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1 Introduction

The present work is part of research carried out at the Geo-
technical Laboratory of the State Institute for Technical Research
in Otaniemi to the end of drawing up standards for the draining of
structures.

Within the range of the guality control of tile drain pipes
a great number of loading tests are being carried out in accordance
with the Finnish standard for tile drain pipes RIL 54 b : 1967 [1]
(fig. 1a). The aim of the work is to render these test results
serviceable in judging the bearing capacity of drain pipes embedded
in soil.

A suitable test technique for comparison is the two-edge
bearing test which is still used as the standard test technique
for drain pipes in Great Britain [2].

The claims for the pipes which appear here can be theora-

tically compared to the claims on the pipe installed in soil.

2 The pipe's bearing capacity in the crushing test according

to RIL 54 b and DIN 1180 : 1862 [3] (fig. 1a)

Here the water-saturated pipes (24 hours, 20°C t 4°} are
laid on two V-formed steel edges at right angles with a bearing
distance equal to the pipe’'s nominal diameter ND. The pipes are
then loaded perpendicularly from the top by means of a third edge.

As a predecessor of this test method DIN 1180 : 1831 [4]
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used wire-coils instead of the steel edges and a constant bearing
distance of 250 mm. Zunker 5 found & function to exist between
the stress at failure G; and the load at failure P; as well as the

pipe dimensions in the following empiric approximation.

P:-a
9 % 54 (1)
m

U; = stress at failure in wire-coil test, kp/cmz
P; = load at failure in wire-coil test, kp
a = constant, dimensionless factor
s = wall thickness, cm
dm = mean diameter, cm

The bearing conditions cause local bending stresses in the
ring elements and bring about a many-axial stress state in the
drain pipes, though the load is distributed equally over half the
circumference.

In the new standard test method [1], [3] the load is applied
only at two points. The constant bearing distance, which is equal
to the nominal diameter ND of the pipe being tested, produces un-
complicated test technique, but also varying geometrical conditions
owing to changing pipe dimensions (outside diameter and s).

Eq. (1) is assumed to be valid also for the new test pro-
cedure if only a dimensionless factor ¢ is introduced. An idea of
the magnitude of c is obtained by comparing the test results re-
ported by Leusden and Swyter [6], who used a modified wire-coil
test technique with the bearing distance being equal to the vary-
ing outside diameter of the pips, to test results reported by
Schnellbach [7], which were obtained by the new standard test
technique with the bearing distance s = ND.

The factor ¢ can be expressed as a function of s and dm, =
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both increasing with ND. If c is taken to be

°m ' (2)
c = 2
5,5 5473

the effect of the steel edges is adequately taken into account CELgs

2). The stress at failure is then
oy ® "1 ® c {:3)
Sdm
0, = stress at failure in standard test, kp/cm?
F’1 = crushing strength in standard test, kp
Bis The pipe's bearing capacity in two-edge crushing tests

(modified DIN 52 150) [8] (fig. 1b)

The deformations at the top and the bottom of the pipe are a
measure for the bearing capacity. These deformations are directly
proportional to the stresses according to the theory of elasticity,
which is valid for the pipe material in question (see chapter &),

For the uncomplicated calculation of pipes as a ring area
Bach [9] gives a solution for two diametrically applied line loads.
This solution can be used in the normal range of s. In the case of
symmetric load being applied the maximum bending stresses, determi-
native in the pipe calculations, occur at the top as well as the
bottom of the pipes. In the bending beam theory the stress distri-
bution is taken to be linear, whereas the stress distribution here
in the ring area is not linear due to the curved form of the pipes

(fig. 3) [10].

g, = E-Pz.dm (4)
£ T g2
0, = bending stress for linear stress distribution (straight beam

L
6
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axis), kp/cm?

P, = applied line load, kp/cm

2
5
o = ig - 2 + 2 . dm (5)
2 inside 2s (1 + kJm (1 + &7 1+ 8
outside - -
0, = bending stress for hyperbolic stress distribution (curved beam
axis), kp/cm?
== 1 & «~2h
K = E_ B (d ) ... for the cross section at right angles.
n=1 m
(6)
T S
g He= ¥ F(a ) ..+ ratio of the bending stresses at the
2 m
inside of the pipe (tab. 1) (7)

Table 1. Ratio of the bending stresses £ = 02/0E as function of

*100.
m
Taivutusjénnitysten suhde & = 02/02 suhteellisen seindmi-

ol

relative wall thickness sp =

paksuuden s = £.00 funktiona.

dm
Sp’ % 4 B 8 10 15 20 25 30
£ 1,028 1,042 1,055 1,070 1,105 1,140 1,175 1,215

Fig. 3. Stress distribution for line loado- jénnityksen jakau-
8 tuminen viivakuormalla (a = B = 07)
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The bearing capacity of a pipe depends futhermore on the load-
ing distribution in the upper and the lower halves of the pipe. The
horizontal pipe load can be ignored in rigid pipes, which means a
higher factor of safety.

In the special case of equal load distribution at the top
and the bottom of the pipe (o = B) we get the same momentums at the

top (MqJ and the bottom (M,). (fig. 1b)

dm
My ¥ FyPpiss

d_ (8)
My = FyePyem

Pl 220 #
GV = F3 2 m_.___.12 (9]
Es?

GV = vertical deflection, cm

F Fo = fla,B) ... as a graph in (fig. 4) [10]

2 '3
The angles of the loading distribution o and B8 depend also

11

on the mean diameter dm. The load distribution is taken to be per-
pendicular from the beam edge through the rubber packing to the
circumference of the pipe taken at dm.

For the two-edge bearing test the determinative maximum bend-
ing stress at the inside of the pipe is:

_EeF 3 Phed
o, = 35,5 =% (10)

P2-33,3
Pé e +»» maximum crushing strength per normal pipe length
L
£ = 33,3 cm, kp/33,3 cm

o
]

pipe length, cm

4, Comparison of claims in both test techniques

With the following assumptions, as the modulus of elasticity
9
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E being constant for the pipes compared, the pipe material homogene-
ous, and the cross-section remaining flat, the stresses can be taken

as a measure for the bearing capacity of the pipe et failure.

o, = mo, (11)
P L]
2 1
< = K (12)
P L1713
1 F1 £ dm s
m = proportionality factor
K = m-g = = constant, to be determined from test results.
o Experimental tests

In the two-edge bearing-test according to DIN 52150 (fig. 1b)
edges with b = 2 cm are used for ND < 150 mm, and b = 5 cm for larger
pipes. Therefore the loading angle varies from 60 to 239 degrees
depending on the pipe size. In order to diminish this geometrical
influence b was varied in the tests together with ND so as to make
o = B = 30°. Thus the constant angle of the load distribution is
significant when calculating the pipe's bearing capacity in natural
ccnditions. The load at failure from the two-edge bearing test with
@ = B = 30° is represented with the embedding factor EZ = 1 in
further calculations (fig. 8).

To remove the unevenness of the pipe wall a 2 cm thick rubber
packing was placed between the beam and the pipe's surface. With
ND 65 difficulties appeared in the carrying out of the test technique.
The pipes slipped under the locad when using the rubber packing. By
means of a plastic tube (of soft PE) instead of the rubber packing
the pipes could be brought to failure. Tests using gypsum between

the beam and the pipe wall were carried out as a comparison. They

showed, as far as the crushing strength is concerned, that the
10



Rakenteiden Mekaniikka

plastic tube gives the same results.

The two techniques were applied to pipes from three different
manufacturers, five nominal diameters were tested with five pipes
each. The loads at failure showed, as was to be expected, a greater
scatter caused by varying pipe material, burning facility, varying
pipe dimensions, ovalness and curvedness.

The mean values of the loads at failure in all the standard

)

tests are approximately 50 % higher than the minimums allaowed by
the standard {(fig. 5a, tab. 2J.
The constant K (eg. 12) was obtained from plotting Pé/F’1

1/3. A straight line was drawn through the points

against 1G/F1-£-dm-s
obtained and through the origin giving K the value K = 2,2, The
correlation is reasonable when considering the great scatter cof the
test results (fig. 6J.

Ranta [11] tested Finnish pipes according to British standard

1196 : 1944 with a = B = 0°

+ He tested a ten pipeseries from five
different manufacturers NO varying from 40 till 130 mm. His test
results showed a good analogy to the mean values here obtained when
taking into account the smaller angle of load distribution. Other
tests of Ranta according to ASTM standard [12] with sand-filled
high pressure hose (a = B = 90%) display a similar tendency as the
test results here obtained. Only the mean value for the failure load
at ND 65 was unexpectedly low (fig. 5b). The tests of Ranta were
carried out before the Finnish standard RIL 54 b was published. The
dimensions of the pipes used at that tims do not in every respect
fulfill the requirements set by the standard.

Leusden and Swyter carried out research for a new test method

(the new DIN 1180 standard) and in this connection they also made

two-edge bearing tests with drain pipss according to DIN 52150 using
11
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a 2 cm wide beam with ND - 150 mm, @ 5 cm wide beam with ND 150 mm,
and furthermore using gypsum. We have mean values from 70 tests in
all with ND 50, 100, 160 and 230 mm, the pipes being from different
manufacturers. Compared to Finnish pipes the bearing capacity was
higher, as a rule. An explanation for this can be found when making

a8 comparison between DIN 1180 : 1962 and RIL 54 b. While OIN profess-
es two quality classes, RIL applies corresponding quality class II
for ND 40, 50 and 65 mm, class I for ND 100, 130 and 160 mm and the
rest of the pipe sizes lying in between. The mean crushing load of
5860 kp for the German 50 mm pipes is thus due to the higher require-
ments for the quality class I. Furthermore DIN employs smaller pipe
diameters and smaller thicknesses, which bears a favorable influence
upon the failure in the two-edge bearing test.

Table 1 of RIL 54 b gives the allowable maximum and minimum
values for wall thickness and inside diameter of the tile-drain pipes.
The combination of maximum inside diameter and maximuﬁ wall thickness
is unfavorable from the standpoint of the pipe's bearing capacity.
For these pipe dimensions and the minimum crushing load allowed by
the RIL standard for the standard test method the minimum require-
ments for the two-edge bearing tests were calculated when a = 8 = 30°%
The values so obtained were partially not met by pipes from manu-
factory A and neither do the corresponding pipes come up to the

minimum standard failure load. (fig. 5b)

6. Properties of pipe material

Deformation measurements were carried ocut in the two-edge
bearing tests to determine the elastic properties of the pipe ma-
terial. The stress-strain diagram presented a linear correlation

in the most casss till failure. Only in a few cases the diagram "
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was somewhat nonlinear; when treating the curved part of the plot

separately the E-modulus decreased with the increasing load (fig. 7)
The measurements were made for pipes with ND 100. 130 and

160 mm. Table 3 shows mean values from measurements_with 3 pipes.
From eq. (9) the modulus of elasticity E is

1

3
Ew py 22 d”’)-12 o bk (13)
3 6V53 3; E
dm
KE = 0,75 F3(:;] (14)
Ke = geometrical component, dimensionless.
2. Conclusions

Tile drain pipes, which fulfill the requirements on gquality
and dimensions set up by the Finnish standard RIL 54 b, will develop
a minimum crushing strength in similar embedding conditions as in
the two-edge bearing test as given in fig. (5). The claim on the
pipe can be compared for different embedding conditions by means
of the momentums at pipe top and bottom (fig. 8). E, = embedding
factor, which points out the importance the careful preparation of
the trench bottom or the filter bed has on the pipe's bearing capaci-
L 0° < 8 < 60° can be assumed for pipe bed not preformed, 60° < B <
100° is the range for preformed pipe bed [13]. By aid of E, the

true bearing capacity of the tile drain pipes can be calculated

for a chosen factor of safety and for certain embedding conditions.

14
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Table 2. Mean values of crushing strength and scatter for the
tests carried out.
Keskimédrdiset murtckuormat ja hajonta suoritetuista
kokeista.

al standard test method - koemenetelmi RIL 54 b:n mukaan
factory crushing strength - murtokuorma, P1, kp
tehdas nominal inside diameter - nimelliskoko, NDO, mm
65 80 100 130 160
+102 +122 +156 +434 +404
A 1038 -213 1478 _ 88 1214 -154 2196 _35E 2056 -586
+100 +219 332 +206 +365
B 1630 105 2011 _378 2548 -253 2533 _ 89 2945 =235
+268 +132 +374 +260 +530
C 1712 -242 1358 _ 83 2461 ~271 2345 _405 3140 610
b) two-edge bearing test - viivakuormamenetelms
g
a = = 3p°
factory crushing strength - murtokuorma, Pé, kp/33,3 cm
tehdas nominal inside diameter - nimelliskoko, ND, mm
65 80 100 130 160
+ 54 +139 + 97 +286 + 70
A 673 _ 3g 830 -218 665 _ 54 1095 -345 892 88
+205 + 56 +142 + 24 +255
B 883 _121 1486 -189 1396 -204 1146 _ 650 929 “T1B
+ 98 +202 + B3 +230 +235
B 930 _155 845 5,5 1028 .0 1000 [5o0 1011 1203
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Table 3. Average test results from deflection measurements.
Muodonmuutosmittauksista saadut keskimd&rdiset koe-

tulokset.
sz3
factory ND '“E;—_‘ KE E
tehdas
mm kp/cm? - kp/cm?
100 51,1 1,64 84 500
A 130 45,72 2,99 135 000
160 40,1 2l 2 85 000
100 68,2 1,689 115 000
B 130 43,6 1,91 B3 500
160 30,4 1,98 60 000
100 103:3 1:58 161 000
C 130 40,5 2,86 116 000
160 329 2,89 95 000

Table 4. Bearing capacity of standardised tile-drain pipes
for different embedding conditions.
Normien mukaisten tiilisalaojaputkien lujuus eri-
laisissa asennusolosuhteissa.

Pé nominal inside diameter - nimelliskoko, ND, mm
kp/33,3 cm 40 50 65 80 100 130 160 200 250
EZ = 1,00 710 690 645 665 675 B35 605 550 485
- = 1,10 780 760 710 730 740 700 665 605 545
= 1,36 965 940 875 905 915 865 825 750 675
= 1,66 1180 1145 1070 1100 1120 1050 1000 910 820
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Photo 1. a) Standard crushing test. Normin mukainen koemene-
telm&.
b) Two-edge bearing test. Viivakuormamenetelmé.

Photo 2. Typical crushing figures. Tyypillisi& murtumia.
a) in standard test. Normin mukaisessa kokeessa.
18 b) in two-edge bearing test. Viivakuormituskokeessa.
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Yhteenveto

Tutkimuksessa on k&sitelty maahan asennettujen, RIL 54 b:n

mukaisten tiilisalacjaputkien lujuutta. Normissa suasitellun koeme-

nettelyn lujuus- ja kuormitusolosuhteet asettavat putkille rasituk-

sia, jotka ovat epdtavallisia luonnollisissa asennusolosuhteissa.

Muunnetun viivakuormituskokeen avulla putkeen vaikuttavat erilai-

set rasitukset saadaan kesken3in vertailukelpoisiksi. Sucritetut

mucdonmuutosmittaukset osoittivat kimmoteorian paikansapitdvyyden

putkimateriaalille.

(1]
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