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1 Objective 
The test setup for testing axially static and cyclic loaded piles in sand is described in the following. The 
purpose for the tests is to examine the tensile capacity of axially loaded piles in dense fully saturated sand. 
The pile dimensions are chosen to resemble full scale dimension of piles used in offshore pile foundations 
today.  

2 Test Setup for axially loaded piles in sand 
Figure 1 shows the test setup and Figure 2 a principal sketch of the test setup. 

 
Figure 1: Test setup with applied suction.  
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Figure 2: a) Layout of the test setup; b) Section A–A cross-sectional view of the test setup; c) Section B–B cross-sectional view of 
the test setup. 

2.1 Sand Box 
The sand box has internal dimensions of D = 2.5 m and h = 1.2 m. To get saturated sand, it is necessary to 
let water in and out of the sand box, therefore, a drainage system is placed in the bottom of the sand box. 
The drainage system consists of perforated pipes equally placed in 30 cm of gravel. The gravel is covered by 
a felt cloth to prevent the sand to enter the drainage system.  Above the felt cloth, 1.2 m of Baskarp Sand 
No. 15 is placed.  

The pipes in the drainage system are connected to a water tank located above the sand box. From this tank, 
water is led into the sand box while controlling the gradient of the water through the sand by monitoring 
the water head in the ascension pipe, cf. Figure 3.  
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2.3 Pile Specifications 
Figure 5 shows the pile segment is made of steel and is 1 m long and has a diameter of 0.5 m. The wall 
thickness is 3 mm, which gives a diameter to wall thickness ratio of 17. According to (Randolph og 
Gourvenec 2011) the smallest offshore piles have a diameter from around 0.76 m and beyond and 
diameter to wall thickness ratios vary between 25 and 100. Therefore, the pile segment has a diameter 
which is smaller than the piles used in reality but is much closer to full scale than piles usually used in 
laboratory tests to understand the processes under axial loading. The smaller diameter to wall thickness 
ratio of the specimen compared to full scale is not important as long as it is large enough to avoid instability 
of the pile wall during use. Besides the ratio only has an impact on the base resistance of the pile and the 
test pile is loaded in tension only. 

 
Figure 5: Principal sketch of the pile segment. 

The pore pressure along the pile shaft is measured 1/3 L and 2/3 L from the pile top both on the inside and 
on the outside of the pile shaft. Moreover it is measured at the tip of the pile. Figure 5shows the positions 
of the pipes 1-5 connected to the pore pressure transducers on the pile. The pore pressure transducers 
placed on top of the pile. The specifications of the pore pressure transducers are given in Section Figure 5. 

Figure 5 shows the position of pore pressure measurements. The external displacement transducers 
WS10-1 and WS10-2 are during tests positioned opposite each other connected to the nuts tightening the 
pile lid and the pile flange.  

2.4 Increasing Effective Stresses 
The effective stresses in the soil are increased by covering the soil surface inside and outside the pile 
segment with a rubber membrane and applying suction underneath it. Hereby, overlaying soil layers are 
simulated due to the increase of effective stresses. Thereby, the soil-pile interface behaviour can be 
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investigated at various soil depths.  To make sure that the suction is applied equally over the sand layer and 
to avoid that sand is sucked into the tubes, a felt cloth is placed between the sand and the membrane.  

 
Figure 6: Felt cloth positioned on the sand surface. 

The suction is controlled by a vacuum pump. The manometer on the vacuum system can be used as an 
indicator when regulating the pressure. However, to get the precise value of the suction it is necessary to 
attach a pressure transducer to the membrane and connect it to the MGCplus and monitor the pressure in 
Catman.  

   
Figure 7: Vacuum system. 

The suction is applied through four hoses connected to the membrane by means of quick-couplings, cf. 
Figure 8. The membrane is tightened at the edge of the sandbox by an aluminium frame, in the edge is a 
groove and the membrane is pressed into this groove between two O-rings making the connection air tight, 
cf. Figure 9a. The same assembly technique is used to tighten the membrane to the pile leaving room for 
holes in the membrane to lead the pore pressure pipes and bolts used to assemble the pile to the loading 
plate through, cf. Figure 9b. Here it is necessary with two O-rings, one on each side of the holes. It is 
important that the sand is 100% saturated and that very few air bobbles are present in the sand before 
applying the suction because the air expands under vacuum and will press the water out of the sand 
through the suction hoses. This will result in partially drained instead of fully saturated sand.  
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