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Calculation of Loads on 118997 /IRB

DBK Pipe Supports Installed in Gravel

The Technological Institute, Department of Plastics & Packaging, has been commissioned by Dansk
Byggekomponent ApS to carry out calculations of the loads acting on two types of DBK pipe supports
in the case of covering pipe installations with uncompacted gravel.

When pipe installations and pipe supports are covered with gravel, settlements occur over time both in
the gravel material and in the underlying soil layers. These settlements cause a downward movement of
the gravel material, which leads to loading of the pipe installations as well as of the pipe supports.

Within the scope of the calculations, three different load scenarios are applied in which the gravel cover
affects the pipe installations and pipe supports in different ways:

Scenario 1 Gravel is located directly above the pipe across the full pipe width
(corresponding to the pipe diameter).

Scenario 2 Gravel is located at an angle of 45° against the pipe; the load acts in the form of a triangle
with the deepest point located on the centre line above the pipe.

Scenario 3 Gravel is located at an angle of 45° against the centre point of the pipe.

The calculations are carried out for two sizes of DBK pipe supports, namely nominal diameter 110 mm and
nominal diameter 160 mm.

Assumptions:

- Thickness of the gravel cover above the pipe: t=0,25m

+ Bulk density of the gravel material: v =11kN/m3

« Angle of internal friction (conservatively assumed): G =45°

« Pipe diameter (@110 mm): d@110=0,11m

« Pipe diameter (3160 mm): d@160=0,16 m

- Self-weight of the water-filled pipe @110 mm: mM@110 =93 N/m

- Self-weight of the water-filled pipe @160 mm: m@160 =197 N/m
» Spacing between the pipe supports: Ib=05m
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Scenario 1: Gravel covers the pipe to the width of the pipe diameter.

Load per pipe support (3110 mm):

Fig = (Prg * lp *y) + (Myq90 * lp) , hvor

d T
P, = <d¢110 * (t + 210)) - (0;5 * " * d¢1102)

P, = (0,11 x (0,25 + %)) - (0,5 * 2 0,112) [m?]

P;.= 0,024 [m?]
Load per pipe support:

F;, = (0,024 % 0,5 % 11 % 10%) + (93 % 0,5) = 178,8 [N] = 18,2 [kg]

Load per pipe support (3160 mm):

Fip = (Pyp * Iy x7) + (My160 * Ip) , hvor

d T
Py, = (dmeo * (t + 260)) - (0.5 2 dmeoz)

Py, = (0,16 + (025 + °'16)) - (0,5 * 2 0,162) [m?]

2

P, = 0,033 [m?]
Load per pipe support:

F,, = (0,033 % 0,5 11 * 103) + (197 * 0,5) = 278,3 [N] = 28,3 [kg]
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Scenario 2: Gravel sloping down at a 45° angle to the pipe (triangle, point in the center line)

BETON / EPS

Load per pipe suppor (3110 mm):

Foq = (Poq * Uy * ) + (Mgq10 * 1) , hvor

P2a=<%*t*(2*t)>=(t*t)

P,, = (0,25 % 0,25) [m?]
P, = 0,063 [m?]
Load per pipe support:

Fpy = (0,063 % 0,5 % 11 * 10%) + (93 * 0,5) = 390,3 [N] = 39,7 [kg]

Load per pipe support (3160 mm):

Fop = (Pap * lp *7) + (My160 * Ip) , hvor
Py, = (t *t)

P,, = (0,25 % 0,25) [m?]

Ps, = 0,063 [m?]

Load per pipe support:

F,, = (0,051 0,5 11 % 10%) + (197 * 0,5) = 440,3 [N] = 44,8 [kg]
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Scenario 3: Gravel sloping down at a 45° angle towards the center of the pipe (triangle, point in the middle)

BETON / EPS

Load per pipe support (3110 mm):

F3q = (P3q * lp *7) + (Mgq10 * lp) , hvor

d d 1 n
=5 (24 )

Psg = (0,315 031) — (7% 0,11%) [m?]
P3a = 0,091 [m2]

Load per pipe support:

Fyq = (0,091 % 0,5 * 11 % 10%) + (93 % 0,5) = 545,1 [N] = 55,5 [kg]

Load per pipe support (3160 mm):

F3p = (P3p * lp *7) + (Mgy160 * 1) , hvor

d d 1 =«
=) 1+59) ()

Ps, = (0,33 % 0,33) — (i s 0,162) [m2]

Ps3,= 0,104 [m?]
Load per pipe support:

Fy, = (0,104 % 0,5 * 11 * 10%) + (197 * 0,5) = 669,8 [N] = 68,2 [kg]
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Safety

Previously conducted tests of the DBK pipe supports showed the following average values of
failure load / load-bearing capacity:

+ 3110 mm: 152 kg
« @160 mm: 124 kg

At the maximum load according to the above calculations, the safety factor against failure
at short-term load is:

Brudstyrke 152 152
Sp110 = = = =
Maks. last F;, 55,5

2,7
Based on the maximum calculated loads, adequate safety against failure under short-term load-

ing is achieved for both pipe support sizes.

g _ Brudstyrke 124 124
9160 ™ Maks.last ~ F;, 682

1,8

Comments

Of the three calculated scenarios, Scenario 3 corresponds most closely to a classical
geotechnical foundation calculation in soil. In the calculation of Scenario 3, an internal friction
angle of 45° has been applied, which is regarded as conservative for uncompacted gravel.

The actual loads acting on the pipe installations and pipe supports are expected to be lower than
the loads calculated in all three load scenarios.

As the use of uncompacted gravel is specified, any load build-up in the overlying gravel material
will be of very short duration. The gravel will slide to the sides past the pipe, after which the pipe
supports will again be loaded solely by the self-weight of the pipe and its contents.

Yours sincerely

Technological Institute
Department of Plastics & Packaging

Jorn Bech
Seniorspecialist

Telefon: 72201674
E-mail: jrb@teknologisk.dk
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