

  applsci-11-03488




applsci-11-03488







Appl. Sci. 2021, 11(8), 3488; doi:10.3390/app11083488




Article



Evaluation of Structural Performance of Post-Installed Anchors Embedded in Cracked Concrete in Power Plant Facilities



Sangmoon Lee[image: Orcid] and Wooyoung Jung *





Department of Civil Engineering, Gangneung-Wonju National University, Gangneung 210-702, Korea









*



Correspondence: woojung@gwnu.ac.kr







Academic Editor: Maria Favvata



Received: 15 March 2021 / Accepted: 6 April 2021 / Published: 13 April 2021



Abstract

:

In this study, a field survey was conducted on the fixed anchorages of the operation and power generation facilities installed in domestic power plants. A static/dynamic performance evaluation was conducted to present safety evaluation guidelines that meet the domestic seismic performance requirements. Seismic performance tests were performed on the post-installed set anchors M10 and M12, which are mainly used for anchorages in accordance with the US and European seismic performance standards. The dynamic shear test results showed that the M12 anchor met the seismic performance verification criterion, whereas the M10 anchor did not because its dynamic performance was reduced, owing to the cyclic loading. In the results of the dynamic pull-out test, M12 also met the seismic performance verification criterion, whereas M10 was safe only in a non-cracked state. In summary, the seismic performance of M12 in both cracks and non-cracks was satisfied, but, in the case of M10, the results were not satisfied in cracks. This was an experimental study; it will be necessary to conduct additional analytical research in the future to verify the reliability and parameters of the experiment.
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1. Introduction


1.1. Background


Most operation and power generation facilities that are used in power plants have important functional purposes and are independently constructed on concrete slabs applying fixation systems. Post-installed anchors are mainly used as a general fixation system and are widely used for attaching or fixing structures, owing to their flexibility and ease of construction [1]. However, such anchors may affect the safety of the entire structure when exposed to direct events, such as an earthquake, or indirect events, such as concrete cracking due to aging [2].



According to a Federal Emergency Management Agency (FEMA) report, the frequency of occurrence of earthquakes with a magnitude of 5.0 or higher has been continuously increasing over the last 10 years, and there has been an increasing amount of damage to non-structural elements, such as operation and power generation facilities in power plants [3]. Most of this damage has involved an overturning or sliding of the facility from damaged anchors embedded in cracked concrete. The occurrence of such damage may lead to secondary damage, causing more serious social chaos from the functional loss and malfunction of the facilities [4].



Despite the increasing importance of anchors used in fixation units, such as in operation and power generation facilities, there are no seismic evaluation or verification criteria for such units in South Korea. In this study, static and dynamic experiments on the anchorages of non-structural elements were conducted using the seismic performance evaluation criteria of anchorages in the United States and Europe.




1.2. Fixation Unit Anchor System


1.2.1. Types of Post-Installed Anchor Bolts


Anchor bolts are installed in concrete by drilling holes using hammer or core drills after the concrete has been poured and hardened. They can be divided into mechanical post-installed anchor bolts, which produce the main bearing capacity by frictional force and mechanical locking devices, and adhesive post-installed anchor bolts, which generate the main bearing capacity by the adhesive force of the attached compounds [5]. Figure 1 shows post-installation anchors commonly used for field installation in Korea, and, in this study, set anchors were targeted.




1.2.2. Design Standards and Failure Modes for Concrete-Embedded Anchor Bolts


In this study, the design load was calculated by referring to the domestic “Concrete Structure Standard (2012) Appendix II Concrete Anchors” design standards, and the level of safety was examined through a comparison with the results of static tests (pull-out and shear tests) [6]. The basic concepts of the anchor bolts subjected to tensile and shear loads are shown in Equations (1) and (2) below. Regarding the nominal tensile strength and shear strength, the smallest values among the possible anchor failure modes were used, as presented in Table 1. Anchor bolts were installed.


∅Nn ≥ Nua



(1)




where Nua is the required tensile strength and Nn is the nominal tensile strength.


∅Vn ≥ Vua



(2)




where Vua is the required shear strength and Vn is the nominal shear strength.






2. Overseas Seismic Performance Evaluation Criteria


Concrete with embedded anchors generally exhibits cracks when its durability is significantly reduced in the event of an earthquake. Additionally, a stress distribution occurs along the anchor installation locations, as shown in Figure 2, and the bearing capacity of the anchors is rapidly weakened [7]. In the evaluation of the seismic performance of concrete anchors, these behavioral characteristics are considered, and the effect of the cracks in the fixation unit of the concrete on the adhesive force of the anchors is evaluated. The average maximum loads are calculated by evaluating the static performance of two concrete types (non-cracked and cracked concrete), and a dynamic load protocol is presented based on such calculations. Finally, the seismic safety of the concrete-embedded anchor bolts is evaluated by assessing the performance under these dynamic loads [8].



In the United States, the seismic performance of post-installed anchor bolts embedded in cracked concrete is evaluated in accordance with the American Concrete Institute (ACI) 355.2 standards [9] because they may cause concrete cracks or be pulled out in the event of an earthquake [10]. According to the ACI 355.2 standards, a simulated seismic load test is conducted by simulating an earthquake using cyclic loading, and it is assumed that post-installed anchor bolts are embedded in concrete with a 0.5-mm-wide crack. The presented cyclic loading is shown in Figure 3. For the cyclic loading pattern, a 50% load with average strength, determined through a static performance test, is applied 10 times; a 37.5% load is applied 30 times, and a 25% load is applied 100 times. Therefore, cyclic loading is applied 140 times until failure. In this instance, the loading rate must be between 0.1 and 2 Hz. The seismic performance is considered verified if the dynamic performance through cycling loading meets 80% of the static performance.



TR 049, which are the design standards published by the European Organization for Technical Approval (EOTA), include the design standards for mechanical post-installed anchors [11]. For the C1 classification for non-structural elements, it is assumed that they are embedded in concrete with a 0.5-mm-wide crack. In addition, a 50% load with average strength, as determined through a static performance test, is applied 10 times; a 37.5% load is applied 30 times, and a 25% load is applied 100 times, in the same way as with the ACI 355.2 standards. The seismic performance is also considered to be verified if 80% of the static performance is met during the static loading test.




3. Experiment Overview


3.1. Selection of Test Targets through a Field Survey


In this study, a field survey was conducted to evaluate the seismic performance of the post-installed anchor bolts embedded in an actual site. The Daecheong hydroelectric power plant located in Daejeon Metropolitan City was selected as the test bed. As shown in Figure 4, most of the fixation unit anchors constructed at the site were found to be cast-in-place anchors. In the case of anchor damage or equipment without anchors, post-installed anchors were applied through a seismic reinforcement added in the year 2000.



For the post-installed anchors applied on-site, M10 and M12 set anchors were used. These anchors were selected as the test targets in this study. Figure 5 shows the M10 and M12 set anchors selected as test targets, and Table 2 shows their specifications.




3.2. Specimen Design and Fabrication


At the time of the field survey, concrete in the fixation units of power generation facilities in the test bed exhibited considerable concrete degradation from aging as a few decades had passed since the pouring of the concrete. This means that the operation facilities are highly likely to overturn and slide in the event of an earthquake, owing to a reduction in the anchor–concrete adhesive force caused by cracks in the concrete with a fixation unit. To evaluate the level of safety against this problem, in this study, specimens were fabricated, and tests were conducted by dividing the concrete with a fixation unit into two states (non-cracked and cracked concrete).



3.2.1. Non-Cracked Concrete


For the fabrication of the specimens, the design strength of 21 MPa measured in the fixation units of the power generation facilities in the test bed using a Schmidt hammer, a non-destructive test tool, was also considered as the design strength of the concrete. Specimens were fabricated with a size of 500 mm (width) × 500 mm (depth) × 200 mm (height) considering the fracture radius of an anchor bolt in accordance with ACI 318, as shown in Figure 6. Five specimens were fabricated for each of the pull-out and shear tests for each set anchor diameter. Thus, a total of 20 specimens were fabricated. The set anchors used were M10 and M12, and a 250 mm length and a 100 mm embedded depth were selected as their specifications, considering the fixation unit anchor bolts installed at the actual site and the experimental equipment set.




3.2.2. Cracked Concrete


Cracked concrete specimens were fabricated in the same way as non-cracked concrete specimens with a specific size. An artificial crack was simulated in the concrete by referring to the seismic performance evaluation criteria of the United States and Europe. In the case of artificial cracks [12], the experiments were conducted by fabricating the test specimen by inserting a 0.5 mm panel, not by using a general method, in order to conduct the experiment under the same conditions. A 0.5-mm-wide artificial crack was generated in the specimens by embedding a stainless-steel plate, at a depth of up to 100 mm, during concrete pouring and then removing it after curing. Five specimens were fabricated for each of the pull-out and shear tests for each set anchor type. Thus, a total of 20 specimens were fabricated. Figure 7 shows the fabrication process for the cracked concrete specimens.






4. Performance Evaluation of Post-Installed Anchors


A static performance evaluation was conducted by installing M10 and M12 set anchors, among various types of post-installed anchors, into two types of concrete specimens (non-cracked and cracked concrete). The main purpose of the experiment was the development of a dynamic load protocol for seismic performance evaluation. The load protocol applied to the dynamic tests was proposed by investigating the structural behavior under a pull-out and shear load and using the average maximum load from the results.



4.1. Static Loading Test


4.1.1. Experimental Method


The static performance of the post-installed anchors was evaluated by conducting shear and pull-out tests using a dynamic 1000 kN universal testing machine (UTM) in a domestic certification test research center in accordance with American Society for Testing and Materials (ASTM) E 488 [13]. For the applied loading condition, a continuous loading method (T-01), in which the load is slowly applied until failure, was used to obtain the load–displacement data for the full behavior until the failure of the anchor bolt. The loading rate was set to 0.4 mm/min, allowing the tests to be slowly conducted while observing the concrete–anchor bond behavior.



In the case of the shear tests, each concrete specimen with anchor bolts was erected vertically and fixed at the UTM, as shown in Figure 8a, and the equipment set for the shear tests was then fastened with the anchor. In the case of the pull-out tests, by contrast, each of the concrete specimens with the anchor bolts was fixed to the reaction floor of the UTM, as shown in Figure 8b, and the hydraulic tension grip of the UTM load cell was then fastened with the anchor. The tests were stopped when damage occurred or when the load resistance was lost from such damage. From the five tests conducted, three test results with an error rate of less than 20% were selected.



Based on the selected test results, the average maximum loads were calculated, and the pull-out performance was evaluated. The result was used to propose a load protocol for use in dynamic performance evaluation. Table 3 provides a list of the specimen names.




4.1.2. Shear Performance Evaluation


In the shear test results of the M10 and M12 set anchors, both anchors exhibited a steel failure instead of a concrete–anchor bond failure, as shown in Figure 9. It appears that the steel failure occurred before the load affected the concrete, owing to the sufficient bearing capacity of the concrete for the anchor installed at the center of the specimen and because of the distance of the concrete–anchor generated from the way in which the anchor was set. The differences in performance depending on the presence of a concrete crack were found to be insignificant, as shown in Figure 10. Table 4 summarizes the average maximum load for each test.




4.1.3. Pull-Out Performance Evaluation


For the pull-out tests on the M10 set anchor, a steel anchor failure finally occurred in both the cracked and non-cracked concrete, as shown in Figure 11a. The maximum pull-out load in the cracked concrete specimens was smaller than that in the non-cracked concrete specimens, owing to a reduction in adhesive force between the concrete and anchor. For the M12 set anchor, a concrete cone failure by the adhesive force occurred only under the slightly increased anchor diameter, as shown in Figure 11b. As with M10, the maximum pull-out load in the cracked concrete specimens was smaller than that in the non-cracked concrete specimens, owing to a reduction in the adhesive force. Figure 12 shows the differences in performance depending on the presence of a concrete crack, and Table 5 shows the average maximum load for each test.





4.2. Dynamic Loading Test


4.2.1. Presentation of Dynamic Load Protocol


In this study, a load protocol for a seismic safety evaluation under a dynamic load was presented by referring to the ACI 355.2 standards of the United States for verification of the seismic performance of power generation facilities in power plants and the TR 049 Category C1 standards of Europe, which consider non-structural elements. Based on the average maximum loads derived from the static performance evaluation, a dynamic load protocol was presented, as shown in Table 6. The protocol was used to evaluate the dynamic performance of the M10 and M12 set anchors. Figure 13 shows the dynamic load protocol of the M10 set anchor, and Figure 14 shows that of the M12 set anchor. The seismic performance of the concrete anchors installed in power generation facilities was considered verified if the maximum pull-out and shear load values of the dynamic tests derived under the presented cyclic loading met 80% of the performance presented in the static tests.




4.2.2. Experimental Methods


During the dynamic tests, there was clearance between the concrete and each anchor owing to the sleeve of the set anchors. As such, clearance may cause errors from a slip of the equipment set and the vibration of the anchor under the actual cyclic loading, and an equipment set that can deliver cyclic loading more accurately was fabricated. In addition, during the tests, the rate of the cyclic loading was reduced from 1.0 to 0.2 Hz, as determined through trial and error, to deliver the load to the actual anchor more accurately. Experimental methods other than the loading rate and equipment set were conducted in the same way as the static performance tests. The tests were stopped when the load resistance was lost from damage to the anchor or concrete. From the five tests conducted, the results of three tests with an error rate of less than 20% were selected. Table 7 provides a specimen list with the specimen names.




4.2.3. Shear Performance Evaluation


In the dynamic shear test results of the M10 and M12 set anchors, both anchors exhibited steel failure. In the case of the M10 anchors, an early anchor failure occurred owing to the cyclic loading in the tests compared to the M12 anchors. This appears to be due to the difference in diameter. The differences in dynamic shear performance depending on the presence of a concrete crack were found to be insignificant, as in the static shear tests.



Table 8 summarizes whether the shear maximum loads generated during the tests met 80% of the static shear performance (seismic performance verification criterion).




	
DSN10 and DSC10








Figure 15 shows the load–displacement curves, and Figure 16 shows an average summary of the values for each case-specific dynamic shear test. As the figure shows, the dynamic shear performance of the M10 anchors does not meet the seismic performance verification criteria (horizontal lines) for both cracked and non-cracked concrete. Based on this, the anchors of M10 are not considered suitable for anchors of fixed parts.




	
DSN12 and DSC12








Figure 17 shows the load–displacement curves, and Figure 18 shows an average summary of the values for each case-specific dynamic shear test. As the figure shows, in the case of M12 anchors, unlike M10 anchors, both cracked and non-cracked concrete met the seismic performance verification criteria.




4.2.4. Pull-Out Performance Evaluation


In the case of the M10 set anchor, a pull-out failure of the steel anchor occurred. The pull-out loads in the cracked concrete specimens were smaller than those in the non-cracked concrete specimens. In the case of the M12 set anchor, a concrete cone failure occurred as in the static pull-out tests. As with M10, the pull-out loads in the cracked concrete specimens were smaller than those in the non-cracked concrete specimens. It was found that the M10 set anchor exhibited a failure of the anchor itself before the concrete–anchor bond failure, owing to the relatively smaller diameter. When the maximum loads of the dynamic pull-out tests were compared with those of the static tests, the maximum pull-out loads under dynamic loads were found to be higher. This appears to be because the clearance between the concrete and the set anchor, which existed at the time of the set anchor installation, contributed to the concrete–anchor frictional force that was generated by vibration under the application of cyclic loading.



Table 9 summarizes whether the pull-out maximum loads generated during the tests met 80% of the static pull-out performance (seismic performance verification criterion).




	
DPN10 and DPC10








Figure 19 shows the load–displacement curves, and Figure 20 shows an average summary of the values for each case-specific dynamic pull-out test. As the figure shows, the dynamic pull-out performance of the M10 anchors does not met the seismic performance verification criteria (horizontal lines) for cracked concrete. Based on this, the set anchors of M10 are not considered suitable for anchors of fixed parts.




	
DPN12 and DPC12








Figure 21 shows the load–displacement curves, and Figure 22 shows an average summary of the values for each case-specific dynamic pull-out test. As shown in the figure, both cracked and non-cracked concrete met the seismic performance verification criteria for the M12 anchor, as shown in the M10 anchor.






5. Conclusions


In this research, a field study was conducted on the fixation unit of post-installed anchors used in operation and power generation facilities installed in domestic power plants. Based on the results, a static/dynamic performance evaluation was conducted to determine the safety evaluation guidelines that meet the domestic seismic performance requirements.




	
In this study, the average maximum loads of post-installed anchors were calculated by evaluating the static performance of two concrete types (non-cracked and cracked concrete), based on which a dynamic load protocol was presented. A dynamic performance evaluation was conducted using this protocol to evaluate the seismic safety of concrete-embedded anchor bolts.



	
The static shear test results of the M10 and M12 set anchors showed that steel failure occurred in both the cracked and non-cracked concrete. It appears that the anchor failure occurred before the load affected the concrete, owing to the sufficient bearing capacity of the concrete for the anchor bolt installed at the center of the concrete specimen and because of the concrete–anchor distance generated during the anchor installation.



	
In the static pull-out test results, the M10 set anchor exhibited an anchor steel failure in both the cracked and non-cracked concrete. The M12 set anchor showed a concrete cone failure by the concrete–anchor adhesive force, owing to its slightly increased diameter. As with the M10 set anchor, the maximum pull-out load in the cracked concrete specimens was smaller than that in the non-cracked concrete specimens, owing to a reduction in the concrete–anchor adhesive force.



	
In the dynamic shear test results of the M10 and M12 set anchors, both anchors exhibited steel failure. The M12 set anchor met the seismic performance verification criterion (80% of the static performance), but the M10 set anchor could not because its dynamic performance was reduced, owing to the cyclic loading.



	
The results of the dynamic pull-out test showed that the M10 anchor met the seismic performance verification criterion in a non-cracked state, i.e., at the time of installation, but could not meet the criterion when cracks occurred, owing to aging and other loads. In the case of the M12 set anchor, the maximum pull-out loads under dynamic loads were found to be higher than those of the static tests. This appears to be because the clearance between the concrete and the set anchor, which existed at the time of the set anchor installation, contributed to the concrete–anchor frictional force generated by vibrations under the application of cyclic loading.








Because this was an experimental study, it will be necessary in the future to additionally conduct analytical research to verify the reliability and applied parameters of the experiment.
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Figure 1. Typical post-installed anchors. 
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Figure 2. Condition of concrete under cracking: (a) stress concentration around the anchor hole; (b) stress in concrete induced by the anchor expansion or by the load acting on the anchor; (c) stress distribution in non-cracked concrete; (d) stress distribution in cracked concrete. 
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Figure 3. Number of cycles in loading pattern according to American Concrete Institute (ACI) 355.2 and TR 049: (a) pull-out force; (b) shear force. (Unit: mm) 
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Figure 4. Field survey for an anchorage in power plant: (a) Gas Circuit Breaker (GCB) cabinet; (b) governor cabinet; (c) main control cabinet. 
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Figure 5. Post-installed anchors applied to experiments. 
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Figure 6. Schematics of concrete specimen (Unit: mm). 
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Figure 7. Process of making concrete specimens. 
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Figure 8. Test setup for performance evaluation of static loading: (a) shear tests; (b) pull-out tests. 
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Figure 9. Failure mode for static shear tests: (a) M10 set anchor; (b) M12 set anchor. 
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Figure 10. Comparison of results of shear tests: (a) M10 set anchor; (b) M12 set anchor. 






Figure 10. Comparison of results of shear tests: (a) M10 set anchor; (b) M12 set anchor.



[image: Applsci 11 03488 g010]







[image: Applsci 11 03488 g011 550] 





Figure 11. Failure mode for static pull-out tests: (a) M10 set anchor; (b) M12 set anchor. 
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Figure 12. Comparison of results of pull-out tests: (a) M10 set anchor; (b) M12 set anchor. 
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Figure 13. Load protocol shape of M10 set anchor: pull-out and shear dynamic force. 
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Figure 14. Load protocol shape of M12 set anchor: pull-out and shear dynamic force. 
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Figure 15. Load–displacement curve of dynamic shear tests for M10 anchors. 
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Figure 16. Comparison results of the dynamic shear tests for M10 anchors: (a) non-cracked concrete; (b) cracked concrete. 
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Figure 17. Load–displacement curve of dynamic shear tests for M12 anchors. 
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Figure 18. Comparison results of the dynamic shear tests for M12 anchors: (a) non-cracked concrete; (b) cracked concrete. 
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Figure 19. Load–displacement curve of dynamic pull-out tests for M10 anchors. 
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Figure 20. Comparison results of the dynamic pull-out tests for M10 anchors: (a) non-cracked concrete; (b) cracked concrete. 
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Figure 21. Load–displacement curve of dynamic pull-out tests for M12 anchors. 
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Figure 22. Comparison results of the dynamic pull-out tests for M12 anchors: (a) non-cracked concrete; (b) cracked concrete. 
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Table 1. Failure mode of anchor bolt subjected to strength.
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	Division
	Tensile Strength
	Shear Strength





	Steel Failure
	Nsa
	Vsa



	Pullout
	Npn
	



	Side-Face Blowout
	Nsb
	



	Concrete Breakout
	Ncb
	Vcb



	Concrete Splitting
	
	



	Concrete Pryout
	
	Vcp
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Table 2. Post-installed anchor specifications.
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Division

	
Diameter

(mm)

	
Length

(mm)

	
Embedded Depth

(mm)






	
Anchor

	
Φ10

	
250

	
100




	
Φ12

	
250

	
100
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Table 3. Test specimens and parameters for static loading test.
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Specimen Name

	
Test Method

	
Remark

(Specimen Test Classification)






	
SSN1001–03

	
T-01

	
Test No. 01 to 03 (static_shear_non-cracked_10Ø)




	
SSC1001–03

	
Test No. 01 to 03 (static_shear_cracked_10Ø)




	
SSN1201–03

	
Test No. 01 to 03 (static_shear_non-cracked_12Ø)




	
SSC1201–03

	
Test No. 01 to 03 (static_shear_cracked_12Ø)




	
SPN1001–03

	
Test No. 01 to 03 (static_pull-out_non-cracked_10Ø)




	
SPC1001–03

	
Test No. 01 to 03 (static_pull-out_cracked_10Ø)




	
SPN1201–03

	
Test No. 01 to 03 (static_pull-out_non-cracked_12Ø)




	
SPC1201–03

	
Test No. 01 to 03 (static_pull-out_cracked_12Ø)
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Table 4. Respective results of the shear tests.






Table 4. Respective results of the shear tests.





	
Specimen Test Classification

	
Max. Average Load






	
Shear tests

	
Φ10

	
Non-cracked concrete

	
16.08 kN




	
Cracked concrete

	
15.85 kN




	
Φ12

	
Non-cracked concrete

	
25.44 kN




	
Cracked concrete

	
24.52 kN
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Table 5. Respective esults of the pull-out tests.






Table 5. Respective esults of the pull-out tests.





	
Specimen Test Classification

	
Max. Average Load






	
Pull-out tests

	
Φ10

	
Non-cracked concrete

	
26.03 kN




	
Cracked concrete

	
23.46 kN




	
Φ12

	
Non-cracked concrete

	
31.89 kN




	
Cracked concrete

	
25.93 kN
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Table 6. Load protocol of post-installed anchors.






Table 6. Load protocol of post-installed anchors.





	
Anchor

	
Test

	
Applied Load (kN)

	
Static Max. Average Load (kN)

(Refer to Table 4 and Table 5)




	
50%

(10 Times)

	
37.5%

(30 Times)

	
25%

(100 Times)






	
Φ10

	
Shear

	
8

	
6

	
4

	
16.08




	
Pull-out

	
13

	
9.5

	
6.4

	
26.03




	
Φ12

	
Shear

	
13

	
9.8

	
6.5

	
25.44




	
Pull-out

	
16

	
12

	
8

	
31.89
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Table 7. Test specimens and parameters for dynamic loading test.






Table 7. Test specimens and parameters for dynamic loading test.





	
Specimen Name

	
Test Method

	
Remark

(Specimen Test Classification)






	
DSN1001–03

	
T-01

	
Test No. 01 to 03 (dynamic_shear_non-cracked_10Ø)




	
DSC1001–03

	
Test No. 01 to 03 (dynamic_shear_cracked_10Ø)




	
DSN1201–03

	
Test No. 01 to 03 (dynamic_shear_non-cracked_12Ø)




	
DSC1201–03

	
Test No. 01 to 03 (dynamic_shear_cracked_12Ø)




	
DPN1001–03

	
Test No. 01 to 03 (dynamic_pull-out_non-cracked_10Ø)




	
DPC1001–03

	
Test No. 01 to 03 (dynamic_pull-out_cracked_10Ø)




	
DPN1201–03

	
Test No. 01 to 03 (dynamic_pull-out_non-cracked_12Ø)




	
DPC1201–03

	
Test No. 01 to 03 (dynamic_pull-out_cracked_12Ø)
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Table 8. Dynamic shear test results of M10 and M12 maximum loads.






Table 8. Dynamic shear test results of M10 and M12 maximum loads.





	
Anchor

	
Concrete

	
Test No.01

(kN)

	
Test No.02

(kN)

	
Test No.03

(kN)

	
Criteria 80%

(Refer to Table 6)






	
Φ10

	
Non-crack

	
8.39

	
8.64

	
8.10

	
12.86 kN




	
Crack

	
8.31

	
8.17

	
8.36




	
Φ12

	
Non-crack

	
25.43

	
25.80

	
25.86

	
20.82 kN




	
Crack

	
25.32

	
24.72

	
25.01
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Table 9. Dynamic pull-out test results of M10 and M12 maximum loads.






Table 9. Dynamic pull-out test results of M10 and M12 maximum loads.





	
Anchor

	
Concrete

	
Test No.01

(kN)

	
Test No.02

(kN)

	
Test No.03

(kN)

	
Criteria 80%

(Refer to Table 6)






	
Φ10

	
Non-crack

	
20.52

	
20.30

	
22.88

	
20.35 kN




	
Crack

	
14.43

	
17.90

	
15.22




	
Φ12

	
Non-crack

	
42.47

	
41.25

	
40.39

	
25.51 kN




	
Crack

	
39.15

	
38.95

	
40.70
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