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FORWARD

Circular Concrete Drrigation Turnout: Design and Construction is the first
handbook of what is to be a series of handbooks on technologies for improv-
ing irrigation water management around the world.

The purpose of this handbook is to provide the necessary information for
the design, construction and use of an irrigation channel turnout. The struc-
ture was developed and used successfully in Pakistan. We believe the improve-
ment oi farm convevance channels is an important need around the world, and
the successtol adoption of this structure, where appropriate, will help in
meeting this need.

We would appreciate hearing from vou concerning your experiences in using
the handbock and structure. Information about other technologies that have
been suceesstul under the particular conditions in your country are welcomed
also. Additional copies o this handbook are available tfrom the Water
Management Synthesis Project.

Our sincere desire is for better water management worldwide in the future.,

Wayne Clyma and lack Keller,
Co-Directors

Water Management Synthesis Project
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CIRCULAR CONCRETE IRRIGATION TURNOUT:
DESIGN AND CONSTRUCTION

Thomas Trout, W. D. Kemper, and Hafiz Sadrul Hasan'

SECTION 1

INTRODUCTION

On most of the over 200 million hee-
tares of irrigated land in the world,
water is carried from canals, tanks, or
wells to individual fields through car-
then channels or watercourses. On
many of these small irrigation con-
vevance systems, farmers direct the
water through channels by building and
breaking carthen dams and cuiting
holes in the banks with a spade. The
result of this process is water loss due to
weak, porous channet banks and poor
water control, deteriorated channels in
junctions where soil ts borrowed, and a
tired farmer.

Research into the causes of low r-
rigation cfficiencies in Pakistan® show-
ed that improved convevance channel
water control structures are very impor-
tant  for improving on-farm water
management. Irrigation channel check
and turnout structures were developed
to reduce channel deterioration and
water fosses, and to make the irrigator's
work casier. The circular concrete tur-
nouts which cvolved from this need,
shown in Figure T, proved to be suce-
cesstul and have become very popular
with the farmers. About 30,000 of these
structures had been installed by e,
1981, and more than 300,000 installa-

tions are planned in the following three
years.  This manual  describes  the
development and fabrication of these
SITUCtures.

No irrigation turnout will be ap-
propriate for every situation. This cir-
cular conerete turnout was designed for
a specific type of system. For example,
itowas  designed  for a rotational
distribution system and cannot casily be
used to divide water ina branching,
constant-tflow system. The description
ol the development of the structure
(Scection 2y will indicate its use and how
irrigation structures for other needs
might be developed. Scection 3 suggests
some alternative designs. Furm frriga-
ton  Structures by A R. Robinson
(1982) describes several other types of
turnouts as well as gives a general over-
view of the use and fabrication of small
Irrigation structures.

I the cireular conerete turnout does
mecet or can be adapted to a particular
svatem's needs, the photographs, drasw-
mgs, and  step-by-step  design and
fabrication  procedures  presented in
Sections 3 and 4 will help engineers and
small manufactarers fabricate and in-
stall it

‘Research Assistant Professor, Colorado State University; Investigations 1 eader, Snake River
Conservation Rescarch Center, USDA - ARS (former professor, CSU)Y: and Owner, New Has-

nain R.C.C. Products, Sargodha, Pakistan.

“Carried out b NMona Reclamation Fxperimental Project, Water and Power Development
Authority; On-Farm Water Management Project, Ministry ol Agricultare; and Colorado State
University Water Management Research Project, with Funding from USALD.

Robinson, AL R TY82. Farm lrrigation Structures, Water Masagement Synihiesis Project, Col-
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Figure 1.1. Circular concrete irrigation channel turnout struc-
tures developed in Pakistan.



SECTION 2

DEVELOPMENT OF CIRCULAR CONCRETE TURNOUTS

The original development of the cir-
cular concrete turnout for use in the In-
dus Basin will be described to indicate
the process of designing an irrigation
structure to fullill a specific need, and
to point out the important design fac-
tors 1o be considered.

The Need for Improved
Control Structures in Pakistan

In Pakistan, the radidonal means of
directing water through farm level con-
vevance systems is by building and
breakimge  carthen dams and cutting
holes in channel banks. This process
results mowater tosses,  deteriorated
channels, poor water control, high
Labor requirements, and disputes bet-
ween farmers. Whcenever carthen check
dams are built, soil s borrowed from
the adjacent channel banks or ficlds,
causing often-used junctions 1o become
ponds wnth thin walls, as shown in
Freare 2000 This soil borrowing often
creates conthicts with the farmer who
owns the adiacent Tand. Fyen it adja-
cent soil 't borrowed for building
dams itis often saturated from leakage
through the Tow, narrow banks. Wlhen
the dams are opened, much of the soil
croaes away and s deposited in the
chinnel downstream where it must be
cleaned our periodically,

The process of building and breaking
dams requires several minutes. In the
small irrigated basins where total irriga-
ton times are only one or two hours,

this time can be a significant portion of

the farmer's water turn.

The small basine are irrigated

through cute i the banks. Because of

fow gradients in many of the svstems,
Iwo or more cuts are made for cach 0.1

to 0.4 ha plot. The result is hundreds of

old refilled cuts ina watercourse svstem
-an average of S per 100 m ot channel.

Each cut, like the one shown in Figure
2.2, is a potendal leak and weak place
that could wash out, especially in clay
soils that shrink on drying or in non-
cohesive, sandy soils. The potential for
washouts and breaches cause diligent
farmers 1o spend much time walking
the channels checking for breaks. Also,
because of the difficulty in determining
whether a break was accidental or pur-
poscful (water stealing), disputes bet-
ween suspectirg farmers are common,
and powerful farmers can otien **bor-
row" water at wiil. Adl ot these Tactors
indicate the potential in Pakistan for
reducing warer losses, labor inputs, and
disputes between farmers with impros -
ed water control structures.,

Cultivable Tand in the Indus Basin is
more plentiful than water to irrigate.
During certain times of the vear, water
supplies are acutely deficient. Conse-
quently, the marginal value of water
tends 1o be Ligh and a reduction of
water losses is cconomically desirable.
Water  losses also comntribuie (o
waterlogeing and ~alinity problems in
many arcas. The tight  schedule
necessary for double cropping results in
periods of labor shortage when  the
value of fabor required lor irrigation is
high. Improved drrigation  structures
consequently have potential cconomic
benefits from both water and labor sav-
ings.

The  branching  watercourse  con-
veyance systems are operated on a strict
turn rotation. Water flows down the
main channels and is diverted into cach
ol the branches weekly. Structures in-
stalled at these junctions would be used
regularly. However, due to the small
field sizes (average size 0.2 ha) and
the large number of field turnouts re-
quired, permanent structures for cach
ficld is  of  questionable  cconomic
beneit,
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deteriorated watercourse junction with enlarged sections and thin banks due to
building and opening earthen check dams.

>

Figure 2.1.

Figure 2.2. Water leakage from a poorly closed turnout cut.



Therefore, a decision was made to
istall permanent improved structures
at the junctions which are used weekly,
but not at individual field trnouts.
These junctions are the arcas where ma-
jor  channel  deterioration  oceurs.
Although canvas  dams and siphon
tubes would be ceonomical at field
turnouts if shared by several farmers,
the Pakistant furmers were not willing
to cooperatively  wse such portable
structures,

Development of Circular
Conerete Control Structures

AlL ol the water that enters a water-
course In used by one farmer at a time
and farmers” tarns are rotated on a
reeudar schedule, Division of water is
seldom done and is of secondary impor-
tance. Consequenthyv, control structures
which only operate complerely open or
closed were required.

Average land surtace slopes in the [n-
dus Basin are smadl, Consequently,
watercourse channets must be built with
small stopes, and the head Tosses (drop
ol the water surface devel) throueh
structures minbmized. Pue 1o the small
farmoand tielkd sizes, several branches
exit from cach main channel. NMost ol
these branches require cheek structunres
across the nun branch to redirect
water threueh the turmonrs. Therelore,
as o owater tlows 1o any given field,
passes throueh several open checks, ae-
cumulating pare ot the mdividuet head
fosses and making the minimization of
these Tosses especially important.

Fikewise, water flowing 1o o wviven
frekd will tlow past ~everal closed tur
notts to upstreani branches. T eakaee
from cach turnout  cumulatively
decreases the ttow at the field. Thus,
mininizing leakaee from cach turnout
IS very important.

wn

Cement, sand, and bricks are readily
available in Pakistan and are cheaper
than most other construction materials.
Concrete  fabricators are located in
every town and brick masons Live in
cvery village. Unlike steel and wood,
concrete and brick masonry have prac-
tically no reuse vadue and thuas steating
iy not a problem. For these reasons,
cheek und turnout designs were adapted
to these materials,

Thus, o structure was desired which:

1) need operate primarity totally
open or closed,

T2

minimizes water leakage,
especially when used as a turnout,

3) doces not cause high head loss,
espectitlly when used as a cheek,

) can be constructed locally from
conerete and. or brick masonry,
and

4
—

s simple to use, durable, and
Hexpensive to construet and
install.

Basea on the potential cconomic
benetits,  these requirements of the
phvsical system, and the given material
preferences. conerete panels with cir-
cular lids (shownin Fiel 2.3) setin brick
masonry installations were developed
to tullill the control structure necds.
Because checks and turnouts in the
rotational «<distribution svstem function
the same, one design was used for both
structures, The low head loss require-
ment Tor check structures can be attain-
e by using larger diameter gates for
checks, Onlyv il the size and weight of
the lid becomes unwiclay must special
checeks  be designed. The term
Sturnout” will be used 1o deseribe the
structure which s used for both pur-
POSCS.
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The circular shape of the turnout hid
was imitially - chosen  because  round
forms for casting the gates could casily
be made on widely available lathes. The
round lid shape is also structurally
strong,  Because  the  structure’s
Ireeboard requirement to prevent over-
topping is met by the stationary pancel
rather than the lid, the size (and conse-
quentdy, weighty ol the hid can also be
minimized 1o only that cross-sectional
arca required for the Tow ol water.

Faperience with the structures reveal-
cd an additional advantage ot the cir-
cular shape. Silc otten accumulated on
the bottom porton of the sealing sur-
Face of an open turnout panel and in-
terfered with the complete scating of
the lid, allowinge signiticant leakage.
With round lids, this st can he casily
reimoved or smoothed out by rotating
the lid in the pancl.

At st circular lids and frames were
cast owith simple square scaling sur-
Faces, as shown i Figure 230, Lx-
pericnee with this design showed that
chipping of the square corners was i
problem. The design was consequently
moditicd by rounding the sealing sur-
face, as shown in Figure 2340, Phis -
provement not only reduced the chip-
ping problem but also distributed the
impact force durnng closing  evenly
afony the whole of the sealing surface,
reducing breakaee of the id and pancl.
Fhe rounded hp also allowed the Hd 1o
shp easilvoanto the panel. The groove
resulting from the rounding at the front
ol the cate allowed farmers o apply
mud 1o the joint 1o stop any water
lcakaee, although refinement ot the
Fabrication process made this exura ef-
FOTL UDNCCCSSArY 10 IOSE Cises,

The bigegest advantage of the circular
shape and rounded scaling surface was
realized during the improvement of the
Fabrication ol the structure.  Early

panels and lids were cast separately
from individual forms. However, the
precision required to achieve a perfect
fit between the lid and frame could not
be achieved and the tarnouts leaked.
Rubber gaskets were attached to the
lids of some turnouts to stop the
lcakage. Experience showed that this
was not a desirable solution because the
caskets occasionally  loosenced,
deteriorated over time, andoor were
taken by village boys 1o be used in sling
shots. A turnout with a removed or bad
gasket leaked much more than one with
no gasket.

Alter  some  experimentation,  the
fabricator discovered that he could
achieve o leak-free fit between the lid
and frame by asing the panel as the
form in which he cast the hid. He cast
the panel with a precision metal form,
fet it harder, tor a day, applied oil to the
mating scaling surface, and cast the lid
directly in the pancel. The oil prevented
the lid concrete from bonding 1o the
panel, and the lid could be separated
from the panel after hardening,

The sealing surfaces were still shightly
rough and the fit very tight, o after the
curing, the hd was “ground™ inits
panel by turning it back and forth while
pouring water over it. This grinding
loosened the fit, «moothed the sealing
surfaces, and insured that the lid would
fit in the panel in any position. Fhe
result was a totally Teak-free, conerete-
on-concrete scal.

Because of the density ol concerete,
the weight ol the lids ol larger gates
made them difficult to handle. This
weight was reduced by about one-third
by casting the lids over an inverted
howl, resulting in the concave shape
shown in Figure 2.3/, Due to the in-
herent structaral strength ot the round
shape, this reduction in conerete does
not significantly reduce the strength of
the lid.



Initially, one handle was placed in
the center ol the lid as illustrated i
Figure 230, Experience soon showed
that the heavy lids were easier to handle
with two handles near the edges. This
change made it much easier to open the
ld against the hvdrostatic pressure of
the water in o tull channel, and 1o
rotate it once in place to insure a good
seating and to remove silt. The double
handles also allowed for the use ol a
lever, such as a board or metal rod plac-
ek through the handles, to open the
vate against the hyvdrostatic pressuie.
Such o lever with a hook on the bottom
could be used to open or seat a large hd
from above the structure.

Onee o leak-Tree gate was developed,
additional work inmvolved improving the
durability ot the turnout. The mos
common breakage problem involved
chipping and breaking the outer ip on
the lids. The dip owas redesigned and
strengthened by making 1o thicker and
shorter, as shownoan bl 2.3

It was decided thar the enticad parts,
the Hid and panel, would be precast ata
central  location  where  standard
methods could be specitied and hieh
quality insured. The pancls were cast i
a shape which  could  be o casily
transported to field sites and instadled
Lo struciures appropriate for
sitaation. Onee o market was establishe
ey concrete contractor in revional
towns were willine to make the panels
and Hds to the lL‘(]ll';l‘\,‘Ll \[K‘Cili(;lliullx.

Citeh

Ihe specitications included not only
dimensions,  but abso streneth and
durability . Concrete mises,  cement
water ratios, and reinforeement were
specificd: as were mising method,
vibration, and conme ander water tor at
feast ~even davs. A sample panel from

cach lot was broken to insure that the
concrete was sulficiently strong.,

Anoaresult of this quality control,
present estimates are that fess than 10%
of the Hids or panels will need 1o be
replaced  cach yeer. Most of this
breakage is caused by the farmer’s
mistise of the structures. His financial
investment in the structures would pro-
babiyv reduce abuse and breakage.

Fhis  evolutionary  development
resubed inoan inexpensive, durable,
water control structure adapted to the
needs of Pakistani irrigators. The gate
has very low leakage--much lower than
cexpected from o concrete-on-conerete
weal. Teis structurally strong and can be
Mace in any size to achieve a required
heaa loss. Teis Tocallv made from local-
v oavailable materials that have e
likelthood ol beinge stolen, and from a
nrverial which has an indefinite life in
wit cr. The stracture is simple 1o ouse,
and is designed o minimize the dif-
ficaltios with s weight, e iy also
speciticatly designed tor a rotational ir-
rication svstem and cannot be used to
accurately divide  tlows or regalate
he ads.

[he development process involved
the patient mteraction o the farmer,
the tabricator, and the engineer. Only
when the cngineer understood the prace-
teal possibilities and Timitations ol the
construction materials and processes,
and onlyv o when the fabricator went to
the ticlkd to tearn the farmer’s needs and
to test his products, was real improve-
ment  possible. Phrough these three
working together to bulld and test
dozens of desiens, viable turnouts were
devetoped, and are continuing to beim-
proved,
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SECTION 3

FARRICATION OF CIRCULAR CON

The circular turnouts, as shown i
Frg. 2.3, arc composed of a pancl and a
round hd, both cast in remforeed con-
crete. Phe eritical poriion ot the strue-
ture is the \Cillill}_' sturface beween the hid
and pancl. This surtace must be precise:
v shaped and smoothed  to o nsare
against leakage, and durable to reduce
chipping and breakage. This surtface is
Castin mortar to prevent the protrusion
ot aggreeate. bieure 34 <hows the
recommendaed dimenstons tor the seal
e surtace. N s ndiicated, Tarea
diamerer turnouts should be thicker 1o
matntin adeguare strenethn,

[he  tabrication nvolves
preparing the reqguired Torms and the
reinforcement rod, misme the conerete,
casting the pancl, castine the hid o the
pancel, curmye the conerere, and grinding
the sealing surface.

PIOCEss

Preparing the Forms
Five torms plus o tar, Tevel surtace
are required tor casting circulin con
crete turnout pancls and Hds, These are:
Iy a panel outer Torn,
2) aseparator iy,
3 a pancl ring torm,

4) o conves plare and wooden disk,
and

‘N
——

a lid ring torm.

Figures 3.2 and 3.3 illestrate these
forms and their placement. OF the five,
only the pancl ring form i ot critcal
shape and dimensions. This torm derer
mines the ~hape ot the sealing surtace
ol the pancl,

[he pancl outer torm s simply o boy
or Trame which contams the panel con-
crete and determines the outside Chivens

‘RETE TURNOUTS

stons of the pancel. 1t can be constructed
ol wood or metal. The outside panel
dimensions, and thus the form inside
dimensions, should be determined by
the type of installation and the difficul-
(v and type of transport to the site. For
example, 117 the turnout as to be set into
a brick masonry installation structure,
the panel should be sized 1o fit conve-
miently mto the masonry., The panel
saould also iclude sutticient trecboard
at the top 1o prevent ()\'g‘l‘l()]‘.ping and
may be extended at the bottom and. or
stdes to serve as a bured catoft wall, 1
transport te the site is difficult or cost-
Iv, the size of the panel should be
minimized o reduce  weight and
transport cost. The width of conerete in
the panel should not be reduced 1o less
than 10 ¢ at any poimnt or breakage in
transit could beconie a problem. The
herght ot the form should be equal to
the desired thivkness of the panel.

Fhe separator ring separates the con-
crete ol the panel from the mortar
which is used on the scaling surface. It
should be sized such that 2 1o 3 em of
space Is lett berween it and the panel
ring torm. By making the ring conical
m shape as shown in Figure 3.2, the
volume of mortar required s reduced,
the removal of the torm is cas.er, place-
ment of the panel reinforcement rod is
casier, and the strength of the strueture
Is Hereased,

such a conteal form can be made by
cutting a curved strap of thin sheet
metal 6 percent wider than the desired
panct thickness, ¢ (em), with a length,
!, of:
{ (am) Vb 0.7 - 4y - 8 ()
where 1) s the panel opening diameter
(cm). Fhe radius ol the outside curve of
the strap, R, should be:
146 () -

Ro(cm) 0.7t - 4y, (2)
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Figure 3.1.

circular concrete turnouts.

Full scale drawings of the scaling surface cross sections for
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Figure 3.2, Forms required for casting circular concrete turnout panels,
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This will result in a conical form with a
207 stant from vertical, a diameter at
the bottom 4 ¢m Jareer than the panel
opening  diameter,  and  an 8§ cm
allowance to overlap the two ends.
Figure 3.0 ilustrates such @ strap and
Fable 300 Lists strap dimensions tor dif-
ferent size turnours, Sheet metal can
often be saved by joming  several
shorter cunved straps into the longer
one required.

The panel ring form should be cast
from mild steel or aluminum (to reduce
weight) and then machined in a lathe to
the required diameter and dimensions.,
This ring will have an outer surface

Forms required for casting circular concrete turnout lids.

shape similar to the desired outer sur-
face of the turnout hid, and will look
like a Iid with the center removed.

Figure 3.5 shbows ring form cross sec-
tions for the turnout dimensions shown
i Fieure 3.1, The lip at the top of the
form rounds the edge and creates a
groove at the front of the pancel. The
thickness of the ring should be sutti-
cient (o insure rigidiny without being
too heavy to handle. A thickness of 1.5
cmat the narrowest part (bottom)
should be sufficient. The inner ring sur-
Face can be tapered upward, as shown
by the dashed lines in Figure 3.3 (o
reduce the weight.

__Strap Lenqth,Lf“\\\\\

Strap Outer
Curve Rudius

Figure 3.4.
separator ring,

Overlap Aliowance(8cm)

Definition sketeh for sheet metal strap used to make the
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Strap shapes to make conical separator rings with 8 c¢m

overlap allowance at the end.

Turnout Pancl Strap Strap Strap Outer
Diameter Thickness Width L.ength Curve Radius

(cm) (cm) (cm) (cm) (cm)

30 5.0 5.3 126 56

35 5.0 5.3 142 62

40 5.0 5.3 157 69

45 6.5 6.9 176 78

50 6.5 6.9 192 86

55 6.5 6.9 208 93

60 6.5 6.9 223 100

Either a full wooden pattern, or a
simple sheet metal pattern shaped like
the cross sections shown in Figure 3.5
can be used tocast the ring. The cross-
sectional pattern, when wttached to a
metal rod of the proper length and
rotated in a ciraie in the casting sand
will create the proper shaped mold.
tither pattern must be inereased in size
0.5 ¢m along the outside surface 1o
allow for shrinkage and machining of
the casting. This allowance is shown by
dashed lines in Figure 3.5,

Once the casting is cool, the outside
surface should be machined in a lathe
to the proper shape. This shape cén be
checked by asheet metal pattern shaped
like the desired panel sealing surtace
cross section (see g, 3.1). Handles
should be attached to the top of the
finished ring to make it casier 1o use.

To increase the interchangeability
and thus the replaceability of turnout
lids, all panel ring forms of the same
size should be made precisely the same
shape and diameter. This implies that
one shop should make all forms ol a
given size from one pattern, and all tur-
nout fabricators must then buy their
forms trom the authorized maker,

By casting the turnout hid over a con-
vex plate or nverted bowl, ity weight
will be reduced. These plates should be
about 2" c¢m thinner in the center than

the total lid thickness, or about 32 ¢m
thick tor the large diameter turnouts
and 2% ¢m  thick for the smaller
diameters. The diameter of the plates
should be about 6 ¢m less than the turn-
out opening diameter. The plates can be
made from pounded sheet metal in the
same way metal bowls are made, or
they can be cast in plaster and then
coated by a substance which will not
adhere to concrete. The convex plates
can then be attachea to ithe center of
round, flat wooden disks of 1.5 ¢m
thickness for large diameter or 0.8 ¢m
for small diameter turnouts to reduce
lid thickness at the edges. Figure 3.6
gives dimensions for these plates and
disks.

The final form required is @ form to
shape the top of the lip of the lid. The
form contains the lid concrete until it
hardens and results in rounded corners
and a groove between the lid and panel.
Figure 3.7 gives shapes and dimensions
for lid ring cross-sections for the two
turnout cross-sections shiown in Figure
3.l

The cross-sectional shape of the lid
ring form is not critical. 1t can be cast
and machined on a lathe as the paned
ring form was made, or it can be
fabricated from sheet metal or straight
stock such as angle iron. It must be suf-
ficiently rigid to maintain a circular
shape.
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Figure 3.5.  Panel ring form cross-sectional shapes.
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Figure 3.6.  Cross-sectional view of convex plate and wooden disk on
which turnout lids are cast.
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Figure 3.7.  Cross-sectional shape ot lid ring form.



Preparing the Concrete

To increase durab’lity, a rich con-
crete mixture should be used. A ce-
ment:sand:gravel ratio of 1:2:3
(volumetric) is reccommended. The sand
and gravel should be clean (without fine
particles such as silt). Dirty sand or
gravel must by washed. The sand and
gravel should be evenly graded. Gravel
aggregate size should not exceed 1.5 ¢cni
for the targer diameter turnouts and 1.0
cm for the smaller size turnouts.

Clear water with low salt content
should be used. As a general rule, water
used in concrete should be drinkable.
As dry a mixture as can be easily placed
in the forms should be used, since the
drier the mixture, the higher strength
the concerete. The water:eement ialio
shodald not be more than 0.5:1 or about
25 liters (6.6 gal) ol water per 50 kg bag
ot cen ent to achieve adequate strength
CONCre C.

The concrere must be mixed in a
mechanical mixer for at least three
minutes and should be mixed no more
than 172 hours (1 hour in hot climates)
before it is poured. The mixed cement
should net be left in the hot sun or it
will beein to harden. Appendix 1 gives
addittonal instructions on  choosing,
proportioning and  mixing conerete
materials.

The mortar used along the sealing
qurtaces should have a rich cement:
sand ratio of I:1. Tt also should bhe
made  with clean sand and  water,
thoroughly mixced as dry as is workable,
and not left to stand longer than 112
hours under moderate temperatures.

Casting the Panel
The pancel outer form and separator

ring should be placed on w hard, level
surface. Newspaper laid on the casting
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surface before placing the forms will
prevent the concrete from sticking to
the surface. A light coat of grease or oil
on the forms will aid vaeir removal, if
sticking is a problem.

Two bars of preformed 3 mm (1/8
inch) reinforcement rod (rebar) should
be placed between the two forms. The
rebar should f{ollow the outside
perimeter of the panel about 2 ¢m in-
side the outer furn as shown in Figure
3.8. The rebar should be pre-bent to the
proper shape and wired or welded
together, as shown in Figures 3.9 and
3.10.

The conerete is then poured between
the two forms and worked into place
(Fig. 3.11). -As soon as the concerete will
roughly maintain its shape, the
separator ring should be removed. If
the concrete mixtyre is dry enough, this
can be done immediately. Do not allow
the concrete to set up too long or the
mortar will not adhere to it well.

After the separator ring is removed,
place two rebar rings, shown in Figure
3.8, on the instde edge of the conerete
and plaster over with mortar (Fig.
3.12). When sufficient mortar has been
applied (the proper amount will be
determined with experience) place the
pancel ring form on the panel and work
it, by rotation, down until it rests on the
bottom surface (Fig. 3.13). No spaces
hould remain between the ring form
and mortar or the ring must be removed
and more mortar added. Remove excess
mortar around the form and vibrate the
concrete to remove air bubbles, in-
crease the density and strength of the
mixture, and improve the bonding be-
tween the mortar and concrete. The
vibration can be done on a platform
vibrator (a plattorm which vibrates at a
high frequency) or with a flexible shatt
probe vibrator (shown in iig. 3.17).



17

Rebar-*|"

-

Panel Lid
Reinforcement Reinforcement
Top View
[ el® o L] ¢ ® [ R .
o} = {e .

Cross Section

Figure 3.8. Reinforcement rod placement in the circular concrete turn-
outs.



SR L

Figure 3.

Figure 3.10. Welding the
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reinforcement rods for the puanel.
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Figure 3.11. Placing the concerete between the outer panel form and separator ring.
Notice the newspaper laid below the forms and the rebar placement.
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Figure 3.12. Placing the panel rebar rings and plasiering the sealing surface with mortar.
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Figure 3.13,

Normally, the forms should not be
removed for 24 hours until the concrete
has partially hardened or set up.
However, because of the expense of the
ring forms, it is desirecable to reuse them
as often as possible, and thus to remove
them as soon as possible. If the vibrated
mixture is sufficiently dry, the ring can
be removed after a few minutes without
the mortar settling or sluffing. This
process can be aided by sprinkling ce-
ment on the surface of the panel to ab-
sorb any excess water. The ring must be
removed very carefully to avoid distur-
bing the shape of the sealing surface, or
leaving the surface rough. A twist of
the form will make removal easier. As

Placing the panel ring form in the panel to shape
the mortar. Notice the handles on the ring.

soon as the ring is removed, it can be
wiped clean and reused.

The freshly cast panel must remain
undisturbed for the next 24 hours while
it begins to harden. The fresh concrete
must not dry out if the cement is to set
up properly and reach its potential
hardness. The initial 48 hours are
critical in this curing process. The
panels should, therefore, not be set in
direct hot sunlight; and in hot, dry
climates, must be sprinkled often
and/or covered with moist cloth or a
mulch such as straw to retard evapora-
tion.
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Figure 3.16.  Placing the lid rebar,

Figure 3.17. Vibrating the lid with a probe vibrator.
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Figure 3.18. Handle shape for the turnout lid,

Figure 3.19. 'rting the handles into the lid. Notiee the lid ring form.



24

@

Figure 3,20, Curing the panels and Bds inoa pond Yor at least seven days.,



After curing, the lid can be separated
from the panel by tapping from the
back with a rubber mallet. It Toosening
the Bid s difficult, the removal can be
tried after mitial hardening, but betore
curing, and the panel sealing surface
can be oiled better.

After the structuc. s cared and the
Nd removed, the seabing surtaces of the
lid and panel should be ground smooth.
Thivis done, asisshown i Figore 321
by rotating the hd back and torth in the
pancel while sfowly pouring water over
the Bd. The wiarer Tubricates the sealing
surtace to nuthe turning easier and to
wash away the dust swhich resalts trom
the grindine, T the hd turos unevenly n
the panel, tis indicates that the panel
ring form s warped or otherwise out-
ol-round and must be replaced.

Fhe purpose of castinge the hid and
pancl i two steps with mortar nest to
tie scalimy surtaces s so that large age-
vrecates do not protrude from these
st Faces and mterfere with the erninding
and smoothing process. oan alter
native method can be developed which
accomplishes the same smooth surface,
or experience shows that the agerevate
does not cause problems, the structure
could  be cast entrely ol conerete,

t9
A,

simplifying the process and reducing
both labor and material costs.

After the casting and grinding pro-
coss, the lid and panel should have a
precisely mated. smooth, and leak-free
joint which will remain sound  for
several years with normal use. Oncee the
fabrication process s established and
standardized, all lids made in pancels
cast from the same mold should be in-
terchangeable, and if the mold making
is standardized, all lids should ficin any
pancl of the same diameter. This stan-
dardization 18 stronghy recommended
because:

Iy hids and panels otherwise need to be
marked in pairs  and always
transported and used together,

2y adjoining tiwrnout and check strue-
tures can share the same hid, and

3y i lid breaks (which s the most
common (vne ol breakage), a
replacement bid can be purchased
without needing 1o remove and
replace the panck.

[he turnout pancels and Lids are now
ready to be transported to the tield sites
for installation (I11g. 3.22).
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AR AT

Figure 3.21.  Grinding smooth the sealing surfaces of the lid and pznel by rotating the lid in
the panel while pouring water over it.
‘O\E\ '{"‘“ A ‘?”"ﬁ:t}

Wy R N
3

Figure 3.22. Turnout fabricator Hafiz Sadrul Hasan with finished eircular concrete
turnout panels ready for transport to the sites.



SECTION 4

CIRCULAR TURNOUT PANEL INSTALLATION

Choosing the Proper Lid Size

The proper diameter of the gate will
depend upon the watee flow rate and
the altowable head ltoss. When water
flows through a constriction, it speeds
up, then stows down, and part of the
fTow is bent or redirected 1o pass
through the constriction. These changes
cause the encrgy of the wiater to by
reduced, usually resulting i the depth
of tlow (or more spectlically, clevation
of the warer surtace) downstream being
less than the elevation ahead of the con-
striction, This water surface elevation
drop is called head Toss, and depends
both on the amount of bending of the
water flow or shape of the constriction,
and upon the amount the tlow velocity
is Increased, then slowed down,

As long as the circular orifices are
flowing full, the shape tactor will be
relatively constant, and only the velogi-
tv o lactor eed e considered. Sinee
head Toss is a Tunction ot the square ot
the veloehy, the relativels slow vetocin
of flow in the channel above and below
the cate can be considered zero (which
will result ina shightly high eatimate ol
the true head loss). Thus, head Toss
through o circular eate can be related 1o
the average velocity of flow throueh the
gate, which is the ratio ot the flow pare
to the gate cross-sectional area.

Gates flowmge tull acr oy submereed

circular orttices, and the nead loss can
be estimated by the cquation:

) e )

where: 7/ the head loss (my,

- an orifice discharge
coellicient,

I = the flow velocity (m'/see),

A= the cross-sectional area of
the gate (m7), and

I the acceleration of gravity
(¢ 9.8 m secd).

FFor circular concrete turnouts,  the
coctficient, €', is about 0.8. Since area
is equal to the pate diameter squared
times one-fourth of pi  4) tand conver-
tng 1o more convenient units):

).‘
) 1291 ¢ ) (B}
n:

where: o head Toss (em),

Q flow rate

(liters per second - Ipy),
and
D the gate diameter (cm).

Figure 4.1 graphically shows this
refationship between wvate size, flow
rate, and head foss, Notice in Equation
4 that head toss s mversely related to
turnout diamicier to the fourth power.
Because of this, an increase in pate
diameter causes o much farger decrease
i the head Toss: For oxample, a 10 per-
cent ineicase i gate diameter results in
a 30 pereent decrease in head oss,

These caleulatons assume that the
gate s submerged. Hothe gate flows less
than about 80 percent full, the head loss
will mcerease due to the decreased flow
cross-sectional area. From full 1o 80
percent tull, head Toss does not incerease
because the eftects of the small decrease
in cross-sectional arca is olfset by the
Fack of tTow constriction at the top.
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Head Loss, H (cm)

40 60 80 100 120
Flow Rate,Q {2ps)

Figure 4.1. Head loss through circular concrete turnouts of various diameters, [, flowing
full, assuming a submerged orifice coefficient of 0.8.
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Determination of allowable head loss
depends upon the available channel
slope. With small available channel
slopes, head loss in structures Teaves
less energy to move water down the
channels and resalts ina neea for larger
channels. The cost ol the larger channel
must be hatancea against the cost and
more difficult ose of lareer structures,
The Hatercourse Iniprovenient NManial
by Trout and Kemper (1930)  explains
i detarl how to design irrigation chan-
nels considering structure head Tosses.

I channel slopes are ercater than
0.001 m my, structure head Toss s not a
critical tactor and /4 values ol 6 cm oor
more per structure are aceeptable, Care
should be taken it structures with high
head Toss are used, becanse Ineh head
foss will result i turbulence below the
turnout. Tarbulence can cause erosion
and thus reguire Larger, more expensive
m-tatlations,

As was mentioned, structure head
oss 1y more critieal i check structures
beciruse water niy flow through several
chicehs and the clevanon drops would
e paroadly cumulaive. For example,
i nvpical carthen channel balt on o
Sope of 00004 e mL chechs spaced
200 mapart which cach cause 4 em ot
Bead Toss swould comulatively increase
the o deptli by 1O eme Theretore, i
ny be de arable to desion check stroee
Bire o ioo be howeer than turnouts. A\
Jivadyantave ob usig ditferent sizes s
that hds cannot be mterchaneed. In a
normal tunction with one size of gates,
once hid can be used for both the chieck
and tuinout, sinee one cate will alwavs
be open and the other closed.

I channdt slopes are too sieep and
cause croston, the head Toss cansed by
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checks can be used to dissipate some ol
the excess energy. By using Figure 4.1,
the size of gate that will create a desired
Fall in the water level of a given tlow
can be determined. Installing gates high
so that they How only partally Tull can
also create extra head loss. The flow
depth throueh a circular gate flowing
partially full Gassuming free or eritical
flow) can be caleulared from cireular
welr tormulas (Bos, 1976) or determin-
cd by triab and error. The boattom ol the
opening shoald be placed ar this depth
below the desien apstream waier sue-
face elevation. The downstream floor
ol the structure should be atthe fevel ot
the downstream channel bed. A~ men-
tioned, 1f high head Tosses are created,
crosion protection downstream ol the
vate must be provided.,

Placing the Panels

The turnout and check gates should
be installed at an angle of 60 1o 63
from the horizontal (or about 2 vertical
to b horizontaly. Fhais backwards slope
is sutticient to provent the Tid frony ship-
ping out of the pancl. The top of the
opening should be instadled o abour the
fevel of the water suctace, or ~highthy
hivher, Instadhinge the cate higher than
this Tevel will result ne a0 partially tull
eate and hieh head Toss Insrolhng
foveer will ~ubimeree the bid and make
opening against the hivher hvdrostatie
pressure more difficult, The botrom of
the hid should not be nstalied Tower
than the bottom of the channel to avord
sile deposition on the sealing sarface. It
new channels are being designed. the
structures should be surveved L In exs
isting channels, they can be mstalled ace-
cording ro existimg water levels.

Prout, Thomas and WD Kemper. TIS00 Watercourse Tmprosement Manual, Water Manage-

ment Rescareh Project Technical Report #38,

orado.

Colorado State Uaversny, Fore Collins, Col-

Bos, M.Go,oed 19760 Disclinge Measurement Stractures, International Institate Tor Land
Reclimation and Improvement. Pub. =20, PO Bos 350 Wavemneen, Netherlands.
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»

Tigure 4.2. Turnout panel installed in a lined channel.

n

Figure 4.3. Circular concrete check and turnout installed with brick masonry in an
earthen channel.
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Figure 4.4 Brick masonry installation for panel turnouts. Dimensions
shown are for 50 em diameter turnouts and should be ad-
justed tor other sizes.




I{ leakage is a problem, cutoff walls
must be built around installations in
earthen channels. These one brick thick
walls extend out about 30 em from the
structures. They can be attached near
the center and thus buried in the bank
as shown in Figures 1.1 and 4.4, or at
the frout near the panel as shown in
Fizure 4.3 Where a check and one or
two turnouts arc installed roeether, the
frent corners of the structures are join-
el as shown m Freure 4.3 and no cutott
walls are required. Oatofb walls are also
not reguired o omstallations i hined
chinnels where the Diing prevents

1
Tyt JRRTEN
HERA Y (A

Phio naadlations are made byooxs
cavating the site and comracting the
carth bed, Loevine the floor, then sup-
porting ihe turnout pancl at the proper
location, o atanion,  and  clevation,
and constructing the masonry structure
around i, oo iy bemy done i Figure

4.5,

Normal procedures for constructing
cood quality brick masonry should be
tollowed. A 1:3 cementisand ratio
should be waedy The sand and water
should be clean. The bricks should be

Fagure 4.5,
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of good quality. In hot, dry climates,
the bricks should be soaked before con-
struction and the structurc kept wet for
two or three days after completion for
curing. This can be accomplished by
spreading a layer of loose soil or mulch
on the structvre and wetting it down.

It bricks are not casily available or
are expensive, the structures can be
made tfrom soil-conent blocks, sione
masonry, precest conerete hlocks, or
pourcd-in-place conerete The last of
these alternaines can provide the most
durabie instadi Hooenstrieied pro-
porlv, Concrere mives o Fr2i oo
o dre suif inialln
tions. Regardless of the materags, the
mstadlation stracture should follow the

basic design given o Tieure o

dhion

el oo ks

Precaste concrere slaly inswallations

Precastimg nsiallation  structures
saves time i the Gekd and results in
more uniform quality.  Figures 4.6
through 4.9 show some precast installa-
tions for carthen channels tested in
Pakistan. Generally the installation is
Cust o in two or more picees for casier
transport. The parts should be cusy o
assembic in the Held,

gt

srick masonry installations being constructed.



Figure 4.6. Precast concrete slab installation.

Figure 4.7.  Concrete pipe installation with front panel.



35

Figure 4.8. Concrete pipe installation with collar,

9
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Fipure 4.9, Half pipe installation with front panel and trapezoidal gate.
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Figure 4.10  Precast concerete shab installation Tor panel turenouts. Dimen-
sions shown are tor a SO cm dianmeter turnout.,
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Figure .11, THustration of method to make 307 bend in a concrete pipe
for a pipe installation,
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SECTION §

ALTERNATIVES TO THE BASIC CIRCULAR CONCRETE TURNOUT
DESIGN

During the development of the cir-
cular concrete  turnout  structures,
several alternative id and frame designs
were built and tested. Although these

were determined not 1o be best or
Pakistan conditions, thev nnght be
desitable under other conditions, or

pive ideas for tmproved adaptations fo
other  envitonments.  Thev are,
theretore, brictlyv described heres Al
variitons are based on the panel and
lid concept and use conerete as the basice
butldime material, The varmations tall
into 1wo categories: those which use
materiads other than conerete for the lid
o seabing surface and varations from
the eocular shape.

Lid or Sealing Surface Materials
Other than Concerete

I aree concrete hids are heavy, This
limits the practcal size of cireulin con-
crete tarnouts, makes e of the gates
more difficalt, and mcreases chipping
and breakaee when the hd inadvertently
strihes the pancel o anstallation struce-

ture. The use of lTower weight lids s
thus advantageous.

Because the frame s rigid, the cir-
cular lid needs tittle structaral rigidity,
[he hvdrostatic pressare ol the water
holds the Iid Tirmdy i the round frime,
In tace, flexible hids can be casier to
open because one side can be bent Tor:
ward to et water leak through and
relieve the water pressure. Therelore,
smple sheet metal, plastie, or fiberelass
disks with handles can be used 1in con-
crete panels with the square sealing sur-
Face (Figare S0 The surfaces of both
the hid and concreie frame must be very
simooth to prevent leakage. Such leak:
free seals were not attained i Pakistars,

A similar alternative would be to
Form a rgid Nbevelass Bid o i the
curved sealing surface trame. The cast
concrate sealing surtace could be used
as the mold for the iberglass to msure a
cood tit. One design for such a hid s
shown i Figure 3220 Any detlection in
the hid would actually seat the id more
tehtly agiinst the pancl sealing surface.

Cross Section

Figure 5.1,

Sheet metal, plastic, or fiberglass disk Lid in a cirenlar con-
crete panel.

-~ Molded
Fiberglass Circular
Lid Concrete

Panel

Cross Section

Figare 5.2.

Maolded fiberglass lid Tfor the circular conerete panel.



Circular

Concrete

Circular
Concrete

Panel

Side Wall of Used Rubber Tire
Cast into Panel

Cross Section

Figure 5.3, Circular turnont with rubber tire sidewall s aling surface,

Earlv i the development ot circular
concerete turnouts, leakape was a pro
blem. Therelore, flexible inserts snch as
rubber vashet dround the sealing sur-
face were tested. These took the form
of sponge rubber elued 1o the Hid, hard
inhber O e cast mto the hid, and
the stdewall of o used rabber tire cast
mto the pancl. The sponge rubber
caskers proved leak-proot as lone as
they  were mtact, but deteniorated
dqinchbyoor o were torn loose. The hard
rubber scals were not Hesible ecnough o
detorm o reenlar shapes and thus
leahed unless the conerete panel surtace
was sinooth and unitorm. The rubber
sashets, especiatly the rubber e
sidewall design shown in Fieare 5.3,
cisbitoned the impact of the Hid on the
panel and reduced chipping. Rubber
gaskers could also be used with the
metal or fiberghass hids deseribed above,

Other Furnout Lid Shapes

Fhe primary disadvantage of the cir-
cular turnout is that the Hd must be
opened  from o front against the
hydrostatic pressure of the water. ©ids
that can be removed from above or slid
on runners without hitting the lid of T of
the frame could thus be casier 1o
remove. Figures 5410 5.7 show several
stch gates,

Figure S0 shows o trapezoidal-
shaped concrete turnout gate. The gate
can be removed from above, and is thus
casier to remove. However, it is harder
te-close while water is flowinge because

the Hid tends 1o be pushed through the
opening or wedged crooked against the
fraome. Also, silt which deposits on the
SCAL IS NOE s Gisy Lo remov e as from the
round openine: and i not removed.
causes incomplete closure and signifi-
cant leakape. NMakime the hds o«
sericireular shape ~o o they can be
rotated can ~olve this silt problem. The
trapezotdal hild s heavier than aeirculan
B Tor apiven How area because it musl
extend above the water surtace to pro-
vide a frecboard. Semicireuliar Hds are
cven heavier due to the wider top widih
required to achieve the same How area.
Thus the trapezoidal and semicircular
shapes are berter suited 1o smaller
Mows.,

The trapeszoidal Hid, shown in more
detail in Figure 5.8, 0s cast in a precision
mold machied ina milling machine.
The molds are thus more expensive
than circular molds. The frame is then
cast around the precast hid - as the cre
cular lids were cast i their panel - 1o in-
sure a pood Tit, However, the sealing
surfaces cannot be ground together,
and thus tend to be rougher,

The rectangular  shiding  tarnom
shown i Figure 3.5 05 very cisy 1o ise.
The lid never has 1o be hifted or remov-
cd from the frame. Thus large size lids
can be used it low head Toss is required
or it the low depths are Large. The lid
can be pinned or otherwise fastened at
any o clovation aliowing  flows 1o be
divided or flow depths regulated.
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Figure 5.4.  Trapezoidal concerete turnout.

-;4.5;" By
Y

LY

Figure 5.6, Circulur rotating turnout with half-circle
cutout,

Figure 5.7. Large circular rotating turnout with half-
circle cutout.



PANEL HEIGHTS
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Figure 5.8, Trapezoidal conerete panel turnout.



However, no rectaneular shidimg tar-
nouts were made that did not leak. H
the lid o pancl i shiehehy waeped or has
any smadl proosions, acrack s e
open nd Teakaee - farees The shidig
also quichhy wears away tubber gaskets
mstidled 1o srop feakage.

Fipures .6 and 3.7 <how arculin
rotitinge tnouis, composed ol acre
cular concrete hid with o semicireuda
portion cut out. Phe hid never needs to
be removed from the panel, but only
rotated so that the open hall rotates
from the top (closed) 1o the bottom
fopen). The Bid allows casy adjustmeni
ol Tlow rares The sbructure, however,
can oonly be wsed tor relanvely small
How ., sinee Jess than hadt o the on
cular area o open, and must be used in
channels where the Hows e relativedy
shaltow (less than hadt as deep as the
cirele dimmeteny. However, sinee the Tid
doesn’t have to be removed, Targer hids
can be used. Trewre 377 Shows o 73 o
diameter id which s rotared by mser
tny o rod through the handles and tn
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ning. Since the cireular rotating hid s
never removed, chipping and breakage
i not a problem; although eventual
wearing and loosening ot the sealing
surlace could be i problem.

The rotating turnouts are cast in the
same way as the repubn circulan tar-
HOUEs, exeept a semicireular msert s
castinto the id and Ler vemoved. Fips
extending over the cdees ot the lid
(Figure 5.0) can be castinto the panel to
insure that the Lid is never removed or
stoten.

Ihese widely varied designs, all based
on one basie structure, should pive an
idea of the variety of turnouts that are
possible. Becanse they were not best for
Pakistan conditions doesn’t mean they
can't o work i dilferent envitonmments.,
Fhevinstead should indicate the impor
Cinee ol understandine Tocal needs and
conditions, designing a0 tarnout to
satisty the needs, and then patiently
tolowing throneh the development and
fabrication  process  untl  a good,
durable, practical structure is created.,
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CONCRETE FOR SMALL JOBS
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