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1. Introduction 
 

The exploitation of coal resources can induce the 

surface subsidence and ecological environment destruction 

(Ammirati et al. 2020, Tichavsky et al. 2020, Ozdogan et 

al. 2020, Scigala and Szafulera 2020, Strzalkowski and 

Szafulera 2020). Backfill mining is generally used in coal 

mines to control the surface subsidence and to protect the 

ecological environment (Sivakugan et al. 2006, Park et al. 

2014, Ercikdi et al. 2009, Cao et al. 2019, Tan et al. 2019, 

Wang et al. 2020, Bull and Fall 2020). The paste backfill 

materials called cemented coal gangue-fly ash backfill 

(CGFB), are often used in coal mines due to their high 

integrity and stability (Sun et al. 2019, Zhang et al. 2017). 

CGFB is a kind of cement composites, mainly consisting of 

cement, fly ash (industrial wastes from the coal-consumed 

power plant), coal gangue (solid wastes from coal 

production and coal washing process), and water. The 

properties of backfill materials are the kernel of backfill 

mining effects (Kaliyavaradhan et al. 2019, Mbonimpa et  
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al. 2019, Zhang et al. 2017, Wang et al. 2020). Therefore, 

an investigation of the properties of CGFB is necessary. 

Experiments are effective methods for studying the 

properties of CGFB samples, and research results can 

identify the deformation and failure evolution laws for 

CGFB. Many experimental investigations regarding the 

properties of CGFB samples have been conducted. Qi et al. 

(2015) and Ren et al. (2014) studied the effects of the fly 

ash content on the properties of CGFB samples. They found 

that with an increase of the fly ash content, the rheological 

property of CGFB sample abated; the adhesiveness was 

enhanced, and the bleeding index and dry shrinkage 

decreased. The corresponding strength was directly 

proportional to the fly ash content. Wang et al. (2018) found 

that the slump, divergence, setting time and compressive 

strength of CGFB samples increased and then decreased 

with the fine coal gangue content. Zhang and Wang found 

(2007) that the quality indices such as strength and 

dewatering ratios, and the piping feature of a slurry could 

satisfy the requirements for the cement backfill if the mass 

ratio of cement to fly ash to gangue was 1 : 4 : 15, and the 

mass fraction of solid material ranged from 72% to 75%. 

Chen et al. (2016) found that the creep strength of CGFB 

sample was larger than its uniaxial compressive strength 

(UCS), and this phenomenon was labelled the creep macro-

hardening effect. Through the uniaxial compression tests on 

CGFB column samples (length × width × height = 800 mm 

× 800 mm × 1600 mm) with stirrups, Du et al. (2019) found 

that the stirrups can prevent the sudden instability of a 

CGFB column under uniaxial loading. Feng et al. (2019) 

studied the resistivity, AE, and ultrasonic characteristics in  
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the failure process of CGFB samples under uniaxial 

loading. They found that the AE ringing count signal 

response was more sensitive to the pore compression and 

micro-crack generation in initial compaction stage and 

elastic compression stage, and the DIC (Digital Image 

Correlation) response and UT (Ultrasonic Testing) response 

could be used to quantitatively evaluate the damage degree 

of the specimen. Liu et al. (2018) and Cui et al. (2018) 

investigated the effects of different sulphate levels on the 

mechanical properties of CGFB samples under uniaxial 

loading. They found that the uniaxial compressive strength 

first increased and then decreased with the soaking time and 

concentration in sulfate solution. Wu et al. (2018) 

developed a THMC (thermal, hydraulic, mechanical and 

chemical) model to analyze the temperature, pore water 

pressure, water drainage, lateral pressure, as well as stress-

strain development of hydrating CGFB. Sun et al. (2019) 

invented a type of paste backfill material called geopolymer 

cemented coal gangue-fly ash backfill (GCGFB), which 

consisted of coal gangue, fly ash, cement, slag, and alkaline 

activator mixed with sodium hydroxide and sodium silicate.  

The aforementioned investigations are important for 

understanding the properties of CGFB. Because of the 

continuous reductions in available backfill materials and 

high filling costs, the strip CGFB mining has been used to 

control the surface subsidence in many Chinese coal mines 

(Zhu et al. 2017, Xu et al. 2015, Zhu et al. 2019). The basic 

principles of this method depend on the requirements of the 

surface subsidence being controlled. Some strip CGFB 

bodies with regular intervals are arranged in the goaf to 

support the overlying strata and to control the surface 

subsidence. If the intervals between the CGFB bodies break 

the caving step distance of the immediate roof, the 

immediate roof will collapse and the broken rocks backfill 

the goaf, as shown in Fig. 1. Here, the composite structures 

of the immediate roof and CGFB body are formed in the 

goaf, thus supporting the overlying strata and controlling 

the surface subsidence. In other words, the properties of this 

composite structure determine the effects of controlling 

surface subsidence using the strip CGFB mining method. 

Under the inclined strip CGFB mining, the interface angle 

between the immediate roof and CGFB body affects the 

properties of the composite structure.  

 

 

Many studies have been conducted to investigate the 

properties of rock-concrete (RC) bi-materials through the 

laboratory tests on the RC composite samples (a diameter of 

50 mm and a height of 100 mm), including their shear 

failure characteristics (Fishman 2008, Sujatha and Kishen 

2003), failure mechanisms (Fishman 2009, Zhong et al. 

2014), and tensile performances (Chang et al. 2018). Wang 

et al. (2020) studied the effects of coal gangue particle sizes 

on the properties of sandstone-cemented coal gangue-fly 

ash backfill bimaterials. However, few studies have focused 

on the properties of rock-CGFB bi-materials. In this study, 

the sandstone-CGFB composite samples with different 

interface angles ranging from 0 to 60° measured 

horizontally, were prepared, and uniaxial compression tests 

were conducted on them. The effects of interface angle on 

the strength, AE, and failure characteristics of the composite 

samples were studied. This investigation could offer 

insights into the properties of the rock-CGFB bi-materials, 

which are important in ensuring the stability of the 

composite structure of the immediate roof and CGFB body 

in the inclined strip CGFB mining. 

 

 

2. Material and methods 
 

2.1 Material properties  
 

The rock-CGFB bi-materials consisted of two different 

parts: rock and CGFB. The rock material used for this 

investigation was sandstone collected from the Daizhuang 

coal mine of Shandong Province, China. CGFB included 

the coal gangue collected from the Daizhuang coal mine, 

secondary fly ash obtained from the Shandong Huangdao 

Power Plant, Portland cement Grade 42.5 obtained from 

Shandong Rizhao No.3 Cement Plant, and tap water. Their 

chemical components are shown in Table 1. The solid 

materials of CGFB in the composite samples comprised 

78% of the total weight of the CGFB, the mass ratio of 

cement to fly ash to gangue was 1 : 4 : 6, and the particle 

size of the coal gangue ranged from 0.1 mm to 12 mm. 

According to the standard testing method of 
International Society for Rock Mechanics (ISRM), the 
uniaxial compression tests were conducted on the pure  

 

Fig. 1 Basic principles of inclined strip CGFB mining 
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samples (a diameter of 50 mm and a height of 100 mm) of 

sandstone and CGFB (curing for 28 d with a temperature of 

20 ± 2°C and a humidity of 80%) to obtain their mechanical 

properties, and the test results are shown in Table 2. 
 

2.2 Sample preparation 
 

Based on the standard testing method of ISRM and 

previous investigations on the properties of RC composite 

samples (Fishman 2008, Sujatha and Kishen 2003, Fishman 

2009, Zhong et al. 2014, Chang et al. 2018, Chen et al.  

 

 

 

 

2019a), the diameter and height of sandstone-CGFB 

composite samples were 50 mm and 100 mm, respectively, 

which are shown in Fig. 2. The interface incline angle β 

measured horizontally between the sandstone and CGFB 

ranged from 0° to 60°. A total of 15 composite samples 

were prepared and categorized under Groups A, B, C, D, 

and E, corresponding to β of 0°, 15°, 30°, 45°, and 60°, 

respectively. Each group had three composite samples.  

During the composite sample preparation, the sandstone 

blocks were first processed into the cylindrical samples with  

Table 1 Chemical components of the cement, fly ash and coal gangue (unit: %) 

Major element Cement Fly ash Coal gangue 

Na2O 2.177 1.456 1.758 

MgO 8.706 3.914 3.088 

Al2O3 12.34 39.724 30.177 

SiO2 15.722 37.855 39.987 

SO3 3.025 1.221 2.886 

K2O 1.203 2.118 2.643 

CaO 51.643 6.214 11.727 

TiO2 1.031 2.479 2.531 

MnO2 0.19 0.055 — 

Fe2O3 3.891 4.856 4.928 

ZnO 0.072 0.107 — 

BaO — — 0.276 

Table 2 Mechanical properties of pure sandstone and CGFB samples under uniaxial loading 

Material UCS/MPa 
Elastic modulus/GPa  

(the slope of the stress-strain curve at 40-60% of peak stress) 
Peak strain/% 

Pure sandstone sample 40.178 5.73 1.032 

Pure CGFB sample 3.538 1.07 0.492 

     
(a) β of 0° (b) β of 15° (c) β of 30° (d) β of 45° (e) β of 60° 

Fig. 2 Sandstone-CGFB composite samples with different interface angles of β with respect to the horizontal direction 
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Table 3 AE parameters 

Main amplifier 40 dB AE probe type R3α 

Threshold value 45 dB 
Resonant frequency of AE 

probe type 
~20-100 kHz 

Floating 

threshold 
6 dB Sampling frequency 106/s 

 

 

a diameter of 50 mm and a height of 100 mm. The 

cylindrical sandstone samples were cut into two equal parts 

and interface angles ranging from 0° to 60° measured 

horizontally using a stone-sawing machine. Then both ends 

of the samples were flattened, and smoothed using a stone-

grinding machine in order to meet the test requirements. 

Each sandstone piece was then placed in the mould with a 

diameter of 51 mm and a height of 100 mm, with its cutting 

surface at the top. Then the well stirred mixtures of CGFB 

were directly poured into the moulds, thus filling the 

remaining space of the mould. The sandstone samples and 

CGFB were bonded into the sandstone-CGFB composite 

samples through the cement-fly ash slurry in CGFB. After 

24 h, the composite samples were removed from the moulds 

and cured for 28 d in a curing box with a temperature of 20 

± 2 °C and a humidity of 80%. After curing, the ends of the 

CGFB in the composite samples were trimmed using a 

stone-grinding machine after cutting to create a smooth 

surface, and their sides were mechanically polished with the 

fine emery paper to obtain a diameter of 50 mm. At this 

stage, the sandstone-CGFB composite samples were well 

prepared. 

 

2.3 Testing system  
 

The testing system for uniaxial compression tests on the 

composite samples consisted of a loading system, an AE 

monitoring system, and a digital video camera (DVC), as 

shown in Fig. 3. During each test, the data from the loading 

system, AE monitoring system, and DVC were recorded 

simultaneously. 

An AG-X250 servo-controlled testing system that could 

execute the conventional compression, tension, and other  

 

 

mechanical tests, was selected as the loading system (Chen 

et al. 2016, Yin et al. 2020, Chen et al. 2019b). The 

maximum testing load was 250 kN. A displacement loading 

mode was used at a loading rate of 0.0005 mm/s in these 

tests.  

The AE event was selected to analyse the AE 

characteristics of composite samples during uniaxial 

loading, which was monitored by a MISTRAS AE 

instrument (Physical Acoustics Corporation, Princeton Jct, 

NJ, USA). The AE parameters are shown in Table 3. The 

pencil-lead fracture method proposed by ASTM (American 

Society for Testing and Materials) was employed to 

calibrate the AE system. When the AE amplitude signal was 

larger than 90 dB, these tests would be conducted. A SONY 

portable digital camera was used to record the failure 

characteristics of the sandstone-CGFB composite samples 

under uniaxial loading. 

The sandstone-CGFB composite sample was an 

integrated body. During uniaxial loading, the sandstone and 

CGFB in the composite sample produced damage or 

fracture together. The resulting energy is released and 

transmitted via the material media and reflected by the 

receiving AE signals (Feng et al. 2019). While, in Table 2, 

the UCS of pure sandstone sample (40.178 MPa) was about 

11.356 times that of pure CGFB sample (3.538 MPa). 

Therefore, the damage or fracture mainly occurred within 

the CGFB in the composite sample or along the interface 

between the sandstone and CGFB. In order to well observe 

the failure characteristics of sandstone-CGFB composite 

samples under uniaxial loading, one AE sensor was 

installed on the surface of the sandstone with the adhesive 

tape, and vaseline was applied on the contact area between 

the sensor and sandstone to warrant coupling conditions. 

The sandstone with a far higher strength than that of CGFB 

acted as a wave guide rod to transfer the AE signals to the 

AE sensor. Meanwhile, in the investigations on the AE 

characteristics of rock-coal composite samples under 

uniaxial loading, the AE signals collected from the AE 

sensor arranged on the surface of rock with a high strength 

were similar to that arranged on the surface of coal with a  

 

Fig. 3 Testing system for uniaxial compression tests with composite samples 
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low strength (Yin et al. 2018), and they well reflected the 

AE characteristics of composite samples. The AE sensor 

was generally installed on the surface of the rock in the 

rock-coal composite sample (Ren et al. 2010, Huang and 

Liu 2013). 
 

 

3. Results 
 

3.1 Failure characteristics of composite samples  
 

Typical images of macro-failure exhibited on the 

sandstone-CGFB composite samples are shown in Fig. 4.  

The interface angle affects the failure patterns of the 

composite samples. When β are 0°, 15°, and 30°, the 

failures of the composite samples mainly occur within the 

CGFB, and no obvious failure is observed in the sandstone. 

Obvious tensile cracks are identified in the CGFB, 
confirming a splitting failure, and varying degrees of local 

surface spalling failure zones are also observed on the 

CGFB. Therefore, the CGFB of the composite samples with  

 

 

 

β of 0°, 15°, and 30° mainly sustains the splitting failure 

accompanied by local surface spalling failures (Type-I 

failure). When β is 45°, the composite samples exhibit the 

mixed failure, i.e., the slight sliding failure along with the 

interface and Type-I failure (Type-II failure). In the Type-II 

failure, the CGFB initially sustains the Type-I failure, and 

then slight sliding failure along with the interface occurs. 

The corresponding sandstone shows no evidence of 

fracturing or failure. When β is 60°, the composite samples 

occur the sliding failure along with the interface (Type-III 

failure). The sandstone and CGFB are intact without 

obvious fracturing or failure. With an increase of β, the 

macro-failure pattern of composite sample changes from 

Type-I to Type-II, and then to Type-III. 
 

3.2 Strength characteristics of composite samples 
 

Fig. 5 shows the variations in the UCS and elastic 

modulus (the slope of stress-strain curve at 40%-60% of 

peak stress) of the sandstone-CGFB composite samples 

with β.  

     
β=0° β=15° β=30° β=45° β=60° 

 

Fig. 4 Macro-failure patterns of the sandstone-CGFB composite samples 

  
(a) UCS variation (b) Elastic modulus variation 

Fig. 5 Variations in UCS and elastic modulus with β 
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In Fig.5, there are almost no differences in UCS and 

elastic modulus between Groups A (β of 0°) and B (β of 

15°). The average UCS and elastic modulus of Group C (β 

of 30°) are slightly lower than Groups A and B, and they 

decrease by 13.98% and 10.77%, respectively, compared 

with Group A. However, the average values of UCS and 

elastic modulus for Groups D (β of 45°) and E (β of 60°) 

show a large decrease. Compared with Group A, the 

average UCS and elastic modulus of Group D are 57.59% 

and 20.00% lower, respectively, and the corresponding 

average UCS and elastic modulus of Group E are 95.90% 

and 46.15% lower, respectively. According to the above 

analysis, the UCS and elastic modulus decrease overall with 

an increase of β, which can illustrate that the bearing 

capacity and deformation capacities of the composite 

samples are weakened with β under uniaxial loading. 
 

3.3 AE characteristics of composite samples 
 

Fig. 6 shows the AE characteristics of the sandstone-

CGFB composite samples with different interface angles.  

The deformation and failure processes of A-2, B-1, C-2, 

and D-1 composite samples can be categorized into four 

stages: the initial compaction stage, the linear elastic stage, 

the plastic yield stage, and the post-peak failure stage. Their 

AE characteristics in different stages are similar to that of 

pure CGFB composite samples. The initial compaction 

stage corresponds to the closures of the voids and cracks in 

the sandstone and CGFB, and the compression of the 

interface between them. CGFB is a manually configured 

material with more voids and cracks than natural sandstone. 

Therefore, in the initial compaction stage, the AE event 

signals exhibit large fluctuations in peak values, which 

differ from those of pure coal or rock samples, but are 

consistent with those of pure CGFB samples (Feng et al. 

2019). During the linear elastic stage, the micro-cracks in 

the composite samples stably propagate, and the 

corresponding AE event signals attenuate with relatively 

smaller fluctuations compared with the initial compaction 

stage. Due to the unstable propagation of micro-cracks in 

the composite samples during the plastic yield stage, the AE 

event signals are re-enhanced and further intensified, 

exhibiting high fluctuations with large peak values. During 

the post failure stage, the micro-cracks coalesce, and many 

macro-cracks form in the composite samples. The 

propagation and coalescence of the macro-cracks cause the 

splitting failure of CGFB, accompanied by local surface 

spalling failure. However, in Fig. 6(a)-6(d), the AE event 

signals during the post-peak failure stage are re-weakened 

and have few peak values. This phenomenon was also 

observed in the AE characteristics of pure CGFB samples, 

mainly because the AE radiation waves were seriously 

attenuated and even blocked due to the aggregation of a 

large number of macro-cracks before failure (Qi and Feng 

2015). Meanwhile, in the later post-peak failure stage in the 

D-1 composite sample, peak values of the AE event signals 

fluctuate due to the small sliding failure along with the 

interface.  

The deformation and failure process of the E-2 

composite sample is different from that of other composite 

samples. Before the initial compaction stage is completed, it 

sustains the sliding failure. The occurrence of the sliding 

failure along with the interface is not sudden. The 

corresponding post-peak stress-time curve initially exhibits 

a slow decrease, and when the sliding failure along with the 

interface is complete, it exhibits a steep linear drop as 

shown in Fig. 6(e). Some significant peaks in the AE event 

signals are found at the later stage of the sliding failure. 
 

 

4. Discussions  
 

The interface between the sandstone and CGFB in the 

composite sample can be considered as a single structural 

plane, inclined at an angle of β to the horizontal direction, 

as shown in Fig. 7(a). σ1 is the uniaxial stress, σ3 is the 

confining pressure, and σ and τ are the normal and shear 

stresses of the interface, respectively. It is assumed that the 

strength characteristics of the interface satisfy the Coulomb 

criterion, therefore (Zhao et al. 2016, Liang et al. 2020, 

Mohammadi and Tavakoli 2015), 

 
(1) 

where Ci and ϕi are the cohesive force and internal friction 

angle of the interface, respectively.  

The relationship between the Mohr stress circle and 

strength envelope can be used to analyse the failure 

characteristics of coal or rock samples. The relationships 

between strength envelopes and Mohr stress circles of the 

interface, sandstone, and CGFB are shown in Fig. 7(b). Cs 

and Cc are the cohesive forces of sandstone and CGFB, 

respectively, and ϕs and ϕc represent their internal friction 

angles, respectively. Sandstone has significantly higher 

strength compared to CGFB, i.e., σs1>σc1. This means that 

the failure of CGFB precedes that of sandstone in the 

composite sample, and the failures of the composite sample 

occur within CGFB. Therefore, the range of angle β should 

be based on the Mohr stress circle of the CGFB. The macro-

failure patterns of composite samples were mainly 

determined by β. The A and B points are the intersections of 

the strength envelope of interface and Mohr stress circle of 

the CGFB. The N point is the centre of the Mohr stress 

circle of the CGFB. The included angle between NC line 

segment and σ axis is 2β. 2β1 and 2β2 are the included 

angles of the BN line segment, AN line segment, and σ axis 

(Zhao et al. 2016), respectively, as shown in Fig. 7 (b). 

Generally, when the value of 2β falls between 2β1 and 2β2, 

the composite sample failures tend to be the sliding failures 

along with the interface, otherwise composite sample 

failures occur within the CGFB 

In this investigation, σ3 is 0 MPa. In Fig. 7(b), as β 

increases from 0°, the stress point C falls between points A 

and B, 2β falls between 2β1 and 2β2, and the failure patterns 

of the composite samples change from failure within the 

CGFB to the sliding failure along with the interface. 

Evidently, the fracture plane approaches the interface until 

sliding failure induced by the compressive-shear stress and 

interfacial effect occurs along with the interface, i.e., with 

the continuous increase of β, this sliding phenomenon 

becomes increasingly apparent. In Fig. 4, following an 

increase in β from 0° to 60°, the failure patterns of the 

composite samples change from Type-I (splitting failure  

iiC  tan
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accompanied by local spalling failure in CGFB) to Type-II 

(mixed failure along with sliding failure along with the 

interface and Type-I failure), and then to Type-III (sliding 

failure along with the interface), which are consistent with 

the results of the theoretical analysis.  

The strength characteristics of the composite samples 

are related to their failure patterns. The failure pattern of 

Group E is Type-III, which shows that the strength of the 

interface between sandstone and CGFB mainly determines 

the overall strengths of the composite samples. Therefore, 

the corresponding strengths of Group E are the lowest in the 

five groups. The failure patterns of the composite samples 

at β of 0°, 15° and 30° are Type-I, i.e., the strengths of the 

composite samples depend on the strength of the CGFB. 

Therefore, the strength levels of Groups A, B, and C are 

relatively high. Although the sliding failure along with the 

interface does not occur in these composite samples, this 

tendency strongly increases when β ranges from 0° to 30°, 

which reduces the strength levels of the composite samples 

(Zhao et al. 2016; Pan et al. 2020). In particular, the 

strength level of Group C decreases compared with Groups 

A and B. The failure pattern of Group D is Type-II, i.e., the 

strength of the interface and CGFB determine the overall 

strength of the composite samples together. Therefore, the 

strength of Group D is higher than that of Group E, but 

lower than that of Groups A, B and C. The UCS of the 

composite sample with Type-I failure is the largest, and the 

UCS corresponding to Type-III failure is the lowest. With  

 

 

an increase of β, the UCS of the composite sample 

generally decreases. 

 

 

5. Conclusions 
 

This study aims to investigate the effects of interface 

angle on the strength, AE, and failure characteristics of 

sandstone-CGFB composite samples under uniaxial 

loading. The main conclusions are summarized as follows: 

• The Three macro-failure patterns were exhibited by the 

composite samples: the splitting failure accompanied by the 

local spalling failure in CGFB (Type-I failure), the mixed 

failure with sliding failure along with the interface and 

Type-I (Type-II failure), and sliding failure along with the 

interface (Type-III failure). Following an increase in β from 

0° to 60°, the macro-failure patterns changed from the 

Type-I to Type-II, and then to Type-III. 

• With an increase in β from 0° to 60°, the UCS and 

elastic modulus of the composite sample decreased overall. 

The UCS of the composite sample with Type-I failure was 

the largest, and the UCS corresponding to the Type-III 

failure was the lowest. There were almost no differences in 

UCS and elastic modulus between Groups A (β of 0°) and B 

(β of 15°). The average UCS and elastic modulus of Group 

C (β of 30°) were slightly lower than Groups A and B, and 

they decreased by 13.98% and 10.77%, respectively, 

compared with Group A. Compared with Group A, the 

 
(a) Mechanical model for the composite sample 

 
(b) Relationships between strength envelopes and Mohr stress circles of the interface, sandstone, and CGFB. 

Fig. 7 Mechanical analysis of failures at the interface in a composite sample 
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average UCS and elastic modulus of Group D (β of 45°) 

decreased by 57.59% and 20.00%, respectively; and the 

corresponding UCS and elastic modulus of Group E (β of 

60°) decreased by 95.90% and 46.15%, respectively.  

• The deformation and failure processes of the 

composite samples can be categorized into the initial 

compaction stage, the linear elastic stage, the plastic yield 

stage, and the post-peak failure stage. Due to the small 

sliding failure along with the interface in the composite 

samples with a β of 45°, there were fluctuations in AE event 

signals with peak values in the later post-peak failure stage. 

The composite sample with a β of 60° sustained the sliding 

failure along with the interface before the completion of the 

initial compaction stage, which was not a sudden 

movement. The corresponding post-peak stress-time curve 

initially exhibited a slow decrease, and then sustained a 

steep linear drop with some significant peaks in AE event 

signals. 

According to the test results, in the paste backfill 

mining, the bearing capacity and stability of the composite 

structure consisting of the immediate roof and CGFB body 

decrease with the interface angle between them measured 

horizontally. The sliding failure along with the interface 

occurs at a high interface angle. Under this conditions, the 

bolt support, anchor cable support and other methods 

should be adopted to enhance the integrity and stability of 

the composite structure. The bolts and anchor cables should 

be arranged through CGFB body at a certain angle to enter 

the interior of the immediate roof. 
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