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Figure 2:Illustration of an articulated motorgrader. (An illustration showing additional components of a motorgrader and 
recommended walk-around checks is shown in Appendix E.)































Figure 3: Proper shape 
of a controlled intersection.
Notice through-road retains
crown;side roads which
have stop or yield signs 
are shaped to match the 
edge of through road.

Figure 4: Proper shape of 
an uncontrolled intersection.
Eliminate crown from all 
directions approaching the 
intersection.



Figure 5: Illustration of a gravel road inter-
secting a paved road. Gradually eliminate 
the crown on the gravel road to match the 
edge of the pavement.





Figure 6: Illustration of the transition from a normal crown to the superelevated
shape needed in a curve.





Figure 8: Proper matching of driveway and road edge

Figure 7: Improper matching of driveway and road edge































Requirement Aggregate Base Course Gravel Surfacing
Sieve Percent Passing Percent Passing

1" 100

3/4" 80-100 100

1/2" 68-91

No. 4 46-70 50-78

No. 8 34-54 37-67

No. 40 13-35 13-35

No. 200 3-12 4-15

Plasticity Index 0-6 4-12

Table 1. Example of Gradation Requirements and Plasticity for Two Types of Materials.

From South Dakota Standard Specifications. (16)

















































Figure 10: The Six Climatic Regions in the United States. (39)

Region I Wet,no freeze
Region II Wet,freeze-thaw cycle
Region III Wet,hard-freeze, spring thaw
Region Dry, no freeze
Region V Dry, freeze-thaw cycling
Region VI Dry, hard freeze, spring thaw



Season (Roadbed Soil Moisture Condition)

I 0.01 0.0 7.5 4.5

II 1.0 0.5 7.0 3.5

III 2.5 1.5 4.0 4.0

IV 0.0 0.0 4.0 8.0

V 1.0 0.5 3.0 7.5

VI 3.0 1.5 3.0 4.5

U.S.CLIMATIC REGION
Winter

(Roadbed Frozen)
Spring/Thaw

(Roadbed Saturated)
Spring/Fall

(Roadbed Wet)
Summer

(Roadbed Dry)

RELATIVE QUALITY OF
ROADBED MATERIAL

Winter
(Roadbed Frozen)

Spring/Thaw
(Roadbed Saturated)

Spring/Fall
(Roadbed Wet)

Summer
(Roadbed Dry)

Very Good 20,000
1

2,500 8,000 20,000

Good 20,000 2,000 6,000 10,000

Fair 20,000 2,000 4,500 6,500

Poor 20,000 1,500 3,300 4,900

Very Poor 20,000 1,500 2,500 4,000

Table 2: Suggested Seasons Length (Months) for Six U.S.Climatic Regions. (39)

Ta ble 3: S u ggested Seasonal Roadbed Soil Resilient Moduli, MR ( p s i ) , as a Function of the Relative Quality of the Roadbed Material. ( 3 9 )

Season (Roadbed Soil Moisture Condition)

Values shown are Resilient Modulus in psi



Winter
(Frozen)

Spring/Thaw
(Saturated)

Spring/Fall
(Wet)

Summer
(Dry)

Total Traffic = Total Damage = Total Damage = 

TRIAL BASE THICKNESS, Serviceability Criteria Rutting Criteria

DBS = ______inches PSI = RD ( Inches) =

1
Season
(Roadbed
Moisture
Condition)

2
Roadbed
Resilient
Modulus
MR (psi)

3
Base
Elastic
Modulus
MR (psi)

4
Projected
18-kip ESAL
Traffic, W18

5
Allowable
18-kip ESAL
Traffic
(W18)PSI

6
Seasonal
Damage,
W18/(W18)
PSI

7
Allowable
18-kip ESAL
Traffic,
(W18)

RUT
8
Seasonal
Damage,
W18/(W18)

Table 4: Chart for Computing Total Pavement Damage (for Both Serviceability and Rutting Criteria).Based on a Trial Aggregate
Base Thickness.(39)

DBS =
–
DBS + 0.5 GL

Where GL = The total aggregate loss in inches.
DBS = Design Base Thickness in inches. 

Obtained in step 8 above.



Figure 11:  Design Chart for Aggregate-Surfaced Roads Considering Allowable Serviceability Loss. (39) From AASHTO Guide for
Design of Pavement Structures. Copyright 1993, by the American Association of State Highway and Transportation Officials, Washington,
D.C. Used by permission.

W1 8 35,000 x (3/12 ) 35,000 x (1.5/12 ) 35,000 x (3/12 ) 35,000 x (4.5/12 )
= 8,750 = 4,375 = 8,750 = 13,12 5

I t e m Wi n t e r S p r i n g / T h a w S p r i n g / F a l l S u m m e r

Season Winter Spring/Thaw Spring/Fall Summer

MR (psi) 20,000 2,000 6,000 10,000



Figure 12: Design Chart for Aggregate-Surfaced Roads
Considering Allowable Rutting. (39) From AASHTO Guide for
Design of Pavement Structures. Copyright 1993, by the American
Association of State Highway and Transportation Officials,
Washington, D.C. Used by permission.

Figure 13: Chart to Convert a Portion of the Aggregate Base
Layer Thickness to an Equivalent Thickness of Sub-base. (39)
From AASHTO Guide for Design of Pavement Structures. Copyright
1993, by the American Association of State Highway and Transpor-
tation Officials, Washington, D.C. Used by permission.



Winter
(Frozen) 20,000 25,000 8,750 400,000 0.022 80,000 0.109

Spring/Thaw
(Saturated) 2,000 25,000 4,375 18,500 0.643 5,800 0.754

Spring/Fall
(Wet) 6,000 25,000 8,750 25,000 0.350 19,000 0.461

Summer
(Dry) 10,000 25,000 13,125 67,000 0.196 31,500 0.417

Total Traffic = 35,000 Total Damage = 1.211 Total Damage = 1.741

TRIAL BASE THICKNESS, Serviceability Criteria Rutting Criteria

DBS (inches) = 10.00 PSI = 2.5 RD (Inches) = 2.00

1
Season
(Roadbed
Moisture
Condition)

2
Roadbed
Resilient
Modulus
MR (psi)

3
Base
Elastic
Modulus
MR (psi)

4
Projected
18-kip ESAL
Traffic, W18

5
Allowable
18-kip ESAL
Traffic (W18)
PSI

6
Seasonal
Damage,
W18/(W18)
PSI

7
Allowable
18-kip ESAL
Traffic,
(W18)

RUT
8
Seasonal
Damage,
W18/(W18)

First Trial

Second Trial

Winter
(Frozen) 20,000 25,000 8,750 400,000 0.022 80,000 0.109

Spring/Thaw
(Saturated) 2,000 25,000 4,375 10,000 0.438 7,300 0.599

Spring/Fall
(Wet) 6,000 25,000 8,750 32,000 0.273 23,000 0.380

Summer
(Dry) 10,000 25,000 13,125 90,000 0.146 38,000 0.345

Total Traffic = 35,000 Total Damage = 0.879 Total Damage = 1.433

TRIAL BASE THICKNESS, Serviceability Criteria Rutting Criteria

DBS (inches) = 11.00 PSI = 2.5 RD (Inches) = 2.00

1
Season
(Roadbed
Moisture
Condition)

2
Roadbed
Resilient
Modulus
MR (psi)

3
Base
Elastic
Modulus
MR (psi)

4
Projected
18-kip ESAL
Traffic, W18

5
Allowable
18-kip ESAL
Traffic (W18)
PSI

6
Seasonal
Damage,
W18/(W18)
PSI

7
Allowable
18-kip ESAL
Traffic,
(W18)

RUT
8
Seasonal
Damage,
W18/(W18)



Third Trial

Winter
(Frozen) 20,000 25,000 8,750 400,000 0.022 100,000 0.088

Spring/Thaw
(Saturated) 2,000 25,000 4,375 14,000 0.313 8,500 0.515

Spring/Fall
(Wet) 6,000 25,000 8,750 40,000 0.219 29,000 0.302

Summer
(Dry) 10,000 25,000 13,125 110,000 0.119 48,000 0.273

Total Traffic = 35,000 Total Damage = 0.673 Total Damage = 1.178

TRIAL BASE THICKNESS, Serviceability Criteria Rutting Criteria

DBS (inches) = 12.00 PSI = 2.5 RD (Inches) = 2.00

1
Season
(Roadbed
Moisture
Condition)

2
Roadbed
Resilient
Modulus
MR (psi)

3
Base
Elastic
Modulus
MR (psi)

4
Projected
18-kip ESAL
Traffic, W18

5
Allowable
18-kip ESAL
Traffic (W18)
PSI

6
Seasonal
Damage,
W18/(W18)
PSI

7
Allowable
18-kip ESAL
Traffic,
(W18)

RUT
8
Seasonal
Damage,
W18/(W18)

Winter
(Frozen) 20,000 25,000 8,750 400,000 0.022 140,000 0.063

Spring/Thaw
(Saturated) 2,000 25,000 4,375 18,500 0.236 11,000 0.398

Spring/Fall
(Wet) 6,000 25,000 8,750 54,000 0.162 32,000 0.273

Summer
(Dry) 10,000 25,000 13,125 130,000 0.101 50,000 0.263

Total Traffic = 35,000 Total Damage = 0.521 Total Damage = 0.997

TRIAL BASE THICKNESS, Serviceability Criteria Rutting Criteria

DBS (inches) = 13.00 PSI = 2.5 RD (Inches) = 2.00

1
Season
(Roadbed
Moisture
Condition)

2
Roadbed
Resilient
Modulus
MR (psi)

3
Base
Elastic
Modulus
MR (psi)

4
Projected
18-kip ESAL
Traffic, W18

5
Allowable
18-kip ESAL
Traffic (W18)
PSI

6
Seasonal
Damage,
W18/(W18)
PSI

7
Allowable
18-kip ESAL
Traffic,
(W18)

RUT
8
Seasonal
Damage,
W18/(W18)

Fourth Trial



Fifth Trial

Winter
(Frozen) 20,000 25,000 8,750 400,000 0.022 170,000 0.051

Spring/Thaw
(Saturated) 2,000 25,000 4,375 22,000 0.199 12,000 0.365

Spring/Fall
(Wet) 6,000 25,000 8,750 66,000 0.133 40,000 0.219

Summer
(Dry) 10,000 25,000 13,125 170,000 0.077 68,000 0.193

Total Traffic = 35,000 Total Damage = 0.431 Total Damage = 0.828

TRIAL BASE THICKNESS, Serviceability Criteria Rutting Criteria

DBS (inches) = 14.00 PSI = 2.5 RD (Inches) = 2.00

1
Season
(Roadbed
Moisture
Condition)

2
Roadbed
Resilient
Modulus
MR (psi)

3
Base
Elastic
Modulus
MR (psi)

4
Projected
18-kip ESAL
Traffic, W18

5
Allowable
18-kip ESAL
Traffic (W18)
PSI

6
Seasonal
Damage,
W18/(W18)
PSI

7
Allowable
18-kip ESAL
Traffic,
(W18)

RUT
8
Seasonal
Damage,
W18/(W18)

Figure 14:  Total Damage versus Thickness for Serviceability
and Rutting Criteria.



Level 18-kip ESAL Traffic Load

High 60,000 - 100,000

Medium 30,000 - 60,000

Low 10,000 - 30,000

* Thickness of aggregate base required (in inches)   ** Higher type pavement design recommended

Table 5:  Aggregate Surfaced Road Design Catalog: Recommended Aggregate Base Thickness (in Inches) For Six U.S. Regions,
Five Relative Qualities of Roadbed Soil, and Three Traffic Levels. (39)

Relative Quality of
Roadbed Soil Traffic Level

U.S. Climatic Region

I II III IV V VI

Ve ry Good

Good

Fair

Poor

Very Poor

High

Medium

Low

High

Medium

Low

High

Medium

Low

High

Medium

Low

High

Medium

Low

8*

6

4

11

8

4

13

11

6

**

**

9

**

**

11

10

8

4

12

9

5

14

11

6

**

**

10

**

**

11

15

11

6

17

12

7

17

12

7

**

**

9

**

**

10

7

5

4

10

7

4

12

10

5

**

15

8

**

**

8

9

7

4

11

9

5

13

10

5

**

15

8

**

**

8

15

11

6

17

12

7

17

12

7

**

**

9

**

**

9



Notes: 1 Low Subgrade support: CBR 3 percent;
Medium Subgrade support: 3 < CBR  10 percent;
High Subgrade support: CBR >10 percent.

Estimated Daily Number of Heavy Trucks Subgrade Support Condition1 Suggested Minimum Gravel Layer
Thickness,mm (in.)

Low 165 (6.5)

0 to 5 Medium 140 (5.5)

High 115 (4.5)

Low 215 (8.5)

5 to 10 Medium 180 (7.0)

High 140 (5.5)

Low 290 (11.5)

10 to 25 Medium 230 (9.0)

High 180 (7.0)

Low 370 (14.5)

25 to 50 Medium 290 (11.5)

High 215 (8.5)

Table 6: Suggested Gravel Layer Thickness for New Or Reconstructed Rural Roads.





Figure 15: Standard Analysis Sheet from the South Dakota Department of Transportation (16)

1

2

3

4

5

6





10 12 14 16 18 20 22 24

400 2.45 2.05 1.75 1.53 1.32 1.23 1.12 1.02

500 3.07 2.56 2.19 1.92 1.70 1.53 1.39 1.28

600 3.68 3.07 2.63 2.30 2.05 1.84 1.67 1.53

700 4.30 3.58 3.07 2.68 2.39 2.15 1.95 1.79

800 4.91 4.09 3.51 3.07 2.73 2.45 2.23 2.05

900 5.52 4.60 3.94 3.45 3.07 2.76 2.51 2.30

1000 6.14 5.12 4.39 3.84 3.41 3.07 2.79 2.56

1100 6.75 5.63 4.82 4.22 3.75 3.38 3.07 2.81

1200 7.36 6.14 5.26 4.60 4.09 3.68 3.35 3.07

1300 7.99 6.66 5.71 4.99 4.44 4.00 3.63 3.33

1400 8.61 7.17 6.15 5.38 4.78 4.30 3.91 3.59

1500 9.19 7.65 6.56 5.74 5.10 4.59 4.18 3.83

2000 12.29 10.24 8.79 7.68 6.83 6.14 5.59 5.12

2500 15.36 12.80 10.97 9.60 8.53 7.68 6.98 6.40

3000 18.37 15.31 13.12 11.48 10.21 9.19 8.35 7.65

3500 21.47 17.89 15.34 13.42 11.93 10.73 9.76 8.95

4000 24.41 20.34 17.44 15.26 13.56 12.21 11.10 10.20

4500 27.42 22.85 19.58 17.13 15.23 13.71 12.46 11.40

5000 30.72 25.60 21.95 19.20 17.07 15.36 13.97 12.80

**This chart shows gravel depth with no compaction. Ordinary compaction from traffic and rainfall will cause most gravels to shrink a minimum of 20 percent.

Gravel Coverage Chart Showing Depth of Gravel in Inches**

Width of Road in Feet



Gravel Spreading Chart in feet per truckload

(This chart originally provided to the SD LTAP by Scott Construction of Lake Delton, WI.)

5 6 6.5 7 10 12

400 66.0 79.2 85.8 92.4 132.0 158.4

500 52.8 63.4 68.6 73.9 105.6 126.8

600 44.0 52.8 57.2 61.6 88 105.6

700 37.7 45.3 49.0 52.8 75.4 90.6

800 33.0 39.6 42.9 46.2 66 79.2

900 29.3 35.2 38.1 41.0 58.6 70.4

1000 26.4 31.7 34.3 36.9 52.8 63.4

1100 24.0 28.8 31.2 33.6 48.0 57.6

1200 22.0 26.4 28.6 30.8 44.0 52.8

1300 20.3 24.4 26.4 28.4 40.6 48.8

1400 18.9 22.6 24.6 26.4 37.8 45.2

1500 17.6 21.1 22.9 24.6 35.2 42.2

2000 13.2 15.8 17.2 18.5 26.4 31.6

2500 10.6 12.7 13.8 14.8 21.2 25.4

3000 8.8 10.6 11.4 12.3 17.6 21.2

3500 7.5 9.1 9.8 10.6 15 18.2

4000 6.6 7.9 8.6 9.2 13.2 15.8

4500 5.9 7.0 7.7 8.2 11.8 14.0

5000 5.3 6.3 6.9 7.4 10.6 12.6

Truck Capacity in Cubic Yards













YEAR 1 2 3 4 5 6 TOTALS

GRADING
Equipment 270 280 290 300 310 320 1,770
Labor 90 100 110 120 130 140 690

REGRAVEL
Materials – – 4,000 – – – 4,000
Equipment – – 2,500 – – – 2,500
Labor – – 2,300 – – – 2,300

STABILIZATION/DUST CONTROL
Materials 800 900 1,200 920 950 975 5,745
Equipment 30 35 70 40 50 60 285
Labor 100 110 150 125 140 150 775

Totals 1,290 1,425 10,620 1,505 1,580 1,645 $18,065

Cost Cost/Mile Maintenance
Option Life Per Mile Per Year Calculations Per Mile/Year

Chip Seal-Double Surface Treatment 6 yrs. $20,533 $3,422 Based on price of $1.75 per sy; ?
20 ft. wide x 5,280 ft. = 105,600 sf
105,600 sf ÷ 9 = 11,733 sy 5
$1.75 = $20,533

Bituminous Concrete-Hot Mix 12 yrs. $58,080 $4,840 Based on estimated price of $30 ?
per ton; 1 sy of stone and hot mix/
cold mix 1" thick weighs about
110 lbs. Therefore 3" = 330 lbs.
per sy. 11,733 sy (1 mile of pavement)
5 330 lbs. = 3,871,890 lbs.
3,871,890 lbs. = 1936T $30 =
$58,080

Cold Mix 8 yrs. $48,390 $6,048 At $30 per ton, using same formula ?
as hot mix, 2 1/2" of cold mix equals
1,613T $30 = $48,390

*These costs must be determined before any conclusions can be reached regarding the most cost-effective pavement method. The thinner the pavement, the
greater the maintenance cost. Traffic, weather conditions, proper preparation before paving and many other factors can affect maintenance costs. No Kentucky
data exists upon which to base estimates of maintenance costs on low volume roads of these paving options; and, therefore, we offer no conclusion as to the
“best” way to pave.

Figure 16: Gravel Road Maintenance Cost Per Mile

Figure 17: Paving Options (Costs and road life are estimates and may vary)



Figure 18: Impacts of Gravel Surfaces on User Costs

To use this chart, determine the type of vehicle, the speed
and the type of road surface. Follow the speed line vertically
to the vehicle type. Go horizontally to multiplier factor of
road surface. Multiply the cost of travelling on a paved sur-
face by this number to determine the cost of operating the
same vehicle on gravel surface or dirt surface. Example: If it
costs 28¢ per mile to operate a passenger car* at 40 mph
on pavement, it will cost 39¢ per mile to operate it on a
gravel road at the same speed and 50¢ per mile on a dirt
road.

*1984 Federal Highway Administration Statistics quotes an
operating cost of 28¢ per mile for an intermediate size pas-
senger car traveling on average suburban pavement. You
must determine your own vehicle operating costs on pave-
ment in order to use these multiplicative factors to calculate

0 5 10 15 20 25 30 35 40 45 50 55 60

Speed — mph
Sources:Winfrey (4),page 72 SA-3334-%
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Axles
Inspect for leaks.

Blade, End Bits, and Moldboard
Inspect for excessive wear or damage.

Operator’s Compartment
Inspect for damaged gauges and cleanliness.

Hydraulic System
Measure oil level and inspect for leaks.

Air Cleaner Indicator
Observe Indicator.

Engine Precleaner
Inspect for dirt build-up.

Cooling System
Inspect for leaks and debris build-up on and near radiator.
Check coolant level.

Differentials and Transmission
Inspect for leaks.

Engine Compartment
Inspect for leaks and trash build-up.
Check engine oil level.

Tandem Housing
Inspect for leaks.

Pivot Area
Inspect for trash.

Steps and Grab Irons
Inspect condition and cleanliness.

Ball and Sockets
Inspect for looseness and insert wear.

Blade Circle Shoes
Inspect for wear and adjustment.

Circle Drive Housing
Inspect for leaks.

Tires
Inspect for damage, excessive
wear,

Front Wheel Spindle Bearing Housing
Inspect for leaks.

Figure 19: Walk-around Inspection Diagram (From Maintaining Gravel Roads Training Manual, 1999. Maine Department of Transportation,
Federal Highway Administration.)

HYDRAULIC CYLINDERS
Inspect for leaks and damage.



Figure 20: Motor Grader Preventative Maintenance Check List (From Maintaining Gravel Roads Training Manual, 1999. Maine
Department of Transportation, Federal Highway Administration.)

MOTOR GRADER PREVENTATIVE MAINTENANCE CHECK LIST

Vehicle #________ Date ________ PM Location ________ # Hours _______

OK REPAIR FOLLOW UP

150 HOUR SERVICE (90 DAYS)

Change Engine Oil & Filter _______ _______ _______

Check Air Filter Elements – replace if necessary _______ _______ _______

Check Exhaust System _______ _______ _______

Check Air Inlet System for Leaks _______ _______ _______

Check Wiring for Chafing, Loose Connections, etc. _______ _______ _______

Check Battery Electrolyte Level _______ _______ _______

Check Front End _______ _______ _______

Check and Tighten Wheel Studs _______ _______ ________

Check Drive Axle Oil _______ _______ _______

Check Oil Level in Tandem Drives _______ _______ _______

Check Parking Brake Adjustment _______ _______ _______

Check Oil Level in Circle Drive Gear Box _______ _______ _______

300 HOUR SERVICE

Change Fuel Filter _______ _______ _______

Change Hydraulic Filter & Clean Magnets _______ _______ _______

Change Transmission Filter _______ _______ _______

Visually Inspect Engine Mounts _______ _______ _______

Take Oil Sample _______ _______ _______

Check and Adjust Brake Pedal Linkage _______ _______ _______

Steam Clean Radiator _______ _______ _______

1000 HOUR SERVICE

Steam Clean Engine _______ ________ _______

Check and Adjust Engine Speeds _______ ________ _______

Check and Adjust Valve Clearance _______ ________ _______

Clean and Repack Front Wheel Bearings _______ _______ _______

Clean Hydraulic Tank Breather Filter _______ _______ _______

Check Pivot Pins and Bushings _______ _______ _______

Road Test Prior to Releasing to Using Agency _______ _______ _______

Performed by________________________________




