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CONVERSION FACTORS

English to Hetric System (SI) of Measurement

Quantity English unit Multiply by To get metric equivalent
Length inghes (in)or(") 25,40 mil1imetres {mmm)
.02540 metres (m)
feat {(ft)or(®) ‘ .3048 metres (m)
miles (mi} .1.609 kilometres (km)
Area square inches (inzl 6.432 x 1074 square metres (mz)
a square feet (ftz) .09290 square metres Lmz)
acres < L4047 hectares (ha)
Yolume . gallens {gal) 3.785 ) Titres (1}
¥ cubic feet (fta) .02832 cubic metres (m3)
cubic yards {yds) L7648 cubic metres (ma)
Volume/Time
(Flow) cubic feet per
second (ft3/s) 28.317 iitres per second (1/s)
gallons per
minute {gal/min)} .06309 1itres per second (1/s)
Mass pounds {1b) 45386 kilograms (kg)
valocity ~miles per hour {(mph) .4470 metres per second Em/s)
feat per second {fps) .3048 metres per second (m/s)
Acceleration feet per second
squared (ft/sz) L3048 metres per second
) squared (m/sa)
acceleration due to
forca of gravity {(G) 8,807 metres per second
squared {m/sz)
Weight pounds per cubic
Density (lb/fta) - 16.02 kilograms per cubic
7 metre (kg/ma)
Force pounds (1bs} 4,448 newtons (N)
kips {7000 1bs) 4448 newtons {N)
Thermai British thermal
Energy unit (BTUY) 1055 joules (J)
Mechanical foot-pounds {ft-1b) 1.356 joules {4)
Energy foot-kips (ft-k) 1356 joules (&)
Bending Moment inch-pounds %ft—Ths; L1130 newton-metres iNm)
or Torque foat-pounds {ft-Tbs 1,356 newton-metres {(Nm)
2 Pressure pounds per square
: ineh {psi) 6895 pascals {Pa)
pounds per square .
foot {psf) 47.88 pascals {Pa)
- Stress ” kips per square
: Intensity inch square_root :
inch (ksi /Tn) 1.0988 mega pascals ¥Ymetre (MPa vm)
pounds per sguare
inch square root
inch (psi ¥1n) 1.0988 kilo pascais /metre (KPa /m)
Plane Angle degrees (°) 0,0175 radians {rad)
T t -
emperature giﬁﬁiﬁﬁeit (F) EETTEQE = tC degrees celstus (°C)

-t
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1. INTRODUCTION

An important element of the drainage system incorporated in
California's highways today is a hydraulic structure called
the Slotted Corrugated Steel Pipe (CSP) Drain. A siotted

CSP drain is comprised of corrugated steel pipe with a

steel grate structure fastened in a two-inch-wide siot cut -
from the top of the entire length of the pipe. Slotted
drains are usually installed along the edge of and parallel
to the roadway with the top of the grate structure at the
same elevation as the surface of the pavement (see Figure 1).

Il

GRATE STRUCTURE
CORRUGATED STEEL PIPE

FIGURE 1 A SLOTTED CORRUGATED STEEL PIPE DRAIMN
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The prime purpose of the slotted drain is to intercept
sheet flows of water before they cross the road surface
and to quickly drain large volumes of water which might
otherwise pond on the road surface during periods of
heavy rainfall. Rapid removal of water from the road
surface is imperative to prevent accidents caused by
vehicles hydroplaning or being slowed down suddenly when

encountering ponded water.

Since the conception of the original slotted CSP drain
(see Appendix 7.1.1, page 98) in the 1960s in California,
there have been continual improvements and changes made.
The ofigina] design was not welded, but three welded
grate design modifications evolved over the subsequent
years with each an improvement over and superseding its
predecessor. These designs in order of their develop-
ment are:

(1) a grate consisting of a single row of hexagonal
cross bar spacers (see Standard Plan D98-6, Appendix
7.1.2, page 99),

(2) a grate consisting of a double row of hexagonal
cross bar spacers (see Standard Plan D98-9, Appendix
7.1.3, page 100), and

(3) a grate consisting of solid plate spacers (see
Standard Plan D98-B.1, Appendix 7.1.4, page 101).

In addition to these major design changes in the grate
structure, other improvements and changes have been made.
Most of these changes have been made for three main
reasons:

www fastio.com
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(1) to improve the hydraulic flow properties of the
drain,

(2) to reduce manufacturing costs, and
(3) to strengthen the grate and drain structure.

Modifications made to the original design in order to
improve hydraulics of the drain system include:

*ETimination of pipe or structural tubing spacers
to increase the water flow through the grate.

*Increasing the slot width of the grate from
1-5/8 inches to 1-3/4 inches.

Changes made in the manufacturing process to reduce
fabrication costs include:

*Eliminating bolts used in the grate structure and
for attaching the grate structure to the pipe.

*Discontinuing the use of riveted, annularly corru-
gated CSP and employing either continuously welded
or lock-seam=joined helically corrugated CSP.

*Removal of the requirement for hot-dip galvanizing
the grate structure.

www . fastio.com


http://www.fastio.com/

ChihPDF - www.fastio.com

In order to perform the primary function of providing
rapid surface water drainage from the traveled way, the
slotted CSP drain must be strong enough to carry repeti-
tive wheel loadings from heavy vehicles. Thus, many
changes have been made to strengthen the grate and drain
structure as follows:

*The pipe and tubing cross spacers, and single and
double hexagonal crossbar spacers have been re=-
placed by sotlid 3/16~in. by 1-3/4-in. by 2-5/16~-in,
plate spacers to make the grate structure more
rigid.

*Intermittent fillet welds connecting the grate
structure to the corrugated pipe have been
Tengthened from a minimum of 1 inch to 1-1/2
inches and their spacing reduced from about
7-1/2 inches to 6 inches,.

*These grate-to-pipe welds have also been posi-
tioned at each plate spacer to provide a more
direct load transfer from the grate structure to
the corrugated pipe.

*A so0il cement backfill is now required for bedding
sTotted drains (Sections 66-3.09 and 19-3,025C of
the Caltrans 1978 Standard Specifications). This
s0il cement backfill has replaced a previously
specified soil backfill, for which a wider trench
was required to insure adequate compaction, and
whose compressive strength was considerably less
than that of the soil cement backfill.
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These structural changes have strengthened the sTotted

CSP drain considerably, and have enabled the drain to be
used in locations along highways where increased traffic
volume and larger wheel loads from heavy vehicles have
occurred, The development and use of flotation tires,
which have enabled heavy trucks and maintenance vehicles
to carry single wheel loads of as much as 11,000 pounds,
have caused wheel loads applied to the slotted CSP drains
to be much higher and more concentrated.

The effects of all these changes on the load carrying
capacity of the 18-inch-diameter slotted pipe drain were
unknown, and the ability of the different drain designs
to withstand heavy loads was uncertain. |

The purpose of this study was to evaluate the static

load carrying capacity of the two most recent CSP drain
designs having grates with double bars and plate spacers,
and to determine if the current grate structure with
plate spacers is strong enough to withstand occasional
heavy vehicle traffic and large loads imposed by flota-
tion tires, Variables considered important in this
research project were the type of backfill, the length
and location of the welds attaching the grate bearing
bars to the corrugated steel pipe, the position and mag-
nitude of the applied wheel load, and the type of spacers
connecting the bearing bars of the grate.

In carrying out the research, independent grate sections
were first tested to determine the actual tensile and
shear strengths of welds attaching the bearing bars and
crossbar spacers. Next, fourteen 4-foot-long sections of

www . fastio.com
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slotted CSP drains having various grate designs and grate-
to-pipe weld patterns were tested in quasi-ring compres=-
sion in a Targe universal testing machine to determine the
relative strengths, vertical deflections, and grate angle
deformations. The results of these preliminary tests are
briefly summarized in Section 5.1, pages 62 to 65, of this
report.

An asphalt-paved road having a structural section approxi-
mating that of a typical highway was then constructed,

and five 16-foot~long, 18-inch-diameter slotted CSP drains
were installed. The following parameters were varied for
the five slotted drains tested: grate design; bar/plate
spacing; grate-to-pipe weld length, Tocation, and spacing:
and backfill type.

Each slotted pipe drain was loaded at the third points
using an 8-inch by 12-1/2-inch steel plate with a bearing
area of 100 square inches. This is the bearing area of
an 8-inch-wide flotation tire. The side of the plate
having the longer dimension was positioned paraliel with
the grate bearing bars. Both a centered and an eccentric
offset loading position were used to load the drains. One
of the slotted pipe drains was also instrumented with 25
rosette strain gages to determine the stress distribution
in the walls of the corrugated pipe,. due to the applied
simulated wheel load of a typical flotation tire.

In each test, the external load was increased while the
vertical deflections inside the pipe were monitored and
recorded. The effects of backfill type, grate type and
weld pattern, and position of the load on the load
carrying capability of each slotted drain are discussed
in the following report.
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2. CONCLUSIONS

2.1 Conclusions from Laboratory Tests Performed on
4-foot=long Sections of Slotted Pipe Drain

2.1.1 Slotted Pipe Drain Deflections

For the slotted pipe drain designs tested, the type of
cross spacer in the grate made no clear difference in
the deflections measured inside the pipe.

For the slotted pipe drain designs tested, the location
of the grate-to-pipe welds with respect to the cross
spacers or bearing bars did not noticeably influence the
deflections measured inside the pipe.

A decrease in the spacing of grate-to-pipe welds from

3 to 2 corrugations per weld did not significantiy de-~
crease vertical pipe deflections as measured in labora-
tory testing.

2.1.2 Grate Rotation

When the pipe was loaded eccentrically in the laboratory

tests, the grates rotated about the grate-to-pipe welds.
. These welds offered little resistance to bending and

appear to be the weakest part of the slotted drain.

The use of plate spacers instead of bar spacers did not

seem to reduce the downward vertical deflection of the
grate under center loading, however, under eccentric

ClihPDF - www .fastio.com
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loading, average angular rotation of the grate structure
having plate spacers was reduced slightly because of its
increased torsional stiffness.

2.1.3 Factors Affecting Maximum Load Capacity

Because of the limited number of drain specimens tested
in the laboratory and the apparent inconsistency in the
data obtained, no definite conclusions may be made with
regard to the effect which many of the parameters have
on the load capacity of the various slotted drains.
0ften the data appears to be conflicting, and against
one's engineering judgment. This was partially due to
the fact that slotted drains in the laboratory tests
were only supported up to the spring line of the pipe,
i.e., the sides of the grate and the upper half of the
pipe had no external support,

*It is evident, however, that the slotted drain
with a grate fabricated with single hex bar cross
spacers was one of the designs least able to
support higher vertical loads (the maximum toad
for Specimen No. 10, Table 7, page 63 was only
7,550 1bs).

*The effect of either (1) the spacing of the grate-
to~pipe welds, or (2) their location with respect
to the cross spacers on the ability of the short
drain sections to withstand vertical compressive
loads is not clear from the data obtained, nor is
the effect of the location of these "grate-to-pipe
welds with respect to the crests and valleys of
the corrugated pipe.
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*Slotted drain designs had the least maximum load
supporting capability when the load in the labora-
tory tests was applied eccentrically to the edge
of the grate {Loading Method (3), Eccentric-Bearing
on One Side of Grate).

*The two control sections of plain corrugated steel
pipe withstood the highest average maximum applied
loads of any specimens tested in the laboratory.

2.2 Conclusions from In-Situ Tests on 16~foot-long
Drain Sections

It has been determined from the in-situ tests conducted,
that the 18-inch-diameter slotted CSP drain with the
current grate structure with plate spacers is strong
enough to withstand occasional heavy vehicle traffic,
provided that a soil cement bedding is used. The follow-
ing are important findings which were determined from

the test data in this research project.

2.2,1 Factors Affecting Maximum Load Capacity

*There was no apparent difference in the static
strength of slotted pipe drains fabricated with
grate designs employing either the double hexa-

. gonal cross bar spacers or the solid cross plate
spacers.
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*There were no apparent differences in the static
strength of slotted drains attributable to the
changes in the grate-to-pipe weld designs that
were considered. Nonetheless, it is felt that
the grate-to-pipe welds should be placed at the
cross spacers to promote direct load transfer
from the grate into the pipe walls and minimize
grate distortion,

*The type of backfill had a dramatic effect on the
vertical deflections and stress distribution in
the pipe walls of the slotted pipe drain systems
tested. The soil cement backfills carried a
large portion of the applied load and decreased
the vertical deflections and bending stresses
in the slotted pipe drain. The ready-mixed Tean
concrete of the same cement factor proved to be
considerably stronger than the site-mixed so0il
cement required by current specifications.

*In most cases, the deflection of the asphalt
concrete pavement adjacent to the grate, rather
than the acutal deflections of the slotted drain
pipe grate, will probably 1imit the loading which
the slotted drain installation can withstand.
With an asphalt concrete thickness of approxi-
mately 2 inches next to the grate bearing bars,
tolerable asphalt concrete deflections will vary
between 0.040 inch (Traffic Index=6) and 0.017
inch {Traffic Index=11) depending on the expected
traffic volume and the type and compaction of
base material(l6). Similar deflections of the
slotted drain grate were obtained in Test 3B

94
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with single flotation tire static wheel loadings
of 14 kips (0.040 inch) and 8 kips (0.017 inch) -
see Figure 35, page 73.

2.2.2 Effect of Load Positions on Siotted Drain
Deflections

0f the various load positions, the centerline parallel
position of the loading plate caused the greatest vertical
deflections with both bearing bars {grate side plates)
deflecting the same amount. The eccentric parallel posi-
tion of the loading plate caused the greatest grate
rotation.

2.2.3 Effect of Different Types of Backfill on
Stress Distributions and Vertical Deflections
of the Slotted Drain

Slotted drains tested had greater deflections in soil
backfill than in the soil cement backfill. Also, the
soil backfill allowed the pipe to distort more under
toad, and transferred more Toad to the slotted drain
than did the soil cement backfill., The magnitudes of
bending stresses were greater in the slotted pipe drains
which were backfilled with soil material than slotted
drain with soil cement backfill. There seemed to be
little difference in the strength of slotted drains
backfilled with site-mixed soil cement and ready-mixed
lean concrete of the same cement factor according to the
vertical deflection data. However, the ready-mixed

lean concrete had significantly higher 28-day compressive
strength (1800 pounds per square inch) than did the
site-mixed soil cement (720 pounds per square inch).

10
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2.2.4 Effect of Various Load Positions on Stress
Distribution in the Corrugated Steel Pipe
of the Slotted Drain

The position of external wheel load which produces both
the'highest stresses and vertical deflections in the drain
pipe is the centerline parallel loading for both soil and
soil cement backfills., The highest bending stresses in
the pipe wall occurred 45 degrees from the center of the
grate with the corrugation crests in tension and the
corrugation valleys in compression. For almost all Tload
positions; stresses measured at the spring line in the
pipe walls of slotted drain backfilled with soil cement
were predominantly compressive.

11
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3. RECOMMENDATIONS AND IMPLEMENTATION

3.1 Recommended Changes to Standard Specifications and
Plans

Based on the observations and conclusions from the
laboratory and in=-situ testing of the i18-inch-diameter
slotted drain, the following recommendations are made:

*Modify the Caltrans 1978 Standard Specifications(12),
Section 19-3.025C to allow other dradings of aggre=-
gates to be used in soil cement bedding. The same
minimum cement factor, 282 pounds of Type II Modified
portland cement per cubic yard of soil cement back-
fil1l would be used for any of these aggregate blends.
These other acceptable blends of aggregates and the
respective sections of the current Caltrans Standard
Specifications under which their requirements are
explained are as follows:

(1) 1-inch maximum combined aggregate gradings
shown for portland cement concrete, Section 90-3.04

(2) Class 2 AB, having a maximum coarse aggre-
gate size of 3/4 inch, Section 26-1.02B

(3) Class A CTB, Section 27-1.02
*continue to manufacture slotted CSP drains in accor-

dance with current Caltrans Standard Plan D98-B.1
(Appendix 7.1.4, page 101). Allow the use of this

12
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18-inch-diameter slotted drain where occasional
heavy vehicle traffic {(maximum single flotation
tire load of 11,000 1bs) will occur, provided
that a soil cement bedding is required.

*leave older style slotted pipe drains which have
been installed in the past in service, provided
that the slotted drains are not damaged and will
not be subjected to heavy vehicle traffic or any
bicycle traffic.

*Repair these older style bar spacer grates only
when they show signs of fatigue or weld failure
or when they will be subjected to heavy vehicle
or bicycle traffic. When grate repairs are
necessary, new solid plate spacers may be welded
into the grate at 6-inch spacings while the
drain is still installed in the ground in lieu
of removing the old style drain and replacing
with new. With the grate spacer plates at 6
inches on centers, bicycle wheel entrapment
will not occur.

*Based on the stresses obtained in the pipe wall
of the 18-inch-diameter drain tested in this
project, the use of slotted pipe drains larger
than 18 inches should be restricted to light
traffic bearing areas only.

3.2 Future Research

In order to determine actual service 1ife under moderate
truck loading, it is recommended that any future testing

13
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jnclude cyclic loading of slotted drains. It is suspec-
ted that many of the older style slotted drains having
either single or double rows of plug welded hexagonal
cross bar spacers may perform satisfactorily under static
loading as performed in this research study. However,
when subjected to repeated dynamic loading, either the
plug welds attaching the hexagonal cross bar spacers fo
the bearing bars or the grate-to-pipe welds may fail. It
is recommended that in future research, fatigue tests be
conducted on slotted drains having grates manufactured
with double hexagonal cross bars in addition to those
with solid plate spacers to determine durability of welds
under fatigue loading.

3.3 Implementation

The major finding of this research study has already been
implemented. The improved grate structure in which solid
steel spacer plates at 6-inch centers are used instead of
hexagonal bars has been adopted as the standard design
(see Appendix 7.1.4, page 101). It is expected that the
recommendation to allow a broader variety of backfill
material will soon be incorporated into the Standard
Specifications(12).

14
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4, DESCRIPTION OF EXPERIMENTAIL PROGRAM

4,1 Testing Program - General Discussion

The objectives of this research program were to obtain a
relative strength comparison between the various types
or designs of slotted pipe drains tested, and to deter-
mine by static load tests if any of the types of slotted
Pipe drains would be suitable for use in areas where a
moderate amount of heavy truck traffic is expected., To
accomplish these objectives, the following parameters
were considered important:

*Strength of the grate-to-pipe welds to resist
tension, shear, and torsion.

*Strength of the agrate structure to resist shear
and to be able to carry ring compression.

*The type of loading which would induce the highest
stresses in the slotted pipe drain.

*Type of backfill material so as to minimize
stresses in the slotted pipe drain structure.

The physical characteristics of the slotted pipe drains
tested along with certain geometric variables which were
thought to influence the slotted drain's load carrying
capacity are listed as follows:

15
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*General descriptibn of s]otted'pipe drains:

Nominal pipe diameter: 18 dnches
Lengths: (1) Laboratory tests: 4 feet
(2) In-situ tests: 16 feet
i Pipe thickness: 0.064 inch (16 gauge)

*Pipe geometry:
Helix: 23.9°
Corrugation depth: 0.45 to 0.50 inch
Corrugation distance crest to crest: 2.65

inches normal to corrugation centerlines

*Pipe manufacturing process: Continuous helical
welded seam

*Grate geometry:

Bearing bar dimensions: 2-1/2 inches high,
3/16 inch thick

Types of cross spacers tested:
{1) Single 5/16-~inch-diameter hexagonal bars
(2) Double 5/16-inch-diameter hexagonal bars
R (3) 3/16-in. by 1-3/4~in. by 2-5/16-in.
solid plate
Spacing intervals of cross spacers:
(1) 4 dinches

(2) 6 inches

16
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Spacings of grate-to-pipe welds used:

(1) 6 inches

(2) 2 corrugations per weld

(3) 2-1/2 corrugations per weld
(4) 3 corrugations per weld

Lengths of grate-to-pipe welds tested:

(1) 1-1/2 dinches
(2) 1-3/4 inches
(3) 2 inches

Positions of grate-to-pipe weids with
respect to the cross spacers tested:

(1) at spacer

(2) at 1/4 points between spacers

(3) centered between spacers

(4) random - no relation to spacer position

Fourteen 18-inch~diameter, 4-foot-long slotted pipe drain
sections were tested in quasi-ring compression in the
laboratory to see how they would perform under both cen=-
tered and eccentric loading and to verify the need for
more extensive testing. The results from the laboratory
testing were of some benefit in determining relative
strength comparisons and were used mainly for information
to afid in planning in-situ tests.

The in-situ testing was accomplished by applying a verti-
cal load in different positions to five 18-inch-diameter,
16-foot~long slotted pipe drains installed in a simulated

.]7

CHhPDF - www fastio.com


http://www.fastio.com/

ClibhPDF -

roadbed test section. Two different grate designs, one
with double cross bar spacers and the other having solid
plate spacers, were used in these five drains,

One of the five slotted drains having a grate with solid
plate spacers was instrumented with 25 strain gages in
order to gain knowledge about the distribution and mag~
nitude of pipe stresses in a loaded slotted drain. This
pipe was tested using both soil and soil cement backfill
and applying loads in various positions.

4.2 Detailed Description of Test Phases

4,2,1 Laboratory Testing

In an attempt to determine the structural effects that
different methods of loading and different grate designs
would have on the relative abilities of the sTotted pipe
drains to resist vertical compression Toading, fourteen
4-foot sections of 18-inch-diameter slotted drains were
tested in the laboratory. A wooden cradle was con-
structed and used in all tests to give lateral support
to the bottom half of the corrugated steel pipe as

would a backfill material. 1In addition, two sections of
plain corrugated steel pipe were tested so that the
compressive loads attained could be compared with those
from the various sections of slotted pipe drain.

The varijous parameters considered important in this
series of laboratory tests included: (1) the method of
applying the external loads; (2) the type and spacing of
the cross spacers; and (3) the spacing, length, and lo-
cation of the grate-to-pipe fillet welds. These are
outlined in Table 1.

18
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TABLE 1

CSP DRAIN TESTED IN THE LABORATORY

DESCRIPTION OF SHORT SECTIONS OF SLOTTED

Speci- Methods Type No. Length Position of
man of of Corr. of grate-to-pipe Side
Hos. Loading Cross per grate-|Welds With Respect
(See Figure 11) Spacer Weld jto-pipe to:
Pg. 40 (Spacing,| (Weld | Helds
' inches) Spacing} (in.) |Corru-* Spacers**
: inches) gations
1 Eccentric Between
Rod Double 1-1/2 NCR Spacers
7 Eccentric Hear
Block Hexagonal c-v Spacers
3 Eccentric Every
Bearing on Other
grate Bar 3 c-v Held @
Spacer
11 Center on
Plate (6") (9")
15 Eccentric lear
Block 1-3/4 C-V¥ Spacers
4 Eccentric
Bearing on Hear
grate c-V Spacers
5 Eccentric At
Blogck 2 Crest Spacer
12 Center on Near
Plate ‘5-3/4" -V Spacers
i6 Eccentric c-V At
Block Spacer
10 Single 2-1/2 Near
(4") Hex. 7-3/4"| 1-1/2 | HCR Spacers
Bar
2 Eccentric At
Rod 3/16 Inch Crest Spacer
8 Eccentric Near
Block Piate p 1-3/4 |Cres acer
9 (6") 5-3/4" Crest Between
, Spacers
13 Center on Near
Plate Crest Spacers
6 Eccentric
Block Unsiotted
Pipe 0 — —_— -
14 Center
Block
Note: * NCR No Consistent Relationship

www fastio.com

C-V

Crest to Val

ley

** Dascription of position of grate-to-pipg
welds with respect to spacers is approximate.
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Four different methods of applying incremental vertical
loads to the sections of slotted pipe drain were used 1in
the Taboratory testing and are outlined as follows:

(a) an eccentric load applied to a 16-inch-long rod, tack
welded to the pipe wall 3.4 inches from the center of the
grate; {b) an eccentric load applied to a 4-inch by 16-
inch-long wooden block with a molded bottom to fit the
pipe corrugations; (c) an eccentric line Toad applied to
the top of one bearing bar only; and {(d) a line load
applied to a 2-1/2-inch by 16~inch-long steel plate
resting on both bearing bars. Wooden blocks with molded
bottoms were also used to apply the test loads to two
sections of plain corrugated steel pipe. All of these
toading methods are further described in Sections 4.4.1.]
and 4.4.1.2 and are shown in Figures 11 through 14 (pages
40-42) of this report.

4.2.2 In-Situ Testing

Five sections of slotted drains, each 16 feet long were
installed in a simulated roadbed section and Toaded to
failure. These were tested in order to learn what magni-
tude of wheel loads slotted drains having grates with (a)
double cross bar spacers and (b) solid plate spacers can
withstand without deflecting significantly. The 130-foot-
long, 10-foot-wide simulated roadbed was built on the
grounds of the Transportation Laboratory. The roadbed
cross section of 0.60-foot-thick asphalt concrete pavement
placed on top of 2.4 feet of aggregate base and native
clay basement soil with an R-value of 15 is depicted in
Figure 2. It was designed according to Section 7-600 of
the Highway Design Manual(14) assuming a Traffic Index of

12.0. After the roadbed was built, a 21-inch-wide x
21-inch-deep trench was dug the entire length and down its

20
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[k C 0.5* OF ASPHALT CONCRETE

/

18" OIAMETER SLOTTED C.3.P. ORA {N

1“
MIN.
BACKFILL
SGIL CEMENT
. SHOWN)
2.4'0F CLASS 2
AGGREGATE BASE
TRENCH WITH
ROUNDED
BOTTOM
SILTY CLAY BASEMENT SOIL (R-VALUE=15)
10't ~

RE 2. A CROSS SECTION OF THE SIMULATED ROADBED
FLed WITH A SLOTTED DRAIN INSTALLED.
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center. The trench bottom was shaped to conform to the
arc of the drain pipe. The five slotted pipe drains,
manufactured according to the standard plans and specifi-
cations shown in Table 2, were installed in the trench
and were assigned identification numbers 1 through 5.

The slotted drains were placed six feet apart in the
trench, Slotted Drain No. 1 was placed at the western-
most end with the other slotted drains placed numerically
in order toward the eastern end of the trench. General
procedures used to install and backfill the slotted pipe
drains are given in Appendices 7.2.1 and 7.2.2 (pages
102-105). The trench was widened to 44 inches for
Slotted Drains, Nos. 1, 2, and 3, where an untreated

soil backfill was used, so that the backfill material
could be compacted.

A description of the grate structure in each of the five
siotted drains tested in situ, in addition to a descrip-
tion of the length and location of the intermittent grate-
to-pipe fillet welds with respect to the corrugation
crests and the cross spacers, is given in Table 2. The
description of each standard plan used to manufacture the
respective slotted drains, and the type of backfill used
for each of the six test series, including Test Series 3A
and 3B, is also listed.

4,2.2.1 Explanation of Test Series 1, 2, 4,
and § '

The methods of conducting these four test series were
identical. Two loading positions, numbers (:) and () as
shown in Figure 3, were used in each of these four test
series. In both loading positions, the 8-inch by 12 1/2-
inch steel plate was always centered longitudinally on

.22
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PARALLEL LOADING, CENTER LINE & ECCENTRIC
CENTER LINE & ECCENTRIC @

the closest grate sbacer. The method of loading and the
various positions are discussed in greater detail in Sec-
tion 4.4.2.1, In~-Situ Testing, General Equipment and Test
Set-Up, pages 45 through 49 of this report.

PERPENDICULAR LOADING ,
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FIGURE 3. VARIOQOUS POSITIONS OF LOADING PLATE USED FOR
: IN-SITU TESTING.

PERPENDICULAR

In these four test series, two different load tests were
run on each of the four slotted drains, one test 5 feet
from the end of each drain at about the third point, using
a different loading position in each case. These loading
positions were called "Centerliine Parallel" and "Eccentric
Southside Parallel®., .The term "Centerline Parallel"
loading means that the slotted drain was loaded with the
long direction of the loading plate parallel with the
grate bearing bars and with the middle of the loading
piate positioned at the middle of a cross spacer. The term
“Eccentric Southside Parallel® loading is similar except
the steel plate is offset 4-3/4 inches to the "south" with
one edge overhanging a grate bearing bar 1/4 inch.

24
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In both Toad tests on each of the four slotted drains, the
load was incrementally increased, and after each increase
dropped to zero. This procedure was continued until notice-
able permanent deformation or vertical deflection of the
grate structure occurred. Vertical deflections at the base
of both grate bearing bars and 2-1/2 inches to each side of
the pipe invert were measured at each incremental loading
step increase and again each time the load was reduced to
zero, The same instrumentation was used to measure these
vertical deflections in all load tests in Test Series 1, 2,
4, and 5, and is further described in Section 4.4,2,
In-Situ Testing (page 45). The difference between each of

»these four test series are further explained in Table 2.

4,2.2.2 Explanation of Test Series 3A

In Test Series 3A, Stotted Drain No. 3 had a grate structure
with soiid cross plate spacers and was instrumented with 25
rosette strain gages. These gages were attached to the out-
side walls of the corrugated steel pipe near the longitudi-
nal center of the 16-foot-long section of slotted drain. In
this initial Test Series 3A, the slotted drain was bedded
with untreated soil backfill, and was loaded incrementally
to 15 kips at the longitudinal center of the pipe over the
strain gages using both the "Centerline Parallel” and
"Eccentric Southside Parallel® 1loading positions. Because
this strain-gaged slotted drain would be loaded again in a
future Test Series 3B, the maximum external Tloads applied

in Test Serjes 3A were limited to 15 kips; hence, yielding
of the steel in the pipe walls would be prevented and no
damage would occur to the costly strain gages. The exact
loading procedure is further discussed in Section 4.4.2,
In-Situ Testing (page 45). A different instrumentation

25
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system was used for this test series than was used in
Series 1, 2, 4, or 5. The instrumentation system for
Test Series 3A was comprised of an electromechanical
data acquisition system, which measured and recorded
strains (differences in voltage potentiail) in three

. directions in each of the 25 rectangular rosette strain
gage elements, The system also measured the corres-
ponding incremental loads and the vertical deflections
of the slotted drain as was done in Test Series 1, 2, 4,
and 5. Also in this Test Series 3A, the deflected shapes
of the upper half of the slotted drain were recorded at
each incremental load Tevel and at corresponding zero
Toads. This was done by photographing the positions of
small black magnetic pins which were placed in front of
a fine grid background positioned inside the pipe on a
plane perpendicular to the axis of the pipe directly
under the center of the loading plate. From this photo-
graphic data, shapes of deflected slotted drains were
determined and drawn.

A computer program was written to calculate stresses
from the strain gage data compiled for each loading case
run in Test Series 3A and 3B. A copy of the computer
program and a sample data printout are shown in Appen-
dices 7.3.2 and 7.3.3 (pages 110-114).

. 4,2.2.3 Explanation of Test Series 3B

" After the conclusion of Test Series 3A performed on the
strain gaged Slotted Drain No. 3, the asphalt concrete
paving around the grate structure and the untreated soil

backfill surrounding the drain pipe were carefully
removed. The same length of instrumented slotted pipe

26
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drain was then replaced in the trench and backfilled with
soil cement bedding. In Test Series 3B, the slotted
drain with strain gages was again loaded at its longitu-
dinal center incrementally up to 15 kips in each of the

- five Toad positions previously shown in Figure 3, page

24.

The “perpendicular" loading case was so named because

the longest side of the Toading plate was perpendicular
to the slotted drain grate bearing bars. The instru-
mentation for Series 3B tests was the same as that used
on Test Series 3A. In the Tast test conducted in Test
Series 3B, the slotted drain was loaded in the centerline
parallel position to 32 kips. Further loading was dis=
continued at this point as this load Tevel approached the
dead weight of the concrete and steel ballasts set on the
testing apparatus.

4.3 Materials
4.3.1 Slotted Drains

In the following section, materials used in the fabrica-
tion of slotted pipe drains tested in the laboratory and
in the simulated roadbed test section are discussed. The
slotted drains and their components were inspected at

the vendor's yard and then tested in the laboratory for
compliance to the Caltrans Standard Plans and the
Standard Specifications before they were used for this
research.

27
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4,3,1.1 Material Properties
Required and measured properties of the various materials
which were used in manufacturing the slotted pipe drain

include:

Steel strength:

*Corrugated steel pipe met specifications in
ANSI/ASTM A444 for copper steel. Also met
material requirements in AASHTO M218.

*Minimum requiréd strengths of flat galvanized
culvert sheets:

33,000 psi
45,000 psi

Yield Strength = cy
Ultimate Tensile Strength = ocult

*Actual average strengths as determined from steel
specimens cut from the tangent sections of the
corrugated steel pipe:

54,150 psi
61,900 psi

Yield Strength = cy
Ultimate Tensile Strength = cult

Cross plate spacer weld strength:

*Minimum required tensile force = 12,000 pounds
normal to the longitudinal axis of the bearing
bars.

*Actual tensile force measured exceeded 17,500
pounds, which is the capacity of the test fixture.

28
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Corrosion protection of the corrugated steel pipe:

*The pipe section met the requirement for the
average thickness of the hot-dip galvanized

zitnc coating of 2 ounces per square foot (total

on both sides of sheet metal) reguired for the
corrugated steel pipe. (AASHTO Designation: M218)

4,3.2 Backfill Materials

The five slotted drains installed in the 130-foot-Tong
trench were backfilled with three types of materials:

(1) a soj1 backfill (sand), (2) a site-mixed soil cement,
and (3) a ready-mixed lean concrete. A sand was used

for the soil backfill because its grading met that of

the earlter specifications for soil backfill and it was
readily available., This sand took more time to place

than either the soil cement or lean concrete backfill.

This was because the sandy backfill (see Figure 4) was
difficult to compact and there was a much greater volume

of material to compact since the trench had to be widened
to 44 inches. The trench widening was necessary in order
te provide enough room to operate foot compacters and
nuclear instruments to measure relative compaction of the
backfill material {(see Figures 5 and 6). In comparison,
two slotted drains, Nos. 4 and 5, with the lean concrete
and soil cement respectively, required only a 21-inch

wide trench as shown in Figure 7. The relative compactions
of the compacted untreated soil backfill around two slotted
drains Nos. 2 and 3 were determined using a nuclear gage
according to procedures outlined in California Test 231(13)
and averaged 96% and 97% respectively. Figure 8a gives

the grading analysis for the sand used as untreated soil
backfill.
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FIGURE 5. COMPACTION OF THE
SOIL BACKFILL.

FIGURE 4. TYPICAL TRENCH FOR
SLOTTED DRAIN BACKFILLED WITH

SOTL.

TYPICAL TRENCH FOR

FIGURE 6. MEASURING THE RELATIVE FIGURE 7.
COMPAGTION OF THE SOIL BACKFILL SLOTTED DRAIN BACKFILLED WITH
WITH A NUCLEAR DENSITY-MOISTURE SOIL CEMENT.
GAGE.
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The first series of load tests (Test Series 3A) were
performed on Siotted Drain Neo. 3, backfilled with a
untreated soil (sand) material. This drain, instrumented
with 25 rosette strain gages, was carefully removed after
conducting load tests in Series 3A, and reinstalled in
the same trench and backfilled carefully with site-mixed
so0il cement. This was done in order to determine the
effect of a strong backfill on the stress distribution

in the slotted drain.

The soil cement backfill, a blend of native silty clay
soil, Class 2 aggregate base, and portland cement, was
mixed in a 3~cubic-foot concrete mixer and then placed
along the sides of the slotted drain and vibrated
thoroughly. Each slotted pipe drain was adequately
braced so it would not float out of place. The grading
for the site-mixed soil is shown'in Figure 8b, page 31
and Table 3. The mix design used for the soil cement
backfill is shown in Table 5. This same soil cement
design was used for the backfill material around Slotted
Drain No. 5. The compressive strength of the site-mixed
soil cement mix is displayed in Figure 9, page 36.

A lean concrete backfill (282 pounds of portland cement
per cubic yard) was used for Slotted Pipe Drain No. 4.

It was comprised of a readily available, well graded

sand and coarse aggregate, and Type II Modified portland
cement (see Tables 4 and 5). The Tean concrete mix was
brought to the site in a ready-mix truck, placed around
the slotted drain, and then thoroughly vibrated. The
purpose of the use of the lean concrete was to save time
and labor in batching and mixing., Time and labor were
indeed saved and also the lean concrete had a much higher
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TABLE 3. AGGREGATE BLEND FOR SITE-MIXED SOIL CEMENT.

‘ Combined
Sieve Size €l. 2 AB Soil Grading Limits

1 1/2¢ ~ - -

" 100 - - 100
3/4" g7 100 97 80-100
1/2" 81 99 80 60-100
3/8" 71 g9 73 -

#4 51 98 54 50-100
#8 38 97 44 40-80
#16 30 96 39
#30 23 95 34
#50 15 91 27
#100 10 83 22 10-40
#200 8 73 19
Specific
Gravity
(S.5.D.) 2,70 2.65
Blend: 80% 20%
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TABLE 4, AGGREGATE BLEND FOR READY-MIXED LEAN CONCRETE.

- Concrete Combined
Sjeve Size " x #4 Sand Grading Limits
. 1 1/2" 100 100 100
I 97 98 80-100
3/4% 72 85 60-100
1/2" - - -
3/8" 14 100 53 50-100
#4 2 98 45 40-80
#8 85 38
#16 69 31
#30 45 20
#50 20 9
#100 6 3
#200 1
Specific
Gravity
(5.5.D0.) 2,76 2.65
. 34
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* Yolume of each batch
Maximum size aggregates, inches 1

www fastio.com

Slump, inches

Water~cement ratio - by weight
Water-cement ratio ~ galions/sack 11.67
Water - pounds

Water - gallons

Cement - pounds

Cement - sacks

Fine aggregate - pounds

Coarse'aggregate - pounds

Cement factor - sacks/yar-d3
Cement factor - pounds/yard3

(A)

Ready-Mixed
Lean Concrete

1 yd3

4-5
1.04

292
35.0

282
3.0

1524
(sand)

1924
(gravel)

3.0
282

- 35

TABLE 5. MIX DESIGNS FOR (A) THE SOIL CEMENT
AND (B) LEAN CONCRETE BACKFILLS.

(B)
Site-Mixed
Soil Cement

3

3 ft
3/4
4-5
1.20

12.90

36
4.3

31
1/3

76
{(silty clay)

300
(Class 2 AB)

3.0
282
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2400

STRENGTH (psi)

1600

800

1

-

//

-

—

-

/_D/‘/miy-miud' cancrete
siotted drain No. 4

Site-mixed soil cement
slaotted droins No.3 & No.5

20 40 60 80 100
AGE ~{days)

FIGURE 9. AGE VERSUS COMPRESSIVE STRENGTH FOR SDIL
CEMENT AND LEAN COMCRETE USED AS BACKFELLS.
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compressive strength than the soil cement backfill used.
The 28-day compressive strength of the lean concrete as
seen in Figure 9 was about 1800 pounds per square inch
as compared to the 28-day compressive strength of the
sotl cement of 720 pounds per square inch. However, the
readily available aggregate used to make the lean con-
crete, commonly used to make portland cement concrete,
did not meet the gradation requirement for aggregate to
be used for soil cement bedding as specified in Section
19-3,025C of the 1978 Standard Specifications(l2). 1In
order to meet current gradation requirements for soil
cement backfill, a considerable amount of fine aggregate
passing the No. 100 sieve would have to be added. This
special blending would require considerable time, labor
and expense.

4,4 Testing and Procedures

4,4,1 Laboratory Testing
4.4,1.1 Testing Equipment

Each of the 4-foot-long slotted drain specimens was
tested in quasi-ring compression using a M.T.S. univer-
sal testing machine with a 1000 kip capacity. ATl
specimens were loaded at a constant rate of 0.5 inch
per minute. Before testing, a 500-pound preload was
placed on each pipe to remove any initial movement
prior to zeroing deflection instruments. A11 specimens
were supported in a wooden cradle 20 inches high and

48 inches long, shown in Figure 10. The cradle was
positioned on the lower platen of the testing machine.
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FIGURE 10. WOODEN CRADLE USED TO SUPPORT SHORT
SLOTTED DRAIN TEST SPECIMENS.

4.4.1.2 Loading Methods Used in Laboratory
Testing

It was necessary to develop appropriate test eguipment
and load application methods for testing the short sec-
tions of slotted pipe drain in the laboratory using test
procedures which would be relatively simple and easy to
duplicate. These procedures were to approximate the
same effects which a distributed wheel l1oad of a heavy
truck would impose on the slotted drain,
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In the first stages of laboratory testing, a suitable
method of appiying an eccentric load to the siotted
drains was sought. Initially, an eccentric load was
applied through a‘3/451nch-diameter rod as shown in
Loading Method‘(]j,'Figure 11a. This procedure was
found to be unsuccessful, as the load was not distrib-
uted well and the resulting 1ine load tended to cause
buckling in the pipe wall directly under the loading
bar. A sidée view of this unsuccessful Loading Method
(1) is shgwn‘ih-Figure 12. Loading Method (2) also
shown in Figure 1la, was found to work much better.

By using a 4-~inch=wide by 16-inch-Tong wooden block
contoured to fit the corrugations of the slotted drain
and cushioned over this contacting region with a thick
sheet of neoprene rubber, the vertical load was ap-
plied evenly-over a broader area. A photograph of
this successful Loading Method (2) is shown in Figure
13, This method was used in the remaining tests to
apply eccentric loads over the pipe corrugations
adjacent to the grate structure of the slotted pipe
drain, and also to apply loads to the lengths of the
plain corrugated steel pipes (see similar Loading
Methods (5) and (6) in Figure 11b).

Two additional Loading Methods, (3) and (4). shown in
Figure 1la, were simple to use. These were intended
to represent a wheel load applied on top of and
parallel to the grate section. Loading Method (%)
approximated a wheel load centered over the grate
bearing bars, and Loading Method {3), a slightly
eccentric wheel load over one bearing bar only. A
photograph of an end view of a slotted drain being
tested using Loading Method (3) is shown in Figure 14,
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0348’ —J l—-—
¢

Loading Method (2}

Loading Method (1)
Eccentric ~ Bearina on Eccentric - Bearing on
a 3/4" @ x 16" Rod Tack a 4" x 16" Block with
Welded on the Pipe Bearina Area Fitting

the Pipe Corrucations
e P
| !
L
(]
o.07s’ -—l ‘
€ &

Loading Mathod (3) Laadina Hethod (4)
Eccantric ~ Bearing on Gentar - fgaring on a
One Sida of fGrats Plate Sat on the Grate

FIRURE 11a. LOADING METHOOS VUSED TH THE LARQRATORY ON SLOTTED DRAINS,
P
|
Loading Methad (5) Loading Method (&)
Center - BRearina on a Eccentric - Bearina on
N 4" x 16" Block with a 4" x 16" Block with
Searinn Area Fitting

Bearina Area Fitting
the Pipe Corrunations

the Pipe Corrugations

* FIGURE 1ib. LOADING METHODS USED [N THE LARORATORY ON PLAIN
CORRUGATED STEEL PIPE.

FIGURE 11. LOADING METHODS (ISED TH LARORATORY TESTING.
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FIGURE 12. LOADING METHOD (1): ECCENTRIC LOADING
APPLIED TO A ROD, TACK-WELDED TO CORRU~-
GATED PIPE OF SLOTTED DRAIN.

FIGURE 13. LOADING METHOD (2): ECCENTRIC LOADING
APPLIED TO CORRUGATIONS OF SLOTTED
DRAIN USING A CONTOURED BLOCK.
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FIGURE 14. LOADING METHOD (3): ECCENTRIC LOADING
APPLIED TO ONE BEARING BAR OF THE GRATE
OF A SLOTTED DRAIN.
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4,4.1.3 Measurements Made During Laboratory
Testing

The measurements read and recorded were: maximum grate
deflections, the testing machine platen deflection,
applied loads, and grate angle changes.

The maximum grate deflection at the center of the bearing
bar closest to the applied load was measured using a
Houston Scientific Position Transducer shown in Figure
15. This {nstrument was a multi-turn rotary potentiom-
eter, capable of measuring up to 13 inches of deflection
with an accuraecy of *+0.01 inch,

FIGURE 15. MEASUREMENT OF GRATE ANGLE
CHANGE AND GRATE DEFLECTION.
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FIGURE 16. THE X-Yq-Y, PLOTTER USED TO RECORD
LOAD (P) VERSUS DEFLECTION (A), SHOWN
WITH SUPPORTING ELECTRONIC EQUIPMENT.

The grate deflection (YI axis) was recorded versus load

(X axis) on a 10-inch x 15-inch chart. The testing machine
platen deflection (Y2 axis) was similarly recorded versus
load (X axis) concurrently on the same chart. The recording
instrument was a HewTett-Packard dual stylus X-Y]—Y2 plotter
shown in Figure 16. The grate angle change was read and
recorded manually by observing a universal protractor plumb
and level mounted on the grate, shown in Figure 15. These
readings were recorded at the preload of 500 1bs and every
2000 1bs afterwards. The readings taken at or near 6000

1bs are tabulated in the data summary presented in Table 7,
page 63, Section 5.1 of this report. The observations con-
sisted of two anglies, so noted in Figure 17. |
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FiGURE 13. GRATE ANGLE CHANGES OBSERVED DURING
- EEE LABORATORY TESTING OF SLOTTED
IN. .

O0ther data recorded during laboratory testing included
maximum -Toad meax)’ grate descriptions, weld lengths,
fa11ure modes, and time and date of test. Photographs
were taken of test fixtures, instruments, test specimens,
and the loading methods used.

4.4.2 1In-Situ Testing
4.4.2.1 General Equipment and Test Set-Up

Each® of the field tests was conducted using the same

general procedure and loading equipment with minor vari-

" ations in the monitoring and recording instruments. The

dead load testing frame which was used for all tests is
shown in Figure 18. Four wooden timbers, 12 inches wide
by 14 inches deep by 19 feet long, and having a total
weight'of 2300 pounds, were used to support dead load

weights consisting of concrete blocks, steel "I" beams
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412
TIMAERS

and steel plates. These timbers were stacked in pairs and
were simply supported by two 10-foot-long W12x72 steel
beams, one under each end of the two pairs of stacked tim-
bers. The long wooden beams were used as a bridge so that
the forces transmitted to the ground at their supported
ends would not affect the stresses or deflections of the
loaded slotted drain.

1EAN OF
2 Uza3o A

CHANNELD |

REDWOGH
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LOAD CELL AWd. N
Swivel, HEAD

/\/ (uw LB, CONGARTE LGSHY.
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— f!TEll. PrLATES

wizeld
atamnt

IITT

AULIC JACK
!!!IL SEARING PLATE
8"242 T HESPRENE
PAD V2" THIEK

rang )

&‘u’

e JAC R
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T
SLFLECTION WEASURING . {
DEVICE 1
L J']

CANTILLYERED ALUMINUMN llclll/

(a) SIDE VIEW (b) END VIEW

FIGURE 18. POSITION OF TEST EQUIPMENT.

Four 6300-pound concrete blocks were placed on the wooden
beams and were centered about the section of the slotted
drain to be loaded. Steel plates having a total weight
of 11,400 pounds were placed on top of the concrete block
to provide additional dead load. Three 10-foot-long
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W12x72 steel beams, all weighing approximately 2300 pounds,
were placed on one énd of the wooden beams to provide
additional dead load and to stabilize the system. The
total available dead load including the weights of the
three steel beams, four wooden beams, four concrete blocks,
and steel plates was 41,100 pounds, against which a jacking
force could be applied. The wooden beams were bolted to-
gether using a steel beam made up of two C12x30 channel
sections, four long steel rods, and two steel end plates
(see Figure 18b). A 120-kip capacity hydraulic jack,
placed under the center of the composite steel channel
beam, was used to apply the static load to the slotted
drain. This system provided a means by which a con-
trolled incremental load could be applied to the various
siotted drains.

For applying the load to the slotted drains in situ, an
8-inch-wide by 12 1/2=-inch-long neoprene pad 1/2-inch
thick was placed directly on top of the asphalt surface
and over the grate of the slotted drain in the various
positions shown in Figure 19.

PARALLEL LOADING~— PERPENDICULAR LOADING—
CENTER LINE AND ECCENTRIC CENTER LINE AND ECCENTRIC
¢ w ! N |
LT ' T |
{ | |5 +t=n | | © CENTER LINE PARALLEL
SRS B T
¥ b oo ! | (B ECCENTRIC SOUTH SIDE
ii@ @ ey {6 @ | PARALLEL
IE b H b { (® ECCENTRIC NORTH SIiDE
i““" | | B i PARALLEL
| | { s | @ CENTER LINE PERPENDICULAR
! | A | (® ECCENTRIC SOUTH SIDE

PERPENDICULAR

FIGURE 19. LOADING POSITIONS USED FOR IN~SITU TESTING.
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A1 1/2-inch-thick steel plate, having the same rectan-
gular dimensions as the pad, was placed directly on top
of the pad and distributed the applied jack load evenly
over the surface of the neoprene. The 100-square-inch
surface area of the pad represents the same approximate
contact surface area as a commonly used pneumatic
"flotation" truck tire. Loading positions C) and ()
were used in Test Series 3A, 1In Test Series 3B, each
of the five loading positions was employed. Only
loading positions C) and () however, were used in the
load tests performed on the other four slotted drains.

In both the loading positions (D and @ . designated
respectively as "centerline parallel" and "centerline
perpendicular”, the pad was simply centered on the grate
either parallel or perpendicular to the grate bearing
bars. For the other various loading positions designated
either as "eccentric paratlel", @ or @), or "eccentric
perpendicular", C) » the pad was placed with one of its
edges overhanging a bearing bar of the grate by 1/4 inch,
as shown in Figure 19,

The bottom of the hollow hydraulic jack was positioned
over a solid steel pin which protruded up from the center
of the steel bearing plate. A number of jtems were
positioned on top of the jack ram. These included a
hollow spacer cylinder, a load cell having a 200~kip
capacity, a swivel seat, and a 2-inch~thick steel plate
which bore against the channel beams when the jack was
extended.
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The 1oad cell was calibrated for a range of 0 to 50 kips
in a 60-kip-capacity universal testing machine. Calibra-
tion was verified just before each test with a resistance
shunt calibration box,

The hydraulic system used to move the jack ram is shown
in Figures 20, 21, and 22.

Both the fluid flow and pressure to the jack were con-
trolled by a variable transformer which regulated the
speed of the hydraulic pump. With this system, any
magnitude of load could be applied to the slotted drain
and held constant, while deflections and strain measure-
ments were recorded.

4.4.2.2 Instrumentation-Defiections

A device was built to measure vertical deflections using
lTinear disp]acement transducers (LDT's). LDT's are de-
vices in which strain gages mounted on a coiled spring
are used to determine the linear displacement of a small
diameter steel shaft by changes in resistance. " The
deflection-measuring device, shown in Figure 23 was
cantilevered on a 2-inch-wide by 5-inch-deep hollow
rectangular aluminum beam. Vertical deflections, two

at the grate bearing bars and two near the invert of

the drain, were measured to the nearest +0.001 inch.
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Note: Digital load indicator was used
to monitor load in testing of
strain gage-instrumented drain.

HEG VOLT AC
LINE $CURCE

O HYDRAULLIE)
PUMP
O-140voLY T

VARIABLE
TRANSFORMER

LINE TO _~]

EXTERD LINE 4 HETRALT RAM

ENERPAC
a THRADTTLE

" zomiP
DOVBLE
ACTING

WY

DRAULIC|

[EYLINDER]

FIGURE 20. SCHEMATIC
DIAGRAM OF HYDRAULIC FIGURE 21. HYDRAULIC SYSTEM USED TO

SYSTEM. LOAD THE STRAIN GAGE-INSTRUMENTED
SLOTTED DRAIN.

Note: Strainsert box used to
monitor load in remaining tests.

FIGURE 22, HYDRAULIC SYSTEM USED TO
LOAD SLOTTED DRAINS 1, 2, 4 AND 5,
IN WHICH ONLY VERTICAL DEFLECTIONS
AND LOADS WERE MEASURED.
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ﬁGRATE BEARING BARS

MAGNETS WITH
NEEDLES ATTACHED

ALUMINUM DISC —: [t SO
WITH GRID ATTACHED -

B UM I 5*1-5161-;':

j 5 1 o
K r{"f1
L -

LINEAR
LOISPLACEMENT

// TRANSDUCERS

8" CORRUGATED STEEL PIPE

" FRAME FOR MQUNTING >
DEFLECTION-MEASURING DEVICES METAL HOOKS GLUED

TO SLOTTED DRAIN
ALUMINUM BEAM

FIGURE 23. DEVICES FOR MONITORING DEFLECTIONS OF SLOTTED
'DRAINS, MOUNTED INSIDE. OF BRAIN PIPE.

The deflection device shown in Figure 23 and used in all
in-situ tests was mounted on the end of a 5-inch-deep,
2-inch-wide aluminum box beam which was cantilevered
approximately five feet into the slotted drain pipe and
supported just outside the slotted drain. When the de-
vice was in place, four small metal hooks were glued

with epoxy, one each onto the bottom of both grate bearing
bars and one onto each side of the drain invert where
deflections were measured. Small diameter cables were
then installed between each hook and its respective LDT.
Care was taken that each of the four LDT's had sufficient
travel in both directions to measure the expected vertical
deflections. The locations of the points on the interior
of the pipe at which the deflections were measured were
the same for all tests.
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SWITGHING AND
BALANCING UNIT
Lk MODEL NGO, 228

LINEAR DI1SPLACEMENT
TRANSDUCERS
gLM STRAIN GAGE TYPE

ZQ0-KiP=CAPACITY
Loab CELL

FOR' LOAD {KiP%) FON CEFLECTIONS LiN]}

STRAINSEAT'™ INDICATORS

FIGURE 24. SCHEMATIC DIAGRAM FOR INSTRUMENTATION
DEVICES USED FOR MONITORING VERTICAL

DEFLECTIONS IN TESTS CONDUCTED ON SLOTTED
DRAINS ¥, 2, 4 AND 5..

The deflections at the grate and invert of the strain-
gage-instrumented pipe and the pipe strains were recorded
on punched tape using a binary number system, and also
were printed on an additional tape {see schematic in
Figure 24). The printed tape was used to quickly monitor
the data during tests. A less sophisticated system using
two Strainsertl™ indicators and a resistance shunt cali-
bration box was used to determine vertical deflections at
the same locations in the remaining four slotted drains

(see Figures 25 and 26, page 53). The LDT's were initially

calibrated within a 0.2-inch range by using micrometer
calibration board, and their accuracy was also quickly
verified just before each test.
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FIGURE 25. DATA ACQUISITION EQUIPMENT USED FOR MEASURING AND
RECORDING STRAINS, DEFLECTIONS, AND LOADS ON THE
STRAIN GAGE-INSTRUMENTED SLOTTED DRAIN.

Switthing and balancing unit

o+

Strainsert
Indicator

+

) FIGURE 26. ELECTRONIC EQUIPMENT USED FOR MEASURING DEFLEC-
R TIONS OF SLOTTED DRAINS 1, 2, 4 AND 5.
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Inside of the strain gage-instrumented pipe, deflections
of other various points on the interior pipe wall, in
addition to those mechanically measured at the grate and
invert, were determined photographically for five of the
load tests performed on the strain gage-instrumented drain.
This was accomplished by mounting a sheet of graph paper
having a grid with 20x20 lines per inch on a semicircular
shaped piece of sheet metal which was bolted on the top of
the deflection device's aluminum frame. The grid-covered
sheet metal was positioned so that its face was in the
plane normal to the axis of the drain pipe and through

the center of the loading plate, as shown in Figure 27,
Magnetic pins mounted on small bar magnets were placed

on the pipe wall and also on each bearing bar. The ends
of these pins acted as indicators for determining move-
ment of points on the inside pipe wall along the half
circle defining the upper portion of the drain pipe.

The interior of the drain pipe showing the pins projec-
ting in front of the grid was photographed while the drain
was Toaded at each load increment and also at zero Toads.
The deflections at each point were determined with an
accuracy of approximately +0.,01 inch by measuring changes
of the pin positions shown on enlarged photographs.

4,4.2.3 Instrumentation-Rectanguliar Rosette
Strain Gages

In the strain gage-instrumented drain the rosette gages

were placed as shown in Figure 28, Information about the
gages is inciuded in the following list:
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FIGURE 27. GRID SYSTEM AND MAGNETIC PINS INSIDE
SLOTTED DRAIN NUMBER 3 USED TO DETERMINE
DEFLECTED SHAPE OF THE DRAIN PIPE IN
TEST SERIES 3A .AND 3B
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SLOTTED DRAIN NUMBER 3.

56

ClihPDF - www .fastio.com


http://www.fastio.com/

ClibPD

Strain Gage Type: 3 gage stacked 45° rectangular rosettes
Manufacturer: Micro-Measurements, Inc., Romulus, Michigan
Manufacturer's No.: SA-06-T20WR-126

Gage Length: 1/8 1inch

Gage Factor @75°F: 2.07 nominal

Strain Limits: +1.5% at room temperature

Resistance: 120 Ohms +0.3%

The gages were placed at their numbered positions on the
outside of the pipe only, either at the top of the corruga-
tion crest or in the center corrugation valley. The strain
gages were installed according to strain gage installation
procedures, which are outlined in Chapter 3 of The Strain
Gage Primer{15). A schematic diagram of equipment for
measuring and recording strain at each gage is shown in
Figure 29.

Qato Acgquiniban System

——————
STRAIM GAUGES I I
|__Jscannen | 916174
3-ELEMENT STACKED l VOLT METER
ASTAECTANGULAR || I 1 |
ADSETTES tape [
- | PUNCH
Z
E ! — !
2 I I
e PMINTER
= I |
3
200=KIP= =2 l__...__...__._._—l
CABACITY Purasm— =y
Load CELL z
9 SIGITaL
A LOAD CELL READ=QuT
{FOR LOAD CONTROL)
LINEAR
OLSPLACEMENT —
TRANSOUCERS
0C POWER
1 I supPLY

FIGURE 29. SCHEMATIC DIAGRAM FOR ELECTRONIC EQUIPMENT USED
TO MONITOR LOADS AND DISPLACEMENTS FROM SLOTTED
DRAIN NUMBER 3.
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4.4,2.4 Dascription of Test Series and Leoading
Procedures used for Slotted Drain Load
Tests Conducted in=-5Situ

Five different 16-foot-Tlong slotted drains, numbered 1
through 5, were installed and tested in-situ in this
phase of the research project. A total of six test
saries with code numbers 1, 2, 3A, 3B, 4, and 5 were
performed; the integers in these code numbers were
assigned so as to correspond to the pipe number on which
a particular test series was performed.

In each of the Test Series 1, 2, 4, and 5 conducted on
Slotted Drains Numbers 1, 2, 4, and 5 respectively, two
loading tests were conducted. Each of these four slotted
drains was loaded concentrically using a "centerline
parallel" position centered five feet from one end, and
then eccentrically five feet from the other end with an
"eccentric southside parallel" position. These approxi-
mate third point positions were far enough apart from one
another and away from the ends of each drain to prevent
any influence from discontinuities at the ends of the
drains or from adjacent loads. Loads were applied in
each instance by jacking hydraulically on an 8-inch by

12 1/2-inch loading pad and against a dead load system
supported by wooden beams, as previously described in

- Section 4.4.2.1 of this report. In each of these four
test series, deflections of four different points inside
. the drain pipe, one at the bottom of each grate bearing

bar and one on each side of the pipe invert, were moni-
tored in conjunction with the hydraulically applied load
as explained in Section 4.4.2.2 of this report.
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In each of these test series, with the exception of Series
4, loads were increased in 2-kip increments from zero to
30 kips, and in 1-kip increments from 30 kips %o the
maximum applied load which varied slightly (see Table 6).
For the eccentrically applied load in Test Series 4, loads
were increased in 3-kip increments to 24 kips, and from

24 to 36 kips were raised in 1-kip increments. In all cases,
initial "zero readings" of the four transducers were made
at the beginning of each test with no external load
applied to the drain., The external load was then raised
to 2 kips, and deflections of the four transducers were
recorded. The load was then reduced to zero and the four
deflections were again recorded at zero load. This pro-
cedure of raising the applied load, reading deflections,
dropping the load again, and reading "zero load" deflec-
tions was continued, each time increasing the applied load
value incrementally, until a substantial grate deflection
was noticed or until the magnitude of the applied load
approached the total dead weight which was available to
react against. Residual deflections, measured each time
the incrementally increased load was reduced to zero, were
plotted and are shown in Figures 31 through 34 (pages 68
through 71). These residual deflections, however, did not
vremain steady each time after the external loads were
reduced to zero: thus they were recorded after the same
time interval, approximately 30 seconds, had elapsed from
the point in time when the external load actually reached
zero.

The remaining two Test Series 3A and 3B were both con-
ducted on the same section of strain gage-instrumented
drain, Slotted Drain Number 3, which was especially
instrumented with 25 rosette strain gages. The main
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TABLE 6. LOADING POSITIONS AND PROCEDURES USED

FOR EACH TEST SERIES.

Loading Increments

Test tsed Far Given Maximum
Series Loading Pasition Range of. Load Yalues Load
Number {see page 47) (kips) Applied

1 Centerline 2 kips from 0 to 30 kips 36
then
Parallel 1 kip from 30 to 36 kips kips
Eccentric Southside 2 kips from 0 te 32 Kips 32
Parallel kips
2 Centerline 2 kips from 0 to 30 kips 33
then
paraliel 1 %jp from 30 to 38 kips kips
Eccentric Southside 2 kips from 0 to 30 kips 33
then
Parallei 1 kip from 30 to 33 kips kips
3A Canterline 2 kips from 0 to 10 kips 15
Parallel then kips
Eccentric Southside 1 kip from 10 to 15 kips
Parallel
38 Centeriine 1 kip from 15 to 20 kips 32
then
Parallel 2 kips from 20 to 32 kips kips
Canteriine
Perpendicular .
Eccentric Southside
Parallel
Eccentric Northside
Parallel
Eccentric Southside
Perpaendicular
Centerline
Paralleal
4 Centerline 2 kips from 0 to 30 kips 38
) then
Parallel 1 kip from 30 to 38 kips kips
Eccentric Southside | 2 kips from 0 to 24 kips 36
then
Parallel 1 kip from 24 to 36 kips kips
5 Centerline 2 kips from 0 ta 30 kips 39
i then
Parallel 1 kip from 30 to 39 kips kips
Eccentric Southside 2 kips from 0 to 30 kips 36
then
Parallel 1 kip from 30 to 36 kios kips
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difference between these two test series was the type of
backfill used: in Test Series 3A, a soil backfill was
used, whereas in Series 3B the same drain was reinstalled
using soil cement bedding as a backfill. Although the
maximum applied load levels as shown in Table 6 are Tower
for these two Test Series, 3A and 3B, the general testing
procedures are the same as those employed for the four
previously discussed test series, Slotted Drain Number 3
was loaded at its longitudinal center for all loading
positions used in both Test Series 3A and 3B. Only
loading positions 1 and 2 (see Figure 19, page 47) were
used in Test Series 1, 2, 4, 5, and 3A. In Test Series
38, these two positions, as well as three additional load
positions, also shown in Figure 19, were employed. The
load range of 0 to 15 kips, used for Test Series 3A and
all but one loading position in Test Series 3B, was inten-
ded to keep the pipe wall stresses below the yield point
so that the slotted drain could be retested by applying
the external load in the same general area and results
for each ‘test would then hopefully be valid. The Slotted
Drain Number 3 was finally loaded to failure at 32 kips
during the last loading test in Test Series 3B using a
centerline parallel loading position. This loading
position was used to finally fail the instrumented drain
as it produced the highest stresses and greatest deflec-
tions of any of the loading positions employed in the
entire in-situ testing program.
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5. DATA AND DATA ANALYSIS

5.1 Data Analysis and Conclusions from_ the Laboratory Tests

The data obtained from initial laboratory testing of the
4-foot sections of slotted drain is summarized in the
following Table 7. Important variables considered in the
initial quasi-ring compression laboratory testing include:
(1) the method of applying a vertical load to the slotted
drains, (2) the types of grate cross spacers and (3) the
location of grate-to-pipe welds.

Parameters measured which gave an indication of the effects
of these variables on the relative ability of the various
types of slotted drains tested to withstand compressive
loads include:

(1) the maximum load attained,

(2) the maximum deflection under the grate bearing bars,

(3) the maximum deflection at the center of the load, and

(4) the maximum angle change of the grate structure
measured at a compressive load of 6000 pounds.

As a very limited number of tests were conducted for each
. loading condition, the following comments made and con-
clusions drawn from the data taken are very general:

62

ClihPDF - www .fastio.com


http://www.fastio.com/

6y abed “2{ aanblJ 99Se

- - : 0L°0 060°0t ¥l {0) y3014

0 56°0 . sdd 123137

3 3 : ] - - - yaold
6t 0 - 0z°1 0v°0 06e ‘01 9 pa3jeLsun 2447U5997

= = ¥ T M STUTUg ajeld uo

o 5670 00" L %001 €l b 1Y Yoidan

T v T T AT IEN,
gFE0 S .2| o0l 520 1A 6 uaangag g (9) 4201
gre’o ot o [T SL°0 JACAL] 2 .EHMMW_ PSR w1 [4 aleld EYRLNERLE |

. . r v JoTvd ysuy 9L/e poy
£8¢°0 o8 o¥ 5970 V1] LT XA F] uw 5} 43U8993

: Ty . il | 5T'0 US55 Z STUTUJ 7L L | 2/l 2 qeg Xaf
BVE"0 o ot v/l 3y ! ! 216uLs 12014
596°0 of oF e 02°0 te8'0 91 .._auamm AaL LA a“v 3143u3923

= = r + s5eac] -9 31814 U0

o Tg™0 050 34 2t 5 wmmm -158437 433U2)

_ : . : . Y3018
Z1ED oG5} o5 L 5870 L Lec™o § z:mw 35949 ¢ 914302223

-~ - 5 ¥ T sA9ITUS aledayg uo Buraeag
5.0°0 o8| o574 0670 5970 tee”l b aea) } omgu:muuw

5 * i) 111 Py RN ] FELT I
avE"o ¥ o] o1 11 5 1 st v/e L ) uvuw.“wumw

- v d

0 - - §0°1 STt 15’6 Lt .ﬂw_ﬂﬁ xw.—u..—-n: 9 J31us)

: <8 : M) A EAT £a9A3 | ~3534D € e sjedy Uo buldesy
51070 A 5670 € | jooeds 2y _ 9 9143u2393
8be"0 R B ot 5170 0026 L s3ujod Leuobexay uhu:wmuu

. 590 0E'D 5928 wwmwmww T Z71 L ajLqnog oy
£82°0 o8 ] 1 usampay | A 3147U9923

sH—= | +A = (sayouy) s3ayosuy}

{1934) (sayaui} . aeg uolyeb ﬁmwso“: .M.ucu.._m—c ged
peot (s22a62p) peo bugaeag ssaoeds | -nade) mm_ W1 pray [Butoeds)pue| Ame abe
pue upeag | 91 000%=4 jo azeay ..c_n_ 454 RERTY: I L1 24nbl§ a3t}
pe110(S 30 ie J33U8) Japufl | ¢punogd soN 103 1272ds3y -3 ..M.._ suoyyebh 5504) fuipeo
UTNNEST LN mumm”__u e :wwuuwﬂwmn (d)peol uau Yy SPLOK wa 9 -ndae) “__m mm

TEEL L a vot 3 3 - . a
3:3“._“ u.“?_w. a__.:“__h_ux_w_._a wnup Yy wpupXey | -1294dg J0 vo1alscd yybua ol 3 ad4]
GIniyLu0 yiyo S3TAVIYYA .
~CTTVET- 0311075 DH0T-L004=6 A0 UILIAVIG-HOHI-8t 40 NTIsIL AUOLVUODVI Woud vivd 30 huwhHns TL 318Vl

I
(@)
(@)
I
@)

ClibPD


http://www.fastio.com/

ClibhPDF -

Ring Compression Strength. With regard to ring compression

strengths of the various slotted drains tested, one of the
lowest compressive load values, 7550 pounds, was obtained
from the only piece of slotted drain which had a single
bar grate. The two plain sections of corrugated steel pipe
tested produced the highest average value of compressive
strength measured, 10,340 pounds. The compressive load
values for the various sections of slotted drains tested
whose grates had either double hexagonal cross bar spacers
or solid plate spacers were comparable to each other and
were spread over a fairly wide range. These were between
7218 and 10,501 pounds for the nine sections of drain
tested with grate having double hexagonal bar spacers, and
between 8276 and 10,040 pounds for the four sections of
drain having grate with solid plate spacers. Although the
use of plate spacers instead of double bar spacers does
not seem to significantly increase the load carrying
capacity of the slotted drains in these laboratory tests,
the plates tend to stiffen the grate section and somewhat
reduce grate angle changes under heavy loading.

Grate and Pipe Deflections. For all initial tests con-

ducted, deflection measurements made either under the
grate bearing bars or at the center of the externally
applied load were the highest when the external load was
centered on the grate bearing bars.

Grate Angle Changes, The lowest grate angle changes were

recorded for the slotted drain having a grate design with
solid cross plate spacers,
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Spacing of Intermittent Welds Attaching the Grate to the Pipe.
An increase in the number of intermittent grate-to-pipe

welds, accomplished by decreasing the fillet weld spacing

from 3 corrugations between welds %o 2 corrugations

between welds, did not appear to significantly increase
maximum attainable loads or decrease pipe deflections.

Strength of Grate-to-Pipe Fillet Welds. The weak point

in the slotted drain structural system seems to be the
intermittent fillet welds which attach the grate bearing
bars to the pipe. The apparent effect which the location
of these welds, relative to the position of the cross
spacers, has on the load-carrying capacity of the drains
js inconsistent. However, by one's engineering judgment
and intuition, it would appear that if the positions of
the intermittent welds were centered at each cross spacer,
the load transfer from the grate structure to the pipe
would be more direct and the distortion of the grate
structure would be reduced considerably. Also locating
these intermittent fillet welds so that they would run
from the corrugation crest to the neighboring vailey

would tend to stiffen the welded junctions between the
pipe and grate bearing bars. This welding pattern would
reduce grate rotation under heavy wheel loads, and improve
the durability of the slotted drain structure.

5.2 Analysis of Data from In-Situ Tests

Vertical movements at the bottom of the bearing bars of the
grate and at the bottom of the pipe near the invert were
measured for each of the five slotted drains tested (see
Section AA, Figure 30, for the locations in the slotted
drain). Movement at these positions was determined at each
incremental load level placed on the slotted drain, and
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LOADING PLATE
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POINT D
DEFLECTIONS MEASURED
NEAR PIPE INVERT

POINT C

]

SECTION AA ENLARGED END VIEW OF SLOTTED PIPE
DRAIN SHOWING POINTS FROM WHICH VERTICAL

DEFLECTIONS WERE MEASURED
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FIGURE 30. POSITION OF CANTILEVERED ALUMINUM BEAM
AND DEVICE FROM WHICH VERTICAL DEFLECTIONS

WERE MEASURED.
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also each time the load was removed after each incremental
increase. These deflections were referenced from the orig-
inal unloaded shape of the drain pipe and were measured
with four transducers attached to the end of a cantilevered
aluminum beam (see Figure 30). Al1 deflections were mea-
sured inside of the slotted drain from points A, B, C, and
D, shown in Figure 30. The locations along the slotted
drain at which the loads were applied and the vertical
deflections were measured were at the longitudinal midpoint
of the drain section for in-situ Test Series 3A and 3B (see
Figure 31 for legend), and at the 1/3 points for the
remaining Test Series 1, 2, 4, and 5.

Loading positions have been previously explained in Section
4.4.2.4 of this report and the test series in which they
were employed are shown in Table 6. Pipe deflections
measured using a Strainsert indicator were adjusted using

a calibration factor. 1In addition to this adjustment, all
the interior pipe deflections measured from the end of the
cantilevered aluminum beam were corrected for the small
changes in deflections of the beam end. These changes in
deflection at the end of the beam were caused hy the stight
variations in spring tensions of the LDT's as the slotted
drain deflected.

The vertical deflections of the grate bearing bars and
pipe invert are plotted in Figures 31, 32, 33, and 34,
with vertical deflections in the direction of the vertical
axis and externally applied load shown on the horizontal
axis.

67


http://www.fastio.com/
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W
-o.of N L -
L > LeeenD FOR FIGURE NUMBERS 31 THROUGH 3a:

@ O e e Tas t Series 1, Slotted Dratn ? Plata spacers, soil
backfill

@ ] e ——{}— Test Series 2, Sjotted Drain 2 Double hex spacers,
soil baekfill

@ ——Qr— i a === Test Series 3A, Slotted Drain 3 Plate spacers, sail
- backfill, slotted drain
instrumented with strain
gages

--—A——--—&—Test serfes 3B, Slotted Drain 3 Plate spacers, soil
cement backfill, slotted
drain instrumented with
strain gages

> @ —(— = ——{)—— Test Serijes 4, Slotted Drain 4 Double hex bar spacers,
lean concrete backfill

@ f_\_. ﬂ Test Series 5, Slotted Drain 5 Double hex bar spacers,
soil cement backfill

Notes: .See TABLE 2 for further details about slotted drains.
.Symbols do not represent data points

FIGURE 31. AVERAGE VERTICAL DEFLECTIONS OF INVERT RESULTIHG
FROM CENTERLINE PARALLEL LOADILNG.
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INVERT WITH ECCENTRIC PARALLEL LOADING.
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FIGURE 34. VERTICAL DEFLECTIONS OF GRATE BEARING BARS
RESULTING FROM ECCENTRIC. PARALLEL LOADING.
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A1l deflections under centerline lcading are the average

of the two top or bottom deflections recorded. For eccen-
tric loading, each individual deflection measurement is
plotted with deflections under the Toad designated as
Points A and C, and deflections opposite the load desig-
nated as Points B and D, Figure 30, page 66.

Four figures, Numbers 31, 32, 33, and 34 showing grate and
invert deflections are presented on pages 68 through 71.
Grate deflections are shown in Figures 32 and 34 with a
load applied. The residual grate deflections at zero load,
measured just after the incremental loads had been removed,
are also shown at the top of the figures. These residual
deflections shown at zero load are not permanent deflec-
tions or "set" that would remain in the slotted drain. It
was observed that during testing, these deflections recorded
at the zero loads, decreased with time. So that all of the
deflection data could be compared, it was necessary to take
each of the deflection readings at the same point in time
after the external loads had been reduced to zero, Thus,
all deflection readings taken at zero load were recorded
approximately 30 seconds after the load was removed.

To determine which loading position produced the greatest
deflections, five different loading positions were moni-
tored during Test Series 3B. In Figure 35 the greatest
deflection of the grate bearing bars is shown to occur
during centerline lcading by applying the load with the
pad parallel to the slotted drain grate. Slotted drain
invert deflections were not significantly influenced by
the loading position as all five positions produced
deflections Tess than *0.005".
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APPLIED LOAD (Kips)
5 10 1S

DOWNWARD DEFLECTIONS (inches)
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1. O parailel loading - accentric southside - deflections at 8 (adjacent
bearing bar)

2. A Parailel lnading - eccentric southside - deflections at A (loaded
bearing bar)

1, 0 Parallel loading - eccentric northside - deflections at 8 {adjacent
bearing bar)

4, O Parallel loading - eccentric northside - deflactions at A (loaded
bearing bar)

5. X Parallel leading - centerline - average of deflections at A and B.

§. ) Perpendicular toading - canterline - average of deflections at A and B.

7. @ Perpendicular - eccentric sputhside - deflections at B {adjacent
bearing bar)

8. O Perpendicular - gccentric southside - deflecgions at A {loaded bearing
bar

Notes: °‘Points A and B are shown in FIGURE 30.
+Symbols do not represent data points.

FIGURE 35. VERTICAL DEFLECTIONS OF GRATE BEARING BARS
VERSUS APPLIED LOAD, TEST SERIES NO. 3B.
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5.2.1 Soil Backfill Versus Soi] Cement Backfill

Generally, the deflections measured with the soil backfill
were much greater than those found with soil cement back-
fi1ls in both centerline and eccentric loading positions.
In addition to plotting the vertical deflection of the
grate and invert versus load, the shapes of the deflected
slotted drains obtained photographically in Test Series 3A
and 3B were plotted and are shown in Figures 36, 37, 38,
39, and 40. The soil cement backfill restrained the pipes
from deflecting lateraliy at the springline better than
soil backfill and also resulted in vertical deflections at
the drain grate being much smaller than those measured
with the soil backfill., The slotted drain grate installed
with so0il backfill deflected approximately four times more
under centerline loading and approximately three times
more under eccentric loading. The invert defliections in
both backfills were less than +0.006" and were considered
negligible.

5.2.2 Influence of Position of Grate-to-Pipe Welds

In the static load tests conducted in this in-situ re=-
search program, the three variables associated with grate-
to-pipe welds in the slotted drain sections tested did not
significantly influence their load-carrying ability. The
three variables are: {1) center-to-center distances
between the intermittent fillet welds, 6 inches versus 9
inches; (2) weld length, 1-3/4 inches versus 2 inches;

and (3) weld locations: (a)} with respect to locations of
crests and valleys of the pipe corrugations and (b) with
respect to the locations of the cross spacers in the grate
structure.
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SIMULATED WHEEL LOAD OF fifﬁji)

Test Series Number: 3A
Pipe Number: 3

lLoading Position: Centerline Parallel
Backfill: Soil

Test Date: 171-9-79

Notes:

1. The radial deflection scale has been
axaggerated with respect to the scale
used for drawing the diameter of the
slotted drain.

Pipe diameter scale: 1 inch=3 inches
Radial deflection scale: 1 inch=0.,4 inch

2. Tic marks show locations of the
deflection measurements,

3. So7id l1ine denotes the originail
shape of the slotted drain pipe.

4. Dashed 1ine denotes the deflectad
shape of the loaded pipe,

FIGURE 36. DEFLECTED SHAPE OF SLOTTED DRAIN NUMBER 3
BEDDED WITH SOIL BACKFILL AND LOADED IN A
CENTERLIME PARALLEL POSITION WITH 15 KIPS,

75

ClibPD www . fastio.com


http://www.fastio.com/

ClibhPDF -

Simulated Wheeiliij’iifijizi:D

R IO 2N O I O I

Test Series. Number:
Pipe Humber: 3
Loading Position:
Backfill:
Test Date:!

Notas:
/ 3

2,

3.

FIGURE 37.

www fastio.com

L L LSS S
l—0.045"
o, Lt Ry
e \
gli]

Canterline Parallet
Soil1 Cement
12-12=-79

The radial deflection scale has heen
exaqqerated with respect to the scale
used for drawing the diameter of the
slatted drain,

Pips diameter scale: ! inch=3 inches
Radial deflection scalet 1 tnch=0.4 inch

Tic marks show locations of the
deflection measurements,

Solid 1ine denotes the oariginal
shape of the slotted drain pipe.

Dashed line denntes the deflected
shape of the loaded pipe,

DEFLECTED SHAPE OF SLOTTED DRAIN NUMBER 3
BEDDED WITH SOIL CEMENT BACKFILL AND LNADED
IN A CENTERLINE PARALLEL POSITION WITH 15
KIPS.
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Simulated wheei load of 15 Kips

¢t ¢ ¢+ 7 + + v 1

VL LL L LLL, LLLL

— T

o0.119" ’/,/’ \\\\\

///;::; Series Number: 3A \\\\
///// Pipe Number: 3
Loading Position: Eccentric Southside

Backfill:  Soil Parallel
Test Date: 11-0-79
Nates!

1. The radial deflection scale has been
exaggerated with respect to the scale
usad for drawing the diameter of the

slotted drain,
\\ Pipe diameter scale: 1 inch=3 inches
Radial deflection scale: 1 inch=0.4 inch
\\\ 2. Tic marks show locations cf the
deflection measurements,

3, Solid line denotes the oriainal
shape of the slotted drain pipe,

4. Dashed line denotes the deflected
shape of the loaded pipe,

FIGURE 38, DEFLECTED SHAPE OF SLOTTED DRAIN HUMBER 3
BEDDED WITH SOIL BACKFILL AND LOADED IN AN
ECCENTRIC SOUTHSIDE PARALLEL POSITION WITH
15 KIPS.
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Simuiated wheel load of IS Kips)

K 2 2 O O I

7777 7727727

////;est Series Number: 3B

Pipe Number: 3
Loading Position: Eccentric Southside
Backfill: Soil Cement Parallel
Test Date: 12-12-79

Notes:

1. The radial deflection scale has been
exaggerated with respect to tha scale
used for drawing the diameter of the
slotted drain,

Pipe diameter scale: 1 inch=3 inches
Radial deflaction scale: 1 inch=0.4 inch J

2. Tie marks show locations of the
deflection measurements,

3. Solid line denotes the original
shape of the slotted drain pipe.

4. Dashed line denotes the deflected
shape of the loaded pipe,

FIGURE 39. DEFLECTED SHAPE OF SLOTTED DRAIN NUMBER 3
BEDDED WITH SOIL CEMENT BACKFILL AND LOADED
IN AN ECCENTRIC SOUTHSIDE PARALLEL POSITION
WITH 15 KIPS.
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Simulated whee! ltoad of IS Kipsj

‘.

— 7 ¥ ¥ & 1
e 77 2L LLL
i
/,,”"" | ““‘~\\\<ﬁ 0.035"

Test Series Number: 38 \\\\\

Pipe Number: 3 >
Loadina Position: Eccentric Northside \
. Backfill: Seoil Cement Paraliel
/ Tast Date: 12-12-79
Notes:

/ i, The radfal deflection scale has been
axaqaerated with raspact to the scale
used for drawing the diameter of the

slotted drain,

Pipe-diameter-sca1e: 1 inch=3 inches
radial deflection scaie: 1 inch=0.2 1inch

2. Tic marks show locations of the
deflection measurements.

3, Solid line denotes the original
shape of the slotted drain pipe.

4, Dashed Tine denates the deflected
shape of the loaded pipe.

FIGURE 40. DEFLECTED SHAPE OF SLOTTED DRAIN NUMBER 3
REDDED WITH SOIL CEMENT BACKFILL AND LOADED
IN AN ECCENTRIC MORTHSIDE PARALLEL POSITION

WITH 15 KIPS.
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5.2.3 Effect of Loading Positions on Drain
Deflection

The deflection-load charts {Figures 31 through 35, pages
68-73).sh0w that both types of centeriine loading, parallel
and perpendicular, produce greater vertical downward de-
flections than the two types of eccentric loading. In
Figure 34, a slight upward or + deflection is shown for the
grate bar opposite the load application for eccentric paral-
el loading. This is due to lateral support of the backfill
allowing only a slight downward vertical translation of the
grate structure. The grate structure is still forced to
rotate approximately about its center of mass with the
moment producing force applied on the grate bar by the edge
of the neoprene loading pad. Thus, with a large rotation
and only a small translation downward, the bottom edge of
the bearing bar opposite of the load moves slightly upward.

This type of grate rotation was different from that observed
in the grate structures of the slotted drain sections which
were eccentrically loaded in the laboratory. These were
permitted to transiate downward a substantial amount because
of the lack of any lateral support to the upper half of the
pipe structure, as well as rotate. As expected, deflections
near all pipe inverts were small.

The effect which the orientation of the applied wheel load
had on the maximum vertical pipe deflections measured at
the 15-kip Toad level in either Test Series 3A or 3B was
slight (see Figures 36 through 40, pages 75-79). In Test
Series 3A (strain-gaged drain bedded with soil backfill)
the greatest drain deflection for the centerline parallel
Toading position (0.14 inch) was only 27 percent larger
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than the one measured in eccentric loading position (0.11
inch). When bedded with a soil cement backfilil in Test
Series 3B, the same drain yielded a deflection of 0.045
inch when loaded with 15 kips in the centerline paraliel
position, only 20 percent greater than the average of two
largest deflections, 0.038 inch, measured for north and
southside eccentric parallel loading positions. As pre-
viously mentioned, the backfill type, not the ioading
orientation, appears to have the greater influence on the
magnitude of vertical drain deflections.

5.2.4 Discussion of Test Results Obtained from the
Strain Gage-Instrumented Slotted Drain, Test
Series 3A and 3B

Because of the complex geometry of the helical corrugated
slotted drain, the strains measured and the stresses
calculated are highly localized and true oniy at exact
gage locations. In order to determine the magnitude and
distribution of stresses in the pipe walls of a slotted
drain, twenty-five stacked rectangular rosette strain
gages each having a 1/8=-inch gage length were attached on
the outside of Siotted Drain Number 3 and used to measure
strains in Test Series 3A and 3B. The strains measured
in the three strain gage elements of each rosette gage
were used to calculate a maximum principal stress, og,..»
a minimum principal stress, g,;,» 2 maximum shear stress,
Ymax* and the angle, ¢., between the axis of strain gage
element B {see Figure 28, page 56) and the maximum

principal stress at each numbered gage site. The equations
used for calculating these values from the measured strains

are shown in Appendix 7.3.1 (pages 106-109). These trans-
formation equations for strain and stress were derived for
an element in the state of plane stress and strain.
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According to the sign convention used in this report, the
maximum principal stress, Smax? is always algebraically
greater than the minimum principal stress, but when com-
paring the absolute value of both stresses, the maximum
principal stress will not always be greater. ToO use an
example, if +1 ksi represents the value of a maximum
principal stress, and -10 ksi, the value of a minimum
principal stress, +1 is greater than -10, algebraically,
but the absolute value of -10 is obviously greater than
+1. Also in the sign convention used in this report, a
positive signed stress value is a tension stress whereas
a negative signed stress value is a compressive stress.

In the following seven figures, which include Figures 41
through 47, maximum and minimum principal stresses are
shown for certain loading cases performed in Test Series

3A and 38 on Slotted Drain Number 3. These principal
stresses at each gage locatjon are for a 15-kip load and
for each type of backfill and each loading position used.
The figures are laid out similar to Figure 28, page 56,
which shows the assigned code of each rosette strain gage,
denoted by a number within a Targe circle, and its location,
denoted by a dot within a small circle. On each figure is
a rectangular shape denoted by a dashed line which 1lus-
trates the location of the loading pad for that particular
test. Values for both the maximum and minimum principal
stresses at each gage location are shown with the principal
stress having the largest absolute value circled. Arrows
at the gage locations show the direction in which the
principal stress having the largest absolute value acts,
and indicate whether this stress is in tension (« (O =) or

- gompression (» O <),
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'cm1n = MINIMUM PRINCIPAL STRESS
* ARROWS DENOTE DIRECTION IN WHICH LARGEST ABSQLUTE

PRINCIPAL STRESSES (CIRCLED) ACT.
FIGURE 41. STRESS DISTRIBUTION IN SLOTTED DRAIN NKUMBER 3
AT A 15-KIP LOAD.
BACKFILL: SOIL

LOADING POSITION: CENTERLINE PARALLEL
TEST DATE: 11-9-78 TEST SERIES: 3A
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FIGURE 42. STRESS DISTRIBUTION IN SLOTTED DRAIN NUMBER 3
AT A 15-KIP LOAD.

BACKFILL: SITE-MIXED SOIL CEMENT

LOADING POSITION: CENTERLINE PARALLEL
TEST DATE: 12-12-79 TEST SERIES: 3B
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FIGURE 43. STRESS DISTRIBUTION IN SLOTTED DRAIN NUMBER 3
AT A 15-KIP LOAD.

BACKFILL: SOIL
LOADING POSITION: ECCENTRIC SOUTHSIDE PARALLEL
TEST DATE: 11-8-79 TEST SERIES: 3A
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[}

FIGURE 44, STRESS DISTRIBUTION IN SLOTTED DRAIN NUMBER 3
AT A 15-KIP LOAD.

BACKFILL: SITE-MIXED SOIL CEMENT

LOADING POSITION: ECCENTRIC SOUTHSIDE PARALLEL
TEST DATE: 12-12-79 TEST SERIES: 3B
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FIGURE 45. STRESS DISTRIBUTION IN SLOTTED DRAIN NUMBER 3
AT A 15-KIP LOAD.

BACKFILL: SITE-MIXED SOIL CEMENT
LOADING POSITION: CENTERLINE PERPENDICULAR
TEST DATE: 12-12-79 TEST SERIES: 38
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FIGURE 46. STRESS DISTRIBUTION IN SLOTTED DRAIN NUMBER 3
AT A 15-KIP LOAD.

BACKFILL: SITE-MIXED SOIL CEMENT

LOADING POSITION: ECCENTRIC SNUTHSIDE PERPENDICULAR
TEST DATE: 12-12-79 TEST SERIES: 3B

88

www . fastio.com


http://www.fastio.com/

ClibPD

o
max  _jp1a 947 601  -2543 1198 239

Imin  CTD @D

\ __— ECCENTRIC
i e NORTHSIDE

PARALLEL
‘ LOADING

“max @ -342 -695 -708 ~146
“min 17 160 113

NOTE: “c

max MAXIMUM PRINCIPAL STRESS

Smin MINIMUM PRINCIPAL STRESS

e ARRNWS DENOTE DIRECTION IN WHICH LARGEST ABSOLUTE
PRINCIPAL STRESSES (CIRCLED) ACT.

FIGURE 47. STRESS DISTRIBUTION IN SLOTTED DRAIN NUMBER 3
AT A 15-KIP LOAD.

BACKFILL: SITE-MIXED SOIL CEMENT

LOADING POSITION: ECCENTRIC NORTHSIDE PARALLEL
TEST DATE: 12-12-79 TEST SERIES: 3B
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At some gage locations denoted on the figures, no stress
values are given. This was due to either a maifunction
of the strain gages or an electrical problem in the data
acquisition equipment.

Figures 48 and 49 which follow are of the same layout as
the previously mentioned seven figures; however, they show
stress distribution at a 2-kip load using a centerline
parallel loading position. These two figures were used to
compare differences in pipe stresses at a Tow load level
due to the two different backfills. This comparison would
he representative of normal automobile and small truck
traffic. A further discussion of the comparison of these
stresses is presented in Section 5.3.1 of this report.

Additional tabulations of the maximum principal stress and
minimum principal stress for both backfill types and all
five load positions are given in Appendices 7.4, pages 116~
122, and 7.5, pages 123-129, for the 2, 6, 10, 13, and
15-kip load level. Higher loads of up to 32 kips were
applied but because stress levels in pipe walls at many

of the gage locations were above the yield point of steel
at this high load level, these stress values are invalid
and are not shown.

5,2.4.17 The Effect df Di fferent Backfills on
Stresses in the Strain Gage-Instru-
mented Slotted Drain

After making a comparison between results shown in Figures
41 and 42, it is noted that the magnitude of the stresses

are greater for the soil-backfilled slotted drain than for
the soil cement-backfilled slotted drain. This difference
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FIGURE 48. STRESS DISTRIBUTION IN SLOTTED DRAIN NUMBER 3
AT A 2-KIP LOAD.

BACKFILL: SOIL
LOADING POSITION: CENTERLINE PARALLEL
TEST DATE: 11-9-79% TEST SERIES: 3A
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FIGURE 49. STRESS DISTRIBUTION IN SLOTTED DRAIN NUMBER 3
AT A 2-KIP LOAD.

BACKFILL: SITE-MIXED SOIL-CEMENT

LOADING POSITION: CENTERLINE PARALLEL
TEST DATE: 12-12-79 TEST SERIES: 3B
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ijs especially noticeable at the 45-degree 1ine of gages on
both sides of the centerline paralilel-loaded slotted drain.
The soil-backfilled slotted drain exhibited greater stress
levels along all four rows of gages than did the soil
cement-backfilled slotted drains. Stresses at the spring-
line were markedly greater for the soil-backfilled slotted
drain. This is due to the soil-backfilled slotted drain
flexing horizontally outward. This action is confirmed
after noting the horizontal deflections in the slotted
drain wall shown in the corrugation valleys at the pipe
springline. '

The above described differences between pipe stresses for
soil and soil cement-backfilled slotted drain for the
accentric southside loading are generally the same with
one exception. The stresses exhibited by strain gages at
the 45-degree line beneath the loading plate are higher
for the soil cement-backfilled slotted drain than for the
comparable soil-backfilled slotted drain (see Figures 43
and 44, pages 85 and 86). It is speculated that this
apparent inconsistency was caused by either (1) natural
differences in density of the asphalt concrete paving and
backfill material surrounding the pipe because of the
inherent heterogeneity of these materials, or by (2) the
backfill material above the strain gages at the 45-degree
line being previously compabted in an earlier load test of
the drain in an overlapping centerline position and hence
offered less support when subsequently loaded. Either of
these reasons may have caused the Toading plate in contact
with the near grate bearing bar to transfer more load to
the slotted drain wall in the case of the soil cement-
backfilled drain than occurred for the soil-backfilled
drain.
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It is interesting to note that the stresses obtained from
gages at the 45-degree line along the southside of the pipe
are very similar for the soil cement-backfilled drain for
either centerline paraliel loading or eccentric southside
loading.

The ability of the soil cement backfill to carry some of
the external load and reduce the magnitude of stresses in
the pipe wall is more dramatically shown at the 2-kip load
level as seen in Figures 48 and 49 (pages 81 and 92). The
flexural stresses in the wall of the soil cement-backfilled
pipe are significantly Tess than for the soil-backfilled
pipe and generally are of a magnitude that they are ex-
ceeded by ring compression stresses., Thus the wall of this
pipe is subjected to compressive stresses only.

5.2.4.2 The Effect of Different Loading Positions
on the Strain Gage-Instrumented Sliotted
Drain

After an inspection of results shown in Figures 41 through
47 (pages 83-89), it is apparent that loading at the cen-
terline parallel position generally caused the highest
stresses at all gage locations in the slotted drain for
both the soil and soil cement backfill (see Figures 41 and
42 on pages 83 and 84)., The slotted drain was stressed
more with the soil backfill than with the soil cement back-
fi11 as discussed in the previous section.

Comparing results shown in Figure 42 (page 84}, the stresses
in the pipe walls of the soil cement-backfilled slotted
drain loaded in the centerline parallel position, with re-
sults in Figure 45 {page 87), the stresses in the pipe walls
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of the soil cement-backfilled slotted drain loaded in the
centerline perpendicular position, it is found that all
corresponding stress values are practically the same.

The stresses at the 45-degree lines for both parallel and
perpendicuiar loading positions alternated from tension
at the corrugation crests to compression in the corruga-
tion valleys. This indicates that there was significant
bending at the 45-degree lines. At the 90-degree lines,
also called the springlines, the high number of negative
stresses indicates that there was mostly ring compression
in this region.

The next highest stress level observed in the slotted
drain loadings resulted from the eccentric southside par-
allel loading. This is true for both soil and soil cement
backfills. Since the loading plate bore down on the near
longitudinal bearing bar of the grate, this would account
for the high stresses which resulted from this teading
position.

In contrast to the stresses shown in the aforegoing figures,
the soil cement-backfilled slotted drain loaded in the
eccentric southside perpendicular position (see Figure 46,
page 88) had the next-to-lowest pipe stresses and the soil
cement-backfilled slotted drain loaded in the eccentric
northside parallel position (see Figure 47, page 89 ) showed
the Towest of all stress levels.

a5


http://www.fastio.com/

ClibhPDF -

6. REFERENCES

1. Nordlin, E.F., Stoker, J.R., and Page, B.G., "Slotted
Corrugated Metal Pipe Drains," State of California, Depart-
ment of Public Works, Division of Highways, Materials and
Research Department Research Report 363453, August 1971.

2. FHWA 73-3, “Implementation Package for Slotted CMP
Surface Drains," U.S. Department of Transportation, Office
of Research and Development, July 1973.

3. Ballinger, C.A., and Gade, R.H., "Evaluation of the
Structural Behavior of Typical Highway Inlet Grates, with
Recommended Structural Design Criteria," Federal Highway
Administration Report No. FHWA-RD-73-90, December 1973.

4, Forsyth, R.A., and Zube, E., "Report of an Investi-
gation of the Destructive Effect of Flotation Tires on
Flexible Pavement," Report No. R-33147, State of California,
Department of Transportation, Transportation Labaratory,
Sacramento, California, April 1964.

5. "california's New Slotted Median Drain," Highway=-
Urban Construction, Fall-Winter 1970 edition, ARMCO Steel
Company, Middletown, Ohio.

6. ANSI/ASTM A153-78, “Standard Specification for Zinc

Coating (Hot-Dip) on Iron and Steel Hardware," ASTM Stan-
dards, Part 3, 1979.

96

www fastio.com


http://www.fastio.com/

7. ANSI/ASTM A446-76, "Standard Specification for Steel
Sheet, Zinc-Coated (Galvanized) by the Hot-Dip Process,

Structural (Physical) Quality," ASTM Standards, Part 3,
1979.

8. State of California, Department of Transportation,
"7973 Standard Plans”.

g, State of California, Department of Transportation,
%1975 Standard Plans".

10. State of California, Department of Transportation,
"1977 Standard Plans".

11. State of California, Department of Transportation,
%1975 Standard Specifications”.

12. State of California, Department of Transportation,
"1978 Standard Specifications”.

13. State of California, Department of Transportation,
Transpartation Laboratory, "Materials Manual, Vol. I".

14, State of California, Department of Transportation,
"Highway Design Manual".

15. Lissner, H.R., and Perry, C.C., "The Strain Gage
Primer," 2nd Edition, McGraw-Hil1l Book Company, 1962,

16. State of California, Department of Transportation,
"Asphalt Concrete Overlay Design Manual,” p. 27, January
1979.

97

ClibPD www . fastio.com


http://www.fastio.com/

860| ST1V130 NIVEQ NYIOIW
dWo d311015,81

NivHQ 10715 3ONY T4 Lenrdbtnsos, 9

Y AON 295 19Ny prsmends
SAYRHDIM 30 NIIStAld ONYB ONITINOD _4 1t .._.._.
SHOM INENd A1 LM IV 30 1015 39NV .:3 L
KINFIY RO LEOITHIH _
VINHO YD 0 TsvLy ..-..L_
ileiy
nlin % e LCH a:.au#
uanolinuo) 1 T Lh"ﬁ. _A—.ﬁ.w—..ﬂ_nwonu” |_ 1jol
wwoiofeny G
- 5: Zhgr 1 suannhnindg G b e 1y -
ol AR e s s
N
' ¢ b Suvi W
Aoy Hex 22
310NY 1015
a0 95
Biaysop g Yo
PES ﬁ
J
AvEI0 LOTS OI9NVS '
€-8 NOILDIS
uipram
s B
y r_ IHiGiliingop 319hY L1075 I IuNLILEY

¥ ¥ NOIL T,

mapds ety w\n_....s.n

was -n@n @\ '

~Afr130 1045 379NV
Tt gen NOWD3S

GNYE ONITdNOD LTS 39Ny

N poog Buqdnay
anity b dHI S

Nivdag 1975 319Ny

t xowoy) Buods 9

Ldf) hpjeayods so paay

41201

(AT
_:_

Ny 51
gl 7

U OB § by
suoriolauo) «.._l.—:

A

afion g1
jamond

_-.,... v G

-

idhy oy

e FU 00D s s ¢

NQILD3S SSOHD W

-

\oongy
' cps owey

~
} L G oieN 005

~uondiy LII0MR) S
(LRI «a 4

neysiy

Srosuen]
SpG mquip _Ze )

mum:._.uamhm 13N OHYONYLS OL SNOLLDINNOD Nivud NVIQ3w 40 STIYL3A
140 PUD 910510 SUOIS PIDPUDIS 985

J1vyo O£ IdAl HUIM
499 3dAL SV JAYS

(=0

N .u:._!

109199

Frpn By 4q adn
a] puID|I0 190
ity Wenarz

nSg f“ﬂﬂmir vouoBnod %

e umwug (de) eds :
2 -
- RS - gukBIR) & S-..Sow!i:..!_

JIdAL

T VLT

19809 §1) WDH) HOIpRIE
1oupnbuot g 01

120 D60 GLO SUD PrOpUDIS W5
3ty M9E IdAL HUM
dg 3aAL SY INYS

S

CELIFOTELT

3y Mo 1

g

plm snonuileoy B

huausea WOEtnoUos

ypm paas ol
[N ]

k-

e eiaT)

v w0 zqn ua: !_ Wn:

Y wonolnusy ummni .
| A‘ 5 i scnd ey v o pomh rora BN
K 286 10 Wr0IE e 8.5.- My,
i e |
ﬂ-l ¢‘— tnruin [aRE ¥ i .
o T ._.awng..m.._ poriy
Fou . . \
< I N .- oty
§ ™ eomes [ IR “
poiTn Y A acré_ua:_w:u
¥ Up UMDY SO UDIP 1D aRAIR - Wb 1
wEnimaY LOILED o
wa0guma syl
L41) 1) plopun| 835
291019 JJAL
IR 3 SRR ._
N .1#. s %y B
HO
AN AN
- shg jaiingy Jowwhug
_ - *py 4in pergiddo to
* A vy o o u:.m.uu._
1 =.n= 2 —
o 1"
- qaded Inaupip 1 _.
2 N 1
M o ju
- ‘w __”
- A it!
1 P _ " ' ’
e e po At tafzrs i
1 a

— DL MY

APPENDIX 7.1.1

STANDARD PLAN D98.

>0m

[10.c

wavw fas

ClibhPDF -


http://www.fastio.com/

STVLIA NIvdd

459 03L101S 2L 2t
g 10 Hein
SAVHNDHE I NOWSHAN]
SNHDM 21 IR 40 LRIWDAIVY 9
AIN1Y NOUVIMOPNYHE NV 5 NG
Y - N 1Rt

___F___ ____ *__ __ma_

Tva oMdNoD 3dAL NoisN AL w1y E o |
b tat odq
WYY
LRULUN (BEE

uwAfy ¢
| ¥ emag

o, Ay e . e wem i omor owa  mem

., diy1 30 ol i io 18 Fiviid

Avanobaring

o
_I C goanienpy g "

&

PR Ao

g #yoH ar)
1 THONS

I O

iFi 30 1015 TIvHY
1 N

LAl
12 #10ve and u:_i pamnas (ol pEvg swin} 2

sy gy dinn g b Jee

s ..
g o By Lany [ ]
[T Prruhig B T4 0

2 4_ - ..“_.m_._.. ,

NYLIOGNYE 9N N0 NIVHIF 031101

[ L]

JUSUSA

hrvaa 1015 3wl

« wtag) buraodg 3
Lt iy roowynds a8 ey

19is hny

LA .m.- )
Py
..S.

e
il Mol b
FE sy i, by s
RUTEILT A

Aun e g hi3ed 10 TIBRIG -

i

- -

“ , o n 02- - e o
- SUY1I0 0
g 310NV New 2l , LY
N 319Ny 1015 £ > e v m = o
grana PR NOIL 535 ~§60u5 TuitdAl
g ¢ AR
-.:_.u._._upﬂ:ﬂ =7 —-!.-“ -\. L \.\ 4 " . [T woN] PINOIS
METEI . © v i 1678 F 19NV W _.._,v.._.?e...a...
. e, B-B NOWD3S
o oM utpm E—
et 1o % |
e [ P o R - .
“ . ..E-g.:n.w - : ?ﬁ"_ﬁ & _ 05 e -uu.a_
B Ll "Wiing . S oy
v noitdis e v ...ﬁv o n
oy 9 M-
Z d
wn) vt %5 .m_.m ) @
i . ® Ty
Erpirdl sEse{0q .._?.-. :.g 4 |
Sy, My 1Y 2 A
Su4 sy _ET.E- -EM:

4.?.-_ w _.... u.nk .y [COLLET T

anesdg P

530nLoMMLS L3N GHYONYLS OL SNOILDINNOD NIVHU A3410%5 2

£40PR GO SUTIA pINDUDIS 23S
“JIVHY HOE T4AL HUR
n_um un_..._. ST

IWLTLORE LR i A

6 $1iivE3a

1471DUD Sp () WDk} pIopMBIS 25

rhard DUl nch iy Tpi ™ (e HEE g
0 PO TR Y T LR TLL R T A} A s pres > 0 ._\_.’.w & .ul.: I uhd&o m@nﬂ_ Wn;uh_z.r,.r._a
puty fuerdnns @ 1] unsius) 100 W et ﬂﬁ/ | h (LY _‘ - p. n f. ' &20 UM v d_.u
CP AR 3 RS IR wi g ey 3 R - L : . 2 ul/ o R \./.V g
wnas m A a0t 4 kel . 1 B i —.. q .
Wy ai}._...“...;. 3 4 1nvba IE pap-amieds .a ._._.\a& \ __ h\_ ¥ 13m0 .— 3 HOLLDDS
wort. & an oy ur ¢ - . 1 et T
..,w\v L0 TR 19 DY 29 Sl w0t goag) A“_v ve .-...U.“ .M_ﬂ.._- E——— L A 4 /ﬂf .u. s T i ]
f 3 - .t 4 b4 )
TIORTeS T U & ‘ .
T i 1 1
1
.Qv\ 4. < A _ -
;mw;:iiﬂ=; sty by 0 ] 3 T ,_ Y ﬁv. Py i
s . M 3 - i A o
S e | =] * ot JITRE L comns 1) 2
e T o it . m ~ R 1o bes A [ e .#
" S __ b
T T C. k . |
T f — b Ly ’ F_.b o _‘ LY ] fu-
q sl _ n.ea iy b v
FE R T praw sabs R200 A0S ALY e 2y ._..._. PR g 2ty -

STANDARD PLAN D$8-6.

APPENDIX 7.1.2

99

N

STHO.CO

13

IhPDF - wwwy fe

C


http://www.fastio.com/

STANDARD PLAN D98-9.

100

APPENDIX 7.1.3

om

-860 L 30 GNYE BN IanoD NivE0 g311018 THT TS ONT 1 voutdg) Biu o
| 68601 cyyy30 Nivag P by NIvia 1015 JTONY _,_::._h.am e
'S 0311078, ke Ul 2t — .
ddy ) Buiondg Btutio
HOINYLECASNYY] 20 LNIWLITI0 NIvHd 1075 3LviD e | o
ASNIOY HOILYIMOCSHUNL ONY S53HI5RE & Zina 74 bn ot
WINYOITYY 40 TLVIS f q.w 1 :ﬁ L::_ :_ i ot iR = ° uuc.nn.m....un_u%h
Hil | — _—_ _ __ _ Bubism 105 2(01 swoiaq puog budnon P [ E.S_.=_W. .ﬁnm_aw_wﬂﬂg_ s
L D) 0
il *_ HIN il __ me s mpms P P ot & s 1o saonds
[ 2 - o
GNYE DNIANC) 3dAL NOISN3IL Lv'1d o yr9a008 '
U T noor - SIVL3g
W, WL 30 Buéra oy pabiaw e TR e 2X.2
i ] L1Y
o bughey 11 M._M......u..w ANy 105
vady vorsua) iofy |- S b2 0 i ' NOILD3S SSOUD TldAL
v i _..‘:_aal.n L8180 1o a_c.ﬁ__.._u Tﬂ % ) Forl
e R $pr0 (DUl 2 ' - Bu 2 "
- oS onyoed mishy 20 T s TWYETI X005 T 10NV ood T} pumrndie e
[, o PR ) . gy Ll
e TWL30 ONId 13M 1075 A1VHD PAC S : A0 NOID S =
ey cx 0N e " oo
By) sittn] g wevyy, ~h 4 .\/u oy __w_.:_... P
....\I.Fr..{_.ll\ A NO1O3S AN - wdois S50y
“9EY MLEY 10 Sivaurernbes (b mio o5} VO NOUO33 10 R, <TG ! [ 6)
oonyIw sy of Buyidod R a raandg Gugng mystM B o m. .a.r
16 oD MQODIeM D B IS {rAIIOW KT 6 ‘...u 0K 1oahgsnig e | .._ovm., % wog xept B " - _ 2la
) 07 i, 3 # nous 109 L fasm ov) . - | HE
Bupspeq #u) go Saue3 dof suIRIPR Syf W) 33101515 X O " Pl -
supl IYBMmys DD BIUOHOA WNWDIOW BL f B b : W Wﬂ.nvﬁ..b e e PR
-p[o# SPONUKRLOD _%..“. O . . e % uibus v Z - Rownory
10 (1[oudso parjmrurs [5G sjiod Fif puopuos ’ SRR Pk WL Pipg wonl 3 g vpey
#1100 . ¢ "uewied pupiod Eivdg §0 DIIY) o
HEudin PR fun WS pubiod TDLTY R ERIEEEIVEH] . N
in oo e nyum pajoss gnol pio) _E_M 1 G RBIISY, . .
o100 " E j! 1S 40 SVL30
10 {onb-9) 68T LOYITPE PADIADK] SO XML SIS a1 6 15 -_m".u&muu Sy SAUNIONYLS L3 1M1 QYVANVLS OL SNOILDANNOD Nivdad Q3L10Ts E| ]
wory My Shur £33 U0YI295) Jeabds soq 350y 9 " k! 7#\ ogesoe) s Ty 210 PUD GLE SUDI ITPUDIS 995
‘a1nq Bupiteq o) pepiem Bryd o . ™\,
woisey ainssend 8q o OIB o F2008 /00 571 G V 24 ) £20 U0 _”“u“,mq_w n...m._. m.wwﬂwmmwm MﬂM...Ed.MB L2 P9 GLO AWCLE PrOPUDIS WG
1800 0 117 2 9 0 BUTH EINIONE ¥ " 1 Zrim Ay €9 1 9 \ FIVHD HIE 3JAL HLM
voriopeisut prey Buxrben of T e AU .%M ' . msw wmnh mq E i
118 pRuspBY $1100 PUB SIDU |1D PUD PAIBIAO) - o ~ 5
8q (|PYs SUMIP 4 B PGS JO N 07 € LY N Y 2-2 NOILDIS
pum Bundnoy $dft 00U3) 1D]} 0 PIOPUDIE Phiviic .,#;a..: //%/v fs orn vy
qIIM PUGURSSD 9q NOUS OIS LD 4203 2 A - G .awu.qs T
tHDBS PaM [DHIRY S0 WO 3I0] * .¢ . ...\_: ] )
1038y SPONUIUOS " SI2iUE) [Enha §B papwiods - 1 .
Djtises 20 RAAE BG Aol L0 Wb ) .ﬁﬂ—.mﬁ dvd J_q._.ms_ ‘ - adig sy . |
KR Di ] 2an I & | oo tua * 320 i : 7
wods jorfia g aﬁ [ R 15 FH = Jgn-z 7| omenuem eoebs s | =2 : -
ol 1 pd * H
TThs e T “"ﬂ.ﬁ.hﬂsrdﬁw v | { oo a._.“/ ik 4] sadyd usampeg b H ’ @in LoioN wes H
wnj _ \ 12 a = \. H T il 2
{ rpwog etd  \s ; s £ Rl ) i B
whpwon _J:_.i ", _w. B r_._ \ ' b X X . f ” — ._._— _
O h e | h — T p 4 y sy, WL
S OO O o ) ! 0 g,y { e awn § _..s,_ e | _u._“.._
S oy 3:onbg 6206 LoD oimiy i wdfy woig PONIDIS mru . Ay b !
¥ » + b

www fastio.c

ClibhPDF -


http://www.fastio.com/

[re-86d { smvi3a Nivyd
4'S™ Q3LL0TIS b2 ML 2l
ROIYIHOLSSHYEL 30 143WIYva3d
ADNIDY HOILVLHOJSHYHL OHY £5INISNY

“Fivgd 167§ 31v85

Jm_/éfﬂ.%, A/¢MA4”_4..2/ .jﬁ.ﬂ.«uﬂ
_ AT EIRRR I RR T TTA AR b

vitio4i WD 40 3IVIS

Tidwiva

Ipameng uswe)y
S0 BINANNG

*+ 11 Benantt #an oty
= ~gine prAgeAnf

Tuolbiedo
Buisnd Buisrp edid Jo gno Oy #i Budeny
19 poyisw annbaph UD spiabrd 0f 10)I020Y

00 umoyy ) L
-duagy o yibutay
puimbas winmet dojestp 1BYE TREM ws 9
Ayt B IMS
PIDPUBIS U] UM BIUDPIDIID U PUIDOT X
panuDaol g (1D4E toiIsuves pung Budred 1Y §

109) 02 V1
..u_; ¥q oys smq bupioaq sy 19 $0003 do] sweNTe N
g UEOM{EG Ot JTIDIS © RION $HIDUDA UMMULKIL B ] R J ..,.....l
-aroq Buuoeq w1 o o
|ourprrBue) W of [Rwitd S5 000 2! 19 Uituens
SH1EU8) WNWHERL O OJIATD O] S0 IR D 4INS U 104
Brjeoed o) 03 PREIos On iUyT Mands b B3CO WL R
uwaus epuog Bugdnoy e Jo
)19 )i pAjQUASSS B fIDYS susijave wuag "2

WOIS PlOM [OIITA 40 WOEL I
{0310y ENOrUYUDY g Kot WD sddoiorg 1

bl o bodedod 5y

L

iy Bl - shn POAL I

g Q)]

eompns _._uéu.am\

sj0n 085 oty 04 pap|em (B)s BI0ID

. 10100 BUIBIM 19I5 ....—

.w:m e

i A0 oNi0 13 1075 JLvdd

100 #5049 Y509 30

iBud) plem usnruigy

\ 3-3 MOIL33S
~ ¥ HoN 995
t e
. 3%

wiFT {675 Avun

-0 hoy

petn aq fou dus wbpieq

q“

N

T NN

e =%

Bunpag -

34

N /..~w qumogs

pue palioml £, wIDWRID D B EH

TN
- \\.

«@,m

eeys B4l
sipjep dnaa ees
~ ‘tpup wdid pawiojsy

[

WY hmﬂml
% S ; ‘:53 E.&ﬁﬂ
[ |

. 9| e dong B sollh
K sdid }o 9N -
1D 201390003 $I0fd— b

_\) .‘/...ff-..v

(3
30Y . AL g 3%,21-2 —,E

S

e 109 $501)

$IFON 1vdaN3D .uﬂ..v. N
IR
T GIEE TR T (-~ .0}

Y

12

e W d itivd

ITLE) u
‘pies jode"pram 1RE) ¢

) -

-

gNva ONiTdNDD TINNYHD
“E0193INNOD 310NV

&

T
~ L s o )
el b R

{loq slovie)y z2a

MIA IS

1013 622 R, 9176 Yim
Bvsx k2 7

0T 3NN JYHSS B Bvh

RIETECIGELUTE

v i
iy #InH

(Aprem (od5y 1681 1o

AN T

' .

puog [uouy —- ~ 7 L. 4 -V@
(Hey eeg) MDD

1610 0K BN Y, 2 dong vomuey

"HOTI#A3TI ¥V HOIGTE WIevd

62001 -
*pupg BimdneD (SWEND R _

]
)

P

wq ?n....u_r-

dEd-f - ““

T
nq w_.:n.n.\ _l.u._“ v .uv
. R

GNYVE 9309nH d31100W -

HowaI

— s Zaen . ..h—
—

_-..\.." AL R
o

Ly

RS E TR

f/f.am_

77 _\\ﬂ\ e
{10q ebova] ot ! * ;

0001 'Ry

APPENDIX 7.1.4

STANDARD PLAN D98-B.1.

W faslio.com

ChhPD


http://www.fastio.com/

APPENDIX 7.2.1

PROCEDURE FOR INSTALLING AND PLACING
SOIL CEMENT BACKFILL AROUND SLOTTED PIPE DRAINS

’ The installation of the 18-inch-diameter slotted drain
~for this research project was performed according to the
requirements and specifications listed in the current
Standard Plans (March 1977) and the Standard Specifications
(January 1978) of the California Department of Transperta-
tion (Caltrans).

The slotted drain trench was excavated in the center of a
simulated roadbed section, built as shown in Figure A
below. The excavation conformed to Section 19-3 of the
Caltrans Standard Specifications and Plan D98-~B.1 of the
Caltrans Standard Plans.

1 ke 0" i
0.6' ..L-l Asphalt concrete placed
' —~ in th titt

/ ~ in reeg [ifTs,

' N { Backfill for slotted CSR drain

~
q

I
| \
\[ I _‘ Class 2 aggregate base

T
(
2.4 \\ /&
. N’

Fa Basement scil comprised
Y af silty clay

FIGURE A. CROSS SECTION OF THE SIMULATED ROADBED USED FOR
THE PLACEMENT OF THE SLOTTED DRAINS.
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Before installation, the slotted drain was inspected for
conformance to the specifications with regard to materials
and construction. The pipe bedding, installation method,
and soil cement backfill material all conformed to Sections
19-3.025C, 66-3.09 and 75 of the Caltrans Standargd
Specifications.

After the backfill was in place, a 1iquid asphalt curing
seal (MC-250) conforming to the provisions of Section 93
of the Caltrans Standard Specifications was applied.
Asphalt concrete meeting the requirements in Section 39
of the Standard Specifications was placed and compacted
around and up to the top of the slotted drain grate,
completing the installation procedure.
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APPENDIX 7.2.2

PROCEDURE FOR INSTALLING AND PLACING
SOIL BACKFILL AROUND SLOTTED PIPE DRAINS

A1l procedures, requirements and specifications followed
for installing slotted drain with a soil backfill were
the same as were used in backfiiling the drain with &
soil cement bedding except for the trench width, and
type and method of placement of the backfill material.

The trench width was increased from 21 to 44 inches in
order to make room to operate compaction equipment on
both sides of the slotted drain.

The backfill material, placement and compaction conformed
to Section 19-3.06 of the Standard Specifications.
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APPENDIX 7.3

DESCRIPTION OF COMPUTER PROGRAMS
USED FOR PROCESSING STRAIN GAGE DATA

7.3.1 Brief Summary of Computer Programs and Data Output
Used in this Research Study

A program titled "Strain Analysis - Slotted CSP Drains"
was written in the TENET BASIC computer language to com-
pute and tabulate the stresses in the slotted drain from
strain values measured under load. The coded program for
processing the strain data is given in Appendix 7.3.2. A
sample of the data printout from this strain analysis
program is shown in Appendix 7.3.3. Another program in
BASIC language called "MERGE DATA" was written to combine
all data and punch it onto one tape before using it in
the strain analysis program previously shown. This "MERGE
DATA" program is listad in Appendix 7.3.4.

The following is an explanation of symbols and a listing of
equations used in the "strain analysis™ program, and also
a list of equipment and references used in the course of
performing the computer work:

INPUT:
E = Modulus of Elasticity for Steel 30 x 105 psi
u = Poisson's Ratio 0.3
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00

OUTPUT:

max

min

max

www fastio.com

Strain Meaﬁured in Gage Element B (%%f)
Strain Measured in Gage Element C L%%f)
Strain Measured in Gage Element A (%%f)
Strain Measured in Gage Element n

Gage Factor = 2.07 at 75°F

Excitation Voltage of Sockets (10'5 volts)
when locad is applied

Recorded Potential of each Gage Element
when load is applied (10'3 valts)

Excitation Voltage at zero load prior to
each loading (10'5 volts)

Recorded Potential of each Gage Element at
3 volts)

zero load prior to each loading (107
Maximum Principal Stress

Minimum Principal Stress

Maximum Shear Stress

Angle Between Axis of Gage B and Maximum
Principal Stress
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EQUATIONS:

4 X 10“ Eo oo
Exo

Oma x

%min

Tmax

E |e1tes | [(E1-83)% + (2€2-€1-83)2]
Z Tt

_ E |leites
-2 T-1

i

sty [(e1mea)? + (2ez-ei-ea)

% tan -1[28

[(g1-€3

T4y

)2

+ (2e,-81-€3)%]

s=(Eq+E
£1-€3

T+

]

147

2]%

]

]

(microinches/inch)

(psi)

(psi)

(psi)

( deg rees)

(2)

(3)

(4)

(5)
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EQUIPMENT:

Tenet, Inc., 210 Time Sharing System
TrendWriter Terminal

DSI Tape Reader

REFERENCES

1. Perry, C.C., and Lissner, H.R., The Strain Gage Primer,
2nd Edition, McGraw=-Hill Company

2, TENET BASIC Reference Manual, January 1977.
3. TENET BASIC Reference Manual, September 1978.
4, TENET USER'S MANUAL - EDITOR

5. TENET USER'S MANUAL - EXECUTIVE
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1.
LYV Iul
Lier
L20 REri STRa LN SNALYSIS — SLUTTED 1056 Te Ty
130 REM
a0 REFM DETERMENATION UF LU CARRYImMS CAFABRILLTY 18 FN. UK 24 LM,
150 REM DIAMETER SLOTTED DRAIN FIFES CONFORM TR QINy PLAN ON98=9 .
140 REM WITH GOUBLE BAR GRATE AND [HFROVED SECTIOM MITH wRAIE FLATF
170 REM SFACERS (8D #8~8 11-18-7T)USING VARIOUS TYRES O+ RACKFILL .
180 REM REGTANBULAR RDSETTE STRAIN BABES aARE USECR T4 DETERMIHE nMAx
190 REH AND HIN VALUES OF STRESSES,MAX SHEARING STRESS Aand THE anNGEE
200 REM OF THE DIRECTION OF THE MAX PRINCIPAL STRAIN WLTH THE aYIS§
210 REH OF GAGE L.

220 REt VARITARLES @

marmi

) .
"M BRITHE 2 L St WRETIREM ' 11=20=¢9
-

VA T

230 REM A% = HEADING STRING FROM DATAFILE

2490 REH 0% = CHAMNEL NO.»ALSD FTRAILER STRING [F “T* IS FIRST

250 REM LETTER {(EOF)

2460 REM F$ = FLAG

270 REM R$ = REARINGS

189 REM NOTE : 3 SETS OF £$sF$sR$ ARE READ IN AT THE BEGINNING OF EACH
290 REM GROUF OF 25 CHANMELS.SURSTRINGS OF THE FIRST 2 R%'S

300 REM COMFDSE THE SOCKET NUMBER.THE 3RD R$ IS5 VOLTRGE READING

3 fu[es, y (3p2F) rCHOX( 8+ 25) rFX {4225
3%8 EbJEGEREQ g 5;;?%Tg?gghg;r§% (4225 p EXI{2S)=8TI(A«29)sES1 (22
SYSEB2 4280y
ESS(#:ES),ESII(4v7)!E521(4r7)9E531(4:?)rSHAX(4’25),SHIN(4p25)oTMnx(4rES
YrPHIP(3s25) y -
AlA+25) rR(4225) 70420
22 REAL VARO(4+3) rVARX(ArS) rNE-SByNI-SI»L0OD
330 REM RAN GAGE FACTOR Xd0R
331 De="RB0C127)
340 PRINT ‘SET TOF QF FORM % AUTO SRIP
330 PAUSE
360 FACT=4E+4/2.07
370 EL=30E+4
380 MU=0.3
390 FRINT ‘ENTER RECORIFILE NAME’:
400 INFUT Fl%
410 OPEN Fl$r1irINPUT»OLD
420 PRINT ‘ENTER END TIME DF TESTIHOURsMIN':
430 INPUT TIM3.TIM4
440 REM dork READN IN MEALER STRING kXX
450 INFUT FRODM LiAs .
460 CRH=SURSTR(ASrLrl)
470 IF CK$ #°HY THEN GOTD 2310
480 TEST=VAL (SUBSTR(ASs2+3)) » TEMP=VAL (SUBSTR{AS» 7+ 2)) r MON=UAL (SUBSTR (A%
PPrd2y
490 TAYSUAL(SUBSTR¢A%s11r2) ) YEAR=VAL (SURSTR(AS»1352))
500 TIML=UAL (SURSTR(A®B,15:,2) ) TIMA=VAL (SURSTR(AS1772))
510 PAGE=1
S20 SW=1
420 REM KER REAL TN VALUES FROM DATAFILE #¥k
430 HO=1!
640 FOR Il1=} TO 3
450 INPUT FROM 1:iC%-FHsR9
460 IF SURSTR(CSs1s1)=’'T‘ THEN GOTO 2210
470 IF Ii=1 THEN S14=SURSTR(RS2s32)
480 IF It=2 THEN S524=SUBSTR(RSs3s1)SOCOHD=VAL(S15+52%)
470 IF Ii=3 THEN EXD(HD)=VAL (BUBSTR(R%s1,6))
700 MEXT I1
710 =1
720 TNFUT FROM LICSsFEeR%
730 CHOOHO» J)=Val (BURSTRIOS - Lr 23 d e 3 T0 HOe 1= (SHASTH (RS« sh 1)
740 J=J+i

F30 INFUT FROM LICEsFSeRS

7560 CHOU(RO» JY=VAL(SURSTR(CS » 120 Yo STOHO» DD =VAL {SUASFR{RS*1va2 )
77O J=J+1
780 INFUT FROM 1:C$sFdrRe

790 CHOICHO » J2=VRl (SUBSTR(LS 1 »2) ) o STOC(HO s 1D=VAL(SUHSTRI(RS 1 1A
800 J=J+i '

810 IF J<22 THEM GOTI 720
820 IF J=22 THEN INFUT FRUM LIDEsFésRs

APPENDIX 7.3.2 PROGRAM FOR PROCESSING STRAIN DATA
FOR THE SLOTTED DRAIN PROJECT.
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336 HO=H(+1

840 IF HO=4 THEM GOTO §40

30 IF HOw4 THEM GOTO &40

851 1IF Hx4 THEM GOTO LOYSE

B460 FOR I2=1 TO 3

870 INFUT FROM LIiC$-FHrR$

80 IF I2=1 THEN S1$=SURSTRIRSr2.2)

890 IF I2=2 THEN S52%=SURSTRE(RS =31 50C0(HOI=VAL (3154528 )

P00 IF I2=3 THEN EXOD(HO)=VAL (SUBSTR(RE»1lvéh)}

FLlv NEXT I2

920 J=1

P30 TMFUT FROM 13CHsFHsRS

P40 CHOOCHD » Jy=VAL (BURSTR(CSH e Lr2) ) »STHHO . J‘nUAL(“UBSTR(R$?116))
250 J=J+l

P4C INPUT FROM 13iC$sFHeR$

P70 GHOOCHD y JY=VAL (SUBSTR(CS» 1y 2) Y« STOCHD » ) SVAL (BUBSTR(RS 1040
00 J=J+1

20 INPUT FROM LIiCHesFSeRS

1000 CHOO(HO» J)=VAL (SUBSTR(CHe L+ 23 ) »STO(HO» ) =UAL (SLUBSTR(RS»14))
16010 J=J+1

1020 IF J<13 THEN GOTQO 230

1639 FOR J=1 TO S

1046 INPUT FROM 1:10%sF$sR9

1041 IF J=1i THEN YARD(HD»1)=UALCSURSTR(RSsirédi )
1042 IF J=2 THFEHWN VAR{D(HO»2)=VAL(SUBSTR(RSsLré))
1043 IF J=3 THEMN VARD(HD»37aVAL (SUBSTRIRS» L4
1044 IF J=4 THEN VARD{HO»4)=Val (SUBSTR(RSrL63)
1049 IF J=5 THEN VARD(HD»3)=VAL (SUBSTR{X%»1rb2)
1050 NEXT .}

1051 FOR J=t TD S

1052 INPUT FROM 1iCHsFFrRS

1053 NEXT J

1054 GOTO 830

L0555 IF gW=1 THEN GOTO 10586 ELSE GOTO 1067
10596 IF HO%4 THEN GOTG 1057 ELSE GOTO 10462
10597 FOR HO=L TO 3

1098 EXI(HOX=EXOC(HO?

1059 FOR J=1 TO 21

1060 STE(HO» J)=STOCHO D

1041 NEXT JyHO

10462 HO=4

1043 EXI(HO)=EXO(HD)

1064 FOR J=1 TO 12

1065 STE(HD = J)=STO{HD s>

1066 NEXT J

1067 HX=11

1070 FilR 13=1 TO 3

LOBC [HFIT FRiNd LID$=FHeih

L1060 IF 1T3=1 THEM =14 BETR(RG I3

L11i¢ TF E3=2 THEN Sy$=siGIRIS, 31 Y SU X (HAY=UAL 1 S16+G2% )
L1120 IF E3=3 THEN EXCHXISVALISUBS TR OIEs Len )}
1130 NEXT I3

1140 J=1

1150 TNPUT FROM 1:05:F5sR%

£140 CHOX(HXsd)=VAL(SHRSTRICSs L r22) v FX(HX» D =VAL CSURSTRES» 1o 1) V2 STH {HY
rJi=val

(SUBSTiR(R%»1+s8))

1170 J=Jd+1

1180 INFPUT FROM 1IiC%rF3+R%

L1F0 GHIEX (HX ¢ JraVAL (SUBSTROCS» 1y 2D ) yFXIHX » IV 2UAL (SUASTRIF S« L o 1) Yo STX (MY
v Jr=UaL

(SURSTRE(R$»Lrd )

1200 J=J+i

1210 INPUT FROM LiCHrFSsRS

1220 CHOX(HX s J)=VAL{SUBSTR{CS L s2) ) s FX(HX s J)=VAL (BSURSTR(FS» 1912 ) s STX(HA
rdr=VAL

{SUBSTR(RG»1va2)

1240 J=J+1

1250 IF J<22 THEN GOTO :t150

L2460 IF J=232 THEN INPUT FROM 1i10%sF$sR%

1270 GOTO 1530

1280 HX=HX+1

L2960 IF HX=4 THEMN GOTD 1310

1300 IF HX<4 THEN GOTH 1070

1350 FOR Ia=1 TQ 3

132¢ INPUT FROM 13C3sF5sR$

APPENDIX 7.3.2 CONTINUED
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1330 IF I4=1 THEN S1$=8UHSTR(R$s2s2)

1340 IF 1I4=2 THEN S2$=SUHSTR(RS+3r1)»S00K(4)=VALIS18+82%)

1350 IF I4=3 THEN EX{(4)=UAL (SUBSTR(R$»L+&))

1360 NEXT I4

1370 J=1

1380 INPUT FROM 1iC$:FbRe$

13:3 CHOX (4.2 UAL(&UBSTR(P$9112‘)!FX(47J)*UAL(quSTR(F$ elr1)35TX (4D
{SUBSTR(RSs1ls4))

1460 J=Jd+1

14310 INFPUT FROM 1iCH.FHsRS

1422 CHOX Ay D) =VAL (SUBSTR(ES el s 2) ) s FX(4r I=VAL(SUBSTRIFSs 12113 »STX{40.)
=Uh

(SUBSBTR(R$+1ré))

1430 J=J+i

1440 INPUT FROM 1IC$sFHsR$

1450 CHOX (4 J3=VAL(SURSTR(CS»1r2) Y yFX (A2 Ly=VAL(SUBSTR(F$+1+13)»STX(4r 1}
=ValL

(SUBSTR{(R$s1s4)) -

1440 J=J+1

1470 IF J<13 THEN GOTO 1380

1480 FOR J=1 TO %

1490 INPUT FROM 1:CHsFHeR%$

14921 IF J=1 THEN VARX(HXs1)=VAL(SURSTR(R%s1+43)

1492 IF J=2 THEN VARX(HXs2»=UAL (SUBSTR(REr1+4))

1493 IF J=3 THEN VARX(HX»3)=VAL{SUBSTR(R$r1:4))

1494 IF J=4 THEN VARX{HX»4)=VAL(SUBSTR(R%~1s&))

1495 IF J=5 THEMN VARX(HX:5)=UAL(SUBSTR(RSsLr&))

1500 NEXT J

1501 FOR J=1 TO &

1302 INPUT FROM LIiC$sF%sR$

1510 NEXT J

1520 REM KEK CALCILATE STHAINYpSTRESSES anl RSSIGN CTROOLT M.
TO SOCKRET NOS. &%

530 FOR HO=1 TO 4

1540 IF SOCOCHA)SSOCXHY) THEN GOTY 18964

1550 NEXT HO

1560 nN=HO

1570 J=1

1560 K=1

1590 ESS(HXrEISFALTRC(STX(HXy I/EX(HXY) = (STOUM D/EXDINY )
1400 ESITIHX P KI=FACTR(STI (NP JIZEXT(N) ) = (STR(N»JY/EXDNIMY
1810 J=Jbl

1520 ESL(HXsK)I=FALTRC(STX(HX JY/EX(HXY) - (STONJ)AEXOINIDDY
1630 ESII(HXsRISFACTROISTI(N» HX/EXT(NYY — (STO(N JY S EXQD(NI DY
1640 J=J+1

1450 ES2{HXrKI=FACTRL(STX(HXrJ)/EX(HX)) - (STO{N, ) ARXD{NYID
1660 ESRI{HX»K)=FaCTRC{STE(NrJI/EXI(NYY - (STO(N Y EXOUNY })
1490 ALHXpRI={ (ESLCHX P K) FESICHY KD ) /L1 =HUD DY

1200 BOHX,K)= (SGRT((ESI(HX;K)-ES3(HX9K))""+(7*ES“(HX:K)-F51(HX:K)-ESS(H
¥aKI¥T202

1710 SHAX(HXrK?= ={CACHX PR B {HY PR 7 (L +HUD D K0 SRELKIE-S)

1720 SHIMNCHX sK)=( (ACHX P K)=ROHX R/ (1+MU ) IR0, CSRELKILE=4)

1730 THAXC(HX sK)=C( (R{HXrK) RO SKEL/ (L+MU) IXIE~S)

1731 DEND = ESL{(HXsK) - ESI(HXsK)

1732 NUM=2RES2{HXsK)=(ESL1(HXsKIH+EST(HXr K}

1733 IF DENO = O THEN GOTR 1740

1734 TF NUM=0 THEN GOTO 1742

L1735 PHIFP(HXsRK) = (DEG(ATAM(NUM/DEND))) /2

1736 IF PHIP(HXsKDIH0 AND DENO>O THEN GOTO 1770

1757 IF PHIP(HX:K)>0 AND DENO<O THEM GOTD 1744

17738 TF PHIR(HXK)I<O aMD DENQX0 THEW GOTD 177¢

1739 IF PHIF(HX:K)<0 ANl DEND<O THEN GOTO 1744

1740 PHIP{HXsK)=%0.0000

1741 GOTO 17790

1742 FHIP(HXsK)=0,0000

1743 GQT0 1770

1744 PHIP(HXrK)=PHIP(HX:K)+20,0000

1745 BOTO 1770

1744 FHIF(HX s KI=PHIP(HXrK) 90,0000

17706 J=J+l

1780 K=K+1i

1782 IF SOCD(N)=4 THEN GOTD 1783 ELSE GOYD 1790
1783 IF K<=4 THEN GOTO 1590 ELSE GDTO 1810

1790 IF SOCO(N?$4 AND K«<=7 THEN GOTO 13590

1860 GOTO 1280

15810 REM *KK FRINT ROUTINE kXK

1812 SE={VARX(4s1)}-UARD(4» 1) )X1E~4

1914 NB=(VARX(4s2)=VaR0(4,2))X1IE~4

APPENDIX 7.3.2 CONTINUED
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LBLS SEmw( (PARX{dr S =VARD( A Z)IHIE—2D

1818 NI=~{ (VARX(4s4)-VARD (4 4) )X 1E=-2"

1820 LOD=C VARX (4251 ~UARD (4 5) 1 K1E-3

1821 PRINT IN FORM USICHAR{1Z)

1B PRENT IN FORM s s/12R " Cal IFORNEA DEFARTMENT OF TRANSPORTATION®

SEPAGE"

2B2%° IFAGE

1823 PREINY IN FORHM ¢ J1PHY TRANSPORTATION LABDRATORY®/ ‘1

1824 PRINT IN FORM ‘1OQR‘LOAD CARRYING CARARILITY OF SLOTTED ORA NS
I/I:

1825 FRINT IWN FORM RZECPROJECT NO. o38853°/71

1826 PRINT IN FORM ‘/SB*TYPE OF PIFE t SLOYTEQR CSF DRAIN-18 IN. DLAMETRZ/H
1327 FRINT IM FORM 20R"H [NLX12.50 En. LOALird PLATE® !

1825 PRINT IN FORM </BR*TEST Nuhﬁhui“42&H'TEMPFHA¥UHH:'HJKH“DEGHEES
F."

EB"HQTE‘EZE“—'E%“—l?'E%’ITESTsTEﬁPrHGN!ﬂRY-YEﬂH

L330 PRINT IM FORM ‘/BRU“START TIHE*R2%* 1 V22 24RYEND FIRE RAL A% 3T
THL» TIHMZ»

TIM3TIHS

1840 FRENT IN FORM ‘/23B*HAGMITULRE OF LOANIY A%, 2LESKIFS™ < 1100

1850 PRINT IN FORM ‘/23K*POSITION OF LOAL: Y /23R BRATE TYPE § '/
2IRTGRATE T8 FPIFE WELDS *A3LR*LOGATION $E /BB SPAGTNG shs

SLELENGTH 1 /2EBYTYPE OF BACKFILLI®Y

1840 FRINT IN FORM ‘/FH*VERTICAL NEFLECTIONG (ENCHES) AT LOAR [P

1§70 PRINT IiM FORM ‘22B*NDRTH SIDE OF GRATE  $"BA%. 347 1NG
LBE0 FRINT IN FORN /o9 SOUTH SIDE OF GRATE 1o gAY, 3L 1586
1890 PRINT 1IN FORM  JOORCNORTH SIDE OF ENVERT PVEAY . 3% INT
1900 PRINT IN FORM ‘/22R°SOUTH SIDE OF INVERT $"B4%,3%7 181
1910 PRINT IN FORN /EBYNDTES Y /PR I-VALUES OF STRAINS SHOWN BELOW 1M
PARENTHESES ARE DIFFERENCES"/SB*BETWEEN INITIAL O REANINGS OF STRAIN G
AGES AND
& READINGS PRIOR TO*/SB°THIS LDADING.'/’?
1900 FRINT IN FORM ‘FE*2-5I6N CONVENTION OF VERTICAL DEFLECTIONStY/27H
"t = FWARD DEFLECTION?/R7R®- = DOWNWARD DEFLECTION®’?
1930 HX=1
19240 J=i
1950 K=1
1940 PEINT IN FORM <//6B"SOCKET NEl, $SRBRE S LSUCK (HXD
1970 PRINT IN FORM f AVCHANNEL "B GAGE " 4B STRATIN "SR MAX STREBS”
BiEN STRESS"BPMAX SHEAR"B'ANGLE DF MaxX* "t
1980 PRINT IN FORM ’/33'ND-'3B“NU.'EB'(NICRD*IN/IN)‘EH"(PSI)“73'(PS|)"QB
TSTRESS*SEPRING.STRAIN !
1990 PRINT IN FORM //51B*(FSI)*SH"(DEGREES) " :
2000 IF HX=1 THEM L=1
2010 IF HX=2 THEM L=8
2020 IF HX=3 THEN L=135
2030 IF HX=4 THEN =22
2040 M=l .
2042 IF FX(HXsJ)=1 THEM ©0TQ 2044 ELSE GOTO 20590
2044 PRINT EN FORM /DRI ARDLCANDES (YSRY) OVERLDAD® - ICHOX(HX» J7 2 M
2044 GOTO 2040
2050 FRINT IN FORM ’//252%4922‘9‘23"('62')'é%':CHDX(HXIJ)!M!E33I(HXrN)!
ES3(HX R
2060 J=J4L
2062 IF FX{HXsJ)=1 THEN GOTO 2044 ELSE GOTO 2070
2064 PRINT IN FORM* /2E2LAR2% B 2B {“4B") OVERLOAD® < PCHOX (HX» J) o M
2064 GOTO 2080
2070 PRINT IN FORM ’/252%4321'3'?5'('62')'éz’3CH9X(HX5J)!ﬁ?ESIE(HX!N)r
ESL (HL»K)
- 2080 J=J+1
2082 IF FX{HX,J)=1 THEN 5OT0 2084 ELSE GOTO 2090
ZOB4 PRINT IWN FORM ‘/2B2X4RZLCIR* ("4B") OVERLODAD® < JEHOX (HX» J) o M
2086 GOTO 2100
‘ 2090 FRINT IN FORM '/232%4322'5'23"('62')'6ZBEZQBBZQEBZSB4z-4Z‘3CHDX(HX
v PPENT
ESZI(HX?K}'EQE(HX!K)rSﬂﬁX(HX!K)!EHIN(HX!K)sTNAX(HX!N)rPHIP(HX!N)
2100 J=J+1
2110 R=K+1
2130 M=ridd
21F30 IF SOCX(HX)=4 THEN S0O7D 2140 ELSE GOTO 2150
214G IF Nu=4 THEN GOTD 2042 ELSE 60TO 2180
2150 IF SOCX(HX)#%4 AND K<=7 THEN G0OTO 2042
2160 itA=HA+l -
2L70 GDTO 1940
2180 FAGE=FAGE+L
2LP0 SW=5W+1
2200 BATH &30
2240 CLOSE Le3
2230 EMT

APPENDIX 7.3.2 CONTINUED
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CALIFORNIA DEFARTHENT OF TRapMuPORTISVEDN wat 10
TRANSFURTATIUN LARURATORY
LOAD CARRYING CAPABILITY OF SLOTTER URAIMS
FROJECT Ny 36853

TYPE OF PIFE ¢ SLOTTED CSP DRAIN»,18 IN. DLAMETER
g IN.X12.50 M, LEOADING PLATE
TEST NUWBERS -] TEMPERATURE 5% DEGREES F. OaTE 12=13—-197%
START TIME 10:139 ENDC TIME 13 O
MAGNITUDRE OF LDADI? 15.02 KIPS
POSITION OF LDaly: GENTIRLINE PSRPINGICULAR
GRATE TYFE § 3/16=INCH-THICK SOLID PLATE SPAGER
GRATE TD FIFPE MWELDIS @
LOGATION =A1s' s;.w.csa/ CRESTTOVALLEY

SEACING : 2
LEMGTH ? 2 |NCHES
TYPE OF BACKFILLS SOIL GEMENT
VERTICAL DEFLECTIONS (INCHES) AT LDaAD 1

. NORTH SIDE OF GRATE ¢ -3 035
SOUTH SIDE OF GRATE 3 -. 029
NORTH SIDE OF INVERT 3 002
SOUTH SIDE OF INVERT 1§ Q01

NOTES?:
1-UALUES OF STRAINS SHOWN EELOW.IN PARENTHESES ARE RIFFERENCES
BETWEEN INITIAL © READINGS OF STRAIN GABES AND 0 REANINES PRIOR TO
THIH LOADING.
2~SIGN CONVENTION OF VERTICAL DEFLECTIONS:
+ = UPWARD DEFLECTION
- = POWNWeRD DEFLECTION

SOCKET NO.: 1

LHANNEL GABE STRQIN MAX STREESS HMIN STRESS MaAX SHEAR ANGLE 0OF MAX

NO. NG . (MICRO-IN/ENDY (FST) (FSI) STRESS PRIMC.STRAIN
{PSI) ¢tDEGREES)

4 A ¢ -3y -50
5 1R ¢ 300 85
& ic &) -78 3458 -1941 2700 —-27.2928
7 24 { 183 -134
8 2R { a4) -24
? 20 34) =149 —~31404 -2458 2027 -26.08562
i0 3A { -30) -31%8
11l 3B { -18) o8 .
12 in 4 -4&) -70 1814 ~-4370 3092 -8, 4892
13 48 38} -134
14 48 ( 38) -14 i
1S5 4€ ( S0 -74 ~178%9 -4548 1379 +1488
16 S ¢ 22y -114 '
17 - BB (=30 18
18 S8 ( ~i4) -S54 ~528 -1575 1526 -2,6063
19 HA ( igry -118
20 &R ( 34 -3
21 &L 4 183 -34 -1113 -4041 1445 12.2624

APPENDIX 7.3.3 SAMPLE COMPUTER DATA PRINTOUT
FROM THE PROGRAM "STRAIN ANALYSIS
SLOTTED CSP DRAIN".
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100 REM AUTHOR ! LAI A.T. WRITTEN § 12-20-79
110 REHM THIS PRUGRAM MERGES DATA FROM TWD FILES HEREBY CALLED FILE 1 AND
120 REM FILE 2. FILE 1 CONTAINS RECORDS OF SOEKETS 13%2. EACH SOUKET MNUMBER
130 REM REPRESENTS 25 CHANNELS. FILE 2 CONTAINS RECORDS OF SOCKETS 384. FOR EAC
120 REM MAGNITUDE OF THE LOAD READINDS OF THE 4 SOCKETS ARE MERGED SEQUENTIALLY
145 REM IN THAT ORLER 1,2s3s4.
150 INTEGER S0C1{4)+80C204)
160 DIN.CHN(4»25)sFLG{4r25) 1RDG(4»25)
170 PRINT ‘ENTER FILE 1°%
180 INPUT F13 -
190 OPEN F1%$s1,INPUT,OLD
200 PRINT ‘ENTER FILE 27!
210 INFUT F2s
N 220 OPEN F2%s2, INPUTOLD
230 PRINT -ENTER NAME OF OUTPUT FILE’:
240 INPUT F3%
250 OPEN F33¢3,0UTPUT
260 INPUT FROM 1:Al%
“ 270 CK1$=SUBSTR(A1$s1rs1)
280 IF CK1$#°H‘ THEN GOTD 750
290 PRINT ON 3 IN FORM /18%",'‘ials
300 INPUT FROM 23428
310 CK2$=SUBSTR(A2%$r1rs1)
“ 320 IF CK2%#°H‘ THEN GOTO 760
330 FOR H=1 70 2
340 FOR J=1 TO 25
350 INPUT FROM 1iCSsF%-R$
250 CHN(Hyd)=VAL(SUBSTR(CH71r2)) yFLG(H».J)SVAL (SUBSTR(F$s151)}sRDB(Hr JI=VAL
(SUBSTR(RSs174))
370 IF J=1 THEN S11$=SUBSTR(RS,2,2)
380 IF J=2 THEN S12$=SUBSTR(R$s2r2)SOCL(H)=VAL(S5113+8128)
390 NEXT JrH
400 FOR H=3 TO 4
410 FOR J=1 TO 25
420 INPUT FROM 2:C$,F3sRS$
430 CHN(H»J)=VAL (SUBSTRCCSy1,2)) »FLE (Hy ) =VAL (SUBSTR(F$5172)) sRDG(Hy JI=VAL
(SUBSTR(R$r1:6)) .
440 IF J=1 THEN S213=SUBSTR(R$,2,2)
450 IF J=2 THEM $22$=SUBSTR(RS$»2,2),SOC2(HI=VAL(S21$+522%)
460 NEXT JvH
470 N=1
480 H=1
490 IF SOCL(H)=N THEN 60TO 500 ELSE GOTD 560
500 J=1.
510 PRINT ON 3 IN FORM27%,*3%,*4D*E-Gy 2%% s 4%y "6D"E=5,"2%" , "#* s 60" E-5, *22°,*
e ADYE=Fs " fLOHNCHy J) s FLG(HrJ? rROGCHr J) yCHNCHP J41) pFLE (HrJ+1) rRDE(HrJHL) ¢
CHNCHs J+23 yFLB(Hy J+2) yRDG CHs JF2) » CHNCH ¢ J+3) rFLGCHy J13) sROGCHr JH3)
520 J=Ji4
530 IF J<25 THEN GOTO S10 ELSE 60TO 540
540 IF J=25 THEN GOTO 550 ELSE GOTD 560
S0 PRINT ON 3 IN FORM/2%7,$°¢*6D"E=-5s** tCHN(HyJ) »FLE(HrJ) yROGCH, D)
560 N=N+¥1 ’
570 H=H+1
580 IF SOC1(H)=N THEN GOTO $90 ELSE GOTO 610
590 Jd=1
400 GOTD 510
410 IF SOC2(H)=N THEN GOTO 620 ELSE GOTO &80
620 J=1
230 PRINT ON 3 IN FORM/2Z®,"#%, 4D*E-Sy 2% s "#%, *60 E~Ss *2%%, “#", *6D E-Tr 227"
", 4D E=Sy "¢ {CHNCH»J} rFLB(HyJ) yREG(Hs J) rCHNCH J#1) pFLG (Hy JH1) 1ROG(Hs +1) ¢
CHN(H» 23 s FLG(Hs J+2) rRDGCH» J+2)  CHNCH p J+3) rFLB(Hr J+3) sRDG (Hr J+3)
- 440 J=Jt+4 ,
450 IF J#25 THEN 5OTD &30 ELSE GOTO 660
440 IF J=25 THEN GOTO 670 ELSE GOTO 480
470 PRINT ON 3 IN FORM‘2%%s*#%,*&D"E=5s* 7 SCHNC(HsJ) ¢ FLG(Hs J) yROG(Hr J)
) &80 NeN+l
- 490 H=H+1
700 IF H>4 THEN GOTO 710 ELSE GOTO 740
710 H=1
720 N=1
730 GOTO 330
740 IF SOC2(H)Y=N THEN GOTO 620 ELSE E0TC 330
750 CLOSE 1
760 CLDSE 2,3
770 END

APPENDIX 7.3.4 PROGRAM CALLED "MERGEDATA"™ FOR
COMBINING ALL DATA ONTO A SINGLE
TAPE BEFORE PROCESSING .
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