1500

For Time Distonce (TD):
Divide the distonce (kilometers) by the
rote of morch (kilometers per hour).
TD (hours) - D (Kilometers)
R (Kilometers per hour)
To convert froctionol ports of on hour to
minutes, multiply the froctionol port by 60.

For Time Length (TL) of Motors (Close
Column)

Multiply number of vehicles by .12
and add the time intervols (Tl} between
units.

TL (minutes) = (Nr of vehicles x .12)
+Tl's

For Time Length (TL) of Foot Column:
Multiply rouj space {RS) of the column by
foctor for rote of morch.
TL {minutes) = (RS x foctor)
Select foctor from toble below

Rate (kmph Foctor
4. 0150
3.2 .0187
2.4 .0250
1.6 .0375

For Rood Spoce (RS) of Foot Troops:
Moltiply number of men by foctor for for-
motion and odd the toto! distonce of the in-

tervals between units.
RS (meters) = (Nr of men x foctor) + dis-
tonces
Select foctor from toble below

Eormation 2 M/Mon 5 M’Mon
Single File 2.4 LY
Column of Two's 1.2 2.7

For Completion Time (CT):

Add TL of column, TD from IP to RP,
ond ony scheduled halts other thon nor-
mol breoks, to the IP time.

CT =1IP time + TL + TD + Scheduled
Holts
Exomple: Hr|Min
4 IP nme(clock time)
12 TL of column (1 hr 12
05| 58 TD (IP to RP, 5 hrs
SS min)
01| 00 Meol halt (one hour)
CT = 14/ 112 or 1852

The move will be completed at 1552
hours.

For Rood Spoce (RS) of Motors:
Moltiply the TL (minutes) by the rate
in kilometers per hour ond divide by 40.

RS (kilometers) =
min) x R (Kilometers
60 (minutes/hour,

er_hour,




Table 114. Rates and Length of Marches Vv

[713

Average Rates of March (KMPH) 2
On Raads Cross-country Doys
Unit March
Kilo-
Day Night Day Night meters
Foat troops 4 3.2 24 1.6 20-32
Trucks, general 40 ‘:2 Ell:ili}::'k':ut) 12 8 280
Tracked vehicles 24 ?2 g::lgu}::'k':ur) 16 8 240
Truck-drawn artillery ® ‘:2 EL‘I‘f'c':u)u') 12 8 280
Tractar-drawn artillery 32 ::g 8:'1}::3“') 16 8 240

I_/ This table 1s far general planning and camparisan purpases. All rates given ore variable in accordance with
the mavement canditians as determined by recannaissance.

2/ These rates include narmal periadic rest holts. :



Table 115. Continued

Item

Use

Description

Capacity

Remarks

Assoults Baoot Bridges*

Cross high-pnionty
light vehicles.

Cantinuaus plywood
treadway w/double
ossault boat pontans
on 10 ft. centers.

Class 8 n currents up 1o
3.2 KMPH

Requires constant maintenance ond
repair.

Fabricated from roft sets, capacity
18 reduced to Closs 2 tn maximum
sofe current veloaty of 8.8 KMPH.

Ligh! Tachcal Raft (Atum)

Ferry high-prionty
vehicles.

4 alum pontans and
solid alum deck
33 foot loading orea.

Closs 16 load 1n current
velacity of 8 KMPH.
Closs 8 load in cument
velacity of 9.6 KMPH.

This roft will replace the Infontry
Support Raft as arganic equip to
Inf. Div Engr Bn.

Two rafts orgonre to Dav. Engr. Bn.

Aluminum Footbridge

Cross traops w/tact-
1eol vnity.

Successive boys of
ane pontanand ane
treadway

75 men/min. 1n currents up
ta 8.6 KMPH during doy-
hight.

40 men/min in same cur-
rent veloaty ot night
w/quorter moon illumino-
tian,

25 men/min. 1n some cur-
rent velacity in blackaut.

Bnidge considered safe 1n current
speeds up fo 12 KMHP with cgution
crassing (men one bay opart) 472
feot of bridge per Flaot Bridge
Company tronsported on twa 2%
ton trucks w/troilers.

Baot Londing Pneu

Assoult crassing

Nylan, pnev 12 air
empty wt 210 Ibs.

12 fully equipped infantry-
men crew 3 engr.

18 1n Div. Engr Bn con be poddled
aor power supplied by 25 BHP motor.
13 KMPH in currents of 7 KMPH

*Limited Stondard.

1723
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Table 115. Engineer Light Stream-Crossing Equipment Data,

Item

Use

Description

Capaclty

Remarks

Th 0,

Boat

Convos w/5 Comport-
ments

Issued w/tawline ond
3poddler.

Totol wgt 30 pounds

Three men 1n current speeds
up ta 4 KMPH.

Boot 15 breath-infloted or hond
pumped

Eosily comied by one mon when
defloted and packed in cose

Div. Engr Bn -+ 18 boots.

M3 Assault Boot

Imihial Crassing

Plasti¢, hand poddied
Weight Z70 paunds

12 Infantrymen w/full equip-
ment ar equivalent in cur-
renl speeds up to 4 KMPH.

Narmal crow, three eigneers. Maxi-
mum capacity w/na current 1s 3300

pounds.
Con be propelled by 1-25 HP out-
boord motor ot speed of 12.8 KMPH

w/o o laad reduction

Double Assoult Panian*

Speed Crossing. In-
fantry Suppart Roft
Infontry Light Tacticat

3ndge.

Two M2 Assault boots
toined stem-to-stern

22 Infontry w/Tull equip-

w/sleel pins

ment or equivolent in cur-
rent speeds up to 7.6
KMPH.

Narmal crew, two engineers. Pawer
supplied by 1-25 HP autboard
motor.

Moximum speed 9.5 to 12 8 KMPH

Can be poddled in cumrents up 1o
7 6 KMPH with a full lood ond 1n
currents up to 6.1 MPH with o load
of 15 Infantrymen, plus engr crow.

Storm Boot*

Speed Crossing.

Plywaad, Double-
battomdd  Werght
440 paunds w/a mator.

7 Infantry w/full equipment
or equivolent.

Narmol crew, two engineers. Pawer
supplied by 225 HP motors.

Maximum speed 32 ta 40 KMPH.

Copoble of crosh-londing ot full

speed.
Engr CL IV 5upply.

'43 &ssoult Boot
Employed as Storm 3aot

Speed Crossing.

Plostic
Weight: 290 paunds

5 Riflemen w /full equipm ent
ond 1-man crew

Moximum speed 32 KMPH.

Copable of crash-londing ot full
speed.

Con be used in cumrents up to 12
KMPH.

Power supplied by 1-25 HP Mator.

Infon try Support Roft*

Ferry high-prionty
light vehicles.

3 dauble assault boat
pantons 6 plywood
traodways

5 double ossault baot
pontans and § tread-
ways.

Class 8 Load

Closs 13 Lood

Copacities apply far cument speeds
up ta3.2 KMPH

By use aof cobles, some copocities
may be crossed up to 7.6 KMPH.
3-panton roft 1s constructed by
troined plat in 10 minutes, S-pontan
raft in 15 minutes.
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136. CAMOUFLAGE

The proper choice of positian and comoufloge discipline will, in most coses, provide
odequote conceolment. Vhen this conceolment is inodequote, we must then resort
to comoufloge construction and its three methods, hiding, blending, ond deceiving.

o. Camoufloge Principles.

(1) Siting. Siting, ar choice of position, is nothing more thon choosing the

most odvontageous position to conceol the object while still being oble to
occomplish the mission.

(2) Discipline. Comouflage discipline is simply the ovoidonce of ony octivity

which chonges the originol oppeoronce of on oreo.

(3) Construction. Comoufloge construction is done to improve concealment

when choice of pasition ond discipline ore inodequote.

b. Comoufloge Moteriols.,

(1) Noturol moterial. Noturol moterials generolly provide the best conceal-

(2)

ment, ond ore olwoys ovoiloble. Noturol moteriols include live vegetotion,
cut vegetotion, debris, ond the inert surfoce of the eorth. .

Artificiol material. Artificial materiols ore ony manufactured items thot
con be used for comoufloge purposes. They ore used only when the use of
noturol moteriols is impossible or improcticoble. They include points,
supporting moterials, gornishing materiols, structurol moterials, screening
moteriols, odhesives, ond texturing moteriols. Colors used must be in
hormony with the predominont colors of the areo where they are used.

c. Individuol Comoufloge. .

(1) Choice of bockground is o controlling foctor for proper individuol con-

[

(b,

ceolment. The soldier should moke effective use of terroin, odopt his
clothing to the terroin, ond corefully select his route during mavement to
benefit from the best conceclment. Comouflage activities must be effec-
tive ogoinst enemy observers both on the ground ond in the air. Skin,
clothing, ond equipment must be toned down to blend with the background.
Distort the distinctive shope whenever possible. Achieve such concealment
by strict odherence to the following proctices.

Helmets. Breok up the shope by the use of leoves or twigs secured with

o rubber bond, ar by moking o cover of burlop, distorted with burlap
gorlonds, ond point appropriote colors.

Skin. Tone down oll visible skin oreos with issue foce paint. This is
one exception to the use of naturol materiols. Mud 1s frequently harmful
to the skin and is too easily removed. Leoves and other stains do not



(c

~(d

remove the shine. Use light green ond loam face paint for white troops
in oll but orctic climotes. Use white ond loam for oll troops in_orctic
climate. Lighten the shadaw areas of the face ond dorken the shine
areas. If issued type foce point is unovoilable, burnt cork is the best
and safest substitute.

<

Clothing. The Army issues no special comouflage clothing except o
snow sult for use in the arctic. In order ta provide additional canceol-
ment, the clothing may be toned down to blend with the background by
use af camouflage paints. Choose two ar three oppropriate colors ond
opply in large, bald potterns ta distort shape ond blend with surrounding
terrain.

) Equipment. Tone down convos equipment to avaid controst with clothing
ar surroundings. Remove shine from metal abjects with mud or foce
paint. Distort the shape af a weapon with vegetation or burlop, but be
sure this does not interfere with the operotion af the weapon. Shiny
objects, such as mess gear and conteens, must be cavered and kept out
of direct sunshine at all times.

(2) Silhovette and shadaw. Avoid exposing a silhouette ond creation of

shadaws. This applies at night os well os during daylight hours.

(3) Selection af routes. Chaose rautes corefully during daylight or ot night.

Cross apen oreas quickly, and travel slowly olong natural terrain feotures
where conceolment is effective.

d. Camauflage af Emplacements.

(1) Proper site selectian is the most important consideration becouse it mokes

(2

(3
(4

(6]

)

the job of camouflage simpler. Reolizing that the enemy hos oerial obser-
vation, ovoid regular geometric layouts of the positions of vehicles, weop-
ons, ond moterials. Use notural comouflage material as much os practicable
supplemented by artificial moterials. The ortificiol materials include
nets ond covers (burlop, corrugated iron, and woad).

Canceal vehicle tracks so that the terroin remoins notural. Use overhead
screen wire where needed.

Eliminate shine on equipment and comauflage.

Use shodows to conceal vehicles ond equipment or park vehicles under
naturol caver. If this is insufficient, o gornished net should be used. A
bivouoc should be dispersed or camoufloged to fit the terrain.

In urbon areos, use shodaw cost by buildings ta help conceal material.
In desert terrain, tents may be comoufloged by digging down so that the top
of the tent is of ground level, and camaufloging.
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(7) Supplies may be either hidden under naturol concealment, concealed by

nets, or stocked along notural terrain lines.

(8) Rules of thumb for determining net size in the field ore os follows:

{a) To get net of carrect width, add the width of the equipment to twice the

height af the equipment, and then add 5 feet.

(b) Campute length of net in same way.

(c) If net size thus camputed falls between two standord sizes, use lorger
net size. In same cases, two standard nets should be joined to obtoin
praper size net.

e. Garnishing

(1) Garnishing density. All nets should be garnished to a predetermined de-

(2

gree of density. Drape nets should be gornished 100% in the center por-
tion af the net, thinning out to 65% toward the auter edges. This will
result in o coverage of obout 85% of the entire net oreo. Flat-top nets
should be garnished 100% in the center partion of the net, thinning out to
25% toword the outer edges. This will result in o coverage of about 65%
af the entire net orea. Begin the thin-out ot obout one-holf the radius of
the net. This must not be on obrupt chonge in percentages, but rother o
gradual thinning-out so os to achieve a smooth tronsition to the desired
density at the outer portion of the net.

Garnishing potterns. To provide for blending inta o voriety of seasonal
ond geogrophic terroin chorocteristics, pregarnished twine nets are issued
in two blends - the oll seosonol and the desert. The color blend af o net
is ochieved by proportionotely varying the gorlands of the vorious colors
required for a particulor blend, and plocing the garlonds in the net os on
averoll mixture of colors. Long straight runs, lorge areas, blocks of one
color, or regulority of pottern in anet should be avoided. Generolly, the
garlonds are inserted into the net in such a monner thot each garlond will
describe ane of the following letters: L, U, S, C, orl (fig. 211). This
should result in an omalgamation of letter potterns farming the desired
degree of density ond color blend.
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Figure 211. Garnishing
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APPENDIX |
REFERENCES
Army Regulotians (AR)
AR 10-5 Corps of Engineers
AR 105-30 Joint Use of ICAO Phonetic Alphabet
AR 105-31 Message Preporotion
AR 320-50 Authorized Abbreviotions ond Brevity Codes
AR 385-63 Sofety Regulotions for Firing Ammunition for Training, Torget
Practice, ond Combat, with chonge 3
AR 525-8 Use of Metric System far Linear Meosurement in United Stotes

Army Operotions
DA Pomphlets (DA Pom)

DA Pom 30-107 Coost and Landing Beach Intelligence

DA Pom 39-1 Nuclear Weapans Employment

DA Pom 310-1 Militory Publications: Index of Administrotive Publicotions

DA Pom 310-3 Military Publicotions: Index of Training Publicotions

DA Pom 310-4 Index of TM's, TB's, SB’s, LO's, ond MWO's, with change 1

DA Pom 310-5 Military Publications: Index of Grophic Training Aids and
Devices

DA Pom 310-7 Militory Publicotions: Index of TO&E's, TO's, TA's, with
change 4

Supply Monuals (SM)

SM 9-4-4940-A 09 Demolition Equipment Set, Explosive Initiating, Electric ond
Nonelectric
SM 9-4-4940-A 10 Demolition Equipment Set, Explosive Initiating, Nonelectric

Special Regulotions (SR)

SR 385-10-20 Administrotion of Army Sofety Progrom
SR 420-510-1 Fire Prevention ond Protection
Technical Bulletins (TB)

T8 5-271-1 Light Tacticol Bridge

TB ENG 186 Anchoroges ond Protective Meosures for Flooting Bridges



Technicol Publication, U. . Novy

United Stotes Novy Engineering Technical Publicotion, Novdocks TP-PW-11, 15 Morch
SS, Deportment of Navy, Bureau of Yords ond Docks, Woshingten 25, D. C.

Field Manuals (FM)

FM
FM
FM
FM
FM

FM
FM
FM
FM

(S)FM.S-26

FM
FM
FM
FM
FM
FM
FM
FM
FM
FM
FM
FM
FM
FM
FM
FM

FM
FM
FM
FM
FM
FM
FM
FM
FM

35
5-S
56
515
520

521
522
523
525

$-30
531
535
536
8-35
8-50
10-13
20-32
21§
21-6
21-10
21-11
21-26
21-30
2131
21-40

21-60
21-76
20-S
31-10
31-60
31-70
3171
§$5-18
101-10

Chemicol, Biologicol, Radiological Operations, with change 1

Engineer Troop Units

Operations of Engineer Troop Units

Field Fartificotions

Comouflage Bosic Principles and Field Comoufloge, with
chonge 1

Camouflage of Fixed Instollotions

Comoufloge Moterials, with change 1

Field Decoy Instollotions, with change 1

Explasives and Demolitions, with chonge 1

Employment of Atomic Demolition Munitions (ADM) (U)

Engineer Intelligence

Use and Instollotion of Booby Trops, with chonges 1 and 2

Engineer Reference ond Logisticol Doto

Route Reconnaissonce ond Clossificotion

Tronsportotion of Sick ond Waunded, with change 1

Bandaging ond Splinting

Quartermoster Reference Dota, with change 1

Lond Mine Warfore

Militory Training

Techniques of Militory Instruction

Military Sonitotion

First Aid for Soldiers

Mop Reading

Military Symbols

Topogrophic Symbols

Small Unit Procedures in Nuclear, Biological, and Chemical
Worfare, with change 1

Visual Signols, with changes 1-3

Survival, with change 1

Combat Intelligence

Borrier and Denial Operations, with changes 1 and 2

River Crossing Operations

Bosic Cold Weother Manual

Northem Operotions

Tronsportation Corps Reference Data

Staff Officers’ Field Monual: Organization Technical ond Logis-
tical Doto, Part |, with change 1
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Technical Manuals (TM)

T™ 3-220 Decantamination, with changes 1 and 2

T™ 5-200 Camouflage Nets and Net Sets

TM™ 5-210 Floating Bridges and Rafts

T™ 5-220 Passage af Obstacles Other Than Minefields, with change 1

T™ 5-223 Foreign Mine Warfare Equipment

TM 5.232 Elements of Surveying

TM 5-250 Roads and Airfields

TM 5-251 Army Airfields and Heliports

TM 5-252 Use of Road ond Airfield Construction Equipment

TM 5-260 Principles of Bridging

T™ 5-263 Bridge, Floating, Class 60, Steel, with change 1

TM 5-265 Bridge; Floating, M4

TM 5-267 Bridge, Floating, Aluminum (M4T6}

T™ 5-270 Cableways and Tramways

™ 5-271 Light Stream Crossing Equipment

™ 5-277 Panel Bridge Bailey Type, M2

™ 5-279 Suspension Bridges far Mountain Warfare, with change 1

T™ 5-295 Military Water Supply

T™ 5-302 Canstruction in The Theater of Operations

TM 5-337 Bituminous, Concrete, and E xpedient Paving Operations

T™ 5-461 Engineer Hand Tools

T™ 5.541 Control of Soils in Military Construction

TM™ 5-560 Arctic Construction

™ 5-617 Roofing; Repairs and Utilities

T™ 5-618 Painting; Repairs and Utilities

T™ 5-624 Roads, Runways, and Miscelloneous Pavements; Repairs and
Utilities

T™ 5-660 Operation of Woter Supply and Treatment Facilities at Fixed
Army Installations

T™ 5.725 Rigging, with change 1

T™ 5.742 Concrete and Masonry
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