LA ER

=
—

3T SERVI

oees
| .,.gl_r' 0

IIII:I

STATES

. FOR




TABLE OF CONTENTS

| © 7 SZCTION I-POLICY
Genersl Policy = = = = = = = = = = - = '

STCTION TT-STANDARDS

Service Standard ~ - - ~ - == = - - -

Construction Standard - =~ = = = - - - =

Vidth = = = = = = = - e e e e - -

Alignment - = = = = =~ = = = = = = - - =

Grade = = = = = = = = = = = = = - = -

SUPFACE = - m m m - - = e DL ; oo

Banking on Curves - - - - e e e e e e e e - - =
Brosion Control - S
TUrnouts = = = = = = = = = = = =« = =

Designing for a given speed

SECTION ITI-SURVIYS

- e wr e e = = -

P

- e e e o e =

10Cation = = = = = = = = = = = = =~ —w—————- - - o~ -
Truck Trail Survey Methods - = = = = = = = = =~ == e - -
SECTION IV-COISTRUCTION
Job Management - - ~ = = = = = - = I
Clearing e -
Rock Bxcavation - = = = = = = = = = & = = - = - - - =
Finishing e I T
Drainage T
Surfacing - - e o e -~ RN

Quarrying g

B L SRR

s}
(R
T

)
@)
o

~2%0

212

216

219

221

226

300

306

400

400
405
420;
420
438

446




SECTION V-uXPLOSIVES

Qesbription
Acceptable List
Transporting
Storing @ - - = = = = - - - -
Handling
Blasting Circuits
Blasting Soldd Rock
-Blasting Boulders
Blasting

Stumps

Safety Rule for Ixplosives |

- e wm e e w e mm e we  wm e e e = mw e e e e ey

B . T T I T B T S R -

. T T T I e

_ o e me em e em e w wm we =

wr e e e mp wm e wm e emas e mm e e e e e e

- e e e e e s e e wp wm ew e e e e e me =

S e A I

T L T R I . . B

- e wm . em e ew e e e e T em = = =

SECTION VI-MATITTIANCE

.Policy

N

Plan

P . T T

- e w e am em e

SECTION VIT-COST XTiPTNG AND CONCRITT

Cost Keeping

Symbols for Classification of Accounts

Classification of Soils =

Concrete

I T T I

P T ™

- e wm em wm me am ww em wm e e we = ew e

- e e =

SICTION VIII-BRIDGES

Location
Superstructure

Subsyructure

Painting

e e we em wm e wm e o e mr e e wm e am s em o e e

- e o e = wm mm wm m w em e e e e

- e m e wr em e ey e em e am ew o ek an e e e m ew

e e wm e e em e mm e mm wm e my W e e we em = e e

ATPHABITICAL INDEX

fav]

800

536

600

601

700

702

706

707

800

802

804

809




Ho. U pitle ' Page

201  Safe speeds on curves - - -‘-;f;-;¥,€*—h- - - - - 218

202 Speed standards mm e mm = = = = 223
203 Speed on grades - sm = m e = = 223
204 - Distence to gear shift on 7rades - - - = - -~ 224 - 225
- 301 Middle Ordinates e mim i = mmm === = = 319
302 - Tangent lengbhs and otfspts L T T TR 322
401 - Free air delivery of compressors,- = - - -- - - 409
402 - Compressed air- transmission - - = = = - - - = = - 410
501  Approved. types of explosives - = = - - = = = - = = 504
502  Spacing drill holes B T T L 524
503 Chargss for boulder blasting - - - - - = - = = = = 528
504  Explosives for-stump blasting =-= ~ === - -~ = 531
505 Explosives for stump blasting - ~ - - - - - - - 532

LIST OF FIGURIS

No. Title Page
201  Typical grading sections =~ = - - - - - - - - - = ; 208
201-A ®Brosion Methods - e e = e e e = === - - 219-e
201-B Frosion Methods = = = = = = = = = = = = -~ = 219-f
202  Design of turmouts =~ = - - = = - - = - = - e - 220
201 Laying out curve with tape or string - - - - - - - 314
302 Length of external and degrees of central angle - 315
303 Length of tangent and degress of central angle - - 316
304 Length of chords and middle ordinates - - - - - = 317
305  Staking curves by externals - - - - - - - - -~ - - 318
306 Middle ordinate diagram - - - - - = - = = = = - = 320
307  Tangent offset diagram - = = = = = - - - = = - - 321
303  Parabolic curve = 02020= = = = = = = = = = = = = 323
309  Switchback =~ 0000 e e s o s e = = - = - = 324
310 Setting slops stakes with Abney level - - - - - - 325
%11  Marking stakes ====000= - = = = - = - = == - - 331
312 Bisecting an angle @ - = = - - - = = - - = - = 332
313  Laying out a right angle - - - = = = = = = = - = = 332
314  Adjusting an Abney level - - = - - = - - - - = - = 333
401  Tree removal on slope B e B T 402
402 Intercepting dips profile - = - = = = - = = - - = 421
402-A Mueller Drainags dip and apron - = - -~ = = - = = - 421-a
402-B Berkesley dip-spillway - = - - - - = = = - - - = 421~b
403  Open top culvert - wood - - = - = = = = = = - = = 424
404 Open top culvert - corrugatsd iron - - - = = = = - 425
405 Open top culvert - rail - - - = = = = = - = = = ~ 426
406  Read dip wall and apron - = = = = - <« - = = = = - 427
407 Culvert installation @ - = = = = = = = =~ = = - = 432
408  Perforatsd pips drains - - = - -~ = = - - - = - = 433
409 Retaining walls = = = = = = = = = = = = = - 436 -
410 Wsll illustrations B T T 437
411  Log cribbing @200 = = - - = - - - - - - - 440

-




LIsST or TIGURES

.. Title

Pre-cast concrete cribbing
Crusher Setup \
Typical bin layout
Blasting ecuipment
Wiring T
Methods of blasting
Methods of blasting
Blasting stumps
Blasting stumps
Standard sand-filled magazine -
Bullet Proof door ' ‘
Foundations =~ =
- Magazine details




A

SECTION I
POLICY

Purpose of Handbook

100. The purposes is

{(2) to proseribs standards for the various c¢lasses of
minor Forest Highway projscts and of both major and minor Forest
Development projects;

{b) to outline in sufficient detail the govurnlng
factors in the selection of stan&ards so that as far as poc31ble
uniform thought and practice may be secursd;

(¢) to ssrve as a reerence manual on the location, con=-
struction and meintsnance of minor projscts.

101. -As a refersnce manual, the guiding thought has bszn to
show what is wonted and to assist men who ‘ars naturally gualified
to do this work but who havs not had spzcial training or swparience
in it. -Some of the most desirable and successful construction and
maintenancz methods that have bssn devalop:d by ths Service in past
yaars are outlinad. '

Salaction of Projeets

102. Sz2 Roads Séction of National Forest Manual.

General Policy

103. The Forsest Service will build types of roads and truck-
trails that will fully serve the purposa. The Forester rscognizes
that the service demands diffsr matsrially and necsssitates varia-
tions in standards in ordsr thnt the traffic reouirsments upon the
individual projects may b2 met. The standards and requirsments in
this Handbook =re based on reasonable adaptetion of standards and
costs to ths reouirsmsants of ths specific project.

Clessification of Projects

104. For the purpose of determiniag standard spscifications
and instructions, thrse ssrvics standards ars sstablished:
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Roads and Truck Trails

105, People generally use the term "road" as practically
synonymous with "highway". Also with few exceptions they re-
gard the minor projects constructed by the Forest Service as
"trails" permitting utilization by cars and trucks but at low
Speeds as compared with ordinary public roads., Because of this
situation the term "truck trails™ has been cestablished,

108, As used in this handbook the term "roads" means

(1) major work, i.e., handled by the Bureau of Public Roads;
(2) comparable to highways and handled by other Federal organi-
zations; (3) minor work handled by the Forest Service on the
Forest Highway system excepting that done under principle 14,
(See Roads Section of National Forest Manual). As used in this
handbook, the term "truck trail" means all other minor work
handled by the Forest Service,

107, The word "road" however is at times used as a general
term referring to the truck-trail type as well as to a highway
or real road, Also the term "road" occasionally appears whers
"truck trail" should have been used, this situation being due
to oversight. The context will make clear whether reference to
"roads™ or "truck-trails" or both ig intended.

Fundamentals

108,  The Forester on January 30, 1935 approved the follow-
ing fundamentals governing the location and construction of
truck trails: ‘

1. The planned system shall fully meet the needs of all
Forest activities, rather than just one or two, Pree
‘liminary to deciding that a truck-trail is necessary,

a careful investigation shall be made of Forest and
public needs and the truck-trail included in the
System only when it is really necessary. :

2. The approved location and standard shall render
adequate scrvice to all Forest activities needing trans-
portation scrvice, :

3. The construction work shall be finished during
the original construction instead of doing the job par-
tially and returning later for completion.
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4. The roal location and sbendard shall be guch as to
render adequate service for future nedds. ra;ﬁer than those
of the immediate present. Compliance with this will wake
early reconstruction unnecessary and sliminate expendi-
tures now being made,

5. To reduce maintenancs expsnditures to the practice
ahle minimum, the construction standard shall be such
that ths annual cost is the least. This annual cost
includes maintansncs and intsrsst on the construction
investment. Carrying this out will mean better original
construction and highar construction costs but fully
adecuate ssrvice and lower costs in the following years.

6. The termini =2nd ganzral location shall be deter-
mined by the administrative officea concerned and ths
regional truck trail organization. The latter shall
‘detarmine the dstailed location and this shall ba fol-
lowed in construction except that winor variations
may he mads without regional offics approval where
thesz will result in lower annual costs but no r=duﬂ—
tion in service valus.

- The truck trail organization shall havs suffi-
01ent overhsad and inspsction parsonnsl to assurc all
the work b:ing handled a2ffieciently and in full accord
with Service and Rsgional instructions.

srmansat or Stage Construction

109. A "piarmanent” road is one which undsr the prssent conciption
of parmanent locatinn is so locataed that changes in location will
not have to b3 latsr mads. Obviously, changes in the amount,
charactsr, or requirsments of traffic or proparty may result

in cqangﬂs in the prssant concaption »f a permansnt location.

110.  As us2d in this Handbook, the trm "stag> construction®

m2ans not only roads which as orlglnallv constructed ars within

ths "prism" of thz objsctivs road - that is all sXxcavation or

fill on ths original road will bz a part of that rsquired for

ths later higher standard work - but also roads whars soms

s>ct10ds mav hav: to bz abandoned whon tas highsr standard pro-
2ct is bullt.

111. Compliancs with paragrqph 108 practically eliminates
stags construction axeazpt in thoss casss wharz, dus to con-
struction into arsas prevwousl without transportation ssr-
vica, a possibility axists 'that the public use for rscreation
or other Forsst utilization may 2xc3sd ths use cstimatsd at the
timz of construction,
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Care in Classifieation

112, The amount and character of work or expenditure warranted
to accomplish the purpose to be served by the respective classes
of roads differs greatly. It is important that painstaking
analysis, prior to survey, be made of .all facts bearing upon the
expected value, uses, and purposes of & given project. Officers
responsible for selection of projects and construction of roads
should exvpect to be called upon t6 defend any classification for
which they are accountable.,

Organization

113, The. dutiss-and functions of Engineering and other Divisions
in the development of minor road systems, selection of annual pro-
gram, classification of projects and similar matters, have been
defined as follows: ' '

The development, adoption, and amendment of the minor road
and trail system, both as to quantity and quality, is a job for
all Divisione, with the assistance of Engineering, subject of
course to the Regional Forester's action before it is submitted
to the Washington 0ffice for approval,

It then becomes Engineering's job to construct the roads
and trails in accordance with an annual program decided upon by
the same group mentioned above, except that final decision is
rcached in the Rogion. :

Ingineering also keeps the records and handles the adminis-
trative correspondence. on road and trail matters, subject of
course to concurrence by other Divisions where appropriate,

Where the minor roads, truck trails, or trails are needed
for Exnweriment Stations or experimental areas outside the Forest
or Purchase Unit boundaries, Research, after securing the =advice
of Engineering, will make the decisions on system, program, and
service classification.

114, Handling minor work as a Forest Project is decidedly
favored and in all ordinary cases should be the approved practice.
To the greatost extent consistent with his responsibility for a
minor project, the Supervisor should delegatc to the Superintendent
of Construction or other officer responsible for handling a pro-
ject, authority and responsibility for selection and usc of equip-
nent, construction methods, and organization, and for similar
matters of a technical nature., The Supervisor should reguest the
assistance of the Reégional Office in matters, technical or other-
wise, when in doubt as to the best method to use.’
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115, After decision on tirmini and gensral locatioh 1s rsached,
(s3e par. 108, Part VI), ths d3tails of locmtion should bs lafti
to the locator but technical dacisions beyond his capacity
should be refsrrsd to ths Reglonal Znginser.

116. The use of Supsrintandznts of Construction is approved
as a gsnzaral practic: for

Relisving Supsrvisors of detail;

Assurances of improved and unlform
handling of ijobs;

Reducing tims rﬁqulrﬁmﬁnts md cost
of Regional Offics iusnection 3nd
svp>rv151on.'

117. = Where th2 numbser of prejects is large, whsrs it is advis-
able to gzt sp3cial cost data, or whsre the Supervisor's office
should bz rzlizved of administrativs work on vouchers, sztc., a
specisl clark for the road jobs will oPten ba advantagéous.

118, he Supsrintendent of Construction will be rassponsible

for -all jobs undsr his supervision, and inspsction by the

Rzgionnl Offics inspsctor of ons or two projscts will b= con=-
siderad as typicsel of all preoiscts in the group.  Othsr
inspecticns should ordinarily bs necessary only -when the inspected
projects arz not fully satisfactory.

119, Ths Supsrintendent of Construction should be competznt
to make location surveys =and to dirsct the survasy activitiss

of surveyors rszgularly assignsd to the Forest. Hz will also
diract the work of survsyors temporarily assigned to ths Forest
from the Regional Offics of Tnginsering. Surveys made by ths
Bureau of Public Roads will b2z directzsd by that agency.

Dztermination of Program

120. Priorities should bs s3stablished for all beticecrmsnt and
counstruction jobs on the truck tr=il system, (sss Par. 113},
in ordsr that location may be completed well in advancz of
construction. Ampls consideration c=n than bs given the
locaticn in regard to 2sthetic valuss, srosion, fish, and wild
life (Ss= Par. 122). Clearine and burning con bz donz during
the year preceding the construction whenever prac¢ticable.
Arrangements can be made for precurament or transfsr of equip-
ment and complstion of all orgsnizatien plqns ahe2ad of the
construction pesriocd.

Coordination of Road Work and ¥Fire Suppression

121. Full corrslation of tha road s2nd trail work and the
firs supprsssion =activitiss is ds2sirad by the Forsstar. The
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1. Size of road or tr=il crew: -- The size of all
such crews should be that which is most efficient from
a road or trail construction or maintenance standpoint.
Determining the size of crews by fire suppression nesds
is not approved; the inevitable result of such a practice
is confused and in=fficient managsmsnt.

2. Wages of Crew: -- The wage rates of tha man on the
road or trail crew should be based primarily on his value
for thz road or trail work involved. But szlzction should
bs made with an sye to ths efficisncy of such individuals
and crsws whenever needed for fires supprsssion. TIf any
mzasurably largsr rats has to be paid to secure a road or
traill worker who is particularly desirabls because of his
value for fire fighting, ths 2xcess over what would be
riaczssary for road or +rall purposzs alone, should bz
paid from S & E fuunds.

3. Maintenance work: -- Undsr no circumstanczs should
road or frail funds bs used for an sxcessive amount of
road or trail maintenanc: in ordsr to havs firs fighters
available. The size of maintenanc: crews paid from road
and trail funds should bz dictataed solely by the deter-.
mination of what is most afficisnt from the standpoint of
road and trail maintenance work.

following instructions will govarn: )
\
|
\
;

Maintenance work, such as hsavy clsaring of brush

from trails, étc., which can be efficizntly handlsd dur-

ino the fire pasriod should b: done within that psriocd, but

the maintsnance of roads nicessary to firs travsl should

bs performed befors travsl for firs is necessary. Undsr

other conditions, road maintsnanca should bz done at such

times that the greatest valus and servies c¢an bs realizad. |

4. Selection of construction projscts: -- Thz dominating

principlis in th: dstsrmination of ths construction program

should be thz most profitabls and 3fficiznt usz of the

road funds ia providing a transportation systam. But with-

out violating this principls, the objective should bz to |

szlzct from the most urgently nsedad projects, such pro-~ |

Jects as will givs a satisfactory distribution of craws dur- |

ing the firs szason. Th: following ars considsrzd as

violating ths dominating principls: (1) projscts greater

in number than c=n be efficiently handlad and supservised;

(2) availabls geouipment so distributed that the kind, size,

and amount requirsd for most =fficisnt . ‘handling of - con-

structicn is not provided to individual jobs; (3) a con- 1

struction psriod of insufficient length to overcome all
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¢kpsnses due to the beginning and cessation of con-
struction operatisns such ns ths establishment and
breaking up of camps, moving zguipmz2nt, etc.

5. Cook, perishable supplies on hand, and similar
costs: -~ It is desired that cooks employed on road
jobs sheuld be capable of geing with the road crew to
fires and cooking on a fire-fighting job. When necessary
to lsave someone to guard the camp, eoulpment, etc., such
a person should bz paid from road funds.

quvvldabla loss of perichable suppliss incident
50 the use of road erews on fires should bz regarded as
oze of the concessions which road funds must make for the
benefit of fire fighting. To ths extent practicable,
the perishable supplies at the road camp should be taken

to the fire camp. When this is done, the rcad supplies

should latsr be reimbursed or replacsd to the extent the
supplleb ware used at the f*re camp.

thre necessary and proper tc allow a rest period
under pay for a rosd crsw which has returnsed from a fire
Job, the cost may bs paid from firse-fighting funds, but
this must be handled with extrsme care. Such akpractice
is easily subject to abuse. '

6. Rond crews on firs duty: -~ The advantages offered
by utilizing road crews and road equipment on fires are
thoroughly recognized and such use is approved. Every
road crsw should be selected, trained, couipped, and so
instructsd that it bscomes a vital qut of the organized
forces avzilable for fire supopression. The men of the
erews who are to be used on fires should be given the
opportunity to azttend the guard training camps at the
expense of protection funds. The project forsmen is
responsibls for keeping such equipment as is specified
in th2 plem to be furnished t» him Ffor flru use always
in shape and in the amount Sp“leled.

When experience indicates that a road crew will
bz used on fire fighting for an appreciable pariod of
the firs season, this faect should be taken account of in
planning allotments, construction periods, etc. Manage-
m2nt of the intsrrelated firs snd road werk should have
such flexibility and plannazd capacity for ad justments
to the varying demands of a s3ason that a road crew is
as 2 matter of course, usad on the work which at = given
time is the most important. The fact that machinery
stands idls whils 2 road crew is fighting fire is unim-
portant comparazd to thz fire fighting values a rosd crew
should render when such a road crew is nesded to supple-
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nent the Tire fighting work »f guards. and. cooperators. On
the other hand, a road crew should not bs taken to or re-
tained on a flre when ths only rsal reason for .such action
is inertia and failure to reécognize that ths total situa-
tion would bes served bist by using othsr forcss at the .
start or by sending the crew back to its road work with
dbpendancu on other man for firs fighting or mop up work.

7. Road =quipment used on fir: work: -- The road and
trail appropriations should be fully reimbursed for the
usé of road equipment on firs work. The amount of razim-
burscment will bz detsrmined by th2 amount of use and
the rentals approvad by the Forester for such equipment.

8. Telsphone connections: -- Road construction crews
which it is axpscted may be called upon for fire control
work, should be provided with tilephone connections or
other satisfactory means of communication.

Ralation to Assthetic Valucs, Trosion, Strzams, Fish, and Wild Life

lag. Public usa of the National Forassts for rszecreational pur -
poses has incrzassd twelve-fold since the first systematic
estimatss of its volums ware initiat:d in 1917. A further in-
crease In that type of usz confidently may bs expectsd, Prac-
tically avaery Wational Forest visitor makes extensive uss of the
Forest Highways and Forsst Devslopment roads, and the conditions
encountered in such uszs doubtless make lasting impressions as to
tha :ffectivensss of National Forest administration,

Wise road construction offers wunlimited cpportunity not
cnly tc pra2serve but to enhance the natural charm of the Wational
Forssts; thelr scenic brauty and inspiraticnal nuality; the
appsal of their primitivs )1mpllclty, ths attractivensss of
their lakss and straams; ths intsrest of their abundent wild
life. BSuch opportunity should bz rsalized to the fullest prac-
ticabls degres. Such realization may entail expsnditures in
excess of thoss madn in earlier stagss of the program, but ample
justification exists for such expenditures. The larga sums
expsnded by the ﬂﬁd sral and Stats Governments to stock streams
and increase the numbers of game birds and fish is proof .of
the definite public value of such resources. E¢penditures else-
~whers to control grosion, and to develop esthetic qualities are
rzgarded by all parties in intsrest to b2 nscessary and desir-
abls and will bz squally so in relation to National Forest pPro-
jects, :

The extent to which additional expenditures, above those
necessary from a strictly road building standpcint, can be
justifisd, must be determined locally for each individual pro-
Ject, There are wids variations in the r=crzational values
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betwasn differsnt forasts and batwzen individual projeéts within
a forest. To fix propsr standards, the men raspongible for pre-
paring plens and spacifications ahould have a comprshensive idea
of ths use to be made of the area through which the road is

bzing constructed.

"Before final location of a road is decided upon, the
enginesr in charge or other respoasible forest officer will
obtain all dnta available on ths services to ba rendared by
any given arsa where a road is proposed. final location and
construction will bs ceoordinatsd with tho nzeds and reocuiraments
of =11 services to ba raadercd, and the consideration aad advice
of tha Rsgional Recrentinanal Specialist will be secured before
the location.of tho projsct is finally dscided.

Tn laying out and constructing a forsst road system, the
relative importancs of the following points should bz kept
¢clzarly in mind:

A. Fslation to aesthetic valuss

1. The To2d should harmonize with its surroundings. Make
the rond conform to the topography where this will
not result in objecticnable curvaturs,., Long sweep-
ing curves in mountaincus country will often result

in less sear on the lendscape than would tangents.
Th use of such curves is advantagsous provided it
will not result in uncompensatsd loss of travel speed
or ssrviecs value. '

~2. Avoid having roads on both sides of = straam for any
grost distancs, particularly if they ars close to the
water. Roals should be kspt well back from the shores
of lakes =2nd streams that may be used for recreational
PUTrDTSES.

Tn blasting cparations, flying rocks sometimss result
in much d=mags to timber along the road. If such
demngs is cf real coaseousnce, its amcunt should be
rzduced by usiae mors cars in placing and loading

thz holes.

j&}
.

4, A Trings of tra:s along the pank snhences ths beauty
of ths stre=m. It is gwmerally thought that ths most
attrnetive locention is that which =2t times affcrds
a full view of stream or lake, at other times, a
partially disturbad view and again with the water
satirely cut of viaw.

5. Tha roadsidss should be left in as naturnl 2 con-
diticn as possibls. In most €3s838, removing the
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tndarbrush doss not improve ths assthetic valus. The
extant to which logs should bs removad frem strsanms
should bs governed by shade and cover raquiremants for
fish. Largs borrow pits should bz scrsened whore
practicable,

6. Vegstation on cut and £1ll slopes and shoulders increases
the attractivenass of 2 road., Insofar as possible,
loeal spzeies sheould be salscted.,

7. Whan a road climbs and open mountain slope by means of
switch-backs andg topography and cover land themsalvses
to the purpose, it igs desirabls t» scresm as much of
the reond asg possible from the valley bzlow, This can
often ba accomplished by k3eping the road back in side
canyens instead of bringing it out -nto ths face of the
mountain, ’

8. 01 proiscts of censiderable recreatisnal impertnauce,
bridgss and sthoer structurss should bs meds to har-
monize with ths surroundings.

9. Praparatisn of specifications f~r rang nrojects should
ba a joint esponsibility of the wnginsering, adminis-

troctive, ang recraation staffs.,

B. Relation to Brosinn

1. Any road constructicn opsration locsans large omounts
of 5011, greatly incraasing tha tendsaney to erods.

2. From an srcsion stendpoint, the road shoulld bu built
with a minimnum smount. of disturbancs of the natural
conditions. Ths most cbjectionnble featurs of a road

is its fil1 slops. wills constitute s largs pereantage
of tho exprsed oran md ars in a very unstable comdi-~
tion during tho first coupls of y=2ars after construction.

«

3. Tha practice of stags construction nthar then aelsaring
is detrinmsntal from an 2rosion standpeint through dis-
turbing ths vagetation and compacted shouldsrs and

mks of th: sarliarp stags of the rond devalonment.

4. Tha amount of 2rosiosn inerensss ropidly with increases .
in gradisnt, Therefore, 2n soils that srads easily,
consiceration should be givin to some sacrifies of
alignment for grade; i.z,, wind ar~und hills ~n com=-
parativsely leval gralzs rathar then oo ovaer thsm on
straight lines whara this ean be doas by lanELgaiius

curveas which d» not intarfers with the servico value
A

$

cf the road, Ths truck trail handbook permits no grade
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used thet will result in on excessivs amount of
ion, Complets complimnce with its provisions is
" ;

.5. The water in ths side ditchss of the rcad should not bs
allowsd to accumulate in large cuantitiss. The amount
of matsrial arndezd increasss with ths volum: of water,
Trom an srosion stondpoiat, thersfors, it 1s desirable
to comstruct culverts at frequsnt-intervals in corder
to keep the volums of ditch w=tsr to 2 minimum. Close
obsarvancs »f previsions in the truck trail handbook
is necessary. '

6« Th3 probeble damage by drainngs water after it leaves
ths road should be considersd. Construction men
should pravids for handling run-cff frem eulvarts in
order to reduce demags to a mininunm. - Water flowing
frowm culverts should be disparsed over the hill side

ather thmn allowed to mccumulate in ons stream. This
ean b: done by small check dams of logs, brush, or
rocks. Oz also the instructions in the truck trail
handbook regarding protection of fills bslow culverts.

7+ Whars ditches 53 e sllv check dams should bs
, .
placed in thow t frzmient intsrvals. In placas, it
may be necessary to réaﬁrt to paving with rock.

8, On soil that eroades ensily, the roadsids clé=nup

hould not bs ove r?ﬁle. Litter, small sticks, and
doun timbsr act =8 ck dams and help keep the soil
in place. Sturps alcna ths right-of-way help hold
the soil in place, but if they ars pulled, the razsult
will be a spot of loose bars soil which will arode
very roadily.

n

9. Wher~ it is necsssary o place the rond right agesinst
a striam, tha tos of the £ill should be riprapped
with rnek cor timbsr to raduce the arount of eroded
mut“?l”i thet v1ll reach the stro 1t may even

' m in the strean
it%“lf to COZfLJu th@ dsmage to a short section.
Tf ths courss of the strenm is materially changed
th: effects of such changses on the opposits bank

st seme distance balow should be fully
necessary protactive measurss applied.

10. On roads constructed soms distance from the creek,
4 row of logs or brush bslow tha toe »f the £ill
slope will reduce the =mount of soil that will be
washeldl intc the stream.

11. All cut banks.and f£ill slopszs of scils that erode
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g2sily sheuld ba vrotected by means of vegstation.
They should bs first sloped so ths 'soil will stay in
plece ani the slopes should be seeded or planted to
some form of voegetation that will quickly devslcp an
extensive root system. Tha Forest Byperiment Stations
¢°n suggzst spscies and methods to mzet particular
cnditions,

C. Rzlution to Strasnms and Fish Lifa,

1e Thy voalue of the stresm for fish should be ascartain=d,
This information eon be sscursa through ths Bursau of
Fisherizs. Tha sxtent o wiich ths follewing ars applied
should be based on the relative voluz of the stream for
fish, If the RBursau of Fisheriss is unatle tn survey
the stream, it should b: essuned to be a good fish stream
unless sufficient evidence to the contrary is found,

2. Ths road should be kept somewhet back from the stream
7herever possible. '

2 of timbsr and brush sh-uld bs 1sft aleng the
stream to provids shada. 3treams may becone too warm
sumsr if a- larg: anount of the wwerhanging
"

N

€2s aleong ths cr:sk ars remsved.

4. Ia lucating a road - along a strzem, it may be advisable
-to put in more bridgss, thus kzeping the road on flats
w31l back fron the stresam instead of following one side
continously, thereby causing a considsrabls portion
of the read to lis at the 24g3 of the water.

d. -The chemieal composition of ths wator, particularly its
acidity, may ha changed by the addition of large
quuatities of debris from ceanstructicon eperations,

This may b2 datrimsntal o fish. ’

6. A largs amount of fish ford in streems consists of
crustacss and immeture stases of nqu=tic inszects, as
w2ll 28 vzgatnablas forms which ars found aleng the
bottoms ¢f strsen This grouth of foold is gradu~1lly
dzvzlopsd in ~ stra-w through 2 long parisd of time.
A largs =mount ~f gilt and dsbris thr-wn into 2 streanm
@ill covsr up =ni Asstroy much of this soures of food. |

7. Larz2 queontitizs of sils and debris thrown into straens
Tesults in filling up ths argar posols which thz fish
usz for resting placas.

8. The remsval of overhanging brush, tress, bonks, and
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rocks destroys hiding places for fish. This mdkes them
more suscsptible to attack from enemies both in and
out of the water.

9. Trout, bass, and other gams fish renuire gravel basds in
which to construct their nests for spawning. If a
strzam is filled with silt, these gravel beds b2come
covered and anv ogﬂb tharaln ar> smothared and prevented
from hatching,

10. Changing a stream channel is often varv harmful to
fish lifs for a considserable distance down the stream.
It usually results in a larg: amount of debris being
thrown into the stream and oftsn crzatss new problems
of erosion control and bank protection. Tharsfore,
chaunel chanzas should bz carsfully considarad in
ragard to thair s3ffect upon thz sntirs stream as wsll
as the immediate vicinity.

11, To maintain csrtain arsas of bast fishing, it is
desirable to build no roads into them. Thay could be

made accassible by trail.

D. Relation to Wild Lifs,

1. When a road is construct:d through a dense stand of
timber, the resulting clesaring is conducive to mors
lvxuviant growth of palatabls plants. This results
in the birds, desr, and other forms of wild life being
attr:ctgd to th=2 roadsid=s.

2. Wharz the undsrbrush is clzarsd out for a considsrable
distancs bacx from the road, ths hazards to wild life
ars increaszd. A denss fringe of undarbrush along the
read is, tu, r:fore,d2sirable as covar,

S+ When banks =2rs pleanted to stabilize the soil, ths
plants selactzd should be those that have a food valuz
for wild lifs, particularly for birds. This appliss
only whars there is = shortage of gam> food and the
plants s:lected havse adequats soil stabilizing aualities.

4. On for:st arz:as which ar: opsn to hunting or which ars
g2ms presarvas, the numbsr of 2ntranc:s to the Worsst
has = definite relation to the =2as: of protzcting the
gams and chsckiag on hunters.  Whars this is a2nlimportant
considaration, it is dssirabls to havs as fow antrancsas
to the Forsst =2s possibla, Thz roads should branch out
within the Forsst boundaries rathar thsaun outside.

To bz offective, consider~tion must b2 givan thess ralations
of truck trails to th2 valuszs of szsthsties, 2rosion, stra=ms, fish,
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and wild life during rseonnaissancsi location survay, and in the
raview of tho location befors its approvel. ' The nscszssity of
gstablishing priorities for bsttsrmznt and coastruction jobs =nd
garly completion of location on high priority projects is again
emphasized.
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SECTION II
STANDARDS |
GENERAL

Application of Prescribed Standards

200, ° The standards in this section apply to and will be
followed for (a) all major and minor projects on the Forest
Development System, (b) minor roads on the Forest Highway L
System., O AR

. The standards and specifications to be followed on
each construction and betterment project will be prescribed
on the Service standard. form MR-l, The MR-l will be prepared
by the Supervisor for the approval of the Regional Engineer., -
Additional copies should be supplied to the construction
superintendent and foreman in charge, :

STANDARDS

201, A transportation facility has two standards -

(a) a service standard, (b) a construction standard. A clear
understanding of each and the relationship of each to the
other is essential to avoiding confusion in administrative
action and for clarity in expression.

There is no definite, direct and fixed cost relation-
shin between a service standard and any construction standard.
Whether the service requirement be expressed in terms of speed
attainable, size of vehicle to be accommodated, or any other
way, the expenditure required in different cases varies great-~
ly. For instance, where the sigple-turnpike cross-section can
be used and the construction difficulties and costs are little,
the speed may average 25 miles per hour and the construction’
cost per mile expressed in mile-per-hour of spsed may be $20,
and the corresponding annual cost less than $2. As against
this, in heavy side hill work, with much rock and with broken
topography, it may be impossible to get the same speed at any
reasonable construction cost, or, if secured, the construction
cost per mile expressed in mile-per-hour speed may be $400
and the corresponding annual cost $9, In other words to get
the same service, the caounstruction and annual cost for the
second road ‘is many times that for the first.

Service Standard

202, A transportation facility is provided in order to
render service to (2) traffic, (v) real property. The require-
ments of each vary greatly; accordingly the service standard
varies in similar manner. The term "duty" is frequently used
instead of "service".

~200+~



_ The service required or rendered can be measured in
.Bg-veral ways, for instance, (1) speed of travel or elapsed time;

(2) total cost per mile including both road and vehicle cost
and the value of the road user's time; etc.

203, Except for certain classes of utilization roads, par-
ticularly those for hauling timber or other Forest products, the
service standard used in this Handbook, is based on the distance
that can be traveled in an hour,

Construction Standard

204. The construction standard is a combination of =1l the
specified elsments that determine its ability to carry traffic.
The combination desired is that which will render a specified
duty or service at the least_anﬂuay gost - i, &. maintenance
plus’, 2%‘of the expenditure for construction. :

205. Theelemsnts of construction standard are grade, align-
ment, width, structures, surface condition and the shape of the
surface, One element frequently has a greater effect on the
traffic than any or all other elements. Tach slement should

be given its proper weight and all elements coordinated so that
no element is over emphasized to ths extent that extra expendi-
ture would result. It is entirely permissible to secure sur-

plus width, lesser gradient, improved alignment, etc., provided
no increase in annual cost results.

206. In this Handbook, certain limits are set up for width,
gradient, etc., in connection with each of the three service
standards. Bach such specification is tied in Wwith the service
standard but not as a part of any fixed combination of the
elements of construction standard. No definite rules are es-
tablished as to the extent to which the various limiting elements
of construction standard will be used. Instead the Regional
Forester is mads responsible for determining and using that com-
bination which under the topographic and other conditions exist-
ing on the project or section thereof, will provide a road
rendering the required service at the least sanual cost..

207. Placing a road in any class or standard is dictated by
the requirements of the activity or activities served by that
road. The service classification fixes limits as to elements

of standard for which funds may be expended to ~ttain. But if
faster speeds result from work done to proper'limit of grade,
width, etc., the service standard or class is unchanged.




208. The service standards arc Low gervice or 3rd Classj
Medium Service oOr ond Class; and High Service or 1st Class.

The spseds or glapsed times referred to apply to ~those
attzinable from a 1932 Model B Ford-% ton pick-up truck, or
squal. ‘ -

gelaction of Service Standard

209. The Transportation Plan where made end approved will
be the basis for classification. This plan 1is designed to cover
the needs (1) for fire détection end suppression, (2) for Forest
administration, developmsnt emd utilization in all phasszs, (3)
for public use of the Forests, (4) for public travel within or
across the Forests, (5) for the development or utilization of
resources upon which the communitites within or zd jacent to the
Forest are dependent.

o Elapsed time is the basis for designing the protection
portion of the plen. Tha decision on lengths, location and
standard is basaed on providing the system which at the least
annual eéost par unit of area will make possible renching a
"designated area within the specifiedvallowable travel time.
Accordingly the specd planned for a road or truck-trail indicates
directly the appropriate service. stand~ard, For instance, if a
road as planned is to make possible traveling 17 miles within an
hour, it belongs in the Medium Service class.

In preparing the plen, elapsed time or speed of travel
is also usad in the decision on certain roads or truck-trails
not required for protection against fire and others where the
standard required for some other purpose is highsr than thet
required for protection.

However, on a largs portion of ths system -- particu-
larly roads of primary importance to public travel, for the
hauling of timber products, stCe, -= it is probable that a
measure of service value other than speed OT elapsed time will
be deemed praferable. If so, a detormination of the gconomic
value may be made in accordancs with the method approved by
the Fcrestsr,*and the instructions issued by him. In the
determination for the individual project, the spsad of travel
is one of the factors used; accoraingly the appropriats service
standard is made evident. However, in the selection and extent
of use of various elements of construction standard, the use to
be miade of the roed cr truck trail should goveTTle

*Mhis is in files of Regional Office. Alsn in Journal of
Forestry. Vol. XXX Wo. 8, Dec. 1932. ‘
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Whers the transportation plan has bsen partially or
éntirely made but not aporoved, £he planned standard of any
road or truck trail will b considerad the approved ssrvice
standard unless the -Regional Forester decidss to apply some
corraction facter to the rocommended plan.

Wher: the transportation plan has 1ot been started,
the following action is suggested as good practice: - (1) For
protection and other projects where speed or clapsed time is
a satisfactory measure of value: - mrke a rough or approximeste
transportotion plan for the area to be served by the road or
truck trail. {2) TFor other cases:; - make an economic study
following the approved outline completzly or to the extent
necessary to show what the service standard should be.

Definitions

210. In the following definitions, attention is directed
to the requirement of negotiating & distance within the range
of speeds indiecated for the various class truck trails, when
the length of project requires one hour or more of travel time.
On short projects where the travel time is less than one hour,
the rate of travel in m. p. h. will be within the range of
speeds indicated for that class projsct.

Low Service - 3rd Class

211. A truck trail shall be classified as Low Service when
the speed requirements of the activities it will serve are net
by negotiating 15 miles or less within an hour.

BExamples:

(1) Where the primary usage is for protection
ineluding stub roads to lookcuts and guard stations.

(2) Where public and recreaticnal travel is
very light or nsgligible.

(3) Where slow speed will m3e all neseds.

Medium Service - 2nd Class

212. A truck trail shall be classified as medium service
when the speed requiremsnts of the activities 1t will serve
are met by negotiating within an hour 2 distance of 18 to 25
miles inclusive. ‘




Examples-

(1) Protﬁctlon vrﬂguctb Whlch bucause of lenvth
of travel, highfire risk or tonnage of supplies
equiprment and man power to be mived, raguire hlgher
than the low-service standard. '

(2) 'Of importrmes from the standpoint of Forest
administration in focilitating travel from forest
hendquarters to rangsr stotions ‘and t»n other points
of similar importance and for comnecting such sta-
tions =2nd points.

(3) Of c-nsidorable length and 2n integral part
of _the transportation systen, . al thouzh not necasssari-
ly a.main trunk road.

(4) - Where a moderate speed of travel is needed
and obvicusly the low-service stmndard is inadequate.

(5) For hauling of timber, livsstock and -other
Ferest products, whoere the am~unt ~f hauling =znd the
weight of individual loads is moderate.

(6) Dublic ecnnomic use such as intercommunity
businzss, nowsr plont or irrigetion owura+171s, hqul—

o+

ing «f mineral products and opsrotinn of fines.
(7) T serve important recreatiocn and special
use sreas, or otherwise subject to considerable pub-

lic travel.

High Service = 1lst Class

213. A truck trazil shall be cla bSlflbi as High Service when the
anced requirencnts of the activities it will serve can only be
met by negotiating more than 25 miles within an houre.

(1) Of the highest importance to the protection
system - first line, support or seecnnd line - from
the standpoint of speed of travel although not neces-
sarily sc important from standpoint of hauling sup-
plies, equipment, etc.

(2) Where a moderate speed of travel will not
satisfactorily mset the requirements.

(3) For tourist or through travel.
(4) The backbene or a part of the primary trunk

portion of the Forest road and trail system,
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Variations in Speed

214. The specifications for distance traveled in an hour do

not mean that the specd on all porticns of that distance will
necessarily be the same as the averazge. The speed may be uni-
forme. On the other hand there may be decided variations from

the average stee’. The anount »f accsptable variations will de-
nend largely cn the character of use. Por instance, more varias
tions would be expected on a primarily protection truck-trail
than on cne utilized primarily feor timber hauling or public trav-
el. ' : ‘ :

Txamples of Different Standards

215. The illustrations clearly sh~w that the description is
not definite but instead is rather.general and broad, . However,
they should be of valus esvecially in those cases where the
transportation‘plan h#s not been made or where time is not a
satisfactory method of expressing the service value.

Single-Track, Double-Track, or Two One-Way
Single-Track Truck Troils

216« In paragraphs 211-213 no mention is made of single~track
or double-track widths. On single-track rcads, the character
and amount of travel will have an important hearing on the num-
ber, locaticn, and design of turnouts. Double-tracking or two
one-way single-track truck trails are mads necessary by the vol-
ume of travel excesding that which can be handled by 2 single-
track rcad with turn-cuts.

The easiest way of deciding what should be done when a
two-way, single-track truck trail with turnouts will not adequate-
ly meet the traffic needs is to approve the construction of a
two-way, double-track truck trsil. However, the easiest way nay
not be the best way in all cases. Decision to double-track should
not be made until complete investigation and study has been made
of the nossibility, practicability, and alvisability of providing
two-one-way, single track truck trails instead of one two-way
double-track rcad.

The advantages offered by on-way truck trails ars many
and diverse. (1) One-way travsl is safer--this is generally receg-
nized by safety srzanizetions and hizhway enginesrs. (2) The
capacity of two one-way single-track truck trails meterially ex-
czeds that ~f onstwo-way, dcuble-track truck trail. {(3) The
safe speed of travel is matorially greatsr. {(4) Tha denger of
serious ernsinn is much less becauss the arsa of exposed surface
on cut and £ill banks is materially reduced. (5) Aesthetically,
sincle-track truck trails are advantagecus because of gmaller
scars, less c¢lsaring width, a closer view of the country ad jacent
to the truck trail, and affording a view in retaining a larger
portion of the area adjacent to the rcad instead of being restric-
ted largely to the road surface itsalf. (6) Opportunity is offered
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to provide a higher standard for the truck trail upon which
timber, mining, or other products will be haulesd and to utili-
ze for the rsturn trip = truck trail of a2 lower standard on

a location of greater valus for sunprassion, deteetion, and
cften scenerye. - (7) Particularly on sids-hills--the usual con-
ditién in the Netinnal Forests--the construction cost is less
for yardage, bank protection, and similar items. . (8) The

ma intenance c¢ost may be higher or lower depending on such mat-
ters as bank slouzhing, swufacing, soil, and eanount of traffic.
(9) One-wzy truck trails, where the return route departs consid-
erably from the inecoming route, are advantageous from the stand-
points of Forest alministration, detection, and suppression
through opening up and making mors country accsssible.

The disadvantages of one-way truck trazils include (1)
traffic may not observe restrictions and hence denger of colli-
sion existsj (2) when connections with the return route .are far
apart, excessive distance must be traveled by those desiring to
travel only part way and then return; (3) topographic and simi-
lar conditions may be unfavorable or unsuited to cne-way truck
trails because of sxcessive sxpense or other reasons; (4) costs
for clearing and drainags will usunlly be higher for two one-way
single-track truck trails than for cne two-vay dsubla-track truck
trail.

In considarine whathar the two onse-way singls-track truck
trails 2re preferabls to -me two-way Acuble-track truck trail, a
commariscn of the advantazss and disalvantacss of sesrvice and
cost should be made. For instance, will the natural points of
intersection sufficiently meet the needs? If not, and intermed-
iary connections by means of truck trails should be provided,
will the values gained by and the advantages of the two one-way
truck trails plus the values of and additional serviece rendsred
by the intermediary connections exceed or be lsss than from one
two-way double-track truck trail® '

Thz roads or truck trails in the Low Servics Class will be
single-track in width; those in the High-Ssrvice largely but far
from wholly, of doubls-track width; those in the Medium Service
will ordinarily be singla-track but thers will bes some of double-
track width., The single-track width with turnouts should be pro-
vided unless clearly svident that it will not adequat:ly meet the
requiremsats, or that the added width will not increase ths an-
nual cost.
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Reglonal Forastor's Rasponsibility

217, The R:gional Forestar will bs rssponsible
for ths s:lection of service standard. Also for the
route and the elsments of construction standard that
will provids thz requirsd servies at the lsast annual
coste. For imstancs, if ths approv>d service standard
of a truck trail is 12 miles within en hour, the Region-

ral Forester will sesk such location and such use of
the clements of construction standard as will result in

making possibls traveling any 12 mils section within
an hour and at less annual cost than would result from
any other sslaction of.location or slemants.

Inspaction by Forsesstsr

218. ; The regional work will b» inspecﬁedifrom
the follo"n;.D standpoints:

(a) S2lzction of sservice standard.

(b) Sz2lection of loc=tion and sls=-
‘mants of construction. Standard
satisfying the service reouirs-
mants at ths least aanusl cost

(e} 3zlaction and uss of zruipmmmt,
organization and methods on tha
basis on minimum cost pirr mils of
survey, construction ani mrinte-
nance.

(d) BEfficizncy of hendline survay,
coistruction =2nd meoiatsnancs work.

Low Standard Protsction Truck Trails

219. Ths tachninus 4Asvelopad by the Forest Ssr-
vice for low standard protection roads giving o maximum

of ssrvice at minimum sxpenditurs devarts from standard
highwzy enginseriag practice in meny ways. Thess in-

cluds: - {(a) Many changss in grads, including roverse

grade, whon noecsssary to attain the primary objactives,

as sgzinst the use of long unbroksn or sustainsd gradss;

(b) Introducing additionzl climb (within the limits of
accepted maximum grades) if neccessary to 2ttain primary ob-
jectives; (c¢) =ccapting high meximum grades for short
stretchss whers this will avoid more costly construction

and wher= the contemplated nsesds of transportation ser-

vice will not be affsctad, \

m
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Sound location of low standard projects reaquires
halance in the use of money saving expediencies. As an example,
"a locator should avoid excessive and unneczssary use of uniform
sustained and low grades and at the same time guard against an
excessive and unwarrantzd use of the broken and high grades.
The low cost standard, though offering great elasticity in lo-
cation, must and does have maximum limits of grade and curvature
and minimum standards of surfacs, just as any other type of road.
It does not allow frse and indiscriminate chcice of excessive
grades or curves by everyone concerned with the road building.
The charactzr of traffic must constantly be k3pt in mind. For
instance, the standards of alignment and gradient for timber
utilization truck trails will ususzlly be higher than those for
primarily protection truck trails.

The basic principle of flexibility in location, which
is an essential of the low standard, finds a plac2 even in long

sustained climbs, and in sidhill construction.

WIDTH

Standards

220, The follewing table shows ths standard widths in feet
for differsnt ssctions. Width is givan shoulder to shoulder
after settlement. Th: latt:rs refsr to ths sections shown on
Figure 201.

Standard Widths Aftsr Settlement

. A B C D B
Single Track ---«--w-- : 11 10 12 10 12
Doubls Track ==w----- : 18 - 17 : 19 17 19
Single Track Surfacsd-: 14 13 . 15 13 15

Doubls Track Surfacad-: 21 20 . 22 20 22

Above widths ars exclusive of drainage‘ditches which
should bs installsd only wher: need:d. Such ditches should be
of reasonabla cross-saction, of minimum dopth to mest drainage
needs.

During construction allowance will be made for settle-
ment. Tha allowance will be one foot of width for each fill
slope unless actual experience for the material involved and
prevailing precipitation and other conditions have clearly
dsmonstrated a greater or less width is needsd. 1In such cases
variation from ths one foot standard should be mada.
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FiG. 20l
TYPICAL GRADING SEGTIONS

Truck Trails
R N R - : ' .
2 - e - Shoulder on qll cut sections 2
A — v K -7+ maximum width. Cut side on
/ SIDE HILL S ' side hill, both sides on through
- _ cut and furnpike. =~ ,
N\ - S 3 sgefftt'sdl;?:eitrrk;\ ' /
e e S 3 Sidbetk 2,
ju ] ) v
B THROUGH GUT
'SURFAGED SECTION
. .  Shoulder on all fill sections 3'
§<— ————————————— >=' ' - Mmaximum width. Fill side on
C ; ; side hills, both sides on through

/ FILL \ fills,

Fills over 6'in height add ' L
2'to width shown in table. Note: Shoulder width on both cut and

fill sections must be sufficient to hold

_ o surfacing material in place. Total width

e e mmme e . af road must not be less than that re-
quired for the corresponding cross sect-

- a\ .
.\5\04 TURN PIKE \/_ ion unsurfaced

Level with surrounding ground
unless additional height is

o

needed for drainage STANDARD WIDTHS
| | AlB*c|DIlE|F
S et T
E : . : . 10
e — Single Track |11 1O |12} 10 ITGO 12
FLAT SECTION v
Use where ditches are not needed Double track 1811711917 ]120]1S
* Add 2 ft. where ditches are not used.
s e -
F ! X
FILL SECTION

Over wet ground with drainage ditches

Widths shown are net after settiement and exclusive of ditches. On unsurfaced
truck trails ditch to be built only and to the extent needed. Diiches to be con-
structed on all surfaced truck trails. Increase width on curves as instructed. .
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Widths for surfaczd sactions may bz used only whers there
‘fs 'an absoluts caertainty that surfacing will be comploted within
two vears aftar construction. o :

Variations in stancard widths. Variations in the standard
widths are permitted as follows:

1. The uss of th» usual truck trail construction
method will rssult in unavoidabls variations in width.
A tolarancs of ons foot and _inspacial cas=s additional
as allowed in par~grapis 4 and 5 below, will be parmis-
sibls when checking the construction with ths 9Dprov,4
specifications. This is not to be interpreted as author-
ity to build intentionally to mors or lsss than thz stan-
dard. '

2., The continous us: of one foot veriation in
stand-rd width is allowsd in the followinz cases which

apply only to single track, uasurfaced truck trails.

One Foot Greater Than Staandard Width

(a) High service single track truck trails
(b) Whare wide-gaugze trucks are commonly used
for utilization and protection.
' {c) To servs irgortﬂq* recreation a2ad special
use areas or otherwise subjﬂct to = large
amount of public travel.

Ons Foot Less Than Standard Width

. . (a) Low service truck trails _
(b) Mediwm serviee truck trails primarily for
protzction.

%, Tners~sed width on curves is rsouirad as fol-

Y Two fzet on curvss
) s

‘of 40 to 60 ft. radius
On=s foot on curve o}

£
[
£ 81 to 100 ft. radius

4. Txtra wiith should be provid:d whers mads neces-
sary by somz paculinr feature of loc=tion, such 2as slid-
ing earth or a spscial drain=age problem. ¥Wxtra width
will often rssult from cutting sharp points to secure
desired alignment and such is fully justified provided
the standard of alignment scught is proper. Freaqusntly
the extra width prov1aed at curves c¢nn b2 utilized to
advantags in providing a turnout.
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5. Excess width can also bs frenusutlv justifisd on
curves where the excavated material is used in ad jacent
f£ills. Clearly this is advisable practice whenever the
cost is not grea+er than from borrov alongside of the
flll. -

221. If the width secured exceads. that QQCﬁssarv to rander
the required servigs and the cost excs 2ds that for tho required
width, the ineraasas in’ oxpandlturﬁ must bb Juatifb

ALTSNEIENT

995,  Gwmeral Standard. Tt is not possibls to lay down clear-
Cent and definite miles govirming aligsmment. Tnliks width and
grads, it can not be exactly sxprzsssd in mathematical terms

. .except that the minimum radius of curvatur:s may bs prescribed.

The standard must vary, first, with ths service rovulr*d of the
road, and sscond, with the'difflcultle and cost of construction.
Where topographic and other conditions ars very uniform and easy,
ths standard of alignmsnt may have 1ittls influsnce on the cost.
-Szlection of the stago cons truction plan Wlll of courss affect
~the alignment standard. On Forast roads the aligznmant standard
is usually ons of th3 most important alomsats affﬂctlng the cost.

223, Whers the truck trail or road %11l sarvs protzction ne=ds
but ths grsater portion of ths traval is for somz othar purpose,
ths alignment standard should bi dscidedly -highsr than when pro-
taction is thes major or sol:z usc.: Also in dzciding on ths stand-
ard and Daiticularly ths radius and franucncy of curves, thz amount
of travel mist bs carsfully kspt in mind. Tach tims cars going in
opposite dirscticns pass, tim:s is lost 3ven though thay pass on 2
turnout. On each blind curvs, ths sp:ed is held dowa to l3ss than
would he had if cprt 2in of no nob81b lity of a car traveliang in

tha oppositz diraction.

224, As a me=ng of increasing spzzd of traval and 4A-screasing tho
possibility of accidzats, loar tanseats and sasy curvss ars de-
sirabls on m=2dium and thh ssrvies. truck-trails, Howaver, if long
tangents will maks travzl monotonous slight chanegzs in 2l ignment
and gr=diocnt m?y B3 introduced providsd tha aanual cost is not in-
creased. ’

225. A b01tour 1ins should not bz followsd if this will serious-
ly impair the serviceability of ths road. But on th:z other hand
hsavy cuts and fills should be avoidsd as much 2s practicable on
low and msdium servie: truek trails.. On unoevan slopss cutting

and filling will be nzcessary to give 2 stanlard of alignment
commensurats ulth the purposs for which the road is built.




B26. Whenever it is believsd that a higher standard will
be needed in the futures, ths location should be planned with
this in mind, even though it will not always be practicable to
make the present location such that all portions can later be
used. t R : '

227. Horizontal versus vertical curvaturs., The use of
vertical instead of horizontal curvature is often decidsdly
praferable. In other words, ths straighter alignment with
variable grades evzn up to the maximum permissible will provide
the desired spezd with lsss annual cost and with greatsr safety
to travel than a mors uniform and lesser grade with a largs
proportion of tha distanca in horizontal curvas. Svgaking
generally, horizontsl curvature with short radii lessens the
spaad of travsl much mors than undulating grades. Gradient

has less effect on thz spzed of moderun ¢ars and trucks then in
the past; its effect of horizontnl curvaturs ramains nractical-
ly the same. The uss of truck trails for timber hauling will
dscidedly limit ths use of stesp grades.

The changing of a short radins curva to th: longer
radius nacsssary to make possible ths higher reruired spead
freauently reouires =zn excessivs sxpentiturz. It is axtremsly
difficult to coavert from singls-track with sharp curvature
into a road parmitting two-way travel at th: dssiraed spesd of
travel and with s=faty. to traffic. It is far hstter during
the orizinnl construction to kz3n in mind ths fature require-
ments and locats on this basis. This fracusntly will result
in selscting ths routz with ths straightsr aligament and

grzdes.

At times the cost of proviling =nd maintaining
droinsgs structurss and other work n-ceassary to pravant wash,
dgstruction, ztc., will control the dscision =nd raquirs the
lection of (1) horizontal curvaturs instead of varticnl,

) vertieal curvoturs instead of horizontal, or (3) the use
of lsss maximum grades than would otherwise be approved.

s3
(2

227-A. Alignment =zt Bridge Locations. Existing locations

of bridges and their approach roads are conelusive proof that
alignment in many cases has not bzen given proper consideration.
The bridge should fit the =2djacent truck trail location., The
construction of skew bridgss is approved practice whers nsces-
sary to obtain reasousbls alignment -nd in cther cases to im-
prova alignment wher: cost will not ba ~ppracinbly greater.
Short radius curves at the approachzs arsz 1o b2 used only as

a last rssort after careful consideration hes been given to

all possible locnations of the structurs and 2pproaches.
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2284 ~ Minimum. Radius. The minimum radius of curvaturb 1“or
the several servies stAndﬁrds and widths ars qs Pollows -

3

For low-service }.................40 faey
For medium-servics ceveevsesssecsssd0 2ot
For hlvh—sarV1 D vesesessssassasssS30 Fet

: The'preceding apply to both epsn and blind curvas. 60
feot ratius may be used as a minimum on high service whers it
“will not constitute a dangsr point and .hﬂrﬂ th> 80 foot radius
would bs unreasonably high in cost.

229. . Tor shortspur low ssrvics truck trails, the uss of an
absoluts minimum of 25 fest is psrmittazd in specific cases when
‘approved by .the Regienal Forsster. Care should be exercised in
giving such approval since curvss of this radius can not be

nasgotiated by vehicles largsr than thosc in the l1 ton Ford or
Chevrolst truck class. Accorlingly the uss of this radius should
be limited to cases where thare is no probability of largsr sized

vehieles baing us2d =2nd to other casss where the advantagss aris-
ing through reduction in construction cost oa*ralvh the disad-
vantages arising through loss of tims and 1nuonv0n1 snce in backlng
and Tilling to get the vahicles around the curve.

230. . Extent of use of Minimum Radius. The dscision will be
based on the individual case ~nd on mesting the servics require-
ments for such case. This applizs to projects as a whole as well
as individual portions of each projsct.

Minimun radius should nevsr be used when longsr radius
curvaes can be obtainad at practically the sams cost.

Avoid sharp curvas at end of long tangents.

GRADT {OR GRADIEIT)

231. Def111flons. "orade” and "gradient" as used in this
handbook ars synonymous. Hither term means the number of feest
rise or fall for esach 100 feet in horizontal plane. Grade is
expressed in percent. For instancs plus 57 zrade means an in-
crease. in elevation at the rate of 5 feet vertically in 100
feet horizontally.

"Sustained grads" means uniform grade, i. e. a straight
ine in a vertical plane. In othsr words, on a length of sus-
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é52. Pernissible maximun zradzs.

. The maximum grades which may ba used are depandent on

traction and on: the resis tﬁn0° of ths matarials withstanding

.erosion. The maximun grad: ¢ anproved and used Qhould in no case

"b2 that whieh will result in uwrﬁasonab1“'¢ osion or Jﬁ ch will

not provids traction fuLly adzsguats for t! w01vqt 51ze and
pead of vehicles that will use tho truck trall. '

Subgact to bﬁlng °a*1bfactory from both thd traction
and erosion standpoints, the psrmissible maximum xrad s are as
follows:

Maximumn Grades

3,000: 6,000 : 9,000

or over
Low Service : 15 . 13 11
Madium Service : 11 10 9
High Service : 8 7 6 T

Pitch grades,
radisnt showm in bhe above tabie may be increassd as follows

&
for distances of not mors than 500 feet, whers apDrOVLd by the
o s

axcaptions to maximum grades. The

Rezional Forestsr:

l. « Primarily protaction; low and medium service
may bs increased by 5%.
2. Primarily public travs
service may be increass
Pitch gradss must be separated by at least 500 faet
of grads not in 2xcess of maximum sustained grads, While
variables in amount, the velocity of approach to a steep pitch
has a.decidzd ezfa‘t on ability to pull a stesp pitch; this
should not be overlooked in deciding wheather or not to use a
gtaep pitch and the grade to be uszd. Pitch grades should not
bs used on curvss of less than 100 ft. radius.

El*vation has a dscided eoffact on the power of a motor.
A loss of 3%% is encountered for sach 1,000 feat rise in altitude.
Account of this was itaken in establishing the standards.

233. Effect of Grade oa Travel Speed. S3e Table 202. That
crade affects travel-spe=d is obvious. Ths affect 1s compara-
tivsly 1littls for ths lower gradisnts; for the higher gradionts,
the effect inercasss faster than the increase in gradient.
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The effect of any oue grade, however, is not always the
same. Tiis is partly due to ths use of differsnt styles, weights
and makes of wehicles, but more to the driver himself. Tae varia-
tion is much greater on down grades than og_ungrades.j.on the
latter, especially the steep grades, the power of the motor is
usually the determining factor. 1In the case of ™medium service,”

'Atravel by the general public and cars. driven by those inexperienced
in mountain driving must be planned. for. .

Tmifornity of Crades

234. The use of adverse or undulating grades within reasona-
ble. limits is n-t only approved but is specifically advocatzd to
assist natural drainage and to reduce cost sspacially on Low or
Medium Service projects. Cars, however, should be taken that the
expsnditures necessary to providing and maiantaining proper drain-
age do not exceed the benafits dzrived from reduction in ths
amount of excavstion. ‘

285, The practice of cutting off the tops of long broad
knolls and filling in well-rounded hollows in constructing roads
across rolling dry flats and on the face of broad inclinzs 1is
not approved. Ths grade, how:var, should be w211l snough sus-
tain2d to avoid having holes that will collect water.

Grads vsrsus Leval

236 Where practical avoid 1lsvel location. To obtain satis-
factory drainags, usz grad:s of not less than 2 per caent with
good soil conditions and not less than 3 per cent for heavy clay
soils. ’

237. Grade versus alignment. T.e rzlative cost {including
drainage provisions and maintcznancs) and thz aff:ct on travel-
tims of followinz sharply winding contours on ths lighter slopes
in comparison with cutting thom must be wéighed in‘deciding on
the location. By cutting across points and filling deprsssions,
a connected seriss of short curves can bs avoided. Ths desired
spasd can frequsntly bs securad at less przsent cost and with a
less future expenditure whers a higher standard road will be
rsouired, through the use of vertical rather than horizontal
curvature.




Changes in Grade

233, Avoid. sharp
aspecially if over 5
roads, should always

breaks in tae grade.  Changes in gradient,
peresat and on ordinsry or heavy duty
be ng gradual as practicable.

Whavre a plus gradient of a road on which travel will
bz heavy meets a minus grade at tle top of 4 hill, the top
‘should bs w2ll rounded off by weans of a vertieal curve to pro-
vide for ths bsst practicable line of sight for. opposing traffic.,

Grade at Bridges

239, Observance of the gensral principle expressed in para-
graph 233 is particularly important for the grade line of
bridzess and appreachss. A bridge particularly a ons-lane struc-

ture is a hazard and visibility of onposing traffic is of zrsat
importsance. The grade of the road should, whers practicable,
be maintained across bridges without any bresk and ctherwiss
with only slight changes in grads that do not restriet visibil-
ity unreasonsbly. A driver approaching a bridge should bs able
to ses a vshicle that is within 100 fzet of the other end of
thes structure. : .

Compensation of Gradisnt on Curves

240. Whzn the grade exceeds 4 per cent it is highly desira-

“ble: to reduce the grade

extra power reguired to.

on sharp curves to comnensate for the
carry the vehicl: mround the curve.

Where the amount of traffic is very light and

the waicht of

vehicles comparntivsly small, compensation is desirabls but the

amount indicatzd by the table may be reduczd.

Whare scil or other conditions requirs a grade com-
peasaticn on curves having radii of over 80 faet, 2 gradisat to
mezt these special conditions should be used.

Grades on Curves

Grads of Curves with csnitral survss with centrel
road angle of 300 to 1200 angle excseding 1200
approaching: Radii. Radii Raditi . Radii
the curve : 40' to 60' : 60" to 80! 40 to 60' : 60' to 80!
5% 4% 54 : 3% 47
6 -4 5 : 3 4
7 5 5] : 4 5.
8 3 5 .4 5
9 6 7 5 &
10 8 7 : 5 6
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Cars should be taken to distributs the grade uniformly
throughout the 2ntirs length of the curve. Otherwvise much of
the advantazs of compensated gradss 1s lost. ' :

STTRFACE

Effoct of Surfaes on Sps32d of Travel

241, Speaking gzaerally, surfac: condition has A greater
effect on travasl speed than any other elamsnt of construction
standard. TUnquestionably sharp curvatur: causcs a dascided re-
duction in the approach spzed. Alsc on a stesprgradient, the
speed is much lsss than on lowar grades. surfacs condition
howevar influences all high and moderate spseds and semstimes
oven lowers the speed made necessary by very low standards of
other elements. A slight roughness in surface conditions is
immediately reflscted by the spzedomster. Shallow ruts have

a grester effect. On two ssctions with identicsl conditions
except surface Condition; the speed on theé section with fairly
- deep corrugations md ruts may be much l2ss than that on the

_ section with a good surface condition. - '

242, . Perfasct smoothnass is desirable but freauently can

not bz sséured with the available metsrials evsn if ths ex-
peanditure for smoothing is not limited in aay way. But even
though physically possibls, thz cost of securing perfsct smooth-
ness will often be unreasonably graat. Weight the costs and
benefits. Possibly the dasired ssrvice and - lower annual cost
‘will bas s=zcur=d in sans other way.

243. It is difficult to prepare n satisfactory definition.

It is believed that what is wented will be evident by consider-
ing together ths following separate statemsnts, no one of which
alona is a complete or accurnts dsscription.

1. A surface squal to that resulting from scarifying,
shaping loosened matasrisl with grader, settlemsnt 2nd compaction
by Mature and by traffic.

2. Hard snd woell compacted. An sven mixturs of the
diffsrent constitusnts of the road materisal.

%. Reasonably smooth. . Without g3ll-defined ruts. Where

ruts are unoavoidable becauss of cost of removing or the nature
of the road material, thsy should be shallow and wide.

4., No holes, protruding rocks, or other irregularities.
Or if unavoidable on aceount of cost or other reasons, not suffi-
cient in amount to cause the driver to reduce the spzed which
would otharwime bs possible.

216~




; 5., A uniform shaping of surface along =2 stretch of road.
Where a change of shape is made because of drainage, aligument,
ste., make the transition gasy and .not abrupt.

Shaping of Surface

244. The shape given durinz construction and maintensance is
of déecided importance from the standpoints of safety, travel-
‘speed, ease or comfort in driving and cost of maintenance. AS
‘a general rule, the best shaping is that which will result in a
minimum of surface wash and with mo rutsjy or if ruts are un-
avoidable, shallow and of even depth. Care should bs taken (1)
to bank the curves in the right amount and direction; (2) to
avoid excessive inslope or outslope; (3) against using the
wroung crown, i. e. inslepe instead of two way, outslope instead
of inslope, ctce.

BANKING ON CURVES

Definition of Banking

245. Banking is the amount that the outsides edge of curves 1is
raised. Freguently the term rsuperclevation” 1is used.

Standard

246. All curves should be banked excspt when a wat or soft
surface condition will csuse a tandsney for the vehicle to glide
sideways and constitute a danger to traffic. Also the speed of
traffic must be considered; on a truck trail to be used by both
cars and heavy trucks, a banking based on facilitating car speed
and operation may b2 decidedly obisctionable from the standpoint
of the truck.

247. The amount of banking should propsrly bs bgsed on the
radius, spséd and othar conditions existing at esach individual
curve,., Ses Tablz 201, »nags 218. As general standards the
following is established:

Banking of Curves and Limiting Radii

Road  : Amount of Bank in inches per foot .
Standard : 11" v in . 1 . 1/2" 1
_ R Redius:of curve in feet
Low Service 25 : 30~35 : 40 -~ 80
Medium Service 50 - 70 : 75~95 : 100 - 160

High Service : 80 -~ 110 : 115+180 : Over 180
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Table 201

Maximum Safe Speeds

on Open and Blind Curves

Miles Per Hour it 14 18 P18 f 20 22 24 26 o8 30 °
: 10 ft. Road: : : '
: ¢ Oren curves: : : :
: nedius of Curve in Feet : : :
Level * 30 45 ' 65 F 95 130 ° 150 175 ° 205 240 Y275
1/ to 1 ft. bank P25 5 ' 55 ' 80 ‘:110 P 1s0 155 ‘180 G 210 ° 240 °
1" to 1 f£t. bank Poes 0 ¢ 45 * 65 95 ' 110 1%5 ° 155 G 10 ‘205
1-1/2" to 1 £t. bank ° 25 25 ¢ 40 ‘' 55 1 75 1 95 f115 azs 185 175
: * plind Curves S
Vertical Back Slope 25 45 b 80 Y 125 T 200 © 300 G 400 P 510 ‘850 * 850
1/2 to1 " " ‘25 55 ‘55 ' g5 ‘130 ° 180 240 © 310 ' 400 550 ¢
1to1l " " P25 30 40 f g5 Y 95 135 175 3-240 Pz20 470 f
M - : 12 Fto RO}_@:: H H
: : o BEEETﬁag}es: : L :
Level * 30 0 ° 50 P W6 F 110 180 f 185 7 180 ‘210 o240 °
1/2" to 1 £t. bark ‘25 a5 ¢ 45 ° 60 ¢ 90 110 ‘135  155. ° 180 t 208
1" to 1 ft. bank ‘g5 %0 ‘P 40 ° 855 s P o95 115 185 f185 ¢ 175 ¢
1-1/2" to 1 ft. bank ° 25 25 ¢ 5 1 45 60 .9 f100 115 135 155 :
o : ' plind Curves _ : : .
Vertical Back Slope 25 35 60 ° 100 145 ‘205 i 275 (370 1 470 f 20
1/2 to 1 " " * 25 30 45 ' 70 ¢ 105 .° 150 % 200 Yp3s o325 o420
1:to 1 " " P25 25 35 ¢ 55 ¢ 80 ' 115 ' 145 t.g000 o265 o380




bsTd,W1ll at tilies

It i realized, however, that compilance with the table
3 very dlfflcult sinee it will result in diffor-
~ent banklnﬂsiior ad jacent curvss and the required: quick adjust-
“ment of blade is’ bcyond the ablllty of the average graderman
Where thls is. +h° case, a standard ‘of ‘1M 17 should be establlsh-
ed for all curves on the sv901f1ed project, or if the curves are
freousnt end very sharp, a greater ‘panking may bz advisable.
... The danger of side-slip may renuire the use of a 1/2:1 barking
‘or even a flat road. A good rule is to provide the bankigg that
will make "driving the curve" the easisst and at the 'sams time
result in the least damage by surface wash, and'in a minimum of
>ruut14g. Ruts on on= sldo'of thé road that are deepcer than the
‘:ruts,onmthe other s side 1nd1c%te 1mproper bank;ng.

. 248. SPClTan ‘banking requires offort planning ‘and skill.

. The added cost, however, is little or nothlna. -As stown in
Q,Tahlb 208 bénklng has a decidad offsct on the spead of travel,
" a banked Gurvs qffordlnv the same speed as a curvé of d001dsd-
ly greater r?dius bub with less or no b“nklng. The effect on
cost through th se’ of banklﬁé 1s obvious. :

249, Curves bhouid be b ﬁxﬂd'és‘“’pqru'bf théchnStruction op-
eration., The 2nking then provided should b3 gontinfied during
fmalntnnance or anothar banking provided if traffie or other con-

“ditions have shown the original to bs undesirabls

EROSTON CONTROL  (See. also’ paragraph 122-B).

£49- . This is not n new subject as _far as truck trail coastruc-
tlon is conccrned for all of the normal prov1510ns fer drainage
~are at least at tpmpts to control erosion. -The need’ for road main-
tenance is pr1m°r11v because of erosion, either from travel or
natural forces. The damnge from =2rosion is often skrious to prop-
erty and to values other than the road itsslf, but even if this

~ were not so, it is still a serious problem because of drmage to
the road .itself. Therefore, the prevention of srosion, slides,
washing, etc., will pay dividends in decreased maintenance ex-
pense. o : T S

Adequate drainage practice in all cases and the planting
of cut and fill slopes wherever soil end rudoff conditions are
such that exposed soil is unstable are ths ‘objectives. The mat-
ter is discussed here to coll attsntion to the problem. Specifice
trestment of individuel proiects calls for detal led study on the

job with the advice of the ne=rést Forest Servics Bxperimental

Station. Much of the following discussion has bsen “taken from
U.S.D.A. Cirecular No. 380 by Cuaarles J. Kfaebeél and -other data
prepared by the Forest and Raﬁgc jxperiment Sﬁﬁtions.

No soonsr is a new road conutructed ‘than the forces of
nature are at work to de atroy it ‘and of -these haturdl forces
the most powerful by far is water. "The destructive action of
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- water .is espeeially rapid on mountain roads, whers the orea of
'?FOSible-fillvslopes is not only large but is often. nsedlessly
~ exposed to the concentrated runoff from the road surface. Many

. times, truck trails. are blocked by slides from cut slopes, and

gullies are carved .into £ill slopes by the gscape or road-sur-
‘face water over tha shoulder. ' o o

‘The damégegbelow a.storm gullied fQ5¢his often;much

greater than to the road itself and is frequently of such a na-
© ture that probably it will never be repaired. Tn many cas2s a
part of the displaced material finds its way into stream chan-
nels, reservoirs, water spreading grounds and irrigatidn works.
Recreational values are injured by the extermination of fish in
- pools filled by the eroded silt and sand, in the destruction of
campgrounds, in the despoliation of strenmsiqe]beauty by mud and
- ‘boulder flows,. and in damage to other roéds,aﬁd}bridges. Agri-
_eultural, lands are encroached upon, and sofjetimes ruined.

7.S.D,h. Gireulsr No. 380, "Erosion Control on Mountain
Roads™ gives methods of srosion céntrol while the control meth-
~ods and species.of . vegstation listed. are primerily adapted te
conditions. found in Californis, many of them have a"wids appli- -
cation. for-all mountzin ronds. Copies of Circuler No. 380 should

be availsble in esch Regional and Supervisor's office..

rroventative and. Corrasctive Measures ... .. .. ..

¥ (1) Location and Alignment. From the erosion vigwpoint
the idesl mounts n road is ono that will requirs = minimum of
excavation.  The road should have in ‘some degree the cppearance

of having been fitted with the landscape rather{phan chopred and
blasted from :it, Long taagents should not be used where reason-
abls curvaturass will better fit topograéhy and reducs excavation.

' - (2) Greaster Use of Retaining Walls &nd Cribbing will re-
duee ths excavetion, particularly on st=ep slopes, and will leave
much less fill arsa exposzd o srosion. =~

R (3) Tmproved Drainage Practice is vital %o the whole pro-
‘blem of road maiatenance and arosion prevention. Inadequate
draingge-is responsible for most of ths sa2rious erosion of moun-
tain roads.  For example: L ‘

S ... {A) Culverts emptying on the middle or down one edgs
‘of highly srosible fill slope.  Emptying culverts on adjacent
brushvcovered:slopes is especially destructive 'where the soil is
susceptible to. desp ernsion from the concentrated runoff. Where
the natural channel cannot be reachsd dirsctly the culverts

. should extend to solid rock ledgss from which the flow will be

- eover rock.all the way to the natural chamnel or the fill protec-

ted by heavy rip-rap. .An alternate method is %o flume the cul-
vert discharge down the slope to & point that is firtn enough to

resist erosion.




urf'co dralnage 1nadequntely controlle‘ rﬁsultlng
of water over shoulders cy
to. £ill slopes or. othar unstable area. The low polqt on. 1n81de
curves -is one -often in need of protection. . Carsful 1ns“ec+1on
following heavy .rains on a new road will indicate thv pozqts re-
quiring attention. It is most important that udlvert be of ade-

guate size to accommodate heavy storm runoff. - A

‘Inerosion of.olde,dlychdu and -escaps

i

o

=

Cutslope construction  should . not be uszd in areas whsre
cumulation ;of water ‘in. wheel ruts 7111 erode

the unavoidable ac

tha surface of the f£ill. Such water accumulates and runs down
the road .to some slight obstruction or deprzssion where it pours
out over ths side often: cauqlng 2 troublesome eully,

TROSTL N’”OW ROM ™ QOPDSID“ DI HES

249-b. LPO"lOH in O“d side ditches can be: controlled by: (a) se-
lecting locstions havin ng low gradients and very shallow cuts and

fills, {(b) shallow =nd wids ditches rather
(¢) providing sufficisnt culverts and outlet ditches,

than deep and narrow,

{d) avoid-

ing construction practices which
in native scil,

drainage channels

-encourage the formation of new
(e) reducing roadside ditch

gI‘ dvab

and checking flow in the ditches,

(f) planting and seeding

slopes. - (a), (b), and (c) are matters of intelligent location and
design; (4) recuires that no cuts be made or any ground strinped
of vegetation where avoidab {e) is accomplished through the use
of ‘check dams; and (f) is discussed herein under paragraph 249-c.

Checks or bﬂffles should be installed whers

necessary to

prevant erosion resulting from repidly flowing wator.

They pro-

tect the roadbed by
ratg of gradient =nd thus reducse

establishing a permanent ditch having a low
the veloeity of

flowing water.

Checks should be construct

d in accordance with dssigns approved

by the Regional Tnginesr.

OF CUT AND FILL

TREATV ?“ SL "_‘]S
249-c. Rond bank control must b: considered only.as 2 supplement

to good rozd construction. It does not take the place of ade-
quate berm and drain construction, and other standsrd practices
for controlling road water. Road bank control =md planting serve
three ma jor purposes:

1.
2.
3.

Reduction of road maintznance costs.

Improvemsnt of roadside appe=rance.

Reduction of the smolnt of eroded soil
carrisd into ditches and streams.

Slope control is effzected by inducing the growth of o vage-

tative

cover on th2 slopes.

In sections

where natural repvoduc-

28

tion of gresses +nd shrubs tak placa,. no
nceessary other than to slope the b?ﬂ”v to

to round the tops of cut slopes where soil

-219b-
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warpant this treatment. This method is not applicable where the
tops of slopes are coversd with trees.. Inﬂsuch,situations the
method should be modified to it cohditions. Some soils stand
better and with less erosion on a vertical cut than when sloped
vacks Where question oxists as to advantages of rounding off
_tops of cut banks the advice of Research should be sacured.

SYLECTION OF SPECIES

... 'The selection of plant speciss for road_planting_must be
governed by the following ruless: ' o N
.-1.. Vegetation must not create a fire hazard.
2. It must be easy to establish and maintain .
with the amount of moisture available
from normal precipitation. :
%. It must be rapid snd vigorous ErOWing, oo
without bacoming a nuisance o adjoining
- lands. - - o
4. Tt must be easily available in large amounts
~ or easily propagated. . o
5. It should be reasonably attractive for land-
scaping, preferably an BVergroen.

, The advice and assistance of the nsarest Forost Service
Experiment Station should be secured in sslecting species and '
determining proper methods for planting. Cireular @ 1787 trans-
~mitted a list of desirsble species suggested by Research for
tpial in various sections of the country.

_Seeding and Planting - In sections where vegetation does not re-
produce naturally it will be necassary to give the slopes special
treatment designed to induce plent growth. The simplest, cheap-
est and one of the most sxccessful methods of treatment is to cov-
er the slopes with seed bearing forest litter or debris when such
material is available along-side the roadway. In this method the
1ittser is raked down over the slopes and held in place by light
brush or poles. The uss of this treatment most generally results
in vegetation estzblishing itself from seed contained in the lit-
ter. This method is impracticable on slopes stseper than Z/4: 1.

, When sead bearing forest litter is not availabls, it will
be necessary to either seed, sod, or plant the slopses.

Sod strips of common sod-forming grasses may be set in
shallow furrows dug along the contour. Although speing is the
most favorable season, transplanting may be done any time except
during very dry seasons. ’

Root -elumps. of honeysuckle or othar,plantwmaterial nay be
.set -either in furrows dug along the contour or preferably in holes
dug into the bank and f£illed with tdp soil. Furrows may cause ad-
ditional sloughing of the banks,
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Grass seed may be sown in the spring or early summer. It
should be carefully raked in. When necessary an ap proved ferti-
lizer may be used. The grass species used should be the import-
ant sod grasses of the locality. On long fill slopes of particu-
larly loose soil, stake and brush wattles may be used for holding
the soil until vegetation has become established. On dry, sterile
slopes, brush and litter may be staked on the slopes to conserve
moisture and favor the establishment of vegetation. South facing
banks of dry, sterile sub-soil cannot bs seeded with any degree
of success without first improving moisture and shade coanditions
of the soil. ‘

Figures 20l-A and 201-B illustrate sucgessful methods of
road bank control. Thsse mechods must be adapted to specific lo-
cal problems at hand, and sll of them call for indepandent Jjudg-
ment on the part of the man in charge. In general, hzavy mechan-
ical structures should bs kept tc a minimum. This applies vartic-
ularly to stake and brush wattle construction. Woods litter and
debris from the forest floor raked on to a bank and held by simple
mechanical davices is one of thas vsry best methods by which soil
washing may be presented and vegoetation established.

FILL SLOPES AND CUT SLOFES

Fill Slopes

250, General standard: - In earth 1-1/2:1; in rock 1:1. See
paragraphs 325 and 327, :

Cut Slope

251. General standard: -~ Ia earth 3/4:1; in certain stabls
soils 1/2:1; in solid roek 1/4:1 or sven 1/6:1.

Ths sslection of the cut slops requires the emercise of
good judgnent and should be based on the conditions existing on
the ground. In selecting a cut slope, first consider the type
of soil. The slope must be flat enough to prevent grosion.and
favor an ecarly rccovery of the vegetative cover.

A slope flatter than that on which the material will stand
may be provided when nscessary for adsguate clearance of truck
body and load and where cheaper to securz a flatter backslope -
by backsloper, high 1ift grader or otherwise - than to incresase
the width of ths truck trail. Also where the material is such
that an undus amount of sloughing will occur, it will bs necessary
to provide a slope with a ratio of 1:1 and in exceptional cases an
even flatter slope. Exceptions to the standard practice will also
be justified in cases where consiruction work has loosened the
earth on the uphill side and ths bank will not hold on what would
ordinarily be the sclected slope.
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Round off approx. 5' radius

except where such procedure
is unwise from the stondpomt
of erosaon -

~ Fig.1. Newly constructed
machine built back slope.
Dotted line indicates betier
slope for planting. A crit-
ical 'shoulder to be removed.

//F;ig. 2. Old backsiope. Dotted
line indicates better slope
o / for planting.

%537 Fig. 3. Sod strips or trans-
el ~* plants set in holes or furrows
filled with top soil. For bock
slope or fill.

I Fig. 4. Contour furrows
" filled with litter or straw

and weighted with stones,
poles,or soil. For back -

slope or fiil.

FIG. 20I-A
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S Fig. 5. Contour furrows made
along slope in preparation for
e hand seeding to sod-forming
grasses. For backslope or fill.

. Fig. 6. Slope covered with
XA, litter held in place with stakes,
AR poles, and light brush. For
backslope or fill.

Fig. 7. Stake construction

\ for holding brush tightly
,7’\ against the slope in stake
and brush wattle construc-
tion. For fill slope.

FIGURE 20I1-B
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DESIGEN OF TURNOUTS
SINGLE TRACK TRUCK TRAILS . SHOWING METHOD
OF MEASURING LENETH AND WIDTH OF TURNOUTS
ON CURVES ANO TANGENTS
27
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Some soils will stand uprighf better than where sloped
if backsloping is done on such soils the topsoil should, where
practicable, be returned to the slope to assist in an early
vegetative cover to help prevent excessive erosion.

TURNOUTS

252. Importance. Turnouts adequate as to size, number and
location are essential for safe travel on both one-way and
single track roads. Turnouts reank equally with grade, width,
alignment, etc., in determining the service that a road will
safely render.

Do not fail to provide sufficient turnouts but guard
against extremes in the othsr direction.

The cost of providing a road of high value and primarily
nesded for protection, with turnouts ads~uate in number and
size for a fire smergsncy, may be very great. 1In such cases’
consideration should bas given to establishing = control of
travel, i.e., one-way travel. This may ba chsaper and more
satisfactory in other respects.

Standard or Normal Practice

25%., Sees Fig. 202 for dimension, shaps, ste., of turnouts.
This represents standard or normal practice. Thz number, lo-
cation and spacing of turncuts should be adgquate to meet the
maximum needs. Thav should always be intsrvisibla.

Waen necessary for road maintenance, for wide, long,
or heavy vehicles or for fire suppression travsl, the width,
length, stc., may be increas=d.

Locatien

254. Do not construct turnouts in flat sections or in other
places whers the natural topography makss passing safe and com=-
paratively sasy. But where rock, stumps, traes, rough surface
or other factors prssent obstaclss, turnouts should be made.

@, constructed turnouts should be
pecially dangsrous Curves, and the
ryes. HExcaptions should be made
sssive and unwarranted under exist-

As a gsneral practic
located on blind curvss, =2
summits of sharp vsrtical
whers the ccst would be ex
ing conditions.

)

Q 0w
f

255. Attention should bs given to providing turnouts
(1) at watering places on roads where water is scarce, and
(2) on turns from which particularly scenic views ars affordaed.
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256 ' The alignment of a road may fraquently be materially
improved by éxercising care in the location of bturnouts. Where
practicable, locats turnouts so that they will serve boih as an
opportunity for passing and also to incrsase the servics value

of thg road. :

257, ' Construction. Turnouts should be built during con-
’ struction; Be cartain to coastuct. turnouts to necsssary width
and length, Do not build in - excess of ‘either of the specified
dimznsions unless ths excess is really neadsd. Give inslops tof
all outside: turnouts and nlong slopes. The cntire width speci-
Pied for the turnout should be solid ussble width, safe for
actual use. Carz should be:'exercised in getting the outside
edge true to shape. Avoid irregularities.

Turnarounds
258, Turaarounds should be provided as occasion demands,

choosing loecations requiring ths minimum of excavation and cost.

Signing
259. Where turncuts are not freguent snd side slopes are

" precipitous; their location should be marked with a distinctive
and conspicuous sign visible from both directions. Service-wide
instructions for posting signs on roads should be followed in
case of ‘confliet with this paragraph.
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Table 202

Approximate speed standards where grade and curvature do not.control

On simple low turnpike sections = 32 mJpall.
On steep side hill, 12 foot width - 28 mip.h..
On steep side hill, 9 foot width - 25 wm.p.h.

Table 203

Maximun Maintained Speeds

on Grades

T 5. 4: 6. 81012 14 15 18

Miles per hour : 20 1 22 ; 24 vy 86 , 28 ; 30
% Grade {El. 3000') : + 21%: 21%: 21%: 21%: 2C%: 18%: 15%: 12%: 12%: 11% : 10% : 9% 8% : 4%
% " {E1. 800G') : 19 : 19 : 19+ 18 :°17 ¢ 15: 13 : 10 :10: 9 : 9 ¢ 8 ¢ 7 .2 3
/A (E1. 9000') = : 16 ¢ 16 £ 16 : 15 : 14+ 13 :11: 9 : 8: 8 7 v 6 i 5 s 2

Down Grade % : $:20:19: 18 : 17 : 16 : 15 : 14 : 13 : 11 : 10 ¢+ 9 : 7 : 0 : 4
: 4 : : l-l% and 2 ton trucks with capacity load = : : L
% Grade (El. 3000') : : $ 24 :14:11: 7: 7: 7: 6:3F1:35 3 1 & 3 23
. = 5 ) 3 1
G " (E1. 6000') : 25%: 24 : 21 : 12 : 1C : 6 : 6: 6 : 5 : 3 25 2% : 23 25 -1 2
% " (El. 9000') + 21': 20+ 18 : 10: 8: 5: 5: 5: 4: 2 :2 T 2 “ls l% w1
Down Grade % : 18 16 15 £ 14 12211+ 9 : 8 : 7 3 5 4: : ;2 1. l‘ + 1
©oe : : : Average 3 ton truck with capacity load: : K :
% Grade (El. 3000*') : 21 :20:19 :11 :10: 5 : 5 : 5 5: 5+ 4 : 2 -2 2 o2
G " (g1, 60CO*') : 18 : 18 : 16 :"10: 9 : 5: B : 4: 4 4.: 3 : 2 -2 1 1
% " (EL. 9000*) : 16 : 16 : 14 : 8 : 7 : 4: 4: 3 3y 3 3 71X 1 1 1
Down Grade % : 18 ¢+ 16 15 14 12211 : 9: 8 : 7% B 4o 2. 1 - 1 1

Note: Speeds shown’
controlling.

are for Single Track forest roads with hard sicoth dirt surface; aligr

ent not



Distance to Geasr 2hift on Up Grades

, Table 204

1/2 ton Pickups and light cars with capacity load

High Gear

“Speed of
“approach
‘miles per
“hour

. ..%. Grade- - Blevation 3000'

: -
¢ 8%

10% -

127

149

167% 1 187

20
25
30
35
40,

:1880
- 1550

2400 T,
670 -
950

. 200
370

550

730
: 900 -

£,

1140 T,
.:260 N iy
1390
530
1230

. 410

110 £t.:
: 150
. 240

300

540

1200

330

. 440

30 ft. - 70 ft.:

B . 180
: 160
: 230
. 320

. 130
;. 200
: 280

380

50 ft.

T

i

_For 9,000 ft.

Saecond Gear

For 6,000 fti elevation reduce grades 1%
elevation reduce grades

27

Speed of -

approach

miles per :

.. hour

9 Grade - Tlevation 3000!

149,

i

<L

87,

15 -
20

29 :

300 £t. -

490
860

- LLO ft.

200

2830

" 90 ft.
120
180

Note :-To raduce gradss by 24 meais to use er‘l2% gradz the distances

For
For

the 14% columns, etc.

6,00C £t+ elevation

reduce gradss 2%
9,000 ft. slevation redics gradss 4%

{

in




Tabls 204 continued !

Distance to Gear Shift on Up Grades
Average 1% and 2 ton trucks with rated load

' ! ' High Gear .
Speed of % Grads - Elevation 4000°'
approach Y ! ’ ¢ !
miles per :  gg i g : 104 G 124 ¢ 149 16%
i hour : : : : I
15 : 130 ft: 70 ft.: 50 fi.: : :
20 : 320 :200 : 130 ; 100 ft.: 80 ft.: 80 ft.
25 : 380 1340 : 240 : 180 : 150 : 130
30 ;840 :500 : 370 : 280 ¢ 230 200
35 : 1100 1700 : 500 : 390 : 320 270
) For 8,000 ft. slevation reducs grad:s 1%
. 3zcond Gear
Spoed of % Grade - Blevation 4500
approach ’
miles per lO%' : 12, ? 14% : 167%
hour : : : :
g T T -
10 : 100 ft. : 50 ft. 35 ft. 25 ft.
15 : 290 : 150 : 100 75
20 : 490 : 260 : 180 140

For grzater slevabion reduce grades 2%

Nota: - To-reducs grade 2% means to use for‘lz% the distances in the

14% column, setc.
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BESIGNING FOR A IJ“W SPEED

A Road Provides Service

260, A road is prov1dcd to mset a specific nsed of traffic
“or real prop Tty fqy“uragmportatlon facilities.

Nearly alwav sarviee to bvuh orop"rtv and traffic
is readsred but ths relstivs amount-variss greatly in in-
dividual cases, ‘

The value of traffic depsnds larg:ly on th: charactsr
and amount of traffic. A main trunk highway is a good example
of a road whose main sgrvice is to traffic. Such a road in-
creaszs the value of abutting or nsasr-by land and is usead by
th2 landowners in connection with the land use. Howasver, the
main valuz liss in what it savss or gives to ths read users.

The value to prﬂﬁnrtv w11¢,.gf” cted by ths character
and amount of traffic is basad lergely oq othar considerations
A goecd exampls of such roads is the truek trail used exclusively
for protsction purposes. The prlmary,value znd justification
is in having a transportotion facility available for use &f
the necessity arises. The amount of use may be little or sven
nothing without lsssening the valus to the propsrty. Such a
‘facility increases the value of ths property itsslf. Wheh the
road is actually traveled, ¥alue to traffic is slso renderad.

Mea surom@nt of Vqlu

26l. To the extent that a road serves traffic, ths best
measure of its value is th2 cost per car-mile or ton-mile.
This includes not only the cost of operating the vehicle it-
self but meintenance of the read, intsrsst on and retirement
of investment in construction and the valus cf the tims of
travel while using the roed. Whils difficult to =stimate the
volume and charactser of futurs traffic, the valus to traffic
can bz determined with adsquate accuracy in most instances.:

But dstermination of tha values to rzal property is
much more difficult. However, a method of determining the
economic value for real property as well as traffic has bsen
developed.* This method shows that the value of the time of
the road ussrs and the valus derived by tham during the
period of travaling constitute 2 very largs portion of the
total road value. BRElapsed time in traveling over the road
is of so predominant value in connection with firs protsction,
that such matters as vshicle cost 2r: relatively inconsequential,

* See officizl files. Also Journal of Forsstry Vol. XXX “o. 8,
December 1932,
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Fetermination of Construction Standard

262. Obviously the construction standard should make pos-
sible the road renderingz the servics reaquired of it.

The customary method of stating the specifications to
be followed designing a road is in terms of the various
elements of construction standard. “This msthod has largely
worked out satisfactorily where the primary nsed for the road is
to serve traffic over the road.

But where this method was applied to Forest roads, ths
results were not satisfactory. TInstsad of the new road rendering
the service expected, it would give mors or less. Or two men
utilizing the samec specifications would produce roads of entirely
different service value or cost. Ths real explanation 1is simply
that the major value of the Forest Development roads and truck
trails is to serve the Forest property rather than to serve
traffic.

- Ths service valus of the Forest Development roads and
truck trails to the Forest property can be expresssd with sufficient
accuracy in terms of travel time except as regards timbsr-hauling
or similar uses. Thars ars also other casss of hauling supplies,
eté., to a fire crew whare the travel-time is important but not
the contreclling consideration.

. A very largs proportion of both milezage and expenditure
on the Forsst Devalopment system is for fire protzction. The time
reouired for travel to a fire is obviously of very great importance.
Tt is therefors clear (1) that the bast mzasurs of service value
for the Forest Devslopment system as a whole is elapsed time (2)
that the relatively small number of casses whers some other
measure is clearly better should bz treated as exceptions, and (3)
all Forest Service activitiess such as utilization, racrzation, logging,
etc., which the project may sarve should be considerzd in the selaction
of the standard.

Determination of 3peed

263. The =lements of construction standard determine the

speed at any scction of a road. Und=r some conditions one elsment,
for instance width, may detzrmine the maximum possibla safe speed.
In other cases, it may be soms other elsment. Asc:nding a steep
hill, grads may control; coming down ths sams stretch it may be
width or alignment or bothe. With 21l conditlons axcapt elevation
identical, the controlling element may b2 differsnt, Surface con-
dition and shepe have a very decided effect on speed.
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As a result of much field and office work, a determina-
tion has been made of the effsct of gradient (up and down) curv-
ature (opsn, blind and various bankings) and width. Ths effect of
various surfsace conditions has not besn determined bacauses the
vsry great loss in specd due to poor surfece condition and the
relatively littls cost of providing and meintaining a surfacs of
adsquate smoothnass make very svident that it o uld be better to
use money in securing = relatively smooth sufface than by raising
the stand«rd of some other slement of construction standard.

From the field and office detsrminations the summations
appearing 'in Tables 201, 202, 203, and 204 have bsen prepared.

Use of Data

264, As evident from Pars. 209, to 213, the roads and turck
trails are to be desienzd and constructed to render a certain pTre-
scribad service. Except for special cases this service is speci-
fied in %erms of the distance to be traveled within an hour. In

such special casss, the data on affect of clsments of standard on
speed will have only partial application.

G

While the method of expressing service value in terms
of time and of designing ronds for a specified travsl-time is now
seweral years old, is an essential pert of the Transportation
Plan and has reCf‘ved many commendations, espscially in its appli-
cation to conditions like the National Foresto, nevartheless
the method does constitute » decided changs from the usual method
of prescribing spocifications.. Accordingly doubt may be felt of
its practicability and value. Such doubt is unnecessary if the
way of using the method is understood.

Certnin explanations arc appropriate.

1. The tavel spesd need not be uniform throughout the
entire distance to bz troveled within an hour.

2. Th2 exteat of permitted variations from a uniform
speed should be based on the charactsr of road use, Variations
greater in numbsr and speed 2rs nermissible in the case of
‘preliminary protaction +ruck +r1113 than in thosv primarily for
public travel zad in the case of low service a5 ngainst high ser-
vice roads. '
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3. The speed on adjoining sections should be coordinat-
ed. Changes in speed should not be abrupt or require sharp braking;
where such is unavoidable warning signs should be erected. Between
20 and about 35 miles an hour, a reduction of 20% in the speed can
be accomplished within a short distance without sharp braking.
Below 20 miles per hour the percentage reduction is higher,; for
higher speeds, a less percentage.

) 4. On single track roads, the amount of travel in the

‘ bpposite direction affects the time required to travel a gpecified
distance, even though what are bzlieved adequate turnouts are pro=
vided...The travel time estimatzd from the tabulations should
therefors be increased, on the basis of the estimated amount of
opposing travel.

5, In selection of ths general route, that route will
be favored which will provide the requirsd service at the least
annual cost. In the case of primarily protection roads, this
frequently means ths use of a ridgs top or some route other than

“that which otherwiseé would be selected.

6., What is sought at any section - long or short - is
that use of the elements of standards as will give thz speed
desired at that seetion, at the least annual cost, Use of a
higher standard of one or more 2l=ments 1s objactionable except
when clear that the annual cost is not increascd theraby.

~ Warnings

2654 1. The data in tabulations 201 to 204 ars not expressed
as accurately as were determined from the fiz:ld and office studies
for the reason that value were "rounded off" and adjusted to fit
classes of vshicles. Speeds and gradss tabulated ars conservative
and based on the average skilled and safe driver. They will be
sxcesded by the reckless driver or by the better than average car.

2. Avoid going to extremes in utilizing the speed data
and in applying the method of designing for a specified travel time.
TUse common sense. Comsider and investigate carefully the various
alternativas offered in genzral or detailsd location but avoid
going into great refinements.

3. Tt is not expected that when the road has been com-
pletzd, the actual travel timz will be sxactly as estimated during
location. This is dus to variations batwsen drivers and vehicles
but particularly to the impossibility of exactly determining the
sffect of opposing traffic.
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4. Intzlligent use of the date and method will give
results of adequate accuracy and of higher accuracy and less road
cost than through using other methods. On the other hand, waste

of time and money will result from going to sextremes in using
the spead data for plauning. Also the valuec of ths data snd of
the method be lessenad.

Determination of Genersl Location

286, Tllustration of 4pplicetion of Method

Specifications - Travel from A to B or B to A in
one hour; design to be based on using standard 1/2
ton pickup or light carewith capacity load. Eleva-
tion 3,000 feet.

Three possible routes, each of which is satis-
factory from tns s*tandpoint of protection or other
purposs to be servad,

(1) Total lsngzth 18 miles, all side-hill, rather
uniform slope, averags grade sbout 5% for half the
distance, about 8% for auarter, and 10% for cuarter.

(2) Total length 21 miles; simple fturnpike 1/3
of distance, 3% grade; sidhill for balance, with
grade. averaging 7%%.

(3) Contour road; 24 miles sidshill; 1/2 tangent
or no control of snmeed by curvature; 1/4 - curves
50! radius; 1/8 curves 70' radius; 1/8 curves 100!
radius; grade average 5%%.' Curves open =2nd blind
in about ecual distances.

‘Speeds - .
Width contral

Simple turnpikes 32 mph
Sidehill . 28 mph

Curvatura control

mph opsn 185 blind

50' radius 18
70 t 18 5 " 17 "
lOO' " ?O ” " 18 "




Grade control -

. - Up ' Down
3% ' 30 . .30
57 20 .29
5%, : 29 28

Elapsed time

Travel
Control . Speed Timez in
Minutes
Route 1
Side nill, 5% grads Width 25 28
R 1 84_ " " oR 11
" no10% m Grads (Down) 22 12
Cpnosing travel -
& vehicles -
lost time 12
Tetal tims reguired o7
Rout> 2
Simple turnpike 3% grade - Grade 30 14
Sidshill 7% grade : Grade
o {down) 25 34
Opposing travel -
6 vehicles =
lost time . 12
Total tims requirad 60
Routs 3
"Straight™ sidehill Hidth 25 29
3idshill-H0 radius Alignment 155 23
" 70 " " 17% ]_]_J;
" 100 " .oom 19 10
Ovposing troval -
8 vshiclas = ) _ o
lost time v » 12
Total time required . , 85




With either location 1 or 2, the clapsed tims is
withing the required 60 minutss. Location 3 does not comply
with the specifications and will not be considered herin.

If consideration wers to be given it would be.noted that
widening the road would cut down the travel time appreciably
but the biggest opportunity lies in reducing the length of
road through incrsasing the grade.

Estimnated Annu~rl Costs
Route 1.
Const. cost per mile

9 miles on E% grade - 1200

4_15 " " a7 " - 2000
41 Tom107 v - 2500

Total construction cost - $33,750

Maintenancs cost per mi.- 25

Total snnual cost = 33750 x .02 + 18 x 25 = $1125
Route 2:

Const. cost per mile

7 miles of simple turnpike - 1500
14 " " s5idehill

7%7 grads - 2200
Total construction cost $41,300
Maintenancs cost per mils 20

Totel aanual cost = 41300 x .02 -+ 21 x 20 = %1246

Coneclusicn =8 %o
distance but steepsr gradisn

287. Detailed Locsisicon.

The description used in dscidihg upon ths general
location is voary bread. ‘“auny opporiunities are found to
exist in connsetion with the dstailad loesntion (1) to cut the
censtruction and annual cost of sections through changing cle-
ments of standard but without affecting traval tirs; (2} to
reduce the travsl time or to incresa> ths safety or comfort
wilthout increasing the cost.
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268. BExample 1.
Ths gszneral description is that for half ths road lengths,
tha reoad is on sidehill and the grade averagss 5%. TIn the detailed

location, opportunities are found as follows:

‘Dist. Grads 3paed _ Tlapsed Time

(1) 9 Milses : 5% 29 19
(2) 4 m 8%, 28 9
5 2% 32 9

18

(3) T ‘ oA - 28 2
2 v 7% 28 5

4 n 4% 30 8

2 n 2% 32 4

19

Assuming that grads controls the speed, it is evident
that any ons of these thrse opportuhities would mset
the requirements of travel time. The selected combi-
nation would be that which costs the least.

But with the sidehill section, width and not grade con-
trols in this instance. Accordingly the meximum speed
for these three opportunities would bs 25 mph for a

10* road width and 28 mph for a 12' road widith. The
data would then be

10" Width 12t Width

Spaaed Time Speed Time

(1) 25 22 28 20
(2) 25 10 28 9
25 12 28 12

(3) 25 2 26 2
25 5 28 4

25 10° 28 9

25 5 28 4

22 19

The decision on general location was based on ths travel
time for this 9 mile section bring 22 minutes. Therefore, any one
of the abovs 6 combinations would meet the requirement. The time
to be gained by using the 12' width would be very slight and this
width would not be approved unless (1) due to equipment used, con-
struction method adeptsd or for some other reason, the annual cost
with the 12' width will not exceed that with the 10*' or (2) the
total road cost would bs less through providing the 12' width at this
saction and then utilizing ths gained travel-time at some other place.
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269. Axample 2.

Within the 4-%/2 mile section with an average grade
of 8%, some short draws are involved. The general grade
through this short section is 7%, and the back slope is 1/2:1.
The ouestion arises whether (1) to use horizontal curves,

(2) to cut across with sustained grade or (3) to cut across
but with up and down grades.

(1) TIf horizontal curves are utilized, the radius
will not exczed 60 feet. Table 201 shows that for such radii
the speed on blind and open curves with 1/2" to 1' banking,
can well be assumed as the same. The following combination
would sesem best.

Alignment, No. : Tength
- 50* radius curves 6 800
a0 " B 1 1 200
Tangent so far as speed o
is conecerned 4 800
1600

Some time is lost in reducing spsed on approaching
the curves and in accslerating after leaving the curves.
With S0 many cuwves =nd such short tangsnt sections within
such a short ovsrall distancs, the 1600' sections is a "3low
section” and it can w21l be assumed that ths 25 m.p.h. speed
ordinarily possible on sidshill sections of this width will
be raduced to an average of 20 m.p.h. The travsl time for
the 600' distance will tharefore bs 1/2 minute.

On the 50' radius curvss, the spzed on the curves
will be 15 m.p.h. and the travel time will be 1/2 minute.

The speed on the 60' radius curve will be 16 m.p.h.;
the travel time is too short to be worthy of inclusion.

N The total travel time will then be about 1 minute,
assuming that alignment rather than gradient contrels the
speed. Table 203 shows this to be true.

(2) With a sustained 7% grade and alignment not

controlling speed, the total length is 800', the travel speed
26 m.p.h., and the travel time 1/3 minute.
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(3) With one dip in sustained grade, the overall
length is practically 800'. The up pitch is 124 and 200!
long. If this grade was sustained, the speed on.the grade
would be 20m.p.h. However, Table 204 shows that with an
approach speed of 25 m.p.h. - this probably will be exceed-
ed -~ the up pitch can be negotiated without shift of gear.
While the average speed will be less than the approach speed
and also less than the normal speed on 7% grade, the up
piteh is so short. that the travel time for the 800' length
can well be taken as the same as for the 7% sustained.

, ‘The overall distance in this example is so short
and the possible savings in travel time so little that the
use of the horizontal curves would be acceptable provided

(a) Such would not constitute a danger spot on the
road - this arises freguently when the general
speed standard along the entire road is de-
cidedly above that on a short section.

{b) The annual CQSt including drainags is lsss than
on the straighter alignment. ’

If the cost is the same or less, the location with
the straighter alignment is decidedly preferable. As between
(2) and (3), (2) is undoubtedly the highest standard of
practice and would be approved whenever the annual cost of
(2) is the sams or less than (3). If more, (3) would
ordinarily be favored. However, even if (2) cost more, it
might be approved if clear that (3) would constitute a danger
point to traffic through its effect on travel speed. 1In this
particular case, this would not be so as the reduction of from
somg 30 mepeh. to about 20 m.p.h. even in such a short
distance would not be particularly objsctionable.

But while ths possible savings in travel time are
very small in this short stretch of less than 1/2 mile, there
may be many of such cases rather concentrated in location.
Where this occurs the individual time losses due to "contour
road" location frequently add up to large amounts and justify
the substitution of the better alignment.

270. Example 3: Sidehill construction; some rather sharp
curves running from 50' radius down to 40; grade not controll-~

ing 1/2:1 backslope.

Table 201 shows the spsed on open and blind curves,
with various bankings and for different radii.
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Assuning that the speed on approach to the curve does
not exceed 22 m.p.h., that traffic and other conditions permit
the use of 2m":1 banking and that an 18 m.p.h. speed curve is
acceptable from ths standpoint of designing for travel time,
the following of the available alternatlvus seen most worthy of
fur*her consideration:

Radius ‘ Width Banking

45 10 ' an: 1y
50 10 : ol
40 , 12 gl
45 ' 12 2.1

Assuming that no other considerations prevent decision
being based solely on coast, the 45-10 would appear the best. How-
ever the 40-12 may be better.

On she blind curves, Tablé 201 shows that the bank
slope appreciably affects the sneed. Asszuming that a speed of
16 mph on the curve is acceptable, ths following alternatives
are available and @orthy of further consideration:

Radius Width BanK-slope
45 10 At
50 10 3/4m 10
40 ' l2 ILERE
45 : 12 3/4am:1
50 oo 12 : 1/sm:1

The stesepness of ground slop2 will’ largely determine
whichis the most favorable cohblnatlon.

271, Example 4. Steep sidehill construction. Speed on
curve - 12' wide ~ is 16 mph. Spsed on approach to curve is
controlled by width only.

Table 202 shows that 2 9' width will give speed of
25 mph and a 12' width, 28 mph. Assuming that a 207 rsduction
in approach spezd is tae maximum permissible on account of
safety, nothing is gained by providing mors than a 10' width on
the approach section.




ava. Bxample 5. The description of "genernl route™ shows that
for 4% miles the grades average 8% and that sidehill location is
propesed. More careful studv shows that in one stretch of about 2
miles, it is possible to depart from this location, climb to a ridge
top and join the other location in about 3 miies.

- Two cuestions are involved (1) will the ridge top location
be satisfactory from the travel-time standpoint: (2) what is the
relative cost of the two locations:

Relation of annual Relation of travel

cost ridge top sec- time on ridge top Tentative

tion to side-hill - section to that on . . conclusion
location sidehill

1 Same same Either route satisfactory

2 same more Take sidehill location
unless loss in time can
be made up with less
total cost through pro-
viding at some other sec-
tion, a fester road than
would otherwise be pro-
vided.

3 same less Take ridge top location.
Also ses if cost of other
sections cannot be re-
duced by utilizing the
time savings on the ridges-
top section.

4 same same Take sidehill location

5 mope more " " "

8 ~ more less Take sidehill location un-
less evident that through
lowering the spesd stand-~
ard of some other section
of the road savings in
cost exceed the increasc
in cost through using the
ridge top location.

7 less : same Take ridge top location.

8 less less Same as (3)

9 less ~ more . Same as (2)
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The above shows that logical first action is to estimate
approximatsly the cost of each voutz. The relative cost will
show whether further cousideration of sither route should be
given. TIf sc, the estimated travel time will be neesded.,

In long sections like this and where there will be
many different combinations of the elements of construction
standard, cars must be exercised to avoid going into too great
detail. To a very large exgent, satisfactory results can be
sscured through (1) noting the number of diffsrent combinations
and the length of each (2) a record and compubtation as on the
next page.

Notes on_tsbulation
3. T. means simple tufnpike or comparable section.
S. He means sidhill.

The spesd used for steep pitches is somewhat greater
than in tables dus to short length of pitch and to effect of
approach speed.

Where grade is controlling, use spesd on down grades
since ususlly somewhat less than on up grades.

Where average length of sesction of case is short or
the number of short radius curvss is many, use somewhat lower
than spsed given in tables.

Assume short radius curves are banked 1":1°.

Tnderline the element that controls the spsed, 1l.e.,
whers the resulting spsed is the least. Use W.C. whers evident
that tha element is not controlling and it is thsrefore un-
necessarynto consider in determining the speed or travel time.

“Amount of opposing travel will normally be the same.
An sstimate of time lost will usually bs unmecessary in compar-
ing the two locations. If made the loss will probably be gr=ater
on the essentially sidshill contour location.

In this particular instance, ths computed travel time
is greater on the ridge top location. This is due primarily to
(1) the increased total length, (2) the amount of horizontal

ccurvature and (3) the assumed distance and grade to get up to
and back down from the ridge top. This illustration of applica-
tion of method should not be considered as evidencing that side-

"hill location is always the bztter. Very frequently the
contrary is truee.

T =238~




: : : R “Number : LengthiSpeed: Estimated

Width :Section: Alignment : Grade: "Total: of per in : travel

: : : : . cases: cases: mph : t ime
_ Ridge Top Locasion ,
12-16 s.T. N.C. N.C. 7000 10 700 30 2.6
12-16 S.T. 40' rad. N.Ce 200 2 100 16 .1
12-16 S.T. 45-80' rad. N.C. 500 4 125 17 .3
12-16 S.T. 60-100 N.C. 1000 5 200 20 .6
12-16 s.T. N.C. 18 2000 4 500 15 1.5
10 S.H. N.C. 12 3000 6 500 21 1.6
12 S.H. 40! rad. 8 800 2 100 15 .2
12 S.H. 40-60' rad. 8 500 4 125 16 o4
12 S.H. . 60-100 " 10 500 2 250 19 .3
Total - - - 14900 - - - 7.6
8idehill Location

10 S.H. N.C. 8 8000 20 400 25 3.8
12 S.H. 40 rad. 5 400 4 100 15 .3
12 S.H. 15-60' rad. 6 200 6 133 16 .6
12 S.H. 60-100" " 7 1400 4 350 19 .8
Total - - - 10600 - - - 5.3
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273. The preceding discussions have been based on the
use of the standard venicle, i.2., 1/2 ton pickup with capa-
city load. They are zqually =pplicable to light cars.
However, for 1% ton and heavier trucks, the spezd may be
appreciably less than with the standard vehicle.

The effect of curvature is largely the sams for
cars and trucks. of verying weights.

Width tends to bring down the speed somewhat below
that of the light vehicles but the travel time is not
materially affected excaspt on roads whers the major part is
of simpls turnpike or widehill with width conirolling the
speed. : t

Grade however has a very decided effasct and a2s shown
by Table 203 ths heavy-truck spezd is less than that Tor light
trucks and cars for =ll gradients and for both plus and minus.
For the steeper gradients the roduction is large. For instance,
with an elevation of 2000', and =a plds grade of 15%, the light
car nnd £ toa truck spsed is 10 mph, the 1% and 2 ton truck
spaed is about 7 mph, and ths 3 ton spesed 5 mph. On the down
grad:, ths corresponding speeds ars - 14, 6 and 6 mph.

274. In the selection and decision on the elements of
stendard, careful .investigetion must bz mnde of thé effect of .
gradieat if trucks heavier than thes stondord vehicls are to be
used. The sffect on speed of infaerior traction may nacessitate
the use of lesser gradients than would bz satisfrctory for the
standard vshieles. The datn in the tabul=tions are based on
averags good traction ond unloaded vehicles. With somewhat in-
ferior tr2ction, it will moy be possible for a car or light
truck to negotiatc a stzep grade =t less than ths speed given
in the tables. The heavier truck however may be unable to pull
the grade at all.
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SECTION 11T
SURVEYS

Introduction and Scepe of Secticn

200, The service that u road will render depends primusrily upon
the location and the stundards adopted. The route, alignment, grade,
width, surface, drainage structures, and degree of permanence antici-
pated for the location have a direct bearing upon the service.rendered
and the unit trunspertation cost. Therefore, each of these rslated
subjects rust be considered in locating and designing the truck trail,

ANALYSIS OF LOCATION

301, The location survey problen is divided inpto the following
subjects: C e ; '

) Selection of standard .. - v

) Reconnaissance and selecticn of route

) Loeation survey, including preliminary lines
) Stuking for construction.

SELECTION OF STANDARD

302, A truck trail of simmle lecentvion and standard nay serve
the present =nd future requireients adequately. The other extrene
is where for both present and future travel the lwcatlon of the
satisfuctory road is a technical highway engineer's problem. Each
case should be counsidered separately. However, as specified in
Regulation 6, Sectiocn 1, of the Regulutions for the Forest Highway
and Forest Developrient funds, the Bursau cf Public Rouds should be
requested to make. a reconnaissance survey of a road that nay ulti-
nately constitute a part of an important public hl&thy, In
interpreting this regulation, special considerution should be
civenste the roads where the JMMunt «f future public travel will
be heavy for Forest roads and where = high speed is rcqulred fer
adequate serviceo,

303, The reconnaissunce survey rade by the Bureau of Public
Rouds will be in sufficient deteil to define the general location
of the future roud and to establish the important control points,
If decided t» h'mdle by the stage censtructicn riethod the loca-
tion made by the Forest Service should follow that indicuted by
the Bureau of Public Reads survey, making such departures in
width, dll;nncﬂt, £ *de, cnd in locatlon of sections as appear
adv1swbl : ,
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RECONNAISSANCE AND STLECTION OW ROUTHE

304, The importance of through reconnaissance cannot be overempha
sized. The soundngss of the logation depends lareely on the ability and
the initiative of the locator. His assignment is of major importance.
Poor location may greatly increase co:struction and maintenance costs as
wz2ll as decrease tha service. value..of. the project.

Of primary importance is'a'thmrough invastigation of all feasi-
ble routes befors decidiag on ths finasl location. To select the proper
route it is necessary that the locator have a claar undsrstanding of all
constructicn and dralnaoa problams encountered on the various prospective
"locatlons. <

Thz seleected route should be that which provides the rﬂqulred
serv1c= at the least aﬂnuul EXPENsSe.

LOCATION SURVEY

305. The most important factors influencing location ‘are:

1. Purpose of truck trail”
2. Aesthetics of location
3. Standards
{a) Grade
(b) Alignment -
{c) Width
4, Physical coaditions -
{(a) Typ2 of soil
{b) Clearing
{c) Txcavation
5. Drainage
6. TLocation and data of hridge Sltuo‘
7. Owaﬁrshlp of land.

Purpose: of Truck Trail

306, Ths purpose for which 2 projoct is built-should bs kept con-
stantly in mind. For exampls, if a truck trail is to s=rve timber
utilization, all feasible timbar sales should he accessibls to the
truck trail; or if the proiset is for rzcreationists, itsms of special
recreational valuz should b3 accessible.

Aesthetics of Location

307, - The locator should try to fit the road into its surround-
ings and conscrve the rs¢rsational and azsthetic value. Good loca-
tion), design and finish give a road tha stamp of quality for which
we should strive. (See Construction Sﬁctloa for treatment or road51de
strips}). -

'The ability of a locator is not determinzsd by his compre-
hension of the individual factors but by his success in incorporating

the sevaral factors into the location.
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$tandards

308, . Since modern vehicles. can negotiate heavy grades, gradi-
gnt is the logatorts mo"+ affoctive means of r0d¢01ng costs sxcept
for such as timber utilization truck trawls By ascending and
descending, the locator is afforded<an opportunity:

1. To avoid rock, heavy clearing or other heavy
‘or expensive work

2. To improve alignment or to ellmlnate curves

3« To place the location on desirable soil

4. 'To shorten the distance between control points
by an amount that more than compensates for
the decrease in speed occasioned by the heavy
grade

Se. To improve the natural dralnage.

All TWorest Service locators sheould be acutely grade
conscious. Instead of adhering to a continous or arbitrary grade,
the location should utilize the possibilities offersd by changes in
grada.

309. The locator is expected to secure the best location possi-
ble with a reasonabls cost of construction. Minimum standards of
curvature are set up as a guide. But whersver the sxpsnditure is
Justifisd and the servics to be rendered requires, he should use the
minimum number of curves, and ths longzst radius curvss psrmitted
by the topography and cousistent with construction cost.

Vartical curvas should bz usad to insurs an adequate
"slight distance™ in going ovar tops of hils and to eas2 out sudden
changes in grade.

Width of road must also bz considered in selscting a
location. On stesp slopes ths yardage increases as the squars of
the width.

Physical Conditions

. 310. The locator should b: guided by the following principles
in dealing with soil, clearing and sexcavetion problems:

1. Southern sxposurs should bs given preference.

2. Sites whers snow drifts last late in the season
should always b=z avoided if practicable.

3. 1If practicable ths location should be kept away
from spongy or boggy ground. Prequently land satis-
factory for summer conditions is not at all appropriate
during the wet season. This always must be kept in
mind when working along creek beds and adjacent to
mezadows and parks. Crzeping ground is an unsuitable
location.
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4. Sidehill location slightly ahwe the toe of the
siopé"on moderate slopss in COmmon:material is decidedly
preferable to location on adjacent bench or flats.
However, such locations should not be used to the extent
of making the alignment unduly sinous. Sidehill lo-
cations may some times eliminate the necessity of gravel
surfacing and usually provide better natural drainage.

5. Where gradient permits utilizing the tops of
ridges the following conditions will determine whether
it will be preferable to kasep on tons

(a) Steep roéky or broken sideslope may maksz
it necessary to follow the ridge top

(b) To securs propzar alignment or for fire
break and patrol purposes it will usually
be desirable to snift the location from
side to side of the ridzs.

(c) Where ths top is wide, flat and difficult
to drain, tha location shuuld bz to one
side near the break in slope

(d) Where the ridge consigts of good mineral
s0il and is sasily drained, the most
sconomical location will usually be on
top.

6. Very steep slopes and hard rock should bz avoided.
The use of undulating grade usually makes this possible.

7. If a routs parallels a stream, the grade line
should be well above high water level, and the fill
section protected against wash. '

8. Where it does not interfesre unduly with the service
valus of the truck trail, large trees, clumps of trees and
other heavy clearing should be avoided. This can often be
done by shifting the center line slightly to one side,.a
change in gradient, or by locating long radius curves.

Trees standing in the position marked "y" in

Fig. 401 should be constantly in the locator's mental
vision when working through timber.
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g. Tzpensive £1lls should he avoided if practicabls
to follow contours or to negotiéte thz depression with
a vertical curve. Wo definits rule can bBe sstablished.
The extent to which alignment and spesd can be sacri-
ficed to follow contours must be termined by ths
required service of the truck trail.

The locator must be relied upon to get th: best
practicable location after first consideration to the
cost and purpose of the road.

"10. With the exception of rock, excavated material
when placed in a fill shrinks during settlement. WNo
definite amount of shrinkage can be prescribed. For a
' : general figure, 10 percent may be used. Shrinkage has
been considered in compiling the slope tables.

11, Rock expands from 40 to €0 per cent depending
upon the size of fragments. A working ave '

per cent is a safe figure to use. However, if the fill
is a mixture of rock and earth, the psrcentage of
expansion is diminished. '

brainage

311. " Drainagsz is one of the most important problems in connec-
tion with location, design and construction. To obtain sconomic and
efficient drainage, the locator must take every opportunity to provide
built-in drainage such as dips, grads breaks and outslopes. Without
adegquate drainage no road can furnish ths required service. To~the
extent a road fails to rsnder the required service the original
investment is wasted. ‘

The locator should constantly bear in mind that the main
objectivse of his location is to sscure the reguired road service at
the least "annual cost," that is, the sum of the annual charge for
maintenance and the annual chargs for depreciation. The locator must
be familiar with paragraphs on drainage in the Construction Section
of the Handbook. These paragraphs cover the subject from both the
survey and the coanstruction viewpoint,

Location and Data of Bridge Sites

312. The most important considerations of the locator are as
follows: '

l. To provide good approaches to the bridge, i.e.,
tangents or long radius curves. On shallow streams a
channel change may be mors economical than providing
approaches for ths existing channel.
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2. To examine the footing conditions at the bridge
wite before final adoption of the sites Poor footing
conditions may result in increased cost.

Se Tof fit the structure and its approaches to the
streams This considerstion incorporates locating the
structure to afford it meximum protection from channel
currents, ice flows and drifte.

The locator should bear in mind tlat bridges are expensive
and their cost will often permit doing considerable heavy work fo
avoid a crossing. A bridge is a perpetual maintenance liability and
should be resorted to only after thorough consideration of the possi-
bilities of eliminating the crossing.

313. ., On the more important projects where the bridge abutments
are to be designed or an appropriate type selected from standard

" plans, a survey of the bridge site should be made. - This should
include the following:

1. The maximum high and low water elevation obtained
from the best information possible.

2, Plen andvprofile of the road for g distance of
ebout 500 feet on each side of bridge site.

3. Topographic survey of the bridge site with
2 foot contours including a sufficient disteance each
side of the center line to give the necessary design
data.

4, Complete data on foundation conditions should be
secured. If necessary, test pits should be dug to a
sufficient depth to determine the bearing capacity of
the foundation material., Ordinarily driving a bar into
the stream bed will be sufficient to determine the
distance to a good foundation.

A topographic map should be prepared for each bridge site
show1ng the center line of the road and the contours at the bridge
sites The map scale should show the bridge site in adequate detail,
probably 10 ft. to the inch.

Ownership of Land

514. Whenever pessible, all questions in regard to the desired
location of the rcad across private property should be settled on
the ground .and signatures obtained to 'a proper deed granting the
rights-of-way during the execution of the survey., All right-of-way
questions should be settled before any construction work is started.
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Ordinarily rights-of-wey will be provided by the local-suthority with-
out tost o the Federal Government end only in exceptionel ceses will
forest road funds be used for this purpose. To avoid the delays inci-
dent %o & title exeminetion by the Attorney General, title will ordi~
nerily be vested in the local county or Stete CGovernment.

After the location has bsen determined on the ground, a careful
traverse of such portion of the final line as involves right-of-way
metters should be mede. All ties and other information should be
secured which sre necessary for the accurate plotting of the located
“line in relation to the mroverty lines.

STARING FOR CONSTRUCTION

Extent of Desizn on Forest Service Work

315, Usually the guantities involved are small and the problem
of design so simple that it is sccomplished from a mental picture as
the location progresses. Desizn when required is usuelly in an
elementary form requiring only a plan and profile. Such readily

compiled vlan-profiles afford an onportunity for materially impmove
ing alignment and teking maximum advantage of grade.

Map Records

316. The road end trail funds may be expended ondy for such
surveys and maps as are reguired to tie the located road to land
corners or other land markers, in order thst it may be accurately
located on the Forest mep. However, the locator should secure data
incident to the location that will contribute to the general map
epfrection program on the Forsst.

Notekeeping
317, See Engincering Field Tables for sample nages of survey

in
and cross-section notes.
#

Truck Trail Survey Methods

318, The importance of adegueta surveys and careful planning
for construction cannot be overervhasized. The simplest nethods
giving the dssired results are the ones to use, but this in no
wisevaffects the importeance of ade uste survey and planning.

Methods of relatively high technical neture will rerely
be necessarye. ‘
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The two survey methods, recognized by the Forest Service,
are classified by the instruments used.

A. The Abney, compass‘and tape.

B. Trensit, level and stadia (or tape) or transit
and tape (or stadia) using trznsit as level.
This method is not described in this handbook.

Method A is d801dealy more practlcabTG and better adapted
for truck-trail surveys., These instruments are cepable of giving
sufficiently accurate data and cen be handled much faster by the
average locator. Method B is justified only in exceptional cases.

Description of Method A

319. On side hill locations:-- On side hill locations, grade
rather than alignment ordinarily is the governing factor in locat-
ing. Decision should be made on the ruling grade between the
point at the lower elevation and that at the higher elevation.

For example, assume that a ridge top is to be connected with a
valley with a grade of 8%. ’ -

Situation l. On class of road and with topographic con-
ditions that will give acceptable aligument from a contour location:

Locate grade line with Abney level from the ridge top
to floor of velley. Use €% except where sharp curves
ogcur, where lesser amount should be used to compensate
for curvature. (See Par. 240),

Stake the curves.
Situation 2. Topography so irregular that a grade con-

tour line would not give the required slignment. Assume a ruling
grade of 8%.

4

Run a preliminary grade contour line from the ridge
top as in Situation 1, using less than ruling grade to
give some leeway in grade changes. Assume that the
locztor uses 7%. Measure side slope of ground at each
stake. ’

Run a compass and tespe traverse between located grade
points, lécating features such as heavy rock work,
springs, mershes, heavy clearing, etc., near enough to
the line to affect the final location. On particularly
difficult sections it may be necessary to locate contours.




Piot & map of the line showing:
. (&) Location of each grade stake
(b) Side slope at each grade steke
-+ {e¢) Location of heavy rock work, springs,
marshes, heavy clesring, etc.
(d) Contours if nccessary.

Draw a proposed location line approximetely along the
grade line. L e : ‘

The amount of cut or fill at any point on the location
line cen be determined from the side slope and the scaled
distance between the preliminary grede line and the loca-
tion line. Some cutting and filling can be avolded by
using undulating grpdess »

locete the curves on the map. Show the radii, central
engle, and external distance to aid in running in curves
on -the grounds! ‘

" After staking the final center line on the ground it may
rsed some adjustment. I the peper plan is carried into the
field, shifts in locstion cam be plotted and the effect of
such changes on the alignment will be readily seen. Final
decision on the location csan then be mede with confidence,

Staking Curves

Tor definitions of common terms applied to curves ses appendix.

General Principles

320, In truck-trail location the curve selected and used should be

that which fits the topogrophy with e minimum of excavation and provides
the service .required of the road. Ionger radius curves will be required
for trucks and trailers than for ordinary traffic. The curves should be
designed for the normal traffic speed expected on the truck trail.

The Standards Section gives the permissible radius for each
"oervice class." These radii should be used only when necessary to

avoid unjustifiable expenditures.
A road or truck trail may be said to consist of a series of

straight -lines, called tangents, connected by curves, In highway
practice, the simple cirpcular curve is the one ordinarily used.
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As a general rule long tangents should be joined by long radius
curves. Sharp changes f”om.tangentb to shor-radius curves or from a
curve of long radius to oné '0f" short radius” are’ und981rable. Wherever
practicable reverse curves ‘ghould be- 301ned together by a common tangent
of not less than 50 foot lenghh. Ellminatlon of the tangent is undesirabde
In mountedihous: renlons theeost of constructlon will increase
very rapidly with increases it ‘the radii ‘and’$he’ curves will necessarily
have to be made as sharp as the Service requlrements Wlll permit, taking
into considerstion the costs of construction. :

The location and direction of all tangents should be critically
examined b0 determine if a change would improve the alignment. Often the
direction can be changed or it can be offset to allow a much longer radius
curve at the end, with no increase in construction cost. - A common error
in location is to hold to a tangent as long as possible and then introduce
a sharp curve when it would have cost no more to have gone -back on the
tangent and made a long radius curve.

Methods S

321, The five rmethods expleined herein do not contemplate the use
of & trensit. The tabies and di ?g ams ' 1ucludcd are for purposes of
illustration only and are not as complete as similer tables to be found
in uhe Englpeerlng Wlbid Tablés. '

1.  From Qenter of Curve. Curves ofless than 100' radii can
readily be laid out by simply locating the center of the curve and
describing an arc with a tepe or string. (See Fig. 301). This method
may no+ be 88 tlsfactory whore the tonovruphy is exceedingly rough.

2, Mothods of Externals. On Fig. 505, page 318, assume .that
AB represents the extension of & straight section of the line., = At PI
the line mekes a turn to the right in the direction of C. " The angle
is measured with a compass or transit. I theifirst emample, it is
320 and in the second, 1020, This Qnglﬁ'fs'éqﬁal'to the central sngle
formed by the radii drawn berpbndlcuLar to’ the tangents from.both endo
of the curve,’l S, from PC and PT to the cent ;T O, :

Tb connact tbe two tlngc?ts w1th a curvc, broceed as follows:

Stand at FI andiestimate the distance'to Where the road
should be; say it is 15 feet for the 32° angles This is the external
disﬁance, shown as PI—G on -1g. 305,

From Fig. 508, ?age 315, the- rpdlus for & 32° central angle
end 16 feet external distence is found to be 400.feet. (16 feet. is
close enough to 15 feet so that the even 400 ft. radius can be used
without throwing the position of the road too far off).
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Flnd tonreat dlstance from.Flu.ISOB, ﬁage.ﬁls. . In this case,
;tangeﬁt dlst nce is 118 feet.

- Measure 115 feet from PI toward A end set PC.
. Measure 115 feet from Pl toward C and sut pT,

Measure 16 f9b+ from.PI toward G and set Stokb at G. Three
points on the curve are now located, the beglnnlng,'mlddle and end.

‘ : Fo” the example with.a 102° contral ﬂngle (Fig. 305) the
proper externsl distance is cstlmﬁ+ed to be 60 feet. The above method
determines ngt & curve of 100 foot radius, 59 foot external distance
end 123.5 foot tangent distance, fits the case.

Wlun a CdrV“_lS too long to congtruct from the three p01nts
PC, G and PT, intermedinte points such.as nd J (Fig. 305) should
be,otaked.i These can be found by using thc diué am for "Middle
Ordinates" (Figs. %04 end 308).. The chord PC-G is measured., In the
second eAﬁmple this is 86 fect. ) '

In Fig. 604 the lenﬂth’of'th@ middle ordinate for a 108
foot radius curve #nd a chord length of 86 feet is 9.8 feet. The
middle point ¥ on the chord PC-G is fOUﬂﬁ‘bV measuring one-half of
the chord length, or 43 Teet from either PC or G. Then I is 9.8
feet from F at right angles to the chord. The point J is located in
a similar menner.

This fixes Tive points on. the curve, and ordin rily these
will be enough for construction purposes.. In cases ‘of an extremely
long curve, points between I and G, ete., can be obtained by measur-
ing the chord distance IG and fwndlrv the middle ordinate for this
distance. .

3. Method of Middle Ordinates. This method is suitable
for use by an inexperienced sngineer or a man with no technical
engindering training. The only instruments needed are a tape
(preferably 100 fesct long) and a "good'eye."

The problee is to select tl@ proper radium of curve to
connect two tangents. In some cases the selection may be limited
to the minimum radius for the projsct. If so, the curve rust be
fitted to the ground so-the excavation will be the least possible.
Usually, however, the curve redius best fitting the ground must be
gstimated.

Assume s 60 foot radius 1is selécted for the first trial.
Stakes will be set overy 25 feet. Fifty feet is the chord length.
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Refer to Table 301, page 319, and Fig. 306, page 320.

‘ Find the middle ordinate distance for a 60 foot radius,
50 foot chord, from Table 301 or from the graph, Flg. 308, Middle
ordinate is found to be 5.4 feet.

" Extend tangent AB (See Fig. 306) 1/2 the chord length

(25 ft.) to Y _

From Y measure 5.4 fegt to locate C. Set stake at C.

Locete K, 5.4 feet from C and 25 fest from B.

From B stretch tepe through X to D.

Measure 5.4 feet from D to locat L, which is 25 feet
from C.

From C stretch tape through L to E. Set steke at E.

Proceed as abova until the entire curve is isid out.

If this first trial results in a curve which does not
intersect the line JZ epproximately at a tangent, another trial
should be made by shifting the beginning of the curve toward A or Y
or by chenging the radius. It is not essenticl thet the end of the
curve be made absolutely tangent to the straight road whidh it inter-
sects as at J, for instance. An approximate tangency can be remedied
by moving the point J sufficiently to meke & smooth curve., If the
grror is more than a few feet the curve should be re-run.

When the mid-ordinate is 6 feet or less, measuring the
middle ordinate distonce uep?rately at each curve point can be
ellmlnated by cutting a stick to the length of the middle ordinate.
Hold one end at the curve point and stretch the chord across the
opposite end. .

4. DMethod of Tangent Offsets. This method also lends it-
self to use by non-technical men; a tape is the only 1nstrument
needed.

In Fig. 307, page 321, a curve is represented by BIFGIKPQ.
‘The corments on the selection of the proper radius of cuwve in
using the middle ordinate method apply to this method also.

Assume that the locator decides to try a curve with a

90 foot radius, setting stakes every 20 feet on the cuxve@ Table

. 302, page 322, shows that for "Radius of Curve" 90 and "Curve
Lenvth in Feet“ 20, the tangent length is 19.8 feet, and the tan-
gent offset 2.2 feet. The tangent AB is extended 19.8 feet to C
and 2.2 feet measured at right angles to line AC to F. Table 302
shows that for a 40 foot curve length, 38.7 is tangent length and
8.8 feet the offset. The locator measures 38.7 feet from B to D
and at right angles 8.8 feet to G. In similar menner further
points on the curve are determined.
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The offset for N with a 90 foot radius would be 33.3 feet.
Tf difficult to make.such a long offset measurement it is desirable
to start again. If this starting point be J it is first necessary
to establish a tangent; this is done by measuring 2.2 feet from.
G to H from G. The line HJ is tangent to the curve at J. This tan-
gent extended to K, L and M, from which are established N, 72, and @,
may be established in the manner described for F, G, and. J. ‘

5. Parabolic Method, This method is very simple, requir= "’
ing no tables or equipment other than a tape, hammer and stakes.
For central angles of about 45° and less the resulting curve almost
coincides with the true arc of a circle. With this method it is not:
necessary to measure any angles. (See Fig. 308, page 323, for illus-
tration of procedure). ' ‘ S

322, Switchbacks and Curves with Large Central Angle .
(a) Location.

Switchbacks are undepiresble, their use should .be avoided
wherever practicable and the increase in cost by some -other location
is not excessive. Switchbacks involve the moving of large quantities.
of material. They are required, however, in cases where the physical:
characteristics limit the location rather definitely and where the
differerce in elevation between two points is such that the maximum
allowabie grade is not sufficient to mest the required rise in the
distance obtainable.

In general, to find the voints between which the switchbacks
should be constructed, a grade lins on the mexiium grade should be run
down hill from the higher control- noint to & point wihere the topography
of the wountry lends itself to the counstruction of a switchback. Favor-
able topography for a switchback is any section of light side slope or
where the two logs of the switchback can be placed on ground of approxi-
mately the sare elevation. The locator then reverses his direction and
continues on the down grade. Usually he can sight through his Abney,
set on the maximum zllowsble grade, and determine whether he can get
down without esdditional switchbacks.

(b) Method of Staking.

On smooth uniform slopes, switchbacks can be satisfactorily
located and staked by the average slope method. Fig. 309, page 324,
jllustrates this method and gives the working data for various radius
curves on 4% grades. The tables on Fig. 309 will give spproximately
10% more cut than fill to allow for shrinkege and to make the £ill
section about two feet wider than the cut. The field procedure to be
followed in conjunction with the switchback diesgram and tables is as
follows:
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. The 6% grade lines which intersect at th PI form _
‘bose lires from which.the .switehback is laid out.: Reafrdlebs ;
of ‘the & pnroauh graqe at either end of the sw1tcubﬁck, enough .. .
6% Fradb llnn must ‘be.run in sbove nd b9+ow "PP’ to form thi
bas s o . S . )

: Procedure:- . Determine the average slope of the
ground by several Abney rcedings token over the arca covered
by the proposed switchback.r Select ome.of the - fouV'sw1tch—
backs and from the., table find the distances 4 and B oppos1te
the averaae ground slone._ Measure A along the h111s1de on a
line which bis ects the intersecting grade ilnes. ,(Sce Par. ...
331 for nethod of . bisecting ean angle ). ‘Then TEasure B up
“hill and ‘at right angles %o bisecting lines (messure hori-
zondally, not along the slove of the ground) to "o", the . L
center of the curve. - (See Par. 332 for method of laying
right-angle with a tape).,

Having located ™O" the center of the curve, the.
right angle line should be: produced up and down the hill to
locate the "PC" and "PT". Dessribe a half circle settlng taPes
at the wpem and "PT". of the curve and st intervals of about
25 feet around the curve. From the "PC" and "PT' of the curve
lay off the ulstanue C to iantersect the grade lincs at the
beginning and end of the switchbacks, points S1 and S2. Note
that the distance between S1 and S2 is twice the curve redius.

{(c) Plotting Profile of Switchback R

Having deuevmlred the proposed locetion of the switch-
back on the gwound, a line of levels may then be initiated at
S1 and the elevation of each stake secured. ‘Zhé center cut or
fill cén then be determined by plotting on profile narer or
by cOmputation. The side cut and fill stakes can be located by
the use of slope tables or by the method of Par. 326, From
these data any necesseary shifting of the initdzl line, to
balence cut and fill or otherwisc effect cconomies, will be
apparent. '

_:;")]_3_




yle

TS et

LA fradius

METHOD OF LAYING OUT A CURVE WITH A TAPE OR STRING

FI6. 30!




F16.302

80

N

ot

. i : T ]

b dof -t ; poe bt e s

_ . -
SRRBYBY LY

™M ®
- JTNY TYHLNITO 40 STTHOTT

/20
/15
1/0
105
/0 |
9
90

315

LENGTH OF EXTERNAL /N FEET




FTONY TVHLNTD 4O STIYHITT

N2288R333RRBIH]LLYRAR QLW o

Q - - T :

e By R :

o VR AV LUV LN Y o

=~ 4, m, R | SIS / Q
z 1

170
=]

/60
e

/
"
]
|
/60

1
1"
]
[t
/50

/50
=T

H0

—
L]
/40

TN / | ! _ / 8
R \ [\ L .
m/ V : / / / Wm, (P.m
L NP \ T S
N \ / m./ N \ /_H
§ 8NNt N MLV %,
A NEELEE NENEAEREAVAEAN 3§ 8
Rol N N |\ D VARNAR R oo
S NN AN RS s E
IANEANI NE VE\NERWAR Y &
§ NN SN NN \[\ 3
Wy \; S 2
, A HAUAWERN AR 3
," // / %// / / \ / |
YN N N N YT NN .
N NERNAY NAARLYEE
o s // ) N // / )/ .
R NENENEENUA S NA VAR NV
‘ 5 4\\4\0 // // // | .// // / v / .
| ¥ Qo\n«v\v_ N N // //. //// / / V W,4
s PSRN
| ol SO OO
2 _ SRR NN 1o
N TSN N RN R
o e ////W///V /A// .
3 NN o

, , . L
88 RIRIRJIRAN

FTMY TYHLNTD SO STIYIIT

316




ORDINATES

MIDDLE

iphiati

220 -
2/0
200
490
/80
/70

o o
5 & 2 R

~ ~ "

LIZTA NI OHOHD SO HLINT 7
317

/60
250

S8 60

54 56

52

40 42 44 46 48 S0

38

32 34 36

28 30
MIDDLE ORDINATES IN FEET
FIG 304

24 26

20 22

L~
/6 /8

14

i/

/

ALY A

4

v

/7,
7

v




PIGURE 305

DIAGRQ,M FOR STAKING CURVES BY METHOD OF EXTERNALS
(see Par. 321 - Method 2)

M - determine the amount of offset from Fig. 307, w//”////’///’/'

"M {5 known snd chord is measured
on ground.

\

Method of staking:

Produce tangents to P.I.

(1) Measure angle and decide
on radius of curve.

(2) Find "tengent distence"
fron Fig., 303, poge 316,

(3) Find "length of external"
from Fig. 302, page 315.

(4) From PI measure along
each tengent the "tengent
distance™ setting points
PC end PT. '

(5) From PI, lay off exterual
distance (E) midway
between the two tangents,
setting pvoint G,

This gives three points on the curve; A, G and C. If additional
points are required:- Measure the chord length from PC to G and find
from Fig. 304, page 317, the "middle ordinate" for that chord length
end "radius.”

From mid point of chord =nd at right zngles to it lay off middle
ordinate (M), which gives points I and J on curve. This gives five
points on curve.

If further pointsyare necessary chord lengths from PC to I,
ItoG, G toJ and J to PT can be meesured and M for each chord found
from Fig. 304.
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$ABIE 501

Table of Middle Ordinates

Radius

of : .Chord Iength in Feet
cgrve "0 s 15 S0 1 95 3 30 : 40 : 50 ;60 : 70 : 80 : 90 10 ¢
. in | T B . -
feet Middle Ordinate in Teet
40 0.3 0.7 1.5 2.0 5.9 5.3 £.9 15.5 20,6 40.1
50 0.5 0.6 1.0 1.6 2.3 4.2 6.7 10.0 14.2 20.0 98,2 50.0
66 0.2 0.5 0.8 1.5 1.9 3.5 5.4 8.0 11.2 15.3 20.5 26.8
70 0.4 6,7"1.1 1.6 2.0 4.6 6.8 9.4 12.6 16.4 21.0
80 0.6 1.0 1.4 2.6 4.0 .5.8 8.110.7 13.8 17.6
90 0.6 0.9 1.3 2.3 %.5 5.1 7.1 9.4 12.1 15.2
100 0.8 1.1 2.0 5.2 4.6 6.4 8.3 10.8 13.4
120 0.6 1.0 1.7 2.6 5.8 5.4 6.9 9.0 10.9
150 0.8 1.3 2,2 3.0 4.1 5.4 6.9 8.6
200 0.6 1.0 1.6 2.3 3.1 °4.0 5.2 6.4
-'2§Q 0.5 0.8 1.3 1.8 2.5 3.2 4.1 5.1
300 0.4 0.7 1.1 1.5 2.1 2.7 3.4 4.2
350 0.6 0.9 1.3 1.8 2.3 3.0 3.6
400 0.5 0.8 1.1 1.5 2,0 2.5 3.1
500 0.7 0.9 1.2 1.6 2.0 2.5

-319~




FIGURE 306
MIPDLE ORDINATE DIAGRANM
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| . FIGURE 307
TANGENT OFFSET DIAGRAM
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BABLE 302
PABLE OF TANGENT LENGTHS AND TANGENT OFFSETS
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PA R BOLIC CURVE
f FIGURE 308

(For curvés of less thamn 450 central angle results ars sufficiently close
: to & circular curve).

0

. Establish P.I.

1. S

2. 'Set stakes at a, b, ¢, d, e, f, g, h, and i in order named.
The distances bectween these stakes to be equal. ,

3. . Sight between ¢ and z to establish j which should be .approximately
equidistant between C and G. Point J is now the midpoint of the:’
curve. ,

4. Measure the external aj--E 7 o ‘

S. Offset stakes 4, ¢, b, £, g, and h to d4', ¢!, b', £', 2', and k',
respectively. The amount of offset will be as follows: '

dd' & hh' 1/16 E
ee' & gr' 1/4E
bb' & F£' 9/16 E

Wher the tangent distance PC to P.I.'is less thau 200 feet
points d, b, f, & h may be omitted if desired, leacins only ¢ & e
midway between PC-PI and FPI and PE, respectively. Poifts ¢ & g
should then be offset a distance of 1/4 Eto c'" & g, respectively.
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SECONO TR/AL

SECOND 77/AL ,
o a? N4 owr Prom show/oer Rod ot “Y" 9 'our from shou/ger
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THIRO TR/AL THIRD TRIAL :
Roaa? O I owur 7¥om srou/aer Road ar Z" 6.3 our From shoulder
Aequirea cuthere /s 42 . Pegulirea fi// here /s 42
Necessary alsiance would be Zr 4252 Necessary Orsrance woula be +2x/5x=612
075 correct point for cut shike Z"/s correct point ror Fr// stonxe
Orsrance ¢ fo cursrake = O/srance : § r0 fr//srake =
% road width *(cutx curs/ope) 4 Roaal wriarh +( i/l x /i// s/ope)

METHOD OF SETTING SLOPE STAKES WITH ABNEY LEVEL
AND NOMENCLATURE OF A TYP/CAL ROAD SECT/ION
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Blope Staking

323, Purpose. Slope stakes are required for three main purposes:

l. To indicate how far into the bank it is necessary
to excavate in order to get the desired width.

2. To guide the construction men in making the
initial cut, in drilling holes for blasting, in

determining the limits of clearing, etc.

3., To mark the toes and to indicate the height of
through fills.

Where Reqguired

Grade and cut stakes should be set on sidehill "contour"
surveys on slopes exceeding 20%. On flatter slopes, grade stakes
only should be set. All through cut and fill sections should have
center line and two cut or fill stakes. Ordinarily stakes should
be on 100 ft. intervals., Stakes may be set closer than 100 ft. on
sharp curves, over broken rough topogrephy, etc., if needed., The
extent to which slope stakes should be used in low standard con-
struction depends upon their value to the job. Slope stakes are
usually unnecessary where the standard is low and trailbuilders
are in use. :

Procedure of Settin

&24. When required, center line or grade line stakes and slope
stakes should be well marked and firmly set since a year or more
may elapse between the location survey znd construction. (See

Fig. 311 for approved method of marking stakes). Slope steakes
should be set directly opposite the grade or center line stakes

and at right angles to the line. Stakes should be set on both
sides for turnpike or through fill sections and on uphill side for
sidehill location to give good alignment.

The slope tables in the Forest Service Engineering Field
Tebles indicste how to stake sidehills to secure on given slopes
enough dirt from the cut section to make the fill with an allowance
for shrinkage. A slope table is easy to use and has c¢xcellent
possibilities for repid work in staking on sidehills where exca-
vated material is cast over.
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From the "slope stake and ares tables" the .slopse distarece
dorrﬂspond ing to tho slopo cqplu is found in column S. The slope
stakes are set at at disteance from the grade ste shmeasuriﬁg
along the slope of the ground. This distance is designated on. the
figure at the lower corheru of th@ slope st ake and free t?bles.

The stakes should be marked w1th the depth of cut shown in
column C orposite the ver cent "lo“m under considerstion. The

take mhj elso bo marko d with ‘the o¢ope dlut”ﬁC@, ifr to the ad-
vnntuge of the COﬁSbTUCthH men.

Application of.Slope‘Stake Tables

325, The errors resulting from use of slope steke tables are
lergely due to the irregularitics of terrain, since tbe tebles
assume uniform slopes. ‘

The slope stake tablos for througn cuts should be used
where there ig a cut at cenunr line.

The uSe‘bf slove steko tables for side hill sections is
limited to the following: '

1. Sections on which a point at the grade of the
finished truck trazil is available, and s balsnced
section is desired. ’

2+ Sections where the slopes ars reasonably uni-
form. ‘

3. Sections in materisl that shrinks, "sticks"
on side slopes and otherwise conforms to thie theo-
Tetical shrinkage, qtc., considered in compi ling
the tables. ' '

As a general rule the excaveted earth will not "stick" on
sidehill of over 35 degree (70%) slope. Exceveted solid rock will
"stick" on slopes up to 40 degress (84%) if handled carefully.’
use of rock walls to retain excaveted matsrial causes ad justments
to be made in widths of cut section to fit the rarticular case.
Variations in shrinksge of material will in some cases require the
use of tables for wider or narrower sections to secure & settled
roadway of the proper width.

The slope stake tables contained in the "Forsst Serviwe

- Engineering Field Tables" must be followed. If better tables are
found by any Region they should be brought to the attention of the
Chief Engineer in order that they may be considered and if decided
better than the standard tables be submtituted in the "Field Tables."
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Cross sectioning &nd slope:staking may also be done with an
Abney level, rod and tape, without reference to slope stake tables.
This method is described in par. 326, It is particularly applicable
when stesking from actual center line instead of grade line..

Setting cut and f£ill slope stsekes by Abney level, rod and tape.

326. The following Drocedure is grapblcallv explalned in
Fig. 310, page 325:

1. - From profile motes, the cut or fill at center-
line stake is determlaed.

2. Abney, with level reading 0, is set up at a
roint where the Abney level or height of instrument
(H.I.) is-at higher elevation than the highest point
in the cross section but near enough to reud the rod
easily with the naked eye. = - . - 7 o =

. Rodman holds the rod on ground surface at center-
llne.g

4. With a proposed cut at center line, H.I. is rod-
reading »lus the amount of cut; with a propesed fill,
HeI: is rod-reading minus the amount of fill,

5. Determine on the ground, at right angles to
center line on. tangents and radially on curves, the
intersections of the cut and fill banks with the
ground surface, This is done as follows:-

() Intersection of cut bank with ground surface.

Top of cut slope is the point where the
distance from center line is equal.to half the
width of road plus the depth of cut multiplied
by the cut slope.

{b) Intersectlon~of £ill slope with ground surface.
The toe of the fill is the point where-the

distance from center line is equal to half the

width of road plus the depth of fill multiplied-

by the fill slope. .

Staking Turnouts

C 327 . Turnouts should be measured and staked in order to provide
the proper width and length - of turnout and to avoid unnecessary
excavating end expense. Slope stakes. should be placed opposite each
end of the maximum width sectlon and each er d of the turnout. Full
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advaniage of netural features mist be taken in placing turnouts. These
may occur et draws, section of llght side slope, etc.

Staking Turnarounds

328, Turnarounds should be provided ot meximum intervsls .as. speci-
fied for the seversl service stendards. Turnarounds will -ordinarily be
provided in saddles, on flets or other topographic features where they
can be provided by simply clearing and smoothing up.

‘In those cases where turnarounds must be provided on a side-~
hill section they should be staked by laying out two circular curves
which form 2 Y, the main stem of the Y being approximately at right
engles to the roed. The curves should have & radius of =zbout 40 feet,
Economical doulgn will Ususlly involve using in fill the material,
excavated from the stem, to pTOY ride the curves.'

Metheds of keasurlng Side Slopes

329. Where required side slopes to the right and left of the center
line should be measured in per cent end veccrdzd in the notebook. The
side slope 1s tsken by onec of three moevhods, the instrument man being

at the grade stake in esch case:

1. The rodman on the hill directly above holds the
rod upright on the apnroximate point for the slope stake.
The instrument men sights the level on the rod eh eye
height and reads and records the percentage of slope,

2. The instrument man estimetes the eye height of
some object on the hill above. He measures the per-
centage of slone by sighting the level at the object
#nd records the reading.

%. The 1nstrument man places the rod edge down on
the ground parallel to the slope and gets the slope
by laying upon it an Abney level and edjusting the arc
of the Abney until the bubble shows level. He then
reads and records the percentage of the slope.

Marking Stakes

330. : See Fig. 311, pege 331, for‘acceptablé method for marking
grade, center line, slape and other stakes.,

Method of Bisecting an Angle

331. This ‘method is primerily used. in determining the direction
of the "base line" when laying out switch backs. It is, howaever,
equally epplicable to any intersecting lines.

Figure 312, page 332, illustrates and describes the method.
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Method of laying out"a‘Rith“Ahglé“

332. Fiz. 313, page 532, illustrates a field method of determining
a right angle with a tape.

Terpetuation of Public Land Corners

335, The wilful destruction of the corners of the public‘land sur-
veys is prohibited. by Section 57 of the Penal Code of the United States
(35 Stat., 1088) and whoever shall wilfully destroy, deface, change, or
remove to another place any section corner,5qdarter-section corner, er
meander post, or any goverﬁmeﬁt line of survey, or shall wilfully cut
down any witness tree or eny +ree blazed to mark the line of a govern-
ment survey, or shall wilfully defage, cljienge or remove any wmonument er
bench mark of any :government survey, shall be fined not more than $250
.or - imprisoned not more than six'months, 6r'both.

1

In the construction of roads it aftén becomes necessary either
to bury or remove a corner from its original position, and insuch cases
the General Lend Office has delegated ruthority end issued instructions
to different Federal and State Highway orgenizations to execute this work
in a manner thet will perpetuate the originsli position of & corner, and

1
will also be in sccord with its sdopted methods.

Under dete of Merch 1, 1919, the Commissioner of the General
Land Office gave his approval to the following methodi

“Oorners to be witnessed by 4 monuments so that original point

can be located by intersection alone.
hY s

"Monuments to be of iron pipe of 1 inch or more in diameter
and #t least 30 inches lomg driven, so that top is sbout
3% inches above ground surfece. Guar stakes with descrip-~
tion of corner on one side and distence and angle on the
other side to be driven at witness rnonuments.

"The following disposition is to be made of the original corner:

"When the corner is in fill, cover corner and record in notes
depth of fill at that point.

"When corner is in cut, reset corner from witness monuments,
placing some at lesst 12 inches pelow road surface, and
~record depth in notes.

"Notes, sccompanied by sketch, are to be filed in the office
of the County Clerk snd Recorder and a copy of seme to be
sent to the office of the Public Land Survey."

The location surveyor should preferably secure the approval
of the District Cedastral Engineer of the General Lend Cffice before
moving or destroying the position of a corner.




FI16URE 31/

MARKING STAKES

(S S >
,//’//

|Pc. s r32

' Stamdon of center line stakes should read.

towasrd the pointed end as shown. The numbered .

side should face the beginning of the line, i.e.,
“the. zero end. - o

SR =
l W No‘t‘)w >

Slope stakes or cut and fill stakes should be
fnarked F for fill, C for cut. The top number is the
smount of cut or fill and the bottom number is the
distance out from the center line. They should be
driven in with the marked side fa01ng the center
line.



- FIGURE 312

A

To bisect an angle measure CA equal
to OB snd place stake at X, half way
between A and B. CX is the bisecting
line, '

FIGURE 313

Length of sides to form right
anzle with sides a or b,

& b
% 41
. 9 12
4 15 20
/ 21 28
7"‘ 27 36
33 44
39 52
c
3
QL‘;%)O N
N
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FIGURE 314

ABNEY LEVEL -~ BUBBLE ADJUSTMENT

Select two trees or other nbjects about 100 fset apart on
nearly level ground, as X and Y in figure., Set a mark a at X;
then move to Y. Set the index arm of the Abnevy to 0 and sight
a from Y; move the Abney up and down at ¥ until -some point b is
found which apparently is on a level line through a. Mark point b.

Now move to X and sight b. Move the.Abney up end down at X
until some point ¢ is found which apparently is on & level line
through b. Merk point c. Set a point d midwey between a and C.
Line db is level. Adjust the level bubble until (with the index
arm re=ding zero) the buble will siow lwvel when the instrument
is sighted from d to b. '

As e final test, read up asnd down between two. definite
objects on a stecp slope (30 to 45 perscent). If both readings
are identiczl, the instrument is in good adjustment,
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SECTION IV

CONSTRUCTION

JOB MANAGEMENT

400. The most important function of the man directly in charge
of a construction job is the’'planning of his Work. Successful
planning is facilitated by breaking the job down into act1v1t1es.
An average job consists of the follow1ng gctivities:

Clearing, brush disposal, and clean-ups
Excavation; (cormon and rock).

(1)
(2)

- (3) Drainage.
(4)

Finishing.

Such division of the job should be made by each con-
struction man. He should then select from the equipment avail-
able, the best suited to handle the several aﬂt1v1tﬁes. The
foreman cah then determine the moat economlc gize of his crew.

fen in charge of construction projects.should plan the
work fwo weeks ahead. Successful planninvr‘T requires close study
of the location. The construction superintendent must reep him-
self currently informed of the location ahead

- Construction men should save survey stakes Wwhere prac-
ticable for future reference. No standard practice is set up
but experience dictates that backslope stakes should be off=
set at least 3 to 5 feet maasurcd ‘along the slope of the

ground.

CLEARING

Forestry in Road Construction

401, The point of view of the forester as well as that of
the construction man will govern clearing of timber from the
right-of-way. Clearing, from the forester's point of view,
means to protect and develop the forestry and .desthetis. valnes.,
of the location as far as compatible with the mechanical
requirements of construction. Such requirements must always

be kept in proper place. This will naturally follow, if it

is borne in mind that truck trails are built for sane rates

of travel in fire control, administrative, and utilization

activities,

and for use by recreationists. With this

principle always governing, a forest project can be made t0O
fit in as a part of its surroundlngs instead of v1olat1ng

them. -
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Where to Clear

402. Limit clearing of trees to those which are an obstacle

to construction or maintenance and to those which become severely
- damaged during construction or the burning of debris. lhere
 the earth is loose, trees which stand nearer than 3 feet to the

. upper line of the back slope should be cut; this is especially
applicable to trees which, having several main roots cut, may
slide into the road. (See Fig, 401). Dead or otherwise

weakened trees that may fall across the road, should be removed
during construction.

The trees to be removed should be carefully determined
and clearly marked by some one competent to judge whether re-
moval is necessary. This is particularly important on a sidehill
section,

_ Cut all stumps low, consistent with forestry practice.
Stumps with tops nearer than one foot to the completed grade
line should be blasted or pulled.

Clearing for Sunlight

403, A wider clearing may sometimes be necessary in order that
the sunlight may keep the tread dry or hasten the melting of
snow banks. The need must be clear. The extra width should be
only on the sunny side. In very tall timber, it will be im-
practicable to make a clearing wide enough to get anything

like full mid-day sunlight on a truck trail running east and
west. If doubtful} the decision should be postponed until the
truck trail has been in use over winter.

The cost of clearing for sunlight, and the value of tim~
ber wasted, should always be weighed against the cost of sur-
facing or additional drainage. Frequently, surfacing or
draining, or a combination of both, is cheaper. If clearing
fails to accomplish the desired results, the truck trail nust
be surfaced later,

Clearing for Visibility

404, Adequate thinning to provide a safe degree of visibility
on curves is very important on all truck trails, Where prac-

- ticable, secure visibility for 200 feet on the inside of curves
on medium or high service projects., Wholesale clearing of -
mature timber to improve visibility on curves, is never neces-
sary. Selective thinnings, trimming off lower limbs, and
cutting brush are all that is required. Visibility secured by
thinning may be cheaper than constructing numerous turnouts.

-401 -




Grade R
| Stake t—= 3~y
; _r\ :}Y.‘; '

(2) Cut and fell tree. Leave‘s'l’umps of trees so located.

(b) Remove both tree and stump.

(¢) Cut and fell trees so stumps will be 12"or more below grade line.
Do not pull or remove stumps so located .

(d) Leave trees found in this position to demonstrate the forester’s point
of view .in road construction. Standing trees must be at least 3 feet
from edge of fill shoulder or cut-siope stake.

(e) Circular E-I1527, dated October 28,1935. - "The width of right-of-way can
be selected within the range of 66 feet, the same as given in Lands
Regulations for Class 3 roads. The minimum allowable clearing to be
The distance shown above * Minimum Clearing .

(f) All brush that will fall over into road from snow, rain,etc., should be
cut back of slope-stake a distance equal to height of brush. '

(8) Where considered advisable by the Regional Forester, particularly from the
standpoints of erosion, appearance or stability, the top of cut slope bank
may be rounded off on approximately a 5foot radius curve.

Nofe : Distance necessary to be cleared above the grade line on slopes where
cut is 33 feet or'more, will range about two times wider than the -

clearing necessary below the grade line. This difference becomes ‘grad-
vally less as percentage of slopes decreases.

FI1G. 401
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Time for Clearing

405, The clearing of a right-of-way mist be coordinated with
fire conditions. If required that the brush be piled and
burned, it may be necessary to do the clearing during the
season preceding the beginning of construction; however, such
division of the job usually results in higher costs and should
be resorted to only when clearly necessary,

Under averaze conditions, the best time from the road
cost standpoint is in connection with the other activities of

the construction job,

Methods of Clearing

406, Those responsible for clearing operations must carefully
weigh the relative merits of the various methods., No definite
ries can be prescribed. The size, type, and density of tim-
ber; the roadside-strip policy; and fire conditions in any
locality may supersede economic considerations in the selec-
tion of a method. At all times, study the clearing methods as
applied to the individual job, and avoid allowing the impres-~
sive features of mochanical set-ups to obscure the actual unit
costs of such operations,

The following have been found to be economical under
various tonographical and cover conditions:

1. Pushing over all small or medium trees with front
bumper (Diamond Box or R-1 type).

2+ Drawbar pull with tag line choker or chains for
individual scattered trees that are either inaccessible or two
large to be pushed over,

. 3+ Single drum attached to tractor. The cable can
reach’ trees or stumps that cannot be reached by drawbar pull
and can exert a pull two to three times greater than the draw-
bar, This method is good for large individual trees and stumps,

4, Double drums attached to tractor.  This method
should be used in thick heavy stands of larger sized timber
and stumps that cannot be avoided. The quick return of rigging,
chokers, etc., by the haulback drum is the feature of this
method. Do not let the power of the rig obscure the high
costs of each set-up,

In pulling over large trees by any of the above methods,

the leverage is secured by placing the choker as high up in
the tree as practicable,
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Oe Tractor and trailbuilder method. On side cuts, stumps
up to 20 inches, and wven larger can be undérmined and disposed
of at less cost thon blasting.

The trailbuilder can be used, in conjundion with other
methods, on most all other types of clearing and is particularly
valuable in butting and pushing down-timber into piles for burn-
ing. An cccasional saw eut.lin a large dewn log will expedite the
progress of the trailbuilder in clearing work.

In clearing a right-of-way covered with down-timber, send
-one or two-saw or chopping gungs ahead of the trailbuilder to cut
off all logs so that the trailbuilder can swing them around easi-
ly, chepping all those which are axe-sized and leaving the larger
cnes for the saw gang. Do not attempt to break them off with the
trailbuilder for they will bunch up and impede the progress of the
work., Saw: or chop the trees into gections. of such length that the
trailbuilder operator can- ensily move them. $0 suitable places for
disposal. Scctions over:l8 feet long are awkward to handle and
often cause expensive delays.

6. “Exzplosives are prefitebly used in three. ways on clear-
ing operations: (See Section V).

(2) Trees or - stumps that cunnct be -ulled with the
equipment on hand. If the trees are not felled, take advantage of
the "lean" of the tree when placing the load. VWhen trees are very
large, use two or three separate loads undeér the base and fire
them simultanecusly with a blasting machine, Trees with a large
tap root and & strongly developed root system, such as western
pine, are so difficult to throw thut it is usually cheaper to fell
the tree, split the stumps with -a shot than pull the pieces out
with machinery. Converssly, trees with moderate tap roots or a
spreading moot system,. such as overmature hemlock and white fir,
can usually be blasted out cheaper than the tree can be felled and
the stump blasted later. In dense stonds of timber it is usually
impracticable to blast standing trees. They should always be fall-
ed, and the stump blasted.

(v} Trees or stumps that are meore economically handled
by machinery after splitting or locsening them with explosives.
The exact size of trees and the growing conditions that justify
blasting before removal with machinery, is a matter for determina-

“tion on the individual job. The following procedure will apply to
average conditicnss: :

On side slopes toc steep for essy maneuvering of tractors
and in dense stands, cut all trces over © inches in diameter.

Cut all trees close o the ground where stumps will be one

foot or more below grade, This will save blasting a large number
of stumps. Shoot the remaining stumps hard encugh to split them.
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Do not shoot them cut clean; such action wastss powder as the
split Vtump is puully taken cut by the trailbuilder at the time
grading is done. "

(¢) Cutting or sreaking "down snags" with a “fast"
dynemite. Where the road traverses old burns or other extensive
down snag areas it will scmoetimes be econcmicel to cut snags
with dynwmiite rather than t5 suw them, Type A - Class 3 or
Type B, Class la, 1b or lc, 40 to 607% explosives from the Forest
Serv1ce Acceptable List are usually most effective for the log
cutting. The tractor trailbuilder will push most down snags out;
cutting by exploulves can be .deferred until the machine is act-
ually stuck. ‘

Brush znd Timber Disposal -

407.  The minimnm'amount of fo;dside treatment shall be as fol-
lows: (mhe term "clearlng limits" as used herein means the edges
of the cleared strip as. shown in Figure 4Cl. ) ’ ,

(a) ON ALL PROJECTS EXCEPT THOSE CLADSIFI iD UNDER
(B) AND (C), the following seven rules will govern brush and tim-
ber disposal and roadside clesnupe. S

1., A1l &thmys SQOULQ Dbe cut low to conform to good
forestry practice.

2. Small, low vines or plants that tend to protect
the soil from erosion should not be cut or removed.

S All slash,;logs, and debris resulting from
clearing and construction operations must be burned or systemat-
ically removed to outside.the clearing limits. ©Slash, logs and
other organic debris rust not be cavwred into any portlon of the
road flll.

4. Snags outside the clearing limits which may fall
across the road and obstruct travel should be felled and disposed
of a& provided in Rules 3 and 5.

5. Unless exceptions ére-approved by the Regional
Forester, all unsightly snags, logs, slush and debris outside the
clearing limits, but within the immedizte field of vision of the
driver of an automobile, shall be burned, scattered, removed or
otherwise treated so as to render them inconspicuous and unobject=-
ionable,

6, Trees, logs, slash and debris shall not be thrown
inte live streams.

7. Borrow pits shell be lsft, in such condition as to
minimize erosion and promcte revegetation.: Borrow pits will be
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located out of sight of the fond if ﬁractiééble,without Wholly un-
reasonable cost, . If exceptions are permitted, the borrow pit must
be left in a Sﬂ*ﬁsf‘ctory condition from the standpoint of appear-
ance, : ‘ ' ‘

‘ (b), ON PROJECTS WHERE PUBLIC TRAVEL IS DRIMARILY LOCAL
IN CHARACTER AND RECREATIONAL USE IS RELATIVELY LIMITED , the above
rules will govern with modifications as indicated belcw:

Rule 1 - Applies
Rule 2 - Applies

Rule 3.~ All slash, logs, and debris resulting from
cloarlag and construction onﬂr*tlu“s must be burnsd nr systematical~
ly removad to outside the clearing limits. Logs too large to be
thus disposed of may be neatly piled or placed as inconspicuously
as practicable along the clearing limits. Slash, logs and other or-
ganic debris rust not be covered into sny porticn of the read fill.

: Rule 4 - Snags cutside the clearing limits which
mnay fall across the rond and Qb;t”uct travel sheould be felled, and
any portion coming within the ClrJerg limits dispesed of as provided
in Rule &,

Rule 5 - Does not apply.
Rule 6 - Applics
Rule 7 - Borrow pits shall be left in such condi-

tion as tc minimize erosion and promote revegation, and as sight-
ly as practicable. '

¢

(¢) PROJECTS PRIMARILY FOR FIRE CONTROL WHERE LITTLE OR
NO PUBLIC TRAVEL WILL OCCUR. The rules given under (s) will govern
with medificutions as indicated below:

Rule 1 - Applies

Rule 2 - Applies

Rule 3 - Slash, logs and other organic debris nust
not be covered into any porticn of the road fill. Disposal of slash,
logs and debris shall be made ag directed by the RngOnQL Forester
and in keeping with the benefits to be derived.

Rule 4 - Snags outside the clearing limits which
may fall across the road and obstruet travel should be felled and
disposed of zs provided in-Rule 3. ’

Rule 5 - Does nnt apply.

Rule 6 - Applics

Rule 7 - Borrow pits shall be left in such condit
tion as to minimize erosion.




408a, The requirements of wildlife for shelter and cover
should not be ignored. The above instructicns do not contem~
plate removel of snall timber reproductiocn or cther cover to
the extent that a1l shelter for geme will be eliminsg ted along
the edges of the right-of-wey. Consideration in specific cases
may lead to the conclusicn that snall patches of brush which
might otherwise be removed should be left for protection of
birds or aninels.

ROCK XCAAATICN

Sizing up the Job

4092, In all cases where an MPDTLCl‘blb quﬂntlt of rock is
to be moved the plans for each section sheuld be definitely
determineds X :

1. DRetermine the possibilities of "seam shooting"
handling the rock with a truilbuilder, tractor, ripper or other
method. ‘ :

© 2. Determine the aﬂaunt of "hrsak" cobtainable back of
the heles, Then drill a line of heleg, & distance equal to the
assured brenk, away from the backslope stakes. The depth of
these holes will depong on the total depth of cut at the back-
slope. If total depth of cut is within the economic depth of
drilling, it is ususlly desirable to put these holes down to
approximately 6 inches belew grade, If cut is over the depth
capacity of the drill, the backslope will have to be "benched"
off. :

3+. If the material will "stick" on the side slope and
it is econocmical to hold it, shoot so as to break it up without
"kicking" it toc far over,

4. Do not "peck away™ at rock work; find cut how much
powder is required to loosen the mwterial well down to grade,
then put down enough holes to accomodate the pewdsr. When this
is done return trips for the compressor outfit will usually be
UNNEecessary.

5., Coordinszte the drilling and shocting with the
equipnent and method to be used in h¢ndllng the material.

Stripping Rock.

410. It vcrburden is heavy, weigh the relative econony
of cleuning for individual holes and cleaning the entire upper
half of the cross section of the road. The individual hole
method is usually much more zconomical.




Dig = foot trail along the grade line., To uncover the rock
for toe holes, dig trenched about 18 inches wide along the grade line
‘at right angles to the center line, To reach the rock for back holes,
start the trench high enough up the slopes, 3 to 6 feet or more depﬂnd—
ing on the slope of the ground, to uncover the rock. Run the trench in.
level to the rock at the point where the down hole is to be. Dig the
trench ofily wide enough for a man to stand in to operate a jackhammer,

On jobs where drilling must be done by hand, it will be
necessary in most cases to strip off all the dirt. This will expose
crevices and low spots in which to start the drilling. Also Hand
drilling requires more space for each driller.

- Stripping overburden on winter jobs may requlre shooting.
In this case a slow propulsive powder is best, similar to Type A -
Class 7; Type H = Class 2, 20 and 30%; Type B - Class 1%, lb, 14 or
the For@at Service Qeceptabl@ List of Explosives. Sink the holes
vertically through the frost or better yet, use slab shots run in
agalnst the under side of the crust.

Drllllng.Operations

411, Drilling demands close study by the official in charge.
He should check the operation agninst the following check list and
against sunplemental lists of his own:

1. Is the rock work holding up progress on the job?

2. Would the work be speeded up if the air dnd drilling
set-up were changed° i

3. If topography is such as to meke difficult keeping the
compressors close enough to the drilling, would it not pay to have a
pipe line and probably an auxiliary receiver, or & compressor mounted
on a crawler tractor? o

4. Is there adequate air, volume and pressure at the
tools? '

5. Are the bits giving maximum footage or would smaller
gage~chonges, better tempcrlng, use of detachable bits or an air
sharpener give more economicsal footage?

"6e Is the air hommoer of proper weight for the rock being
drilled? Ordinarily = light f;st—h1t+1ng harmer is best for soft
rock such as sandstones and & heavy-hitting hammer for hard rock.

7. Is the "blowing" or cleaning of drill holes being

properly done? Do not cushion the hammer blows by leaving loose
matericl in the bottom of the hole.
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, 8.v Is time being lost by freezlng of the air 1n_+he line
or at the tool . Wbuld it pay to equip with "Tanner gos" or anti-
freezeQV: »

- 9. _Is there adequate lubrication for the hammer?

P

”Location and.Déﬁtﬁ of:Hbles,

412, Impropér location, spucing or dépth of drill holes are
the most frequent causes of poorly broken material. Too often
spacing of holes is determined by the existence of & good place to
drill ruther than bj rel&tlve dlutance to au401n1ng qoles.

Economlc“l shooting nnd thorough br@q g6 con only bc
ObtdlnPd through correct depth nnd placement of drill holes which
have been properly loaded with the correct amount of suituble ex-
plosives and fired. Even heavy shooting sometimes fails to break
up a hard or tough meterial properly unless the charges have been
both pleced and spaceld correctly. .

(a) Down holes ond lifters:- In Grilling rock sections
on slopes over 50%, use down holes and lifters slternately., Put in
down holes about 2 feet below grode and space them from one-half
to threc-fourths of their depth apart. If rock shatters freely,
space the holes farther apart and if the rock is Hird or touch,
space them closer together. The kind of mate 1 1 will govern the
spacing. .

Lifters cre puJ inh ;f—va between dowh holes to
break out the toes wund centers. Start them ot grage ond slope,
them down so.that the back e¢nd of the drill hole will be about
2 feet below grade and even with the row of down holes,

In shellow rock’ cuts it is sometimes chéaper to drill
deeper below grade than is adviseble in the deeper cuts. This
will permit a wider spacing and so reduce the drilling cost.

The tendency is too closz spncing of the holes. °

In deeper cuts of tough, blocky or non-uniform rock,
through breakage cannot readily be acqomplishOT if the holes are
spaced too far apart. In such material, & spacing of over 10 to
12 feet will usually requirs the drilling o+ secondary holes to
about cne-half the depth of the cut sStaggered between the main
holes, These sccondary holes, o well ug any supplenentary charges
in the stem of the main holes, cre then fired simultaneously with
the main charges.
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{v) General rules for spacing. The spacing of drill
Xoles both from the face and from each other should be propor-
tioned to the depth of cut at that point, except that only in the
most exceptional cases where it is impracticable to drill the
holes at least 4 feet deep, need the spacing of rows ever be less
than 3 feet, For most rock the spacing between holes need never
be less than 4 feet provided the total depth of the hole is not
less than 4 feet and penetratés at least a foot and a half below
the level to which the material must be removed. -

No definite rules or formulas will fit all drilling con-
ditions. The spacing betweenithe holes in a row along the back
slope should average about three-fourths of the total depth,  Where
adjacent improvements prevent heavy shooting, closer spacing is
of course necessary.,

Compressors
413, Volumetric efficiency is approximately 65% to 75% for

Single Stage Compressors at sea level; i.e., the Single Stage
"240" Compressor delivers 160 cu. ft. of actual air per minute.

The two stage compressor delivery is practically con-
stant regurdless of elevation, the drop being about 2% for 5,000
feet above sea level.

The single and two stsge compressors of today, (19357,
are rated at actual delivery of free air per minute at sea level.

At 100# gauge pressure the delivery of free air for vurious size
compressors at various elevations is as shown in Table 401.

TABLE 401

FREE ATR DELIVERY OF COMPRESSORS

Cubic fest per minute at various elevations

‘Sea Leve ~ 3,000' 6,000" $.000" "12,000"

- - o — gt i i s o e .

‘ . Two stage compressors
105 - 104.2 103.5 102.6 101.7

160 188.3. 156,7 155.0 153.3
210 207.8 - 205.6 203,95 201.3
315 311.8 . 308.7 305.6 302.2
Single stuge compressors
105 99,5 94,1 88,6 83.2
160 £l.4 © 142.8 134.2 120.6
210 201.5 "183.5 184,6 176.2
315 302.5 290. 277,4 264,8
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The air consumption of Jjackhemmers varies as to nmeke,
model and wear. lhen necessary:.consult the amanufécturer of your
particuler hammer for the required ailr consumption.: Their catda-
logues usually give the.zir required for the rost efficient work-
ing speed. - o ‘ S ' '

_ 4 - Table 402 gives the pressure drop in pounds for ench
100 foot.length of virious.size ‘pipe at.either 80 or T00 1bs.
Lpressu:a. Ynowing the pressure required ut ‘tools, Tuble 402 can
be used in compyting the pressure reguired at receiver ‘to give the
desired Pressure ¢t tcols, This provides the receiver pressure
‘against which the compressor will heve to work. The next step is
to determine the size of compressor required. In selecting the
size (piston;displacement)>required, keep . in mind that displrce-
ment is « theoretical volwae of nir end thet . this volurie -is never
actunlly delivered. Types of valves, pressurd thst machine works
against, lubrication, piston rings, etc., used on nachines of
different manufacturers influence the percentuge rolation betwsen
displacement and free airp celivered,

. TABLE 402

CAIRESSID ATR TRAISHISSION

.-

Pressure Drop in Pounds per 100 Teet for Trrious Size Pipes

A S o i e i e in S0 s % et o ep———. oan —
o

Delivery of
! “T
free air

. Dismeter of Pipe Inches

ber minute : - T : : :
cu. £+, in . 1" . Slan : on . 2%n . 3

At 80 1bs. Gauge Pressure
70 1.7 o .2 .05

80 2.2 B .2 .06
90 ‘ N .3 el .
150 o 1.8 .8 .2 .08
200 - ’ 1.4 ! 1
.‘QSO . T . S e . e ) -.2 .o7
. 300 ‘ .8 3 1
©Y 350 T 1.1 4 il
© at 100 1lbs, Gruge Pressure
70 ‘1.4 R . -
80 1.8 W . .05

.06
.07

90 soE Vb
100 , .6
150 . 1.5 .2 .06
200 , . 1
250 o L : .5 .2 .06
300 B L . .7 .3 .08
350 .9 4 11

.
H oo

o
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The pressure drop in long lengths is directly propor-
tionnl to the above, i.e,, 500 feet of pipe would be five times
the above, etc.

Globe valves, teces and elbows reduce the pressure
slong air lines. Their use should be confined to the mininmum.

Air Delivery Linus

414, Before starting his shift, the driller should ncke
certain that the compressed sir line is in condition to function
properly. The points to wutch are: o

(a) That the valve from the air line to the drill is
fully open.

{b) That thers are no undersize connections in the
line to restrict the flow of uir to the drill., See Tuble 402,

{¢) Thut the sir lise to +the drill is blown out to
gliminate any moisturs thut may hove collected in it. Do not
connect the hosc to the bottonm ¢f u ftree munifeld where moisture
nay collect,

(d) Thit all pipe lines and hose connections are kept
in good repcir. A vust amount of compressed air is wnsted through
lenks which are so smell irdividuially th:at they are likely to be
considercd unimportant, Pipe lines, hoses :nd valves should be
inspected regulrrly for leakage. Lurge lenks can be desteécted by
the sound of escaping uir or by the rush of o2ir wgninst the hund,
Snaller lecks can be found with the aid of « lighted candle, or by
couting the joints with sonpy water, Each thread in the pipe line
should be painted with grophite <nd oil before hooking it up.

This not only stops leaks but nukes it easier to connect and dis-
connect the pipe,

(¢) Thot the compressor is kept us close to the drills
15 possible, Long pipe lines should be avoided. 4t 80 pounds
guuge the loes in proegsure dus to frietion in 1,000 feet of 2
inch dimmetor pipe line carrying 300 cu. ft. free alr per ninute
is about 8 pounds. (See Table 408),

(f) Thet if drills show o tendency to freeze up in cold
weather, a coil is put in the pipe line and o fire built under it.
This coil is mumde with two 2-ineh return bends, one union and two
pieces of Z2-inch pipe 2 feet leng. Vhen several harmers ure
operated on one linec, a2 Tanncr gas outfit cun be installed to pre-
vent freezing.,
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Drills
415, Lubrication of Air Drills.

(a) The drill should be well oiled. The importance of
lubrlc ition cunnot be overemphasized., Due to running a2t such high
uuds the surfuaces of rubbing purts will soon burn if used dry

() Line oilers should be furnished znd used with «ll
comprescor outfits. They should be placed in the wir hose line
not nore than 12 feet cwuy fron the hamier wnd filled with oil
every half dny. This o0il is picked up with the air ond carried
under pressure to all parts of the drill that require lubrication.
If specisl cil is not nvuilable, use SAR 30 truck oil. AT 20
riay be used during cold weuther.

(¢) The linec oiler nust be kept in adjustuent; if a
drill is receiving euflicient lubricnution, o0il will appecr on the
drill stecl shonks. If $o00 rueh, an excessive wiount of oil will
show on the harmier chucks =nd run down .the sides of the steel.

(d) “hen o line oiler ie not used, the oil plug in the
side of the haaiwr should be filled every two hours of operction.

416, Clesning and Tightening Air Drills

(¢) Drills should be trnrouguly clesned ofter every
40 to 4& hours of opercticn. To do this, they should be dis-
nentled, the purts anuncd with gasoline und then oiled znd all
connections tightened as they ares reas sseribled.

~ (b) The drill puarts rust be cleuned thorougnly when
reasser:bled. Do not try to sssenble the drill aslong a dusty road
where wind or working equipuent wmay cuuse dust to settle on the
cleaned parts. : ~

417, Efficiency in Drilling.

(2) Do not crowd the drill. A little cxperience will
serve to deternine the wiount of pressure to put upon the drill
to obtuin Zuxiimi efficiency. Too :mueh pressure slows the drill
speed os ueh us insufficient pressure.

(b) Best rusults con be obtained by aprlying pressure

hrough the handlse and b3 sxng betn hands. Do not throw one leg
over the handle, or use o bar or niece of wood to obtain
leverage in applying pressures, s they lend to virying tihe pres-
sure on the drill ¢nd have & tondoney to hold the drill off line
with the drill stecl. The drill will do its best work if the con-
tact between the piston face snd the drill stecl shark fuce ig e
large «s possible., This will result only when the drill is kept
in line with the drill stecl gso that direct bdlows will be struck.

A [»]
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(e) EKesp the drill steady. If it is allowed to jump
ground it will ruin the hammer zand the drill steel.

(@) Be sure thut the hole in the drill steel is open.
Asair is directed through the hole froum time to tine to renove
cuttings, obstructions in the steel interfere with the blowing
capacity.

(e} Blow the holes frequently to remove the cuttings
and thereby prevent binding of the bit. There is an attachment
on the drill which pernits pussing the entirs flow of air
through the drill steel for this purpose. In ground that is
slightly noist, there is 2 tendency for the drill cuttings to
accumulate Just above the bit =nd to becone packed ngainst the
sides of the hole through the wction of the rotating steel., To
avoid sticking in such ground, rerove the steel freguently while
rotating. ’

Drill Steel

418, Before a drill operator starts work, he should have
close at hsnd an zdequute supply of drill steels of proper
lengths with well-shurpensd bits of the correct sizes., Tine

will be suved by sorting the stesls und scgreguting then into
groups. If the drill operstor bucomes systanmctic in urranging
the steels he cun select the correct length und gage clunge with~
out confusicn or delwey. :

Irreguluar bits end shanks .wust be avoided., The
repected use of o dull hit and the resulting accurmlation of
shocks to the piston lead to prenaturs failure cof the drill.
Dull bits are a leading cause of drill steel brezkuge,

It is known thst the. practice of using suach steel until
its full depth hns been reunched is far nore coumon thun that of
changing the steol when it hus becone dulled to such extent that
the rate of penstration is materially reduced. Changing drills
consunes about 7 to 12 per cent of the lost tine. However, sone
cperators counsuie twice us pweh tine in changing steel as others,
and in certain kinds of rock the u“_ﬁlll :d operztor often consunes
excessive tine in extracting stuck steel., Othar lost tine factors
that can be avoided are:

Low zuir Dr ssure ot drills

Tco sof r too hard steel

Pcorly shurpcnod or guugaed steel

Requiring the onsrator to bring up his own steel,

o~ s~
SR I &
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419. Reconditioning:- The priucipsl purpuse of properly
forgsd steel is to insure effcetive cutt ing netion, znd in pre-
venting undue wear within the drill itself. The expericnced black-
siiith watches overy step i his work @nd leowrns to wmedify detuils
of the treatnent according to the perforumnce of the stecl,
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It requlrms two heats for forging and terpering, and the
$wo operaticns should never be performéd with one heat, After it
is forged, the steel should be; laid aside on dry ground and allowed
to cool before being reheated for tenpering. For forging steels,
used in average rock, a heat of about 1,900 degrees I, ‘is satisface-
tory. This produces a light yellow co¢or. Drill steel is tool
steel and, for forging, should be heated slowly and uniformly.

As the color will vary to the eye according to whether the day is
bright or dull, it is best to judge all colors in a dark corner of
the shop where the light will be fairly uniform at all times,
heatlpg below 1,600 degress. or above 2,100 is to be avoided.

420, Teripering:- Bits must have sufficient hardness %o give
them maximum cutting ability but wmust not be so hard as t0 become
brittle and subject to easy fracture. TFor general use, they should

be filed hard. Tor teuperi ing, bits should be heated to about 1,450
degrees F, or to a cherry red, The bit should be herdened by plac—
ing it in water and allowing it to remain there until cool, The
water should be as pure as possible and in regions where the normal
water supply is ”lkwllne rain water uhouAQ be used. Care must be
taken to see that no nhrq@ning cracks develon,

Shenks are not required to be so hard us bits, and it is of
vital importance that st no time th gy be hard enough to domage the
drill piston., All shanks should be tenpered in cil., A shank
tempered in water will be too hurd dn& upon being struck by the
piston, will spall off ut the edges. With subsequent use, it will
in turn dumage the piston and eventuull ¥y cuuse its failure. Shanks
should bte hented for n distance of from 7 to 9 inches from the end
to a temperature of about 1 ,000 degrees F. nnd should then be-
quenched in oil., 0il used shouTQ have no objectionable odors, uhd
should not thicken materi: 11y or decorpose with use Ir sn“nK are
too hurd, look for wuter which collects in the bottom.of *the tank
and drdln the water off. Before being sent out of the shop, all
shank ends should be ground true. Small pedestal type grinders or

hand whee1s may be used for these purposes,

421, Detuchuble bits znd steel., Detuchuble bits should be
furnished on small rock jobs or in isolated locztions, These bits
are screwed on to drill shafts of suituble length, The uge of these
will often mean considersble suving; (1) by eliminuting costs of
steel transportstion to and from the job, {(2) by eliminating the
need for « drill sharpener orn small jobs wiere they could not be
used to maxirmum efficiency, (3) by elimineting the need for extra
corpressor capucity to run a sharpenser cnd forge. Hence, practica-

bility of detachable drill bit use depends on the volunme of drilling
to be done at any location.

B
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Bits when new have one—eighth'inéh changes in gnuge.
When:reground the change will be one-sixteenth inch. The bits can
~be furnished in-.containers which can be useq‘on the work, -und, us
shipping boxes, in returning them to s central regrinding plant
where regrinding is not done on the job,

Blastiﬁq of Rock

422 See Section V and the Forest Service Acceptable List for
informntion on explosives. That Section gives methods of use to
reduce the hozard to a minimum. All construction men will be held
responsible for the applicetion of its nethods. '

Due to the individual characteristics of blasting jobs,
no definite procedure can be stuted., The following ure of importance:

1. From the Forest Service Acceptable List detérmine the
explosive characteristics thet will werk the poarticulur rock rost
sconomieslly. . ' S '

© The nost impertent original churncteristic to consider

is the type of uction necessury. High cxplosives, such us 60%,
Type A, Class 6 or Type D, Clnss la, 1b, le, give the best shattering
effect. Low explosives such as 20% or 30%, Type A, Class 2 or Type B,
Class la, 1lb, give the beet loosening or prepulsive effect.  Other
characteristics to consider are noisture and freezing resigtance, sen-
sitiveness propogution, and density required. Factors influencing
selection as to moisture or freezing resistance are apparent. Density
is impertant because of its direct influence on the size and shape of
drill holecrequired.

2. Detormine the quantity ¢f explesives necessary to
acccmplish a given. purpose; i.e., the sticks or pounds necessary per
cubic yard or other unit »f rock or dirt.

"3, Fire all churges with a blesting mmchine. The use -f
a blasting nachine mininizss nisfires, gives greater efficiency from
the explosive snd is safer. :

) Safety rules and precautions. Definitely arronge for
safety neasures whenever and wherever explesives are usdd.  See

Section V for Safety Fules.

Handling rock after blasting

423, This activity =lso requires individusl considerution,
The fellowing have gen2arzl spplicaticn:
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1. Break up beulders that cannot be moved by the econ-
structicn eguipment. Such by reaking up with explosives is accom-
plished either (a) by “Rlockho oling", that is, drilling supplenen-
tal holes in the individual boulqe"s and loading them with a small
charge of powder Lr:(m\ by Yrudeapring", that is, laying a "fuet"
explosive on the surface of *h? boulder dnd covering it with mwud,
clay, or some other soil.

Men in charge of o rock Job should cerefully consider the
relative cconomy of bl .ockholing and :udcapning. Table 503 in the

~Lxplosive Section shows the quartity of 40% strailght nitro-glycer-

picker.  The change can be

-

in Qynamlue requlr&d to satisfactorily break up boulders of vari-
ous sigzes, '

If it is at all feasible to g_t powsr drilling dquipnent
to the boulder, it will be riore economicel in rost every case, to
blocihole boulders of 5 ft, diameter and over,

2. In all tru“k*rall rock excavation +he best practice is
to save the finer materiel for the roadbed bage or surface if the
material is fine enough., The best squivment developed to date for
this type of construction "Rock-picker." A trailbuilder re-
moves both the conrse andg ¢ material from the rock cuts which

ften necessitates the costly hanlingrin of zoterial to build a
sultable wenring surf

The “Rock-pickerY picks out, side C’SCS, or rieves the larger
rock in the sume meaner ns an crdinnry traildbuilder, leaving the
Tiner terial for o buse course or a wearing surface on the rond-
beds  This implement reduces o o minirwm the coetly hauling in of
surfacing naterial, It was develoved in Regicns One and Six.

e

m

The "Rock-picker" con be instuiled on a tractor truilbuild-
er by roplueing the mouldbenrd f the trailbuilder with the rock-
de in o fow ndnutes. The cost of =
rock-pickor is approxinctely $E0C.00 2nd should be o standord piece
of equipment on all roeck excnv: ting projects.

3¢ Placing with t:uct:r and hoist. This equipment hes its
utility in gotting large ‘d T8 fron and into normally incccegsi-
places.  The tructhor cguipped with hoists cun often be noneuve-
ered inte o vositisn whewo - line pull hu hoiet will
snable the operator to duvosit oeks at the ed locution.
Or, if this is not f@:?lbl“ o aten bloeck or h block on

dl‘d'

flying block will pormit “l”vc:mL beulders undsr airost any op-
eruting eonditions, The. construction ran, howeve ShUULd bear in

o

mind that crranging for haulback of the line, and hitching te indi-
vidual boulders requires considerable man-pe mu* and time for setup.
The trailbuilder nwthod should alunys be considercd vefore deciding

t> use the trzetor and drunms.
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4. Placing of boulders with tractor using 'a chain -or
cable froir the drswbar. This method has its application:on loca-
tions'where'ﬂaneuVering of the tractor is posaiblé&.  The tractor
i1ay be used to méve the boulders by means of a direct’ d*awbar
hitch or the line may be takennthrough a shatch block.’

5. Placing with drag line buekst. - This meéthod requires
either a tractor equipped with druris or o drui and engihe mounted
on o separate skid or trailer platform. It will seldom be an econ-
oriicel ethod unless the guantities to be moved at euch g>*up are
large. ' o R : '

6., Placing with power shovel. Where quantities are large
the power shovel is an efficient means of side casting rock. If
the materisl rmst be endhouled, the shovel can be used to lozd na-
terial on truactor wagons, t"ucxu, or other transporting vehicles.

Removal of roclz below grade line

424, The purpose is to leave o uniform wearing surface that can
be maintnined by machinery,

The econonical tire for rewoving rock below grade line is
during construction. Tine and money are lcst by bringing equip-

rent back to do the work =t = luter date.

EARTH FXCAVATION AND GRADING

Job Management

425, It is difficult to overstate the inportance of the con-
struction nsn thoroughly sizing up his Job =nd assigning the nvail-
able equipnent to the various activities in such 2 nenner as 1o
progsecute the entire job with the leust delay.

Sidehill Excavation

hB

26, On side slopes of 30 percent, or less, the tractor grader
nould be put on ss the initisl construction unlt. In raking
1a1u1ul cuts around 2 side hill with the tracter grader, the rmold-
bonrd should be sot at an angle of approxinctely 15 to 30 degrees
with the center line of the grader, keep the naterial rolling side-
ways. Then set the front end of the roldboard well below the rear
or "heel end", which will give the noldboard o distinet turner
plow action.

After cne or two trips are 1uude with the tractor grader on
a light slope, the bench is of sufficient width to pernit effective
use of the ripper. The grade should be thoroughly ripped before
supplenental trips with the groder are nnde., In scme cases, it is
desirable to rermove two of the standards from the ripper when rip-
ping a grade during the process of construction. Using three




stundards nuterially lessens the amount of debris that the ripper

picks up snd reduces the nuiber of dumping 6perations for the rip-
per. In practically 1l naterials, thrce teceth ripping to &« depth
of ‘approxinntely 8 inches gives thoruutn “breaknge of the excuvated
materlal bGTWGbH the toeth. -

Construction nien should keep in nind that time taken out
for rlpplré is many tines sxved by the *ncrcdsud bf;thlenCSS of
each trﬁctor gr@dcr trlp.

427 The trallbulldcr should be use ud only on sections where its
services are required. Uhen it has opened up a ssction to a suf-
ficient width to peruit sctisfactory opﬁrdtlcn of the tractor-rip-
per and grader, these units are uore sfflclan side casters than
the trailbuilder. ’




Do not be deceived by the relative rapidity cof rotion
of the tractor treilbuilder as corpared to-the. slow but constant
operation of tractor graders in:side ¢ astlng naterial on steep
side hill sections. Repeated tests have verified the conclusion
that after a trailbuilder has cpened up a side hill section to a
:widt sufficient to periit effective operation wlth a tractor,
ripper and grader, the latter combination as a side casting unlt
far excels & tractor trailbuilder. :

. . Use of the tractor grader should be earefully synchro-
nized with the progress of the trailbuilder.. Do not atterpt to
keep  the gvadﬂnn vork too close to the tracter trailbuilder.

This results 1n unnecess ar“ tnrnang of the tractor. grader.

The truilbuilder is generally tke ;Oot econoiiic tool
for trovzdlnc extra w1dth@ on turnouts and curves

During consiruction there are *"u"~lv sone bx+rg widths
to be found at the 1outh of srmall draws or «+on@,lowv31de hill
sections. A gelatively snall amount of extr: work by the tractor
troilbtuilder ot these places provides an adequate turncut.

Where the locations of turnouts are nmarked in advance of
construction the extra width can be prov1aed as the excavation
progresses along the right-of-way

Uhmen the turnouts have not been dafinitely located, it
is usually found more ccononical to defer the construction of
turnouts urtil the tractor grader outfit has praciically com-~
pletcd the rod to the reguired width.

Tae treilbuilder is o very officiant tool for making
fills or othsr endhaul up to a distunce of approxiiwtely 100 feet.
However the construction nan should consider at all tines the
relative value to the project of having the trailbuilder engage
ndhaul or using it in opening up additional steep sidehill
seetions,

428, Power shovels sre econorical tools for gide casting
provided there is a con51derﬁblv milenge of he wvy work in the

e

clie
sane locclity. Iven then, the use of the trailbuilder should
be considerad,

nd Haul

429, The type of required scrvice to he re
truck trail determines whothoer the endhauling of o
through fills or to grade equelizing points is j
Endhauling should produce & soving in drainsge, elininate
objectionuble curvature, prevent decided changes in $ravel
speed, or provide a wearing surface over rock sections, cordu-
roy, swaupy scils, ete,
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: When fills ere. 1nc‘ud@a in the road design, it is advisa-
ble. for the construction man or the locator to uark the limits of
+the fill on the ground and to indicate definitely the point or
‘points from which the borrow will be made, Borrow should usually
~-be made along the roadway where the operation will inprove the
alignment or visibility. Borrow pits should be made as inconspicu-
cus as possible, I

i ~With the improved methods of endhaul now available, the

. locator or- construction man should always weigh the relative costs
of;filJS;agaiﬁst trestles or small structures. A well constructed
fill is a.peimanent improvement, while the maintenance of trestles
or small structures is a perpetual burden.

430, . The. tractor-scraper is & most efficient endhaul tool.

Since tractors are necessary on many otheér coastruction activities,
- the only di“ﬂct investment for endhauling is that for scrapers.
However, .ost tractor—scrqpﬂr outPite are more efficient if supple-
mented by & ripper for loosening the material.

tractor-ur ilbuilder for short hauls, up to-approxi-
mately 100 feet, is often the most economical tool for building
Bmall fills. It msneuvers easily in restricted places and is
capeble of excavating as vell as +r anOTt ng material.

31 mhe

432, ¢ The drag line bucket or scruper requires power @rom

. either a tructor equipped with hoist or un engine and hoist mounted
on skids or a trailer. It is economical where large quantities

are - to be moeved from o single set-up.

“Turnpike
. 433, The construction of turnpike sections is the simplest
and cheapest class of groding. In turnpiking, the naterial for

the roadbed is ta&bn-from.both Sldb There ore three reasons
for turnniking. '

1. To.provide droinage where water is llkelv to
collect and sziturate the uubg~wue. .
2. To sscure a sutisfuactory surface over rock, or
other surface irreguluarities that reguire &« cushion.

Se To turn up minersl soil, which retards the growth
of vegetation and affords a more stable wearing surf:ce.

- If none of these purposes are served, turnpiking is a
waste of money end should not be done., On scme so0ils flat truck
trails are entirely sutisfazctory, In such czses nothing is
_gained and frequently the good natural tread is spoiled by throw-
ing up a turnpike,
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Where drainage is not important, there is no ppint in
building up a high roadbed with deep ditches on both sides, The
grading up sho:1d be restricted to that necessary to obtain a
good smooth surface that can be satisfactorily maintained. On a
simple turnpike with a low crown, travel can and will use the en-
tire width from ditech to ditch. Do not build a deep ditch with a
steep, pronouncéd shoulder that will prevent the use of the entire
roadway.

Finishing

434, From the standpoint of reduced travel time the money spent
in providing a wearing surface is usually the most productive road
expenditure.

Ripping is an essential part of the finishing operation and
should never be omitted.

Rocks, roots, stumps, etc., should be removed to a suffi-
cient depth below grade to provide a wearing surface of reagonably
uniform consistency that can be maintained with power machinery.
Thorough ripping will generally cause the finished section to com~
pact evenly and produce a surface free from holes.

If the material being worked is rocky or if a great nany
roots are in the roadbed, put all stendards in the ripper and rip
to a depth of a few inches before making the finishing rounds with
the grader. This procedure results in more uniform compaction,
smoother wearing surface, and a decrease in paintenance cost.

The outside of curves should be elevated in the process of
ripping and grading, The service that a road will render nay be
raised appreciably at no added cost by well directed ripping and
grading around curves during the finishing and shaping process.,

In'the'finishing of cut slopes, where soil conditions are
favorable, the rounding off of the top of the cut slope to prevent
the loose top soil from sloughing into the roadbed is recormended.

To assist the early revegetation of cut slopes on certain
soils and avoid excessive erosion on others, the recoumendations of
the Forest Experiment Station as when to or not to round off the
top of the cut slopes should be followed.

DRATNAGE
Importance
433, Of first importsnce is rcalizstion that the annual cost of

any improvement is composed of maintenance cherges plus a percen-
tage of the construction investment. For comparison in planning
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Jbhe project, & low initial cost must be thoroughly investigated
as to length of life and freduéncy of replacement. The addition=-
al first cost of the drainage erV1ded should be balanced against
resultlng reductions in future nalntenance chargeés.,

In addition'to_reducing future maintenance, proper drain-

age increases the service rendered by the road,

The cormon drainsge problems may be divided into three

types:

. Surface drainage
. Cross drdlnqge
.,,Subsurfdc dralnAEe

€A 20

SURFACE DRATNAGE

436, Inadesquate provision for the disposition of water coning
onto the surface cof a truck trail is the cause of great damage
sucli as wheel rut wash, and a general washing away of side~hill

' tills, through-fills, =nd of the finer materials in the roadbed.

Wheel rut wash is the rost serious single cause of damage
to nountain roads. In sowme kinds of soil it 'is impracticable to
naintain such a perfectly shaped roadbed that water will be de-
flected prOﬁpth from the surface tothe side or off the road. .
Even if well shs iped and all ruts eliminated before a period of
storms, travel while the road surface is wet will form: ruts for
the water to follow unless the surface is hard and firm. The
prirary concmrn i1s to prevent scouring and deepening of ruts by
water following them for long distsnces. ’

Methods of hundling surfzce drainage are suggested:

1. Outs1ove . Where soills sre not easily eroded the most
practicable neans of diverting surfuce drainage from the road hus
bzen found to be outsloping of the roadbed. It is believed thet
O rore g~r ral use of outsloping on low service truck trails,
where the 1 4ter1al is ¢ther than clay, should now be used than
has been th0 practice in the past.

Crown ror.ds are one-half outslope. Outsloping settled
rozdbeds from the outside wheeltrack und rerioving obstacles thet
will ccuse the surface water to coliset is good practice in soils
where erosive action is not serious.

Outsloping is & hindrance to travel, cuts down safe travel

speed, and is particularly objectionable if the road surface is

lisble to become slippery during period of use. On high service
truck trails and other places where the disadvantages of outslope
outweigh its advantages it should not be used.
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2  Grode Breaks. The grade line may. be broken into short
sections of Level grades or even adverse grades, The frequency of
such breaks shoqu be buased cn the volune of drainage water and
the obility of the seil to resist crosion. Such flattened secctions
should be pluced. at points thet permit. sutsleping. The outsloped
sections set a8 intercepting burriers to surfuace woter and oS spill-
WaAyHe S :

z

3. Dips. (Sce Figure 402). The roud surface nay be provi-
ded with dlp% having an overcll. length of not less than 50 feet.
Where necded the dip should be xhst%l;ed so thut it will heve =
gslope of approxinately 8%. T prevent ercsicn of the £ill slope
water from the discharge end should be handled over w rock ill or
riprap. If dips are bullt with machine Pquipmwnt the length may be
greater than fifty feet. The added length euses the - suddenness of!
‘thegvertieal curva +u¢o.~

o Inslop@ und cross drains, Insloping may be used tc¢ pre-~
vént evosion ‘or as. w safety prec “utlun on slippery soils. Culverts
ar other suitaeble und underground cross dro iinage ©lso must be pro-
vided, -An insloped ropd necessitates the instailution of socme type
of culvert.,. Since: these: structures c. nstitute un sdded investient
in the construction of the roed-and Jit’”la ly incresse the annual
naintenance churge,. insloping should be used only when soil or
o ‘other ocnditions will et permit the use of o natural or "built in"
e " type of drainege. Proper attention to banking curves will assist
in disposal‘of'surf;ce waber, ’ '

necessary on rosds subject to
heavy damag The spucing will depend on soil
formwtion end grode of the roud. The rut wuater snould be diverted
before it ccourmulates in apsreciuble quantities. Vhere cpen top
culverts are. used on heavy grodes o culvert shiuld be pluced ilmme-
diately above each through fill. Insbtall such culverts at grade
‘on fira secticns of rowd. This usually necessitetos installing
culverts ufter the grade has settled., Vhere the culverty discharges
“upon Gther than,rockfill, wash nust be prDVbQ+‘d by protecting the
£il1l bank. Ses Figurcs 403, 404, cond 405 for typicol open top cul-
Vurt types and nothod ~f uSu&llﬂtiOn.

6. ‘Intercepting ditches cbove the ro-d should be used
where the run-off would carry lurge gquantitios of oroded naterial.
It is gocd drainnge practice-to keep lurgce q1tnt1tzes of water from
sccuwrmilating in +h rondside diteh. Intercepting ditches can wften
be cemstructed.to lead the accuwmulated run-off from the hiliside

Seooo o directly? tol the HEQVBDt natural water course or culvert. This will
SR “result. in much less erocsion’of .cub bunks nnd less raintenance of
ditchos. . : I '

7 huter b rs. Ba th or ‘pele, Woter burs nay be installed
on lightly used pro;ucts only in exceptionel cnses and on heovier
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used projects only in the event of an exceptionally difficult
run-off problern at certain seasons of the year. Always in the
latter case, and usually in any case water bars are pernitted
enly s o tenporary expedient to protect the project during an
CLISTSENCY .

CROSS DRATHAGE
437, Adequate provision nust be mmde to care for water which

nay flow across the truck trail either froa live streans or fron
the ditch alongside.
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OPEN TOP CULVERT

CORRUGATED METAL GROOVE TYPE — #12 GAUGE HIGH CARBON STEEL

rostswtusmmmsmuam
plate or tizher is umezessary. it should be
1=stalled as received.

FIGURE 404 . ]
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OPEN TOP CULVERT

RAIL TYPE

Tt H] 1 l" L. n )

1l G

N 4 § co il
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PLAN OF STRAP

INSTALLATION L
£xcavate a trench sufficieht/y large so that a /ayer
of /arge rock may be placed under the calvert for
foundation. BackFfilling should be well famped and

of sandy material,

NOTE: Lnds of fower r
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o
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By pipe or stome Fip-rap.
METHOD OF INSTALLATI/ON

ElL OF MATERIALS
/- S0%Roil 33 fong, cut to /6°0"'s 17:0"
3- Y& x 29" 5 /8" Iron Straps, bent as shown.
3- Y6 x2%"x 5" Iron straps, bent as shows.
6 %" Rivets- 2" Jorg.
/- [27%30"-No.26 gauge Galv.[ron Flate,
bent as shown.
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/" '. /.-'K

— 70"

GALYANIZED /RON PLATE

70 be used at outer end of culvert
fo ceflect waler from edge of Sy
and prevent undercutting.
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The following types of structure are ordinarily used for
¢ross drainage: :

*. DBridges
2. Fords or dips
3. Culverts
&. Galvanized iron corrugated metal pipe
b. Paved invert corrugated metal pipe
¢, Galvanized iron multi-plate types
de Multi-plate arch on stone or
concrete footings
e.  Standard corrugated arch types on
stone or concrete footings
f. Precast concrete pipe
gs. Cast iron pipe

SIZE OF DRAINAGE STRUCTURES

438, The three available methods of estimating the required
size of drainage structures are:

(a) Measurement of channel, and observa-
tion of high water marks.

(b) Use of runoff tables. (This involves a
measurement of the drainage area).

(¢) Adequacy of other openings over some com-
parable streamn.

Run-off tables when desired, should be obtained from the
Regional Engineer.

When cloudbursts are common, the drainage should be ade-
gquate to take care of the run-off. If such occur only at long
intervals, it will not be practicable in all cases to provide
adequate drainage. Instead, it will probably be more economical
to provide only for the maximum ordinary precipitation and to
repalr the damage resulting from occasional floods. Vhen this
practice is followed, the parties responsible for the location
snd design of the road should meke adequate provision for
accomnodating excess run-off with the minimum damage to the road. -

Cross Drainage Dips

439, The most importent factor in the successful installation

of dips in established water courses is to place a cut-off wall
deep enough to insure stopping the flow under the dip. The dip
finds a wide application in sections subject to cloudburst run-off,
melting snow, or other periodic heavy run-off. This type of dip
crossing meets a drainage problem that may not be successfully met
with trestles and =211 sizes of pipe. A low place in the wall
should be left to carry the flow. See Fig. 406.
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The practice of placing one or more pipes in the dip to
carry the drdinary streum flow has given satisfactory results.
Under severe run-off conditions, u concrete slab may be necessary.
This should be the full width of the roazd Lnd of suf¢101c}t length
to protect the sidewulls. :

Culvert Materials

440, Timber, round or sawed. The use of wood huving & life
underground of less than 10 years is seldom justified. The cost
of replacement in a few years must be weighed aguinst the greater
initial cost of metal culverts. In all cases, only the most
durable timber availuble should be used. Where round or.split
timbers are used, do not skimp on size; use "big sticks."

441, Stone. In localities where good-sized durnble flat. rocks
con be obtained readily for cover rock to span between walls,
stone culverts are econcmical, Rock thut will disintegrate
rapidly should not be used. Vhere suiteble cover rocks are not
availelbe, walls nay be leid up from leeal native stone and
concrete, metal or even durable wood covers used. Metal cul-
verts are usuully more econcmical where gocd stone is not
available.

442, Metal. Galvanized cerrugat-d iron pipe is widely used,
Such culverts properly installed hove w long lifo and ore pre-
ferable to other types in thut metal culverts can be lengthened
eusily if the roudbed is widened, To fucilitate handling extra
long lengths, pipes can be secured in two sections and spliced
together on the jcb. In placing an order, it is often advis-
able to include some short sections (2', 4', 6' lengths) nnd
necessary coniiéeting bands for use in lengthening culverts,
Federal Specification QQ-C-80b should be used for the Durch@se
of metal culverts.

442-A Bituminous Cozted Culverts. Metaul culverts with lower

half coated, also called paved invert culverts, should be
considered for use for carrying small, live streams where the
grade of the culvert is cver 8%. Specificaticns are enclcsed
in "Specificaticns for Road Equipment and Supplies", which is
on file in each Regional Office

44%, Cast Iron and Concrete., Whers cast iron and precast
concrete culverts cun be installed at approximately the some
cost as other types, they should racnive ccnsideraticn. I
carefully instalied to prevent brcha >, their life is in-

definite,
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Inétalling,Culverts otlier than Open Tops

444, The selected site should be the best available from the
following standpoints:

1. F¥conomy of excavating for installatioh.

2. TUtilization of natural watercourse to improve
efficiency of inlet and outlet. '

3. Stability of material at both inlet and outlet.
Poor material at the inlet results in added maintenance and in
decreased efficiency of the culvert. At the outlet it results
in erosion. B : :

4, 1o deviation from the natural water course, except
for urgent reasons, and if used should not permit the formation
of new erosion channels, If necessary, a paved channel should
be provided.

5. UNo discharge on a fill section; if necessary to direct
water from a natural channel, the discharge should be on native rock
or on a prepared rock or other type of spillway so that new channels
in native soil will not develop.

. 6. Installation on sharp curves except where natural
stream beds are crossed should be avoided.

Relstion to Grade of Road

445, Pipe culverts shall have a cover of at least one-half the
diameter and not less than one foot at any one point.

Reinforced concrete and timber culverts may be placed in
such relation to grade as economy of design and installation dic-
tate. Direct impact loads from wheels increase the required
strength of culvert tops; safety and possibly saving of material
may be secured by placing the culvert well below grade,

Corrugated culverts should be installed with the same
gradients as the streazms, if possible. Gradients less than 3%.
will promote filling in the culvert, and gradients over 8% may
cause excessive scouring, Where gradients exceeding 8% cannot be
avoided in "live streams" only, the abrasive resistant type is
preferable. Decided breaks in gradient of stream adjacent to the
culvert, either above or below it, always causes depositicn of
suspended matter and should be avoided,
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Inlets and Inlet Ditches

446, Bee Figure 407.

1% Tach end of u culvert should be not less than 1%
feet beyond the shoulder of the road. This is a minimum require-
ment; greater projection may increase the safety of travel and
prolong the life of the culvert through protection against damage
by vehicles.

2. The inlet of culvert should be connected to the
road diteh by a lead-in ditch not less than 10 feet in length and
with 2 uniform grnde of not less thann3%. The ditch should be
recular in shape, free from abrupt changes in direction and paved
where necegssary.

3, If inlets must be located in unstable material
suitable catch basins, walls or rip-rapped banks should be provided.

4. Outlets must discharge clear of the fill section.
Spill troughs or extra length culverts will be nscessary on Some

locations.

SUB-SURFACE DRAINAGE

447, The sub-surface draincge problemr i to overcome the con-
dition caused by mershes, seepage, rising water table of the sur-
rounding cround, saturated hillsides, or capillarity acting through
finely divided soil particles. It is poor practice to attempt to
make a satisfactory rosdbed on wet ground by surfacing alone; good
drainage always comes first.

First cut off the source of the water. Deep intercepting
ditches should be dug between it and the road. Frequently an inter-
cepting ditch at some distance from the ro:d will entirely cut off
the water. Bank secepage on sidehill sections may necessitate a
deep diteh on the inside of the road. In loose soil, rock walls
should be used to protect the ditch from sloughing or caving.
Sometimes it is advisable to construct a blind drain by covering
the diteh with slabs of rock.

On flat marshy ground, care must be taken to give the
ditches adequate depth and fall to carry the water away as rapidly
as necessary. In soft ground it is sometinmes zdvisable to leave
a berm or unexcavated strip of ground from 3 to 5 feet wide between
the fill and the drain ditch. This berm keeps the ditch water
farther away from the truck trail and prevents the £ill from slid-
ing into the ditch. Use the material excavated from the ditch to
build the fill if suited to that use; if not, waste it and borrow
or haul in better material, rock or gravel.
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In .some cases govd drainage cannot be obtained without
p;dhibitive cost. When these occur a practicable solution is the
~use of buried cordurcy. Good corduroy -~ the only kind it ever
pays to build -~ is expensive and its cost should be weighed
against the cost of adequate drainage with rock or gravel fill,

If corduroy is used, it should be completely buried. Another
method which may prove satisfactory where the soil is always wet
is a brush mattress of good depth and well interwoven,

Perforated iron pipe make excellent subdrains and its
use should be considered if an appreciable amount of subdrainage
is to be undertaken. (Sec Fig. 408 for typical installation).

ALLS AND CRIBEING

- RETATNING VWALLS

448, General:- The force that a retaining wall must resist
i1s "the horizontal thrust." This force will depend on the weight,
angle or repose and kind of material retained. The weight of any
equipment or structure resting on the fill must also be considered.
(See Fig, 409 for typical retaining wall sections),

The pressure to which the retaining wall is subjected
is directly proportional to the height of the retained material.
Live loads imposed on a back fill section or material filled
higher than the wall are designated as surcharge.

449, Types of Retaining Walls

1. Dry masonry

"2. Uet masonry

3. Mass concrete in which little, if any, reinforcing
steel is used and in which it is permissible to
drop large boulders.,

4., Reinforced concrete,

Dry masonry and mass concrete walls may be treated
safely under the 50% basc rule. Reinforeed concrete walls should
gencerally be designed by the Regional Engineer or his designated
representative,

450, Safe Dimensions of Walls

For pructical purposes in all average conditions, a
safe retaining wall is obtuined by incorporating the structural
features listed below and inrproviding a base width equal to 50%
of the height. This rule provides for normal live loads, up to
15 tons, and gives a safe wall for actual surcharges up to 6 ft.
nbo¥e the height of the wall., (See Fig, 409 for dimensions of a
standard wall),
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Be surs that:

1. At least one-~-fourth of the front and reuar fuce of
the wall is composed of headers of z length not less than two and
a hslf times the thickness.

2. All headers are i1aid with their greatest dimensions
extending into and never parsllel to the wall cxcept at corners in
which case alternating headers should cross.

) 3. The front and rear fuce are well tied together with
good, big heuder stones., Under no conditions should a face course
be laid up of any kind of rock and the spuce behind it £illed with
smnll rocks and dirt as the wall goes up.

4, Prcjeeting points thut prevent stability of the
wall are removed from the top znd bottom of main rocks.

5. A minimum thickness of 12 inches af the top of wall
is provided,

6. The outer face of wall hus a batter, or a slope in-
ward, of ot least S inches to each foot of height. The inner wall
can be vertical if necessury, The width of base, width at top and
batter of front face determines the botter of rear fice,

7. Joints in walls are broken, or staggered at least
6 inches, In other werds, =2 Joint should be § inches or more

horizontally from the adjacent joint in the next courss.

8. Drainnge for the back-£ill is provided by porous
material, or s pipe through the wall,

Hand Laid Fills

451. VWhere rock is plentiful, it is oceasionally desirable
te secure the necessury width of rcadhed by laying up a rock fill
on the ocuter side of the ¢mbankment. If good-sized angular rocks
are available, o £ill can be laid up on « 1:1 slcpe in much less
time than required to build a reck wall. It is only necessary to
slide the rock roughly into pluce, being careful to allow plenty
of slope. If the face is stesper thun 3/4:1 with anything but
very luarge sngular rocks, it is probable thot o standurd rock
wzll shculd be used,

CRIBRING

452, " Types of Cribbing

The most common type of cribbing in use by the Forest
Service is timber, However, on many jobs it would be ecenomical
to use precast concrete, gaulwvinized metal, or creosoted timber.
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Illustrating e well constructed wall. Note large stomes
in the bottom courses, the way the rocks overlap to effeet a
bond between courses, snd adequate headers placed with long-
est dimension perpendiculer to wall.

A poorly leid rock wall, Note poor errangement of rocks
and use of logs in construction. Absence of bond is very
apparent.

FIGURE 410
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Limber Cribbing

453, Use only the most durable timber available even:though
necessary to go a consideratle distance. It is very doubtful if
placing second-growth pine or fir in such structures is ever
justified, All logs must be peeled. See Fig. 411.

The following is escential in good cribbing:

1. The ends of the base log of the cribbing must have
a good bearing upon a stable foundation for at least 2 feet.
Preferably the base log should have such a foundation throughout
its entire length.

2. All tie logs should be well notched over the face
logs and inner course logs,

5. All tie logs on sidehill work should have a pitch
toward the hill of three inches per foot and should be extended
well into the bank and be joined in the rear with cross logs in
order to develop the greatest possible stability.

4, In soft ground the svace between logs should be
chinked with rocks or pieces of wood.

9. Batter with tie ratio of three inches per foot of
vertical height should be provided,

SURFACING
454, Importance

Not only have certain projects failed to give continu-
ous satisfactory service because of poor surface conditions but
there are many other miles which would give satisfactory service
if surfaced innspots or for sections of considerable length.

The length of the period inneach year that a truck
trail is rendered unserviceable because of poor surface should
be weighed against the relative importance of keeping it in good
condition for travel.

455, Materials for surfacing

For surfacing truck trails, lava, cinders, gravel,
“disintegrated grante or other natural surfacing material can
be used. Schist, sandstone, =and ordinary slate are poorly
adepted for wearing surfaces because of their softness, Their
use at times muay be necessuary and the expenditure justified.
The harder rocks, such as trap rock, limestone, granite, andes-
ite, etc,, are more satisfactory surfacing materials.
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The practicability of - improving sundy soils by adding
clay or of bettering clay soils by adding sand should be fully
determined.

A method commonly used is to spread over the roudbed
4 course of sand or clay, =s the cuse may be, then scurify or
harrow it to a suitable depth. Truoffic is depended upop 1o
compact the mixture. Frequent drugging or working with a grader
in the meuntime is necessary. If the first roins. show the mix-
ture to be not right, sand or clay should be added until the
right condition is developed.,

When any doubt exists s to the suitability of the
available moterial for surfucing, it should be exsmined by a
competent engineer and tested if necessary. The Bureau of
Public Roads und most Stute Highwuy Departnents have testing
laboratories for such purposes.

Surfueing gruvel is usuully clasgsified us follows:

1. Pit run or run of the bunk. This is material
taken out of the pit und placed on the road without screening
or sorting other thon the selecticn of portion of bunk used.
Agereguates lorger than #3 stone should be raked to the side
of the truck trail.

2. Scresnsd gruvel,
3y Crushed rock or crushed gruvel.

To muke a good surfuce, the material should have not
only ndequate wearing qualities but should contain enough binder
to compact under travel. If the surfacing material does not con-
tain enough binder, binding meterial should be added. Do not
add more than is needed; an excess will speil the surfuce, The
best nutural binder is clay.

456. Crushed Rock Surfuacing

Crushed rock surfrcing should be in accordunce with
one of the following clusses which are designuted ws Class A,
Class B, =nd Class C., The cluss of surfacing to be used will
depend on the importance und clagsificntion of the project in
the Forest Rond System wnd the volume and kind of traffic to
be curricd, Class A surfacing should be used only on Class 3
Forest Highwiys ond the more important development projects
which muy carry 2 considerable volune of traffic or neavily
loaded vehiclus, and which serve as trumk line rosds in the
Forest Road Systen,
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4357, Subgrading

The subgrade should be "trenched" to conform to the cross-
sections for the different widths and types of surfacing., The depth
of the trench shall be that required for the thickness of surfacing
to be placed, due allowance being made for settleument and thorough
compaction of the shoulders. '

The subgrade shall be in such condition that it will drain
rapidly. Trench drains should be constructed through the shoulders as
may be needed to drain the trench. The subgrade shall be preparcd in
final condition for receiving surfacing material in advance of the
rplacing of the crushed rock, a distance equal to that required for
not less than two days! operation, Judgment should dictate the
amount of finished subgrade at all times.

458, Cls:ses of Surfacing

Class A.

{

1) TFor double track truck trails (graded,width

20 to 28 feet)s - Class A surfacing shall be

placaed ina trench 1¢ feet wide and in three
courses of stone consisting of base course 3 inches
thick of #3% stone, middle course 3 inches thick of
#2 stone, and top course 2" thick of #1 stone, or a
total uniform thickness of 8 inches, loose measure-
ment.

(2) For single track truck trails (graded width
13 to 15 feet). - Class A surfacing shall be placed
in a trench 9 feet wide and in three courses. The
total thickness shall be 8" at the outer edge and
4" at center, loose measurement. The base course
shall be of #3 stone of varying thickness with o
maximum of 3" ot outer edge, the middle course
shall be #2 stone of vurying thickness with a
meximum of 2" loose at center znd 3" loose at outer
edge and the top course shnll be #1 stone 2" loose
uniform thickness,

Class B

Closs B surfacing shazll be plnced in two courses
consisting of « buse course 2 to 3 inches thick
of #2 stone snd a top course 2 inches thick of o
stone, or = total thickness of 4 to 5 inches,
loose measurenent.




C] iss C

Class C surfacing shall consist of & single course
of approximately 2 inches uniform depth by 8 ft.
wide of crusher run stone, the maximum size to be
not greater than that whlch will pass 1" circulur
openings in a revolving screen.

The thickness of the wuerCLD material nmay be incrsused
r the ssction modified when, in the THd&ant of the Regional
glneer, subgr.de conditions requirs such changes.

After the shoulders have settled or bhoen compacted they
should be brought to grade und 1 inch {loose) of #1 stone spread
i

over them evenly.

459, Size of Stone

#1 Stone

e

#1 stone shall consist of &ll muterinl (including
stone dust) which will pnss 3/4" 01rculur openings
in & revolving screen,

#2 Stone
#o stone shall be retained on 3/4" diumeter open-
ings and pass 1-1/2" diameter openings in a revolv-
ing screen,
#3 Stone
#3 stone shall be retained on 1-1/2" diameter
openinge and pass 3" diaometer openings in a

revolving screen.

460, Placing the Materinl

. Crushed stone should be ovenly spread on the subgrade to
such o depth thot it will hove a thickness {logse meusurenent) as
Speleled abnve and as shown on the typicsl sections. Stone should
be gpread to the reguired thickness for each course directly from

the dumping devices. Shovels nnd rakes should be used to spread
each course evenly nnd bring it to the proper cross-section. Each
load of stone should be sprend over s pre-determined distance as
computed by the construction superintundent to provide the desired
thickness.

Reginning the dsy ofter it is laid and continuing each
day for three succussive duys thersalter, the newly leid surfuce
should be reshaped with o rocd machine weighing not less than 6000
pounds. Aadltlonal reshaping of the surfsce should be done after
settlement and ot such times s the rowd superintendent deems such
operation necessary.
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Jhere should be an interval of time between laying the
courses sufficient for the lower courses to be compacted with
some of the soil in the subgrade working up to fill the voids and
stabilizing the stone. The subgrade will have some weak places
that will develop under traffic and the depressions will be filled
as the stone is bladed back and forth. This plan may require stock-
piling of #1 and poesibly #2 stone to allow the lower courses to
get ahead, but the fine material in stockpiles can be utiligzed
later for construction or possgibly for maintenance.

Vihen the subgrade is soft or wmuddy and it is necessary
to proceed with the surfacing without waiting for it to dry out ;
the subgrade may be stabilized with a thin layer of #1 stone.

Quarrying

461, In working a cliff of rock for juarry purposes carefully
analyze the most effective spacing and location of holes and powder
charge to get the maximum shattering effect on the cliff. Seamy or
laminated deposits of rock may break up or shatter better by using
"coyote hole" method. Monolithic deposits usually work better by
drilling stagzered holes with eir harmers. In working monolithie
deposits it usually develops that after a quarry site is opened up,
the most economical stones are had by working the quarry floor down
rather than continuing %o work back on the cliff. This gives
greater shattering -effect from the powder and usually the stone in
such deposits shatters better at the lower strata than at the sur-
face strata,

Crushing

462, Do nct attempt to handle stone from guarry to crusher
in wheel barrows. An important consideration is to reduce the
loading height of the stone in the quarry. The crusher and bins
should be so located =5 to facilitate the loading and movement of
truckF. See Figure 413 for typical crusher set-up.

Tram cars should usually be of the end dump type to

get low loading height, The dump of such cars cun be accomplished
by a tipping rail Platfdria ¢t the cerusher deck or by spread railsge

Drag line buckets are an effective transporting medium
from quarry to crusher when blasting produces rock of & size that
can be teken by the crusher with little Oor no adcditional bresking.
If necessary to "pop shoot", "blockhole" or otherwise reduce in
size an apvreciable quantity of boudders in the quarry, drag line
bucket instzllstions are of questionable value.
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463, Bins. The important consideration in the layout of
bins is to obtain wready discharge of material from bins and to
have the bins accessible to the transhorting vehicles. Discharge
of material is usually best accomplished by a bottom gate dump
tyve bin, In handling damp or wet materials it may be necessary
to provide a bottom in the bin that slopes to the discharge gate,
Usually such bottoms are more economically ppovided by construct-
ing a conventional flat bottom bin without decking and then put
in & false bottom on approximately a 100% slopes The slope of
the bottom will depend on the material worked. (See Fig. 414 for
typical bin layout).

464, Unless considerable surfacing is anticipated in a
Regzion or locality, the cost of surfacing equipment and set up
can seldom be justified on a single job. It may be more eco-
nomical t¢ contract the surfacing job or to rent surfacing
equipnent. Hence, before undertaking a surfacing job, carefully
‘consider the initial cost of gquarrying and crushing equipnent and
the high installation and operation costs of such heavy machinery.

465. Tables showing the thecreticul quantities of material
required per station or umile for varicus depthe and widths of sur-
facing are in Field Tables., Such tablos must ve based on some
assumed average derree of compaction. This factor fluctuates to
such an extent that equally reliable results muy be obtained by
thecreticel computation of the volume of stone per station or
mile and applying to these results a cosfficient obtained by
experience or test with the specific materials used,
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GENEEAL DECCRIPTION OF EXPLOLIVES

Action ¢f Explosives

“they simply cha

£00. Commerciel explosives are colids or liguids that can
be instantsneously converted by friction, heat, shock, sparks,
or other mesng into large volumes of gus. while the conversion
of explosives inte gas is ruch quicker than converting water
into steam it is essrentially similar. %hen fired or exploded,
1ge into encther form, largely gaseous, having
meny times greater volume. Thie incrsssea volume exerts both

o blow and a pres ure on the COVLf’HW ng meterisl., It is this
action that ls effcc

The precewre acts egus 1!J
gas tends to escupe through the po -
cesiest wuy out. All explogives, in this roupect, act in
exactly the seme manner, and thorefors, no matter what explosive
is used, loading und tamping must be done very carefully in order
to confine the gas so that it will bs forced to work upon the
natericl te be blasted.

;sL

For performing this work, the blustur must consider the
choice of explosives, supplics for fLTln the ﬁxolosjveﬁ used,
methods of preparing bors holes, and mntnodo of locding and firing.

Only explosives on the U. 8. Fores Aceeptsvle

List of BExplosives may be sclected.

High Explosives

501. High explosives include 211 of the aynamites -- nitro-
starch, ammonia, nitroglycerin and gelatin types. ALl of these

sre detonsting exmlosives. That is, they are firced by shock from
& ha b J

)

zn intermedicte asgent cunlled = detenator or blasting cap.

In selecting high explogives, muny fucters must be
tuken intc consideration. Some of the principal charccteristics
cre strength, velocity or shattering effect, water resistence,

gsensitivity, temperature of freezing, ignitability, cnd fire-

setting ability. (Explosive engineers cull firce-setting ability,
”Ince“dl"lt"”).




Strength

502. By thie term 1s meant the power or force L
the explosive. The straight, or nitroglycerin, dynamites are
rated on the percentage, by weight, of nitroglycerin which thev
centain.  Thue a 407 struight dynomite conteing 40% of ni
glycerin. The strength develcped vy LYL‘ type serves as a oasis
for the grading of all other dynamites.  Thue the percent st gth
grading of any other kind of Qynum1ta means that it will rolease
«s much force as an equivalent grude of the struight aynamite
“welght for weight. ”

4

The reiﬂtivc cnergy contained in the di
of dynemite tly misunderstood by many user
opinion is he actual energy developed by the differx ent
‘strengths is in direct preporticn teo the percent ma
is not true. For L

i,

idngs, This
we, 40% dynamite is less than twice as
strong as 206, and €0% is less then three times as strons as the
<0%. The simple rotio deeg not hold because the ingredients other

than nitroglycerin and ammonium nitrote, which enter into the compo-
sition or dynamite, huve some explesive strength of their own when
nixed with nitrcglycerin.. '

Careful laboratory te ts have been made which show the
encrgy in each particular gtrength of dynamite. The results of
Thcse %ests show that 30% is 1.16 times as strong «g 20%, that 40%
1. times ag strong os 20% and that 609 is 1.50 times os ctrong
2

31
0%.

is
(9%}

Velocity

‘303. The rate of exploding cr detena
velocity, or sometimes ac quickness.
more guickly than thc g, and their sha
greater. For thie resscn the lower percent g Ga oY
stump blesting and locsc rock formations and the higher porcent

2

il
gradeg for hard rock, springing and nudc capping.

Water Registance

504, Figh explosives differ greatly in ftheir n te resist
weter, In dry work this is of no importance, but when much water
is encountered, a water-resi plogive ig necessgury. If the
blaste are fired scon of the use of an explosive inter-

c.,!

mediote as to water resistence is found satisfactory. Thus armonia
7

dynamitc cun be used satisfroctorily where water stonde in the holes,
If the blast ie fired immediately after the helee are loaded; ¢
25 1f the explesive is to e left under weter any length of time,
a gelatin or seml-gelotin dynamite must be used.
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Propaegation Sensitiveness

505, Propagaticn sengitiveness ie the property which
auses an explesive to detonute when subject to shock. The

cet for propegation sensitiveness is mede by placing the two
helves of &« 13" » 8" stick in & roll or type of paper. The
two halves are scparated o few inches so that the roll will
be 13" in diameter but will be longer than 8". The lining
paper in dynumite cuces, or its equivalent, should be used.
One h&lf of the cartridge is detonated with & #6 cap. The

spacing betvecn the two halves is varied to determine the
meximum distance at which the primed half will explede the
other half. This disténce in inches is known as the propo-
gation sensitivenes:. of the powder tested. In general, high
velocity explocives are more cencitive thun low velocity ex-
plesives. Explosives low in velocity and in sensitiveness
are not cecirable for use where fire huzard exists.

O\J‘!

P

Temperature of Preezing

506. Practically «ll commercicl explosives are now low
freezing. They will not freeze under ordinary exposure to
such atmospheric temperatures as occur in this country.
These may or muay not be marked "L.F.", but in generul, it
mey be said that explosives from reputable manufecturers

are non-freezing.

Ignitibility Index

507. Ignitibility index is the term used tc indicate
the property of explosives which causes them to ignite, or
burn, when exposed to heut. Standard tests of ignitibility
arce conducted by the Bureau of Mines, The explosive is
exposed to a standard flame. The index is the mean of the
maximum time for three non-ignitions and the minimum time
for three ipnitions divided into 100. Explosives with a
ignitibility index greater than 250 should not be used mh@re
fire hazard exists. Different types, or strengths within
the same type, may have & widely varying index and there-
fore an explosive cannot be judged by tests of some other
brand of the seme general type or by tests of anything
except the particular brend, type and strength in question.
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Incendivity (Fire-setting Ability)

508, in explosive having the least flash or fire-setting
ability is peculiarly zdapted to Forest Service use during
extreme dry périods when the humidity is low. Tests are now
being made by the Bureau of WMines! explosive engineers to
determine the explosives best suited to Forest Service work
during the high fire hazard periods. Inflammable litter should
not be used for stemming of' any explosive. Until the selection

the "special fire season explosives" is aveilable, extreme
cautlon should be used in firing shots during the hezardous
fire periods : - : :

Accehb ble Lisgt

509. - The explosives uaed on Forest Service work must be on
the Forest Service List of Acceptable Explosives. (See Table 501
for recommended types of exploalvea).

This list of explosives has been prepered by the
Bureau of liines for Ferest Service use. The explosives are
enumerated a liarly adapted to our werk. A4s other

2 pee

r u
explocives are tested and found suitable, or the explosive
munufacturers develop new explosives, or as existing brands
are chenged or their manuficture discontinued, the lists will
be chunged. It is mandatory that these ex p1081ve5 be used for

Forest Service work.




TABLE 501

Approved Types of Explosives
The Type A, Class 7; and Type B, Class 2b are free flow1ng bag explosives.
The types are selected from the Forest ‘Service’ Aoceptable List and are offered as a guide.

) U‘ : First Choice : Second Cheice % Third Choice :
et e : Type : Class : Grade : Type : Class : Grade : Type : Class : Grade :
Quarry or solid A 4 40% A 2 40% A 2 or 7  60%
rock drill holes, A 7 40% B 1b 407 B 18 ob 60%

etc. B 181¢2b 40%
Wet holes A 4 40% A 1 50%

A 6 60%
é; Mudcapping or A 2,4 60% A 2,% 40%
£ bulldozing B 1710 eo% B 1%1 40%

Hardgan, Cement 2 2 0% A 2
Grav. A 7y 20-30% B 20 40%
B 2 - 20% o 30%
Stump Shooting A g 20% A 4 30%
Ordinary olay soils, B 183bgb 20% B 181bgb 30%
etce o . -
Stump Sheoting A 4 40% A 4 30%
Loose, sandy or B g1e 40% B 1d 30%
Volcanic soils '
Soil Erosion Control A T 20% A 2 20% A 4 30%
Gully Bank Blasting B~ 2b 20% B 1 20% B 12 30%

Do not use Gelatin for mudcapping, because when shot without proper confinement, its action
is relatively slowe



TRANSPORTING EXPLOSIVES

‘Regulations

510. Any person having cccagion to hendle or use explosives
should familiarize himself with 21l Feaeral, State und local laws
and regulationg and comply with them.

The Federsl hAct of March 4, 1909, revised March 9, 1921,
provides in Sections 232, 233, 234, 235 and 236 that it ig &
criminal act: :

() ~To carry or czuse to be carried any explosives
(other then exceptions named) in a train, boat, trolley or‘other
vehicle carrying passengers for hirej or ‘

{(b) To deliver or cause to be delivered to a common
carrier for transportation any explosives under false or decep-
 tive marking or descripticn on the package, invoive cr shipping

order; or f

(¢c) To viclate or cause to be violated uny regula-
tions of the Interstate Commerce Commission rclatln6 to the mark-
ing, shipping or handling of kalOQlVd :

(d) A violation of any of the provisidns of this  law
is punishable by fine of not more than $2,000 or by .impriscnment
of not more than eighteen (18) months or -both; or .if injury or
death results from such vieclation by fine wf- nct more than
$10,000, or by imprisonment for not mor¢ than ten (lO) years or
bath. :

: '

Unloading Cars

511. In the case of a carload shipment, an inspection should
be mace on the arrivel of the car to ascertain whether ite con-
tents are in the proper ccndition. Occasionally, rOugh handling
in transit may telescope cuases or bresk them open sc thet there
will be loovse prlOolVC.bethebn cases or on the floor. If inspec-
~tion reveals such « condition in & car of high expldsives, the

workmen who are to unload the car should be warned tc aveid every
“chence of friction aguinst the loose explogive that might cause
‘an explosion in the car:  As socn as a sufficient number of cases
2g been removed from the car to make 1t feasible, the loose eX-~
vlosive ohouId’be carefully: swept up, sprecd on ithe: grouna at a
consideratle digtunce frem the cases of exp1051Va fand burneu,
taking care to ll?ht tne explosive in such a uay a8 not to be
burned by the flame.




Cases containing explosives should always be lifted
and set down carefully, never slid over one another nor dropped
from one level to ancther.

Vehicle for Transporting

512. The vehicle yrovided to transport explosives from

the railroac to the magazine should be strong and substantial
snd in good working order. A clesed body is best. . If an open
bodicd vehiclg is used, the cndés and sides shculd be high encugh
tc prevent packages of explosives frem falling off, and the load
should be cevered with & fire-resistant tarpaulin. The floor
should be of wcod, and cny metal in the body likely to come in
contact with the cases-should be covered with wood.

A truck should never be overloaded with explosives,
nor should packages of explosives be placed in such a position
that they may fall off,

Neither blasting caps nor electric blasting caps
should be transported in the same bed or bedy of the vehicle
with explosives, nor should metal tods, carbicde, oil, matches,
fire-arms, electric storage batteries, inflammeble substances,
acids or oxidizing or corrosive compounds. Explosions have
occurred on vehicles traensporting explosives with some of these
commoGities. : : '

Bale hoocks: or other metal tools should never be used
for loacing or unloading explosives.

Rule for Driver of Truck

513. The truck for transporting explosives should be
driven by and in charge of & cdriver who 1s careful, capable,
reliable, able to read snd write the English language, and not
addicted to the use of intoxicants or narcotics. He should

- never smcke while on or near the truck, nor carry matches,
fire-arms or loaded cartridges. He ghould be familiar with
road rules and also with the state laws and the local ordi-
nences and regulations governing explosives in the cities or
other municipalities in und through which it is necessary to
travel or pass, and should comply with them. 2 shoula have
the truck always under complete control and should never allow
it to coast down hill. He should, of course, be familiar with
the proper manner of handling explosives.

~506-
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A1l trucks transporting vxpLo<1ves nust be eguipped
with an adequate fire extinguisher. The extinguisher should be
usceessible at all times and tested frequ ently.

Unauthorized persons should never-be permitted to ride
on trucks transporting explosives.

When transporting explosives, the truck should come to
& full stop before cressing any railroad track and sheuld not
ettenpt te cross the track until it is known that the way is
clear and that & train or engine is not approachin

The' truck engine should zlways be stopped when gasoline
is being put into the gasoline tunk.

A truck containing explosives should never be left
without first stopping the motor and sscurely setting the brakes.
When transporting explosives over the highweys, it i advisable
to avoid unnecessary stops. Stops for meals should be made at
some wayside restaurant and the truck should be left well away
from traffic and perked vehicles. A truck containing explosives
should never be taken into a gerage or repair shop.

Explosives should never be left anywhere unless they
are placed in a magazine and the magezine is locked, or are
delivered to some cne authorized to receive them. In unleoading,
packages of explosives should never be piled immediately back of
the exhaust, as & spark may start & fire and ceuse an explosion.

It is safer to transport explcsives in cdaylight. If -
lights other than the truck lights are necessary, only an electric
flashlight or an electric lantern should be used. :

STORING OF EXPLOSIVES

Importance of Proper Storage

514. The storuHc of explosives Has a much deeper relation
to &df@ty in their use than is commonly realized. Improper
storage of explosives and detonators leuds directly to:

(a) Misfires

(b) Incomplete detonation which leaves unexploded
dynamite in the bore hele or thrown out among
the blasted material

(c) Burning of charges in the bore holes.
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Even a small lesk in a magazine roof mey alleow e
few cartridges of explosives to become wet, and the use of
these cartridges may result in either misfire or incomplete
detonation. A dilepidated magazine, or & magazine with
floors'01 ose to wet ground, or any condition of storage
which would exposs ammonium nitrate explesives, or blasting
caps, to moisture is almost sure tc result in one or both
of the above troubles.

515. Inadequate ventilation of magazines mey also leac
to misfires or incomplete detonation. Unless air circulates
freely through a magazine the atmosphere may become hot anc
humid. Long exposure to such atmosphere has much the same
ultimate effect as dampness upon ammonia explosives and blast-
ing caps. With nitroglycerin explosives, it tends to cause a
seperation of the nitroglycerin from the other ingrecients,

or a leakinesc, that makes the explosives much more sensitive
and hence dangerous to handle.

516. The handling of misfires snd the existence of un-
discovered misfires or of unexploded dynamite in the bottoms

of the holes or in the broken material, constitute some of the
chief sources of accicent from explosives. For all of these
reasons it is imperative to prevent deterioration of explosives
and detonators in storage. Dry, well ventilated and reasonably
cool magazines are essential to safeby in the use of explosives.

Storage MU.ES,'Z ines

517, Permanent magozines for stecrage of explosives in
guantity should be constructed from approved plans which ca
be obteined from explosive manufacturers. Also see the
"Gtructures" secticn of the Truck Trail Handboak Where no
State laws exist, it is recommended that the location of '
storase buildings be in accorcance with the Americun Table
of Distances. Some excerpts from this table follew:
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- Inkabited | - Public = Public
Buildings Railways i Hiphways
-Barricafed* : Barricaded* : Barricoded¥

. (Feet). 3 - (Feet) (Feet)

tuantity »f Explosives

b 0w

s as A*

From 100 to 200 1bs. - 18¢ - 110 55
" 500 coo - 400 © 240 . 120
1000 M 1500 M 530 . 320 160
1500 " 2000 n 600 300 180
" 5000 " . 5000 v 780 470 235
" 10000 " 15000 " 890 . 535 265
"™ 20000 " 25000 " 1055 635 ~ 215
mO40000 " 45000 " . 1340 805 - 400

 *Barricuaded, as here used, sipnifies. that the building con-

taining explosives is screenec from. other buildings, reil-

. weys, or from public highweys by either natural or artifi-

cizl barriers. Vhen barriers ¢o not exist, the distance
sheuld ke doubled.

518, ~ Electric caps or detonators should be stored in a
sepcrate megazine not less than 100 feet from the powder
magazine. R

The wires of all electric caps should have their
sed encs twisted together to prevent any possible electric
wnt, static or otherwise, from causing o premature explcosicn.
se twisted ends should not be untwistec until everything is
reaCy for the final wiring, & short time before firing the round.

519. In storing powder on going projects, dependence should
be placed on such natural barricades ae heavy timber, ravines,
etc. The arca surrouncing such caches should be adequately
posted with "Explosives" signs. For emall guantities, a portable
magazine may be constructed of two-inch plank or of shiplap
covered with heavy flat iron and mountecd on skics or wheels. The
worc "EXPLOSTIVES" should be puinted on 21l four sices anc the top
of the structurs,

A wooden box, with heuvy deuble board hinged lid, built
with hollow siceg, the center to hole from one to five bexes of
explosives, has been found useful on the Job. The hollow space of
the walls should be approximately 4 to 6 inches in wicth. For
safety and uniform temperature, £ill the space with sund or ary
goil. For convenience when moving, the soil mey be dumped out anc
the wells re-filled at the new location. During cold or freezing
weather, replace the scil with sswdust. This will keep the ex-
plosive in & good handling conditicn, Do not bury smell boxes or
cther magezines in the dump soil ae moisture is detrimental to
most explosives.
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HANDLING EXPLOSIVES

Sufety First

520. Care hQUL: elwnys be exercised in hancling explo-
sives. Do net let fumiliarity breed contempt. FExplosives
are safe to handle when treated with due regarc for their
properties, bbt they are dungerous when abused. Careless-
nass and rouga hancling are apt te cuuse explesions and
accidents.

Persons working on E.C.W. projects will be held
responsible for strict compliunce with "Rules for Hendling
Explosives,"™ as luid Cown by the Director of Emergency

Conservetion Work. ' o S

Opening Cages cof uXDlObTV@S

521 The opening of dynamite bexes is an operaticn that
shou1@ be performed with due care. Drepping dyneamite casecs

to burst them open is both inefficient and cangerous.

Whether one case or o thousand cuses are to be openec, sufety
demands the use of WDOumniﬁols‘a theut eny metal whatsoever
abcut them. Any kind of 2 metal tool - hammer, slev'es chisel,
pick or drill steel may strike a spark from the nails ond there-
by couse the dynamite to explode. While many: uynumLtc cases
are opened evcry vear by aeans of metal tools without wzccident,
the hazard is always present, and any workmsn who uses o metal
tool for th]u purpese ie exposing himself to pessible irnjury
or death. Wooden tools ¢o aweay vwith this hazard and are just
as effective. It tzkes a little forethought perhaps, to have
them at hand when needsd, but the preventiocn of accicdents is
worth some effort. Any wooden wedge and mallet will serve.

FREEZING AND THAWING

522 Because nmost anumlteu ure today munuchturcu on a
low freezing formula, the hazard f thawing them is largely
avoidec. However, if in cola we:thcr the dynamite becomes
hard, it must be thawed., Otherwise, in hondling, it may ex-
plede prematurely. It rust be bornc in mind that the thawing
of dynamite is a hazardous wdertaking., Always use two- ‘
compartment thawer, which can be procured from any munufacturer
of explosives. A thawer consists of a water— tizht compartment
for holcing the dynzmite, and a receptable for hot water, which
surrounds the dynamite compartment. - Under no circumstances
sficuld the water bte headed in the thawer, as there is canger

of Tiring nitroglycerin left in or on the walls of the thawer
from the warming of a previous guantity of dynamite which,
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when warm, exudes nitroglycerin readily. The water should be
heated in something other than the thawer, and should be testec
by immersing one's hanc in it. The temperature will probably
not be wbove 1260 F. if the immersed hanc is not uncomfortazble.
However, if the water is hot enough te burn the hand, do not
put the dynamite into the thawer. The dynamite compartment
must be kept dry and clean, anc care shoulé be exercised to
prrevent the explosive coming in contact with water. chould
any of the ingrecients of Cynamite leak out into the thawer,

it chould be thoroughly cleaned with a solution of sal soda.
The thawer should be kept away from stoves and fires at all
times. )

Moking Primers

523. Punch a hole from the center of the end of the
cartridge in a slanting Cirection so thet it will come out

at the side two or three inches from the enc. Insert the
ende of the couble-over wireg of the electric blasting cap
end loop these around the cartridge. ‘Then punch another hole
in the top a little to one side of the first, and straight
cown. Insert the capsule in this last hele as far as possi-
ble and take up the slack on the wirec. You now have & primer
where the wires co not cress each cther wt any point. The
capsule or detonator is lying neariy along the center line of
the cartridge anc the primer hangs verticelly, so that it is
possible to load it in a vertical bore hole without its
lodging against the sides.

A second method preferred Ly most explosive fore-
men is:~ Punch a hole in the end of the cartricge appro¥i-
mately one-half inch deeper than the length of the blasting
cap. About 3 inches from the end meke & hole through the
cartridge. Pess the cap through this hole 2nd imbed in the
hole in the end of the cartridge. Then pull the wires taut,
Thig methoé is quick znd will nct chafe or benc the wiring.

The wires of clectric blasting caps should never
be fastened around high explesive cartricdges by half-hitching
them, as a strong pull is apt to break the wires or to cut
the insulation. See Figure 502.

524, A11 of the recommended methous of priming are
based uporn two principles:- First, placing the detonator

o that its grestest force will be exerted upon the charge
of explosive, not upon the stemming cr the walls of the bore
hole; anc, secona, protecting the cap from uccidental deton-
ation and the wires from injury. Painsteking application of
thesge principles will aid in reducing premature shots,
delayed shots, and misfires, and in securing maximum
execution from the explosive.
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Loading
525, Londing is the pluacing Qf o' charge of eyplesives in

& bore hole or tunnel, or plécing a muc Pup ch rge, Al sduing
the stbmr'l;n.n'7 material. ' ‘ ~

As used in this Hundbook the wora "tamping" means the
act or work of closing’'a bore hole or covering up & bhot onc the

vword "stemming" meuns: the matericl used.

526. In order to imsure complete detcenation of the explo-
sive, it is important that it be carefully loacdec and confined
in & clean bore hole. The blaster should sveoid smearing the
walls of the bore hole with loose explosives. Contomination of
the explosive with rock cust, ssrth or' sther foreign mutter tencs
to lower its propagsation sensitivenesrl : o :

A careful examination ol a sprung hole should be mude
before lozding, to be sure that it is open, anu especially to
see that it has ceooled off from the heat of the springing shot.
If this latter precaution is neglected, hot rock in ccntact with the
charge may cuuse a premature explosion resulting in serious
accidents. Particular care should be taken in sprung holes to
secure compact lcacing and to eliminate air spuces.

First, try the hole with the tamping stick to see that
it is open and sufficiently ceep und large. . The requirec number
of cartridges should be glipped in, one at o time, and pressed
into place with the tamping stick. The primer should be placed
last or next to last. :

Do not exert too much rressurc in loading the explo-
give charge or attempt to ram the cartridges into pluce. This
may result in a premature explosion. Utmest care should be
useC in leading the rrimer car trlufv. Care uunlu be toaken to
avold leaving air spaces arcund the charge.

Explesive wrappers shouldnot be teken off the car
cartridge as the wropper ingredients actually help in the
explosion. In loading, the cartridge wrappers should be slit
go that the cartridge will expand, filling the space prcpareu
for the load and not allew large air pockets to cccur. Ify for
any reason, cartridge shells, buags, liners or packing matﬁllll
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cannot be mixed with the explusive, they should be carefully
collected and burned in a suitable locution where no fire
hazard exists. Thege wreppers ore poiscnotis and stoek will
lick them for the "salty taste." Uncer ne concditiong should
these wrappers be 1¢ft where stock can get at them.

" The first few inches of stemming shou¢u be ‘rresege
only lightly to avoid jarring the cap. The rest of the Stehm
ming should be packed in firmly, using the wooden tamping
stick. Tske care to avoid losing the cnu of the electric
blasting cap wires in the hole. f ' '

527 Good confinement is often difficult in loose, or-
shattercd scil and rock, under which conditions fire-setting
is possible. Some of the cherge, if mixed with soil particles
or on becoming separated from the main chnrge along crzcks,
mey burn instead of detonating, and set firve to bhrrounding
carbonaceous material,

VWhere it is impossible to mzke a clear bore khole
and firmly pack the explogive, sneoial pr@cautlons should be
taken to remove combustible matter from the danger zone before
making the blast.

528. Stemming, except for gopher holes and tunnels,
should be free from stone and grit. For large holes where
the weight of the stemming gives the confinement, dry, free-
running sand 1s good. For other work, & moist, 6dSlly packed
sand, clay or loam is best. OStemming is probally the most
dangerous single festure connected with the use of explosives
in setting fires. Be sure the stemming is non-combustible.

Fhen a large amount of water covers & charge of
high explosivec in a vertical or downward pointing hole,
further stemming is sometimes omitted, as the wuter pives
fairly good confinement

Gooa tamping is one of the prime evcentluls of
successful klasting.




No. 6 electric blasting cap.

Wires of different lengths

to suit different depths of
bore holes.

Electric blasting
" cap (Section)

A 1% in. x 8 in. dynemite
cartridge is used &s a
stendard in this handbook

Connecting Wire Rell of
leading wire

Duplex lesding wire
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Circuit Tester
with carrying
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Push-down blasting
machine

Pocket blasting
machine
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WIRING, TESTING AND FIRING ELECTRIC BLASTING CIRCUITS

Electric Blusting Equipment

529 See Fipure 501.
(1) Detonators

Electric blasting caps, or wetonators, are fired or
exploded by an electric current producec by & blasting machine
or other source. The ¢lectric current pugses through a fine
resistance wire in the cap, heating it to & high tempersture
which sets off the sensitive explosive compound. Detonators
are designated as No. 6 or No. &.

(k) Connecting Wire

This wire is No. 20 gauge and is furnished for use
in splicing electric blasting caps when they are too short to
reach between holes.

(c) Leading Wire

Leading wire is used to carry the current from the
blasting machine or power circuit to the electric blasting
cep wires in the bvore holeg ond return. No. 14 gaugs wire is
recommended and ordinarily used for this purpose.

(d) Blasting Machines

Blasting machines «re used to generuate current for
firing blssts by electricity. Two gencral types of blasting
machines are largely used. One, a wooten cagse, containing a
small generator or dynumo, is operated by « downward thrust

of the rack bar. The second type is known us & pocket blasting
machine snd is operated by a twist of the hand, using a special
key. With either machine, success of the shot often depencs
upon holding the rack bar or twisgt action handle down until the
dynamo quits turning.

(e) Galvanometer or Circuit Tester

This ie @n instrument used by Llasters to test inci-
vicdual electric blasting caps; to determine whether or not «
blasting circuit is closed enc in the proper concition for the
blast; to indicate the existence of lesks or short circuits and
the approximate resistance of a circuit.




(f) Eheostat

This instrument is used for testing the efficien-
cy of blasting machines. It will tell the number of detonators
the current generated in the blasting machine will fire.

The internal construction of the rhecstat 1s an
arrangement of coils of high-resistince wire of a certain length
with the binding posts at both ends attached to its encds, and the
intervening binding posts attached te it at intermecdiate points.
The entire length of the resistance wire in the rheostat has a
resistunce sufficient to represent &« tecst of one hunared 30-foot
electric caps, with a factor of safety to allow for the leading
wire, connecting-wire-end all connections in the blasting circuit.
The resistznce wire between bincing posts is so arranged that
tlasting machine tests can be mace in multiples of five.

Conrecting Wires hetween Detonators

530. Connections between detonator wires, or between cue-
tonator wires =nd cennecting wires, must wll be carefully made.
First, scrupé the bure encs of the wires with a knife tlade, and
then join them with a leng twist, (generzlly known as the
Western Union twist).

Such a twist should be macde tightly to keep the

esistance in the joint dewn to a minimum. A guick methocd of
connecting detonator wires consists of placing them slue by
side, bending the ends to form a short crank ané winding them
together by turning this crank. This gives a quick, tight
comection which becomes tighter if pulled. This connection
extends at right angles to the wire but if necesstry to tape
the joint, this can be aleong sice one of the insulatec wires
end the whole taped the same as any other joint. If there 1s
no bare enc to the connecting wire, skin off about twoe inches
of the ingulation. Never, under any circumstsnces, loop wires
together.

Series Connections

Vhen using a blasting mechine, all rouncs must be
wired in series. This is done by connecting one wire from
ach hole to a wire from the adjoining hole, and so on to the
end, when the two free wires are cecnnected to the leading wire.
See Fipure 502.




Loop connection. Do not use this splice )

Series connection. "Lead-back" method

Another type of poor comnection ) : 1 :
e S 118 e d W | .
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"Western Union" connection. .ilways use this '
splice with wires of the seme size Series connection. "Loop-over?" method

°
A poor comnection with wires of different sizes m1

Series connection. Two lines of holes

A method of priming
with electric blesting
cap for cartridges

LG

e,

A good splice with wires of different size . =
Splice 4 is sure to give trouble and with pres-
ence of a little dirt on the wires may become
practically equivalent to a break in the circuit.
{ Splice B, while better than A, is poor and is °
‘sure to add materially to the resistance of the

~eircuit, : .

Splice C, known as the Western Union splice, is Make primers with
‘1deal and should be used where and whenever pos- electric blasting
‘8ible. : . caps s0 that the

Western Union splices are difficult to make with Series comnection. Three lines of holes wires do not cross.
two wires of unequal size. Twisting the wires as . This method preferred.
in D will make a splice easily pulled apart. A ’
good splice for wires of different size is shown FIG. 502

B
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Connceting Detonctor Viires to Leocing Wircs

531 In muking thie cenncetion the ends of the wires must
e clcsled, Wrop the detrneator or cennecting wires tightly
around the end of the leading wire, cktout one inch from the enc
Then tenc the end of ‘the leading wire back sharply unu take o
turn or two of the detonator wire azround the locon. This last
locp is simply to make & stronger connection to withstond any
accidental pull on the leading wire that micht tesr the connec-
ticn loose. (Figure 502). : '

mn ;

Connecting Leacdins Wirce to Blasting Machine

53%. The connection of the leading wires to the older

type of blesting machine is mace Lty loosening the nute on the

two binding posts, inserting the enis of *the leacing wires into
the two small holes in the binding nosts @ tirzhtening the nuts
dovn on the wires. With some of the newer types of pocket blust-
ing muchinesg mhich heve gpring posts, «11 that ig necessary is

to slip the wires between the tWO sections of the posts.

i

Vher using a duplex lewg vire the line should be
tested 1rnquon+l as tne wire sometimes brewks within the insu-
lation. Breske in the gingle lead wire are easi ily found.
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Protection of Bore Joints in Wirinz

The naked join t“ in the wires of & blastinr circuit

£
533.
must always be protected zruinst short circubing, esnecially

throuch water. Thie is done in several ways. »hen connections
lie on moist ground, they may be held up by supporting them or
stones, blocks or sticks, so that only the insulated parts of

the wires touch the ground znd supports. The joints may be
nsulated with tepe. While not generally needed where the joints
can be held off the ground, the taping of the joints is strongly
recommended where the joints are covered by tamping, where they
cannot be held out of the water on props, and where blasting must
be cone during & rain storm.

Care of Leading Wires

534, ~ The proper care of leading wire is cimple. Aaftor
being usec it qhoula be coiled and hung up cut of the way; uncer
no circumstances should it be dragged cver the grounc. Leacing
Wire reels are ery convenient and their use greatly irolongs
the life of the wire. There are twe ways to coil and uncoil a
length of wire. If two or three ccils are separated when

dropped on the ground and the wire pulled, it mey spirzl out
straight., More often it will kink.

To pay out a wire properly make one end fasts toke
the coil in an urright position with the wire leuding from the
bottom of the coil and pay cut Ly rototing the coil sway from
the point at which the end is made faet, It will be more con-—
venient to handle the coll if the operator can walk backwarc,
paying the wire out as he goes
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To recoil & length of wirc, it is mpnrtunt that the
first turn be tied, othervise it ie ilmo;t inpussible and very
lngonv‘nlunt to mekeg @ coil that wild ot afterwards be ¢iffi-
cult to unwind, . T 7T

Frequent inspections of the leading wire should be
mace for the purpose of locating brCukS in the insulstion.: If
breaks in the insulation are discoveared ~they should be taped

1nneu1atp1y, thus prolonging: the life of tha wnr@ anu rrevent-
1ng possible misfires. . E :
Testing a Rlasting Circuit. o T :

535, - ...  After the.round has been wired, the circuit should be

tes teu wlth a vilvanometur to be sure there are no byeaks in- the
11ne. A very accurate wey is to test the wires from each loaded
shot or, bty using « small back line, test cach.shot vwired to the
main round to he sure none of the gntongt*ﬂ wires were lbroken
during the loading. : : '

Care of Blasting Mechines -

536. Do not glth the -blusting machine to remain uncovered
over night or to remain out in wet or damp weather. Care ir

hancling is demandec if gond » boultu frum flrle the round are
to be expected. ‘

The bearings znd gecrs should be lightly oiled
occ°°10nally.~ se a little graphite on the commutzter, which
is the smull copper-covered wheel on the end of the armature
shaft. See that the two slots cut in the copper rart of the
commutator are clean, snd with no particle of metel or anything
else in them which might cause a short circuit. Keep the copper
brushes clean and see that they bear firmly on the commutator.
Keepr the circuit-brecking contacts clean anc bright.

i blasting machine shouli be kept in a tight clesn
box and removel only whnn it is to be uuei. When a blasting.
machine is not in use, store it in a dry and comparatively cool
place; not in & leaky tool box or in the orens. Test the machine
occasionally with & rheostat.

’L
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Firing :
537, - Do not fire until you are sure that all charges are

properly loaded and stemmed and that all persons, animals and
machinery are at a safe distance from the shots. Helpers
should; be stationed on each side of shots to warn anyone who

may bei approaching. As a safety precaution, instruct the crew

as to the meaning of the shouted "Fire!" wagrning, and the number
of times the word will be shouted before firing. Stump fragments
and rock are soméiimes thrown a considersble distance. QOne man
only should be allowed to fire a round of explosives. This man
should always be the last to leave the dunger zone. !

Blasting machines with 50 shot capacity should be used
where shots are numerous. Smaller machines can be used to good
advantage for springing and where from one to ten shots are to be

fired in a round.

538, After the line has been tested, work the rack bar up
~and down vigorously 4 or 5 times to warm up the magneto. Then
hook the blasting machine on to the line and plunge the bar to
the bottom of the machine to make the ‘contact. Hold the rack
bar down until the magneto stops turning. , oAt
%

If the blaster cannot get under safe cover he should
always face the blast with his back to the sun, as this gives him
the best chance to watch and avoid any flying matter.

After a blast is fired, the blaster, before returning
to look over the result, should wait a sufficient length of time
to allow the falling materizl to drop, and for the smoke, fumes
and dust to be partially dissipated or blown away.

Make sure no fires have becn gtarted. 5 L
Handling Misfires : . -1 gv
539. While there is no perfectly suafe method for handling

& charge which has missed fire, it is usually entirely possible
to prevent a misfire, when using electric blasting caps, by test-
ing each electric blasting cep with a circuit tester before lozd—
ing, before tumping, and after tamping.

A1l misfires should be placed under the direction of
a careful and experienced workman, who should make his examina—
tion in a slow, methodical manner before begin ning the work of
repriming.
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540, Hendling a misfire is by far the most haza srdous duty
any blaster is called upon to perform, and he should proceed
with every precaution for his own safety and that of Otlﬁ” men
on the job. Migfires aure much easier to prevent than to cure.
Careful priming and losding will reduce the chances of shote
failing to fire. When a misfire does occur the blaster should
be governed by conditiong, and carefully investigite.

, (1) When electric blasting cups are used cnd one or
£11 of the holes fail, disconneet the wires from the blasting
machine before going back,to-imvestigute the trouble.

(b) . Try your Galv“nometer to see. if. the circult is
comprte, if not, search for broken wires: and {faulty connections.
Many so-cnlled failures are the result of connections in centact
with wet ground or other conductive material.

(¢c) If poor connectiong are found, make the proper
repairs, re-connect the leading wires and operate the blasting

mechine. N (} Q\
(i) If the misscd hole is tamped With we ter, make up
cnother primer, pluce it on top of the charge, and fire.

(e) 1If the hole is>tammcd with solid materizl, load
and fire another charge far enough away for drilling in cﬂfety,
but close encugh to ccuse detonation by concussion or sensitivity.

When a seconc hole is drilled, place it so that the
two holes lie in a plane parallel to the face, or so thut the
second hole is in front of the missed hole. Many accidents huve
occurred from strlklng unexploded dynamite in the debris from
the blest.

With holes thut have been sprung, it is not practica-
ble nor safe to drill enother hole alongside of them to blast
out the charge.

541. There are meny ways to remove stemming from a bore
hole. The sufest and most practiceble method is that of blow-
ing the stemming out with compressed air. There is canger,
howevep, of striking the explosive with the metzl pipe, and
exploding the charge. The danger is somewhat decrensed, but
not eliminsited, by having the blow pipe tipped with copper or
brzss. A safer method of using compressec cir is te attuch to
the air line a stiff rubber hose with a valve for regulating
the flow of air anc push this hose into the bore hole.




BLAGTING SOLID FOCK

P

Amount of Bx 10 give R( Gl

542. Becausc of taa different t}pca of'rock to be blasted
and conditions encountered, it is 1muu5°1ble to give a set rule

as to guantities of explosives necessary to remove o givgn
quantity of rock. The charge will vary from 3/4 1b. to lg lbs.
of cynamite for each cublc yard of solid rock to be novec.

For most shules, hord-pans and partly disintegrated
rocks, a low-strength, slow explosive is ususlly the most eco-
nomical to use. Type A, Cluss 7 and Type B, Cluss 2b, U. S.
Forest Service &cccytublp list sre recommended. Thvws'gxplo~
sives should be primed with & high strength primer.

o For the first triazl, only encugh holes should be drilled
and fired to make a foir test of whot this spacing and loacing will
do in the given muterizl. From this evidence, either the spacing
or the loading, or both, should be modifiec to conform to the

esults of the trial.

Table 502 shows spucing of drill holes cnc amounts of
explosives for the first trial shets in unfamilicr meterials where
hard shooting is permissible. Alco see paragraph 412 for spacing
of holes,
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Springing

543 . In very tough hard materi:l, the hole:s should always
be sprung so as to form & cavity, or chamber, of sufficient size
4 - -

Lo accommodate most of the charge a2t the bottom of the drill hole.
The same ig also true of deep holes in the softer rocks, except
when the danger of losing the hole by springing is too great.
To form the cavity in hard rock muy reguire the firing in ccch
hole of severszl successive charges. 4 fast, high strength explo-
give should be uged for gpringing. Alw: } llnw the hole to cool
after springing. This muy be hastened by blowing tnh hele with

Lwi
¢ by
compress2G alir.

Ssum Shooting

544, By tuking wdventuge nf seams or crevices in sll cout-
crqprlng rock feormations, it is possible to cut down the drill-
inz, and in some cacse to “limil LLe it entirely. A Frec Flowing
Explosive (Grade 4 and B, Class 7 and 2b) is best for seam shuot-
ing as it runs into the ,mal crevices easily, and does VPIy
effective work vhen confined with geod stemming. However, oo
not use @, free flovwing explosive for wet vork, as it takes up
molisture reacily.

I? compreesed sir ig wveilable, and the egsams can be
cleaned witn a blowpipe, & loading pipe will be found very
efficient for leacing frec 1O'er explosives. The air should
be turned on with sufficient force torblow the explosive brck
inte the small recesses, and wit L*H+ such force as mey haove
tenaency te blow the explosive cut of the hole.

BLASTING ROULDEFS

Amount of Explosive Regquired

545, The cmount of explosive required for blasting boulders
varies with the method uscd. ®Hlock holing requires the least

and mudcapping requirss the most, of the three common mcthdue.

See Table 503 for suggested charges for clust--
ing.
525~
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S BREARING : 2
Elevation of approximate loading
for cut work on highways. To give
the proper crown end sufficient
depth for the side ditches, the
holes away from the center are
~drilled deeper.

NP

Approximate method of loading for
side hill cut and fill. In earth or
clay the side of the cut should be
sloping to prevent ceving. Another
short-hole in the top of the bank
will aid in mseking this slope

e
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DIRECTION of -
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Snekehole method
for ledge blasting

Location of a
flat or hori-
zontal bore
hole in a
road cut

Location of a

deep, vertical

bore hole in
a road cut

]

\

%
: /%/ R

e e S I 4NN
Approximate method of loading for
gide hill cut where excavated ms-
terial is to be wasted or hauled
elsewhere. In earth, the side of
the cut should be left sloping in-
stead of vertical, to prevent caving

FIG. 503




BLASTING CAP
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Locating a snakehole cherge

WIIRES
Sounding rod
: for examining
STEMMING the size of
buried
boulders
Locating a blockhole charge
FIG. 504

527




TABLE 503

bugzested Charges for Buulder Blasting

Thickness of Cortridoes of L-JA" x 8" Grode 409
boulcer appo- ¢ Mudcep . : Snakehole 3 Elockhole
site charge : Method 3 - Method. & Methoa

1% feet 1-2 1 %

2 1 2-3, 1_5.__2 P

3 4=5 3 =4 Z

4 i 68 5 -7 1

The above figures are bused on 40% L.F. straight nitr o;cher*w CYNé--
mite.

* blockhol—

L-q»

see Fipurcs 503 and 504 for illustrations of
ing, snakeholing and mudcapping.

1 ‘e % or
B.kOCi.L_l}Dlll‘lz.

546. Blockhollr~ consists of drllllqg 1 hele inte. the beulder
and charging it witth a small wmount of Qynnm¢te. It  is the best

method for breaking very hara or very large bculders, especislly
these of the "nigger-head" type that are difficult to-break by
other methoc¢s. The hole should ususlly be drilled cbout half-way
through the boulder, and may be an inch or larger in dismeter. -

The explosive ig sometimes removed from the shell and
packed firmly inte the bottom of the hcele. Temping the hole helps

the explesive to give the best breakage.

Ag the confinement is perfect in the proper loading,
any of the lower gruade dynumites will give gooc results.

Elockhcoling is very sifective in blusting cut-cropping
ledges that are toc larsze to remove entirely.

547, Snskeholing consists of digging o hole under but
immediately agzeinst the botton of ulder, and placing the charge
of exploegives in as compact « ohape w35 the size the hole will
permit. The explosive, being confined on the underside by the
earth, cun exert a powerful blow on the boulder snd will roll it
out. If a sufficient charge is used, the boulder will be broken
into fragments. This ig one of the cuasgiest andmost successful
methods of boulder blasting.

o
Dt
tou

b
£
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Mudecpping

548, Nudcapping is known by a veriety of numes, ;uCh ng
"oullcosning," "olistering," "poulticing," "plastering," ana
"Golying." It is mace possible by the fast, ghaottering action
of the higher strencth explesives.  One method of mudcapping
consists of removing the cxplosive from the shell and packing
it in a compuact conical heap on the boulder, end, after insert-
ing s primer, covering it with the wrappers and several inches
of thick, heavy mud. Where there is 2 great deal of this work
to be done, the explosive isg not removed Irom the wruprer, but
whole or helf cartrioges, scmetimes ¢lit, zre arrasnged as conm-
puctly as yOSolbL@ ut o given point on the boulder. The cap

is ingerted in the end of cne =f the cartridges, and the whole
charpge covered with mud. :

The explosive should be pluced en the boulder ot
he place vhere the rock would be struck with o hamner, were
it possible to breck it in thet way. iig mey be on the top
or on the side.. If the boulder isg eubs . in the ground, a
snakehole shot to roll it cut on the surfuce should firet be
made, becauce the confining dirt makes it much herder to break
with & muGeap shot. The mud covering should be as thick cg is
convenient to meke it, but not less than 5 or 6 inchem, anc’
free from Otones. The blast will throw stense as though they
were bullets. Never lay oostene on tor of the muc, for the
same reason. ' :

oy

U

BLASTING STUMPS

Organizing the Werk

549, (o) Kcep the CWGa%in" ahead of the stwaping, anc
the stuaping for enough ahecad of the greding, so that nelther
the clecring ner grading uLl] be held up wulting for stumps
to e ghot outb.

(b). If presilble, distribute the explesive ulong the

right-of-wuy ahe%d tge stumping eang. The stumping crew
follows the clearing crev, Gigging heles uncer the stumps to
be shot. While the digeing is going on, the powderman with
one helper should make up a supply of primers for the loacing

" the round. Do not meke more primers than ueeded ot the time,
2s a ;rimsr is a]way. cengercus. The powder men will then, with
hig helper, losd the gtumps until noon or & known time, anc when
11 is reedy, fire the round zs soon &s the crews go off the jo
Check for misfires and reshoot before the crew roturns for the
next shift. Follow the same procecure in the afternoon.

h




{¢c) During dry weather, leave a patrolman on the job
R bR b ’
after shooting during the noon hour, and in the evening, to spct
and control any ?chp thet micht be startec by shoeting opera-
tl(/n(‘ . i ' .

The proper Forest officer should keep ell explosive
crews informed during high fire hezurd westher. Only such shots
as are necescary to avoid chtly delays of equ1pmsnt~, cte.,
shoula be f;reu.

o

At the time the stumps are shot, any surface boulaers
should also be removed by shooting, if necessory. See paragrapn

545.

in scre casges, it is posclble to. shoot out the entirs
tree without cutting, but this is ususlly ccvisable only on
slopes under 25% where trees ure lurge and scattering. Tc shoot
he tree out and pull it in the clecr with the troctor, is an
economical nethod of cleering when preperly done. However, con-
ditions must be right to do a good jeb. On steep slores the trec

can be thrown clear of the right-of-way.
Amount of Explosive Dequirec
550. The amount of explosive necessary will, of course,

vary with the types of seil and timber. Some specles require
more expleosive than others. In gravelly or loose solls, mere
explosive is required then in molst compact soil. 4 sluw rTo-
pulsive explosive is recommended for stump shooting in most
soils. Hewever, in lcose soils a fust explesive with cuttin
sction is preferable.

More explogives cre required in Gry soil than in wet
snil. TWhen five or more sticks zre used, springing is usually
necessary. Large green stumps ere mere easily shot vith dis-
tributed charges.

Guzrd apainst waste of explogives. Do not sheol the
stump so hard that a deep hole is left, and most of the roadbed
moterial blown away with it.  No stump should be shot harcer
than just sufficient to shatter it so as to enzble the trail-
btuilder to push or pull it out. Stumps up to & inches in
diameter can usually be pushed out by the trailbuilder without
ghoocting.

Sg@ Tables 504 anc 505.
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" Digneter

TABLE 504

Amount end Kind of Explosive for Stuur Lluotiﬂﬁb

H “NMo. H .
Cgtump s of e Kind o EXF]JulV“
(L ft. ¢ 1k x an g U. 8. F. 8. Acceptuple List
above scartridges . =
around) ¢ ' i Type i Class B . Grade
an G 4)
gn 4=5) - (4 2 =7 20%
1on 5 6) : (B lrl".lbzb _ (O -
12m ) (& 7. ,.zo—po Free Flow
14 4g.10) (B 2P 20-30 Free Flow
16m 9-172) ~ |
180 10-14) . : :
20" 12:16) . ’ ‘ For Cutting . A
240 14,-18) (4 2.4.7 40% - 60%
30M 17-21 (B S 1%1P2b 0% - 60%
36" 20-25) Stick or
Fres Flowing
‘Use Types A & B Class 7 and 2P (Free Flowing Bag

Powders) where loading is very difficult. The Lhaffe shoul . be
placed by air through = pipe constructed for the purpopc.j-»

So many factors enter inte stump shooting that‘any
pr@cise table can be used only as & guide for the first few
test shots. The table simply offers a starting point and the
xplogsive foreman must use his own judement after a few tricl
oﬂOt

The dklc wag mace for s medium loam soil. esvier
moist soils will take less and light dry scils will take mcre
explosive. If thb stumps are green, mcre explesive will be .

needed. If they are partly rotted, less explos ive will uuuully

blast them cut. See Stump ﬂlgu”e 505.

~531~




TALRIE 505

Amount of Explosive for Stump Blasting

iTap—rooted Pine Stumps - Charge Loaded in Tap Root

Diemeter , No, of 1i" x 8" ,
1 foot : Cartridges of Explosives
above : B} ' '
ground : Green stump : Dead stump
61 2] .l .
en 3 l%
18n 5 2
24" 7 3
30" 11 3%
36" 14 5
Herd Wood Stumps - Moist Firm Soil
Diameter Nc, of l‘;é"" x 8n
1 foot Cartridges of Explosives
above : : : ]
- -ground : Green stump . Dead stump
an 2 1
-1an 4 o
ign 5-7 3
24 7-10 4
S0m | 10-13 5
36" 13 up 6 up
01d but Solid White Pime Stumps - Moist Soil
Diameter No. of 1=" x 8"
1 foot : Cartridges of Explosives
above . .
ground : Heavy Light
18 2 -3 %o 4
_AN 3-4 4 - 6
o 5-6 6 - 10
s6" 7 -8 10 - 15
A 10 - 12 15 up
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Placing the Cherge .

551, Different classes of stumps have very different
,”roota. -Some have heavy tap roots, others only lateral,
spreading rooto, ‘while some¢ have both kinds, The loading
. must suit the nature of the roots; and be plﬁce& ‘to break
their hold in-the soil. See F igures 505 and 506, -

(a)  If the stump has a tap root, the charge
must be placed well urnder the cemter of -the stump and
against the tap root, o

(b) If the stump is on level ground, place the
charge under the stromgest part of the root structure.

(c} If the stump is on a sidehill, always place
_the shot under the upper side of the stump so that the im-
pact of the hillside will give more impetus to the shot.

- (d) To shoot large stumps, over 50 ‘inches in
dldmeter, it pays 0 put in 2 or 3 light charges rather
~~than to put in ome big charge that is costly to place, and
whieh may be much less effective.

(e) Do not spring the hole unless there is no
other possible chancc to get a hole down under a. stunp.
Springing loosens the ground under the stump, and much of
the offectivencss of the cherge will be lost. Too heavy
springing may shoot all the dirt away and leave the stump
high and dry, but still tightly imbedded by the roots.

(f} Stom the hole with mineral soil to be sure
the charge dogs not blow out, Use a wooden stick or a pick
handle for tamping.
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Dynamite is

placed in hole

bored into the
tap-~root

CHARGES

Locations of Charges .
Above: Two charges ere placed as
shown. Electric blasting caps
are needed and a blasting machine
to explode dynamite. ‘
Left: Single charge placed on one
side of tap-root.

Tools Required When Blasting Stumps
A
B
ce —— "
ll D&

P SSSS S S
> -
VN

L
&

s

A. Steel bar 2 inches in diameter, 5 feet long, either
round or octagon and pointed. B. Red Top wood suger with
ball-bearing creank handle. C. Red Top wood auger 5 feet
long, and extension section, with bit 1%‘or 2 inches in
diemeter. D. T-punch bar 3 or 4 feet long, 1} inches in
diemeter with 20-inch handle. E. Soil auger 5 or 6 feet
long, bit 1% or 2 inches in diesmeter. Tamping stick to

pack explosives in place. FTICS.ESC)ES
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STEMMIYG

A charge of explosive blows out nearly a right angled cone,

as marked by the dotted line., If the stump is evenly rooted,

the charge should be placed under its center and at such a

depth that this cone will just include the body of the stump
and the largest roots, as above.

STEMM /Yy G

If the stump has much larger roots on one side than on the
other, place the charge under the stronger side.

ELECTRIC

Place the charges under the strongest roots. Whenever two
or more charges are used, they must be fired with electric

blesting caps. F'G 506
535
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552,

hns

Safety Rules for Handling, Storing, and Using Explosives

Explosives should be kept in a cloan, coel, dry, and well
ventilatod place, : o

A1l storage of cxplosives must boe in accordance with Arer-
ican Table of Distences,

Always store ceses of stick explosives with th: bottom side
down. Do not allow the cartridges to stand on end.

A completo rocord of explosives should be kept. This in-
cludes the amounts issued and to whom,

Alvays inspect a car in # ich a shipment of c¢xplosives ar-
rives, to ascertain whether its contonts ere in good con-
dition, If cases are found broken, remove sufficicnt good
£ases ;;d weep up the broken cases, rsmove to a safo Gis-
tance and stroy them by burning.

<y
SY
-
Ge

Do not smoke while handling or tim nsporting cxplosives,
Do not handle cxplosives or meke primers wherc there aro
open fires, flames, 1lig hto, or any denger of sparks,

'Eloctrlc blasting ceaps of alfferont menufacture should not

be uscd in the sarc round,

Only handle cxplosives and make primers during daylight
hours, if at all possible., If necessary to usc artificial
light, usec only elecctricity.

Do not handle packages of explosives roughly as by rolling
or sliding them in & rough manncr or dropping a case to
open 1it.

Do not lcave cxplosives or blasting caps uncoverced, &X-
posed to the direct rays of the sun or where children, un-
authorized porsons, or aninels haove access to them.

Do not moko priners in a magazine whcre cxplosives arc
storad, '

Do not .cerry blasting caps in your clothing. Meke a sep-
crate damp proof comteiner with padding tc prevent sudden
shocks,

(13) Mctal tcols must nover be uscd to opon coses of Gxplosives,

bececause of the cver present Ganger of striking a spark from
the nails in the cases, Always use wooden wedges and nal-
lets,




(14) Never use explosives that grc frozen, They nust be thawed
out tc prevemt a premature explosicn, ‘ ' '

(15) Do not force a curtrldpe of high explosive, espacially a
primcr into a bore hole, .

(16) Always use a woodemn tamping stick with no cxposed metal
partu. o

(17) Loosc packing paper from explosives rmust be collocted and
Cestroyed. for the aesthetic roandside values and to provent
stock fromAconsuming it for its salty taste.

(18) Be sure that the leading znd comnecting wircs are not’ short
circuited through exposed wires., Avoid kimking the wires.

(19) Do not tep or othervise investigate elceetric blasting caps
or-attenpt to withdraw the wires,

(20) Do not load or connect up shots for eleetric firing during
the approach or vrogress of o thunder storm, If charges
are alrcady loaded and connected, all persons should be
kept at a safe distence from thsm while the storm is im
progress,.: If necessary to leave over night, twist the ends
of the lead wire together, coil, and cover vith dirt,

(21} Be surse ;hen‘S@ringiﬂg to allar tirme for the sprung chomber
to cool before placing the next springing charge or loading,.
+Tter each springing shot, the chamber shouléd be blown out
cleam, The blowinz cut of the chamber will help to cool
the cavity.

(22) Use every precaution known to insurc a safe shot, Be sure
that all persons ore at a safe distance cor under prepered
or natural cover,

(23} Do nct use explosives havingz different rates of detonaticn
in the sane »uot or scrics of shots unless used only as a
rrinmer, X

(24) Destroy locse or old explosives by burning. Care must be
exercised to prevent burns by sudden flares snd be sure to
retire to & safo distence to mininize the chences of in-
Jury by flying debris in the case of om explosion. Do not
burn ncre than 100 lbs., at one time.

(25) 41l vehicles used for transperting explosives should be in

first-class condition and have a warning sign, "EXPLOSIVES -
KEEP OFF", pasted ccmspicuously front and roer. 4 closed
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body is best. If the body is wetal or heas metal strips,
ctce, o Talse lining of wood should be nste. Explosive
peckages should nct be piled. hicher than the false body
and each vehicle must be equipped with am adequate, easi-
ly accessible, fire extinguisher,
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| SECTION VI
- L\m NTENANCE
Definition

600, Maintenance consists of all activities and work necessary
to keep a road up to the last standard attained by construction
or betterment work. ' ' :

Policy (See Roads Section of Administrative Manual)

601, All existing mileage uvon the Truck Trail and Trail System
should be maintained. Adequate action must be. taken to insure pro-
per maintenance of nrojects where the maintenance is financed fr
Government funds. Maintenance of Forest roads by other agenc1es
should be closely inspected and watched to assure protection of the
Forest Service investment in construction. To obtain the least an-
nual ‘cost in maintenance, the truck trails must be finished to full
standard at the time of construction. Incompleted projects are
more expensive to maintain, '

Complete construction includes the follow1ng

(a) Clearing completed to a width which will not inter-
fere with-the work of the maintenance equipment.
~ {See figure 401.) -
{b) Grading completed, including supew-elevation of
curves, and finished cut banks and fills.

(e) Drainage finished including completion of the
' roadbed or‘our Tace dralnage or bullt -in drainage.

(d) ‘Erosion control measures such as planting of cut
‘banks and fill slopes must be comnleted.

{e) Curves, in-slopes and out-slopes finished.

The National Forest Manual defines the projects where the
finaneial burden vroperly may be borne by Forest road funds and
those on which the cost should be paid by the users. Many projects
or1V1nally falling 'in the first class will gradually be transferred

A

te the second class.

" If desi red by he local qutnorlty, the Forest Service may
handle and ‘supervise tue asctual maintenance work although such work
is Llnancmd in whole or in part by the former.

Maintenance may be delegated to a local authority if it is
equipped for such work and will handle it efficiently. The work
should be thoroughly insnected, preferably while in progress, soO

~-600-~




that if found unsatisfactory, it can be brought to the immediate
attention of the local authority condérrnedi

In many cases the limited anrual allotment will nscessi-
tate maintenance of long mileage with limited funds. Ordinarily
- the funds are insufficient to permit patrol maintenance .and it
~will -require careful mana*emﬂnt to securs essential results with

periodic maintenance : ' ’ :

Maintenance Plan

802, - A careful studj of al] needed maintenance work should be
made in detail. The study should include all existing Forest
rozds and truck trails and determination be made of the nrojects
that require maintenance darirv the current year., After arrang-
ing for the nalntenanCQ of such roads as W11L be maintained py
othar agen01es, a Cdr“ful plan should be made covering the amount
and -character of Work ‘whiek -should be done by the TForest Service;
its apnrox1mate cost, time required, and the poriod during which
maintenance can be dOuC mout eff 101un+ly and economically., Ar-
rangements should then be made for financing: overhead crew or-
ganization; eguipment; priority; and time schedule. Comnlete in-
structions covering all phasss of necessary work should be given
to those to be in chaxpe of and Tu%pOﬂSlblu for the maintenance
operation,

Selection of mqlntonance Dlotrlct
The sclection of a district should be governed by:

1., Naturazal boundaries.

2. Time of the year when the maintenance should be
done., (Execution at the wrong time frequently
is worse than no work at all.)

3, Frequency of-maintenance work.

4, Soil conditions existing in the district.

Crew Organization and Fquipment

A maintenance crew should be selected for its ability to
make repairs wherc needed and to avoid doing maintenance work
where-it is not required. A competent, experienced foreman or
crew leader should be in charge of each maintenance crew., The
number of laborers in each crew should be determined by a care-

ful, study of the maintenance work necessary in the district and
. the equipment which will*do the work most efficiently.

~-601~



The type and character of the most effeéctive equivpment
varies with different conditions. Available information and
cost data arc as yot insufficisnt to determine the most suit-
able arrangement for each condition. Howsver, from the studies .
made in the field of truck trail maintenance work, the motor pa-
trol grader outfits have shown a cost of .25% to 50% less than
that with a tractor trailbuilder and grader outfit.

A combination rolling kitchen and sleebing quarters should
be provided for each outfit where it will be too far for the main-
tenance crew to travel from ¢stablished camps, towns or homes to
the work. The rolling kitchen should, for convenience, be moved
each day with the advance of the maintenance vork. Designs of
suitable portable sleeping and mess outfits to accommodate from
two to five men are available at the Washington Office.

It may be found necessary to increase the number of the
maintenance crew where the amount of work of cleaning culverts,
cutting out brush, removing fallen trees, and repairing walls is
greater than the ordinary crew can handle. This work, however,
can be done by a separats crew either in advance of or after the
grading operation. The following set-ups of maintenance equip-
ment for various types of work have proved to ve very efficient,.

Two-man outfit:

One motor patrol grader
One rolling kitchen and sleeping quartors
One dump truck

This outfit hag been found to be most economical on truck
trails where the slopes measured at right angles to the road are
less than 30%; on truck trails having side slopes greater than
30%, this outfit will nrove very efficient, provided slides are
not too large or numerous, The truck is used to tow the rolling
kitchen and sleeping quarters as well as to do the necessary haul-
ing of supplies and such hauling of materials ag will be neces-
sary in the maintenance work along the truck trail,

Threc-man outfit:

Where regular construction cquipment must be used to do
the maintenance work, the following listed outfit is recommended,
the trailbuilder to be used to rcmove slides, fill washouts, etc.:

One tractor and trailbuilder

One rolling kitchen and sleeping quarters
One grader - ’

One dump truck




Five-man outfit:

Where it is necessary to accomplish the maintenance work -
over a large distriet in a very short time, and whore motor pa--
trols are not available, it will be found advan ageous to use a
five-man crew and: '

One tractor and trailbuilder with grader
One tractor and grader

One "dump truck

One roliing kitchen and S¢oep1ng quarters

On-maintenance districts where the road slough and slides
are large and numerous, and special equipment is not provided a
tractor and trailbuilder is the best implemsnt for the removal
of the larger slides, Very oftcn this type of work can be accom-
plished by the three-man crew, »rovided that the hand work neces-
sary to clean out the culverts, repair walls and remove brush and
trees is not too great, or a follow-up crew, for this work, has
been arrangsd. Lqulnnent for use where . uLOd?h .and slides are en-
countered should consist of: '

One tractor and trailbuilder ‘

One motor patrel grader

One dumn truck

One rolling kitchen and sleeping quarters.

Where the majority of the truck trails are surfaced, the
outfit listed below is recommended for gonsral usc, In addition
to this squipment, a tractor operated crusher and extra dump
trucks should be added as nceded to haul, crush and prov1de nec-

essary aggregatc for re-surfacing and st ock pllln

One motor patrol grader
On& tractor and grader
One dump truck

One multiple blade drag

(A truck shovel is more mobile than a tractor and trail- |
builder or a motor patrol grader and is very useful in a mainten-
ance district having numerous slides and whshouts. -The truck-
shovel can travel rapidly from plsace to place removing the larger
slides and replacing washed out fills. The truck trail can then
‘be shaped with the less costly two-man motor patrol outfit.

.

A truckshovel will do the work of making fills, removing
slides far in advance of othsr maintenance gequipment. For this
reason the shovel should be used as a separate unit, It can with
careful planning do the slide and fill work of several mainten-
ance districts or where the work is not too heavy, and time allows,
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5.

the work on several Forests. .This unit ié also useful through-
out the year for loading trucks), bettorment work and the lighter
excavating jobs.. .. . e : :

A truck for sﬁﬁpliéé and whers the-work is remote from
campns, etc., a nortable kitchen and sleeping quarters should ac-
company the shovel outfita..

The Dump-Truck with an underbody scraper attachment has
bean found to be a very useful7pieceiof~maintenance equipment
for certain work. Sufficient data as to the best uses of this
cquivment have not been obtained by the Washington Office and
cannot, thercfore, be recommcrnded as a.general piece of equip-
ment for all kinds of maintenance works ’

Maintenance Instructions |

603, The instructions should include such pbrtions of the fol=-
lowing as arc applicable to the work to be.done:

1, Open up all blocked or partially blocked culverts,
cloar inlet and outlet ditches of all debris, repair headwalls,
check spill troughs of culverts in fill sections to see that
they arz properly functioning and protecting the fill slope.

2. Remove culverts that are not working because of poor
installation or location and reset them properly where needed.

3, Note where additional drainage is required and mark
location by stakes or otherwise., A culvert should not be replac-
ed by one of higher standard with maintenance funds; construction
funds should be used., Additional culverts should be financed
from construction funds.

4, Eliminate ruts, build up shoulders, repair damage to
£ill slopes; in general, reshape the road to conform to the cross
section to which originally constructed.

5. Remove slides and slide rock.

6., Fill holes or pockets in the roadbed which catch and
hold water forming and holes, Add material where needed to com-

pensate for losses due to wear, erosion, oOr vwind,

7. Drag rcads to maintain a smooth surface after storms
and whenever rutting condition requires smoothing of the surface,
o S )

8., Remove brush and fallen trees that interferc with
traffic. o

9. Repair walls and cribbing.

~604~
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- ..10... Install open top culverts diagonally across sus-
tained grades where rapid run—off might cause damage.

11. All bridge structures should be examlned at least’
once 4 year. Minor repairs should be taken care of by main-
tenande. A record of bridge inspections made annually should
serve as a basis for estimating malntenance allotments and for
1nstructlons to the foreman.

12, Rempair and replace signs where necessarJ.

13, Repair surfacing Where holes and ravolllng edges
have occurred. ‘

14, Repaint structures as needed in accordance w1th
the Regional standard color scheme.

15, Stake work to be done on jobs.and rcfercnce 1t to
mile posts, points shown in reoad logs or other promlnent ‘marks..

16, Turnouts should be graded to standard Wldth.
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ECTION VI

COST KEEPING AND CONCRETE

700, Accurate cost data should be obtained on a compara-
ble number of Forest Service projects 1o show the efficiency

of various similar jobs and to serve as a basis for estimating

new work. Cost records on ssctions having various types of
soil, weather, etc., are valusnble in determining the equipment
best suited to truck trails, or maintenance work. Detailed
cost data nre not warranted on smzll low cost projects.

Expenditures on all construction and/or betterment
projects will be kept on Accounts Form 19-h. -

Expenditures for minor road maintenance need not be
kept separately by nrojects but can be lumped together by funds.
A plun found quite satisfactory to get project maintenance cost
with a minimum of bookkeeping is to use Accounts Form 21-I.
The certificate number and amcunt of aach vouchor are entered
in the second and third columns, the other columns to the right
being used for individusl projects. This saves any necessity
for transfers among malnt snance sub-allotments,

3

The elements of cost will be those listed in the
Forest Service timebook (Revised summer, 19%2)., These ele-
ments have boen designed to break down the cost of grading,
surfacing, or bridge jobs into the principal classes of work,
each element being subdivided into labor, equipment rental,
and materials,

The elements of cost have.been expanded to cover
details of sarf-011p and bridge work, otherwise they are

nearly the same as the first part 5Ff Form 880, "Standard
Timebook," Clearing and grubbing have been comolned -but brush
disposal has been left separate in order to diffe srentiate
between the cost of removing brush and trees from the roadbed
excavation and the cost of cleaning up the right-of-way for
fire prot>ctlon nurposes and/or to protnct the inherent

scenic values Datz on the cost of "fills" is desired sepa=-
rately from ™ Xcuvatloq" to show just how rmch is being spent
on ‘endhaul work and whether or not the cost of making fills

as compared to side-hill location or other design is justified.

In order to have the cost data in the most usable
form, it is divided into labor, equipment and materials, The
cost of esquipment might be the actual cost of operation, repairs
and depreciation, but to have all cost reports for all regions in
comparable form, it is better to use a common rate for the use of
large cquipment. This rate will cover operating eXpense, repairs
and depreciation. The equipment rsntnl rates to be used in getting
enginsering costs used during any one fiscal year will be the ones
issued by the Forester's office annually prior to July 1.
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Farms 69 dnd 69a have been: des;gned to give an analysis
of the various elements of cost on Zradifg, surfacing and bridge
jobs. These report forms: may-be used- for final project reports and
may also be used for progress or cumulative reports for any neriod
of time desired by the Region, :

It is not difficult to work up the revorto 1n the frrm
shown on Forms 69 and 69a provided the base dﬁta are dccurately kept
and the routing carefully followed by the time- keeper. All base
data, i.e., labor, use of equipment. and materlqlo used on the job,
should be kept .in the Forest Service timebook., Work sheets (Forms
68, 68a and 68b) have been prepared to facilitate assembling the
data on Forms.69 and 69a. = First the cost of the labor for-each
man during the report period uhould be llsted on the approorlate
"Work Sheet™ and the totals posted on Forms 69 and 69a in the labor
column; next, the equipment rental for.each.piece of "Jarge" equip-
ment Would be posted on a Work Sheet .and totals entered in the .
column for eguipment rental on Forms 69 . or 69a. If the cost of
materials used on the job is 'nown to. hlm, the tlmp~kecper can -
£ill in the "Mat@rlals" column-on 09 or 69a and then get the totdls.
He can also f£ill in the column for [M'work .done unlts" and get the
"unit cost." Co :

The time-keeper, who may be the foreman or some qualified
member of the road crew, knows the time for the men and the hours
used of all the equipment and can easily. comnlete the two columns
"labor" and "equipment rental" on 69 or 6%a. . It is often difficult
to get the cost of materials on the job. and it is not always neces-
sary to include the materials cost on progress reports., A complete
finaneial report is not needed from the road foremen since the
Supervisors' offices will generally be responsible for allotment
control, The annual progress report and/or final report will ordi-
narily be made up in the Supurv1sor s ‘office and should include the
cost o§ materials used on the job,. -

The englneer;ng cost report form has been designed to »
tie 1n with the accounting Form 19-h Expenditure Record for Roads -
see sample enclosed with Circular E-958 of Aprll 25, 1932,  The
total labor cost on 69 and 69m, including the cost of labor.for
"Equipment Repairs" paid for from project suballotment, can be
checked agninst "Salaries and Toemporary Labor™ on form 19-h, mak-
ing such allowance as necessary for salar18> of monthly employuss.
The only entry opposite Equivpment Repairs will be for Labor. .
"Equipment Rental" on Forms 69 and 69a will include the rentals
based on depreciation plus .operation and plus. a1l repairs .of esquio-
ment (large). Also tho 858'°v(gmall),on Form 19-h will be included
on the report 69 and 69a under the caption "Equ;oment Rental" and

against the appropriate classifications. The total fO” the column
Eguipment Rental cannot be .checked aoqlnst any column totals.on
19-h; comparable data are given in "Equlnment Repalrs and Operating
Lxpense," and "Equipment Depreciation" (large) and (small).
"Materlal%" on ¥forms 69 and 69a should equ;l the sum of columns .2, 3,
4 and 8.
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SYMBOLS FOR CLASSIFICATION OF ACCOUNTS ON ROAD
CONSTRUCT ION PROJECTS

GRADING TORS

0 - OVERHEAD and general items not strictly chargeable to other
classifications. This is a general item with no unit of measure-
rent. and will be charged as a lunp SUlle

C - CLEARING, brush disposal, grubbing, shooting or pulling stumps,
cleaning up adjacent to the roadway., The unit of measurement will
. be acres clgared,

E - EXCAVATION, Common - cast over or sidehill work, includes loose
rock, The unit of measurement will be miles completed. (Use cubic
yards when quantity estimates are available),

E - EXCAVATIOM, Solid Rock -~ includes all rock excavation requiring
use of explosives, except material for "FILLS." The unit of meausre-
ment will be miles completed. (Use cubic yards when quantity esti-
mates are available).

F - ¥ILLS, from cut or borrow, includes cost of loosening material,
loading and tr nsporting fill material, i.e., all endhaul work.
The unit of measurement will be the lumﬁ sum exceot as reguired by
the responsible Forest Officer,

V - CULVERTS, and drainage structures under ten (10) foot span -
includes all intercenting or drain ditches. The unit of measure-
ment will be the lump sum, except as requlrcd by the responsible
Forest Officer.

G - GRADING, on sideslopes under 16%, turnpike sections, ditching
and finishing roadbed, The unit of measurement will be miles com-
pleted.

On surfacing jobs improvement of grade or roadway (width,
grade and alignment) estimated cost not over $260.00 per mile, but
not cutting the subgrade, Use "GRADING" classification for 1mprove-
ment or betternent of road costing over $250. OO per mile.

S - SURFACING, with selected material incidental to a grading job
but not an extensive surfacing job ordinarily undertaken separately;
for latter use special classification, The unit of measurement
will be the lump sum cxcept as required by the responsible Forest
Officer,
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W - RETAINING WALLS. The unit of measurement will be lump sum ex-

cept as required by the responsible Forsst Officer,
Z - GUARDRAILSe The unit of measurement will be linear "feet."

B - BRIDGES, structuress of ten (10) foot span or over, incidental
to a grading job; ordinarily of local timber, estimated cost less
than $500,00 For all steel and concrete bridzes and timber bridges
estimated to cost over $500.,00, use special classification. The
unit of measurement will be:lump sum except as reguired by the re-
sponsible Forest Officer. : o .

Y - CAMPS - GENERAL, buildings, tents - crection, maintenance, tear-
ing down and moving. A general item and will be charged as a lump
sSURle

M - Meals, food supplies and cooks wages. Unit of measurement will
be number of meals, :

SURFACING JOBS

A - CRUSHING PLANT - Moving, setting up and dismantling complete
plant - also maintenance of plant exclusive of equipment.  This is
a general item and will be charsed as a lump sum, o

J - STRIPPING - Removing all dverburden‘or other undesirable
material, This is general item and will be charged as a lump
sum. :

D.— DRILLING AND BLASTING. The unit of measurement will be "ecubic
yvards."

K - CRUSHING - includes breaking stone, transportation to crusher,
crushing and loading into bins. The unit of measurement will be
"cubic yards".

H - HAULING. The unit of measurement will be "cubic yards." Give
average length of haul in progress and final report under "Remarks."

P - SUBGRADING, SPREADING AND FINISHIN@. The unit of measurement
will be miles completed.

. BRIDGE JOBS - for steel and concrete bridges and fimber bridges

estimated to cost over $500,00

N - EXCAVATION - Includes cofferdams. A general item and will be
charged as a lump sumn,

Q ~ BACKFILL and cleaning up job. Charge as a lump sum.
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T - PINRS AND PBUTMENTS ‘includes forms and hauling. The unit of
measurement will be "cublc yards., " ’

- SUPEZRSTRUCTURE, includes hauling, erection of steel trusses,
girders, beams 1nd/or btrlngcrs, ‘and painting, but not timber
decking or concrete floor., The unit of msasurement will be
"linear faet, o ’ ' '

X - FLOOR, includes wheel guard and handrail except when latter is
furnished by the steel contractor.: For timber decking the unit of
measurenent will be "linear feﬂt" of brldpe while for a concrete
floor it will be "cubic yards. '

EJUIPMENT

ER ~ Equipment repair, includes laoor and mat srials for all mainte-
nance, reoalr and overhauling, Charga as a lump sum.

Whare unit_of meaSur mcnt is "mllvg" give distance to
the ncarest one-hundredth.  (Ses table to convert fect into tenths
and hundredths of =2 mile),

701, 1. The foreman sshould keep a record of the powder, and
caps used on rock excavation or for clearing, so that they may be
takon into account in arriving at unit cost figures. Also a
record must be kept of the size and number of culverts installed.
Thess can be recorded in *the timebook as shown on the sample pages.

2. At the end of the job, inventory should be made of
all subsistence suppliess and construction materials, such as black-
smith coal, powder, iron, etc,

%e A progress rﬁoort may be ro quired by the Regional
Forester to be submitted nerlodlcﬁlly as designated by him,

4, Work done on grading and surfacing vrojects will
ordinarily be measured in miles and fraction of miles, although
where measured quantities are available such as cubic yards for
eycavatlon, it will be better to use these than miles. On bridge
jobs the cost of piers and abutments should ordinarily be in
cubic yards, steel superstructure in cost per pound and the cost
of floor in cubic yards for concrate. The forms lend themselves
to specinl cost studics where it is desired to make an accurate
cost analysis of any job or nart of a job,

702, Whers desirabls to classify excavated material either

in securing cost data or in estimating proposed work, it is prefer-
able to use the method of Clﬂbolfloatlon that is followed in high-

way work in the locality. The method will be one of the following

three:

-904-




(a) Unclassified - All varduage.is unped together
whether earth, loose rock or solid rock and regardless of the
character of the material, ' '

(b) Two-way classification consisting' of

T

1. Common excavation, which includes everything
not solid.

2., Solid, which ordinarily includes all rock" :
found in ledges or in masses over 1/2 cu. yd.
in volume, to remove which blasting is
necessary. -

(¢c) Three-way classificntion consisting of

1. Qommon,vincludin: all excavations that can be

" done with ordinary earth-moving machinery.

- This is fregquently specified as including
overything not classed as loosé'or.solid.

2. Loose rock, including material that cannot be
moved with ordinary earth-moving machinery but
does not require blasting., Usually it has to
be moved by hand. Frequently the sizc of rock
in this class is specified as from 1 to 10
cu. ft. or up to 1/2 cu. vd. in volume.

%. Solid rock. Ususlly specified zs rock found
in ledges or in masscs over 1/2 cu. yvd. in
volume, to remove which blasting is necessary.

703, Equipment operating and cost records should be kent on
major equipment such as trucks, tractors, trailbuilders, graders,
rippers, compressors and other units, in accordance with the latest
instructions, by circular lotter from the Forester's office. Any
additional information for Regional use may be keptvas desired.

The equipment rental column of the road construction
roport Forms 69 =and 69a, includes the rental of major equipment
that is used on the job, and the cost of equipment (small) that
may be worn out or abandoned on the job as shown on the 858's,
This detail should be handled promotly in the intersst of good
records and so as not to allow sn accumulation of uscless equip-
ment. )
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CLASSIFICATION OF SOILS

TO%, . T*"ox' deterw1n1ng the sultablllty of soils for subgrade,
surface, and concreté structureo, it is sometimes neeessary to
meke soil classifications. This is a specialized field of
knowledge and it is not expected that many men in the Service

will master more than the fundamental principles. It is, however,
an immortant subjscet and should be given serious thought and
attention. Ingineers responsible for truck trail work should know
.enough about soil mechanics and classifications t¢ recognize
problems when they are met in the field. Most of such problems
they should be able to solve. Others must be referred to experts.

705, The following paragraphs ure intended merely to outline
some of the more important phases.

708, Soils are classiflﬁd according to the degree of fineness,
as follows:

Coarse Material - Aﬁy narticles that are retained on a
10-mesh sieve (lO'mesh@s to the linear inch).

Sand - Particles that nass through a 10-mesh sieve but
are retained on a 200-mesh sieve and subside through a height of 8
centimeters of ammoniated water (concentration 1:500) in 8 minutes.,

Silt - Particles that pass through a 200-mesh sieve and
subside as above, '

707. Silt is very fine rock dust in which the particles when
wet behave like sand., It differs from clay, which when wet has a
semi~-chemical or colloidsl action with the water causing it to
become plastic or sticky.

708. Clay, because it is composed of vary finely d1v1ded
particles, resists for a'time the penetration of water but when
saturated holds water for a long time. A high percentage of clay
therefore renders a soil unsuitable for either subgrade or surface
of a road. :

709, S0il containing less than 20 per cent clay makes a good
subgrade, 20%-30% a fair subgrade and over 30% a poor subgrade.
Capillary action and undue retention of moisture will result from
the presence of more than 30% of clay in the subgrade., Whether or
not this same vpercéntage will seriously affect the value of a soil
forming the surface of a road, will depend upon the degree of
coarscness of the material with which it is mixed.

710. A considerable amount of clay is sometimes needed in
surfacing to bind together the coarse particles,
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711. The ability of sand to stand up under traffic¢ depends
upon:

(1) Size of the grains., Large particles have greater
~ interlocking strength than small varticles. To make good road
material, 40% of the sand should be retained on a 60-mesh sisve.

(2) Shape of the grains. Sharp, rough, angular sand
has greater interlocking strength than round, smooth grains.

(3) Absence of mica, The fine flat scales of mica pre-
vent interlocking of particles and furnish easy access to water.
The presence of 3% or more of mica is considered by some authori-
ties to affect seriously the ability of sand to stand up under
travel,

CONCRETE
CEMENT
712, Cement is furnished in bags of 94 lbs. each. Cement

should preferably be purchased in paper bags. Bags which are
broken when received at destination or which contain lumpy cement
should be rejected, Cement should be stored under shelter and
protected from dampness and no lumpy cement us=d in concrete.

SAND

713, Clean sand is probhbly the most important requirement
for good concrete. It is a simple matter to determinc 1f the
coarse aggregate 1s clean, but more difficult to be sure that the
fine aggregate is free fromﬁsilt and organic matter. If purchased
on bid use Federal Specification #SS-F-351.

714, Organic impurities - If local bank run sand or gravel
are used for concrete aggregates, they should be tested both for
organic impurities and also for gilt, even for Class C concrete.
Sand containing organic material should not be used which gives

a colar darker than the standard color when tested in accordance
with the following method,

1. Obtain a representative test sample of sand weigh-
ing about onc¢ pound by quartering or by use of a sampler.

2. {(a) Fill a 12-o0z. graduated clear glass bottle to
the 4% oz. mark with the sand to be tested.

(b) Add a 3 vnercent solution of sodium hydroxide
in water until the volume of the sand and liquid indicated aftzr
shaking is 7 liquid ounces.

(e) Stop the bottle, shake vigorously and then
allow to stand for 24 hours. ’

%, After standing 24 hours the color of the clear
liquid above the sand may be compared with an appropriate color
plate., Color plates may be procured from the Portland Cement
Association. -707 -




715. Silt test - The following method nay be used for deter-
mining the approx1matc quantity of clay and silt 1n th@ sand:

A 32-ounce, graduated prescription bottle is filled to
the l4-ounce mark with sand and clear water added to the  Z8-ounce
mark, This mixture is then shaken v1gorouoly and the contents
allowed to settle for one hour. If more than 1 ounce of sediment
then appears above the aggregate, the sand should be re jected,
The sand may be subjected to washihg and sambles again tested and |
the sand approved for use if the test requirements are fulfilled.

COARSE AGGREGATE

716. Coarse asgrepate should. consist of clean gravel or
crushed stone {but not slag). If purchased on bid, use Federal
Specification SSC 571. Tae proposal should state the maximum and
‘nminimum size as 13" to #4 screen or 23" to #4 screen (the minimum
size in all cases is #4 screen). If 2l" maximum size is used the
proposal should state that "in addltlon to section E-7A (of F.S.
SS-C-571) the following size designated as 2&" to #4 screen should

be added":
Percentage of material retained on laboratory sieves
 (Square openings in inches)
2%41 on i Nd; 4
24" to No. 4 | 0 15-30 . 25-60 95-100
BANK RUN AGGREGATE
717. If bank run aggregate is to-be used for Class A or

Class B concrete, it should be screened and the sand and gravel
remixed in the proper proportions,

WATER

718, All water used should be reasonably free from oil,
acid or alkali and vegetable substance, and should not be brackish
or salty.

CLASSHES Oﬁ CONCRETE

719. The following classes of concrete are designated for
variations in conditions of exposure and type of structure. The
nroper mixture should be selected under each class to suit the
conditions of extreme, severe or moderate exposure., In addition
to withstanding stresses of live and dead loads concrete must re-
sist the action of climatic changes and the elements.and this
requires a sound dense concrete, the density increasing with the
severity of the exposurs,
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Class A COHC“€t9 To bs used in all reenforced con-
crete structures. R o

Vaxlmum size. of-.aggregate 5/4" to l%"._,Approximafe .
slump 3" to 4n. (gee PaAT. 7?0)

- _ uGallons'of water ' Mix" ‘
Exposure .: per bag of cement (RV volume )
Extreme 5% 1:1 3/4:2 B/4
Severe 6 1:2 :5% .
Moderate . . . . 65 Tl:2k 133

Class B Concrete:~ To be used in-light non-reenforced
concrete structurses such as»walls 12"'or less in thicknéss.

‘ Maximum size of course avgregata l" Approximate slump
3" to 3'. (See par..720). .

Gallons of water . Mix
mxposure per bag of cement ... (By volume)
Extreme 6 1:2:3 3/4
Severe 6% 1:2%:4
Moderate 7 1:2%:4%
Class C Concrete:- To be used in foundations, heavy

walls, piers and other massive structures.

. Maximum size of course aggregate 2%“. Approximate slump
1" to 2" (See Par. 720). Use as many one man stones, "plums" as
possible without displacing reenforcing. "Flums" must be clean
and placed not closer than 3" to the form or %o each other. Do
not use "plums" in any wall less than 12" thick.

‘ _ Gallons of water Mix

. fxposurs per bag of cement {By volume)

Extrame 6 1:2%:4

Severe 6+ 1:2%:4%

Moderate 7 1:2 3/4:4%
720. A Consistency is neasured by the slump test. The pro-
ceduré is to fill With concrete and open snded section of a metal
cone 12 inches high, 8 diamefer at bottom and 4 diameter at the

top. Placz upright on a flat surface and measure the height of
the mass of concrete after the matal form is withdrawn. The
slump is tﬁ§wdifferenCe betwsen the measured height and 12 ingches.

=709-.




]

FXPOSURL CONDITIONS

721. " Extreme

{(a) In severe climates like in northern U.S. eXposure‘
to alternate wetting and drying, fre021ng and thawing, as at the-
water line in hydraulic structure o s

(b) Exposure to sea and strong sulphate watsrs 4n both
severe and modurat cllmates. )

Sevare

(a) In severs climates like in northern U.S., sxposure
to rain and snow, and frezszing and thawing, but not continously
in contact with water. .

(b) In moderate climates liks in southern U. S.,
exposurs to alternate wetting and drying, as at water linsz in
hydraulic structures.

Moderate

(a) In climates lik: southern U.S., sxposure to ordi-
nary weather, but not continously in contact with water.

PROPORTIONING CONCRETE AGGREGATIS

722. In proportioning concPete aggregates the number of
gallons of water per bag of cement, i.e., the water cement ratio,
is the most important factor in producing a concrete of the
required strength and density, and the amount of aggregate is
selected to produce a plastic workable mix of the proper con-
sistency {taking into consideration the use for which intended).
The materials should be accurately measured. Sand and coarse
aggregate (broken stone or gravel) should be measured in boxes,
struck measurs. : '

BULKING OF SAND

723. Coarse aggregates are not materially affected by
moisture but sand increases materially in volume with small ad-
dition of water, the incrsase ruaning as high as 20 to 30 per
cant with as little as 6 per cent of water (approx. 3/4 gallon
per cubic foot). Thsrefore when moist or wet sand is used it
is nscessary tn take this bulking into comnsideration, since one
cubic foot of bulksd sand when mzasured dry would bs lsss than
a cubic foot, depsnding on the amount of bulking.
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When bulked sand is inundated or flooded with water
it veaupies very nearly the same volume as when dry, and this
makes possible a handy method of determining the amount of
bulking. First £ill the measure {(use a measure with vertical
sides) with the moist or wet sand, then completély-flood~the
measure with water (being carsful not to wash away any of the
sand) and measure the distance from the top of the msasure to
the top of the sand. This divided bv the height of. the inun-
dated sand will give the apnroxlwa amount of bulklng. For
examplz, let’us assume that a cublc foot méasure is filled
(struck measure) with modesrately wet sand and after b=1ng in~
undated the sand has settled to a level 2 1/4" below the top of
the measure. Since the measure is 12" high th> hesight of the
inundated sand is 9 3/4". The amount of bu‘klng is therefore
2.25/9.75 = 0.23 or 23%. In this case the quantity of sand to
be used must be increased 23%, and if a 1:2:3 mix is -indicated
it will be necessary to use 2.46 cubic feet of the moderate wet
sand for each bag of cement 1nbtead of 2 cubic fe@t.

WATER CONTENT OF AGGRBGATES

724. As noted above, the water cement ratio is important
and since the aggregates may contain some moisture this must
be taken into account in measuring the water. The following
approximate table may bs used as a guide in estlmatlng the
water content of the aggrsgates:

Yery wet sand ' ~3/4 to 1 gallon per cubic foot
Moderately wet sand _’3_/2 "o " " " "
‘Moist sand _]_/4_ now " o " "
Moist gravel or

crushed rock ~1/4 nm ¢ " " ”" "

Taking the above exampls of a 1:2:3 3/4 mix with 6
gallonsg of water per bag of cement, and assuming that the
moderately wet sand contains % gallon of water per cubic foot,
the 2.46 cu. ft. of sand will contain approximatsly 1% gallons
of water. Assuming agsin that ths coarse aggregate is moist,
the 3-3/4 cu. ft. {the ‘dry measure is used because the bulking
of the coarse aggregate is negligible) of coarse aggregate will
contain approximately 1 gallon of water, making the total
moisture content of the aggregates used for each bag of cement
equal 2% gallons of water. This must be subtracted from the
6 gallons specified, leaving 3 3/4 gallous of water to be used for
each bag of cemsnt.

On high standard work it is desirsble to determine
the percentsge of moisture in the sand and coarse aggregate

by wéighing a sample before nnd after drying it.
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ADJUSTING AGGRIGATSES FOR A GIVIN MIX

725, *The "mixes". or proportions of fine and coarse aggre-
gnte, i.e., soad ondstone, vary more or less bscause of th
variations or greduation in the sizes of the szand grains and
the stone. The mixes given under "Class of Concrete" Aare for
average conditions but in order to obtain high grade and dense
conerete it may be necessary. to increase or decrease the amount
of sand or coarse aggregate to produce the proper mix. The
" ideal concrete mixture is one where the cement-sand mortar just
- fills the voids betwzen the gravel or crushed stone. This can
“be determined by running a few trial batches.

A concrete mixture -in which there is not sufficient
cement-sand mortar to fill spaces betwsen pebbles will be hard
tq work and will result in rough honey-combed surfaces.

A mixture with an excess of cement-sand mortar 1s
plastic and workable and will produce smooth surfaces but the
yield of concrete will be low and the concrete is likely to be
POrous.

A concrete mixture which contains the correct amount
of cement-sand mortar makes a good workable mixture and will
give maximum yield of concrete with a given amount of cement.
With such a mixture, light troweling will fill with mortar all
spaces between pebbles. ‘ ‘

The  mixes specifizd under "Class of Conecrete™ are
for a medium stiff mix. For thin sections with a large amount
of reenforcing it may be necessary to use a slightly smaller
"total amount" of aggregate.

FORMS

726 Forms should be so designed and constructed that
they can be removed without injury to the concrete. In design-
ing forms the concrete shall be treated as a- liquid weighing
150 1lbs. per cubic foot for vsrtical loads and 85 lbs. per
cubic foot for horizontal pressure (in a wall 10 feet high the
concrate will exert a horizontal prsssure of 8350 lbs. per
square foot on the sides of the form at the bottom and it is
important that special attention be paid to ties and bracing).

The interior surface of the forms should be oiled,
greaszd or soaped to prevent adhesion of the mortar.

MIXING CONCRETE

727 Gonerate should be thoroughly mixed 1in a batch mixer
for a period of not less than 1% minutes after all materials,
including water, are in the drum.
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The entire oontenté“of the mixer should be removed
before adding any of the materials for the next batch. TUpon
the cessgation of mixing for amy eXt’ﬂde pericd th~ mixer
should be thorouunly cleaned.

No mixer. snould be overloaded above 1ts rated capa01ty
as such overloads prevent thorough m1x1n

Hand nixing should he av01ded if poss1ble. When neces-
sary it should be done only on wa ter—tlcht platforms. The sand
and cement should be thoroughly mixed while dry by means of shovels
until the mixture is of a uniform color, then formed into a "crater"
and enough of the specified water added to produce a plastic mortar
and the entire mass turned and sliced until of uniform consistency.
The coarse aggregate should then be added and wetted with the
rema inder of thz specified water, and the entire mass turned and
returned at least six times and until all of the stone particles
ars thoroughly covered with mortar and the mixture is of uniform
color and appearance. ’

PLACTTGC CONCRETE

728. No element of the entire cycle of concreste production
requires more care than the final operation of placing concrete
at the ultimate point of deposit. Befors placing concrete all
debris, water and ice should be removed from the forms.

Before placing conerste in foundation or other parts

" under water the water should be pumped out of the cofferdam.
Pumping during placing of concrete or for a period of 24 hours
thercafter should be done from a suitable pump separated from

the concrete by a water tight wall, or in soms other manner which
will preclude the possibility of any portion of the concrete
materials being carried away. Water should not be allowed to
flood the concrete until 24 hours after it has been placed.

Concrete should be placed in forms immediately after
mixing. In no case should concrete be used which does not reach
final position in the forms within 30 minutes after water is
added to the mix. Special care shall be taken to fill each part
of the forms by depositing the concrete directly as near final
position as possible. If chutes are used they should extend as
nearly as possible to ths point of deposite.

Conerete should be placed in each section of the work
in a continous operation. Concrete should be compacted by con-
tinous working and each layer compacted in a manner that will
break up and tendency to form a plane of separation betwsen the
layers. The concrete should be thoroughly spaded especially
along the sides of the forms.
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In placing concrete in deep layers a gradual increase
of water content of the upper portion will result from increased
pressure on the lower portions. The excess water should be
worked to a low point, 'without actually causing a flow, and
removed. FExcess water in the uppsr layer is just as objection-
able as excess water in the mixing.

If it is necessary, by reason of emergency, to stop
placing concrete before any section is completed, bulkheads
should be used to avoid leaving a feather edge layer or a layer
less than 6 inches thick, TIn no case will stoppage of pouring
be permitted in reenforced slabs or girders. In order to bond
successive courses suitable keys should be formed at the top of
the layer by insertion and subsequent removal of ‘beveled wood
strips which were saturated with water before insertion. "Rough
stone or dowel pins may be used instead of keys.

In joining fresh concrets to concrets that has al-
ready set, the forms should be drawn tight against the face of
the set concrete and all gags strips and key forms removed.

The surface of the set concrete to be contacted shall then be
cut. over with suitable tools to remove laitance and foreigm
material, washed and scrubbed with wire brooms, drenched with
water until saturated, and kept saturated until the new concrete
is placed. TImmediately prior to placing new concrete, the old
surface should be thoroughly coated with neat cement mortar.

In placing concrete in reenforced structures it
should be so placed as to avoid coating the reenforcing with
cement before its final embedment. Care must be exarcised to
7ork the concrete completely under and around the reenforcement
bars without displacing them.

Tn placing concrete slabs it shall preferably be
depositad by bsginning at the center of the span and working
from the center toward both ends. Concrete in girders shall
be deposited uniformly for the full length and brought up
evenly in horizontal layers and as a continous operation.

Freezing Weather. Whan necessary to place concrete
at or near froezing tempsratures; the concrete should have a
tempsraturs of at least 50 Jegrses F. but not more than 120
degrses F. This may be accomplished by heating the water and/or
aggr=gates, but neither the water nor aggregates shall be heated
to a temperaturs of more than 150 degrses F. In no case will
dependence be placed on salt or othsr chemicals for prevention
of freezing, and no frozen materials shall be used. o
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FTIISHING COICRITE

729. "~ All conerete-surfaces exposed in the completed work,
except floors, curbs and surfaces hereinafter desigmated to have
rubber. finish, shall be left with ordinary finish, i.e., the ,
surface-left by the removal of the forms with all holos left by
form ties filled and all dsfects repaired. The surface shall
be true and even, free- from.stone pocks ts, donre331ons or pro-
jections.beyond tnn surface. ' S

PR

CURING “,”“P”TW

730, : Concrete hardens bacause of chemical reactions between
Portland cement and water, called hydration, and the process con-
tinues indefinitely so long as the temperaturss are favorable and
moisture is present to complete thehydration.  ‘Thorough curing

is also of zreal importance in producing a water-tight concrete,

and the necessity of oroper curing of retaining walls, tanks and .
other concrste subject to hydrostatic pressure.or severe weather

condition cannot be over estimatad. o

+The problem of curing is essantially to prevent the

eV““oratiOﬂ of water contained in the concrate, and this

ecuires adding a protective covering, such as wet burlap, straw,
or dirt, to expossd surfacss. Tie coverine should be added as
soon as possible without marring ths surface of the conerste,
and the entire structure kept wet for a period of at least 7
days.  Tloor slsbs should be cover=d as soon ag possible and kept
wet for a period of at lesast 10 dﬂys. These periods apply to
temperatures in excess of 70 dsgrzes F., and should be increased
for lowsr t*mp»raturoQ.

Concrete should be kept at a tempsrature of at least
50 degrees F. for at least 72 hours during cold weather. This
may be dons by usineg oil heasters, salamanders or other suitable
meens, being careful to avoid overheating any part of the struc-
ture.

Loads should not be applied to mass structures such
as gravity type abutments and walls prior to .7 -days after pauring.
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REMOVAL, OF FORMS

731, In order to facilitate finishing, forms for rail-
ings, parapets and posts shall be removed in not less than
12 or more than 48 hours, depending on weather conditions.
Forms and falsework under slabs or girders shall not be re=~
moved prior to 21 days at temperatures of 70 degrees F., and
increasingly greater periods for lower temperatures. Forms
for mass structures should not be removed prior to 14 days,
except that after 7 days the forms may be removed from the
back of walls and abutments if backfilling immediately follows
the removal of the forms.. In case the form lumber has no
salvage value forms may be left on surfaces not exposed in
the finished structure.

PLACING OF REENFORCING

732, When placed, reenforcement should be free from dirt,
0il, paint, grsase, mill scale and loesez or thick rust.

All reenforcement should be placed in the exact
position shown on the plans, and should be so securely held
in position by wiring and blocking from the forms and by wir-
ing together at intersections that it will not be displaced
during the depositing and compacting of the concrete.

Blocks for holding reenforcement from contact with
the forms should be precast mortar blocks short enough to per-
mit the ends to be covered with concrete. The use of pebbles,
pieces of broken stone or brick, metal pipe and wooden blocks
should not be permitted.

SPLICING BARS

733, Whenever it is necessary to splice reenforcement,
the splice should be made by lapping the bars a distance at
least 40 times the diameter or least dimension of the bar, and
the two pieces securely wired togethsr. Splices should be
avoided at points of maximum stress. When sheets of metal
mesh or expandsd metal are used they should overlap each other
sufficiently to maintain a uniform strsngth and they should be
securely fastened at the edges and ends.
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SECTION VITI

BRIDGES |

DEFTYITION

800. The term "bridge" includes any structure W1th span of
16 feet or greater. R L

LOCATION

General Considerations

801. The fllst cons1daration is to determlne whether or not

a stream crossing is necessarv. A crosolng 1s obV1ously requir-
ed where the objective Is to reach the oppos1te bank of the '
stream, but whare the propcsed location crosses the stream more
than once in order to avoid heavy constructlon‘and Where it is
immaterial from the transportation standp01nt whlch side of the
stream is followed, a careful recoﬂnaissance and an estimate of
cost should be made of thé two routes, i.e., the one with the
stream crossings and the route ellmlnatlng the crossings, If
immediate construction is planned on standards.lower than ulti-
mately required, the comparison of the cost of the two locations
should be based on the ultimate standards. Unless a de01ded
saving is indicated in favor of the route with ‘stream cr0551ngs,
the route ellmlnatlng the crossings should bs salacted because
of greater permanency and lower maintenance costs. The relative
damage from erosion induced by the road and bridges ‘'should also
be considered together with. othar factors as outllned 1n para-
graph 122.

Short span brldocs should be av01ded 1f culverts adequate
to carry the run~-off can be constructed at the same’ or sl ightly
greater cost. This provides a smooth continous road surface
and simplifies maintenance. o bridge at all should be - construc~
_ted when, as is sometimes true, a ford will satlsfactollly serve
. the uses to which thu road will be put. ’

_Selection'of Site.

802. Alignment of Stream. Insofar as practicable bridges
should be located where streams are stralght and the. flow unob-
structed. The nature of the stream bed should be carefully con-
sidered and locations subject to channel eros 1on or shlftlng
should be avoided. ' : -

803. Clearance, The site selected should ‘be such that ample
clearance above maximum high water can be provldsd for free pass—
age of drift logs and uprooted traes.' ThlS clearance should rare-
ly be less than 5 feet, 'and greater whenever practlcable.
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804. There are conditions. such as flat country which is over-
flowed ¢nly in extreme high water where it is a good plan to es=-
tablish the grade of the bridge at a safe elevation and to con=-
struct the approach roads only slizhtly above the natural level

and with releatively steep connections to the bridge. The approach
roads may be washed out by extreme floods but if this occurs, the
cost of road repairs will be nominal. Yo

805. ~ Foundation. All standard abutment and pier designs are
suitable for foundations of well compacted ‘clay, gravel, or other
material which will not settle under the weight of the structure
and where ths footing is below the point subject to scouring,
The important point here is to select a site where channsl changes
or scouring will not bz encountsred. If seouring is a possibility,
proper clearance should be.given so as to avoid damming up with
logs or debris which might resalt in scourlng of the stream bed
and undermining of the abutments or plprs.' Rock ledgas or cliffs
are desirable in order to reducs the cost of the abutments, pro-
vided the existance of thas rock does not increase the cost of the
approaches more than to. offsot the savinvs in the oast of the
ridge. - Shelving ledges are deceptlve and should be 1nvcst1gated
to make sure that they are not undercut,.

806; Skew Brldgss. When the center line of the road is not at
Tight angles to the stream it will often be desirable to construct
the bridge without any skew. In other words ‘the abutments will be
square with the road. - This may o»cablonally require a longer span
than for a skewed structure. .The introduction of a skew angle in
the abutments will increase the cost of the superstructure due to
the special fabrication and the cost of the abutments and piers
will be increased due to the additional length. If a skew cross-
ing is found necessary and 2 pier in the stream bed is required,
the pier should be skewed and set approximately in the direction
of the stream in order to avoid disturbances of the stream and re-
sultant scouring of the banks.

807. Length of Bridge. Other things being equal, the site make

ing possible the least overall length should be selected, provided
adequate opening to carry ths maximum ordinary run-off is secured.
When more than one span is indicated at a bridge site it is desir=
able to have a relatively large channel span, to reduce the hazard

of drift catching on pisrs.

808, Allvnmunt of Crossing. Bridges should preferably be locat-
ed on tangents. If curved approaches are necessary, they should
‘be of such radii as arec consistent with the alignment obtained
elsewhere on the road. When satisfactory alignment of approaches
cannot be secured by excavation or Tilling, considsr improving

the alignment by crecting miultiple spans on a curve, Where the
bridge will be of comparatively low cost no special effort should
be made to locate a "bpidge site". Place the bridge so as to se-
cure the best alignment of the truck trail.
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809. Grade. Avoid abrupt changes of grade at ends of bridges.
If a change in grads 1is necessary, make the change far snough
away from thz abutwent to allow for smooth vertical curves. Ore
dinarily ths bridge fleor should be level. Howsver, under some
conditions, it may be advisable to place the bridge floor, es-
pecially stringsr or concrete slab spans, on the grade of the ap-
proaches. Whsere practicable, bridges should 001n01de w1th the
grade line of the road. o

810. Road Standards. Tn the selection of the sits and consid-
- ¢ration of the standard of approaches, the service stmdard of
the road should be kept in mind .and the cost .of the bridge and
approaches kept in bal ance Nlth the service to be randered.

Location Survsy (Also see parapraphs 51? and 515)

81l. When it is not feaslble to determins by -a fleld 1nspectlon
the most zconomical structure for a bridge site, a topographiic
survey should:-be made and estimates compared for the different
designs meeting the conditions. - Topographic sarveys should be re-
ferred to the Raglonal Jnglnepr for recommﬂddatlons and special
dasignse. c Co »

In addition to data listed in paragraph- 313, notes should
be made of the availability of material, the haul distance, and
- a notation of the clear height and opsning of other sxisting
. structurss on the stream, with the location of each structure
givan so tha+ the drainage area can bo detarmlned

SUPERSTRUCTURE

Standards

812, Standard plans should be used as far aS»practiéable.  it
standard plans do not cover the needs of some particular case,
the Reglonal Forester uhould be asked to design a suitable struc-
ture. ’ .

The book of Acceptable Bridge Plans should be consulted
for suggestions in selecting or designing & bridge for any given
site. If a suitable plan is found 'in ths book ‘of Acceptable
Plans 1t can be secured directly from the reglon in which it orig-
inates.

Bridges on all Forest Highways and high standard truck
trails should be designed for H-15 loading. On the more import-
ant projects bridges should be double track or single track de-~
signed for ultimate widening for two-way traffic.

Bridges on low or medium service truck trails should be
single or double track bridges for H-10 or H-15 loading, depend-
ing upon the anticipated traffic.
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Selection of Type

813. Materials. Untreated timbsr if locally available may be
used for short stringer spsns, for bridges on temporary locas
tions, or for temporary structures with an anticipated life of
5 to 10 years when it is desirable to keep the first cost down
or to postpone the erection of a long life structure to give
~time for further consideration of site or of type of structure
or materials. :

- A-steel bridge with concrete piers and abutments, single
track H-10'loading, will generally cost from $25 to $40 per foot
of 'bridge, depending upon clearance, the availability of mater-
ials and the léngth:of haul. On the other hand untreated timber
bridges will ordinarily cost $10 per foot and upwards, with tim-
bér crib piers and abutments. The following factors should be
considered in deciding which type and kind of "bridge will be the
nost esconomical in the long run; depreciation 10 years for un-
treated timber, 20 years for pressure treated creosoted timber
and 50 years for stsel and concrete, interssted on investment,
maintenance and permancy of location,

Special consideration should bs given to asstheties and
architectural trsatment in the sclection of type of bridgs. This
is partieularly important in highly used reecrsational areas.

814. Parmanancy of Location. In selecting the $ype of supsr-
structure, the permanency of the lpcation should be congidered,
and if it. is anticipatead that the location will bz abandoncd or
that the type of structure srected will not be adcouate for the
future need within the sconomic life of the structurc, temporary
material or a structure having high salvage valus should bz used.

815. Low Water Bridgss. At some locations a low water bridge
can be used ata.wvery material saving in cost over high water
bridge. The purpose of the low water bridege is to give a smooth
crossing of the stream except during flood stages. The bridges
are anchored to bed rock or stabls abutments and pisrs., In the
ordinary installation the downstream edge is raise higher than
the upstream edge (about 8-inches in 12 feet) so that the result-
ant pressure when coversd with flood water will be downward. The
bridges whould be located at approximately right angles to the
direction of flood in order to pravent a piling up of debris or
an increase in the erosive effect of the current at ons end of
the bridge. The bridge is set just above mean low water and is
covered by a rise of 1 to 2 feet in the stream, All floating
drift is carried over the bridgs. The piers and abutments on
these bridges do not extend to bed rock, although they extend
down into-the gravel stream bed about 4 or 5 feet. It is import-
ant to get the foundations below any scouring action of the stream.
Concrete slab bridges without handrails make excellent low water
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SUBSTRUCTURE

Standard Plans.

816, Standard plans should be used when available. . If the stan-
dard plans do not cover the particularineeds, the Regional Office
should be asked to design a suitable structure. See also Book of
Acceptable Bridge Plans. : : SR

Selection of Types of Substructure.

817. The selectlon Will depeqd largely upon the availabillty
and cost of materials., - If satisfactory concrete aggregates are
readily avajlable, mass concrete  abutments will probably be cheap-
er for heights up to 10 feet. For greater heights or for loca=’
tions where aggregates must be hauled longer distances, reinforc-
ed concrete will probably prove more economical. -Reinforced con-
crete bents and open type abutments offer economical design for
use.where the nature of the stream bed and flow permit. ' Steel
bents may be used on concrste footings if the top »f the footing
is above mean high water. The type of abutmsnt pier selected
should be in harmony with the architsetural treatment of the su-
perstructure. : a

Clearance.

8i8. It is important to construct abutments and piers high
enough to place the superstructure above danger of high water and
floating drift. As a general minimum the lowest point of the
superstructure of large bridaes, should be at least five feet above
maximum high water. . :

Timber, (see Wood Hanhonk - published by the Forest Products Lab—
oratory, September 1935.)

819. Untreated timber specifications (except for temporary struc-
tures) :should call for the proper grade and should provide that
each piece show at lzast 80% heartwood on any girt for stringers,
floor beams and flooring and at least 75% heartwood on each of the
four sides, measured across the side, for caps, sills and pests.

820. The Preservative Treatment. of "Treated Timber®" should con-
form to federal specifications listed in Table 50, Pages 275 and
276 of the Wood Handbook. If untreated and treated timbers are
called for in the same proposal, the specifications should clear-
ly state which timbers are to be treated according te the recom-
mendations for one of the above groups, and if  the.bidder is giv-
en option of furnishing one of two or more species the specifica~-
tion should require that he use the penetration and treatment
recommended for the species he proposes te furnish.
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The simplest and usually least effective treatment is to
apply the preservative to the w00d with a brush or & spray nozzle.
Creosote and similar oils, prsferably hot, ars used in this treat-
ment. Heating is sometlmes 1nconven1ent however, and the oil is
often applied cold. In such event creosote 0il that is thorough~
ly liquid when cold should be selected. The 0il should be flooded
over the wood, rather than merely pa1nted upon it, and care should
be taken to see that every check and depression 1n the wood is
thoroughly filled with the preservatlve, since any untreated wood
left exposed provides ready.access for fungi. = At least two coats
should be applied, the second one after the first has dried. This
may require as much as 10 gallons of oil to'1 ,000 square feet of
surface on rough 1umber, although cons1&erably less on surfaced
lumber. The penetrations obta1ned will usually be less than one~-
alxteenth of an 1nch.

Brush treatmént should only be used on seasoned wood. Ap-
plying surface treatments of preservative oils to green or wet
wood is practically useless, because preservatlve so applied can-
not penetrate wood that is already full of water.

Brush treatment wi th water-soluble preservatives is not
worth while for wood that is exposed to the weather or to watey
and is less likely than creosote brush treatment to be effective
in protected situations, S

‘ Insofar as possible, all cutting and boring of timbers
should be done prlor to treatment where the pressure mathod is
employed.

Handling and Protection of Treated Timber.

Treated timber should be carefully handled withobut drop-
ping, bresking of cuter fibérs, bruising or:penetrating the sur-
face with tocls. All cuts, bolt holes, etc., in treated piles
and timbers, and nll abrasions after having been carefully trim-
med, should be coated with at least three applications of hot creo-
sote 0il and covered with hot roofing pitch.

Piles.

821. Piles should have a minimum diameter of 8" at the tip and
12" at the butt and a maximum diameter of 20" at the butt. A
straight line from the center of tip to .the center of the butt
should be wholly within the pile.

Holes for Bolts, Dowels, and Rods.

822. Holes for bolts, dowels, and rods should be bored with a
bit of the diameter as follows:
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Type of bolt or rod Diameter of bit

Round dowsls or driftbolts 1/1é" less than rod

Square dowsls or driftbolts Zqual to least dimension of
Machine bolts rod

Rods Same as bolt

1/16" greater than rod.

Gast iron washers having a thickness equal to the diam~
bter of the bolt and a diameter of four times the thickness, or
malleable or plate washers having a thickness equal to half the
diametsr of ‘the bolt'and a diamster or side size equal to four
times the diametsr of the bolt, should be used under all bolts
heads or nuts which would otherwise coms in contact with the
wood. A small hand pump should be used to force ereosots inte
bolt holes bored after treatmont.

Joints. ,

823. All joints should bs cut to f£it so %that they have uniform
bearing over the sutire contact surface; no shimming or blocking
will be permitted. All surfaces of sawed untreat=d timber which
come in contact in the finished structurs, ualess otherwise pro-
tectad, and all sawed ends should bs given 540 brush coats of

hot crzosots oil befor:s asssmbling. The back surfaces of untreat-
ed timbor bulkheads 2:d all othsr untreated surfaces coming in
contact with esrth should bs similarly traated.

The brush application of hot crzosote oil mav be omitted
from dense durabls materials, such as locust or piteh pine used
in sills and posts.

Floors.

824. Plank floors should be laid heart side down, with 3/4"
openings bstween plank for seascned material and %“ openings
for unssasoned matsrial. Tach plank should be securely spiked
to sach joist. The planks should be graded as to thickness and
so 1aid that no two adjacent plenks will vary in thickness by
more than 1/16" for transverss decking and i for longitudinal
decking. ' '

The ends of plank of longitudinal flooring amd run strips
should bs secursly fastsued.

Wherc plank run strips are ussd, a plank, the top of which
is flush with the top of the run strip, should be placed across
each end of the bridge tc kesp the road material of T the bridge
and permit bringing ths road grade flush with th2 top of the run
stripe. :

Joints should be staggered at least 3 feet.
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325. Laminatsd-floors should be médévﬁo-of nomingl’ 2 inch ma-
terial preferasbly of full lsngth to id splloln Planks
-should be laid surféced edge down, * veach pisce sho ould be toe-
neilsd to sach alternate stringer 'ntun /O—penny nails. - In n~ddi-
tion ench npisce bh3u11 bv nailed horizontally to adJ?ﬁﬂnt-ijCﬁs
Wlth 40-panny nails at. 18 inches center to center, and staggered
crizontally and vprtlc?l]y with n~ils in adjacent pisces. All
,fl oors chJuld bu;cuf to SQralght lines along the sides of the
-adway . : N B

‘,,*,

. L *1n3uei floors being kf a mors pIrm: nﬁﬂtT”nd COSs tlf type
of construction st 3U1u have the deckin U¢Ot~0t”d m,th a bituminous
cover and plank or metal run-st?lps to take the wear of traffic.

Tha run-strips can be raplaced at less expsnse than the
lominated flooring. ' ' S

After the ends as been cut to a
straight line, with the should be treﬁted

. with hot creosote or g mllwr wllb +o grev snt ueccy.

. Pile Driving.

826, In determining the number of piles r9qu1red in a bent, an
allowable load of 600 lbs. per square inch of average cross sec=-
tional area may be used. As =an example;,you expect to drive pil-
ing with an avérage’diameterv(d) of 10 inches. Aress = 765d2=
L7855 x 100 = 78.5 sguare inchss; then éllﬁwable load = 600 x 78.,5=
47,100 lbs. Allowancs of such loads is conti ngant upon proper set-
ting of the piling. A& general rule for 5ett1pv pl‘lné is to drive
to a penetration of 8 feet or 1/3% of the Ilength. However, in wview
of widely varvine soil conditions *he usual wey of erriving at ths
carrying cepacity of a pile is by computation, from d#ta.on.action
of the piling while being driven. Pormula (1) sives ths support-
ing capacity of a Dll“ for various rates of penﬁtrafion while for-
.mula (2) gives the avarags pengtrat 01 that should result for any
- required supportinggcapadity. o . ’ '

DA These formulse are “as:d on {a8) using_q gra vlty dro hammer
with free fall, (b) fimm head on piling, i.2., pile head is not
broomed or crushed (c¢) psnetreticn is raasonably muick and uni-

~form, (&) no. appreciable boungc of the hammer or bindiang, kicking
or stazgering of the pile. ‘

. p-safe . load per pils in tons
W-wedght of hammer in tons
h-fres fall of hammer in feast

s-averags penetration in inches of pile iast 5 blows

(1) p =2 w.h (2) s = 2 woh =1
8 + 1 * D
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Mote: If steain hammsr is used:

P = 2 Weh and s = 2 woh = 10
s + 1/10 P

Example "A": What is the supporting capacity of a pile driven

-with a hammer weighing 200b.lbs., having a free fall of 10 feet,

giving an average penetration of % inch. Substituting in form-
ula (1) we have:

b

"
0
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et
b
et
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n

Example "B": With the same driving equipment, as that used in
Txample "A", what penetration should be had to give 10 ton sup-
porting capacity per pile? Substitute in formula (2):

s= 2 x 1 x 10 = 1= 2-1 =finch

10 | ‘

Structurel Steecl.

827. Structural steel should conform to Federal Specification
QAQS~-711, "Steel, Structural, for Bridges", Class A, nNON-coOppaeT.

Handling Steel.

828. Steel should he handled in such a mannsr as not to bend
or-distort any members. Hammering, which will injurz or distort
thz members should not be dons. Any straightening of plates and
angles or othsr shapzs should bho carafully done and inspected
for fracture. If fracturs is indicated ths pieca should be dis-
carded. In no cases will welding be permitted. TIf ths moembsr
is heated in order to straighten it, the heating should not be
to & higher temperature than that producing a dark cherry-red
color. After heating, the metal should be cooled as slowly as
possible. ’

Material to be stored should be placed on skids and kept
¢lean and propsrly drained. Girders and bsams should be placed
on edgze and shored. Long membors should be supported on skids
set close enousgh togesther to pravent injury by deflection.

Bearing Plates.

829, Masonry plates should Ys set level in sxact position with
a full and evsn bsaring upon the bridege ssat. When indicated on
the plans the plates should be set on red lead and canvas as fol-
lows: ‘

After the truss or girdeér is erscted it should be jacked
off the masonry bearing platé. The bearing arsa under.the masonry
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bearing plate should then be swabbed with red lead paint and gov-
ered with three layers of 12 to 14 oz. duck, each layer being
swabbed in turn with red lead. The masonry bearing plate and su-~
perstructure‘Sﬁoes'cr’end bearings should then be let down in
‘position while -the'rad 'lead is still plastic.

Anchor bolts should be accurataly placed and the nuts on
anchor bolts at expansion end adjust=d to permit free sxpansion
and contraction. :

Rivets.

830. Pneumstic hammers should be usad for field riveting. Cup-
faced collies, fitting the head clossly to insure good bearing,
should be ussd. Connzctions should be accuratzly and sacurely
fitted bafore the rivets are driven. Spllces and field connec-
tions should have one-half of the holes rilled with bolts and cy-
lindrical erection pins (half bolts and halfl plns) before rivet-
“ing. Drifting should be only such as to draw the parts into.posi-
‘tion and not quLflﬁi'nt‘tc”enlarge the holes or distort the metal.
Unfair holes should be rasmed or drilled. Rivets should be heated
uniformly to & light cherry-red color and should be driven while
hot. Thzy should not bz cverheatsd or burncd. Rivet hoads should
be full and symmetrical, concentric with the shank, and have full
bearins all around. They should not be. smaller then the heads of
the shop rivets. Rivits should- be tight =nd °hou1f‘grip the con-
neptﬁd'ﬂarts sscuraly togathsr. In romovine rivats, the surround-
ing matal should not be injured. : R

Stecl structures will be painted with thres coats of paint
as follows: . . :

1. Shop coat - red lead pain®.’ - :

2. First field cost - red lead paint with tint of
© lamp black. . o :
3, Second fisld coat - aluminum paint. This

peint will be used only over the first field
coat of red lead.

Red lead veint should consist of red lead and linseed oil
with drier mixed in the following propcrtions:

Dry red lead . . . « o . 20 pounds
Rew linseed oil. . . . . D pints
Turpsntine . . . . . » . & pint
Liguid drier + o« o « o «» = pint.

The resulting paint when brushed on a smooth st:el surface
should dry hard and elastic without running, streaking or sagging.
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The aluminum paint shall have the following composition:

Aluminum poﬁder :;..........; 2.0 pounds
Varnlsh vehlcle Jeesessssssess 1.0 gallon

Mix the,powder with the varnish in sufficient quantities
only for each day's use.. Any paint remaining after one day's
use may bz mixed with freshly proparsd paint provided it daes not
excecd 107 of the newly-mixed paint.. For spraying purpose thin-
ner may be added as required but not to exceed 10% of the total
volume of paint. The paint must be thoroughly mixzd by vigorous
stirring and afterwards froeguently stirred to ratain the proper
consis tency. Ready mixed sluminum paiat 7ill not be used.

Alumlnum.ﬂowder for Alurlnum paint. Tho po;dﬁr should be
made by the best ecommercial methods from metallic aluminum having
a minimum alumlnum content of 99%. On snalysis, a sample should
~show not more than 14 by weight of iron, silicon, and copper after
deducting the scetone soluble portion. The powder shall conform
to the following composition limits: ‘

Acetone-extract (2 hours) maximum ...... 3.0 percent
Lead and Zinc maXiiim eeeeesseeseseseses 0.0 percent
COPPEr MAXITIUM sesesssssesssssossssesess 0.2 parcent

A

The eluminum should be powder in the form of flakes, pol-
ished and possess ths property of "leafing" when suspsnded in var-
nish. The fineness should bz such that it will pass through a
standard 100 mesh scresn (deteramined by wetting a sample with
alechol snd passing through the screen). The powder aluminum
should contain no powdered mica or other adulterants.

Vehicle. The vshicle should coansist of leng oil spar var-
nish. Purchases on bids should be made in accordance with Federal
Specifications TT-V-8l, and if there is any ques stion as to whether
or not the material nronosed meets the svb01f10atloqs the Regional
Office will have a sample analyzed. The varaish when thoroughly
mixed with the aluminum powder in the proportion of 2 pounds per
gallon of vehicle, should show satisfactory spreading cualities
and not run or sag when applied to a smooth vvrtlcal surface. The
paint should set to touch in not less than 2 urs or .uore than
six hours and dry hard and tough in not more uhan 24 hours. '

Mixing - It is recommended that the red lead paint be mixed
on the job. Aluminum paint will bs mixed on the job and only
enough for one day's use shall be mixed at one time. The paint
mixed in the proportion of 2 pounds of aluminum pbwder per gallon
of vehicle, results in a paint containing approximatély 217 pig-
ment and 79% vehicle. The weight amount of powder should be placed
in a suitable container and the measursd volume of vahicle then
poursd,over it, and the paint thoroughly mixed by stirring with a
paddle. The paint should be occasionally stirred during use.
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For painting Wvdtﬂ“r expnsed steel structures, the steel
surface shell be theronghly clean and dry. All rust, mill scale,
loose paint, dirt and other foraign mattsr must be re moved. 0il
and grease should be reimoved with a fmineral spirit. Painting
should not be doune in wet weather or when there is frost or mois-
ture condensation -on the steel, nor when the temperature is below
40© T, 0n all -steel structures and the barespots of old painted
structures, a rust inhibitive -priming coat shall be applied and
allowed to dry for not: less than 48 hours bafore applying the al-

ninum paint. In the application of aluminum paint by brushing,
the finish strokes should péu@rdlly ba made in the. same: dirsction.

Bafore rapainting, th@ entire-structure should bg well
brushed with a wire brush (or well clesaned with a sand blest).
AlY. secale or blister spots hand scrapﬁd. Give-all bare DlaC(S
one priming coat of red léad paint. TIf ths surface is in good .
conditicn except for spots, spot priming will be sufficient. If
the. surface is in poor condition, a priming coat should be applied
o the eantire surfacc. ~ : C

Allow each coat to dry thoroughly bsfores applying the suc-
cesding coat. As the. alwiinum paint provides an air-tight seal,
it is important that the red lsad primsr bs thoroughly dry hefore
applying the aluminum paint. . The red lzad paint dries slowly and
about ons we:k is rocommsnd:zd for allowing the priming coat to dry
before applying the aluminum paint

Apply the priming coat with round or oval brushscs end brush
well on the metal surfuces. . The aluminum paint may be applied:
with a peint sprasy or brush. ) e ’

Storing Aluminum Paste and Powder.

(a) Xeep both Dhste and powder in a warm drv room &t tempsrature
between 60° and 80° F. S B
(b) Xeep containers at lesst thrse feet away from radiators or
steam pipese. ) _

(c) Containers opsned for use should bes resezled as scon as possi-
ble. : _ : : -

(d) ZXeep absclutely dry.

(e) Do not store in sams room.mvtg lacnuers, varnishes or othsr
combustible matsrial sueh as oily razs, etc., snd avoid accumula-
tion of dust on floors, walls or beams.

(f) Yo-smoking; keep open lights 2nd fire away.

(g) Avoid all friction of metal agzinst metal.

(h) Use an aluminum or other non-sparking metal to scoop out need-
ed meterial.

- Wad

In Case of Tire

(a) Wesver use water. It reacts with hot aluminum gust to form
hydrogen =nd t=snds to spread th: firs.
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{b) Have buckets of clean sand aveilsble. Sprinkle gently on the
smoldering aluminum until it is completely covered. Avoid spread-
ing the sand in quantities to disturd the Burning material.

(¢) Do not usz liquids of any kind. )

Guard Rails.

B832. Guard Tails sre a safety device intended to warn the travel-
er of a dangerous turn, embankment, etc., and shall conform to the
safety requirements as established by the 3tate laws where in the
guard rails are located. Guard rails should be painted a conspicu-
ous color. Aluminum, white, striped white and black, and in many
states wher: dense fogs occur, ysllow, ars the most common colors
used. These colors may not harmonize with the surrounding color
schem: but safoty should be the rule.

Bridgzs, and particularly the narrow single track bridgs
should havs a conspicuous wing guard rail paint:zd so as to avoid

any possibility of an accident caused by poor vieibility.

Regulations and Cost Limits on Bridges.

833, Care should be teken that work is not undsrtaken as minor
which under the regulations should be handled as major by thes Bu-
resu of Public Roads. Ths $5,000 per mile limitation on miner

n

0
work doss not aprly to briig: 35 a mile of projsct includ-
ing & bridge is estimated to cost less than %5,000 doss not of it~

self justify epproval as minor, Th2 govsrning cosideration 1is
the difficulty of design snd construction.
Major and Minor Projects.
834. In ths following, "major™ rafers to B.F.R. nrojects and
"minor" to Forest Service projects.

A bridgs project will come under one of three classes -
(1) major for both design and construction, (2) minor for both
design and construction, (3) major for dzsisn and minor for con-

struction.
Class (1) will include all bridges:

a. Handlsd by contract.

b. Costinz in excsss of 5,000 for the erection of
mainspan and sbutmeats or pisrs butb excluding tho cost of mater-
ials, transportation and approach spans, unlzss tho permission
of the Forester to handle spacific bridges as class 2 or 3 is se=
curad.

c, Costing in pxcess of 410,000 total, including
srection, matarials, transportation, approach spans and all other
costs, unloss the permission of the Forester to handle specific
bridges as class 2 or 3 is secured.
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Tor bridge construction costing not to exceed the»“S 000
and %l0,000'IimEts described in the preceding paragraph, the de-
cision on whether the construction shall be ‘handled by contract
or by day labor will be made by tha Ragional Forester. TUnless
he finds the circumstances exceptional, all day labor work
should be handled as minor. Decision to handle as minorywill he
based on such mattsre as size or dJLflculfy of the job, its loca-
tion, rélationship to or coordination with 'going minor rosd or
,trall work in the v301n1t" or eoori1nat10n with protsctlon needs
-of flre suppression activitizs.

‘The design of class 3 bridges mey be made by the Worest
Servics with review by the B.P,R. or may be made by the B.F.R.
If the R.P.R. makes the design, it should also handle the con-
struction unless tae Regional morester decides on handling as
mlnor.

"If the bridege falls in class 3, ths B.P.R. should be re-
quested to have an inspecior make sufficient visits during con-
struction to assurs the bridgs being constructed in acccrdance
Wwith the design énd’speﬁifications satisfactory to the B.P.R.
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