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An Experimental Study on the Shear Strength of Chemical Anchors Embedded

info Non Cracking Plain Concrete

Seong-Yeon Seo'™

Abstract: The use of post installed anchors with adhesive type has lately been increasing when it is necessary to repair, reinforce, or remodel structures.
This method provides flexibility and simplicity for construction of structural members that require adhering or fixing. Meanwhile, strength evaluation
of anchors with expansion type among post installed anchors systems has nearly reached setting up stage like design code through continual experimental
studies for the last ten years, but analyses or experimental studies on anchor system with adhesive type are not yet sufficient. Accordingly, the designers
and builders of korea depend on foreign design codes since there are no exact domestic design code they could credit. In this study, the objectives are
investigating the effects on adhesive strength of anchors embedded into plain concrete by shear experiments of anchors with variables such as edge
distance, anchor interval, and load direction and supplying basic data for enactment of domestic design code.
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Table 1 Hardening time of chemical anchors with temperature

Temperature(°C) Setting time(min.)  Hardening time(min.)
-5 240 360
0 180 300
5 60 90
20 30 50
30 20 40
40 10 30

Fig. 2 Inserting process of chemical anchor
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(a) Re-bar anchor (b) Lot anchor

Fig. 3 Shape of anchors

Table 2 Mix proportion of concrete

Design Water-  Fine Unit material quantity(kN/m®)

strength cement aggregate Fine Coarse
MPa  ratio(%) ratio(%) Cement aggregate aggregate Water
21 48 47 3.1 8.5 9.5 1.5




Table 3 Setting properties of re-bar anchos(mm)

D10 D13 D16 D19 D25

Drill diameter 12 16 20 25 30
Hole depth 93 115 130 175 215
Inserting depth 90 110 125 170 210
Base depth 120 140 170 220 270

Table 4 Setting properties of lot-anchos(mm)

MI10 MI2 Ml6 M20 M24

Drill diameter 12 16 20 25 30
Hole depth 93 115 130 175 215
Bond device diameter 20 30 40 50 60
Anchor inserting depth 90 110 125 170 210
Base depth 120 140 170 220 270

Bolt length 130 160 190 240 290
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(c) Press gun (d) Anchor inserting

Fig. 4 Expenrimental tools of chemical anchor
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Fig. 5 Manufacturing process of test specimen
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Fig. 6 Test set-up
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Table 5 Compression test results of concrete

Compressive Standard Variable Slum
strength deviation coefficient P
26 MPa 2.53 9.7% 80 mm
Table 6 Tension test results of anchor
Anchor type Re-bar anchor Lot anchor
Yield strength(f;, MPa) 435 275
Tensile strength(f,, MPa) 565 435
Yield ratio(#/f;) 0.77 0.63
Elongation(%) 18 20
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Table 7 Test results on anchor interval

Edge - Anchor . CCD  Test
distance interval Coef.

Specimen
(mm)  (mm) (kN) (kN) /CCD

ISBSD25S140 140 140 732 0.67 647 113
ISBSD25S8210 140 210 83 075 728 1.17
ISBSD25S280 140 280 1103 0.83 809 1.36
ISBSD258350 140 350 1036 092 889 1.16
ISBSD19S140 140 140 83.6 0.67 560 1.49
ISBSD19S210 140 210 797 075  63.1 1.27
ISBSD19S280 140 280 9.5 083 700 1.38
ISBSD19S350 140 350 1219 092 771 1.58
ISBSD19S420 140 420 1224  1.00 84.0 1.46
IBSM20S100 105 100 453  0.66 455 1.00
IBSM20S160 105 160 640 075 524 122
IBSM20S210 105 210 66.6 083 577 1.15
IBSM20S260 105 260 80.0 091 63.4 1.26
IBSM20S320 105 320 83.8 1.00 694 1.21
IBSM20S370 105 370 90.0 1.00 693 1.30
IBSM16S100 105 100 505  0.66 399 1.26
IBSM16S160 105 160 473 075 458 1.03
IBSM16S210 105 210 563 083 504 1.12
IBSM16S260 105 260 711 091 557 1.28
IBSM16S320 105 320 694 1.00 60.6 1.14
IBSM16S370 105 370 774  1.00 615 1.26

Note: ISBSD25S140; ISBS(chemical anchor), D25(anchor size),
S140(anchor interva)
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Fig. 9 Fracture strength of concrete edge with anchor interval
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Table 8 Coefficient factors on anchor interval and edge distance

C/Chin

20 22 24 26 28 30 32 34 36
1.0 1.65 1.88 2.12 236 262 289 3.16 3.44 3.73
1.5 177 200 225 250 276 3.03 331 3.60 3.89
20 1.89 213 238 2.63 290 3.18 346 3.75 4.05
25 200 225 250 2.77 3.04 332 3.61 390 4.21
3.0 212 237 2.63 290 3.18 346 3.76 4.06 4.36
35 224 250 276 3.04 332 3.61 391 421 452
40 236 262 289 3.17 346 3.75 4.05 436 4.68
45 247 274 3.02 331 3.60 390 420 452 4.84
50 259 287 3.15 344 374 4.04 435 4.67 5.00
55 271 299 328 3.57 388 4.19 450 482 5.15
6.0 283 3.11 341 3.71 4.02 433 465 498 531

S/ Cmin

6.5 324 354 384 4.16 447 480 5.13 547
7.0 3.67 398 429 4.62 495 529 5.63
7.5 411 443 476 5.10 544 5.79
8.0 457 491 525 559 595
8.5 505 540 575 6.10

Table 9 Design strength on concrete edge fracture with edge
distance

Anchor type M10 Ml12 Ml6 M20 M24
Design strength(kN) 3.4 5.1 7.4 12.6 19.1
Chin(mm) 45 55 65 85 105
Inserting depth(mm) 90 110 125 170 210
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Table 10 Test results on edge distance

Edge —Inserting ooy pog rest

Specimen distance  depth

p P (m‘:n) kN)  (kN)  /CCD
IBSM12E40 40 70 5.8 8.8 1.50
IBSM12E55 55 70 9.4 13.0 1.39
IBSM12E57 57 70 9.9 13.3 1.26
IBSM12E60 60 70 10.7 11.1 1.04
IBSM12E90 90 70 19.4 23.9 1.23
IBSMI2E130 130 70 21.9 26.5 1.21
IBSMI2E165 165 70 23.1 26.3 1.14
IBSMI2E250 250 70 25.5 29.3 1.15
IBSM16E57 57 70 10.8 14.1 1.32
IBSM16E92 92 70 22.1 26.3 1.19
IBSM16E101 101 70 25.5 28.4 1.12
IBSMI6E105 105 70 35.0 43.6 1.26
IBSM16E145 145 70 41.5 49.0 1.17
IBSM16E185 185 70 43.0 53.7 1.25
IBSMI16E225 225 70 46.0 50.6 1.10
IBSM16E400 400 70 47.0 54.1 1.15
IBSM20E85 85 110 23.0 23.9 1.04
IBSM20E105 105 110 31.6 423 1.34
IBSM20E112 112 110 349 43.0 1.23
IBSM20E145 145 110 51.3 68.7 1.34
IBSM20E185 185 110 60.6 73.4 1.21
IBSM20E225 225 110 68.0 83.6 1.23
IBSM20E400 400 110 74.3 89.1 1.20
ISBSD19E44 44 70 7.6 9.7 1.27
ISBSD19E70 70 70 15.5 18.6 1.20
ISBSD19E92 92 70 23.3 26.7 1.15
ISBSDI9E136 136 70 41.7 453 1.09
ISBSD25E56 56 90 12.5 15.4 1.24
ISBSD25E90 90 90 25.8 28.6 1.11
ISBSD25E121 121 90 39.9 432 1.08
ISBSD25E178 178 90 71.5 84.4 1.18

Note: IBSM12E40; IBS(chemical anchor), M12(anchor size), E40(edge
distance)



Table 11 Coefficient factors on anchor interval and edge distance

C/ Cmin

S/Conin
20 22 24 26 28 30 32 34 36

1.0 1.65 188 212 236 262 289 3.16 3.44 3.73
1.5 177 200 225 250 276 3.03 331 3.60 3.89
20 1.89 213 238 263 290 3.18 346 3.75 4.05
25 200 225 250 277 3.04 332 3.61 390 421
30 212 237 263 290 3.18 346 3.76 4.06 436
35 224 250 276 3.04 332 3.61 391 421 452
40 236 262 2.89 3.17 346 3.75 4.05 436 4.68
45 247 274 3.02 331 3.60 390 420 452 484
50 259 287 3.15 344 374 4.04 435 4.67 5.00
55 271 299 328 3.57 388 419 450 482 515
6.0 283 3.11 341 371 4.02 433 465 498 531

6.5 324 354 384 416 447 480 5.13 547
7.0 3.67 398 429 4.62 495 529 5.63
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Fig. 12 Fracture strength of concrete edge with edge distance
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Table 12 Test results on load direction

Specimen ]Z?Sgte Ldoii‘d Test Disp. EOTA  Test
’ : kN mm kN) /EOTA
e W m) N

ISBSD19A0 140 0 51.4 8 42.1 1.22
ISBSD19A30 140 30 56.7 10 42.1 1.35
ISBSD19A60 140 60 62.4 12 48.1 1.30
ISBSD19A90 140 90 117.6 13 84.0 140

ISBSD19A135 140 135 92.6 23 84.0 1.10
ISBSD19A180 140 180 104.0 25 84.0 124

IBSM16A0 65 0 214 3 149 144
IBSM16A30 65 30 19.7 5 149 133
IBSM16A60 65 60 222 7 16.96 1.30
IBSM16A90 65 90 35.6 9 29.7 124
IBSM16A135 65 135 47.1 11 29.7 158
IBSM16A180 65 180 423 13 29.7 142

Note: ISBSD19A0 ; [ISBS(chemical anchor), D19(anchor size), AO( load
direction)

Table 13 Coefficient factors on load direction

Angle 3 [°] [V
0~55 1
60 1.1
70 1.2
80 1.5

90 ~ 180 2
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