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Abstract

:

For tunnel-support engineering, the bed separation of surrounding rock has a great influence on the support performance of bolts. In order to reveal the mechanical properties of the full-grouted prestressed bolt under the influence of bed separation, three typical working conditions of single-separation, multi-separation and different separation positions were set up, and theoretical models and numerical models were established. Furthermore, the characteristics of bolt axial force and anchorage–interface shear stress were analyzed by numerical method, and the sensitivity based on an orthogonal test was studied by means of range analysis and variance analysis. The results showed that: (1) under the single-separation condition, the separation value has a significant effect on the mechanical properties of the bolt, and with the increase in the separation value, the sliding failure unit of the bolt increases; (2) for multi-separation conditions, if the total separation value is the same, the increase in the number of separation interfaces is beneficial to the force of the bolt; (3) for the case where the separation layer is located at different positions, the separation layer on the right side is more likely to cause the overall slip failure of the bolt; and (4) for the above three influencing factors, the separation value has the greatest influence on the mechanical properties of the bolt, and the separation position has the least influence.
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1. Introduction


The anchor bolt is widely used in support engineering because of its advantages of speedy installation and applicability to most types of rocks [1]. The anchor grouting methods for bolts include end-grouted, lengthen-grouted and full-grouted. In order to improve the support effect and reduce the deformation of tunnel-surrounding rock, most end-grouted bolts and length-grouted bolts will be preloaded, while the full-grouted bolts are usually not applied due to the complex process and difficult operation involved [2,3,4]. With the development and implementation of underground engineering, the characteristics of high ground stress, extremely broken surrounding rock and extra-large sections are becoming increasingly common, and the support of surrounding rock is also facing more severe challenges [5,6,7]. The full-grouted prestressed bolt has the advantages of end-grouted and lengthen-grouted prestressed bolts, such as a large prestressed diffusion range and sensitivity to surrounding rock deformation, which can effectively prevent the deformation of surrounding rock, so it is widely used in various supporting projects [8,9,10,11]. For most coal-mine roadways, the surrounding rock is mainly composed of layered sedimentary rock [12]. The uncoordinated deformation of rock mass will lead to the generation of bed separation, and the expansion of separation will produce additional pull-out loads on the bolts. In this case, the influence of separation on the mechanical properties of the full-grouted prestressed bolts will become the key to support design [13].



There are many methods for studying the mechanical properties of full-grouted bolts under surrounding rock deformation, such as theoretical analysis, laboratory experiments, on-site monitoring and numerical simulation. Ding Xiao established an elastic–plastic mechanical model and concluded that the whole stress process of bolts under the action of bed separation can be divided into five stages [14]. Some scholars have systematically studied the distribution characteristics and influencing factors of the axial force and interfacial shear stress of full-grouted bolts in surrounding rock under the linear interface model by using the load-transfer method [15,16,17,18]. Liu Guoqing and Ma adopted the two-broken-line interface model and the three-broken-line interface model to consider the influence of interface residual shear strength and post-peak softening characteristics and analyzed the stress characteristics of full-grouted bolts in surrounding rock [19,20]. Shang Fulu derived a theoretical model for full-grouted prestressed bolts under the action of bed separation and analyzed the influence of design parameters on the mechanical properties of anchor rods by establishing a numerical model [21]. Ding Xiao designed a layer-separation test to study the stress characteristics of vertical bolts and inclined bolts under the action of layer separation [22]. Of course, in recent years, many scholars around the world have conducted research work on full-grouted anchor bolts [23,24,25,26].



In summary, there have been many studies on the mechanical properties of full-grouted bolts, but there are still some problems. For example, the existing research rarely considers the prestress of the bolts, that is, the research objects are mainly the full-grouted bolts rather than prestressed full-grouted bolts. Furthermore, research on the mechanical properties of full-grouted prestressed bolts under various separation conditions is even more lacking. In order to systematically study the influence of different bed-separation parameters on the mechanical characteristics of full-length prestressed anchor bolts under elastic state, a theoretical model of the full-grouted prestressed bolt based on the superposition principle will be demonstrated and a verified numerical-analysis model will be established in this paper. Further, numerical simulation tests were carried out for three working conditions, the bed-separation value, the bed-separation number and the bed-separation location, to reveal the variation in the bolt axial force and anchorage–interface shear stress. At the same time, the contribution and sensitivity of different parameters were studied by range analysis and variance analysis.




2. Theoretical Model of Bolts under the Action of the Separation Layer


2.1. Structure of Full-Grouted Prestressed Bolt


In an ideal state, the full-grouted prestressed bolt should be implemented in two steps [13,27]. Figure 1 shows the basic structure of the full-grouted prestressed bolt’s anchorage under the bed separation b. The whole length (L) of the bolt is bonded to the hole wall of the bolt, which can be divided into the initial bonding section Ld and the secondary bonding section La according to the sequence of anchor–grout condensation. The initial bonding section is used to apply prestress F to the bolt, and the secondary bonding section realizes the full-length bonding of the bolt after the prestress is applied.




2.2. Theoretical Model of the Bolt


According to the implementation process of the full-grouted prestressed bolt, its state can be divided into three stages, as shown in Figure 2.



Stage 1: Applying prestressing force, as shown in Figure 2a. At this stage, the bolt is prestressed through the initial bonding section, and its structural characteristics are completely consistent with the end-grouted bolt. In engineering, the prestress can be applied by using the fast-anchoring agent in the initial bonding section and the slow-anchoring agent in the secondary bonding section.



Stage 2: Supplementary grouting, as shown in Figure 2b. At this stage, the deformation of the rock and the shear stress at the anchoring interface on the secondary bonding section are relatively small, so the stress state of the bolt is almost the same as that of stage 1.



Stage 3: Generation and expansion of bed separation, as shown in Figure 2c. Starting from this stage, the bolt begins to operate normally. At this point, the deformation of the rock gradually develops, and the axial force and interfacial shear stress of the anchor rod at the crack reach their peak value. As the detachment deformation further expands, the anchoring interface begins to slip, forming progressive failure.



According to the superposition principle, the mechanical model of full-grouted prestressed bolts under the action of the bed separation can be equivalent to the superposition of the mechanical model of the end-grouted prestressed bolt anchorage and the mechanical model of the full-grouted non-prestressed bolt under the action of the bed separation [14,28]. According to the research results in literature [21], the expressions of axial force and interfacial shear stress of the full-grouted prestressed bolt under the action of the bed separation are as follows:



When   x ≤  x 0   ,


  P  x  =   π  D 2  β  E a   sin h    β x     4 ω  sin h    β  x 0      b + Q  



(1)






  τ  x  =    β 2   E a   D coth ( β x )       4 ω sin h ( β x   0  )   b  



(2)







When    x 0  < x ≤  L a   ,


  P  x  =   π  D 2  β  E a   sin h    β   L − x       4 ω  sin h    β   L −  x 0        b + Q  



(3)






  τ  x  =    β 2   E a  D  cot h    β   L − x       4 ω  sin h    β   L −  x 0        b  



(4)







When    L a  < x ≤  L d   ,


  P  x  =   π  D 2  β  E a   sin h    β   L − x       4 ω  sin h    β   L −  x 0        b +   Q  sin h    β   L − x        sin h    β  L d       



(5)






   τ  x  =    β 2   E a  D  cot h    β   L − x       4 ω  sin h    β   L −  x 0          b +   β Q  cot h    β   L − x       π D  sin h    β  L d          



(6)




where x is the distance of the calculated position from the left end, and x0 is the distance of bed separation from the left end of the bolt.   β     is the coefficient related to the bolt and surrounding rock, and its calculation formula is expressed as   β =   4 K /   D  E a       . Moreover, b indicates the bed-separation value; K is the shear stiffness coefficient of surrounding rock, expressed in GPa. Ea, Eb, Eg denote the composite elastic modulus, the elastic modulus of the bolt, and the elastic modulus of the slurry, respectively. The three elastic moduli can be calculated by the formula    E a  =    E g   D 2  −  d 2  +  E b   d 2     D 2     , expressed in GPa. D is the diameter of anchor solids, including the bolt and anchoring agent. Moreover, the prestress of the bolt is denoted by Q, and ω can be calculated by the formula     ω = { cot h   β  x 0    + cot h [ β   L −  x 0    ]  }.





3. Numerical Model Establishment


3.1. Basic Parameters of the Numerical Model and the Slip-Failure Algorithm


FLAC3D software was used for numerical analysis. In the numerical model, the bolt was a steel bolt with a diameter of 20 mm and its length was set to 3.8 m. The bolt was divided into 38 solid elements. The prestress was set at 60 kN and the initial bonding section length was set at 800 mm. As shown in Figure 3, four high-strength solid blocks were used to simulate the surrounding rock, which all had a size of 1.0 m × 1.0 m × 1.0 m. The right end boundary of the model was fixed. The bed separation was simulated by applying X-direction displacement to the block. The applied velocity of X-direction displacement was 1 × 10−6 m/step.



In order to reduce the deformation of the block and better reflect the variation law of the mechanical properties of the bolt, the material parameters of the block and bolt were greater than those of the actual engineering. The model parameter values are shown in Table 1 [29].



Using FISH language, the progressive slip-failure algorithm of the bolt under bed separation was developed. That is to say, a slip between blocks was considered to occur when the interfacial shear stress reached the defined bonding force. After the slip occurred, the bond forces and bond stiffnesses of bolts were reassigned to 0. This algorithm was executed at each time step, thus achieving progressive destruction of the bolts.




3.2. Model Verification


To verify the rationality of the above numerical model, theoretical calculation and numerical simulation were carried out. The axial force and interfacial shear stress of bolts were obtained, as shown in Figure 4. Comparing the results of the theoretical and numerical calculations, it could be determined that the results of the two calculations agreed with each other. This indicated that the numerical calculation method was feasible.





4. Analysis of Mechanical Properties of Bolts under Typical Working Conditions


4.1. Single-Bed-Separation Conditions


Only the middle fracture was set under the single-bed-separation condition, and the position of fracture was 2 m away from the left side of the bolt. Separately, the bed-separation values were taken as 1 mm, 3 mm, 5 mm, 8 mm and 10 mm. The axial force and interfacial shear stress of bolts were calculated under different bed-separation values, which are shown in Figure 5. It can be seen from the simulation results that: (1) The bed-separation value has a significant effect on the axial force and shear stress of the anchorage interface. (2) When the bed-separation value is 1 mm or 3 mm, there is no sliding failure of the bolt; the larger the bed-separation value is, the greater the axial force and shear stress of the anchorage interface will be. (3) When the bed-separation value is 5, 8 or 10 mm, the sliding failure of the bolt begins to occur; the larger the bed-separation value is, the more the number of the sliding failure elements will be. (4) After the slip failure element of the bolt appears, an “equivalent platform” appears in the axial force variation diagram of the bolt; that is, the bolt axial force is evenly distributed in the unanchored part. Corresponding to the “equivalent platform”, the shear stress at the anchorage interface appears “zero value interval”.



It can be seen from Figure 5a that the peak axial force of the bolt occurs at the bed separation, and the peak values were 165.8 kN, 357.3 kN, 392.2 kN, 385.9 kN and 417.6 kN, respectively. It also can be concluded that the peak values showed an overall increasing trend with the increase in the bed-separation value. Influenced by the anchoring agent, the axial force of the bolt decreased rapidly on both sides of bed separation. On the left side of the bed separation, the axial force attenuated to the initial prestress. However, the attenuation curve of axial force was divided into two sections on the right side, the initial bonding section and the secondary bonding section. In terms of attenuation rate, the axial force on the initial bonding section was less than that on the secondary bonding section.



In Figure 5b, it can be seen that the interfacial shear stress on both sides of the bed separation was inverted. When there was no slip failure element on the bolt, the shear stress at the bed separation had peak values of 5.5 and 8.0 MPa, respectively, and the value of the peak value increased with the increase in the bed-separation value. On both sides of the bed separation, the shear stress showed a decreasing trend. On the left side of the bed separation, the shear stress decreased exponentially to zero. On the right side of the bed separation, the shear stress decreased exponentially on the secondary bonding section. In the initial bonding section, the shear stress increased first and then decreased. When the slip-failure element of the bolt occurs, the interfacial shear stress on both sides of the zero-value interval appeared at the peak values, which were 14.7, 14.3 and 16.3 MPa respectively. On both sides of the zero-value interval, the variation law of the shear stress was basically the same as that of the bolt without the slip-failure element.



As shown in Figure 6, the relationship curve between the bed-separation value and the number of slip-failure elements was drawn. Moreover, the curve function was obtained by polynomial fitting:   y = − 2.461 x + 0.691  x 2  − 0.036  x 3   .




4.2. Multiple-Bed-Separation Condition


According to the bed-separation condition, single-bed separation, double-bed separation and three-bed separation were set separately. The single-bed-separation value was 5 mm with only the left crack. The double-bed-separation values were 3 mm and 2 mm, corresponding to the left and middle cracks, respectively. In addition, the three-bed-separation values were 2 mm, 2 mm and 1 mm, corresponding to the left, middle and right cracks. The calculation results of axial force and interfacial shear stress are shown in Figure 7. From the simulation results, the number of bed separations had a significant effect on the axial force and interfacial shear stress. There was a slip-failure element under the single-bed-separation condition. In this situation, an “equivalent platform” appeared in the axial force. At the same time, the zero-value interval occurred in the interfacial shear stress. In addition, there was no slip failure in the double- and three-bed-separation conditions.



As shown in Figure 7a, the axial forces of the bolt reached peaks at all bed separations. The peak axial force was 429.2 kN under the single-bed-separation condition, and the peaks were 363.9 kN and 299.8 kN under the double-bed-separation condition. Moreover, under the three-separation condition, the peaks were 300.7 kN, 308.9 kN and 171.7 kN, respectively. Under the double-separation condition, the axial force was attenuated to 132.8 kN. The effect of the initial bonding section on the attenuation law of the axial force of the bolt was the same as that of the single-bed separation. Moreover, the axial forces severally were attenuated to 120.4 kN and 119.9 kN under three-bed separation, and the influence of the initial bonding section on the axial force disappeared.



It can be seen from Figure 7b that interfacial shear stresses reached their peaks on both sides of the bed separation, and its signs were reversed. The peak of interfacial shear stress was 16.7 MPa under the single-bed-separation condition. The interfacial shear stress attenuated to zero on the left side. On the right side of the bed separation, interfacial shear stress decreased exponentially on the secondary bonding section. However, interfacial shear stress increased first and then decreased on the initial bonding section. Under the double-bed-separation condition, the peaks of interfacial shear stress were 13.1 MPa and 12.3 MPa, respectively. The interfacial shear stresses on both sides of the bed separation gradually decreased. Moreover, the variation in shear stress on the initial bonding section was similar to that of the single-separation condition. Under the three-bed-separation condition, the peaks of interfacial shear stress were 12.4 MPa, 12.1 MPa and 7.4 MPa, respectively. The values of the shear stress on both sides of the bed separation gradually decreased, and the influence of the initial bonding section on the shear stress disappeared.




4.3. Different Bed-Separation Locations Condition


The bed separation was set as left crack, middle crack and right crack respectively, and the bed-separation value was 3 mm. The calculation results of the axial force and interfacial shear stress are shown in Figure 8. We can see from the results that the right crack had a significant influence on the bolt, comparing it with the left and middle crack. Due to the small bed-separation value, there was no slip failure with three different separation locations. The variation laws of the axial force and interfacial shear stress were basically the same when the bed separations were the left and middle cracks. In terms of the right crack, the bed-separation location was close to the right end of the bolt, and the risk of overall slip failure was greater.



As seen in Figure 8a, the peaks of axial force were 357.6 kN, 357.3 kN and 352.6 kN with three different bed-separation locations. The axial forces of the bolt on the left side of the bed separation decayed rapidly to the initial prestress values. This can be seen from both the left crack and the middle crack. However, on the right side of the bed separation, the axial force declined in two stages for the initial bonding section. Regarding the axial force of the right crack, it also decayed rapidly to the initial prestress value on the left side, but it decayed rapidly to zero on the right side. This feature was completely different from the left and middle cracks.



As shown in Figure 8b, the interfacial shear stress on both sides of the bed separation was inverted, and reached the peak value at the bed separation. (1) The peak values of the interfacial shear stress were 12.7 MPa for both left- and middle-bed separation. On the left side of the bed separation, the interfacial shear stress decreased exponentially to zero. On the right side of the bed separation, the shear stress decreased exponentially on the secondary bonding section. On the initial bonding section, the shear stress increased first and then decreased. (2) In the right-bed separation, the peak value of the shear stress was 15.5 MPa, and the shear-stress value on both sides of the bed separation gradually decreased. The shear stress on the left side of the bed separation gradually tended to be gentle after attenuation, and the curve presented a long gentle section with a value close to zero. On the right side of the bed separation, the shear stress decreased exponentially, and the value after attenuation was 2.1 MPa.





5. Sensitivity Analysis Based on Orthogonal Test


5.1. Orthogonal Test Scheme and Calculation Results


According to the above analysis, the separation values, and the number and the locations of bed separation, are all important factors affecting the mechanical properties of the bolt. In order to reveal the influence of these three separation factors on the mechanical properties of bolts, an orthogonal test of three factors and three levels was designed, as shown in Table 2.



Test indexes should not only be representative, but also meet the requirement of objectively evaluating the specific nature of the test object. In this paper, the number of slip-failure elements was taken as the evaluation index to evaluate the mechanical properties of a bolt. Range analysis [30] and variance analysis [31,32] were used to analyze the sensitivity of three separate factors. The number of slip-failure elements was counted, as shown in Table 1, after calculating nine groups of orthogonal tests.




5.2. Sensitivity Analysis Based on Range-Analysis Method


The range analysis reflects the dispersion degree of data [33]. The greater the range, the greater the influence of level changes on the test results. The expression of the range method is:


   R j  = max    k  1 j   ,  k  2 j   , ⋯ ,  k  i j     − min    k  1 j   ,  k  2 j   , ⋯ ,  k  i j      



(7)






   k  i j   =  1 m    ∑   i = 1  m   K  i j    



(8)




where Kij is the statistical parameter of i-th level at the j-th factor, Rj is the difference between the maximum and minimum of j-th factors, kij is the average of Kij, and m is the level number of factors.



Using the above formula, the number of slip-failure elements was analyzed by the range method under three separation factors. The three separation factors were named A, B and C. The results of the orthogonal test are shown in Table 3.



As seen in Table 2, the number of slip-failure elements increased significantly with the increase in separation values. In terms of the sensitivity of the three separation factors, the separation value was the main factor affecting the number. Secondly, the number of separations had a certain effect on slip failure of the bolt. Finally, separation locations had the least effect. In actual engineering, it is necessary to reasonably adjust the anchor pitch and prestress, combined with the physical and mechanical properties of the surrounding rock. In this way, the separation values can be effectively reduced to ensure the safety of supporting engineering.




5.3. Sensitivity Analysis Based on Variance Analysis


The variance-analysis method can exclude the influence of experimental error, and determine the influence of different levels and the sensitivity of different factors [33]. At the same time, it can also verify the results of range analysis. Although the variance-analysis method is also called multidirectional analysis of variance, its principle is basically the same as that of single factor [34]. It is mainly used in hypothesis testing to judge whether multiple factors have significant influence on dependent variables. In multidirectional analysis of variance, the generalized linear model is often selected for parameter estimation. The formula is as follows:


   S j 2  =  1 m    ∑   i = 1  m       K  i j   −  k  i j      2   



(9)




where Sj is the sum of squares.



According to the principle of variance analysis, the number of slip-failure elements under the conditions of the three separation factors was analyzed. The results are shown in Table 4.



As is seen from Table 3, the sensitivity of the three separation factors obtained by variance analysis was consistent with the results obtained by range analysis.





6. Limitations and Future Research Directions


(1) In this paper, all theoretical models and numerical models are only applicable when the bed separation is perpendicular to the bolt.



(2) In order to study the slip-failure characteristics under different conditions of bed separation, the parameters of the surrounding rock and the bolt were larger than those of the actual engineering.



The above limitations can be further discussed in future research. Especially, it would be more valuable and feasible to use the actual engineering model. In general, by using the numerical-simulation method, the variation law of the mechanical properties of full-grouted prestressed bolts was revealed under different conditions of bed separation. Moreover, the research results improved the theoretical system for full-grouted prestressed bolts. However, because of the above limitations, the reliability of the numerical-simulation results can be guaranteed only when the bed separation is perpendicular to the bolt.




7. Conclusions


(1) Different bed-separation parameters have significant effects on the mechanical properties of bolts, but in different ways. The number of slip elements is obviously affected by the value of the bed separation under the condition of single-bed separation. The greater the separation value, the greater the risk of the overall sliding failure of the bolt. Under the condition of multiple-bed separation, the number of the bed separations has an obvious effect on the peak axial force and shear stress when the total opening degree of the bed separations is the same. The greater the number of the bed separations, the smaller the peak axial force and shear stress. Under the condition of different bed-separation locations, the bed-separation location has a significant effect on the distribution of the axial force and shear stress on the initial bonding section. The distribution of the axial force and shear stress on the initial bonding section increases first, and then decreases, when it is left- and middle-bed separation. In the case of right-bed separation, the distribution of the axial force and shear stress on the initial bonding section decreases exponentially from the peak value.



(2) The range-analysis method and variance-analysis method based on an orthogonal test were used to reveal the influence degree of the three bed-separation factors on the mechanical properties of the bolt, namely, the value, number and location of bed separation. The range-analysis method and the variance-analysis method reached the same conclusion. The sensitivity order of the three bed separation factors was: bed-separation value > bed-separation number > bed-separation location, and the optimal combination was the bed-separation value being 3 mm, the bed-separation number being 2 and the location of the maximum bed-separation value being 2 m from the left end of the initial bonding section.
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Figure 1. Structure of full-grouted prestressed bolt. 
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Figure 2. Three-stage stress state. (a) Stage 1; (b) stage 2; (c) stage 3. 
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Figure 3. Numerical model. 
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Figure 4. Comparison between numerical simulation and theoretical analysis. (a) Axial force; (b) shearing stress. 
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Figure 5. Simulation results of single-bed-separation condition. (a) Axial force; (b) shear stress. 
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Figure 6. Relation between the bed-separation value and the number of slip elements. 






Figure 6. Relation between the bed-separation value and the number of slip elements.



[image: Processes 11 01716 g006]







[image: Processes 11 01716 g007 550] 





Figure 7. Simulation results of multiple-bed-separation condition. (a) Axial force of bolt; (b) shear stress of anchorage interface. 
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Figure 8. Simulation results for different locations of the bed separation. (a) Axial force; (b) shear stress. 
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Table 1. Model parameters.
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Object

	
Parameters

	
Value






	
Block

	
Constitutive model

	
Elastic




	
Elasticity modulus/GPa

	
50




	
Poisson’s ratio

	
0.2




	
Density/(kg·m−3)

	
2500




	
Bolt

	
Elasticity modulus/GPa

	
200




	
Cohesion force/(106 N·m−1)

	
1.0




	
Bond stiffness/GPa

	
1.0




	
Strength of extension/kN

	
500




	
Internal friction angle/°

	
30




	
Diameter/mm

	
20




	
Tray

	
Elasticity modulus/GPa

	
25




	
Poisson’s ratio

	
0.15
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Table 2. Orthogonal test parameters.






Table 2. Orthogonal test parameters.





	Groups
	Separation Values (mm)
	Numbers of Bed Separation
	Distances from Maximum Separation Value to Initial Bonding Section (m)
	Numbers of Slip-Failure Elements





	E1
	3
	1
	0
	0



	E2
	3
	2
	1
	0



	E3
	3
	3
	2
	0



	E4
	5
	1
	2
	1



	E5
	5
	2
	0
	0



	E6
	5
	3
	1
	0



	E7
	8
	1
	1
	7



	E8
	8
	2
	2
	1



	E9
	8
	3
	0
	8
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Table 3. Range analysis of orthogonal-test results.
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Factors

	
A

	
B

	
C






	
K1

	
0

	
8

	
8




	
K2

	
1

	
1

	
7




	
K3

	
16

	
8

	
2




	
K1/3

	
0

	
2.67

	
2.67




	
K2/3

	
0.33

	
0.33

	
2.33




	
K3/3

	
5.33

	
2.67

	
0.67




	
R

	
5.33

	
2.34

	
2




	
Optimal level

	
A1

	
B2

	
C3




	
Ranking of factors

	
A B C




	
Optimal combination

	
A1 B2 C3











[image: Table] 





Table 4. Variance analysis of orthogonal-test results.
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Factors

	
A

	
B

	
C






	
K1j2

	
0

	
64

	
64




	
K2j2

	
1

	
1

	
49




	
K3j2

	
256

	
64

	
4




	
kij

	
5.67

	
5.67

	
5.67




	
Sj2

	
53.56

	
10.89

	
6.89




	
Optimal level

	
A1

	
B2

	
C3




	
Ranking of factors

	
A B C




	
Optimal combination

	
A1 B2 C3
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