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Abstract. From several case studies around the world, it is well known that the binder represents the major part 

of backfilling operation cost. Therefore, in the case of Imiter operation, research were mainly focused on the 

optimization of binder content. To this end, the definition of the physical and chemical properties of the future 

formula ingredients, specifically: tailings, waste material and hydraulic binder, was necessary. Analytical 

verifications were conducted to predict the UCB mechanical strength according to the defined underground 

functions and delivery network. Experimental testing, including: uniaxial compression, Immediate Bearing Index 

(IBI) and slump test, were then conducted to evaluate the possibility of reaching the required strength with the 

selected materials. The obtained results show that the tailings and mining wastes can be used as backfilling 

material with a specific binder content depending on each underground application. The followed approach can be 

applied for a prefeasibility evaluation for a backfilling facility. 
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1 Introduction  
Based on the case of study of Imiter operation, this paper presents a simplified method for the design procedure of 

Underground Cemented Backfill (UCB). Unlike conventional cemented backfills, the proposed UCB includes both total 

mill tailing and crashed waste rock mixed with a specific binder content. The proposed method is an iterative process 

comprising tree main steps: 1) material characterization, 2) mechanical strength prediction 3) Recipe optimization. This 

last consist of an iterative process comprising laboratory investigation, full-size testing and in-situ monitoring.   

2 Materials and methods   

2.1 Waste material characterization  

2.1.1 Waste dumps material 

Table 1 presents results of conventional laboratory 

testing for crashed sand and aggregates from the mine 

waste dumps. These results confirm acceptable 

characteristics according to Moroccan standards.  

Although UCB materials are not at the same 

requirement level of conventional concrete, this results 

show the quality of used materials which will eventually 

improve quality of final product.   
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Table 1. Laboratory characterization of crushed rock waste. (Testing standard: NM10.1.27, Morocco) 

Test 
Flatness 

Coefficient (%) 

Superficial 

Cleanliness (%) 

Los Angeles 

Hardness (%) 

Sand Equivalent 

(%) 

Results 23 0.3 15 56 

Standard   ≤ 25 ≤ 3 ≤ 30 ≥ 60 

2.1.2 Tailings 

The methylene blue test gives an index value of 3.4 

g/Kg, it indicates a silty medium plasticity material 

according to GTR* Guide. At  least 15%  of  the  

particles  in  the  fill material  should  be  finer than  20  

µm; if the tailings contain insufficient fines, it may be 

necessary to add fly ash or additional cement [1]. In this 

case study, particle size investigation by sedimentation 

test gives a fines content for about 56%.  

 

*GTR : Guide des Terrassements Routiers, Réalisation 

des remblais et des couches de forme, LCPC, SETRA, 

Paris, 1992. 

 

Potential health and safety hazards of tailing were 

evaluated by performing metal analysis. To this end, 

inductively coupled plasma with mass spectrometer 

detector (ICP-MS) was used. The concentration of 

heavy elements and total cyanide ranges with typical 

values of international guidelines. Table 2 and Table 3 

present summarized results respectively for main metals 

and total cyanide analysis.  
Table 2. Results of main heavy elements analysis by ICP method (Analyzing Standard: SW846-6020, USA) 

Parameter Antimony Arsenic Cadmium Lead Manganese Nickel 

MDL*
 
(mg/l) 0.005 0.001 0.0001 0.001 0.001 0.001 

Result (mg/l) 0.034 0.189 0.00064 0.014 0.223 0.167 

 
*Minimum Detection Limit (method limit) 

 

Table 3. Results of total cyanide analysis (Analyzing Standard: APHA-4500-CL, USA) 

 

Parameter Unit WHO* CCME** USEPA*** Result 

Total Cyanide mg/L 0,070 0.200 0.200 0.022 

 

*World Health Organisation, Directive for Cynaide Concentration in Drinking Wtaer 1996, 

**Canadian Council of Ministers of the Environment, Maximum Acceptable Concentration of Cyanide in Drinking 

Water, 2007 

***United States Environmental Protection Agency, Maximum Contaminant Level Goals in Drinking Water, 1997.

2.2 Mining Backfill Design 

In addition to the weight of the backfill, the stress 

components in a filled stope are also affected by the 

walls-fill interactions. This allow horizontal stress 

transfer to the sidewalls due to frictional and/or 

cohesive interactions. Thus, the vertical pressure at the 

bottom of filled stope, is less than the weight of 

overlying fill. This phenomenon is known as the 

Arching Effect [2, 3]. 

Uniaxial Compressive Strength (UCS), easily obtained 

from laboratory testing, is generally used to evaluate 

UCB stability. Many mine operations still using two-

dimensional limit equilibrium analyses to determine fill 

exposure stability with no consideration of the arching 

effect. These analyses can result in an overestimation of 

the design UCS [4] which increase the backfilling costs.  

Analytical methods developed to account for arching 

phenomenon include mainly the initial Arching Theory 

and its modifications [5-8] and the 3D Sliding Wedge 

Failure [9]. 

Mitchell et al. (1982) proposed an arching model based 

on wedge limit equilibrium analysis and physical 

modeling. The Equation 1 describing Mitchell solution 

was obtained by considering the followings 

assumptions: 

 Stope geometry of a height largely superior to its 

width (H>>B), 

 Null fill friction angle (ϕ = 0), 

 Fill cohesion equal to that of interface between 

the fill and the side wall. 

 

                             (1) 

 

where γ = fill bulk unit weight (kN/m3); L = strike 

length of stope (m); H = total height of fill (m); FS = 

factor of safety. 

 

Despite limitations of the Mitchell et al. (1982) model 

related to the main above assumptions,  this solution has 

been commonly used in mine backfill design, and has 

reduced significantly cement consumption compared to 
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that required by unconfined-model solutions. Some 

updates have been proposed by authors to overcome 

these limitations and develop a more general solution 

for estimating the required strength of the cemented fill 

material [10-12].  

Unlike the 3D wedge model described above, models 

developed from the initial aching theory [2] take into 

consideration the frictional property of the backfill 

material (ϕ ≠ 0). Equation 2 and Equation 3 presents a 

modified two-dimensional solution for vertical and 

horizontal stress estimating [6].                                                        

 

                                (2)  

                                (3) 

 

where  σvh (KPa)   and  σhh (KPa),   are  the  vertical  and  

horizontal stresses at depth H (m), respectively; γ 
(MN/m3) represents the unit weight  of  the  backfill;  δ' 

(°)  is  the  effective  friction angle between the wall and 

backfill, generally taken  as  2/3 of the backfill frictional 

angle ϕ'bf (°)  [13].  

K is the ratio of the horizontal stress σhh to vertical 

stress σvh. It’s a reaction coefficient depending on the 

horizontal wall movement and material properties. 

When there is no relative displacement of the walls, the 

fill is said to be at rest, and the reaction coefficient is 

usually given by Equation 4 [14]. 

                            (4) 

The design UCS depends on the underground function 

of the backfill and stope geometry. In Imiter Mine, 

typically stopes of 5 m width and 5 m height are mined 

with fill-and-cut instead 20 m height for sublevel 

stoping method with a stope length of 30 m. The 

principal UCB function for cut-and-fill stoping is to 

give a working platform for next tranches and walls 

support for the global stability of the mine. With 

sublevel stoping, UCB allows face freestanding 

exposure for pillar recovery. UCB ensure also the sill 

mat function for both method to minimize mining 

panels interfering and allow undercut mining.  

2.2.1 Pillar recovery  

Design considering the arching effect 

For Imiter case, application of Equation 1 and 

Equation 2 gives respectively a required strength of 

480 and 549 kPa with consideration of a fill unit weight 

of 20 kN/m3, a minimal fiction angle of 30° and a 

typical safety factor of 2.0.   

The friction angle of the backfill is an important 

parameter when evaluating the stability with Equation 

2. This parameter can be obtained with laboratory 

(triaxial, direct shear) or in-situ testing. The friction 

angle of the studied Imiter backfill is assumed to be 

greater than 30° because of the angular shape of the 

crashed sand and aggregates used at a percentage of 

approximately 60% from the total weight of the backfill 

solid material.  

Design with no arching effect 

In case of stope with no arching effect, which can 

correspond to a backfill with more than two exposed 

faces, the fill block is subjected to gravity loading 

similar to a uniaxial compression sample. The design 

UCS can be estimated by Equation 5 [15], which gives 

a design UCS of 800 kPa for Imiter case study.  

                     (5) 

where γf = fill bulk unit weight (kN/m3); Hf = total fill 

height (m); FS = Factor of Safety. 

 

2.2.2 Working platform  

In cut-and-fill stoping, backfilling is performed with 

cyclic operations. Each filled tranche serves as a 

working platform for workers and mining equipment for 

next level. UCB must so develop sufficient strength 

(bearing capacity) at the short term to allow operations 

sequencing. A strength limit of 100 KPa is generally 

admitted to avoid UCB liquefaction [16] and a bearing 

capacity of 30 KN for a working platform [17]. The 

bearing capacity for fresh UCB can be estimated using 

equations Equation 6, Equation 7 and Equation 8 

developed for foundation design in civil engineering: 

                   (6) 

                  (7) 

                        (8) 

 

Where c = cohesive strength of fill (kPa), ϕ = intern 

frictional angle of fill (degree). γ = bulk unit weight of 

the fill (kN/m 3), D = foundation footing depth from 

surface (m), B = foundation breadth (m); Nγ   = unit 

weight bearing capacity factor; N c = cohesion bearing 

capacity factor; Nq = surcharge bearing capacity factor;  

In case of backfilled stope, the B dimension is 

equivalent to the width of tire surface contact on the fill. 

This can be determined by Equation 9 [16]. 

                                    (9) 

Where Ft is tire loading force (kN) and p is tire air 

pressure (kN/m
2
). 

 

In civil engineering, value of Nγ factor can be 

calculated by Equation 10 [18].  

                    (10) 

Considering that fresh UCB has nil cohesion and an 

estimated friction angle of 30°, Equation 6 gives a 

bearing capacity of 100 kN/m
2
. The limit bearing 

capacity of 30 kN/m
2 

giving an adequate working 

platform [17] is reached with a friction angle of 23°. 

To evaluate the trafficability of UCB in term of curing 
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time, Immediate Bearing Index (IBI) test, also known as 

Immediate CBR Index, can be used to predict the 

strength behavior of the fill. Based on IBI results, the 

UCB ability to be used as working plate-form is 

evaluated according the IBI standard classification. 

2.2.3 Sill mat 

To minimize mining panels interfering and improve the 

global strength of the rock mass, UCB is used as sill 

mat fill where it ensure a supporting function. However, 

the main function of the sill mat is to allow underhand 

cut-and-fill mining. Ideally, the design of a sill mat fill 

take into consideration the vertical and lateral loading, 

stope geometry, failure modes, seismic effects, and 

mechanical properties. It is critical to know the sill mat 

loading to determine the required strength of the fill. An 

under-estimation can cause premature failure when the 

sill mat is exposed by mining extraction. The 

overestimation implies additional cement which 

increases the sill mat cost. The vertical loading onto the 

sill mat can be estimated by the arching theory 

equations presented in section 2.5.  Considering a 

vertical stope with an infinite backfill thickness, the 

vertical stress exercised by the overlying backfill on the 

UCB sill mat can be calculated by Equation11 [19]. 

 

                                    (11) 

 

Where σv (kPa) is the vertical stress applied by the 

overlying backfill on the sill mat, B (m) is the span of 

the sill mat (or width of the stope), γ (kN/m 3) and ϕ (°) 

are, respectively, the unit weight and friction angle of 

the overlying backfill, and K (-) is the lateral earth 

pressure coefficient in the backfilled stope above the sill 

mat. As described by Mitchell (1991), four failure 

modes condition the sill mat stability; the failure can be 

a result of a flexural, sliding, rotational or caving 

mechanism. Assuming that there is a good and 

controlled quality of the contact fill-walls, the flexural 

failure is more critical than rotational or sliding failure. 

Flexural failure of the sill mat is mainly related to 

backfill loading. However, stresses generated by wall 

convergence can lead to compressive failure if the limit 

strength of the material is exceeded. Mott (2002) [20] 

proposed Equation 12 to estimate the limit flexural 

strength for a fixed sill mat. Flexural failure, referred to 

as tensile failure, is the most common and requiring the 

highest strength to prevent failure, as such it is used as 

the critical design criteria.  

 

                             (12) 

The corresponding factor of safety is given by 

Equation13; σt is assumed to be 1/10
th

 of UCS as 

suggested by many authors [21]. 

 

                            (13) 

2.2.4 Underground delivery  

Generally pumping system is required for underground 

delivery of UCB. Gravity cannot ensure the fill flow in 

case of important horizontal mining development.  

Transfer pumps should be able to handle a flow rate 

approximately 20% greater than the design flow rate for 

the system (solids and water) [1]. The decreasing in 

flow rate to the critical sedimentation value directly 

causes complete filling of the pipe. The UCB flowing is 

principally related to the consistency and so, the 

viscosity of the fresh backfill.  

Due to the complexity of measuring the viscosity which 

depends on several factors, the slump cone test, 

originally developed to monitor the consistency of 

unhardened concrete, gives an indication of the backfill 

yield stress. The slump is the measure of the drop of the 

backfill material when it is released from a standard 

metallic cone. Determination of the slump provides a 

way to characterize a material's consistency that can be 

related to its transportability [22, 23]. For a successful 

pumping system, the ideal slump height range from 150 

mm (5’’) to 300 mm (12’’) [24, 25].  

In term of particle size, the backfill material must also 

contain at least 15 % by weight passing 20 μm for a 

typical flow and retain sufficient colloidal water to 

create a non-segregating mixture [26]. 

2.3 Recipe optimization 

In order to optimize the backfill mixture for Imiter 

mine, five recipes were defined with variation of the 

cement content from 1 to 10% as presented in Table 4.  

Mixtures presented in Table 4 were reconstituted in 

laboratory for a volume of 1 m
3 

and were subjected of 

the following testing: Uniaxial Compressive Strength 

(UCS); Immediate Bearing Index (IBI); Slump test. 

  

Table 4. Laboratory UCB formulation 

Component (Kg) R1 R2  R3 R4 R5  

Agregate 513 513 490 480 460 

Sand 620 610 580 570 550 

Dry tailings 513 500 490 490 460 

Fresh water 341 341 341 325 335 

Cement 22 44 100 140 200 

Total weight 2009 2008 2001 2005 2005 

% Cement 1 2 5 7 10 

4
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Uniaxial Compressive Strength 
UCB samples were crafted as cylindrical specimens of 

10 cm diameter and 20 cm length. Mechanical strength 

of the analyzed formulations was evaluated by UCS  

 

testing for curing time ranging from 1 to 28 days. The 

obtained results (Fig. 1) show that UCS values range 

from 0.14 to 2.44 MPa with an exponential trend from 

day 1 to day 28.  

 

 
Fig. 1. Trend curve of UCS results from day 1 to day 28 

Immediate Bearing Index (IBI) 

The IBI test is generally used to evaluate trafficability 

of soil foundation during road construction. The test is 

originally realized on compacted soil simples with the 

optimum Proctor density. For our case, the test was 

conducted on crafted cylindrical specimen for the same 

backfill recipes used for UCS testing. Figure 2 shows 

that evolution of IBI index for recipe R1, R2, R3 and 

R4 for a curing age until four days. The objective of this 

test is to define the curing age after which the backfill 

can be trafficable by mining equipment.  

 

Fig. 2. Evolution of IBI index as function of curing time 

for recipe R1, R2, R3 and R4. 

3  Discussion  

For the backfill mixture optimization, five recipes were 

proposed with cement content ranging from 1 to 10%. 

Mechanical properties were evaluated through Uniaxial 

Compressive Strength testing.  Trafficalbility and 

pumpbility were respectively analyzed by Immediate 

Bearing Index and slump test.  

According to the UCB design requirements and 

experimental results, it appears that the adequate 

proportion of cement in the UCB mixture is situated 

between 2 and 5 % (recipes R2 and R3) in case of pillar 

recovery, and 4% in the case of self-supporting backfill. 

Except recipe R1, IBI index results show that all 

backfill recipes allow trafficable platform after four 

days of curing time. Recipe R3 and R4 can make 

possible equipment circulation only after a curing age of 

2 days. However, if the recipe R3 is chosen as the 

optimal formulation, tree days of waiting time will be 

required to adequately upturn the extraction activity in 

the filled stope. For the concern of underground 

delivery, the realized cone tests give slumps from 210 to 

220 mm, which indicate a fluid slurry easily 

manipulated by conventional pumping system.   

4 Conclusion  

This paper presented a simplified procedure for mining 

waste and tailing reutilization through Underground 

Cemented Backfill. Following this procedure will help 

operation to develop the adequate backfill mixture 

based on specificities of each extraction site. The case 

study of Imiter operation presented in this paper, 

presented an integrated solution to using both waste 

rock and tailings as an engineered filling material 

ensuring different underground functions. Despite the 

knowing environmental benefits of mining waste 

reusing, improved understanding of cementitious 

binding mechanisms will be important in improving and 

reducing potential heavy element release to the 

environment. Other important issues also remain to be 

resolved, including the long term evolving properties of 

5
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the fill material, the seismic impact related to blast-

induced vibrations. It must also be noted that the 

important quantity of available wastes implies 

evaluation of other reusing solutions, especially in 

building and large civil works.  
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