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ABSTRACT 

Hydraulic resistance coefficients were determined from head loss 
measurements made in 48-, 42-, and 36-inch-ak~ieef cast-in- 
place concrete pipe instaYlations. Data were obtained with +he pipes 
flowing full at discharges lees than the design values; from about 
10 cubic feet per second to 25 cubic feet per second. Pipe test 
reaches varied from 1,240 to 3,895 feet. The hydraulic grade line 
was measured in 10-inch-diameter air vents used as piezometers; 
discharges were measured using a rectangular weir. Sufficient 
data were obtained to calculate flow resistance coefficients using 
the Darcy-Weisbach, Manning, and Scobey equations. The flow 
resistance coefficients for the 48- and 421inch pipe and one reach 
of 36-inch pipe may contain residual losses produced by pipe 
entrance flow patterns, but the resistance coefficients for one 
reach of 36-inch pipe are believed to be representative of the 
values to be expected in long straight reaches. 
DESCRIPTORS--Head losses/ Manning formula/ Darcy-Weisbach 
formula/ pipelines/ roughness coefficients/ Dressure conduits1 - 
concrete pipes 

IDENTIFIERS--Cast-in-place pipe/ Madera Distribution System 
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FLOW RESISTANCE COEFFICIENTS OF THREE 
SIZES OF CAST-IN-PLACE CONCRETE PIPE 

SUMMARY 

The purpose of the study discussed in this report was to determine 
the hydraulic flow resistance coefficients and physical character- 
istics of the interior surfaces of three sizes of cast-in-place concrete 
pipe. This study is part of a long-range program for evaluating the 
hydraulic characteristics of pipes installed in distribution systems 
and for determining the effect of aging on resistance coefficients. 
Three s izes  of cast-in-place pipe, forming one continous pipeline, 
were tested and included a 3,895-foot section of 36-inch pipe, a 
1,240-foot section of 4.2-inch pipe, and a 1,300-foot section of 48 -inch 
pipe. Discharges were measured with a 6-foot rectangular weir 
installed a t  the inlet to the 48-inch pipe section. Head losses were 
measured with an electrical tape gage in 10-inch-diameter a i r  vents 
used as piezometers. 

The upstream air vents in each tes t  section were located from 53 t o  
67 feet downstream from a gated check structure. There were three 
a i r  vents and an access manhole in the 36-inch reach and two air vents 
in the 48- and 42-inch reaches. The upstream air vents, used as pie- 
zometers in the three test  reaches, may be located in a region down- 
stream from the pipe entrance where constant pressure gradients have 
not been established. Head losses in the 48- and 42-inch pipes and in 
the upstream reach of the 36-inch pipe may contain residual losses 
caused by entrance conditions and, the computed resistance coefficients 
may be applicable only to pipe sections and structures of similar con- 
figuration and length. However, the resistance coefficients computed 
for the 36-inch pipe using the two downstream air vents a s  piezometers 
should be indicative of the resistance coefficients for straight reaches 
of pipe with constant pressure gradients. Because of the short test 
reaches and the proximity of the upstream pipe vents to the inlets, the 
results  of this test se r ies  a r e  not conclusive. However, the value of 
these data will  be considerably increased by repeating the test  se r ies  
at intervals to determine the effect of aging and by continuing the pro- 
gram on other distribution systems constructed of precast and cast-in- 
place pipe. 
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INTRODUCTION 

There is a dearth of information on the hydraulic roughness of cast- 
in-place concrete pipe. Flow resistance coefficients may be materi- 
ally affected by possible variations in pipe size or  shape, surface 
irregularities, or  other factors, plus the unknown effects of aging. 
Because of these uncertainties, measurements on installed pipe of 
various ages are being carried out and should provide a greater Zund 
of data for future planning. 

The Madera Distribution System of the Central Valley Project, the 
first installation of cast-in-place concrete pipe made under Bureau 
specifications, afforded an opportunity to determine resistance 
coefficients and physical characteristics of three sizes of pipe which 
had been in use for a part of two irrigation seasons. The measure- 
ments completed in October 1963 are the beginning of a test series 
designed to provide some of the needed information on flow resistance 
coefficients of cast-in-place pipe. 

GENERAL INFORMATION 

Flow resistance coefficient tests were performed on cast-in-place 
concrete pipe now in service as part of Lateral 6.2-18.4 of the 
Madera Distrib~%ion System Extension, Part 2, Central Valley Proj- 
ect. Figure 1. The lateral consists of approximately 3 miles of 
earth-lined, open canal and 6 miles of low-head cast-in-place con- 
crete pipe of 54-, 48-, 42-, 36-, and 30-inch inside diameters. All 
sections of pipe were constructed by a continuous forming process. 
The bottom of the trench was used as the outside form for approxi- 
mately the bottom one-half of the pipe. The inside form consisted 
of a collapsible thin steel cylinder approximately 4.0 feet long with a 
circular reinforcing stud at each end. Consolidation of the concrete 
was accomplished by oscillating fingers operating within the concrete 
mass. 

This lateral was completed under Bureau of Reclamation Specifica- 
tions No. DC-5606 in March 1962, and was put in service in June 
1962. The pipe system is designed to run full for all discharges and 
has either a gated check, an access shaft, or  an air vent at approxi- 
mately 114-mile intervals. The pipe can be entered for inspection 



through either the access shafts o r  the gated check structures. A 
typical gated check structure is shown in Figure 2, and a pipe vent 
and gated check are  shown in Figure 3. All air  vents are  10-inch- 
diameter metal pipe offset from the main conduit and extending from 
5 to 8 feet above the ground surface. Figure 3. 

DESCRIPTION OF TEST SYSTEM 

Test Reaches 

Three reaches of pipe were available for head loss measurements: 
1,300 feet of 48-inch pipe from Station 254+00 to Station 267+00; 
1,240 feet of 42-inch pipe from Station 280+60 to Station 293+00; and 
3,895 feet of 36-inch pipe from Station 334+05 to Station 373+00. The 
reach of 30-inch pipe could not be tested as planned because the water 
to be used in the tests could not be disposed of elsewhere in the distri- 
bution system. Each test reach consisted of straight, uninterrupted 
pipe of the same diameter with no turnouts. Pipe vents were located 
at both ends of each test reach and were used as piezometers in deter- 
mining head loss. The longer 36-inch reach had an additional a i r  vent 
and an access shaft in the test section. 

Pipe Inspection 

A visual inspection was made of the flow surfaces of the entire test 
reach of the 48- and 42-inch pipes. The lower end of the 36-inch test 
reach was full of water and could not be drained; consequently, only 
300 feet of this section was inspected. During the inspection, pipe 
diameters were measured with calipers at three locations in each test 
reach, Table 1. In the 48- and 42-inch pipe, diameters were measured 
near the upstream and downstream vents and near the midpoint of the 
test reach. At each location, four diameters were measured; hori- 
zontal, vertical, and two at 45'. In the 36-inch pipe, diameters were 
measured at three locations chosen at random in the upstream portion 
of the reach. These diameters were considered to be representative , 
of the test section. The vent openings were examined in all the pipe 
reaches except the downstream reach of the 36-inch pipe. These irreg- 
ular openings were, in general, about 1 2  inches in diameter with small 
amounts of mortar projecting into the flow, Figure 4. 

General appearance of the inside surfaces of the pipe was good. The 
pipe was cast in sections about 4 feet long, leaving a transverse joint 
at  the end of each form. Offsets at these joints are less than one- 
fourth inch and always away from the flow, Figures 4 and 5. The off- 
sets are not uniform around the circumference and are generally 
larger in the upper ha3f of the pipe. Some transverse joints have no 
appreciable offset, and the larger offsets and irregularities haa been 
smoothed with mortar, Figure 5. Small longitudinal joints occur at 



the junction of the lower and upper halves of the forms. A thin layer 
of brown slime covered the upper 1509 segment of the pipe, but was 
not thick enough to mask o r  cover the actual surface texture of the 
concrete. The pipe sagged in some sections with water standing as 
much as 6 inches deep. The invert contained a few small gravel 
deposits in these low spots. 

At the downstream end of the 42-inch test section, a small amount 
of concrete had apparently fallen into the pipe during construction 
of the a i r  vent, forming a mound on the invert directly beneath the 
vent which could not be removed by hand. The mound had a well 
defined geometry which could be measured. An area reduction, 
amounting to about 1.8 percent, was computed and used to adjust 
the velocity in the friction factor calculation. 

MEASUREMENT AND CALCULATlON PROCEDURES 

Discharge Measurements 

A 6-foot, fully contracted, rectangular weir.was used as the water- 
measuring device for these tests, Figure 6. The wier was installed 
at the upstream end of the transition structure for the road crossing 
at  Station 173+80. A 1-inch plywood bulkhead on a 2- by 4-inch wood 
frame was braced against the concrete inlet structure, Figures 6 
and 7. Before backElling, a plastic sheet sea l  was attached to the 
bulkhead with an asphalt joint sealer and was laid in a 1-foot-deep 
trench in front of the weir. No leakage past the bulkhead was appar- 
ent during the tests. 

A 118-inch-thick brass plate 3 inches high with a machined sharp 
edge was used for the weir blade. The horizontal crest length of the 
installed weir blade was 6.004 feet: the vertical blades were 2.0 feet 
in length. The crest of the weir was 1.5 feet above the bottom of the 
weir pool. Ventilation of the nappe was complete throughout the full 
range of flows, Figures 7 and 8. Head on the weir was measured 
with a hook gage operating in a transparent plastic stilling well mounted 
on a 2- by 8-jnch redwood post securely embedded in the weir pool 
7.5 feet upstream of the weir blade, Figure 6. The inlet to the still- 
ing well was connected with a 318-inch flexible plastic tube to a per- 
forated metal can placed on the bottom of the canal in a region of low 
velocity. Using this equipment and procedure, any velocity effects 
on the head measurement were minimized. The dimensions of the 
weir pool for this installation were not standard as outlined in the 
Water Measurement Manual.ll However, the depth and water sur-  
face widths were measured for various discharges and the average 

1 /Water Measurement Manual, U. S. Department of the Interior, 
Bureau of Reclamation, First Edition, May 1953. 



per second as combared to a helocity of 0". 59 f& per second in a 
standard weir box for the same discharge. This difference in veloc- 
ity of 0.09 foot per second results in an increase in velocity head of 
0.002 foot or  an increase in discharge of 0.08 cubic foot per second. 
The increase in discharge amounts to only 0.3 percent and the dis- 
charge was, therefore, not modified to account for the increased 
velocity of approach. An enameled staff gage mounted on the post 
served as a quick reference to the head on the weir and as a check 
on the hook gage measurements. Computed discharges for the heads 
measured during the tests are shown in Table 2. 

Head Loss Measurements 

Discharges we= regulated upstream from the weir, at the turnout 
from Lateral 6.2, by district personnel. For  each discharge meas- 
ured at the weir, the gate in the gated check structure, Figure 2, 
at the end of each test reach was adjusted so  that all pipes were flow- 
ing full and water surfaces were visible in the offset pipe vents. 
Flows were discharged through the check structure either through 
the gate at the bottom of the structure o r  over the top of the gate 
head wall, see Longitudinal Section. For Sloping Connection, h2, 
Figure 2. After a change in discharge at the turnout to the test 
lateral, the system was allowed to stabilize before any head loss 
measurements were taken. Periodic head measurements at the 
weir were taken during each test to determine whether or  not there 
were changes o r  fluctuations in the discha-ge. The maximum change 
during any test series was 0.3 cubic foot per second. 

Distances from the top of the pipe vents to the water surface were 
measured with an electrical tape gage, Figure 8B. A steel tape with 
a 1-inch-diameter brass plumb bob was used as the water surface 
contact of the electrical circuit. A lead-weighted ground (electrical) 
line was lowered into the water in the pipe vent to complete the cir-  
cuit through a milliammeter used to indicate the contact of the tape 
point and water surface. A small wooden spirit level was used to 
transfer the surveyed elevation on the rim of the vent to the point 
inside the pipe at which the tape measurement was taken. Due to the 
fluctuations of the water surface in the pipe vents, it was necessary 
to take a number of random measurements to obtain an average. The 
number of measurements taken at each vent varied from 10 to 30 
depending on the amount of fluctuation of the water surface, Tables 3, 
4, and 5. 

Lateral 6.2 wasteway, crossing Lateral 6.2-18.4 at the lower end 
of the 36-inch reach, was used to convey the test discharge to the 
San Joaquin River. Flows of approximately 10. 17, and 23 cubic 
feet per second were used for tests in the 36-inch pipe designed for 



a discharge of 20 cubic feet per second, By diverting water from 
the lateral through two farm turnouts in the lower end of the 42- 
inch pipe, it was possible to obtain test discharges of 10, 17. 23. 
and 25 cubic feet per second in the 48- and 42-inch pipes. The 
design discharge of 35 cubic feet per second in the 48-inch pipe and 
30 cubic feet per second in the 42-inch pipe could not be obtained 
because of a lack of facilities to dispose of the excess water. 

Method of Calculation 

Using the surveyed difference in elevation between the tops of pipe 
vents at the ends of each test section and the average distances, dl, 
d2, o r  dg from the tops of the vents to the water surfaces, the head 
loss for each discharge was calculated. The average diameter was 
used in the calculation of head loss for the 48- and 36-inch pipe test 
sections. In the 42-inch pipe, the area reduction at the downstream 
vent caused by a mound of concrete made it necessary to include the 

vz2 - vI2 
. 

velocity head difference, , in the calculation of head loss, 2e - 
Table 6. The Darcy-Weisbach frictim factor "fl' was computed from 

the formula: 

where: 

g = 32.2 ft/sec2 
D = average pipe diameter-feet 
L = length of test section-feet 
V = average velocity in pipe-ft/sec 

h~ = head loss-feet 

Manning's "n" was computed from the formula: 

where: 

R = hydraulic radius 
h~ 

S = friction slope = 

Combining the equations for "f" and 'In": 

n = 0.0734 131/6f12 



The Scobey pi e coefficient for concrete pipes was computed from 
the formula:2 - P 

where: 

Hf = friction loss per 1,000 feet 

di = pipe diruneter in inches 

DISCUSSION OF RESULTS 

A summary of computed values of the Darcy-Weisbach "f", 
I' I '  Manning's n , and Scobey resistance coefficient "Csl' for the 

three sizes of pipe is shown in Table A, below. Values for the 
36-inch pipe were computed from the water surface elevations 
in the pipe sections between the three available air vents. Com- 
putations for friction factors and roughness coefficients are 

I 1  I '  included in Table 6. Figure 9 shows the plot of "f'' and n ver- 
sus Reynold's number for the range of discharges. 

Head losses in a pipe reach are caused essentially by two phe- 
nomena in the pipe; namely, by the development of the boundary 
layer in the region of flow establishment near the inlet and by the 
normal friction occurring in the region of constant pressure gra- 
dient. Losses per unit length in the upstream or  developing seg- 
ment are larger than for an equivalent length in fully established 
flow. The losses in the inlet segment over and above those losses 
in an equivalent length of pipe in fully established flow are some- 
times referred to a s  "residual" losses and are attributable to 
entrance losses and b o u n d e  layer development. In this pipe dis- 
tribution system the entrance losses may be additionally increased 
by the water flowing through the gate and over the gate head wall 
of the check structures, Figure 2. Head differentials measured 
in the region of boundary layer development will indicate higher 
head losses and will result in higher computed resistance coefficients. 

Extensive data on friction factors in concrete pipe indicate that for 
36-inch cast concrete pipe, a constant pressure gradient is estab- 
lished at a point about 95 to 100 feet from a bellmouth entrance. - 31 

2/&g, H. W.,  andbo book of Hydraulics, " Third Edition, McGraw 
Hill, 1939. 
3/Straub, L. G., Bowers, C. E., and Pilch, Meir, "~es is tance  to - 
Flow in Two Types of Concrete Pipe, " Technical Paper No. 22, 
Series B, St. Anthony Falls Hydraulic Laboratory, University of 
Minnesota, Minneapolis, Minnesota, December 1960, page 21. 

7 I 



Discharge 
k f s )  

Table A 

SUMMARY OF RESISTANCE COEFFICIENT TESTS 
CAST-IN-PLACE CONCRETE PIPE 
MADERA DISTRIBUTION SYSTEM 



A somewhat longer distance would be required for larger  diameter 
pipes. - 41 

Resistance coefficients for the 36-inch pipe were computed for the 
upstream reach between Vents 1 and 2 and for the downstream reach 
between Vents 2 and 3, Table A. A comparison of the results shows 
that the "f" values for the upstream reach a re  about 11 percent 
higher than those for the downstream reach and because Manning's 
11 I t  It  n ' varies a s  the square root of "f", the corresponding n values 
a r e  about 5 percent higher. Since the upstream a i r  vent (Number 1) 
is only 53 feet downstream from the inlet and is, therefore, in the 
region of flow development, head loss measurements in the 36-inch 
pipe using Vents 1 and 2 probably contain residual losses. 

The upstream a i r  vents used a s  piezometers in the 42- and 48-inch 
pipes were located 66 and 67 feet, respectively, downstream from 
the gate in the check structure. Therefore, the measured head 
losses  using these a i r  vents a s  piezometers may include some resid- 
ual losses and may not be indicative of the friction loss in an equiv- 
alent length of pipe with a constant pressure gradient. 

The air vents used a s  piezometers were of large diameter compared 
to the sual piezometer installations and some of the openings were 
not smoothly formed, Figure 4. It is, therefore, possible that the 
static heads indicated by the water surface elevations in the a i r  vents 
were not the true pressure heads. However, the relative difference 
in water surface elevations using piezometers with openings of the 
same size and shape should be a reliable indication of the head loss 
between vents. 

The results  shown in Table A a r e  based onpipe vent elevations deter- 
mined from a precise survey made on each test  reach. Head loss  
measurements on the 48- and 42-inch test reaches may contain some 
residual losses from the entrance, and the test reaches were quite 
short. The friction factors and Manning's "n" shown on Figure 9 
and in Table A, for the 36-inch pipe between Vents 2 and 3 were com- 
puted from head losses which were not affected by residual losses 
and with a test reach approximately twice a s  long a s  for the other 
pipe sizes. Friction factors computed for this section of 36-inch 
pipe should correspond to those for flow with a constant pressure gra- 
dient. The 48-, 42-inch, and the section of 36-inch pipe between 
Vents 1 and 2 show larger  resistance coefficients than the section of 
36-inch between Vents 2 and 3 possibly because of residual losses 
included in the head loss  measurements. The general slope of the 

a l ~ e u l e g a n ,  Garbis H., Research Report 6-B, Highway Research 
Board, December 1948. 



curves is steeper than the classical Von Karman-Nikuradse resist- 
a c e  coefficient curve for smooth pipes, Figure 9, and is predom- 
inantly influenced by the high resistance coefficients found in each 
pipe for the lowest Reynold's numbers. Since high resistance coef- 
ficients for all pipes were found for the test discharge of about 
10 cubic feet per second, it is possible that an error in discharge 
measurement occurred. However, no discrepancies could be found 
in the data or  discharge calculations. 

CONCLUSIONS 

1. The upstream air  vents used as piezometers in the three test 
reaches may be located in the region of boundary layer develop- 
ment; this may have resulted in higher head losses and in higher 
resistance coefficients than would occur in long reaches of similar 
pipe located well downstream from an entrance structure. 

2. The resistance coefficients for the lower Reynold's numbers, 
Table A and Figure 9, a re  larger than expected. However, a study 
of the data and the conditions accompanying the measurements made 
at the 10-cubic-foot-per-second discharge failed to disclose any 
discrepancy. 

3. It is believed that head losses measured in the 48- and 42-inch 
pipe and in the upstream reach of the 36-inch pipe may contain re-  
sidual losses resulting from entrance structure flow patterns but 
should be representative of pipe installations of similar configu- 
ration. Resistance coefficients computed for the 36-inch pipe, using 
the two downstream air  vents a s  piezometers, should be represent- 
:+ive of flow resistance coefficients for this pipe flowing with a con- 
stant pressure gradient. 

4. The results of this study will be considerably more valuable i f  
tests are  repeated as  the pipe ages and the program is continued on 
other distribution systems constructed of precast and cast-in-place 
pipe. 

5. Piezometers should be included in future pipe installations to 
provide better facilities for the measurement of pressure head. 



Table 1 

48-inch pipe 
Section 1 
Section 2 
Section 3 

42-inch pipe 
Section 1 
Section 2 
Section 3 

36-inch pipe 
Section 1 
Section 2 
Section 3 

MEASURED PIPE DIAMETE 
Horizontal 1 Vertical 1 45O 



Table 2 

COMPUTED WEIR DISCHARGES 

Q = 3 . 3 3 ( L - 0 . 2 H ) H  312 
L = 6 . 0 0 4  fc 

Head I 

Flow Resistance Coefficients Cast-in-place Pipe 
MADERA DISTRIBUTION SYSTEM--CENTRAL VALLEY PROJECT 
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Table 3 

- 
Date 

10-24-6: 

10-24-6: 

10-24-63 

10-25-63 

Length c 
d = 

Nelr heac 
feet 

0.881 

1,110 

1.120 

0.644 

----- 

16.05 

Total 
Average 

22.51 

Total 
Average 

22.81 

Total 
Average 

10.11 

Total 
Average 

TAPE READINGS IN 46-INCH PIPE VENTS 
Elevation Pipe Vent 1 = 244.240 
Elevation Pipe Vent 2 = 242.570 

)f reach, Station 254+00 to Station 267+00 = I 
Distance from top of pipe vent to water , 

D~scharge dl 
c fs  

I 
I 

., 300 feet 
surface 

d2 
feet 

54.532 
5.453 

133.820 
6.691 

33.976 
6.699 

43.746 
7.187 

Flow Resistance Coefficients Cast-in-place Pipe 
MADERA DISTRIBUTION SYSTEM--CENTRAL VALLEY PROJECT 



Table 3--Continued 

Weir heat 
Date feet 

I 

Discharge 
c fs 

Total 
Average 



Sheet 1 of 2 
Table 4 

Date 

10-24-63 

10-24-63 

10-25-63 

Length o 
d = 

Wezr head 
feet -- 

0.882 

1.115 

0.656 

TAPE READINGS IN 42-INCH PIPE VENTS 
Elevation Pipe Vent 1 = 240.790 
Elevation P i ~ e  Vent 2 = 239.645 

f reach, Station 280+60 to Station 293+00 = 1,240 feet 
Distance from top of pipe vent to water surface 

Discharee d l  d2 
feet 

- 
Cf s 

16.07 

Total 
Average 

22.66 

Total 
Average 

10.40 

Total 
Average 

Flow Resistance Coefficients Cast-in-place Pipe 
MADERA DISTRIBUTION SYSTEM--CENTRAL VALLEY PROJECT 



Date 

10-25-62 

Weir head 
feet 

1.189 

Table 4-- Continued 

hscharge 
cfs 

24.88 

Total 
Average 

dl 
feet 
I 



Total 
Average 
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RESISTANCE COEFFICIENT CALCULATIONS 

48-inch Pipe 

hL = Elevation 1 -Elevation2 -dl +d2 
Length = 1,300 feet 

;- 244.240 -242.570 -(dl -dZ) 

= 1.670- ( d l  -d2) 

Area  = 12.63 ft2 Average diameter (D) = 4.010 

cs 
0.801 8.649 7.187 0.208 0.0643 0.0235 0.178 
1.271 6.924 5.453 0 .199 0.0244 0.0144 0.288 
1.782 8.062 6.691 0.299 0.0187 0.0126 0.330 
1.806 8,090 6.699 0.279 0.0170 0.0120 0.346 
1.969 8.067 6.691 0.294 0.0150 0.0114 0.368 

n = 0 . 0 7 3 4 ~ ~ 1 ~ f ~ / ~  

Dl16 = 1.261 

:Ca = Scobey coefficient for  concrete pipes 

d i  = diameter in inches 
Hf = friction loss  pe r  1, 000 feet 
L = length in 1, 000-foot increments 

- h L O   DO. 625(12)0 625 

0.2114 VL Do. 625 = 2.384 

 LO.^ = 1.14 





= 233.867 -228.740 -d2 +d3 

= 5.127 -d2 +d3 

Average diameter (Dl = 3.022 Area = 7 17 

3'6-inch Pipe 

h ~ .  = Elevation 1 -Elevation 2 -dl +d2 
1-2 

Lengthl-2 = 1,295 feet 

= 234.697 -233.867 -dl  +d2 

= 0.830 -dl +d2 

h ~ 2  -3 
= Elevation 2 -Elevation 3 -d2 +d3 LengthZ-3 = 2, 600 feet 

I Cs = Scobey coefficient for  concrete pipes 

di = diameter  in inches 
Hf = friction los s  p e r  1. 000 feet 
L = length in 1.000-foot increments 







F I G U R E  3 
R E P O R T  H Y D -  533 - 

A. GATED CHECK STRUCTURE AND 10-INCH DIAMETER AIR VENT 

.--101'Dia:8 Ga. steel pipe 
(see Dwg. 214 -0-20074) 

enccsement 

".10"cement asbestos pipe class A25 
. . 
"----Cast in place concrete pipe 

8. OFFSET AIR VENT IN CAST-IN-PLACE CONCRETE PlPE 

RESISTANCE COEFFICIENTS CAST- IN-PLACE PlPE 
M A D E R A  D I S T R I B U T I O N  S Y S T E M - C E N T R A L  V A L L E Y  PROJECT 

TYPICAL GATED CHECK STRUCTURE AND PIPE VENT 

15 



A. Vent in crown (light area)  of 42-inch cast-in- ~~ ~ 

place pipe, showing slight mortar  protrusions, 
Station 293+00. 

B. Vent in crown of 48-inch cast-in-place pipe, 
smooth mortar ,  Station 254+00. 

Flow resistance coefficients cast-in-place pipe 
MADERA DISTRIBUTION SYSTEM--CENTRAL VALLEY PROJECT 

Pipe vents and pipe interior surfaces 



Report Hyd-533 
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A. Surface of 36-inch cast-in-place pipe near  
Station 334+05, direction of flow away from 
the viewer. 

Surface of 48-inch cast-in-place pipe showing 
mortared offsets near Station 260+50, direc- 
tion of flow is toward the viewer. 
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Inside pipe surfaces and offsets 



A .  Six-foot-long fully contracted rectangular weir  
and head gage installed at road crossing trans- 
ition structure, Station 173+80. 

B. Weir performance with discharge of 24.9 cfs. 
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Weir installation 



Figure 7 
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A .  W e i r  f r a m e  and bulkhead installed against road 
cross ing  transit ion s t ructure.  
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B. W e i r  performance with discharge of 10.7  cfs .  
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MADERA DISTRIBUTION SYSTEM--CENTRAL VALLEY PROJECT 

Weir  bulkhead an i  heai! gage 



Figure 8 
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A. Weir performance for nappe vented with dis-,  
charge of 24.9 cfs. 

B. Electrical tape system for measuring water 
surface levels in pipe vents. 
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Weir installation and electrical tape system 





ABSTRACT 

Hydraulic resistance coefficients were determined from head loss 
measurements made in 48-. 42-. and 36-inch-diameter cast-in- 
place concrete pipe installations; Data were obtained with the pipes I flowing full at discharges less  than the design values; from about 
10 cubic feet per second to 25 cubic feet per second. Pipe test 1 reaches varied from 1.240 to 3.895 feet. The hvdraulic erade line 

I: was measured in 10-inch-diameter air  vents us& as  pieGmeters; 
discharges were measured using a rectangular weir. Sufficient 

I data were obtained to calculate Bow resisbnce coefficients usine 1 the Darcy-Weisbach, Manning, and Scobey equations. The flow-, 
resistance coefficients for the 48- and 42-inch pipe and one reach 

1. of 36-inch ~ i a e  mav contain residual losses ~roduced bv ~ i ~ e  - . .  i entrance nbi but the resistance coefficients for one 
1 reach of 36-inch pipe are  believed to be representative of the 

values to be expected in long straight reaches. 
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ABSTRACT 

Hydraulic resistance coefficients were determined from head loss 
measurements made in 48-. 42-, and 36-inch-diameter cast-in- 
place concrete pipe installations. Data were obtained with the pipes 
flowing full at discharges less  than the design values: from about 
10 cubic feet per second to 25 cubic feet per second. Pipe test 
reaches varied from 1,240 to 3,895 feet. The hydraulic grade line 
was measured in 10-inch-diameter air vents used a s  piezometers; 
discharges were measured using a rectangular weir. Sufficient 
data were obtained to calculate flow resistance coefficients using 
the Darcy-Weisbach, Manning, and Scobey equstions. The flow 
resistance coefficients for the 48- and 42-inch pipe and one reach 
of 36-inch pipe may contain residual losses produced by pipe 
entrance flow patterns, but the resistance coefficients for one 
reach of 36-inch pipe are believed to be representative of the 
values to be expected in long straight reaches. 
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