
• A high level of QA/QC is mandatory in jet grouting.  This includes not only reviewing 

the jetting parameters and grout quality, but also understanding the drilling conditions 

and composition of the spoil.    

• Experience matters, more so in jet grouting than other grouting technologies, as the field 

crew can significantly impact the process. 

 

PREDICTIONS AND SUMMARY   

 

These project summaries demonstrate a few of the newer innovative possibilities for jet grouting, 

but further applications will develop over time.  Jet grouting project numbers in the US easily 

exceed 750 in the last 30 years.  Recognized now in North America as a mature product, it will 

see consideration where it was not previously. In doing so, we must be cautious in its application 

and understand where success is achievable, for a competitive price and a suitable schedule, 

without accepting uncompensated risk.    

 

CONCLUSION 

 

Technological advancements in equipment and innovative design approaches have been 

instrumental in expanding the use and applications for jet grouting. As seen in the above project 

examples, this technology has proven to be a versatile, flexible, and cost effective means for 

ground improvement across a variety of markets, ranging from the tunneling industry to 

commercial building and public works. By heeding the lessons learned and building on past 

successes, experienced contractors and designers will continue to drive innovative uses for jet 

grouting. 
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Abstract 

In April 2013, a deadly collapse of a ready-made garment (RMG) building occurred in 

Bangladesh which caused instant death of 1,134 and injury to more than 2500 people. RMG in 

Bangladesh faces challenges to ensure workplace safety for the millions of garment workers. The 

recent structural assessment of the existing 3,500 RMG factory buildings identified that 

approximately 700 factories needed to be urgently retrofitted. In this paper, the methodology to 

retrofit a 4-storied RMG building in Chittagong was described in detail. The existing foundation 

of the building was inadequate, jet grouting together with bored piles were used to improve the 

foundation condition. The paper also describes the design, construction and performance of the 

jet grouting process. Soil modeling, settlement of the mat foundation under super structural loads 

and static pile load test for JGC (jet grouted column) is discussed. The choice of jet grouting as a 

soil and foundation improvement solution and its advantages are pointed out. In application of jet 

grouting, type of treatment, application procedure and operational parameters are also discussed. 

INTRODUCTION 

The retrofit process is a general term that consists of a variety of treatments, including: 

preservation, rehabilitation, restoration and reconstruction (Kelley, 1996). When an existing 

building found potential for severe damage due to lack of capacity against various possible 

loading, is considered for retrofitting. Most of the structures built prior to 2000s in Bangladesh 

were typically not designed with proper details to perform adequately during earthquakes. While 

Details Engineering Assessment (DEA) conducted in several buildings, most of them have been 

found vulnerable against seismic load. Recent events like collapse of Rana Plaza in Bangladesh 
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have increased the awareness among building owners as well as building users for various 

purposes. The seismic retrofitting design and construction have recently been initiated in 

Bangladesh for vulnerable buildings. In retrofitting, strengthening of all structural elements has 

been considered as per requirements and relevant deficiencies. 

Jet grouting columns are frequently adopted in foundation engineering as an alternative to piles 

with the aim of strengthening weak subsoil and transferring loads to deeper and more competent 

strata (Modoni et al, 2010). Jet grouting, among all kind of soil improvement, has certainly 

acquired a special place due to its widespread use in all kind of soil and capability of giving 

convenient solutions to most geotechnical problems. Jet grouting technology can give practical 

and cost-effective solutions to a number of difficult situations, such as for excavation support, 

ground-water barrier, bottom sealing to prevent pollutants from entering excavations, protection 

of bridges against scour, stabilization of slopes and underpinning of existing foundations in 

commercial and industrial settings (Croce et al., 2014). It is commonly recognized that jet grout 

was first applied to soils by the Japanese in 1960�s (Nakanishi 1974).The experience on the use 

of high-speed jets in late 1960s for cutting rock and rock-like materials (Farmer and Attewell, 

1965) inspired a group of Japanese specialists to investigate their use as a ground improvement 

tool. They developed an idea of injecting fluid binders within previously drilled boreholes to 

erode and mix in place the soil. Chemical binders were used in the first patented version, known 

as the Chemical Churning Pile (CCP) (Miki 1973; Nakanishi 1974), but these products were 

soon replaced by water-cement grouts. In the subsequent decades, the technique has developed 

significantly and is now being widely used around the world. The CCP and Jet Grout methods 

came to the attention of European companies in general and Italian companies in particular on 

the occasion of the international competition on the methods for the stabilization of the Pisa 

Tower in the early 1970s (Croce et al., 2014).Currently, jet grouting is used all over the world 

(Ryjeski et al. 2009). 

This paper presents the first ever use of Jet Grout in Bangladesh for retrofitting of an existing 

foundation of a four storied RMG building, situated in Chittagong Export Processing Zone, 

Bangladesh. Figure 1 shows the building before and after retrofitting. The building is a RC 

beam-column structural frame system and the structural configuration is regular in pattern. This   

building has been constructed in 2001. A DEA has recently been carried out by EIMS to ensure 

the serviceability of the building. After completion of the DEA, the building has been found 

structurally inadequate due to highly stressed conditions of several columns and existing mat 

foundation considering existing gravity and lateral loads as per Bangladesh National Building 

Code (HBRI, 1993).The report suggested preparing retrofitting design and construction of the 

building to sustain lateral load as per BNBC. When it comes to retrofitting design, preparing a 

constructible design is the main challenge for structural engineers due to its existing condition. 

Considering all difficulties of construction, column jacketing and concrete shear wall scheme 

have been proposed to give the super structure an overall stability against all kind of possible 

loading. To overcome the foundation inadequacy deep beams have been inserted in two opposite 
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(2013) is 18.4MPa and the yield strength of deformed bar is 420MPa. The main use of the 

building is to supply electricity to others buildings. There are several high voltage generators and 

other machineries related to electrical connections and supply in the ground floor. The other 

floors are used for office purposes and the top floor for garments product. 

Based on DEA, several structural deficiencies have been identified. Most of the columns are 

inadequate in capacity due to earthquake forces. The reinforcements of mat foundation along 

both principle directions is inadequate for bending moments due to upward soil pressure caused 

by the action of gravity loads. The underneath soil of the existing mat foundation is found to be 

compacted. The estimated settlement is acceptable. 

SEISMIC RETROFITTING DESIGN AND CONSTRUCTION  

Since the structural elements are mainly inadequate due to lateral forces and the access for 

strengthening the interior columns are not possible due to existing condition, additional concrete 

shear walls are attached to the exterior columns at front and rear sides of the building. From 

numerical analysis, it has been observed that shear wall increased overall lateral stiffness of the 

building, also the inter-storey drift of the first floor remains within tolerable limit. Along with 

shear wall, two columns are also strengthened as per conventional column jacketing procedure 

using high strength concrete. Concrete shear wall required deep foundation to resist the uplift 

force action due to lateral forces. For this purpose cast-in-situ piles in addition have been 

considered below the foundation of the shear walls.  

Inadequacy of the foundation occurs due to upward soil pressure that reacts against the vertical 

loading of the building. To rectify this inadequacy reinforcement of top layer need to be 

increased in both principle directions. This is practically impossible due to the setup of electric 

generator at the ground floor and presence of active electric lines under the ground floor slab. 

The designer has proposed to let the mat distribute its load in such a way that it will reduce soil 

pressure on it. Mat connecting deep beams (thicker than the normal beam) have been proposed 

along the front and rear sides of the building. These two deep beams have been connected with 

the mat. The mat behaves like a two way edge supported slab and the moment due to upward 

pressure of underneath soil will be transferred by the deep beams. The compacted soil is not fully 

capable to support the beams. Therefore continuous cement grout columns (JGC) are considered. 

These JGCs will be able to reduce the deflection of deep beams. Figure 2 shows the location of 

JGCs. 

The retrofitting construction has been completed within three months. Within this time period, 

forty six Jet Grout columns (JGC), sixteen bored piles, two 21m long mat connecting deep 

beams, eight pile caps, six mat beams, two column jacketing and eight shear walls have been 

constructed. Figure 3 shows construction of different new building elements for retrofitting 

purposes. 
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JET GROUTING SCHEME 

Jet Grouting is adopted as the measure for soil improvement for this project to overcome the 

foundation deficiencies. A drill rig advances the jet grout monitor to the bottom of the proposed 

treatment zone at which high velocity injection of fluids (often sheathed in air) are initiated as 

the monitor is slowly rotated and lifted. The jet erode and flush out a portion of the in situ soil 

and mix the remaining soil with cement grout to form a mass of stabilized soil, referred to as jet 

grouted soil (Sweeney et al., 2001). Currently, there are three major forms of jet grouting which 

involve the injection of a single fluid, two fluid or three fluids (Kauschinger and Welsh, 1989). 

Double fluid system has been used in the present case.  

1. Selection of Jet Grout for this Project 

The major concern of the project is laying the deep beam in a base with sufficient bearing 

capacity or transfers the load to other load bearing elastic foundation. The soil needs to be treated 

to increase its bearing capacity having settlement within tolerable limit. Otherwise install a deep 

foundation under the beam. The deep beams to be constructed are adjacent to the building and 

the working space is congested. In this working space, installation of a deep foundation is almost 

impossible. Due to this reason, improving the soil improvement through JGC is the only viable 

solution. JGC is the most viable solution due to its capability to create large columns of 

cemented material by drilling small holes into the ground, with limited disturbance of the 

surrounding subsoil. Moreover jet grouting is an erosion-based process, and subsequently can be 

effective across the widest soil spectrum (Burke and Sehn, 2003). With a number of jet grouted 

column in a row will provide a level platform which will prevent any detrimental settlement. For 

the above reasons jet grout columns have been selected for this project.  

2. Design Methodology 

In designing jet grout, the first thing is to decide how much of soil need to be improved to attain 

the desirable soil properties. Based on that designer decides the volume of jet grout to be done 

and the arrangement of jet grout columns as per volume requirement. Design process, strictly 

related to the quantification of the technological effects: the choice of the jet grouting procedure, 

the quantification of treatment parameters, the prediction of the dimensions and the mechanical 

properties of the jet grouted piles and the analyses of possible undesired collateral effects on the 

surrounding constructions and on the environment. In this project, the main purpose of jet grout 

column is to transfer loads to deeper and more competent subsoil strata, bypassing weaker or 

more deformable soils. Also to prevent any detrimental settlement to provide the deep beam an 

elastic base foundation. The design of jet grout column is done as per subsoil condition as shown 

in Figure 4. The soil report shows that the soil is mainly silty fine sand up to a depth of 24.4m 

except from 7.62m to 10.67m, the soil is soft clayey silt. The capacity (tip resistance and skin 

friction) of a single JGC has been estimated based on the available data which is obtained from 

the subsoil investigation report. 
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