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In designing surface drainage ference between the gutter flow and 
facilities for streets and high- the carryover. Tests were also 
ways, the highway engineer has been made with simulated debris added to 
handicapped by the general lack of the flow. 
data on the capacity of grate in- In tests conducted at the North 
lets. The limited data available Carolina Engineering Experiment 
indicates that for many of the Station (1)1, N.W. Conner found 
grate inlets now in use, the capa- that defl~cting slots in a gutter 
cities are quite low, particularly are self.:cleaning when set at an 
on moderate and steep grades. In angle of ~5 deg, with the direction 
addition, clogging of grate inlets of flow. In an attempt to improve 
with, paper, leaves, and other de- the s.elf-cleaning ability of grate 
bris continues to be a serious inlets, an experimental inlet was 
maintenance problem, For the pur- constructed with its bars and open
pose of alleviating these .pr.oblems, ings set at this angle. Tests were 
an experimental in~estigation was made of this inlet both with and 
undertaken at the St. Anthony Falls without a curb opening. This ex
Hydraulic Laboratory of the Uni- perimental inlet was then improved 
vers i ty of Minnesota, under the by rounding the surface of each of 
sponsorship of the Minnesota De- its bars. Standard inlets tested 
partment of Highways. included a Minnesota Highway De~ 

A test gutter .with a cross-slope partment inlet, which has openings 
of 20,6 to 1 and with a nearly ver- parallel to the flow, and a city 
tical curb was constructed in the street department inlet, which has 
36-in. tilting channel of the Lab- openings normal to the direction of 
oratory. Near the end of the gut- flow . 
ter, a test section was provided, Since the test gutter was con
in which full-scale inlets and curb siderably smoother than the average 
openings of any shape could he in- gutter, differences in roughness 
stalled. Tests of various grate must he considered in applying the 
inlets were conducted at several test results to grate inlets in 
slopes, using a wide range of dis- actual gutters. In addition, one 
charges at each slope. In all may wish to apply the data to in-
tests the entire flow was intro- lets in various gutters having dif-
duced at the upper end of the gut- ferent degrees of roughness°1" For 
ter. Measurements were taken of these reasons, the test results are 
the depth and discharge in the gut- not presented on the basis of slope 
ter, and of the quantity of water alone, but rather on the basis of 
passing over and around the inlet, the quantity v's/n, in which s is 

-which was termed "carryover." The the highway slope and n is the Man-
portion of the flow {ntercepted by ning roughness coefficient. This 
the inlet, referred to as "inlet, factor is a constant for any given 
capacity," wasr-ef cou111e,- the di£- gutter. Since this index is pro-

1Ita licized figures in parentheses refer to the list of referencea at the end of paper, 
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portional to v~locity for a given 
depth of flow, it will be referred 
t o a s t he " v e 1 o c i t y ind ex , " Th e 
four test slopes selected gave a 
range in velocity index from 6.6 to 
17.2, resulting in super-critical 
flow within the entire range.. This 
range includes gutters of ordinary 
roughness at slopes of 1 to 6 per
cent, 

The data obtained in the cnpn
city tests are presented in Figures 
1 t hrough 4, in the form of" rating" 
curves. In these curves. inlet 
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Fi.gure 1. Ra ting Curves at 
Velocity Index of 17.2 
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c a p a cities are p l otted as ordinates , 
and carryovers as abscissas. For 
any poin t on t hese cur v es , t he 
corre sponding gutte r discharge can 
a l so be determined directly by fol
lowing the sloping lines to the 
carryover scale. The le LLer desig
nations on the figures indicate the 
various inlets or inlet setups, as 
follows: 

A. Experimental inlet, with curb 
opening 

F. Experimental inlet, 
curb opening 

without 

D. I~roved experimental inlet 
G, Highway Department inlet 
H. City inlet 
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Figure 2. Rating Curves at 
Velocity Index of 14.0 
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Each of Figures 1-4 contains the 
data obtained at a certain test 
slope, and is there fore applicable 
only for a particular velocity 
index. 
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Figure 4. Rating Curves at 
Velocity Index of 6.6 
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Figures 5, 6, and 7 are plots 
of velocity indexes versus inlet 

capacities corresponding to several 
carryovers. For these carryovers 
then, one can determine the corre
sponding inlet capacit~ at any 
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Figure 5. Inlet Capacities with 
No Carryover 
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Figure 6. Inlet Capacities with 
Carryover of 0.10 cu ft per sec 
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Figure 7. Inlet Capacities with 
Carryover of 0.20 cu ft per sec 

velocity index within the range of 
the tests. These curves also indi
cate the manner in which the capa
city of any of the inlets varies 
with slope. 

Visual observations during the 
tests indicated that the data do 
not fully explain differences in 
behavior between the various in
lets. To ·supplement the data, 
therefore, a number of photographs 
were taken of the inlets in opera
tion. Figures 8 through 11 show 
Inlets A, D, G, and H operating 
with approximately the same gutter 
discharge. 

RESULTS OF CAPACITY TESTS 

Perhaps the most important fact 
developed by the s e tests is that 
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the capacities of grate inlets can 
be greatly increased by permitting 
a small amount of carryover·.' This 
statement appears to apply to any 
grate inlet. The rating curves show 
that the capacities of most of the 
inlets tested ere approximately 
doubled by allowing carryovers from 
0.10 to 0.20 cu. ft. per sec. In 
the case of inlets in series, these 
small carryovers from inlet to in
let produce no ill effects other 
than a slight increase in the gutter 
flow, since carryover is not cumu
lative. Greeter carryovers produce 
diminishing returns. Thus a carry
over in the range of 0.10 to 0.20 
cu. ft. per sec. appears to be the 
optimum for inlets in series in the 
ordinary case where the gutter dis
charge is a limiting factor. 

The capacity test date show that 
the capacity of a grate inlet is 
!l.ffpc,t,,,.rl hnt.h by thP. characteristics 
of the inlet and by the character
istics of the approach flow. Further 
more, variations in the nature of 
the approach flow produce varying 
and sometimes opposite effects upon 
inlet capaci ty , depending on the 
characteristics of the inlet. Of 
p r ima r y impo r tance in determining 
inlet capacity ere the following 
inlet characteristics: the width 
of the inlet, and the efficiency of 
the inlet openings. 

The width of the inlet measured 
normal to the direction oi flow, 
is an influential factor in that 
the carryover in almost eve r y case 
is either partly or wholly composed 
of water which passes around the 
inlet. In other words, no inlet can 
be expected to intercept a large 
portion of the flow unless it ex
tends we 11 into the pa th of the 
flow. The importance of width can 
be seen from en inspection of the 

. • r T 1 . a.. T'\ .._ \_ ~ 
racing curves 1.or .111.Lt<:l, u, Lue j_f11-

proved experimental inlet, and for 
Inlet G, the Highway Department in
let, both of which take water readily. 
Inlet D, being 24 in. in width, has 
a high rating curve, while Inlet G, 

which is 17 in. wide, has a low rating. 
Thus, it appears worthwhile to make 
grate inlets at least 24 in. wide 
for a gutter of this shape, end 
perhaps wider 1or highways with 
flatter crown slopes. 

The efficiency of grate inlet 
openings was found to depend mainly 
on the effective length of the in
dividual openings, which, in all 
cases, is measured in ~he direction 
of flow. The importance of this 
characteristic is we ll de monstrated 
in a general way by the test results. 
Since it has 1 3/16-in. transverse 
openings, the city inlet, Inlet H, 
permitted an appreciable portion of 
the fl ow t o pass dire c tly over t he 
openings. The rating curve for this 
inlet therefore rises slowly: In 
the Highway Department inlet, In
let G, 1 1/4-in. by 11-in. openings 
are placed parallel to the flow, 
ma king thri r P. ffpct.i ve l,,.ngt.h 11 in, 
The photographs show that these 
openings allowed no water to pass 
over the inlet, and a steeper rating 
curve was the result. The narrower 
width of Inlet G, however, caus e d 
i t s capac i ty t o f all below t hat of 
Inlet Hin the region of no carryover. 

During tests of inlets with trans
verse bars, it was observed ·tha t 
only a thin sheet of water was di-

Figure 8. Experimental Inlet, 
.;;;n = 14.0, QG = 1.02, QI= 0.92, 

QC= 0.10 cu ft per sec 
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Figure 9. Improved Experimental 
Inlet, Series D, ls/n = 14.0, QG = 
1.05, QI= 0.98, QC= 0.07 cu ft 

per sec. 

---- ' 

' 
-- ., · .... 

Fig~re 10. H1;_£hway Department Inlet, 
Series G, ./s/n = 14.0, QG = 1.00, 
QI = o. 81, QC = o. 19 cu ft per sec 

verted downward at the face of each 
bar. Theoretically, the thickness 
of this sheet of water varies as the 
square of the overfall distance (ef
fective length of opening) for flow 
of a given velocity, if the path of 
the water crossing the opening is 
assumed to be that of a freely fal
ling body. For this reason, it 
would appear highly desirable to in
crease the effective length of open-

Fi.sure 11. City Inlet, Series H, 
./s/n = 14,0, QG = 1.00, QI= 0.77, 

QC= 0,23 cu ft per sec 

-
ORDINARY BARS --
IMPROVED BARS 

Figure 12. Flow Over Ordinary and 
Improved Grate Bars 

ing in any way possibl~. 
In Series D, the length of the 

openings of the experimental inlet 
was increased by rounding the grate 
bar surfaces. The surface of each 
bar was rounded to conform approxi
mately to the shape of a free over
fall from its leading edge, as shown 
in Figure 12. In effect, th~.is change 
moved the beginning point of each 
overfall from the trailing edge to 

... 



22 DESIGN 

the leading edge of the bar. Since 
the bar thickness was equal to the 
bar spacing, the overfall distance 
or effective length of opening was 
approximately doubled . Thus, the 
thickness t of the sheet of water 
diverted by each bar, as well as 
the capacity of each opening, was 
theoretically quadrupled. Although 
no measurements were made of the 
capacity of individual openings, 
the photographs demonstrate that 
this improvement actually is very 
e ffective. Figure 8 shows that six 
of the openings failed to intercept 
all of the water fl~wing over the 
original experimental inlet, while 
with the improved grate bars, Figure 9, 
almost the entire flow was inter
cepted by the first two openings. 
This simple improvement appears to 
be applicable to any inlet with 
transverse bars, and would result 
_ __ 1 ~ ........ 1 _ .: .£ __ • • .: _ - - - - - - .: - ... L -
,lJl .1..l.LL.l.t::f .1...1.. tlll)'f .&.11\..&.C:U.:>C: .Lll '-'llC: 

cost of casting this type of inlet. 
The use of curb openings with 

grate inlets was found to produce 
little or no increase in capacity, 
depending on the efficiency of the 
in l et . The B series o f tests was 
conducted with the experimental 
inlet as it was used in the A series, 
except that the curb opening was 
replaced by ,a section of curb. Com
parison of the rating curves, Figures 1 
and 2, shows that only a small per
centage of the inlet capacity, less 
than 5 percent , can be credited to 
the curb openings. In this case, 
the curb opening in t ercepts some 
water which would otherwise flow 
over the inlet. In the case of in
lets with more efficient openings, 
which permit no water to flow over 
the inlet, it is evident that a curb 
opening provides practically no in
crease i~ cap~city, unless the inlets 
are affected by backwater. 

The characteristics of the ap
proach flow were also found to have 
a pronounced effect on the capacity 
of grate inlets. The tests showed 
that high velocities tend to de
crease the capacity of an inlet by 

increasing the tendency for water 
to flow or spray over the openings. 
On the other hand, high velocities 
tend to increase the capacity of an 
inlet by concentrating a greater 
flow in a given width of gutter. 
Figures 5, 6, and 7 show that either 

of these opposing tendencies may be 
predominant, depending on the ~idth 
of the inlet and the efficiency of 
the inlet openings. Within the range 
of the tests, these curves also show 
that the improved experimental inlet 
and t he Highway Department inlet, 
which have efficient openings, ope r 
ate wi t h incre asing capacity as the 
slope and velocity are increased. 
The original experimental inlet and 
the city inlet, which have less ef
ficient openings , increase in ca
pacity with increased veloci~y in
indexes up to approximately 14 , but 
decrease in capacity for v~locity 
indexes higher than 14. 

DEBRIS TESTS 

In order to have a quantitative 
basis for comparing the self-cleaning 
a bilit ies of t he va r ious i n l ets , an 
arbitrary procedure for debris tests 
was adopted, using as debris pieces 
of paper 1 by 2 inches in size. Since 
no attempt was made to duplicate 
actual gutter debris, the results of 
these tests were not intended to in
dicate the percentage of actual debris 
which a given inlet will handle. 
However, the results are believed 
to serve as a basis for comparing 
the various inlets tested. 

The original experimental inlet 
was found to pass only 20 to 30 
percent of the test debris, and 
would therefore probably clog quite 

· easily. It was hoped that this in
let would be s~lf-cl~uning us a re
sult of the c ~mp onent of flow along 

' the axis of each bar, but this com
ponent was not strong enough to re
move th~ test debris. Rounding the 
bars of this inlet , however , per
mitted approximately 70 percent of 
the test debris to pass through the 
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inlet openings. 
Because its openings are parallel 

to the flow, the Highway Department 
inlet handled the test debris as 
easily as it did water, having a 
debris efficiency of about 95 percent. 
However, it should be noted that for 
larger debris, this inlet might clog 
as easily as any other. The city 
inlet, which is a rough casting with 
the bars normal to the flow, passed 
only 17 percent of the test debris. 

Of the inlets tested then, only 
the Highway Department inlet, which 
has openings parallel to the flow, 
can be considered highly efficient 
in passing this type of debris. The 
debris tests also indicate that i~
proving the hydraulic efficiency of 
inlet openings increases the abil
ity of the inlet to pass debris. 

APPLICATION OF RESULTS 

For a given set of design condi
tions, the results of this investi
gation can be used to determine the 
required spacing for inlets of any 
of the types tested. Moreover, the 
data can be used to predict the 
operating capacity of any indivi
dual inlet, either under the design 
conditions or under other circum
stances, such as rainfall intensi
ties higher or lower than the de
sign intensity, or clogging of one 
or more inlets in a series. 

If one of these inlets is to be 
used in a location where no carry
over is permissible, it is neces
sary merely to select the inlet 
capacity which will give no carry
over at the appropriate velocity 
index. In such a location, however, 
the inlet may be affected by back
water from intersecting streets or 
from changes in grade, in which 
case the capacity of the inlet will 
probably be greater than the capa
city found in the tests. 

In a series of inlets where some 
carryover is permissible, a con
siderably greater inlet capacity, 
and correspondingly, a greater in-

let spacing can be used. In design
ing such a series of inlets, the 

"design" or "normal" inlet capacity, 
corresponding to a suitable carry
over, can be selected from Figures 

5 through 7, or from rating curves. 
For a series of uniformly spaced 
inlets, it can be shown readily 
that, if succeeding inlets operate 
with equal carryover, the flow 
intercepted by each inlet will be 
equal to the runoff per inlet. 
Thus, the required inlet spacing 
can be found by equating the design 
capacity to the runoff per inlet, 
if the rate of runoff can be ex
pressed in terms of the dimensions 
of the drainage area and the rain
fall intensity. For the idealized 
case of a rainfall of uniform in
tensity for a period longer than 
the time of concentration, assuming 
no infiltration, the expression 
thus obtained for the inlet spacing 
Lin feet is: 

L = 43,2CO QI 

bl 
( 1 ) 

1n which Q1 is the design inlet 
capacity in cu. ft, per sec, b the 
width of street drained in feet, 
and I the rainfall intensity in 
inches per hour. The depth ar.d 
width of fl-0w in the gutter up
stream of each inlet can then be 
computed if desired. The gutter 
f 1 ow Q G , is given by: 

( 2) 

where Q0 is the design carryover. 
For the gutter under consideration, 
Manning's formula may be applied to 
obtain the following depth dis
charge relation: 

Q rs I a "" 9.5 - ye 8 n ( 3) 

in which y is the depth of flow in 
feet at the curb. If it is to be 
used repeatedly, this relation can 
be plotted as a family of c~rves 
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for various values of .;-;-[n, the 
velocity index. Since the cross
slope of the experimental gutter 
is 20.6 to 1, the maximum width of 
flow, w, is given by: 

w = 20.e y (4) 

An example best illustrates the 
use of these data or similar data 
in a design problem. In a gutter 
of the same shape as the test gut
ter on a 3.5 percent grade, the 
roughness coefficient n is esti
mated to be 0.015. The velocity 
index is then 12.5. A rainfall 
having a uniform intensity of 5 in. 
per hr. is to be drained from a 24-
ft. width of paved street or high
way by inlets of Type A. Assuming 
that a carryover of 0.20 cu. ft, 
per sec. is permissible, it is seen 
from Figure 7 that, at a velocity 
index cf 12.5, the corresponding 
inlet capacity is 1. 05 cu. ft. per 
sec. The required inlet spacing 
can then be obtained by use of 
Equation (1): 

L = 
43 , 200 X 1, 05 

24 X 5 
378 ft. 

The gutter flow just above each in
let is given by: 

QG = 1.05 +0.20 =1.25 cu. ft. per sec. 

The depth of flow can be found by 
substitution in Equation (3): 

y = · 1,26 J s/ 
9 . 5 x 12. 5 

8 
= 0.18 ft. 

and the maximum width of flow is 
found to be: 

W = 20,6 X 0,18 = 3,7 ft. 

If it appears advisable to con
sider the effects of gutter storage 
and storms shorter than the time of 
concentration, the inlet spacing 
cannot he determined directly by an 

equation such as Equation (1). The 
actual gutter hydrograph can be 
determined, however, by a method 
originated by Horner and Jens(B). 
This method was verified experi
mentally and developed further by 
lzzard( 3 J. Further development of 
this procedure is necessary to de
termine the effect of carryover on 
the gutter hydrograph. 

A series of inlets possesses a 
valuable attribute in its ability 
to adjust its capacity to any rate 
of runoff within a considerable 
range. To demonstrate that each 
inlet in a series tends to operate 
at a capacity equal to the runoff 
per inlet, another example will be 
given. In a gutte r having a velo
city index of 14.0, ten of the im
proved experimental inlets, Type D, 
are spaced to receive 1.00 cu. ft. 
per sec. of runoff per inlet, which 
r~sult.s in a norm;:1_1 carryover of 
0.07 cu. ft. per sec. By some un
usual circumstance , Inlet No. 5 be
comes completely clogged. The gut
ter discharge is therefore consider
ably more than normal at Inlet No. 
6 , and is less· t han normal'" a t the 
beginning of the series. The dis
charge in t ercep t ed by each inle t o f 
the series can be determined, how 
ever, by use of the appropriate 
rating curve, as shown in Table 1. 

Beginning at Inlet No. 1 of this 
series, the gutter discharge is 
1.00 cu. ft. per sec., since there 
is no cariyover from a preceding 
inlet. The rating curve for 
.;-;-;n = 14.0, F igu t e 2, s h ows t ha t 
with this gutter flow, 0.94 cu. ft. 
p e r s ec . is in t e r cep te d and 0.06 
passes by the inlet as carryover. 
This carryover resu lt s in a g u tt er 
flow of 1.06 cu. ft. per sec. at 
Inlet No. 2 and the rating curve 
is referred to again to determine 
the flow intercepted and the carry
over. This procedure may be follow
ed on through the series. In ,this 
example, the normal inlet capacity, 
equal to the runoff per inlet, is 
reached at Inlet No. 3, and all 
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succeeding inlets will normally 
operate at this capacity. Clogging 
of Inlet No. 5 upsets this equili
brium, since none of the flow is 
intercepted by this inlet. The 

TABLE I 

CQll>UfATIOO OF INDIVIDUAL CAPACITIES 
OF TYPED INIETS IN SERIES 

AT A VELOCITY ll'IJEX OF 14. 0 

In l e t Runoff Condition QG 01 Oc Nuabe r 
1 1.00 Clean 1.00 0.94 0.06 
2 • • 1.06 0.99 0 . 07 
3 • " 1.07 1.00 0.07 

4 • • 1. 07 1.00 0.07 
5 • Clogged 1. 07 0 1. 07 

6 " Cle•n 2 . 07 1.71 0.36 
7 • • 1.36 1.23 0 . 13 
8 • • 1.13 1.05 0.08 
9 • • 1.08 1.01 0.07 

10 • • 1. 07 1.00 0.07 

result is a carryover of 1.07 and 
a gutter flow of 2.07 cu. ft. per 
sec. to Inlet No. 6. This gutter 
flow, however, is quickly reduced 
at succeeding inlets, and normal 
inlet capacity is again reached at 
Inlet No. 10. This ' example shows 
that if the gutter flow at any in
let happens to be more or less than 
the normal amount for the series, 
the flow intercepted by succeeding 
inlets will increase or decrease, 
as the case may be, until the norm
al inlet capacity, equal to the 
runoff per inlet, is reached at 
some inlet downstream. 

This investigation is limited 
chiefly by the £,ct that the data 
obtained are applicable only to 
inlets in gutters having cross 
sections identical to that of the 
test gutter, that is, with a uni
form cross-slope of 20.6 to 1. How
ever, it seems likely that many of 
the general findings of these ex
periments will apply, in greater or 
lesser degree, to grate inlets in 
gutters having other cross-slopes. 

In planning the tests and pre
paring the data, the effects of 

lateral inflow on the flow condi
tions in an actual gutter were 
neglected, since the side inflow 
per foot of gutter will normally he 
onlj a fraction of a percent of the 

,-eutter flow near an inlet. Any re
sulting discrepancies would there
fore be small, and would be re
flected mainly in the velocity in
dex scale, which in ·practice is 
subject to an error of several per- • 
cent in the estimation of the rough
ness coefficient. 

Of the standard and experimental 
inlets investigated, none is be
lieved t o represent the best solu
tion to the reqtlirements of capa -
city, self-cleaning ability, and 
economy in grate inlets. Neverthe
less, the tests have developed con
siderable evidence of the relative 
importance of various inlet char
acteristics . It is possible that 
the best features of the test in
lets can be combined to best satis
fy these requirements, for a gutter 
of the shape used. Further tests 
are being planned for this purpose. 

SUMMARY OF RESULTS 

The results of this investiga
tion are summarized briefly in the 
following conclusions, which are 
applicable to a continuous gutter 
having a cross-slope of approximate
ly 20 to 1, and a velocity index 
within the range of these tests. 

1. The capacity of a grate in
let can be greatly increased by 
allowing a small amount of carry
over. 

[2. The capacity of a grate in
let is determined mainly by its 
width normal to the flow and by the 
efficiency of its openings. 

\3. The efficiency of grate in

let · openings depends largely on the 
effective length of the openings in 
the . direction of flow. 

4. The capacity of inlets with 
transverse bars and openings can be 
increased substantially by rounding 
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the top surface of each bar. 
\s) In the normal range of appli

cation, inlets with efficient open
ings operate with increasing capa
city as the slope of the gutter is 
increased. 
1) \ 6} Except where capacity is 

provided by ponding, curb openings 
are of little or no value in in
creasing the capacity of a grate 

· inlet. 
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DISCUSSION 

CARL F. IZZARD, Highway Research 
Engineer, Public Roads Administra
tion - The paper by Mr. Larson is 
a valuable contribution to an under
standing of the hydraulics of inlet 
gratings for street gutters. The 

reader will be glad to know that 
Mr. Larson has conducted tests on 
modifications of the inlets de
scribed and that a complete report 
will be published by the. University. 

In interpreting the data in this 
paper the effect of the cross
section of the approach gutter must 
not be overlooked. For example, 
the capacity of Inlet G, as report
ed , will be reduced nearly 30 per
cent. if Lhe Lrausven,e sloJJe of the 
gutter is flattened to a 50 to 1 
slope. 

The capacity of Inlet G, o r of 
any other grating having efficient 
openings, can be closely approxi 
mated by assuming that all the 
water flowing within the width of 
the grating will be intercepted, 
while the water flowing on the 
pavement beyond the outside edge 
~f the grating is the "carryover" 
discharge. Hicksl made this assump
tion in 1944 and the data in Lar 
son's paper may be used as verifi
cation. 

The rating curve for Inlet G may 
be computed with a maximum differ
ence of 3 percent in a range of 
gutte r f l ow from 0 .5 to 2. 0 cubic 
feet per second using equations (3) 
and (4) to estimate depth and width 
of gutter flow and Hicks' flow dis
tribution curve to estima·te flow 
within the width of the grating. 
However, it is not necessary to 
use the latter curve as will be 
shown. 

For gutters having a triangular 
cross-section, equation (3) can be 
generalized by making the numerical 
coefficient equal to 0.468 z, where 
z is the ratio of width of flow to 
depth of flow (20.6 in Larson's ex
periments). The factor 0.468 is 
taken directly from equation (11) 
in Reference 3. The general equa
t'ion is then 

Cc,: 0.468 z {i_ y els (5) 

n 

Substituting 2 0.6 for· z gives a nu
merical coefficient of 9.64 instead 

1Hicks, W.I. "Runoff Computations and Drainage Inlets for Parkways in Los Angeles," 
Proceedings, Highway Research Board, Vol. 24 pp 138-147 (1944), 
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of 9.5 as in equation (3) because 
Reference 3 ignores friction on the 
curb face in order to simplify the 
derivation, the error having no 
practical significance in working 
with shallow depths. Also, because 
of this fact, the same equation may 
be used to estimate the carryover 
discharge by taking y as the depth 
at the outside edge of the grating. 
Assume QG = 1. 0 cubic feet per sec
ond and take .f"i/n = 14 as in Figure 
2. Then equation (5) reduces to 
QG • (9.64 x 14)yela = 135 y ala 
from which y = 0.159 feet for the 
assumed gutter flow. The depth 
will be 1.42/20.6 = 0.069 feet less 
at the outer edge of the grating or 
0.090 feet. Substituting this depth 
in the sa~e equation Qc = 135 
(1/11.l)a/a = 0.22 cubic feet per 
second. (Note: reciprocals are 
easier to work wiih than small 
decimals; use tables of fractional 
powers in hydraulic handbook to 
facilitate computation.). Then 
from equation (2), QI= 1.0 - 0.22 
= 0.78 cubic feet per second which 
agrees closely with the observed 
value of 0.80 cubic feet per second 
read from Fig. 2. 

From e q u at i on ( 5 ) i t f o 1 1 ow s 
that the width of flow for a given 
discharge in a triangular gutter on 
a given grade will vary as (z)6/a 
while the depth varies inversely as 
(z)a/a. Thus when the transverse 
slope is flattened to 50 to 1 mak
ing z = 50, the width of flow in 
the gutter is (50/20.6)6/a = 1.74 
times that in Larson's tests. The 
depth for z = 50 would be 
(20.6/50)a/a = 0.717 times that 1n 
Larson's tests. 

The trend in drainage design on 
urban highways is to space inlets 
so that the width of flow in the 
gutter for a des i gn r a in fa 11 in -
tensity will not exceed an arbi
trary amount for frequent storms. 
The design rainfall intensity, for 
example, may be the average intens
ity for a duration of 20 minutes 
and a frequency of one or two years. 

The intense rainfall of shorter 
duration obscures vision so that 
traffic is forced to move slowly or 
even stop, but with adequate in
lets the roadway will clear rapidly 
within a few minutes after the in
tense rainfall ceases. Thus the 
traffic delay will probab'ly not be 
serious, particularly since these 
occurrences will be infrequent. The 
storm sewer sizes should be based 
on, for example, a 10-year storm 
for ~urations corresponding to the 
respective times of concentration 
so that water will not be ponded on 
the roadway because of inadequate 
outlet capacity except for the ex
treme storms for which it is not 
considered' economical to design. 

Rating curves similar to those 
in Figure 2 may be computed for any 
given width of inlet with any value 
of z in equation (5), assuming the 
inlet to have efficient openings. 
From such curves computed for vari
ous grades inlet capacity curves 
for different rates of carryover, 
similar to Figures 5, 6 and 7, can 
be drawn. These will show, as Lar
son ably demonstrates, that a small 
amount of carryover greatly in
creases the inlet capacity. Since 
the spacing of inlets by equation 
( 1) is directly proportional to the 
inlet capacity, the spacing also 
increases with the amount of carry
over, thereby reducing the initi~l 
cost. Charts may also be drawn for 
gutter capacity in relation to 
grade of roadway for various widths 
of flow. These can be used to check 
inlet sp,cing by the criterion 
established for width of flow in 
the design storm, which may be found 
on the flatter grades. 

A common practice on express 
highways is to provide a 2-foot 
gutter on a one-inch per foot slope 
outside the edge of the 12-foot 
traffic lane. Equation (5) can be 
used to compute capacity of this 
type of cross-section as follows. 
Assume steeper slope to be extend
ed, compute discharge for a given 
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depth on one percent grade and sub
tract discharge computed for depth 

at point where slope changes. Then, 
for the latter depth, compute dis
charge on the flatter slope. Add 
this discharge to that computed for 
gutter to obtain total discharge . 
Repeat computations for othe.r 
depths. Then plot discharge against 
depth or width with grade as para
mP.tPr (dischargP. on nthP.r grades 
will vary with square root of 
grade), or plot discharge against 
slope with depth or width as para
meter. Since the inlet grating is 
usually the same width as the steep 
portion of the gutter, the dis
charge computed for the latter will 
also be inlet capacity if inlet can 
be assumed as having efficient 
openings. This type of cross 
section enables carrying a given 
discharge with much less encroach
ment on the traffic lane in com
parison to a section with the curb 
at the edge of the traffic lane. 

In applying equation (5) to esti
mating inlet capacities for gutter 
s ections differing from that used 
by Larson , study must be given to 
his experimental data in judging 
wh e th e r o r n o t a pr o pos e d grating 
has efficient openings which can be 
depended on to intercept all the 
flow over the grating. In general 
it appears that a grating with bars 
parallel to the approaching flow 
and a clear length of opening suf 
ficient to permit the falling jet 
of water to clear the far end of 
the grating will have satisfactory 
characteristics. A length of open
ing in the direction of approach 
flow of about 18 inches is suffici
ent for maximum velocities likely 
to be encountered on express high
ways, based on a free-fall drop of 
0.5 feet in the time required for 
the wat.er t.u move the l~ngth of the 
opening. A length of 24 inches 
would provide some factor of safety 
to allow for debris accumulating 
on the downstream end of the bars. 
A greater length gives no increased 

capacity except when ponding occurs 
as at sag vertical curves. 

In the past widely-spaced bars 
parallel to the curb have been 
frowned on because of the hazard of 
wheels on narrow-tired vehicles, 
such as buggies and bicycles, drop
ping through the openings. On 
limited access highways where there 
is little possibility of such traf
fic this objection doesn't apply, 
nor is it necessary to give con
siderati'on to high heels on women's 
shoes in determining the maximum 
width of opening. Where bicycle 
traffic may be encountered diagonal 
ba r s with r ou nded tops as in Inl e t 
D may be used . 

Attention is called to the fact 
that the increased capacity of In
let Dover Inlet G, which has bars 
parallel to the curb, is due almost 
entirely to the width of 24 inches 
within the range of velocity index 
tested. This can be proved by com
puting flow in a width of 24 inches 
as compared to 17 inches by the 
method previously illustrated. The 
length of opening, 11 inches, for 
Inlet G would begin to restrict 
capacity at greater depths and 
velocities of fl ow, bu t Inlet D ma y 
also fail to intercept all the flow 
in its width under similar condi
tions. 

Gutter storage probably has no 
significant effect on required in
let capacity as used in equation 
(1) if the rainfall intensity used 
is the average for a duration of 
about 20 minutes which is the pres
ent trend of design practice as 
previously noted. This time is in 
excess of the time of concentration 
for most cases so that the outflow 
hydrograph at each inlet would 
have reached equilibrium with the 
inflow hydrograph for the drainage 

a ~e ia. 

Larson deserves great credit for 
developing his theory of the manner 
in which grating-type inlets in 
series on a continuous grade will 
adjust to the rate of runoff be-
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cause of the characteristic of in
creased inlet capacity with in
creased carryover. By applying 
Larson's method for determining in
let spacing, satisfactory results 

can be obtained with fewer inlets 
than would be required for the 
assumption that each inlet on a 
continuous grade should intercept 
all the flow in the gutter. 




