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ABSTRACT: At the 2016 NZSEE Conference, a paper was presented on the innovative 

use of injected resin as a ground improvement method beneath a set of existing 

commercial building structures in Christchurch (Traylen, van Ballegooy, and Wentz 

2016). The paper discussed the results of pre-production trial panels that had been 

constructed for that project. This follow-up paper provides further data and conclusions 

from the project from the production phase of the resin injection. During this phase, the 

foundation and floor areas beneath the fully operational buildings were treated with 

injected expanding resin, and the resulting soil improvement was verified using cone 

penetrometer testing (CPT). The data shows a significant improvement in soil density 

throughout the depth of treatment, with a corresponding reduction in liquefaction 

potential. This was a successful outcome for the project, and demonstrates the potential 

for this technique to be used for mitigation of liquefaction beneath existing structures. 

1 INTRODUCTION 

As reported in Traylen et al (2016), a relatively large commercial complex (5,400 square metres, 

consisting of a supermarket, and two ‘big brand’ retail outlets) which suffered liquefaction-related 

settlement damage in the 2010-2011 Canterbury Earthquake Sequence has been relevelled and 

seismically strengthened. As part of the works, liquefaction mitigation was carried out by Mainmark 

Ground Engineering Ltd, to densify and stiffen the underlying shallower soils (treating variously to 

4m or 7m depth) using their TeretekTM resin injection methodology. The objective of the ground 

improvement works was to reduce liquefaction-induced damaging differential settlements at ULS 

levels of shaking, as well as to reduce the commercial operational risks for tenants occupying the 

buildings, by enhancing performance at SLS levels of shaking. Traylen et al (2016) reported results 

from several preliminary trial panels that were installed in advance of the main injection works. This 

aim of this addendum paper is to present the results from the main production injections, which were 

carried out after the writing of the 2016 paper.  

2 SOIL IMPROVEMENT MECHANISM 

The resin injection soil improvement mechanism is described in both Traylen et al (2016) and in a 

companion paper in this conference, Traylen, Wentz, van Ballegooy, Hnat & Wotherspoon (2017). In 

summary, it is a soil densification mechanism driven by the expansion of an injected polyurethane 

resin product (although other secondary effects such as improvement in composite stiffness, 

cementation, and horizontal stress increases are also present).  
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The expanding resin injection process typically results in a ‘veining’ of expanded material distributed 

through the soil mass as dykes, sills or networks of sheets or plates, typically tens of millimetres thick 

(as shown in Figure 1). The expansion of these veins is what results in densification of the soils.  

       
Figure 1. Hand-exhumed resin veins (left) and hydro-exhumed resin veins (right) from a 2017 research trial. 

3 INSTALLATION 

Over a period of four weeks a total of five preliminary trial panels were carried out (four adjacent to 

the foundation line external to the building, and one internal trial panel under a shop floor), as 

previously described in Traylen et al (2016). Based on the trial panel results a production injection 

methodology was selected by the ground improvement contractor.   

From the buildings’ performance during the 2010 -2011 Canterbury Earthquake Sequence, and also 

from assessment of CPT and soils laboratory data, the client’s geotechnical consultant had identified 

two distinct ‘domains’ within the project footprint.  The southern part of the site (‘Domain 2’) was 

siltier than the northern part – it had significantly better liquefaction performance, and therefore did 

not require as much improvement. In the northern ‘Domain 1’ a target performance specification 

based on qc1Ncs was used for the production works.  

Between February and April 2016, the resin injection process was implemented beneath the buildings, 

at approximately 3700 injection points. In Domain 1, the depth of treatment beneath foundations was 

7m, and 4m under the more lightly loaded floor slabs (based on the performance requirements for 

those two different areas). The primary objective in Domain 2 was to reduce the potential effects of 

differential stiffness performance between it and the treated Domain 1 areas. The depth of treatment 

was reduced (tapering over a 20m transition zone to avoid a step change in performance) to 4m 

beneath foundations and nil beneath floor slabs, with a requirement to inject similar volumes of 

material per metre depth as was achieved in Domain 1, also limited by ground heave cutoff criteria.  

4 CONSTRUCTION CONSTRAINTS  

The subject buildings are tenanted by businesses with high retail turnover (particularly over the 

Christmas period), and as such the client required the works to be carried out with minimal disruption 

to the tenants and their customers. The works that were internal to the buildings were therefore carried 

out in a continuous series of night-time possessions, between the hours of 6pm and 5am.  

To minimise the night-time noise pollution impacts on nearby residential properties, the power 

generation plant and resin pumps were housed in custom-built shipping containers. At the beginning 

of each shift the injection area for the night had to be cleared, secured, and protected before bringing 
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in the injector apparatus and delivery hoses, and before the end of each shift the process was reversed, 

ready for the daily opening of the retail outlets for the tenants’ customers. Despite these constraints, 

the ground improvement works were installed inside and around the buildings, including in and 

around food storage, display, and handling areas, with relative ease and cleanliness. 

   

Figure 2. Installing injection tubes, injecting resin inside supermarket 

Pre- and post-injection CPT testing was also successfully carried out at night under the same site 

possession constraints. A small track-mounted CPT machine was used, which could manoeuvre 

between retail aisles and through small entranceways.  

    

Figure 3. CPT testing inside retail premises 

5 TEST RESULTS 

The results show that the soils responded to the resin injection with an increase in soil density and 

therefore an increase in liquefaction resistance. The individual data was variable, but in each case the 

tested location passed the specification requirements by either meeting the CPT target criteria 

(designed to reduce settlements to acceptable levels for the strengthening works, rather than eliminate 

liquefaction triggering entirely), or in Domain 2 by meeting the volume injected/heave limit criteria 
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and (in most locations) also meeting the Domain 1 CPT criteria. When the data is aggregated (from a 

total of 30 CPT test locations), the patterns that emerge show a general trend of increasing soil density 

(see Table 1). Looking at the entire dataset, the average increase in qc1Ncs values is 37%. (The qc1Ncs 

value is a CPT derived strength parameter that also takes account of both the soils fines content, and 

its depth below ground level). To give an indication of what this means in more relatable terms, this 

averaged qc1Ncs data (both pre- and post-injection) was run through a liquefaction settlement analysis, 

and for a theoretical soil with a qc1Ncs profile averaged from those 30 locations, the calculated ‘free 

field’ settlement within the treated zone is reduced from about 50mm to virtually nil at SLS levels of 

shaking (95% reduction), and from 110mm to 40mm at ULS levels of shaking (65% reduction).  

The individual CPT test locations show a more varied response in soil density (Figure 4); however the 

averaged data provides insight into the reduction of liquefaction potential as a whole. A random 

sample of four of the test locations on the exterior of the building were also individually analysed, and 

on average these showed a 70% settlement reduction at SLS (25-year return period event for 

Christchurch) and 60% at ULS (500-year return period), within the treated zone. An intermediate limit 

state (ILS) corresponding to a 100-year return period event is also considered in Table 1 below.  

Table 1. Summary of Averaged Results 

Dataset 

 

Average qc1Ncs (atm) increase 

qc1Ncs 

(atm) 

%increase 

qc1Ncs (atm) 

% decrease in settlement* 

Pre 

Injection 

Post 

Injection 
SLS ILS ULS 

All 126 172 46 37% 95% 85% 65% 

Domain 1 127 173 46 37% 95% 85% 65% 

Domain 2 111 137 26 23% 60% 45% 30% 

Floor Areas 110 135 24 22% 70% 55% 30% 

Wall Areas 127 180 52 41% 95% 85% 70% 

* Based on theoretical soil column equivalent to the averaged data for the dataset 

The data in Table 1 above and Figure 2 below are from 30 CPT locations across the 5400m2 footprint 

of the building complex.  

   

Figure 4. Pre- and post-injection data (production injections) Domain 1(left) and Domain 2 (right) 
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6 CONCLUSIONS 

The data confirms that ground improvement by resin injection did result in meaningful increases in 

soil density, and reductions in anticipated settlements to acceptable levels. This site (and therefore the 

supported foundations) are expected to perform significantly better in a future large earthquake event 

than if the ground had been left untreated. For this set of buildings the combination of the ground 

improvement and structural strengthening resulted in an assessed ‘100% NBS’ capacity. 

This project has shown that resin injection is a viable technology for ground improvement in the 

appropriate soil conditions, and is particularly useful for liquefaction mitigation beneath existing 

structures. Furthermore, the low level of intrusion required to carry out the process was a significant 

benefit for this operation as the three retail outlets (including a busy supermarket) were able to 

continue trading through the busy Christmas trading period.  

Since the time of this project, a detailed field research study into the efficacy of resin injection as a 

ground improvement method for mitigation of liquefaction has been carried out, as discussed in 

Traylen et al (2107).  
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