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PARTIAL FLOW CONDITIONS

Sewers, both sanitary and storm, are desighed to
carry a peak flow based on anticipated land development.
The hydraulic capacity of sewers or culverts constructed
of precast box sections flowing full under gravity condi-
tions on a known slope is readily calculated from the Man-
ning Formula. Most sewers, however, are designed to
operate under partial flow conditions. Culverts operate
under either inlet control or outlet control. The type of con-
trol under which a particular culvert operates is depend-
ent upon all the hydraulic factors pvesent. Culverts
operating under inlet control will always flow partially full
while those operating under outlet control can flow full or
partially full.

Determination of the depth and velocity of flow in
pipe flowing partiaily full is therefore frequently neces-
sary. This design data presents a method for determining
the values of the partial flow depth and velocity in con-
crete box sections through the use of a series of partial
flow curves which eliminate tedious trial and error com-
putations.

PRECAST CONCRETE BOX SECTIONS

A complete discussion of the hydraulics of culverts is pre-
sented in Design Data 8 and specifics on hydraulic prop-
erties of precast concrete box sections in Design Datas
26, 27 and 28.

STANDARD DESIGNS

Table | indicates the sizes specified as standard in
ASTM C789 and C850. Figure 1 depicts the box shape
utilized for the standard designs. The standard sizes have
45-degree haunches with leg dimensions equal to the side-
wall thickness. The availability and construction details of
box sections should be discussed with local concrete pipe
producers. Precast box designs other than standard may
be available through American Concrete Pipe Association
member companies.

FIGURE 1: Standard Box Section.

TABLE |: Standard Box, Sizes and Wall Thicknesses.
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HYDRAULICS OF PRECAST BOX SECTIONS — _ :
The hydraulic characteristics of precast concrete | TABLE 1ll: Full Flow Section and Hydraulic Properties

box sections are similar to those for circular, arch and Precast Concrete Box Sections.
elliptical pipe. The most widely accepted formula for
. X . 3 Box Size A R C» 1486/nIAXRY | gox sz A R €= 1.486/n1A x R3/?)
evaluating the hydraulic capacity of nonpressure conduit [swnsrs| &= | oo soon nFise | | A | v
N B . . - quare adius n= n= quare adive =0 .
is the Manning Formula. This formula is: ol | T | T |70 [ e b € | o | e | 77097 77000
3IX2 578 0.63 524 484 9xX5 43,88 1.67 7080 7070
Q = 1.486 x A x R¥? x 8,/ (1) | %2 878 | 078 923 @52 | 9xs | 5288 | 187 9980 | 9180
n 4%2 7.85 0.69 743 688 X7 61.88 2,08 12400 11400
4%3 11.65 0.90 1340 1240 9x8 70.88 2.20 14800 13700
Where x4 15.85 1.04 1990 1840 axe 79.88 2.33 17400 18100
5X3 14.50 0.88 1770 1630 10XE 48.61 173 8690 8020
Q = flow quantity, cubic feet per second 5X4 | 1050 118 2660 7460 | 1DX5 5851 | 195 11300 | 10462
— H » st EXB 24.50 1.30 3620 3340 moxX7 68.81 2.14 14100 13000
n - Mannlng S'roughness COEfflClent EX3 17.32 1.04 2200 2030 1M0X8 78.81 2.3 17000 15700
A = cross sectional area of flow, square feet 6X4 | 233z | 125 350 | 3100 | 1W0X9 | 8861 | 246 20000 | 18500
—_ i H 6X5 29.32 1.42 4890 4240 10 X10 88.61 2,59 23000 21300
R = hydraulic radlu.s, feet . §xs | 3832 156 5880 5430 | 11x4 4232 | 152 6930 6390
8, = slope of conduit, feet of vertical drop per foot | 7xa | 2zt | 13 asa | avep | mixe | e43 | 202 | 12va0 | 11700
i H 7X5 34.nm 152 5590 5180 11 X8 8632 2.41 19200 17700
Of ho”zonta] dIStance 7XE 41.11 1.68 7200 BG50 11 X110 108.32 272 26700 247100
Table Il provides values of S,/% For each of the | %7 | ®™ | 1% | =0 prcall INRAAN Ibodl Bl i i
standard size box sections, Table /il lists the full flow area | gxs | san | 160 eeso | ero | 12xs | 7000 | zee | 100 | 12000
Ar, hydraulic radius R, and a constant C. For a specific 1 #xs | #1178 8760 | 7920 [ 12X8 | 9400 | 250 . 21400 | 19800
b . d f ]l ﬂ dt h f t th 1: 8X7 55.11 1.84 10600 9790 12X10 118.00 283 28300 27000
ox section under full flow conditions, the first ihree 16rms | gxg | sair | 20r | 1zvo0 | 11700 | 1202 | 14200 | 3 7600 | 34600

of the right hand side of Manning’s Foermula equal a con-
stant (C = 1.486/n x A x R%3), Values of C are presented
for the two more commonly used values, 0.012 and 0.013,
for the roughness coefficient, n, for precast concrete con-
duits. Utilizing the appropriate value of §,/* from Table i/
and C from Table fii, the flow guantity, Qp of any standard
size precast box section flowing full may be determined
from Manning's Formula conveniently expressed as:

PARTIAL FLOW HYDRAULIC ELEMENTS

For any size box section, curves showing the partial
flow relationship of the hydraulic elements; flow quantity,
area of flow, and velocity of flow in terms of the full flow
conditions can be plotted. Figures 2 through 710 provide
such hydraulic element curves for the standard size pre-
. cast concrete box sections. All of the standard sizes of

Qr = € % S}/% (2) | pox sections have been consolidated into groups with
Once the flow quantity, Qr has been determined, the aver- | common span 1o rise ratios ranging from 1:1 through 3:1.
age velocity, Vy for full flow conditions may be calculated These partial flow curves for each group were developed

from the basic hydraulic relationship: based on a composite box section with dimensions caicu-
Vi = Qp/ A lated as the average of all box sizes included in each

¢ = Qr/Ar 3 . ; .
Figure. The partial flow curves for a given range of span
where to rise ratios are valid for any box section with a span to
Qy = flow quantity, flowing full, cubic feet per rise ratio falling within that range and may be used to
second determine the value of any partial flow hydraulic element
Vp = the average velocity, flowing full, feet per provided the full flow values of the elements are obtained
second by appropriate methods. The error in determining the

Ap = cross sectional area, flowing full, square feet values of any hydraulic element through the use of these
partial fiow curves is less than the inherent probable error
in any series of hydraulic computations.

v . The maximum value for each of the hydraulic ele-
TABLE II: Values of So * in Manning’s Formula. ments, except the area of flow, occurs at the point where

the depth of flow has reached within an infinitesimal dis-

5 0 —t —2 —3 — —5 —f J— o} .}

000 | 00000 | 01000 | 01414 | 01732 | 02000 | .02236 02449 | 02646 | 02828 | .03000 tance Of the rise WhiCh reSUIts In an abrupt break in eaCh

oo | oatee | oxrr | osess | casos | oaraz | casrs | bevco | omzs | os2as | oasss | curve at this point.
‘002 | 04472 | 04583 | 04690 | (04756 | .aBSS | 05000 | 05085 | (05196 | 05292 | 05385
'toa | 05477 | 0ss68 | 08657 | 05745 | 05831 | 08916 | 08000 | 060B3 | 06764 | 06245
‘004 | 08325 | 06403 | 08481 | 08557 | 06633 | 06708 | 06782 | 06856 | 06926 | 07000
‘aos | o7om | omiar | aven | o7eso | ovsss | ovats | ovass | o7sso | ovens | 07881 | MESIGN METHOD

006 | o7 | o7ei0 | ove7a | ovest | oeooo | .ososz | 0@ize | 08185 gg:;z .gg:g; To determine the value of any one of the partial
007 | o837 | osems | 08485 | osses | 0se02 | .ceeso | .cemis | 0B7TS | . . A )

‘ooz | 08s44 | 0oooo | 09055 | 08110 | 09165 | .0az20 | .09274 [ 08327 | 09381 | 09434 flow hydraulic elements in precast concrete boxes, the
o0 | o987 | ossaw | osssz | osesa | 0uees | Os7ar | ce7e | oseas | 0388 | 0850 | e awing four step design method is suggested:

010 10000 10050 10100 10149 .10188 10247 10286 10344 10882 10440 . ; .
1. Determine the full flow guantity, G, and velocity, Vr,

01 1000 1049 1085 1140 1183 225 1285 1304 1342 1378

2 | 414 | 4ag | 1483 s17 | asae | ase1 | as1z | ass | ae7s | a7 utilizing Tabies 1f and fil or other appropriate meth-
03 | a7az | .7e1 | d7ee | am7 | 4s4a | a7 | asey | g2e | 1948 | 1975 ods for the box section under consideration.

04 2000 2023 L2048 2074 .2008 2121 2145 2168 213 2214

05 | nzss | mess | =280 | 2ave | 2ses | 2345 | 2ee6 | 2387 | 2408 | 2429 2. Determine the span to rise ratia of the box section.
o6 | mas | aavo | 2400 | eso | 250 | .sso | 2ses | 2888 | 2608 2 | 3. Determine the value of the ratio of partiai flow to
o7 | 2gss | 2ees | mess | zvoe | 270 | zves | 2vsy | 2775 | 2ven | 26T full flow of the known hydraulic elements.

| | e | e | o | e e | e T o | e 4, Determine the values of the unknown hydraulic ele-
o | see | a7e | a1ea | 3eee | G225 | 8240 | gess | 9am | 32m6 | .5%02 ments through use of the partial flow curves.




Therefore, use Figure 3.

EXAMPLE 1 Ratio = Qe: Qr
Given: 6 ft. x 4 ft. precast concrete box sections in- Ratio = 185:230
stalled as a sanitary trunk sewer on a slope of Ratio = 0.80
.0055 feet per foot is carrying 185 cfs. For
2anitary2?3w2rs a value of 0.3(;139for Manning's 4. Determine Value of Partial Flow Hydraulic
n, the roughness coefficient, is recommended. Elements. ]
Enter Figure 6 along the horizontal scale at
Find: The depth of flow and velocity. 0.80, proceed vertically until the curve rep-
resenting flow, Q is intersected; from this
Solution: 1. Determine Full Flow Quantity, Qe and Ve- point proceed horizontally to the right until
locity, V. the curve representing velocity, V is inter-
From Table I, 2 6 x 4 box with an n value sected and from this point of intersection
of 0.013, C = 3100 and Ap = 23.32 ft.2. From drop vertically to the horizontal scale and
Table I, for a slope, S, of 0.0055 feet per read Ve/Vp = 1.13; from the original point
foot, S,1/2 = 0.07416. of intersection on the Q curve, proceed
) . harizontally to the left until the area, A
Using equation 2: curve is intersected and from this point
Qr = 3100 x 0.07416 drop vertically to the horizontal scale and
Qr = 230 cfs read Ap/Ap = 0.71; also from the original
Using equation 3: point of intersection on the Q curve, con-
Vy = 230/23.32 tinue horizontally to the left to the vertical
Vr = 9.9 fps. scale and read depth over rise ratio, = 0.70.
2. Determine Span to Rise Ratio. Them:
Ratio = span:rise Ve =989 x 113 Ap = 16.6 ft.2
Ratio = 6:4 Vp == 11.2 fps D =0.70 x 4
Ratio = 1.50:1 Ap =23.32 x 0.711 Dp = 2.8 1t
Therefore, use Figure 6.
3. Determine Value of the Ratio of Partial Flow Answer: Therefore, a 6 ft. x 4 ft. precast concrete box
to Full Flow. sewer on a slope of 0.0055 feet per foot carry-
Since Qp of 185 cfs was given, the value of ing 185 cfs will flow at a depth of 2.8 feet with
the ratio of Qp to Qr will be calculated: a velocity of 11.2 feet per second.
EXAMPLE 2
Given: A box culvert constructed of 10 ft. x 5 fl. pre- 3. Determine Value of the Ratio of Partial Flow
cast concrete box sections on a slope of 0.006 to Fulil Flow.
feet per foot. When discharging a flow of 600 Ratio = Qp:Qr
cubic feet per second, the culvert was found to Ratio = 600:673
operate under outlet control with a headwater Ratio = 0.88
depth at the inlet of 7.6 feet above the invert. Enter Figure 3 on the horizontal scale at
Find: The cjepth of flow, Dg in the_cu,lvert and the 35‘3’ g?;?g?e:;zr;’t(;?jl_lyp,-Li,r:]:"t;?: pcol,_::;ep:c;i
velocity of flow, Vi for a Manning’s n of 0.012. ceed horizontally o the ieft until the vertical
Solution: 1. :E{))ititta;m\ilne Full Flow Quantity, Qr and Ve~ ?:’[ai!)e;so.;n;?;iiﬁe;eagginrtez?inigf;gt;‘trilsi
b . on the Q curve, proceed horizontally to the
E;%rg 1T2abée_l!l8,6agg]0ar>]< dsAbof ‘::;tg _]apt;' \Ii‘ariouri right until the curve representing velocity,
Tab:fe ”’ for_a slape of (I;CEJS féet -e.r foot V is intersected and drop vertically from
S 172 — 607746 ’ P ! this point to the horizental scale and read
e T : Ve:Vr = 1.18.
Using equation 2:
Qr = 8690 x 0.07746 4, Determine Value of Partial Flow Hydraulic-
QrF = 673 c¢fs Elements.
Using equation 3: Dp = 58.0 X 0.75
Vp = 673/48.61 Dp =375 ft.
Vr = 13.8 fps Ve =138 x 1.18
Vp = 16.3 fps
2. Determine the Span to Rise Ratio.
Ratio = 10:5 Answer: The depth of flow in the 10 ft. x 5 ft. box culvert
Ratio = 2:1 carrying 600 cfs will be 3.75 feet with a velocity

of 16.3 feet per second.




FIGURE 2: Relative Velocity and Flow in Rectangular Sections
for any Depth of Flow.
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FIGURE 3: Reiative Velocity and Flow in Rectangular Sections
for any Depth of Flow.
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FIGURE 4: Relative Velocity and Fiow in Rectangular Sections
for any Depth of Flow.
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