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E 500 GRADE DEBERMINATUN 
This chapter covers the application of design cri- 

teria to the determination of grade. The term 
“grade” as used here will apply both to the vertical 
relationship between the road surface and the ter- 
ram and to the longitudinal rate of grade. 

The vertical alignment or grade line of a street 
in general is a series of straight lines and curves. 
The length of these lines is measured on the hor- 
izontal plane. For flat streets, using these horizon- 
tal lengths results in no practical errors. In steep 
grades, corrections may be necessary for calcula- 
tions that require true lengths. For example, the 
true curb length on a 15 percent grade for a hori- 

E 510 TERRAIN AND 
The following discussion will cover terrain and 

land development and their effect on the order of 
importance of the different design factors and the 
final grade determination. The type of terrain or 
intensity of land development may vary within a 
given project. It may become necessary to rear- 
range the order of importance of the design factors 
and, in so doing, change the grade either locally 
or throughout the entire project. 

E 511 FLAT TERRAIN 

Terrain in which the average grade is 5 percent 
or less is considered flat. 

E 511.1 Undeveloped Land: Land in its original 
condition, with no grading or man-made struc- 
tures, is considered undeveloped. 

1. Drainage: 
a. In nonlevel land, drainage may not be an 

important factor and the importance of the design 
controls is usually determined by other factors. 

b. In extremely flat areas the most impor- 
tant design consideration is drainage. 

2. Where drainage is not critical, it is neces- 
sary to meet the highway design standards, as per 
street and highway classifications, for maximum 
design speed. 

3, It is necessary to join the unimproved prop- 
erty at a grade favorable to future development. 

E 511.2 Developed Land: Land on which grad- 

zontal distance of 100 feet is 101.119 feet. For gen- 
eral criteria, vertical curve computations, and sight 
distances see Section E 320, Vertical Alignment, 
and Section E 340, Sight Distance. 

The final location of the grade is affected by 
such factors as the street classification, terrain, 
topography, right of way, drainage, economics, 
available financing, etc. These factors are all inter- 
related and almost all apply in every design. Most 
of these factors have been discussed elsewhere in 
this Part of the Manual. Another controlling factor 
in grade locati.on is the City’s specific policies in 
the application of the design criteria. 

LAND DEVELOPMENT 

ing has been done for the purpose of constructing 
streets and structures is considered developed. 

1. As above, in nonlevel land, the drainage 
situation may not be a factor. However, in ex- 
tremely flat areas, drainage consideration is even 
more important, due to the likely possibility of 
flood damage to improved property. 

2. Highway Design Standards: 
a. In residential or suburban areas, meeting 

the highway design standards is most important 
except where drainage is critical. 

b. In the downtown central core or other 
highly developed districts, meeting the highway 
design standards and moving traffic are most im- 
portant except where drainage is critical and right 
of way costs are prohibitive. 

3. Existing Improvements: 
a. In residential or suburban areas, meeting 

the existing improvements is important but less 
critical and costly than drainage or meeting the 
highway design standards. 

b. In highly developed areas, meeting the 
existing improvements is generally more critical 
than in suburban areas. 

E 512 HILLSIDE OR MOUNTAINOUS 
TERRAIN 

Terrain in which the average grade is more than 
5 percent is considered hillside or mountainous. 
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E 512.1 Undeveloped Land: The definition of 
undeveloped land given in Subsection E 511.1 ap- 
plies here as well. 

1. Terrain: 
a. In extremely steep or rugged terrain the 

volume of earthwork as well as the maximum and 
minimum grade percentages are the limiting 
factors. 

b. In rolling terrain, the maximum and 
minimum percentages of grade will usually de- 
termine the grade and alignment, with lesser 
consideration given to earthwork. 

2. Highway Design Standards: 
a. In steep terraiq for a given street or 

highway and design speed designation the high- 
way design standards should be met Usually in 
this type of terrain the design speed should be 
lowered in order to meet these standards. 

b. In rolling terrain, the normal design 
speed and the highway design standards control. 

3. Existing Improvements: 
a. In steep terra& meeting the property 

is relatively unimportant. 
b. In rolling terrain, future development of 

the abutting property should be considered. 

4. Drainage may be an important considera- 
tion if extensive sump areas or watercourses are 
encountered. 

E 512.2 Developed Land: The definition of de- 
veloped land given in Subsection E 5112 applies 
here as welL 

1. Terrain: 
a. In mountainous areas, property develop- 

ment is much less intensified than in other types 
of terrain. In general, except for au occasional 
driveway to be met, the design controls are similar 
in mountainous areas for developed as well as 
undeveloped land 

b. In rolling terrain, depending on the de- 
gree of development, a certain amount of earth- 
work has been or will be done in the development 
process. Therefore, in general, earthwork is not 
necessarily a critical factor. The ruling design 
factor in grade location will then be the maximum 
and minimum grades. 

2. The street and highway design and maxi- 
mum speed standards should be met. 

3. The existing improvements should be 
joined. 

4. Drainage is generally a problem only in 
regard to directing surface flow and in encounter- 
ing an occasional sump condition or watercourse. 
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E 520 INTERSECTION GRADES CONTROLLED BY STREET CLASSIFICATION 
Wherever possible, grades will be laid straight 

across intersecting streets without the use of 
benches. Where, due to steep grades, the use of a 
bench is unavoidable, the street of major impor- 
tance will preferably be laid straight and the 
intersecting street benched. In the case of a T 
intersection, the through street will be on a 
straight grade and the grade of the side street 
may be flattened as necessary to meet the plane 
of the through street. 

E 521 MAJOR HIGHWAY INTERSECTING 
MAJOR HIGHWAY 

The grades of all legs of the intersection be- 
tween two major highways should be set so that 
each will function as a through roadway. This 

requirement will usually make it necessary to 
construct drainage structures at these intersec- 
tions to eliminate dips and cross-gutters. 

E 522 MAJOR HIGHWAY INTERSECTING 
LOCAL STREET 

The grades should favor the major highway, 
giving less consideration to the local street. Cross- 
gutters are permitted only across local streets. 

E 523 LOCAL STREET INTERSECTING 
LOCAL STREET 

More consideration should be given to grades 
for local collector than for noncollector streets. 
Cross-gutters are permitted across both local col- 
lector and noncoUe&or streets. 
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E 530’ DESlGN POLICY 
At this point some of the specific design criteria 

used for the City’s grade design policy are 
introduced. F’urther application of these design 
criteria is also presented for the specific types of 
projects listed in Chapter E 600,, Design Criteria 
for Special Street Components and Projects. Other 
design details may be found under Section E 440, 
Concrete Gutters, E 660, Remodeling Improved 
Streets, and in other sections of this Part of the 
Manual. 

E 531 DESIGN DETAIL5 

In order to present the specific design details 
for dete rmining the grade for City streets, the 
street is divided into three separate areas: Be- 
tween Intersections, Approaching Intersections, 
and Within Intersections. 

E 531.1 Between Intersections: Because of all 
the complex factors involved, grades are usually 
developed on a triw error basis. The curb 
grades should be established so as to direct drain- 
age toward the street from the abutting property. 
The top of curb is then used as a reference in 
establishing the pavement grades. Wherever po.s- 
sible, the roadway should be designed with a 
level cross-section and a uniform crown Normal 
crown should bemaintained on all through streets. 
The curb grades should be laid in straight lines 
between intersections. Where straight grades are 
not practical, a reasonable balance should be main- 
tained between meeting existing improvements, 
design standards, and construction costs. 

The existing terrain or improvements may be 
such that the design of a street grade would 
entail the use of a grade less than the minimum 
permitted. To avoid using this flat grade, it may 
be desirable to create a sump. The grades ap- 
proaching the sump would then be designed to 
exceed the minim- grade or at least equal it. 
A storm drain system must be available to use 
this method. An alternative method would be to 
create a high point at some strategic location and 
design the street grades setting the high point so 
that a grade results that equals or exceeds the 
minimum grade. 

E 531.11 Rate of Grade (Longitudinal): In de- 
veloping a longitudinal grade there is no particular 

desirable rate of grade that should be used. How- 
ever, grades of 6 percent or less are preferable. 

E 531.111 Maximum: The maximum desirable 
grade for major or secondary streets is 6 percent, 
with 7 percent being the absolute maximum. All 
other streets have a normal maximum limit of 15 
percent. See Subsection E 321.1, Maximum Grades. 

E 532.112 Minimum: The minimum desirable 
rate of grade is 0.400 percent. Where unavoidable, 
a rate of grade of 0.200 percent may be used. When 
using flat grades, concrete gutter should be used. 
See Subsection E 321.2, Minimum Grades. 

E 531.12 Grade Breaks: The maximum grade 
break permitted between two adjoining chords 
varies with the location and circumstances. 

E 531.121 Rate Differences: Connecting chords 
that have a grade difference of more than 
1.25 percent on local streets and 0.50 percent on 
major and secondary highways should be replaced 
with vertical curves. Vertical curve calculations 
are shown in Section E 322, Vertical Curves. 

E 531.122 Spacing: Grade breaks on vertical 
curves will normally be spaced at about 25-foot 
intervals on flat grades and about lo-foot 
intervals on steeper grades. The mkimum spacing 
permitted is 5 feet. Use of the 5-foot minimum 
spacing may be unavoidable in some existing al- 
leys. There is no maximum spacing. However, due 
to conditions that generally prevail in existing 
streets, the spacing between elevations will rarely 
exceed 100 feet. 

E 531.13 Crossfall (Transverse Slopes: The 
crossfall in a street is the difference in elevation 
between the two sides of the street. Street cross- 
sections should be held level on major or second- 
ary highways and should not exceed 1.50 percent 
on other streets. Where it is necessary to meet 
existing improvements on existing streets in hill- 
side areas, a maximum crossfall of 8_~frce&ma~ 
be permitted. 

The rate of crossfall is calculated by determin- 
ing the difference in elevation at each end of a 
transverse section. The transverse section used 
should be normal to the curbs on tangent street 
sections or radial on curved street sections. To 
obtain the percentage of crossfall, this difference 
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in elevation (usually between the outer edges of 
gutter) is divided by the horizontal distance be- 
tween elevations and the resulting quotient is 
then multiplied by 100. 

E 531.2 Approaching Intersections: Where rela- 
tively level (transverse direction) streets in hill- 
side areas intersect streets having a steep 
longitudinal grade, as the proposed level street 
approaches the intersection, crossfall must be de- 
veloped to meet the grade of the intersecting 
street. 

E 531.21 Crossfalh This may be effected by 
providing a smooth trausition of gradually increas- 
ing cr0ssfa.U starting at a distance~of 75 feet from 
the BCR. See Figure E 531.3. Approximately two- 
thirds of the grade of the intersecting street is 
set at the BCR. The maximum crossfall at this 
point should not exceed 10 percent. The crossfazl 
is then permitted to increase beyond the BCR 
until the intersection is reached, where the re- 
maining one-third of the grade of the intersecting 
street is developed. 

E 531.3 Within Intersections: After prelimin- 
ary grades are set, the theoretical curb grades are 
extended on smooth lines across all intersecting 
streets. Crown sections are reduced at the ap- 
proach to the intersection where transitions are 
required to meet the cross-gutters or depressed 
flow lines. The specific details are shown on 
Figure E 531.3. 

E 531.31 Grade Breaks: On .major and sec- 
ondary highways, the desirable maximum grade 
break permitted within an intersection is the same 
as between intersections (0.50 percent). For local 
street intersections, Tintersections, or local streets 
where permanent stop signs are installed, the 
desirable maximum is.. w-t, and the abso- 
lute maximum is 6 percent. See Figures E 531.3 
and E 531.31A and B. However, use of the 5-foot . minimum spacmg may be unavoidable in some 
existing street intersections. See Figure E 531.3. 

E ‘53l.311 Around Curb Returw A vertical 
curve should be used around a curb return where 
practical. The maximum grade change permitted 
per grade break is 3 percent. 

E 531.33 Rideoversz In order to reduce the 
longitudinal grade break across intersections to 
provide a smoother riding line, rideovers are used. 

See various sections on Figures E 531.3; E 441.33A, 
Street Plan; and E 441.33B, Work Sheet Profile 
and Cross-Sections (Showing Nonintersecting 
Cross-Gutter). It is generally used where there 
is no surface drainage across the intersection. How- 
ever, rideovers can also be used in connection with 
existing or proposed cross-gutters, provided there 
is adequate fall across an intersection. The ride- 
over profile on the west side of “A” Street on 
Figure E 531.3 represents the flow line profile of 
the cross-gutter. This profile indicates that al- 
though a vertical curve (rideover) has been in- 
troduced into the cross-gutter flow line, drainage 
can take place across the intersection. 

E 531.33 Drainage: Surface drainage is not 
normally permitted across intersections on major 
or secondary highways. Surface drainage across 
intersections of local streets, although not desir- 
able, is permitted_ However, cross-gutters must be 
provided, using the standards for construction in- 
dicated on Figures E 431.1, Types of Curbs and 
Gutter, and E 441.32, Low Flow Channels for 
Cross-Gutters. Since catch basins are not permitted 
within the curb return area, the policy is to design 
the gutter so that any sumps that wiU be created 
are located outside the curb return area Due to 
the variation of grades approaching intersections, 
various drainage patterns are created, as, indicated 
by the direction of the drainage arrows shown on 
Figure E 531.33. 

_ 

E 532 INTERSECTION DRAINAGE 

Referring to Figure E 532, different corners 
show the different drainage patterns involved and 
described in the discussions that follow. 

E 532.1 Corner A: This shows tb.e drainage 
approaching the curb return from both directions. 
The grades should be arranged for drainage to go 
completely around the return toward either the 
BCR or the ECR, whichever appears to give 
smoother grades. In either case, the low point is 
located outside the curb return area. This method 
requires only one catch basin for drainage. If there 
is not enough fall around the return, the flow line 
is elevated at some point witbin the return area 
(usualIy near the MCR), creating a flow line high 
point witbin the return area. In other words, the 
top of curb grade is established and the curb face 
is reduced by elevating the flow line. The absolute 
minimum curb face that should be produced in 
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this way is 4 inches at the high point of the flow 
line. See Subsection E 433.4, Curb Face Heights. 
The drainage is then directed away from this high 
point toward the two sumps that have been cre- 
ated. The two sumps are located outside the re- 
turn area, one near the BCR and the other. near 
the ECR. The water is then handled by a storm 
drain installation. If no storm drain system is 
available within a reasonable distance from the 
standpoint of economy, either a cross-gutter will 
have to be provided or the intersection and ap- 
proaches may have to be remodeled as outlined 
in Section E 660, Remodeling of Improved Streets. 

E 522.2 Corner B: This shows the drainage 
approaching the BCR and being directed around 
the return. If the grade around the return is too 
flat to meet the minimum standards as previously 
outlined, it may be necessary to follow a design 
pattern similar to that shown in corner A; that 
is, provide a high point in the flow line in the 
return area and direct the water toward a sump 
created at or near the BCR, or remodel the inter- 
section or the intersection approach flow line 
grades as outlined in Section E 660, Remodeling 
Improved Streets. 

E 532.3 Comer C: This shows another drain- 
age pattern with a high point usually within the 
curb return area. If the existing grades from the 
curb return area are too flat, drainage can be 
facilitated by elevating the flow line at some point 
within the curb return area. 

E 532.4 Comer I): This shows drainage to- 
ward the return area from the direction of the BCR 
and the ECR. A cross-gutter may be provided if 
a local street is involved and a storm drain system 
is not readily available at that corner. The water 
must be diverted from corner D to corner E and 
either picked up by some drainage structure or 
carried farther downstream to some other point 
of pickup. The flow line elevations of corner D 
are set so that the ECR, BCR, and MCR are higher 
than point V, the flow line PI. Normally, a straight 
grade is provided between the BCR flow line and 
point V. A straight grade is normally set between 
point V and point W, the flow line PI of corner 
E. The elevation at point X is normally set %-inch 
higher than the elevation at point Z for a 4foot 
cross-gutter. In following this procedure it will 
be found that the elevation at point Y will be only 
about 0.01 or 0.02 of a foot below the elevation of 

point X. Since the gutter at this point will have 
practically no capacity, any appreciable amount of 
dry-weather flow will tend to leave the confines 
of the gutter and head downstream diagonally 
across the pavement and then back into the cross- 
gutter. If the grade of the street from comer D to 
comer E is particularly steep, the fall from point 
V to point Z will be very great, and when the ele- 
vation of point X is set only s/s-inch above point 
Z, the elevation of point Y will be actually higher 
than that of point X. In order to provide more 
water-carrying capacity at point Y, the elevation 
of point Y should be lowered and/or the elevation 
of point X raised. This can be effected by design- 
ing a short, mild vertical curve or dip instead of 
the straight grade between the BCR of comer D 
and point V, the flow line PI and, if needed, rais- 
ing the elevation of point X to a maximum of 3% 
inch above point Z. Since normally a straight grade 
would be designed between points X and U raising 
the elevation of point X to ?&inch (a nonstandard 
hike-up of the outer edge of cross-gutter above the 
cross-gutter flow line), the nonstandard hike-up 
would then transition to a normal hike-up at point 
U above point P. Since it is desirable to reach a 
normal hike-up as soon as possible, elevations 
providing normal hike-up should be designated 
at the centerline of the street between points 
S and T, or preferably at the quarterline between 
points Q and R. 

E 522.5 Comer E: Based on the indicated drain- 
age pattern, comer E should be designed so that 
the elevation at the BCR is higher than the flow 
line PI elevation W and the ECR flow line eleva- 
tion. The .MCR flow line elevation should be set 
at a lower elevation than the elevation at point W 
and higher than the ECR flow line, to aid in con- 
fining the water to a narrow stream and directing 
it toward the curbline. 

E 532.6 Comers F and G: As previously dis- 
cussed, storm drain considerations may modify 
the drainage pattern indicated on these comers. 
It may be decided that due to lack of water- 
carrying capacity of the street, the grades should 
be adjusted to carry a minimum of water by way 
of the cross-gutter, with most of the water being 
directed around the returns and down the inter- 
secting street. On the other hand, the intersecting 
street may have a very small capacity, and little 
or no water may be permitted to drain around 
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the return. The water diversion is accomplished by than the BCR elevations. This adjustment controls 
adjusting the ECR and flow line PI elevations at the flow around the return and from the flow line 
corners F and G so that they are higher or lower PITS. 


