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INTERNATIONAL STANDARD

1SO 4377-1982 (E)

Liquid flow measurement in open channels — Flat-V weirs

1 Scope and field of application

1.1 This|international Standard deals with the measurement
of flow in fivers and artificial channels using fiat-V weirs under
steady or $lowly varying flow conditions. The standard flat-V
weir is a control structure, the crest of which takes the form of
a shallow TV” when viewed in the direction of flow.

1.2 The |standard weir is of triangular profile with an
upstream dlope of 1 {vertical):2 (horizontal) and a downstream
slope of 1}5. The cross-slope of the crest line must not be
steeper than 1:10. The cross-slope shall be in the range 0 to

1:10 and gt the limit, when the cross-slope is zero, the weir
becomes two dimensional triangular profile weir (see
1SO 4360).

1.3 The weir can be used in both the modular and drowned
ranges of flow. In the modular flow range, discharges depend
solely on ypstream water levels and a single measurement of
upstream head will suffice. In the drowned flow range,
discharges|depend on both upstream and downstream water
levels and two independent head measurements are required.
For the standard flat-V weir, these are

a) the|upstream head, and

b) thelhead developed within the separation pocket which
forms just downstream-of\the crest.

1.4 The flat-V weit-will measure a wide range of flows and

has the adJantage of high sensitivity to low flows. Operation in
the drowngd-flow range minimises afflux at very high flows.
Flat-V wei}s should not be used in steep rivers, particularly -

Table 1
Elevation
Crest . Range
a&f):;e:; d cross- Width of discharge
m ) slopg m m3/s
0,2 110 4 0,015t0 5
0,5 1:20 20 0,030 to 180
within maximum
head of 3 m)
1,0 1:40 80 0,055 to 630
within maximum
head of 3 m)

2" Definitions and symbols
For the purpose of this International Standand, the definitions

given in 1SO 7721} apply. A full list of symbols with the cor-
responding units of measurement is given in[Annex B.

3 Units of measurement

The units of measurement used in this Interpational Standard
are S| units.

4 Installation

4.1 Selection of site

4.1.1 The weir shall be located in a straight section of the
channel, avoiding local obstructions, roughngss or unevenness
of the bed.

4.1.2 A preliminary study should be made of the physical and

where there is a high sediment load.

1.5 Annex A gives the guidelines for the selection of weirs

and flumes for the measurement of the discharge of water in
open channels.

1.6 There is no specified upper limit for the size of this struc-
ture. The following table gives the ranges of discharges for
three typical weirs :

hydraulic features of the proposed site, to check that it con-
forms (or may be constructed or modified so as to conform) to
the requirements necessary for measurement of discharge by
the weir. Particular attention should be paid to the following
features in selecting the site :

a) The adequacy of the length of channel of regular cross-
section available (see 4.2.2,2).

b) The uniformity of the existing velocity distribution (see
Annex C). '

1) IS0 772, Liquid flow measurement in open channels — Vocabulary and symbols.
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c) The avoidance of a steep channel (but see 4.2.2.6).

d} The effects of increased upstream water levels due to
the measuring structure.

e) The conditions downstream {including such influences
as tides, confluences with other streams, sluice gates, mill
dams and other controlling features, including seasonal
weed growth, which might cause drowning).

f) The impermeability of the ground on which the struc-
ture is to be founded and the necessity for piling, grouting

approach channel should have a symmetrical velocity distribu-
tion {see Annex C} and this can most readily be measured by
providing a long straight approach channel of uniform cross-
section.

4.2.2.2 A length of straight approach channel five times the
water-surface width at maximum flow will usually suffice, pro-
vided flow does not. enter the approach channel with high
velocity via a sharp bend or angled sluice gate. However, a
greater length of uniform approach channel is desirable if it can
readily be provided.

or other rpeans-ef-contrelling-seepags

g) The necessity for flood banks, to confine the maximum
discharge] to the channel.

h} The gtability of the banks, and the necessity for trimm-
ing and/qr revetment.

i) Unifofmity of section of the approach channel.
k) - The gffect of wind on the flow over the weir or flume,

especiallyl when it is wide and the head is small and when
the prevajling wind is in a transverse direction.

4.1.3 If thesite does not possess the characteristics necessary
for satisfactory measurements, or if an inspection of the stream
shows that the velocity distribution in the approach channel
deviates appfeciably from the examples shown in-Annex C, the
site should npt be used unless suitable improvements are prac-
ticable. Altdrnatively, the performance of the installation
should be cHecked by independent flow measurement.

4.2 Installation conditions

4.2.1 Gendral requirements

of each of these three components affects the
Instaifation re-

The conditio
overall accyracy of the measurements.

4.2.1.2 Thddistribution and direction of velocity may have an
important intuéhee—en " fe—te
and Annex C).

4.2.1.3  Once a weir has been installed, any physical changes
in the -installation wili- change the discharge characteristics;
recalibration will then be necessary.

4.2.2 Approach channel

4.2.2.1 |if the flow in the approach channel is disturbed by ir-
regularities in the boundary, for example large boulders or rock
outcrops, or by a bend, sluice gate or other feature which
causes asymmetry of discharge across the channel, the ac-
curacy of gauging may be significantly affected. The flowin the

2

4.2.2.3 The length of uniform approach chanr’LeI suggested in
4.2.2.2 refers to the distance upstream of the head measuring
position. However, in a natural channebit could|be uneconomic

to line the bed and banks with concréte.for this
could be necessary to provide a contraction in
between the vertical walls of the-ined approad
less than the width of the natural channel. The
upstream of the contraction“should neverthele
the requirements of 4.2.2.1 and 4.2.2.2.

4.2.2.4 Verticalside wails constructed to effs
of the natura) channel shall be symmetrically
respect tothe' centre line of the channel and sh
be curvedrwith a radius not less than 2 H

distance, and it
lan if the width
h to the weir is
Linlined channel
5s comply with

ct a harrowing
disposed with
ould preferably
x as shown in

figure>l. The tangent point of this radius neafest to the weir

shall “be at least H,, upstream of the hea
section. The height of the side walls should be
tain the design maximum discharge.

4.2.2,5 In a-channel where the flow is free fr
suspended debris, good approach conditions G
vided by suitably placed baffles formed from ve
no baffle should be nearer to the point at

measured than 10 times H,,,.

4.2.2.6 Under certain conditions a hydraulic j
upstream of the measuring structure, for exa

I measurement
chosen to con-

bm floating and
an also be pro-
rtical laths, but
which head is

imp may occur
mple if the ap-

proach channel is steep. Provided this wave i
upstream of not less than about 30 times Hiy,qy
ment will be feasible, subject to confirmatio
velocity distribution exists at the gauging statid

4.2.2.7 Conditions in the approach channel ca
inspection or measurement for which severg
available such as current meters, floats, velocit
centrations of dye, the latter being useful in d

5 at a distance
flow measure-
that an even

.

be verified by
| methods are

rods, or con-
hecking condi-

tions at the bottom of the channel. A complete and quantitative
assessment of velocity distribution may be made by means of a
current meter. The velocity distribution should then be assess-

ed by reference to Annex C.

4.3 Weir structure

4.3.1 The structure shall be rigid and watertight and capable
of withstanding flood flow conditions without damage from
outflanking or from downstream erosion. The weir crest should
be straight in plan and at right angles to the direction of flow in
the upstream channel, and the geometry should conform to the
dimensions given in relevant clauses.
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The weir must be contained within vertical side walls and the
crest width should not exceed the width of the approach chan-
nel (see figure 1). Weir blocks may be truncated but not so as
to reduce their horizontal dimensions in the direction of flow to
less than H,,, and 2 H,,,, upstream and downstream of the
crest line respectively.

4.3.2 The weir and the immediate approach channel {the part
with vertical side walis) may be constructed in concrete with a
smooth cement finish or surfaced with a smooth non-
corrodible material. In laboratory installations, the finish should

1SO 4377-1982 (E)

6 Measurement of head(s)
6.1 General requirements

6.1.1 Where spot measurements are required, the heads can
be measured by vertical gauges, hooks, points, wires or tape
gauges. Where continuous records are required, recording
gauges should be used. Locations for the head measurements
are dealt with in 6.4.1, 6.4.2 and 6.4.3.

6.1.2 As the size of the weir and the head on it reduces, small

be equivalent to rolled sheet metal or planed sanded and
painted timber. The surface finish is of particular importance
near the cfest but may be relaxed a distance along the profile
/2 H, .« Upstream and downstream of the crest line.

4.3.3 In order to minimize uncertainty in the discharge, the
following {olerances should be aimed at during construction :

— Of the crest width, 0,2 % of this width with a max-
imum gf 0,01 m.

—  Or] the upstream and downstream slopes, 0,5 %.
— Or] the crest cross-siope, 0,1 %.

— Or point deviations from the mean crest line, 0,05 % of
crest width.

Laboratory installations will normally require higher accuracy.

4.3.4 The structure should be measured on completion<and

average values of relevant dimensions and their standard/devia-
tions at 95|% confidence limits computed. The formerare used
for computation of discharge and the latter are used to obtain
the overall| uncertainty of a single determination -of discharge
(see 9.6).

4.4 Downstream of the structure

4.41 Conditions downstreamyof the structure are important
in that they control the tailwater level. This level is one of the
factors which determines.whether modular or drowned flow
conditions|will occurat)the weir. It is essential, therefore, to
calculate gr observe~tailwater levels over the full discharge
range and ¥1ake decisions regarding the type of the weir and its

required geometty in the light of this evidence.

discrepancies in construction and In the jzero setting and
reading of the head measuring device bgcome of greater
relative importance.

6.2 Gauge wells

6.2.1 Itis preferable to easure the upstream head in a gauge
well to reduce the effeets of water surface irnegularities. When
this is done, it is also desirable to measure the head in the ap-
proach channel,as'a'check from time to time.|Where the weir is
designed to_operate in the drowned flow fange, a separate
gauge welh s required to record the piezometric head
developéd within the separation pocket Wwhich forms im-
mediately downstream of the crest.

6.2.2 Gauge wells should be vertical and of sufficient height
and depth to cover the full range of water |evels. In field in-
stallations they should have a minimum height of 0,3 m above
the maximum water levels expected. Gaug{’wells should be
connected to the appropriate head measurement positions by
means of pipes.

6.2.3 Both the well and the connecting pipg should be water-
tight, and where the well is provided for the apcommodation of
the float of a level recorder, it should be of gdequate size and
depth to give clearance around and beneath the float at all
stages. The float should not be nearer than 0/075 m to the wall
of the well.

6.2.4 The pipe should have its invert not Iéss than 0,06 m
below the lowest level to be gauged.

6.2.5 The pipe connection to the upstream head measure-
ment position should terminate flush with the boundary of the

approach channel and at right angles thereto. The approach
ﬁhamd-baundar-y-sbamd-ba-plain-and-smolth (equivalent to

5 Maintenance — General requirements

5.1 Maintenance of the measuring structure and the ap-
proach channel is important to secure accurate measurements.
It is essential that the approach channel should be kept ciean
and free from silt and vegetation as far as practicable for at least
the distance specified in 4.2.2.2. The float-well, and the entry
from the approach channel shall also be kept clean and free
from deposits.

The weir structure shall be kept clean and free from clinging
debris and care shall be taken in the process of cleaning to
avoid damage to the weir crest.

carefuily finished concrete) within a distance of 10 times the
diameter of the pipe from the centreline of the connection. The
pipe may be oblique to the wall only if it is fitted with a
removable cap or plate, set flush with the wall, through which a
number of holes are drilled. The edges of these holes shall not
be rounded or burred. Perforated cover plates are not recom-
mended where weed or silt are likely to be present.

6.2.6 The pipe connection to the measurement position for
the separation pocket head should terminate in a manifold set
within the crest of the weir. For large field installations, the
outlet from this manifold should consist of ten 10 mm diameter
holes spaced at 50 mm intervals along a line parallel to, and
20 mm downstream of, the crest line. For laboratory and small

3
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field installations {h < 2,5 m), these dimensions shouid be
halved. The holes should be flush with the downstream face of
the weir block, preferably in a metal cover plate which can be
removed to facilitate maintenance of the system. It is important
that this cover plate shouid have an efficient seal around its
perimeter. Locations for the head measurement positions are
given in 6.4.

6.2.7 Adequate additional depth should be provided in wells
to avoid the danger of floats grounding either on the bottom or
on any accumulation of silt or debris. The gauge well arrange-
ment may include an intermediate chamber of similar size and

6.3.4 Values for the crest cross-siope m, and the gauge zero
can'be obtained by measuring the crest elevation at regular in-
tervals along the crest line. A best fit straight line is then fitted
through the measured points for each side of the weir and the
intersection of these lines is the gauge zero fevel. The average
of the two side slopes is used for m in the discharge formulae.
For field installations, the use of standard levelling techniques is
recommended but precise micrometer or vernier gauges are re-
quired for laboratory installation.

6.4 Location of head measurement sections

proportions petween it and the approach channel 1o enable Sift
and other débris to settle out where they may be readily seen
and removedl.

6.28 The
should be

iameter of the connecting pipe or width of slot
fficient to permit the water level in the well to

“follow the rise and fall of head without appreciable delay, but

on the othel hand it should be as small as possible, consistent
with ease of|maintenance, to damp out oscillations due to short

It is preferabjle to make the connection too large rather than too

small, becalise a restriction can easily be added later if short

period waves are not adequately damped out. A 100 mm
diameter pige is usually suitable for a flow measurement in the
field. A diafneter of 3 mm may be appropriate for precision
head measufement with steady flows in the laboratory,

6.2.10 Isolating valves with extended spindles shall*preferably
be fitted to ¢onnecting pipes inside the gauge wells so that the
wells can be|drained or pumped out and cleaned. If possible the
well shall bel connected to a drainage systenivia a sludge plug
valve and pipe line.

6.3 Zero jsetting

6.3.1 Accurate initial setting of the zeros of the head measutr-
ing devices yith reference'to the level of the crest, and regular
checking of [these settings thereafter, is essential if overall ac-
curacy is to pe attained.

6.4.1 The approach flow to a flat-V weir is thriee-dimensional.
Drawdown in the approach to the lowest criest elevation is
more pronounced than to other positions acrgss the width of
the approach channel and this tesults in a dgpression in the
water surface immediately upstream of the lowest crest pos-
ition. Further upstream, this depression is less pronounced and
at a distance of 10 times(the V-height, 10 4’, the water surface
elevation across the width of the channel is sepsibly constant.
Thus, to achieve an accurate assessment of the|upstream head,
the tapping shoufd be set 10 &' upstream of the crest line.
h' = b/2 n s difference between the lowest gnd the highest
crest elevation in metres. However, if this distgnce is less than
3 H,;¢the'tapping should be set 3 H,,,,, upstream of the crest
to aveid‘drawdown effects.

6.4.2 if other considerations necessitate siting the tapping
closer to the weir, then corrections to the (Ischarge coeffi-
cients will be necessary if H,/P; > 1. In all cases an increase
in coefficient is applicable and the percentage {ncrease will de-
pend on the tapping point location and the vajue of A,/ Py as
follows :

Table 2
H,/ P,
Ly
1 2 3

10h° 0,0 0,0 0,0

8h' 0,0 0,3 0,6

6h' 0,0 0,6 . 0,9

4hn’ 0,0 0,8 1,2

where

H, is the upstream total head relative 1o lowest crest

tervals- should be provided. Bench marks, in the form of
horizontal metal plates, should be set up on the top of the ver-
tical side ‘walls and in the gauge wells. These should be ac-
curately levelled such that their elevation relative to crest level is
known. Instrument zeros can then be checked relative to these
bench marks without the necessity of re-surveying the crest
each time. Any settlement of the structure may, however, af-
fect the relationships between crest and bench mark levels and
hence it is advisablie to make occasional checks on these rela-
tionships. ~

6.3.3 A zero check based on the water level (either when the

‘flow ceases or just begins) is liable to serious errors due to sur-

face tension effects and should not -be used.

4

elevation;

P; is the height of lowest crest elevation relative to
upstream bed level;

L, is the distance of upstream head measurement position
from crest line.

6.4.3 Flat-V weirs can be used for gauging purposes in the
drowned: flow range if a tapping is incorporated at the crest.
The centre position of the ten crest tapping holes {see 6.2.6)
should be offset laterally from the position of the lowest crest
elevation a distance of 0,1 times the total crest width, see
figure 1. ‘ ~
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7 Discharge relationships
7.1 Equations of discharge

7.1.1 interms of total head the basic discharge equation for a
flat-V operating under modular flow conditions is :

1SO 4377-1982 (E)

Values for the head correction factor, &, are given in table 5.

The value of the Coriolis energy coefficient, a, should be
checked on site by measuring the velocity distribution at the
section where the head is measured. At the design stage, the

. value of a should be taken as 1,2.

7.3 Shape factors

Q = 0,8 Cpe Ve m Zy H 52 <
where -7.3.1 Shape factors are introduced into discharge equations
for flat-V because the geometry of flow changes when the
Qo dﬁshammneeds_thumu_mnmmn._thus
Cpe i$ the effective coefficient of discharge; when 4y < K
Zh=ZH=1IO .(7)

g is the acceleration due to gravity;
m is the crest cross-slope (1 vertical/m horizontal);

Zy; is|the shape factor;

crest elevation.
Alternativdly, the discharge equation may be expressed in
terms of gauged head by introducing a coefficient of velocity
dependent upon the weir and fiow geometries.
Q-‘—‘O,BCDeCV\/EmZhth/Z (2)
where.
C, s the coefficient of velocity;

Z, is the shape factor;

hi, is|the effective upstream gauged..head relative to
lowest prest elevation.

7.1.2 In terms of total head, the basi¢ discharge equation for
a flat-V wair operating under drowned flow conditions is :

Q = 08Cp,f,NgmZgHS? ... (3
where f,, id the drowned flow reduction factor.
The corresponding-gauged head equation is :

Q 08Cre C, ﬁ\/—mzhhls/z ... {4)

when by > K

Zy=[1-0 - nih)*? ' ... (8)
and Zy = [1 = (1 X1"/ H,g)%?) .9
where

=.b/2m = difference between lowest|and highest crest
elgvations;

b is the crest width in metres.

Values of Z,, and Z,; in terms of e/ #', and H,,/ i’ are given in
table 6.

7.4 Coefficient of velocity

7.4.1 The coefficient of velocity, C,, is related to the modular
coefficient of discharge, Cp,, the ratio #'/|P; and the ratio
/A

7.4.2 The coefficient of velocity, C,, occurs in equations (2)
and (4) together with the shape factor, Z,} As indicated in
7.3.1, this shape factor is a function of A,/ /', one of the fac-
tors affectmg C,. Thus it is convenient to present data for the
product C,Z; in terms of h/ Py and hy,/ ' sice C, and Z, are
not required separately. Numerical values of this product are
given in table 7.

7.5 Conditions for modular/drownéd ﬂow

7.5.1 The modular limit for flat-V weirs is not single valued as

Values for the modular coefficient of discharge, Cp,, are given
in table b.

7.2 Effective heads

7.2.1 Effective heads are obtained by reducing observed
values by a small constant amount which corrects for fluid pro-
perty effects. Thus :

h|e=h1"'kh .(5)
av2

andH|e=H1~kh=h1+T—kh ...(6)
4

in the case of a two-dimensional weir, i.e. a weir with a horizon-
1al crest line. In the case of the flat-V weir, the modular limit is
70 + 5 % depending on the ratio H,/ 4.

7.6 Drowned flow reduction factor

7.6.1 The drowned flow reduction factor, £,, can for practical
purposes be related to the head ratio h,,/ He. The functional
relationship is given by :

£, = 1,078[0,909 — (h,/ H)3/2)% 1% ... {10
where hye = h, — k; = effective separation pocket head
relative to lowest crest elevation in metres.
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Numerical values obtained from the above expression are given
in table 8.

7.6.2 In equation (10), the drowned flow reduction factor is
related to the ratio hipe/ H, i.€. an expression involving total
head. If equation (4) is to be used to compute discharge, f,
must be related to gauged heads. A convenient way of doing
this is given in tables 9 to 13 where the product C, f, is given in
terms of A/ h' and hy,e/ Ay Each table corresponds to a dif-
ferent range of the ratio #'/ Py, as follows :

'/P| < n’r.

Table 9 0:0—<—#

The method is as follows :

a) Use equation (1} if the flow is modular and equation (3}
if the weir is drowned.

b) Determine the coefficient of discharge, Cp,, and the
head correction factor, kj, using table 5.

¢} Compute the effective gauged head, b, = hy — kj.

d) Determine the value of Ky = 0,8 Cpe\/g m.

Table 10| 0,56 < #'/P; < 1,0
Table 11| 1,0 < /Py < 1,5
Table 12| 1,56 < 4’/ Py < 2,0
Table 13| 2,0 < K'/P; < 2,5

7.7 Limit$ of application

7.7.1 The practical lower limit of upstream head is related to
the magnitude of the influence of fluid properties and boundary
roughness. Hor a well-maintained weir with a smooth crest sec-
tion, the minjmum head recommended is 0,03 m. If the crest is
of smooth cgncrete or a material of similar texture, a fower limit
of 0,06 m is suggested.

7.2.2. Therq is also a limiting value for the ratios A’/ P; of 2,56
and there ar¢ limitations on H,/P, as shown in table 5. These
are governed by the scope of experimental verification and vary.
with cross-sippe.

P, = eleyation of the lowest crest elevation relative to the
downstrepm bed level in metres.

8 Computation of discharge

8.1 Geneyal

8.1.1 Therg are two common methods of computing
discharges from gauged head-readings. The first obtains results
by successive approxinjation techniques and utilises the basic
"total head’| equations. This method is particularly suited to
solutions by pomputer techniques since the computer provides
an efficient yvay_of carrying out the repetmve calculatlons in-
volved. The §
derived between gauged and total heads for particular weir and
flow geometries. These enable the coefficient of velocity, C,, in
the discharge equation to be assessed from tables or graphs.

8.2 Successive approximations method

8.2.1 Computation using individual head measurements

The method of successive approximations is a well known ap-
proach to the conversion of gauged heads to total heads. It is
applicable to any weir geometry, and can be used in both
modutar and drowned flow conditions.

r = Ry Ly The

and Q = K, [, Zg H,;52 for drowned)flow

e) Determine the cross-sectional area of fipw, 4 = B (hy
+ Py), and hence the velocity.head in terms of discharge

av? - aQ?
2g 2gA2

= Kp Q2 LM

where Bis the'width at upstream gauging seftion in metres.

f} Assume, as a first approximation, that| h, = H,, and
compute.the discharge. In this step, the vatlt:e of Zy is ob-
tained-from table 6 and, for drowned flow, the value of £, is
obtained from table 8.

g) Use this approximate discharge to deter mine the veloci-
ty head and then use these data to calcuigte an improved
value of the total head at the gauging sectipn.

h) Compute a more refined discharge valug using this total
head value.

"j} Repeat steps g) and h) until the differenge between suc-
cessive discharge values is an order of magnitude less than
the required uncertainty.

The above method enables discharges to be caltulated from in-
dividual gauged head readings.

8.2.2 Computation of modular stage-discharge function
The previous method does not provide the quickest way of
computing a modular stage-discharge graph for a particular
weir installation where such a plot is required. A more concise
method of obtamnng the theore’ucal calibratipn. curve is to
total head and
dlscharge and then to convert total head to gauged head. This
conversion will normaily require less loops of the successive ap-
proximation cycle than in the first method described in 8.2.1.

The principle of the method is as follows :
al Using the total head equation (1), calculate a series of
values of Q for a series of assumed values of Hie; Zyis ob-
tained from

Zy=[1-01-hn'/H5? 2

Cpe and k, are obtained from table 5, and Zy can be read
from table 6.
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b} The next step is to convert the series of total head
values H,, to the corresponding gauged head values.

c) Making as a first approximation the assumption that the
upstream water level is at the elevation given by the total
head, deduce the cross-sectional area of the approach
channel, and hence work out the velocity of approach. An
approximate value of the gauged head is deduced from

hy = Hig — av2/2g + k, ... (13)

- d) Thls provides an |mproved estimate of water level,

IS0 4377-1982 (E)

Examples of these computational methods are given in
clause 10.

8.4 Accuracy

" 8.4.1 The overall accuracy of measurement will depend on :

a) the accuracy of construction and finish of the weir;
b) the accuracy of the head measurements;

¢} the accuracy of other measured dimensions;

8.3 Cogfficient of velocity method

8.3.1 Madular flow conditions

Equation {2) is used in this method of computing dischargex

from the khown quantities, P4, m, k' and ky. The method is as
follows :

a) - Calculate /o =
k;, from table 5.

hy — kj, using the appropriate value of

b) Nate the appropriate value of Cp, from table 5.

c) Cafculate the ratios 4’/ Py and hy,/ i'. Look up the ap-
propriate value of C,Z, from table 7.

d) Calculate &, /2.

e) Supstitution of known values.in equation (2) then glves
the disgharge directly.

8.3.2 Drowned flow conditions

Equation (B} is used\in this method of computing discharge
from known valugs'of'Py, m, i', hy and hy. The calculation pro-
ceeds as fpllows |

.d) the accuracy of the coefficient valuT;
arge equations

e) the accuracy of the form of the disc

The method by which estimates' of thes¢ constituent un-
certainties may be combined, to)give the ovgrall uncertainty ln
computed discharges is given in clause 9.

8.4.2 The uncertainties (95 % confidence [imits) on modular
discharge coefficients are given in table 5.[These reflect the
random and systematic errors which occur|in calibration ex-
periments and also the real but marginal chapges in coefficient
values which occur with changing dischargg.

9. “Errors in flow measurement

9.1 General

9.1.1 The uncertainty of any flow measurement can be
estimated if the uncertainties from various [sources are com-
bined. These contributions to the total uncertainty may be

assessed and will indicate whether the rat
measured with sufficient accuracy for the
This clause provides sufficient information 1
uncertainties of measurements of discharge.

9.1.2 The error in a result is the difference
rate of flow and that calculated using the dis

quoted in this International Standard. Thusg

definition, unknown but the uncertainty of
may be estimated. The term uncertainty den
from the true rate of flow within which the

flow is expected to lie some nineteen times ¢

of flow can be
purpose in hand.
or estimating the

between the true
scharge equations
the error is, by
the measurement
ptes the deviation
measured rate of
but of twenty (the

95 % confidence limits).

a) Caleutate—fe——HT—kand—tos—f—#kpusing
table 5 for the value of k.

b} Note the appropriate value of Cp, from table 5.

c) Evaluate A,/ hy, he/ k' and h'/ Py. Read off the ap-
propriate value of C,.f, from whichever of tables 9 to 13 is
applicable to the calculated value of 4’/ Py.

d) Determine the value of Z, using table 6;

- e) Calculate i,%/2.

f) Substitution of known values in equation (4) then deter-
mines the discharge.

9.2 Sources of error . ;

9.2.1 The sources of error in the discharge measurement can
be identified by considering the form of equation (4} i.e.

Q = JCpe C, [, NEm Z) )52 ... {14)

where J is a numerical constant not subject to error.

Errors in g, the acceleration due to gravity, may be ignored.
Hence the only sources of error which need to be considered
are :

al The modular discharge coefficient Cp, for which
numerical values and estimates of uncertainties are given in
table 6.
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b} The coefficient of velocity, C,. The following approx- 283 isthe uncertainty in the mean of n readings of the

imate expression may be used to determine the uncertainty separation pocket head (see 9.3). It is associated with

inC,: the random fluctuations in a series of measurements.
Xc, = 0.5h1/P1(%) . (1‘5‘) The uncertainties eh,, and eh,,, must depend on an estimate,

by the user of probable errors. If only one reading of head is
made, then the random uncertainties, 257, or 285 yr MUSt be

c) The crest cross-slope, m. Numerical values will depend
estimated (see 9.5.4).

on the accuracy of construction and subsequent measure-

n . .
ment of the structure g} The drowned flow reduction factor, f,. There are three

d) The shape factor, Z,. 'When flow is confined within the factors which influence the uncertainty in f, :

v, Ithe :/’3'“6 of Z,, is unity and there is no uncertainty in this a) the uncertainties in the laboratory determination of
value ~ : e

Z, depends on #', the height of the V, and A, the upstream

gauged hdad; see equation (8). Both these quantities will be b) the uncertainties in the meéasurement of the

of reasongble magnitude and errors in heads will not nor- upstream effective head, %,
mally be Bignificant at this stage. Thus there is again a ’

negligible [degree of uncertainty in Z,ie. th = 0. ¢} the uncertainties in thesmeasurement of the separa-

tion pocket head, Zp,.

e) The effective head, /. The uncertainty in &, will de- A suitable expression fdr the combined uncertainty is :

pend on yncertainties in head measurement, zeroing of the :

gauge, hepd correction factors and uncertainties assocuated = +5(1 \/_—T—'—z— [
with the qumber of readings. Thus Xy, = £ 80 ZHIVT + Xy + X"pe ‘ 118

100 \Jeh? + eh? + ek? + (283:)2 ’ '
Xy, =| £ Vent + el + ek 255 _..(18) 9.3 Kinds.of error

hy

9.3.1 _Errors can be classified as random or $ystematic, the
former/affecting the reproducibility of measurpment and the
latter affecting its true accuracy. The standard deviation of a
set of n measurements of a variable ¥ may be stimated from
the equation

where

ehy ig the uncertainty in the measurement of upstream.
head in metres. Any uncertainty which does not change
randomly during a series of measurements should be i in-
" cluded|here for example backlash and friction; 12
eh, is the uncertainty in the determination .of) the 2 (Y -Y)2

auge|zero; i =1 .

ek, i$ the uncertainty in kp;
where Y is the observed mean. The standard deviation of the

’2S,T s the uncertainty ip the mean of_n ’readings of mean is then given by
upstream head, see 9.3. It is associated with the random .
fluctudtions in a seriés of measurements. S . .
- , _ Y
Sq=— ... (20)
“The uncentainty in the head(correction factor, &, should be n
taken as [ek, = 0,2 mni/The uncertainties es, and e, '
must depend on an asséssment, of probable uncertainties and the uncertainty of the mean is twice Sy (for 95 % prob-
by the user. \ : ability) if the humber of measurements, #, is lgrge.
fI The sgparation pocked head, hp.. The uncertainties in 9.3.2 A measurement can also be subject to systematic error :
hpe Will depend on uncertainties in head measurement, zero- the mean of a large number of measured values would thus still
ing of the gauge, head correction factors and uncertainties differ from the true value of the quantity being measured. An
- associated with the number of readings. Thus error in a gauge zero, for example, will produce a systematic er-
' : ror. As repetition of the measurement does not eliminate
100 \/ehz + ehz + ekZ + (zs— )2 systematic errors, the actual value could only be determined by
X hoe = + p . 17) an independent measurement known to be more accurate.
p
where 9.4 Errors in quantities given in this

Veh International Standard

p is the uncertainty in the measurement of the
separation pocket head. The sources of errors are
) systematic, for exampie backlash and friction; 9.4.1 All the errors in this category are systematic. The values
of the discharge coefficients, etc., quoted in this International
eh,,  is the uncertainty in the determination of the Standard are based on an appraisal of experiments, carefully
gauge zero; carried out with sufficient repetition of readings.
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9.4.2 However, when measurements are made on other
similar installations, systematic discrepancies between coeffi-
cients of discharge may occur, due to variations in the surface
finish of the device, its installation, the approach flow condi-
tions, etc.

9.4.3 The probable uncertainties in the coefficients and the
corrective term &, guoted in previous clauses of this Interna-
tional Standard are based on a consideration of the deviation of
experimental data from the given working equations and a
comparison of the equations themselves.

1S0 4377-1982 (E)

Calculate the discharge when the observed upstream gauged
head is 0,621 m. Ten successive readings of this head produce
a standard deviation of the mean of 0,5 mm and the estimated
uncertainty in the gauge. zero .is 1,0 mm. The basic
measurements with their estimated uncertainties are given
below : -

i

20,30 (£ 0,2 %)

95 Enlors in quantities measured by the user

9.5.1 Bpth random and systematic errors will occur in
measurements in this category.

9.5.2 Since neither the methods of measurement nor the way
in which they are to be made are specified, no numerical values
for uncerfainties in this category can be given.

9.56.3 The uncertainty in the gauged head should be determin-
ed from gn assessment of the separate sources of uncertainty,
" for example the gauge sensitivity, the zero setting uncertainty,
temperatfire effects, the backiash in the indicating mechanism,
the residlial random uncertainty in the mean of a series of
measurements, etc.

95.4 The above component uncertainties should be

calculated as percentage standard deviations at the 95 % cornis.

fidence lifnits but when the value of the component uncertainty
is determ[ned from only a single measurement, the uncertainty
is said to pe rectangularly distributed and may be taken;:for the
purposes| of this International Standard, to be-the-{plus or
minus) lirpits within which the true value is knows to lie with
certainty [i.e. half the estimated maximum deviation).

/

9.6 Combination of uncertainties to give the
overall uncertainty in discharge

9.6.1 The uncertainty in discharge is given by the expression

- 2 2 1 ox2 2 2
Xo=|t VX3 AXE + X2+ X2+ 825XZ ...(21)

where Xg is theruncertainty in computed discharge (per cent).

b = 36,00 m (% 0,005 m)
Py = 0,8 m(+ 0001 m)
hy = 0,621 m (+ 0,003 m)
W = 0,887 m (£ 0,001 m)

The appropriate coefficient and head corfection values are
obtained from table 5, as follows\:

Cpe = 0,620 (% 3,2.%)

kj = 0,000 5 m {=£-0,000 2 m)

I

10.1.2 Solution by successive approximation method
(see 8.2)

The appropriate discharge equation is :
Q= OISCDe\/EmZH]{leS/Z .o (22)
al he=h— k,=06205m.

b) e < A, hence flow is confined Within the V and
Zy = 1,000 from table 6.

c) 0,8 CpeJgm = 31,64 m2/s,

Hence Q = 31,54 H,.5/2 (m3/s). ... (23)
d) The area of cross-section, B(h; + Py},|is 61,88 m2,
Hence, assuming o = 1,2, the velocity head is given by :
2 a 02 2
@ Q .2 ... (24)

2g  2gB2(hy + P2 44000

From these basic values, the calculation of discharge proceeds
as shown in table 3. '

9.6.2 It bhotld be noted-that the uncertainty indischatgeis
not single valued for a given device, but will vary with flow. It
may therefore be necessary to consider the uncertainty at
several discharges covering the required range of measure-
ment.

10 Examples
10.1 Modular flow at low discharge (#, < #')

10.1.1 A flat-V weir has a crest cross-slope of 1/20,30. The
crest width and approach channel width are both 36,00 m and
the mean upstream bed level is 0,82 m below the lowest crest
elevation.

Tahle 3
ave:
2 Hie 0
[From H - av2 [From
equation (24)]] le™ flle ™, ¢ | equation (23)]
m m m3/s
First
approximation 0,000 0 0,620 5 9,57
Second
approximation 0,002 1 0,622 7 9,65
Third :
approximation 0,002 1 0,6227 9,65

Hence the discharge is 9,65 m3/s.
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10.1.3 Solution by coefficient of velocity method
{see 8.3)

The appropriate discharge equation is :
Q = 0,8Cp, C,\gmZ;, 1512 ... {25)

al hg = h — k, = 0,620.5 m (see table 5).

b) Cpe = 0.620 (see table 5).

o HiPy=108)

Calculate the discharge when the upstream and crest tappings
record heads of 2,614 m and 2,211 m respectively. Five suc-
cessive readings of the upstream head produce a standard
deviation of the mean of 1,5 mm and the estimated uncertainty
in the gauge zero is 2,0 mm. Five successive readings of the
separation pocket head produce a standard deviation of the
mean of 2,1 mm and the estimated uncertainty in the gauge
zero is also 2,0 mm. The basic measurements with their
estimated uncertainties are given below :

higl B = I)JO!
d hS52 = §,303 3 mb/2,

m = 10,1 (£ 0,20 %)

C,Z, = 1.008 (see table 7). b = 2500 m (= 0,004 m)

Py = 056 m(£0,002m)

hy = 2,614 m (+ 0,003 m)

hy, = 2,211 m (£ 0,003.m)

Substitution i the discharge equation then gives a flow of 9,64 W= 1238m(+ 0,001 m)

m3/s.

10.1.4 Uncdrtainty in computed discharge

From table 5 ko, = + 3,20 %

De
From equation (15) X, = + 0,40 %
From data X} = + 0,20 %

From equation (16)

Kne = 621

= 10,53 %

From equatioI (18) X, = 0 (modular flow)

From equatioi (21)

Xg = * /3,202 + 0,402 + 0 + 0,202.4 6,25 x 0,532

=+ 349 %

is £ 3,49 %.

100 /3,02 + 1,02 + 0,2 + (2 x 052

The appropriate coefficient™and head correctipn values are
obtained from table 5, as(follows :
Cp, = 0,620 (£ 2,90 %)

k, = 0,00008'm (£ 0,000 2 m)

fl

10.2.2 ‘Solution by successive épproximation method
(see 82} :

The appropriate discharge equation is :
Q = 0,8 Cpof, Ve mZy H, 52 ...126)

a he=h - ky=26132m, say 2,613 m;
hpe = hy — ky = 2,2102 m, say 2,210 m.

b} hg > H', hence flow is above the V-full condition and
values of Z; must be read from table 6.

c) 0,8Cpg+/gm = 1569 ml/2/s.

" =1 5/2 (m3
Thus the undertainty in discharge (95 % confidence limits) Hence Q = 15,69 1,2,/ (m?/s). R
d) The area of cross-section, B{hy + Py), is 79,35 m2,
10.2 Drowned fl6w at high discharge Hence, assuming a = 1,2, the velocity head is given by :
10.2.1 A fiaf-Vweir has a crest cross-slope of 1:10.1. The av? aQ? % (28)

crest width and approach channel width are both 25,00 m and
the mean upstream bed level is 0,56 m below the lowest crest
elevation.

10

2g  2gB2(k, + P2 102920

The calculation of discharge then proceeds as shown in table 4.
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Table 4
av2 :
2¢ Hle fv ZH 9]
[From av2 hpe! Hig [see _ Hglh' [see [From
. Ao + — .
equation (28)] le ™ og table 8] table 6} equation (27)]
m m3/s
First
approximation 0,000 2,613 0,845 0,746 2,110 0,799 103,2
Second
approximation 0,103 2,716 0,814 0,786 2,194 - 0,781 17,1
Third
approximation - 0,133 2,746 0,805 0,796 2,218 0,776 1211
Fourth
approximation 0,142 2,755 0,802 0,799 2,225 0,77% 122,4
Fifth
approximation 0,146 2,759 0,801 0,800 2,229 0,774 122,8
Sixth
approximaion 0,147 2,760 0,801 0,800 2,229 0,774 122,9

Hence thel discharge is 122,9 m3/s.

10.2.3 Splution by the coefficient of velocity method

(see 8.3)

The apprdpriate discharge equation is :

onscDeCVfV\/é—mZthGS/z .(29)

a) h,e=h|—kh=2,613m

(see table 5).

oo =| hy — Ky = 2,210 m

pe

b) Cpe % 0,620 (see table 5).

c) Ao/ hly = 0,845

b/ | =

n/ P,

It

2,110

2,210 .. . (hence use table 13).

From table 13, C,.f, = 0,870 (interpolated).

d) Z, =10,799 (see table 6.

el M52 k= 11,037 mb/2;

Substitutign in the.discharge equation then gives a flow of

120,4 m3/3.

From equation((15) : X¢, = + 2,11 %
From datai{ X, = £ 0,20 %

From*equation (16) :

, Joo \3.02 + 2,02 + 0,22 + (2 x 1,52

X = 2614

+ 0,17 %

From equation (17) :

hoe 2211

H+

0,25 %

From equation (18} :

100 4/3,02 + 2,02 + 0,22 + (2 x 2,1)2

X;, = £5(1,00 - 0,80)4/1,02 + 0,172 +

From equation (21) :

D,252.= + 1,06%

Xg = £ /2,902 + 2,112 + 1,082 + 0,20

10.2.4 Uncertainty in computed discharge

Fromtable 5: X = + 2,90 %

=+3;77%

2 + 6,25 x 0,172

Thus the uncertainty in discharge (95 % confidence limits)

is £ 3,77 %.

1
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Annex A

Guide for the selection of weirs and flumes for the measurement
of the discharge of water in open channels

A.1 Scope and field of application

This annex lays down guidelines for the selection of weirs and

A.2.4 Standing-wave flume (free flow)

A flume with side contractions with or without bottom contrac-
tions, within which the flow changes from sub-critical to super-

flumes for the
Consideration
ordinary temp

, Despite the -
available, som
poses, only t

s measurement of discharge in open channels.

is limited to the steady, uniform flow of water at
eratures {approximately 5 to 30 °C).

hreat number of types  of weirs and flumes
e of which may offer advantage for specific pur-
he following types are presently standardized.

Criteria for selpction from among the standard types are given

in clause A.3.

‘A.2 Typep of standard weirs and flumes

A.2.1 Thin

such a mann

Lplate weir

r that the nappe springs clear of the crest, the

A weir constr{cted with a crest of vertical thin plate, shaped in

discharge bei
width of the d

The following
—  rectan

— rectan

g determined by the head on the weir and the
rest (or the angle of the notch).

types are included :
gular full-width weir;

gular-notch weir;

— triangyilar-notch (V-notch) weir.

A.2.2 Broad-crested weir

A weir with su
formed in suc
of the weir wi
by the head o

The following

bstantial crest dimension in the direction of flow
h a manner that critical flow occurs on the crest
hin the breadth; the discharge being determined
h the weir‘and the width of the crest.

typés are included :

— rectan

© — ‘rectan

critical, the discharge being determined by the ¢
area and velocity of flow at critical depth withif]
the flume.
The following types are included :

— with rectangular throat; "

—  with trapezoidal throat;

—  with U-throat

A.2.5 Free overall

An abrupt drop in the floor of a rectangular
discharge being determined by the depth at th
drop“and the width of the channel at the brink

ross-sectional
the throat of

channel, the
b brink of the
ection.

A.3 Criteria for the selection of stgndard

weirs or flumes

The essential criteria for selection from among
weirs and flumes are given below :

A.3.1 Available difference in water ley

Thin-plate weirs and free overfalls require a suffic
between upstream and downstream water levels
sure free, fully ventilated. flow under conditions
discharge.

Broad-crested weirs may be used with relative]

the standard

vels
ent difference

which will en-
of maximum

y smalier dif-

ferences in-water: level; triangular-profile weirs and standing-

wave flumes may be used with even smaller
water level.

differences in

gutar-profite weirwith sharp upstreanTedge;

gular-profile weir with rounded upstream ed‘geﬁ

A.2.3 Triangular-profile weir

For all types of weirs and flumes included in this International
Standard the discharge should be free or independent of the

downstream water level.

A.3.2 Accuracy of measurement

A weir having a triangular profile in the direction of flow, the
discharge being determined by the head over the weir and the
; width of the crest.

The following type is included :

— _‘triangular-profile weir having 1:2 slope upstream and
1:b slope downstream.

12

The accuracy in a single determination of discharge depends
upon the estimation of the component uncertainties involved
but approximate ranges of uncertainties for the weirs and
flumes (at 95 % confidence ievels) are as follows :

— rectangular thin-plate weirs (full width and notch) : 1to
4 %;
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— triangular-notch weirs (notch angles between n/9 and
b5 n/9 radians) 1 to 2 %;

— broad-crested weirs : 3 t0 5 %;

— triangular-profile weirs : 2to 5 %;

|

standing-wave flumes : 2to 5 %;
— free overfall : 5 to 10 %.

Deviations from standard construction, installation or use may

1SO 4377-1982 (E)

Sub-critical flow is ensured when
gA
B

v <
: S
where
.V is the average velocity in the approach channel;
g is the acceleration due to gravity;
A is the cross-sectional area of the channel;

B, is the width of the channel at the water surface.

; given
recommended conservative values for use under
conditiond of strict conformance with standard specifications.
The smallest values can be obtained only for weirs under
rigorous dontrol, such as may be built and installed in well-
equipped [aboratories. Under field conditions, thin-plate weirs
are specially subject to errors caused by natural hazards.

A.3.3 imensions and shape of open channel

Rectangular full-width weirs and notch weirs (both rectangular
and trianglilar), of large size relative to the size of the approach
channel should be located in vertical walled level floored rec-
tangular channels, or in weir boxes of rectangular cross-section

for a distance extending upstream not less than 10 times the -

width of the nappe at maximum head. For thin plate weirs of
small size|relative to the size of the approach channel, es-
pecially if the velocity of approach is negligible, the size and
shape of the channel is of no importance.

Broad-cregted weirs are best used in rectangular channels, but
they can be used with good accuracy in non-rectangular chan-
nels if a|smooth, rectangular approach channel* extends
upstream {rom the weir a distance not less than twice the max-

be used in channels of any shape if flow conditions
in the appfoach channel are reasonably uniform and steady.

For weirs pnd flumes of all types the size and shape of the
downstream channel are of .no significance except that they
must pernjit free, fully yéntilated flow under all conditions of
use.

A.3.4 Flow conditions in the approach channel

A.3.5 Flow with sediment load

For flows with suspended load, the use gf thin-plate weirs
should be avoided because the crést.edge
worn by the suspended materials.On stre
use of measurement structures/which signifjcantly reduce the
stream velocity is not reecommended as it mgy resuit in chang-
ing deposition-scour dependent on flow regime. Flumes will
generally perform hetter than weirs on streams with sediment
load.

A.3.6 Flow with floating debris

Broad-crested weirs, triangular profile weirs, standing wave
flumes and free overfall structures will normally pass floating
debris more effectively than thin-plate weirs. The use of the
triangular notch (V-notch) weir in particuiar should be avoided
unless a debris trap is installed upstream.

A.3.7 Magnitude of discharge to br measured
u

For reasons related to accuracy and constfuction, thin-plate
weirs are best used for the measurement of relatively small
discharges. Broad-crested weirs, triangulariprofile weirs and
flumes are best used for large discharges.

A.3.8 Range of discharge to be measured

For best overall accuracy over a wide range of small discharges,
a triangular-notch (V-notch) weir should be ysed in preference
to a rectangular-notch or rectangular full-width weir. For wide
range of larger discharges, a trapezoidal-throat or U-throat
flumes should be used in preference to a broad-crested weir,
free overall, rectangular-throated flume or| triangular-profile
weir. C

For weirs of all types, flow in the approach channel shall be
sub-critical, uniform and steady. ldeally, especially for relatively
high velocities of approach, the velocity distribution should ap-
proximate that in a channel of sufficient length to develop nor-
“mal (resistance-controlled) flow in straight, smooth channels.
For relatively low velocities of approach and for flumes, flow
conditions in the channel are of less importance. In short chan-
nels and weir boxes, baffles and flow-straighteners may be
used to simulate normal velocity distribution. Care should be
taken to ensure that erosion and/or deposition upstream of the
weir or flume do not significantly alter the velocity of approach
or velocity distribution to the measurement structure.

A.3.9 Construction

Thin-plate weirs must be constructed with precision tools
under machine-shop conditions. Flumes, broad crested weirs,
triangular-profile weirs and free overfalls can be constructed
satisfactorily in the field. In all cases, great care must be exer-
cised in making the structures conform with standard specifica-

tions.

Broad-crested weirs, triangular-profile weirs, free overfalls and
flumes are inherently stronger and more easily maintained
under conditions of high heads in large channels.

13
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Symbol

Zy, Zy
o

Sub-
scripts
1

2

e

14

Annex B

Symbols and units

Quantity represented

Area of cross-section of flow
Crest width

Units of

measurement

]2
/

Wilth of approach channel

Cogfficient of discharge

Velocity of approach coefficient
Ungertainty in the head measurement
Ungertainty in the gauge zero
Unkertainty in the head correction factor
Dr¢wned flow reduction factor
Gravitational acceleration

GaTJ

Total head above lowest crest elevation

ged head above lowest crest elevation

Mdximum upstream total head above lowest crest elevation
Separation pocket head

Difference between lowest and highest crest elevations
o

Copstants

Cr
Number of measurements in a set

d correction factor

st cross-slope (| vertical/m horizontal)

Difference between mean bed level and lowest crest elevation
Digcharge

Standard deviation of mean of several head readings

Mdan velocity at cross-segtion

Pefcentage uncertainty_in ‘discharge coefficient

Pefcentage uncertainty in coefficient of velocity

Pefcentage uncertainty in drowned flow reduction factor

Pe céntage uncertainty in head measurement

Pefcentagé uncertainty in discharge measurement

Shpapé factors

no
no

nol

no
no!

no
no
nol
nol
no
no

!
-dimensional
]:-dimensional
/
/
/
h-dimensional
/e

e e Sy

h-dimensional
h-dimensional
/
13/t
/
1/t
h-dimensional
h-dimensional
h-dimensional
h-dimensional
h-dimensional

h-dimensional

Coriolis energy coefficient

denotes upstream- value
denotes downstream value

denotes "‘effective’’ and implies that corrections for fluid effects have been made to the quantity

non-dimensional
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Annex C

Velocity distribution

C.1 An even distribution of velocity over the cross-section
of the approach channel in the region of the gauging station is
necessary for high accuracy of measurement of discharge by
means of weirs, notches and flumes. This is because the
recommended coefficients are empirical values obtained by

errors in flow measurement, but quantitative information on
the influence of velocity distribution is inadequate to define the
acceptable limits of departure from the ideal distributions. With
the uncertainties on discharge coefficients quoted in table 5 in
mind, figure 2 provides some guidance on the type of velocity

various inpestigators—and—were—usually obtainet—under—ideal—distributionand-evermess-thereof-that-are-acceptable in prac-

laboratory|conditions. These involved either the use of screens
10 ensure|an approximately uniform velocity over the cross-
section, of a long straight approach channel conducive to the
establishiment of a normal distribution of velocities.

C.2 Nofmal velocity distribution is defined as the distribution
of velocitigs attained in a channel over a long uniform straight
reach. A characteristic feature of flow in such a channel is that
the velocity is a maximum at about 0,6 depth above invert, with
the average velocity occurring at about 0,4 depth above invert.

C.3 An)y deviation from the ideal conditions of either very
uniform velocity or a normal velocity distribution may lead to

" fiow.

tice.

C.4 In figure 2, different patterns of ispvels are shown.
These isovels are contours of equal velocity fin the direction of

C.5 The percentage difference in the valiie of o left and «
right is shown in figure 2. Figure 2¢) shows the extreme value
for the departure from ideal approach conditions for the uncer-
tainties given\in table 5 and this percentage fifference may be
regarded.as'the maximum permissible. This distribution gives a
Corialis‘energy coefficient of 1,44.

15
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Table 5 — Summary of recommended coefficients, limitations and uncertainties

Flat-V weirs . Crest cross-islope
1/40 or less 1/20 1/10
1 H/h <10
‘Modular coefficient, Cpe 0,625* 0,620* 0,615*

" Head correction factor, k), 0,000 4 m 0,000 5 m 0,000 8 m
Uncertainty in coefficient, XCDe + 3,0 % +32% - * 29%
Modular limit 65 to 75 % 65 to 75 % 656 to 75 %
Other limitations h'/Py <25 | n/P <25 | h/P <25

h'/Py <25 h/P,<25 [h'7TPy <25

Upstream tapping 1M0h .. 10 h’k 10 h'
20 Hi/k' > 10 ‘
Modular coefficient, Cpe 0,630* 0,625* 0,620*
Head correction factor, kj, 0,000 4 m 0,000 5 m 0,000 8 m
Uncertainty in coefficient, XCDe +25% + 28% + 2;3 %
Modular limit 65 to 75 % 65 to 75, % 65 to 75 %
Other limitations h'/P; <25 | h/P, <25 | h'/P <25

‘ , h'/Py <82 | h//IP; <82 | h'/P; <42
Upstreém tapping 10n 10 A’ 10h'

Computations under non-modular conditions should be based on Cper= 0,831, Cp, = 0,629 and Cp, =

0,620, respectively.

Table 6* — Evaluation of Z,, and"Zy in terms of i /', and H\./ h’

hle I-Ile
; , _h_'— 0,00 0,01 0,02 0,03 0,04 0,05 0,06 0,07 0,08 0,09
00t00,9 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000
1,0 1,000 1,000 1,000 1,000 1,000 1,000 0,999 0,999 0,999 0,998
1,1 0,998 0,997 0,996 0,996 0,995 0,994 0,993 0,992 0,991 0,990
1,2 0,989 0,987 0,986 0,985 0,984 0,982 0,981 0,979 0,978 0,976
1,3 0,974 0,973 0,97 0,969 0,968 0,966 0,964 0,962 0,960 0,958
1,4 0,956 0,954 0,952 0,950 0,948 0,946 0,944 0,942 0,940 0,938
1,5 0,936 0,934 0,932 0,929 0,927 0,925 0,923 0,921 0,918 0,916
1,6 0,914 0,912 0,909 0,907 0,905 0,903 0,900 0,896 0,896 0,893
1,7 0,891 0,889 0,887 0,884 0,882 0,880 0,877 0,875 0,873 0,871
1,8 0,868 0,866 0,864 0,861 0,859 0,857 0,855 0,852 0,850 0,848
1,9 0,846 0,843 0,841 0,839 0,837 0,834 0,832 0,830 0,828 0,825
- 2,0 0,823 0,821 0,819 0,817 0,814 0,812 0,810 0,808 0,806 0,804
2,1 0 801 0,799 0,797 0,795 0,793 0,791 0,789 0,787 0,784 0,782
2,2 0,780 0,778 0,776 0,774 0,772 0,770 0,768 0,766 0,764 0,762
2,3 0,760 0,758 0,756 0,754 0,752 0,750 0,748 0,746 0,744 0,742
2,4 0,740 0,738 0,736 0,734 0,732 0,731 0,729 0,727 0,725 0,723
2,5 0,721 0,719 0,717 0,716 0,714 0,712 0,710 0,708 0,707 0,705
2,6 0,703 0,701 0,699 0,698 0,696 0,694 0,692 0,691 0,689 0,687
2,7 0,685 0,684 0,682 0,680 0,679 0,677 0,675 0,674 0,672 0,670
2,8 0,669 0,667 0,665 0,664 0,662 0,661 0,659 0,657 0,656 0,654
2,9 0,653 0,651 0,649 0,648 0,646 0,645 0,643 0,642 0,640 0,639
3,0 0,637

Z, and Zy values

le

h H,
* Example of use : The values of Z), or Zy for a value of h—l:e or~h—l— of 1.12, for instance are found from the third row, third column; that is 0,996.
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1SO 4377-1982 (E)

, h/ Py
Ao/ 1
0.2 0,4 0,6 08 1,0 1,2 1.4 16 1,8 2,0 22 24 26
0,05 1,000 “ [ 1,000 | 1,000 | 1,000 } 1,000 | 1,000 | 1,000 | 1,000 | 1,000 | 1,000 [ 1,000 | 1,000 { 1,000
0,10 1,000 ( 1,000 | 1,000 { 1,000 | 1,000 | 1,000 j 1,000 | 1,000 | 1,000 | 1,000 | 1,000 | 1,000 | 1,000
0,15 1,000 | 1,000 | 1,000 | 1,000 | 1,000 - 1,000 } 1,000 | 1,000 | 1,000 | 1,000 | 1,000 | 1,000 | 1,000
0,20 1,000 | 1,000 | 1,000 | 1000 | 1,000 { 1,000 | 1,000 | 1,000 | 1,000 } 1,000 | 1,000 | 1,000 | 1,000
0,25 1,000 | 1,000 | 1,000 | 1,000 | 1,000 [ 1,000 | 1,000 | 1,000 | 1,000 /| 1,001 1,001 1,001 1,001
0,30 1,000 | 1,000 | 1,000 | 1,000 | 1,000 ) 1,000 | 1,001 1,001 1,001 1,007 1,001 1,001 1,001
0,35 1,000 | 1,000 | 1,000 | 1,000 | 1,001 1,001 1,001 1,001 1,001 1,002 | 1,002 | 1,002 | 1,002
0,40 T.000 | 1,000 | 1,000 | 1,007 T,00T T.007 TO0Z | 1002 | 1,002 | 1,002 | 1,003 || 1,003 | 1,003
0,45 1,000 | 1,000 | 1,001 1,001 1,002 { 1,002 | 1,002 | 1,003 | 1,003 | 1,004 | 1,004 1,004 | 1,005
0,50 1,000 | 1,001 1,001 1,002 (1002 | 1,003 | 1,003 | 1,004 | 1,004 | 1,006 | @005 || 1,006 | 1,006
0,55 1,000 1,001 1,001 1,002 1,003 1,004 1,005 1,005 1,006 1,007 1,007 1,008 | :1,008
0,60 1,000 1,001 1,002 1,003 1,004 1,005 1,006 1,007 1,008 1,008 1,009 1,010 1,011
0,65 1,000 1,001 1,003 1,004 1,006 | 1,006 1,008 1,009 1,010 1,011 1,012 1,013 1,013
0,70 1,001 1,002 { 1,003 | 1,006 | 1,007 | 1,008 | 1,010 | 1,011 | 1,012~ 1,013 | 1,016 [ 1,016 | 1,017
0,75 1,001 1,002 1,004 1,006 1,008 | 1,010 1,012 1,013 1,015 1,016 1,018 1,019 1,020
0,80 1,001 1,003 | 1,006 | 1,008 | 1,010 | 1,012 | 1,014 | 1,006 | 9,018 | 1,020 | 1,021 1,023 | 1,024
0,85 1,001 1,004 1,007 1,009 1,012 1,015 1,017 1,020 1,022 1,024 1,025 1,027 1,029
0,90 1,001 1,004 | 1,008 | 1,011 1,016 | 1,018 | 1,01 1,023C 1 1,026 | 1,028 | 1,030 | 1,082 | 1,034
0,95 1,002 | 1,006 | 1,003 | 1,014 [ 1,017 | 1,021 1,024 | m027 | 1,030 | 1,033 | 1,035 | 1,037 | 1,039
1,00 1,002 | 1,006 | 1,011 1,016 [ 1,020 | 1,026 | 1,028 . 1032 | 1,035 | 1,038 | 1,040 | 1,043 | 1,045
1,05 1,002 1,007 1,013 1,018 | 1,023 1,028 1,032 1,036 1,039 1,042 | 1,045 1,048 1,080
1,10 1,001 1,006 | 1,012 | 1,019 | 1,024 | 1,029 | 14034 | 1,038 | 1,042 | 1,046 | 1,049 | 1,052 | 1,054
1,15 0,997 | 1,004 [ 1,011 1,017 | 1,024 | 1,029 {1,034 {1039 | 1,043 | 1,047 | 1,050 ; 1,083 | 1,056
1,20 0,993 1,000 1,007 1,015 1,021 1,029 1,033 1,038 1,042 1,047 1,050 1,054 1,067
1,26 0,986 0,994 1,003 1,011 | 1,018 1,024 1,030 1,036 1,040 1,045 | 1,049 1,052 1,056
1,30 0,979 | 0,988 | 0,997 | 1,006 | 1,013 41,020 | 1,026 | 1,032 | 1,037 | 1,042 | 1,046 | 1,050 | 1,053
1,35 0,97 0,980 0,980 0,999 1,008 1,015 1,022 1,027 1,033 1,038 1,042 1,046 1,080 |
1,40 0,962 0,972 0,983 0,992 1,001 1,009 1,016 1,022 1,028 1,033 1,037 - | 1,041 1,045
1,45 0,953 | 0,963 0,974 0,985 0,994 1,002 1,009 1,016 1,022 | 1,027 1,031 1,036 1,040
1,50 0943 | 0,954 | 0966 | 0976 <098 | 0,995 | 1,002 | 1,009 | 1,015} 1,020 ; 1,026 | 1,030 | 1,034
1,65 0932 | 0944 | 0957 | 0,968 | 0,978 | 0,987 [ 0995 | 1,001 1,008 | 1,013 | 1,018 | 1,023 | 1,027
1,60 0922 | 0,934 | 0947 | 0959 | 0969 | 0,978 | 0,987 | 0,994 | 1,000 | 1,006 | 1,011 1,016 | 1,020
1,65 0,911 0,924 | 0,938 0,950 | 0,961 0,970 | 0,978 | 0,986 | 0,992 | 0,998 | 1,004 | 1008 | 1,013
1,70 0900 | 0914 | 0/928°: 0,940 } 0952 | 0,981 0970 | 0,977 | 0,984 | 0,990 | 099 | 1,001 1,005
1,756 0,889 0,904 0,918 0,931 0,942 0,952 0,961 0,969 0,976 0,982 0,988 0,993 0,997
1,80 0878 | 089370908 | 0922 | 0933 (0943 | 0953 | 0960 | 0968 | 0974 | 0980 | 098 | 0,989
1,85 0,867 | 0,883/ | 0,898 | 0912 | 0,924 | 0,935 | 0,944 | 0,952 | 0,959 | 0966 | 0,971 | 0,977 [ 0,981
1,90 0,856 0,873 0,889 0,903 0,915 0,926 | 0,935 0,943 0,951 0,957 0,963 0,968 0,973
1,95 0,845 )'0,863 | 0,879 | 0893 | 0906 | 0917 | 0,926 | 0,935 | 0,942 | 0,949 | 0,955 | 0,960 | 0,965
2,00 0,835~"| 0,852 | 0,869 | 0,884 | 0,896 | 0908 | 0917 | 0926 | 0,933 |} 0940 | 0,946 | 0,952 | 0,957
2,05 0824 | 0842 | 0,89 | 0874 | 0887 | 0899 | 0909 | 0917 | 0925 | 0932 | 0938 | 0,944 | 0,949
©2,10 0814 | 0,833 | 0,85 | 0,865 | 0,878 | 0,8%0 | 0,900 | 0909 | 0,816 | 0,923 | 0,930 | 0,935 | 0,940
2,15 0804 | 0,823 | 0,841 0,856~ | 0,869 | 0,881 0,891 0900 | 0,908 0,975 | 0,927 0,927 | 0,932
2,20 0,794 | 0,813 | 0,831 0,847 | 0,861 0,872 | 0,883 | 0,892 | 0,900 | 0,97 | 0,913 | 0919 | 0,924
2,25 0,784 0,804 0,822 0,838 0,852 0,864 0,874 0,883 0,891 0,899 0,905 0,911 0,916
2,30 0,774 | 0,796 | 0,813 | 0,830 | 0,843 | 0,855 | 0,866 | 0875 | 0883 | 0,891 0,897 -| 0,903 | 0,908
2,35 0,764 | 0,785 0,804 0,821 0,835 0,847 0,858 0,867 0,875 0,883 0,889 | 0,895 0,900
2,40 0,755 0,776 0,798 0,812 0,827 0,839 - 0,850 0,859 0,867 0,875 0,881 0,887 0,893
2,45 0,746 | 0,768 | 0,787 | 0,804 | 0,819 | 0,831 0,842 | 0,851 0,860 | 0,867 | 0874 | 0,880 | 0,885
2,50 0737 (0789 | 0779 | 0,796 | 0811 | 0823 | 0834 | 0,843 | 0852 | 0,853 | 0,86 | 0,872 | 0,878

C, Z;, values
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Table 7 — Evaluation of C,Z, in terms of 4’/ Py and #,/ 4’ {concluded )

, /P,
hi! h

0,2 0,4 0,6 0,8 1,0 1,2 1,4 1,6 1.8 2,0 2,2 2,4 2,6
2,55 0,728 0,751 0,77 0,788 0,803 0,815 0,826 0,836 0,844 0,852 0,859 0,863 0,870
2,60 0,720 0,742 0,763 0,780 0,795 0,808 0,819 0,828 0,837 0,844 0,851 0,857 0,863
2,65 0,71 0,734 0,765 0,772 0,787 0,800 0,81 0,821 0,829 0,837 0,844 0,850 0,856
2,70 0,703 0,726 | 0,747 0,765 0,780 0,793 0,804 0,814 0,822 0,830 0,837 0,843 0,849
2,75 0,695 0,719 0,740 0,757 0,772 0,785 0,797 0,806 0,815 0,823 0,830 0,836 0,842
2,80 0,687 0,711 0,732 0,750 0,765 0,778 0,790 0,799 0,808 0,816 0,823 0,829 0,835
2,85 0,679 0,703 0,725 0,743 0,758 0,771 0,783 0,792 0,801 0,809 0,816 0,822 0,828
2,90 0,671 0,696 0,718 0,736 0,751 0,764 0,776 0,786 0,795 0,802 0,809 0,816 0,822
2,95 0,664 0,689 0,711 0,729 | 0,744 0,758 - | 0,769 0,779 0,788 0,796 0,803 q.809 0,815
3,00 0,657 0,682 0,704 0,722 0,738 0,751 0,762 0,773 0,781 0,789 0,796 {,803 0,809
3,06 0,649 0,675 | 0,697 0,716 0,731 0,744 0,756 0,766 0,775 0,783 0,790 g,797 0,802
- 3,10 0,642 0,668 0,690 0,709 0,725 0,738 0,750 0,760 0,769 0,777 0,784 4,790 0,796
3,15 0,636 0,662 | 0,684 0,703 0,718 0,732 0,743 0,754 0,763 0,774 0,778 4,784 0,790
3,20 0,629 0,655 0,678 0,696 0,712 0,726 0,737 0,748 0,757 0,765 0,772 0,778 0,784
3,25 0,622 0,649 0,671 0,690 0,706 0,720 0,731 0,742 0,751 0,759 0,766 0,773 0,779
3,30 0,616 0,643 0,665 0,684 0,700 0,714 0,725 0,736 0,745 0,763 0,760 0,767 0,773
3,35 0,610 0,637 0,659 0,678 0,694 0,708 0,720 0,730 0,739 0,747 0,755 0,761 0,767
3,40 - 0,603 0,631 0,653 0,672 0,688 0,702 0,714 0,724 0,733 0,742 0,749 0,756 0,762
3,45 0,597 0,625 0,648 0,667 0,683 0,696 0,708 0,719 0,728 0,736 0,744 0,750 0,756
3,50 0,691 0,619 0,642 0,661 0,677 0,691 0,703 0,713 0,723 0,731 0,738 0,745 0,751
3,66 0,586 | 0,613 0,637 0,656 0,672 0,686 0,697 0,708 0,717 0,726 0,733 0,740 0,746
3,60 0,580 0,608 0,631 0,650 0,666 0,680 0,692 0,703 0,712 0,720 0,728 0,735 0,741
3,65 0,574 0,602 0,626 0,645 0,661 0,675 0,687 0,698 0,707 0,715 0,723 0,730 0,736
3,70 0,569 0,697 0,620 0,640 0,656 0,670 0,682 0,692 0,702 0,710 0,718 0,725 0,731
3,75 0,563 0,592 0,615 0,635 0,651 0,665 0,677 0,687 0,697 0,705 0,713 0720 0,726
3,80 0,558 0,587 0,610 0,630 0,646 0,660 0,672 0,683 0,692 0,701 0,708 0715 0,722
3,85 0,553 0,682 0,605 0,626 0,641 0,655 0,667 0,678 0,687 0,696 0,704 01711 0,717
3,90 0,548 0,677 0,600 0,620 0,636 0,650 0,662 0,673 0,683 0,691 0,699 0,706 0,712
3,95 0,543 0,572 0,596 0,615 0,632 0,646 0,658 0,668 0,678 | 0,687 0,694 01701 0,708
4,00 0,538 0,567 0,591 0,611 0,627 0,641 0,653 0,664 0,674 0,682 0,690 0[697 0,704

C, Z,, values
Table 8" — Evaluation of f, in terms of 4,/ H,

hpe/ Hyq 0,00 0,01 0,02 0,03 0,04 0,05 0,06 0,07 0,08| 0,09

03 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000

0,4 1,000 0,996 0,993 0,990 0,987 0,983 0,980 0,977 0,973 0,970

0,5 0,966 0,962 0,958 0,955 0,951 0,947 . 0,943 0,939 0,935 0,931

0,6 0,927 0,922 0,918 0,913 0,908 0,904 0,898 0,893 0,888 0,883

0,7 6,877 8872 0:865——0;858———0,862——0.845 8,837 8,826 0,824 0,810

0,8 0,801 0,790 0,779 0,768 0,754 0,738 0,723 0,706 0,685 0,663

09 0,638 0,611 0,582 0,550 0,513 0,475 - - - -
S, values

* Example of use : The value of f,, for a value of A,/ He of 0,84, for instance, is found in the fourth row and fifth column; so f,, = 0,908,
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Table 9 — Evaluation of Cy,f, in terms of i,/ b, and #e/#’, 0,0 < '/ Py < 0,5

ho! B el hool b il W
pe’ Te 05 1,0 15 2,0 2,5 pe’ Mo 05 1,0 16 2,0 25
0,45 1,000 1,000 1,000 1,000 - . 0,70 0,909 0,900 0,898 0,904 -
0,46 1,000 0,997 1,000 1,000 — 0,71 0,902 0,894 0,893 0,897 -
0,47 1,000 0,994 1,000 1,000 — 0,72 0,895 0,888 0,887 0,890 —_
0,48 1,000 0,991 0,996 1,000 - 0,73 0,888 0,882 0,881 0,882 -
0,49 1,000 0,988 0,992 1,000 - 0,74 0,880 0,876 0,875 0,874 —
0,50 0,996 0,985 0,988 1,000 - 0,75 0,870 0,869 0,867 0,866 =
0,51 0,993 0,981 0,984 0,999 - 0,76 0,860 0,861 0,860 0,858 0,859
0,52 9989 ;976 0,980 0,995 = 0,77 07850 0,853 0,853 ,850 0,850
0,53 0,986 0,975 0,976 0,992 — 0,78 0,840 0,844 0,845 D,841 0,840
0,54 0,982 . 0,971 0,972 0,988 - 0,79 0,830 0,835 0,836 0,832 0,830
0,55 0,979 0,967 0,968 0,984 - 0,80 0,820 0,825 0,827 D,823 0,819
0,56 0,975 0,963 0,964 0,980 - 0,81 0,810 0,814 0,817 D,813 0,806
0,57 0,971 0,959 0,960 0,976 - 0,82 0,798 0,803 0,807 0,802 0,793
0,58 0,967 0,955 0,956 0,971 — 0,83 0,786 0,792 0,796 D,790 0,779

. 0,59 0,963 0,951 0,952 0,967 - 0,84 0,774 0,780 0,785 D, 776 0,762
0,60 0,959 0,947 0,948 0,962 — 0,85 0,760 0,765 0,771 ), 764 0,745
0,61 0,955 0,943 0,943 0,957 - 0,86 0,744 0,750 0,757 D, 748 0,726
0,62 0,950 0,939 0,939 0,952 - 0,87 0,725 0,735 0,742 0,730 0,705
0,63 0,945 0,935 0,934 0,947 — 0,88 0,706 0,718 0,724 ,710 0,685
0,64 0,940 0,930 0,930 0,942 — 0,89 0,686 0,698 0,705 ,690 0,659
0,65 0,935 0,925 0,925 0,936 — 0,90 0,663 0,676 0,682 ,665 0,633
0,66 0,930 0,920 0,920 0,930 - 0,91 0,639 0,652 0,658 ,640 0,604
0,67 0,925 0,915 0,915 0,924 - 0,92 0,610 0,625 0,628 ,610 0,570
0,68 0,920 0,910 0,909 0,917 - 0,93 0,580 0,595 0,598 577 0,536
0,69 0,914 0,905 0,904 0,910 —_ 0,94 0,548 0,560 0,560 ,638 0,500

C,J, values C, [, values
Table 10 — Evaluation of C)f, in terms of hoe! M and i/ A, 05 < K’/ Py < 1,0
Bl 1 el b

hoo! h hoo!h
pe’ T 05 1,0 15 2,0 25 pe’ Te 05 1,0 15 2,0 25
0,45 1,000 1,000 1,000 1,000 —_ 0,70 0,91 0,911 0,920 0,941 -
0,46 1,000 1,000 1,000 1,000 — 0,71 0,904 0,905 0,914 D,935 -
0,47 1,000 1,000 1,000 1,000 — 0,72 0,896 0,899 0,908 ,927 —
0,48 1,000 1,000 1,000 1,000 - 0,73 0,888 0,893 0,902 ,920 -
0,49 1,000 0,997 1,000 1,000 —_ 0,74 0,880 0,886 0,896 0,911 —_
0,50 1,000 0,994 1,000 1,000 — 0,75 0,870 0,879 0,889 ,904 -
0,51 1,000 0,990 1,000 1,000 — - 0,76 0,860 0,871 0,881 ,895 0,900
0,52 0,997 0,987 1,000 1,000 - 0,77 0,850 0,863 0,874 ,885 0,890
0,53 0,994 0,984 1,000 1,000 — 0,78 0,840 0,854 0,866 1,875 0,880
0,54 0,990 0,981 0,996 1,000 - 0,79 0,830 0,845 0,857 ,865 0,870
0,55 0,986 0,977 0,992 1,000 - 0,80 0,820 0,835 0,847 ,854 0,860
0,56 0,982 0,97% U,988 T,000 = 0,87 U810 0,825 0,836 ,843 0,849
0,57 0,978 0,970 0,984 1,000 —_ 0,82 0,798 0,815 0,826 0,832 0,835
0,58 0,974 0,966 0,980 1,000 - 0,83 0,786 0,804 0,815 0,820 0,823
0,59 0,970 0,962 0,975 1,000 — 0,84 0,774 0,791 0,802 0,807 0,810
0,60 0,965 0,958 0,971 0,995 -— 0,85 0,760 0,777 0,790 0,794 0,790
0,61 0,960 0,954 0,967 0,992 - 0,86 0,744 0,762 0,775 0,778 0,770
0,62 0,956 0,950 - 0,962 0,987 - 0,87 0,726 0,745 0,760 0,761 0,748
0,63 0,951 0,945 0,957 0,982 - 0,88 0,706 0,725 0,740 0,741 0,724
0,64 0,946 0,946 0,952 0,977 - 0,89 0,685 0,706 0,720 0,720 0,697
0,65 0,941 0,936 0,947 0,971 — 0,90 0,663 0,685 0,699 0,695 0,670
0,66 0,935 0,931 0,942 0,966 — 0,91 0,639 0,660 0,675 0,670 0,640
0,67 0,930 0,926 0,937 0,960 — 0,92 0,610 0,632 0,645 0,640 0,605
0,68 0,924 0,921 0,931 0,955 —_ 0,93 0,680 0,600 0,615 0,605 0,569
0,69 0,918 0,916 0,926 0,949 — 0,94 0,548 0,565 0,578 0,565 0,530

C,/, values C, [, values
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Table 11 — Evaluation of C, /, in terms of hye/ hio and i/ h', 1,0 < W'/ Py < 1,5

i ol B " Ih Rl
pe’ "o 05 1.0 15 2,0 25 pe’ Tte 05 1,0 15 2,0 25
0,45 1,000 1,000 - - - 0,70 0,912 0,919 0,936 0,970 —
0,46 1,000 1,000 - — - 0N 0,904 0,913 0,930 0,963 —
0,47 1,000 1,000 — — - 0,72 0,896 0,906 0,923 0,956 -
0,48 1,000 1,000 - — - 0,73 0,888 0,900 0,916 0,949 -
0,49 1,000 1,000 - - - 0,74 0,880 0,894 0,910 0,941 -
0,50 1,000 1,000 1,000 — - 0,75 0,870 0,886 0,903 0,933 -
0,51 1,000 - 0,997 1,000 - — 0,76 0,860 0,878 0,896 0,924 —
0,52 +:906——0;994— 1,006 0,77 0,850——0,870—|—0,880——0,015 ~
0,53 0,999 0,991 1,000 - - 0,78 0,840 0,861 0,881 -
0,54 0,995 0,987 1,000 — — 0,79 0,830 0,853 0,872 0,903
0,55 0,992 - 0,984 1,000 -_ —_ 0,80 0,820 0,842 0,862 0,893
0,56 0,989 0,980 1,000 - — 0,81 0,810 0,831 0,851 0,880
0,57 0,985 0,977 1,000 — L= 0,82 - 0,799 0,820 0,841 0,867
0,58 0,980 0,973 0,995 - - 0,83 0,786 0,809 0,830 0,854
0,59 0,975 0,969 0,991 - - 0,84 0,773 0,797 0,817 0,838
0,60 - 0,97 0,965 0,987 1,000 - 0,85 0,760 0,783 0,804 0,820
0,61 0,966 0,961 0,982 1,000 - 0,86 0,744 0,767 0,789 0,800
0,62 0,961 0,956 0,977 1,000 - 0,87 0,725 0,751 0,771 0,779
0,63 0,955 0,952 0,972 1,000 — 0,88 0,706 0,732 0,752 0,754 0,753
0,64 0,950 0,948 0,967 1,000 - 0,89 0,686 0,712 0,732 0,731 0,728

0,65 0,944 0,944 0,962 0,997 — 0,90 0,663 0,690 0,710 0,707 0,700

' 0,66 0,938 0,939 0,957 0,992 — 0,9 0,639 0,666 0,685 0,681 0,670
0,67 0,931 0,934 0,952 0,987 — 0,92 0,610 0,640 0,655 0,653 0,633
0,68 0,926 0,929 0,947 0,981 - 0,93 0,580 0,606 0,626 0,223 0,595
0,69 0,919 0,924 0,941 0,975 — 0,94 0,548 0,570 0,585 0, 0,553

C,f, values : C, f, values
Table 12 — Evaluation of C, f;interms of h,./ b, and i/ ', 1,5 < h'/ Py < 2,0
hiel W' ol B

hoo/ h hoo! A -
pet e 05 1,0 15 2,0 25 pe’ e 05 10 15 2,0 25
0,45 1,000 | 1,000 | - - - 0,70 0913 [ 0925 | 0948 [ 09 | -
0,46 1,000 1,000 -£ — - 0,71 0,905 0,918 0,942 0,984 -
0,47 1,000 1,000 -~ - - 0,72 0,898 0,912 0,936 0,98( —
0,48 1,000 1,000 - — - 0,73 0,889 0,905 0,930 0,973 —
0,49 1,000 1,000 - - - 0,74 0,880 0,898 0,923 0,964 -
0,50 1,000 | 1,000~ 1,000 - - 075 | o870 | o8%0 | o916 | 0959 -
0,51 1,000 1,000 1,000 - - 0,76 0,860 0,882 0,909 0,949 —
0,62 1,000 0,998 1,000 - - 0,77 0,850 0,875 0,901 0,940 -
0,63 1,000 0,995 1,000 - - 0,78 0,840 0,866 0,894 0,930 -
0,54 1,000 0,992 1,000 - — 0,79 0,830 0,857 0,885 0,920 -
0,55 0,996 0,989 1,000 -~ - 0,80 0,820 0,847 0,875 0,909 -
0,56 0,992 U, 985 T,000 — = 0,87 0,810 0,837 0,865 0,896 0,908
0,57 0,988 0,982 1,000 - — 0,82 0,799 0,826 0,854 0,883 0,896
0,58 0,984 0,979 1,000 - ~ 0,83 0,787 0,815 0,842 0,870 0,884
0,59 0,979 0,975 1,000 — - 0,84 0,774 0,800 0,830 0,854 0,870
0,60 0,974 0,971 0,998 1,000 — 0,85 0,760 0,786 0,815 0,836 0,854
0,61 0,969 0,967 0,994 1,000 — 0,86 0,744 0,77 0,800 0,817 0,834
0,62 0,964 0,963 0,989 1,000 - 0,87 0,725 0,755 0,781 0,798 0,813
0,63 0,958 0,959 0,985 1,000 — 0,88 0,706 0,736 0,761 0,776 0,791
0,64 0,952 0,955 0,980 1,000 - 0,89 0,686 0,716 0,740 0,754 0,766
0,65 0,946 0,950 0,975 1,000 - 0,90 0,663 0,695 - 0,718 0,728 0,740
0,66 - 0,940 0,945 0,969 1,000 —_ 0,91 0,639 0,672 0,691 0,699 0,706
0,67 0,933 0,940 0,964 1,000 — 0,92 0,610 0,645 0,664 0,668 0,670
0,68 0,926 0,935 0,959 1,000 — 0,93 0,580 0,611 0,630 0,634 0,630
0,69 0,920 0,930 0,953 0,998 - 0,94 0,548 0,575 0,595 0,597 0,588

C,f, values C,f, values



https://standardsiso.com/api/?name=e445256afdd02744551114c26ef33a7a

