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ABSTRACT: In this paper, the uplift capacity of group screw piles with grouted shafts was examined through an experimental 
laboratory testing program which was carried-out on group screw model piles embedded in dry sand. The grout embedment depth 
ratio is taken at a constant depth below the ground surface around four times of pile diameter. Eighteen models grouted/ungrouted 
groups of two, three and four anchors were tested to investigate the most benefit of such grouted bulb in the performance of screw 
anchors. The test results indicated that, for group grouted screw anchors, the efficiency of improvement in the uplift capacity reached 
to 1.64, 1.49, 1.36 times of group screw anchors without grout at sand relative density of 80, 50 and 30 % respectively in case of two 
anchors group. It is also found that the soil between the grouted bulb and the first helix behaves like an embedded cylindrical stiff 
shaft that increases the friction resistance as a result it improves the screw pile capacity. 

RÉSUMÉ: Dans cet article, on a examiné la capacité de soulèvement des pieux de groupe avec des puits de mortier à travers un 
programme expérimental de laboratoire qui a été réalisé sur des piles de type à vis de groupe intégrées dans du sable sec. Le rapport 
de profondeur d'encastrement du coulis est pris à une profondeur constante sous la surface du sol autour de quatre fois le diamètre de 
la pile. Dix-huit modèles de groupes de deux, trois et quatre ancres ont été testés afin d'étudier le plus grand bénéfice de cette ampoule 
à injection dans la performance des ancres à vis. Les résultats des essais indiquent que l'efficacité de l'amélioration de la capacité de 
soulèvement a atteint 1,64, 1,49, 1,36 fois les ancres à vis de groupe sans coulis à la densité relative du sable de 80, 50 et 30% 
respectivement dans le cas de deux Ancres. On constate également que le sol entre l'ampoule injectée et la première hélice se 
comporte comme un arbre rigide cylindrique encastré qui augmente la résistance au frottement, ce qui améliore la capacité de la pile 
de vis. 

KEYWORDS; group grouted screw anchors; efficiency of improvement and relative density.   

1 Introduction. 

Anchors are prefabricated foundations which are used for 
almost all types of structures such as transmission towers, radar 
towers, tall chimneys, suspension bridges, offshore structures, 
tunnels, buried pipelines under water etc. Several studies 
investigated the behavior of group screw anchors under pullout 
loads such as,(Meyerhof and Adams 1968; Larnach and 
McMullan 1974; Hanna et al. 1994; Geddes and Murray 1996; 
Satyendra et al. 2013). Ghaly et al.1994 ,conducted 
experimental investigations on the performance of single and 
groups of vertical screw anchors installed in dense, medium, 
and loose sands. It was observed that, the efficiency E increases, 
with the increase both of spacing between anchors and 
installation depth, for loose and medium sands. However, the 
efficiency E decreases with the increase of group size. On the 
other hand the grouting technique with helical anchors was used 
to improve its performance in the form of helical pulldown 
micropiles. Screw anchors installed with a grout column 
surrounding the central shaft along the extensions as stated by 
Vickers and Clemence 2000. This implemented technique was 
prevented the buckling of long piles and increase both of the 
capacity and resistance to corrosion. In this way Bian et al. 
2006 conducted a series of tests on model piers in dry sands 
using different pier-grout installation schemes to form grout 
bulbs around the tested pier shafts. It was observed that, 
additional sets of grout holes aligned on the pier shaft proved 
unnecessary. Sakr et al 2016, studied the inclined tensile load 
capacities of grouted screw piles under constant pressure of 
grouting through model of screw piles embedded in dry sand. It 
is found that, the optimum embedment depth ratio which 
provides a higher load capacity is found to be at depth below 
the ground surface around four times of pile diameter. From the 
previous studies, it was found that, most studies deal with the 
behavior of single and group screw piles in sand under different 
loading conditions. While, limited number of researchers used 
grout beneath the helices to improve the capacity and 
performance of screw piles. Excluding a few investigators who 

dealt with the grouted screw piles along the pile length named 
helical, pull down micropile to increase their stiffness and 
diameter as stated by El Sharnouby and El Naggar, (2012). 
Grouting along the whole pile length is uneconomical and 
required large amount of grouting. Therefore, the present 
research aims to improve the uplift capacity of group screw 
piles under pullout loads in dry sand using grouted bulb at a 
given zone along the screw pile shaft and below the cap at 
different tested parameters like sand density and number of 
screw piles.  

2. Experimental Work 

2.1 Experimental set up. 

Pullout tests were conducted in a cylindrical test tank with 
950.0 mm diameter and 900.0 mm height. The thickness of the 
tankʼ s walls was 3 mm. The walls were braced with vertical 
frames of steel angles to increase their stiffness and to prevent 
any lateral deformation of the side walls. The pushing-down 
force generated by an electric motor which is fixed on the top of 
the loading frame.  Smooth pulley and wire are used to apply 
the uplift load on the piles. The axial vertical displacement is 
measured using 0.01 mm accuracy dial gauge. The 
experimental set up is shown in Fig. 1. 

2.2 Pressurized grout chamber. 

The elements of pressurized grout chamber included a 
compressor with a pressurized air valve, tank under pressure, 
and motor gear for flipping the grout, funnel for pouring the 
grout, two pieces of pressure valve and one pressure gauge to 
control the pressure inside the tank and prevent the internal 
pressure from exceeding the gage limit. Two-pieces of pressure 
hose one of them for transporting air from the compressor to the 
tank and another piece to transport the grout from the tank to 
the pile. Fig. 2 shows the grout pump system.  
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 2.3 Model of screw pile and pile caps. 

Mild steel pipes of 21/16 mm outer/inner diameter with total 
length of 700 mm are used as model piles in this investigation. 
In order to form the helices, two steel circular plates 2.0 mm in 
thickness with 63 mm in diameter, spacing ratio of dh/dp equal 
3 are welded to the hollow steel pipe at specified locations and 
directions. Three pile caps were made of steel plates with 
thickness of 8 mm to be rigid. Fig. 3 shows the model pile and 
pile caps. 

2.4 Tested sand.  

The sand used in this study is classified as poorly graded (SP) 
according to the Unified Soil Classification System. The 
geotechnical properties of the used sand are given in Table 1. 

2.5 Grouting mix properties.  

The water is mixed with the cement to form the grout. The 
adopted water cement ratio (Ww/C) is 0.40. Water reducing 
additive is superplasticizer (SIKAMENT 163 M) which is 
approximately 1% by weight of cement. This ratio was taken 
from different experimental mixes, which provided acceptable 
grouting viscosity and strength 

3. Experimental Testing Program 

A total number of eighteen tests were conducted on groups of 
screw anchors and the grouted bulb was applied at the optimum 
depth below the ground surface which was investigated by Sakr 
et al 2016 as shown in Fig 4. Group tests were conducted at 
different sand relative densities of 30, 50 and 80 %. All tests 
were done at constant depth ratio; (L/dp) is equal 28.6. Table 2 
shows details of the experimental testing program and the 
obtained test results are summarized in Table 3. 

4. Test Results and Discussion 

4.1  Load- displacement curves.  

Due to the limit space, some of the load -displacement curves 
are exhibited. The displacement (S) of the helical pile is 
expressed in non-dimensional form in terms of screw pile 
diameter (dp) as percentage ratio (S/dp, %). 

Fig. 5 shows a typical relationship of the uplift load versus 
vertical displacement curves for two anchors group installed in 
different sand relative density and spaced of 4 dh.  It is noticed 
that, the existence of grouted bulbs significantly modifies the 
load displacement behaviour of screw pile and improves the 
uplift capacity in accordance of embedment depth and sand 
density. 

4.2 Influence of grouted bulb on the load factor ratio, β. 

The effect of number of piles in the group on the load factor 
ratio, (β ) for ultimate capacities at different sand relative 
density was investigated. The load factor for the ultimate 
capacity  was studied in the form of dimensionless factor and 
calculated by the following equation:  
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Where, Pugg
 is the ultimate pullout load of a group of grouted 

anchors and Pugu
 is the ultimate pullout load of a group of 

anchors without grout. Fig 6. Shows the relationship between 
the number of anchors in the group and the load factor ratio, β 
for uplift capacities. It is observed that, the load factor ratio 
increases with the increase of sand relative density. Also it is 
noticed that, the load factor ratio decreases with the increase 

number of anchors within the group. Increasing number of 
anchors within the group from 2 to 4 results in a reduction in 
the load factor ratio by 13.1, 13.14 and 17.85 % for sand 
density of 80, 50 and 30%  respectively.  It should be mentioned 
here that, the uplift capacity of group grouted screw anchors 
was reached to 1.64 times of uplift capacity of group screw 
anchors without grouting at dense condition in case of two 
anchors group. It is noticed that, the percentage of increase in 
the ratio of load factor for uplift capacities in cases of medium 
and dense sand compared with loose sand is found to be 20.6 
and 9.6% respectively in case of two anchors group. 

 

 

 

 

 

 

 

 

 

  

Fig 1. The experimental set up, Sakr et al. 2015.  

 

 

 

 

 

 

 

Fig 2. Grout pump system, Sakr et al. 2016. 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig 3. Model of tested screw pile and pile caps. 
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2- Moving cart 
3- Steel wire 
4- Vertical ribs 
5- Soil tank 
6- Inverter 

1- Compressor 
2- Motor Gear  
3- Funnel  
4- Pressure valve  
5- Tank under pressure 
6- Pressure gauge  

 

Sp 
dh dh 

dh 

Sp 

dh 

Sp 

dh 

dh 
dh 

Sp 
dh 

dh 
dh 

dh 

Sp 

- 2850 -



  Technical Committee 212 / Comité technique 212 

 

 

 

 

 

 

 

 

 

Table 1: The physical and mechanical properties of the used sand 

 

 

 

 

Fig 4. The model tested group of anchors. 

 

 
Table 2. Experimental testing program 

Series Constant parameters Variable parameters Series Constant parameters Variable parameters 

1 Z/dp=0.0(no grout), No. of pile group =2 Dr =30, 50 and 80% 4 
Z/dp= 4.0, No. of pile group 
=3 

Dr =30, 50 and 80% 

2 Z/dp= 4.0, No. of pile group =2 Dr =30, 50 and 80% 5 
Z/dp=0.0(no grout), No. of 
pile group =4 

Dr =30, 50 and 80% 

3 Z/dp=0.0(no grout), No. of pile group =3 Dr =30, 50 and 80% 6 
Z/dp= 4.0, No. of pile group 
=4 

Dr =30, 50 and 80% 

All tests were conducted at constant of depth ratio, (L/dp) is equal 28.6, No. of helix= 2, H/dh= 7.5, S/dh= 1.5, Sp/dh =4. Dr relative density of sand, H 
embedded depth of pile up to the top helix, dp diameter of pile shaft, dh helix diameter, S helix spacing, Sp spacing between piles in the group. 

      Table. 3. Uplift load (pult) for group of anchors 

Dr % 

Uplift loads, pult (N) 

1x2 group, rectangular 1x3 group, triangular 2x2 group, square 

Un grouted 
anchors 

grouted anchors, 
Z/d= 4 

Un grouted 
anchors 

grouted anchor, 
Z/d= 4 

Un grouted 
anchors 

grouted anchors, 
Z/d= 4 

30 % 512.5 700 762.5 925 975 1125 

50 % 887.5 1325 1250 1725 1575 2075 

80 % 1100 1800 1487.5 2325 1775 2575 

 
5. Scale effect  
It is well known that due to scale effect and the nature of 
granular soils, soils may not play the same role in the laboratory 
model tests as in the case of prototype. These differences occur 
preliminary because of the differences in stress level between 
the model tests and the field tests (Vesic, 1973) and (Nazir and 
Nasr, 2012).The stress level around the small scale model 
anchor is much smaller than that around the full scale piles. 
Despite the involvement of scale effects, the study not only can 
provide insight into the likely behavior of helical pile 
constructed in different sand densities, but also will provide a 
useful basic for further research using full-scale tests or 
centrifugal model tests and numerical studies leading to an 
increased understanding of helical pile groups installed in sand  

 

subjected to axial tension loading. 

6. Conclusions 

The technique of grouting can be considered as a novel one to 
improve the uplift capacity of group screw anchors. Salient 
conclusions that can be drawn from the present study are as 
follows: 

1. The load factor ratio, β for ultimate uplift capacity in the 
group, increases with the increase of sand relative density. 

 

Properties Value 

Maximum unit weight, kN/m3 
Minimum unit weight, kN/m3 
Specific gravity , Gs 
The effective size ( D10), mm 
Uniformity coefficient (Cu) 
Coefficient of curvature (Cc) 
Maximum angle of internal friction, φ 
Minimum angle of internal friction, φ 

18.63 
14.70 
2.63 
0.35 
2.29 
0.89 
42.9 
33.7 

Dense sand properties 
Unit weight, kN/m3 
Relative density, 
Angle of internal friction, φ 

17.68 
80% 
40.2 

Medium sand properties 
Unit weight, kN/m3 
Relative density, 
Angle of internal friction, φ 

16.45 
50 % 
37.6 

Loose sand properties 
Unit weight, kN/m3 
Relative density, 
Angle of internal friction, φ 

15.7 
30 % 
35.4 
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Fig 5. Variation of uplift load with normalized vertical displacement for two anchors group at different sand density. 

 

 

 

 

 

 

 

 

 

Fig 6. Variation of load factor ratio, β for uplift capacity with number of 

piles in the group, at different sand relative densities. 

2. The load factor ratio, β for ultimate uplift capacity in the group, 
increases with the decrease of number of anchors within the 
group. 

3. The ultimate uplift capacity of group grouted screw anchors 
was reached to 1.64 times of ultimate uplift capacity of group of 
anchors without grouting in dense sand in case of two anchors 
group. 

4. The soil between the grouted bulb and the first helix was 
intensified and behaved like an embedded cylindrical stiff shaft 
as a result the friction resistance is increased. 
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