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INTRODUCTION

' ‘CONTENTS

Thls aubcourse provides information used in plam}ing, constructing, and maintain-
ing military roads and airfields. Such information will 'enable you to better understand
and d.pply the techniques and methods required, and will increase your capability of
assuming greater responsibilities. o

The subcourse consists of seven lessons and an examination as follows:
Lesson -1. Construction Requirements and Design Criteria.

2. Road Reconnaissance and Site Selection. °

3. Airfield Reconnaissance and Site Selection.

4. Layout Procedures, Constructlon Staking, and Field Methods
Alinement.

5. Expedient Methods of Earthwork Computation.
6. D airrage.

7. Earthwork Operations and Expedient Surfaces.’

Examination.

Twelve credit hours are allowed for the subcourse.

s

' PRESENTATION . : .

A . .
This subcourse is programed. Test results prove that for certain subjects this
technique is more effective than conventional tekts; the’ method is particularly well _
suited for correspondence courses. \ vy

" Essentially, programed instruction is the presentation of ideas in a logically 'sound
learning sequence. It presents material in small bits; it provides cues to the right
answer; it often repeats key ideas in a different form or context; and it reinforces
immediately the student’s correct response.

DESCRIPTION OF MATERIAL

Textual material is divided into frames and panels. A frame presents a single
teaching point in a short paragraph, which requires the student to participate in the
statement of concept or the answer to the specific problem A panel is an illustration,
a table, or other reference material used by the student in solving problems presented
by one or more frames. ‘ .

17

o

HOW TO STUDY . " -

A

Proceed from frame to fram?in numericalorder. First, read frame 1-1, filling in
the blanks in pencil with the appropriate word(s), numerial quantities, or in some
instances formulas, as pertinent. Your writing down the correct answer is an
important aspect of the teaching technique. Then, turn to frame 1-2 and check your
written response agamst the correct answer just abové the frame. If your response is

[c | S
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correct, proceed with frame 1-2. If not, restudy, the frame erasing your mcorrect
response and writing the correct answer.in the blank(s).

When the frame refers to a panel, turn to the panel for the answer needed to fill ik,
the blank(s) correctly. Panels are located after the-frames for each lesson.

You will be surprised at hgw easily you learn to follow the technique and how
simple it is to solve the problems.

SELF TESTS «

Self Tests are locatéd at the end ‘of each lesson. Work the Self Tests using the
reference given with each exercise if necessary. After completing a lesson Self Test,
check your answers with the solutions given at the end of the book. Completion of the
Self Tests will reinforce your comprehension of the subject.

*  EXAMINATION

You will not be limited as to the number of hours you-may spend on the subcourse,
any lesson, or the examination. For statistical purposes, you are required to enter in
the proper space on the answer sheet the numbet of hours spent on the examination.

) As soon as you feel ready to take the examination, send the request card to the
U. S. Army Engineer School. The grade that you receive on the exammatlon is your
grade for the subcourse. ’




LESSON 1 s

CONSTRUCTION REQUIREMENTS AND DESIGN CRITERIA

\ > CREDIT HOURS . ___ 1
CTEXT ASSIGNMENT Attached memorandum.

LESSON OBJECTIVES

Upon completion of this lesson, you should in each of the following subjects, be
able to:

1. General concepts — explain the basic concepts behind T.O. construction of roads
and airfields to include simplicity of design, economy of time, proper management
and the six principal tasks in road and airfield construction.

2. Roads — identify road nomenclature and cite military road $pecifications for the
various characteristics. .

. &

3. Airfields — identify components and cite design criteria for TO Army airfields,
determine runway lengths making the necessary corrections for factors requiring
corrections, and name the type facility required for the various operational and

: maintenance needs.

4. Heliports — cite the gebmetric requirements for heliports with taxi-hoverlanes

and with runways and gig the design criteria for TO heliports. .

[

CONTENTS

Set 1. General Concepts

- 3. Airfields

4. Heliports




ATTACHED MEMORANDUM

Set 1. General Concepts

[

i

Frames 1-1 through 1-11 are at top of odd numbered pages.

FRAME 1-1. -

, Most military operations depend on using certain roads-er airﬁelds. The need
for them is usually critical and the time element most important. Simple designs
requiring a minimum of skilled labor and utilizing available materials, a pringiple
of theater of operations (TO) construction, save time. Normally, the nearer the

required road or airfield is to the front, the more vital the

element becomes.

.6 (1-11) . ‘
FRAME 1-12. ) N
The roadbed is the traveled way plus f!}{e shoulders. The minimum_width of
roadbed constructed for a two-lane road would be feet.
< > *
L] I a




10 a2 |, # ‘ . . -
’ " FRAME 1.23. - | .
Aurfields are d ignéd to accommodate the critical aircraft using them; that
1S, the':awcraft requiripg the longest runway, the strongest base course,' the lowest

glide angle: and so on. For example, the cgiticg,l Army: aircraft to usg a certain ,
.

airfield in a support area, will require a runway at least

féet long. - .
)

S

N\

(1»8 (2) 2 (1-33) ) . .
FRAME 1-34. . ’ . Y '
Every Army landing field requires certain facilities for operation and‘ main-,

-—

.téenange. Operational facilities are those required for direct support of aircraft

operations (landing, takeoff, and in-flight control). Maintenance facilities are
s - those required for . ) su;;'port. !

»
iy




(time) (1-1)
FRAME 1-2.

equipment,.and construction rhaterials. Having the necessary dump trucks avail-

able as needed is an example of management; building a road to the simplest «
design pra'cgicable is an example of __s ’
’ ¥

.31 (1-12) ‘ _ ‘
~ JFRAME 1-13. ’ : ) .
é,‘ The subgrade is the natural ground or fill upon which roads and airfields are
. :built. The surface is a \;rearing course. The layer be_tween subgrade and sur.face

is of compacted materials that support the loads; it is called

~

course. y ) »




(3000) (1-23)
FRAME  1-24. ' '
.
The surface of the support type runway discussed in the previous frame

would gc constructed of portable materials, probably®landing mat. The runwéy

.

grade would have té provide a minimum sight distance of ope-half the runway

length plus feet. ' .

N\

(indirect) (1-84)
FRAME 1-35.
T}le control tower, runway lights, and the flight operations tent or building

would be examples of the operational facilities (direct support). Hangers and

fuel storage strﬁctures would be examples of . facilities (indirect

support).




r ‘ '
(sound) (pla;ining.) 1-2) ' . <
* FRAME 1-3. T

) The location of roads and airfields depends on the military necessity. However,
dense forest and rough terrain require extensive clearing and earthmoving, while
use of existing facilities usually saves time. If the military situation permits,

good plahning generally means maximum use of facilities.

"y

& 4

s

i

]

¢ ’ . .
(base) (1-13) _ / . .
3, »’
FRAME 1-14. ,
The stopping sight distance (SSD) is the_longest distance in which a driver,

whose eyes are 4.5 feet above the road surface, chn see an object 4 inches high

. . . '
on the road. Absolute minimum SSD is ; . feet.
. e T
r . hd
. 2
" ’ . -
<+ - /
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4.

500 (1-24)
FRAME 1-25.

The runway for a rear area Army alrﬁeld must be at least (1)

feet wide. The transverse grade shohld be at least (2) v

no more than (3)
/

r

»

-

percent

‘8

* o1

___ percent and

.-

(mainténance) (1-35)
'FRAME 1-36.

s

Thrze types of support facilities are installed at Army airfields in the theater
of operatlons — field, intermediate and temporary — dependmg on the SItuatlon
These classes do not necessarily correspond to the three de51gn categomes — for-
J-38.

Note, for example that the structure used for a flight operations center for field

)
ward, supvort, and rear. Panel 1-6 is applicable to £-rames~.1 35 throu

"and 1ntermod1ate support facnlltles l}a )

b
. . .o

R




(existing) (1-3) .
{‘R:\ME\I-& ,{ e ' .
Safety. ana durability are leés impor-ta'nt in military censtruct{on thz'm in .
c1v1han constructlonn Safety factors are low*in keepmg with the ;gr'lherent nsks R
of war. The de‘gree of permanence required in an) military road or au’ﬁeld is
relatlvel:. small; constructlon spec1ﬁcatxons, therefore usually permit a 15% dur-

ablhty requirement, . Critical tlme ean‘ be 'saved by constructmﬁﬂh minimum

~ .
. quahtnes of (1) _ * and (2) — N v
'\ ) -, ~ v s o
] . : < ) v
- ) ' * L
’ > \
) ot Y & > -
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- 3 + -\/L
200 (1-44) | A - '
‘ . }

. FRAME 1-15. o

.

Roads.are crowned to drain the surface course. JIf a graveled traveled way

were 23 feet wide, the minimum height of crown would be (1‘) inches

and maximum required would be (2) inchés. . . . ..
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(1) 72 (2) 0.5 (3) 2 (1-25)
. FRAME 1-26. . , 3
For a support type airfield requiring a 3000-foot runway, the total length of
- the flightstrip will pe _ _ feet.
. ,
1 % . oo )
. 1
, .
- oS \ .
[ . T,
Vs R
e - oo , :
(tent) (1-36)> - ' )

‘FRAME 1.37.

/‘ - o’ 2
For intermediate facilities, trucks or trailers are used for the lights and
\transf()rmer vault, the control tower, and the

equipment.
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A stra\ght sectlon of road is referred to as a tangent Grade change in ele-
vation is expressed ‘as a percentage; that 15. a 5-foot vert1cal change in elevation
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) ‘ ‘(sta,ge),(l-5)
i - » FRAME 1-6. T e a x
i Although engineer units are respo 51b1e for mamt@mng military roads, they

provide only major mamtenance of At’my alrﬁelds t‘hat lS work beyond the

capability of the us,m_g umt. Minor maintenance of Army alrﬁelds, therefore,

-
must be done by units the installation. . _ . T,
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(1) 500-(2) 20 (1-27) )
FRAME 1-28.[ . g v -
A support type Army airfield is to be_built for use by OV-1 aircraft. The ,

taxiway must be built at least (1) ___, _____ feet wide, (2) with

A

foot shoulders and (3) . fogt

lateral clearance.-

YR Set 4l Heliports

(prefab) (1-38) : ¢
FRAME 1-39. _

Panels 1-7 through 1-9 (applicable to frames 1-39 _\through 1-45) show the
layout and design criteria for Army heliports, which are similar to airfields, For
support type construction, runways are (1) feet long and

(2) feet wide for CH-54 type heljcopters,




. R . /
"_(using) (1-6) kR
» FRAME 1.7. ,
There are six principal tasks in ré2d and airfield construction: clearing,

grubbihg, stripping, earthwork, drainage, and surfacing. Clearing is the removal

of timber and surface boulders; ét,ripping is the removal of objectionable top soil._

Removal of stump-s and roots is called

¢

23 XJ0Y, = 28% (117)
* . FRAME 1-18. :

Absolute minimum horizontal curve radius is, of course, the turning radius

¥

'

of the using vehiclgs. The specified minimum horizontal radius produces a hair-

pin turn: jt is feet.”
L .
I M
i, ® °
pry .
o . 1-15 Cot
‘ ek e




(1) 30 (2) 10 (3) 65 (1-28)

FRAME 1-29. \
For a rear area type Army airfield the apron length required is (1) _______

N
feet, and the apron width required is (29

- feet. |

Py

(1) 450 (2) 50 (1-39)
”. FRAME 1-40. : R
For a support type'heliport, the maximum longitudinal grade for the runwé.){

" is plus or minus (1) percent, as compared with plus or

minus (2) percent for runways on support typé airfields

designed for O-1 aircraft.

\

t




(grubbing) (1-7)

: . 3 '
FRAME 1-8. *

Earthwork, commonly known as grading, essentially means cutting off high *

spots and filling in low places to get a:grade level enough. It is the most imbortant
construction task be&ause the most time and effort are normally required. Since

military roads areh tilt on the principle of stage construction, they are planned

so that they may be put into emergency service at any stage after

is 'completed.

77
$ & .
150 (1-18) . ’
FRAME 1-19. .
The elevation difference in a shoulder of a medium width road is
inches.
+
- 7

1-17- ' .

26 :
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(1) 1920 (2) 280 (1-29)- . . ” ) R
FRAME 1-30. ‘ , B
Runway length must®e adequate for the takeoff ground run (TGR) of the
using aircraft. This will, under some conditions, exceed the minimum runway “
lengths given in Panel 1-4..Panel 1-5 (applicable frames 1-30 th\r:ough 1-35) .
explgins the method for determining funway leng‘r .digereht conditions. The )

runwdy length is corrected for altitude by increasing the TGR by (1)
- foot increase in

percent for each (2)
altitude. abidve (3) feet.

Lo, .

. N ‘Y’
, /
y

< (1) 2 (2) 10 (1-40)

FRAME 1441,
Support type heliport runway shoulders are built (1)

feet; mini-
feet for CH-54 heli-

- feet wide. Length of overrun provided is (2)

mum run{avay lateral clearance is (3)

copters,

.\.
[y

|
[y
[ ]
-




. (grading) .(1-8)._ . «
FRAME 19. '

N

with the ‘TO. prin’ciple of

'\l

%. ~

The 1mportance of drainage in both desxgliand constructlon cannot be over-

emphasized. The dramage system must remove all surface water from operating

areas, and remove de‘tnmental ground water. Instead of subsurfale drams, which
s :

consume_time and transportation, surface ditches are normally used to comply

design to save time.

s 3 » _
. FIN - A « rd
L ”
' o , . ) @
b a-
o ¢ % ' B Set 3. Airfields
73: ) \.\
- X 4=3@119) - S
4 T L -
* {
- FRAME 1-20. . ‘ y
_ Panel 1-3 shows/the components of an airfield. Runways, taxiways, aprons,
- ‘ and hardstands nofmally have a pavement built on a stabilized or &:ompacted
< subgrade Asin road constructlon (panel 1-1) airfield pavements include a surface
- course over a ! _caurse of selected materials with high bearing
-7, capacity.
. ‘ ¢
v s ‘
Y \
® g :

Y
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(1) 10 (2) 1000%3) 1000 (1-30)
FRAME 1-31.
~ Runway length must also be increased as temperature increases. If the TGR

is less than 5,000 feet, the runway length must be increased by (1) ____

percent for each ten degree increase in temperature above (2)

degrees.
&
; ’
N~
— . ,
) &
(1) 10 (2) 100 (3) 135 (1-41)
FRAME 1-42.
Taxiways for support type Army heliports to be used by CH-47 helicopters
are built (1) . feet wide with (2) _- —
foot shoulder width and a minimum of (3) feet lateral
clearance. '
3 .
!
- ; - -
A\
1-20
23




Set 2. Roads
(simple) (1-9) :
FRAME 1-10. ’ ' ' - .
P&nels 1-1 and 1-2 combine cross sectional and perspective views with the
gpecifications for ‘a military road.. By referring to them in study frames 1-10
s:hrough 1-19, you will become acquainted with the .more important constructlon

requirements for mllxtar} roads. You learn, for example, thata turnout is réquired

every mile when building a single- lane road. e
Culedy
g .

e

.
.
5 \g

(base) (1-20)
FRAME 1-21.

¢ Shoulders and overruns are normally constructed of materials found in place

at the worksite; only clearing and obstacle removal are necessary in the approach

\\ zones. In the approach zone, (panel 1-3) obstacles extending above the prescnbed

angle must be removed.

1-21

« N
24 e .
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() 4 (2) 59 (J-31)
. FRAME 1-32.
Required runway length, 'based upon aircraft TGR, is further increased by

addition of a safety factor. ThlS safety factor s (1) __

for rear area airfields and (2) _ . for support and forward

area airfields. :

.

(1) 25 (2) 10 (3) 125 (1-42)
FRAME 1-43.
For support type Army heliports designed for OH-6A helicopters, parking

pads are (1) = féet in length and (2)
feet in width. Center-to-center spacing of these pads is (3) g
feet. & .

.

L 122 .




1 (1-10) ' : .
FRAME 1-11. .
The roadway is the width that 1nc1udes the roadbed plus cut slopes or fill

slopes Specifications require that an additienal feet be

_cleared on-each side of the roadway.

s Tujg b.acy bottom of page 1-3. .
. 4

o

I,
T AR

(glide) (1-21) o
FRAME 1-22. _ o | N

Depending e available and.the intended usage, Army airfields are

built to one of three d%sn classes: forward, support, an<§ rear. Panel 14

(appllcable tg frames 1-22 th ough 1;29) is a table showmg these a‘rﬁeld desugn_

ways is __- feet. . S
’ -
JER v Turn back to top of page I-4. .
- 3 .
K . A
p— \ Pt [
[ ] L. 4\:" _ .
‘ s . °
. - @
4‘ *
g E) .
s f - N
l
. . . . \ , o
1-23 = .-
Plapet
. <6H
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. _ T, ' . (' .‘ T .. S
(1) 1.5 (2) 1.25 (1-32) o ‘
FRAME 1-33. . ' T

The tefm ‘‘effective gradient” means the maximum difference in 'elevatio;}\‘ B
along a runway, divided by the length of the runway, and is expressed in per- "%
centage If the effective gradlent of a nunway exceeds two percent, the runway
length must be increased by (1) percent for each one

percent it exceeds (2) ' percent.

Turn back to bottom of page 1-4.

]
L
)
P
K

(1) 12 (2) 12 (3) 55 (1-43) )

FRAME 1-44. .
. F'or all type of heliports, the minimum length of the approach-departure <«

zone is (1) » feet, and the minimum length of the takeoff

.- o
safety zone is (2) feet,

. ~ F
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(1) 1500 (2) 500 (1-44)
FRAME 1-445.

The maximum transverse grade for helicopter taxi, hoverlanes is (1)

i -
perceat, and the minimum transverese grade for heli-

g

copter taxi hoverlanes “is (2) . percent. .

/
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) 5 (2) 15 (1-45) _—

END OF FRAMES
PANELS AND SELF TEST FOLLOW
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Panel 1-1%,
oo rpomenclature.

- A )
le - WIDTH QF CLEARED AREA — >
— ROAD WAY, -
\" f—————— ROAD BED — ——————]
ORIG NAL N X
N\~ GROUN TRAVELED WAY

DITCH

Typlcol cross ‘section and perspective illustrating road

sunn\cs

TRAFFIC
LANE

o

+SHOULD§R

VC/RBWN

= y )
(efar '\‘ﬂ }"(/ s ))\)
[N Vr-a
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.

LN
’ R
R
AR Y
! o f
fe.
|‘L .
“ \ ‘.‘ .
f od t
¢
| NN
'
' ¢
.. *
4 /:.
.
J »

-
a




. ~
\ , : Panel 1-2. Military road specifications.

Characteristics Specifications
1. | WIDTH: . | {
Traveled way (single lane) ____ Minimum — 111 feet.
Py Traveled way (two lanes) ____. Minimum —. 23 feet.
) Shoulders (each side) _.___.___._ Minimum — 4 feet.
. Clearing - .. oo o__._ | Minimum — 6 feet on each side of
. roadway. )

4
2. | ALINEMENT:

@pdes:
o
o Absolute maximum ___________ Lowest maximum gradability of vehi-
| cles for which road is built.
Normal maximum ___________. 10 percent.
Desirable maximum __________. Tangénts and gentle curves, less than

6 percent; sharp curves, less than
4 percent.

‘ Horizontal curve radius _______ Minimum — 150 f t.
R Vertical curve length: w

' Invert curves ____________.__ 100 feet minimum for each 4 percent
) algebraic difference in grades.
Overt curves _______________ 125 feet minimum for each 4 percent’
algebraic difference in grades.
‘ Sight distance: ~
{ . Stopping ... _____________ Absolute minimum — 200 feet.
Passing _ __.___ .. __._._____ Absolute minimum — 350 feet.

3. | LOAD CAPACITY:

Road proper ___ o ___.___... Sustain design numbers of equivalent
18,000-pound operations /day.
Bridges .. __ . _ . _ o _____ | Accommodate using traffic.
‘4. SLOPES: ! . 2
. Shoulders _ _____ . _.__.______ 3 inch per foot.

- Crown (gravel and dirt) _______ Y% to 34 inch per foot to & .
Crown (paved) __.__ o _oemno. Y4 to Y% inch per foot to &
Superelevation . __.____ e Y4 to 114 inch per foot.

CUt - oo o e e Variable,
) | Variable.
—— X
5. | MISCELLANEOUS: -

Overhead clearance ..__._____. Minimum — 14 feet.
Traffic volume _ ______________. 2,000 vehicles per day.
Turnouts (single lane) -------g | Minimum — every ¥} mile.

. ) 7

/ . 1-28 I
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Panel 1-3. Components of an Army airfield.

)

i
T/W's TO ADDITIONAL HARDSTANDS

,l/ . SERVICE APRON \L
TAXIWAY TAXIWAY
WARM UP APRON|
OVERQUN CUT OFF TAXIWAY ;l/ v
N - N B
APPROACH ZONE - RUNWAY o APPROACH ZONE
. . X
L OVERRUN
WARM UP APRON
. TAXIWAY \ , . }

COMPASS_ROSE - HARDSTANDS

.- N i
2% LOOP TAXIWAY

STUB TAXIWAY
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Panel 1-5. Runway length determination for airfields in |

St the theater of operations.
<«
1) TAKEOFF Takeoff ground run (TGR) for individual aircraft is
GROUND RUN shown in panel 1-4. ‘
2) ALTITUDE Increase the takeoff ground run (TGR) by +109% for
CORRECTION each 1000 ft increase in altitude above 1000 ft.
sl . . 3} TEMPERATURE Increase the corrected runway length, obtained from
. CORRECTION* the previous computation, by +7% for each 10°F in-
‘ g crease in temperature above 59°F, if takeoff ground

. K . run is greater than 5000 ft. Increase by 4% per 10°
w : X 4 above 59° if takeoff ground run is less thar 5000 f,.

! LY

ﬁ ] £ " G!‘ .
"4—’) . SAFETY o Multiply the corrected runway length from the pre- bi
. * FACTOR W ﬁ vious computation by 1.5 for Rear Area Airfieldsand - -
- Y . 1.25 for Support and Forward Area Airfields. .
> s
:jEFFECTIV E " Increase the corrected runway length, obtained from |
.GRADIENT the previous computation, by +8% for each 1% of

CORRECTION °  effective gradient over 2%. Using the aboye runway
length, the effective gradient can be determined from

' o tﬁe profile of the airﬁgld. - &

. 6) ROUND UP . The final runway length will be the takeoff ground.
b run corrected (1f requlred) for conditions of altitude,
temperature, safety factor, and effective gradlent and
raised to the next larger 100 feet

N

7) COMPARE Compare calculated length obtained from the previous
WITH computation with the minimum length required as
MINIMUM ) shown in panel 1-4. Use the greater value. .

REQUIRED

-
‘* The temperature to be considered is the mean temperature for the warmest period
v during which operations will be conducted from the airfield. ’/

A




. /
Panel 1-'5. Continved. /

Dlustrative example. The design of a support area, surveillance type airfield s
has been requested.

The following additional information is supplied. ,

. , L 4

Altitude of the proposed site ' 1600 feet
Mean hottest temperature 79°F
“The effective gradient - 3%

1. Takeoff Ground Run (TGR) =ﬁ2000’ (Panel 1-4)

>

2. Altifude Correction

10%
(1600" - 1000’) X — = 69 1.06 X 2000 = 2120/

1000’ , /

3. Temperature Correction
4 ,
(79° - 59°) X Izb- = 8% 1.08 X 2120 = 2290’
> 0°
4. Safety Factor ) 1.25 X 2290 = 2863’

5. Effective Gradient
8% .
. 3% ~ 2%) X -7 = 8% 1.08 X 2863 = 3092 ° -
9, - )

6. Round uyp 3100’

7. Check Minimum Req'd (Panel 1-4) = 3000’
S s Select 3100" as appropriate length

.

e D N

. 1-35
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Panel 1-7.° Geometric requirements for heliports' with taxi-hoverlanes. v
' _— . . oY . ‘
.o . ) T ; . g
'@ SEE DETAR A—\' Lo & 4. , .
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Panel 1-8.- G&ometric requirements for heliports with runways.
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'LESSON 1
N .
SELF TEST |\

Note: The following exercises comprise a self test. The figures following each
question refer to a frame or panel containing information related to the
question. Write your answer in the space below the question. When you have
finished answering all the questions for this lesson, compare your answers
with those given for this lesson in the back of this booklet. Do not send in your
solutions to these review exercises. '

L J

1. Discuss the responsibility of engineer units and the using unit with respect
to maintenance of Army airfields. (frame 1-6)

~
§

: A

2. Outline the six principal tasks i road and airfield construction giving a short
explanation of each. (frame 1.7, 1-8)

.

3. Make a SKeteh showing the relationship of the wearing surface, base, and
subgrade. (panel 1-1)

s

N N
4. Maximum superelevation for a 23-foot traveled way is 28.7 inches. What is
meant by superelevation? (frame 1-17) :

1—44
a7 4



5. Give the minimum widths of the traveled way,ﬂishéul(lie_rs, and clearing.
{panel] 1-2)

J -

p—

T

6. ‘Describe the 'spegfications for normal maximum and desirable maximum
grades. (panel 1-2)

7. Tell how the invert vertical curve compares with the overt vertical curve
with respect to curve lengtﬁ. {panel 1-2)

C T -

8. Give the specifications of the slopes of a road with a paved crown. (panel 1-2)

-

+ 9. Where is the overrun situated with respect to the runway and approach
zone? (panel 1-3)

10. Support your choice of one of the following alternatives for a road
approximately “seven miles- long: )

a. construction through relatively flat, wooded area

b. rehabilitating an existing dirt road

1—45
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c. building a straight-line route over whatever obstacles exist

d. constructing over hilly, treeless terrain " (frame 1.3)

©
A Y

11. The tactical situation requires the construction of a single-lane road, two
miles in length. What is the minimum number of turnouts that should be provided to
permit use of the road in both directions? (frame 1-10 and panel 1-2)

12. The minimum runway length required for the critical alrcraft to use a rear
Army airfield is 3000 feet. The runway plus overruns will have to be how many feet
long? (frame 123 and panels 1-3 and 1\4)(

Qo

13. The takeoff ground run for an OV-1 aircraft is 2,000 feet. If the airfield is to
be at 3,000 feet altitude, and the mean hottest temperature will be 69°F., what will be
the required runway length when correction§ are made for altltudeﬂtemperature
only? (frames 1-30, 1-31 and pane] 1-5)

[

»

14. Corrections are also made to include a safety factor and for the effective
runway gradient. If the runway described in the preceding exercise is in a rear area,
and the effective gradient is 3%, what will the final corrected runway length be,
‘rounded off to the next larger 100 f£t" (frame 1-32, 1-33 and panel 1-5) :

/‘




R What is the length of a support Army heliport runway plus overruns? (frame
1-39 and panels 1-7, 1-8, 1-9)

e

Y

16. What is the minimum width, in feet, for a service road for a heliport in a
forward area? (panel 1-9) ‘

P
23




LESSON 2.

RECO&NAlSSANCE AND LOCATION OF ROADS

CREDIT_HOURS . . .1 .
TEXT A‘SSIGNMEN? o __t__Y_Attached ‘Memorandum.
*LESSON OBJECTIVES

Upon completion of this l.esson, you will be able, in the followin\g subject areas to:

1. General principles of reconnaissance — Explain the purposes of a general
reconnaissance and a road reconnaissance; discuss the fo)lowing as pertaining to a
location reconnaissance: topography, soil bearing capacily, stability, drainage, use
of a geologist, w considerations of rock formation, and the two methods used
to determine road location. :

2. Hast/y location methods — Discuss hasty location considerations, the use of maps
and aerial photos, and the instruments needed to apply these methods (magnetic
compass, hand level, metallie tape, and clinometer).

3. Deliberdte location methods — Give the definition of deliberate location methods;
describe the planning process to include the use of control points, the further
-subdivisign intp primary, intermediate, and secondary control features, alternate
-plans, and ground reconnaissarce.

4. Final location — Describe the process by which final location is chosen explaining
the use of the preliminagy survey which utilizes terrain features, tentative center
line, soil classification, and maps to arrive .at the final location; also the two
methods used to actually set the final location of the road.

CONTENTS ¢

N " .

, . , \ Frames
‘ Set 1. ‘ General Priﬁciples of Reconnaissance _._.__._ N A 2-1 to 2-23
2. Hasty Lodation Methods s S 2-24 to | 2-28
3. Deliberate Location Methods ______®..___..__.__......2:29 to 2:36
4, 'Final Loéation e e im m s e e e e ee o 2-37 to-2-47
. *
- ’ (/#

R

G




’ Set 1. General Principles of Reconnaissance
FRAME 2-1. '

The purpose of reconnaissance is to determine the best possible route for' a
specific military need. The tactical commander must have vehicular mobility
Jbetween certain points. The engineer must find the most practical route to mee.t
that tactical requirement ; that 1s, one which will require the least cost in man-

hours, equipment, and construction materials. He makes a

to determine the most route.

(alinement) ‘(2-12) )
FRAME 2-13. ' .

The bearing capacity, stability, and drainage characteristics of goils are

important consideradgns. The organic soils of aiwampy area a\re the most

xcessive engineer effort
- ;

difficult to drain and have the poorest bearing capad

and possible road ‘faillure can normally be avoided when the types of e

"

are accurately idezntiﬁed during a location reconnaissance,
2 ot s

" - —




(hasty) (location) (2-24) - ¥
FRAME 2-25.
Hasty location made from a study of maps and aerial photographs, is supple-

mented by ground reconnaissance. The reconnaissance is-

made by riding or walking over the ground; sometimes portions of a route can be

located by observation from a high point of ground.

N Set 4., Final Location

{map) £2-36)
FRAME 237.
Usually, a preliminary survey (pahel 2-3) is essential to the selection of a

final location for the proposed road. In addition to the plotting of terrain features,

&

.a tentative ! is established, critjcal are
plotted, and the . ! __ encountered are classified.
14
v - 7
2-4
(4] s4e} ’ .
’ ' oW 3




(reconnaissance) (practical) (2-1} . ) v . .
A

FRAME 2-2. . SR R

X~

Iu a tactical situation, the engineer is rarely concerned with the dollag, cost of the o
road he constructs. Other adstts, however, must be considered because they aré alw ays
, m short supply for example, man-hours. The engineer must get "his work done w1t}1 ? Q_
maximum savmgs in - ‘ - , equ1pment and construc- =
tion matenals > : . ’ s .
. ‘a . o L .
N o0 ¢ . ,!
/V -
. L &
* %> ]

(soils) (2-13)
FRAME 2-14. . : . L2 .
Natural drainage is usually good dr:ainé,ge. I‘Joca:ting a road to'take advantage
* of -natural drainage also reduces the construction effort required. Long stretches

of flat ground often drain poorly Locating a road along n&ges and stream lmes !

usually takes best advantage of . 2 . o

NS




(ground) (2-25) * ‘ Vi
FRAME 2-26. - e Q

Frequently hasty location occurs simultan;eél;‘sly with construction operations.
The engineer in charge may havg a map in oné hand while indic"ati.ng the road

alinement to equipment operators with the other. Irt keeping with tactical time

limitations, construction operations are often conducted " e with

N

the hasty\loc'ation of a road.

E

{

-~ e +

- (ceriterline) (elevations) (soils) (2-37)

FRAME 2-38. , )
Frames 2-38 through 2-40 are also based. on panel 2-3. Of particular impor-

tance are those terrain features'which influence the location of the ____ |

and the determination of sufficient /

necessary for estimates.




(man-hours) 2-2)

FRAME 2-3. . '
‘ All phases of new road constructlon require great amounts of engineer effort

— partlcularly elearing, drainage, and earthwork. Therefore existing roads can
usually be repalred and improved far more economically than new roads can be
-built because the heavy mltlal work is already done. The first purpose of recon-

naissance is to find roads that can be made to meet the

’

tactical need.

R 4
2 . / | )
(natural) (drainage) (2-14) :‘,,‘:““
'FRAME 2-15. . ’ a ol

-~

A geologist’s advise on ground-water tables is especially useful in location . -
o

reconnaissance. It is also needed in determmmg effects of any rock formatlons: <
essentially to avoid extensive blasting work on cut and fill operations and the
danger of landslides and rock falls, particularly hwher\e',_clay or shale layers are

present. Some knowledge of geology helps in ideritif};ing“\t‘,roublesome rock forma-

tions and high , R - g + " thbles.




(simultaneously) (2-26)
FRAME 2-27, : , ‘
. ) . !
A magnetic compass, hand level or clinometer, and metallic tape are the only
. surveying instruments normally used in establishing d
location. These instryments are useful in obtaining data concerning alinement
. and grades. ¢ . ~
. e,
‘. - L
ey ' | s
t , ' t
) ' . j
. .‘ '.‘I ':
S o b
.. N -t "‘ 4 Eha.
T : .
N
'-q/ . \ r
v A}
|
(centerline) (cross sections) (eafrthworth) (2-38)
. FRAME 2-39. 1 | oL
All pertinent data is plotted on a which is drawn to

summarize the preliminary siurvey. Soil classification data at
' . . . N

are included on the niai).




(existing) (2-3) :
FRAME 2-4. , ) \

4 A road reconnaissance is madg to obtain information about existing roads,
primarily for immediate use and establishment of a route. It may include estimates
of the practiéability of improvément. and the engineer work in conditjoning a road
to accommodate specified traffic and loads. DA Form 1248 (panel 2-1) is used to

report the information obtained. Thjs type of reconnaissance is called

reconnaissance and is limited to roads.

(ground-water) (2-15)
FRAME 2-16. ° .

Rock formations are also important considerations in location reconnaissance
as possxble natural foundatlons or as possible quarry sites ‘for construction
matena‘ﬂ (fill, base course and surface t:ourse) When rock formations ‘are used
as a foundation, drainage problems and possible failure in localities of C:VR(%KES
limestone are possible. There are four considerations concermng rock formations
which should be noted in location reconnalssance (1) Sulta,g()ty as natural

foundations, (2) possible quarry sxtes, (3) - i -

tables, and (4) excessive. work.

-~

2-9
-
a




(hasty) (2-27)

FRAME 2-28.
Consistent with - 'requirements, hasty location is governed

by the character of the soil and topography which\will require the least construc-

tion effort for and grading.

~-

~ .

\

(map) - (typical) (locations) (2-39)
FRAME 2-40,
The degree of accuracy with which the survey is con-

ducted is detesmined by the given situation. In the final analysis, however, its

accuracy will influence the extent of the survey.
% -
’
{
._2\-— 10
59

-
”‘\




(road) (existing) (2-4)
FRAME 2-5.

A road is no better than its worst obstruction. L‘ogical procedure for im-

~proving existing roads, therefore, is to reduce the most limiting bottlenecks first.

Obstructions noted during road reconnaissance are reported in Section III of DA

Form 1248. For example, the grid references for grades steeper than

percent are reported.

\

(3) ground-water (4) blasting (2-16)
FRAME. 2-17.

Water is necessary for construction work as well as for personnel. The

quantity, iuality, and accessibility of

sources should always

be determined in a location reconnaissance.

234




Set 3.( Deliberate Location Methods

(tactical) (drainage) (2-28)
FRAME 2-29.
Deliberate location is the careful selection of the best route for a road. It is
usu:lly confined to rear areas and the construction of main supply roadss
location is based on an engineer study including evaluation of several possible

routes in terms of design standards and location criteria.

N

(preliminary) (final) (2-40) S
FRAME 2.41.

From the data secured in the preliminary survey, a final specific location

must be selected for the new road. This entire operation is called

-

_ . 2_12
Q ‘ ' IS , .
ERIC i |




7 (2-5)
FRANE 2-6. ' ~
Section II of DA Form 1248 provides for detailed information on alinement,
drainage, foundation, and road surface. The back (Sectiox: IV) of the form
px:ovides. a detgiled

> t ) {

“

(water) &2-17)
FRAME 2-18.

Vegetation affecting clearing and grubbing work js noted during location
reconnaissance. This is terme;i timber cruising. Also, the effects of clearing on
camouflage and availability of timher for cor;lstruction may be significant. Timber

cruising is the reconnaissance activity that estimates the amount of

and __ involved.




o

(deliberate) (2-29) . -
FRAME 2-30.

- In planning deliberate location of i‘road, th(? control points (locations or'
conditions which more or less dictate the trace of the road) are identified.
Naturally, the terminal points and 'the intermediate points through which the

road must pass are primary

(final) (location) (2-41)
FRAME 242,/
) Final location. is based on an evaluation (weighing) of the elements of

alinement, grade, and earthwork involved in the preposed location. These factors

would be i to find the most practical route for cbnstructio?




(mileage) (chart) (é-G) #

FRAME 2-1. ] " <
‘, The purpose of periodic road reconnaissance is to maintain complete data

on the condmon of roads currently in use. The lnformatlon obtained is normally
.posted on a sxtuatlon map. [ To insure that roads are NOT maintained longer than

needed, maintenance requirements based on road recon-

naissance are coordinated with the principal users.

¢

:

 (clearing) ‘(grubbin‘g) (2-18)

FRAME 2-19.
Ease of future maintenance is a factor. In areas of rain or snow, locating

o

the road on the sunny side of slopes and canyons minimizes the possibility of

the road’s becoming impassible for long periods and eases work,

bl
. -
- [y

4




=
‘(control) (points) (2-30) ) '
FRAME 2-31.

‘ Impassible lakes or swamps are also classed as control

~—

points. Deep organic soils in marshy areas should also 'be noted because roads
built in such locations take extraordinary effort and are likely to fail. Once these
features are located, the engineer may sketch or visualize_the most direct remain-

ing route_ketween the essential terminals and intermediate points.

~

! . >
. 14
. / .
- ~
* \
- .L -
\ > * -
b &

(weighed or evaluated) (2-42)
FRAME 2-43.

All tangents and curves involved in the horizontal positioning of the rpad are
P Ly - .

<considerations of ' ; the rates of changes (elevations) in-

: volved in the vertical p051t10n1ng profile. of the road are consxderatlons of

; and the extent of cuts and fills to be made are considera-
£ am Lo

tions of -

? . ’
. . z




oyt T

(periodie) (2-7) | g .
FRAME 2-8. S

In active military o.perations, new road construction is( avoided whenever
possible, and in all cases it is held to the necessary minimum. If detex'fnining the
location of a new road is involved, the specific ternﬁs location reconnaissance,
' Only’fter the possibility of using an existing road- has been eliminated, is the
coﬁétruétion of a new road undertake;. When a new road is deter;’nined tB be

necessary, the first step is _ reconnaissance.

(maintenance) (2-19)
FRAME 2-20.
At times, tactical and engineering considerations are in conflict with the best

£ 2

locati(;p based on the preceding criteria. In these cases, the locatio% criteria must

= B3 -
N . . g0 ‘ . .
be subordinated. An overriding consideration, for example,

* is that the road must be ready for use when the situation requires it. Improve-

ments may be effected at a later date.

I RENEE
2

AL ’

2-17 ] N

H6 .

s
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.

R
(primary) (intermediate) (2-31)

FRAME 2-32 ]
Secondary coqtrol features are those which present the most likely places
for the road and which avoid difficult construction. Saddles or gaps which permit

crossmgs between ridges and river-crossing points are examples of

control features Where a road can follow general contour directions, construction

%
is usua'lly easier. Such.sections become tertiary control features.

“\

(alinement) (grade) (earthwork) (2-43)
FRAME 2-44,
Two methods are employed in final location — field location and paper \

»
~

Idcation. Working out the location of the road on the ground, using the pre-

liminary survey alinement and ‘profile as a basis for development woulybe

N
.
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may require disregard Of certain i favorabIe locatlon X . e
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(location) (2-8) L ; AR .
FRAME 2-9. : . o T ‘ -

r :

{

2
Location reconnaxssance has® 4s its mam. obJectlve that

road that will hold up under anticipated traﬁlc and provide optlmu,p('s\ratmg J“

location of a new R

conditions with a Judlclous expenditure of engineer effort. Severa] location gnteria.

are followed as closely as posslble during (1) . . rezonnaissq.nce% e

Sometimes one factor has to be welghed agamst another since few locations meet -

all (2) . . N\ : ’ . ‘ . .
- 'y s e , ®
¢ o
oL ) @ . .
» %
’ /" < ] -~ ~y
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(tactical) (2-20) : g 5 7,
N ‘ v .
FRAME 2-21. . . . e

Convenient sites for deveiopment as biv’ouac areas and shpply points may be
1mportant tactical reqmrements, as well as provision for artlllery(, and armor umﬁh .
to leave the road to fire emergency missions. The latter would’ also enabﬁ traf’ﬁc .

usmg the road to take ce;er in the pgvent of an air attack These taetical needs




(secondary) (2-32) ] ( .

FRAME 2-33, : :
The engineer study is NOT confined to single possibilitigs, but visualizes all

alternate plans and the connectiné of control features in various conceivable

fashions. When certain control features must be ignored in selecting t\'\e final

Nocation, tertiary features are dxscarded before secondary and -

features give way to

(field) (location) (2-44) - - .. R
FRAME 2-45, . o

Planning the location on a topographxc map preparlng suitable plan, profile,

and cross section drawings; and then stakmg out the planned location on _the *

» ground according te the drawings would be-_ _ B




.
. | ey N

PP SRR

(1) location (2) criteria (2-9) B N
%4 R
FRAME 2-10. Ry tL

Locating portions of the new road along and p‘:(er existing r:E)ads, railroads,

or trails'is always a primary goal. The use of ' facilities

[3 . .
shortens construction time and, in many cases, provides better roads than can

be built from the ground up in the limited vailable during

S

combat operations,

.

(criteria) (2-21) . .
FRAME 2-22.
In some cases, economy of engineer effort may dictate choosing a location

* with less desirable location . Where the anticipated life

usage falls within a predictable dry season, the criteria for
may be disregarded.

( ' .

*

s%

2-21

- et
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(secon&er) (primary) (2-33)

FRAME \2 34. .
Fgr each .xoad location vnsualxzed the engmeer considers the various location /

cntena‘cleanng cuts and ﬁlls drainage, almement and so forth. Most of the

work to thls pomt can be dohe from maps or aenal photographs, which then

indicate where detalled J reconnaissance can be directed to-

" ward the most pr‘omlsmg possibilities.

Loy
“

P

(paper) (location) (2-45)
.FRAME 2-46. ‘

Paper location permlts adjustments aimed at securing better alinement and
obtammg less severe grades as well as simplifying drainage problems It is easier

to adjust the _ and ' on paper than to

expenment on the ground. \

e



.
)

. ‘\
— 4 ) K

(existing) (time) (2-10)
¢

FRAME 2-11.
Topography _ (panel 2-2) is especially important to road location in moun-

tainous terrain, where changing alinement and extensive grading (cut and fill)

are usually necessary. Natural contour or stream lines are followed so far as

practicable. When a road must cross a ridge between two valleys,

is a criterion of particular importance,

(criteria) (drainage) (2-22)

FRAME 2-23.
Map reconnalssance and ground reconnaissance are two methods used for

determining road locatwn Study of maps and aerial photographs can readily

ehmmate obvxously undesu‘able routes and indicate one or more possible routes
reconnalssance might be made, minimizing wasted

. '
|
reconnaissance supplements

where _}

effort IH the final analysus
ground reconpalssance, and one or both are employed with location reconngis-
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(ground) (2-34)
FRAME 2-35. 4 ’

Actual gr(l)und reconnaissance of the site (or sites) tentatively s:slected, con-
centrates on specific information requiring close scrutiny. For example, grades )
to be encountered are estimated, and timber cruising determines the clearing
_effor‘t required by sar;lpling 10 percént of the area. Tree diameters at breast
height (DBH = 4.5 feet) are recorded aloug the clearance width of the proposed

roadway. Timber cruising must be done by reconnalssance

Sampling 10 percent of the area and applying the result to the entire area is

usualiy sufficient coverage. In sm#ll areas a 100 percent cruise may be made.

(alinement) (grades) (2-16)
FRAME 2-47.

If time permits, the paper location method of determining the final location

of a road is preferred. The time spent in the preparation of a *

is repaid in better alinement and is directly reflected in both
the decreased engineer effort needed for construction and the increased traffic

capacity of the finished road.




- &
(topography) (2-11) ' /
FRAME 2-12. )

Curves lower traffic capacit: mstitute hazards, particularly at the bot-

tom of hills and on steep grades. £. ¢p curves at the end of long stralght sec-

tions of road (poor alinement) are also dangerous. Road %}“ is a

particularly important criterion for road locatlon in rugge nterram

Turn back to bottom of page 2-3. %

a

Set 2. Hasty Location Methods

(ground) (map) (2-23)
FRAME 2-24.

- " In forward areas, the tactical situation usually requires the hasty location
of a r9ute over which the road,can be most rapidly .and easily constructed. Time

is mo?st always the controlling factor, therefore,

is largely hased on a study of maps and aerial photographs.

i
Turn back to top of page 2-4. ;

. 2-25 . . >
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(ground) (2-35) ’ )
FRAME 2-36.

Soil gradations, stream conditions (width, depth, and velocity) at crossing
sites, availability of construction materia}s, and approximate balance between
cuts and fills are among other items recorded. Ground reconnaissance may un-

cover discrepancies in the from which the site was originally

selected. The effect of such errors on the selection must be considered.

Turn back to bottom of page 2-4.

\ —.
& \

-/

(paBer) (locatién) (2-47)

.

END OF FRAMES
- PANELS AND SELF TEST FoLLOW -

’ . 2-26
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Panel 2-1. Example of a standard road reconnaissance report. ,
’ . ® -
ROAD RECONNAISSANCE REPO Orre
(FM $5-36) RT /2 ARueusT. /77-’7
Y01 (Headeuerteres ordering uco:'m-ln-nn) FROM (Neme, grade and unit of oftfcer or NCO making teconnslssance)
S-21 /ISt £CB i Ve I JoAr / 24 /75U ECH
1. 8, COUNTRY 5 scaLk C WEFET NUMBER OF uAns/) 2 ?OA'YE‘/YI'ME)ONOUP
MAPS . ; 1753 S//EET \5-5-(’ ofgnatwre
VIRGINIA  ALLANDALE * |1: 28000 7 Sw. AMS i /0/30R
SECTION | - GENERAL RDAD INFORMATION )
3. ROAD GR10 REFERENCE 4. ROAD MARKING (Civilian or Militery rueber ot rosd) s {LME're‘rou 3:‘ R.C:Ao
FAOM TO . epecily) ‘
Goso2d- 114100 |3150b0-294 js50 | FAIRFAY CLd ¢ gmees | .
S. WIOTH OF ROAOWAY (Feet or mﬂtn. epecily) 8. WEATNER OURING RECONNAISSANCE Tinclude leet retnfall, if known)
l¥-20 FEET , .
HoT . DR o
. 1R RECONNAISSANCE ~ / 2 / 75 ;/ LAST RAIX
~ - Joave g Fime ¢ .
JT
JIfobusT /960 - |.0800 =12 60 ABoT /S TUN I96o )

SECTION i . DE,T‘ILE’D ROAD INFORMATION (Whdn circumstances poermif moce defeiled information will be ehown in an ;,‘ g
avarley or on ik milesga chert on the revarse side of this form. Standard symbols will be used.)

b.- ‘ALINEMFNT (Check oné DNLY) 10, . DRAINAGE (Check one ONLY)
(1) FLAT GRAOIENTS ANO EASY-CURVESY t1) ADEQUATE OITCHES, CROWN/CAMBER WITH MbtouAr: .
i . ULVERATS IN G [T ad]
(SLSTEER CAADIENTS (Licase of 7 in 100) N K € 000 CONOTION .
3) SHane cunvcy(Redida leee than 100 {1 (Jum)) e 121 INADEQUATE DITCHES, CROWN/C AMBER OR CULVERTS,
_ < — IT3 CULVEATS OR OITCHES ARE BLOCKEO OR OTHEA:
/ t4) STEEP® GRADIENTS ANO 3KRARP CURYES . \ WISE IN POOR CONTITION
1" R ~ .. * - 7'  FOUNDATION/(Check one ONLY)
— - \a
(4) STABILIZEO COMPACT MATERFAL OF GOOO QUALITY (2} UNSTABLE, LOOSE OR EASILY OISPLACKD
v .’ . M . MATERIAL
ad N -
12, ~ 'SURFAZE DESCRIPTION (Completa tteme 128 and b)
. ‘ - ~ THE SURFACE 13 Check one ONLY)
7
(1) #PREE OF POTHMOLES, BUMPY, OR AUTS LIKELY TO 12) BUMPY, AUTTEODO OR POTHMOLED TO AN EXTENT LIKELY
Id REOUCE CONVOY SPEED .o TO AEDUCE CONVOY SPEED N
p. - TWeE OF SURFACE (Chack mlﬂVLY}
t1) CONCRETE ‘ .’ . . (§) WATERBOUND MACADAM
12) BITUMINOUS (Spacily type here dnown) Jdmemavel N
- ’
L (8) LIGHTLY METALLED
| SEE miteAasE CHART | s
. 19 NATURAL OR STABILIZED SOIL, FANO CLAY, SMELL,
. 0 CINOERS, ODISINTEGRATED GRAANITE, OR OTHER
15) BRICK (Pava) SELECTEO MATERIAL >
t4) STONE (Peve) M 101 O THER (Deecride)
18) CRUSHED mOC K OR CORAL B3 ’

SECTION 11l - OBSTRUCTIDNS (Liet tn the columne delow perticuiare of the folowing obstcuctione which affactt traffic capecity of & road.
vt Informstion of any fector cannot De eecartained, Insert “'NOT KNOUN'")

(e) Ovuhcld obetructtone, lees 1han 14 feet or & 25 metere, euch se tunnete, dridgae, Overhead wiree and ov-!hnnlln‘ bulldinge.

(8) Raductione in road widthe which Iimlt the (reffic capacily, euch 86 cratare, Narrow dridges, archwaye, end Dull N,

(c) Exceselva gradiente (Above 2 fn 100) . .
(d) Curvee lese than 100 feet (1N metere) in radive) -
(a) Foede N
/
SERIAL
NUMBER » PARTICULARS - GRID REFERENCE * - REMARKS
" 1] . < d
12 = —
'STEEP CRADE - ¥ 7% /P 41t LoiNG~|doS100 ~ 1942150 .
EAST, 0L MILE ([ onNg o i
7o - . r
SERIES o< SHARP CURVES of Las- LI5S0
3 |STEEP GRADE. 7 LowN Hire 308 000-293350
CoINlL EAST . ’
. .
. s

‘_m ‘F"gtll“ 124 8 DRSVI?\)I COTION OF T IS FOKRM iy c'uuo;.tt( .
: 2—-27 ,
. v

me o N | i '
% .

» -
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: : ¢ -
- Parél 2-1. Continued.,
&
. SECTION IY . MILEAGE CHART
ROUTE scaLE \ DATE
™ AR FAX PARK ° Gui Foeo 3'/ =/ MLE | 12 QUG 1970
ROAD INFORMATION J DISTANCE I ROAD INFORMATION
MILES 10 KILOMETERS
r q h
9
4
\? .
. ]
”\
- 7
70 MAIN' ST GUILFORD
6 . ’
“ . v >
A18/22 FT K ° BuILD upAzEA(FzAucomA)
. . . . s OVERPASS DoumLe TeacK RR
. t
K 355 OVERPASS RbuTE 350
. JUNCTION ROUTE GI7
{
t 3 LY
* \ch 15/19 FT X 2 £5 BRIDGE :a/’]— zvo“/AY
) : . (Ac,cc‘rnu’() .
i 2
.
L o
: - ' ,
’ o0 JuNcTiON RouTE 638
A14/18 ’ .
° FAIRFAX PARK ROUTE'103]
,R_EMANKS -

: A ' 228
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Panel 2-2. Considerations of topography in road location,

AVOID EARTHWORK)\;}ND ROCKLVORK

FOLLOW CONTOUR LINES

=2
> -;’7,::_7.:("35\_".

»

M-/‘gc -

”~

<> AVOID STEE?
N~ A o
Y, GRADES T
S 20\
’\'\ - M k
‘S M ‘\'\ ; \
U . R
STWT o \ T tsTream unes / AVOID CLEARING
~—_. T 14 ~ r" M
\\’,,/ . / { A >
.- Ja"-\tl ) \ / 1
(VI e ’% ¥ 4 , !
/.l AVOID LOW :’/ﬁ\/-'/ S s 3
"\ GROUND ¢ ' < /\"\ \
g\ S o
v 2 ‘
v W \V' i //(/ /{ ,I y - \ / -
e ’ ¢ N
=N S :
—
P ' \ /
\ "// CONNECT POINTS ABC WITH A ROAD NET
! —— —— — — —— BAD LOCATION
V‘ aswasepsmeswmaes GOOD LOCATION
’ ® |
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Panel 2-3. Preliminary Survey.

L]

1. The purpose of a preliminary survey is to furnish data needed
for final location studies and decisions. It mcludes but is not llmlf.}d to
the following: .

a. Establishment of a tentative centerline, staked out to the
degree of accuracy required for the given situation.

.
-

b. Prominent terrain features (such as marshes, swamps, rock
outcrops, or dense woods) which influence centerline location are plotted.

“¢. Elevations of key points which determine grades are plotted,
and cross section elevations, sufficient jn number for, making earthwork
estimates, are determined. ‘

-

d. Field cla§siﬁcation of the soils encountered.

2. Usually a map, showing the proposed centerline, the elevations
of key points or contours, significant topography, and typicalﬁ cross sec-
tions, is drawn.fo summarize the survey. Soil classification data is shown

- at typical locations on the map,

3. Sometimes the preliminary. survey becoMes an almost mdlstm-
guishable part of the final sufvey, ‘Bui‘ usually it is geparate and distinct.
The care with which the prellmmary sux‘vey is, accomphshed however,

influences the extent of the ﬁﬁab surVey ""/‘ by

V\ \" ~

w5 ~
\ ‘-“Ve,‘ s haE

r,‘\..“'
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LESSON 2 ' (
SELF TEST

Noté: The following exercises comprise a self test. The figures following each
- question refer to a frame or panel containing information related to the
question. Write your answer in the space below the question. When you have
finished answering all the questions for this lesson, compare your answers with

those given for this lesson in the back of this booklet. Do not send in your
solutions to these review exercises.

1. Roads permit mobility essential to success in military operations. In

selecting the route for a military road, what is the most important factor to consider?
(frame 2-1 and 2-3)

¥
2. The road recorinaissance obtains information about existing roads. W,élat
information does such a reconnaissance aim primarily at producing? (frame Z-4)

' f\-‘v &
3. What ite(ms of info’rmation reported on DA Form 1248 properly belong in
section II? (frame 2-6~ind panel 2-1) ’

a

. s s
.
» M ! 2
, . ' »
.

4. \What are the reportable items of section III of DA Form 1248? (panel 2-1)

~

S~
- 0_;




’l’.’ \. «m . i ..
- r{ - ) L. - .
R DS
5. Periodic road ruonn.uss.mce provides mformat:sn to keep the situat map )
"up todate. Why do «ngineers need to coordinate thls activity wffh units using. the
road? (frame 2-7) . R
/ & —_—— - d TR
- Q @ ° ) .
j£] ~ —a L s .
. , ) 7: L] , . . ' '.. LI
R . \ -
6. Reconnaissance for a new road is made only after all possfble existing roads‘ K
have been eliminated from consideration. What type of reconnalssance is the first )
step for a new-road constructlor& (frame 2-8) . N - C e
N “' o T
, , ) e !
—T /,_ -
a” 2 . . : ..
7.% In locating a portion of a new road, support your choice of one of the fol- )
lowing: * . . w LV "
a. through a flat wooded area’ L
™ b.onan abandoned railroad bed T ) ’ ”,
N ¢. along the side of a rldge ) > .- :‘\-f% )
. ., d. over aridge between two valleys’ ' “(frame2-10) T i
— ,L e *
,
. ‘i < T ) . 3 R
. '2-
. - - — AN ‘4 ‘/ IS

’ . -

8. The reconnaissance team must know abeut soils to locate the road on stable,
well drained soils of high bearing quality. What type of seil.makes a poor roadbed if
" present in appreciable amounts? (frame 2°13) . . . -

/

P
.

-

fewpoint, ‘éxplam which of the following 51tes wqyld
rainage. 8

9. From an engineer
probably afford the pooxest

v

" b. thrO}h a flat wooded area S ,
; 2 33 o -




\ - L]
b ] ) ‘ ‘
¢. an abandoned railroad bed o
N . d. along the side of aridge (frame 2-14)
LI ’ * .
. . h\/ . N
r .
4 * é
. 10. In making a location reconnaissance it is essential that certain terrain °*
w characteristics be 1dentified. Explain where a geologlsts advise might be helpful. =
v (frame 2-15). 9 . . i
) ’ - &
. o
e 4 4
, X T
11. Besides possible use as a 'naturgl road foundation, which considerations -
should be noted with regard to rock formations. (frame 2-16) .
’ \ , . . . .. . . i
- S . e Ve .
. Y c N
R . ’ L e S
f2 Why, is the criterion of locating roads on the sun‘ny side of s’lopes considered
good practlce" (frame 2-19)
. : -
- - .~
N % ¢ e N
° B ’ - ¥ - .
jﬁ. . N - ' . . °
- \ : 13 Under what conditions should locatioh criteria be subordinated in favor of
. tactlcal conmderatlens" (frame 2-20) . y .
. : A \ » ) N '\ - .
. ) : N :
¥ / . \
o = \
" N o T — N W, 4@’\ * < \\l - Ny
. R \\\

- 14, Roads shduld be located so that’ vehlcles\ can leave the road easﬂy at fre--
quent irtervals, "What is the purpose of thls consideration? (frame 2- 21)

-
- Lh

. LI

-




-~
<

reconnaissance? (frame 2- 23)

g \

15. What is the wor.kmg relationship between map reconnaissance and ground

\ ™~
N w

16. The selection of a route for a road in a forward area (hasty location) is
largely based on a study of map and aerial photographs

What usually supplements
this-study? (frame 2 25) -

-

/
Vs - — ; -
) °
/s . v
VAR T .
Il t -~ - .
17. In deliberate location an engmeer\stuEy is made to determine the “bes} .
route for a new road. What consxderatlons should be included in the engmeer study? .
frame 229 ‘ : ~ - .
A ) . e ‘ X
¢ . ) - "SR - . 8
\ A ~ \-~ i \\:? Vs
- - . - . R .
2 _ / ~ - ¢ . i
hd W] i ‘-.,%‘ S v 3
p / N .o . : P
. 48. Certain features along a proposed route control road location. Far example,
the termh*al pomts where it starts and ends are prlmary control pomts _Describe
other } prlmary éon«‘.rol pomts (frame" 230) o A s
, . , .
R N o~ . ,g . / s
v !\._“\ ~ L~ - . 1 N\ 4
. < = = 7 o~ o~ yACH ] i g
-y v \ \ é‘\ L4 ” ‘{ ’ \l //' -
b . R N 4 Sy . I T A
N - \ ,\.‘ g N o= | 9 4 / ‘,‘ . - J W
\\ ! ) 7 . Y. . .. ,’ e V.
. ~o - A o
a* ° - e ‘," “A ~ i ’) ’./."::" " "’.
B 17. ! / v”‘" »° e
19. An indication of how features are classxfled is by im rt) G e- an/, p
oy N %
example of third order control features. tframe 2- 32 and ﬁ'anel L A - :
i '/' - ° " 4 '
7 A )
’ . ’ ~o. ) ,{:’9 . /w e e // +4
- 7 — — = =, ./ .
- L
) . R / / < )
° o [N At ‘. 7 - . A v z
’ R o /‘ . r N 1.
’ g Ve - R
'¢ " t A P - "/ ! : ,"‘ ’ {..';.'-’
. T I ’-,o . .'.
] . ‘ X - .7 .
N e 238 : - e
) . .o (d \1 . A / (- M
" v - ~ L * . v /' D v .
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4
9 “ ;
' —

«

20." The engineer visualizes alternate plans and\[someumes must favor certain

' u)ntm] features over others. When certain control features must be ignored in

seleeting the final location, some control features are discarded before others. ‘What

; . 1\ the order of importance of. contml features wgh respect to final location? (frame
' 233 .

s . ) . .
! ! . ~ ’ . P

&

/ .
: roeth ’ : : :
P ‘ 21. When a road through a wooded area is considered, the clearmg effort
mx olved is usually estimated by timber cruising. What is the normal basis, in percent,
for such an, estimate? (frame 2-35)

- T - ? . .
. .
> - N .

./
o -22. Usually, a preliminary survey is made to fu‘rmsh data for final location
. . studies and decisions.« In which, way is the. prellmmar) survey usually summarized?

‘tframe’ 2-39 and panel 2-3) .
.s' /J )
- 4 / N L] * . .
L A
L ., -~ - . P . . 3 —
w y ’ \ o, . 2

° ’ //" Pld
-, / v
v/ L \ . - . )
7 .~ .+23. I0 determining-the final location of the route for the road, certain elements

., . are weighed to find the. most practical routp. List those elements which must be
pand evaluated. (frame 2-42) -°¢5;  __ R . _
P ’ . * B .0
. . . 5 -7 L. ) D ‘, )
. = R l - N
C S AN >
N ‘ * .«
‘ Xy © ‘ - : PN

24. The two‘ methods of determinjng final locdtion for a road are field location
and’ p,aper location. If time permits, the piper locatlon method is preferred What-is

the prxnmpal advantage of the paper location method? (frame 2 47) ¢ '

- :
. ~ - . L

. R .-
. e ~ o N .
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s . 4 °
’_./' < . f-," * . '
-8 § .lf - f '
. . CE I B
PR )

. 25.. I?anel 248 a map indi(:atirfg four possible routes for a néw road connecting
with existing roads at’' X and, Y. Weighing the loc,zltion criteria, which is the best
route for final location of the road? Explain your choice. (frame 2-34 and panel 2-4) /
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A AIRFIELD RECONNAISSAKICE AND SITE "SELECTION - v
u% ' . - ) * ¢ \ ‘
* CREDIT HOURS ] a a
) "« JEXT AS%SIGNMENT - JAttached Memorandum. ’ ‘ -
- LESSON OBJECTIVES :

Upon complgtion;of this Jesson, you shoula,;fn the following subject areas, be able

Lto:

e,

<

° . ( ® 1 . : .
1. Types apd *e']emen'ts of airfield reconnaissance — Describe the difference between
airfield and road regbnnaissance, explain the classifications .of airfield re¢onnais-

sance (area, specific and hasty or deliberate)..and tell of the importance of proper

4 LY
briefing and tirhely rgpor,tSn S

. 2. Steps in airfield rebpnnaissanc;!'—L Describe and explain the six steps involved, in .
" airfield reconnaissance (planning, briefing, preliminary study, air reconnaissan%ex; N |
ground reconnaissanee, and reporting).

3. " Map reconnaissance, and airfield siting téxﬂplgte — Discuss the need for
preliminary studies and the procedures used in map reconnaissance, to evaluate -
potential sites apd demonstrate the use of the siting template. -

» L A

1

. . 4 . . - - .
4. Air reconnajissance — Descrilfe the air reconnaissance team, the job of the two

members, and the procedures followed in an air reconnaissance. . .

* &
hd »

5. Ground reconnaissance — Describe the-sequence of a ground reconnaissance, jobs

required; ‘major items -to verify, rough surveys, and the general procedures

. foll(Tv?l(g rough surveys (runwa¢ location and staking of centenline).

6. . Rec’onnaissan\ce,,reports —vExplain the procedure usedMh ‘making reports and
‘be able tg fill out reports of air recorthaissances, of undev?oped airfield sites, and .

captured&énemy' airfields. - . z .o PR

L

P

7. Basic site requirements — Describe the site Selection process andsfhe major -o®
v requirements for airfield sites. ' ' U

E
¢

. Applicgti_oh'Of site selection requirements - Apply the various c'ox{sllderations.
requiredin site selection (availability aﬁ‘ adequacy of supply -routes, approach
zones, mental hazards, meteorological conditions, hydrological conditions, top-

4 - ography, soil characteristics, ground defense, and water) to analyze the seleétion )
of a given airfield site. : .oa T
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7 - §et/1. Types and &Zlements of Airfidld Reconnhaissance - __.____. 3-1 to 3-8 "
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. -(air) (greund) (3-16)

Set 1. Types and Elements of‘Airﬁeld Reconnaissance.

~

-

"FRAME 3-1. ' ‘

-

Arrfield reconnaissance differs tmm road location rownnalssdme in tw<) major

¢

consxderatlons First | dll/i”‘ﬁ(“]d ])I‘OJL‘L[ mvolves more manhours more equip-
nrent hours, and more material thdn a road prOJect Secondly: - air trafﬁc by its
very nature, ir.poses more severe design_ criteria (see pane] 1-4, lesson 1) than

/ *
does vehicular Lratﬁc In the mterest of overall econom\ b

reconnaissance requnres an even greater degree of certainty that the site se]ected
is.the best site available* than does . _ & - —— - _location reconnarssance.

¥

FRAME 3-17.

The last ste;‘)'in airfield reconnaissance is that of (1)

This is a contmumg requxrement and the 1mportance of prompt, accurate, and
complete reports cannot be overemphasxzed Reconnans§ance reports must be

submltted to higher headquarters m accordance with the (2) - -

schedule, established during the briefing step.

LY 2 *

L.

O ' . . .

s

¢®




Aruitoxt provided by Eic:
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t Set’'5. Ground Reconnaissance.

,7§\? .
(passes) (questions) (8:32) i

FRAME 3-33.  « -~ | ST <

A previously discussed, airfield ground reconnaissance is preceded by two

N

- * . . . M .
other_types of ‘'reconnaissance.’ These are and
reconnalssance It was seen that these two t}pes of reconnaissance discover or
» +
reveal those specrﬁc sites that merit __ % ' reconnaissance.’
" '/‘ . 'z‘w\
Q’ ) . i}/ s
P 4
<’ : -
. .
14 R 3
] o i
¢ toe -
A * id L d
4 o '
N ’ o 7 .
s ¥ Ld -

e

(possibility or potential) (expansion) (3-48) ..

‘ t s

FRAME 3-49. _— o . .

In general, the factors to be considered in site selection for an Ar'my airfield

are less demanding than those requlred for hlgh performance arrcraft of the

-

requ1re very shert ground take.off and landing rung. Therefore, Army arrﬁelds

can be constructed. thh shorter and narrower = . _ Less grac}mg

is negessary‘and steeper slopes ma} be_used for Army alrﬁelds (See panel 1-4,

Air Force. Army aircraft are light Neight have a very low tire pressure, and .

.
“lesson 1.)" - * & T L . : . .
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(airfield) (road) (3-1) ' ‘ .
FRAME 3.2. ” -

It was seen that roads had to be both feas‘ible engineerling-\irise ar;d adequate.
to accommodate the vehicular traffic to which they would be subjected. So mustl

airfields be both feasible (1) . N ; C e and

suitable for }he air traffic which will use them The dlfference 1s one of (2)

. air traﬂic imposes more severe (3)

-

than does vehicular traﬂic

//7
v
. /\ | ‘
Set 3. Map Reco’r?naissbnce and Airfield Siting Template.
(1) reporting (2) time- of-report 3-17) . ° . “
FRAME 3-18.. _
-As a part of its (1) N (frame 3- 12),

the reconnaissance party conducts a map reconnalssance of the area or sxte in-

volved. When the land or sea front is advancmg rapidly (2) __-

-

is also advanta:geous in selecting tentative airfield sxtes

within enemy territory. These sites may be exther undeveloped potential sites or

operating enemy mstalIatxons

P ! 3




(map) (air) (gro und) (3 33)
l-RMﬂ" 3-31.° .

As in air reconnaissance (frame 3-29), enroute to the site to be investigated, .

Iy

the Teconnaissance party should note and properly record -

routes. Th+y ».oulQalso no}e the location of __ materials and.
the posx‘ilon of potentlal wdter pomts. B
o \ ' .
- :'_
( Ay
' ’
: .' :
- ’ i
! ’ . L3 i l .
- - ” ki
[}
t -
(runways) (3-49) N
FRAME 3-50. - 2 R —

For er’h%ent operation, an Army airfield shm&d be located near the unit it
supports. Generall), the *eloser the unit air ipstallation is to its unit command

. post, the more (1) “ the umt commandédr can use hls aviation

mission. Therefore, an Army

section to assist the (2) 7
" airfield must be located (3) __ / the unit it supports,




. a-
(1) engineering-wise (2) degree (3) design criteria (3-2)
FRAME 3-3.

A s
Airfield reconnaissance may be classified as either area reconnaissance or

specific reconnaissance. The first of these classes% to a search conducted

over a wide to find a suitable airfield site. The second refers

- N - o ‘-
to an investigation of a site, such as a captured enemy",

*"airfield, or a particular undeveloped but potential airfield location.

-

L .

(1) preliminary study (2) map reconnaissance (3:18)

FRAME 3-19. .
For best resﬁlfs, map reconnaissance must be conducted in an orderly fashion

.(panel 3-1), The first step in map reconnaissance is to select the
-~ of the area in which the

available

. new airfield is to be .located.

- f N




(access) (construction) (3-34) Y
FRAME 3-35.
When a deﬁmte site is mvolved a more detailed observation of access routes

should be made: For example (1) capacities and (2) -

clearances must be cHecked; the capacity and suitability

-

of raﬂheads and 51dmgs for uge in connegtion with the construction must be in- :
vestlgated and a detalled;—epﬁt of’ the (3) ——and (4)

of construetlon materials must be prepared.

. .
P '
(1) efficiently (2) unit (3) near (3-50) . T
FRAME 3-51. : R S

All exi8ting f‘acilities within the allowable area of site selection such as roads,’ i
abandoned airfields, parking areas, buildings, and so on, should be \investigate’d.
The usé of long straight stretches of7existing roads as a “center core” for an
alrstrlp should be considered, especially where existing ro;.ds occupy the only
favorable 51te within an area. An important basm requu:em/nt in airfield

: is the mvest1gat10n of all n

facilities. - , i -
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[ / 2
/x:eoonnais_sance (frames 2-24 and 2-29, lesso

L

a
/

(area) /(specific) (3-3) ~ / /

" FRAME* 3-4. PRV X
’ : / " .
With respect to‘comprghensweness, the reconnaissance conducted in con-

. qéction with an airfield lécatid;l may be d-gscri/b:? as either hasty or deliberate.

These terms have meanings here similar to theif meanings with a road location

2). A site selection bz;.sed'largely

-
P

on a study.of maps/énd aerial photbgraphs
location. The careful selection of a site based on a comprehensive and complete (\

ould be_called a s

v

reconnaissance would be called _ >~ - *_ lotéation.
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(best) (topographic) (map) (3-19)
FRAME '3-20. /, ’
T Pé.nel 3-1 pertains to frames 3-20 through 3-23. Existing airfields are marked

\
«with a -mile circle; high-tension electric lines are marked
g .

v LY

with a _ -mile wide strip. These areas should be
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(1)‘hri(lge- (2) orverhedd (3) quantity (t) quality (3-35)
> FRAME 3-36. _° ‘ ( . s,

"The runway 1S obvxoushb thmmost 1mportant part of the airfield. Therefore
& °

. when the site 1s.\reached. the r(\tost likely possibiities for a

are first 1nvestlgated If the terrain is sufficiently vpen to pgrmit good obse?va@non,

.3 e

these places may he quickly determmed
el a &

(site selection) (existing) (3-51) SR ' .
FRAME 3-52.° ’ " .
. Except for forward or support Army ﬁlg t strips, alr‘%elds requxre concen:
trated ‘ndaterials and equipment; usually tactlcal situations dem nd construction
within 72 hours Therefore, one aJm of site sehectxon. must be. that 0 nng that ~
adequate supply channels (access routes) by land, water, or air are 'Evaila,ble
’ The more channels (1y - _ ' to the sxte t%e sxmpler the supply
problem ,The distance to the nearest railhead should be checked as should the

. (2) ’ > __ of the surrounding rodd net.,

-
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(hasty) (dehberatc) (8-4) : o N . _ ’ ’
. FRnlL 3-5. , ] ,-’~'- SR

,

e

F‘or most efficient operation, the overgll reconnaxssancf; plan must be properIy

(‘oordinated with all the ganous headquart‘eh: m\:oived Tl}e.responsxbllity, there- Q
[ Y s
‘ fore for the reconnaxssance effort cannot be.thgt .of the mdxvxdual reconna nce

party alone but must be through _ i - .of _t_h_e _varlous ~: v
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‘ . »,,«-‘:“;.T‘
_(runway) (3-36) e o ;e e /’/":i/
FRAME 3-37. - T ) Pl -

A rough)urwg ol each selected runwa) possibility is carried out immediately.

. Lengths are paced or if possxble are traVersed by vehicle, critical slopes are \\

measured thh a clmometer and dlrectlons are determmed with a magnetic
i

compass. The type of soil is noted, and hasty observations of a few samples are

made. A of a runway possibility can

be made in 15 minutes or so, if the terrain is reasonably cléar and open.

h 9

’ ' »

Y

IS

\’)

h(available) (adequacy) (3-52) .
'FRAME 3-53. | _
Freeom from interfering obstn}g‘ions; particularly in the approach zones, is

another criterion of site selection. Ag'airﬁeld site free of
around the whole";-ﬁeld is preferable but an approach zone with no obstructions
at. each end” of the flightstMp (panel 1- 3 lesson 1) meets minimum requlrements
Obstructions such as towers, pole lmes and stacks can often be removed; trees

[
obstructmgl the approach zones and safety clearance zones must be removed, .

\




~ (coordination) Cheadquarters) (8- 5)

Y

'_“FRAI\B'SG ' )

Reconnalssance missions must be based prlmanl} on user requirements, which,
in turn, are often governed by the, tactlcal air support’ requlrements of ground
forces )’Fhe varlous headquarters must maintain close liaison with the Air Force
. and with each other. Each must know what reconnaissance the other is doing or )

p

—hz}s a. need for. A lack of ;:/oper : ' results in a wasteful "
a

-

duplication of effort on some/areas or sites, while needed

on other areas or sites goes undone ‘or is inadequately covered. \

N

. ‘\ |
J
N
£ - -
(1) shade (2) radio (3) 50:1 (3-21) ° ] -
FRAME 3-22. \
After the (1) : airfields and (2) . 1‘\'_.’

have been appropnately marked, the study for the selection of potentlal new

airfield sites is (3) to the (4) portions
of the map. . ' v




v o !
4 (rough) (survey) (3-37)
. .o
“FRAME 3-38. . ¥
‘ In the event the terrain is net sutﬁcxentl) open, the reconnaissance officer,

accompanied by approprlau personnel, follows the perimeter of the area usable
. for runway and dispersal ateas. He notes on a large scale map or sketch all
‘obstacles which cannut be easily climinated. A comparison of the reconnalssance
notes discloses the possnbllltnes for ________ ___ location and a _“;-___

— is ghen made, as for open country. .

(obstructions) (3-33)
FRAME 3-51.
) Besides manmade and natural obstructions, there may be situftions and
A layouts which might present a mental hazard to the pilot. An airfield on a plateau ,
with steep sides falling away immediately beyond the overruns may have perfect
approaches, f:)r example, but pilots will always land*well down the runways. A

.

' canel, ditch, or pole line at the end of a runway has the same effect. Such situations
; !

would be said to present a : % The result
of these reactions is equivalent to a shortened runway. ) '
R

3~14




s % K x -
. . . .'
(liaison or coordination) (reconnaissance) (3-6)
Al Al > . a L3
FRAME 3-7. _ ..

Airfield reconnaissance requires more engineering judgement than any other
type of engineering reconnaissance. If 1s most unusual for one person tu be
proficient in all the items which a thorough reconnaissance™must include. The
party niust be made up with due regard for the conditions 1t is hkely to encounter.

. . ‘s ‘4=
As with location reconnailssance for a newsroad (frame’2-15, lesson 2), a competent

soils engineeror ___ __ ____ _ _1sa valuable member of the reconnaissance

. party.

)
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(1\) e\ist_ing ~(2) obstructions (¢3) confined (1) unshaded (3}-22)

FRAME 3-23. @ >
. , d ° .
The desirable features to look for in selectﬁlg potenttal new sites are: (1)

>

-— e '— e _ __ areas with good natural (2y . ___ _ ___._ __ __ _, un-
obstructed air (3 ,, S _, and proximity to (4) e o
o ' [,
routes. . —
rs ' »
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. (tunway) (rough) (survey) '(3-38)
FRAME 3-39. -

CY

"

The best runway location. is selected by considering the ;ough survey in-

vestigations together with such other ‘criteria as prevailing wind direction,

approach zones, glide angles, and the clearing, grubbing and earthwork involved., .

The clearing and grubbing effort is estimated by _=

the same as for roads (’frame 2-18, 1esson7~§J). . ,

-

,
! . \ -
. o *
- \ :
~ (mental) (hazard) (3-54) . .

4

i FRAME 3-55.
( _ Meteorlogical conditions must be-considered in site selection. Wind, rainfall,
- fog, snow and frost are all meteorlogical conditions. The Air Force All Weather
Service G\WS) maintains meteorlogical information far all populated areas of
the world. Such data can also be found on both military and c1v111an maps ‘
. espec1a11y those prepared by marine and aeronaltical agencxes The engmeer

must collect and evaluate all information as a criterion of

. site selection.

.

~ -
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(geologist @3
FRAME 3-8. ) i

~ ' \ N

No reconnaissance party, however well qualified it may be, can satisfactorily
perform a mission unless it is fully informed (briefed) as to’just.what that mission
is. The party must know - ‘the type of airfield site for which it is reconnoitering,

whether any site has been tentatively selg'ctea, or if some information has already

been determined from preliminary study. Pr‘c;per i8 essential C\.., &
to the conduct of airfield reconnaissance. ]
N 4
S
» s
) 7
. , . - * .

5

i s

" (1) flat (2) drainage (3) approaches (4) access (3-23),
FRAME 3-24. . . v e
A siting template is used to détermine if the approach zones meet the

glide angle requirements. This __. 4 can
be ;;raWn or; acetate to meet the glide angle specified, and the scale of the map .
employed. The template, when: placed on the map, will readily show any land

P
forms and matural or manmade obstacles which are in the

Patn'ély 3-2 is an example of such‘% sitinng template,

A
, )

3-17




(timber) (cruising) (3-39)°

FRAME 3-40. o . .
Once the selection of z'a.;site. is made, the centerline of runway is staked out

and refere,nced'to prominent features. This §xpedites the location of the selected

(1) later by surveyors of the construction unit. Ground

profiles are run at the (2) - : and at each shoulcfe_rline. Levels

(elevations) are taken at each 500-foot interval, and at any breaks or slope

-changes. In flat country, this (3) may be increased to
1,000 feet. L :
p
- a
L)
4 - S
N Y . -r v ' . ' R‘\ . s
. " * (meteorological) " (3-55) ‘
FRAME 3-56. ~ . : ' -

-

. If meteorlogical information is not available for a particular site; observations
of the nearest point should be -adjusted to changes that will result lé’cally from,
the topog‘raphy of other influencing factors. Interviews with local inhabitants

n

may help to confirm data and, in some cases, may be the
. 2 ‘ ¥

only source of such information. If practical, sites near promineﬁ’t topogra;;hic
features should be.ﬂight-tested\ by an experienced pilot to discldse the existence

and effect of any local air eddies and currents that may be preéent.

Al *
-~




R

3

(1) siting template (2) glide angle (3-24)

(briefing) (3-8) - .
FRAME 3.9. - . .
The submission of timely reports is an essential elem;ent of good airﬁeldu
reconnaissance, Higher headquarters must recelve the reconnalssance 1)
in time to permit recessary planning and preparatlon before engineer umts are

committed. A time-of-report schedule mugst be prescnbed ané\§1g1dly adhered

to. Reconnaissance is of no value if the infgrmation is &2?'

in reacliing headquarfers. 2 .

»

s

FRAME 3-25. . . Y
Referring to panel 3-2‘, any hill, within the approach zone at a distance of -

10,000 feet from the end of the overn’m and having an elevation of more than

i feet would be inside a 50 to 1 glide angle. Such a runway

would be if the ‘rquired glide angle'is 50 to 1.
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2 r od N
” ., Set 6. Reconnaissance Reports. /

3-40 '
/( ) ,

(1) runway (2) centerlipe (3)' interval
FRAME 3-41. Y

/
s

y

N

As stated previously, timely reports are an’ essential element of airfield *

reconnaissance. Use of standard formats is desirable and facilitates comparative

evaluation of two or more gi esy particularly when the sites have been recon-y

L3

noitered by different parti.eg Using t})e same : for all sites,

results in a better between sites. ‘ »

&

(¥4
) o

FRAME 3-57. : / o . £ .
~THe hydrological considerations to be investigated include the height, o/f the .

ground-water takfg and its seasonal variations, the flood characteristics of streams
'borderin'g the site, and tidal variations at coastal stations. This is most importa‘nF; i}
drastic changes may take place between wet and dry. seasons. Unless care '.is
taken, evaluationof _____ 'consideratjons made during the

v .
season may be m1sl¢€ad1ng. ?

¥
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\ Set 2. Steps in Airfield Reconnaissance.

(1) report (2) late (3-9) L
FRAME 3-10. N T~ z . Q

There are six steps n an‘ﬁe}d reconnaissance: planning, briefing, prelimin’ary

study, atr reconnalssance ground reconnaissance, and reporting. The formulatlon

of a\reconnalssance mission is concernedfwith the (1) step.
The planning step involves (2) . of the reconﬁaissance effort
‘. s
by appropriate headquarters, prediction of user requirements, and assignment of
3 ~ T4 - o
a definite rgconnaijgsance
. 14 X ? ,
’ F A '
L -~
3
. ¢ g . &
S d !
Set 4. Air Reconnaissance. ° - o,
%00 (unshitable) (3-25) .
FRAME 3-26. e . ' B A
An air reconnaissance team usually consists of only two membéts — the

i)ilot and the eng{hqer observer. The obviQus advantages of having the officer in

charge of the éround reconnajssance party serve as.__ ) Jﬁ\ observer
N . ~ N N ..
should be realized. kaew1se the __. is very much a part of the

air reconnaissance team, NOT. merely a chauffeur

¢
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e « -
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(f(;rmz;t)\(com‘\ris(m) (3-41) 2 ’ . . N » .- %
FRAME 3-12. - S C L . S
. leconnaissance. r(-;):)rts can he submltted n wrxtmg‘or by Iadu; but a'
(L repmt usually should be gpllowed up with a detailed

ritten repdrt. Referrmg to pdn(’l 3-1, the statement “the overall estimate of
J\ y ’

Qo
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.

(1) planning ‘(2) coordinatiop (3) missio_l; (3-10) -
FRAME 3-11. . | '

™~ . ,
. Telling the reconnaissapce party exactly what area or site is to be reconnoited,

what is already known about the:area or site, and what specific information the )

party is expectéd to obt_ai‘r'I is accomplishéd during the step.
Pertinent details coqcer;ling ihe timt7 and methods of reporting are also included <t
in the _° : . step.
] o, i o
% - : . . ' ' i
t
’ \
13 S
’ " .
' : '
(engineer) (pilot) (3-26) . . .
FRAME’3-27.- o
The pilot_considers such flying prob}ems as approaches merr hazards and \

physigal obstructions, as related to combat type planes whlch may use the proposed-

airfield. The value,of a pilot who is familiar with require- - ’

ments, affect of mental

on landing and take off, ang

limitations imposed by physical

<

is apparex‘t.

L .9. ‘. .
, 3-23 ' R
Iy . !
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e Soil characterlstics and quality of subgrade are also 1mportant factors in
4‘ ” alrﬁeld site selectlon Whether stabilization or surfacing is requlred depends on

the charactenstlcs of the soil. Also the character of the soil controls the thlckness

“ of the base course. Whether the surfacing or pavement can be plated directly on

s the subgrade or whether Y is reguired
- depends on the __ . of the soil. . Q i
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>

t\‘ 'Il‘ne prehmmar( studx represents the mltxal work by the reconnaissance

" -

‘1.2'“ [y P Y The party studies the information obtained during' the

"'_’:«""”"_'f“" -— ’{___.-

o,‘, '/_ s - . / ,

—
LPERS

. ,-(2) 'w i~ L ~, conducts a map réconnaissance of the area or site

> vaWed and studles air photos sAlso durin‘g the (3) study,

> Y

It
. 3011 bounélar’ies are delmeated other prehmlnary information is assembled, and

the ‘actual (4) — is planned and prepared for. . e,

. v B o - —r .
. L - . weest 4 . .
- ,\' R b ‘ . - -»/:;";r R b e,

(approsch) (‘lmzards) (obstructions) (3- 27) RS T e R

< .- FRAME 3-28. - - S Lo B

‘ The engxneer observer is not* a/s/f,amlhar with ﬁxght requxréments and char-
acterxstscé of axrct:aft He is f&r?har with the construction problems whlch may

ta

-~

K4
be encountered and assesses the potent1a1 site .in terms of

effnrf He recexves the pilot's suggestion concernxng the ﬁylng characterxstlcs\,\' ) -
and modxﬁes hls own estimate in’ accordance with such recommendatlons \‘\ ’

.




(x00d) (m~+ago) (3-43) ) E
FRAME' 3-14. o o T ’

Panel 3 6 is an example of a reportmn an undeveloped airfield site. This
. report mdlca'tes that the proposed site hz&s (1 . _

\ *
drainage-and.does not require (29 ~ T clearmg Suitable sketches

(panel 3- 7) should be attached to all written reconnaissince reports. Such (3)

enable the reader to visualize the site, more fully

\ - -~ o~
s - d -

P N\ - :\ i i I\\
o A -~ . .
. 2\,‘ )
b
(base coarse) (characteristics) (3-59)
FRAME 3-60. .

Ground defense of the airfield is another criterion.%Terrain favorable for

defense provides observation, fields of fire (both ground and air), concealment

obstacles, and routes of communication. The practicality of (1)

against both (2) ¢ ‘ and (3)
attack must be considered.

326




(1) ﬁarty (2) briefing (3)~preliminary (4) réconnaissance (3-12)
FRAME 3-13. . .o

a

Reconnoitering the area or, sxte by observatnons made from the air (ﬂ\mg
over) facilitates the reconnaxssancc mission., A general study of the topography,
drainage, construction problems, camouflage possibilities, and location of access

ro‘utes can all ba.vistualized from made by i \

A

(construction) (3-23) - oy ,
FRAME 3-29. ‘ n

Panel 3-3 pe}tains to frames 3-29 through 32. In planning airfield construction
projects, access routes and sources of construction materials are important con-
siderations. En.route to the site or a general area.‘the engineer observer would

note (1) = pits or (2) sites and rail

or road (3) - routes. He would also note any obvious (4),.

on maps that have been studied.




and and accessibility of sources must

‘

.(‘1) good natural (2) extensive (3) sketches (3-14)
-FRAME' 3-45. e

Panel 3-8 shows that reconnaissance of a captured enemy airfield requires

" more detailed information than that required for..an undeveloped area. For

. example, the report indicates that the field has a foot,

.surfaced main runway, but that the generator system

required to furnish electric utilities is

w

-

(1) grt;und defense (2) ground (3) air (3-60) o .

9

FRAME 3-61.

P
b “ar

As in road construction (frame 2-17, lesson 2), an adequate Supply of water

is essent1a1 forsairfield constructxon work. Construction requnrements for water

~will b'é a maJor”consxderatlon when the moisture content of the soil is far below

the optimum for compaction. Water for personnel must also be provided, both

during construction and subsequent airfield operations. The

always be determined.



RN
~ ., {;

(observations) (air) ('re('onnaissanc’e) (3-13)

FRAME 3-14. : .

Usually, specific ground reconnaissance procedure' is plani;ed by selecting ~
N
from (1) . , what areas need investigating and what questions

. . . . . . .3 .
need answering. Air reconnaissance will give valuable negative information by

eliminating unsuitable sites, but cannot be relied upon for (2)

information. (3) reconnalssance is requxred for this.

-

4 . | q

(1) borrow (2) quarry (3) access (4) errors (3-29)
) s
FRAME 3-30. .
The engineer observer studies the topography, dra,'ﬂ;xage patterns, general

soil conditions, and camouflage possibilities. He estimateé:these factors from the

point of view of the essenfial I . The
pilot estimates the characteristics of the site.
s
\
( -
\
/

w5
183
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Set 7. Basic Site Requirements.

3
(4700) (concretex (damaged) (beyond) (repair) (3-45)

FRAME 3-46.
As in road location, the selection of airfield sites is usually a compromise

between engineering, operational, and. tactical requirements. In order to meet

time limitations dictated‘?by the requirement, '
conside?tions sometin{es} outweigh - considerations, par-
ticularly in such matters as orienting the runway with respect to the prevailing
wind direction. ~3,
., ) . R
: a ' '
F
&
« .

(quanfity) (quality) (water) (3-61)
£RAME 3-62. ‘ v

i
o

Also, as in road construction (frame 2-18, lesson 2), the effects of clearing

on camouﬂage may be significant. Ground cover in areas adjacent to the flight-

strip is desirable, since it affords naturd! concealment for parked aircraft, fuel

and ammunition storage, and operational facilities. To aid in

stz;.nding trees and brush outside the flightstrip are not removed or touched unless

necessary.

%




(1) air (2) positive (3) ‘ground (3-14)
" FRAME 3-15. - . L |

Thepext step in airfield reconnaissance is the performance of ground recon-*
naissance. While air reconnaissance can effectlveb mm‘imxze the amount ‘of

ground reconnaissance which is necessary, it cannot replace’ thls 1mportant step

It is on the v - that mosttxons are answered, or that most )
questions from éhe a erified. :

N

27 . -

(engineer) (criteria) (flying) (3-30) :
FRAME 8:31. ~

In reconnoitering a tentatively selected site, at least (1) _
passes are made at (2) feet; the final circuit is flown at P
(3) feet. The length of the proposed runway is determined ¢
by multiplying the ai;' speed by the average time of two passes flown in opposite !
directions about (4) yards on each side of the centerline.

' ‘
’\\“ A o
\\"\
¢ -

. 331 ’ .




(tactical) (engineering) (operationa})v (3-46)
FRAME 3-47. ‘ P
The size of the site-must afford suitable are&for the required flightstrip and

all allied features and facilities. Therefore the overall of the
airfield is most important. ‘ ’ '
£
RRO .
AR
(camouflage) (3-62)
END OF FRAMES )
,/ﬁAN’ELs AND ‘SELF TEST FOLLOW
r
h %
J
/
- ;o ‘
3-32
".‘ . } “ }“ Vv




“

(ground) (air) (3.15)\ i

FRAME :%16.

Often, ground and air reconnaissan®g are not as distinct as they would seem ~

~

to be from this discussion. A continuing reconnaissance

may be intersperced with

ré nng.issance.

K]

(1) three (2) 300 (3) 200 (4) 50 (3-31)
FRAME 3-32.
In departing from the site, dispersal areas are reviewed, and %ccess roads

as well as sources of construction material are again checked.  Additional .

over the gite are made if any further ‘ arise as a result of

* A Y

this check. ’ , ' N
Turn back to top of page $-4.

"5—3;? N s




| (sie) (3-47) | .-

ERIC

Aruitoxt provided by Eic:

FRAME 3-18. .

Also, consideration should be g1v¢n to the possibility of O\pandmg ‘the pro-

2

posed site. This is rarely a deciding f'lCtO!‘ in the chm(e of a [d(ll("‘tl airfield

location, but it is important and may sometimes govern any decision between

f

otherwise acceptable lqcations If a 'il[e possesses any —

>

for ‘of tho runwa\ it should be notnced«and reported.
A
Turn back to bottom of page S-4. \
q
p
} ' \ ‘ L]

: 124 ‘ ,
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Panel 3-1 Procedure for Map Reconnaissance

- !

1. Select the best available topographic map of the area in which
the new airfie 1s to be located. -

2. Draw a 5‘mile arcle (2! >-mile radws) around existing airfields;
shade these circles.

>

3. Note all high-tension electric transmission lines: shade a 2-mile

wide strip centered on such lines. : -

4, Locate and suitably shade all otiler obstructions such as radio
towets,, high water tanks, and so on. The diameters of circles marking
such okﬁtructions should be based on the specified glide angle. .

.5. Now confine the study for potential new airfield- sites to the
unshaded portions of the map. Look for sites of sufficient area, preferably
flat with good natural drainage; unobstructed air approaches; and ac-
cessibility to route of communication. . ’

: N g

A3
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Pannel 3-2. Sample Airfield Siting Tem
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" and camouflage possibilities.

Panel 3-3. Air Reconnaissance

1. EQUIPMENT - : '

Two place, fixed wing aircraft, such as the 0-1, or two-place heli-
copters, such as the OH-13 or OH-23, are suitable for the majority of air
reconnaissance missions. Reconnaissance of enemy occupied territory is
best accomplished with combat type planggy \

2. PROCEDURE

-

.
The general procedure’ for an air “reconnaissance-is as sia{lows:

a. En route to a particular site or a general area, the engineer
observer notes such items.as open borrow pits, large stockpiles of con-
struction materials or, q\uarry sites, rail and road accesses to the site or

area, and obvious errérs on maps that have been studied. i
¢

b. l Withima‘de$ignated area, specific tentative sites must be
selected. Theé engineer observer studies topography, drajnage patterns,
general soil conditions, earthmovmg problems, routes of communication,
He bears in mind the engineer criteria for
selecting an airfield site (set 8) and selects potential sites for closer
investigation.

c¢. Upon approaching a designated site for specific recon-
naissance, or upon approaching a tentatively selected site during an area
reconnaissance, the normal altitude for ghe first circuit is about 300 ft.
Not more than orientation can be accomplished in this circuit, but some-
times a site selected tentatively during an area seAfeh can be elimi%ated
during this pass or the next few passes.

k)

.d.

v

-

Similar second and third passes flown at the same height. !

. o . . .
During these circuits, obstructions,
features are noted. The pilot begi

main slopes, and similar general
to formulate -his estimate of the

flying (flight) characteristics of the site.

Pinpoints for the ends of the

runways are made on the map during these circuits, but additional trips
should be flown across the site if necessary for such selection.

e. After the runway has beén tentatively selected, an initial low
pass over the propo_sed runway is made &t about 50 yards to one side of

¢

%




«

s

Panel 3-3." Air Ifeconnajssar)?eg(Co'ntinuéd)/

[ .
P . ,

the propos_ed ‘,centc:lf’ne. A second low pass in the opposite direction is
then flown 'oh thé other side of the centerline. Bath of these flights should
be made at‘ a constant speed so that the runway length can be estimated
by multlply ing air speed (feet min or feot-sec) by average flight time
(min or sec )~ A stop watch should be used to determine the timne,

)
! CAUTION- .The length usually will be considerably over-
estimated when flying at low air speeds if a streng wind is
' blowing aldng the centerline. Th:s effect can be mnmmlzed
. ‘ if distances obtained by two passes in opposite directions
along the' proposed centerline are averaged (if wind ég: con-
stant).

;I f. A final.circuit is then flown at about 200 feet. During this
trip, .the ends and centerlme are given a final check, and the pilot completes
hz a})pralsal of the field's flying suitability.

|

e ‘. £. In departing from the area, dispersal areas are reviewed, and
access roads are agam checked. Additional passes over the site are made

if any further questions arise as a result of this last check.

h. An area reconnaissance then proceeds by similar inspection
of other possible sites. Complete notes must be kept to minimize the
- necessity for reviewing sites already checked, but a reinvestigation'of the
" finally selected site and any alternate sites may sometimes be necessary
redegirable.
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“* Panel 3-5. Air Reconnaissance Report

[
g ¥

AIR 'RECONNAISSANCE REPORT

DATE 29 Seer 6/ 0. 4

1. ‘To CQ 327 ENGE Br.___ 3. Wap sheet Jonannasvitie Quasranste

A
2, Fl‘cu Co.c {4‘# (O Mices NORTH oF /cmm/asWLLe
RN . (Nearest main road center)

. \‘.

5. (a) Coordlnates of EiﬁT end of runway /3 765, £/ 909
(b) L'\‘?gth (feet) 5000 Fr. Bor miGHT BE EXTENOED 2000 F~ (Schrfm '2) [

6. Classlﬂcatlon of Site (ov\erall)
A

N
Excellent .“\soodl Fair ) 2 Poor, Reject*

\

7. Natural Surf’ac‘a.Qra!nage: EAN

Excellent Good‘\/ Fair PooR
AN

\ Y

8., Flving Approachos. \ AN

Excellent Avcrage« __Poor____ \
N 3,
9.\ Clearing: \_\ . N
ve' . \ :
\ Light J Moderate __ Excess jve \. }
10, Alrcraft Dispersal: \;\‘
\\ \-'.& fad
Unlimited w/ Adequate Imdoﬁl‘te e
11, Access Roads:
/ : N\
' Good Adequate Inadequate N\,
. . }‘.
J2. Remarks: EXTENSION MENTIONED © N
_ i 5(8) BOYE musT BE cHeckED As N SR
_{,‘- . THERE mAY BE A SWAmMP AREA IN 7/ ey .
. e,h THAT SUGGESTED EXTENIIQN. (S?g atued)
L ‘C:Anmor BE CERTA(N FROm \\ \'.‘ . L
- - AIR OBSERYATION, \\";. \
3 MOQ e N
' (Time) XIS
. M o
. s . A \\\ N \ :
*lf Reject' classlflcatlon is Indlcatod, reason(s) for hu will .
~ given under rmrks. _ RN N .

[ )
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Panel 3-6. Reconnaissance Report on Undeveloped Airfield Site :

RECONNAISSANCE REPORT
UNDEVELOPED A[RFIEIDSITE

Commanding Officer 5271 EVeR N

oM. (g ¢ (43 DaTF R 8T 7/ .

ote +-The reccnnazssance pariy must be furnished » th the {, swing nfor~a’ »
a  Location of airfield -- general or epec.f ¢

b  Type of aircralt that will occupy the arriteld

¢ Number of jroups expected {0 occipy *he airfreid

DESICGNATION Name (HELTEu nAM AWRFIELD N bes

LOCATION® MO DEST OF Pupuic

2 Mapreference BAYS VILLACE OF MALYLAND § (MPOOVEMENTS SCALE "eedd = T evar - ~7C 27 ’
(NAME and SCALEY ' S,

¢ Lattude k longitude 3KY 44 N LAT  T6* 4o© WEST L0nb Maz T VY D 2 1=~ 28

4 Nearsy towne LHELTEL HAM (0P 100) | S Mt_BUE EAST FRoH 5 Tg R

S ze d otance anc d tectuinn ‘r o0 te
ROADS US 301 AT CHELTENWAM BYCELLET T R1TUM 200 oRAVEL RoAD FEM S g LEv” "¢ .t.mu RIAD E”
“Tepe, <cr.d-‘-.o-\, drdges ‘2cde, etz
RAILROADS PENNSYLUALIA R ¢ < OiNf, AT Towh 2 M.ES EAST 0F $i7C
Cage -3~dtl =z~ d,023mce {ra 03¢ 82 "% capac > amre s Lt 2are ALK CATVEAL ARER S NALRL Rap G
CENERA! DESCRIPTION OF LANDING AREA A%D SURROUNDING COUNT® » 5iTE Wb 28°En" Oh =3ME 22R DE WO .EL" BoYs S K7ow

“Fx

CLIDE ANGLES MNEARW UNLIMITED 1N M0ST DIRECTIONS SEE (TEmM ?
Direci.o", elope distance A &/
FLIGHT OBSTRUCTIONS AND MENTAL HAZARDS ANTEMLA, FARM AT NBES & g™ & 3‘ > ‘E LEUATES am il TRl BRSO

m

Ravines ¢ o rounlaitg, * Mmber oleepies I 8 CTercs Diae’ s e DT
METEOROLOGICAL CONDITIONS WESTERLY wWINOS-LITTLE FOb- WQEMA L AL PREL S 727 on =L &AM, .
Preva, :1g #.ade, eor™e, ‘raet prec.p al :-. ‘e~ pec a Lte ez .
HYDROLOG CAL CONDITIONS STPEAMS QU £ACH SIDE OF STE Ry > Polata gay 0,82
\Secears, ground wates, { oo cond.t 370 ‘.da .2t at s ~
DRAINAGE 5000 MATURAL DEANWAGE . /
! ‘F.at, $'0p.ng d.rectior, aumbes 3 <. ecc0 5 a= ~
SOXL TYPES AND GEOLOGICAL DATA L LAY An0 agAJEL $ . *
fSand grave ¢ av, o I, 2" coOmD Tal cx - ze s A za cve wiet O BSE

CLEARINC NO BLTENS VE DLEAG Wb, FEW SCUATED TREES -« ARALDoL
Area, 0 2e a~d gemnny f tumDes  * Cae
PROPOSED LAYOUT NE-SW RULWAY, 1KE EXIST kb BUBLS 2560F7 QLA™ S, TaBE E T¢ =% a2 F &L o
. Locat.sn 3nd ditect . on of *uawav and ¢ 05€"02 sve e~ a.lac~ emec °
RE’\-OMMENDED SURFACING 060 OR S ILAE PORTABLE SUEFAL Wb
PSP, SMT, PRS, ~eckan,ca e#2a> :a: ~~ -s°2 1.J(
CAN(QF._AGE TR WATURAL WOLCEAMEWT AFEOPDED AdGUATE DISPEBSAL ©e%s B.C
‘Cover, camcea.ment, c.opere.cn, decep :n

BIVOUAC AREAS USE EXISTING TORMITOLIES = WL AL OMM O0ATE <GS0 MEA

FRAME 2. S n - u--Tyliaae gf

Locat.on, e.z€, caver, previcud v SClap PC FiRK gﬁ'wi'v‘h
 WATER SUPPLY BUMPY, ELE YATED TAMK Aub o~srz~3~r|ou SYSTEM 1N CPERAT 0o SMALL STREAMS A7 Appit

1Sc.vce, ‘ocas. gwant LLECTRIC wiling Sur? Ab«.& -
EXISTING FACILITIES SEWAGE TREAT! be ueans 2?.?»!. POL Y PAL” SPERAB E 5oL ERATUES MUy SE
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Panel 3-8. Reconneissance Report om Captured
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LESSON 3

SELF TEST :

Note: The following exercises comprise a self test. The ‘figures following each
question refer to a frame or panél containing information related to the
question. Write your answer in the space below the question. When you have
finished answering ail the-questions for this lesson, compare your answers r«
with those given for this lesson in the back of this booklet. Do not send in your
solutions to these review exercises. :

<

1. Aur traffic imposes more severe design criteria than does vehicular traffic.
In selecting an airfield site, what is the requirement of airfield reconnaissance as
differing from that of road location reconnaissance? (frames 3-1 and 3-2)

s

2, The overall reconnaissance plan must be properly coordinated withAall the
various headquarters involved. Why is this important? (frame 3-6)

3. List the steps required’ in airfield reconnaissance. (frame 3-10)

4. * Identify the major phz;ses of a preliminary study explaining what is done in

each. (frame 3-12)
. "./‘/ o




\

5. What is the purpose of ground reconnaissance?

6. The prompt submission of reconnaissance reports is most essential. How
can this requirement best be controﬂed" (frames 39 and 3-17)

a \

N

7. In map reconnaissance, what should be the sge (in miles) of circles marked
on the map to identify existing airfields? (frame 3-20dand panel 3-1)

, -
{ ‘ M

a < s -
'S 3
8 The fourth step in map reconnaissance is to identify and mark such obstrue-

tion as radio towers. What ratio, with respect to height, determines the diameters
of circles for marking such obstructions? (frame 3-21 §rid panel 3-1)

9. The airfield siting template, when placed on a map, readily shows any land
form and natural or manmade obstacles within the glide angle of tentative runway
approaches. Using the example template (panel 3-2), what would be the maximum
permissible height (in feet) of any obstructions within the approa:h zone for a ghde
angle of 40:1 at a dlstance of 6,000 feet? (frame 3-25 and panel 3-2)




- -

2
l!! In wir reconnaissance, what is the functign of the pilot and the engineer

observer? tirames 3-27 and 3-28) . 3
. . 11. In reconnoitering a specific site from the air, what is theqninimum number
‘. o ol passes made at 300 feet and at what height tin feet) is the final circuit usually
A flown? Urame 3-31 and panel 3-3)

»

-
°

12. A reconnaissance plane makes two passes in opposite directions, 50 yarvds on
each side of the centerline, to estimate the length of a propvsed runway. If the air
sp®ed is sustained at 100 mph and the average time of the two passes is 55 seconds,

what is the estimated length in feet? (Assume wind is negligible.) (frame 3-31 and
- panel 3-3) ‘ : ’ ’

13. What activities shoulg be conducted by both air and ground reconnaissance.
. parties en route to the site.to&be investigated? (frames 3-29 and 3-34)

‘ 4
| . /
be 4 ‘
B _— ' ) . / .
. 14. When a potential runway lies partially within a wooded area, describe the
correct method to estimate the clearing and grubbing effort for the removal of trees.
tframe 3-39) e
,(
’ \
> ’
- - i
3 —46
&) -
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15. When a final location is made for an airfield, in relatively flat country, at
» what intervals (in feet) are elevations checked? (frame 3-40)

<

y

16. In making a radio report concerning a tentative airfield site, how would the
statement “glide angle is excellent” be transmitted? (frame 3-42 and panel 3-4)

-

17. What consideration controls the final selection of airfield sites? (frame 3-46)

R

’

18. Site requirements for Army airfields are less demanding than those for Air
Force bases: -For example, steeper slopes may be tolerated for Army runways; what
would be the maximum change in grade (in percent) for a rear Army airfield? (frame
3-49 and panel 1-4)

.- . 19. Air reconnaissance of a potential airfield site reveals that a long straight road
occupies the anly favorable location for the runway. What action would be the most -
appropriate to take? (frame 3-51) -

A
L}




,

°
Freedom from interfering obstructions is a must for rupway locations.
¢ the minimum eriterion pertaining to interfering obstructions. (frame 3-53),
\

....... \ J x '
: —— > —

s

21. Certain sityations and layouts such as a ditch or pole line at the end of a
runway are said to prgsent a mental hazard to the pilot. What effect does the pilots
redctions to ouch situad{ions have on the effectiveness of the runway? (f)ame 3-54)

\\\
\ ’ /
22. Meteorological conditiony are an important criterion in final®site selection.

What agency of the Air Force maljtains meteorological information for all populated
areas of the world? i (frame 3-55)

i

-
i

23. An ideal site is located on high ground, with sufficient slope for cross and
longrtudinal drainage, and a reasonably smooth surface rqquiring little earthwork.
Whach criterion of site selection detefmines the extent of drainage and earthwork
required? (frame 3-58) -

~ . .

A

-
3

24. _Explain the importance of exanjining hydrological conditions and considera-
tion and soil characteristics. (frame 3-57{and 3-59) -




(frame 3-59)

25. What characteristic controls the thickness of the base course when required?

s
]
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LESSON OBJECTIVES 1
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B Upon completion of this lesson, you should in the foflowing subjects areas, be.able E
' to: ' ' : - R
1. Control survey — Discuss the value of bench marks in determining vertical and "
herizontal control. .
& h . 2
2. Use of construction stakes — Describe the primary function of eonstruction stakes;
discuss their plaggment, the markings, and their meaning. .
+~ 3. Horizontal alinement — Discuss the components, ‘the seven principles in locating
%% tangents, point of intersection (PI), point of tangency (PT), long chord, and hasty
. .  Methods of staking curves. T : N
"4, Vertical alingment — Discuss the use of tangents fer transition of verticalr&urvezé’
the two types of parabolic curves (overt and invert), the point of verticabintersec-
. tion (PVI), point of vertical curvature (PVC), point of vertical tangency (PVT),.
vertical curve offsets and eccentric curves. K . v
N . - ' \? » #
' . A - - - - . -
*0' & ¢ N— a‘ ®
E;‘{é CONTENTS
4 - .
. b : : ) Frames PO
* 4 v -
‘Set 1. Control Survey . __._ . _.__._____. oo e eeee.l.41 to 440" ( h
" 8 .
2. Use of Construction Stakes T S L to 4-43 .
' ,3. Horizontal Alinement __________ [ 4-44'§o 4-72
: oo R "
‘4. Vertical Alinement e SR - 4-73 to 4-10@
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' - Set 1. Control Sbrvey g
N, s !
-~ ~FRAME 4-1. . ¢
) . Before laycut work can begin on a road or airfield p\)ject, control must b;e

established. The first step is to establish bench marks for vertical (1)

(elevations) and Yvell, marked points for horizontal (2) _

-

AN
R
"MHT (2) 15 + 00 (3) F (4) 22 (425)
FRAME 4-26.
The limits of the grading work must be clearly marked. Slope stakes are \
used to define the of __- i .
o - - °
M - =
LS R oy
® )
‘ 2
. .
* v . . T ~.




(principle) (1-30) >
FRAME 1-51.

Keeping the number ofvtangehts to a minimum will minimize the number of

curves, provide long _ stretches, and improve rodte capacity,
* . b ' ’ ) ' ) .\ c B
kY 3 A ’ '

(horizontal) (4-75)

AME 4-76. Z)
‘The two brocesses, however, are closely related. An excellent ‘horizontal

N

alinement may be ejzntirely unacceptable‘because of : limitations.

»

v



(control) (coritrol.) (1-1)
FRAME 4-2.

Bench marks and (1) _control points are frequently

called hubs hecause of the short square stakes used. Hubs are normally 27 x-2”

wooden stakes and are driven flush with the ground. The horizontal (2) ___

1 has a tack in its top to mark the exact point for angular and

\ , linear measurements. ®

\
-\
\,
\( R
SET I e
- - - ‘/“
- - o-(/’ - - e ’
"-v-:;: e T ': ’_,4.'?. e "' . - .
. _L.-’ e e L e ‘
e -t T
Serinr - . . = /
AR S ,
l\'l T - ’
\;‘:A‘Aa.‘-:\ M ‘:. ‘ /
A Sy(limits) (grading) (4:26)
[y ‘ - X _ - .
-, FRAME 4-2)7-. .
. w‘\.‘.' '
~ . In road work, : stakes may also define the limits of

' clez‘i;‘ting. Usually, the cleared afea extends 6 feet beyond the slope stakes,




(straight) (45/ )

FRAME 4-52.
The numbér of tangeﬂts on any road project should be kept toa .

1
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(grade) (4-16)
FRAME 4-7 \
The design process is necessarily a trial and error process until the design
specifications of and - _ alinements are
met. .
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(1) horizontal (2).control hub (4-2)
\j\..
FRAME 4-3.

The elevations of established bench

marks are recorded and used as (1)

Lt —~
points. The tack serves to mark the

centerline or turning point for (2 ___ conltrol.
&
e
- ’A‘ . ~
' N
=
e
. ‘ l
B .
i .
’
f
"
!
(slope) (4-27)
L4
FRAME 4.28. 7 .
stakes are set on hines perpendicular to the centerline
(one on each side) at the points where the cut or fill slope intersects the ground
surface and are tilted away from the centerline. .
“" . . '1.
. \l‘ LAY éf‘.
NN \ .
b .
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(minimum) (452)
FRAME 4-533.
Most roads constructéd by the Army are supplements to an existing road net.

Therefore, there normally will be intersections, or junctions at one or both ends
of new roads should

of military roads. The connecting

approach at right angle junctions with existing roads.

(horizontal) (vertical) (4-77)

FRAME 4-78.
Gradelines must not exceed maximum grade specifications. If grade specifica-

tlok are exceeded the facility would be ixseless, even though cuts and fills balance

perfectly. Therefore, when setting gradelines never exceed




(1) vertical control (2) horizontal (4-3)

FRAME 4-3, . bt
Control consists of a series of both vertical control points (or (1)
) and (2) control points.
® a
(slope) (4-28)
FRAME 4-29.

Slope stakes are located at the intersection of the cut or _________ slope

and the ground ____ .

143




(tangents) (4-53)
FRAME 4-54. ,
Location at to the old road improves operating efhi-

£l

ciency and reduces traffic control problems.

i

e

(maximfum) (grade) (specifications) (4-78)
FRAME 4-79, - ,

Problems such as undesirable 8oil or water table levei must also be considered
(solved) in setting the fink 1 gtade. These physical problems must be

in terms of economy of construction and a safe and usable facility. )

.
.

-




& .
C]

(1) bench marks (2) horizontal (4-4)
FRAMI.C 4-5. : "
Vertical control can be established by determining the actual

of the bench marks if this is convenmient. However, this is not normally done in

military construction.
4

8
& ) . -2
\_\ .Q’A
B T
k]
3
(fill) (surface) (4-29)
FRAME 4-30, o
The slope stakes are placed at certain intervals. (1)

stakes are set at 100-foot (2) Z on tangepts, 50-foot inter-
vals on cur{/es, and at sharp breaks in }he ground profile. &K ’

»
$\

1an’




(right angles) (4-54)
FRAME 4-55.

As we have'seen, long tangents are desirable. The most common hindrance

- "to long ts some vertical obstacle such as a hill, with exces-

sive grades.

P
LY

s
(solved or considered) (4-79) ~
FRAME 4-80. . ;
~ Grade limitations and limiting characteristics of the _ :
" must be-solved in terms of . of construction of a usable
fagility.

4-12

-
oy
F N
3 ’

My

4
<
ey




(elevation) (4-5)
FRAME 4-6.

In establishing vertical control, an easily found (1) -

i

will usually be designated as having an assumed (convenient) elevation such as
100, 1,000" and so forth. All other (2) on the project are tied into

the datum of this established bench mark system.

¥

]

(1) shpe (2) intervals(4-30)

FRAME 4-31. , .
( Slope stakes should be set at (1) - foot intervals in
tangents, at (2) - foot intervals in.curves, and ét (3)

‘

in the ground profile.

orm

o \,k 4-13 - 147'




(tangents) (4-55)
FRAME 4-56.

The engineer, when locating tangent§, must consider the ability of the con-

struction force to construct_the facility Within allowable grade limitations, Tan-

\d excessive and

gents should be selected which will av

thus keep earthwork to a minimum.

(terrain) (economy) (4-80)
FRAME 4-81.

- vertically in a series of tangents between points of vertical intersection.

of vertical intersection are connect means of

'_/




(1) bench mark (2) elevations (4-6)
FRAME 4-7. ¢
Vertical control is generally established by selecting a convenient bench mark

as a ___ and referencing all other elevations to it.

» . -
- .~

(1) 100 (2) 50 (3) sharp breaks (4-31)
FRAME 4-32.

The front of a slope stake is the side facing the centerline. Therefore, the

f of the slope stake is visible from the centerline,
—
N !
‘ . ‘
A} ‘

I

T b4

PN v
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\! .‘ - ‘. ﬂ‘ , ‘--
(grades) (1-56) . Lo P
FRAME 4.57. o oW : Se
i ' ‘ Q—’ . - ¢

At the mtersection of two tangents it is'fecessary to t’S(dthh dn,g(’dSCant

-

or curve from one tangent to the other. To Jom such ldngents two 'pes of ~

)
. e are.cbmmonl_\' used t°he arcular curve and ‘the Spl!‘dl ‘
. Q 5
curve, " L Q . @
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(tangents) (4-81) o
FRAME 4-82. . i B . . ) -
[} - .,
A transition providing a smooth -easy movement from one : -
P
to the next must be provided. This. is done by utilizin‘g a vertical curve, .
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(datum) (4-7)

FRAME 1-8. . RV » .
Horizontal _ points m'ay be tied into a local grid sys-
tem 1if one is readily available. L ’
- 'y

L1

( front) (4-3&2)
FRAME 4-33. | i

The amount of cut or fill, at that location, needed to bring to, finished grade
at the edge o‘f the shoulder’is marked on the front of the stake. On a slope stake,

C42 would appear on the .. -

-

)




(curves) (4-57)
. N )

‘ FRAME 4-58. : . .
- * For mlitary roads and design speed, the circular curve (panel 4-5) is ade-

quate and easier to design and construct. Therefore, 1n military construction

curves are normally used. ;
/ ’ 1 ) A.
' ' B | PR
< ]
. . . '
- +
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. ' | - X G
] R 1
- et

h _— JREEE .

. s:"_._‘. .
(tangent) (4-82) T R
FRAME 4-83. S
}R ME 4-8 . 6 IS
* The ’ used to providedhis smooth =
movement from one tangent (grade) to the next is usually para'fi‘qﬁs;igi form. .
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(control) (4-8)

FRAME 4.9.
Usually, well marked (1) * ___ are tied into the grid net- ,
work and all (2) dist:ances are measux@ed relative to it.
. \ I
I
it
(. ,
RO

N , 1}
(front) (4-33) ' -
FRAME 4-34, ‘ N ‘ ] \ .
Also on the | of the slope stake is written the distance oo
from the centerline. ‘v
3 ';
. ) ; A

V4
. [
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(circular) "(4-58)
FRAME 4.59. ' _

» .
The point where two tangents intersect is called the point of intersection
(PI).and the exterior angle is the angle of intersection (I). This is also the
. angle subtended between the intersection of the radius points at 0 (see panel

4-5). The point where two tangents intersect is called the (1)

of . (abbreviated __" ) and the exterior angle between

them is the (2) ° © of (abbreviated ___} ),

A\

, = &
(Vertical curve) (4-83)
FRAME 4-84. e

¢

In addition to the smooth transition pravided by a

curve, another advantage is that its essential dimensions can be easily calculated

’ by the surveying crew in the field. . ’
. ’ ’ N °
14




(1) points (2) horizontal (4-9)
FRAME 4-10. , ~

Location of control points is important to prevent damage to them. Both
horiio;ltal control points-and bench marks should be placed well out of the con-

struction zone to (1) them against accidental (2)

(front) (4-34) *
FRAME 4-35. '

On the back of the slope stake, the station, numbers and the slope ratio of
the cut or ﬁ)l are written. If a slope stake is located at the edge‘ of a cut, the

letter )wgyd precede thie amount of‘cut necessary from the

-~

slope stake to the edge of the rgad shoulder.




L3

& R 7

e ' ‘ | '

(1) point of i;xterwction (PI) (2) angle of ir.xtersection (I) (4-59)
\\ FRAME 1-60.
The point where the curve hegins or.leaves the tangent 1s called the point
of curvature TPC. and the pomnt where the curve joins the tangent or where the
curve ends Is called the point of tangency (PT) (panel 4-5,. The point where a

curve begwns is the (1 S of (abbreviated

—_ - and the point where a curve ends 1s the (2, _

of ( bbrevr%.ted ).

—
(parabolic) (4-84) \
»

FRAME {-85. -

~

Two types of parabolic curves are used. The overt (convex) curve 1s used

to curve over a hill. The invert (concave) curve is used to provide transition

.

from a down grade t071 2 or to a level alinement (tangent).

¢

422

) -
Y~ 156




Sat 2. Use of Construction Stakes

(1) protect ('2) damage or destruction (4-10) f’
FRAME 4-11.
We will now consider the uses and functions of construction stakes. The

primary function of stakes is to indicate the alinement of

a construction facility, to aid equipment operators, to control specifications, and
L 3

to prevent excessive work.

C (4-35) | ) , T
FRAME 4-36. . ‘

}:A. stake placed and marked as the one shown in panel 4-2 (page 4-53) would
mean—that it was a slope stake marking the point where a 1:1 cut slope inter>
sects the natural grotind surface 25.5 feet from the centerline, 7800 feet from
the origin, and indicating a cut of 4.0 feet in relation to the edge of the shoulder.
How would a slope stake where a 3-foot fill (1Y2:1 slope) is necessary, otcurring 1500

feet from.origin, and 20 feet(from the centerline be marked?

. - FRONT ' BACK N
() — ~ ’
= R
-~ ' (A — ‘
3 — (s)

BN N

- 4-—123 -




’

(1) point of curvature (PC) (2) point of tangeney (PT) (4-60)
FRAME 4-61.

The standard circular curve, usually used in military construction, is ;.n arc
of a circle. The radius of the circle, or the distance from the curve to the center
of the circle is referred to aé the radius (R) or radius of curvature (panel 4-5),

The distance from the.curve to the center of the circle of which it is a part is

referred to as the : (abbrev%ated ).

i

a

(upgrade) (4-85) . ) ’
FRAME 4-86.
The two types of parabolic curves are: and
7 .ﬂ >



(construction) (4-11\) ( ’ Q’ ’
FRAME 4-12.

The informa@ion necessary to construct a given facility must be written on
properly placed (1) - o at the site. This informa-
tion indicates the 4\2) : of the construction facility, jaids‘\

_—~— equipment operators, controls specifications, and helps to prevent _

: .< ’
t,

L N\

3 -'
(1) ¥ (2) 32 (8) 202’ (4) 15 + 00 (5) 115:1 (4-36)
FRAME 4.37. .
As ﬁf)’pn as grading work is stdrted, centerline stakes will usually be de-.

"stroyed by earthmoving equip'\mxxt and- many stakes will be

L

removed.




o

2

4 \

(radius (R)) (4-61) . ‘ .
FRAME 4-62. . ' '

The distance from the PI to the PT or from\the PI to the PC is known as
the tangent distance (T). The distance from the PI to tﬁe mid-point of the
Leurve. is re.ferred to as the external distance (E)‘(refer to pangl 4-5). The' (1)

(abbreviated ___ ) is the dis-

tance from the PI to the PT or from the PI to the PC. The (2)
(abbreviated ______ ) is the distance from the PI to

the midpoint of the curve.

(overt) (invert) (4-86) o
FRAME 4-87.

The overt parabolic curve is in form, the invert para-

bolic curve is in form.




(1) construction stakes (2) alimement, excessive work (4-12)

FRAME 4-13.
Construction stakes include centerline, slope, ditch, offset, reférence, grade,

-

and intermittent stakes and bench marks. Construction

A . o

- -?

is written on these _ .

-

-

\ s L% .
, - i
* (slope) (4-37) o /\
FRAME 4-38. E o

In order to eliminate resurveying portions of the road or airfield, offset

stakes are placed beyond construction limits and are used to

centerline and slope stakes.




(1) tangent distance (T) (2) external distance (E) (4-62) .
FRAME 4-63. .

The straight line distance from the PC to the PT is known as the long chord
(C). The distance from the mid-point qf the long chord to the midpdint of the
curve is referred to as the. middle ordipate (M). The straight line distance from
the PC to the PT is the M& {abbreviated

" ) ‘ ‘ 3

(convex) (concave) (4-87) . ' l
FRAME 4-88. .
Panel 4-7 illustrates a typical vertical curve installed between two intersect-

3 i . ines. .
) ing line ,

k]

R 9462 : 4-28 o,




(information) (stakes) (4-13)

’

FRAME 4-14. .
' information is written should be

Stakes on which the

.made from lumber approxfmately 1” by 3” by 2”in size. In the absence of stakes,

small trees blazed on both sides and cut to length may be used.

.6\3

(relocate) (4-38)
FRAME 4-39.

’ L ¥
S

stakes are set o

Located beyond construction limits,

a line at right angles to the centerline and

F

e

i i, B oo
€ i STy IRER Y e bl

I

=

in alinement with slope Stakes.

J .
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. 04 . R .
long chord (C) (4-63) - : O -
FRAME 4-64. ° o, o L . Cos

The _r ) ¢ / " (abbreviated ____ - l
.18 the distance from the mndpomt of the curve to thb Lr}d‘mm of ﬁle lon\g c'ﬁord K
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Aruitoxt provided by Eic:




(construction) (4-14)

FRAME 4-15. . . P
Construction stakes are usually placed by a surveying crew and they con- )

3

tain

(offset) (4-39) o v .
FRAME 4-40. '
Slope stakes are relocated first. The centerhne stake zs then readily relocated

A
s

by measuring the horizontal distance mdlcated on: the

stake.




(middle ordinate (M)) (4-64) . - ,
L " Y
FRAME 4-65. o SRS
The distance from the PC to ‘f_l'l'e"‘PT along the-é_urve, measured as a series

of 100-foot chords is known as the 'length of curve (L). Therefore, L is -the

‘\,, (1 from PC to PT measured in
(2) -

(PVI) (4-89) . )
FRAME 4-90.

The point of vertical curvature KPVC) and the point of vertical tangency
(PVT) are the points where the curve leaves the grade line and joins the grade
line respectively. 1. ~ PVC ‘s the point where the curve

' .

the grade line,
N




\ Yo
(co\\\t:ql_) (specifications) (4-15)
'FRAME4-16. , , )
. Cér}f‘ei(*l.ine or alinement stakes are placed on the

. of

and direction.

a road or, éirﬁeld to indicatz its location, _

- L \ a . i
¥ \
\ ‘,
-‘ ‘ “‘
‘\
" ﬁ/
\ “ ‘
.. L
Lt -
| ) ?
t ' i ,
' (relocated) (slope) (4-40)
. « FRAME 4-41. :
‘. v
. Offset stakes contain all the information on the original slope stake plus
N the horizontal distance from the slope stake to the offset stake. This offset dis-
i
: tance is on the stake and 18 circled to indicate that it.ds the ‘

distance from the slope sta.l& )

7 4-33 .
: 1637

L4




(1) length of curve (2) 100-foot chords (4-65)

FRAME 4-66.
The angle subter}ded by one of the 100-foot chords 1s the dog\roc of curva-

ture (D) (see panel 4-6). The degree of curvature is the o . sub-

/

tended by one of the

) @: k4 . .
.Y ~ ——
1‘i:'§‘ .
- (‘ '
(leaves) (4-90)
FRAME"4-91.
. The 'PVT is the point where the curve the grade line.
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J :
(cente;'line) (alinement) (1-16) N 1 ) .
FRAME {-17. o .

Centerline or alinement stakes are the first stakes to be placed and are

located accurately because they are used as points in

locating ,other stakes. ' :

(oﬂ‘sei) (1-11) .
FRAME 4-42. :

’ An offset stake set at 20 feet from the slope stake shown in panel 4-2 would
be marked as shown in panel 4-3. Note that the horizontal distance 200, from

the slope stake to the offset staké is circled to indicate that it is (1)
p

. "If the offset distance was 25 feet, this information would

then be shown as (2)

K




. (angle) (100-foot chords) (4-66)

FRAME 4-67.
The distance’ dlong a curve, measured as a series of 100-foot chords, is the

‘ H o off - ( ). The angle
subtended by one of these 100-foot chords is the (2) ] of
(= ).
A
! ~
‘ )
- / \‘ 6

(joins) (4-91) .

’ ( FRAME 4-92.
The point where two gradelines or tangents intersect is.the (1)
and the points where the curve leaves and joins the gradelines are the (2)

and the (3) respectively.




&

(control or reference) (4-17) <

FRAME 4-18. -
(1 stakes are normally placed at 100-foot intervals

except that on irregular terrain they may be placed (2)

A

together for better control.

(1) offset distance (2) (4-42) o

T

FRAME 4-43.
There are many other types of construction stakes such as shoulder stakes,

reference stakes, and grade stakes, which may be used _urider special conditions

(particularly airfield runways) requiring greater control of work. The engineer

may use any special type - that he thinks necessary to
adequately _. a construction project.
L
“ 173
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(1) lem:ﬂ; of curve (L) (2) degree of curvature (D) (4-67) .
'FRAME 4-68. -~

When hasty type roads and airfields are built in forward areas, high preci-

sion is not dssential, a fairly good curve can be staked in by the eye and then

adjusted as construction proceeds. Therefore, in this situation, herizontal curves

~

are usually laid out hud 2.
L -
&/ oy -
PR .;, . - +
1 ! i

(1) PVI (2) r?VC (3) PVT (4- 92)
ERAME 4 93 _
Grades are expressed 1,n percentages (rise of grade in feet 100 feet) The

'

percentage of grade at the grade tangent nearest the point of ongm is normally
referred to as ,Gl and the other grade tangent 1s referenced as G. (panel 4-7).

G, is the tangent the point’ of origin,
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\ ' ' .
. d
(1) centerline (2) closer (4-18?\
FRAME 1-19. .
The placement of centerline stakes on the centerline is our next concern. To

easily read the information on them, centerline stakes e placed with the broad
. F

side of the stake to the centerline.
, .

Set 3: Horizontal Alinement

(stake) (control) (4-43)

FRAME 4-44.
. As we have seen (sets 1 and 2), control is first established and then aline-

Y

ment is pr'%]'rected by gneans of construction stakes. The engineer must determine

the.best horizontal and vertical positioning of the facility. The hofizo_ntal and

vertical positioning of the facility is called ' .

4

Py

Q l . ' . 177




(by eye) (4-68) o ~N
FRAME 4-69. o : .
‘ Another simple way of staking out a curve in a forward area would be to

- have the driver of a’grader or a truck make a gradual turn and use the wheel

tracks to . - o - the curve,

(nearest) " (4-93) '

FRAME 4-94. .
The offset distance from the PVI to the curve is the longest offset .on tile

curve and is referred to as the maximum offset (MO). dﬁset distances from the

tangents to the curve at various distances alorg the curve are known as offsets

0. Il‘he offset distance from the PVI to the curve is the
(abbreviated ).




(perpendicular) (4-19)
FRAME 1-20. ' \.

The side of the ' — __ stake which faces the starting point

is designated as the front of the stuke and is marked with the centerline syvmbol

¢ and as applicable PC for point of curvature or PT for point of tangency.

-

3 -
i) @ (
’ i P ‘
(alinement) (4-14) o ‘

FRAME {-45.
3 )
There are two types of alinement to be~considered in locating a road or an

5

airfield, alinement and vertical __% N . .
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(stake: out) (4-69)
FRAME {-70.

Ano.ther type of curve used 1n road alinement is the compound curve. Com-
pound curves consist of two or more ardular curves of rachi which join together
to form latger curves. These curves may be used to curve ;round obstacles where
it is 'not feasible to use vhe curve. When two curves of different radii are thus .

formed together, the curve which 1s formed is a, ) _ -,
\d

.
N ~ 1
P

X

~

(maximum) (offset) (MO) (4-94)
FRAME 1-95/ -

The length of a vertical curve (L) is the horizontal distance between the :
PVC and th;a PVT (panel 4-7). The actual distance along the curve is not con-
sidered. The I.>VI is located midway between the PVC and the

Y




(centerline) (4-20) ' S
FRAME 4-21. Q
A1§_o marked on the (1) . of the stake 1s the distance

from the;“ origin and the fractional part of a station, if such is used. A stake
which was rS%rked 18 + 26'- would be 1826.12 feet from the beginning of the
facility. A stake marked 21 + 25" would be (2) . feet

from the beginning.

> v
.

(horizontal) (alinement) (4-45) .

FRAME 4:46. s ‘ .

/We will first discuss horizontal alinem‘eth. Horizontal alinement consists of

a series of straight linéj(tﬁﬂ?a tangents céhnected by horizontal curves. In look-
e

°

¢

ing at the horizontal a‘l’ ment of a road on a map, we would see that it consisted

of a series of L y ; connected by -

.
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3

’ (1) front (2) 212508 (3-21)
. . ' —
. FRAME 1-22, .
, ¢ On the back of the centerline stake, the information on cut (C) or fill (F)

1s written.

/‘ required at each _______ _ |

Aruitoxt provided by Eic:
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FRAME 4-47. ' _ ' X ’ . L
-. . R . y §. . > - “\ ~
.+ 1In the préparation of (1) - alinement, intersecting tan- T2~
- . ' . ¢ v . o
gents are first laid out (panel 4-4) and are later connected by curves. Therefore,
in the horizontal alinement of a‘oad, we are first concerned with the straight
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(compound) (curve) (3-71) ) >
FRAME 1-72.

. 3

" Y
When the curves of a compound curve turn in opposite (reverse) directions
they arce called
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~
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~
.

1’

The curve descnbed ut the pr\cgdmg dlscussuon wag the standard ert1ca1
’ curve Another t};pe curVe ‘the eccéntric curve is. used when one of the grade
. tangents (G, or Gy) is longer than the other and PV} is not in the center of the
T curve The two types of vertlcal curves are standard and
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(station) (4-22) . : | " .
- FRAME 4-23: . C
The lettér C is ‘used to-indicate and the letter F to
‘ - e . .
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/) horizonfal (2) tangents (447) -
" FRAME 4-48. ‘ ' ' .

" Edgch tangent must be Stationed or.suffici¥nt information obtained as to azi-

#"muth’ a Sdistances so that horizontal _________ can be adjusted and .

/ . necessar

designs accomplished,, : . i
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Set 4. Vertical Alinement

(reverse) (curves) (4-72) b
’ { FRAME 4-73. S

We will now discuss the vertical alinement of roads and airfields. Verticala'
. alinement of roads and airfields is that portion of the design process that is con-
cerned with the establishment of grades and the determination of the vertical
connecting curves between these grades. The establishment of grades and verti-

]

cal curves is .
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° (eccentric) (4-97) ' . -
. FRAME 4-98. . ’ P
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When one grade tangent is lénger than the:other the
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- (eut) (fill) (4-23)

FRAME 4-24,

The cehterline

symbol is written
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: )
(vertical) (alinement) (473) . ,
FRAME 4-74. "
The grades must be kept within desirable criteria and spec1ﬁcat10ns The
\ curves between the grades must provide gradual transfef from one _
to the next. . ' .
1 . N .
o ! |
, T )
- L4 - o
) N q \ | \
| . .
lv ’ -
\
+ _ - (eecentric) (4-98) S -
FRAME 4-99. ) v ’

Ixi hasty construction, it-is often necessary to build vertical curves without

calculations or staking. When this becomes necessary, the erigineer nmust insure
' r\

2

t}ijat ‘the resulting curve provides a :
- . ~ ' T =
between tangent rades). .




¢ (4-21)

FRAME {-25,

A stake placed and marked as the one shown in panel 4-1 (page 4-53) would

“mean that it was a centerline stake 2600 feet from the origin and that a 4.0-foot

.-

cut was necessary at that point. How would a centerline stake 1500 feet from
the origin where a 2.0-foot fill was necessary be marked?

L]
FRONT BACK )
(1 —- Gl — ' ©
L I CT .
S
. |e—
_~ | N
-y % - 2
[] ’
B . ™
Turn back to bottom of page 4-3.
? * .
(1) tangents (2) adjustment (4-49) ¥,
FRAME 4-50.

v

@
There are several principles to be obsérved when locating tangents. The first

is that. thé number of tangents should be kept to a minimum..
<
Turn back to top of page 44,

K]

ol ¥




(grade) (4-71) .

FRAME 1-75.

The vertical alinement of a road or airfield is normally accomplished after

the A . almerhent has beer completed.\

[

>

Turn back to bottom of page 4-4. ' )

° .

te
x

; o -~
- / :

¥ ~~

¥ o
-

(smooth) (easy) (transition.f ?4-99)

FRAME 4-100. - o
In hasty ci)nstrucgion, curves must, therefore, meetvmini_mum _— "

.

but they may be constructed without elaborate calculations-and
- . o R . ‘ ,, )@
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(specifications) (staking) (4-100)

END OF FRAMES '
PANELS AND SELF TEST FoLLOW'
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. Panel 4-2. Marking of Slo;.:e Stake for Standard 2-Lane Road.

’ DISTANCE FROM CENTERLINE= HAI.F THE ROADBED+6 DITCH+4x1 ‘
’ ' . . '=15.54+6+4=25.5" |

.
! ‘
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Panel 4-3. Marking of Offset Stake. ) ’
3 » .
‘ [
= 254 - 200 ———f .
] ]55‘ 6‘9.' ‘Q‘.{ ‘—' FRONTY BACK
l : ‘ Cl| ~
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. Pane] 4-4. Horizontal AIinemenf—Tangenf_l.nyout.
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. . LESSON 4 .
- o~ SELF TEST ,
’ Note: The following exercises compnse a self test. The flgures following each

question refer to a frame or panel contalmng mformatlonw Telated to the
question. Write your answer in the space below the question. When you have
finished answering all th questlons for this lesson, compare your answers
2 v ‘ with those given for this I€§shy in the back of this booklet. Do not send in your

v solutions to these review exépcises. -

\ < s -
- 1. In the normal construction sequence,

before any work can begin. Define control \establishment
-, accomplished. (frame 4.1 to 4-8) ..

3

) o ' . "4 R . |
2. Explain the primary function of constructign stakes. (frame 4-11) - .. %

P

oy -
) . .3, Give the purpose of 't})y/centgrhne or alinement stakes. (frame 4-16)
2 N . . . 2 . \\’ . . (@ -
. [ v T
. " ; = S— - — 3
B ’ - L >
¥ ‘ \, h
A . - ’
- wer ¢ . N
’ . N 4 e g 4
. > - N
{/ - * T ' .
[>) o
r;,Descnbe the mformatwn whlch is contamed on centerlme stakes (frarpes )
. 4-20/to 4:22) » . o S
. oo -7 g -




-

v

5. Describe in complete detail, all the mformat)on given on the construclélen
stake below: (frame 4257 *

-~

- 7 o8

\Draw and properly mark a&s}ope stake ,markmg ,t,he’pomt where,a Lf/z A7cat ~
sl‘ope intersects the natural ground surface 27,5 feet Trom centetline, 23 fee.t,from
. tbe origin, and mdlcates ,a cut”’ { 2“'799% 1ith respect tp the shouldef (frgme /4//) =z

¥ ‘ / - —
- " A / - -
* - P g -

.

'::\\’0 - _'\ A \
e

Wy

-
"

i

.. . : . -
c
$ )

pOSe of offset stakes. (fgamesii -38, 4;39 441, 142)
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9. Define horizontal alinement. (frame 4-46) ~ ,
, v ;
o - . S T e,
- - : Lo > > .9
.‘- ! * - —= 2 : -
- . a
10. Give three -principles of horizontal alinement. (frame 4-50, 4-53, 4-56)
e
- - -
g »
11. Define PI, angle of intersection, PC, and PT. (frame 4-59, 4-60)
v ]
? - <
. L .
2 - 3 t
) _# 12. Describe two methods of staking out a curve in a forward area. (frames 4-68,
- -~ 3/4.69) . - . .
o ’ C el
. . ' ‘
w ) “y N
o . Lo . 1Y :
-2 13. Whenﬁoes a compound curve become a reverse curve? -(frame 4-71)
‘.4 LN ’ . .,
Ll .v’ :‘-? : ' s N »
LU} -
. A - 1 * Y
2 - o
- : “"
&y 7 14. Define vertical alinement.. (frame 4-73) : .
B, ’ - .
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R & .
L. 7 -
grl('-d o~ -
g . . ots ) h
R R - = —
k« . > \..“ T . : I = \
Yo o e - S - Qg '
'?s ! - N Te o, - o <
T : \ ] - | )
R AR, 4 — 60 __—
A T . LR e o T L N
oo . o ¢ Ve . - [ <
\)‘ LR e ' - -, o
ERIC ™ - :
. .k ) i b
N - A S s
- " “ - = .-:_\' ' . e 4.

n




15 What type wrue s normally Qsed in vertical curves? (frame 4-83) Why is
it preferred') (frame". &BL

N

16. Explain the dlfference between the two types of parabolic curves. (frames
4-85 to 4-87)

17. What do the following abbreviations stand for? (frames 4-89, 4-90, 491)
(a) PVI ' - .
(b) PVC / - %
(¢) PVT




o " LESSON 5 g

A

. EARTHWORK ESTIMATES AND MASS DIAGRAM

>

CREDIT HOURS .. _____.2 ~
+ TEXT ASSIGNMENT ______ Attached AMemorondyn"l.

LESSON OBJEGTIVES

Upon completion of this lesson, you should, in each of the following subject areas,
be able to:

-l Factors mﬂuencmg earthwork estimates — Discuss the purpose of earthwork
computations and factors° which influence them.

2. Hasty estimate method — Compute volumes of earthwork using available volume
tables. .

3. Cross section method — Calculate cross sectional areas by the most widely used
" method (cross section method) Wh.l(;h includes two variations: (1) counting the
squares and (2) triangle method.

4. Average end ared method — Calculate volumes-by the formulas of the end area
method, know the limitations of the formulas, and use earthwork tables to use as
alternate means in volume computations.

5. Airfield earthwork volumes — Use special airfield earthwork tables to calculate

volumes by average-end-area method and.explain the significance of the cutﬁ.to fill
factor.

6. Estabhshmg runway gradeline by . proﬁle method — Establish* tentative "~

gradelines early in construction to avoid unnecessary delays and allow heavy
equ1pment to begin working. : .

7. Computing borrow pit.volumes — Compute borrow pit volumes by two different
methods.

8. Mass diagram — Describe the mass diagram and stat,e its function, value, and
*use to include volume changes (shrinkage and swell) of soil.

9. Plotting the mass diagram — Explain the actual development of the mass
diagram; the significancé of the various patterns formed by mass lines; and the
computatlon of net yardage. total yardage, borrow, and waste from 4he mass °
dragram . N

10. Selection of equipment by use of mass dlagram Discuss the method by which
the suitable equipment can be chosen for a certain lengrthk of haul and estimate
requirements for time and personnel. p

’

) : - - .
Q. E 196
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14 . N
Set 1. Factors Influencing Eanthwork Estimates

FRAME 5-1. S R bl

. Earthwork computations are the calculations of earthwork volumes or quan-
titigs'-m order to determi;le ﬁnal grades, to balance ;:ut and fill, and to plan the
most economical haul of’ material. The purposes qf ea\rthwork computations are

to furnish finfl grades, to balance M and

and to plan the most economical of material.

(700) (41.30) (5-30)
FRAME 5-31.

. LI

The sum of the two figures (41.36) and (’:{00) gives 741 (nearest whole num-

ber). This is the _ X . _ in cubic yards between the stations.




& : ‘
¢

¥ )
~

(exca\'ation) (embankment) (5-60)
FRAME 5-61."

The mass dlagram is used to determme the most economical dlstnbutxon of

s,

materials. Since the amount o‘S excess material between any "two pomts can be
determined, a careful study of the mass diagram will show where 1? will, be
expedient to waste miaterial and borrow closer to the area to be ﬁlled The mass

material and

rd -

. diagram would aid in determmmg when to

. closer to the area to be filled.

3

/
T " - : 4 -
- '4?,‘ i . v,
(elevations). (convenient) (5-90) . !
' FRAME *5:91. ' g ®

Entrées from column 10 (ord{nates) are plotted as ordinates and the center-

line survey statlons as absclssas )isu constructing the -

- . - .,

~

ta




(cuts) (AMs) (hawts) (5-1)
FRAME 52. . :

M;.terials' to be imported and mixed with sub.gra;ie soils for subgrade Stabi-
lizatien are included in earthwork computatlons, but base course or pavmg mate-
ria)e to be placed abeve the subgnde are not included. Subgrade matenals are
included in the computations; bne course mateérials are

- A
- - !
\ \
[
. . . )
ls ~t i ' _ . . .

(volume) (5-31) . . :

FRAME 5:32.. - ‘

For distances between stations (crosg sectxons) other than 100* feet, multiply
the result obtained by the distance and dxvxde by 100. Should the sum of the
end areas be greater than 1673.9, break up the sum into portions that will “fit

the table and add the resulfs to get the total -

L4

se
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.

(waste) (borrow) (5-61)
FRAME 5-62.

In makmg the decision to borrow, the work involved

\ .

(?)ening and closing
Ay —

a borrow pit, and in wastmg excess material, must be balangded against the de-

creased yardage output of the same quipment ‘at lenger}lauls Decreased yard-

age output in longer hauls must be alancee}"a’gamtt the work of opemhg and

",

closing a and”wasting : \ '
‘\ \ ~ e
] .
1
B
2
L 4 a - e
(mass) (diagram)° (5-91) .
FRAME 5-92. :

An ascending mass line in the diagram indicates an excess of excavation,
and a descending mass line an excess of fill along the portion of the area for

~ which the mass diagram‘ is drawn. An ascending r;lass line indicates an (1~).

' of ,-a descending line an (2) .
of —_— Y : ‘
n
g ¥
¢ . ' \ i
e \ ;
s,
- = Ay &
\\ ? i
r‘\ .
. 0.4 .
AU 5-6
3 §

. v
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. , ) 5";,) .
(not included) (5-2) - . Co h
FRAME'5-3. | ; \

’
'

When topsoil or unsuitable material is stripped from cut and fill "areas and

©

placed outside the slope stake limits, cut and fill quantities affected must be con-

vertéd (compensatedﬁ fér the lo§s of material. Stripping of undesirable material

must be for th cut and fill estimates.
’ -
Ay w
¢ Q@ 6
. N o
@ A Al s .
. - ]
AL 5
» N w\'
, LR S T )
4" =
[ 4
Set 5. Airfield Earthwork Volumes
¢ ’ i
(volume) (5-32) ~ : 3
FRAME 5-33.

Because runways nor;nally are much wider than roads, earthwork quantities?
are estimated from special tables of centerline cut and fill depths and correspond-

ing volumes. These tables are prepared as shown in Panel 5-4. Estimates of

> .
runway earthwork require the preparation of (1) v .

This is bécause runways are ‘;mrmally much (2) than

2

roads.
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(Borrow pit) (e\cesﬂ) (material) (5:62)
FRAME 5.63. . ‘ 4
When there are both cut and'fill volumes between 'stafiqns, the mass diagram
.~ shows only the volume of earth nécessary to complete the balance. The velume

AN
of earth necessary to .

i shown oi-n the maoe. diagram.

.

(1). excess excavation (2) excess fill (5-92)

A »

FRAME 5-93. S o . ) -
' ~ When the mass line forms summit humps, the hgul will be from.the Jower’
to the hlgher station numbers when the mass line forms sag humps, the haul

will be from the higher to the 1®wer station nu‘?nbers Summit humps in the mass

line indicates that the haul will be from the (1) , to hlgher sta: )

’ tion numbers, Sag humps indicate the haul will be from the (2)
b

to the lower stations.




[ . ¢ . N ’ N
~ ° ‘ N o . - - ’ ° " .
. (compensated) (5-3) Y ¥ B
\ ) ’
FRAME 5-1. , ‘< .
The accuracy with Wliah eafthwork ‘estlma;tes are made is depe'ndent upon

‘the precnsxon of ﬁeld measurements durmg the prehmmar) survey and fipal loca-

tion. Accuracy of field measurement deter;mmes the accuracy of

.
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" (1) special tables (2) wider (5-33) - . T,
FRQME 534, . - . [ B , S :

A table for each site 1sﬂi‘ecessar} as minor differences in transverse ground

slopes anfl typical cro$s sections seriously affect the quantxtles of cut or fill m
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PO F

. (complete) (balance) (5-63) o

FRAME 5-64. ] . . o
Where cut and fill volumes balance between two stations, the mass diagram

_ 7 may show ——
necessary, Earthwork sheets should be used® with t}le mass diagram in determin-
ing’ equipment requirements. . ' j
. ‘ ‘- e
14 - ' - !;
\ ~ . 3
- * R A
~ " ‘;.: R
. R , .
- i b - 3& . " / -
AN I
LS
) . v
- ) \1 *
. ) R ‘ v '
oo ¢ ' x
, (1) lower (2) higher (5-93) - \-
FRAME 5-94. : B ' ..

' '\'The bhlance line i§ a hofizontal line -between any two points on theimass
line where excavation equals embankment. :I‘he maximum lengt'h of the balance
line is predetermined on the l;asis of an-efficient haul, Two points on the mass
line between which excavatioq and embankment are eql'Jal are connected by a

~

] a




aw'e

(earthwork). (estimates) (3% 4) :

|~‘,

FRAMFb5- ‘.
The precision of field mea:mrements shou!d‘ %siﬁent thh cgnﬁtructxon

-~

l\ -

&i
requirements. Sometimes the u&~cal ﬁtUat,xorL,dlctatet hasty g,sqmates in wh«xch

.~ e .

case (1) d meaﬁuréments woulg bg a ,yyaste'of éffort When <

-_— . P
-~ . "-l\.
-

txme 1s«wta1 or the type-of construcm‘m is o’f‘row o?dex‘ 12’ PRI IRTR R o7 ST

. y N
ATy T e i W Ve Ny

estimates o} eartpyvork 1 Wmﬂ& suﬁ‘iee,* S T

—

e

/(»lén'gth)’ (5-34)
FRAME 5-35. )

In runway construction, minor differences in
’ - -7 .
- : s_19pes and typical cross

-

seriously affect quantities of cut anqi,ﬁllz"

ERI

Aruitoxt provided by Eic:




Aruitoxt provided by Eic:

.ﬁn« Qarth) (haul) (54}45
FRAME 5-65, ,
Panel 5-6 pert

S 2l g
ns 12_ fffames 5 65 through B- 7& Note that the tabufatxons
fo;‘computmg eart?m: ]} ’lumes a,{}d prefgarmg the mass dlagram are, entzéred
~ [ .
on ,Such g; computa.tx sbeot’ Co“qmn 1 ifsts the i

.
v

.~ and

I
ke r L . }“-4"“ _'— are ‘listed in column 2.

(balance hne) (5-94)
FRAME 5-95




»‘{\\\

‘e A,

/\

O

(precision) (hasty) (0-5) )
FRAME 5-6~ . 4
Earthwork can be estlmated with only the centerline plotted and the grade .

.
. (X}

estabhshed The average depth of cut or hexght of fill between 100-foot stations

'1s estxmated and the voiume of matenal is vthen read from a volume table (pﬁnel

- e

51) Plottmg of - TN, 'Ll and establisiment of

enable the uee of a volume vable.

B »(transverse)f (gmnd) (sections) (5-35)

ERAME 5-86. . M

~
e ™

- Quantltxes for the table are calculated by obtaining cross section areas and

detenmnmg A by the average-end-area method,
- y

! )

ERIC

Aruitoxt provided by Eic:




(stations) (end areas) 65-};5) .
FRAME 5-66. ;

Cut and fill volumes, in cubic yards, are entered in column

The quantity of excavatlon or embankment entered opposite each station: is the

volume between that station and the next Succeeding station.
{ : !

<
~ -~

" (haul) (5-95). g

FRAME 5.96. - ,

The assumed eﬁ‘icient haul distance in panel 5-8 is 1,000 feet. BJ and KM
are ‘ whose length is equal to efficient
haul.

%
£
£ N y; ‘
. . / / % ’
/‘ ‘. i

N S , 5— 14




(centerline) (grade) (5:6) ..
FRAME 5-7. ) ’
Required: Cubic yards per 100 .ieet of cut, 30 feet wide atrtie base, with”

v

114 to 1 side slopes and an average depth of 5 feet. Entering the table (Panel

5-1) at 5 feet in column 1and continﬁfng horizontally to column 8, the value for

a 30-foot cut with 1 to 1 slopes is found to be yards.
A
- »
¢
I! » s
L. b
,(volunies) (5-36)
3 FRAME 537. . .
Tables may be prepared for various ground slopes ‘and

cross sections by the unit surveying section, during slack

-

periods for use when needed. *~

T, - 5-—15 . SAG




> 8 (5-66) | i

FRAME 5-67. . \

For example, the ﬁgure 537 in column 3 opp051te station 28 + 100 means
that there are

cubic yards of excavation between stations
28 + 00 and : . - o
z .
’ ’ ' \ ,
' ‘ '
, o N L
) ’ ) » 5
) i ."
—fa
1o X
.-(balance hnes) (5-96) ’ . i}
FRAME 5-97. L N4 ) —
Balance lines are“drawp (1) o’

to the datum line so as
to intersect the mass diagram at two points, called balance points., The excava-

tion between B and J, D and F, F and H, and K and M is exactly equal to the
embankment and-.all haul is* within hmlts of (2)

3
3

haul. )

i,
' ’ *
’

5—16




v
- %

648 (27) - .
) 3
. FRAME 5-8. .
Continuing horizontally, column 11 indicates that ‘ yards

must be added when the slopes are 1% to 1.
[

\ )
(average) (typig'al) (5-837)
FRAME 5-38. ' .
The table includes the maximum range of cut. and fill for the site. By scal-

T

ing the interval of cut or fill between thg grouhd profile and the
at each station from the sketch plans, the quantity of earth-
' - Ml

»

work is obtained directly from the appropriate . .




1 537 (2) 29 + 00 (5-67) _ _
FRAME 5-68. a ' s

"Note that both fill and cut are' encountered at most stations in®the table.
This méans that most sections on this particular project are side-hill sections.

Station, 33 + 00 would be an

(1) parallel (2) efficient (5-97)
FRAME 5-98.

S

Betwgen the two points where the balance line intersects the mass line, ex-

cavation — embankment.




e 46 (58) L, )
" «FRAME 5-9. ' .

The calculation-is as follows: 648 + 46 = 694 yards bf‘ cut for every

i feet of length. Volumes in table are ‘‘in-place’ volumes.

¢

(grade line) (table) “(5-38)2

FRAME 539. i .
The intervals of cut and fill between ,the ground profile and the grade line

L | from the sketch and the‘quantity of earthwork

) are (1) o .
involved found by application of ‘the table. Summation of the tabulated quanti-
ties gives the total {2) c \ - to be‘handled. )
.. N v A 3 N
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(;:xceptlon) (5-68) ;
FRAME 5-69. . y p
Stripping volume, in cubic yards, is entered in column 4. This normally

represents one of two things: the volume of topsoxl or similar material which

- . is stripped and saved for later use, as in a cut sectnon or the volume of unsuit-

* ‘\‘b.,»

able material which is to be stnpped and wasted, as in an embankment section.

Stnppmg volume xgay consist of either material to be for
. —_

later use or unsuitable material which is stripped and

7z

(equals) (5-98)
FRAME 5-99.
‘In addition to the factors discussed above, the placing of balance lines is

£ .

affected by tHe shape and number of the lobes of the mass diagram (refer to
line DFH in panel 5- @ If thxs line is (1) - : above its oresent

' position, it would result in & greater quatitity of overhaul. It would extend be-

yond the pointsTon the ,
— . , 1 . f’

V@ _\ R

e

0
jﬁ‘ ~
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R Set 3. Cross Section Method .

100 (5-9)
FRAME 5-10.

The cross section method of computing earthwork volumes is the most widely

f
> '

kS
uséd method in both road and airfield construction. The method we'are about

to consider is called the > t methodd.
-
g'
. a‘“’/f
A £
(1) scaled (2) volume (5-39)
FRAME 5-40. . -
In Panel 5-4, the factor of cut to fill is based on 125 cubic yards of excava-
tion required to make 100 cubic yards of fill, for fiJls 2 feet high atWd under
. (100/125 == 0.8). The factor of cht to fill is 125 cubic yéﬁr&s of fill for fills
feet high and under. ]
! - ,
” ]
’ o
? S .
e 4
w9d—21 e
AL AW}y




" (saved) (wasted) (5-69) *
FRAME.5-70. *
In the project: tabulated in panel 5-6, stnppmg begms at statlon

«

because the work mvolved the extensnon of an existing field.

(1) placed (2) mass line (5-99)_

FRAME 5-100.
PlaCement of this (DFH) below its present position also would not be eco-

!

nomical since a portion of the haul would then s the lxmxt

of efficient hat;l. Each mass diagram must be given careful study te determme‘
} <

the most efficient placement of every balance line.
3 o




© (cross) (section) (5-10) . ' / ' o
FRAME 5-11.. - " : .
. After the position of the subgrade line and the shape of th‘ie typical cross ;
' seé"tion‘are established, cross sections are plotted & each 100[foot station on’ ‘g; -

. the adopted centerline in runway construction, and for@éch 100-foot station on

tgngents and every 50 feet on curves in road and taxiway donstruction, The
V)

position of the line and the shape of the tgpical
are first established. ' * ‘¢ '
, i .
!
. . - ,
a ! ‘o
-7 o ° , :

~ ) , «:} ) . o .
! ) ‘ " ./\Q@%%\,ﬁ— / R . '
¢ N ‘)f 4 £ . N

. l . i ) ’“‘] N
L 2 (5:40) . ] \ Wﬂ.s / “ ‘.
FRAME 541., . S '

. ~

For fills over 2 feet high, the factor is 0.85. Cut volume times fattor (0.8 -

N

ot 0.85) gives volume of . _ : ] i &
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32 + 20 (5-70) -
FRAME 5-71.

- Note that in obtainirg the volumes under column 9, the stripping volume

(column 4) is subtracted frozn the quantity of excavation entered in column 3.

This is because the volume of excavation of column 3 will (1)

be used in making the fill. Excavation volume minus (2) volume

equals fill volume.
&

R~

~
.

(exceed) (5-100) -
: FRAME 5-101.

The points of maximum embankment and excavation on the mass diagram

-

- arc approximately the stations at which the ground line crosses the

on the profile.
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(subgrade) \cross section) (5-11) .S ‘
‘\. . 4..\\ . o~ ] ,
FRAME 5-12.5 ' J :
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Cross ‘sections a‘iﬂe‘plotted for -each

centerline for runways and road o,
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Sat 6: Establishing Runway Grade Line by Profile Method

[
¥

(fill) (5-41)
FRAME 5-42.

It is evident,_when a field reconnaissance is made, that certain areas will

1
\
1
N ]
¢

need to be excavated and certain other areas will need to be filled. These are
areas which may be workeil\ on immediately. Areas of cut and fill rea&ily ap-

on

parent should be'
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1

(1) not (2) stripping (5-71)

FRAME 5- 72 : C
Slmllarly, in obtaining the volume of embankment shown”in column 7, the

i

N

stnppmg volume is added’ to thé quantity of embankment shown in column 3
Embank-

because this much additional matenal must be used to make the fill.
volume (column 4) gives

ment volume (column 3) plus

— embankment volumé, )
1' ) ) ' -
4 . r .
+ ’
—
; r :
; - \
' 3
L
.\
1)
b = § : - . \
e . . . . -..
- ¢ \\ - - >
S :
. ] .
' ) -~ -
¢ L)
K ;
(grade line) (5-101) ‘ .

K3

FRAME 5-102. .
The lateral positions of these \points one on t;he mass diagram or one on the

prbﬁle will coincide exactly if there is only cut or fill at each station. If both

cut and fill exist. at the same stations, their posmons correspond oniy

¢ ’
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' . ., < . \ .
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B ) \
\ ‘ -
A\
1y * “.
. .: 0\ .\
100 (tangents) "(5-12) . KR
FRAME 5-13.. k S
,  Besides at 100-foot intervals, cross séctions are plot-ted‘ at any intermediate
place when there is a distinct change along t.he centerline, arfgl where the natug'al
ground profile and the grade’ line correspongi_(earthwork éha\nges from cut to
fill). An intermediate interval would be at a\. ‘o change
. \' \
along the centerline and at changes from 3 to L
. \\ \ \‘
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(worked) . (immediately) (5-42) ., "y
FRAME 543, | NS AUN

X ! However,.it is often necegsary to establish a tentative grade line as a&?f{ie :~
. { N 5,
ir. properly assigning equipment prior to detailed computation of earthwork quaxm-
tities. Establishment of a grade enables work to proceed ¥ "*,
1 S N .
berore computation of earthwork quantities aie made. “\',
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! »
(stripping) /(ngt) 3(5-12)
FRAME 513, .

Nét excavation. in cubic yards, available for constructing fills is entered in
column (1\‘)_: i . Column 5 (net ex.cavation) for fills equals

applicable ‘ﬁ'gure\ in column 3 (2) figure in cclumn 4.

.t
rd

(approximately) (l5-102)-"-
FRAME 5-103.

The mass diagram represehté the algebraic summation of net yardage from
station to station. Thus the maximum ordinate above or below any balance line
represents the total —  yardage that-is to be moved from cut to fill,
disregarding the yardage which is balanced within any 100-foot distance that
has both cut and fill. T




(distinct) (cut) (A1) (5-18)
FRAME 5-14.

Also, a cross section would be plotted at intermediate ;iaces'between st;tions
when the surface on either side of the centerline is uneven enough to require
plotting in ordef' to represént properly the volumes indicated between the station

cross sectiona. Uneven surfaces between station

are plotted when necessary for greater accuracy. \

W/
"_ .
!
/ \
T F-‘/ a
(tentative) (detailed) (5-43)
FRAME 5-44.

The tentative.grade line should not be carried too close to the final grade.
The balance of cut and fill will not be upset( if care is taken that cuts and fills

are not carried too (1) M. to the expected final grade line.
The (2) grade line is a guide and space should be left s0
that the balance of cut and fill are not-{3) : .t
»
“
5-29
O

‘ 224




%

(1) 5 (2) minus (5-73)
FRAME 5-74. ‘

Net excavation in cubic yards, multiplied by the propex: shrinkage or swell
factor 1s listed in column 6. Net excavation of 2378 cubic yards with shrinkage
factor of .9 would be _- cubic yards%

1w

K.Y

. ¢ . ' ’ -
(net) (5-103)
FRAME 5-104. .

In some cases, ‘the excess yardage. is n:)t that figured between 100-foot
stations, since the yardage is sometimes ¢ ulated for shorter or long.er distances
dependmg on where the cross Sectxons were taken. Thus in the section of mass
diagram (panel 5-5), above the balance line DF‘ the net yardage which is moved
from cut to ﬁlll(from section DE 30 EF) is xjepresented by ordinate ED (vertnca'l
distance from E to line DF). The yardage between D and

F must be subtotaled from the yardage table panel 5-6. ’

- ' \ 3




(cross sections) (5-14)
’ FRAME 5-15. .

Cross sec ions are plotted on cross section paper. The subgrade elevation
of the’ ﬁmshed section ‘at each statlon is read from the profile. Cross section

levels are taken from an mstrument in the field, if time permits, or from a con-

tour map. The _, ~_elevation of the finished section is' read
from l&:e profile; cross section levels are taken by _ if pos-
sible or from a }rmap.
!
) r
q
\

|

(1) close (2) tentative (3) upset (5-44)
FRAME 5-45. ‘
One method of establighing the ' grade line is to plot

the centerline profile and the profiles of the shoulder edges. The tentative sub-
grade grade line is then plotted on the profile bearing in mind minimum'earth- k2
work and efficient haul limits. .

| 5—31




(2140)- (514) :

et FRAME 5.75.
Now let us Hiscgss shrinkage and swell. Wheg placed in. a fill and com-
i)acted, excavated earth normally will occupy les¥space than it did before being
disturbed. This is called ,

in volume, or shrinkage, should be determined by tests.

If time permits, the decrease

¢ Y - ’
/v‘
f‘: - '4
:.Si'_‘ -’
". A ’
‘ . A
(total) (5-104) , . 4
FRAME 5-105.
The net yardage can be taken from the (1) ‘ ;
total yardage from (2) . i .
4 &,
- N
! ' ,4 - .
13 [
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(subgrade) (instrument) (contour) (5-15) ' 5
FRAME 5-16. . S

Cross sections usdélly are plotted.to the same vertical and horizontal scale,

but if the vertical cut or fill 1s small in comparison with the width, an exaggerated
vertical scale may be used without reducing accuracy. In plottting cross section

the sagne vertical and horizontal are generally used.

»

(tentative) (5-45) . E
JFRAME 5-486. © o7 )
Thp centerline (1) ' _v = : is first plbtted and then

the tentative subgraée grade liné is plotted on the centerline profile, yMinimum

tl

(2) — _ .- and efficient (3) ' L6

are kept. in mind when plotti;g the tentative subgrade.

N “ -




(shrinkage) (5-75)
FRAME 5-76.

If tests cannot be‘méd‘éj the table in panel 5-7 can be used as a guide. It will

<

be noted that in-place sand has a volume of ~change of

when changed to a loose condition.

—
3_\: ?
(3) mass diagram (2) yardage table (5-105)
FRAME 5-106. :
- Totalb yardage cannot be scaled from the mass diagram unless all the cross

sections involved show only cut or fill at any section, which is unlikely.

yardage cannot generally be scaled from the m'aés diagram.

- -




‘ (scales)”(5-16) "
FRAME 5-17.

After the cross eections are plotted, the area can be calculated by several

‘methods. Two simple methods are counting the squares and triangle method.

method‘will .

be discussed ﬁrs:t.

[

(1) profile (2) earthwerk (3) haul (5-46)
FRAME 547, - . - .

The grade line corrected for transverse slope is then plotted on the corres-
ponding runway and shoulder edges. The areas between the grade line and the

are then obtained.

\

.




(1) (576)
FRAME 5-77. ’ .

After blasting, rock increases in volume. This increase or

. occurs because the work fragments do not fit closely together and many voids

result.

b
—a

(Total) (5-106)
FRAME 5-107. . -,
If the balance points do not fall on even stﬁ.tions, proper interpolation must

b€ made in the yardage table. Similarly, the net yardage between points F and

o G, and G and H is represented by4the ordinate (the
difference between the balance line FH and point G, or 10,000 - 6800 = 3200
cu yd). . v
- L
o
~3\ }
> . »
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.- ) ]
¥("‘cbunting the squares”) (5-17)

-JFRAME 5-18.

’
4

.

“Countmg the squares” consnsts of counting the enEIosed squares and mul- )

tiplying the result by the area in square feet of one square This gives _the area

. of the cross section in square feet. The area in-square feet of one square is deter-

mined by the horizontal and vertical scales usedk in plottmg the cross sectlon.

The number of squares is first counted and this number is, multiplied by the

area in square feet of & 8 .
1

$

-

(proﬁle} (5-47)
FRAME 5-48.

Cuts should rough{y balance filly. The.sum of the areas above the grade line

(corrected by shrinkage or expansion -factos)"is ; against

the sum of the areas below the grade &ne.
Pad

¢




.Y

(swell) (5-17) '
FRAME 5-78. RN -0 ' .

to _/ 140 cubic yards_of_ roc=k is called

5 . - ¢
. K

o Py

[

(FG) (5-107)

FRAME 5-108. . ' ‘ .
The mass dlagram (panel 5-8) also shows the net quantity to be bor--

rowed or wasted Remembermg that the lines BJ and KM represent an efficient

haul distance of 1,000 feet, the excess material betWween A and B should. be

(1) 1 and the maierie.} needed for the embankment between
¥ and K\ should be (2) toskvoid (3)
haul. t : . ¢ .o




(one square) (5-18)
“FRAME 5-19. :
In the triangle method, area is obtained by subdividing the 'c‘ross section
into a series of triangles, Geometrically, th? area Sf a triangle is 1/},, the product .
of the base times its height (A=bh, 2). “Therefore, the cro:s se:ction area can

be obtained by adding the individual products of base times height for all the

S into which the cross section is and

3 -~y

ividing the sum by

‘A\ -~ "" .
L
(balanced) (5-48) . ¥ =
FRAME 5-49, °

The tentative grade line is shifted until the areas obtained are roughly in
(1Y - . The balancing of cut and fill require the (2)

of the tentative grade.line. . '

t




125 (swell) (5-78) )
FRAME 5-79. . ' '

/" If the fill is composed entirely of rock, the full factor
for the type of rock being quarried is used.
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(1) wasted (2) borrowizd- (‘3) excmive C5—108) w - / .
FRAME 5-109. - TN e 5y

v

The 1,000-foot dxstance use& in this example and the resultmg orrow and

waste are for illustrative ‘purp\oses mly Actually it will’ frequently be more

_economical to haul material severa} thousand feet\than to

and .
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(triangles) (supdivided) (2) (5-19)
FRAME 5-20. . o

Bases of the .triangles are taken as the vertical distances between the ground

L 4

and grade lmes where the slope of eltbetﬁ (or both) changes. The length- of
each triangle base is equal/to the eleya.xpn difference in feet, between ground
and grade lines. The altitude of each triangle is taken as the horizontal distance,
in feet, between the cross section pointe at the base and the apex of the tri-
angle. Bases of triangles are vertical distances between the

-

and . _ lines where the slope of either one or both glia.nges.

/

R ‘ Set 7. Compufing Borrow Pit Volumes

¢3) ba.lance (Z) shifting (5—49)
. FRAME 5-50. .

'T)\erg are twe methods pf‘ ¢omputing the volume of material excavated (or
to be excava'zéd) from a borr¢w pit. One method is to take original and final

cross sections a_f right angles to 2 convenient baéeline, determine the cross sec-
4 + k

an}i then determine the .




N

A

\\' &
(swell) (5-79)* - ' S
FRAME 5-80.

If the rock is placed si:multaneously with earth fill and all interstices or

voids are carefully filled and compacted, rock swell will roughly equal eart.h

shrinkage, so both factors may be practically

(waste) (borrow) (5-109)
FRAME 5-110.

Where there is either waste or borrow, the mass diagram shows the quan-

e

tity, but not the length and direction of haul. One method of obtaining these
is to make a sketch map showing borrow or waste area and the approximate
center of mass of the quantities involved. The mass diagram shows the

of either waste or borrow.




(ground) (grade) (35-20)
FRAME 5-21_. \J
The altitude of each triangle i§ taken as the *horizontal distance between

the cross section points at the and the

of the tnangle. .

(1) areas (2) volume (5-50)
FRAME 35-51.
The other method (panel 5-5) is to divide a plan yiew of the pit into a sys- .

tem ‘of squares or rectangles, usually 20 to‘50 feet on a side depending on the

roughness of surface. The plan view of the pit is first divided into a system of

or

5'—43 > N




(disregarded) (5-85)
FRAME 5-81,

The shrinkage or swell factor is applied to excavation quantities so that the
position of the excavation in the embankment will not affect the plotting of the

mass diagram. The excavation quantity is found in column

of the Earthwork and Mass Diagram (panel 5-6) computation sheet.

(quantity) (5-110)
FRAME 5-111. ,

The difference in length between any two ordinates is a measure of the total
net yardage of excess or deficiency of material between the stations at which the

ordinafes are drawn. The difference in length between two ordinates will give

the amount of net excess or between the stations at which
the ordinates are drawn. : -
.
> -
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4
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N R —v—/——*—
(base) (apex) (5:21) ﬂ ,
FRAME 5-22. .

Thus far each triangle in the series of triangles into which t_she cross section
may be divided has been considered individually. The triangle method, however,
goes one step further (paflel 5-2). Here it can be 'seen that \the cross section

area is more easily computed if two triangles with a common base are considered

together. The triangle method considers

with a as one.

(squares) (‘rectangles) (5-51)
FRAME 5-52. ,
Next, the difference in elevation of the original ground and the gr)ade of the
eXcavation at the corners of the squares or rectangles is determined a'nd plotted
along the plan vieu\r: This results in a series of pris:,ms (panel 5-5) from which

cross section can be computed.

%
Y
2N
2



3 (5-81)
FRAME 5-82. .,
The swell or (1) factor may not be constant through-

out the project. If so, each factor value should be used for the section to which

it (2) . . LN

4

(deficiency) (5-111)
FRAME 5-112.

Where the mass line ends above the zero ordinate line, there is an excess of

excavation to be (1) : If the mass ’lgne ends below
the zero ordinate line, there is a deficiency of of excavation which must be

(2) .




(two) (triangles) (common) (base)_(5-22)
FRAME 5-23. -

In the triangle mptho:i, the altitudes of two trianglés are added and.then
multiplied by the length of their common base. Therefore, the eross section area
can be obtained by adding the products of all the pairs having a common base.

As before, the sum of all these products is divided by 2 to obtain the true total

area. In the triangle method, two triangles with a

.

~T

can be combined and thus cuts the required compu-

tations in half.

4

P

(areas) (5-52)9
FRAME 5-53.

The volume of each pri
H

1 is determined and then these volumes are

to gdt the total area of the pit.




a
(1) shrinkage (2) applies (5-82)
FRAME 5-83.
* Frames 5-83 through 5-89 pertain to panel 5-6. Total material ig cubic yards

required to construct fills is entered in column

)-/

—

(1) wasted (2) borrowed 112\ ,
FRAME 55113. .

Gﬁneély, the average length .of, haul is approximately equal to the length
of a horizontal line drawn midway between the peak of tlie mass line and the

»
balance line. Line CI (panel 5-8) represents the approximate average length of

haul for placing the excavation BD }n the embankment (1)

Similarly, line NN’ represents the approximate (2) - of haul

for placing the excavation in the embankment (3)

e~




(common) (base) A5-23) : N
FRAME 5-24.
Working from left to right the area of the cross section is obtained as in

panel 5-2. €ompleting the computations in panel 5-2 the area of the cross sec-

tion is found to be - square feet. .

(totaled or added) (5-53)
FRAME 5-54. .
When the depth of excavation is uniform throughout the pit, the computa-

tion of this second method can be expressed in one formula. Referring to panel

5-5, the formula for the borrow pit ifi’ cubic yards is:

.. dab -
(nXdab)+(m>§—-a——
2

.27 e
;here d = average height (de;wf excavation) * —/
| a, b = length of sides in feet

n = number of squares or rectangles

m = number of triangles

Depth of excavation must be to use the

for volume computations.

5 —49
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7 (5-83)

FRAME 5-84.
-The quantity given in column 7 is the sum of.embankment quantities given

I3

in columns and . .

. ) .

~

Set 10, Selection of Equipment by Use of Mass Diagram

(1) HI (2) average length (3) KL (5-113)

FRAME 5-114.
In order to explain further the use of the mass diagram in analyzing and

.

planning earthwork operations, consider the portion of the mass diagram from

KtoM 1 5-8). vation f i ¢ i bank t
o M (panel 5-8). Excavation from LM will be placed in embankmen —
| ° ! 1 *




» Set 4. Average-End-Area Method 4

191.1 (5-24)
FRAME 5-25.

The averaée-end-area mejhod is the method mobt commonly qsed to deter-
mine the volume between two cross sections or end areas. Use is made of the
following formula: . : .

V= L (A, + A
54

= volume in cubi/cv yards of the prismoid between areas,.t(l and A,
distance in feet between end areas A; and A, = énd afeas in
sc}uare feet . .
In the average-end-area formula L L (1) ——  in (2) .
between (3) are:as, and An1 + A, = area of (4)

sections in square feet.

¢ Set 8. Mass Diagram

.

(uniform) (formula) (5-54) .
FRAME 5-55. . . '

-

Y The mass diagram is the best rheans ng a study of the excess volumes

of earthwork bgtween stations on an earthmoving project. It does not t?.ke into

account balanced yardage between stations. The mass diagram is a means of

studying ) of earthwork befWgen. stations,

r

®

T




- . (3) (@) (584)
FRAME 5-85.

cancelled ouf for station 28 + 00 is
’ .

Balanced yardage, in cubic yards, between stations is entered in column 8.

This is the yardage cancelled out in o taining the algebraic sum. The yayaage

/\

(KL) (5114) - .
_FRAME 5-115.

The direction of haul will be from right to left. This is because thls is a

hump

*

B

5 —52
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) /
. ]

’

(1) distance (2) feet (3) end (4) cross (or end) ¢5-25)
FRAME 5-26. ' .

If cross sectiong-are takgﬁ at full 100:foot stations the volume in cubic yards

~

°
e

between succesSive square foot cross sectiqn.s (Ay and A,) may be found directly
by the formula
V = 185 (A, + A,)

The above formula may be used when the cross sections are taken at full

’
/
’ [}
-

> foot stations.

(excess) (volumes) (5-55)
“FRAME 5-56.
The

aids in determining the
quickest way to complete an earthmoving job and also serves as a guide in

determining what equipment to assign to speéiﬁc portions of the‘ haul.

5— 53
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-
-

. 3 (93) (5-85)
. FRAME 5-86.

i ! . “The

The balanced yardage for station’ 29 + 00 is"

balanced yardage figure is used only for the purposes of estimating construction

time and the §chedulixig of men and equipment,
. \
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FRAME 5-116.

of

The avera\‘ge length of haul is r‘epresenfed by the line NN’ which is approxi-

N .
.o , L
_-,:“f__"_ . mately 420 feet. The best equipment for this
- is a wheeled tractor scraper combination.
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(100) (5-26)
FRAME 5-27. .

In either form, the formula is entirely accurafe only when A, and A, are

4
approximately of the same shape. The (1) _- - areas must be

of approximately the same shape for the formula in either form to be entirely

(2) . The greater the difference in (3) o

between the two end areas, the greater the error.

‘ »

(mass diagram) (5-56)
FRAME 5-57.

The mass diagram serves as a guide in determining what

to assign specific .

*
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(327) (5-86)
FRAME 5-87. ’ =

The algebraic sum for station 28 + 00 is obtained by adding net embankment

. amount and factored (1) ) From this we see that in obtaining

the algebraic sum, the excavation is considered plus the embankment is (2)

1 4 . \\

" (length) (haul) 2‘5-116)
FRAME 5.117.

In order to estimate time, equipment, and personnel requirements, it is
necessary to know the volume of earthwork between K and M. ‘This is done in
tw ys — either by seleétion from the computation sheet, or where ap'f;iicable,
scaling off the volume from ordinates of the mass diagram. /l'he latter method

~ is of gufficient accuracy for most situations. The . _sheet isg

used for greater accuracy; the met}kc{is suitable for most

jobs.

P S 5'—66




(1) end (2) accurate (3) shape (5-27)
FRAME 5-28.
' Even though an error as great as 509 can occur and the results obtained

are approximate, this method is consistent with other field computations and

more accuracy is not justified. This method is of sufficient

for use in estimating earthwork volumes.

(equipment) ‘' (haul) (portions) (5-57)

FRAME 5-58. .
The mass diagram is a graph on which the algebraic sum of the embankment

and corrected excavation is plotted against linear distance. The mass diagram is

a graph with two variables: Alg:abraic sum of the embankment and corrected

excavation and

- 5—57 PRASA




/
(excavation) (minus) (5-87)
FRAME 5-88.
The ordinate or cumulative total of the items in column 9 is placed in

‘column » with the proper algebraic sign.

o

(computation) (staling) (5-117) .
FRAME 5-118. ‘

J
If the computation sheet is used in combination with the mass diagram, the

procedure below is followed. Since K does not fall at an évén station, -it is

» necessary to determine this point and compute additional values_ to be ingerted

" i the computation sheet (panel 5-6). This is done by. straight-line arithmetic
interpolation. Pgints not falling at an even station are compﬁted by straight-line

and are inserted in the computation
—

sheet.

-




(accuracy) (5-28)

FRAME 5-29. - ' '
Volumes by average end areas may be obtained directly from an earthwork

table. Note that the table (panel 5-3) is to be used with the‘ sum .of end areas

and that it is not necessary to cdlculate the average end areas. A table can be

used which requires only the of the end areas to find the

’ {
volume. N

h)

7
’
(linear distance) (5-58)
FRAME 5-59. .
The aigebraic sum of the embankmerit and the excavation is plotted as the

otdinate, and the lmear dlstance as the abmssa ’I‘he algebraic sum of the

embankment and the excavatlon is plotted as the . d

- - <
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Set 9. Plotting the Mass Diagram

\(10) (5-88) _ i

-

FRAME 5-89, . .

For ease in comparison, the horizontal scale for the mass diagram and the
centerline profile should be the same — ar'1d orie placed directly above the other
as shown in panel 5-8. The vertical scale for mass diagram may be any convenient
‘one — such as 1,000, 5,000, or 10,000 cubic yards per inch. The vertical scale
for the centerline i)roﬁle should be nom{ally plotted ground elevations in feeg

The horizontal scales of the mass diegram and the cente}line profile are the

&
(arithmetic) (interpolation) (5-118)
FRAME 5-119. . A

Point K (panel 5-8) is found to be at station 44 + 92, The‘fpllowing values
are computed and inserted in the yardage table: the numbers for station 46 + 00

1\\ replace those shown in the tabulation panel 5-6. .
9] (6) (N (8) (9 (10)

44 + 92 355 1213 . 355 -858 -746
46 + 00 - ?659 - 5767 1659 © —4108 T -3362
The above numbers are the corrections to be made in respective columns of the
] - shéet. V - )
1 . '




(sum) (529) %
FRAME 5-30.

Folloarin‘g&is an e;cample of the use of the earthwork table in Panel 5-3. Two
cross sections, 100 feet apart have areas of 100.1 and 300.Fsquare feet respectively.
Tﬁe sum of the areas is 400.3 square feet. 'i‘he ﬁéure 400 is found to the left of

the heavy line under the column headed __. On the same line

with 400 and under the column 0.3 (to the right of the heavy line) is found the

e

figure

V4

Turn back to bottom of of page 5-3.

-

!

B

-

(ordinate) (5-59)

FRAME 5-60.
The algebraic suis are obtained by using excavation quantities as positive

and embankment quantities as negative. Positive values are

.

quantities; negative values are _ quantities.

Turn bac{c‘io top of page 5-4.
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.
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P

(same) (5-89) ' | r

FRAME 5-90. N § ‘

L]
The vertical scale o% the centerline profile consists of the

uere

in feet, and the vertica] scale oFthe mass diagram consists of any

one in cubic yards per inch.

N Turn back to bottom of page 5-4.

> 2
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A .
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(computation) (5-119)
FRAME 5-120.

Having established the numbers t"or stations 46 + 00, to find the value of
earthwork between stations K and M proceed as in panel 5-9. The final quantity

( cu yds) is the volume which must be used in determining

equipment and personnel requirements and in establishing construction schedules,

Iz

» .
v




(21,460) (5-120)

END OF FRAMES
"PANELS AND SELF TEST FOLLOW
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Panel 5-2. Triangle Method of Determining Cross Section Areas:
» =
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Remember (frame 5—23): - i .
The sums of the altitudes of two adjocent iriangles are taken as the harizantal '
distonce in feel beiween the crass seclion points odiocgnl ta their cammon base.
(See abave crass sectian) . »° -
- The camman base is takenos the vertical distance between the graund line and

grade line at the paint of change between the two adjacent triangles.
Warking fram left 1a right,the area of the crass section is'obtained a? fallows:

Bos\o x Total Altitude = 2 x Area af the Twa Triangles f

. Triangles 1 & 2 = 1,5 x (34 — 20) ¥ 1.5 % 14 = 21.0 - v
3844 N\3.4 % (30 — 5) = 3.4x%,25=85.0 .
etc. 3.0%x(20—-0) =
’ ) 34x(5+15) =
' ' 34%(30 —0) = _
2.0 % (37 — 15} =
' Tatal

Don't farget ta divide area oblained by 2 (frame 5-19)

/
A .
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1 . L '
’ . 5-65" ’ L
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Aruitoxt provided by Eic:

Panel 5-3. Cubic Yards in 100-foot Prisms with Specified Sums of End
) Areas. \ .

3008| 2900| 2808 2,700/ 2.600] 2,500 P2,«00{ 2,aoo| 2,200?2,100] 2.ooo’ 1.900] 1,800 1,700 1.300! 1.500: 1,«00[1.390 1,200 1,100/ 1,000
1008) 1566 1.512' 1.468] 1404 1380 1,206 1.242 1188 1,134 1.oaof 1026 972| 918 864, 810\ 756 703,  64r| S594| 840
Lenf 15620 18130 1459l 1405) 1351) 1297] 1243! 1289 1135 1,081 1,027, 973| 919 ass] B11] 767 703 o49| 595! 841
1em2| 1868|1516 1asol 1.406| 13s2! 1208 1244 1090 1136 1,082 1.028: o74| 920/ 866 812 758 74| gg0 5951 542
1.623] L5649 1.515; 1,461, ‘1,407 1,383 1,299' 1,245} 1,191] 1,137} 1,083, 1.029‘ 975 921} 867, 813, 759! 706| &81 897] 643
1624} 1870] 1816 14621 1.408! 1.364| 1,300) 1,245! 1,192, 1,138, 1,08¢ l.osol 976 922 868, 814 760 706 652, 395, 544
1628|1871 1,817, 1,463 1,409] 13856 1,301 1,247 1.193! 1.139) 1,088 1,031 977] 923| 869, 8161 761, 707! 653/, 599! 648
169 1572] 1,518 1464 1410, 1386 1.302 1248 1.m; 1140, 1,086 1.032 978, 924 870 816 762, 708! 654[ §00] 846
Lex7| 185731 1519 1.465) 1,411 1,357, 1,303, 1,249 1,196/ 1,141’ 1,087 1,033 979 925, 871, 817’ 763] 709 685, 601) 847
Lexs} 187¢] . 1,620| 1,466 1.«12} 1.368 1,304/ 1,250/ 1,196 1,142 1,088 1.034, 980; 926; 872, B18) 7e4| 710 L 656 602 &8
1629|1876 16211 1467|1413 1389, 1,306 1251/ 1,197} 1,143 1.089;1.085 981 927| 873 19| 766 711 667 . 603 B49
1,630) 1876] 1522] 1468 1.m| 1360 1,306( 1252 1,198 1,144/ 1,090, 1.036 982 928 B14| 520 76| 712 658| 604f 660
1601 1677f 1623' 1.4690 1415 1361 1.307) 1,253 1,199 1.145' 1091 1087  9r3l 929! 878! 821! 767) 713 559, 605 551
1632) 1678 1.826° 1,470 1.}:]‘1.352 1,308} 1.254[1.200] 1.146) 1,092 1038, 934/ 30| 876] 8221 768, Tie| 660 e0s| 682
1633| 1579 1626 1,471 117 1,363 1,309( 1,258] 1.201) 1.137] 1.093! 1,089 985 931| 877 823 769 718 661 607 688
1684 1880 1s26) 1.472] 10080 13661 1,3107 2,256 1.202 1,148 1,094, 1,040 935. 932| 878{ 824 770 718! 662} 08 ss¢
1636] 1881 L6271 1473|1419 1366, 1,311 1.257 1.203) 1,149 1,095} 1.041 987 9331‘ 879| 825, 71| 717, 663} 609| 65
L636( 1882 1528] 1.474) 1.420 1366, 1.312] 1258) 1,204 1,180 1,095’1.042, 988 934\ 880  826| 772| 718| 664, 610} &86
1637 1B83| 1629) 1476 1.421) 1367, 1313} 1,269/ 1,206/ 1.161| 1,097 1,043, 989| 93s{ 881 s21] 713| 719 sss’ 611] 587
1438] 1684) 1630) 1476| 1422, 1368 1.314| 1260] 1,206! 1,162 1.098 Lo44; 990 936 _gz 8281 774} 720 666’ 612| 668
1.639| 1585] 1631 1.477 14231 1369 1315|1261 1.207 1.183] 1,099 1045, 9911 937, BRI 829 76/ 21| 667, 613, 669
10| 1686 1632 1478 1424, 1.370 131 1262/ 1.208) 1,164[T,700) 1.048; 992| 938|yipse] 830 776 722| 668| 14| s60-
L8] 18870 16331 1479 1426, 1371 1.317| 1,263 1.209] 1166 1101 1,047, . 993 939|¥885] 31| 777 723 669, 615 * 6
16421 1588] 1834 1.480| 1426/ 1372 1,318 1264 1.20] 1,186 1102, 1,048, 99¢] 94| 886 832} 718| 724 510' 616 562
Led3] 1589| 1635¢ 1481 1427 13737 1319] 1.265| 1,211| 1.167) 1.103] 1.049, 995' 941\ 887, 833| T719| 728] 67| 617 663
1844 16%0] 1636, 1.482 1428 1374 1.320! 1,266 1,212 1,158} 1,104 1.080 996/ 942| 888| 834! 780 726 672) 638 664 ,
Le46{ 1891 1637/ 1.483) 1.429) 1376 1.321] 1,267] 1.213; 1.169] 1,108 1081/ 997! 943f 889 835 781| 727) 673, 619| 666 .
16481 1692) 1538 1.484] -1.430 1376 1322 1,168| 1.214| 1,160 1.106| 1.062] 998] 944! 890| s836| 782| 728 674|620/ 66 ¢
L647) 1693|1539, 1,485 1.431] 1377 1,323 1.269) 1.215( 1,161} 1,107| 1063, 999/ 945| 891 837| 783! 720! “e78] &2 . s&1!
Leas] 1594 16401 1486 1.432] 1378, 1324, 1,270! 1.216] 1.162| 1,108 1.064[T000] 46| B92| B38| 784 730, 676| 622 648’
L[ LEOS| LBl 1487 1433 1379 1.326] 1.271] 1.217] L163] 1.109 1.066, 1.001) 947| B893| 839! 1785/ 731} 677 623 569
L660| 1596( 1542] 1438 1,434 1380, 1.326) 1,272 1.218] 1,164| 1,110/ 1.086| 1,002| 948! 894|. 840 738, 732! 678 62} B0
1461 15971 1843| 14891 1435 188111327 1,273] 1.219] 1,165| 1.111] 1.067] 1.003| 949| 896} s&1| 787 733) 619 28] 671
1862) 1,698] 18441 1490 1436 1382 1,328 1274] 1.220] 1.166' 1,112 1.058 1,004 950! 896| 842, 788 73¢| e80! 626] 672
16831 1599 1545 1,491 1.437) 1,883| 1,329 1,275 1.221 1,1671 1.113[ 1,069, 1,006 951, 897} 843 789 738| 681 627 57,3}
1684) _1,600] 1546 1.492) 1.438) 1384 1.330] 1,246| 1.222| 1,168] 1.114{-1.060{ 1,006| 952| 898] 844 790 (736] 652] 628] $74
1688 15017 LE4T) 1493 1439 1388 1.331 1277 1.223] L169! 1,116/ 1.961| 1.007| 963! 899| ses| 791{ ‘737| s3] 629 15
Les6) 1602 1548) 1.494) 1.440| 13861 1332) 1,278( 1.2241 1170] 1.116] J.062) 1,008| 954[_900) 8(s| 792} was|* ess| s30 576,
1667] 1603| 1549 1495 1.441] 1387 1,333 1,279} 1.226| 1,171 1,117{'1.063! 1,009 988 901 s¢7 7931 h39| e8s| 631r 677
16887 16041 15501 1,496/ 1.442| 1,388) 1,334 1.280] 1.226| 1,172 1,118| 1,064 1.010] 966, 902| 88| 794 ne0] 36| e32f 678, '
1669 1605] 1881) 1,497 1.448] 1.389 1.335L 12811 1,227} 1,173| 1.119{ 1,066} 1,011 957 908] 849 7954 a41| 687| 633(. 879, '
16681 14081 1.552) 1498 1444} 1390 1.335 12821 1.228] 1,174| 1120] 1.066| 1012 988| 904] gs0| 798| ¢ez| 638 s34/ 530
1A81) 1607( 1583 1.499] 1.445] 1391 1.337) 1,283 1.229) 1,175 1.121] 1.067| 1.013| 69| 905| s51| 797) 743| ems| 638 s81.
1662|1608 18541 1600] 1.446' 1.392) 1,338 1,284] 1.230, 1,176] 1.122] 1.068) 1.014| 960| 906] sE2 798 4] 690 63 583’ "
16630 16091 1656) 1.601) 147 1.393)1,339| 1,286( 1.231; 1,177] 1.123| 1,069 1.015] 91| 907| 883} 799 ,746| 691 637 83 -
1664[ 16101 1856 15021 1.448) 1,396 1.340) 1,286 1.232] 1,178 1,124 1,070 1.016| 9s2| 908 854[ 8007 148/ , 692| 638 B8ar s
LSS} L611) LSET) 1603[ 1449 1395 13411 1.287(1.2337 1,179] 1,128 1.071] 1,007 63| 909| 865, TGOL| - 7é7| ev3| 639 854 -
1488 16121 LSSB 1.504|, 1460 1.396) 1,342) 1.288| 1.234) 1.180] 1.126( 1.072] 1,018] 984| 910| s88s| s02| den| .c04| 6t0 586 ,°
L66T) 1613] L5691 1,605/ 1461} 1397 1.343 1,289] 1236, 1,181] 1,127) 1.073| 1.019| 98| 911 857 s03| “id 95| e4r| 687 -
LASS| 1614 1568 1606 1452 1398 1,3¢4] 1,290 1,236 1,182, 1.128| 1,074 1,020 966{ $12]. 858| 80« igo] 69| ee2| sgs, |-
Les] 1sas| rset] 1s07) 1.assl_1.399] 1.265! 1291] 12237 1183 1129/ 1076 10211 967| 913| 869| 806 7511\ 697 643 689, \
1470] 1616] 1562|1508 1454 1,800].1,346] 1292 1.238| 1.184| 1130 1.076| 1,022 968| 914] 860 206 wa 1688 caal 690"
LeT1{ 1617|1863 1609 1.466) 1.401) 1,347) 1.203] 1.238] 1.185] 1.131) 1.077| 1.023] ses| 918). se1 807) 763 <694l 645| 691
1672] 1L618] 1.864] 1.510] 1.486] 1.402 1.348] 1.294) 1,240 1,186| 1,132( 1,078| 1.024| 970 Vel se2| so08| 784 700§ 646l s92 *
1478) 1619] 1865/ 1.611] 1,467 1.«03‘1.349; 1,295 1.2«1; 1187} 1.133) 1079 1,025] 971 917] 863| 309 ml\ onl. mi 593
M .
B ) .‘\ .
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900 | 800| 700] 600 | 600! 400| 300 200{ 100 o] 00 l 0.1 | 0.2 |' 03, 04, 05 06 [ o1 | 08 [X]
[ /2# | ! '
486 | ¢32] 3718 324 216 162 108] &4 ol 000/ 048] oy 066 07¢ 0e3{, 111 130 148 1.7
487 433] 379| 325 ) 2nf 217| 163 109| &6 1] 185] 2.06] 222° 241 289 278 2960 315 33% 352
488 | 434] 3801 326] 2712 218{ 164 | 110] 6] 2 3.70] 389 407 426 444 463 482, 500 5181 537
89| 435] 381} 327! 2731 219 165 11| I 3] 5356 s.14| 593, 611' 630 &48 6.67] 686 104 122
490 | 436! 382 328 274} 220! 166 112| 68 4] 14 7590 118 i 796, 815 .33 8.52] 8.70] &89 907 .
491§ 437} 3831 3291 275] 221| 167 13| 69 5] 926] s44] 963 981" 10.00, 10.19] 10.37]> 10.66] 10.74] 10.93
492 | “438| 384) 330 | 216| 222 168 | 114| 60 611111) 11300 1148 1167) 1185 1204, 1222; 1241 1269 12.78
493 439! 385 331 | 217 223| 169 15| 61 7(1296] 1316 13331 13520 1370 13%9 ] 14.07| 1426] 1444] 1463
494| 440386 332 2718 224 170 116] 62 81482 15.00| 1591 15.31E 15.66, 15.74 | 1593 1611 15610 1648
a96Y «41] 387] 333 219] 288) 1| 17 63 9}16.67 16.85) 1704 1722 1741 1759 177%] 1796 1%15| 1833
496 | 442} 3881 334 | 280| 226) 172] 118 64| 10j1852 1870 1889 19.07] 1926] 1944 1963 19.82| 2000] 2018
497 | 443] 389) 335 | 281 227 1713| 119 ss| 1112037, 2056, 2074 2093 2111 2130 2148 2167| 2185 22.04
498 | 444) 3907 336 2827 228] 174 | 120 66| 12]2222] 22.41| 2259 2278, 2296, 2315| 2333 23.62| 23.70 23.89
499 | 445 391 387 | 288| 229| 176} 121| 67| 132407 2426 2444, 2 63, 24.82 25.00" 25.18] 25.87]" 25.5¢| 26.74
500 | 446| 392 338 284) 230| 176 | 122 €8] 14§25.93] 2611|2630, 26.48; 26.67 26.85| 27.04| 2722] 27.41] 21.69
501 | 447| 398 339 | 28| 281 177 123| 69| 16}2778| 2796 2815 2833' 2862, 28.70| 28.89| 2907] 29.26] 29.4¢4
502 | 448| 394} 340 286] 282 178 124/ 70f 16| 29.63] 29.82| 3000 3018 30.37, 3056| 3074 30.93] 31.111 3130
503 | 449) 396( 341} 287 233 179| 126| 71| 173148 31.67| 31.85 32.04| 32.22) 32.41| 3269, 3278 32.96] 83.18 R
504 46| 396f 342 | 288] 234| 1801 126] 72| 1813333 383.62| 3370| 33.89; 34.07( 34.26] 344d| 3463] 34.82] 35.00
505 | 451; 397; 843 289} 235| 181 127 73] 19| 36.18 86.37| 3556 35.74| 35.93] 3611| 36.30] 36.48] 36.67] 36.88
506 | 452| 398} 344 | 298| 236| 182 128] ™ 3704 37.22] 37417 3769 37.78| 37.96| 38.15] 38.38] 38.62{ 38.7C
507| 458) 399 346 | 2011 287 183 129| 75| 21]3889( 39.07] 39.26| 39.44| 39.63| 39.82| 40.06] «<o0.19] <0.37] <086 ‘
508 | 4540 _400| s46 | 292| 288 18¢| 130] 76| 22] 4074 «40.98]| 4111 41.30| 41.48] 41.67] 41.85] 42.04| 42.22] 42.41
509 | 455 401} 847} 2031 239] 185| 131| 77| 23] 4269 4278 42.96 | 43.15| 43.33] 43.52| 43.70| «¢3.89| 44.07| 4428
510 | 466 402} 348 | 294| 240| 186 132| 78] 24]adad| 4d68) «aB1| 4500] 4619 45370 «5.56| 46.74) «6.93| a1z
511 457 403) 349 | 296 241] 187 133] 79| 25| 4630 4648 4667 4685 47.0¢| ¢1.22] «1.41] 41 41.18] 1.9
512 | 458 404 350 | 296| 242 188 | 134 80| 26| 48.15] 48.33] 48.52 | 48.70| «8.89] 49.07| 4926 49.4% 49.82
513 | 459 405] 361 ] 297| 243] 189| 136 81| 27]50.00] 6019 60.37! 60.56| 60.74; $0.93| 61.11 sx.sol si™e| ~51.67
514 | 460| 406] 362 298| 244] 190 136 82| 28] 51.84| 62.04] 62.22] 5241 62.69] 52.78 | 62.96!- 63.16! 53.33] s882
515 461 407) 353 ) 2991 245f 191| 137) 83 29]6370{ 63.89| 5407| 54.26! 54.44] 54.63 5681 5600 5546 55.37
516 | 462] 08| 35¢ l': 360] 2¢6f 192 138 8¢| 30]6s.66| 5674 5593 s6.11] 66.30) 5648 66.67 56.85| 57.04] 192
517 463 409] 355 3011 247/ 193| 139] 85| 316741, 57.59| 518 5796 -58.16( 58.33| 68.52] 68.70; 58.89] 69.07
18| 464| '420[ 356 [ 302] 248) 194 | 140] 86| 325926 “59.44] 6963 5982 60.00{ 60.18 | 60.37| 60.66, 6074] 60.98
519 46| 4«11} 357 | 303 249 196 141] 87 a33|61i1] 6130] 6148 6167 61.85] 6204, 6222 62.41] 62.59] 62.78
520 | 466) 412 388 | 304| 260( 196 142| 88| 446296 6315 6333 6352 63.70! 6389 1 64.07] 64.26] 64.44| 64.63
621! 467| 43 359 ( 306/ 251| 197| 143] 89| 35]6482] 6500 65.18 | 65370 66.56) 65.7¢1 65931 66.11| 66.30] 66.48
522 468| 414] 360 | 306] 262| 198 | 144 90] 366667 66.85| €704. 67.22, 6741, 6759| 6778, 61.96] 6815 6838
523 | 469| 416 361 307 268| 199l 145 91, 31]6852] 6870 68.89 | 6907 69.26] 69.44] 6963 69.82; 170.00[ 70.18
624 | 4701 416] 362 | 3087 o264] 200) 146| 92| 38)7037] 7066 7074: 70.93] 7111 7130 7148 7167, T1.86] 7204
525 | 471f 417[ 363 | 309| 2861 201 147| 93| 9| 7222] 7241| *zse! 7278] 7296 731s| 7333) 1362 1370 73.89
526} 472| 18| 3641 310 266f 202 148 94| 40| 74.07] 7426] 7a44 | 74.€3] 7482 1500, 7518] 1537/ 15.56| 176.74
527 | 4%3].419] 365 | 311} 267 208 ) 149| 96| 417593, 76.1| 7630, 76.48| 76.67/ 7685 ] 17.04] 77.22] 1741 77.59 -
628 _kw 4201 366 | 312| 268 204 | 150] 96 4217778 7796| 18.15 ' 1833, 78.62) 7870 | 78.89] 179.07| 179.25] 79.44 -
s29 | ¢is} 421 367 | 313| 269) 205| 151 97| 43} 7963 7982 80.00, 80.18{ 80.37; 80.56| 80.74 80.93, 81.11] 81.30
S30 | 476{“422| 368 ' 260 206 [ 152] 98| 4418148/ 8167 81.85) 204 82.22, 82.41 ! 82.69] 82.78 $2.96/ 83.18
$31| 477 423] 369 6 261| 207 153] 99| 458333/ 83.52| 83,70 | 8389 84.07| 8426] 8444 84.63| .84.82] 86.00
532 | 48| 424{ 370} 316] 262| 208 154[ 100] 46 ]8519] 8537] 8556 ‘ ss.u‘ 85,93 8611, 8630 86.48; 86.67| 86.85
53%) 479} 426 371 317] 263] 209 165| 101| 47| &704| B7.22) 8741, 8759, 8178, 87.96| 88.15 .8833 8852 ‘8870
S34| 480] 426 372 | Q18| 264 210 | 166| 102| 48 {888y 89.07] 8926 8944 89.63| 8982 90b0| 90.18| 9037 90.56
$35 | 481] 427 313 | d19] 266] 211 | 157 103] 49 fyu74] 9093 9111 | 9130 9148] 91.67| 91.85| 92.0¢, 92.22, 92.41 .
536 482y 428] 374 | 320| 266 212 168) 104| 60| 9259 9278| 92.96; 9315, 93.33| 93.52| 93.70, 93.89;, 94.07] 94.26
‘537 4831 4297 375 | 321] 267} 213 | 159) 105] 61§ O944d; 9463| 9482 95000 95.18) 9537| 9656! 9574 9693 se.11
|38 484, 430| 3t | 322] 268| 214 160| 106| 52) 9630 9648] 96.67 96.85‘ 97.04, 97.22' 9741 97.69| 97.78] 9796
539 m,e]l 431) 377 323; 269| 215| 161] 107| 539815 98.33] 9852 i 93.1oi 98 ssl 99.07 | 99.26! 99.44| 99.63] 99.82
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Ranel 5-4. Method, of qumg Quick Preliminary Estimate of Airfield

- \ Enrthwork

. ~ \
\- “ -
] - \ CNe,
Lo
\\ LN N

12 > 46°- 48— ."!7' AVERAGE GROUND .
\H .. SLOPE 0.1%
e — ——

a6 46
SLOPE 1 5% - aon,;'j
g

T~
L\O T Q,
AVERAGE GROUND SLOPE 0)%
. ¢
il
, . ~FILL SECTION’
. » CUT SECTION .
= ‘A
' K/ L} .
AYERAGE DEPTH OF CUT QR "VOLUMES IN CUBIC YARDS PER 100 FEET OF LENGTH
HEIGHT OF FILL- IN FEET .
DIMENSION H , » A | cur | FACTOR QUT | iy rimes FacTOR -
» . 10 FitL . |
. — . FILL.0 L. 0 500 0.8 400
cuT-0 ' 0 500 0.8 . 400 |
v FitL) y 85 165 0.8 132
v- cuta T, 830 - 0.8 664
FILL,2 TR 295 + 20 16 |
cuT’2 - : 1,375 0.8 1,100 |
FILL3 ¢ . 700 . )
- GUT.3 . ‘ 1,760 0.85 1,495
Fitl.4 . 1,080 < -
CUT-4 . 1,975 0.85 1,680
FILL.5 ' 1,475
CUT 5 3 . 2,350 0.85 2, 000
- s FACTOI OF cut rq- FILL BASED ON 125 CU.YDS. OF EXCAVATION REQUIRED TO MAKE 100 CU.YDS.
Of FILL (100/125=0: a) cur rmes FACTOR GIVES YOLUME OF FILL THAT CAN BE MADE FROM CUT.
f t
- '.; ’ ; [}
gy t o, .
k4 : ‘?' x‘ M i
I ) ;
1 0.3 s L.
i . Lo :
g * . o <
i . f '
pd “‘
3} 5 — 68 :
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Aruitoxt provided by Eic:

«

o Endaren @, Striming ® e | @ ® ® (10)
tionz Net em.
Net exca- factor bank. Balanced
Station Excava. | Embank- Cut Fill vation 09 ment yardage® | Algebraic
Cut Fill tion ment section section cu, yd cu yd cu yd. cu, yd sum Ordinat
sq ft sq ft. cu. yd cu, yd cu. yd cu yd T
.
28400 116 9 537 93 537 483 93 93 | +390 0-
29400 174 41 363 333 363 327 333 327 | —6 +390
304-00 22 139 778 674 778 700 674 674 | +26 +384
31475 218 68 693 170 693 624 170 170 | 4454 +410
32420 614 136 2,622 291 244 42 2,378 2,140 243 243 | +1,897 | 4864
33400 | 1156 0] 4,167 0 342 0| 3,825 3,442 0 0| +3,442 | +2,761
33490 1,345 0 4,551 0 416 0 4.135 3,722 0 01 43,722 | +46.203
35400 . 889 0 2,459 130 308 33 2,151 1,936 163 163,] 41,773 +9,92)
36400 438 70 630 652 93 99 537 483 751 483 | —268 +11,6¢
36450 241 635 604 2,102 64 171 540 486 2,273 486 | —1,787 | +11,49
37400 411 1,634 2,918 5,015 197 306 2,721 2,449 5,321 2,449 | —2.872 | +9,644
38400 1,165 1,074 4,133 2,233 278 197, 3,855 3,470 2,430 2,430 | 41,040 | +6.771
39400 1,068 132 2,915 467 278 136 2,637 2,373 603 603 { 41,770 | +7.811
404-00 508 119 879 212 177 65 702 632 277 277 | 4355 +9.581
40465 222 56 166 331 © 69 46 97 |7 344 87 | —257 49,934
41400 35 454 196 2,830 100 250 96 86 3,080 86 | —2,994 | +9,679
42-+00 7 1,074 1,730 2,000 211 153 1,519 1,367 2,153 1,367 | —786 ,.+6,685
434 862 5 1,918 2,937 217 187 1,701 1,531 3f124 1,831 [ —1,593 | +5,809
44+ 174 1,582 679 3,013 ). 107 204 572 5151 3,217 515 | —2.702 | 44,304
44470 ' 349 742 2,480 6,673 24? 307 2,238 2,014 6.980 2,014} —4,966 1 +1,
46400 680 2,029 2,037 7,307 172 286 1,865 1,678 7.593 1,678 | —5,915 | —3,36
47400 419 1,916 2,922 4,656 208 241 2,716 2,444 4,897 2,444 | —2,453 | —9,27
48400 | 1 ,159 598 3,580 1,780 202 142 3,378 3,040 1,922 1,922 1 41,118 { —11,7
48490 989 470 4,897 957 356 76 4,541 4,087 1,033 1,033 | 43,054 | —10,61
50400 1,415 0 3,926 0 389 0 3,537 3,183 0 0} 43,183 | —-7,55
2 51400 . 704 * 0 2,511 0 372 0 2,139 1,925 or 0 41,925 { —4,375
52400 * 651 0 2,493 0 364 0 2,129 1,916 0 © 0 41,916 | —2,450
753 +00 . 695 0 1,496 74 275 50 1,221 1,099 124 124 | 4975 ~534
54 4-00 112 41 733 74 256 50 477 429 124 124 | 4305 +441.
55400 283 0 - . el +746
~ L
Grand®
3, total 60,013 4 44 914 5,935 3.041 | 54,078 | 48.668 | 47,922 | 21,323
. - -

¢ Balanced yardage (compacted)

equipment,

' )
P

e
ATl ]

between stations is used only for purposes of estimating construction time and the scheduling of men an.

3




Panel 5-Z. Soil Conversion Factors.

Converted to

: Initial
Soil type ere ——
' condition In-place Loose Compacted
In-place: — 1.11 95
Sand Loose .90 — .86
Compacted 1.05 1.17 —
o In-place L 1.25 .90
Om}’l"on Loose .80 — 2
gart Compacted . 1.11 1.39 —
In-place — 1.43 .90
Clay Loose .70 — .63
‘ Compacted -1.11 1.59 —
In-place — 1.50 1.30
Rock Loose .67 . — 81
g Compacted a7 1.15 —
!
®
LY
-
5-11
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Panel 5-9. Computation of Earthwork Volume by Arithmetic Stralght-
line Proportion Using Mass Diagram and Computation Sheet

Ta find the volume of earthwork between statlons K and M proceed
as follows:

’ -
(1) Take the largest ordinate below the zéro ordinate level
(11, 730)

(2) Add to thlS volume the value of the ordinate above the zero
line (the value of M at 55 or T746).
11,730 B
+ 746 '

12’476 yérdage wit)mbut'ba&énced material

nAdd balanced value& (¢ol 8) from statlon 46 + 00 to
55 + 00. This is® “7325.

Using stralght line proportion bebween 44 + 70 and 46 + 00
the balanced yardage between 44 + 92 and 46 + 00 is de-
termined’ 'to be 1659.‘ - '

Add 1659 S 12,476)

to 7325 - . c A+ 8,984

8984 total balanced yardage - * 21,460
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LESSONS ©

SELF TEST

Note: The following exercises comprise a self test. The figures following each
question refer to a frame or panel containing information related to the
question. Write your answer in the space below the question. When you have

¢ finishe answermg all the questlons for this lesson, compare your'answers with
those given for this tesson in the back of this booklet. Do not send in your
solutlons to these teview exercises. -

1. Using“the table in panel 5-1, what would the.volume (cu yd) of earthwork
in a cut 300 feet in length, 26 feet wide at the base with 112 to 1 slopes and an average
depth of 4 feet (level section)? (frame 5-7 and panel 5-1)

2. Usmg ‘the tnangle method for the cross section shown in panel 5-2, what is

.the’combined tadtal area in square feet of tnangles 7, 8,9, and 10? (frame 5-24 and

panel 5-2) :
* ¢ &

DY

3. In the average-end-area method a table can be used.which requires only the
sum of the end areas to find the volume. Referring to panel 5-6, what would be the
volume of cut in cubic yards (round off to neg'est 10ths) between stations 33 + 00 and
33 + 90?7 (use also panel 5-3) (frames 5-30, 5-32, panels 5-3 and 5-6)

v

4. Estimates of runway earthwork require the preparation of specxal tables.
In preparing a table for airfield earthwork estimates, what cut-to-fill factor is used for
fills over 2 feet hlgh’ Under 2 feet? (panels 5-4 and frames 5-40 and 5-41)

S

V k . ‘

.
/ ! L]
<

.

S - 5-14




. 5. The mass diagram is a graph of 2 variables plotied at right angles. What
\\are these two variables and how are they plotted (abscissa and ordinate)? (frame 5-59)

i

=

¢
6. Because of »shrinkage, conversion factors must be applied in balancing
grades between cuts and embankments. If 1200 cubic yards ‘of fill are required for
an embankment, how many cubic yards of in-place sand should: be removed from the
excavation to balancé the cut against the compacted fill? (frame 5-76 and panel 5-7)

~

.

’

7. The balance line of a mass didgram is drawn parallel to the datum line. What
criteria determines the maximum length of a balance line on a mass diagram? (frame
594) :

]

.

v
8. If the mass diagram represents the algebraic summation of net yardage from
station to station, what does the maximum ordinate above or below any balance line

.

< represent? (frame 5-103) ;
o — ——
- »

$ v,

9. Referring to the mass diagram (panel 5-8), the haul for the fill section KL
should be made from the embankment LM. What would be the direction of haul?
#:  (frame 5-115) e 1 . ‘.

5—175

e

a“, ’




<

10. There dre two ways of determining balanced yardage in estimating time,
equipment, and perspnnel requirements for earth moving projects. One is by selection
from column 8, computation work sheet. What is the other? (frames 5-86 and 5-117)

A

11. The purposes of earthwork computations are to finish final grades, to balance
cuts and fills, and to plan the most economical haul of material. Which materials
(making up subgrade and base course) are included or excluded in earthwork computa-
tions? (frame 5-2) : e

.

i
!

12. At what intervals are cross sections plotted and what are the exceptions?
-(frames 5-12 to 5-14)

13. Using the “triangle method” of determining cross section areas, what is the
area of the cross section shown in Panel 5-2 from five feet left of the centerlme to
thirty feet right of the centerlme" {frame 5.23)

>

. g -

‘e "w'.é‘n-.\_k ¥

NN TS
~ ST L

‘1 s
'\‘n .
v \ e ~ o , ~ e

i "w.}‘ .
. ~

S ~-:“’ Y “‘; YR
14. Describe the “éountmg the squares method of approxuhatmg\cross §ec£i§m
" areas. (frame 5-18)

Y = e
»~ PRV
¢ L.

s . 5—17 , , ""’-.';;_'_
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15. Assuming a cut section has the dimension H equal to 2 feet (panel 5-4), what
would be the volume of fill that can be'obtained from that section if it were 350 feet
long? (panel 54, frame 541’

16. What is the purpose of establishing a tentative runway grade line? (frames
542 to 5-44) ) -

5

17. Describe the method discussed in the text for plottmg a tentative runway
. grad?e lme (frame 545 to 5-49)-

18. . There are two methods by which borrow pit volumes maybe computed.
The final step however is common to both. What is this step? (frames 5-50, 5-52)

19 \Using panel 56, what is the volume of excavation in cubic yards between’
~ . statlons 41 + 00 and 42 + 00? (panel 5-6 and frame 5-67)

20. Give the following information of an assumed station:

o . ,J
. Excavation (cu yd) = 2,169
' Embankment (cu yd) = 1,365

- ‘ 577

Mty T
4‘/(‘




e

s

* Stripping volume
& Cut section (cu yd) = 214
Fill section (cu yd) = 146 .
What is the net excavation in cubic yards for this station? Net embankment"
{frames 5-71, 5-72 and panel 5-6)

ow y

B

»
.

T

21. Referring to pané 5-6, how are the,values of column 6 computed? Give
.name and number of columns involved. (pane -6, frame 5-74)

N

L
&
4
. 22. The algebraic sums of column 9 of panel 5-6 have both positive and negative
values. What is the meaning of the positive and negative signs. y(frame 5-60)
Y
\ 'l\
) /
' »
23. What is the meaning of an ascenémg or descerding mass line in a diagram?
(frame 5-92) . R
e : s
= B . \
= B ] = ] /
24, Mass_lines will enventually form summit humps andﬁg/(mps on the
diagram. Indicate the direction of “haul in both summit humps and sag humps
(frame 5-93) . s ,
. . =
~ &
3 o
~y"ﬁ:‘s ‘. - - -
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. At
25. How may the average length

diagram? (frame 5-113)

a4
of haul be approximated from‘ the mass ° t

.
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- CREDIT'HdURS'l_'___7

TEXT ASSIGWENT

*

.
- - ~

-~

'LEssoN 6 -

" DRAINAGE

____________ Affochg Memorangpym. - .

Hsbssou OBJECTIVES °

S
o [N - 8 ‘a '/ .
Upon completion of this lesson, you should irfthe following subjects areas, be able
to: . N o ' . .
1/‘ Drainage in site selection — Discuss the value of adequate draindge knowing that
“poor drainage is.one of the major causes of road @nd airfield failure. -

2. Slopes and ditches for surface drainage — Describe the need to properly assign the
slopes. describe the types .of d1tches, their characteristics, and uses for proper

needed

>

3. Cross drainage — Culverts — Discuss the purpose of culverts, the practices of

methods.

4. Alihement and size of culverts — Dlscuss the positioning.and almmg of culverts,

' the hasty methods of determining the cross sectional areas of culvert require-

ments, the over design Tactor, the use of Talbots formula for culvert cross sec-
tional areas, and finally the calculation of number of pipes required.

5. Length and cover of culverts — Discuss the important considerations of length,
" the rules for deptl3 multlple culvertsy and pipe cover requirements for airfields,

6. Grade and foundation of culvert — SUpport the selection of a grade to be used.in

P

the, preparatlo‘ns for li)undatlon and flll

Subsurface dramage —'Discuss the purpose of subsurface drainage, cons1deratlons
g of placement and the two types of subsurface trenches (French and tlle)

L}
’ 1
. . AN
[N - N / ° .
. : v
1 . “ L
.

. culvert construction citing minimum and maximum requu'ements and dlscuss'

correct slope to the corresponding requiréments and make recommendations of .

surface drainage; calculate the number, spacmg, and helght of check dams when

. “using corrugated metal pipe, the use of the log box culverts, and other expedlent )

*
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f{ ~) ’
Set 1. Importance of Drainage in Site Selection )
FRAME 6-1. , ’ '

Pdor dramage lS a pnm'n\ cause of !'O’ld and airfield fallure

Practiéallyg
any soil. when dry, wnll support a vehicle, bt most . roads and rur ways fail when

the base course and subgrade become saturated. The pnmarv cause of road and’
ranway failure is ___ . <

¢

st S ;
r t - L R .
». "a Y ' » ©
o . ,,
(2) (6-18)" . '
."FRAME 6 -19.A~ K N
Accor.dmg to panel 65, thae spa}mg is etermmed by the formula’

-*/ o T T ALB . s

Based on panel 64(/1) tbé‘ vélue for H must be between _ R afld °
L feef (2) fhe value for B should,-be between ~ and

- . .percent . " . ' “’ N "= [_\ €
., ] 4 Y ' Y
./ f’ N - , '\b . . )
5 : i a\ ‘\ . N " *

v, b - .. P ) - - ‘\ , N
X t X a. - - - l‘:‘-\ T~ i
. 3 ; - 6-3 ° \

o » . L, e
lC ‘ . S : . -

o )

]
Vo
~~—




, v vl,‘z 'I . T-\’ l,' -4 . ] : . ) ; , R
;! l:'_‘. "4 _""v 'a ' . ‘/' sv‘, s
o CP IR ' i
, i < | )
A : o R _ o
- (equal) (cross sectional) 6:36) . .
FRAME 6-37. o , " N
In areas where weather condi‘tions are erratic or little known, culv_ez»f sizes
& may be overdesigned as much as 50 to 100 percent to allow for unusual*condi-

- conditions culverts are ____

tions. To allow for

\ N -

from’ to . percent,
, Y
< s '
A} [ 4
. L . - / )
[4 a -
. ‘ ¥ N -
[ N Ve
t?
- B
r ?}’— 3
. LY - K
- & -
(0.5%) (6-34) .
: * " FRAME 6-55. .
. ? :
. A maximum grade of 2 percent is used when a bottomless or earth floor cul- .
‘ vert is emploi}ed. This i$ to prevent scouring or erosion of the bottom. “Earth
floor or bottomless culverts are built with a maximum grade of .- A

. When CMP or a box culvert is employed a maximum grade of —

-~ [ig-used. N ‘ \(’ -

>

&

- ) ’ - A h ' . 3
e
X pmt ' i, ¢
. A B ) .. ~ . -
Q ) : 6_4‘ . ‘ .
EMC R ‘ . . ‘ . e Rz . . :

P s e S >y
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\

[N

/
(poor) (drainage) (6-1) -
FRAME 6-2. )

-

Roads .that cut straight atross the terraln without regard for the natural

i

slopés and ‘stream lines usually require consxderable construction'— intercepter

d1tches and cross-drainage fac1ht1es Stéep grades normally require extensxve

“erosion-control- work on the side dltches The problem of adequate - s

is one of ‘the most 1mportant encountered in the location, deSIgn and construc- )

tion of roads and alrﬁelds

*

e

X
-~

* J

- A @

. i g
(1) 1, 3 (2) 2, 25 (6-19) R . ’

FRAME 6-20. - e ' ' _—
.The height of the/dﬁm{_dm determined by the formula} o
¢ ": N ’:\., S A-B s . - :
T : T, 100 . A
* - .

*If the spacing between two checkdams is 50 feet, a 1% ditch slope can be reduced

to-a 2% slope on the surface of the water. In this- instgHation, the helght of .

rd

checkdams would be feet which s W1th1n the permissxb‘le

d
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3 . i
(unusual) (overdesigned) -(50,100) (6-37)
'FRAME 6-38. »
The selection of pipe culvert sizes depehds on the rate of flow of water to

be carried, or rate of runoff, and the height of the road a:bove‘the streambed.

Rate of flow is one factor in determining the of pipe cul-

verts. A limit{ng factor to pipe size would be the of roagd

above the streambed. - .

12%) (4%) (6-55)

a

FRAME 6-56. ' .
*  In a}l cases, the outlet end of ‘the culvert should be protested with riprap
“or sod to prevent R ) ' ’
o, ¢
$ . .
> .
# : + '
s + -
/ .




(drainage) (6-2), _ N
FRAME 6-3. ‘

The greatest single cauge of work stoppages on road and airfield construc- .
tion projects is wet weather. In the construction sequence, drainage is listed
/ immealatel): after the clearihg and grubbing phase. Drainage must be con-

sidered during the early construction phase to minimize work stoppages due to

\

50 (7-2 ¢
\ (H= #) (= 2.5) (6-20) .
100
FRAME 6-21.

To determine the number of checkdams required, divide the length of the

A

ditc“b4)y the spacing (panel 6-6). The first checkdam is always located oat the
bottom of the adverse gx:ade. To reduce the slope of an exféting‘ 550-foot diteh

from 4 percent to 2 percent with checkdams, each having a 1 foot drop, would -
e

require checkdams.




(size) (height) (6-38)
F'RAME 6-39.

Mu1t1p1e pipe culverts are used to mc’rease the waterway area without in-

creasing the helght (sxze) of the culvert The use of o

culverts 1s necessary ‘when the road surface is only
.a short distance above the streambed or when the natural stream channel is

relatively wide and shallow. Multiple pipes shoul_d all be of the same diameter.

"+ (scouring) (6-56) -
FRAME 6-57. ' - - .

Culverts are constructed on a firm well-compacted soil foundation, except

that box culverts may be placed on suitable rock foundations where such is en-
~countered. The foundatlon is'always shaped to fit, or bed, one:tex?,@f the dia-

" meter of pipe culverts (panel 6-20). A pipe culvert is placed in a well compacted

soil foundation i " to bed . __ of the pipe

diameter,




-

’

o

. . 14
(wet)" (weather) (6-3) . Ve
FRAME 6-4. . . 6

Drainage construction must precede earthwork for two reasons. First, most

~

culverts must be mnstalled in order to allow'earthwork operations to progress
without interuption; second, fills and cuts must be protected from the effects of

rain and overland flow during all phages of construction. Cuts and fills must be

from overland flow during all phases of construction.

L4

“

(11) (see panel 6-6) (6-21) A : '.
FRAME 6-22. , .
’I"he weir netch is the discﬁarge slot at the tep of the checkdam. - As stdted
before, ;t must be big enough to discharge the thtiéipated runoff. As shown in
. panel 6-7, the size of the weir notch can bel derived from the formula: ;;,
‘ ) Q = CLH32
‘Fo; practical considerations, the. depth of ﬁ;?w m'(;.y be assuméd and the length _
of slot t:hen calculated, or the length of slot may b; assumed and the depth of
ﬂq}v then calculated. Note that as a safety factor ‘the slot is always constructed

LY

foot deeper than -the depth of flow.

- . M .




(multiple pipe) (6-39)
FRAME 6-10. _ _
Ir; determining the requirgd area of culver-ts as lpreviou'sly stated, the cul-

_vert area must the cross- sectxonal area of the upstream

d}tch (streambed). Requxred areas of culverts may be' calculatgd by estlmatmg
(hasty method) the cross-sectional area of the upstream channel or by appt.\,mg

an approximate methad (Talbot's formula).
-«

1 , .
' (shaped) (=) (6-57). | X S
e 100 . ] ‘ - . |
= FRAME 6-58.

According to panel 6-20, the fill :ﬁ'ound pipe culverts should be

*placed and tamped to a depth of ) : .

¢




(protected) (6-1) -
' FRAME 6-5.
] In fill operations, the sides (slopes) of’ the embankment must be prot’eeted'
* . from erosion and the e?mbankment itself should be crowned and backbladev

* smoothed off whenever it is to be left for any length of time or a storm is imi-

3

*  nent. In fills’ the —— : of the embankment must be protected / -

ot

from erosion.

’ ' ‘
v \J ¢
» ) -
v . J
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. AY
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° e l(
0.5 of 1/2)[ (6-22) ) _ A
FRAME 6-23. . .. ' o
If the flow in a ditch is found to be 5"cubic feet per second and assuming - )
. . o t
4 L = 2 feet, the weir notch should be . feet dee} ! :
. X . . ) /'\ « ;.
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(equal) (6-10) %,
RAME 6-41. )

" The quickess hasty method of determirlin_g the size of waterway fs'by the

econnaissance_method. Three simple’ measurements of an.existing streambed

will give the _ : . \ area. To this is added

\

a 100 percent safety factor. The culvert is designed wrth a waterwa) equal to the

" area of the ehannel (ditch or strea\mbed) plus the /_/‘“

safety factor. ¥

(hand) (14D (diameter)) (6-58)
FRAME 6-59. 4 |
. Placement of drum culverts should be done with care. A cradle of wood or

concrete will usually be requrred to provide an adequate »

To avoid collapse from earth and traffic ‘loads place-the the ent?te culvert in as

narrow a trench as possible. As in thé case .of pipe culverts, backfill around .-

drum culverts should be well tamped, particularly on tHe lower
¢ ! y




" (slopes) (sides) (6-5)

FRAME 6-6. 4 ) -

N -

In c'uttgng operations, the center ‘of the cut should be kept high to facilitate
runoff. . There must always be some type of side ditch, cut to drain along the

sidesof a w rking cut. of a 'cut

During construction, the

3

should be kep - —and a ditch should
be provided. <\_ .
. - - ¢
N )
' s . < ' 1
Y ) -

v

k-3

(14 ft) (6:23)

FRAME 6-24,

W

icsr Y
Set 3

g

-

Cross Dr,umage - Culveﬂs,

& [N

F

oe

~ Whenever n.aiutal dx:ainage ehannels cannot be diverted ecomfmically from
roads, taxiw‘ays and occassionélly runways, faéilifies must 'be provided to permit
Cross- dramage to flow under_ them. Culverts are used for this purposé. They
K provxdp cross- dramage at low pomts in a fill, provxde ditch relief, and contmue %
- side ditches at intersections. Their ease of constructlon makes them moré desir- "~
'/ able than small bndges under many condltlons When water has to be drained
acvc‘)ss the line, of_*a road or taxiway ) are usually built._

. ! ' " f -
B - : LY . .
- -




((Fro.ss séctional) (100¢7%) (6-4%)' )

- . Set 7. Subsurface Drainage.

water table is generally close to the surface in vailey_s and well below the sur-

or ditch. , . S

.

e
-

°

FRAME 6-42. s , : ! i -
- < .o~
As shown in panel 6-12, (1) the formula for calculatir{g the area of a chan-
nel is . s+ _; (2) the design area for the given examplé should
be =~ - " square feet. f T ‘ s
N \ .
* y oy T . Y )
3 a
\ £ ° - \ v s
| S > . -

-
- . -
Y ~ :
’

AN 4 -

* (foundation) . (half) (6-59) . SN

FRAME 6-60. : : /\/\ by
' When rain falls on the surface of the earth, g portion percolates o inﬁlfrates
into the earth. This accumuylates in" voids in the soil or rock beneath the s;}faf_:e

and becomes.what is- called ground water. The surface of this layer of/ water

which roughl_y\' parallels the surface of the earth, is called the water t: e.

“

face on the hills or ridges. If the water table level is higher than permitted by .

construction requirements, it is lowered by subsurface drainage. The object :‘of .

s

-° - is to lower the

v

b . - a . 3
S by tapping the grot&i- water and carrying it off in a pipe

~
[
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N s g :
(center) (high) (slde) (6-6) - 4 ) ‘ N 1'_ R .
. Y ( _,‘ R P
FEAME 6-7. ST .
The first step”in the design of dramdge fac1lmes for roaas or alrﬁelds is to |’ ’

‘\ ', .

locate those areas that, mlght contnbute surtdce Or subsprfa(ze ﬂow‘ tu the site; £

.

* The seoond and most important sLep ‘is to locate.all. the ex1stmg Water rourses ﬂ'

_that can be. used to carry thls flow from 1he site. Iu the desxgn of road Orsa,l"

EN] o
ﬁeld dramage facilities, the most 1 - C
N Lt ' '
t.hat _may, be used Lo carry the ) away
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- (culverts) (6-24) : I ¢
. . SN et — Iy

FRAME»’(PE{ T T

- ~ e :',"“v‘e' T Lo 2

. Most pipes used for .Ln}VErt cox{stméuun are made Qf er,t'hc-';,xc n'fo[g_ed cog- .

.,

kN

. P . AR e
. crete, cast 1roh or_ cormgated galyanfzed.,,mcth’ “Pre-formed Zgrj _Lgated, me,{al’ LT
v Y L e e RN 3
pipe (L{MF) is the 'easxest to, pbace CMP 1s/p§ﬁavted mﬁdndard sugs 'rangmg . o
o f/om 8 fo - ’/meheé“'m dxameterq/nest_aglf CBAPJ ('ﬂanged half secf,lons. bolted x o
_— N .
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1) —F

e 3

Ww. - -
H (2) 32 (6-42)

W,
2

FRAME 6-43° e
Another hast\ method of estxmqung “the watexwa» or culvert area g to
questioh ldeal mhabxtants about climatic condmons and Tocation of high water

mark when the stream is in flood. The size of the channel is thén __»

3

on the basis of the reported flow, topography of the waters};ed, and the appearance
A

added the same as in application of the reconnaissance sethod.

N

safety factor is

- -

of the channel.

(subsurface drainage) (water table) (6-60)

FRAME 6-61. .
In road or a'irﬁeld construction the water table should be a minimum of §

feet below the facillty. A site which requires extensive

v

should first, be weighed against two aiternatives—reloca-

to raise the facility to

1 to 3
the proper height above the ﬁi .

- H

tion of the facility to higher groand or the uge of




N - . Set 2. Slopes and Ditches for Sufface Drainage.

th : -

A .

AN aten) (coﬂrses) (flow) (6-7)
FRAMF 6-8. . R _

Stahdmg water on road, runway, and parking-area surfaces not only de-
Y‘Fease‘? Qperatmg efficiency but will eventually saturate the.subgrade, causmg
faﬂure 'Sheet flow (moving water) that is too deep or moving too fast will erode .
thg su?face_over which it moves. Surfaces are burnlt with gentle slopes desxgned -

to remove . 'water and control flow

with minimum damage to surfaces and subgrades. ,

. (CMP) (6-2N5) . . >
“ FRAME 6-26. ' . ’
When pipe culverts are NOT readily avai—laiqle, box culverts can be used. . | | ¢

They are constructed with a square or rectangular cr'ossa,section and may be - N

built with /ogs, sized timber, or dimensioned lumber. Box culverts must be de-

signed to prevent side as' well as roof collapse. .. ) culverts

may be used in lieu of pipe culverts but must be designed to prevent both /

.

and

collapse.

v




/ B
(esptmated) (1009) (6-43)
FRAME §-4.

™ Talbot's formula (panel.6-13) may be used as an approximate method" of

computing the cross-sectional area of a culvert. Note that the accuracy of the

formula is dependent prf the selection of the
To simplify the use of Talbot's formula. a nomograph (panel 6-14) is used to

determine the required Waterwa) after the value of C has been estmvated In

the given example, the requlred area ot culvert is _, ' square

,feet. This is the correct value to be used and no safety factor neel} be added.
3

L4

(subsurface drainage) (water table) (6-61)

FRAME 6-62.
. \ K 3
In many cases when a high water table is encountered, the problem may be

solved by relocating the road or airfield in different terrain, if 'poSsible, prefer-

ably on thS . : . It may prove the‘cheapeét \as well as quickest

L3

Solution. If possible, the of a road or airfield may be the

simplest solution to a water»table problem, Y




a

(standing or surface) (sheet) (6-8)
FRAME 6-9. ' | ) S

The steepness of the slope or. crowpn required to remove surface water depends
on the 1mpermeab1hty of the surface material. Concrete and asphalt surfaces;

for example, require less slope than gravel or earth surfaces because water does

"7 not penetrate them as readily. Panel 6-1 shows recommended cross slopes for

roads and runways. Note that earth and gravel surfaces require a trangverse

slope of to inch per foot, while paved surfaces

require only

to

inch per foot.

¢

(box ) (side) (roof) (6- Zé
FRAME 6-27.

[

~

Log box.gculvexts can he que in several ways. Based on panel 6- 8A—wh1ch‘

shows the best method of constructlon (1) the side- logs run along the

_ of the culvert with the legs which form the top and

hettom laid at . .. — _ . angles to them: (2)

are placed ingide the culvert to provide stability;

and . o o -
. (3) when low bearing soil is encoyatered, and
must be used. ’
»
. -

i,

’ 6—19, -

[t -




a

(coefliciernt C) (42) (6-41)
"FRAME 6-45. . co

After the required*design ;ﬁagg_of- culvert is known, a box culvert Lan be
designed accordingly. In the design-of pipe culverts, ‘theesize and number of .

can be found by referring to panel 6-15. For example,

the waterway area of an 8-inch pipe 1s 0.35 square feet” Thé waterway area of

e an 18-inch pipe is . square feet. .

- i
s (ridges) (reloc’ation)_\a (6-62) Coe o
FRAME,6-63.
Another‘method of obtaining a dry subgrade is_to raise the road‘bed or run-
way above the water table. This method may sometimes be very costly in tlme
- and material. However, if fill matenal is plentiful, it may well be the most fea-

sible solution. A roadbed should be located at least ‘ - feet

‘above the water table.

e N
El

.

‘e
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CALCATIATCANCS )

FRAME 6-10. - \ . L
In addmon to the transverse slopes shown in panel 6-1, a ‘minimum longx-

tudinal grade is normally estabhshed for roads and runways. Thxs grade naturally

correSponds to the grade of the longltudmal ditch to obtam balanced removal of

water. For mxlxtary roads no longltu\amal grade 1: reqmred for fill sections; a

0.5% minimum is usually adequate for \::ut sectxons. Proper removal of surface

water requires that surfaces be sloped both laterally and

l k] ‘ ¥
(1) length, right (2) stakes, spreaders (3\) sleepérs, stringers (6-27)
FRAME 6-28. ®

Panel 6-9 shows an alternate method of constructing log culverts.’ This is

an excellent method but takes considerable time to build. Note, in contrast to .

the standard log culvert; the side logs arge placed to the

flow line and fit into C . in the logs forming the top and
: 4
bottom. ’
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ERIC

Aruitoxt provided by Eic:

r

(pipes) (1.77) (64453)
FRAME 6-16.

A}

;

-

» ’ o .
;

¢ ¥

. st . @ ‘ _
In most cases, the selection of pipe 1s limited to standard sizes {panel 6-15).

To find the number of pipes required tor a culvert, take the required waterw

area and divide 1t by the waterway area of the pipe selected. Ditch or ghannel

area divided by _ _ -

_: area gives the number of pipes needed,
& . N ¥ ¢

.

a2

(5) (6-63)
FRAME 6-64.

To intercept the ground water, drains must be located on the upstream side

of the project and must extend down below the water table. Subsurface drains

.

are located ___ ’ from the project and at-a level | A

a
- s
-

the water table. . ~ . 2
' ’
{

©

Y
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- v
< - » | ¢ B
' , (longjtq_dinaall,;')‘(ﬁ-ml()) : ~ . . T
FRAME 6-11. -, © . - | ,,%' : K

Difches are normdll\ used to intercept surface runoff and carry néo a con- O

* o

venient disposal area.

Thosv shown 1n pdnd 6-2 are quickly constrdcted w1th a
motonzod grader. The trapezowdal ditch reQuires a more sklllful;fo)e rator, but

can be bunll wnh varving bdse wrdth to carry greafer volumeb of water, when 3
) 'reqmred. It 1s always used 1n sa.nd\ or olhor soit that erodes easfly. For ecase .
qf construction. HOWeve/r,—‘fﬁo —— e o dnch 18 normally used.
. _ \’- s -
) ! , :
- ! .
N - . P v
. , . P
) (perpengicular) (notch&sii(G‘ZS)
FRAME 629. ~ - . o .
Another type of ______ _ __ _ _._____ culvert is one built with sized timber
or dimensional lumber. This is constructed either with outside bracing or collars
‘or with internal bracing. Inte}nak‘l bracing will reduce the water capacity but
should be u5ed§vhenever possible because it provides more strength and rigidity
than outside bracing: _ ' wrs_ bracing is preferr;d to _ .
bracing in the construction of box culverts built\ with sized timber or dimen-
_si.onal lumber. N l )
. o S
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Set 5. length and Cover of Culverts.
A 1%
. : ; - .
(pipe) (6-16) & _ P
"FRAME 6-47. | . - )

The length of culvert (box of pipe) 1s an 1mportant ‘consideration. Culverts'

ﬁaust be long enough to extend completely throygh fills to the point where the

ﬁll slope ‘meets the ground or streambed (panel" 6-16). Culverts must be
+

‘- = - - - .= _ toprevent earth from being washed

into them from the fill and also to prevent the embankment from being scoured

by the water as 1t leaves the culvert.

©

) ~ ?

(upstream) (below)/ (6-61) ' ¢ o .
FRAME 6-65. . PR

f
Where Springs are encountered they should be capped and the water carried

off 1n a pipe. The object of subsurface drainage in this case is to !
. > ‘

the water table Ry intercepting the
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L afy

< : L)
. (“vn) (6’:11) - R ". . .

FRAME 6-12.
Both sideS of a ditch need not have the same slope. However, if a deep “V"

feet deep 1s built With maximum slope of both sides, the ditch will be

ditch 2
t ) .
. feet wide.
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» .(box) (internal) (outside) .(6-29) - .
¢ ' : .

FRAME 6-30. )
Altl‘tough the resulnng strictures are not as strong as CMP or box culverts,

eXpedlent drainage structures can be built using steel (011 gasoline, or asphalt)
~__ for formifig

<
drums. Steel are useful
* drainage structures. . . -
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A N . = . hd . a 4 ’\ ! v Qo
- - I- 7 3 . §v . '
(long enough) (6-1)&® - ' . = $¥
FRAME 6-48. . - s ' K : '
To -minim‘ize —— s T dt ‘the downstream end culverts\should'

be 1 or 2 feet longer than otherwlse requued Wlth the (ﬁded length on the

dlscharge end (panel 6-17). If headwalls are constructed at the dlscharge end

the . of culvert may be shortened but it usu@‘ih takes Iess
tlme Fabor, and matenals to build, longer culverts. . @43 M?
. - ; ¢ . o ]
. e s : : AR
. \ . , ] .
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(lower) (ground water) (6-65) ., - . ' '
«  FRAME '6-66. ' AP _— Co )
[ 4
’ Subsurface dramage may sometimes be accomphshed by the use of deep A

-~ Open (V) ditches. These ditches are ea.sxly built, are re’adlly ehlarged, and pros

vide posxtxve mterceptmn of subsurfb.ce water before it reacnes the area Bemg

protected Deep L : e ' serve the purpose
. : y : ]
, of ’ ground watet. , . .
- o a .
) ¢ 4 .
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.y T

- . .

T
g <




L@ 1)
FRAME, i6-13. - “

Slde slopes in ditches adjoinihg runways require special consideration. More
serious accxdents may be avoided if aircraft mnssmg the tunway can roll through
dltches ﬁmthout overtumning or damagmg landmg gear. Panel 6-3 shows a typi-
cal sxde* ditch for a military, axrﬁeld Note“[nat this

um of inches.

ditch lggnts the depth of flow to. a maxi

(drums) (e\pedlent.s) (‘6 30)
PRAVH& 6-31; A

* In preparmg steel drums for constructing expedlent dramage struc/tm’es the
pneumatic metal drum opener does an excellent job in removmg drum heads.
After the ends are removed, a continuous pipe is formed by tack welding or

wiring the drums together. Expedient drainage structures are built by tack

.or. steel drums together to form a a
2 7
continuous pipe. ’ 7
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FRAME 6-67. i _ ¢
- Deéep open ditches are not usually constructed inelong stretches but are -
. _more commpnly employed- in short stretches at critical points. However, in .
- many cases such .ditches are a trafﬁc hazard and they are also siibject to ero-
/ 2
sion. . Deep open d1tches are usually used only on _ S
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dramage dltches, dependmg un the specxﬁc requ1rement.s For normal road con-

R struptlon Jeg\nrements the - . -y .ditch -
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1s jnost, w,xtahle, where extra capaelty is needed or. where the soil erodes easily
th’ ’+‘ dltchqs best/ the : R - ®
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.(welding) (wmng)' (6~31) T - o : .
, . PO - - ) . oo " .,' - ) .
FRAME _§6- 32 Sy L= : . B

In pIac&ng cuIVerts an effort should be made toﬂcontmue the original dlrec- -
tion of flow of the wa,ter. A change_ in direction Qf stréam flow at the upper end
,of the quive'rt is objectionable primarily because it may result in_erosion of the o

sndes of {he channel around the”entrance. ‘When pg@ltlonmg a culvert; the

. Y cunl Z_ of flow should be continued in its ongmal direction, if

.\ possib;;-.-? j . h
) )
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- {extend) (pre\entod) (6 49y° Yo ,
' FRAME 6-50, 'y o t o X : .
fe In order to prevent the colla,pse of the culver’t under tra ¢ loads. it should
have adequate earth cover (panel 6-18). PlpeA culverts under military roads .
a2 .should have at'_least\'(li" A - inthes’ of ’cover -for sizes smaller
" than 24(inches':in diameter, " (2) §__ ' th_e'diam‘eter for larger - .
. [ r
[ \' rsxzes The preferred cover for a box culvent’ is (3) . _ inches
g i L ‘arﬁd cover for a drum culvert should be not less than (4) NN .
’ ! © s b - ) T~ e ) -
! ‘ ' . Do R
. ) R . 7,\‘;t\ ‘\\\
-«
° ! >
(short) (stretches) (6-67) ’
- FRAME 6-68. . ‘ . ‘
In those cases where right-of-way problems traffic srtuatxons and erosion
difficulties make the use of open dltchesumpractncal it may be necessary to use
_‘5':_ _a system of subsurface drains. In most cases,
ot -are ;used in place of deep , .
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(deep V) (trapezoidal) (shallow V) (6-14)
_ FRAME 6-15.  ° ‘ h
Longitudinal (xside) ditches alongside a road or runv&a’y are referred to as
collection ditches. Diversion ditches move the water from collection ditches to
disposal areas. Where a relatively large area drains toward a facility, inter-
ceptor di£ches_ are needed to prevent e;'osion or actual flooding of the facility.

Classified actording to their function there are three types of ditches:
‘ n

. ,and
s

P

/-/3

{direction) (6-32) . i .
- FRAME 6-33. .,) . ‘
) Culverts are alined in various wajys, depending on the terrain and the stream

channel. When possible, place culverts at right angles fb\the centerline of the

road or taxiway. Placing culverts at

to the centerline is parucularfy advisable on steep mountain streams or streams

with high approach velocities. : J




.. €1) 12 4(2) 1, (3) 18 (1) 36 (6-30)
' FRAME 651 v

When placing a ‘pipe culvert da—a fill, consideration must he given to the
péxxmum size pipe allowable in the fill so that the minimum cover is maintamed.
As shown in panel 6-18 (1) the formula for calculating maximum size pipe
: allowablhe.x s _ : (2) the mmmimum cover for the given e.\:ample

. sh,o'ulc)i be ___ inches.

) i - ‘ .
}. (subsurface) (drains) (open) (ditchesy (6-63)
FRAME 6-69.
The two types of subsurface drains normally used arexthe French, or blind

wd K
drain and the tile drain. The two types of subsu"rface drains to remember are

the blind or _drain and . _ __ " drain.
[} ) T
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(collection) (diversion) (interceptor) (6-15)

3E &

}
,Mﬁ

l;‘K.—\\l E 6-16. \

A mimmum slope of 0.3 15 necessary to make dijches; glf -cleaning: the

maximum destrable slope 1s set at about 4. When the slo Pcomes greater

than the desired maximum, the ditch must be lined mtlﬁi"&:ap sodded. or
paved. Normally. the difference in elevation per 100 feet of 2 th should be not

-" more -than feet. %f
™ “VS‘

. F
7 ' ! ‘E%i}
’ % L
" (right anglés) (6-33) : . % \
. FRAME -{ 3"’4 : ) , : _g,;é’
tld be installed at

¢
If a meandering stream s encountered, the culvert s

the best possible locat?on and the stream channel strangﬁgned as necessary

(panel 6-10). Some construction such as building and

for sk mg the stream to

digging

i
%

proper alinement may be required.

s ‘j‘*




(D, . 23 F) (21 (6-51) )
FRAME 6-32. '

If multiple culverts are used, thc\' should be spaced a (ilsmnu- of one halt
the dlameter apart, This 1s done {0 provide space tor tamping a back Al as well
as preventung the culverts trom crushing each other trom the sides It 2 cul-

A

verts of 40-inch diameter are used they should be spaced

inches apart.

H / .
) o &
, .
. ’ -~y
1 - :
4
(French) (tile) (6-69) - -
FféA\lE 6-70.. )
Blind or French drains are constructed by filling a ditch or {ren'c-h with
stone or crushed rock (panel 6-21). The top of the trench is then covered with
' <)
a wel] compacted soil forming an xmpervmus seal to exclude surface water. The
- a drain 1s filled” with rocks near the
bottom and ; ones near the top. '
. / 4
’ ( * !
hY N 3
6~ 34 ’ T,
\‘1 N ";; "‘ ' -

RIC o

Aruitoxt provided by Eic:
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(4) (6-16) )
FRAME 6-17. ) .

. Or; sidehill cuts and steep grades. checkdams are placed in side ditches to
reduce the rate-of-flow (slow the water) and prevent erosion. ’I‘h‘ey are built

of timber, sandbags, concrete, rock, or other similar materials. Checkdams are

built to reduce the ¢ . i . S

and prevent in side ditches.

(dams) (new channels) (6-34)
FRAME 6-35. ~

On sidehill’ roads on wherever roads intercept surface water, either in cut

or fill, the water is drained to the low side of the road, and. if "possible, away
from the road by ditch-relief culverts (panel 6-11). Ditch-relief culverts should

be installed at an angle of to the centerline, to allow a »

more direct entrance of water into the culvert. On 5-percent grades, ditch-relief

feet apart; on 8-percent

N

culverts should be placed about

T

grades, _ feet apart.




(20) (6-52)
FRAME 6-53.

Midimum cover for culverts on alr%alds can be found in panel 6-19. A CMP
culvert of 14 gage and 12 inches 1n diameter dcswned to carry an 80,000 pound

’ -

plane, should have at least ‘ feet ofPcover.

1

e (Frenoh) (lar«re) (small) (6-70)* a
R FR%\II‘, 6- 71 R >
- <In the French drain, the ground water enters the" trench from the sides and
percolates through the large stone at the bottom of thé trench until it reaches

o a point where it can be dumped into a diversion ditch. Water enters the French

. drain through the oo == Of the trench: the top of the drain is
X ¢ __“4_;_'_,_*_____ to éxclude : water.
’ . ]
n T * v +
3.
’l
' -
_ ;1 ’ X ¢ \
» ol / H
! ) ) ,
e - 1
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(rate-of-ﬂow). (erosion) (6M7)
" FRAME 6-18. : ~ ¥

'
Side slopes of the ditch immediately above and below checkdams ;pax{el
6-1) require prdtection from vroggon ard scouring. To accomplish this, a weir
. notch big enough to discharge the anticipated runoff is cut in the middle of the
.checkdam to prevent backed-up water from cuttmé at the edges of the check-

, dam. An apron, extending from the downstream face of the checkdam, is

needed to prevent scouping. -Checkdams must extend at least

feet into the sides and bottom of the ditch.

L * : &; '
Turn back to bottom of page 6-3.
.
e A [
: .
, ”~
(60°) (500,300) (6-35) -

J

FRAME 6-36.
Size is a major consideration in culvert construction. The cro)s&sectional

area of culverts should be at least equal to that of upstream ditches or stream

channels. The'minimum area of culvert is at least to the-

area of upstream ditches.

Turn back to top of page 6-4.
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i Set 6. Grade and Foundation of Culverts.

(1.5).(6-33)
FRAME 6-54. y ’ ¢ ) o0
Normally, culverts are placed on the same grade (slope)®as the natural and
artificial drainage channels which discharge mto them. To prevent the zu'('umu-'
lation of sethment 1n pipes, 1t 1s generally (ie.‘s"n‘ublc'to use gr;,xdcs,ﬁ\'um 2 to 4

% . )
percent; in extreme cases, wherg the fall of the terram requires it. 0.5 percent

grade may be used as the :a‘,k;solute mmimum. Adequate flow to prevent silt ‘
5 . = 4
settling in pipe culverts requ‘i}'es a e = = . _ mimmum grade. °
- . ‘
. - Turn back to bottof ?f page 6-4.
> * 7
Vo ,
. ’ \
~ e
o

(vides) (sealed) (surface) (6-71)
. FRAME 6-72.7 -

A tile drain is the same as the French drain except ‘that the trench mzq"

5

[
. be filled with gravel in lieu of crushed stone and a pipe 1s placed near the bhot-

- tom (\panel 6-21). The pipe is usually 8 inches in dlamf’ter a‘lthough 8- and
: 10-inches pipes are also used. The tile drain differs from the French drain in

- ) 4 :
that a is employed to carry the éxcess water away.

. - )
ERIC Lo

, .
. s -




(pipe) (6-72) ‘ ’\.
) ,/\
PR-\‘\H‘, 6-73.
’l‘he most common form of subsurface plpmg is perforated pipe. In caé;ss .

where the perforations do not. extend completel) around the c1rcumference of

the pipe. the pipe is generall) laid with the\holes down and wﬁ'ﬁ the Jomts

closed. Semiperforated pwe 1s ajways laid with the holes S S )

°
- ¢

and the jomts are” _ _ .. ..




s : . ] . ‘ )
. \\ Sdo“n) (clq.sed) (6-73) . _ ' -
- Pﬁ\Ml«, 674, . '

Corrugated“ metal, vitrified clay. and nongpeinforcéd gloncrete pipe may glso

be used for subsurface piping.' Such pipe 1s laid ﬂwith dpen joints, or the top

hglf',ma)' be sealed with !'.-mnch to !,-inch opemings on the-bottom. 'I:he mini-

.
‘

mum grade for all subsurface piping 18 0.3 percent. Either ' —

-

pipe or pipes laid with may be used
~in a tile drain.

' \

Aruitoxt provided by Eic:
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(perforated) (open joints) (6-74)
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END OF FRAMES
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Panel 6-1. Milifary Road and Airfield Crosi Siopes. - -

— %%

EARTH OR
GRAVEL SURFACES

»

2

| TRAVELED WAY ' ‘ SR

SHOULDER

CENTER CROWN SECTION', OF ROADS

RUNWAY N ' oy

SHOULDER
CENTER CROWN SECTIGN OF AIREIELTS

;]lz.
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r Panel 6-2. Typical Ditch .Cross Sections.
aa ' ) . ’
< e i )
A : . []
el ,
'I'SIDE SLOPES > SIDE SLOPES , SIDE SLOPES
4.1 OR GREATER 3:1 . 3:1
s 2:1 . " 2:1
~ ¢ ' . | s i : 1 ’
"

DEEP "'V

SHALLOW v~

-

N' :, .t : . \_ j‘ - ._‘- .‘ .
;. e T | !
./ Panel 6-3. Typical Shallow “V*” Ditch (Unequal Sides) for
, C Military Airfields. - .
t 1 Y . - ’ '~ = -
4 W (varies) K

TRAPEZOIDAL
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.- . ~Specifications- .
) A Exfend.into sides and bottom at least 24 inchkes . ’ \{\

Ditch bank must extend 12 inches orgmore above top
It
Aptons should extend downstream approx 3 feet / ft of drop

{measured from bottom of weir}

{ ~ E‘f§GCHVe he'ght must be between 12 and 36 inches
. - ?Veir notch — Q = 3LH-§- +L2H ' ,
. o
£ CLod : ‘ 6—44
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. Panel 6-5. Checkdam Spacing.

4

PROPOSED WATER SURFACE ( % slope = B |

\
»
~

-

¢ : R _|\

Where

A S ]

‘e

The ideol‘_slope of woter surface is 40 or 50 to 1.

’

Spacing o‘_checkdom: *o achieve this objective is determined by the formulo:

-~

100 H

‘g =
S A—8B

&

height of checkdam in feet (ditch bo"om to bottom of weir notch)

A = percent slope of existing ditch
B = percent slope of desired woter surfoce
t.
‘ b
-
M
< -
6 — 45 ‘ o -

A
Np)




- )
Panel 6-6. Method of Determining Number of Checkdams Required.K

¢t ° , B

< 550° — tJ.

length of ditch

N = -
spacing
! ?
' f
Salution frame 6—?1: . ‘ B
. . 1
S = 100 x 1 - 100 = 50 f1
4 — 2 2 !
550
Nz —— =11
50 '
Proof: ) . [,
Difference in elevation = 550 x .04 = 22 #t, total drip
: The 11 chockdcms.will toke up 11 ft ' .
. "\ Then:.22 — 11 =11 ft, and
b ) " . )
. ™ X 100 = 2%, final effective slope of water surface.
s /\ ‘
‘ A4
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Size of slot moy be derived from the formula:

3
Q= cLh/2

2

Where:

Q = peak rafe of runoff through ditch in
. r

cC=3 (con.sto,nt) p )
L = length, of notch in feet o
H = depth g flow through notch in feet,
Then: ,
! Q )
. L 2 e ond
p cH ¥ ‘ ;
. /
= q A ) /
H = pa F J/
Ct , é
. b
\ . Hi
‘A
2
~ fis
6 — 47 -




INSIDE STAKES

. SPREADERS
BETWEEN

USE SLEEPERS -
AND STRINGERS

FOR LOW BEARING SOIL

Panel 6-8. Standard Log Box Culvert.

~

~

~

e

}
TOP AND

% ARE LAID
t »
e
e
6 — 48
’ 322

G

SIDE LOGS RUN ALONG
LENGTH OF CULVERT
o

BOTTOM LOGS

AT RIGHT ANGLES
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. Panel 6-9. Alternate log Box Culvert.

4

Split logs

used as
. whalers
All joints notched .
and driftpinngd’
/—\I
& | 4
/Y
o s eii’e
_:,4>'J )
¢ dﬁ”‘ 4 to 6"Diameter logs S -
Y perpéndjcular to line of flow

-




OLD CHANNEL:

7/

*/ -/
// /= DIG NEW
/" CHANNEL

USE LONGER CULVERT
IN NATURAL CHANNEL

BAD ALINEMENT
4 v -
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D _ DITCH.RELIEF CULVERTS . = — -

GRADE

N eerff)
99, //// &/

Spacing (S},

,
»

e s -

- «

t

FOR: 5% grades S =.abaut 500 feet

8% grades S = abaut 300 feet :

. 5 '
3 ; °
o (IL' i ’
¢ . 6 — 51 125
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\ 28
i . Ty . 4
=\ HIGH WATER MARK, %
N =
% H
7 ' A
—~
\\\\( Y
P D .
“
M\ 1=\ RS s Z=] j
r< W, > /
[ 4
FORMULAS:
Area of channel = —2—— x H
/~ L4 4
W‘ + W2
A (design area of culvert] = Xx H + 100% (safety factor)
Where: - .
W| = width of channel ot the high water mark I
Wg = width of channel ot the bottom of the streambed
H = vertical distance in feet from the bottom of the streambed to the
- high water mark ’ .
Example: !
Given — W, =5’ ’
B W2 =37,
o
H =4

Find design area of culvert:

) A:-——;ixd+100%

= 4x 4 +100% = sq ft




- Panel 6-13. Talbot's Formula.

'

S

Talbot's formula states that the design ';-ea for culverts 1s cquab
.to the fourth root ot the cube of the drainage area in acres, multiphed

by a coethaient of runoff or: .
' A~ CVUD . @
In which.
¥
' * A~ area of waterwa) opening in square feet. ‘

C% - a coetlictent that depends upon the slope, shape, and general

. character of the area to Wed. ”

\ o

D - dram'age area In acres, p
AN

The value of the coeffictent C1s influenced by the shape of the drain-
age area. the side slopes and the length of the valleys, and by the generad
character and culture of the ground. All of these factors affect the rate
, ’ of runoff, Therefore the engineer must adjust the value of C to suit each
casc. The value of C should be increased asYhe lengths of valleys decrease
In proportion to their widths and vice versa. As side slopes stecpen,
C should be increased. Heavy scrub~growth would décrease the value
of C’'as compare® with cultivated farm land. whereas rock or barren
slopes would increase the value of C." A value of 1.0 is satisfactory for
moderately mountamous térrain., or for reasonably steep barren areas
with-abrupt slopes up to 10 percent. Normal values for C are as follows:

C 0.2 for flat areas not affected by accumulated snow and where -

. the lengtf‘l of valley drained is several tithes the width. ‘

. - - - ‘ ‘.
C 0.35 for gently rolling farm lahd where the length of valley

15 about 3 or 4 times the width. o :
- * . 5

C 07 f%r rough hilly area having moderate slopes. ‘

¢ . N :
C 1.0 for steep.{g barren areas having abrupt slopes, and for

moderately mountainous areas.

_ 6 —53 . . 327
Q s rS -
ERIC -

Aruitoxt provided by Eic:
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% Panel 6-15. Pipe ‘Size.s and End Area.
N . ™ . .

-

Diameter in inches

P s

\

Waterway Jarea

' (sqtt)
. . ) 8 0.35
10 .- 0.55
. 12. 0.79
Y/ 15 1.23
18 1.77
21 -2.41.
24 3.14
‘ . 30 N 4.91
. 36 7:07
, 42" 9.62
' 48 o 12,57
54 1590 .
. 60 i 19.64 .
e 66 1 23.76.
o =t 72 2827
o 78 T 3318
D 84g 38.49
. L .
<+
‘ , -
¢ . - .
6 — 55




“SIDE SLOPE TRAFFAC LANES + SHOULDERS - SIDE SLOPE
PLAN
<
{1} Diagram for culvert plocod @ ongle less than 90° to centerline of road.

Length of culvert (c) may be measured; or solve for {a) as in-diagram

(2) bolow measure line (b): then, ¢ = \/cz + b

SHOULDER SHOULDER-
SIDE SLOPE - TRAFFIC LANES ¥, SioE sLore

y

SECTION

{2) Diagram for culvert placed @ 90° perpendicular to centerlins af foo;!
Minimum length of culvert = traffic lanes + shoulders + horizontal side dopo
distances (@ 90° perpendicular to | S
Given : Standard two-lane road -
Fill = 6 feet
. Side slope =271
Find, Iongth of culvert w/hoodwolls .
« Solutian :
2-lane road = 23 #t {Panel 1-2)
Shouldon =2x 438 ft1{Panel 1 — 2)
Slopos = (2x6) + (2:6) =24
23+8+34‘55ﬂ \
Add 2 f1, if wingwalls are not used.

N

!
i
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LI -
ST A/
"l 2e - - FFOR 247 ORIARGER - ~ ", .- ]
=Ll e— o 12 MINCFORT24 -7 L PR
mr——n LS - -~ v PRI
S _te L .- T TTOR SMALLER- " . RETONET -
Culv . . "/" A _.'..v, -7 e
’/{ ] :|'
~ . e
- "
= 7 =\i=N
. "S 0t PIPE gox
NS v .
\'\. I !
" FOR PIPE CULVERTS—— .
. - o 4
. Maximum size pipe ollowable is based on the formula, . St
L3 ) . ! [ -
_2 . R
. \ Omax _ZF(M' depth in inches) . o
- <\ . . v,
.- b B A
Given: F = 6.25 feet *, . e
‘ (8 "
Find: Maximum ollow.oble‘size pipe and minimum cover " "-,':»/
D = 3f =-1(6.25 x 12) = 50 inches ’
Use 48-inch pipe* oo /
Cover =%-=-‘;'—=__ inch minimum ’ :" s
i . - . ,
) * 1% calculations for D {the diameter) give a nonstandard¥size pipe, !
drop back to the hext smalier standard size pipe (panel 6—15). ’
Never go above $he maximum ollawable pipe size.
sﬁ‘ .a?l"ﬂ
B 6 — 57 ¢ ,
Q. ' . . 37
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Panel 6-21. Subsurface Drains. "
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|
i TOP OF SUBGRADE
's o
AY pa— k ‘
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- i Y = sonf SOl >
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LESSON 6

SELF TEST

-~

Note: The following exercises comprise a self test. The figures following each
question refer to a frame or panel containing information related to the
question. Write your answer in the space below the question. When you have
finished answering all the questions for this lesson, compare your answers with
those given for this lesson in the back of this booklet. Do not send in your
solutions to these review exercises.

1. When is drainage construction begun with refergnce to the construction
sequence? Why? (frame 6-4)

2. What are the maximum and minimum slopes recommended and why are

surfaces desz'\g’ned with gentle slopes? (frames 6-8, 6-16 , .
et \ - h
;fl ] ! f

3. The motorized grader can be used to construct any of the three types of
drainage ditches. Give the three types and tell what they are best suited for. (frame
6-14) ‘ :

[4

4. Give the purpose of checkdams and tell how protection against erosion and
scouring is provided around checkdams. (frame 6-17, 6-18)

&
4

6 — 60 ; oo
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J 5. Given the following information on a che‘ckdam being built:

H is equal to minimum value allowed i%f
B is equal to minimum value allowed g
A is equal to 7% slope \
Determine the spacing of checkdams according to the formula f‘g; spacing (frame 6-19
and panels 6-4, 6-5) ? )
|
% ,

N
B
T

W& L0 ST

6. Determin®the number of checkdams required in a 600 fOOt ditch from 4 per-

cent to 2 percent. Each drop is 2 feet high. (frame 6-21, panei 6-6) l
éi't: i
g \
{ |
T |
7‘. Describe the purpose of a culvert. (frame 6-24) 3 /,/
K. {
= \ »
L
8. Support your choice of the following culverts as being the easiest to con- |
struct. (frame 6-25) ‘
a. log-box ¢. oil drum
b. timber-box . d. CMP .
9. What material is ideal for use for expedient culverts?%&%)
@ J 7
6 - 61 . i
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10. Although the first principle in placing’culverts is to continue the original .
direction of flow if possible, what method should be employed in prov1d1nz cross
drainage for a meandering stream? (frames 6-32, 6-34)

l

11. What should be the spacing, in feet, of ditch-relief culverts on an 8 -percent
grade" (frame 6-35)

12. Using the reconnaissance method, what would be the design area (sq ft)
of a culvert which has a channel width of 8 feet dt the high water mark, 6 feet at the
bottom of the stream bed, and the distance from the channel bed to high water mark
is 6 feet? (frame 6-42 and panel 6-12)

.

*

13. Ifa culvert is to provide for a drainage area of 15 gcres of gently rolling farm
land, what diameter of pipe (inches) should be used? Use Talbot’s formula nomograph
assuming C = 0.4. (frame 6-44 and panel 6-14)

*

-

" 14. If a culvert requires a design area of 25 square feet, how many 48-inch-
diameter pipes would be required? (frame 6-46 and panel 6-15)

\

- .
- A
.

6 — 62 *
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15. If the fill section of a i'oadway is 7.8 feet, what would be the maximum ssize
pipe (inches) which might be used to construct a culvert? (frame 6-51 and panel 6-18) 4~

—_—

°

16. What is the minimum cover requirements (feet) for a CMP culvert of 16
gage, 24 inches in diameter, designed to carry a 120,000-pound plane? (frame 6-53 and

panel 6-19)

17. To what depth in inches should ‘the fill around a 36 inch- dxameter CMP
_ culvert be well tamped? (frame 6-58 and nanel 6-20)

®
18. Describe the purpose of subsurface drainage (frame- 6-60) .
&\\
= 5 N,
[ g ,
. L
5 \ ! '

19. What s the minimum dlsta:ncg in feet that a military road or airfield should
be located above the ground water table? (frame 6-61)

b}

®

~

20. Under normal circumstances, a trapezoidal ditch would not be suitable to
provide for subsurface drainage. Under what conditions can deep open ditches be used
for subsurface drainage? (frame 6-67) - .

6 — 63
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21. Explain the difference between the French drain and the tile drain,

-

(framé .6-72) ' .

ERI

Aruitoxt provided by Eic:
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LESSON 7 . .
EARTHWORK OPERATIONS AND EXPEDIENT SURFACES
s ‘
CREDIT HOURS . 1 .
TEXT ASSIGNMENT ______ Attached Memorandum. -
) . LESSON OBJECTIVES .

Upon completion of this lesson, you will, in following subject areas, be able to:

1. Typical constructwtasks — Discuss the logical sequence for scheduling; define
_ key words in scheduling; explain the use of the dozer for ground preparation and
construction; and finally describe the components of a road and airfield.

2. Road expedients — Discuss the classification of road expedidnts according to
4 terrain and construction effort; discuss construction of cordurqy roads, chespaling,

*  portable metal landing mats, the army track, tread roads,”and snow and ice )
-expedients. ( '

|

3. Airfield portable surfaces — Discuss airfield portable surfaces to include the two
classes (landing mat and nylon membrane), their description and use, Znd
describe briefly the use of dust palliatives and their limitations.

¢

i \? . < \\\
N T ° \"‘\.
f CONTENTS \
i . /
‘ . ) , Frames
Set 1. Typical ‘Construction Tasks .- ... oo ____ ... 7-1 to 7-20
- 4 .
2. Road Expedients _________.___________________________ 7-21 to 7-50
3. Airfield Portable Surfaces .. ____.______ RSO | 7-51 to 7-59
5 ,
¢ o ‘
!
v 4 \

v " '-—/ ., 74—1 | '
¢ . 229
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Set 1. Typical Construction Tasks.

FRAME 7-1. ) . .

A road or airfield constructnon project is broken down into basic constructxon
tasks which are pertormed in logical phAses or sequence. After one task of ;he
project, such as the clearing of trees and brush, has beeq completed on af certam
area, the second construction task of stripping the area is begun. At the same
time, the first task of clearing would be started in another area. +Thus, time
and effort can be saved by performing several types of construction t!;skg

simultaneously. The simultaneous scheduling of construction

in logical contributes to the efficient completion of a

construction project.

B

(subbase) (depth) (7-15)
FRAME 7-16. ‘
As previously discussed, compaction is required to obtain a stable soil founda-

tion. Heavy pneu“tic-tired rollers are preferred, for the

but final shaping is done . e grader,




(stri{lg(-rs) (substantial) (7-30) S
FRAME 731.
The 'third type of ‘corduroy — heavy (panel 7-4) -- requlres the use of

sleepers. These are heavy logs 10 to 12 inches in diameter and long enough to

. carry the entire road and are pla,éed at right angles to the centerline on 4-foot

centers. Sleepers give added . 1 and stability to tf"»e roadway.

'I‘he corduroy with stringers is constructed on top of the sleepers l

!

i

(army track) (smooth) (7-45)
FRAME 7-46. - | '

°A}10;};‘e.r expedignt is the tr(éd road. ;I‘read,roads a;'e made by prepéring
two narrow, parallel treadways gf select material for vehicular wheels to use over
otherwise imi)assable ground. The m:at,e'rial used may be anything from palm
leavés to 4-inch planks with z; cc;nsequent wide v?riation in the' capacity -and

durability of the road. Roads made by preparing two narrow paraiiei treadways

of select material are called roads.

R



(tasks) (phases) (7-1) ‘ ' .

»

\

FRAME 17-2. , S L <

=

[~ .
A step or particular type operation in a construction project is knowr as

a (1) .*4_.: When the task is performed :vould vbe its (2)

I
- R ° A

(compacting) (subbase) (7-16)

FRAME 7-17. , )
Up to this point, military roads, é\lrﬁekds, ‘and railreads are similar in

construafion. Roads and airfields now require a base course and wearing surface_
while railroads*m‘e/cgmpleted by the placement of ties, ra‘fls, and ballast on the

subgrade. In road and airfield construction, the ) Py

&

is laid over the B




(strength) (7-31)
FRAME 7-32.

]

Portable corduroy mats made by wiring tbééther 4-inch logs can be pre-

fabricated and put down quickly when needed.! These

corduroy mats have the advantage in that they may be

2

.

(tread) (7-46)
FR:&ME 7-41.

Because of the wide variance of materials-from which they can be construct-ed,
tread roads can be either “‘hasty” or “héavy” expedients. 'i‘read type construction

is better adapted to muddy terrain than to sandy, though a heavy treadway ‘ecan

be used in either type situation. 'I‘i‘ead’roads can either be
]

»

expedients.

”

!

-6

4

or /




(1) task (2) phase (7-2) .

JFRAME 7-3. \ ~ ° o,
. 'Specific cohstructiontasks are commbn to road. airfield, and railroad projects. .
< These tasks include clearing and grubbing. stripping. ditching (drainage), cut

and fill (earthwork,. compaction, preparation of subbase and base course, and
completion of projects depends on the proper

and

_ surfacing. $ne
of construction tasks.

>

(base course) (subbase) (subgrade) (7-17')

FRAME 7-18.

e
g e
—

lifts of blended aggregate The material' used for a (1)
is generally well graded gravel or crushed rock. If necessary,

on the job by using a grader.

the materials may be (2)
Best compaction is obtained from pneumatic- t1red rollex‘s «with final rollmg made

by As with subgrades hlgh spots -are removed and final

shaping is done with the (3

three-whneei rollers.

ERI

Aruitoxt provided by Eic:

Base course construction includes the placing and compaction of controﬂzz}i_.—:_




W et

{portable) (pretabricated) (7-32)

FRAME 7-33: o

with decking ;;laced Ié't_an angle of about 45" to the

Diagonal' corduroy,
centerline, is a modified construction applicable to any of the three dommon types
: ¥

of corduroy. Putting the decking at an angle decreases the impact load, since

each log supports onl} one wheel at a time and there is longltudmal as well as

lateral welght dxstrlbutxon Dlagonal corduroy is preferred for héavy traffic.
corduroy is used_to reduce

-

traftic,

For " ..

- : loads.

(hasty) (heavy) (7-47);
FRAME 7-48. ‘ i

The most important single’;rype of tread road is the plank tread road (panel
7-8).
oni 3-to-4-foot centers dependix{g on the loads to be carried and subgrade conditions.

Then place 4 x lQ-mch plan s parallel to the traffic to form 2 treads, about 36

Sleepers 12 to 16 feet ;Bng are first laid perpendicular to the centerline,

mches apart- If finished glmber is not available, use logs as sleepers. The

' r

4 is the most important ty pe

I

of tread road. When sedurel; splked together, a plank tread road is a very

-
a

durable “heavy" expedxelnt
] v




.

(efficient) (scheduling) (7-3’)
FRAME 7-1. X

Clearing includes the removal of brush and trees from the constructjon site,

Clearing should start at the point of disposal and fan outward so that trees and

brush can be pushed over a cleared area. If logs are cut from felled t!ees. this

should be done in the disposal area to avoid interference with the cléaring opera-

tion. (1) should begin at the point of (2)

and (3) . ° for the efficient removal of

trees and brush from an area.

(1) base course (2) blended (3) grader (7-18)
FRAME 7-19.

The final construction task is that of surface prepamﬁon. For military roads
the top of th'e- base course will often be used as the wearing surface. Fine material
will be spread. wa,tereq\. and rolled with a steel wheeled rdl_ler to give the road a

smooth water repellant’ . To provide a longer lasting road

.

a bituminous surface may be used.

RIC | - N
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&
4

(1) heavy (2) diagonal (3) impact (7-33)
FRAME 7-34. ~ '

.
Chespaling, a “hadty” expedient used in either mud or sand, 1s made from
-

small {;réen saplings 4 preferably about 1', inches in diameter. and 6! . feet

long, wired together to form about a 12-foot-long mat (?anel 7-5). These mats

are often rolled into bundles and carried on each wheeled Vehicle, then used when
S~ 0

. ~N
Necessary to cross sandy terrain or to get out of mud.

is a hasty expedient which can be used satisfactorily in either _ ___

or

/

v’

(plank) - (tread) (road) (7-8)
FRAME 7449, :

Now let us consider expedient ‘roadways for snow and ice condjtions. An
adverse condition 1s encountered where snow and ice are so plentiful as to make
r‘emoval impractical. Here expedx.em roads caziﬂbe made out of the snow itself.
When the road 1s laid out. more emphasis must be placed on making grades and
curves as gentle as possible. Then the snow 1s compacted nto a hard mass capable
of supporting the weight of vehitles. A harder surface can be made by pouring
water on the compacted snow and allowing it‘}o freeze. When snow and ice cannot

be removed. a-road can be made by the snow and making

the . and as gentle as possible.

¢

7-10

) o~
Y ‘

.ERIC .o
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(1) clearing (2) disposal (3) fan outward (7-1)
FRAME 7-5. '

Two types of equipment are used in (1) operations.

The crawler dozer is the beét piece of equipment when large trees or steep slopes
are involved. Wheeled dozers do well in light clearing operations. In a heavy
stand of large timber (2) : would 'be

used; (3) would be inefficient.

(surface) (7-19)

FRAME 7-20.

Except for forward Army runways, military airfields‘ are almost always
surfaced. After the i _ has been prepared
a port;able landing mat or a bituminous is added.

= £ "

11
14N




Ei?
: ' / €§ y
(chespaling) (mud) (sand) (7-34) li
FRAME 7.35. ‘

Yom

- <&
Chespaling mats may be constructed from dimensioned timbers and wired

together to resemble a piclget fence. A variation, slightly more effective for

crossing sand, is made by attaching chicken wire net'iing to the bottom of the
mats. Attaching i ‘

sy

»
ective in

to the bottom of chespaling mats, makes them more e

oot

? vm»\:

2 g“ '@?’,}

A

(compacting) (curves) (grades) (71-49) - ;
FRAME 7-50.

Frozen lakes or streams can be used to move tra e
be first carefully reconnoitered for quality of ice, 43

conditions. The load bearing capacity can be deter : either by an actual test

% 15 inches thick will safely

support ton vehicles spaced

— feet apart,

)

3

E
2

.




t

(1) clearing (2) *crawler dozers (3) wheeled dozers (7-5)

FRAME. 7-6. ' -
Grubbing is the remosal and dispbsal of stumps and embedded boulders left

in the area after clearing. Crawler dozers are very efficient, for removing stumps

up to 30 inches in diameter. The removal of stumps after clearing is a

%

.task for which the can be used

effectively.

v

Set 2. Road Expedients, '

(base course) ‘(surface) (7-20)
FRAME 7-21.

In the theater of operatioms, orthodox or permanent construction of military
roads is often impossible due to the condition of the ground,othe tactical situation,
or other circumstances and in sich cases some expedient means must be employed.

In place of orthodox or permanent construction methods,

methods must often be used for the construction o’military roads.




!

(;‘hi(‘ken wire ‘;‘m'ttin;.:) (~and) (7-§5?
FRAME 7-36.

A chespaling road is constrpcted by daying a double row of mats, each mat
having its long axis parallel to the centerﬁe. with a 1-foot overlap at the center-
line. The successive mats are then wired together. This l\pe of road must he

kept wet to prevent the saplngs from becoming brittle and breaking. Chespaling

mats should have a 1- foot overlap and shou]d be (1) ______ _ _ _ _together.
The saplmgs should also be kept (2)z L )
]
A
-
¢
N

‘Set 3. Airfield Portable Surfaces.
[*-

(10) (65) (ZjO)
* FRAME 7-51.
The use of portable surfaces of some kind provides certain advantages in
the construction of airfield surfaces. Batéhing plant erecti(;’n ,and the logistical
problems encountered when using concrete or bituminous materials usually pre-

> clude the extensive use of permanent type surfacing in theater of operations

° airfield construction. The time ‘required to surface a runway with \
: i A )
is far less than with a concrete or bituminous surface.
T
hY \
a A A . /
. , /
. !
§
. : 2 "T—14
14 5 . .
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»

(grubbing) (crawler dozer) (7-6)
FRAME 7-7. '

’

AN

Stripping, another task, consists of removing the organic material or over-

burden from the project area. The removal of topsoil would be termed

“ - - . -

4

(expedient) (7-21)
FRAME 7-22.

The choice of the material used is important in secgring best and quickest
results. With a choice of materials, the principal factors which will determine
the type of expedient used will be the time available for construction, desired
life of the:oad, and the type of terrain the road must traverse.‘ On the other
hand, the type of n}'aterial available will be the controlling factor ﬁhi{;h will

of selected.

determine the

N

v [

7-15
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(1) wired (2) wet (7-36) . o
FRAME 781, . '

An excellent chespaling type expedient for beach roadways, used extensively
in thé}iPaciﬁc theater in World War II, is the bamboo mat. '\I‘hes'e mats are very
light and comparatively strong. They are made by splitting 2-inch bamboo rods
and weaving them into a 'mat in a manner similar to rug-weaving. The rods
should be soaked before” weaving and the mats should be kept moist while in

use. For beach roadways the ) is an

excellent expedient,

. ﬂ >

(portable) (surfaces) (7-51)
FRAME 7-52. ‘ ‘
Portable surfaces for airfields fall into two principal classes — the landing

mat and nylon membrane, Landing mats "are designed to provide a structural

load &istributing media and wearing surface Nylon membranes are intended

only to protect otherwise structurally adequate surfaces from changing char-

.. acter in wet weather and to eliminate 'dust. The two principal classes of airfield

-

" portable surfaces are - . . and.

4 7)— 16 N O8]
* .
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(stripping) (7-7)
FRAME 7-8. : .
"Iihe equipment used in stripping are dozers, tractor scrapers, and graders.

Dozers are the best choice of equipment when the material is to be moved only

a short distance. For longer hauls, the tractor scra?r combination is best. For

liglz?strippmg. the grader can be used. Scrapers are’loaded while moving forward
to.the disposal area. Therefore, in st.;?ipping for an airstrip, the tractor sch;pyr

would be used for (1) . hauls, the dozer for (2)

hapls. Light stripping could be accomplished by use of the (3)

(type) (exped{ent) | (7-22)
FRAME 7-23.

In practice, the life of a facility will depend %eatly on the time used to
build it. Expedient roads can be classified as “hasty” expedients when they are

"

to be built quickly, and last only a short time, and as “heavy’ expedients when
they require more time to build and last longer when built. The two expedient

types classified by design, life, and time required to construct are

v

and expedients.




(bamboo mat) (7-37) ‘
FRAME - 38 S ‘ .

Another ty pe of expedient roadwa3 is the portable met'll landing mat (panel
7-6) designed originally for % constructing anrﬁe]ds Since they can be used for

sandy beaches as well as Aairfields, they have become the foremost expedient for

. . ' 5
. crossing terrain. , -

» a .
V4 * ‘x\

(landing mat) (nylon membrane) (7-52)
FRAME 7-53, - ~
Two general categories of landing mats have been -established, one for \
=~

>

. mgdium duty and one for light’ du)ty Each is capable of sustaining 200 coverages
~ of a 25,000,pound single wheel load with tire pressure of 250 pounds per squ? .
inch. The medium duty mat can be pla(:g:l over a subgrade with a CBR as low

. as.4, while the mat must be placed on a sub-
¥ L
gradc having a CBR of at least 10. :
. ,
» ,
-~ p '
3 A
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-
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» .

N t
o7 -18" )




Ry . * L . :
(1) long (2) short (3) grader (7-8) B R 1,.; - ; .
FRAME 7-9 ‘ : v T . -
I)lt(hm" 15 the task of pnmdnw duunage fm a {onstnfctlon site. Dltc‘hmg .
gperations mdudc the shaping of open dmmage gutters and: +alsd th tyc*tavaa&n ¢ Ea
of ditches for utihties or closed drainage sy stems The dltchmg operatlon should .
start at the 1uwest elomtmn which w111 insurg proper dramage ofi the gro_)ec
Care should be taken thdt backfill matenal in closed trenches is properly com- "
pacted. In view of the above, drhmage gL\tters would be started as (1) -__- ‘ .
as possxble to properly dram the site. In closed trenches (2) ) — ) "’
material should be camﬁ[ulh compactod . @ :
» ’ . f M . .
- d ) - " . .
¥ ‘
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(hasty) (heavy) (7-23) & , . . ' 9 -
. ’ a
« FRAME 7-21. PO 3 . . . , .
- o . iy
"Road expedients can bo further classxﬁed accordmg to a thxrd factor, type of L
terrain. “Mud expediepts” a’* structurall\ strong and spread the load over a 0

b ;
wide- area of the subgrade. “Qand expedlents” need not be sfrmﬁral strong - -

becaus&%onﬁne the ground under then’n and take 4uv4ntage of he hxgh' -

= hearing capacity of the sand. M i and sand expedxent roads dre used according .
3 <r“'
. ' v
th I o condmo Fxpedxen& snow and ice routes wolld also
¢ . l‘—"l - > y
he examples of classification accre ng to gerram . N ¥
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(sandy) (7-38)
FRAME 7-39. )
Metal landing mats can be placed directly on the sand to the length and width

desired, though membrane underneath the mats greatly imprdves the job. The

smoother and firmer the subgrade, the better the resulting road. The '\: is

Placed so that its long axis is perpendicular to, the ﬁow of traffic and ‘each
section must overlap the previous one so that, the required connechons can be
accomplished. When using metal landing mats the subgrade should be made ,

as and as possible. .

. (light duty) (7-53) o .
'FRAME 7-54. L L

Integral lockmg lugs provide easy asSembly and end connectors prevent
the mats from cur}ing up at the ends Laymg rates 'vary from 243 to 574
sq ft - man- hour The side and end locking devwes enable mdxvxdual mats to be

removed for repalr ‘or replacement, even in the middle of a completed runway.

The side and end ' devxces provxy ease of assembly and

ready replacement.

-

I
]

1
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) . M p}) / - < /
(1) soon (2) backfill (7-9) A Lt
v i " /’ \
FRAME 7-10. . et T

' -.n " , . .
For trenches, the ditching machine is normallycused. For harder materials,

the back_hoe should be used. For cutting and sha};ing open ditches, the grader

and dozer are emploi'ed. There are three methods used in ditching: by use of

back hoe, the ditching machine, or and
o
’ -
%
e ~
:r
: b
N
(terrain) (7-24) - . -

FRAME 7-25.

There are several types of materials used for expedient roads such as —
corduroy, chespaling, metal landing mats, army track, and others. Each type
of. material has its advantages and disadvantages in a givén situation. Therefore,

the type of material used must be to the particular situation.

The engineer with ingenuity wi_ll discover additional materials and their adaptation

for expedient road construction.




‘{smooth):(irm) (7-39)
FRAME, 10, , S |

Meta\l landlng mats can also be used on mud, but they are not satisfactory
on mud wl'ien used alone. Mud pumps through the joints and the _mat sinks
‘until 1§ becomés\ ineffective. aExpenments have proven that with th’e use of
mentbrahe to, prevent the pumping of the mud, a faxrly effective expedlent

can be constructed Metal landmg mats should not be uséd in

unless some measures are takert t:p stop the mud from __- through
. \
the joints.. ‘ RN Vo
.\
" \-—/ .
: «

{ (locking) (7-54)
ERAME 7-55. ’ .
Several nylon membrane surfaces have been developed, but only the T-17 is

: . available in Army supply. The T-17 is a neoprene-coateqanylo: mbrane

M ‘. desi'gneq to furnish ;a dust-and water-proofing capability for landing areas or
. access »roa:ds. | ‘! ﬂ ' surfaces providei a
* - and ) ‘ - l : cap-

. - .3
; 'ability for landgxg areas or access roads.
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(grader) (dozer) (1-10)
FRAME 711, : ¢
Cuts and fills are types of earthmoving operations. Both are made as ap-
phicable to maintain a correct gr'a’de or ele\-'ation for road angd airfield _projects.
Insofar as possible, the cutting operation is plannéd and keyed-in with the filling

operation so that these two operations are as nearly balanced as possible. The

‘removal of exgess material is by (1) and the emplacement
{ of additional matenal is by (2) Cuts and fills should be as

nearly (3) as possible.

o>

(keyed or suited). (3-25)
b FRAME 726.

\Vﬁei} materigls ':are available, corduroy construction can be used in any

theater of operations where a heavy expedient road is needed over muddy terrain.

" A corduroy road cati k{e classified both as a . and

e:‘:piedi?nt. Y

L]
13
L]

W e e mmemy T

.
]

-

i o

.' . N
-

.
e N

ARO

[ 4
]
]
s ,
T .
‘

. 7T-23
‘




(1) mud (2) pu’mping (7-10)
FRAME 7441,

A second l;)'er of the steel mat. laid as a treadway over the iniual'la_ver. will
further increase the effectiveness of ‘his expedient. In either case. the foundation

should be as smooth as possible. A second layer of metal landing mat. used as

.

a . will increase 1ts effectiveness as a road surface.
¥4
A\ \
‘ ’ b
(aylon membrane) (dust) (water-proofing) (7-55) .
FRAME 7.56. °

The T-17 bmembrane is furnished as Membrane Set, Runway Surfacing,
and Membrane Set, Taxiway Surfacing. Panels furnished for runway '.‘?urfacing
are 66 feet wide and 100 feet long. Panels furmished for

surfacing are 36 feet wide and 100 feet long.

o
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(1) “cut (2) Il (3) balanced (7-11)
FRAME 7-12. '

,As we have seen when discussing stripping. dozers can be used in earthmoving

if the spoil 1s 1o ne moved a (1) . —._ distance. Scrapers are
used when a large quantity of material must be moved. and where the haul distance

to the stockpile. fill. or disposal point is beyond the economical rarge of (2)

. Panel 7-1 shows the method of cycling enabling the equip-

1)
ment to cut and spread in both directions.

S

(heavy) (terrain) (7-26)
FRAME 7-27. '

There are three types of corduroy construction: standard corduroy, c‘orduroy
wit.h stringers, and heavy corduroy. The most frequently constructed

is the standard type.

ARC

7-25 d
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(treadway) (3-11) ' ) .
FRAME 7-12. ' )
011\5 layer of the mat would constitute a "li’ust‘\" expedient quick to lay

and not durable enough to last long, but a"'lwu\:\" expedient can be constructed

simply by using several lavers, best laid over a pxep(ucd base. Metal landing mats

can be used to make either _ — or e S . _ expedithirts.

.‘ -
(taxiway) (7-56) .

FRAME 17-57.
The T-17 membrane can be placed on unprepared subgrade, but will offer

<

better service if the topsoil is removed to provide base stab'ility and alinement. ,
No special skill is required for emplacement. A ditch is cut along eé.ch side of a
runway or road, the panel is then stretched across and anchored by backfilling
the ditch. Rolls are laid longitudinally. The panels are overlapped and bo%ed

by an adheswe prepared for neoprene-coated materials. For best results

i

. should be to provide a smooth subgrade.
TR
_
®
7-26
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(1) short (2) dozers ('}-lZ)
FRAME 713,  ° '~

Compaction is the artificial densification of a SOi'l mass (fill, subgrade, or base
course) without appreciable change in moisture content. After loose material has (
heen spread, it-must be c_umpacted to eliminate voids and attain bearing strength
thus precluding settlénent. The moistu‘re content of the soil being comg)acted

must be carefully controlled. The process of artificial __. is called

P o .
.? . : n~
- - &/ A ™ ’
- [
.
- . ’
. .
e 24
v

(corduroy) (7-27) '/’,"'
N ] by
- FRAME 7-28,. . . .~ ' i .
The'stzindard type corduroy (panel.7-2) requires the placing of 6-to 8-inch-
diameter logs about 13 feet long’ édjacent to each other (butt to tip). Along the
edges of the roadway thus formed, 6-in,ch'-“diameter logs are placed as guardrails

.(curbs) and drift-binned in place. The dimensions of the logs used in a standard

) type corduroy roadway are _- to *_ inches
in diameter and about — feet long. Pickets about 4 feet long
driven into the ground at regular jntervals hold the roadway’in place.

14 "ﬁ ’
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(hasty) (heavy) (7-12) d
FRAME 7-43. '

) &
One difficulty encountered in Using metal landing mats is theirfendency to

’

curl up at edges. This can ‘be gvercome .by making an ex@;vation at the edges
of the road about one foot déep with a three to one slope on the side of the
excavation nearest the road. The mats are bent to fit the trench, placed in posi-
tion and the exchivation back-filled over t};e_m. Another method of securing the

“edges is to use a curb as shown in panel 7-6. Metal landing mats will tend to
< ;

! up at the and measures should be taken
to correct this difficulty.

]
-

; —aF—

(topsoil) (removed) (7-57)
FRAME 7-38.

Anotper method of eliminating dust from runways, 'ta;xiways. hardstands,
and warmup aprons is by the use of dust palliatives. Oil and vegetation can be
used successfully as .dust palliatives. However, these cannot be used on the

present jet based fields kecause heat and jet blast would set them on fire and

displace-them. (1) : is extremely harmful to airplane engines.
Oil and vegetation palliatives can only be used on (2) \ - -
airfields.
Y \‘*‘:
~ 1
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, : 728
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(densification) (compaction) (7-13) |
FRAME %14, ; ‘ t",

Shee;%oot and pneumatic-tired rollers are generally used to corrlpac,t' em-
‘bankments (fills) below the subgrade. Regardless of the equipment used, it is
necesséry to place the fill in thin laygrs (6to 9 inches) to insure uniform (1)

throughout the mass, while at the same time controlling

_the (2) . : content. Because of its protruding feet the (3)

roller is'very effective in compacting plastic soils.
L]

s’
*

(6) (8) (13) (7-28)‘ .
FRAME 7-29.,
To give the corduroy greater smoothness, the chink$ between the lvogs are

\

filled with brush, rubble, twigs, and so forth. The whole surface of the roadway

is then covered with a layer of gravel or dirt. In other words, the roadwajg' must

be made as as possible.
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A(curl) tedges) (7-43)
FRAME 7-14.

Y

" Another expedit:?r.oad surface is the portable timber expedient known as
i '

< .

<

army track, (panel P£7). This can be used to pass vehicles across sandy terrain.
The track consists of 4 x 4 or larger timbers thregded at each end on a ! .-inch
wire rope and resembles the ties of a railroad track. The timbers must ghe spaced

not.greater than the distdance which will allow the smallest wheeled vehicle using

thé_road to obtain traction. Army track is a timber
expedient and resenibles the i __ of a railroad track. .
. n 2 \ 2 »
. ) N
< ' . ¢
. ) ’ D‘ R
\ .

(1) dust (2) non-jet (7-58)
FRAME 7-59. , .
) Bituminous materials are commonly used as dust palliatives. Chemical

agents such as calcium chloride (CaCl,) have also been used with success. How-
ever, CaCl, is generally not used on airfields because of its corrosive effect on

.

aircraft. ' materials or _have been

suceessfully u‘ged as b s
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(1) density (2) moisture (3) sheepsfoot (7-14)
FRAME 7-15.

The task of subbase construction includes the placement and compaction of

select material between the subgrade and the base course. 'I_;he depth of the -
subbase will depend upon the depth which will affedt the structural design or

be affected by climatic conditions. The mate.rial between the subgrade and base

course is called and its : ~is ‘determined

by the desu‘ed bearing capacity or climatic condltlons Sometimes compaction

alone will give the subgrade sufficient bearing capacity, and a subbase is not

required.

. & Turn back to bottom of page 7-8.

(smoot!l)‘ (7-29) ) .
FRAME 7-30. ‘ . /, L

A more substantial road can be.made by placmg log strmgers (panel 7-3)
parallel to the centerlme on about 3-foot centers. The corduroy decking then
is laid on ‘the stringers ‘and securely pinned to them. The surfaced area is
prepared as for the standard corduroy. Therefore the stringer corduroy road

is the same as the standard corduroy except that are used

under the decking making it more i than the standard

corduroy road. s ‘ '

) . Turn back to top of page 7-4.

.




\ Q n &
(portable) (ties) (7-14) '
FRAME 7-45., '

Cable holes are (;rilled at a 45° angle to the centerline so the cable will bend
and prevent individual timbers from\ moving together. Cables are anchored
securely at both ends. The spaces between the timbers are filled in with select

material to smooth out the surface. Spaces between timbers in

" shoud be filled to out the surface. :

Turn back to bottom of page 7-4.

f 9
(23
& )
S v ,‘?
(bituminous) ‘' (CaCly) (dust) (palliatives) (7:59)
- END OF FRAMES
' . / PANELS AND SELF TEST FOLLOW. b
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o , * Panel 7-2. " Standard Corduroy.
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.- " Panel 7-4. Heqvy Corduroy.

13 . 0" .

Aé" TO 8" CROSS LOGS & STRINGERS -, S

:9
L2
— = - — R

s I —
L ——— ——— = b=
) 1) =\ :

=== == =S 2N =S

—
==
=

== 3
107" TO 12 SLEEPERS ON 4" CENTERS

N

LENGTH DEPENDS ON GROUND CONDITION

S, " CROSS SECTION

- | ,b'ﬁﬂf‘lé']-S.: \l‘aying a Chespaliﬁg Road.




iy
H
A
r
’
’
)
..
L]
RN
.
.
. -/
e’ .
B
c“
3
.
a
v
s
e
-

Ay
|
.
‘ . -‘--./"' ‘ .
e . A7 S ® £
. e
S DRAINAGE DITCH M;gg IS
. . . 3
. . ,
S Panel 7-7,- Army Track.,
. 4 i s . c e
‘ //‘. ~ .
P

¢ a

“ x 4 OR

. -
! DRILL.ROPE HOLES

9
-t L 3 AT 45° ANGLE
g
.
PN
s
. SO . ’; N
. N .\. .
L EYd o .
) ° ’ ~ A . -
% A [N
&
~ s 7 —',364 'l,
v
b4 w .
~ N ' , .
- “AY Py,
* . - 3 o IA LR .

4



RN ', ":"”-’ A R :v‘ :
y ) L~ . - s’ i
. s . :
‘ 4 ! N ’ o A, -4’,' 4
R PR A s
A A by
s '* ‘ o3
hd 13 .

“

i

:g-’":-*Parie:l 7-8. Plank Tread Road. ;|

;.;::-\\R i ,__\\\\ﬁ(s _ _
1\
\

N
- \\\\‘_;-i/\:
i
Il
_\\-—

™ |
\
jmy .

% AV Ui\ |
e Y ( i
‘4 . '%\’f\{;;//>>i/\ /'\/\\\

L i /

Nt M\ ')

&j/f/l\\\k%\lf\\ | \Q\"( ol
© = ' N >///\‘ { \ S &
| MAA\ IS

SLEEPERS 4" x 10™ x 12’ / 16" .

CROSS SECTION . =T
| C
1 ¢ *4.
) 7—3_7 co 7874




3

'
)
“é

. - Panel 7-9.c Load Capatity of Ice. / " )
» : I '
Thickness 'of ice Minimum
7 in incles Capacity . spacing
1% e Individual soldiers ... _..__. e "20 paces
iy 2, e ee- Individual soldiers __ ... ... . ____._._._ cmmm- 5'pac s’
S " Single horse or infantry column _.__... ;Z___' 65 fee
[ - SR Administrative vehiéle?artillery
. ’ up to 21, tons, or 4-ton vehicles
- . e with maximum axle load of 2.7 tons ._.. 65 feet
- " 1013 ._._.._...:=._. 8-ton (groas) vehicles, including _
R loaded 2¥4-ton truck ......_.. e 65 feet
12-15 e 10-ton vehicle (gross) ... __.________:._ 65 feet
14-18 _______.._. -~ 20-ton vehicle (gross) ..._.._._____ - . 65.feet
20-38 ... 40-ton vehicle (gross) ... _________._____.__2 % 100 feet
i . v
. < R
’ - * Panel 7-10. MX-19" Aluminum /ﬂat.
. ! . o, - y +
- @ B -
OVERLAP PUALE FEMALE OVERLAP .
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LESSON7 = .

SELF TEST

Al
L} N -
2

Note: The follwing exercises comprise a self test. The figures following each
question refer to a frame or panel containing information related to the
question. Write your answer in the space below the question. When you have
finished answering all the questions for this lesson, compare your answers with
hose given for this lesson in the back of this booklet. Do not send in your

- solutions to these revio‘w exercises.

<
.,12 In road or airfield constructior, the project is broken down into basic con-
struction tasks. What is the key idea causing efficient completion of a construction
project? {framé 7-1) S )
4

FET]

i N

2. Describe the direction of the ¢learing operation with respect to the disposal
area. (framé 7-4) ; '

a

-4

S

-

&~

L)
- -

L o <

3
>

3-- Define g;'ubbing and name the piece of equipment best suited to perform
this task. (frame 7;6) Lo .

. '

-

w

v

o

¥ "‘ 4. “
H ’ ¥,

d ‘ V { “ \/
- 1 - ' ’
o , N
. 4. A major factor.in comstructing and maintaining combat-ready roads and

airfields is drainage: ditches are essential to good drainage. What equipmeént is used
P . f6r digging ditches in hard material? (frame 7-10) .

>

AN




’ 5. In earthwork, all fills should be placed in thin layers and then compacted.
What is the purpose of this? (frame 7- 14)
1
P ..
7

6. < -Base coursa constfuction includes the placing and compaction of controlled
lifts of blended aggregate. . The material for blended aggregate is generally well
graded gravel or ctushed rock. Discuss the operations which follow and the equi%‘nent
required once placing of the blended‘ aggregate is complete. (frame 7-18)

T

- - "‘

T Support your choxce of one of the following factors which must be considered
before Qhers when @termining. the type of expedient to use in the construction’of —
: military roads. (frame 7-22)

f a. time available c. terrain features
b. desifed life of facility d. choice of materials

8. Give the characteristics by which road _expedients are classified and give
the different élassﬁicatlons (frame 7-23)

L ' — =

* . .
. .

_“: Q . .l ~ R L4
9“.;,6\How is a corduroy road expedient classified? (frame 7-26)

t




N ]
10. Corduroy construction makes an extellent road expedient over muddy
terrain. Which of the following types of corduroy construction is used most fre-

) quently? (frame 7-27 and panel 7-2) . .
. a. stringer o c¢. standard . “ ' ’ -
. w7 . ~ <

b. heavy . v d. sleeper . L .

. i . i
. . - . .

4 T

11. Diagonal cvorduroy'is preferred for h_ed/vy traffic. What is the purpose of
. . diagonal construction? (frame 7-33) ! )

‘

X
N “"

'
]
<

' o ‘

12. Chespaling is especially u—seful as a hasty expedient for travers'ing muddy or * \

sandy terrain. What must be done to chespaling in the way of mamtenancg" (frame

* 17-36 and panel 7-5) . : _ S
(] ’ ) ) ¢ - -~
: ’ © . .
" 13. What should be used with metal landmg mats to make them remain stable
during penods of héavy-rainfall? (frame 7-40) . ) .

- . - B . /—/ . ‘\‘—(' _ .r




15.  Which type of tread road is the most importént? (frame 7-48 and panel 7-8)

~

I

fﬁ. In actic regions, excellent roads can be made of snow. Besides the compac-
tion of the snow, what other step is most essential? (frame 7-49)

/7

%

17. How many paces apart should individual soldiers be spaced when crossing
ice 1%z inches thick? (frame 7-50 and panel 7-9)

)

-

18. Landing mats used as portable surfaces for airfield runways should provide

a structural load distributing medjum and wearmg surface. What category “of landing
mats should be used when the subgrade CBR is 7? (frame 7-53 and panel 7-10)

\

.

19. What is the purpose of imp&meable membranes when used-as a surface for
.airfields? (frame 7-52 and panel 7-55)

-

20. What dust palllatlve is not normally used at airfields because of its corrosive
effect ori alrcraft" (frame 7-59}

NS
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ANSWERS TO SEEF TEST

LESSON T _ - ____ ___. :.’_i_-Construchon Requirements cnd Desigh Criteria.

All ‘references are to lesson frames and to panels. ‘

& N

1. Although engineer units are ‘responsible for mau(xtammg military roads, they
provide 0nly major maintenance of Army airfields; that is, work beyond the capability
of the using unit. Minor maintenance. of Army airfields, therefore, must be done by

- Units using the installation. (frame 1-6) .

4.1‘ f

2. There are six principal tasks in road and alrfleld coustructlon clearing,
grubbing, stripping, earthwork, drainage, and surfacing. Clearing is the removal of
" timber and surface boulders; stripping is the removal of objectionable top soil.
Removal of spunrps and roots is grubbing; earthwork is reférred to as grading and
essentlally means cutting off high spots and filling in low places to get a grade level
enough. It is the most important construction task because the most time and effort
are normally required. Drainage is the removal of undeslred volumes of water and
surfacing is the final placement of whatever wearing surface w111 be used. (frames 1-7,
1-8) . . ‘
3. Any sketch which is similar to panel 1-1 showing the wearing surface on top,

the basé in between and the subgrade on the bottom (pane} 1-1),

) 4. ‘Superelevation refers to the slope of a road around a curve; that is, difference,
levation between “outside” and “inside” edges of the traveIéd way. '(framey*l 17)

A '

» . - 5 Traveled wiy (singlelane) . . Minimum — 11%2 feet.

' Traveled way (two lanes) . . *®Minimum — 23 feet.

Shoulders (eachside) . .. . . Minimum —,_ 4 feet.

Clearig . . . . . . . . Mmlmum 396 feet on “each side of
. roadway (panel 1-2)

. Q
6. Normal maximum . . . . . 10 percent
Desirable maximum . . . °. tangents and gentle curves, less than 6 per-
' cent; sharp curves, less than 4 percent.
" (panel 1-2)

7. Vertical curve lengths are determined by the following specifications:

Invertcurves . ... . . . 100 feet minimum for each 4 percent
T _algebraic difference in grades. .
CL ) Overtcurves. . . ...~. . 125 feet minimum for each 4 percent.
- algebraic difference in grades. (panel
. ' ©1-2) .

!

, 8. The slope of a road w1th a paved ¢rown is set at ‘/4 to Yz mch‘ per foot to the
* centerline, (panel 1-2) :

t L
. ’

’

9. The overrun-is‘located between the, runway ai,{d the approach zone. (panel

1‘3) ) d /
’ .. : g T
S1-1 ke NI oo
s 0 2+ Y
« . . ——
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10. The location of roads and airfields depends on the military necessity.
However, dense forest and rough terrain require extensive clearing and earthmoving,
while use of, existing facilities usually saves time. If the military situation permits,
good planning generally means maximum use of ekisting facilities. (frame 1-3)

11. Item 5, panel 1-2, requires a minimum of one turnout every ' mile for single
lane roads. Thus, (2 + %) -1 = 7 turnouts are required for a 2 mlle stretch of single-
lane road. (frame 1-10 and panel 1-2) . . L

/ b 7

. 12. Adding to the length of the runway (3000) the two lengths for the overruns
(300 + 300} gives a total length of 3600 feet. (panels 1-3, 1-4)'

13. The increase in altltude in this case is 2000 feet above the altitude pf 1000
. feet, so the TGR is increased by 20%. (item 2, 1- 5) Thus:
2000 x 1.20 = 2400 ft )

The increase in terpperature is 10 degrees and the TGR is less than 5000 feet, so the
~runway length must be increased by an additional 4%. (item 3, panel 1-5).

2400 x 1.04\= 2496 ft. S ' :
(frames 1-30, 1-31 and panel 1.5) . Cos

A »

.

14. Since this runway 1s in a rear area, the safety factor is 1.5. (item 4, panel
- 1- 5) Therefore: : : )

. 2496 x 1.5 = 3744 ft. v
v The effective g‘radlent is 1% over 2%, so the runway length must be further corrected “
by adding another 8%. (item 5, panel 1-5). - S

3744 x 1.08 = 4043.5. Rounding this figure up to the next even hundred, é'»
{(item 6, pangl 1-5), the final runway length becomes 4100 feet {frames 1- 32 1-3, and
panel 15)

The length of runway found in panel 1.9 is 450 feet and adding the two
overrun lengths of 100 feet each gives a total length of 650 feet. (panels 17, 1.8, 19)

' 16" Panel 1.9 shows minimum width for a service road of a heliport in a forward
area as being 11.5 feet. (panel 1-9) ‘

. . .
. ~
. . (N
. . .
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LESSON2 . __ . - -—Reconnaissance and Location of Roads.
« All references are to lesson frames and lesson panels.
- !

we L The first purpose of reconnaissance is to find a solution to the tactical need
‘The moSt lmport.ant factor to consider is the tactical need. (frames 2-1 and 2-3)

2. A road reconnaissance is made to obtain information about existing roads,
prlmanly for immediate use and establishment of a route. It may include estimates of
¢he practlcablhty of improvement,and the engmeer work in conditioning a road to
accommodate specified traffic and loads. (frame 2-4)

Rl

3. Section II of DA Formr 1248 provides for detailed information on alinement,

dr@ge, foundation and road surface. (frame 2-6 and panel 2- 1)

’

4. Reportable.items of section III of DA Form 1248 are:

N (a) Overhead obstructions, less than 14 feet or 4.25 meters, such as tunnels,
: idges, overhead wires and overhanging buildings.

") Reductions in road widths which Limit the -traffic capacity, such as
craters, narrow bridges, archways and buildings.

' (¢) Excessive gradients (above 7 in 100)
« (d) Curves less than 100 feet (36 meters) in radius. ‘ ’ﬁﬁ

(e) Fords. (panel 2-1)° . .
» .

5. “The purpose of p%ﬁwé'foamcocﬁﬁaiésa'nce is to maintain complete data on

the condition of roads currently in use. The information obtained is normally pos};d on

a situation map. To insure that roads are NOT maintained longer than needed,
maintenancq requirements based on periodic road reconnalssance are coordinated with
the principal users® (frame 2-7) .
: 6. 'When a new road is determined to be necessary, the ﬁrst step is called
location reconnaissance; (frame 2-8) >

» 7. Locating porfions of the new road along and over existing rpads, railroads, or
trails is always a primary goal. The use of existing facilities shortens_corfStruction
time and, in many cases, provides better roads than ¢an be built from the ground up on
the limited time available durmg combat operation. (frame 2- 10)

8. The organjc ‘soils, of a sv'vampy area are the most dl{fmult to drairt and have

the poorest bearing capacity. Excessive engineer effort and possible road failure can

&

.. normally be avoided when the types of soils are accurately identified during a location

reconnalssan.ce (frame 2-13)

»

. 9. Natural drainage is usually good dramage Locating a road to take
advantage of natural drainage also reduces the construction effort required= Long
stretches of flat ground eften.drain poorly. Locatrng a road along ridges and stream
lines usually takes best advantage of natural dramage “{frame 2-14)

10~ A geologist’s advice on-ground-water tables _ns,géspecially useful in location
-reconnaissance. It is also needed in determinjng effects of anygrock formations,
- . . - "

o os2z-1 .- !
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h - . e
essenwdlly to avoid extensive blasting work on cut and fill opgrations and the danger
of landslides and rock falls, partlcularly where clay or shale layers are present.
(f{ame 2-15) - -/ . .

11. Rock formations are also lmportant considerations in location reconnaissance
in regard to possible qudrry sites for construction materials (fill, base course angd
surfaee course), ground -watér tables. and excessive blasting work. (frame %16)

12. Ease of future maintenance is a factor. In areas of rain or snow, locatipg the
road on the sunny side of slopes and canyons minimizes the possibility of the road’s

becomlng 1mpass1ble for long periods and eases maintenance ‘work. (frame 2-19) -

13. At times, tactical and engineering considerations are.in confllct with the best
location based on the precedlng criteria. In these cases, the location criteria must, be .

" subordinated. An overriding tactical consideration, for example is that the road must

14

A

s

be ready for use wherf the situation requires it. Improvements may ba gifected at a
l]ater date. (frame 2-20f .

P}

N

“ 14. Convenient sites for development as blvouac areas and supply ponnts may be
lmportant tactical requirements, as well as provision for artillery and armor units to
leave the'road to f1re-emergency missions. The latter would also enable traffic usmg
the road to take cover ln ‘the event of an air attack. (frame 2- 21)" .

.

atd

>
15. Map reconnalssance and Bround reconnaissatice are two methods used for
determining road locatiori. Study of maps and aerial photographs can readily eliminate
ohviously undesirable;routes and indicate one or more possible’routes where ground
reconnalssance might be made, minimizing wasted effort. In the final analysis, map
reconnaissance supplements ground reconnaissance, and one or both are employed

? with locatlomreconnalssance {frame 223)

- - N
s L

., 16. X ground reconnalssance can supplement the hasty location of a route
(frame 2-25) .

» [

" 17. The engineer study in a deliberate location should contain evaluations of
several possible routes in terms of design standards and location criteria.. (frame 2-,29)L_
18. ‘Other primary control points include terminal points and tlxe intermediate
points through which the road must pass. (frame 2-30) -
19. An example of third Qrder control features Is Where a road can follow general
contour direttions. (frame 2-32) .
20. Tertlary control features are discarded Qefore secondary and secondary
features yield to primary. (frame 2:33) = .

. 5 -

21. Sampling 10 percent of the ax:ea, and applying the result to the entire area is
usually sufficient coverage In small-areas a higher percent cruise maybe made.
(frame 2-35) - ' . -

. .

22. A map plottlng all pertinent data is drawn. Soil class1f1catlon data‘at typical

locations are included on the map. (frame 2-39 and panel 23)

\

&
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23. T
alinement, grade, and earthwork. (frame 2-42)

hed B .
24. The time spent in the preparﬁ?on of a paper Yocation is repaid in better
alinement and is directly reflected in both the decreased engineer effort needed for
construction and the increased traffic capacity of the finished road. (frame 2-47)

. " 25. .Road A although #fie most direct, would not be practical primarily because it
crosses the swamp. It also crosses steep grades a
The ro#d also does not pass near the quarry — a

ce of construction material.

Road B also crosses steep grades and in additién a_portion of the lake must
be crossed. The lake also has steep banks at the ctogsing sites. Some clearing is also
required. The <oad \dpes not pass near the qugrry’.‘ . -

extensive clearing. It is also the longest route. It passes-nearest tosthe
this is outweighéd by the.amount of clearing necessary. '

Road C is the bebt réute. It ’follows contaur direction, avoids the swamp and
lake, passes within hdwing distance of the quarry, and‘réquires’little clearing. The
leash constryction effort would be required for Road C. (frame 2-34 and panel 2-4)

-~ . . ) ) I

o~
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‘ §2-3 ’ e

elements which must be»e"valuated. to base final location on are

requires considerable clearing. -
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LESSON 3 . . __-_Atrﬁeld Recom\mssance fmd Sne Seledcon
! 7, '/ . e

All references are to lesson fra,mes and le}son.pahefls S

-\'-, - ST .

.Airfield reconnalssance alffers f-mm l;oad lpdatron reconnalssance in t,wo
'ma]or consnderatlons First — an_airfi eld project involves n{nf'e m jours, more
equipment hours, and more material than 'a Yo4d: project.. Secondly ~ air raffi¢, by its
- very nature, imposes more severé desngn criteria- (see pane] 144, lwson 1) 1 than does
ol } Vehlcular traffic. _,(irames 31 and 32) e T n',; : N ;
\ . ~ . ‘. . .
T - . 2‘. Reconnanssance missions musts be based pnmanly on user requu'ements
" which, In turn, are often governed by the tactncal air support requwemeets of ground
* forces. The varigus hea.dquartprs must mamtam (;lose\halson with the Air Force and
Tt 7 with each Gthér Each must know* what‘reeoﬁnarssaﬂce .the other is doing or has a
‘_need for. I{rame‘B»GI" ' - ,,.,.“‘ LT

- LS
- _..' .-.o'l" S

o

, , P ‘?’ ;

s’ . 3. There are $ix steps in airfield reconnalssance ‘plar\ngng. bnef’ ing, prelimi-

il nary study, air reconnaissance, ground rgqqnqmsiance- and reportmg (frame 3-10)

o - :_‘_'.._Q-J"M‘-: _‘-O-Q’~~

) .4.. The* px:ehmmary -study,”répresents the initial work. Thé Q@rty studies the
AR ‘mfo‘rmatlon obtained during the briefing, conducts’a map reconnaissance’ of the area,;

_ _.....studies air photos, delineates soil boundarfes, assembles other prehmmary mformatlon. .

RS

and the actual record -is Rlanned (frame“3‘l2) R R TR SR .
SO NIRRT L
. 5. The purpose of,the ground reconna’ssanop-ns ms% m3§t‘ q‘uest]ons_ot to, /.
T - “ ’: L =/
T verify ({uestions formeﬂ from tht’: air. (fra;n.e '3;/52 e ‘, "_7,. 'x\\r ~ ;\:_/ :::
- 6. The pro?npts submissnon of reconna,:ssanqe.mpérts ls odnt_rolled ;zy tme«;{
e~ report schedulérﬁime&ﬁ&) ana 3;,1’{.) DI 4{‘: e _’_(, : ~;, 7 :‘\\.\\ N '

K - s v"\ -’\’,‘-.'(«-..»»g(’m.'{' o
;T - j‘ _,' 7; v Exis_,tmg axrl’ields"arrg mar.ke‘d vnth a five- {gﬂc‘clrclé (ﬁ'p.me 3—20 and panel
- 3 1 - -t T - X ‘ e ) -
L ) = _.,,-; '. - C T w/w .*,«:':T: :"“,:.:- --{L‘. :: - = ‘;:..

.- ,/‘ ’,/'( )
- 'j/ = A ratid ,oiu&d fshould ,"be ,uséﬁ jm:d" termmmg tﬁe diameters oY cu'cles
";, markiﬁigbstr’f hons such as'ﬁ’—{owers w(fr'~me 3—21 andspane} 31) =

ey g s
- _../'" 9. - fé’rrmg anel’3/2¢'t§ the %’nel with the 40: 1 glide ‘angle
’ ‘undik the ] honzonta ﬁBmd drsfau is fﬂQ& ee,t.,y sa permxss1ble height of 150
e, }

o /./leét (ﬁa@ﬁ;ﬁ‘)/pmﬂl,a ‘-,,pu/ J S R

o T e e e T LT .

T fw -2 ’ﬂle p;,lot consxde,rs such'ilymg pmblems as_app;oaches. mental hazards. .and- ;; '.',
. iy ph:;r;::;\] nbstructxong ’a’% x‘elatad to,gogjbattxpe pianes which may use the proposed »:
i ';'.A ""Q alr ~//P ‘ . , - . * : ./"”" V.-

.’:.'. . 4 f 2 /) . / - - <

- .

T i Pl ,exelrgmeen-obsewe,ry -is, r{dt’ é&famdlar wnth flight réquu'ements and

éhara‘;:tenaxcs of au‘qraft,, He: 1s~{amxlmr:wﬁh + the constraiction problems which-may be...

.f:t.,ﬂ

. unt:ered. and asse{ses—the Qotentxal site in terms of constructlon e‘ffnrt‘ frames; et ]
‘f, and§-28), “.. ,v‘;-,.w"' e e, - - .--~-,JI:_,: R
.« ' ey —— "—-—- . < - s yroes
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,/ ! lf’ ?I? fecﬁnnoxﬁglrmg‘x'fenhag;vaﬁfséléi%d site, .at least three passe&arcmado- .
at 300 *fee and the fmal‘ circaif. is*w"“l“ 200 feet. (frame 3-31 and pancl':i},a}:"'ﬁ'“““
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- The estimated runway _lengﬁ_x is then, = - .-

.12, L = air speed (ft/sec) x average flight time {sec) Since the flight time is in
seconds; count.air speed to ft/sec, o
’ 100 mph x 5,280 ft/ mi e
= 146.666 ft/ s
3600 seerhr" =77 "o, - see

Lot .,

N -
~ .
. )

= 146.666 x 55 = 8,066.83 It, say 8,000 ftr -

13. En route to the site or a general ared, the épgineer observer would note
borrow pits, quarry sites, and rail or road access roytes. He would also note any
obvious errors, on maps that ‘had been.studied.

Asin air feconnaissance, enroute to the site to be.investigated, the reconnais-
sance party should note and properly Tecofd access sroutd, location of construction
materials, and the positions of potential water points. (frames 3-29 and 3-34)

14. The clearing and grubbing effort is estimated by, timber cruising, the same as
q

. for roads,' ({frame 3-39) !

/
1

15. Normally, elevations are*'tak\en at each 500-foot interval and at an‘y breaks or

slope changes. This interval however may be increased to 1000 feet in flat country.
(frame 3-40) ‘ ‘ . . . '

i6. The statement “glige angle is excellent” is transmitted as “GOLF UNQUES-
TIONABLE."” (fmie 3-42 and panel 3-4) , . .

17. As in'rpad location, the selection of airfield sites is usually a compromise
between,_ engineeting, operational, and tactical requirements. (frame 3-@)

2 . | )

N

18. From panei 1-4 (Lesson #1), read under “‘rear” and across from “maximum
grade change per 100 ft” the value of 1.5%. (frame 3-49 and panel 1-4)

19. The use of the long straight stretches:of the existing road as a “center core”
for the airstrip should be considered. (frame }3-51)

3 * ’ £ s
20. Minimum criterion- pertaiging to interfering obstructions would require the
approach zone be free of ‘obstructions at each end of the flightstrip. (frame 3-53)

» .

21. Besides manmade and natural obstructions, there may be situations and
layouts which might'present a mental hazard to the pilot. An airfield on a plateau with
steep - sides falling, away immediately beyond the overruns .may have perfect
approaches, for example, but pilots will always land well down the runways. A canal,
ditch, or pole line at the end of a runway has the same effect. (frame 3-54)°

22. The Air Force All Weather Service (AWS) maintains meteorological
information for all populated areas of the world: (frame 3-55) )

" . 23. Topography will determine the extent of drainage and earthwork required.

(frame 3-58)

24. It is most im'pi\)i;tant to examine hydrological conditions and soil character-

istics because drastic clianges may take ,place between wet and dry seasons. This
S3-2 :

ARG




s

makes any evamations of h}drological conditions ‘made during the dry seasdn mis-
<t w._ leading. {frame 357)

L, ™ ' 25. Whether a base course is needed and the thickness of the base course are
.. .- > dependent on the characteristics of the soil. (frame 3-59) .
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LESQON 4 _ .. ’ ______layout Procedures, Construction.Staking, and
Alinement. .

B v
.

-All references are to lesson frames and lesson panels. . -
P . B l\l

1. Contrel consists of vertical tontrol points (or. bench marks) for the vertical
component and horizontal controh}poiﬁts for the horizontal component. The control
‘points are frequently called hubs and are short square wooden stakes (2" x 2") driven
flush with the ground. Vergical control is generally established by selecting a
convenient bench mark as a datum and referencing all other elevations to it.
Horizontal control points maf be’tied into a local grid system: {fraines 4-1 to 4-8)

2. The primary function of construction stakes is to indicate the alinement of a
construction facility, to aid equipment operators, to control spetifications and prevent
excessive work. (frame 4-11) .

3. ".Centerline or alinement stakes are placed on the centerline of a ro‘aa or
airfield 16 _indicate it's location, alignment, and direction. (frame 4-16)

&)

® 4. The side of the centerline stake which faces the starting point is designated

.as the front of the stake and is marked with the centerling symbol,and applicable PC
. - for point of curvature or PT for point of tangency. Also marked on the front of the

. stake is the distance from the origin and the fractional part of the station, On the back
L . ofthe centerline stake, the information on cut (C) or fill (F) required at each station is
written. (frame 4-20 to 4-22) .. .

5. The stake is 200 feet from the origin and a 1-foot fill is necessary at this
location. (frame 4-25) :

?

~ ’ X >
6. Slope stakes are used to define the limits of grading. (frame 4-26) ’ N
P "
1.. .
. -
\ | oo ,
front back
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» 8. Offset stakes .are "used to eliminate resurveying portions of a road or an
airfield and accomplish "their task as reference points by bemg placed beyond

construction limits. (frame 4-38, 4-39, 4 41, 4- 42) s

-

9. Horizontal almement conS1sts of a series of straight lines ca,tled tangents
connected by horizontal eurves. In preparing horizontd} alinement,® intersecting
tangents are laid out first and are later ‘connected by cyfves. (frame. 447)

10. 1. Keep number of tangents to a minimum. "

2. The connectmg tangents of new roads should approach at right angles to
* existing roads. i

3. Tangents should be selected so as to avoid excessive gradés.
11. Pl is defined as the pomt where two tangents mtersect (Pomt of Intersec-
tion). Angle of intersection (I) is the exterior angle formed at the PI and also the angle
subtended between the intersection of the radms points at 0 (panel 4-5).

-8 The point where the curve begins or leaves the tangent is ‘called the point of

curvature (PC) and the point where the curve joins the tangent or where the curve
ends is called’ the point of tangency (PT) (panel 4.5).

1

12. When hasty type roads and airfields are built in forward areas, high precision
i$ not esssrmal a fairly good curve can be staked in by the eye and then adjusted as
construction proceeds. Another simple way of staking out a curve in a forward area
would be,to have the driver or a truck make a gradual turn and use the wheel tracks to
efcurve (frames 4-68 and- 4;59)

stake out th

t
.7

13. A comptlund curve is known as a reverse curve when t@e two clﬁ;ves go in
opposite.directions.” (frame 4-71)

4 N

l\

-14. V@'tlcal alinement of roads and airfields is that portion of the, design process
that is concerned with the establishment of grades and the determination of the
vertical connectmg curves between these grades (frame 4-73)

15. The parabolic curve is usually-used for vertical curves because it provides
smooth transition and the essential d1men§10ns can be easﬂy calculated by the
surveymg crew in the field. (frames 4-83 and 4-84)

16. Two types of parabolic curves are used. The overt {convex) curve is used to
curve over a hill. The invert (concave) curve is used to provide transition from a2 down
grade to an upgrade or to a level alinement (tangént). (frames 4 85 and 4-87)

17. PVl — - The point where two tangent grade lines intersect is called the
pomt of vertical mtersectlon

PVC — The poifit, where the curve leaves the gradeliiie is called the point
of%vertxcalxcurvature

"PVT = T ”‘e;ponjﬁivhere the curve joins the grade line is known as the pomt
of;&ertfcar tangency
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LESSON 5 . _ Earthwork Estimates and Mass Diagram.

1. Entering the table at’4 feet in column 1 and contmumg honzontally to column’
6, the value: for a 24-foot cut with'1 'to 1 side slopes is 415 eu yd. Continuing
horizontally column 10 indicates that 30 cu yd must'be added for the 2 additional feet

(24 + 2 = 26 ft), and column 11 indicates that 30 more cu yd must be added for 172 to
1 slopes. Thus:

. 415+30+30=475ch ] i )
Then: -1—0—0— x 475 l.425§*cu yd | . ) - »
» 100 . (frame 5-7-and panel 5-1)

- + . - ' )
2. Triangles Tand 8 =34 x (5+15) =34 x 20 68
‘ ~ 9and 10 = 34 x (30 - 0):= 3.4 x 30 = 102
) 170

170 , !

Then: —— = 85 sq ft
en .2 ) ™ (frame 5-24 and panel 5-2)

-

T X

-3. From panel 5-6: e | . . .

. End area of cut at station 33 + 00 1,156
End area of cut at station 33 + 90 1,345

| : Sum of end areas = 2,501 sq ft

- .

2501 1into two portions — 1,200 and 1,301.
Then, from panel 5-3: . ' -

Since the sum of the end areas is greater than 1,673.9 sq ft break the sum

For the figure 1,200 the volume is,
2,200 (column heéading) + 22.22 (column 0.0) :
For the figure 1,301 the volume is,
2400 (column heading) + 9.26 (coluntn 00) ,409.26 . )
Total volume 4,631.48 cu yd

Since L = 3,390 - 3 300 = 90 ft. the total volume between stations 33 + 00
and’ 33 + 90 is,

. t
i
~4.631.140%x 0 = 4,168.71 say 4,170 cu yd '

, (frames 5-30, 5-32, panel-s5—3 9-6)

9

+ 4. Panel 54 shows the factor of eut to fill is based en 125 cubic yards of
excavation required to make 100 cubic yards of fill, for fills 2 feet hxgh and under
(100/125 = 0.8). For fills over 2 feet high, the factor is 0.85. (frames 540 and 5-41)

5. The mass dlagram is a graph on which the algebraic sum of the embankment
and corrected elevatlen is plotted against linear distance. The linear distance js always

plotted as the gbscxssa and the algebraic sum of the embankment and excavatnon 1s
plotted as the ordinate. (frame 5-59)

5—1
S ; 90




-

6. "‘From panel'5-7, the conversion factor for in pla;deéand té compacted sand is
0.95. Therefore the shrinkage is 1.00 *0.95 = .05 or 5%. Thus: 1200 x 1.05 = 1260 cy,
yds to be excavated. (frame 5-76 and panel 5.7),

-

> B

~

. . ’ T N DI
7. The balance line is a horizontal line between any two points on the mass liné ,

" where excavatidn equals embankment. The maximum length of the balance line is

" hump. (frame 5-115) .

‘/.X

4

. paired as follows:

\

predetermined on the basis of an efficient haul. (fyame 5-94) o

P '

N ih » v T N
8. A balance line above or below any other balance line represents the total net
yardage that is to be moved from cut to fill, disregarding the yardage which is s
balanced within any 100 foot distance that has both cut and fill. (fgame 5-103)
. * % ‘e

9. “*The direction of haul will be from right to left-.: Th/is is because “t‘his is a sag

¥

y 1o
.

s ' . . [
10. The second method entails scaling off the volume #om ordinates of the mass
diagram. This method is not as accurate but is of sufficient accuracy for most
‘situations. (frame.5-117) Do

- ‘ 3 ~ 4 :

11. Materials t, be imported and rixed with subgrade soils for subgrade
stabilization are-included in earthwork computations, but base course-or paving
materials td be placed above th® subgrade are not included. (frame 5-2) h

T - - ' . . ) - '&J . -
c .12, 'C'rosls sections are plotted for each 100-foot station on the adopted centerline
fox:g:rpnways and road tangents. They are also plotted at any intermediate place where

there is a distinct change along the centerline, and where the natural profile and the
gradeline correspond (from cut to fill): N .

Also, a cross settion would be plotted at intermediate places between
stations'when the surfage on either side of the centerline is uneven enough to require
plotting in order to represent prgperlysthe volumes indicated between the station
cross sections. (frameg 52 to 5-14) .

13. The area described cpntaigé triangles 6, 7, 8, 9, 10 and 11.. They can be

k)

3 x (5)

Triangles 6 = = 15 -
7T7&8 =34 x(5+15 =- 68 .
9 & 10 = 34 x (30 - 0) = 102
) 1. =21x (15  =-315 )
, o Total 216.5 '
dividing by 2 eguals 108.25  say 108 ft°
(frame-8-23) v p
FJ .

N
14. "Counting, the" squares” consists of counting the enclosed squates and
multiplying the result by the area in square feet of one square. This gives the area of
the cross section in‘square feet.  The area in square feet of one ‘square is dgtermined
by the horizontal and vertical scalés used in plotting the ‘cross section. (frame 5-18)
15. Reading in table from panel’5-4, acrods the line marked cut-2 is the vglue
1,100. This'is the volume of fill that can be made from a cut per 100 feet of length.

i

.85—2




Multiplyigg.’ ‘
(1,100) x (3.5) =3850C.Y. . .  (pansl5-4and frame 5-41)

16. A tentative runway gradeline is set as a guide in properly assigning equip- . ®
ment pgior to detailed computation of earthwork quantities. Establishment of a
. tentative grade enables work to proceed before detailed computation of earthwork
quantities are made. (frame 5-42 to 5-44) . - 4
@ L]

"17. One method of establishing 'the tentative grade line is to _plot the centerlirie
rn _profile and the profiles of the shoulder edges. The tentative subgrade gradg line is
th

en plotted on the profile bearing in mind minimum earthiwork and efficient haul :‘/
limits. P _ :

' The grade line corrected ‘for transverse slope iis then plotted on the
corresponding runway and shoulder edges. The areas between the grade line and the
profile* are then obtained. Because cuts should roughly balance fills, the 'sum of the (’ :

areas above the grade line is balanced against the sum of the areas below the grade
line. The tentative grade line is shifted until the areas obtained are roughly in balance. - -
(frames 5-45 to 5-49) ‘ . . )

18, The lastgtep common tg both methods of computing borrow pit volumes is to
determine cross sectional areas a then'determine tire volume. (frames 5-50 and 5-52)

s .

. 19. Referring to pénel 5.6, reading down column (3) excavation and across from
*"station 41 + 00 give$ a value of 196 cubic yards. (frame 5-67 and panel, 5-6) }
F . % . .

NI ¢ ' A N
20. The two formulas netded are: ; :\
. ~ (1) excavation - strip volume = net-excavation <,
(2) embankment + strip volume = pet embankment ¢ . !
" first net excavation:
2169
. . -214 - -
{ ° 1955 cubic yards ° N
i next net embankment: - “ -
. , . 1365 : ) .
. + 214 . . !
t 1579 cubic yards » (frames 5-71, 5-72 and panel 5-6)
21. Column 6 deals ‘with tthe product of the ‘net excavation and the p;'oper . '
shrinkage or sw;_ll factor. In terms of columns, column 5 is multiplied by 0.9. (frame .
.5-74 and panel 5-6) . L - @
. v . L s . B
922. Positive values are excavation quantities; negative values dre embankment ° o

K

quantities? (frame 5-60)

23. An ascending mass line in the diagram indicates an s of excavation, and

a descending mass line an excess of fill along the portion of the area for which thg mass.

diagram is drawn. (frame 5-92) : , ’ -

. J - e ' »
§$5-3 - Co "4

.
d L) . [
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24. When the mass line forms summit humps, the kaul will be from the lower to
the higher station numbers, when the mass line forms sag humps, the haul will be from
the higher to’the lower station numbers. (frame 5-93)

25. Generally, the average length of haul is approximately equal to the length of
- a horizontal line drawn midway between the peak of the mass line and the balance line. .
. frame 5-113) ( v _ e |
/ P ] .
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1.- ruction sequence, drainage is listed imniediately after the
clearing a -
must precede earthwork for two reasons. First, mopt
culverts must be installed in orde) to allow earthwork operations to progress withpt "
mterruptlon, second, fills and cut, st be protected from the effects of rain dnd

ovérland flow during all phases of construction. (frame 6-4)

a P
.z "

2. Sta%mg water on road, runwayg and parking area surfaces not only
decreases operating efficiency but will “éventually saturate the subgrade, causing.
faildre. Sheet flow (moving ‘water) that is toq deep or moving too fast wi]l erode the
*surface, over which it moves. Surfa¥®s are built with gentle slopes designed to remove
standing water and control sheet’ flow with minimum damage to sui'faces and
subgrades. X

A minimum sloﬁz -of 0.5% is necessary to makée ditches self-cleaning; the
maximum desirable slope is set at about 4%. When the slope becomes greater than
the desired maximum, the ditch must be.lined with riprap, sodded, or paved. (frames '
6-8, 6-16)
! ) - RS

3. For normal road construction requ1rements the deep V ditch is most su1table,
where extra capacity is needed or where the soil erodes easily the trapezoidal ditch is

best; the shallow V ditch is built near airfield runways. (frame 6-14)
[ 4

a\.

o

¢

"4. On sjdehill cuts and stéep grades, checkdams are placed in 51de ditches to
reduce the rate-of-flow (slow the water) and prevent erosion.

Slde slopes of the ditch lmmedlately above and below checkdams (panel 6-4)
require protection from erosion and scourmg To accomplish this, a weir notch big -
enough to discharge the anticipated runoff is cut in the middle of the checkdam to
prevent backed-up water from qutting at the edges ¢f, the checkdam. An apron, .
extending from the downstream ice of tyhe checkdan, Y? needed to prevent scouring.
(frames W7 6-18) . .

v : ’ :

5 Eormula for spacmg of checkdams:  * -
g = 100 H ’ c ‘
A-B’ e .

mlmmum value of H 5 1 fogt ~
minimum value of B is 2 percenta

A is given as T percent - T ' :
o '(100) X (1) _ 100 : ¥ 2
v - —_ = 90" « ' . A R
S 7.2 5 feet . °.
{frame 6-19 and panels 64, 6-5) : = "‘3’
Qb

. $6-—1 >




N ’ ’ ‘ . ) . ) T,
b s ' : :
6. Formula for number of checkdams is . v '

N = length of ditch .
' . spacing 1)
- the spacing is calculated as

s = 10H 00 x @

. L
= 100 feet

o A-B> 4.2
. ’ . e
! ‘the number can now be calgyplated: = »
600 _ .
N=_—J— =
100 6 checkdafns

(frame 6-21-and panel 6-6)
. 8

L4 A

"7. Whenever natural drainage channels cannot be diverted economically from
roads, taxiways, and occassionally runways, facilities must be provided to permit
cross-drainage to flow under them. Culverts are used for this purpose. They -provide

cross-drainage*at low poipts in a fill provide ditch relief, and cf)n;inue side, ditches at
interseétions. (framé 6-24) ‘- ‘ . . .

\

v ) ’ . '0
8. Most pipes used for clulvert constructien are made of either reinforced,

" congrete, cast iron, or corrugated galvanized métal. Pre-formed corrigated metal pipe
% (CMP) is fhe easiest to* place. « \

. . - - N ' . .
' Thé other choiees are tw'timeyoﬁsuming to cgm\pete with‘CMP. ¢frame 6-251~ + -

»
o

9. Althodéh the res.'ixlfing structures are not as strong as\éMP or box cu]vérts,

‘expedient drainage structures can be built using steel (oil, gasoline, or asphavl\t) drums.
(frame 6-30) s ) -

-
” : i °

kS

10. The placement & culverts in meandering ch,afmels should #e made after
proper realinement of the stream is made (when needed). Some construction-such as
building dams and digging new channels, for shifting.the streanrto proper alinement
may be required: (frame 6-34) P - A ( .

v
~

X3

11. Onan8 pq:ncent grade, ditch relief culverts should be placed 300 feet apart. '
(frame 6-35) ° : _ ' . . : ’

"
12. A= W'—’;—W—? x H + 100% L.
> - ’
A=8;6x6+100%=845qft. : ( b
4' , * 4 & . nr
' (frame 6-42 and panel 6-12) [ﬁ ' : =7
‘.. * : \ - PR - -

. . s C:'\ Fl .
-,  13. Using Talbots nomograph, the vahwf- 24 inches is read as the diameter of
round pipe. (frame 6-44 and panel 6-14)

. - S6—2 o \
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[
*

T N ° ¥
* 7 14. From pane] 6-‘1‘5, a 48 in. pipe = 12.57 sq {t* N .
3 | : .
. T —— =19 :
R o S
3 . Use?2 pi;;e of 48 in."diameter  (frame 646 and panel 6-15]. . >
- 15; Dmax: 2/3'F ’ .'- RS . N . . " v
© T Daw=h(@8x12=604 ° Lo e e

; Use 60 in. d1ameter plpe (from panel 6- 15) (frge 6-510and panel. 6-18) o
A 3 .
_ 16. From pael 6-18, undex‘ the 120, 000 Ib plane" heading and across from the 16 .
gage pipe, the cover requu’emant is read as 4.0 feet., (frame 6-93 and panel 6- 19)’ T, T
.. JON . " . ] L . a ,
17. %D or‘.%6 = 18 inches Lk )

L4 - . e

“

18. The object of subsurface dra1nage is'ta.lower the water table by tappmg the k
ground water and carrying 1t,off in & pipe or ditch. (frame 6:60) - ) .

19 dn road or a1rf1eld construct\l_‘(r)h the water table should be a fmnlmum of 5 feet :
below the faclllty (frame 6-61)- < 3 .° n Moo co
v 'v . : n -

20. Dee Qpen d1tches are not usullly constructed in long stretches but a?e mor’e .
commonly em}foyed in short stretches at critical points.. However in many cases suesh' -
“ditches are a. traffie hazard=and they. are also subject°to erosion. (frame.6- 67) L -

. < » “ N .

’
>

21. A tile drain is the same as the French drain except that the trench‘ma’y be

filled with gravel in lieu of crushed‘stone and a pipe,is placed near the bottom (panel
" 6-21). The pipe‘is usually 6 inches.in diameter although 8- and 10 inches plpes are also'
¢ used.- ﬁrame 6-72) : , Qoo
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- LESSON 7 .- .- ___Earthwork Operations and Expedient Surfaces

"All references are to lesson frames and lesson panels.

1. A road ot airfield cf)nstructfon project is broken down into basic cdnstruction

tasks which are performed in Iogical phases sequence. After one task of the project,

- such as the clearing gf trees and brush, has been completed on a certain area, the

second construction task of stri p1ng the area is begun. At the same time, the first

task of clearing would be started in another area. Thus, time and effort can be saved
by performing several types of construction tasks simultaneously. (frame 7-1)

2. Clearipg should start at the point of disposal and fan outward” so that trees

and brush can be pushed over a cleared area. If logs are cut from felled trees, this -

should be done'in the dlsposal area to avoid interference with the clearing operation=
(frame 7 4) - : \

3. Grubbing is the removal and disposal of stumps and embedded boulders. left

in the area after clearing. Crawler dozers are very efficient for removmg stumps up to ,

30- mches in dlameter (frame 7-6) -

-~
.

4. For trehches, the ditching machine is, normally used For harder materials,

the back, hoe should be used. For cutting and shapmg open dltches, the grader and
dozer are employed. (frame 7 10) ‘ ' -

*5. The reason for placing the fill in thin layets and then compacting is to insure
uniform density throughout the mass while at the .same time controlhng the mmsture
cor;t\ent (frame 714) . .

o
= M 4 ] -

o 6. Once the materials are blended +(if needed), com ion is obtained from
«%pneumatlc -tired rollers with final rolling made by thre¢‘wheel ‘rollers, "As with

~subgrades, high spots are removed and final shaping is done with the grader (frame
- 18) : .

-

& - e

7. The choice of the material used is important in secuying best and qmci(esf
results. With a choice of materials, the principal factors which will determine the type

of expedient used will be the time available for construction, desired life of the road,

and the type of terraxn the road must traverse. (frame 7-22), / /,

8: In practxce, the life of a facility will depend greatly on the tyﬁe u ed to build
it. Expedient roads can be classified as “hasty” expedients when they areto be built
quickly, and last only a short time, and as “h.eavy expedients when they requlre more
time to build and last longer when built. (frame 7-23) Ny

" S
9. A c‘orduroy road can be ela551f1ed both as a heavy and' {erraln expedlent
(frame 7-26) . ! X oo

1 P l , ;
« 10. The most frequent type of corduroy construction 1s(the standard type
(frame 7-27) ( iy
{ I' N

A
S7'—1 M "“ ;" ! X .
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u, Puttmg:‘the decking at an angle decreases the 1mpact ldad, smce each log
suppoﬂ:s onfﬁone wheel at a time and there _Js,longamdmal»«as.well‘as_raterai wexght
S _rdlstrl}mixon (frame 7-33)_,,»" / o

r
"',,,.-v*“»‘

s
‘o
. -

Ve ‘A

- Tl
- st
. - y

. vs" v,

.f‘* E
ot 12, Cbejpaling must be kapt‘ wet o preve‘nt the saplmgs from becommg brlttle

tmd breakmg.,iﬁ' anm 'kfig,and\panel 7- 5)

s e
Le— A .

@ o !

. ) N
R 13‘,.. Motaltandrng'mabs, cam.aISo.be-used O] mud but they are nbt'satxst;acltory on ”
nﬂx.ud- when _bseitalone. mﬁvpum through the’j joints and the mat;sipks-. untiH.L,

bewtfms mefféetlye 'Expemmgn ve_proven that with tiie- use of membrane to.

s “prevent the pum;)‘ingof the mnd a fan:lx effectlve ,exped‘ ént?an”be constructed
‘.,, (fr’amé 0, > w1t

~ L, ;i.‘

.
ﬂ\ .
-... A."‘

.- r
K . -,,

-~ &
N

\__r-y

P
-

r__
.r

'.3...
v-Aj . >

14 The army trackas excellent in. &udy terrain. The track consists of 4 X 4 or
¢ larger timbers threaded at eachend on a ¥ “igeh “Wire rope andresembles the ties of a . _

railroad track. The timbers must be.spacedm _greatét ‘than m:sﬁnce which wm
. /. ‘allow the smallest wheeled vehlcle usmg the road i:oﬂhtamr tractlon&a\me 7-44)

>

° .
S

- - T s

“r

»

’

v e

15 The most 1mportant smgle type of tread road xs-t:he anE tread road (paxiel
.7-8). Sleepers,-lz to 16 feet long are first. Jaid gex'wndlt:ular to the cetrterﬁneb
3-to-4-foot centéys depénding on the loads to be carfied amd-subgrade copditions~ Then |
place 4 x 10-in¢h pranks parallel to the traffic to form 2 treads about:'36 mchesapart ;
- (frame.T-48 and panel %8 . :
X .r
16. Emphasxs s'}'oﬁld “be placed on- makmg grades and curves ‘as gentle as’’

./*" foe

n,'\ -
N Ve . N
. e
RS .

possible. (frame 7-49), :
y

spaced 20 paces at a minimum. (frame 7-50 and panel 7-9)

17. From panel 7 9}. at a thickness of-ice of 1Y: inches, -individual soldiers - are-

:\.\

x (frame 7- 59)

’ -18.. Two general categorxes of landmg mats havg been estabhshed one for '
medium duty and one for light duty. Each is capable of sustaining 200 coverages ofa
” 25,000_pouhd single wheel load with tire pressure of 250. pounds-per square inch. The
medium duty mat can be placed over a subgrade with a-CBR as low-as 4. (frame 7-53
and panél 7 10) :

3

19, Portable surfaces for au'fields‘ fall into two principal classes — the l.lndmg
mat and nylon membrane. Landmg mats  are desngned to provide a structural 1 /
dxstrxbutmg media and wearing surface. Nylon membranes are intended only
protect _otherwise structurally adequate surfaces from changing character in wet
weather and to eliminate’ dust. (frame 7-52 and panel 7-55)

‘

2Q, Bltummous materials’ are . gommonly used dust palhatlves Chemlcal
agents such as calcium chloride (CaCly) have also béeén uged with success. However,
CaCl, is generally not used on alrfiel&" &)gcause of its &mtoswe effect on aircraft.
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