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CONCLUSIONS AND RECOMMENDATIONS

One of the most important factors in the design of a safe haul

road is the braking capabilities of trucks which will use the road. Braking

performance should be determined by on-site testing, if feasible, 01'"

from manufacturers' information, if available. Because an operator cannot

always depend on his vehicle's retardation system, it is recommended

that equipment manufacturers provide a sticker or data plate on each

machine which would delineate maximum braking capabilities in terms

of vehicle speed and percent of grade negotiable with service brakes only.

Operational velocities, road downgrades, road adhesion character­

istics and sight distance restrictions are among the parameters which

must be co~sidered in desig:'iing roads which will accommodate vehicle

braking system limitations. For the purposes of this study, the Society

of Automotive Engineers'. minimum braking standards were mathematically

expanded to app ly to haulage road characteristics. Velocity-stopping

distance curves were developed and presented in this report to indicate

the most conservative stopping distances required to safely stop a haulage

vehicle. The braking performance of the vast majority of trucks manu­

factured for use in surface mining operations will exceed these theoret­

icallimitations. Therefore, use of these curves in haulage road design

will provide maximum safety for any make, model, or type of haul road

- III -



use,...

Coefficient of road adhesion, a numerical representation of the

friction between tire and road surface, is a factor affecting stopping

distance of a vehicle. When the frictional force between a rolling tire

and road surface is less than that at the interface of brake components

during app lication, wheel sliding wi II occur. Thus, uniform deceleration

is denied by sliding, resulting in a far greater stopping distance.

Many of the newer haul U:'lits are equipped with road condition

switches which can be engaged to reduce brak-= pressure when traveling

on poor surfaces. However, the effectiveness of these devices is limited .i,

on downgrade surfaces which are covered with mu:J, ice or snow, or

composed of dry sandy material. Every effort should be made to ensure

that the road surface coefficient of road adhesion is maxim ized and kept

free of any material which will reduce its frictio:lal characteristics.

Table II-2 shows the coefficients of road adhesion for various surface

materials and may be used to identify those with the best tire/surface

adhesion potential.

On safe haul roads, the sight distance from the driver's eye to

the hazard ahead must equal or exceed the vehicle's shortest stopping

distance. Sight distance may be limited by horizontal and/or vertical

obstructions or by climatological conditions such as fog, rain, and snow.

Sight distance limitations will be better defined when results of research

- IV-
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being funded by the Bureau of Mines into Improved Visibility Systems

become available. Peripheral vision improvement and "bltnd spot"

elimination are two major areas where visibility improvements are

needed.

Tables included in this report show recommended widths for

one, two, three and four lane roads within all vehicle categories. These

tables apply to both tangent and curved r03.dways. Vertical curve con-

trol graphs delineate minimum vertical curve lengths taking into consid-

er,atio:1 algebraic difference in grades, height of driver's eye, height

.- of object above road surface, and required stopping sight distance.

The need for more stability in r"oad bed was documented by
; --:--.--'" -~---.. --::------.. ~-. ----- .....

c!:Js9r,/2.-:io:iS du~tnG the site in'.'estig=.tic:1 phas<;' of the proj eeL Mini.ng
_ ., -=" ••••-.,•. --:-.-:--::---....._.--,-. __ v:._·:::--:-_~ - -....- ."'"'--, -:-.~.. .:.~._.: -:- : ~ -"...-- - ~": _~~:_ v.-- •.

•

•

•

•

engineers, haul road designers, and maintenance personnel confirmed

this to be the case. Sectio:1 II of this report deals witl1 all aspects of

a haulage road cross section, including traffic and warning signs,

drainage cO:1siderations, cr,oss slope, haulway width and conventional

parallel berms. Materials for use as su::,base and surface courses,

recommended depths and methods of p lacem ent are sU;lgested.

Dul"'ing the data gathering stage of the study, it became increas-

ingly apparent that most berm research is related to highway vehicles.

The enormous weight differential betvveen off highway and highway

vehicles (sometimes greater by a factor of 100) suggests a berm pro-

-V-



portionately larger would provide similar impact characteristics.

However, the high center of gravity combined with a disproportionately

narrow wheel track width make haulage vehicles more susceptib Ie to

overturn. The tire size, steering mechanism, and suspension charac­

teristics indicate a significantly different response pattem fro:11 that of

a car. Also, not only would a berm 100 times the size of a highway berm

be mO:'1strously large, but the area of land it would occupy would likely

create a severe economic penalty.

Conventional parallel berms do not appear to offer much pro­

tection to a runaway or ou-l;: of control haulage vehicle. In fact they can

be more of a hazard than a controlling device as they could act as a

launch ram!='; projec:ting the tr~l,::k out into space, or sei~ve to overturn

a vehicle whose wheels, on one side, continued to climb the berm.

A median berm design, currently utilized in Australia, was found

to offer considerable improvement over conventional parallel berms.

This ty,:>e of medial cOC1trol acts as a vehicle arresting device and has been

very effective in cO:1trolling rU:1away vehicles at Australian mining

companies. More research, especially experimental field testing, is

needed to find a way to effectively utilize berms as a safety device on

haulage roads.

An ad::::litio:1al runaway vehicle control device which has been found

to be very effective 0:1 long, sustained grades is the escape lane. Where

- VI -
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applicable, and when properly constructed and maintained, escape lanes

have good potential for controlling runaways with little or no vehicle

damage or driver injury. This type of safety device is encouraged

whenever space is available.

Many r03d design parameters, such as horizontal and vertical

alignment, rate and ru:"lOut for superelevatio:"l, curve widening and

vertical curves are well defined in this report and in many -road con­

struction manuals. Other important parameters, however, such as

maximum and sustained grades, and the length of those grades that

vehicles may safely traverse, is information not readily availab le. This

data can be supplied by manufacturers who can also make recommendations

for eCl'Apment MocHfic2.tic!is which fit the trl1ck to the job.

Appropriate haul road design, construction, maintenance, and

drainage ::an make for a safer, more efficient operation while greatly

reducing environmental problems related to stream sedimentation. Care­

ful consideration of subbase, surface materials and road width, and

proper app Lication of cross slopes, berms, drainage provisions and

culverts are just as important to reduction of required road and vehicle

maintenance as they are to road design.

Regularly scheduled road maintenance is a necessity for safe

haulage operations. Reduction in vehicle damage and in required

maintenance and repair more than compensates for its added costs.

- VII-



Damage to tires, filter clogging due to excessive dust, stuck vehicles,

reduced traction, and other problems necessitating operational delays

are reduced or eliminated t?Y a regularly scheduled, and correctly

applied, road maintenance program. In addition, vehicular control is

greatly improved when roads are kept in good condition.

Periodic vehicle maintenance and inspection are basic considera-

tions for safe and profitable mine haulage. Inspection checklists, to be

completed daily by the operator and periodically by the maintenance crew,

are required at many mine operations. Maintenance schedules are often

computer controlled and require signing of a filed checklist by the respon-

sible mechanic and maintenance foreman after maintenance is performed.

The8e p~ocedures should be considered at all su~fa:::e mine sites.

The majority of parameters necessary for safe haul road design

are discussed and defined by specific criteria in this report. However,

certain design elements cannot be adequately defined witrout additional

research and field testing. Braking capabil ities should be delineated

through empirical rather than theoretical data. Additional consideration

must be given to relating safe haul road development to its effect on

mining economics.

A separate study is currently being conducted to satisfy these

two research needs. It is anticipated that by January 1, 1977, a supple-

- VIII -
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ment to this rep?rt wlll be avallable which evaluates the economic

impact of incorporating safe design criteria and delineates haulage

vehicle braking limitations derived through field tests.

Identifying these parameters, however, does not alleviate the

need for comprehensive evaluations of other factors which offset

safe haul road design. Throughout research efforts for this report,

the need for additional studies became increasingly apparent. The

following areas should receive primary consideration as additional

research requirements:

1. The effects of various berm sizes, materials, con­
figurations, and angles of incidence on the redirection
and/or deceleration of large surface mining equipment.

2. Heat dissipation capabi li.ties of surface mine haulage
equipment braking systems as a function of brake
app 1ication frequency and duration due to speed and
grade.

3. Impact of vehicle or extraneous artificial haul road illum­
inahon on driver's sight distance during night operations.

4. Frequency and magnitude of haulage equipment component
failures resulting from vibration induced fatigue on poorly
constructed haul road surfaces.

".
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INTRODUCTION

Over the past thirty years, surface mine haulage equipment has

developed from trucks capable of moving twenty tons of material to

vehicles which transport as much as 350 tons. Unfortunately, the design

of roads this equipment must traverse has not advanced at the same rate.

In many areas road building technology appropriate to vehicles of three

decades past is still being practiced today. As a result, numerous

unnecessary haulage road accidents have, occurred every year. A number

of these mishaps can be attributed to operator error. However, far too

many are caused by road conditions which are beyond the vehicle's ability

to negotiate safely.

It is the purpose of this document to identify the performance

limitations of modern haulage equipment and to examine the impact of

haul road design on vehicular controllability. Based on these evalu3.tions,

haul road design criteria which will promote continuity and safety through-

out the haulage cycle was established.

Time allocated for this project prohibited a detailed investigation

of mechanical design for every type of haul road user. However, safe

haul road design criteria should be sufficiently comprehensive to allow

app lication to all machine types.
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This complication required that design criteria be based on the one

type of surface mining equipment which exhibits the lowest safety potenttal..

Research of engineering data for all major types of surface min7 rna,chin­

ery revealed that large off-road haulage trucks had the smallest margin

of safety due to their great size and weight, characteristic use, and

control components. Thus, designing haul roads to accommodate these

vehicles leaves a wide margin of safety for all other surface ml~tng

equipment.

Extensive engineering data for all makes and models of large

off-highway haulage vehic les was so lidted from manufacturers. Infor­

mation was tabulated to identify specifications for width, height, weight,

ti r'2 trc.ck~ wheel base, br3.kir:g system type, ste8rir:g ab~Hty, r8b.rder

performance, speed and range on grade, and numerous other factors for

each truck model. Various models were then grouped into four we~ght

range categories. Minimum, mean and average specifications were

identified for each weight category.

Design guidelines for each weight category, including velocity­

stopping distance curves, vertical curve controls, haulway widths, curve

widening, and spacing of runaway devices, are presented in this report.

The haulway designer may utilize the Contents section of this

document as a check list to assure that all elements of design have been

considered in haul road planning.
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HAULAGE ROAD ALIGNMENT

As far as is economically feasible, all geometric elements of haulage

roads should be designed to provide safe, efficient travel at normal

operating speeds. The ability of the vehicle operator to see ahead a

distance equal to or greater than the stopping distance required is the

primary consideration. This section of the study addresses the effect

of speed, slope, and vehicle weight on stopping distance, as well as design

criteria for vertical and horizontal alignment.

STOPPING DISTANCE - GRADE/BRAKE RELATIONSHIPS

From a safety standpoint, haul road grades must be designed to

accommodate the braking capabilities of those vehicles having the least
~, .

-braking potential which will most frequently traverse the haul route.

In the majority of cases, rear, bottom and side dump haul trucks, by

virtue of their function within the mining operation, are the most frequent

haul road users. Due to their extreme weight and normally high operating

speeds in relation to other equipment, their ability to decelerate by braking

is lowest of the constant haul road users. Designing routes to accommodate

the braking systems of haulage trucks should leave a sufficient margin of

safety for other equipment less frequently used, such as dozers, loaders,

scrapers, graders, etc.

I - 3
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Most truck manufacturers' specifications for brake performance

are limited to an illustration of the speed which can be maintained on a

downgrade through use of dynamic or hydraulic retardation. While

retardation through the drive components is an efficient method of con­

trolling descent speed, it does not replace effective service brakes. In

the event of retardation system failure, wheel brakes become the deciding

factor between a halted or runaway vehicle.

Unfortunately, very few, if any, truck manufacturers define the

capabilities of their service and emergency braking systems in terms of

performance. They are usually described by lining area, drum or disc

size, method of actuation, and system pressure. ThLls, an operator does

not know whether his vehicle's brakes will hold on a descent grade in the

event of a retardation failure. Because of the possible need to utilize

service brakes as the sole means of halting or slowing a truck, their

performance must be defined and taken into consideration in the design

of safe haul road grades.

The Society of Automotive Engineers (SAE), realizing the need

for effective brake performance standards, has developed test procedures

and minimum stopping distance criteria for several weight categories of

large, off-highway trucks. SAE recommended practice J-166 delineates
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•

•
the following values as maximum permissible service brake stopping

distances from an initial velocity of 20 miles per hour, on a dry,

level and clean concrete surface:

•

•

Vehicle v\/eight (lbs.)

Up to 100,000
Over 100,000 to 200,000
Over 200,000 to 400,000
Over 400,000

Service Brake Maximum
Stopping Distance
(ft. from 20 mph)

60
90

125
175

•

•

•

•

V\.'hile the majority of haulage truck manufacturers equip their products

with brake systems which meet or exceed these criteria, there is no

indication of how brake performance may vary with changes in grade,

read surface, or initial speed. Hcwever, the stepping distance limita-

tio'iS set forth prOVide the basic data from which performance under

different conditions may be mathematically expanded.

The stopping distance curves, Figures 1-1 through 1-4, depict

stopping distances computed for various grades and speeds in each SAE

test weight category. Plot points for each of the various curves have been

arrived at through the formula:

• SO = [1/2 gt2 • sin e + Vot] + [(gt sin e + vol]
2g (u min - sin 8)

(1)

•
where: so = stopp ing distance (feet)

9 = gravitational pu II (32.2 fps2)
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t =time expended between driver's perception of the
need to stop and the actual occurrence of frictional
contact at the wneel brakes (sec)

e = angle of descent (degrees)
V 0 = speed (fps) at time of perception

u min = coefficient of friction at the wheel brake contact area
(dimensionless)

Although the significance of SAE stopping distances is not readily apparent

in equation (1), it was the means of arriving at u min and t values.

The t value is actually composed of two separate time intervals:

first, the time necessary for pressure to build and actuate brake components

aftel~ the pedal is depressed in the cab. For ease of discussion, this value

is designated t 1 . Information suppl ied by a member of SAE subcommittee

10, the authors of J-166, gives the following as values for t 1 • These

numbers have been verified by various -subcommittee members and their

companies.

Vehicle Weight (lbs.)

Less than 100,000
Over 100, 000 to 200, 000
Ove r 200, 000 to 400, 000
Ove r 400,000

Brake Reaction Time
t1 (seconds)

0.5
1.5
2.75
4.5

A second component of t, designated as t2, is the lag attributed to
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•
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driver perception and reaction, or the time lost from the instant an

operator sees a hazard until h"is foot actually begins depressing the

brake pedal. A time of 1 .5 seconds was assigned for t2 in all cases.

This value is documented by the American Association of State Highway

Offici.als' 1965 Handbook entitled "A Policy on Geometric Design of Rural

Highways" •

A value for u min, the coefficient of friction achievable at the

lining and drum or disc interface, is arrived at through the formula:

•

•
where:

u min =

v -
9 ==
S ==

2g S

S£>..E Test Veloci.ty of 29.33 fps
gr-oavitational pull of 32.2 fps2
SA.E ,l\ctual Braked Distance*

(2)

•

•

•

.0

*Actual Brake Distance is computed by subtracting t 1 x 29.33 from the

SAE recommended stopping distance for each weight classification.

In all cases, the equation computes tc a u min averaging 0.30 and a

vehicular deceleration of approximately 9.66 fps2.

With the t and u min values identified, it is possible to work·

equation (1) and arrive at values illustrated in the stopping distance

curves for different grade-speed operating conditions. This formula,

however, does not allow a determination of the distance at whiCh
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constant brake application will result in excessive heat buildup and,

consequently, cause fade or complete brake failure.

Since it is unrealistic to assume that brakes can remain applied

without fade for excessive periods of time, heat buildup must be considered.

Unfortunately, factors influencing a brake system's ability to dissipate

heat vary to such an extent that accurate mathematic simulation is virtually

impossible. In fact, there appears to be no definite conclusion as to the

maximum temperature a brake system can endure before ill effects are

noticed. The obvious need to 1imit stopping distances for prevention of

excessive brake heat, combined with the inability to realistically simulate

thermal characteristics, presented a problem.

Rsscluti(m of this difficulty V'l2.S achieve:j t.l;:"'o~gh the ~cceptance

of empirical test data from the British Columbia Department of Mines

and Petroleum Resources(1). This organization has conducted over one

thousand haul truck stopping distance tests at active mine sites in British

Columbia. T'ne variety of truck makes and models included in the testing

program present a representative brake performance cross section for

many of the vehicles currently marketed.

(1) Dawson, V. E., 1I0bservations Concerning On-Site Brake Testing
of Large Mining Trucks ll

, Society of Automotive Engineers,
Warrendale, Pa., 1975.
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Information supplied by Mr. V. E. Dawson, who coordinated this

testing, indicated that to preclude fade, a two hundred foot braking dis­

tance should be considered the maximum allowable. Although some

tested vehicles were able to exceed this limitation and still execute a

safe, controlled stop, statistics indicate that a 200 foot restriction permits

a reasonable margin of safety. Each stopping distance graph illustrates

this 200' maximum brake distance as a vertical line increasing with

velocity. Increases of distance for speed reflect footage consumed by

driver perception/reaction time, a factor not considered during actual

tests.

Inclusion of the this stopping distance restriction completes the

stopping distance graphs. Maximum operating speed and descent grade

can be found for a known truck weight by reading vertically along the

maximum permissible stopping distance limitation line. At grade curve

intersections, read left to find velocity. An example is given on the graph

for less than 100,000 pound trucks (Figure 1-1).

Figures 1-1 to 1-4 have been based primarily on mathematic

derivations. They do not depict results of actual field tests, but are

presented simply to offer an indication of the speed and grade limita­

tions which must be considered in designing a haul road for a general

truck size. Actual field testing has proven that many haulage vehicles

co.n and do exceed theoretical capabil ities. The quantity of tl;is

1-9



40 r---_r__-...,....-..,.....---r---,.-~_-_-_r__~_-_

35

30

:I:
Q. 25
:E

>- 20
l-
U
0
...J 15w
>

10

5 ~'..H ..-j,lL----7"~--b....=-+.L.,. ~--I---+--+---+--....-4

DISTANCE LIMITATION TO: I PRECLUDE BRAKE FAIL:.JRE
O'---...l....__ __'__-"--_........._..-J._~~_ ......._...l....__ __'___

o 50 100 150 200 250 300 350 400 450 500

STOPPING DISTANCE 1FT)

VELOCITY VS STOPPING DISTANCES
ON VARIOUS SLOPES

VEHICLES WITH <100.000 LBS. GVW

FIGURE 1-1

A,.,,¥

35

30

I 25
Q.
~

>- 20
l-
U
0
...J 15w
>

10

5

50 100 150 200 250 300 350 400 450 500

STOPPING DISTANCE (FT.)

VELOCITY VS STOPPING DISTANCES

ON VARIOUS SLOPES
VEHICLES WITH 100.000 TO 200.000 LBS. GVW

FIGURE 1-2

I - 10



DISTANCE LIMITATION TO
PRECLUDE BRAKE FAILURE

O'--_....I.-_.....L.._--l.._--L_......I__~_-'--_...I--_-l-_.......

o 50 100 150 200 250 300 350 400 450 500

25 ~-_+_--+---+---+-:oA+_-7'9f---

30 ~-_+_--+-____.,.-+---+---+___r~r"'--:

35 I---+---+---+----+---+-+-f---

•

•

•

•

STOPPING DISTANCE (FT)

•
VELOCITY VS STOPPING DISTANCES

ON VARIOUS SLOPES
VEHICLES WITH 200.000 TO 400.000 LBS. GVW

FIGURE I-a

•

•

•

•

40

35

30

s: 25
Q.

~....
~ 20
t:
u
9 15
IJJ
>

10

5

50 100 150 200 250 300 350 400 450 500

STOPPING DISTANCE (FT.)

•
VELOCITY VS STOPPING DISTANCES

ON VARIOUS SLOPES
VEHICLES WITH >400.000 LBS. GVW

FIGURE 1-4

I - 11



empirical data, however, does not encompass a wide range of speed

and grade situations. Therefore, use of this information would not

permit sufficient design flexibility.

It is recommended that the operational Iimitations depicted in these

figures be used to make general determinations in the preliminary planning

stage of design. Before actual road layout begins, manufacturers of the

vehicles which will ultimately utilize the road should be contacted to

verify the service brake performance capabilities of their products. In

all cases, verification should reflect the capabilities of wheel brake

components without the assist of dynamic or hydraulic retardation.

The discontinuity between theoretical and empirical results sub-

sta~ti2tes tl':e !'ieed fo!"" ir.ter.si\.!8 ~r:d cC;-';'"liJrehensiv€ brake e\/aluation

programs. With the exception of British Columbia's and possibly a few

manufacturers' efforts, testing has been restricted to the somewhat

ideal istic SAE procedures. It is anticipated that continuing demands for

larger equipment and the increasing safety consciousness of mine operators

and employees will eventually make intensive testing programs a reality.

SIGHT DISTANCE

Sight distance is defined as the extent of peripheral area visible

to the vehicle operator. It is imperative that sight distance be sufficient
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•
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to enable a vehicle travel ing at a given speed to stop before reaching

a hazard. The distance measured from the driver's eye to the hazal"'d

ahead must always equal or exceed the required stopping distance.

On vertical curve crests, the sight distance is limited by the road

surface. Figure 1-5, Case A illustrates an unsafe condition. The sight

distance is restricted by the short vertical curve and the vehicle cannot

be stopped in time to avoid the hazard. Case B shows a remedy to the

dangerous condition. The vertical curve has been lengthened, thus

creating a sight distance equal to the required stopping distance.

On horizontal curves, the sight distance is limited by adjacent

berm dikes, steep reck cuts, trees, structures, etc. Figure 1-5, Case C

illustrates a horizontal curve with sight distance restricted by trees. and

steep side cut. Case 0 shows that by removing the trees and laying back

the slope, the sight distance can be lengthened to equal the required

stopping distance.

VERTICA L ALIGNMENT

Vertical alignment is the establishment of grades and vertical

curves that allow adequate stopping and sight distances on all segments

of the haulage road. A safe haulage environment cannot be created if

grades are designed without consideration for the braking limitations of
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equipment in use. The same is true for situations where hUl crests

in the road impede driver visibility to the point that vehicle stopping

distance exceeds the length of roadway visible ahead. Design practices

relevant to the above parameters are presented in the following sLb-

section.

Maximum and Sustained Grades

Theoretical maximum allowable grades for various truck weight

ranges in terms of emergency stopping situations have been defined in the

stopping distance curves, Figures 1-1 through 1-4. Defining maximum

permissible grades in terms of stopping capabilities alone, however, is

somewhat misleading in that no consideration is given to production

economics. If, for example, a road were designed to include the maximum

grade a truck in the 100,000 - 200,000 pound category can safely descend,

speed at the beginning of that grade must be reduced and sustained for the

duration of descent. By the same token, ascending equipment would require

frequent gear reductions and similar speed losses. This changing velocity

means lost production time, additional fuel consumption, component wear,

and eventua lly, maintenance.

The following ill~stration is a haul truck performance chart similar

in composition to those supplied by a majority of equipment manufacturers.
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Although the graph reflects performance characteristics for a specific

make and model, it shows a representative impact of grade on perfor-

mance. Two different symbols have been superimposed to delineate

attainab le speed as it is influenced by a vehicle operating on a 5% and

10% grade under loaded and unloaded conditions.

It is apparent from the chart that a reduction in grade significantly
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increases a vehicle's attainable uphill speed. Thus, haulage cycle times,

fuel consumption, and stress on mechanical components which results in

increased maintenance can be minimized to some extent by limiting the

severity of grades.

By relating the 10% to 5% grade reduction to the stopping distance

charts in the previous section, it can be seen that safety and performance

are complementary rather than opposing factors. To demonstrate this

fact, a reproduction of the stopping distance chart for vehicles in the

100,000 - 200,000 pound category is presented below for reference.

As indicated by superimposed lines on the graph, a 5% grade reduction

translates to a descent speed increase of six miles per hour without

exceeding safe stopping distance limitations.
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The above described·benefits to production neglect consideration

of construction economics. In the majority of cases, earthmoving to

construct flatter gradients will incur greater costs. Moreover, design

flexibility at many operations is curtailed by limited property ownership

and physical constraints such as adverse geologic and topographic con-

ditions. To recommend one optimum maximum grade to suit all opera-

tions, therefore, would be unfeasible. It must be the responsibility of

each operator or road designer to assess the braking and performance

capab il ities of his particular haulage fleet and, based on this data, deter-

mine whether available capital permits construction of ideal grades or

requires steeper grades at the sacrifice of haulage cycle time.

The only guidelines that can definitely be set forth for maximum

grade criteria are the laws and/or regulations currently mandated by

most major mining states. Presently a few states allow maximum grades

of 20%. However, the majority of states have established 15% as the

maximum grade.

Length of sustained gradients for haul road segments are yet

another factor which must be considered in vertical alignment. Many

mine operators have found optimum operating conditions reflected on

maximum sustained grades no greater than 7% to 9%. ALso, many state

laws and regulations establish 10% as a permissible maximum sustained
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•

•
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grade. This does not mean, however, that vehicLes cannot be safeLy

operated on more severe downgrades.

Significant improvements have been made in controlling downhill

speed through hydrauLic and dynamic retardation of drive components.

Charts similar to the following example are availabLe for most modern

haulage equipment to illustrate its controllability on downgrades. As

indicated by the exampLe, this particular vehicle is advertised as being

capable of descending a 15% grade at 8 mph if geared down to second range.
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Thus, the vehicle can be kept to a speed within safe emergency bra. king

limitations. The chart does not, however, specify the retardation lim its

in terms of time or length of sustained grade.

All retardation systems function by dissipating the energy developed

during descent in the form of heat. In hydraulic systems, this is accom­

plished through water-cooled radiators. The dynamic method generally

reI ies on air-cooled resistance banks. It is possible to overheat either

system if the combination of grade and length is excessive.

Considering the factors discussed above, it is reasonable to accept

10 percent as a maximum safe sustained grade limitation.

Vertical Curves

Vertical curves are used to provide smooth transitions from one

grade to another. Their length should be adequate to drive comfortab ly

and provide ample sight distances at the design speed. Generally, vertical

curve lengths greater than the minimum are desirab Ie, and result in longer

sight distances. However, excessive lengths can result in long relatively

. flat sections, a feature which discourages good drainage and frequently

leads to "soft spots" and potholes. Curve lengths necessary to provide

adequate sight distance were computed as follows:

1-20



•

•
200 (\Ih1 + Vh2)2

L = 25 - A (When 5 is greater than L) (3)

or

• (VVhen S is less than L) (4)

•

•

where, A = algebraic difference in grades
5 = attainable stopping distance on grade

h1 = driver's eye height
h2 = height of obj ect above haul road surface

Figures 1-8 through 1-15 show recommended minimum lengths of

•

•

•

•

•

vertical curves versus stopping distances for various algebraic

differences in grade. Each figure represents a different driver's eye

height, ranging from six to twenty feet.

The obj ect hei.ght used in computing cr"'est verticat curves was six

inches. Although there is some support for an object height equal to

the vehicle tail light height, we believe the relatively small increase in

vertical curve length is warranted to cover such possibilities as a prostrate

figure, an animal, or dropped gear on the road sUt~face.

To illustrate use of the vertical curve charts, first select the

graph which indicates the lowest driver's eye hei.ght for vehicles in the

haulage fleet. Then, from the stopping distance charts (Figures 1--1

through 1-4), find the required stopping distance for the appropriate

operating speed, vehicle weight, and grade. Use the steeper of the two
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grades to take into consideration the most critical situation. Read right

to intersect the appropriate alg"ebraic difference and down to find vertical

curve length. An example is given in Figure 1-8 for a stopping

distance of two hundred feet and an algebraic difference of sixteen to

give a required curve length of 325 feet.

HORIZONTAL ALIGNMENT

Horizontal alignment dLlring haul road design and construction

deals primarily with the elements necessary for safe vehicle operation

aroU1d curves. Far too often turns are created without considering

proper ......'idth, superelevation, turning radius or sight distance. Correct

horizontal. aLignment is essential to both safety and efficiency ,throughout

a haulage cycle. The following subsections discuss the parameters

prerequisite to correct horizontal alignment and how they affect road

design. It must be emphasized that recommendations set forth are based

on the premise of providing maximum safety without taking construction

economics into account. Due to the physical constraints particular to

many mining sites:l the cost of construction may increase significantly.

Safety:l however:l should allow no trade-offs and any alterations to design

criteria should be accompanied by a compensatory reduction in operating

speed.
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Superelevation Rate

Vehicles negotiating short radius curves are forced radially

outward by centrifugal force. Counteracting forces are the friction

between the tires and the road surface, and the vehicle weight component

due to the supere levation • The basic formula is:

• e + f = V2
15 R

(5)

•
where, e = superelevation rate, ft./ft.

f = side friction factor
V = vehicle speed, mph
R curve radius, feet

•

•

•

•

•

Theoretically, due to superelevation, the side friction factor would be

. .
zero when the centrifugal fOI~ce i.s balanced by the vehicle weight compo-

nent. Steering would be effortless under these conditions.

There is a practical limit to the rate of superelevation. In regions

subj ect to snow and ice, slow traveling vehicles could slide down the

cross slope. Regions not subject to adverse weather conditions can

generally have somewhat higher superelevation rates. However, even in

these regions, the driver of a vehicle negotiating a curve at a speed lower

than the design speed would encounter some difficulty holding the proper

path. He would experience an unnatural maneuver, steering up the slope,

against the direction of curve.
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Another consideration in establishing the cross slope rate is the

high percentage of load carried by the inner wheels of a truck stopped or

moving slowlyon the cu rYe •

As shown by the above formula, there are two factors cQunter-

acting the centrifuga I force: the superelevation rate and the side friction

factor. Much experimental work has been done to determine side friction

factors. Several authorities 1) recommend a factor of 0.21 for speeds of

20 mph and less. The American Association of State Highway Officials

(AASHO) has plotted the results of several studies on vehicle speeds at

short radius curve intersections. Logically, the average r'unning speed

decreased as the radius decreased. And, as the speed decreased, the

sid,= fri'::"ticn factor incre3.sed 1 prcd'..Jcing 2. f3.cter ;:,f 0.27 at 20 mph c:-, a.

90' radius curve, and a 0.32 factor at 15 mph en a 50' radius curve.

Neither -Jemonstrate a need for a superelevation rate in excess of the

normal cross slope.

This data, plus the recognized fact that sharper curves are shorter

in length and afford less opportunity for prOViding superelevation and

runout, Lead to the derivation of the following table.

This table serves two purposes. It not only suggests superelevation

rates, but also recommends proper curve/speed relationships. For

1) A Policy on Geometric Design of RuraL Highways, AASHO; 1965 and
Route Surveying - Carl F. Meyer; 1949.
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Table 1-1

RECOMMENDED SUPERELEVATION RATES (ft. per ft.)

•

•

Vehicle Speed (mph)

Radius (ft.)
50

100·
150
250
300
600

1000

10

'.04

.04

15

.04

.04

20

.04

.04

25

.05

.04

.04

30

.06

.05

.04

.04

35 & above

.06

.05

.04

•

•

•

•

•

•

examp le, a vehicle traveling 30 mph approaching a 150' radius curve super-

elevated .04 ft. per ft. should slow to at least 20 mph.

Superelevation Runout

The portion of haulway used to transition from a normal cross

slope section to a superelevated section is considered the runout length.

The generally slower speeds at mining sites make the positioning of

the runout less critical, but the purpose remains the same - to assist

the driver in maneuvering his vehicle through a curve. States vary in

their methods of applying superelevation runout. Some apply it

entirely on the tangent portion of the haulway so that full superelevation

is reached before entering the curve. Most states, however, apply
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part on the tangent and part in the curve. For design criteria herein,

one-third shall be in the curve and two-thirds on the tangent ..

Runout lengths vary with the design speed and the total cross

slope change. Recommended rates of cross slope change are shown in

the following table ..

Table 1-2

RECOMMENDED RATE OF CROSS SLOPE CHANGE

Vehicle Speed (mph) 10 15 20 25 30 35 and
above

Cross Slope Change in 100' Length
of Haulway (ft. per ft.) .08 .08 .08 .07 .06 .05

To illustrate the use of this tab Ie, assume a vehicle is traveling

35 mph on tangent with normal cross slope .04 ft. per ft. to the right. It

encounters a curve to the left necessitating a superelevation rate of .06

ft. per ft. to the left. The total cross slope change required is 0.10 ft.

per ft. (0.04 + 0.05). The table above recommends a 0.05 cross slope

change in 100 feet. Total runout length is computed as 200 feet. (0.10';

0.05) X 100 = 200. One-third of this length should be placed in the curve

and two-thirds on the tangent.
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Sharp Curve Design - Widening On Curves

Switchbacks or other areas of haulways requiring sharp curves

must be designed to take into consideration the minimum turning path

capabi lity of the vehicles. Figure 1-16 illustrates the turning radius of

vehicles in each weight classification. The radii shown in the accom­

panying table are the minimum negotiable by all vehicles in each classi­

fication. Responsible design dictates that these minimums be exceeded

in all except the most severe and restricting conditions.

Figure 1-16 also illustrates the additional roadway width ne.eded

by a turning truck. VVidths required by vehicles in each weight category

vary with the degree of curve. Tables 1-3 and 1-4 recommend haulway

widths for curving roadways up to four lanes.
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W=2{U+FA +FB+Z)+C

Turning Radius

19.00
1

24.43
1

N/A
38.88

1

I

2

3

4

U=Track width of vehicle (center -to-center tires), ft.
FA =Width of front overhang, ft.
FB =Width of rear overhang, ft.
C=Total lateral clearance
Z =Extra width allowance due to difficulty of

driving on curves, ft.

Vehicle
Weight Classification

HAULWAY WIDTHS ON CURVES
FIGURE 1-16
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Table 1-3
DESIGN WIDTHS FOR CURVING HAULWAYS

SING LE UI'JlT VEHICLES

One-Lane Two-Lnne [ Three-Lane Four-Lane
R

Radius On
Pavement Width In FI~et For Design Vehicle:

Inner Edge
Of Pavement *1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4

- - ~IVC";;-

Minimum 29 34 45 70 51 60 7D 123 73 86 113 176 95 112 147 229

25 27 34 44 68 48 60 713 119 68 86 109 170 89 111 142 221

50 25 31 41 63 44 54 7') "110 63 77 103 158 82 100 134 205<-

100 24 29 39 59 42 51 60 103 60 73 99 147 78 95 128 192

150 24 29 39 58 41 50 6B 101 59 72 97 145 77 94 126 188

200 23 29 38 57 41 50 67 101 59 71 96 144 76 93 125 187

Tangent 23 28 37 56 40 48 65 98 57 69 93 140 74 90 120 182
-

*Category 1 - Vehicles <100,000 lbs. (G. V •W .)
Category 2 - Vehicles 100,000 lbs. to 200,000 Ibs. (G.V.W.)
Category 3 - Vehicles 200,000 Ibs. to 400,000 Ibs. (G.V.W.)
Category 4 -Vehicles )400,000 Ibs. (G.V.W.)
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Table {-4

DESIGN WIDTHS FOR CURVING HAULWAYS
l\r~TICLJLJ\T[:O VL:::HTC U::::S

R
One-LC-!:'18 Tvvo-- L_::1.:18 ~ Three-Lane Fout"'-Lane

Radius On
I'avement Wid:h In Feet For Design Vehicle:

Inner Edge
Of Pavement :I:

2"1 3"' 41 21 :..11 41 21 31 41 21 31 41

?-5 r.J ~ J f.H DC be; l'lD 15 "I 95 170 215 123 221 280l.. .... c.J

50 32 51 71 56 !;lS:) "124- 80 142 177 105 184 231

100 2(3 48 58 bO 83 101 71 1"19 144 92 154 187

150 0-' 44 52 47 {"o 91 68 109 130 88 142 168.... /

200 26 42 49 46 73 85 66 104 122 85 135 158

Tangent 25 41 4"1 44 71 72 63 102 103 81 133 133

*Category 21 - Vehicles 100,000 lbs. to 200,000 Ibs. (G.V.W.)
Category 31 - Vehi cles 200,000 Ibs. to 400,000 Ibs. (G. V •W .)
Category 41 - Vehicle,s >400,000 Ibs. (G.V.W.)
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COMBINATION OF HORIZONTAL AND VERTICAL

In the design of haul roads, it is important that horizontal and

vertical alignments complement each other. Poorly designed comblna­

tions can accent deficiencies and produce unexpected hazards.

Certainly the alternatives available to a haul road designer are

lim ited, but it would be prudent to consider the fa llowing potential

prob lem conditions.

1. Avoid introducing sharp horizontal curvature at or near the

crest of a hill. The driver has difficulty perceiving the curve, especially

at night when his lights shine ahead into space. If a curve is absolutely

necessary, start it in advance of the vertical curve., .

2. Avoid sharp horizontal curves near the bottom of hills or

after a long sustained downgrade. Trucks are normally at their highest

speed at these locations.

3. If passing is expected, design sections of haul road with long

tangents and constant grades. This is especially important in two lane

operations.

4. Avoid intersections near crest vertica Is and sharp horizontal

curvatures. Intersections should be made as flat as possib le. Consider

the sight distance in all four quadrants •
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HAULAGE ROAD CROSS SECTION

SUBBASE

A stable road base is one of the most important fundamentals of

road design. Placement of a road surface over any material which cannot

adequately support the weight of traversing traffic will severely hamper

vehicular mobility and controlability. Moreover, lack of a sufficiently

rigid bearing material beneath the road surface will permit excessive

rutting, sinking, and overall deterioration of the traveled way. Thus, a

great deal of maintenance will be necessary to keep the road passable.

Surface mine operators often elect to forego the placement of

subbase materials and accept infringements C'lr'1 mobility in the interest of

economics. In other words, it may be less expensive to permit the existence

of some haul segments which hamper, but do not prohibit vehicular movement,

rather than incur the cost of constructing a good road base. Although this

appears economical at the onset of road construction, the eventual results

wi 11 nearly always be undesirab le.

If the road surface is not constantly maintained, rutting will occur

and create haul intervals where vehicles must slow their pace to negotiate

the adverse conditions. Over a period of time this will represent a con-

siderable time loss to the production cycle. More importantly, these

11-3
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adverse conditions pose a serious threat to vehicu lar contro llabi llty and

create unsafe haul road segments. Therefore) it is Important that haul­

way stabi lity be guaranteed throughout its lengtho

In many surface mine operations, the road surface is underlain

by natural strata capabte of supporting the weight of any haulage

vehicle. For example, in the case of bedded stone formations, it is

sL:fficient to place only the desired road surface material directly on

the bedded stone. However, the bearing capacity of other subsurface

materials must be defined to determine if they can adequately support

the weight of vehicles intended for haul use.

Defining the bearing capacity of soils is a detailed procedure

v..... htd ... shou~c.i 0.:: decamp tis:-,ed by a qualified soils sngtneer"". Oniy in

this manner"" can the capacity of a particular'" soil be dsterm ined. Hovvever,

general information is available on the bearing capabilities of various

soll groups. The folloWing table illustrates this in pounds per square

foot for a number of soi 1 types.

The information in Table II-1 , when compared with vehicle tire

loads in pounds per square foot) identifies soil types which are inherently

stable as road base and those which must be supplemented with additional

matedal. The tire loading for most haulage vehicles filled to design
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Table 11-1

PRESUMPTIVE BEARING CAPACITY OF SOILS

•

•

•

•

•

Material

Hard sound rock
Medium hard rock
Hard pan overlying rock
Compact gravel and boulder-gravel

formations; very compact sandy
gravel

Soft rock
Loose gravel and sandy gravel; compact

sand and gravelly sand; very compact
sand - inorganic si It soils

Hard dry consolidated clay
Loose coarse to medium sand; medium

compact fine sand
Compact sand-clay soils
Loo3c f'~:lC s=.r.d; r;:·3df'....!;r'\ compact sand ­

inorganic silt soils
Firm or stiff clay
Loose saturated sand clay soils, medium

soft clay'

in 1000 lbs.
per sq. ft.

120
80
24

20
16

12
10

8
6

4

3

2

•

•

•

capacity, with tires inflated to recommended pressure, will rarely exceed

16,000 lbs. per square foot. Although the tire loading may be somewhat

less depending on the number of tires, their size, ply rating and inflation

pressure, and on the overall vehicle weight, this figure can be utilized

when determining subbase requirements.

Comparing the loading of 16,000 lbs. per sq. ft. with Table II-1

illustrates that any subgrade which is less consolidated than soft

rock will require additional material in order to establish a stable base.
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The designer must determine the amount of additional material that

should be placed over the subgrade to adequately support the road

surface.

One of the most widely used methods of making this determination

is through the use of curves commonly referred to as C.B.R. (California

Bearing Ratio) Curves. This system, originally developed in 1942,

continues to be used by highway designers for evaluating subbase

thickness requirements in relation to subgrade characteristics. To be

comp letely accurate, i.t necessitates C. B .R. tests to precisely determine

the bearing capabilities of both subgrade and subbase materi.als. These

tests can be conducted by a soils testing laboratory at relatively minimal

cost simoly by submitting samples of the subgrade and .subb3se

materials.

The curves of Figure 11-1 depict subbase thickness requirements

for a wide range of C. B. R. test values. To serve as a general indication

of the subbase thicknesses required for various 5ubgrade soil types,

ranges of bearing ratios for typical soils and untreated subbase materials

are included at the bottom of the graph. It must be emphasized that

these ranges are extremely vague. Actual test results may prove the

bearing ratios for a specific soil group to be considerably better than the

low value depicted on the chart. Although it is not a recommended
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practice, the C •B •R. ranges reflected by the graph may be uti Iized in

lieu of actual test results if only general information is desired. In this

approach, the lowest possible C.B.R. value presented for a given soll

type should be used.

As shown by the curves, final subbase thicknesses are deter­

mined by vehicle wheel loads as well as soil type. Wheel loadings

for any haulage vehicle can be readily computed from manufacturers'

specifications. By dividing the loaded vehicle weight over each axle by

the number of tir'es on that axle, the maximum loading for any wheel of

the vehicle can be estab lished. In every case, the highest wheel

loading should be used for subbase thickness determinations. VVhen

a wheel is mounted on a tandem axle, the va Lue should be increased by

twenty percent.

To provide a readily available indication of the wheel loading charac-.

teristics of currently manufactured vehicles, the chart is divided into

three categories. Each category represents the range of wheel loadings,

under fully loaded conditions, that may be anticipated for vehicles in a

given weight class. Classifications do not represent the higher wheel loads

that wi II be incurred by tandem axles in each weight range.

After wheel loading and C.B.R. values have been established, the

chart may be employed to compute subbase requirements, as illustrated

11-7
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by the following example. It must be noted that the graphic plot for any

wheel load never reaches O. This "open" dimension is the depth allocated

for the placement of final surface material. When the recommended thick­

nesses for various surfaces (as prescribed in the Road Surfacing Section)

fail to consume the "open" dimension, remaining space must always

be filled with a subbase having a C. B.R. of 80 or greater. Crushed

rock is preferred.

Example 1: A haul road is to be constructed over a silty clay of

medium plasticity with a C •B.R. of 5. The maximum wheel load for any

vehicle using the road is 40,000 pounds. Fairly clean sand is available

with a C. B.R. of 15 to serve as subbase material. Road surface is to

be constructed of good grave1 which has a C •B. R. of 80.

Step A. The 40,000 pound wheel load curve intersects the ver­

tical line for a C.B.R. of 5 at 28 inches. This means that the final road

surface must be at least this distance above the subgrade.

Step B. A clean sand C.B.R. of 15 intersects the 40,000 pound

curve at 14" indicating that the top of this material must be kept 14"

below road surface.

Step C. An intersection of the 80 C.B.R. for gravel and the

40,000 pound wheel load occurs at 6". Since this will constitute the final

surface material, it should be placed for the remaining six inches.
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Completed subbase construction for the conditions outlined above is

described in the following schematic drawing.

I

: i
WHEEL
LOAD=

40pOOLB. \
.l I I,:, '

I V i

- - - - -- --------------------------------------
------------------------------------,-------------------------------------

EXAMPLE OF SUBBASE CONSTRUCTION

FIGURE II-2

Following the determination of subbase depth requirements"

proper placement procedures must be implemented. Regardless of

material utilized" or depth" subbase should be compacted in layers

never exceeding eight inches. To ensure stability of the final surface"

subbase materials should exceed the final desired surface width by a

minimum of two feet and must always be compacted while moist. Pro-
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per compaction equipment usually consists of heavy rollers. However,

few surface mine operators inc lude rollers in their vehicle fleet. When

rolling equipment is not available, an alternative such as heavy tracked

equipment may be emp loyed. Each eight inch layer must be subj ected

to repeated passes of the compacting equipment until it fails to com­

press under the vehicle's weight.

SURFACE l'v\I\TERIALS

The authors of this report have visited over three hundred mining

operations throughout the United States. At many of these mine sites,

especially small coal mining and quarry operations, little cO'isideration

appearp-d to be given to thp- construction of a good hauli"'l.ge road surface.

In fact, development of the haul way is frequently accomplished by simply

clearing a path over existing terrain.

While this practice is undoubtedly the most economical means of

road constructicn in terms of initial cost, the benefit is seldom long-

lived. Failure to establish a good haul road surface wi 11 result in increased

vehicle and road maintenance costs and will severely retard the ability

of a vehicle to safely negotiate the route. These difficulties are usually

greatest on earth and bedded rock surfaces. Greater vehicle maintenance

is required on rock surfaces as a result of excessive tire wear. It is
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virtually impossible to construct a bedded rock surface free of jagged

edges. Thus, the tires of traversing vehicles are continually cut by

scuffing.

Earth roads, unless thoroughly compacted and stabilized, may

cause both vehicular and road maintenance difficulties. Dust problems

are frequent during dry seasons and, if not controlled, can contaminate

air filtration components, brakes, and other moving parts, making

frequent replacement of these items necessary. Moreover, dust repre­

sents a major safety hazard to the vehicle operator in that it can become

so dense that visibil ity is severely reduced. Eliminating the dust

prob lem requires continua l wetting of the surface which represents yet

E'.rother maintenE'.nce expenditu"'e. \Nhen subjected to heavy wetting,

nonstabilized earthen roads become extremely slick and severely defaced

by erosion. Thus, reduced vehicular controlability from a slippery sur-

face creates a safety hazard, and maintenance must be increased to eliminate

erosion gullies. Jagged rock and unconso lidated eart.... surfaces should

always be avoided in a safe haul road design.

Many road surfacing materials are available which may be used

to maxim ize safety and reduce road maintenance requirements. How­

ever~ the field can be narrowed considerably by determining those

which are most appropriate for use in haul road construction.
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• TABLE Jl-2

ROAD ADHESION COEFFICIENTS AS DESCRIBED BY
VARIOUS TECHNICAL REFERENCES

~OAD SU~FACE ~OAD ADHESICN COEFFICIENTS

• ~efer-ence ~1 & #4- Refer-er.ce #2- ~eference #3'
~ubber- Tlr-e Track Rubber Tire ~ubber Tlre

Concr-ete
New 0.90 0.45 0.80 to 1.00 0.8 to 0.9
Travelled 0.60 to 0.80
Polished 0.55 to 0.75

• Wet 0.45 to 0.80 O.B

A~phalt

New O.SO to 1.00 0.8 to 0.9
Tr.. velled 0.60 to 0.80
Polished 0.55 to 0.75
Excess Tar 0.50 to 0.60
Wet 0.30 to O.BO 0.5 to 0.7

• Gr-avel
Packed & Oiled 0.55 to 0.B5 0.6
Loose 0.36 0.50 0.40 to 0.70
Wet 0.40 to O.BO

Rock
Crushed 0.55 to 0.75
Wet 0.55 to 0.75• Cinders
Packed 0.50 to 0.70
Wet 0.65 to 0.75

Ear-th
Fir-m 0.55 0.90 0.68
Leese 0.45 0.60• ""et 0.55

Clay Loa""
Dry 0.55 0.90
~utted 0.40 0.70
'I'o'et 0.45 0.70

• Sand
Dry 0.20 0.30
Wet 0.40 0.50

Coal
Stockpil~d 0.45 0.60

Snow

• Packed 0.20 0.25 0.30 to 0.55 0.2

Loose 0.10 to 0.25
Wet 0.30 to 0.60

~
Smooth 0.12 0.12 0.10 to 0.25 0.1

Sleet 0.1

Wet 0.05 to 0.10

•
-References

•
1) Moto~ Tru;::k F.r>nir-eerif"'Q Handbook, James ,",Y. Fitch, page 217.
2) Caterpillar Per-for-mar.ce Handbook, Edltion I, Caterpillar

Company, 1970, Section 19.
3) Tabor-el<, Jaro51av, ..I., Meche,n!;::s of Vehicles, Penton PublishIng

Company, 1957, page B.
4) Soc!"ty of Mining Engbecr-s, SME Mtnif"'g EnQlnel!ring Handbook,

Volume II, The Amerlcan Institute of Mtnir.9, Metallurgical and
Petroleum Engineers, Inc., 1973, Section 17, page 70.
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This determination is based on the road adhesion and rolling resistance

factors characteristic of different surface types, i. e., the resistance

factors acting between the road and tire. Road adhesion coefficients

play an important role in determining a vehicle's potential to sLide e

Since the principal concern is haul road safety, primary emphasis

should be p laced on these characteristics. Table II-2 shows coefficients

of road adhesion, determined through years of research, for various

surfaces. It must be noted that as the values decrease, the potential

for a vehicle tire to begin sliding increases.

A beneficial side effect of selecting a road surface which has a

high coefficient of road adhesion for safety is that operational efficiency

wi.l1 increase as weil. Rolling resistance has a di.rect effect on vehicular

performance. It is commonly defined as the combination of forces a

vehicle must overcome to move on a specified surface. This factor is

usually expressed in pounds of resistance per ton of gross vehicle

weight caused by the gear and beari!1g friction losses resulting from

tires sinking in loose material. For the majority of road surface

materials, an increase in coefficient of road adhesion can be directly

related to a reduction in rolling resistance. Table II-3 illustrates

this point by presenting the rolling resistance values associated
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•
Table II-3

ROLLING RESISTANCE FOR VARIOUS SURFACE TYPES

•

•

•

•

Surface Type

Cement, Asphalt, Soil Cement

Hard Packed Gravel, Cinders
or Crushed Rock

Moderately Packed Gravel,
Cinders or Crushed Rock

Unmaintained Loose Earth

Loose Gravel and Muddy
Rutted Material

Road Adhes ion
Coefficient (Approx.)

0.8

0.7

0.6

0.5

0.4

Rolling Resistance
lbs. per ton of gvvv

(Approx.)

40

60

100

150

200-400

•

•

•

•

with several road surface materials and their road adhesion characteristics.

The data in Table II-3 indicates that a good road surface will, in many

cases, decrease operational costs by reducing resistance to travel. Thus,

safety and economics again work together.

Asphaltic concrete, crushed stone or gravel, and stabilized earth

are the most practical construction materials for developing a haul

road surface that will ensure maximum safety and operational effi-

ciency. Because each of these materials has merits which are applicable
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to specific haulage situations, they are discussed separately in the following

pages.

Asphaltic Concrete

From a safety standpoint, asphaltic concrete appears the most

desirable road surface material: it offers a high coefficient of road

adhesion and creates a surface which reduces dust problems. In addition,

the characteristic stability of this material creates a haul surface which

is smooth and can be traveled with Little fear of encountering deep ruts

or potholes that would impede vehicular controlabtLity. If potholes or

ruts do appear, they can be readi ly corrected by patching.

These surfaces are equally attractive from a production stand­

point. While an increasing number of operators are beginning to uti lize

asphaltic concrete because of lower road maintenance costs, the

smooth surface also allows haul vehicles to travel safely at greater

speeds. This speeds up the production cycle.

A seasona 1 disadvantage to using this composition, however, is

revea led during the first snow or freezing rain. The characteristically

smooth surface of asphalt offers Little resistance to development of an

ice or snow glaze. Thus, the roadway can become extremely slick and

remain so until corrective measures are emp loyed. This could constitute

a serious threat to operational safety in mining areas where rapid and
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frequent freeze conditions prevail.

If asphaltic concrete is the chosen surface material, it must be

applied within the constraints of good engineering practice. In order to

be stable, it must be composed of asphalt binder, aggregate, and asphalt

cement. The exact mixture for available material in a given locality

may be obtained from State Highway Departments or local general paving

contractors.

Prior to placing the asphalt, a sufficient subbase must be estab­

lished, followed by an additional layer of base course. Base course is

a term designating the layer of stable rra terial which must lie directly

beneath asphaltic concrete. Although any material with a C. B. R. of 80 or

greater may be used for thi.s purpose, crushed stone is recommended.

Depth of base required will be entirely dependent on subgrade conditions

and may be determined with some degree of accuracy by using Figure II-1

included in the Subbase Section. The example given in this figure

illustrates that the final clean sand l3.yer of subbase had to remain 14"

below the fina 1 road surface. This is the dimension that must be fi lled

by the combination of base course and asphaltic concrete. Thus 10" of

base course and 4" of asphalt are required.

Unfortunately, the high cost of asphaltic road surface severely

restricts its feasibi lity on roads of short life. Due to the extreme weight
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on the wheels of vehicles which constantly travel the haul road surface, a

4" layer may be accepted as the minimum required in most cases o The

cost of constructing a 4" thick layer ranges between $4(1) and $5(2) a

square yard for labor, equipment and material. Using the higher figure

for a five mile road 30 feet wide would necessitate an expenditure of $440,000

for paving alone.

The placement of asphaltic concrete surface is an extremely detailed

process which is dependent upon many variables. Temperature of the mix,

compaction procedures, wetting, joining, and density control are only

some of the critical elements that must be considered during construction 0

Unless the mine operator is thoroughly familiar with all elements of

asphe It r lacernent or w~shes to follow procedures outlined in State Hfgh",..ay

Construction Manuals, a reputable paving contractor should be retained

to do the work. Before construction of the road, asphaltic concrete should

be tested on a small plot to note its adaptability to normal environmental and

travel conditions in the area of intended application.

The required base course is also an expense to be considered in

the total construction cost. Many operators are capable of performing

(1) Bui lding Construction Cost Data for 1975, Robert Snow Means Company,
Inc., 1974.

(2) 1976 Dodge Manual, McGraw Hill Information Systems Company, 1975.
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this operation with their own labor, materials and equipment, thus

minimizing its cost.

Because of the relatively high cost of asphaltic concrete surfaces,

each operator must determine if the benefits of increased speed and

reduced road maintenance will offset the investment. In most cases

the determining factors will be the length of haul and required life of

roadway. If roadway life is relatively short, an asphalt surface may be

difficult to justify. If, on the other hand, the haul road is to be consid­

erably long and in service for a number of years, the placement of

asphaltic concrete may be quite feasible.

Compacted Gravel and Crushed Stone

A great number of surface mining operations throughout the country

are presently utilizing gravel and crushed stone surface haul roads. When

constructed and maintained properly, both materials offer a stable roadway

which resists deformation and provides a relatively high coefficient of

road adhesion with low rolling resistance. The greatest advantage of

gravel and stone surfaces is that safe and efficient roadways can be con­

structed rapidly at a relatively low cost. In areas where the haul route

is subj ect to relocation or must accommodate heavy tracked vehicles, it
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would be impractical to place a permanent surface such as asphaltic

concrete.

Determination of the depth of material to be placeCil follows the same

procedure outlined for asphaltic concrete. The depth from surface

required for the final subbase material used, as specified by Figure

II-2, determines the thickness of gravel or crushed stone necessary for

base and surface.

In some cases the base and wearing surface may consist of the same

type of materials. For example, a crushed stone wearing surface may often

overlay a crushed stone base. However, while base materials may consist

of particles as great as four inches in size, the surface must be much more

refi.ned. The fallC'wi.ng specifice.tion prese"ts an example of a store wearir"'g

surface that has proven suitable on mine haul roads.

Table 11-4
STONE SURFACE GRADATION

Screen Size Material Passing

1~"

1"
3/4"
3/8"
#4
#10
#40
#200

Liquid Limit
Plasticity Limit
Plasticity Index
Optimum Moisture Content

Du ring Placing

n - 20.

100%
98%
92%
82%
65%
53%
33%
16%

25.2
15.8
9.4

12.2%
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Any crushed stone or gravel which meets or exceeds the specifications

presented in the illustration will qualify as an adequate surface compo­

si tion.

Bank gravel, which is a mixture of pebbles and sand, frequently

exists at many minesites and thus is usually a low cost surfacing material.

Care should be taken, however, to remove boulders, cobblestones, vegeta­

tion and other undesirable material before the gravel is spread. Other

similar materials suitable for surracing are fine blasted rocks, scoria,

disintegrated granite a!""ld shale, cinders, volcanic ash, milltailings, and

slag.

The percentage of fL""les in the gravel will affect surface stability

:r.. fr8c:::ing cr hot, dry ......:;ather. ;hcre:'orc, roads that ar3 s:..Jbjcct to

freezing should not have more than 10 percent fines to prevent muddy,

sloppy conditions when thawing. Those subj ect to hot, dry weather should

not have less than 5 percent fines in order to prevent drying out and

loosening up.

If proper subbase and base are established prior to placing

top material, the depth of surface material need not exceed six inches.

To achieve a uniform layer, placement should be accomplished with a

motor grader or an equivalent piece of equipment. Following placement,

the material must be thoroughly compacted to a six inch depth. It is

recommended that either rubber tired or steel rollers be used for
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compaction. Heavy rubber tired equipment can be employed when these

machines are not available. However, rubber tired vehicles must be run

repetitively to cover the entire road width and compaction will not be

quite as good. The following typical section illustrates a haul road cross-

section uti ltzing a crushed stone wearing surface for a wheel load of

40,000 lbs.

Iii
:r!

I
WHEEL ·~I'
LOAD = ,

",40,000 L B. ~1l:1 .:.l==='.uJJI
J_ il...· I :

l' ~ i) :: i

EXAMPLE OF

SURFACE
CRUSHED STONE

CONSTRUCTION
FIGURE IT-a

After a h:wlage surface is constructed with materia ls of this type"

frequent road maintenance is required. Most of this maintenance will con-

sist of periodic grading to remove small ruts and potholes that will inevita-

bly be created by passing traffic. The exact maintenance schedule required
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will depend greatly on traffic and must be developed to accommodate

conditions at each individual location. In some cases. traffic may be

heavy enough to realize benefits from a continuous maintenance schedule.

In most stone quarry operations, both gravel and crushed stone

are readily available from the stockpi les of finished products. At

other surface mining operations, crushed stone is often available

from the blasting and excavation of rock overburdens. As a result. it is

difficult to derive an exact construction cost. However, the

expense of constructing gravel or crushed stone roadways is always

considerably less than asphaltic concrete.

Stabi lized Earth

Stabilized Earth is defined herein as any soil which, through special

procedures or additives, has been transformed from a naturally unconsol­

idated state to a degree of stability that will accommodate the weight of

haulage vehicles. Achieving this level of stabilization involves incorpora­

ting soil binders such as cement, asphalt, calcium chloride, lignosulfates

or hydrated lime.

Although these materials will not create a sufficient haul road

surface, they can significantly reduce the quanti.ty of base material required.

In fact. many times the various soil binders can be mixed directly with
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subgrade soils to create a platform for the road surface, making the

construction of a subbase unnecessary. At other times soil binders will

reduce the amount of subbase or base material required. The

potential of a specific binder to reduce or make unnecessary subbase

or base material depends on the inherent strength of the material

with which it is to be mcorporated and the weight of vehicles that will

use the haul road. Final determinations of feasibility must be made by a

qualified soils engineer who has evaluated the effects a binder wiLL have

on the subgrade or base material at a particular haul road location. The

application of various additives can be discussed in general terms,

rcwever.

Asphalt impregnation and soil cementing, by virtue of their some­

what higher costs, should be uti lized primarily for permanent haulage

roads. On occasion, they may prove beneficial in areas where the sub­

grade is extremely weak and would require large quantities of offsite sub~

base for stabil ization. In these instances, the addition of aspha It and port­

land cement to small quantities of fiLL material can create a stable base.

Calcium chloride, lignosulfates, and hydrated Lime are more

economical than asphalt impregnation and soil cement, but are not nearly

as effective. These substances are best employed to supplement crushed

stone or gravel bases to increase their mechanical stability. Although the
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construction of any haul road will benefit from the use of these additives,

they are most applicable for haul road segments that are subject to con-

stant re location •

If the operator wishes to use any of the materials previously

described, there are a number of references which may be reviewed to

determine the type and volume required for a particular situation. Two

publications that will serve as excellent guides are:

Soil Cement Construction, published by the Portland Cement
Association, 33 West Grand Avenue, Chicago 10, Illinois.

Asphalt Pavement Engineering, by Hugh A. Wallace and ..J.
Rogers Martin, published by McGraw-Hill, Inc.

The haul road designer must be very concerned about the road width

he specifies. Sufficient room for maneuvering must be allowed at all

times to promote safety and maintain continuity in the haulage cycle.

Surface mine machinery, unlike passenger and commercial vehicles

which have somewhat "standardized" dimensions, varies drastically in

size from one production capacity rating to another. Thus, requirements

have to be defined for particular sizes rather than for general types.

Complicating the problem even more is the need to specify additional

widening for straight road to curve transitions.
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Because of the large number of influencing variables, the following

guidelines for determining width are separated into individual categories.

Recommendations presented are values for the size of traveled lane to

be provided and do not take into consideration the additional dimensions

necessary for subbase outslopes, drainage facilities, berms, etc. These

items are discussed separately and their dimensions must be added with

those of the lane to arrive at a total roadway wfdth.

Tangent (Straight) Section L3.ne Width Requirements

Width criteria for the traveled lane of a straight haul segmer'lt

should be based on the widest vehicle in use. Designing for anything less

tr.a.r& this dimen5ion witt create a safety hazar-d due -to lack of pr'opcr

clearance. In addition, narrow lanes often create an uncomfortable

driving environment, resuLting in slower traffic, and thereby impeding

production 0

Rules of thumb for determining haul road lane dimensi.ons vary

considerably from one reference source to another. Many of the guidelines

specify a constant width to be added to the width of the haulage vehicle.

While this method is sufficient for smaller vehicles, it is not advisabLe for

computing lane spans to accommodate Larger machines. In order to
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compensate for the increase in perception distance created by greater

vehicle width~ the space allocated for side clearance should vary with

vehicle size ~ rather than remain a constant.

A practical guideline for establishing the vehicle to lane width

ratio is contained in the 1965 AASHO Manual for Rural Highway Design.

The AASHO Manual recommends that each lane of travel should provide

clearance ~ left and right of the widest vehicle in use ~ that is equivalent

to one-half the vehicle width. Adding credence to this recommendation

is the fact that a number of the larger surface mines base their haul way

spans on this criteria. By incorporating this guideline., both safety

and efficiency will be enhanced.

The follOWing chart illustrates the recommended widths that

should be provided for various lane configurations based on the design

vehicle dimension~ along with a typical section depicting how multiple

lane dimensions accrue.

Data presented in this chart is intended to serve as guiding criteria

for primary haul road users. Special consideration must be given to

road segments which may have to accommodate larger equipment such

as shovels~ draglines~ drills~ etc. A safety hazard will exist if the

design road width is less than that necessary for the movement of
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Table 11-5

RECOMMENDED LANE WIDTHS - TANGENT SECTIONS

Vehicle
Width 1 Lane 2 Lanes 3 Lanes 4 Lanes

8 16 28 40 52
9 18 31.5 45 58.5

10 20 35 50 65
1 1 22 38.5 55 71.5
12 24 42 60 78
13 26 45.5 65 84.5
14 28 49 70 91
15 30 52.5 75 97.5
16 32 56 80 104
17 34 59.5 85 110.5
18 36 63 90 117
19 38 66.5 95 123.5
20 40 70 100 130
21 42 73.5 105 136.5
22 44 77 110 143
I")~ 45 80.5 J"!:" 1 A

I"' '".:..~ I'v ...... .::::1. V

24 48 84 120 156
25 50 87.5 125 162.5
26 52 91 130 169
27 54 94.5 135 175.5
28 56 98 140 182

Lane
IL JI

C'~7
J€::;:: t:= :::::;=;

Lane 2 Lane 3 Lane 4th ~

0
-

6
I

12' 6' I 12' I 6' I 12' I 6' I 12' I 6'

24' --i j J
~

42'

60'~

78'

1;2
Vehi
Wid

TYPICAL SECTION FOR 12 FT. VEHICLE WIDTH
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these equipment types. Prior to selecting a final design width make the

following assessments, and establish a dimension sufficient for all possible

users.

Define the width of a 11 equipment which may have to trave1
the haulage road.
Solicit dimensional data for any anticipated new machines.
Determine the overall width of any equipment combinations
that may be involved in a passing situation.
Delineate the location of road segments requiring a greater
than normal width.

In cases where the passage of unusually wide machinery is occasional,

there is no reason to establish additional lane width equal to half that of

the vehicle. Although in most instances the preceding chart will serve as

an excellent guide for the road designer, there are exceptions for single

lane construction which must be acknowledged.

The lane widths illustrated in the chart for one lane construction

apply only when stopping distance of the haul vehicle is exceeded by sight

distance. On haul segments where the opposite is true, a single lane span

equivalent to 2 1/2 X vehicle width is advisable. This will allow sufficient

space for moving vehicles to avoid collision with others that might be

stalled or otherwise incapacitated on the haulage route. Haul road planners

must also consider the fact that the minimum width recommendations for

single lane roads, even when sight distance is adequate, do not allow suffi-

dent room to pass. Ifa vehicle should become inoperable on the road, it
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would restrict the movement of any vehicle equal in size. To prevent

this occurrence, it is recommended that a minimum of 4 feet additional

lane width be provided over the entire haulage route o

CROSS SLOPE

Cross slope, the difference in elevation bet\Neen the road edges,

must be given consideration during haul road design and construction 0

From the standpoint of reducing a driver's steering effort, a level haul

surface would be most beneficial. Adequate drainage, however, requires

that a cross slope be created. To accommodate both drainage and

steerabitity', balance must be established between a level and sloped

configuration. The rate of cross slope that will allow a rapid removal

of surface water without adversely affecting vehicular control must be

determined.

Both the theoretical and practical aspects of initiating a constant

drop across the breadth of roadways have been studied ,and documented

for years. (i), (2), & (3) Although the majority' of this work has been con-

ducted in relation to urban and rural highway design, the criteria developed

are equally applicable to surface mine haulage roads. In nearly every pub-

(1) Mudd, Seely W., Surface Mining, The American Institute of Mining,
Metallurgical and Petroleum Engineers, Inc., New York, 1968, p. 681.

(2) American Association of Highway Officials, A Policy on Geometric
Des'ign of Rural Highways, Association General Offices, Washington
D. C ., 1965, page 224.

(3) Seelye, Elwin E., Design, Volume 1, Edition 3, John Wiley and
Sons, New York, 1968, pages 12-16.
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lished reference, the recommended rate of cross slope for surfaces

normally constructed on mine haulage roads is 1/4" to 1/2" drop for

each foot of width.

Mine operators should consider 1/4" to 1/2" per foot as the

limiting criteria for design. Special consideration must be given to

determining when to use the maximum and minimum rates since the

applicability of each depends on surface texture.

Cross slopes of 1/4" per foot are applicable to relatively smooth

road surfaces that can rapidly dissipate surface water. In most cases

minimum slope is best suited to surfaces such as asphaltic concrete.

However, there are conditions which warrant the use of 1/4" per foot

criteria for' surfaces of lesser quality. When ice or mud are constant

problems, excessive cross sloping can cause vehicles to slide. This

possibility is especially pronounced at slow operating speeds on grades

over 5%. Therefore, where an ice or mud prob lem cannot be feasibly

eliminated, cross slopes should be limited to the minimum value.

Road maintenance should ensure that the road surface is kept smooth

and drains properly.

In situations where the surface is relatively rough or where ice or

mud is not a problem, 1/2" per foot cross slope is advisable. The greater

inclination permits rapid drainage and reduces the occurrence of puddles
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and saturated subbase which can weaken road stability. On well constructed

gravel and crushed rock roads, the 1/2" per foot criteria is preferable.

Of equal importance to the degree of slope is the direction it

should take in relation to various road configurations. Since tl,e placement

of high and low lane edges determine slope direction, it is necessary to

define the circumstances under which the left edge should be higher than

the right or vice versa. In the case of multiple lane construction, both

si.des of the final pavement may be equal, with a high point or "crown" at

one of the intermediate lane edges.

The cross slope direction for single lane construction is

governed by adjacent land features. In cases where the haul road is

cut into existing ground the hig"'" lcme edge may be placed on <=>.ithpr sid~.

However, on fi lL sections the highest lane edge should be nearest the

most se'Jere outs lope •

For t.vvo, three and four lane surfaces, a "crown" is appropriate.

On dual and four lane roads the cross slope should be constructed to pro­

vide a constant drop at the recommended rate from the center point of

the roadway. The location of crown on three lane haul roads must

ensure a continuous drop across tvvo lanes in one direction and the

same slope across the other in the opposite direction. The tv'JO sloping

toward the same edge of road should be lanes for vehicles traveling in

the same direction.
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CONVENTIONAL PARALLEL BERMS

The use of berms has long been accepted as a standard safety

feature in areas where a haulage vehicle could accidentally run over

the outslope of a haulage road. The applicability and effectiveness of

berms were analyzed to establish governing criteria for their design and

placement in a typical haul road operation.

During an exhaustive literature search into similar investi­

gations conducted in the interest of highway safety, many variables were

found to govern a vehicle's response to encountering a berm. Studies

have shown the interaction of vehicular dynamics and berm character­

istics determine whether a vehicle will impact a berm, deflect off it,

or mount and climb over it. All relevant areas of primary research

dealt with passenger cars encountering conventional berms at highway

speeds. No information was available on vehicles with the character­

istics of those normaLLy found in surface mine operations. It is this

lack of information in the area of large vehicles that restricted the

development of this phase of the project.

The adaptability of available berm information is doubtful in

view of the basic differences in vehicle design. The following table illus­

trates the typical relationships between an intermediate size passenger
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car and large haulage vehicle.

Table II-6

TYPICAL VEHICLE RELATIONSHIPS

Weight
Wheel Base
Height of Vehicle
Wheel Track
Rolling Radius

Passenger Car

4,000 Ibs.
9.9 ft.
4.5 ft.
5.0 ft.
1.1 ft.

Haulage Vehicle

400,000 lbs.
19.7 ft.
19.0 ft.
17.0 ft.
4.7 ft.

Factor

100.0 times greater
2.0 times greater
4.2 times greater
3.4 times greater
4.3 times greater

Using this and other accepted data as a basis for rationalization,

various conjectures can be made concerning a haulage vehicle's response

to a berm. The enormous weight of a t:Ypical haulage vehicle is a major

consideration.

The weight would have significant deformational effect upon the

berm resulting in a reaction pattern that would be an atypical response

to the normal berm cross-section. The high center of gravity in com-

bination with a disproportionately narrow wheel track width make

haulage vehicles more susceptib Ie to overturn than passenger cars.

The differences in tire size and steering mechanism reduce the ten-

dency of haulage vehicles to redirect themselves when encountering

a berm. Other factors such as inertial characteristics, sprung mass

ratio di fferences, and suspension characteristics indicate significantly

different response patterns for haulage vehicles when compared to"
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the well documented passenger car responses.

Assuming that a haulage vehicle would respond in a similar

manner to a passenger car in a microscale situation, a proportionally

sized berm would be approximately 20 feet high for the average haulage

vehicle shown in the above tabulation. It is not possible for such a

berm to be economically constructed and efficiently maintained. For a

normal berm sideslope of 1 .5:1 , the additional bench alone necessary

to accommodate a berm of this size would be 60 feet.

It was determined from the literature review and analysis that a

simplified approach to sizi.ng haul road berms that does not take into

consideration vehicular dynamics would require substantial field testing.

An alternCl.tive appr'oacil would involve all in-depth investigation of haulage

vehicle dynamic characteristics and a subsequent computerized simulation

model analysis. This approach would allow the predictive analysis of a

variety of vehicle/berm interactions and require only sufficient testing to

verify the modeling procedure.

Since the level of endeavor necessary to adequately define a

haulage vehicle's response to a berm is far beyond that originally con­

ceived in the scope of this project, current berm sizing and placement

were investigated and documented. This approach allows the standard­

ization of practices that are currently in use, and also permits qualita­

tive discussion of the supporting logic and experience upon which berm
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rationale has been and is being based.

Information gathered during the field investigations phase of this

analysis provided substantial insight into berm configurations and appli­

cations that have met with a degree of success in present haulage opera­

tions. In addition, data regarding berms was gatllered from Canadian

as well as other international sources.

There are two principal berm designs that are in common use.

One is the typical triangular or trapezoidal berm formed typically

from unconsolidated, relatively homogeneous material obtained during

overburden removal or from material obtained as a result of the haul

road constructi.on itself. The effectiveness of this type of berm in re­

directing a vehicle is dependent primarily on the natural angle the berm

construction material assumes after being deposited. The steeper the

side slope of berm, the more effective the berm is at redirecting t"'e

vehicle, all other factors remaining equal. The inherent tendency of these

berms to redirect rather than impact and deflect is a definite advantage

in terms of potential vehicle damage in the event of an encounter. It

should be emphasized, however, that the redirectional effectiveness

of berms is reduced as the angle of incidence i.s increased, and that

this type of berm would tend to overturn the trucks if the wheels
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continued to climb the berm. Also, maintenance of these berms can

be troublesome if the berm material is subject to erosion.

The other most common berm consists of large boulders lining

the haul road with an earthen backing material. This style of berm

presents the impacting vehicle with a near-vertical face which deflects

the vehicle for slight angles of incidence. Although more difficult to

build, this type of berm offers distinct advantages in terms of berm main­

tenance. The basic limitations imposed by this configuration are:

substantial damage to the vehicle can result from its use; the vehicle would

tend to impact the berm at sharp angles of incidence (possibly injuring

the driver); and the local geologic and topographic characteristics of the

mtri!1g area m~st ~ccorr.;nodate the bel~m 's cOiistruction •

Height is the main factor to be considered in designing berms.

For conventional berms, the rule of thumb regarding height is

that for a berm to possess any measurable tendency to redirect a haulage

vehicle, its height must be equal to or greater than the rolling radius

of the vehicle's tire. At moderate vehicle speeds, this height allows

sufficient time for the driver of the vehicle to apply corrective measures

before the truck either overturns or mounts the berm. Additionally,

for the natural angle of normal berm building materials, this height
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of berm does not require a large amount of additional bench. As a

result~ it offers basic-economic advantages. Berms lesser in height

than the rolling radius of the vehicle tire do not allow the driver'

sufficient response time before the truck mounts and straddles the berm

or overruns the berm entire-ly. Additionally, small berms do not have

adequate lateral resistance to effectively assist in redirecting a haulage

vehicle.

For boulder faced berms ~ the height of the berm should be

approximately equal to the height of the haulage vehicle's tire. This

allows an encountering vehicle to impact the berm at a point sufficiently

high on the chassis to reduce the potential for overturning~ while also

ir.:pv-ovir.g the ceflectior:al tencsncies of the berr..... as a. whole.

The placement of berms on a haulage road must be based on the

topografjhical characteristics of the mining area as well as on common

sense. Whenever the potential exists for an accident that could be

avoi.ded by the existence of a berm, the initial cost of constructing

and extended cost of maintaining a berm is small in comparison to

alternative safety features. If the berm is successful~ in pre­

venting a potentially serious accident, it has more than payed for it­

self in relation to the costs of haulage equipment replacement as well

as in lost production time.

II - 38



•

•

•

•

•

.0

•

•

•

.0

In summary, a berm's contribution to the overall safety of a

haulage operation depends upon a multitude of factors. A poorly designed

or badLy maintained berm could conceivably be worse than no berm at all.

If a berm is to be built, the mine operator must consider the purpose for

which it would be used, the availabLe materials and technology that can

be economically applied to its construction, and its long term advantages

from both a safety and econom ic standpoint.

As well as being a safety factor for hauLage vehicles, berms serve

many other useful purposes, for example: as marking devices for the

edge of haul roads; as drainage channeLing devices preventing the uncon­

trolled erosion of outs lopes; as fixed poi.nts of reference for haulage

vehi.cle operators; andas effective safety devices for smaller maintenance

vehicles that use the haulage road.

TRAFFIC SIGNS

Every road in the United States that is publicly maintained uses

signs to delineate stopping points, curves, speed limits, street names,

intersections, etc. Through years of practical application these devices

have proven to be extremely effective in accident prevention.

The installation of warning and instructional signs can be e~ually

as effective in promoting safety on surface mine haul roads. Unlike con-
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ventional roads, however, haul routes experience traffic from vehicles

which are controlled by the same operators day after day. Thus, the

drivers are usually thoroughly familiar with all aspects of 'the roads

they travel. As a result, designers can be much more selective in

their placement of traffic signs. In the surface mining environment,

these safety devices should be viewed as reminders rather than as first

waming measures.

A number of signs which should be considered for use along surface

mine haul ways are discussed below.

Speed Lim it Signs

Speed ~i.mits should be posted o~ seGmc-:ts of the h~utagc route

which require slower than normal rates of travel to safely negotiate a

hazardous condition. Some of the more advantageous locations for posted

speed limit reductions include road segments preceding:

Changes in descending haul road grades.

Entrances to congested areas such as: pit, crusher, maintenance
areas, overburden dumping points, vehicle crossings, etc.

Unusual road alignments such as severe vertical and horizontal
curves, narrow lanes, and areas of restricted sight distance.

Areas subj ect to material spills or other frequent obstructions.
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Stop Signs

From a production view point, it is best to avoid interruptions in

the haul cycle; however, this may not be compatible with road safety.

Although vehicle stopping points along the haul route should be kept to

a minimum, they must be considered necessary for safety in some

cases. Areas where the placement of stop signs should definitely

be considered are:

Any secondary access road at the point it intersects with the
main haulway.

Intersections where sight distance does not exceed vehicle
stopping distance for the recommended travel rate.

Haul road intersections with public roads.

Curve and Intersection Warning Signs

These signs can provide the driver with a warning of upcoming

situations where he should exercise caution. These devices are best

restricted to positions in advance of the most critical curves and heavily

trave led intersections.

Culvert Crossing Markers

Whenever a culvert headwall or outlet is encountered beside the

road, it should be marked with a standing reflector.
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Traffic Control Signs

A sign must be provided at all points in the haulage cycle where

the driver is required to perform a special maneuver (Keep Right.

One Way, No Left Turn, Do Not Pass, Sound Horn, Blasting - Turn Off

2-Way Radios, etc.).

Limited Access Designators

Private Property, Keep Out, or other signs of this nature are

required at all haulway and public road intersections to keep passing

motorists from inadvertentiy wandering into the operation. The small

size of passenger vehicles combined with the limited sight distance of

many large haulage tt"LJCks constitutes a safety hazard.

Safety Access Indicators

The location of all safety features such as escape lanes and

median barriers should be signally depicted well in advance of their

position. In addition to indicating the immediate entrance to these

facilities, distances should be marked along the haul road at minimum

intervaIs of 250' •

The brief preceding discussion of signs is intended to serve as an

illustration of those which should receive first consideration. Each
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surface mine haul road exhibits its own peculiarities and may require

more or less signal definition. In any case, proper care must be

taken to ensure that all signs installed are at a height and location

that is within the eyesight of drivers operating vehicles with the most

restricted visibility.

DRAINAGE PROVISIONS

Soil erosion by water is a common problem that can plague the

operation of safe and workable haul roads. Erosive action on haul

roads can cause ruts and washouts, and can saturate the soil, causing

a lack of stability. The proper use of drainage facilities can alleviate

this prob lern, r""s...lting in safer, mor'e efficient haul roads.

Ditch Configuration and Location

Many factors influence final ditch configuration, including soil

type, depth of road base, storm design frequency, local restrictions,

percent of grade and predicted runoff from contributing land areas.

However, general recommendations may be made to provide the operator

with basic design concepts. V-ditches are recommended for nearly all

app lications, due to the relative ease of design, construction, and

maintenance.
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The ditch cross slope adjacent to the haulway should be 4:1
or flatter except in .extreme restrictive conditions. In no
case should it exceed a 2:1 slope.

The outside ditch slope will vary with the material encountered.
In rock it may approach a vertical slope; in less consolidated
material, a 2:1 slope or flatter.

The ditch should be located in undisturbed earth or rock; avoid
placing ditches through fill- areas.

In cut-fill section, slope the haulway toward the highwall.
Carry drainage in single ditch.

In total cut section, carry drainage on both sides.

In fill sections, protect the toe of slopes with parallel inter­
ceptor ditches.

See t:Ypical roadway sections following.

Ditch Capacity and Protection

Ditches must be designed to adequately handle expected runoff

flows under various slope conditions. The primary consideration i.s the

amount of water which will be intercepted by the ditch during a rain-

storm. Various methods to determine runoff flows are described in a

separate section.

After runoff flows are calculated, ditch design becomes a function

of 'Yo grade, "V" configuration (4:1, 2:1 ,etc.), and depth of flow. In V-

ditch, as well as other configurations, depth of fLow depends on 'Yo grade
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and the texture of material lining the dltch. Loose and porous linings

and low percentage grades reduce flow rates and increase depths, whi Ie

smooth, impervious linings and steeper grades create the opposite

effect. To alleviate excessive erosion which may result from high flow

velocities, certain ditch lining materials must be incorporated as the grade

increases, except when the ditch is in non-erodable material. Some gener-

al rules to be followed for various grades in erodable soils are designated

below. Please note these are "general rules" and are by no means recom-

mended to supersede state or local regulations.

· At a 0%-3% grade, the ditch may be constructed without
benefit of a liner except in extremely erodable material
such as sand, or easily weathered shales and silts.

• l\t 2. 3%-5% grade, the ditch sho~!c be seeded &nd protected
with j ute matting until a substantial grass lining can be
established.

• At grades over 5%, the lining should consist of dumped rock
placed evenly on both sides to a height no less than 0.5' above
the computed maximum depth.

Following this section are simplified charts which depict the depth

of water that may be anticipated in various ditch configurations depending

on the contributing flow in cubic feet per second (cfs), the percent of

grade, and the type of material utilized as a liner. To determine the run-

off flow that may be anticipated for a given ditch segment, the operator

should first consult his state or local agencies for preferred metho-

do logies to be used in estimating runoff. If no specific guidelines

II - 45



are given by these sources, the necessary information may be obtained

from Chapter II of the Engineer Field Manual for Conservation Practices,

published by the United States Department of Agriculture, Soil Conser-

vation Service. This manual outlines the procedures for estimating

runoff and contains all the data necessary to compute runoff volumes

for all regions of the country.

When utilizing the Soil Conservation Service Engineering Field

Manual to develop peak flow rates, the ten year, twenty-four hour storm

charts should govern. The rainfall intensity generated by a ten year

storm is recognized as the applicable standard for road drainage design

by the American Association of State Highway Officials. Moreover, the

volumes of water i3.ssociated with thi.s type of storm are V'lel.t i,.,excess

of normal runoff conditions and necessitate the design of drainage facilities

which ar3 capable of handling extreme, rather than mean, rainfalls.

In the event that a ditch grade must be altered to accommodate

changes in topography, the depth of the ditch must be changed accordingly.

Whether an increase or decrease in grade occurs, new volumes should

be computed based on the flow in the preceding ditch segment and the volume

of water generated by the contributing area contiguous to the new grade.

By consulting the following tables, the appropriate ditch depth

needed to accommodate a specific volume of water may be derived. After
.~

...:Jj---'~- --- - - •

---- - - ..."
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determining the slope and finding the water flow (cfs)~ consult the

corresponding ditch configuration table where the cfs Is found. At

the extreme left of this line will be the depth necessary to accommodate

the flow for that ditch configuration •.

In some cases, additional depth may be required. In all cases

where a subbase must be placed, the depth of the flow must not exceed

the lower level of the sub-ba.se material. In cases where a freeboard is

required, the depth of any ditch shall exceed the centerline depth of

flow by a minimum of 0.5'. Where placement of a ditch lining material

is recommended, it shall also be increased 0.5' on each side.

It is important to note that the ditch should be kept free at all

times of debris or any matp.rial which would alter dp.sign capactty.

Culverts

Culvert sections are the most efficient and effective means of con-

veying free flowing drainage away from the haul road, and must be incor-

porated to alleviate the potential of water overflows onto haul road seg-

ments. Any accumulation of water on the haul road can seriously' impede

vehicular control and promote road degradation.

To achieve the most efficient drainage scheme, the designer must

consider culvert location, sizing, placement~ and inlet/outlet controls.

------~ -- .
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TA,BlE JI-7

DITCH CAPACITY FOR VARIOUS V-DITCH CONFIGURATIONS

DEPTH SLOPE (%1

OF 1 2 3 4 5 6 7 B 9 IOT11 12 13 I 14 15 16 17 18 19 20
WATER

I

GRASS COVER JUTE MATTING DUMPED ROCK
(FTol

WATER VOLUME (GFSI

~
0.' ., ., ., -., ., ., .• .• ~.. ., .1 .1 .1 .1 .1 .1 .1 .1 .1

0.4 _ .--"_~ I--'_~_ .b .6 _:2 r- .5 .5 .5 I-- .6 l~ .6 .7 .7 .7 .8 .8 .8 .8 .8 .9
0.6 1,1 1,6 1,7 1,9 2.1 1.4 1.5 1,6 1.7 1.8 1,0 2.0 2.1 2.1 2.2 2.3 2.4 2.4 2.5 2.6

0.8 2.5 3.5 3.0 4.1 4.6 3.0 3.3 3.5 3.7 3.9 4.1 4.3 4.5 4.6 4.8 4.9 5.1 5.2 5.4 5.5

'"--T.o 4.' j 6.3 ,•. , 7.' >-8.3~ 5.0 6.3 6.7··""'- 7.' 7.8 8.1 8.4 8.7 3.0 9.<! 9.5 9.8 10.0

~'. ,--'2 '0,0. .'O~5 "., ".6 '.9 9.6••.!","- >-.'.".c~l-'~--"'C' 12.6 13.1 13.6 14.1 :4.5 15.0 15.4 15.9 16.3

1 .4 11 .0 15.5 15.8 18.3 20.4 13.4 14.5 15. ;; 1(,.4 17 .3 llB.? 10.0 19.8 20.5 21.2 21,9 22.6 23.3 23.9 24.5

I-----l_~_____.!...5..6 I 22.1 .,3??_...3l2.:2- 29.1 HJ.2 _20.7 22.1 22:2_ ..?~!_ 25.9 27.1 28.2 20.3 30.3 31.3 32.2 33.2 34.1 35.0
. 1.8 21.4 30.3 30.9 3!J.7 39.9 26.2 213.3 30.3 .'3:!.1 33.8 13:>.5 37.1 38.6 40.0 41,4 42.8 44.1 45.4 46.6 47.8

2.0 28.3 40.0 40.9 47.2 52.0 34.7 37.5 40.0 42.5.44.8 i 47.0 49.0 51.0 53.0 54.8 56.6 58.4 60.1 61.7 63.3
- '--- ......

~
0.2 .1 .2 .2 .2 .2 .1 .2 .2 .2 .2 .2 .2 .2 .2 .2 .2 .3 .3 .3 .3

0.4 .8 1.1 -~-~~ 1.5 1.0 1.0 1.1 1 " 1.2 --~'---~~ 1.4 1.5 1.5 1.6 1,6 1.7 1.7 1.7.-=
-

_.
-4'.1-_.._-

0.6 2.3 3.3 3.3 3.8 4.8 2.8 3.0 3.3 3.4 3.6 3.8 4.0 4.3 4.5 4.6 4.7 4.9 5.0 ,5.1

~~ 4.9 7.0 7.1 8.2 9.2 6.1 6.5 7.0 ----.2~ 4 7.8 8.2 8.6 8.9 9.3 9.6 9.9 10.2 10.5 10.8 11. 1

1.0 9.0 12.7 12.9 14.9 16.7 11.0. 11.l! 12.7 13.4 14.2 14.9 15.5 16.1 16.8 17.3 17.9 18.5 19.0 19.5 20.0

1.2 14.5 20.6 21.0 24.2 27.1 17.8 19.2 20.6 21.8 23.0 24.1 25.2 26.2 27.2 28.2 29.1 30.0 31.7 31.7 32.5

1.4 21.9 3'1.0 31.6 36.5 40.9 26.0 29.0 31.0 32~9 34.7- 35.4, 38.0 39.5 41.0 42.5 43.9 45.2 46.5 47.8 49.0

1.6 31.3 44.2 45.1 52.1 58.3 38.3 41.4 44.2 46.9 49.5 51.9 54.2 56.4 58.5 60.6 62.6 64.5 66.3 68.2 69.9

1.8 42.8 60.5 61.8 71.3 79.7 52,4 56.6 60.5 64.2- 6"7.7 71.0' 74.1 77.1 80.0 82.9 85.6 88.2 90.8 93.3 95.7

2.0 56.6 80.1 81.7 94.4 105.5 69.4 74.9 80.1 84.9 89.5 93.9 98.1 102.1 '105.9 109.7 113.3 116.7 120.1 123.4 126.6
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TABLE 11-7 (CONTINUED)

DITCH CAPACITY FOR VAR!OUS V-DITCH CONFIGURATIONS

DEPTH SLOPE (%)

OF 1 2 3 4 5 6 7 8 9 I 10 11 12 13 14 15 16 17 18 19 20I

WATER
GRASS COVER JUTE MATTING DUMPED ROCK

(FT.l
WATEn VOLUME (CFS)-

~
2.2 73.0 103.2 1O~.3 121.6 136.0 09.4 00.5 103.2 109.5! 115.4 121.0 126.4 131.5 136.5 141.3 145.9 150.4 154.8 159.0 163.2

I
183.9 189.6 195.1 200.4 205.72.4 92.0 l:iO.l 182.7 153.3 171.4 112.6 121.7 130.1 138.0 i 145.4 152.t; 1~9.3 165.8 172.1 178.1

f--- ---
170-:"7-T179.D 1\.J7.1 205.1 212.9 220.4 227.6 234.6 241.4 248.0 254.52.6 113.0 H;0.9 164.2 lU9.7 212.0 189.4 1 ~)o. [) 160.9 lflD.7

2.8 138.6 106.0 200.0 231.0 2!J8.3 1(j~ 10:1.3 Hjfi.O ~~0...!.8 ,219 . .:!.- :'J?El. 0 240.0 2'19.9 259.3 :'60.4 277.2 2~?·7 294.0 302.1 309.9
---'-----

3.0 16G.5 235.5 240.8 277.5 810.3 203.0 :':'0.3 ;>:1').5 ;'~4~'.O ! 263.3 276.1 200.4 300.2 311.5 322.4 333.0 343.3 353.2 262.9 372.3
I

342.4 369.9 382.8 395.4 407.6 419.4 430.9 442.13.2 197.7 279.6 285.4 320.5 300.4 242.1 2Gl.5 279.1'; ;Jffj.5/:312.6 327.8 356.4

2ii"4--:"5 ----- -- ---

"'.'1*.'< 464.6 492.8 506.33.4 232.3 ::J28.li 335.3 387.2 432.9 307.3 328.5 385.2 402.3 418.8 434.6 449.9 478.9

3.6 270.4 :'182.5 390.3 '150.7 503.9 :'131.2 357.7 3H2.5 405.7 427.6 448.5 468.4 487.5 505.9
------- --

3.8 312.3 441.n 4t,O.7 l)?0.4 581.0 382.4 413.1 441.6 4C8A 493.7 517.1:1

4.0 357.9 506.2 ~1f).6 ~)OO.5 666.9 43n.4 473.~ 500.2
~

~y
2.2 109.5 154.8 158.0 182.4 204.0 134.1 144.1 154.8 164.2 \173.1 181.5 11:19.6 197.3 204.8 212.0 218.9 225.6 232.2 238.6 244.7
2.4 130.0 19:'.1 109.1 2~q.!1 257.1 160.0 In::'.5 P)~.l ?OG~!l !::'lA~..!._ ;';-'O.U 28!'l.O 24B.7 ~~~)A. 1 2G7.2 275.9~ 292.7 300.7 308.5-----
2.6 1/0.7 241.4 246.4 :::U4.5 318.1 209.1 ;~25.8 241.4 256.() 1269.9 283.1 295.7 307.7 319.3 :'130.6 341.4 351.9 362.1 372.0 381.7
2.8 207.9 294.0 300~.:!.- 346.5 387.4 254.6 275.0 204.0 311 .0 1328.7 344.7 360.1 374.8 388.9 402.6 415.8 428.6 441.0 453.1 ""l4.9

f----
3.0 249.8 3~3.2 3GO.5 416.3 465.4 30~.9 330.4 353.2 374." 1394.9 414.2 432.6 450.3 467.3 483.7 499.5

3.2 206.5 _~9--,--4 428.0 494.2 ~52.6 3n8.2 382.3 419.4 444.0 !468.9 491.8 513.6
3.4 348.4 492.8 502.9 ~nO.7 649.3 426.8 460.9 492.8 522.7 !
3.6 405.7 573.7 51:l5.5 676.1 755.9 496.8 530.6 I
3.8 468.4 622.4 676.1 760.7 872.6 573.7 i
4.0 536.9 I



Numerous factors affect each of these design considerations. Therefore,

each parameter is discussed as a separate category on the followlng

pages.

Culvert Location

Culverts should be located at all ditch low points unless
natural water courses are present.

A culvert should be insta lted at a It roa.d intersections and
prior to switchback curves on the upgrade beginning
of curvature.

Whenever a haul road segment requires a transition from a
thr"Ough-cut to a cut-fi ll, a culvert should be installed to
intercept drainage prior to spit ling over an outs lope •

Culverts should be placed in natural water courses inter­
sected by the haul road.

In cut-fill section.s, cuLverts may be placed at various intervals
along the ditch to interc8;:Jt drainage and convey it to natural
d>'"'ainways below the fill slope. This procedure can significantly
reduce the size of ditch required by breaking rUJioff areas into
small segments which contribute only to specific ditch segments.

In some instances, culvert intervals will be the designer's option.

However, spacing requirements are of-ten specifically delineated in state

or local codes of construction practice. A typica 1 example is the regula-

tion imposed by the West Virginia Department of Natural Resources

Division of Reclamation. This agency requires the spacing of culverts
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•
for ditch relief at various road grades as noted below:

•

Road Grade in Percent

2-5
6-10

11-15

Spacing of Culverts in Feet

300-800
200-300
100-200

•

•

The above illustration exemplifies the need to research all state or local

standards prior to any design decisions. In the event that there are no

regulations regarding culvert spacing, it is recommended that:

Table II-8

CULVERT SPACING

•

•

Spacing not exceed
Spacing not exceed
Spacing not exceed
Spacing not exceed

Culvert Type and Size

1000' Qr') grades from 0-3~fc,

800' on grades from 3-6%
500' on grades from 6-9%
300' on grades from 10% or greater

•

•

•

For the majority of haul road culvert installations, corrugated

metal pipe is most appropriate. Since this type of pipe is relatively

light, high in strength, and usually readily available, it can be easily

adapted to a variety of situations. Although other materials can be

uti lized, corrugated metal is currently used extensively throughout

the surface mining industry.
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Regardless of material, the culvert must be able to accept the

maximum runoff flow from the drainage ditch to be completely effec­

tive, the pipe diameter must be large enough to accept maximum flow

without creating a backup at its inlete The graph presented below may

be utilized to determl'1e pipe sizes for various flows. Flows in cfs on

the left side may be read to their intersection with the diagonal graph

line and then down to the corresponding minimum pipe diameter necessary

to accept the flow. This minimum is indicative of a full flOWing pipe

without any water back-up at the inlet. In some cases, however, it may

be desirable to place a smaller, less expensive pipe and allow a small

backup of water'. The dashed lines on the chart (labeled "H") are included

to depict ~O\N rr'L!c-h I:e=_d vvi n be cre=.t'?d behir.c the pipe if its size is

restrictive. To determine the amount of head created by a given pipe

size and cfs, read from the cfs column until the dashed line is intersected,

then down. For examp le, a flow of 8 cfs intersects 2' of head at the

15" pipe diameter, thus 8 cfs of water at the inlet side of a 15" pipe will

pond gil above the top of the pipe (2' - 15" =gil). However, it must be

emphasized that the practice of creating an inlet head is discouraged. The

most beneficial design requires that a pipe handle the entire volume of

water without backup. If the example for 8 cfs were to be followed without

creating a backup, the intersection of the diagonal will show that a

pipe diameter of approximately 21 II is required.
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Culvert Placement

After the location and pipe size have been selected, and the pipe

is ready for placement, consideration must be given to depth of covel'"

over the pipe in relation to the vehicles that will use the road. It- is

suggested that for support of vehicle weight under 100,000 lbs., a mini­

mum cover of 2' over the pipe be used. For support of vehicle weights

over 100,000 lbs. minimum cover should be 3'.

In all cases, the fill should be hand-tamped in 4" layers from the

bottom of trench to provide a stable, compacted base for the culvert.

In let-outlet Controls

At all culvert inlets, a protective encasement or "headwall" con­

sisting of a stable non-erodable material should be provided.

Regulations specifying erosion and sediment control devices to

be utilized at storm drain outlets have been developed by the United States

Department of Agriculture Soil Conservation Service. In addition, many

states have adopted their own regulations for this purpose. By contacting

one or both of these agencies in his region, the operator can determine

the requirements that apply specifically to his operation. However,

II - 54



•

•

•

•

•

•

•

there are two rules of thumb to follow:

a) Flow from ditches or culverts shall never be discharged over
a fiU outslope. In fiU situations the discharges must be con­
veyed away by pipes, flumes or ditches lined with non-erodable
material.

b) At any discharge point, where flow velocity exceeds the
USDA, SCS recommended maximum for various soH types,
erosion protection must be provided.

The following chart depicts the various treatments that may be

anticipated for erosion control depending on discharge velocity. Details

are presented for the rip-rap and energy dissipator treatment techniques

as a guide for proper construction. The lengths of these devices wH 1 be

entirely dependent on slope lengths and must be determined for each

individual situation.

Table 11-9

SLOPE PROTECTION AT CULVERT OUTLETS

•

•

•

Outlet
Velocity

fps

0-2
2-5

5-15
Over 15

Slope of
Embankment

%

Under 10%
Over 10%
All Slopes
All Slopes
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Treatment
Recommended

Establish Vegetation
Riprap
Riprap

Energy Dissipater



Matting

Variable Length

SECTION A-A PLAN

PROFILE

Blanket

Min.

8'- 0"

2'_0"

Riprap 'II • 11-----~~~V;?""'-_::::
-2:/ -lD

4E;~'~'@t~t?~';:r

EROSION CONTROLS
FIGURE U-S
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PROFILE
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PLAN

• DUMPED ROCK· ENERGY DISSIPATOR
FIGURE n-s

•
II - 57



(0-

®

0-

0-

0)­

0-

(j)

@-

0-

@-

@-

@-

LEGEND FOR TYPICAL HAULWAY SECTIONS

Lane Edge to Center Line of Ditch: dimension varies with center
line depth 6 and required slope 7.

Lane Width: based on dimension of largest vehicle and numbers
of lanes desired.

Typical Cross Slope for Excavated Subgrade and Final Surface:
either 1/41! or 1/2" per foot depending on surface material
used.

Combined Surface and Subbase: depth varies with wheel load
concentration.

Ditch Outs lope: natural angle of repose in rock, 2: 1 in all soils.

Depth at Center Line of Ditch: required to be below subbase and
deep enough to accept total volume of runoff from adjacent
drainage area.

Ditch Slope Adjacent to Roadway: varies from 4:1 to 2:1.

Road \A,,'idening to Accommodate Safety Berm: dimension varies
with berm size required.

Safety Berm: constructed with a near vertical slope adjacent to
lane edge, final height and outslope of berm depends upon the
rolling radius of the largest tires that will traverse the haul
road.

Berm Support: constructed to subbase material on ly, surface
material ends at berm face.

Fill Slope: descending at naturaL angLe of repose, filL consists
of material cut from existing ground of other excavated materiaL
from the mining operation.

Fill Bench: required when original ground slope is 1:1 or greater,
benches should be cut 8' - 10' horizonta 1 with 8' - 10' vertical
lift at 1/2:1, begin at toe of original ground sLope and continue
benchir~g until road subgrade is reached.
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TYPICAL CUT SECTION
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TYPICAL FILL SECTION

@

TYPICAL CUT - FILL. SECTION

TYPICAL HAULWAY SECTIONS
FIGURE 11-7

II - 59

®





•

•

•

•

•

•

•

•

•

•

lII- ROAD MAINTENANCE CRITERIA





•

•

•

•

•

•

•

•

•

•

ROAD MAINTENANCE CRITERIA

Regardless of how meticulously a haul road is planned and con-

structed, its surface is bound to be deformed by the constant pounding

of haulage vehicles. Although deterioration may be controlled to a

great extent by the type of surface material employed, the mine operator

must still regard a road maintenance schedule as necessary to safety

and econom ics •

Dust, potholes, ruts, depressions, bumps, and other poor surface

conditions can and will occur on any road surface. If left unabated,

they may impede vehicular control and damage haulage machinery.

When a rolling tire encounters a surface scar, there is a tendency

to deflect from its normal direction of travel. Thus, the driver is forced

to compensate for the abnormality by increasing his steering effort. If

surface deformation is too great or if the driver is not aware of it before

impact, complete loss of control may result. Often, even though the

driver is able to negotiate a surface irregularity by steering, the tendency

to over-compensate immediately after the danger has passed, could again

result in loss of control.

III - 3
'~:Prec~ding:' page blank



In addition to degradi.ng safety, road deterioration can be costly

from a maintenance standpoint. Although surface mining equipment

is designed to accept considerable abuse, its life can be increased

if rough handling is kept to a minimum. The wear on virtually every

component is increased si.gnificantly when a vehicle travels rapidly

over a rough surface. If the vehicle must constantly brake to negotiate

poor areas, unnecessary lining wear occurs as well.

When machinery must operate in dusty areas, the maintenance

problems are compounded. Dust may infiltrate brakes, air filters,

hydraul ic lifts and other critica1 components. The abrasive effect

of this fine material wi II likely result in frequent and costly cleaning

or re;:J laccmcnt cf th8sC it.:;rns.

Essentially, the items related to deterioration of road surfaces

are weather, haulage vehicles consistently following a similar path in

the haul lane, and spillage. Because these factors are definable, road

maintenance should begin with an all out effort to incorporate preven­

tive rather than corrective procedures.

Roadside ditches and culverts should be periodically inspected

and cleaned to ensure that no obstructions are present. If not cleared, the
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drainage facilities may overflow in wet weather and cause erosion of

the road-surface or saturation of sub-base materials. Maintenance

crews equipped with hand tools or machinery such as dozers, loaders, and

scrapers should be deployed at predetermined intervals to see that all

ditch flow lines are free of debris.

If heavy haulage vehicles continue to uti lize the same path in

their respective haul lane, the concentration of load will even­

tually create ruts or furrows. To prevent this condition, mine

operators should encourage drivers to use different areas of the haul

lane.

Spillage of material from overloaded haulage vehicles is a

significant problem at many mines. If not preve""1ted a""1d c. Llo':ved to

remain on the haul route, unnecessary bumps or mounds will exist.

Therefore, every effort must be made at the loading point to prevent

equipment from being heaped beyond the limit that can be held within

the containing vessel.

During dry weather periods, or in consistently dry environments,

dust problems may become severe; especially on gravel or crushed

stone surfaces. In order to alleviate as much dust as possible from

this type of material, the operator should consider applying chemical

addi tives. The incorporation of chloride sal ts with gravel or crushed
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stone surfaces wi II enhance moisture retention and make road wetting

necessary less frequently.

Adherence to the preventive n1easures discussed above can sig­

nificantly reduce haul road maintenance problems. However, they are

not a complete solution. Abnormal surface conditions will occur

periodically that require additional road maintenance procedures.

On more permanent surfaces such as asphaltic concrete, surface

depressions should be corrected with asphaltic patches and either hand

tamped or rolled into place. When severe depressions occur on well

packed gl~avel surfaces the surrO\..ll1ding area should be scarified, filled,

and recompacted to an even consistency.

slopes, remove spills, and to fUl and smooth surface depressions as

they occur. Whenever the motor grader is used, care must be taken to

avoid pushing waste into drainage facil ities and the protective faces of

safety berms. Accumulated material from motor grader blading should

either be placed in specially designated areas or cleaned up and removed.

Water trucks fitted with special sprinkler systems should be

employed for' road wetting in areas INhere dust is a problem.

Ice and snow, whenevet' they occur, must be completely removed
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from the haulage way with a motor grader or other appropriate equipment.

Special attention to the removal of snow and ice is required on asphaltic

concrete and other smooth surfaces. The close knit texture of these mater­

ials make them susceptible to rapid glazing in freezing weather. Conse­

quently, they become slick and a definite hazard to vehicle controlability.

Measures such as salting or cindering must be implemented immediately

under these conditions.

All areas where loose material is employed to increase rolling

resistance and vehicle retardation (escape lanes, median berms) should

be periodically checked for loose consistency. If these areas become

compacted, a bulldozer equipped with scarifying equipment should be

used to break the surface.
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VEHICLE tviAINTENANCE CRITERIA

Mine haulage costs often represent up to 50 percent of total mining

costs and sometimes as much as 25 percent of the overall operating" over-

head" and other costs of the entire mining operation. 1) An item of this

magnitude deserves, and generally gets, the major share of maintenance

attention.

Most mining companies generally prOVide for regular, extensive

maintenance inspections of their haulage vehicles. Some require daily

inspection of such things as system pressures and integrity, tire pressure,

fluid levels, electrical system continuity, belt tension, etc. Periodic

maintenance (daily, weekly, or by hours of operation) is done to replace

fitters, cha"lge oil, grease f"tttings, clean air FLlters and breathers,

clean a'ld FLl1 batteries" etc. Periodic inspection is requi.red for such

things as brake systems pressure, brake linings, wheel bearings, cab

controls and accessories, etc. Repair and replacement of components

such as engine, transmission .• rear-end, axle, etc., is performed as

required. tv''.any companies requi re the truck drivers to fHe daily reports

on vehicle condition. An example of a maintenance checklist is shown

in Table IV-1 •

1) Alan K. Burton, Bechtel Corporation. "Off-Highway Trucks in the
Mining Industry - Part I." Mining Engineering, August 1975,
pp. 28-34.

IV - 3



TABLE nr-,
EXAMPLE OF 500. OPERATING HOUR MAINTENANCE CHECK LIST

24 HOUR MECHANICAL PM
Unit No. Date Shift: PerfoMTled By S\.pervlsor

Check all items listed below - repairs to be made during
inspection • Major repairs not able to be completed wtthln
the 24 hour mechanical pm to be written on a shop work
order.

Repairs Repairs
1- ENGINE OK Made 2. STEERING OK Mad..-

A. FUEL SYSTEM Check: - Main steering pressure
Check: Fuel pressU!"'e at manifold - 2400 PSI 0 0

65 Ibs. minirl'll.rn at 1900- - Oll level slace system
RPM 0 0 tank a 0
Fittings & Lines a 0 - Slave steering pressure
For Leaks 0 o. 500 PSI 0 0

- Steering valve hold down
B. COOUNG SYSTEM bolts a 0

Check: Radiator & Mounting Bolts_ 0 0 - Steering stops, adjust if
Wate .... Pump 0 -0 necessary 2 3/4" a a
Fan & Belts a 0 - Steering valve washers__ 0 0
Fan hub. mounting bolts & - Orbitrol valve 0 0
Drackets 0 a - All Controls. llnkage,
A II Hoses and Leaks 0 0 cylinders arid bushings__ a [J
Fan Shroud for cracks-- [J 0 - For leaks main steering &

slave steering system__ [J 0
C. ELECTRICAL SYSTEM - Emergency steering

Check: AIL Charging 0 0 system 0 0
3atteries 0 0 - Main h:list pressure 2200_ 0 0
All Lights 0 0

. r:<.ev. Alarm 0 0 3 • BRAKES
For loose connections 0 0 Check: - Brake fluid reservoir &--- breathers 0 [J

D. EXHAUST SYSTEM - Linlng thickness each
Check: Manifolds 0 0 ......heel - 1/4" minimUl'Tl:

Stacks 0 0 RF 0 0
Twmos 0 0 LF 0 0

RR 0 0
E. AIR SYSTEM LR 0 [J

Check: Ai .... tubs, clamp to turbos - Brake converto.... pressures
Filters - 20" max at full 1300 to 1500 PSI Min.-- 0 0
stall 0 0 RF 0 0
Air tanks. front & rear__ 0 0 LF 0 0
Air' Box drain tubes 0 0 RR 0 0
Compressor 0 0 LR 0 0
A.ll conne:-ctions & lines__ 0 0 - AdjUst all wheel brakes

Condition of ai.... cleaner and parking brake 0 0
boxes 0 0 - All Lines & fittings 0 0

- "'/heel seals for leaks-- 0 0
F. CIL PRESSURE

Check: Guage - full RPM no load 40 0 0 4. TRANSMISSION

60 lcs. Idle 4 to 10 lbs._0 0 Check: Oil level at 800 RPM 0 0
Engine Oil Level 0 0 Mounting bolts front & rea ...._ 0 0
For Leaks 0 0 Pressures at 1000 RPM In

each gea. ... 0 a
G. MISCELLANEOUS R 0 0

ChecLc;: All leaks 0 0 N 0 0
Oil. Fuel. Water 0 0 1st 0 0
Engine mountings front and 2nd 0 0
rear fo .... tightness & c ...acks_ 0 0 3rd 0 0

4th 0 0
For Noises 0 a
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EXAMPLE OF 500 OPERATING HOUR MAINTENANCE CHECK LIST

•

•

•

TABLE 1:2:-1 (CONTINUED)

24 HOUR MECHANICAL PM

5. FINAL DRIVE COMPONENTS

Check: Differential pinion seals, front & rea,.. fo!" leaks-,- _
Differential pinion bea,..ings fl"Ont & ..-ea!" fo,.. slack....... _
Diffe"'ential mounting bolts _

Planetary ca,..,..ie,.. bolts _
Planetary fo,.. leaks _

6. FRAME & CHASSIS

Repai,..s
OK Made

0 0
0 0
0 0

0 0
0 0

poo,..o

•

•

Check: Articulating hinge pins fo,.. slack and lubrication _
Frame Fo!" Cracks
Ride Struts - rep la-c-e~if:-::-1,::-,"";f=-,..-o-m-:'"bo-:'"tto:--m--:-in-g-o-u':""t----------

1. Bearings top and bottom of each ride stl"uts__-'- _
Rock Knockers
Damaged Compo-n-e-n":""ts---------------------

Box hinge pins for wear and lubrtcation _
Wishbones and bearings and for lubrication _
Mud Flaps__c:-:,..-- ,..-- ---,,--,- _

Dump Box condition good 0 fai,.. 0

7. CAB

o
o
o
o
o
o
o
o

o
o
o
o
o
o
o
o

REMARKS: _

•

•

•

•

•

Check: All Instr'uments _

Seat
Heat'-e-,..---------------------------

Glass & Mi,..rors ,..-- _
Window and door components _
VV/S V'v'ipcrs z..r:.,j \'\'~shei's _

Lock-out bolt 5th and 6th gea,.. _

8. MISCELLANEOUS ITEMS

Check: Wheel Luggs..,...,..__-=-:-':"":- _

Auto, Lub., lines, ft ttings ...,..-,,..---:-:- ,,-- _
Engine output bearing and cente'" driveline bea,..ing _
Top driveline bolts
Rea'" driveline bolts--------------------
Front driveline bolts _
Inter axle lock up _
Torque cony. lock up _
Body Kick out. _
Bed Pads---,,...,....---,-_--:- _
Condition of hyd tank _
Condition of fuel tank. --:- _
Bumper footstep, hand ,..ail catwalk~ _
Tow cable
Hood COnd":-:i':""u=-o-n----------------------

Check interlock timer _
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Special attention should be given during maintenance checks to

all brake system components to see that they are properly adjusted

to manufacturer's specifications. A vehicle with improperly maintained

service brakes, or pressure leakage in the brake components which

causes activation of the emergency brake system, could result in unequal

brake application and excessive heating of one drum. Ignition of brake

system components and flame propagation to other truck areas is not

uncommon and is one reason why fire extinguishers have become standard

equipment. In addition, improper adjustment of one or more linings

places total dependence on the others. If uncorrected, the brakes which

ar-e functioning properly will experience excessive and unnecessary wear •

. Whi Ie this ,checklist adequately covers those maintenance items

that are to be checked on a 500 hour operating cycle, a daily log should

be kept for each piece of equipment. This log book serves to record

any difficulties or equipment anomoLies experienced by each driver. Items

that require repair or adj ustment should be noted in. the log book for t.~e

review of the next driver. If the maintenance item is of sufficient

magnitude to affect the operating integrity of the equipment, a notation in

the log should indicate such, and a notification filed with the maintenance

foreman. Through this procedure an operator starting his shift is made

aware of the equipment's condition and can check to see that repairs
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have been performed. After repairing any equipment malfunctions, the

mechanic or electrician performing the work should be required to initial

the log entry, and fi Ie an independent report to his foreman with a copy

to the production foremen, if applicable. At the end of a specified period

(one or two weeks), the maintenance foreman should be required to review

equipment log books to familiarize himself with minor problems being

experienced by the operators. Log pages should be signed, dated, and

fi led within a master log kept for each piece of equipment.

Any equipment maintenance program must be governed by the

individual operation. The above example indicates how the responsibility

for equipment maintenance can be distributed to guarantee that adequate

checks are conducb:!d and responsive ?ctions are taken. HC\'Jever, the

ultimate responsibility for safe day to day operation of haulage equipment

depends on the equipment operator. Since any deficiencies wi II affect

his safety, the driver should personally ensure that his machinery functions

properly before beginning work.

Every mining company should initiate a program to educate drivers

in the performance of pre-operational equipment checks. For most types

of haulage equipment, a pre-op check will require no more than fifteen

or twenty minutes prior to each work shift. The pre-op check of machine

components for the driver will be limited to only those items which are
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critical to safe operation and the minimal time expenditure will be

compensated by safer vehicle operation.

A general indication of the manner in which driver's maintenance

can be conducted is delineated by SAE recommended practice J153.

However, the procedures set forth therein do not encompass the numerous

component differences inherent to various types of large haulage vehicles.

The precise manner in which pre-op checks should be conducted for each

equipment type can be established through the manufacturers and

maintenance foreman.

Following is a list of items which should be considered essential

to an effective pre-operational safety check. This list mayor may not

?.pply to specific equipment tYP8S and is not entirely comp""ehensive.

However, it does illustrate a majority of the primary steps required.

I. Vehicle At Rest - Parking Brakes Engaged, Wheels Blocked

A. Inspect Visible Body and Chasis Components for Damage,
Integr'ity, and Operation Where Applicable.

1. Windows
2. Mirrors
3. Wipers
4. Lights (brake, parking, service drive, back-up,

and turn)
5. 000 rs (cab, compartm ent access)
6. Guards (component shrouds, electric cable insulation,

etc. ).
7. Wheels and ti res (tread, rock ej ectors, lock rings,

mounting lugs, ti re pressure)
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•

•
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8. Steering (control arms, stabilizer bars)
9. Suspension (shock and spring mounts)

10. Control lines (hydraulic, pneumatic, mechanical
cables, electric cables)

11. Air tank moisture relief valves
12. Connections at dynamic brake grids
13. Face of engine radiator core
14. Seat and seat belt mounts

B. Check All Accessi.ble Reservoirs for Proper Fluid Levels

1. Brake
2. Steering
3. Fuel
4. Radiator
5. Engine Lubricant
6. Hydraulic Retarder
7. T ransm ission
8. Batteries

C. Clean Cab of All Debris and Secure Tools, Fire Extinguisher,
Roadside Flares, etc.

II. Engine Running, Transmission in Neutral, Parking Brake
Engaged, Whee Is Blocked

A. Inspect Visible Chasis Components for Leaks

1. Control lines (hydraulic, penumatic, electrical)
2. Air tanks
3. Hydraulic pumps
4. Air compressors
5. Exhaust transfer pipes
6. Coo lant lines
7. Radiator(s)
8. Dynamic braking grid blower

B. Check Operation of In-Cab Guages and Controls

1. Temperature (oil and water)
2. Pressure (air and hydraulic)
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3. Tachometer
4. Ail'" flow restriction indicators
5. Ammeter
6. Hydraulic servo acutators
7. Accelerator
8. Retarder
9. Service brake

1o. Road condition switch
11. All system engagement indicator Lights
12. Steering
13. Horn
14. Back-up warning
15. Engine shutdown
16. Emergency engine shutdown
17. Ground fault breaker

III. Vehicle In Motion on Level Surface at Low Speed

A. Check for Proper Operation of Primary Controls

1. Steering

a. Under power
b. Engine off to ensure integrity of emergency

assist

2. Braking

a. Retarder
b. Service brakes under power
c. Service brakes with engine shutdown

3. Transmission

B. Listen for Unusual Noises

Any component faults detected by the operator during this type of

inspection should be noted and reported immediately to the maintenance
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supervisor. The final determination as to the severity of a detected

fault, and whether or not the equipment is or is not safe to operate,

can best be determined by maintenance personnel.
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RUNAWAY VEHICLE SAFETY PROVISIONS

The large size of haulage vehicles precludes use of conventional

vehicle arresting or impact attenuation devices to stop a runaway. In

haulage operations with adverse grades, retarder failure has resulted in

loss of life and substantial property damage. Some safety provisions

should be incorporated into haul road design to guard against the con-

sequences of runaway vehicles.

The primary design consideration for runaway vehicle protection

is the required spacing betvveen protective provisions. If a runaway

si tuation should occur, the driver must encounter a safety provision

before his truck is traveling too fast to maneuver. The top speed at

which the driver can maintain control (steering) of a particular vehicle

is designated "Maximum Permissible Vehicle Speed". A single velocity

could have been identified as the recommended maximum for all safety

provision entrances. However, the ultimate speed at which a driver can

sti II mainta in steerabil ity and guidance of his vehicle varies according

to manufacturer's design, road condition and operator's experience.

The speed to accept as a guiding criteria for the spacing of runaway

protective devices can best be determined through a cooperative effort

betvveen the operators and management at each mine site.

•
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On Tables V-1 and V-2, distances between runaway truck safety

provisions are given for various road grades, vehicle categories, and

maximum permissible vehicle speeds. They apply to any type of runa-

way protection device, and delineate the distance in feet required

between safety measure entrances for a truck to avoid exceeding the

"Maximum Permissible Vehicle Speed" a

The tables illustrate differences in spacing requirements as they

are affected by initial downgrade speed at the time total brake system

fai lure occurs. Initial truck speed at loss of braking and retardation

was assumed to be 20 mph for Tab Ie V-1 and 10 mph for Table V-2.

Although operating speeds may vary considerably depending on policies

at each mine, ten and tvventy mile oer hour initial velocities consti.tute

a sufficient range for the grades given.

Computation of values was accomplished through the formula:

S =
2g (sin e _ b)

r

(6)

where: S = di.stance traveled until "Maximum Permi.ssible
Vehicle Speed" is reached (feet)

6. V = difference in velocity between travel speed at
loss of braking and retardation and the speed of
travel at safety provision (value expressed as
ft/sec)

g = 32.2 fps2
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e = angle of descent (expressed in degrees)
b = coefficient of rolling resistance (expressed as a

mean value of .05 to encompass the majority of
mine road/tire situations), dimensionless

r = rolling radius of tire (expressed as mean values
for each vehicle category), dimensionless.

The following sections discuss two types of runaway vehicle

safety provisions. Their spacing should be established in conformance

with the recommendations set forth in the preceding discussion.

RUNAWAY VEHICLE COLLISION BERMS

As research into berms and runaway truck protection progressed

within this project, an innovative design from Australia was investigated

lar-shaped berm constructed in the middle of a haulage road, Australian

mining companies have been able to almost eliminate problems with

runaway vehicles.

These runaway vehicle coll ision berms are constructed of non-

consolidated screened fines and placed at crucial points within the haulage

operation. If a vehicle's brakes and retarder fail during operation, the

drivers are trained to align themselves so that they straddle the collision

berms, and ride the vehicle to a stop. This type of median design is

actually a simp lified form of vehicle arresting device. The most critical

design aspects of this type of berm are the spacing between the berm.
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TABLE V-1

DISTANCE BETWEEN RUNAWAY TRUCK SAFETY PROVISIONS CFT.>
.

HAULROAD MAXiMUM PEHMISSIBLE VEHICLE SPEED AT SAFETY PROVISIONS

GRADE lINlTlAL SPEED AT LOS S OF STOPPING CAPABILITY - 20 MPH)

% 40 MPH 45 MPH 50 MPH
-

-4 835 065 !jOO 450 1,3/0 f;65 780 700 1,880 1,255 1,125 1,015

~6 370 305 285 265 580 475 445 415 U3S 685 645 600

-8 240 210 200 180 372 325 310 300 535 470 450 430

-10 175 lUO 155 150 275 250 240 230 395 360 345 335
--

-12 140 130 12S 120 21 ~j 200 195 190 310 290 280 270

-14 110 108 106 103 180 16U 165 161 259 243 237 232
-

-16 9U 9:.1 91 89 -154 145 142 140 221 209 205 201

-18 Ub 82 UO 79 134 127 125 123 193 183 180 177

-20 76 73 72 71 119 113 112 110 171 163 161 159

55 MPH 60 MPH 65 MPH

-4 2,500 1,700 1,530 1,380 3,335 2,215 1,995 1,780 4,230 2,810 2,530 2,255

-" -- -
-6 1,135 9:.10 900 820 1,480 1,215 1, 145 1,OG5 1,875 1,540 1,450 1,350

-8 730 640 612 505 955 035 800 765 1,210 1,055 1,°15 970
-

-10 040 490 470 £ISS 700 635 G15 S90 890 805 780 -'SO
.-1-"

-12 425 390 :.180 370 555 510 500 480 700 650 630 615

-14 3b3 330 323 316 461 431 422 413 583 546 534 522
-

-16 301 2U4 279 274 393 371 364 357 498 470 461 452

-18 202 250 240 241 :.143 326 321 3"15 434 413 406 399
1---.

-20 233 222 219 216 304 291 286 282 384 368 362 357

I II III IV I II III IV I II III IV

I - Category 1 Vehicles - average rolling radius = 2.08' III - Category 3 Vehicles - average rolling radius = 3.75'
II - Category 2 Vehicles - average rolling radius = 3. 12' IV - Category 4 Vehicles - average rolling radius - 4.8'

Note: Coeffictent of rolling resistance - .05
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DISTANCE BETWEEN RUNAWAY TRUCK SAFETY PROVISIONS (FTJ

HAUlROAD MAXIMUM PER~lISSIBlE VEHICLE SPEED AT SAFETY PROVISIONS

GRADE (INITIAL SPEED AT lOSS OF STOPPING CAPABILITY - 10 MPH)

% 40 MPH 45 MPH 50 MPH

-4 1, tll::l3 1,254 1,127 1,O-W 2,!:',G3 1,707 1,5~~4 1,383 3,349 2,229 2,004 1,807

-6 B3G 084 61\1\ m(-, 1,138 030 fl77 825 1,486 1,215 1,145 1,078

-8 :,37 1\70 1\!)1 1\:~2 7::3 1 (i:IO 014 5011 9GG B35 l::l02 768

-10 39G 358 347 336 539 4A7 472 457 704 637 617 597

-12 313 289 202 274 426 393 384 373 557 514 501 488

-14 259 242 237 232 353 330 323 316 461 431 422 412

-16 221 209 205 201 301 2f'JIl 279 274 393 371 364 357

-18 193 183 180 177 262 ~50 240 241 343 326 321 315

-20 171 H33 W1 159 :::>33 222 219 21G 304 291 286 282

55 MPH 60 MPH 65 MPH

-4 4,23fl 2,021 2,537 2,28ti ~j, 231 3,403 3,131 2, U2:J 6,331 4,210 3,7l::l9 3,416
------

-6 1, OU 1 1,53l::l 1,449 1,364 2,3:-::!2 -1,1399 1,7U9 1,0[14 2,010 2,298 2,1(,5 2,038

-8 1,209 1,057 1,015 972 1,492 1,305 1,253 1,200 1,806 1,5l::l0 1,516 1,452

-10 U!) 1 806 700 755 1,om:. 9~)4 9(>.1 932 1,330 1,203 1,166 1,128

-12 705 651 G34 017 870 803 783 762 1,053 972 947 922

-14 583 540 [.34 522 720 074 G59 G44 871 015 708 780

-16 49H 470 4Gl 452 b14 oliO 560 550 743 702 689 676

-18 434 413 406 399 535 509 501 492 648 616 606 596

-20 304 368 302 357 475 454 447 41\0 574 549 541 533

I II III IV I II III IV I II III IV

1 - Category 1 Vchicl(,s - average roli inc.] radius = 2.08'
II - Category 2 Vehicles - average rolling radius =3. 12'

III - Calegory 3 Vehicle~ - average rolling radius = 3.75'
IV - Category 4 Vehicles - average rolling radius - 4.8'

Note: Coefficienl of rolling resistance - .05



sections and the height of the berm in relation to the vehicle's under­

carriage. The spacing beween berms must be sufficient to allow a

runaway vehicle to align itself with the berm before impact. If properly

aligned, the vehicle will shear off that portion of the berm above the

undercarriage, expendi.ng energy through momentum transfer, rolling

resistance, and frictional acti.on until stopped. If improperly aligned, the

vehicle could overturn. Accordingly, adequate space beween berms

must be maintai.ned to allow the driver time to position his vehicle with

respect to the berm.

Typical sections of these berms with sizing and spacing criteria

are shown in r- igures V-1 and V-2.

for varioLls tonnage vehicles. Ranges are given rather than specific

dimensions since each berm design must be governed by the height of

undercarriage and wheel track of the vehicle for which the berm is

designed. VVhere di.fferent sized vehicles are operating concurrently on

a haulage road, the berm should be sized primarily according to the

wheel track of the larger vehicle, since smaller vehicles will be stopped

on the "entrance ramp" to the berm. The simplicity and economic

attractiveness of this design lends itself well to practically any haulage

operation. For haulage roads with less severe grades and associated

v - 8
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fewer problems with runaway vehicles, collision berms may be

located in critical areas only.

Median berms are most effective at reduced vehicle velocities.

The drivers of haulage vehicles must be instructed in the proper use of

the median berm and taught to rely upon it as a first line emergency

maneuver, not as an action to be taken only after the vehicle has acceler­

ated beyond a reasonable speed. A prerequisite to the use of berms is

the ability to economically build a road of sufficient width to accommodate

them. Another factor is the necessity of using screened fines in the

construction. Depending upon the type of operation, a mobile crusher

could be used to facilitate the construction and maintenance of the berm •

.A.t ene minesite in Austr::>.lia with extremely severe grades (8'% to

12%), these median collision berms have been in use for three years.

Within that time, runaways have occurred on an average of once every

tvvo to three months. In all cases except one, the vehicles were safely

stopped with usually only minor damage to the undercarriage. In the one

incident where the vehicle was not stopped, the berm slowed the truck to

the point where the driver could safely steer into the cut side of the bench.

Prior to incorporating this device in temperate climate areas,

careful consideration must be given to required maintenance. The major­

ity of surface mining states experience freeze conditions during winter

months. If collision berms are not protected from solidification in these

V-9
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periods, a vehicle could be severely damaged in an encounter. If climate

at the mine site has this potential, collision berms must be constantly

checked, and where freezing occurs, agitated to achieve their former

unconsolidation. In cases where freezing and/or excessive rainfall is a

constant problem, a protective covering of material such as polyethylene

or an alternate safety provision is recommended.

ESCAPE LANES

Escape lanes for control ,of runaway vehicles have been used

extensively on mountain highways in the United States. Relatively simple

in design and successful in app lication, escape lanes are relied upon

by highway designers for use on long, sustained grades.

Escape lanes have good potential for intercepting and stopping

runaway haulage vehicles. However, they may be expensive to construct

and maintain, depending on site conditions. Costs incurred in construction

are primarily attributed to bench excavation and road bed preparation.

Emergency escape lanes have three basic areas of design and

construction: entrance areas, deceleration areas, and stopping areas.

Each of these will be discussed separately.

Entrance

The entrance from the main haulage way is perhaps the most

v - 12
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important design and construction consideration of an escape lane.

Entrance areas must be spaced according to maximum permissible

vehicle speed and percent grade of the main haul road. Included within

the entrance area are vertical curve transitions, horizontal curve

development (including superelevations), and lane development. Care

must be taken that any horizontal curve can be negotiated by the

runaway vehicle. Table V-3 lists maximum horizontal curves as

related to vehicLe entrance speeds and superelevations. Superelevations

less than .06' per foot 01'" greater than .10' per foot are not recommended

due to difficulties with curve deveLopment and drainage.

TabLe V-3

fVAXIMUM PERMISSIBLE HORIZONTAL CURVES
FeR ESCAPE LANE ENTRANCE

Super-
elevation Vehicle Speed At Escape Lane Entrance

40 45 50 55 60 65

120 or 100 or 8° 01'" 6° 01'" 5° 01'" 4° or
.06'/1' 477' rad. 596' rad. 716' rad. 930' rad. 1146' rad. 1432'rad.

13° 01'" 10° 01'" SO 01'" 7 0 or 6° or 50 or
.08'/1' 441' rad. 578' rad. 716' rad. 835' rad. 955' rad. 1146' rad.

.10'/1'
14° or 11° 01'" 9° 01'" 7° 01'" 6°01'" 50 01'"

409' rad. 523' rad . 637' rad. 796' rad. 955' rad. 1146'rad.
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Another important element of proper entrance design Is lane

width. The lane must be wide enough to accommodate the vehicle but

not so wide as to require excessive construction effort. Recommended

minimum lane widths for escape lanes are presented in Table V-4 for

various vehicle categories.

Table V-4

RECCMMENDED ESCAPE LANE WIDTHS

Category

I
Tl

III
IV

Deceleration

Min. Width eft.)

15

18

22
29

The major contribution of an escape lane to deceleration of a

runaway vehicle is that of reverse grade. The greater the reverse

grade of an escapeway, the less length required. Table V-5 presents a

tabulation of escapeway lengths as related to vehicle entrance velocities,

V - 14
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•
percent grade of the escape lane, and vehicle characteristics. The

formula used in computing escapeway length is:

•
s = V

2

2g (5 + Sin e )
r 100

(7)

where: S =

V =

• 9 =
b =
r =
e =

requi red length for deceleration from entrance
speed to 0 (feet)
entrance speed from Table V-1 and V-2
32.2 fp s 2
coefficient of rolling resistance
rolling radius of vehicle tire
angle of ascent (expressed in degrees).

•

•

•

•

•

•

It is important to note that a coefficient of roding resistance of .2 was

used to compute these distances. This value is the resistance offered

by an unconsolidated surface material such as sand or loose earth.

Escape lanes should not be a continuation of the main haul road and all

normal road maintenance should cease at the end of the entrance

ar-·ea. Escape lanes are most functional when rolling resistance is high.

Poorly compacted, deep, loose, granular type materials are best suited

for road bed use in deceleration areas, since these materials tend to

retard vehicle movement. It should also be noted that distances given

in Table V-5 are to be applied from the end of the entrance area, i.e.

at the end of the horizontal and vertical curves. Also, surface material

characteristic of that used on the main haul road should be employed

to the end of these curves.
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In this manner" a safe transition from hard to loose surface can

be achieved.

Table V-S

LENGTH OF ESCAPE LANE

.% Grade oF!
-

Vehicle Speed At Entrance To Escape LaneEscape Lane

40 I 45 50 55 60 65
Cate-
gory

180' 230' 235' 33.5' 410' 475' I

20%
200' 255' 315' 380' 455' 530' II
210' 270' 330' 395' 475' 555' III
225' 280' 345' 410' 500' 580' IV

I
220' 275' 340' 405 i 490' 570' I

I 250' 320' I 390' 460' I 060' 655' n
15% 261:)' I 835' I.'L 1()' L1.9Ci1 I 5'?C" I 690' I!I

280' 350' 435' 520' I 630' I 730' IV

275' 345' 425'-J 5"10' 615' 715' I

10%
320' 415' 500' 610' 730' I 855' II
350' 445' 540' 600' 785' I 910' III
375' 475' 585' 700' 850' 990' IV

Note: Assuming Coefficient of Rolling Resistance = .2

Stopping

After a vehicle has been slowed through the deceleration grade

and high rolling resistance road bed" it becomes necessary to stop
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the vehicle and prevent its coasting back down the escape lane.
o

Approximately three quarters of the way up the escape lane, provisions

for stopping the vehicle should begin. Stopping or arresting techniques

include the following:

Median Berm - A median berm, constructed on the escape
lane, is one of the most efficient means for vehic le arrest.
Using the same basis for design as that presented in the
previous section, median berms are well suited for use in
conj unction with escape lanes.

Sand or Gravel or Mud Pits - After a vehicle has been slowed
down on the escape lane, a deep sand, gravel or mud fitted
pit will cause the wheels to become ,stuck, thus prohibiting
further movement until assisted by another vehicle. This
concept is very effective if properly maintained.

Road Bumps - Road bumps, whether constructed by excavating
tr'enches or establishing mounds across the lane, retard
vehicle rnoveO"ient by trapping the wheels in "designed ruts".
Mounds or bumps must be thoroughly compacted to ensure
integrity under the weight of a truck.

Manual Steering - If it is not practical or possible to do any of
the above, or if the runaway does not reach the "stopping area",
when the truck comes to rest the driver should be trained to
either engage the transmission in a "park" position, or set an
emergency brake (if usable), or engage the transmission in the
lowest possible gear and turn the wheels away from the escape
Lane berm.

Figures V-3, V-4, V-5 depict typical Plan, Profile, and Section

views of an emergency escape lane.
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APPENDIX

Unlike conventional highway design specifications whlch are

documented in numerous textbooks and manuals" published standal"ds

for haul road construction are limited. For the most part, the deslgn

of these roads has been predicated on triaL and error experience of

individual mine operators. Far too often" however J the trial and errol""

methodology resuLts in development of haul roads which accommodate

production but are not conducive to operational safety.

In July of 1975" Skelly and Loy was contracted by the United

States Bureau of Mines to develop surface mine haulage road design

criteria which wouLd promote the safe operation of hauLage vehicles.

Due to lack of pub lished information" it was necessary to approach the

proj ect on a step by step basis of progressive research. The following

sections are presented to illustrate the manner in which the study was

accomplished and t~ review the work performed during each project Phase

and Task.
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PHASE I - STUDY AND DETERMINATION

The first project phase consisted of a series of tasks and subtasks

directed at defining the most predominant haul road users, and the manner

in which their manufacture and component limitations would affect

safe haul road design. Each of the tasks and subtasks included in this

phase are described below.

Task 1 - Review SAE Braking Standards

At the beginning of this project, a review of surface mine haulage

accident statistics reveaLect that a significant number of injuries have

resulted from vehicLe brake system failures. Thus, first consideration

in the deveLopment of design criteria was given to estabLishing the effects

of grade changes on braking limitations for haul road users. Due to

the variety of brakes availabLe, it was necessary to find a common basis

for defining brake performance. The vehicle braking performance stan-

dards recommended by the Society of Automotive Engineers were selected

for this purpose.

SAE brake performance standards applicable to this study were

chosen for their adaptability to the following major surface mine haul

road users:

Trucks
Wagons
Buses
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Automobiles
Graders
Scrapers
Front-end Loaders, Backhoes
Dozers
Drill Rigs
Shovels
Rippers, Rooters, Scarifiers
Rollers

One suspects the SAE braking requirements for some of these

vehicles, especially those used at high speeds such as automobiles, would

be so stringent as to preclude them from consideration in design of

haulage roads. However, to prevent prej udging, SA.E braking standards

pertaining to all the above vehicles were studied.

The RFP for this project contained a starter list of SAE standards

to be considered. Other standards were added during a close scrutinization

of the SAE Handbook indexes, especially the "subject index". The full

text of eRch listed standard was studied and evaluated for relevance to

this study. Most were considered to be inadequate.

A description of each Listed standard and its purpose follows with

a brioef comment appraising its worth. The standards containing informa-

tion of some value fell into otwo general categories: 1) those which establish

maximum stopping distances for haul road vehicles, and 2) those which

establish test procedures for evaluating the performance, structural

integrity, and overall reliability of internal brake components. An
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asterisk identifies those standards in the following list which are within

these two categorles.

J880a* - Brake Rating System Test Code - Commercial Vehicles:

Purpose - To provide a method for determining a brake system

rating for new commercial highway vehicles, based on the energy

absorption and dissipation capacity of the brake system.

Comment - Provides the formula for calculation of the horsepower

rating of the service brake system.

J971* - Brake Rating Test Code - Commercial Vehicle Inertia Dyna­
mometer:

Purpose - To provide a method for determining a brake rating

when tested on a dynamometer.

Comment - Provides the formula for calculation of the service

brake rating horsepower.

J212 - Brake System Dynamometer Test Procedure - Passenger Car:

Purpose - ,. 0 estab 1ish uniform laboratory dynamometer testing

for passenger car brake systems.

Comment - Instructions for lab simulation of vehicle brake

system performance. Not app 1icab Ie.

J786a - B rake System Road T est Code - T ruck, Bus, and Combination
of Vehicles:

Purpose - To establish procedure for road test of brake systems.
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J225

J667

Comment":' May have some value in later phases of this project.

- Brake System Torque Balance Test Code - Commerical Vehicles:

Purpose - To provide a method to deterrn ine the brake system

torque balance.

Comment - Procedure and instructions for listing torque balance.

Not applicable.

- Brake Test Code - Inertia Dynamometer:

Purpose - To establish laboratory procedure for evaluating per-

formance and wear of brakes by inertia dynamometer.

Comment - Lab simulation of test and operating conditions.

Not app licabIe.

•

•

J1041 - Brake Test Procedure and Brake Performance Criteria for
Agricultural Equipment:

Purpose - To establish test procedures for measurement of

brake system performance for agricultural equipment.

Comment - For agricultural equipment that may be operated

•

•

•

J181

J294

on the highway. Not app 1icab le •

- NONE THIS DESIGNATION
Tried J 118 and J811 - Not appropriate.

- Service Brake Structural Integrity Test Procedure - Vehicles
Over 10,000 lbs:

Purpose - To establish a method of evaluating the structural

integrity of the brake system of all new trucks, buses, and com-

binations of vehicle designed for roadway use.
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Comment - Vehicles are those for highway use. Not applicable.

J992b* - Brake System Performance Requirements - Truck, Bus, and
Combination of Vehicles:

Purpose - To present performance requirements for brake systems

of new motor vehicles for roadway use"

Comment - This standard specifies maximum stopping distances

for service and emergency systems. These are to be compared

with off-highway maximum distances in a subsequent phase.

J319b* - Minimum Performance Criteria for Brake Systems for Off­
Highway, Rubber-Tired, Self-Propelled Scrapers:

Purpose - To define minimum brake system performance.

Comment - This standard specifies rnaXimUr1i stopping distances

for service and ernergency brake systems.

J237a* - Minimum Performance Criteria for Braking Systems for Off­
Highway, Rubber-Tired, Front-End Loaders and Dozers:

Purpose - To define minimum brake system performance"

Comment - This standard specifies maximum stopping distances

for service and emergency brake systems.

J236a * - Minimum Performance Criteria for Braking Systems for Rubber­
Tired, Self-Propelled Graders:

Purpose - To define minimum brake system performance.

Comment - This standard specifies maximum stopping distances

for service and emergency brake systems.
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J166* - Minimum Performance Criteria for Brake Systems for Off­
Highway Trucks a!1d Wagons:

Purpose - To define minimum brake system perfonTlance.

Comment - This standard specifies maximum stopping distances

for service and emergency brake systems.

•

•

J263 Emergency Air Brake Systems - Motor Vehicles and Vehicle
Comb inations:

Purpose - To establish design levels for air-operated emergency

braking equipment.

Comment - Specifies emergency brake system application and

release times.

•

•

J1026* - Minimum Performance Criteria for Braking Systems for
Crawler Tractors and Crawler Loaders:

Purpose - To 'define minimum brake performance.

Comment - Braking systems shall have capability to make

vehicle slide

•

•

• 0

J299*

J293

- Stopping Distance Test Procedure:

Purpose - To provide a method for determining stopping dis-

tances.

Comment - Provides definitions of all terms used in braking

and stopping.

- Vehicle Grade Parking Performance Requirements:

Purpose - To establish minimum performance requirements for

on-grade parking •
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Comment';' Specifies the grade on which the vehicle shall be

held and maximum acceptable application force.

J345a - Wet or Dry Pavement Passenger Car Tire Peak and Locked
Wheel Braking Traction:

Purpose - To provide a general test procedure for measuring

braking traction.

Comment - Deals exclusively with passenger cars. Not

applicable.

J46 - Wheel Slip B rake Control System Road Test Code:

Purpose - To establish a procedure for the road test of wheel

slip brake control systems.

Comment - Describes test procedure and test course, but no

requi red test results. Not app licab le •

J257* - Brake Rating Horsepower Requirements - Commercial Vehicles:

Purpose - To establish a minimum brake rating horsepower.

Comment - Standard provides formula for min imum horsepower:

BRHP 2 12 + (1.4 g\l\v/1000).

J360 - Motor Vehicle Grade Parking Performance Test Code:

Purpose - To establish a procedure for determining the parking

performance on grade by the parking brake system.

Comment - Describes method of testing. Not applicable
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J937b - Service Brake System Performance Requirements - Passenger
Car:

Purpose - To establish minimum brake system performance

requirements for new passenger cars in highway use.

Comment - Applies exclusively to vehicles for highway use.

Not app ltcabIe.

•

•

•

J155 - Service Brake System Performance Requirements - Light Duty .
Truck:

Purpose - To establish minimum brake system performance

requi rements •

Comment - Gives maximum stopping distance with maximum

pedal force - light trucks and multi-passenger vehicles. Much

more restrictive than for off-roadway vehicles. Not applicable.

Fina By, a tabulation of haulage road equipment was begun within the

•

•

•

•

classifications of type and size (rating). The "Off-Highway Haul Units

Comparative Data" catalog published by Equipment Guide-Book Company

proved valuable, not only in this tabulation, but in the assembling of engi-

neering data in later tasks.

Task 2 - Determine Adequacy of SAE Standards

Of the SAE standards studied in Task 1, the following provide

information r~garding stopping distance:
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J319b provides maximum stopping distances for Sc,.'apers

J237a provides maximum stopping distances for Front-End
Loaders and Dozers

J236a provides maximum stopping distances for Graders

J 166 provides maximum stopping distances for Trucks and
Wagons

J992b provides maximum stopping distances for New Motor
Vehicles for Roadway Use

J1026 defines the terms used in Brake Systems and Brake
Testing

The standards which deal specifically with off-highway vehicles

are J319b, J237a, J236a, and J166. Maximum stopping distances required

herein are based on tests run on facilities and under conditions quite

unlike those found at a typical surface mining site. For example, the test

course consists of a clean swept, level, dry concrete surface of adequate

length to conduct the test, with approach of sufficient length, smoothness,

and uniformity of grade to assure stabilized travel speed of the vehicle.

Required performance of vehicles on these standard test courses under

controlled conditions allows comparative evaluation of vehicles and

compliance of braking systems within weight classifications.

In order to utilize SA.E data as a guideline for establishing grade

criteria, it was necessary to employ the formulas and procedures described

in the preceding report section entitled "Grade/Brake Relationships" in
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Part I. As explained in that section, haul truckS exhibited the most

restrictive brake performance capabilities of primary haul road users~

Therefore, these vehicles were used to derive grade and stopping distance

va lues in aLL computations.

Task 3 - Assemble and Categorize Engineering Data

Development of stopping capabilities on down grades during the

first two tasks offered only a small portion of the information required

to establish haul road design criteria. A complete delineation of design

parameters necessitated gaining a total understanding of the physical

dimensions and operating capabilities for each equipment type that

wouLd use the haulage road.

InitiaLly, a limited amount of manufacturer's specifications for all

equipment types were solicited or collected in-hollse. This limited assem­

blage of data was reviewed to determine which vehicles commonly employed

at surface mines would impose the most sti'"'ingent haul road design restric­

tions. Again, it was determined that designing the road to safely accommo­

date haul trucks would present a sufficient margin of safety for other

vehicle types. After making this determination, extensive effort was devoted

to attaining a comprehensive list of engineering data for all currently

manufactured haul trucks.
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Subtask A - Assemble Engineering Data

Many sources of off-highway truck design and operational statistics

were contacted to obtain pertinent information. First, truck manufacturers

were consulted for desi.gn and operational criteria applicable to brake and

retarder systems. Next, transmission and brake system manufacturers

were contacted for specific design and development data. Equipment dis-

tributors were helpful in establishing difficulties encQuntered by mine

operators and supplied data which supplemented that obtained from Task 4

Field Investigations. "Off-Highway Haul Units", a publi.cation prepared

by the National Research and Appraisal Company, was used to ensure that

all major truck manufacturers were considered and to supply additional

data.

Specific engineering data assembled for each truck manufacturer's

model included:

Engine Horsepower
Axle Weights (empty and fully loaded)
Wheel Size
Tire Size
Wheel Base
Axle Track
Turning Radius
Brake Type and Surface Area
Dimens ions (length, width, and height)
Operator Location (height above ground)
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Gradabi Iity Performance
Retarder Performance
Drive Axle Ratio
Transmission Ratios
Torque Converter Ratto

Subtask B - Categorize Engineering Data

To facilitate comparison of data, truck models were first

grouped into two types: rear dump and bottom dump. Rear dump

modeLs were further categorized according to whether they were

conventiona l or tractor and trailer combinations. ALL truck modeLs

were then classified within the following SAE weight categories:

1. Less than 100,000 pounds GVI/V (single unit truck)

2 . 100,000 to 200: 000 pounds G'V'vV (s i.ng 1e un it truck)

3. 200,000 to 400,000 pounds GVI/V (single unit truck)

4. Over 400,000 pounds GVI/V (single unit truck)

21. 100,000 to 200,000 pounds GVvV (articulated truck)

31. 200,000 to 400,000 pounds G\f\N (articulated truck)

41. Over 400,000 pounds G\NV (articulated truck)

Cross referencing between truck configuration and gross vehicle

weight places all but a few of the truck modeLs into categories convenient

to this analysis. Fortunately, the unconventional mode Is not contained

in the above categories were either in developmentaL stages or not currently
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in extended use. A representation of engineering data collected Is

included in the following section.

Maximum and minimum values were established, and then

averages computed for all of the categorized data. The resulting data

is shown on Figures B through H f

Certain of these parameters could not be established for all of

the manufacturer's models and body types. -This was quite often the case

for those sp€cialty manufacturers who produce only bottom dump trailers

for tractor-trailer combi.nation haul units. Generally speaking, however,

full data was available for aU major vehicle manufacturers with well­

estab lished lines of off-highway trucks.
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IIl/IN1 ", [(, 1;!',11 I"'" Id! IIINI:IIl'f"II

'" f, 1111 1111)tll 1,1 .\11 II., 1'1'\ .....I!I·I ',1/; '1'1, IJII 1",11 (,"il' 'Ill ~, I
"

Will!'" (.. ~ r "r \ I,. ldl '"

2l:l,CJ:Xl 33,000 F~ r.Lr OYer- All· 0",,;,-
Autu""'-'1llC:

3.'lTOf'I NA 41,!lOC 99.~OO NA 25 '::' Ulx.2': 13' _~,. NA .u. '."" N/, _,,- ·.~aI"I\.U'Il

0' - lLJ',~· tr -0" 1-0;"15'- 1-1)'U"~'H.. .... )"'J ...,..,.\LC
AC'lUatlQr"

Air Ov"e" Il-yClrl1l1(\C
, ;:1:,",1 ~ Alr" OYer

A'"'to~tu:

"" T""
2S.~O 26,U20 N.f. 4' ,5':30 86, 718 NA 33 13 ,..'" .""",

10' - 10" NA 4~' -C" •• 5"00:1- I"e< ",. 0' ..........
9'-11" 8' -3" """' 'oN~~c

I,O=:!03 Hydraul,c
J\CN3t'1O"

hc:t..oo.lec::

A,,, Ove'"

29,0000 2E,900 F..,..,
H.f'dr'\uh~

All" ever Al..tornat,c

35 Ton 43,100 85,200 05 13 10:0;2. 13' -9" 54' -z.... !.>1' -4"' 25"'Oc ~70 '::1::-4 ,.;. ar W.an..o.a.l
10 ' - .. " S' _<ill" Fl,.,. ',.,te .... ·.,:),! HydrauliC

ACQ.l4lUon

E.xr-anc 1"'0;

"::,,raver

.A~.9CC 20,500 'B.~~ ="", '-'Iyd"o!l:.ll,t:
All" C\ler

Autornatu;:

40 Ton NA 71,200 '1,200 /'.A >5 1::1' - ,0" NA ~g' -t" 00' -6" 2 Sroc ~e.c e.sc ',:A "'""""'"9' -B" g' - 3" Rea"
[nt~r-el Hy:ll"'aI".hc ACtu3hor.

Uoand.ng

ALI'" Ove"

23,CL50 2~, Q40 ="""
"'ycl"'i1UI,c

";'ot.C.1 '= A,'" ::-'e"
AutOI"T'L8t1C

40 Tor NA 26, 01 00 lC5,5'X1 :<:5 10 '4)(25 ,T' _" .. NA 7~' -5" 5'....,(,~ ,. Inte .....,lll 'JA C" lI.'lM'l.Jll.i
7' -7" 7" -2" ""or E..:paI"'.CLno;; i ,7c::- ....yo;1 ..L&llc

~e.D"a.tIGl'1

::-:arn TYDe

I
AI- O'Ve"

"","<JC ~4,eoO FI'""Or:':.
l-ycl·a."L.~

;....r .:ver
A .... trIrnatlc

'0 ~ To.~ "" 49,.tlOC ge,80C ... 33 ,:: ,(;=-:l:: 13' -C' ,,,,. 15" -0" Iw' -0'
~,

Ir,..e--c.oI 6:i~ aT': 0" r...\o'!n,.Ja!.
''J' - 11' 1<'" - '1' Rf:!l" =::Xpe.""'OI""'£ -1ydra...l~c ACQ./atlon

=..",m

I

I
I .A," O,e .. -J.,;!oll.,EOO

l-l.tJI'"a..,:,c
h, ... Ove ..

A""teMatLo.:

~5 Tor 2 7 ,2OC
NA 3~,UOC ':::C,c..CC 20 . '-~~ U~;lC25

='rQrl1. • 1~' -:''' I-·ter-:-"': ::Io.. ,..••~
6' -f::" B' - '0" """

NA ~' -~,. I ',70e- i-',..:::ro!Uh..:

I
::::....,:lardl"'l'j ActL.nl.!.o"'l

CaT T:Yt:e

I

I Aut..or"'letlc
25,25C ~1,25C F"on::

'0 -C"1
:''L'" Ov':l" AlrO...-er

12 .:15 Ton 31,450 '35,::150 ..... 2':: 13 ,Sx2e 17' -4" "0' -;:0 :..:A 0'" ....'ar'-lal
9' - 11" e' -, I" Real'" E

I-ryc .."' .... ll-:: Hyd"i1..IIL:::
Actuatu:on

i
I A,,, CNer

3",6:::e- :::S,450 1=-0" I
I-ydl'"au·.IC

AI"Q..oc,.
AlJt.om~lc

.3 50 Ton NA
53,675 117,100

NA 35 ::. S..,OC' t>~ ;)OC' 1..:/" Q"I\.~I" 24)(::5 I~' -9" NA 62' -(I" "'C" -6" "-1 :'.,:' Rell." l",tcrn.:l.i l-'yO"aulLc
ActLJl1tlor-

u:,.arCI"'1i!

A,,. o ...c'"

"c., '0-:' 39,1"4
H:t"·.~.:" " ' ..)(.1111:"

AutrlrT"t.:lt,:::

" 50 Tor "-A
5E,":'.:c 116,3("'· 35 15 "" ...3'

Fl"'cnt 2 =10(' .,., Air CNe,. or ,V03.......~
"" _01" S' -.3" 12' -7" "'" 5.'''':..,or /IC0'.lt: ' . "I'-~: H)'Cll'"o3I...hc

A:'Uo.J:ltl:::l1'"

;::.ctui:lle,·

A - 20



•
CODE

NO.

S.A.E.
CONFORMITY

1-_.....,.,.~R=-E~T~A~R~D~A~T~IO~N~"7"""_+_---;-;-;:-;P~E~R~F2°:::.R.;::M~AN~C:.:E=--;:;~;---jREDUCTlON RATIOS TORQUE
=. co-I __--.:':::.,,~'~'~.'~'"~I.~I_..::.~.,.~r!.."~I.:.'~'~"'~'::"~.,~:_.__:_t--~'-::""='~l~":::'":::'::':"--T"-:-'7'~"~'_'7.:":"~''~'':.,'=-;lr--;;:::::;:-:-~::;::;--G' III7\,\1;;-,1 CON VERTER
- I- , '11'1 .• (. '" '1,("" -, 1 "I,:'I~J' •••... 10.'" 1---"----+--.,.--::-:-:::-::-r.::::::-1I -"-'"""T!..'.:::.'~''!..';'r,--+'~"~"~":""~' :!.'J!..'~,,~,,~-,~,-:-.~.,~,'~rr-r''::'r~YrT~~":::' r'-:l'r'~~-:T~"~' +71:':'::Ti~"71~"1 A'(I I

'~... 10TAL rl.'ll/) (Qt'", (}IJ] '-;"111""', ';Hrlll~~r. CArliN

DIMENSIONS

•
.. -4 _ I' '_" -~ .. '." - r," H, 7' - •• CI-'lJtf2.011..J 1.I.cr lB.J7

,e.oe ~LC

.J-166AytornaJ:lC

All RarogeaIC.::'1::;" -U"

r-L--!-----t--+--W-W-+-W-H-H-+-t--H-+++-++++-H-++H-t+-+--+---f---t--rll
1,,-,

•
2".' • ~' 1:" -'3" 12' -0:':" I~.O·

1.:14~ ·O~ i'~~ ''):. I:!';' 10':"

1'; ;;6 39 t. "3
2.25 .B

l: ;:l P C

" ,

• P' 17" lC'~. ro,. 6~~ C~'; • ,~. 7·,
!; 7 ~.:. 1= :;:.. 3':

~

:~, 2~, 1~ o~..
~ T~ .21 50

2.'"

- 4/J ~60 2.C 1 1.3:::·.:l .~

_~ 17.02

A\,I:CIT\a,u:
":'\1 ~iIIn;e6

2.'"

17 .S':;;_I-

I II

~. :;;'I;~;' ";' .:;c; ~:~ .~~; ';,; ;;: .. , '~-.O_;. ~::
~ - r·-' .-- rT"

=- =- to =-
- - > I > ,

I

_1-

I : I :

I I

'0'.• ~'. ;;.:~; FJ~~ \ .. ; 9·~~7~~ '7~' '3"
k"' .~ ,C .:.:~, ::::=.,':. -: -: ·,3

I I1--'--
! I
!:'. -" 1,2' - .: 1'~'-0' 1 I. '0'
i !

H-t1
12:;'-:i." ;~ -I.' 11"-"'" =:I.:'

I
I
I
i'---' "'-- -"-2" 'e.25

1

•

•

•
.,),j'. 330' ~Cl~. ::;'::-. 1';"~_ 2:' -,~: -2:. 7'~ TO:: =';_0' 7~~ - ....~, ':<"
c. g.~ '02· .!.:' _~~ 37~ Eo '" •• ~~ I=>: .2~" 37": ~,

_ ,;:',; Li·', -, _, 1:· -

~~'): _f7 21.G3

- 16.25,~' - 2'.E:'

-1-
L-_+--+--+--\--+--t-t--i--I--~--I-jW---+--+--I--l--+-H-++++-+-HH-++++-t-t--+-+--+--t---+-t---i

I I I
I Ii

•

•

A - 21



BRAKES

,'..,"
I 'M ;" ,I ~"~ 't

.tlt.c,,:I'O"'I"'oa1.I":

0" .·.·.0r-...41
~~I~ ..

11""

AI" Otoror
H)o'\:lI"'OI.oII:';;

III :.; 11,1

1:".'1'.1

',I't

WEIGHT OVER AXLE TRACK
WHEEL WHEEL BASE STEERING

CODE CATEGORY RATING
lo.,.n'!'T I (, .... .1

SIZE
TIRES

NO. II XI I ". "'<Ii ~ Jl I AXIl. ,,'H, ;0 ,.,.Ir
I nO'll 1l(b.11 1111 l"')"JI HI AIr "III I lit. ".11'11' :.1/1 I.'JI, ~jv

'" 1I.'r.1 r !'IL A -<[, I 'tJ Hlt' 1 r;·.rAII

" OCTen 3A,o.!.O 39.e:.c NA ~41.e60 121.8C:IO
Nt> 3.

"
1>,.3, Fro- 13' -9" 'lA 60' -0"

EI' - 1 ". e' -11" Rollo"

'6 seTen ;27 ,440 33.~

S' - '':.1'' 9' -4"
..... 31,"40129,250 ".25 16.0c2r ~.I"V"'I

'l.ear-
18" -2"

70' -0'1
All" Owe!"

~a...:"':

I..-.tI!-...r:1l
E~

CatT'_ TYto!'

T?'.o::.l.

1,7i::":'

"'Ten
2:2,200
9' -T,,"

25 ~" - 8" l52' -9'" "72' - 'C,~

to.,. o-..'~"

~"::"""" ...1ac

:=S:~. 55'S

[ .... :e.....-....::l.1 I
E.-p.a.""C\ro;

,::....4~c:

.;)1"'~.1.5T~

~I;.o.

Ie ;oT~
3S,ilO: 4:3.1OC
lC' _",. G' -::'"

~,'l"OO 2I.:lOO1

I
'-':5 F,.,cu",

Rear
13' _COl r:..e - 1.:1" '"''2" -e"

"'I~ C)o.,.,:.,.

"'::.-e--.-...I,c
~.":.'S;C

A\f.,-.a:...t:;

0'" ~.' .r"\.:,,~

:"~a:...L:lI'"

U,S':":) ..Ii3,360
12' -C·' ~' - 1~'

I
~.2Cr.. I~,occ

~,' -1-:-,,19' - '0'
I

I

....,r ·.·".......~I

.f"-:''=-o:.:I;;:;r'

,', ... :~.,,~.,.

.")'"'.::~ .. ,... 1:C'

I

I
H'~''''''

1.-:..2 ..........1
s.c;"'a..-...:.a-.:;
Stx.oe- ':"ype

I

1':7'-J" ':'~'-C"NA"

!

1e2.,":': f'...:A

I

J I ••~,_C

I

:<:.::0
'0' -c"

t~ .~-::~.

'..:!' • ..:

€:5 icn

90 To....

I

r

A - 22



•
CODE

NO.

S.A.E.
CONFORMITY

L-__~R=.E~T~A~R~D~A~T~IO~N + __---:P-:E:,:R..::F,..:o::.n:...:....:.,\1.:,-A~N:..:C:..:E=77-1RE DUC TION RA TlOS TORQUE
- L_--.:":::·'::':.....:'.::.·'~'A~''~I-.:..;...~I.::..'~''~'.:..~';:"::.,~,.~.,----t--~'::."::..;"~.'::.:":::.':::.',~'..:.'.:.':..' '-:-:-":":::"::"~'':"'-::--:1r--;-:=~:::--;:-::--[7,,,~. ,;::..:1. CQNVE RTER

I _~~~'':::":,:".~,::'''_.,....-+'~.'.:.:'.:-'.;...:,.,::".,~,:;''':':'''~'';''''':':;'':..:''.:.'+--r-,,:,''':'·':;.'.:.'.;.'r,-+:::·'':::''r'-,'':v,;,,':":::":::"r'--,:,:"'r":;''+:O':.':.."T"·:..·..:···r'·;·l·,~' .,;"..., ... II I 1-----r------1f---,--:-:--=-~::::~
~ Tn"'1 ·,f.1I0 c.e" n.H r:,'.'I(I' ',~II t11"1r. CAIUN

.:: :..

,r,.

DIMENSIONS

•
-' - ':;'.' .... - II" 14' -2" 11,J.:. - .to.a:: ~.CJi 2.01 1'-:: '.DC .t;;1 :20.40

"

• I JoIl. -:::I"

I
I
I

'::. - ~.. 11' -;2' •• 0

"3~'• ..:':)~ 1')", !:r,'. ~:~ 1:~ _ ~~~ 3~;

5 T. T(. .~ 20 3(1 ~ T~ lC
,~.; :,:.• C·',
,~ 20 30

,.., ke< 2.tJl:¥.c1 1..3 I.DC ,67 17.02
p,

•• 9:l Ai.ltornl!l%lc I.

•
x· - J" ,:;;:' -,3"

::2'. ~"'T. 12..:,'_. lti~. ,::~
.. \ 1 I,::"' 2'" ~'>

~ I~,

22'.' 15~ 1 ,~{ 8');, E:~

7 IG!, 2~ 3~

2:::-:' .: 1:' , .:~' 3'7w I Go:-;.

C, ':\: ;'1;
... ~l ... ...

r

13',. 7'-:.- :"':~ Z·;~ 1:'.
t:: ':J-. I~' 2::' 32

o 0

o 0

3.4.- 2..'7 1_~ 10CC .70 17.05 •. S
AulOlnetlc
All Rarge.o

I..AulomaUc
::t-rv Speed

Sensing
Vlt.l~

~ 7.46

- 13.27

,
3 snCl ..,....-u-..i1~ ..... ,th Q.u":O

!:oI'"'l 't betv-.ec~ t:J1"QU8

::::lLv.:jer-. ~ll""'e~ oroCl

over dr-I",e.

I

'~' ;; ,r;t0 ';;
<

, r

Pol;" '~' ~~
, 0

3:1~; 2:::' io~

, "
27~: 17:/ ~~...

~;;,

o <
h

I

,
~~~. ';~' 21~' ~~~ ~~~ ,~<;, ~~~I:;~; ~~;. ;~ ~~,; -~~~' :~. .:~. '.=;- ,1,1~: :~. ~~'

I~, "
;-, I" n

I

'0

'::.~ -, .,..
C" 1::1 ~Ir •

I
,:'l ,0::' - ",. 12":

I,
•

I i
I i I

i ' I
I I i I

i I II

A ... tol'T"l4":lc

;\11 Rrge5

A\",':O·..·1l1tlc

All ~a.""'9e.s.

- - 22.75

;.00 ,73

.::~ :c.::4 1.7C 1,,3 11.001.7::

I
I

<.oJ:;.:;, '.70 :.3

r

1

1':'" :C' -', 17',. >I;, ''':~

-I

< 0, ,

13'~ 1C· ~.'".~ -,.~r •• .;:= .:.:!<
_ 17 .,,:.: I ~9 :~l:', __ 8.~ 13 17 "'2..:': 3C.::' :3,:'

1-1-
~ I

" ,0

n I~'

10;":. 1~;_ :?C'••

23 .j~'.-, ...

I

-I

- I -

12.:

I

I" -- i

i'114' -9",
I
I

.~.' -•

•

•

•

•

A - 23



,,",,'I" , IIN,':II(IN
,', ~ i I ,\

I" I', ;111

BRAKES

".'I,r[

STEERING

".

WHEEL BASE
TIRES

WEIGHT OVER AXLE TRACK WHEEL

CODE CATEGORY RATING 1--~I',;,"':...':...I\--_..L..I-~I:"''':'''''':''''':...II---1 SIZE
NO, 1----,--...,--:...'..;.'+'-'_---,__,-__+-_--,.....,...,-+-...,-..--...,-,.--.;' i, T~XII 1111, ~ -I ~

IliO'j" ji~·\': P,I rldlt~1 ..rl-, 111' 11'\ "'''ltll:1 ',III _.n; r.'J I:" 1\)'11" llli 1\;1'11 II ...... 111-.1 1.1.fAI,

""T"" ~.OC/.

loJ' -c.~
48 ',5' -0" 7g' -7" •• 30

All'" Oval'"

Hy"'"u'" I~LJo!U'"C:""_; :..Co2 ~.c.6= r-.ue.
\..!>e-r"r"'--''''

Cl!:.C-j)rLA·

"'II'" D...-er
II)',INL.J\'C

!\ou':.orn.:-.l,="

o:J/f'"fo.i\ll.""aI
Ac:1uaUo7I',

,

B5T""
:'2,70:'" f"....tI.=;:!

NA "011,710 ".- ... 40 22 ':.4!i
='roont

15' -C" NA 00
14' -C- ,.' -..., Peolll'"

-,

""Ton 5>J,5C<. ~::.. ,.:0
NA G5,3oo it:lS,'3OC .... 49 ,7 .:,.4£1

-ro...t 2/4 1';' -7" NA 6-':' _~II
'3' -:. ~C' - ~.:" l-=tedl'" .

AII"'OvoI'"

I-l)l'd-a.ullc

::><l"\IV'C, ....<;
l",oe-Ft""DI""t

CASc:-;::)r"L'Vl:l

ALI'" Ovel'"
HyClr4,JI,::

V/Cogc

Act1J"-te1.

ShOo'!: T.1'~

To':..:!.l z

::!. 7~O

t-;A ""II"'~I'"
H.f1"1rIW1.c

NA ALI'" Over
Hy,jl"'d\.llLC

I\i"ltem;,.tlCj
or fo"\Yv"I~:

ACtuo1t1~ :

Al".I':.ol'1'"lalic

:::l-M.:vu:1l
Ac~t~or'1

i

A<..:tcl'T"\atlC
:--.:~.. ALI" a-"el'" ::I" f'J\3rui:l1

l-y'=l"':l.".loc ALtlJat.Lr j

120 To.- I
,' I~;~,~~,~

;~.23:' :;-,=-=0/') 'lA 1':;,;12275.-=::: "J-. =1 22 ]O,.e-1,..,~-~t 2 113'-1.:'" '\i,.o:l. -50'-('" ::.x;.~-.:::~'"'C 1:-v:.
15' -,- '" -,.. ~--' Iu=-e-Fr;y>:

Sl~c-DI"'L ...e

! i1----+------f----+---+--+--+---1I---t-----t--------1---+-+-+--+--_t_ --'-t---+I--+--t---+--+-t-I, -+---

~
I" I "'\II"'C,,"cr

"':.':lI"'3"".I1IC

, I --I_'_""_T_""_+~_~'_':_~_'-1-'_~_:_~7_s~-+,_"'"_+"_;_'_=_00+"_"_','_'_'-+0_'_....__1-._"'__I-_;:2_I-

D

_'_0-l'_::_,:_,n_-+

t

_:---I-_'_,._-_O_.,_I----+-----I--i'~-"---''_'--1--__ ,'_:_~
r -4:"":-'~'

~ 4=
-:""-::)v'2'-

SS,""i' I ;;11,::'-::1 '-:--OI"'ll ....;:o"U-.wl.c.:. .. -:.. t'1'" ilt.u:.cl'Tl.5l'c

3 _+ I---_'50_T_""_+_15_'-_.-t'_'_"_-_'--j'__"_A-+._:.,_-'_'_=.7+""_'_"_'_"t-_'-_"--t_

5

_'--t_:?4 1::!.:'~t-n_"_._+_+'_7_'_-'_--_t-_"'_'_-_+-'2_'_-_O_"+ __+__+L_','_"_.r_,'_,...._I-,-_-+_+-_---I-_"_y-_--_il_'_,C+~_~-_~_~_.~_.~-~-i~~::;:;;::~I

I I

A - 24



•

•
I DIMENSIONS
I
I

• 11",11'

'.", .~

13. ~, 21.25
o ,.
" ,.

.:'-.Jte,...,.t,c:
All ':::;'aI1!ill~

r.... ccpt 'a~

S.A.E.
CONFORMITY

CODE
NO.

11

'2

13

,J-I€€

J-166

AU'::O,,-.atlC

All Range3

A~.:J:T'.at.cIAll """'OS

.'"NA

,.

'h

J ..

c ....c'

tlA

(=:Iec;r\c ~~l...e)

I

0:>- "\lI,rnlC ~elQr~t~:3"

I I

I.:;. ...-I.:~ ~2~: 2': _ 1(~, l';:~ :JO~ 1€;~'. 12~_ .~, :'~~ ~~~ ~:., :?::'~: '2~: • .::~. 'O~I''7~; '8~4 J:~ 7~. ~.~: .::~~ .j~::~,

- ·,.r 2::. ;';.~:5 '1'~ ~1 c:~ 'j':':. ":'.:: '~~ ~ ~.- ::-==-~. ~ ".~ l~ 1'" __
~ :,' ~ .- -- . " - , '.=1':: ::2·" 1,7::11...21 1.00 .73 2;:.5)

p =: ~ :I

r •

• .,.. - J" 1'::.0

.~. - 5" 13.0

L-+-.....(---t--~f----l-+-+--+-~---H-+-+-+++--+-+-j---l--+-H--H+-t-+++-H-+--t--t---rl-III

i I r--~:'1'02··<_·i'3; '".,~o<, "+0'1'0')6'tJ 1'-- I" !;:,," ; -;ri;!;i~l~

I ill III
I" -, I i--- I bO i ,-", Tn
i
I
1:::'-. "=- -~ ~€'-5" 13.0

I

• r' ·"7'

l
I

1~

• I
I

-<

•

•

•

•

•

•
A - 25



1'.'11.(,1 'JCY

lH1AKES

r VI"
r. " illl

' 'f1'1" 111:->'.'1(1N

I
A\"O"l:!r"

l',,1'" C ...~ ..
AlAOrTYlobt:

I-lyCI"'Q..rIL.: ",. 01'" /'I.I\:.Y".....",

D: " 0.::
~)'oJ ·.1,",1,~

/'.·;t~I'JI'"

.... ,..::: ...c ..

·~yd~iWl.=

~l'" Cr~CI'"
AJtQ1"'"\d.tl.c:

1r-ILr-,"'l1 ~ 8'!'2 It-:} "" :.".. 1\,1'.."..",111

'=.,.:';JolrCl'-":;
l-Y" .. a.ul:r.

1'.. C.W.31ICl'"

:::-..-..oc ".t"'.ot.!

5 ".'.

1,11,11

STEERING

79' -;:"

102' -0'IS' - 0"

17' -e"

WHEEL BASE
TlliES

0'

!E'~,t;,~ '05,~·

15' -Cl- 1~' - ~.•

''::J.~,""", "';:8.':.l·
ll~ .:- 1:3' -."

,~ To'"

WEiGHT OVER AXLE TRACK WHEEL
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STEERING
CODE CA TEGORY RATING
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1.1.11" v
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63' - ,0" "5' - '2'" 12' - 5'

65'-7" 15'-0" 14'-0"

ee' -3"

64' -15" 13' -6" 13' _7"

74' -7" 15' -8" I)' -IC" 11.0

:';'-e" 1<::'-S' 13'-u"

1 , "J'. rII ..~: l' I ,I: J' ,II

es'· 2", 5' - 11" 14' - 1'" 11.0

•
~,-." O' -5" 14'-~" 11.0
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•
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•
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79'-1" Is'-e" 15'-11" 13.:) 24.Q
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•
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I

• °1

I
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I
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"-• ..........

~ ~
A

B

•

•

•

Minimum tv'laximum Average

A Wheel Base 11' - 0" 13' - 9" 12' - 6"
B Length 20' -10" 25' - 7" .24' - 2"
C Operator's Height above Ground 7.5' 9.25' 8.75'
0 Height of Vehicle (Empty) 10' - 7" 12' - 4" 11' - 6"

Width of Vehicle 8' - 6~" 11' - 5" 10' - 7"
Wheel Track-Front 7' - 1" 8' - 8" 7' - 6"
Wheel Track-:-Rear 6' - 0" 8' - 0" 7' - 0"
Vehicle Weight (1bs.) 24,200 42,300 33,845
Gross Vehicle Weight (lbs.) 50,200 92,300 73,445
Service Brake Area (in2 ) 645 1,072 882
Gross Engine Horsepower 160 318 223 --

Turning Circle Clearance 50' - 0" 64' - ~" 57' - 4"

Standard transmission Range
ratios within this 1 6.37- 3.80 7 .12 5.45 4.00
category 2 3.40 1.94 4.09 3.13 2.82

3 1.74 1.00 2.29 1.76 2.00

• 4 1.00 .72 1.31 1.00 1.41
5 . 0.79 1.02 .78 1.00
6 .71

•

•

REAR DUMP OFF-HIGHWAY TRUCKS
TO 100,000 Lbs. GWV

(8 VEHICLES)
Figure 8 Preceding page blank

A - 33
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I

d

Minimum Maximum Average

A \tVhee1 Base 10' - 10" 1B' - 2" 13' - 7"
B Length 25' - 2" 34' - 3" 2B' - 5"
C Operators Height above Ground 8.5' 11 .75' 10.25'
D Height of Vehicle (Empty) 11' - 0" 14' - 5~" 12' - 9"

Width of Vehicle 9' - 11" 13' - 10" 12' - 4"
\tVheel Track-Front 7' - 7" 11' - 4" 9' - 7"
Wheel Track-Rear 7' - 2" 9' - 8" 8' - B"
Vehicle Weight .(lbs. )_ 48,900 B2,OOO 64,816
Gross Vehicle Weight (1bs.) 104,900 1B2,OOO 147,910
Service Brake Area (in2 ) 968 1,960 1,440
Gross Engine Horsepower 350 635 472
Turning Circle Clearance 56' - 0" 78' - 5" 6B' - 1"

Standard transmission
ratios within this
category

Range
1

2
3

4

5
6

3.59
2.44
1. 73
1.19

.B1

.575

4.0
2.6B
2.01
1.35
1.00

.67

3.43
2.17
1.53

·1.00
.703

TRUCKS -
(18 VEHICLES)

DUMP OFF-HIGHWAY
200,000 Lbs. GVW

FigtJre C

REAR
100,000 TO

A - 34
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•

•

•

•

•

MinimUm Maximum Average

A Wheel Base 13' - 4" 17' - 0" 14'-11"
B Length 30' - 0" 35' - 11" 32' - 7"
C Operators Height above Ground 11.0' 15.0' 13.0'
D Height of Vehicle (Empty) 13' - 7" 17' - 9" 15' - 10"

Width of Vehicle 13' - 2" 18' - ·9" 15' - 0"
Wheel Track - Front 9' - 3" 14' - 9" 11' - 9"
Wheel Track - Rear 9' - 3" 15' - 1" 11'-10"
Vehicle Weight (lbs.) 90,350 153,689 116,058
Gross Vehicle Weight (lbs.) 203,200 393,689 288,916
Service Brake Area (in2 ) 1375 2750 1982
Gross Engine Horsepower 665 1200 905
Turning Circle Clearance 60' - 0" 83' - 9" 64' - 10"

•

•

Standard transmission
ratios within this
category

Range
1
2

3
4
5

6

4.24
2.34
1.70
1.31
1.00

.73

•

REAR - DUMP- OFF- HI"GHWAY - TRU-CKS'
200,-000 TO 4.00,00-0 Lbs..- GVW

(-13 VEH-ICLES)
Figure D
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Minimum Maximum Average

A VVheel Base 16' - 10" 22' - 0" 19' - 9"
B Length 34' - 9" 52' - 6" 40' - 8"
C Operator's Height Above Ground 13.7' 17.0' 15.7'
D Height of Vehicle (Empty) 16' - 8" 22' - 7" 18'-11"

Width of Vehicle 18' - 6" 28' - 0" 22' - 6"
VVheel Track - Front 14' - 9" 26' - 6" 17' - 9"
VVheel Track - Rear 13' - 0" 26' - 6" 16' - 4"
Vehicle Weight (lbs.) 156,061 370,000 240,608
Gross Vehicle Weight (lbs.) 413,735 850,000 596,064
Service Brake Area (in2 ) *
Gross E;ngine Hors~power 1050 3000 1704
Turning Circle Clearance 81' - 0" 140'- 0" 93' - 5"

All vehicles in this category are electric drives
*Sufficient service brake area data was not available

REAR DUMP OFF-HIGHWAY TRUCKS
OVER 400,000 Lbs. GVW

(11 VEHICLES)
Figure E

A - 36
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" Minimum Maximum Average

A VVheel Base - Front wheel to 10' - 4" 12' - 1" 11' - 2"
drive wheel

B Wheel Base - Drive wheel to 21' - 3" 29' - 0" 25' - 8"
trailer wheel

C Length 42' - 5" 46' - 9" 44' - 6"
D Operator's Height above Ground 8.5' 11 .0' 9.5'

E Height of Vehicle (Empty) 10' - 0" 11' - 4~" 10' - 10"
Width of Vehicle 10' - 5" 12' - 1" 11' - 5"
Wheel Track -' Front 8' - 9" 8' - g" 8' - 9"
VVheel Track - Drive 6' - 10" 7' -10" 7' - 6"
Wheel Track - Trailer 7' - 9" 9' - 7" 8' - 10"
Vehicle Weight (1bs.) 47,300 79,200 61,001
Gross Vehicle Weight (lbs.) 107,300 161,200 133,501
Service Brake Area (in2 ) *
Gross Engine Horsepower 318 525 408
Turning Circle Clearance 37' - 0" 50' - 0" 42' - 4"

* Reliable service brake and transmission data was not available.

BOTTOM
100.000 TO

DUMP 'OFF-HIGHWAY
200.000. Lbs. GVW

Figure F

TRUCKS
(4 VEHICLES)
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Cl

A

c
B

»
I

CD
CD

. ---

Minimum Maximum Average

A Wheel Base - Front axle to 10' - 10" 15' - 10" 12' - 7"
drive axle

B Wheel Base - Drive axle to 29' - 0" 40' - 1" 34' - 10"
trailer axle

C Length 53' - 2" 66' - 3" 60' - 11"
D Operator's Height above Ground 9.0' 11.25' 10.1 "
E Height of Vehicle (Empty) 11' - 1" 15' - 87,:;" 13' - 4"

Width of Vehicle 12' - 77:2" 20' - 5" 15' - 5"
Wheel Track - Front 7' - 8""" 12' - 0" 9' - 11"
Wheel Track - Drive 8' - 1" 15' - 11" 9' - 5"
Wheel Track - Trailer 9' - 1 3/4" 15' - 0" 11' - 3"
Vehicle Weight (lbs.) 74,650 154,440 113,970
Cross Vehicle Weight (lbs.) 207,545 393,440 303,502
Service Brake Area (in2) 2160 3170 2547
Gross Engine Horsepower 450 800 604
Turning Circle Clearance *

Standard transmission
ratios within this
category

Range
1

2
3
4

5
6

4.24
2.34
1. 70
1.31
1.00

.73

* Reliable turning circle clearan ce d~ta .was not available.

BOTTOM
200,000 TO

DUMP
"400",000

"OFF-HIGHWAY TRUCKS
Lbs. GVW (19 ·VEHICLES)

Figure ~" G""
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Minimum Maximum Average

A Wheel Base - Front wheel to 14' - 7" 15' - 10" 15' - 2"
drive wheel

B Wheel Base - Drive wheel to 40' - 8" 45' - 3" 43' - 8"
trailer wheel

C Length 74' - 7" 78' - 3" 76' - 11"
0 Operator's Height above Ground 11.0' 14.0' 12.7'
E Height of Vehicle (Empty) 13' - 10" 17' - 10" 15' - 10"

Width of Vehicle 16' - 8" 20' - 6" 17' - g"
Wheel Track - Front*
Wheel Track - Drive*
Wheel Track - Trailer*
Vehicle Weight (1bs.) 175,000 232,300 209,433
Gross Vehicle Weight (1bs.) 478,900 596,200 532,033
Service Grake Area (in2 )*
Gross Engine Horsepower*
Turning Circle Clearance'"

Transmission Data not available
* Sufficient data not available

TRUCKS - .GREATER
(3" VEHICLES)-

H

DUMP, OF:F~HIGHWAY

400,000 Lbs.
Figure

BOTTOM
THAN



Task 4 - Field Investigation

In order to gain additional insight into specific haulage road diffi­

culties, severa I field investigations at active mines were conducted. The

specific mines that were visited represented various types of surface

mining operations in areas of differing geology, geography, and climate.

Some site visitations were made for the dual purpose of supplying informa­

tion for this and other proj ects simultaneously.

Factors tha~ were considered in seLecting mines to be visited (in

descending order of importance) were:

1) Mining operations where investigation work on haulage equip­

ment and/or haul road design has been accomplished. In this category the

mining company tested or explored various solutions to equipment or road

problems before selecting the best method. Ongoing company research

ori.ented toward these problems is also practiced by these companies.

2) Mining operations containing unusual haul road problems that

required corrective measures to overcome the problem with standard

techniques.

3) Mining operations containing haul road problems remaining to

be solved.

Characteristics of each site visited are described in the following

section.
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Mine A is located in the northwestern section of the Uni ted States.

Gently roll ing hills cover the area being mined. The vegetation is charac­

terized by commercial grade timber on the ridges with grassy fields covering

the valley floors. Bituminous grade coal is surface mined at this operation.

The temperature ranges from 200 F to gOOF with an annual precipitation

rate of 70 inches.

The relatively high rate of precipitation combined with marshy valley

floors create a special haul road maintenance problem. Haul road bed

stability is obtained by building a four foot sub-base with overburden material

secured from the mining operati.on. Road surfaces are covered with gravel

obtained from a pit adjacent to the coal mine operation.

Mine A has an average coal production rate of 400,000 tons per month.

The complex geology of the area necessitates a pre-mine analysis of each

pit to determine the optimum mining method. Major mining equipment

includes a Bucket Wheel Excavator and Conveyor System used in a ridge-

top I~ernoval/valley-fllloperation; drag lines and shovels used in a modified

box-cut operation; trucks, front-end loaders, and shovels used in a haul-back

operation.

Total haulage fleet is twenty-seven (27) 85 ton four wheel drive ve­

hicles. Twenty of these vehicles are kept running during a three-shift,

five day week operation.

Haulage cycles include one to three mile runs from pit to preparation
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plant with coal. Overburden transport is several hundred yards from pit to

areas of reclamation. All haulage is accomplished on private roads built

and maintained by t.he mining company. A maximum grade of 12% exists for

short hauls out of the pit; however, average grades are held to less than 7%.

Six inch crowns are designed in the 80' wide haulage roads with supereleva­

tion up to 6' on 900 curves. Roads are widened at curves by 20' as a safety

precaution.

Berms are applied only when required by a governmental regulating

agency. Berm height is designed to the wheel radius of major haulage equip­

ment.

tviaximum speed allov.ed by the company is 30 miles per hour during

good driving conditions. Several haulage equipment accidents have occurj~ed

during tile past five years when operators lost control of vehicles; however,

there were no fatalities. Records do not show a detailed explanation for the

cause of the accidents. Reflectors mark the haulage roads; flame pots are

added during foggy nights.

Maintenance prog rams for haul vehicles include a 100 operating hour

check list and a 30 day check list. During the latter the vehicle is pulled

from the active fleet for 24 hours.

The company's driver training progranl includes 4 hours of formal

classroom training. New drivers must accompany, and th~n be accompanied

by, experienced drivers for a one week minimum period.

* * * * *
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Mine B is located in the western section of the United States. Steep

hills cover the area being mined. Vegetation is sparse with little or no

trees and marginal grass cover. Copper ore is pit mined at this operation.

Temperature ranges from -20o F to 1100 F with an annual precipitation rate

of 14 inches.

The extremely low winter temperatures create a special haul road

maintenance problem. Special care must be taken to maintain sound sur­

face conditions when ground frost occurs in order to prevent bad winter

surfaces. Spring thaw also hampers operating efficiencies as vehicle trac­

tion and control are greatly reduced.

Mine B handles 1.25 million tons of ore per month. Major mining

equioment includes 11 power shovels, 1 drag line, 12 front-end loaders,

29 dozers, 10 road graders, and 2 scrapers.

Total haulage fleet includes one hundred fifteen (115) 100 ton, and

eleven (11) 150 ton, rear dump trucks. Seventy trucks are kept running

during a three-shift, seven-day week operation.

Ore, leach, and waste material from the pit is hauled an average

distance of 3.2 miles or 6.4 miles per cycle. All haulage is over private

roads built and maintained by the mining company. A maximum grade of

7'10 was established due to horsepower restrictions on older vehicles.

Currently an engineering analysis is being made to consider 8, 9, and 10'10
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grades on future road construction. The study will include factors such as

tire wear, motor wear, cycle time, and fuel cost.

Berms are used throughout the entire pit operation. Berm height is

8 to 10' with a base width of 15'. The 90' wide roads do not have crowns

or superelevation.

Maximum speed is 12 mph out of the pit, loaded, and 30 mph, un-

loaded, on the emp1:'./ return downgrade. Several fatalities have occurred in

past years when small support vehicles were run over by haul trucks. Blind

areas in the fLeld of vision were listed as the cause of the accidents. Several

non-fatal accidents have occurred with haul trucks when operators fell asleep.

In addition, berms have successfully stopped several rt..maway trucks and

avoided serious accidents. *

Maintenance programs for haul vehi.cles include a 150 operating-hour

inspection. The vehicle is pulled out of the active fleet if the inspection

reveals a problem.

New drivers must accompany, and then be accompanied by, experienced

dri.vers for a one week period.

*An escape la'ie was designed and constructed for a haul road at a supple­
mental operation located adjacent to the major pit. This small operation
is no longer active; however, records show the escape lane was uti.lized
on at least one occasion when a haulage vehi.cle lost power in a downhill
loaded run.

* * * * *
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Mine C is located in the western section of the country. The area

being mined is fLat or slightLy rolling grazing land with medium agricul­

tural value. Sub-bituminous coaL is surface mined by advance area mining

techniques. The annua l precipitation rate of 14" usua lly occurs during a

DNO month period in springtime but does not cause serious haulage

problems.

Mine C has an annual coal production rate of 9 million tons. Drag

Lines are utilized for most overburden removal; however, pan scrapers

are being empLoyed to increase production rates on a short term basis.

Both methods embody advanced reclamation techniques to restore mined

areas to pre-mine agriculturaL vaLue.

Nine (9) 80 ton a;ld two (2) 150 ton bottom dump haulers are

used in a doubLe shift, five day per week coal haulage operation.

Haulage cycLe includes one mile run from pits to storage pile or

unit train loading area. Overburden is transported by pan scrapers over

several hundred yards of haul road. All hauLage is accomplished on private

roads built and maintained by mining companies.

Berms are not used at this operation since average grade is only

4%. Maximum one-way traffic grade is 12% for two hundred yards of one

pi t cycle, however, two-way traffic is restricted to 6% maximum grade.

Superelevation is not constructed in road curves but sLight crowns are in-
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corporated to improve water removal during rainstorms. Road widths of

80' are maintained for two-way traffic. The width of one-way traffic is

reduced to 40'. Company imposed speed lim its of 25 mph loaded and

35 mph empty are strictly enforced by a resident safety officer who

also conducts periodic driver education meetings with operators. Several

minor accidents due to driver inexperience have occurred with haulage

equipment but no lost time inj uries are recorded.

A daily maintenance check (during lunch period) and a 500 operating

hour check is performed on all haulage equipment. Driver training sessions

are required for all new operators.

* * * * *

Mine D is located in the southwestern section of the United States.

The land is dotted with mountains connected by broad flat plains. Vegetation

is sparse consisting mostly of scrubs and clumps of wild grasses. The

soil is primari ly gravel and sand.

Copper is mined and processed at this huge open pit operation. Tem­

peratures range from 200 F to 1100 F with an annual precipitation rate of

10 inches. Although the annual precipitation is quite low, it causes problems

when it does arrive. The roadway capping material easily washes away,

exposing the larger rocks of the bed below. Tires are cut by these exposed

rocks, causing down time and major maintenance expense.
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The mine is an old established operation with mining progressing

at many different levels. The nine shovels are served by 52 trucks varying

from 100 ton to 230 ton bottom and rear dumps. Work continues on a 24

hour basis with drivers changed on the fly. An operation dispatcher

structures truck assignments to keep the shovels supplied. Hence, the

haulage cycle of anyone vehicle may vary throughout the shift, within the

range of 3 to 6 miles.

Haulage roads have been constructed at an 8% gra~e. All hauling is

upgrade. Roadway widths are betvveen 100' and 130' with tvvo lanes up and

one lane down. The lower level roads have a minimum width of 80' and two

lanes. No superelevation or crown is in evidence on any of the roads.

The berms are very small, and not designed to contain runaways.

The haulage roads are extremely dry and require constant watering.

The watering truck constantly traverses the roads and performs a double

duty by reporting road repair requirements.

T ruck retarders have been set to control the downhill speed at 20

mph. Uphi ll, the loaded trucks run at top speed passing s lower vehicles.

Accidents occur approximately once per month, with driver error nearly

always the cause. A typical accident would find the driver falling asleep

and colliding into the rear of a slower vehicle. An average of tvvo runa~ays

a year have occurred. Most operators ride the berm unti l the vehic.le
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comes to a halt.

Each vehicle has a da ily tire check at the refueling station and is

. given a bi-weekly inspection in the shop. Additional standby vehicles

replace those not in service.

A new driver receives classroom instruction and an in-the-cab check

out before going solo on any vehicle.

* * * * *

Mine E is located in the Southwest. The land is primarily broad,

flat, dry plains dotted with mountains. Vegetation consists mostly of

scrubs and clumps of wild grasses on soil composed of gravel and sand.

Most characteristic of Mine E is the cohabitation of trucks and

conveyors in the copper mining process. Temperatures range from 200 F

to 1100 F with an annua 1 precipitation rate of 10 inches. The hau lage roads,

constructed from available overburden, have a very stable surface and are

not appreciably affected by rain.

As in most copper mines, different elevations of the operation are

active constantly. The conveyors are fed by dozers, front-end loaders,

and scrapers. The trucks, attending shovels throughout the mine, are in

the 100 to 120 ton size, and are about 40 in number. Haulage cycles for

the trucks vary from 2 to 4 miles. Because the operation is a five day

mine, all vehicle and conveyor maintenance is performed on weekends.
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Although all new haul road construction observes a maximum grade

of 8%, some previously constructed roads are 10%. No superelevation was

planned but the cross slope is into the highwall. Road widths vary from

100' to 80', the narrower roads at the lower elevations.

Wide berms with dikes have been constructed extensively throughout

the operation. These plus long flat benches at each level are designed for

protection of runaway vehicles.

Truck retarders limit the downhill speed to 20 mph. Uphill, the

trucks run at full capabi lity. The accident frequency is about one per month

with driver error the chief cause. Location of the accidents has been,

many times, a busy intersection. Trucks are notoriously blind on the

right. T raffie control signs have reduced the number of these accidents.

The haulage roads' surfaces are maintained by a front-end loader

and scraper. Their job is primarily one of cleanup rather than patching.

Driver training is extensive. New drivers have classroom

instruction and in-cab checkout prior to so 10 operation. Prospective

drivers of any new piece of equipment receive instructions on the vehicle's

capabilities and limitations before operation.

* * * * *

Mine F is located in the southwestern United States. The terrain

is mountainous rolling land covered with trees and wild grasses. The chief
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mineral of this huge open pit mine is copper, with minute amounts of

other minerals.

The climate is moderate with temperatures ranging from 100 F

to gOOF and with an annual precipitation rate of 20 inches. The climate

produces almost perfect mining conditions - many clear days with

sufficient moisture to control dust. However, due to the high elevation

of the site, morning fog creates a hazard and has occasionally forced

a temporary halt to the operation.

Vehicles in the mine include shoveLs, dozers, scrapers, and 85 to

100 ton bottom and rear dump trucks. Daily tire check is made at the

refueling stop. BiweekLy maintenance is performed in the shop.

M:=tny eLevations of the mir.8 8.re acti'/e continuousLy. Some r.auling

is upgrade and some downgrade. Maximum grade is 8% with 100' minimum

width. In the areas of downgrade hauL, runaway turnoff ramps have been

constructed at 600' intervals.

There was no planned supereLevation or crown on the hauL roads

and some soft spots do appear periodically. Holes develop quickly due

partly to the high ground water, but main ly to the cOtltinuous truck traffic.

A small stone crusher strategically located produces material for repair

of the depressions. A front-end loader and dump truck transport and

spread the crushed stone, which is a subbase type gradation.
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Drivers are instructed to test their dynamic brakes before reaching

the crest of the downhi II haul, and to then proceed at a speed not to exceed

20 mph. If the vehicle exceeds 22 mph the brakes will fade. Drivers are

then directed to take the next runaway ramp. For uphill hauls, trucks

run at full capability.

Haul road accidents occur at the rate of about two a year. Driver

error in judgment is the prime cause. Driver training includes classroom

instruction and in-cab apprenticeship for up to a week before assignment

to a vehicle.

* * * * *

Mine G is a two pit contour operation located in the northern coal

fields of West Virginia. Steep mountainous terrain surrounds these mines,

with major ground cover in small to commercial grade pulpwood timber.

Bituminous coal is surface mined, using the truck haulback and valley-fill

method. The temperature ranges from 240 F to 8(30F and precipitation is

48 inches annually.

Haul road problems in these pits include restricted horizontal and

vertical sight distance, severe gradients, and dust and wet weather rutting.

All mine roads traverse previously mined coal benches, dozed spoil piles,

progressive hollow fills, or very steep outslope conditions. These mines

are relatively high on very steep slopes. Haul roads are generally
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temporary in nature.

This mine produces 4,000 tons of coal per month. Topographic

conditions are the prime factors in selection of the method and equipment

for mining this area. Major equipment used in these pits inc lude dozers,

trucks, front-end loaders, overburden drills, and a large backhoe. Steep

side slopes and a somewhat long, narrow pit require mobility, range, and

selective placement of overburden provided by this equipment.

Total haulage fleet is 6 - 50 ton overburden trucks, two in the

smaller pit and four in the larger area. All are company owned and

operated, two shifts daily, five days per week. Coal haulage is provided

by local contract operators, using 4 to 8 - 25 tcn tri.-axle end dump trucks

usually loading two shifts per week. Overburden haulage is a maximum of

1,500 feet per round trip. The average grade along the mine bench is 1%;

however, maximum grades of 10% for a distance of 200 to 300 feet are near

backfi II areas. The pit access roads can reach maximum grades of about

20%. No safety berms are provided and horizontal sight distance is

restricted on the coal bench due to the rapid direction changes in the

outcrop line. Vertical sight distance is severely impaired at the intersection

of the coal bench and the mine access road.

Maximum speed allowed in the mine is 15 mph during good driving

conditions. Travel on public road is limited to 25 mph due to steep gradients

and rather bad horizontal alignment. Records of accidents in the mines do
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not show any major bodtly injury or death. Occasionally skidding due to

steep grades and wet weather causes some minor accidents.

Haul road maintenance is a constant problem requiring almost

continuous grading to eliminate rutting. The coal company has taken over

the maintenance and repair of a state road used as a coal haulage route.

Very strict dust control measures to protect private property are in

effect. Some areas are treated wi th road oi 1 in addition to the use of

water trucks during hauling cycles. Often pick-up trucks equipped with

flashers are used to warn the publ ic of oncoming heavy equipment. These

safety provisions are limited to a 2 mile length of state route with very

poor horizontal and vertical alignment and restricted sight distance. This

roadway is about 30 feet wide with no superelevation, safety berms or

runaway protection.

Vehicular inspection of company-operated equipment is performed

daily. Major overhauls or equipment rep lacement is performed by manu­

facturers' representatives. Contract operators are subj ect to pUblic vehicle

inspection codes as applied by the state, in addition to their own daily and

routine maintenance programs.

The mining company employs a safety engineer, responsible for the

safe conduct of all mining personnel, even in the instance of travel on the

portion of state road maintained by the company. His duties include instruc­

tion in safe operation, periodic inspection of vehicles, and the power to

. ,
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reprimand any violators of safe mining practices.

* * * * *

Mine H is located in the upper Appalachian coal fields of West

Virginia. Mountainous terrain surrounds the mining area. Most ground

cover is suitable commercial grade timber. Bituminous grade coal is

surface mined, using the truck haulback method of ongoing reclamation

to the approximate original contour. The temperature ranges from 240 F

to 860 F and precipitation is 48 inches annually.

Haul road problems in this area include restricted sight distance

on some vertical curves, and some surface water ponding in sag curve

condi tions. These conditions occur on ly in areas where haul roads

traverse previously mined areas, which will be reclaimed on completion

of mining. The remaining roadway is a permanent installation constructed

of rock base and selected stable surface materials. Most material used

in this construction is mine run spoi l. Dust and wet weather rutting are

the only other problems associated with this roadway. Total length of the

mine roadway from pit to state road is about 1 .5 miles.

This mine produces 2,200 tons of coal per month. Topography and

equipment availability were the prime factors in selecting the truck haul­

back method. This area was previously stripped, with no previous recla­

mation and poor outs lope conditions. The miner felt the current method
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provided the mobil ity, range and selective placement of material to pro­

vide for better contour reclamation. Major mining equipment used includes

dozers, front-end loaders, overburden drills and trucks.

Total haulage fleet is two 50 ton end dump overburden trucks owned

and operated by the mining company. These vehicles operate two 8 hour

shifts daily, five days per week. Coal haulage is provided by contract

operators using 25 ton tri-axle end dumps, usually hauling coal two shifts

per week. Unit availability will range from 4 to 8 units. Overburden haul­

age is about 1 ,400 feet round trip with a maximum grade of 9% and an

average grade of 4%, spanning a time frame of approximately 5 minutes

per cycle.

Coal hnulage cycles average one hour per round trip covering 44

miles and traversing public roadways for 41 miles. The maximum haul

road gradient noted is about 30%. Road surface ranges from selected

material to asphaltic surface averaging 24 inches thick. Mine roads are

15' to 25' in width, with no safety berms, escape lanes, or superelevated

curves. Horizontal sight distance is good; however, vertical sight distance

in some areas is unusually bad.

Maximum speed allowed by the mining company is 15 mph. No

accidents involving company owned vehicles have been reported; however,

some contract coal haulers have lost control enroute either on mine roads

or public highways. Most often these accidents are the result of excessive

A-55



speed, and the consultant has no evidence of bodily injury, property

damage or fatalttyo

Maintenance of company owned vehicles is performed according to

manufacturers' specifications, or when necessary. All major overhaul

or repair work is performed by manufacturers' representatives.

Driver training is not a part of the mine safety program. Mine

safety inspectors are employed by the mine company with the responsibility

to instruct or reprimand violators of accepted safety practices.

* * * * *

Mine I is located in the upper Appalachian coal fields of West

Virginia. Steep hi lls with moderate timber cover and ample grasslands

surround the mine area. Bituminous grade coal is surface mined, using

the truck haulback method. Reclamation is to approximate original con­

tour and is concurrent with mining. The temperature ranges from 240 F

to B60 F and precipitation is 4B inches annually.

Haul road problems here are limited to dust and wet weather

rutting, with occasional icing conditions. Major mine haul roads are

constructed of mine run spoil and rock with a stable top of selected

material. These roads are permanent installations, graded to drain and

with good sight distance. In-pit haul roads are very mobile, quickly

constructed units built only to serve the life of the pit - 3 months in most
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instances. Minimal consideration is given to surface water rUl""loff or"

sight distance, while maximum consideration is given to selection of

shortest route and flattest gradients.

This mine produces 8,100 tons of coal per month. Topographic

conditions play the most important role in the haulback methcx::l of mining

this area. Steep sloping hillsides and lack of large continuous coal beds

would make any other form of surface mining inordinately costly. This

mine now uses trucks, front-end loaders, and dozers.

Total haulage fleet consists of two - 50 ton overburden transport

vehicles running two shifts daily, 5 days per week. These trucks are

owned and operated by the mining company, with a one-way maximum run

of 600' from pit load out to dump point. Coal haulage vehicles are owned

and opet-a::ed by contract haulers, using 25 ton tri-axle end dump trucks.

These units operate an average of 2 1/2 days per week for one shift, and

rave a one--vvay haL:l to the coal company tipple of 6 miles, via public

highways. Maximum grades within the mine are 6% with an average

gradient of 2%. Maximum grades on the public road are 8% with an average

grade of 3%.

Mhe roads average 25' to 30' wide, with most curves widening to

40'. All permanent mine roads are crowned 4" at the most, with no

superelevation on curves. No safety berms are provided; however, most

outs lope areas are graded and ·seeded with grass.
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Maximum speeds are governed by weather cunditions and good

sense, in addition to numerous "safety first ll signs in the mine. Equipment

used here is capable of a maximum speed of 30 mph.

Vehicle maintenance is a dally matter with repairs made as needed.

Ninety percent of the major repair work is handled by the manufacturers

or distributors of the trucks. Most maintenance pr'ovided by the mining

company deals with filter replacement, and other small items.

Haulage equipment accidents within the mine are generally minor

with no bodily injury and no equipment downtime. Runaways or vehicles

out of control have not been a problem due to the slow speeds and relatively

flat grades in tile mine.

Driver train ing is not a mine program, how8ver, the potential

operator must demonstrate his knowiedge and skill in drivi.ng to the mine

foreman before acceptance.

* * * * *

Mine J is located in the upper Appalachian coal fields of West

Virginia. Rolling hills and grasslands surround the mine area. Bitum in­

ous coa 1 is surface mined, using the truck haulback method. Reclamation

is concurrent to mining and is to approximate orginal contour. The temper­

ature ranges from 240 F to 860 F and precipitation is 48 inches annually.

Haul road problems in this mine are limited to dust and wet weather

rutting. Major haul roads are constructed of rock base with mine rLn
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spoil stabilizing the traveled surface. In-pit haul roads are very mobile,

hastily built over prior spoil material, with little compaction or stability

except that provided by haul trucks. These in-pit roads are most severely

affected by wet weather conditions and can affect the performance of coal

haulers.

This mine produces 9,800 tons of coal per month, with major

mining equipment including off-road trucks, dozers, front-end loaders and

a coal dozer. Equipment availability and topography are the most important

reasons for the truck haul back and dozer usage in this mine. This equipment

allows the miner to maintain two smaller more mobile coal production pits.

Total haulage fleet is three 50 ton overbur-den trucks and four 40 ton

coai. hCl_ulers; occasiona.lIy the 40 ton tr'-lcks e.!~"? ,-'sed to r!,o'.'e cverl::.-urden.

All equipment is company owned and operated two shifts per day, 5 1/2 days

per weeL. Overburden haulage routes have a maximum grade of about

17.5% with an average of 12% for a distance of about 900 feet maximum.

Coal haul routes have a maximum grade of about 17.5% with an average

grade of 3% for a distance of 1.5 miles.

The coal haulage route is unusual in that a manually controlled

traffic light is installed at a state road intersection with the haulage route.

The state route has a blind vertical curve near the haul road. intersection,

raising the potential for accidents. This signal is manned by coal company

personnel at the crest of the state route curve, situated such that clear
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sight of all oncoming traffic is available. Flashers attached to warning

signs are in p lace approximately 500' to either side of the intersection.

Mine roads are on the average 40' in width with a 5' widening on

curves and no superelevation. Berms are 10' wide, at least, and graded

similar to a conventional highway shoulder. All road slopes are seeded

with grasses.

MaximLAm speed allowed in the mine is 25 mph, or approximately

the top speed of the coal haulers. Mine road grading and maintenance is

done to facilitate the smoothest travel of the coal haulers. Some loss of

operator cotltrol has been reported, usually in muddy or icy conditions.

None of these reports inc lude any bodity inj ury or vehicular camage.

IV"laintenance programs are conducted to at least satisfy original

equipment specifications. A II operators are responsible for daily inspec­

tions at the beginning of their shift. Most problems discovered in these

inspections or during operation are repaired in the mine shops. IVlajor

equipment failLlre is usually repaired by a representative of the manufac-

turer.

Driver training is not a mine program as such. The potentia l driver

must demonstrate his knowledge and skill in operation to the mine foreman

prior to acceptance. The mining company employs a safety engineer with

the power to reprimand any employee guilty of unsafe practices in the mine.

* * * * *
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Mine K is located in Eastern Kentucky. The topography is steep and

rugged with little or no soil cover. Vegetation is characterized by commer­

cial grades of eastern hardwoods and pines, usually with a thick cover of

underbrush. High quality, low sulfur bituminous rank coal is surface mined

in multiple seams by the mountain-top removal method.

The temperature ranges from 0 0 to gOOF with a mean annual pre­

cipitation of 45 inches. The steep terrain combined with high precipitation

rates create haul road stability and erosion problems. Haul roads must be

continually graded and maintained to minimize road surface degradation.

This mine has an average coal production rate of 17,200 tons per

month. Although the geology is very complex and extremely variable, at

least three thick seams are consistently mined. lv'tajor mini.ng equipment

includes 24 cubic yard tandem scrapers pushed by large dozers and a 5~

cubic yard excavati.ng shovel to accomplish the mountain-top removal -­

valley fill operation. The coal is cleaned and loaded with a variety of 12

to 14 cubic yard front-end loaders. Coal haulage is handled by 25 ton on­

road trucks on a contract basis. Fifteen to twenty of these trucks make

daily trips from the mine to a rail head 12 miles away.

The main haul road is about 25 feet wide and sloped toward the

mountain for drainage. The road reaches a maximum slope of 18% and

averages around 15%. Berms, installed by the operator prior to government
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regulations, have prevented several potentially fatal accidents. Owing

to the steep terrain, several coal haulage trucks have lost control, but,

because of the berm, suffered only minor damage with no operator fatali­

ties being recorded. Several "switch-back" curves and the presence of

berms have created severe erosion problems. This r.a.s necessitated the

installation of drainage culverts and continuous road maintenance.

Since coal haulage is conducted on a contract basis with private

operators, maintenance records are virtually nonexistent. Consequently,

little data is available for the analysis of haul road accidents.

* * * * *

Mine L is located in eastern Kentucky. The topography is character­

ized by steep rugged hi llsides with little or nu soil cover. Vegetation is

comprised mainly of commercial grade eastern hardv%ods and pines and

a thick cover' of underbush. High quality low sulfur bituminous rank coal

is mined in multiple seams by the mountain-top removal-valley fiU method.

The temperature ranges from 00 to gOOF with a mean annual pre­

cipitation of 45 inches. The high precipitation rate, the variety in tempera­

ture, and the steep terrain often create road stabi lity problems. Conse­

quently, roads must continually be graded and maintained.

This mine has an average coal production rate of 92,400 tons per

month. Although the geology in this area is extrGmely complex and
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variable, 4 seams are consistently mined by the mountaintop method.

Major mining equipment includes a 24 cy front-end loader, three 50 ton

rock trucks, and large dozers for overburden excavation. Coal is

cleared and loaded by 15 cy front-end loaders. Coal haulage is conducted

by 25 ton on-road trucks on a contract basis. Fifteen to 20 of these

trucks make daily trips to a rail head 25 miles away.

The main haul road maintains a nearly constant 10% slope until

it connects with the public road. In addition to on-site road maintenance,

the public roads are maintained and watered by the company. On-site roads

are 25 to 30 feet wide and gently sloped toward the mountain for drainage.

All haul roads constructed by this company are pre-engineered and their

construction supervised by company engineers. Berms, constructed by

government regulatory agency request, have created severe erosion pro-

1ems and have necessitated the installation of drainage culverts. Only

minor mishaps with no fatalities have been recorded by this company.

A regular' maintenance program is conducted on all company owned

equipment. In addition, comprehensive computerized fi les are kept of

maintenance, repairs, parts, and equipment problems for all company

equipment. Since, however, coal haulage is conducted on a contract basis

with private haulers, little data is available on that equipment.

Operations at this mine are ccnducted in two-ten hour shifts per day,

6 days per week. The remaining four hours per day are devoted to routine

equipment maintenance and repair.

* * * * *
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Mine M is a two-pit operation located in western Pennsylvania.

Rolling mountains with somewhat wide flat valleys surround these mine

areas. Vegetation ranges from heavLly wooded hilltops to farm and pasture

lands on the valley floors. Bituminous grade coal is surface mined in this

operation using t.l;e modifLed block cut method. ,6.,11 overburden is moved

with large bulldozers and front-end loaders. The temperature ranges from

1So F to S40 F and precipitation averages 42 inches a.nnually.

All major haul roads are township 01" state routes, whi.ch function

as coal transportation avenues from the pit to the tipple. Pit haul roads are

narrow, simply constructed roads following existing contout' closely, usually

built to last one year. These pit roads are const~'uctcd of mine run spoil

with no stabilization, and ar-e a major problem to coal haulers due mostly

to rutting in wet weather.

This mine has an average production rate of 1500 tons per month.

The method of mining is accepted practice by the company and i.s not related

to geology or topography. One pit is located in steep terrain with shale

overburden, while the other is located in t'elatively flat terrain and massive

sandstones. EqUipment used in these mines includes 2 large dozers, 2

front-end loaders, one overburden drill, and 5 coal trucks.

Coal haulage equipment is provided by local contract haulers on a

per ton basis. All maintenance, repai r, inspection schedules, and operator
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safety of these vehicles is the responsibility of the contractor. The mining

company has 5 coal trucks, in addition, which operate one shift daily, five

days per week, traveling 8 miles to the tLpple. A maximum grade of 22%

was observed on a pit haul road with the average being 6,%. Maximum

grades on public highways are 10% with an average of 2%.

Berms, superelevation of curves, protection for runaway vehicles,

and horizontal or vertical sight distance are not part of road design for this

pit. These roads average 12' wide and disturb very little area due to their

temporary nature. lVaximum speeds on these pit roads are limited to 5 mph.

The mining company reports an average of 1 accident per month, almost

always due to the slippery condition of pit haul roads. No bodily injury or

Vehicle maintenance is of prime importance to this company. All

company ovvned vehicles traveling public highways undergo a weekly inspec­

tion, in addition to semi-annual state inspection. Tires usually are taken

out of service at 20, 000 miles, and trucks equipped with retarders have

new brakes installed at 30,000 to 40,000 miles. All repairs are performed

in company shops, except for engine repa.ir.

Driver training is an integral part of company safety practices. A

constant alert to safe operatLon is provided with various signs at the sites,

in truck cabs, and other buildings owned by the company. A mine safety

Forema'l is employed by the company to oversee this program.

* * * * *

A - 65.



Mine N is located in the western Pennsylvania coal fields. Gently

rolling countryside surrounds this mine area, with farm and pasture lands

tl--te primary surface use. Bituminous grade coal is surface mined using

the truck haulback modified b lock cut method. This surface operation is

stripping the outcrop line ofa new deep mine complex in its initial stages.

Portals are now being driven in a portion of the outcrop stripped and com­

pletely removed by this surface operation. The temperature varies from

180 F to 840 F and precipitation averages 42 inches per year.

Major haul roads are permanently constructed units built to serve

as access and haul routes for the adjoining deep mine. ALL are constructed

of rock base and selected material to stabilize the t~oad bed. These roads

are 40' wide with seeded berms and relatively flat grades. In-oit and

overburden haul roads are very narrow, mobile, and usuai ly quickly con­

structed with a dozer. Horizontal and vertical alignment is dictated by pit

conditions and restrictions. The foreman stated that actual pit haul road

location can change in one day without seriously interrupting overburden

haulage.

The mine has an average coal production rate of 1,600 tons per

month. The equipment used in this operation will provide for more seLec­

tive placement of overburden and should enabLe the miner to return the

land to productive surface use more rapidly. Major mining equipment

includes 2 - 75 ton overburden trucks, a front-end loader and wo buLLdozers.
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Total haulage vehicles are two 75 ton overburden trucks and from

four to eight 25 ton tri-axle end dump coal trucks. All vehicles are owned

and operated by the coal company or a subsidiary construction company.

Overburden haulage units operate two shifts per day, five days per week.

Coal is hauled a distance of three miles from a deep mine stock­

pi le to a tipple. Overburden transport is several hundred feet from pit to

reclamation areas. All overburden haulage is on company built roadways

and coal haulage equipment uses township and state highways. Mine haul

roads have no crowns, superelevation on curves, runaway vehicle protec­

tion or curve widening.

Maximum speed in the mine is 20 mi les per hour; however, over­

bvrden hauICl.ge equipment wi.ll attain a maximvm of 5 to 6 mph. No haulage

equipment accidents have been reported in the mine area. Some accidents

have been reported with coal haulage on pub lic roadways. Records indicate

no fatal Uies have occurred. Other accident detai Is are included in driver

personnel files which the company regards as privileged information.

Maintenance programs for all vehicles conform at least to manufac­

turers' specifications. Each operator is responsible for a daily inspection

prior to shift operation. All vehicles traveling via public roadways are

subj ect to state motor vehicle inspection and registration.

No formal driver education program is included in the mine opera­

tions. A mine safety inspector or engineer is employed by the company to

oversee and instruct employees on all safety practices.

* * * * *
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Mine 0 is located in the western Pennsylvania coal fields. Moder­

ately steep, mostly wooded terrain surrounds the mine area. Some narrow

lowland areas show some development as small farms and home plots.

Bituminous grade coal is surface mined using the dozer-loader method of

modified block cut mining. The temperature ranges from 180 F to 840 F

and precipitation totals 42 inches annually.

Mine haul roads are very narrow, temporary units, traversing

regraded spoi 1. Spoil piles, very close to the roadway, limit horizontal

sight distance. Surface water ponding is a major problem due to lack of

proper drainage facil ities. This mine uses a continuous process of opening

small 150 foot square pits and returning overburden to the previously mined

o;.;~ ai-ea3. H&L.:1 rov..d mobil tty and/or exte~sion is a prime ccnsideration

and i.s the major reason for many of the haul road problems.

The mine haul road is presently 1/2 mi le long and the remaining

5 mil e hau 1 is on public roadway. The mine road is 12 to 15 feet wide with

a maximum grade of 14% and an overall grade of 4% to the public highway.

The maximum speed on mine roads is 5 mph. The major road maintenance

problems are dust and road bed stability in wet weather. One smaller dozer

is at this mine serving as a pi.t back-up and haul road maintenance vehicle.

Safety berms, superelevation on curves, and runaway protection are

not pr'ovided due to the slow speeds i.n the mine area. The public t~oadways
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are narrow with aU of the above deficiencies, except that curves are super­

elevated.

Maintenance programs for the coal transporters are controUed by

the individual contractors. Generally each driver is responsible for daily

routine inspections prior to the day's work. Each vehicle must pass a

semi-annual state inspection, usually requiring a complete tire change at

20,000 to 30,000 miles and brake lining replacement at 40,000 miles. The

mileage for brake linings will be reduced to 20,000 miles or less if the

vehicle is not equipped with a retarder.

Each contractor is responsible for the safe operation of his vehicle.

However, in the mine area, a mine safety representative or foreman is

responsible for overall safety.

* * * * *

Mine P is located in the western Pennsylvania coal fieLds. Gently

rolling countryside surrounds the mining area. The primary surface use

is farm and grassLands, with some scattered timber availabLe. Bitumin­

ous grade coal is surface mined using the area mining method. The

temperature ranges from 180 F to 840 F and precipitation totals 42 inches

per year.

HauL roads to this area are very narrow one-way roadways with

some areas of poor horizontal s"ight distance. All are constructed over
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regraded stripped areas and are temporary in nature. Stability in wet

weather and dust control are the major problems these roads present.

The mine has an average production rate of 2,000 tons per month.

Major mining equipment includes a dragline, reclamation dozers and front­

end loaders for coal loading. All coal is hauled by local contractors using

tri-axle end dump trucks of 25 to 30 ton capacity. These vehicles are

suitable for highway use and most are equipped with engine retarders.

Haulage routes consist of a 3/4 mile mine access road and 6

miles of state or township highway, to a company tipple. Maximum grades

in the mine are 5%, maximum speed in the mine is 5 to 8 mph, due mainly

to haul road conditions. The maximum public highway grade is 6%, with

an overedl average grade of 2%.

Safety berms, sight distances, superelevation of curves, or

runaway protection are not provided in the mine roads. Low travel rates

are cited as precluding the need for these precautions. Horizontal sight

distance is restricted by the presence of some reclamation stockpiles.

Maintenance programs for the coal transporters are controlled by

the individual contractors. Generally, each driver is responsible for daily

routine inspections prior to the day's work.

Each vehicle must pass a semi-annual state inspection, usually

requiring a complete tire change at 20,000 to 30,000 miles and brake

lining replacement at 40,000 miles. The mileage for brake linings will be

reduced to 20,000 or less if the vehicle is not equipped with a retarder.
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Each contl'"'actor is responsible for the safe operation of his vehicles.

However, in the mine area, a mine safety representative or foreman is

responsible for overall safety.

* * * * *

Observations made during field visits indicated an overall lack of

familiarity with proper road design. As a result, safe vehicle operation,

in the majority of cases, required significant reductions in operating speed.

Conversation with a number of haul road designers revealed a desire to

become more knowledgeable of various methods which could be employed

to reduce hazards and increase operational efficiency.

In addition, mine visits reinforced the consciousness of our own

personnel with respect to the economic feasibility of r'ideal" design in ad­

verse topography. In mountainous and constantly changing terrain, operat­

ing speeds will have to be reduced to avoid incurring the high construction

costs associated with the best possible road alignment.

Task 5 - Delineate Requirements Impossible to Include

The purpose of this work task was to examine brake performance

recommendations set forth by SAE and determine their feasibility as

restrictions to surface mine haulage road design. Conclusions were

reached by comparing the lim itations prescribed by SAE with character­

istic surface mine operating conditions.
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Emergency Brakes

The maximum stopping distance for emergency brake systems in

J166 is three times that of the service braking system. J166, of course,

relates performance requirements of testing on a clean swept, level, dry

concrete surface - not at all the environment of a mine haul road. There­

fore, the mathematical extrapolation of SAE data was necessitated (as

discussed in Task 2). Many truck manufacturers related, however, that

the emergency braking system alone could not stop the vehicle when

descending a haul road at normal operating conditions. Normal operating

conditions here mean those typically present at current operations that

utilize downhill grades of any consequence. Therefore ... in keeping with

t.,,",e policy of applying the most restrictive requirements ... it is obvious that

defining haul road grade as a function of emergency brake stopping potential

is a requirement that would be difficult to include. Nevertheless ... stopping

distances based on SA..E recommendations can be developed from the data

presented in Task 2.

Service Brakes

The maximum service brake stopping distances ... associated with

various coefficients of road adhesion ... were discussed in Task 2. Using

SAE J880a and J257 ... it was possible to assign minimum brake horse­

power ratings required for various vehicle weights. These minimum
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horsepower requirements are defined by:

B HP = 12 + 1. 4 gVVl/
1000

where BHP is the brake horsepower and gVVl/ is gross vehicle weight in

pounds. The maximum grade and velocity that a vehicle with this brake

horsepower should attempt, with the assurance that it can stop, is shown

in Figure I.

The minimum coefficient of roadadhesion, u, is the minimum

required for the roadway to accept the energy from the vehicle's braking

system, and is included in the developed charts. This u is a mathemati-

cally derived minimum at which the vehicle can be stopped in a finite

distance. It is a Iso the minimum coefficient of friction required to hold

a vehicle stationary on the associated grade. The value of u (min) is

computed from:

• u (min)
G - 100f

100 Lf + HG
L L

•

•

•

where G is grade in percent, f is coefficent of rolling resistance, Lf is

the distance in inches from the vehicle's center of gravity (C. G.) to the

front axle, L is the wheeIbase in inches, H is the height of the C. G. above

the ground in inches. The plus denotes a downward pointing vehicle. For

example, Figure I shows that a vehicle can operate on a 100 slope at 3 mph

and be brought to a stop when u = 0.2. With a u of 0.1, the vehicle could
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not stop or maintain its velocity and would accelerate down the grade.

Service Brake Recovery

Service brake system recovery required by SAE J 166 is such that,

"All service braking systems shall have the capability to deliver 70%

of full braking capacity to the brakes, when applied at the rate of three

applications per minute with the engine at maximum governed rpm".

Therefore, BHPSR = 0.7 BHP, where BHPSR is service brake horsepower

system recovery. Performance characteristics of e and V as a function

of BHPSR are shown in Figure J.

The retardation potential of most modern haulage vehicles precludes

the necessity of reretitive service brake applications. Tn fact, the use of

service brakes is normally restricted to specified stopping points such

as load 2.nd dump locations, marked intersections, grade approaches, etc.

Since the majority of modern haulage vehicles possess retardation systems,

brake system recovery is not considered a primary grade limiting factor.

If grades are designed in compliance with specified stopping distance cri­

teria, service brake recovery will suffice in emergency situations. How­

ever, following an emergency stop, brakes must be allowed to cool before

any attempts are made to move the equipment.

For vehicles which are not equipped with retardation systems,
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grade length should not exceed specified emergency stopping distance

before reaching a level or ascending grade condition. By following this

procedure, the vehicle is presented with 'an ideal stopping area if

service brake fade is detected whi le traveling down hill.

Retarder Potentia 1

A controlled vehicle coming down a grade develops horsepower at

the wheels, which must be held in check by the retardation system to

hold the vehicle at a steady, safe downgrade speed. The forces acting on a

truck rolling downgrade are shown in Figure K. The rolling and air

resistance factors are excluded from the retarder performance curves

which follow in order to orovide for margins of safety. The air resis-

tance factor is generally minimal anyway, as is rolling resistance at

5 mph or less •

The braking potential of the retardation system is assumed equal

to the vehicle engine horsepower. Operationally, this is not always the

situation, as many manufacturers provide greater retardation than engine

horsepower. Doing so enables a vehicle to descend a steeper grade,

fully loaded and at a controlled constant velocity, than it could climb. In

order to provide an added margin of safety the engine and retardation

horsepowers are assumed equal.

From the equipment specifications that were listed in Task 3,
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b = Deceleration (ft./sec. 2 )

Br, Bf = Braking· forces

Mi = Moment inertia of moving parts

Mt = Total resistance moment of engine and
transmission

Ra = Air resistance

Ri = . Inertia resistance of the translatory mass

Rrf, Rrr = Rolling resistances

W = Vehicle weight

Wdr, Wdf = Dynamic axle weights

FORCES ACTING ON 'A LOADED_ TRUCK IN
DECELERATJ;:D MOTION DOWNHILL

-Figure K
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ranges of horsepower per gross vehicle weight can be established for

retardation systems of all vehicles. These ranges are compiled in Table

V. (It should be noted that many factors wi II influence retarder potential

such as: vehicle weight, manufacturers' modifications and options,

transmission type, gear reduction ratio, and tire size.) The ranges in

Table V are the minimums most likely to be encountered in actual

service operations.

From Table V, performance capabilities shown in Figure L for

5 inclusive hp/gvw ranges were developed. These curves show the

limits of grade and velocity that should be attempted by the vehicle

whose retardation system can dissipate the required horsepower. Bottom

dump vehicles have a smaller hp/gvw ratio than rear dump. This

generally precludes their operation on haul roads in terrain that necessi-

tates steep slopes (such as Appalachia and Rocky Mountain areas).

Table V

RETARDER HORSEPOWER RANGES

•

•

Truck Size
(lb)

<100,000
100,000 - 200,000
200,000 - 400,000

>400,000
100,000 - 200,000
200,000 - 400,000

>400,000

Truck Type*

Rear dump
Rear dump
Rear dump
Rear dump
Bottom dump
Bottom dump
Bottom dump

Range
hp/gvw

.0027 - .0032

.0026 - .0033

.0021 - .0035
• 0023 - .0033
• 0030 - • 0033
.0018 - .0023
.0017 - .0027

Range
lb/hp

370-313
383-286
476-286
435-303
333-303
556-435
588-370

• *Bottom dumps generally do not utilize steep slope haul roads.
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The performance characteristics using both the retardation potential

ranges and service brake capabilities are shown in Figure M. Also shown

is the curve for service brakes only, included to emphasize that in the

event of fai lure in the retardation system the service brakes alone must

stop the vehicle. Thus, for determining emergency stopping distances in

safe haul road design, service brake capabilities should be the primary

consideration.

The haul road grades in Figures I, J, L, M are inclusive of

current operational grades. As shown in these figures, the grade of the

hauL road is limited only by the speed of the vehicle traversing it •.

Some state government agencies mandate haul road criteria. Regu-

lations relevant to haul road grades are shown in Table VI. As listed,

the maximum grade permitted is from 15 to 20% for a total length of up to

300 feet. The maximum sustained grade permitted is 10%.

Table VI

STATE GOVERNMENT REGULATIONS GOVERNING
HAUL ROAD LENGTH AND GRADE

•
State

Maximum
% Length eft.)

Sustained
% Length Cft.)

Maximum
Switchback

Grade C%)*

•
Kentucky
Tennessee
Indiana
Virginia
West Virginia

20
15
15
15
15

300
300

300

<10
<10

10
10

<10

5
<10

<10

• *Switchback grade is required to always be less than the approach grade •
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The total length of a sustained grade of 10% or less is governed

by the heat dissipation abilities of the retardation system or oil-cooled

service brake system. The performance capabilities of dynamic braking

are red-lined by a retarder oil temperature of 250o F. The amount of

energy that must be absorbed by the braking system in a vehicle of

weight W descending a grade of G percent at a steady speed of V mph is:

• Ng = WGV
37,500

•

•

where Ng is horsepower absorbed, W is weight in pounds, G is grade in

percent, and V is speed in mph. For example, a 300,000 pound vehicle

descending a grade of 10 percent at 10 mph must have a retardation

The hp/g\I\N value falls within the ranges plotted in Figures Land M.•
.. -:.....

Ng
= (300,000) (10)(10) =

37,500 800 horsepower or 0.0027 hp/gvw.

•

•

•

In summation, the extrapolation of Sl\E minimum criteria for var-

ious grade/speed situations as road design criteria would be overly restric-

tive. The braking systems on most trucks currently manufactured can

exceed the capabilities required by Sl\E. Therefore, it would be unrealistic

to base grade limitations and other haul road design criteria solely on

information such as that previously illustrated. A more feasible basis for

design is presented in the main part of the report.
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PHASE II -: PRELIMINARY DESIGN

Phase II of the study, as the title implies, involved the development

of complete haul road design criteria. Information for this phase was

based on data developed during Phase I, the expertise of professional

civil and mining engineers within our organization, and numerous books,

manuals and publications. Our literary references are listed in the

Bibliography~

At the onset of work during this phase, a significant problem became

apparent. Although a great deal of reference material concerning conven­

tional highway design was available, only a few publications contained data

relevant to haul road construction. As a result, it was necessary to

develop many design specifications based on design principles from other

areas of engineering construction. Manuals dealing with construction of

railroads, airports, bridges, and buildings are examples of sources

used to gather design data that would accommodate the extreme weights of

haulage trucks.

All design parameters were separated into individual categories

and discussed in the order they would normally be considered during

actual design and construction. The results of work performed in

Phase II are similar to the final design criteria presented in the main

part of the report.
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PHASE III - REVIEW AND EVALUATION

Phase III was designed to offer industry the opportunity to review

the preliminary design standards developed in Phase II and present

constructive criticism. Since design recommendations affected separate

industrial interests (mining and equipment manufacturing), copies of

Phase II were distributed to companies representative of both categories.

A total of ten organizations were selected as reviewers: five

manufacturing concerns and five mining companies. Of the manufacturing

companies, four were major producers of off-highway haulage equipment.

The fifth was a supplier of brake components for off-highway haulage

vehicles.

Mining companies were chosen to represent differences in mining

method, size, and location. In this manner, we anticipated receiving

reviews which would reflect design criticisms as affected by various

economic and environmental operating circumstances. The mining

companies included: two large corporate coal mining concerns operating

in the Eastern United States; one small coal mining company in the

Eastern United States; a large corporate ore mining concern in the

Western United States; and a medium size stone quarrying operation in

the Eastern United States •
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PHASE IV - FINA L DESIGN

Phase IV of the project involved the development of final haul

road design criteria. Work during this phase involved a complete

reeva luation of Phase II prel iminary standards to take into account the

comments and notations made by industry, engineers in our own organ­

ization, and the United States Bureau of Mines.

First priority was given to industry comments concerning changes

in Phase II recommendations. Each company's suggestions were evaluated

by an engineering team to ascertain their validity before incorporating

them as a change. Recommended alterations considered a personal opinion

with no supporting rationale were dismissed. There were few comments

of this nature, however. Overall, recommendations of industry were well

founded, and they were incorporated to make Phase II preliminary standards

more refined.

The most constructive comments received from participating

reviewers were concenled with tvvo areas of the Phase II Design Criteria:

Stopping Distance Curves, and Vertical Curve Design Requirements.

Changes to original design criteria were therefore concentrated in these

two areas.

New stopping distance curves were developed for all truck weight

categories. Comments received from reviewing organizations iLlustra-
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ted that significant changes to brake system reaction time were necessary

if calculations were to reflect SAE test conditions. The alterations

resulted in curves which compare closely with results of actual brake

performance tests.

Changes to vertical curve design requirements were recommended

to present alternatives based on various eye heights. The original design

requirements assumed the worst possible conditions. As pointed out by

reviewers, however, a sliding scale for vertical curve lengths would

be more appropriate since conditions at surface mi.nes vary. To incorpo­

rate design flexibility, new vertical curve data were developed for driver's

eye heights from six to twenty feet.

During this proj ect phase, the validity of Phase II design criteria

was reinforced in two ways. First, no review cOII,ments were received

which sugg~sted or even inferred that major alterations were necessary.

Second, many requests for copies of Phase II were received from mining

companies who had been exposed to it through various sources.

In summation, except for minor changes, Phase II standards were

adopted as fina 1 surface mine haulage road design criteria. All data

relevant to these criteria are presented in the main section of the report.
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PHASE V - FINA L REPORT

After checking all data and finalizing design criteria, information

was collated into this document as the Rnal report.
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