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This standard is issued under the fixed designation D 5129; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.

1. Scope 3.2.1 alpha (@)—a velocity-head coefficient that adjusts the

1.1 This test method covers the computation of discharg¥€locity head computed on basis of the mean velocity to the

(the volume rate of flow) of water in open channels or stream&’u€ velocity head. .

using bridges that cause width contractions as metering de- 3-2.2 area (A)— the area of a cross section, parts of a cross

vices? section, or parts of bridges below the water surface. Subscripts
1.2 This test method produces the maximum discharge fofdicate specific areas as follows:

one flow event, usually a specific flood. The computed dis-

charge may be used to help define the high-water portion of eA

stage-discharge relation. A
1.3 The values stated in inch-pound units are to be regardeg, area of total cross section 1 (see Fig. 1), and

as the standard. The SI units given in parentheses are fop, gross area of section 3.

informatipn only. 3.2.3 conveyance, (K}-a measure of the carrying capacity
1.4 This standard does not purport to address all of theof a channel cross section, or parts of a cross section, and has

safety concerns, if any, associated with its use. It is thginits of cubic feet per second or cubic metres per second.
responsibility of the user of this standard to establish appro-Conveyance is computed as follows:
priate safety and health practices and determine the applica-

area of subsection
area of piers or piles that is submerged,

bility of regulatory limitations prior to use. K= i%ARZ’3
2. Referenced Documents
2.1 ASTM Standards: where: _ _
D 1129 Terminology Relating to Watér n = the Manning roughness cogfﬁment,
D 2777 Practice for Determination of Precision and Bias of A = the cross-section area,’tm ?), and
Applicable Methods of Committee D19 on Water R = the hydraulic radius, ft (m).

D 3858 Test Method for Open Channel Flow Measurements™ N SI units = 1.0

of Water by Velocity-Area Methct The following subscripts refer to specific conveyances for
2.2 ISO Standard: parts of a cross section:
ISO 748 Liquid Flow Measurements in Open Channels—

Velocity-Area Measuremerfts K. Ky = conveyances of parts of the approach section to

either side of the projected bottom width of the
contracted section (see Fig. X, is always the
smaller of the two,

3. Terminology
3.1 Definitions—For definitions of terms used in this test

method, refer to Terminology D 1129. Ky = conveyance at the upstream end of the dikes,
3.2 Definitions of Terms Specific to This Standard: K = conveyance of subsection
Kq = conveyance of the part of the approach section

_ _ T _ corresponding to the projected bottom-width, and
1 This test method is under the jurisdiction of ASTM Committee D19 on Water K
T

and is the direct responsibility of Subcommittee D19.07 on Sediments, Geomor- = total conveyance of cross sectlon.. i

phology, and Open-Channel Flow. 3.2.4 depth (y}—depth of flow at a cross section. Subscripts
Current edition approved June 10, 2003. Published August 2003. Originallydenote specific Cross section depths as follows:

approved in 1990. Last previous edition approved in 1999 as D 5129 — 95(1999).
2This test method is similar to methods developed by the U.S. Geological

S o ot ASTIY aeis feTepoed In Footnote 5. y: = depth of flow in cross section 1(approach section),
4 Available from American National Standards Institute, 25 W. 43rd St., 4th and

Floor, New York, NY 10036.
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ys = depth of flow in cross section 3(contracted section). Properties of the sections. This information is used along with
3.2.5 eccentricity (e}-a measure of the symmetry of the discharge coefficients, determined by extensive hydraulic labo-
contraction in relation to the approach channel. ratory_ inVEStigationS and Ver|f|6d at field Sites, in a diSCharge
3.2.6 friction slope (§— the energy losdy, divided by the ~ equation to compute the discharge,
length of the reach... o
3.2.7 Froude number (F-an index to the state of flow ina °- Significance and Use
channel. In a rectangular channel, the flow is tranquil or 5.1 This test method is particularly useful to determine the
subcritical if the Froude number is less than 1.0 and is rapid odischarge when it cannot be measured directly by some type of

supercritical if it is greater than 1.0. current meter to obtain velocities and with sounding weights to
3.2.8 head (h)—static or piezometric head above an arbi- determine the cross section.
trary datum. Subscripts indicate specific heads as follows: 5.2 Even under the best conditions, the personnel available

cannot cover all points of interest during a major flood. The
L engineer or technician cannot always obtain reliable results by
hy = head loss due to friction, and direct methods if the stage is rising or falling very rapidly, if
hs = stagnation-surface level at embankment face. flowing ice or debris interferes with depth or velocity measure-
3.2.9 hydraulic radius (R)-is equal to the area of a €ross ments or if the cross section of an alluvial channel is scouring
section or subsection divided by its wetted perimeter. or filling significantly.
3.2.10 length (L)—length of bridge abutment in direction of 5 3 ynder the worst conditions, access roads are blocked,
flow. Subscripts or symbols identify other lengths as foIIowszcab|eWayS and bridges may be washed out, and knowledge of
the flood frequently comes too late. Therefore, some type of

Ly = length of dikes, indirect .measurement is necessary. The contracted-opening
L, = distance from approach section to upstream side ofM€thod is commonly used on valley-floor streams.
contraction,
u = length of projection of abutment beyond wingwall 6- Apparatus
junction, and 6.1 The equipment generally used for a “transit-stadia”
x = horizontal distance from the intersection of the abut- survey is recommended. An engineer’s transit, a self-leveling

ment and embankment slopes to the location onlevel with azimuth circle, newer equipment using electronic
upstream embankment having the same elevation asircuitry, or other advanced surveying instruments may be
the water surface at section 1. used. Standard level rods, a telescoping, 25-ft (7.62 m) level
3.2.11 wetted perimeter (P}is the sum of the hypotenuse rod, rod levels, hand levels, steel and metallic tapes, tag lines
of a right triangle defined by the distance between adjacenismall wires with markers fixed at known spacings), vividly
stations of the cross section and the difference in bed elevaolored flagging, survey stakes, a camera, and ample note

tions. paper are necessary items.
3.2.12 width (b)}—width of contracted flow section. Sub- 6.2 Additional equipment that may expedite a survey in-
scripts denote specific widths as follows: cludes axes, shovels, a portable drafting machine, a boat with

oars and motor, hip boots, waders, nails, sounding equipment,
two-way radios, ladder, and rope.

6.3 Safety equipment should include life jackets, first aid
kit, drinking water, and pocket knives.

by offset distance for straight dikes, and

b width of contracted flow section at water surface.
3.3 Symbols: Symbols:

3.3.1 flow contraction ratio m.

3.3.2 coefficients—

7. Sampling

7.1 Sampling as defined in Terminology D 1129 is not
applicable in this test method.

C = coefficient of discharge,

C' = coefficient of discharge for base condition, 8. Calibration

n = Manning roughness coefficient, and 8.1 The surveying instruments, transit, etc., should have
k = discharge coefficient adjustment.

their adjustment checked, possibly daily when in continuous
use or after some occurrence that may have affected the
4. Summary of Test Method adjustment.

4.1 The contraction of a stream channel by a bridge creates 8.2 The standard check is the “two-peg” or* double-peg”
an abrupt drop in water-surface elevation between an approadést. If the error is over 0.03 ft in 100 ft (0.091 m in 30.48 m),
section and the contracted section under the bridge that can Itiee instrument should be adjusted. The two-peg test and how to
related to the discharge using the bridge as a metering devicadjust the instrument are described in many surveying text-
A field survey is made to determine distances between andooks. Refer to manufacturers’ manual for the electronic
elevations of high-water marks upstream and downstream frormstruments.
the contraction and the geometry of the bridge structure. These 8.3 If the “reciprocal leveling” technique is used in the
data are used to compute the fall in the water surface betweesurvey, it is the equivalent of the two-peg test between each of
an approach section and the contracted section and selecteeb successive hubs.
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8.4 Sectional and telescoping level rods should be checked 9.4 Water-surface levels for sections 1 and 3 must be
visually at frequent intervals to be sure sections are notletermined as described below; otherwise, the discharge coef-
separated. A proper fit at each joint can be checked byicients will not be applicable.

measurements across the joint with a steel tape. 9.4.1 At section 1, develop a profile on each bank near the
8.5 All field notes of the transit-stadia survey should beends of the section from high-water marks in the vicinity. If
checked before proceeding with the computations. there are not marks in these areas and a large degree of
contraction exists, draw a profile of marks along the upstream
9. Procedure face of the embankment. If this profile is level for much of the

9.1 To obtain reliable results, the site selected should be ondgIStanCe along the embankment, assume this elevation is the

. . qame as that of section 1.
where the geometry of the bridge is close to one of the standar 9.4.2 For section 3, obtain water-surface elevations along
types or modified types described in Section 11. If a desirabl% " '

. e downstream side of the embankment adjacent to the
site cannot be found, other methods, such as the SIOpe'ar%%utments regardless of the location of section 3
method, may vyield better results. .

) ) 9.4.3 Compute water-surface elevations at sections 1 and 3

9.1.1 The channel under the bridge shou[d be relativelyys the average of the elevations on each bank.
stable. Because the amount of scour at the_ time of the peakg 4 4 The one exception is an opening with a high degree of
flow cannot be determined, do not use this test method &lccentricity. In this area, determine the elevation of section 3
contractions on sand channels. Avoid contractions where 1arg€om marks on the contracted side only and use this elevation
scour holes have formed because the coefficients presentgd .ompute both the area of section 3 and fall between sections
herein do not apply. 1 and 3..

9.1.2 The faII,Ah, is the difference in the Computed water 95 Comp|ete details of the bndge geometry should be
surface elevation, between sections 1 and 3, and is not to khtained so that both plan and elevation drawings can be made.
less than 0.5 ft (0.15 m). It is defined by high-water marks. Dpetermine wingwall angles and lengths, lengths of abutments,

9.1.3 The fall should be at least four times the friction lossposition and slopes of the embankments and abutments,
between sections 1 and 3. Therefore, avoid long bridgeslevation of roadway, top width of embankment, details of
downstream from heavily wooded flood plains. piers or piles, and elevations of the bottom of girders or beams

9.2 The approach section, section 1, is a cross section of thgpanning the contraction. Use a steel tape for most lineal
natural, unconstricted channel upstream from the beginning oheasurements rather than scaling distances from a plan.
drawdown. Locate section 1 one bridge-opening width, Pictures of the upstream corners of both abutments should be
upstream from the contraction to be sure it is upstream from thtaken. Note which of the four types of contractions the
drawdown zone. For a completely eccentric contraction, ong€onstriction is.
with no contraction on one bank, locate section 1two bridge- ) ]
opening widths upstream because such a contraction is consig?- Basic Computations
ered as half a normal contraction. Section 1 includes the entire 10.1 The drop in water-surface level between an upstream
width of the valley perpendicular to the direction of flow. section and a contracted section is related to the corresponding

9.2.1 When water-surface profiles are level for some dischange in velocity. The discharge equation results from writing
tance along the embankment or upstream from the contractioff)e energy and continuity equations for the reach between these
ponded approach conditions may exist. Even so, survey affvo sections, designated as sections 1 and 3 in Fig. 1.
approach section because under some conditions, the approach V.2
velocity head just balances the friction loss. Q=CA, \/29 <Ah + 0L12—lg - hf>

9.3 The contracted section, section 3, is the minimum area
on a line parallel to the contraction. Generally, the section is
between the abutments. When abutments of a skewed bridg@&here:
are parallel to the flow, section 3 is still surveyed parallel to the
contraction even though the minimum section is actually
perpendicular to the abutments. An angularity factor (see ®
13.3.1) adjusts the surveyed section to the minimum section.

9.3.1 The aread,, is always the gross area of the section bridge,
below the level of the_ free water sgrface. No deductions areyp, difference in elevation of the water surface
made for areas occupied by piles, piers, or submerged parts of between sections 1 and 3,
the bridge if they lie in the plane of the contracted section. v/ 22q = weighted average velocity head at 1,

9.3.2 The mean velocity 5, is computed using the gross V, average velocityYa1 , and

@)

discharge,

coefficient of discharge,

gross area of section 3, this is the minimum
section between the abutments and is not
necessarily at the downstream side of the

areaA ;. head loss due to friction between sections 1
9.3.3 The conveyanc& 5, is computed with the area of and 3.

piles, piers, or submerged parts deducted from the gross area.10.2 The velocity head at section 1 is expressed by the term:
9.3.4 The wetted perimeter used to compute the hydraulic aV, 2

radius, R, will include the lengths of the sides of the piles, 29

piers, or bridge surfaces in contact with the water.
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where: 11.3 Type 2—A Type 2 contraction as shown in Fig. 4 has
V, = Qa1 anda , is the velocity head adjustment factor. ~ sloping embankments and vertical abutments. The depth of

10.2.1 The value ofa is computed from the relative Water at the abutments and the angularity of the contraction
conveyances and areas of the subsections into which a cro44h respect to the direction of flow affect the discharge
section is normally subdivided to the conveyance and area d¢toefficient.

the entire section. 11.4 Type 3—A Type 3 contraction as shown in Fig. 5 has
5 sloping embankments and sloping spill-through abutments.
EK;z The entrance geometry and the angularity of the contraction
o= A 2y  With respect to the direction of flow affect the discharge
Kq® coefficient.
A 11.5 Type 4—A Type 4 contraction as shown in Fig. 6 has

sloping embankments, vertical abutments, and wingwalls. The
where: wingwall angle, the angularity of the contraction with respect
i = the subsections, and to the direction of flow, and, for some embankment slopes, the
T = the total cross section. Froude number, affect the discharge coefficient. Notes that the

10.3 The friction loss in the discharge equation is the los@ddition of wingwalls does not necessarily make a Type 4

between sections 1 and 3 . The distance between the tvﬁontraction. AType 1 con_traction may have wingwalls. If the
sections is divided into the reach from section 1to the upstreario’ Passes around a vertical edge at the upstream comer of the

side of the bridge opening and into the bridge-opening reachvingwall, the contraction is Type 1; if the flow passes around

The conveyance at the upstream side of the bridge opening f SI0Ping edge at the top of the wingwall, the contraction is
assumed to be the same as at section 3. The total head loss @€ 4-

to friction is computed as: 11.6 Modified Types
) 11.6.1 Spur Dikes—Spur dikes are added to some bridge
h =L, %Ka +L (K%) 2 (3)  abutments to modify the flow pattern and reduce scour at the

abutments. The effects of elliptical and straight dikes on the
discharge coefficient have been defined by laboratory study.

where: 11.6.2 Dual Bridges— The construction of divided high-

L, = the length of the approach reach, ways has introduced dual-lane bridges. For the special case
L = the length of the bridge opening, and where the abutments are continuous between the two bridges,
K, and K = the total conveyances of sections 1 and 3. the geometry may still be classified as one of the standard

10.3.1 Satisfactory results cannot be obtained by the corntypes. Discharge coefficients have not been defined for dual
traction method ity is large relative to the difference in head, bridges without continuous abutments.

Ah. 11.6.3 Abutments Parallel to Flow-The base discharge
10.4 The contracted opening method assumes tranquil flowoefficients for all four types of contractions were determined
at section 3. In a prismatic channel the flow is tranquil if thefor abutments perpendicular to the embankment, and then
Froude numberf, is less than 1.0. In irregular sections, the adjusted for angularity or the skew of the embankment. Many
Froude number is not an exact index of the state of flownewer bridges have embankments at an angle to the channel,
Therefore, if the computed Froude number exceeds 0.8, thisut abutments parallel to the flow. The discharge coefficient is

computed discharge may not be reliable. the same for both conditions if the angtg, is less than 20°.
Vs The effect of this change in geometry on the discharge
F= W coefficient for angles greater than 20° has not been adequately
defined and this geometry should not be used in computing
peak discharge.
where: o 11.6.4 Nonstandard Types-Some bridges do not fit any of
ys = the average depth at sectionyg;= A% . the four types described. Bridges with Type 1 abutments set on
o . Type 3 embankments, or Type 4 wingwalls with vertical
11. Classifications of Contractions upstream ends for part of their height, or unique construction

11.1 The discharge coefficient is a function of the bridgewill require engineering judgment to select the type to be used.
geometry. Most bridge openings can be classified as one dWhen there is a choice between two types, the discharge
four types representing the distinctive features of their majocoefficient can be computed for each type; if the difference is
geometric forms. Laboratory studies have defined certain ratidess than 5 %, either type can be selected; if the difference is
for each type of contraction and their effect on the discharg@ver 5 %, the two coefficients can be averaged.
coefficient. 11.6.4.1 Arch bridges often approximate a Type 1 contrac-

11.2 Type 1—A Type 1 contraction as shown in Fig. 3 has tion; but if much of the arch is submerged a reliable answer
vertical embankments and vertical abutments with or withouwill not be obtained by using Type 1 coefficients.
wingwalls. The entrance rounding or the wingwall angle, the 11.6.5 Combination Sites-Floods often flow over the road
angularity of the contraction with respect to the direction ofnear a bridge in addition to flowing through the bridge opening.
flow, and the Froude number affect the discharge coefficient.This is not a desirable condition for computing peak discharge;
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but if such a site must be used, a combination of the contractiooient,C’, is the final discharge coefficient if all the six or seven
method and flow-over-embankment method may be used. standard conditions shown on the base curves are met. The

11.7 Multiple-Opening Contractions secondary variables given under standard conditions are the

11.7.1 Roadway crossings on large streams may includenly variables to be considered for that particular type of
more than one bridge. Procedures for computing peak disridge opening.
charge through multiple-opening contractions have been de- 13.2 Primary Adjustment FactorsIf the standard condi-
fined by laboratory study. In general, the procedures used fdions are not satisfied, theé2i must be adjusted for the effect of
single openings are applicable, but some of the geometrieach condition that is not standard. These adjustment factors
ratios and terms in the discharge equation are computed inae shown in Figs. 7-17; the product of all adjustment factors
different manner. and the base coefficients is the discharge coefficient.

) ) . 13.2.1 Certain combinations of the adjustment factors ap-

12. Parameters Affecting the Discharge Coefiicient plied to a base coefficient will yield a value 6f greater than

12.1 The discharge equation (Eq 1), derived from the energy.00. Because this is impossible, a valu€af 1.00 is taken as
equation and the continuity equation, contains a coefficiént, the maximum under all circumstances. If submergence of both
that represents a combination of a coefficient of contraction, #&he upstream and downstream bottom chords occurred, the
coefficient for the eddy losses caused by the contraction, anghaximum value of the discharge coefficient is the value of the
the velocity-head coefficienty;, for the contracted section.  adjustment factork,.

12.2 Dimensional analysis of the factors that influence the 13.2.2 Adjustment factors for the effects of eccentricity,
flow pattern through a bridge shows that C can be expressed @fles or piers, submergence, and skewed embankments with

a function of certain geometric and flow parameters. abutments parallel to the flow are applicable to all four types of
12.2.1 Of the 15 terms evaluated, the only ones that argridge openings and are discussed in 13.2.3-13.2.5.
common to all types of bridge openings are L/b, and F. 13.2.3 The eccentricitg, of a bridge opening (see Fig. 2) is

Laboratory studies have shown that, of these, the contractiofhe ratio of the conveyancek/K,. K, and K, are the
ratio, m, is the most important, ang has the least general conveyances of the parts of the approach section to either side
significance. Thereforem and L/b were selected as primary of the projectedb width, or to either side of the part of the
variables for determining the base discharge coefficie’t, section carrying the discharge, that passes through the
The other terms are descriptive of the geometric properties Gipening without contractiork, is always the smaller of the
various types of bridge openings. Adjustment factors to th&yo, These conveyances are proportional to the flow that has to
base coefficients have been determined for these terms and thgviate from its natural course to enter the bridge opening. For
Froude number where applicable. . ratios greater than 0.12, no correction is necessary for eccen-
12.3 The flow-contraction ratian, describes the degree of tricity. For fully eccentric conditions (see Fig. 16, is zero,

contraction imposed by the constriction on the normal streanereforee = K /K, = 0, and the following procedures should
channel. The channel-contraction ratio is a measure of thge ysed:

proportion of the total flow that enters the contraction from the (1) Locate the approach section, 1, a distahge= 2b
sides of the channel. It can be computed from the equation: upstream from the bridge.

noQ-a9 _1-8 (2) Determine the base coefficier;, and the adjustment
Q Q factors by using the ratid/2b. Use abutment on contracted
side only to determin€’.
(3) The water-surface elevation at section 1 is average of

where:

Q = the total discharge, and the elevations at each end of the section.

g = the discharge that could pass through the opening (4) The downstream elevation is determined on contracted
without contraction. side only (point B). Use this elevation to compute both the area

The total discharge is assumed to be distributed across tH¥ section 3 and the fall.
approach section in proportion to the conveyances of arbitrarily 13.2.3.1 Afully eccentric contraction is considered as half a
defined subsections. This assumption can be made because trigmal contraction; therefore the effective bridge width, for
energy slope is approximately constant across the section. computingL,, andC’; is equal to B. The adjustment factok,,

K, is the conveyance of the subsection occupied,landK, is obtained from the following:

is the total conveyance of approach section; therefore: e 0 0.02 0.04 0.06 0.08 0.10 0.12
ke 0.953 0.966 0.976 0.984 0.990 0.995 1.00
m=l—Kq=(Ka+Kb) or (K, + Kyp)

K, K, (Ky + Ky + Kp) ) 13.2.3.2 Many bridge openings contain piers or piles, and
their effect on the discharge coefficient must be evaluated. The
o i . total submerged area of the piers or piles projected on the plane
13. Determination of the Discharge Coefiicient defined by section 3 is designatéd The ratio of the area of
13.1 One or more steps are required to determine thpiers or piles to the gross area of section B/A ;, is
discharge coefficient. A base coefficie@;, corresponding to represented by the lettgr The relation of the channel-
given values of the two primary variables and L/b, is  contraction rationto j determines the adjustment factiy,for
determined from one of the base curves of Figs. 7-15 for theiers (see Fig. 174&)) and the ratiosmn, j, andL/b determinek
type of bridge opening under consideration. The base coeffi-for piles (see Fig. 1H)).
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13.2.3.3 The dashed lines on Fig. bj(llustrate its use. In  adequately defined, do not use a contraction with this geometry
this example, enter the right-hand plot at the m value of 0.41to compute peak discharge.
move vertically to arl./b value of 0.69; move horizontally to  13.3 Secondary Adjustment FactersOther adjustment fac-
the line marked = 0.10 in the left-hand plot; then upward to tors are applicable to one or more types of contractions but not
the value ofj, 0.04 in this example; and finally move all, or they have a different effect on different types. Adjust-
horizontally to thek; scale on the left to obtain a value of 0.967. ment factors for Froude number angularity, entrance rounding,
For values of greater than 0.10, move downward from the linewingwall angle, and depth of water on the abutments are in
markedj = 0.10. these categories. Curves for these factors accompany the base

13.2.3.4 When both piles or piers and submergence gxist,coefficient curves for the four types of contractions in Figs.
is computed as the ratidy/A s When the upstream and 7-15. Only those factors shown for each type of contraction
downstream bridge chords are submergeds the gross area have a significant effect upon the discharge coefficient.
below the lower bridge chord am is the only area of piles or 13.3.1 Angularity should not be confused with eccentricity
piers. When only the upstream bridge chord is submerged, (see Fig. 2 and Fig. 16) or curvature of the stream (see Fig. 19).
equalsA;, andA is only the submerged area of piles or piers. Both the approach section and the contracted section could be

13.2.4 Many floods cause stages high enough to submerdgierpendicular to the flow in channel on a curve, and no
the lower parts of bridges. The additional wetted perimeter an@djustment for angularity is necessary.
obstruction of the bridge members affect the flow. The vertical 13.3.1.1 Angularity may be considered as the relation be-
distance between the water level at section 1 and the loweéteen the skewed contraction and the flow lines for the
horizontal member of a partially submerged bridge is desigunobstructed channel. The adjustment fadtgrfor angularity
nated as t (see Fig. 18). The ratiotdb the sum ofy; andAh is influenced by two independent variables, the channel-
is called the bridge submergence ratio. Its effect on thé&ontraction ratiom, and the degree of angularity; but one of
discharge coefficient is indicated on Fig. 18kas these is not necessarily a function of the other.

13.2.4.1 Whether the lower bridge members were sub- 13.3.1.2 The bestinterpretation of angularity can be made in
merged or not cannot be determined from field evidence unddpe field if it is recognized that the influence of the angle
all conditions. Contact with the lower bridge members can b?6comes less pronounced with larger channel-contraction ra-
assumed wheR , is less than 1.00. The length of the bottom t0S- Thus the net direction of flow at the upstream side of the
chord is then added to the wetted perimeter of section 3 evefPniraction, section 2, does not necessarily determine the angle
though the downstream bottom chord may not be submerge: because the flow direction there is also affected by the
The larger wetted perimeter provides a better evaluation of th#egree of channel contraction.

true friction losses in the approach reach and through the 13.3.1.3 For other than straight channels and parallel sec-
bridge. tions, measure the distandg,, from section 1 to section 2

rﬂ'om the centroid of the approach section to the middle of
a(_action 2. The direction of the chord between these two points
s largely independent of the angularity of the contraction. In
ig. 19 no adjustment factor for angularity would be required,
ut L, would be measured along a chord at an acute angle to

13.2.4.2 Where both upstream and downstream botto
chords are submerged and several adjustment factors, inclu
ing k,, are used, the discharge coefficient may be nearly 1.0d
the maximum value of the discharge coefficient should be th

value ofk, from Fig. 18 after all adjustment factors have been™"" -
applied. section 2.

13.2.4.3 Some floods completely submerge the bridge deck, 13.3.2 For those contractions that have sloping embank-
. . ) ; ments or abutments, curves are presented for at least 1:1 and
For this condition, the following procedure is suggested t

apbroximate the discharae as follows: %:1 slopes. However, a wide range of slopes is encountered in
PP 9 ) . the field, and coefficients must be computed for other than 1:1
(1) ComputeA; as the product ob andy; minus the 514 2.1 slopes. If the slope is between 1:1 and 2:1, straight-line

cross-sectional area of the submerged bridge. interpolation is satisfactory.
(2) Usek = 1.00. 13.3.3 If the abutment slope differs from the embankment
(3) Compute discharge by Eq 1. slope, or if the slopes at the ends of the bridge differ, use an

(4) This discharge is the total discharge for the width, average slope. If the two abutments are different types,

and the flow over the floor of the bridge should not be adde¢omputea C' for each side, a and b, and weight the fi@akith
to it. respect to the conveyancds, andKy, as follows:

13.2.4.4 For a Type 2 contraction affected by submergence, _ CK, + CK,
the depth of water at the toe of each embankm¥éntandY, T KK
(see Fig. 4) are measured up to the lower bridge member rather
than to the downstream water surface. 13.3.4 The discharge formula cannot be applied directly to
13.2.5 When the contraction is at an angbe,to the flow, all contractions, because laboratory work has not defined base
the abutments may be parallel to the flow or perpendicular talischarge coefficients and adjustment factors for all types of
the embankment. The coefficient for both conditions is thecontraction geometry and flow conditions encountered in the
same if the angl@ is less than 20°. If the angle is greater thanfield.
20° and the abutments are parallel to the flow, an additional 13.3.4.1 The discharge coefficient for a bridge opening that
correction factor is required. Because this factor has not beerannot be classified exactly as any of the four types described

®)
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may be estimated by the engineer using his knowledge of th21). Note thab is measured between the streamward sides of
relative effects of the factors that influence the flow pattern andhe piling, and that the wingwall angle, should be measured

by a reasonable weighting of these factors. The most influentials if the wingwall extended from the upstream end of the
variables generally aren and L/b; therefore a reasonable projecting abutment to the streamward side of the wingwall
estimate of the adjustment factors will give results that argiling, generally at the pile closest to the toe of the embank-

within the range of accuracy expected. ment. Values ok, have been determined for a limited range of
13.4 Special Conditions u/b as follows:
13.4.1 Some field conditions, such as other embankment u/b K,

slopes, timber and pile bridges, arch bridges, and spur dikes, do 0to g-g‘; 8-32

not approximate the conditions tested in the laboratory. Addi-
tional tests have provided new adjustment factors or modifi- 13.4.4 Spur Dikes—Several types of spur dikes will be
cations to the original coefficients. encountered in the field. Two common types of earth-
13.4.2 Other Embankment SlopesThe laboratory tests embankment dikes are illustrated on Fig. 22. The elliptical dike
developed coefficients for Types 2, 3, and 4 contractions withs a continuation of the abutment and approximates one quarter
1:1 and 2:1 embankment slopes. Coefficients for a Type 3f an ellipse. The straight dike may be a continuation of the
contraction with ¥z :1 slopes were computed from the original abutment, or it may be set back a distarigeThe straight dike
coefficients. Curves for all these conditions are included in thiyrojects normal to the embankment. Adjustment factors have

test method. For a Type 4 contraction, use the coefficient for §een defined for the addition of these dikes to Type 3
2:1 slope for flatter slopes (3:1, 4.1, etc.). contractions.

13.4.2.1 For Types 2 and 3 contractions, Fig. 20 illustrates 13 4 4 1 The elliptical dike is a continuation of the Type 3

one method of dispharge coejﬁcients extrapolation for (_)theébutment, and its geometry is described by the length of the
slopes. The coefficient for a given embankment slope will be ike, L, The adjustment factork,, that accounts for the
. e . y Lg- ’
::)hetwclaen tihaitnff(i)r:itan t'kr:f'p't? s'iope ﬁ?rd ttr;a:] forr]datiero Sl?ﬁp?'r:ﬁﬂuence of the dike on the discharge coefficient is a function
€ S0P IS €, here IS no contraction & € COCMCIENLt the ratio of the length of the dike to the width of the bridge

is 1.00. The other limiting slope, 0:1, is for a Type 1, ; : . .
vertical-faced contraction and the coefficient can be computeoc.)pe.n.mg‘ and the .chann'el contraction ratlp (.S ce Fl'ga)ZS'(he
ddition of elliptical dikes to a constriction with skewed

Coefficients for 1:1 and 2:1 slopes can be computed, and th@
four values of coefficients can be plotted as ordinates with th mbankments and abutments parallel to the flow further affects

angle of repose, in degrees, as the abscissa. In Fig. 20 tha€ discharge coefficient. An adjustment factor, is used in
desired coefficient for a 3:1 slope is obtained from a smoottfddition tok,, to account for this effect. The value &f has
curve through these four points. Note that adjustment factor@€en defined only for an angdeof 20°. The relation between
ke k, and k are not applied when computing the four Ka Lo/bandm for this angle of skew is shown in Fig. 2§(
coefficients; consequently they must be applied to the coeffiValues of k, may be determined by interpolation between
cient obtained from the curve. There will be cases, especiallgngles of zero and 20°. The discharge coefficient for a
when the Froude number is high, when the four points will notconstriction with an elliptical dike is thus determined as the
define a smooth curve as shown in Fig. 20. Then, engineeringroduct of C' for the Type 3 constriction, the adjustment
judgment must be used to determine the best method dactors k,, k, ki k, and other factors for non-standard
extrapolation. conditions. The value ok used to determiné, should be
13.4.3 Timber-and-Pile Bridges-Some bridges have wing- measured on the embankment slope as if the dike were not in
wall and abutment timbers placed on the shoreward side dilace.
piles with or without a projection of the abutment timbers 13.4.4.2 The geometry of the straight dike is defined by the
upstream from the junction with the wingwall (see Fig. 21).length of the dike_4, and the offset distand®,. The functional
The projecting abutment creates a slightly re-entrant conditioelationships that define the adjustment factgrandk, for the
at that junction that is not typical of the four types of straight dike are shown in Fig. 29(and 23(d). The discharge
contractions. coefficient is determined as the product@f for the Type 3
13.4.3.1 Tests of these bridges without the protruding abuteonstriction, the adjustment factdg, k,, Ky, k,, and the other
ment showed the effects of the piles alone. If the high-watefactors for non-standard conditions. The value of x used to

elevation at the approach section is higher than the toe of th@eterminek, should be measured on the embankment slope as
embankment at the upstream end of the wingwall, use the basethe dike were not in place.

coefficient for a Type 4 contraction. If the high-water elevation

at the approach section is lower than the toe of the embankme

at the upstream end of the wingwall, use an average of Type

and Type 4 coefficients. <|_ N LwK3>
13.4.3.2 For a timber-and-pile bridge with projecting abut- Ky

ments, determine the base coefficient as explained in 13.4.3.1

and then multiply it by an adjustment factdg, This adjust- In the denominator of the discharge, Eq 6 must be changed

ment factor is a function of the ratio’lb, whereu is the length  to include the friction loss due to the addition of the spur dikes.

of the projection past the junction with the wingwall (see Fig.This can be accomplished by changing this term to:

13.4.4.3 For computing discharge through a contraction
gﬁth spur dikes, the friction loss term is as follows:
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LKs?  LKg roughness are not made unless they occur on the relative
LY %K, T K shallow overbank parts (see Fig. 28).

14.2.5 List the properties of section 1 (see Fig. 29) and
compute the areas and wetted perimeters of each part. Compute
the total area.

14.2.6 Compute the conveyance for each subsection (see
Fig. 31). Sum the partial conveyances to obtain the total

<conveyance. Compute,.

where:

Ly = the length of the dike, and

Ky = the conveyance at the upstream end of the dikes.
13.4.5 Arch Bridges— Coefficients for arch bridges were

not determined in the laboratory studies made by the U.S: .

Geological Survey:® Most arches have virtually square cor- 14.2.7 Compute the conveyanc&sa_, Ky and Ky Kq is

ners and vertical faces and may be considered similar to Typglways the smaller oK, andK b..See F_|g. 30_'

1 contractions if the curvilinear part of the arch is not 14.2.8 Compute the contraction ratf, as:

submerged to a large extent. If much of the arch is submerged, Ka+ Ky

a reliable discharge computation cannot be expected by using MoK+ Kq+ Kp ™
methods given herein. Culvert methods may be applicable to
some arch bridges. 14.2.9 List the properties of section 3(see Fig. 31) and

_ compute areas and wetted perimeters. Subdivide the section at
14. Computations the edge of each pier or pile bent and at abrupt changes in

14.1 A direct solution of the discharge equation (Eq 1) ishydraulic radius.

obtained if Q/A, is substituted forV, and L, Q%K K5+ L 14.2.10 Compute the conveyance of each subsection (see
(Q/K?) 2 for h;. Thus: Fig. 32). Use net areas in conveyance computations. Even if
Q=8.02CA; X section 3 is subdividedy, is considered to be 1.00.

14.2.11 Measure and list the slope of the embankment and

Ah .
A x K (6) the abutments (see Fig. 32).
\/1 —aC? <T13> 2+ 29C? (Tj) 2 (L + |"<”1 3) 14.2.12 Classify the abutments as to type. If the abutments
N . are different types, the discharge coefficient should be com-
14'2t'°;_ step-é)y-s::e_p O;ﬂ'gez s given as a guide for theputed for each abutment as explained in 13.3.3. For compound
Coﬂ?;f Ilgrn:rﬁ t?]ee dlgtsa of the field survey, plot a ocation20utments, use judgment in weighting the relative effects of

sketch, list the high-water marks, plot a high-water profile for 14.2.13 List the value of the items necessary to compute the

each bank, and transverse high-water profiles for upstream a : L -
downstream sides of the embankment if these will aid thrﬂ%lzﬁegscharge coeficienc’, and any adjustment factors

definition of headwater and tailwater elevations, plot details o 14.2.14 Find the base curve of the discharge coefficient (see
abutments and embankments in both plan and elevation, arﬂgs. 7-15) corresponding to the type and slope of the embank-

Cr(ﬁszlzagdf (sge Ff|gs. ﬁ.A"ﬁS)'t files th ¢ ‘ ments as determined in steps 11 and 12. Obtain the base
L etermine from high-water protiies the walter-surtace, , officient, ¢, from this curve. Interpolate between the final

elevations at sections 1 and 3 as described in 9.4. See 9.4.4 Xlues ofC if the slope is between the slopes for which base

the special case of eccentric; openings. Compute the diﬁer?n%%rves are shown. For flatter or steeper slopes, see method
between the average elevation at 1 and the average elevatlone lained in 13.4.2 and 13.4.2.1.

section 3. This is the fallAh, through the contraction. . . .
. oo ) 14.2.15 List (see Fig. 32) the values of the items necessary
b 14.2.3 The t()jn'dgteh W;qtlr:jb’ Sor stuprt dpr;dges ShOUIdI hf”twfe to compute the ratios shown under “Standard Conditions” for
€en measured In the field. LUse this distance or scale 1t Trory, type of opening under consideration. Compute these ratios.
the plan or the plot of section 3, and lay out an equal length on 14.2.16 Determine the adjustment factokss, from the

section 1. The. center (_)f the onv—watgr channel should oceup econdary curves. Indicate values of all factors even though
the same relative position to b in sections 1 and 3 (see Fig. 28 hey may be 1.00

The entireb width is used regardless of the angle of skewv, . :
. ’ 14.2.17 Comput€ by multiplying C’ by the applicablé’s.
14.2.3.1 The lengthb, on the approach section sho_uld 14.2.18 Compute the discharge by substituting in the dis-
embrace the flow that could pass through the opening without .
; : ) S charge formula (see Fig. 33).
contraction. At sites where there is a winding low-flow channel

S . . 14.2.19 Compute the mean velocities in sections 1 and 3.
upstream from the contraction, judgment will be required to IayThe reasonableness of these velocities is a rough check on the
out theb width in the proper position.

14.2.4 Subdivide the approach section if abrupt changes iﬁomputed discharge. Compute Froude number for final dis-

. ) L . charge. It should be less than 0.8 for a valid computation b
the hydraulic radius occur. Subdivision for abrupt changes Nhis rgnethod. Show data for drainage area, unit disc%arge gaée

height, and discharge (see Fig. 33).

5Benson, M. A., and Dalrymple, Tate, “General Field and Office Procedures for X X X
Indirect Discharge Measurementdgchniques of Water Resources Investigations 15. Combination Sites

Book 3, Chapter , U.S. Geological Survey, 1967. :
© Matthai, Howard F., “Measurement of Peak Discharge at Width Contractions 15.1 Floods often cause flow over the road near the brldge,

by Indirect Methods,”Techniques of Water Resources Investigatipridook 3, and approa_Ch section propertl_es and most _I’atIOS must be
Chapter A4, U.S. Geological Survey, 1984. computed differently. The following procedure is suggested:
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15.1.1 Compute flow over the road, using the entire area of 16.2.2 Determine the water-surface levgl, at the location
section 1 to calculate the velocity of approach. of 1 for each opening. Because high-water marks are com-
15.1.2 Estimate the total discharge and divide section 1 smonly found only along the edge of the channel and the
that the total conveyance is divided in proportion to theembankment, the value df, for the central openings must
discharges through the bridge and over the road. When the flowsually be estimated from high-water marks on the upstream
over the road occurs on both sides of the bridge, divide theide of the interior embankments. Definingas the maximum
approach section into three parts. water-surface elevation along an interior embankment, the
15.1.3 Use just that part of section 1 supplying flow to theyg|ye ofh, may be determined as:
bridge to computé?;, L,,, K, Kg, Ky, oy, m, ande. ) )
15.1.4 Discharge through the bridge plus that over the road hy = h, — &12 + Ql_'-zw ®)
should check estimated discharge within 1 %. If it does not, 29A 3Ky
make new estimates until check is obtained.

. . . All quantities in the equation are for the pseudo-single-
16. Multiple-Opening Contractions opening channel. The procedure requires the use of an assumed

~ 16.1 Amultiple-opening contraction is defined as a series Ofjischarge that must be later verified in the computation of
independent single-opening contractions, all of which freelygischarge.

conduct water from a common approach channel. Indepen-

de_nce of the openings is generally '”d'C?ted \_Nhen two or rnorgingle opening the average of water-surface elevations on the
pairs of abutments and one or more interior embankment

exist. Structures in which piers or webs separate SeVeraownstream side of the embankment on each side of the bridge

openings between two abutments are considered singlé)—pen'ng'

opening contractions.

16.2 To determine the discharge, establish in the approa
channel pseudochannel boundaries that divide the flow be- 17.1 Determination of the precision and bias for this test
tween openings. This procedure defines a separate approaeiethod is not possible, both at the multiple and single operator
channel for each individual opening. Take section lat devel, due to the high degree of instability of openchannel flow.
distance one opening width upstream from the embankment iBoth temporal and spatial variability of the boundary and flow
the approach channel defined for each opening. Use theonditions do not allow for a consent test method to be used for
water-surface elevation at that point foy. As shown in Fig.  representative sampling. A minimum bias, measured under
34, the approach sections to the various openings will not bgjeal conditions, is directly related to the bias of the equipment
located on a continuous line across the valley unless the widtfised and is listed in the following sections. A maximum
of all openings is the same. Compute the discharge througprecision and bias cannot be estimated due to the variability of
each opening, using identical procedures and discharge coafie sources of potential errors listed in Section 11 and the
ficients given previously for single-opening contractions.  temporal and spatial variability of open-channel flow. Any

16.2.1 To locate the pseudochannel boundaries between t@timate of these errors could be very misleading to the user.
embankment and the approach section, apportion the length of ;7 5 1, 5cordance with Section 1.6 of Practice D 2777, an

hé\Xemption to the precision and bias statement required by

gross areass, of th? openings on either side, the Iarge IengthPractice D 2777 was recommended by the Results Advisor and
of embankment being assigned to the larger opening. The‘%

16.2.3 Determine the downstream water lekiglas for a

CJn7. Precision and Bias

from the points on the embankment thus determined. proje oncurred with the Technical Operations section of the D-19

. > xecutive Subcommittee on June 15, 1990.
lines upstream parallel to the mean direction of flow. For

computation, these lines are assumed to represent the fix % K q

solid upstream boundaries of an equivalent single—opening - Reywords

contraction. 18.1 flood; open channel flow; water discharge
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APPENDIX

(Nonmandatory Information)

X1. RELATED PUBLICATIONS

X1.1 For additional information relating to the subject of Kindsvater, C. E., Carter, R. W., and Tracy, H. J., “Compu-
this test method, refer to the following publications: tation of Peak Discharge at Contraction$)!S. Geological
Lane, E. W., “Experiments on the Flow of Water Through Survey Circular 2841955.
Contractions in Open Channels®&merican Society of Civil
Engineers Transactiond/ol 83, 1920.
Kindsvater, C. E., and Carter, R. W., “Tranquil Flow
Through Open-Channel Constrictionsiimerican Society of
Civil Engineers Transactionsd/ol 120, 1955.
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FIG. 1 Definition Sketch of an Open-Channel Contraction
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FIG. 2 Definition Sketch of an Eccentric Contraction
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FIG. 3 Definition Sketch of Type 1 Opening, Vertical Embankments and Vertical Abutments With or Without Wingwalls

13



A8y D 5129 - 95 (2003)

|

g L - High-water line WMJI

7

z{ Plan of abutments g

} b=b, J

Water level at section 3

Downstream elevation

’_— L ——
Water level at section 1 JI—

—

—~———s
X |
! )’3 h3
il == —
= ==
B Datum ¢

Elevation of abutments
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20 10| || 23] 6| 5| 50| 60l 100 WP =350

301 /0 . 99| 9% S| 55 &5 /15 /00

40010 | 98| 2| 6| 55 855 /70 /0.0

42 2 70| 28| /7| 34 204 3.0

46 4 62| 36| 32| /128 332 4/

Y 60 33| 37 | /48 480 | 40

54 6/| 37| 3% /50| 630 40 A=/3/6-17.0

58 62| 36| 365 /46| 776 | 40 =/14.6

62 60| 33| 37 | 148 924! 40 WpP=37.9

€6 | 6./ 37| 375 /50|/074| 40

704 63| 35| 3¢ | /44/121.8| 40
|72, 2| 83! 185 25 | 850|126 8! 28 i

76, 4 | 29 9| /2| 48/3/.6| 40

80, 4 | 98 90| 8| .85 3.€|/25.0| %0 A:)40.5-/3/.6 = 87|

70, /0| 27| 95| 3| 55 s5/%5 /00 we,=140

/00 /o0 | | 2.3 S €| 40 /445 100 A=/48.2-140.5

/10| /0 l 2.6 2 35 a5 /A0 /00 77

Gi2) 2 27|32 o | /| 2/482 20|  WP:=220
/16 /0.0

/07 /07 /14.2

Sheet No,..&. of . # sheets. Prepared by. AY- 5. & Date.77/97&/ Checked by.. L&/ Date 212 6/,
FIG. 29 Sample Contracted-Opening Computation, Cross-Sectional Properties of Section 1
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c‘gbvne /— Co./r.(g},;, rate

9——«*

-

APPROACH SECTION  SECTION 1

Subsection n I__J;‘B_b a w.p. r % K= 1_4'\_86_ t.wr”s

S ~o poyp 97| 120 350047 6.62 JZ/0
o —42 | o3r A28 199 8L 2l L2 L d”) /PS50 Ay
_92- 6P |oaf92s| 222\ 2s0l220|239 #v0| 2850 K

o8- 26 o038l 425 20| SR\ 1P 4xS| /2O

26 S0 1060 24 & 29| /40 | .64 .24 /60
9o —pn2 o030 485 22 | 220} 35 &0 y34-) /970 A,

Total [48.2| /68.3 /270

P Rl _ 19704 /850
= =z o0, .30

Ao+ Ay + 4

/270

FIG. 30 Computation of Channel-Contraction Ratio,
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Roaring River near Lyon, Coloe.......... PLOOD OF_. WJuly ~3,/989 .
SECTION.—_.»3. (Contracted section)
STA. DisT, ZVLEE ELev. | DEPTH &f,‘.‘r':‘ AREA W. P.
L8
(0| — 1 89/ 89 | O - - - |
/0| 0 | 8% | 46 | £3| — | — 43
/5| 5 | 90 | 45 | 45| 44 | 220 50 A=4-3.5
20| & 49 | £1 | 43 | 215 S.0 we=/84
20| 0 90 | O — | — 4/
Piles| / — | — Pile drea %0
2/ | — } 9.0 0 - —_ -
2/ 0 ) |50 40| — | — 40
25 | 4 190 |82 | 38 39| /56 40 A=33.7
3/ 6 9./ | 52 | 39 | 38523/ 60 wWP=/7.9
3/ 0 1908 9/ (0] i 39
2/ | 21 82.2 net area

| 4.0 lpite drea

86.2 \gross areoi=Az

Sheet No.. & of /. €__sheets. Prepared by. A a3 v .. Date 7=/07BQ Checked by.£.: A 4% Date Z-/R:89
FIG. 31 Sample Contracted-Opening Computation, Cross-Sectional Properties of Section 3
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Computation of coefficients for __EQ‘I_L;_!’__.Z_ZCC_-_QH’ L,YL!'L Co

for flood of

__..Zu.//, I /983

Left Right Average

CHARACTERISTICS OF CONSTRICTION

§ 472820

ALXa

Water-surfoce elevation ot approach section
Water-surface elevation ot contracted section

PAA 1Y

Embankment and obutment siope & “re-h K- S/
£, 9951

Type of abutment .AL&../..,.Z;.‘A-!.

FALL IN WATER SURFACE, Ah= |0.&/ —
APPROACH SECTION SECTION 1
Subsection n !-# ] w.p. r k= “# ar¥ K3/°2 a,
5 -0 P.oge 2272 J720| 350|049 0,62 K744 /@
To -l |.035 425 )y4.6 | 329 |3.02/ 209 20, /80 F0.30
26 =70 |,060 248 7| /do| Lg! .79 L&o x)
90 -n2 _|.o30 985 221 220| .25 .sv /90 /0
6o
Toto! /982 Ki = /6, 870 S Poo 139
CONTRACTED SECTION  SECTION 3 (0, =2 (KY,2) + Kogpet /A ]
l0 2o poze 95| 435] se41236]477] 35/0
—Zi=3s OIS A2 327 128 2 | 180 2250
Tota! F2.2 qg) Ky = bsto
Use net areas for contracted suboreas v
fTEMS AND RATIOS
Hems Ratios
ah o. ' o m=t=t7I) Soe Asure 0,30
b 2/ e Pl Vo L sid_ B .2
L Lr2d, Re 45 va T x 4s0 /v —
b-g:32, R-go ® Ai 4o Mol odp K o8
r — ¢ 0° /s o
w L g0 R )7 ) ° “Jo® (yo+ys)/2b —
x :_ K, yr t/{y 1+ Ah) o
Yo — Ky 1850 F=Vs/Vor, SR /sier/am - o b0
Yo Kq 29 20 JZAA k) P62 = 0,096
X Mbe:lwD 125 b X1 _zo@q0 e=K/Ks .29
c k, ke k; ke kg ke ke
let? C=_0.94%X 4ol X OO X O.94 X 466 X 460 x _— X Jo3 = 0.9
Kigh! C=__ 92X oo X _fo0 X_,8 X 400 X 460 X /60 X £62 = 0.9
C = C. 4, *CeXa _ O 96 /Rs0 ¢ .0« se0 0.5
Aa t K4, 3320 -
Sheet No. _...__of ...... Sheets. Prepared by A BC .. Dae 7:43-£P Checked by £ LG ... Dacl-/3-£5

FIG. 32 Sample Contracted-Opening Computation, Discharge Coefficients

40



ﬁ% D 5129 — 95 (2003)

for fiood of ..... -/ uzfy...;i,...(2£2 ................................

Drainage area ,7 3.? square miles Gage height . . feet
Unit discharge _......... Foud............. cfs/sq. mi. Discharge ........ I A cfs

COMPUTATION OF DISCHARGE

Ak
=802 C .
€ A‘\/ 1—aiC? (AA) 1290 (KD (L+LEJKD # Sobali Ahin

bosowr smadda,

Poe (.#23)(26.2) V#r

\// 1.39(.%3) </4? =) #60.5(93) (“60) (s > )"’*&370) ("“"’))

Sid (ﬂz) itd ("'/ o s
ize 337 556 .060/71 27 'r'
— Y07 227
+. 36/

o.93 (¢22) o8 P
= = S &9 c¥s
VeTry .97

A’Jameu/ Q@ r =% ch A Fachrs a-/c/.u,o/.

o When L,> 1.25 Vie 2. 2P
(L+LJKy/Ky) = Vy=Q/A4; (gross area) =__©. €2
(L+(Ky/K)b+ (Ko/K) )} (Lo —1b)) F= Va/m=.ﬂ..ﬂ.ﬂ_§0.8
Remarks
Bheet No. ceoeeen [ S— Bhegts. Preparedby .4 & G........ Date 2242-d2. Checkedby ..&./~F G .... Date 2485

FIG. 33 Sample Contracted-Opening Computation, Discharge
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T L
Section 1A |
|

A
__Tv_x_—D

-_—————>  Section 1B B

10

Section ICJ c

=

FIG. 34 Location of Approach Section and Flow Division Lines for a Multiple-Opening Constriction
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