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บทคัดย่อ  
วัสดุเหลือท้ิงถูกเลือกเป็นวัสดุสำหรับการถมกลับในเหมืองใต้ดินเน่ืองจากมีจุดเด่นในการป้องกันการทรุดตัว มีต้นทุนท่ีคุ้มค่า 

และมีการกำจัดหางแร่ของเหมืองผิวดินตลอดอายุการทำเหมือง สมบัติของวัสดุเหลือใช้ท่ีใช้ในการถมกลับอาจมีผลอย่างมีนัยสำคัญต่อ
พฤติกรรมของมวลหินโดยรอบ งานวิจัยน้ีมีวัตถุประสงค์เพื่อตรวจสอบสมบัติของวัสดุเหลือท้ิงในการป้องกันการพังทลายของเหมืองใต้ดิน
ด้วยวิธีถมกลับ วัสดุเหลือใช้ท่ีใช้ในการศึกษาน้ี ได้แก่ เปลือกหอยนางรม หางแร่ดินขาว ฝุ่นหิน และยิปซ่ัมคุณภาพต่ำ ซ่ึงถือว่าเป็นวัสดุ
ไม่มีค่าและไม่เป็นอันตราย วัสดุถมกลับ 5 ชนิดท่ีทำขึ้นจากการผสมวัสดุเหลือท้ิง ซีเมนต์ น้ำ และตัวเชื่อมประสานในสัดส่วนท่ีต่างกัน
ถูกนำมาทดสอบความสามารถในการไหลโดยวิธีวัดค่าการยุบตัว และทดสอบความสามารถในการรับแรงอัดในแกนเดียว ณ 3 ช่วงเวลา
การบ่มเพื่อให้วัสดุผสมแข็งตัวท่ีแตกต่างกันคือ 8, 16 และ 28 วัน ผลการวิจัยพบว่าวัสดุผสมท้ังหมดอยู่ในเกณฑ์มาตรฐานในการ
ทดสอบค่าการยุบตัว ยกเว้นวัสดุผสมท่ีมียิปซ่ัมคุณภาพต่ำเป็นส่วนประกอบ นอกจากนี้แนวโน้มโดยรวมของกำลังรับแรงอัดของวัสดุผสม
เพิ่มขึ้นเมื่อเวลาในการบ่มเพิ่มขึ้น วัสดุผสมท่ีมีหางแร่ดินขาวมีกำลังอัดสูงสุด เท่ากับ 6 MPa ท่ีเวลาการบ่ม 28 วัน ในขณะท่ีวัสดุผสมท่ีมี 
ยิปซ่ัมเกรดต่ำมีกำลังอัดต่ำสุด โดยมีค่าเพียงครึ่งหน่ึงของกำลังอัดของวัสดุผสมท่ีมีหางแร่ดินขาว การมีหางแร่ดินขาวมีผลกระทบอย่างมาก
ต่อความแข็งแรงเน่ืองจากความสามารถในการลดฟองอากาศภายในส่วนผสมปูนซีเมนต์  นอกจากน้ีการเพิ่มเวลาในการแข็งตัวยังส่งผล
ให้ความแข็งแกร่งของวัสดุถมกลับเพ่ิมขึ้นอีกด้วย 

 

คำสำคัญ: วัสดุเหลือท้ิง  การถมกลับ  เหมืองใต้ดิน   
 

Abstract 
Waste material has been selected as an effective backfill in underground mines due to its advantages of 

collapse prevention, cost-effective, and less surface disposal of mine tailing during mining life. The properties of 
waste-backfilled materials may significantly support the behavior of the surrounding rock mass. This study aimed 
to investigate waste material properties on collapse prevention in underground mine under the backfilling 
method. Waste materials, regarded as valueless and harmless, used in this study were oyster shell, kaolin tailing, 
stone dust, and low-grade gypsum. Five different mixtures of backfill material made from different ratios of waste 
materials, cement, water and interface agents were subjected to slump test and uniaxial compressive strength 
test performed at 3 different curing times including 8, 16 and 28 days. The results showed that all mixtures were 
within the standard of the slump test except the one with low-grade gypsum as an ingredient. In addition, the 
overall trend of compressive strength of the mixtures increased as the curing time increased. The mixture with 
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kaolin tailing exhibited the maximum compressive strength of 6 MPa at curing time of 28 days, whereas that with 
low-grade gypsum exhibited the lowest compressive strength, twice less than the compressive strength of the 
mixture with kaolin tailing. The presence of kaolin tailing has a significant impact on strength due to its ability to 
reduce bubbles inside cement mixtures. Furthermore, increasing in curing time leads to an increase in backfill strength. 
 

Keywords: Waste material, Backfilling, Underground mine 
 
1. Introduction  

Underground mining has been used to 
extract the ore, which is located deep from earth’s 
surface [1]. There are many mining methods for 
underground mining, however, the mining method 
should offer suitable technique, ease of operation, 
little capital and operating costs, safety and healthy 
working conditions [2], [3]. During the mining 
operation, the ore was excavated and then became 
large voids or caving, these are the causes of mine 
collapse, surface subsidence, and unsafe working 
conditions [4]-[6], so the appropriate choice of 
backfilling materials in underground mine should be 
taken into account, which can support the weight of 
soil over the excavated area (i.e., a hanging wall), 
regional stability, and controlling surface subsidence 
[7]-[9]. The main factors considered for materials 
include the backfill properties, deformation 
capacity, economic benefits, and readily available, 
as well as environmental impact. In these 
conditions, waste materials are selected in the 
rational choice of backfilling materials [10], [11]. 

This study aimed to investigate waste 
material properties on collapse prevention in 
underground mine under the backfilling method. 
Waste materials used in this study were oyster shell, 
kaolin tailing, stone dust, and low-grade gypsum. 
 
2. Materials and methods 

Underground mining is an alternative mining 
technique used to extract minerals when surface 
mining is not economically feasible. Minerals can be 
extracted throughout the mining process based on 
the orientation of mineral veins or strata. In 

addition, it is imperative to take into account the 
strength characteristics of both mineral deposit and 
surrounding rock mass while selecting underground 
mining techniques [12]. The extraction process 
results in the creation of voids. There are several 
ways to deal with the void [13]. The backfilling 
mining approach significantly decreases surface 
subsidence compared to strip mining and caving 
mining methods [5]. 

 
2.1. Backfill 
The materials are often used for backfill, 

such as granular material, cemented material, high-
water-content materials, waste rocks, and 
metallurgical processed tailings [4], [14]. The waste 
materials that received more attention to be 
selected for backfilling underground mines, such as 
mine tailing, industrial waste, and used materials. It 
is recommended that backfill materials should be 
chosen locally near the mine [15]. Backfill are 
transported to the void known as “stope” through 
the pipelines. Moreover, the backfill are general in 
form of slurries for ease of transport [7]. In this 
study, alternative waste materials from surrounding 
mine are considered to study the behavior of 
backfill, that is oyster shells, kaolin tailings, stone 
dust, and low-grade gypsum, as shown in Figure 1. 
All materials are ground to an average size of -60 to 
+200 mesh before being mixed together. 

 
2.2. Experimental design 
There are five different samples of backfilling 

materials which mixed in different proportion. The 
mixture consists of waste material, cement, water, 



วารสารวิทยาศาสตร์และเทคโนโลยี มหาวิทยาลัยอุบลราชธานี ปีท่ี 27 ฉบับท่ี 1 เดือนมกราคม-เมษายน 2568 

25 
 

and interfacing in an appropriate proportion by 
weight. In addition, ordinary Portland Cement type I 
was selected for experimental studies, as well as 
perlite, rice husk ash, sand, wood ash, and dolomite 
as admixture cement. The backfill mixture is shown 
in Table 1. 

 
2.3. Specimens and testing 
A backfill mixture was prepared and mixed in 

different proportions as mentioned in the test plans. 
The backfill mixture was then compacted into 3 
layers, with each layer receiving 25 blows from a 

rammer, following the slump test standard (ASTM 
C143 / C143M) and measuring the flowability of the 
mixture.  

The specimens were prepared by filling     
the mixture into a PVC pipe of 55 mm (dimension) x 
127 mm (height) and curing age at 8, 16, and 28 days 
(Figure 2) Increasing the solid content, it is necessary 
to eliminate air bubbles by shaking the slurry. The 
typical measure of backfill strength is determined by 
going through the UCS tests. The testing was carried 
out on three samples from each time period, as 
demonstrated in Figure 3.  

 

 

 
 

Figure 1 Waste materials used in this study 
(A) Oyster shell, (B) Kaolin tailing, (C) Stone dust, and (D) Low-grade gypsum 

 
 

Table 1 Backfill mixtures used in this study 
Test Material mixture Mixing ratio 

1 Oyster shells: Cement: Water: Perlite 5:2:4:1 
2 Kaolin tailings: Cement: Water: Sand 4:2:4:3 
3 Stone dust: Cement: Water: Rice husk ash 6:2:5:1 
4 Low-grade gypsum: Cement: Water: Wood ash 3:2:4:1 
5 Oyster shells: Cement: Water: Dolomite 6:2:3:2 
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Figure 2 Preparation of specimens for UCS test 
 
 

 
 

Figure 3 (A) Specimen used for UCS test; (B) Compressive strength (UCS) test of backfill 
 
3. Results and discussion   

3.1. Flowability of the backfill mixture 
The flowability of Test Nos. 1, 2, 3, and 5 was 

within the standard of between 15 cm and 25 cm 
for the cemented paste backfill [16], following the 
slump test are 22, 24, 24, and 21 cm, respectively. 
However, the low-graded gypsum resulted in a 
flowability of 28 cm over the maximum standard, as 
shown in Figure 4. The dimensions of the backfill 
mixture for Test Nos. 1 to 5, which follow the flow 
test are 44, 40, 48, 50, and 34 cm, respectively. 

 
3.2. Backfill strength   
The backfill was carried out to determine the 

strength of a mix proportion by the UCS tests at 
different curing ages. In engineering practices, the 
suggestion for the UCS of the backfill ranges from 

0.2 to 0.4 MPa, which is relative to the UCS of the 
surrounding rock mass between 5 MPa and 240 MPa 
[17]. Figure 5 shows a strength of backfill at 8, 16, 
and 28 curing ages. In addition, the average strength 
of Test Nos. 1 to 5 is approximately 2.05, 3.61, 3.25, 
2.33, and 3.44 MPa, respectively. The strength of all 
tests experienced an increase as curing ages 
increased. Particularly, the strength of backfill 
indicates that a curing age of approximately 28 days 
would give a higher strength than a lower curing 
age. Furthermore, Test No. 2 represents the Kaolin 
tailing mixture that experienced the highest compressive 
strength of 6 MPa at 28 days, influenced by the 
adhesion of kaolin tailings, cement and sand. Test 
No. 4 refers to the low-grade gypsum mixture 
exhibited a minimum compressive strength lower 
than the Kaolin tailing mixture around 2 times.  
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The strength rate of backfill was simulated in 
a simple equation from the results of the UCS tests. 
The strength rate can be increased by curing ages. 
The equation of Test Nos. 1 to 5 described the 
strength rate of each test as below:  

 

 
 
 

0.2562 , 0,8

( ) 0.1575 0.79, 8,16

0.0225 2.95, 16, 28

x if x
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
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 
 
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

= + 
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 
 
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
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Where:  
x  = curing ages 

( )f x  = strength rate of backfill 
 

3.3. Influence of backfill on overburden 
condition 

Table 2 shows the calculated depth of each 
test according to given unit weight of the surrounding 
rock mass. In this case, assuming the overburden     
is sandstone with a unit weight of 2,650 kg/m3. The  

depth from the ground surface can be determined 
by Vertical stress due to gravitational loading of the 

overlying mass of overburden ( )h = , and the 
backfill was filled and supported this total weight 
[17]. Test No. 2 referred to the kaolin tailings mixture, 
which has significantly prevented the collapse in 
underground stope much than other backfill 
mixtures. In contrast, Test No. 4, which used a low-
grade gypsum mixture had the lowest depth by 
around 50% in same curing age condition. 

 
4. Conclusion 

A comprehensive summary of the results 
based on experimental results as follows: 

(1) The flowability of all backfill mixtures was 
within the standard of the slump test (ASTM C143 / 
C143M) except low-grade gypsum, which had 
flowability higher than the maximum value of the 
standard (ASTM C143 / C143M). 

(2) The use of waste materials due to 
different types of material has a significant influence 
on the strength of backfill. Specifically, the use of 
kaolin tailings plays a significant role in preventing 
deformation due to their ability to reduce bubbles 
inside cement mixtures. In addition, the strength of 
backfill increases as curing times increase. 
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Figure 4 Results obtained from slump test of different backfills (Tests 1-5) 
 
 

 
 

Figure 5 The average strength of backfills at different curing ages 
 
 

Table 2 The maximum depth of backfills under the overburden of the sandstone condition 

Test  
Depth (m) at different curing ages 

8 days 16 days 28 days 
1 80 130 140 
2 140 150 230 
3 130 140 170 
4 90 90 120 
5 130 140 160 
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