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ON THE ROAD
By Norm Bowers, Local Road Engineer

Gravel Road Potholes and 
Mudholes

With this wet winter most counties and 
townships are struggling with potholes and 
mudholes on their unpaved roads. Did you 

ever wonder why some areas of a road get potholes 
and mudholes, while most of the road is OK? 
Well, as they say, “it’s not rocket science.” Pot 
holes and mudholes develop where water stands 
on the road. 

Most people are blaming the wet weather for 
potholes and mudholes, and certainly we do not 
have those problems in dry weather. But it could 
be that lack of crown and/or deferred maintenance 
has resulted in those road defects. 

The three major factors for a good gravel road: 
1. Adequate surfacing material
2. Ditch drainage
3. Proper crown

The amount of 
surfacing material 
(rock or gravel) 
needed is based 
on amount and 
type of traffic. 
Surfacing material goes up in dust or gets washed 
away. Replenishing surfacing material is an 
ongoing long term effort. If we don’t replenish 
the surfacing material to offset the loss then the 
thickness decreases and eventually the surfacing 
cannot support the traffic and we have a problem. 
Eventually was this winter. The current buzzword 
is deferred maintenance. In this case, we have 
deferred putting adequate surfacing material 
on the road. The issue is we deferred the work 
and the expense, but eventually, unless you are 
going to close the road, we still have the work 
and expense of the work. The responsibility for 
deferred maintenance falls directly on the county 
commission, maybe previous county commissions. 
The fault is not the road crews, they don’t set the 
budget, they just work with what they are given. 
 

Major Factors for a 
Good Gravel Road:
1. Proper crown
2. Ditch drainage
3. Adequate 

surfacing material

Ok, I blasted the commissioners, 
now I will turn to the road crew. 
I have a saying that I adapted 
from my dad who was a grader 
operator. There are four enemies 
of a gravel road.

1. Weather (both wet and dry)
2. Traffic
3. Farmer (that farms the 

ditches)
4. Grader Operator

We can’t do much about the weather or the traffic, 
and we don’t do much about the farmer farming 
the ditch shut. But we can do something about the 
grader operator.

There is another saying “What makes a good road? 
Drainage, Drainage, & Drainage!” Some people 
hearing that think about ditches. However, to get 
water off a gravel road the three elements are: 1. 
Crown (cross slope), 2. High shoulders (lack of), 
and 3. Ditches. If this winter your gravel roads 
developed potholes and mudholes in flat areas 
such as at top of hills and low areas near crossroad 
culverts, there probably wasn’t enough crown. 

Proper Crown: A 
road should be higher 
in the middle than at 
the edge so that water 
sheets off the road. 
The slope from the center of the road to shoulder 
is referred to as crown or cross slope. Crown has 
to be substantial to allow for ridges that form 
adjacent to wheel tracks, or water will run down 
hill in the wheel tracks rather than sheet off into 
the ditch.  For drainage the more crown you have 
the faster the water gets off the road. Of course, 
if you get too much crown it becomes difficult to 
drive and farm equipment high centers. From my 
experience most roads do not have enough crown. 
If you have a pothole problem there is not enough 
crown. Experts agree that the desired crown on 
a gravel road is 4% to 6%, which is one-half to 
three-quarters of an inch per foot. This calculates 
to 5" to 7" on a 20 ft. road and 6" to 9" on a 24 ft. 
road.  

Proper Crown:
20 ft. Road 5" to 7"
24 ft. Road 6" to 9"
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FIGURE 2. Equipment needed to check crown.

minutes to check the crown using this method. One 
person can use a ruler, string line and a string level. 
Just set a nail at the center of the road, loop the sting 
around the nail and measure the fall at the edge of 
the road. I like the two person method as it involves 
the grader operator and he can then explain why he 
doesn’t have enough crown. 

Slope Meter: If you find you don’t have adequate 
crown, all you have to do is tell the blade operators to 
blade at a 4% cross slope, right? Wrong, it isn’t that 
easy. A blade operator sitting about 8 ft. above the 
road can’t tell what the cross slope is. The operator 
normally estimates the slope by how much he is 
cutting. Some operators claim they can feel the slope 
in the seat of their pants. They may feel something 
in their pants, but if it was the cross slope the roads 
would not be flat. Every motor grader should be 
equipped with a slope meter as shown in Figure 3. A 
slope meter costs less than $200, and a motor grader 
costs $250,000 so the cost is relatively small. But 
don’t just mount the slope meter, the operator may 
not know how to read it. I would suggest marking the 
desired cross slope on the bubble with a magic marker 
so hen there will be no confusion. 

Straight Blades: A slope meter only works with 
straight blades. Blades wear in the middle. Worn 
blades are one cause of high shoulders as operators cut 
near the shoulder to get material to blade across the 
road. Worn blades also cause a flat spot in the center 
of the road which will pothole easily. Blades should 
be rotated when worn ¾". When dragging everyday 
it may be necessary to rotate the blades once a week. 
Where rock ledges are not an issue many agencies use 
carbide embedded blades. When counting labor and 
lost time rotating blades the carbide blades may be 
cheaper in the long run. 

Mudholes and Potholes in flat areas. 
If road crown is too flat precipitation has a tendency 
to follow the track down the hill rather than sheeting 
off into the ditch. Water stands in the low area which 
softens the road surface and causes either potholes 
or mudholes. If there is adequate surfacing material 
potholes develop. However, if the surfacing material 
is marginal ruts form where water stands, then the 
standing water in combination with traffic cuts the 
mudhole deeper and deeper. Figure 5 shows water 
following the wheel tracks and collecting in the flat 
area over the culvert. Over an extended wet period 
a mudhole may have developed anyway, but proper 
crown reduces the severity. Traffic will pound down 

FIGURE 1. This potholed area had 2" of crown and should 
have been 5".

FIGURE 3. Slope meter should be marked at the desired cross 
slope, usually at the 4.

Checking Crown: The simplest and fastest way 
to check crown is with a stringline. All you need is 
two rulers and a stringline as shown in Figure 2. The 
way I like to do it takes two people. First determine 
road width, just stepping it off is close enough. Then 
stretch the stringline to the inch mark on the ruler that 
corresponds to the minimum recommended crown 
for the road width, say 5" mark for a 20 ft. road. Then 
just lower or raise the string line until the string just 
touches the road near the center. It takes about 2 
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the crown some, so it would be a good idea to make 
sure low areas have more than the minimum crown. 

Mudholes on sides of a hill.
Even with proper crown mudholes can develop on the 

FIGURE 4. Worn blades lead to false shoulders and improper 
crown.

FIGURE 5. Mudhole developing due to lack of crown. Note that the windrow is 
also holding water on the road. This mudhole is going to get worse.

side of a hill 
where there 
is a seep. A 
seep usually 
occurs at a rock 
outcrop during 
prolonged wet 
weather. The 
water from 
the seep saturates the subgrade from the bottom up, 
rather than top down. These type of mudholes break 
through the road crust rather rapidly, and are as deep 
as the cover over the rock ledge. This type of mudhole 
does not usually occur at the same time as the flat area 
mudholes, and are exceptionally hazardous as they 
develop so quickly. The subgrade is quite liquid and 
cannot be stabilized with coarse rock. The standard 
repair is to dig out the mud and replace the mud 
with screened rock that will let the water escape into 
the road ditch. To allow for drainage sometimes an 
underdrain is installed or a ditch cut deeper to drain 
the area. 

Maintaining a gravel road with a motor 
grader is one of the more complex jobs on 
the road crew. Obtaining the proper crown 
is not easy, it will take some time, effort, 
and perhaps additional gravel to get the 
proper cross slope. If the roads are too flat 
the operator has to cut more at the shoulder 
and bring that material to the center. If the 
material brought up from the shoulder has 
too much dirt it may be necessary to add 
gravel. 

As I mentioned at the beginning of this 
article proper crown is one of the three 
major factors in making a good gravel 
road. I hope you make a resolution to 
check crown on your roads,and if needed, 
develop a plan to correct the crown so 
that you will have fewer potholes and 
mudholes.  n

If you like roads, and who doesn’t, you 
may be interested in my twice monthly 
email on current road issues and road 
items of statewide interest. If you would 
like to receive these emails just send me 
an email request with name and title at 
bowers@kansascounties.org.

FIGURE 6. Mud hole at rock ledge on side of hill.

Potholes or Mudholes?
Potholes develop where there is 
adequate surfacing material.
Mudholes develop in the same 
area if there is inadequate 
surfacing material.
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