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ABSTRACT: This paper aims to introduce the Ram-compacted Base Bearing (RBB) 
piling technology to the wider infrastructure industry outside China. This technology has 
been used for over 14 years in 245 out of 279 major Chinese cities. It is managed by the 
Chinese national standards and has been recommended by the China Ministries as one of 
the three major piling technologies in rebuild of the Province of Sichuan after the 2008 
M8.0 earthquake. The RBB piling system consists of a number of concrete piles resting 
on bearing bases that constitute a solid 3D spatial bearing framework to carry the induced 
external loads. One bearing base usually has a bearing area of approximately 2 m

2
 and 

can provide up to 3-5 times more bearing capacity than traditional piles. The risk of 
potential future settlements using this technology can be significantly reduced and 
differential settlements can be almost removed. When used in liquefiable soils, the RBB 
base displaces and densifies the liquefiable soil in the base-worked zone, meanwhile the 
formed RBB base layer prevents possible underneath liquefiable soil from being 
liquefied. In addition, every RBB pile uses about 1.5 m

3
 of demolition wastes which can 

save approximately 50% of the direct material cost compared to traditional piles. In this 
paper, the advantages and limitations of RBB pilling are explained and discussed through 
presentation of some site testing and practical field work.  

1 INTRODUCTION 

The RBB piling is a short name for Ram-compacted Base Bearing piling technology. This technology 

was first invented in 1998 by Mr Jizhong Wang, the Director of the Puissant Geotechnical Engineering 

Co. Ltd, Beijing, China, and it has since been utilised in China for over 14 years. It was primarily 

managed by the first edition of the Chinese National Professional Standards JGJ135-2001 and JGJ94-

94, and currently by its latest edition JGJ135-2007 and JGJ 94-2008 (Chinese Ministry of 

Construction 2007, 2008). Until 2015, 245 out of 279 major cities in China have authorised agencies 

or joint companies to exploit the RBB piling technology, which has been widely used in a wide range 

of industries including foundations, roads, railways, power factories, concrete mills, storage and 

mining areas (Chen et al. 2013, Zhu 2013, Tan & Wang 2010, Liu et al. 2008, and Shen 2004). It has 

been reported that about 30 million tonnes of construction rubbles have been used in RBB piling in 

China up until 2007 (Wang 2007). The RBB piling technology has had a key role in rebuild of the 

Province of Sichuan after the 2008 M8.0 earthquake. In 2009, the RBB piling was also used in Burma 

for a main plant building (Wang 2009). It has been recognised and recommended by the Chinese 

Ministry of Construction and the Chinese Ministry of Science & Technology as one of the three major 

piling technologies in China (Chinese Ministry of Science & Technology 2013). The application of 

this piling technology has made infrastructure developments more economical and environmentally-

protective, and contributed significantly to the progress of the China’s piling industry. This paper 

provides a detailed overview of RBB piling technology, and proposes suggestions for its possible 

future development. 
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2 RBB PILING DESCRIPTION, INSTALLTION AND MECHANISM  

2.1  Description of RBB piling 

The RBB piling system is consisted of a number of concrete piles resting on a solid 3D spatial bearing 
framework that is composed of a number of base bearing spheres (Fig. 1a), each RBB pile is built on 
an individual base bearing sphere. The RBB piles act as a load transferring truss that transmits the 
induced external loads to the base bearing spheres which in turn transmit the loads into the underlying 
soil layer. The RBB piles are similar to conventional concrete piles, but they have smaller pile 
diameter and shorter pile length. The total length of RBB piles generally ranges from 5 to 10 metres 
with typical diameter that varies from 400 to 650 mm, and the bearing capacity per pile varies from 
several 10 tonnes to around 500 tonnes (Chinese Ministry of Construction 2007, Zhu & Wang 2005, 
and Shen 2004). The minimum pile interval varies from 1.5 m (for sand) to 2 m (for clay) (Fig. 1b). 
Based on their laboratory experiments and site tests, Li et al. (2002) found that the optimum interval of 
RBB piles is 4 times the RBB pile shaft diameter.  

 
(a) Single RBB pile 

 
(b) Group of RBB piles 

Figure 1 - Structure of RBB piling system (Adapted from Yang & Wang 2011). 

The bearing base spheres contain three zones (see Fig. 1a): a dry or half-dry concrete zone 
(approximately 0.5 m

3
), a ram-compacted filling materials zone (approximately 0.5 – 1.8 m

3
) and a 

densified surrounding soil zone (Tang 2012, Zhu 2008). The dry concrete zone connects the upper 
concrete pile with the bearing base, and the ram-compacted filling materials zone is made of filling 
demolition concrete rubbles and bricks, or industrial furnace ash and gravels. As can be seen in Figure 
1, across the entire RBB pile profile, three categories of natural sub-surface soil layers are defined as 
follows: weak layer (1st layer), (to be) strengthened layer (2nd layer) and load bearing layer (3rd 
layer). The RBB pile extends through the weak layer, such as topsoil, saturated silt, peat, and landfills, 
into the strengthened layer where the bearing base sphere is to be created. The strengthened layer is 
denser than the upper weak layer and can comprise any soils except those in the weak layer above it. 
The load bearing layer has higher or similar engineering characteristics as the strengthened layer and 
could be of the same lithological formation (Tang 2012, Yang & Wang 2011). 

2.2  Installation of RBB piling 

RBB piles are installed using a special patented piling machine, the piling procedure consists of nine 
processes in five main stages including: hammer soil and lower casing to the design depth; fill 
demolition waste and compact; drop in dry concrete and compact; lower and seat rebar cage onto 
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compacted dry concrete; pour concrete and complete (Fig. 2). At the end of process 6, when the 
volume of filling materials is well compacted and approaches a certain design value (usually about 1.5 
m

3
), a 3.5 tonnes hammer is then freely dropped three times from 6.0 m drop distance. The technician 

records each penetration and sums up the three readings. The three drive penetration should not be 
larger than the design value (Chinese Ministry of Construction 2007). After completion of pouring and 
compacting concrete in process 9, the casing is slowly pulled out and the RBB piling is then complete. 

 
Figure 2 - Schematic diagram of RBB piling installation (adapted from Qi 2007). 

2.3  Mechanism of RBB piling 

2.3.1 Ram-compaction Influence Depth 

According to Menard and Broise (1975, cited by Bo et al. 2009), the degree of granular soil 
improvement by rammed dynamic compaction increases with the applied energy, and the influence 
depth has a correlation with the ram weight and drop height. Lukas (1992, cited by Bo et al. 2009) 
proposed an equation that provides an accurate estimation of the influence depth, D, in meters, as 
follows: 

D = n × (w × h) 
½
          (1) 

where w = the weight of ram in tonnes; h = the ram free drop height in metres; and n = an empirical 
coefficient factor that varies between 0.3 and 1.0. 

Equation (1) can be used for estimation of RBB compaction influence depth as follows: w = 3.5 
tonnes, h = 6 m and n = 0.5 (Leonards et al. 1980), thus the influence depth of RBB compaction D = 
0.5 × (3.5 × 6)

½
 = 2.3 m. That is, a 2.3 m thick of soil layer below the compacted rubble base will be 

compacted. However, more accurate empirical coefficient factor, n, requires further study because the 
compaction power in RBB piling is transferred by the compacted rubble to the underneath soil, it is an 
indirect compaction.  

2.3.2 Lateral Influence of Ram-compaction 

Li et al.  (2002) undertook a field experimental test in the City of Tianjin, China, to verify the lateral 
improvement effect of RBB piling on the neighboring soil beside a single RBB pile. Five soil samples 
were retrieved from the edge of a compacted rubble base to 3 m horizontally. The horizontal diameter 
of the compacted rubble zone was 1.05 m (Fig. 3a). The laboratory test from the five samples 
extracted showed that the soil porosity was decreased from 44.7% in intact to 41.1% at the base edge 
after compaction (Fig. 3b). Accordingly, the soil density was increased from 1.92 g/cm

3
 in intact to 

2.045 g/cm
3
 at the base edge (Fig. 3c), which indicates that the soil within 0.9 m from the compacted 

rubble edge was densified. The results of this test is encouraging; however, further tests are still 
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required to determine how the influence distance changes with the variation in the rubble base 
diameter. 

(a) 
 

(b) 

 
(c) 

Figure 3 - Field tests conducted in Tianjin China to evaluate RBB piling effects: (a) sample locations; (b) 

results showing porosity changes; and (c) results showing density changes (adapted from Li et al. 2002). 

2.3.3 Vertical influence and Improvement of Liquefiable Soil 

The effect of RBB piling on improvement of liquefiable soils was carried out through an in-situ test 

undertaken in the District of Tongxian, Beijing (Yang & Wang 2012). In this test, the length of RBB 

pile shaft was 4.4 m. Two boreholes (BH1 and BH2) were located in the mid of two pairs of RBB 

piles installed 2 m apart. Standard Penetration Tests (SPT) were performed every 1 m from 4.4 m to 

8.4 m, to evaluate the piling effect on improving soil characteristics. Table 1 shows that all SPT 

readings of the soil tested were increased from 6% at 6.3 m (BH 1) to 160% at 4.4 m (BH 2) after 

RBB compaction, except the one at 7.3 m (BH 2) in which SPT reading was unchanged. After RBB 

compaction, the test verified that the liquefaction potential in the zone from the base top down to 4 m 

was removed. 

Table 1. Comparison of soil SPT readings before & after RBB compaction (adapted from Yang & Wang 

2012).  

Bore 
hole 

Test 
depth 
(m) 

SPT 
critical 
blows 

SPT blows 
before 

compaction 

SPT blows 
after 

compaction 

Liquefaction 
potential 
before 

Liquefaction 
potential 

after 

SPT 
improvement 

% 

1 
 

4.4 11.31 7 12 yes no 71 

5.3 12.21 10 14 yes no 40 

6.3 13.21 16 17 no no 6 

7.3 14.21 13 16 yes no 23 

8.2 15.11 9 19 yes no 111 

2 

4.4 11.31 5 13 yes no 160 

5.3 12.21 7 14 yes no 100 

6.3 13.06 8 16 yes no 100 

7.3 14.06 17 17 no no 0 

8.2 15.26 13 18 yes no 38 

It should be noted that because the compacted rubble has a height of around 2 m, in this case, the ram-

compaction influence depth under the rubble base was found to be approximately 2 m, which is close 

to that predicted using Equation (1) of Lukas (1992, cited by Bo et al. 2009). 

Another in-situ test using heavy dynamic penetrometer (DPH) was undertaken to verify the RBB 

compaction effect, in the Railway foundation project in Langfang District of Beijing, where the 

geology comprised of 8.4 m interbedded silty clay and clay, overlying a 3.6 m thick fine sand layer 
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(Luo 2010, cited by Zhang 2012).  

The RBB pile interval was 2 m and the pile diameter was 0.43 m. The test was conducted from the 

surface to a depth of about 10 m (Fig. 4). The testing results showed that the DPH blows were 

increased from 19 for the intact soil to 33 at around 10 m, after RBB piling compaction. The sand 

between the bearing bases altered its property from medium dense to dense, and very dense. It was 

concluded by Zhang (2012) that the RBB bases were effectively connected with the densified soil that 

was free from the liquefaction potential after RBB compaction. It was also testified that after the 

second base was installed, the gap soil properties was improved significantly compared to the single 

base installation.  

 
Figure 4 - The DPH test outcomes before and after RBB compaction, Langfang District of Beijing, China 

(adapted from Luo 2010). 

2.3.4 Integrity of Installed Bearing Bases  

Based on the experimental results presented above, a single RBB pile is able to create an entire 
subsurface mass of a compacted rubble and densified soil of about 3–5 m in thickness and 2–3 m in 
diameter. The integrity of RBB piles can thus create a platform of a horizontal area larger than the 
building floor area above it. This in turn enables an establishment of a foundation system mechanism 
equivalent to that of the deep spread footing foundations (see Fig. 5) (Yang & Wang 2011). The 
building on this platform of RBB piling foundation will have small and even settlements.  
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Figure 5 - Establishment of RBB base body in a foundation, and equivalent mechanism to a deep spread 

footing foundation (adapted from Yang & Wang 2011). 

The RBB platform system can effectively adjust its mechanism of load distribution, and then 
automatically neutralizes the partial fluctuation of the stress in the framework, which may result from 
some partial small defects in design or construction. The differential settlements can therefore be 
avoided or mitigated (Yang & Wang 2011, Jin 2011, Shen 2004, and Li et al. 2002). 

When a bearing base is created using RBB piling in liquefiable soils, it displaces the liquefiable layer, 
consolidate/densify the surrounding liquefiable soils, bridges and separates possible lower liquefiable 
layers and mitigates or eliminates the liquefaction potential, not only in the base-worked layer but also 
in the lower liquefiable layer. Besides the in-situ tests discussed above, it also has been reported by 
researchers (Zhou 2015, Yang & Wang 2012; Yang 2007) that the potential of soil liquefaction was 
eliminated in an approximately 4 m zone from the top of the compacted dry concrete to the bottom of 
the affected surrounding soils underneath, in a RBB foundation. 

3 TYPICAL RBB PROJECT: APPLICATION IN EARTHQUAKE AFFECTED REGION – 

SICHUAN PROVINCE, CHINA 

The Beichuan Middle School, nearby the epicentre of 2008 Sichuan Earthquake, used the RBB piles 
for a new school buildings in the 2009 rebuild. The foundations for 10 buildings in the new campus 
had 2279 RBB piles installed. The seismic fortification intensity of the buildings was M 8.0 (Chinese 
Central Government 2012).  

A typical geological cross section of this area showed that a 3 m thick GRAVEL layer was revealed 
from a depth of around 7.0 m, overlain by interbedded SILT and CLAY. The groundwater table was 
encountered at 7.0 m below the ground level. The GRAVEL layer had a characteristic bearing 
capacity of 684.8 kPa, was selected as the bearing layer. The upper SILT and CLAY layers were 
chosen as the strengthened layer. The pile length was 7.0 m, including 2.0 bearing base, and the pile 
diameter was 420 mm. Three drives penetration was controlled within 10 cm; the equivalent area of 
the bearing base was 2.0 m

2
 on JGJ135-2007 (Chinese Ministry of Construction 2007).  

According to the Chinese Standards JGJ135-2007, per pile bearing capacity was calculated as 1369 
kN (2.0 m

2
 x 684.8 kPa). Per pile bearing capacity of 900 kN was then chosen as the design value, 

according to the building structure and loading conditions. After installation, the pile testing showed 
that 100% of the 2279 RBB piles met the design requirements (Tan & Wang 2010).  
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4 DISCUSSION AND CONCLUSION 

The RBB technology has had significant strengths, compared to conventional piling. It is suitable for 
most engineering conditions and groundwater situations. The RBB saves 20 to 30% of costs, provides 
much higher bearing capacity than traditional piles, supports national policy of minimizes demolition 
wastes (each RBB pile can use about 1.5 m

3
 of waste). Particularly, the RBB piling eliminates the 

potential of liquefaction risk and provides even and small foundation settlements. The operation of 
RBB piling is quiet and thus suitable for urban areas, and its worldwide promotion would provide 
significant benefits to the global economy and the environment.    

Despite its advantages, the RBB piling technology has some shortcomings (Yang & Wang 2011). The 
piling speed has space for improvement, it generally takes 1.0 to 2.5 hours to complete one RBB pile, 
depending on the specific site conditions and design requirements. The piling machine requires further 
development to become fully automatic. Ground heaving around piling needs attention in design and 
during piling work, to prevent the impact on installed nearby piles. More advanced site technologies 
(e.g. CPT and MASW) need to be applied for testifying the RBB integrity and ground improving 
effects. Furthermore, the RBB technology has been mainly developed from practice, using a number 
of empirical equations and parameters, and lacks systematic theory (Zhang 2014, Yu 2008). The 
research on RBB piling technology lags behind its practice, and more theoretic and scientific studies 
are needed for better understanding of RBB piling principle and mechanism, to provide reliable 
scientific design solutions. The contours of geotechnical characteristics of soil surrounding the 
compacted bearing base, such as its density, modulus and void ratio, should be developed through 
numerical modeling and site experiments.   
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