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Experimental Evaluation of Pullout Strength of Long-Rawlplug Screw Anchor
according to the Compressive Strength of Concrete and Embedded Length

Jun-Ryeol, Park', Keun-Hyeok, Yang?, Sang-Hee, Kim®", Na-Kyung, Oh*

Abstract: In 2017, the Gyeongju earthquake caused many casualties and considerable property damage by overturning and dropping blocks and bricks.
Various reinforcement techniques were proposed, but some problems, such as short length or difficult construction, were encountered. Therefore, this
study proposes a long-rawlplug screw anchor to improve the existing rawlplug anchor and conducts an experiment to evaluate the pullout strength.
Variables in the pullout test were the compressive strength of concrete and the embedded length of the long-rawlplug screw anchor. According to
the results, the pullout strength of the long-rawlplug screw anchor increased as the compressive strength of concrete increased, and they were not affected
by the embedded length. Rather, it was found that the screw length of the long-rawlplug was important to the pullout strength.
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Table 1 The mechanical properties of the PVC

. Tensile Elongation at Modulus of
Density ..
Type (@/em?) strength braek elasticity
(MPa) (%) (MPa)
PVC 1.45 26.6 167.21 197.11
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Table 2 Details of concrete specimens

. S Iy d A4,
No. Specimens .
P (MPa)  (mm) (M) (mm?)
1 18-60-1
60 1507
2 18-60-2
rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr 18 8
3 18-110-1
110 2763
4 18-110-2
5 27-60-1
60 1507
6 27-60-2
.......................................................... 27 8
7  27-110-1
110 2763
8  27-110-2
Note] £, = designed compressive strength of concrete, i, = bond
length , d = anchor diameter, and 4,(= =di,) = bond area.
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Fig. 3 Concrete specimen

Table 3 Mix proprtions of concrete mixtures
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Fig. 4 Anchor test set-up (pull-out)

Unit weight (kg/m?
Type £ W/ 5/4 ght (ke/m ) AE (%)
(MPa) (%) (%) w c S G
OPC-18 18 58.9 51.1 171 290 925 884 0.5
OPC-27 27 43.0 473 179 416 797 887 0.5

Note] ., = designed compressive strength of concrete, W/ ¢ = water-to-binder weight, 5/ 4 = fine aggregate—to—total aggregate ratio by volume,

W = water, C = ordinary portland cement, S =

=0 A 253 XM 62(2021. 12)

sand, G = gravel, and AE = air entraining and water reducing agent.
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Fig. 5 Stress-strain curve of concrete

Table 4 Mechanical properties of concrete specimens

I No. fom . E, S
(MPa) (MPa) ‘ (MPa) (MPa)
24.1 0.0025 19,195 1.31
2 225 0.0023 18,624 1.27
18 215 0.0024 18,167 -
Ave 227 0.0024 18.372 1.29
1 326 0.0028 23,866 3.16
. 2 312 0.0028 22,983 2.45
30.5 0.0030 21,113 -
Ave 314 0.0029 22,654 2.81

Note] f, = designed compressive strength of concrete, /., =
measured compressive strength of concrete, ¢, = strains at the peak
stress, £, = measured elastic modulus, and f,, = split tensile strength.

sp

F7FE(f,,)E Table 41l B I8t 18 MPa®] 7-- 2 4]
Ao £ .0l 24.1 MPa, 22.5 MPa, 21.5 MPa©] U} oH, ¢ &
0.0025, 0.0023, 0.00247}F itk | 2 B3t 22.7 MPa©| ™,
o WYk e, 0] 0.00240] & o] A& FaA V2 =
S gdsittal daEnh niREA 2 27 MPad] A%
[ on = %710] 31.4 MPad ™ €,©] 0.0029°] 2= E}F3itial

2% 9ok

32 Z3E|E A=Z=of| ME EelZs Eot
Table 5= 7k A A 2) ) BAZE(P,,), EHHA,..)
74 99)-58-& etk 28 AdA ] 93§32 B3t
(pullout failure)°]™, ZIZE EFof & 442 Atk
ZEYPA QA A= A e, 1 7F60 mmol 1L £, 7t
18 MPa¥d W] B+ p,, =43 kNo|t} 1,7} 60 mmo| 1L £, 7}
27MPa € Wl B p,, 5.1 kNeJth g4 1,7} 110 mm©] 3L
f7H18 MPad wl H3# P +=3.95kNO|th 1,7} 110 mm©]
£, 7F27 MPa € W] B p,, = 5.6 kKNoJT}, o] Zg]
EARAAY] £, 7127 MPa’l 797} 18 MPa’l 73-¢-H o}t 3
7o) B Atk Ale et
ZHEE9] 1,7} 60 mm, 110 mm¥ o] B33 =19 13
32 Fig. 60l ERAATE 7]1&719] AlLhS Ball A A<
f,7F 57Vl e Z27] nl 113 S vla ek WA 2
oA B, 7M1 LS AP o= M3 o] F 7]27]

max

o) Arke SaliA 2 A @A 7137]94 B 73 18 MPa

Table 5 Summary of measured pullout strength-slip curves of rawlplug
anchor

Test result

No.  Specimens P, AN Failure

(kN) (mm) mode
1 18-60-1 42 0.673 PF
2 18-60-2 4.4 0.342 PF
Ave 43 0.508 PF
18-110-1 4.3 0.443 PF
4 18-110-2 3.6 0.418 PF
Ave 3.95 0.431 PF
27-60-1 54 0.487 PF
6 27-60-2 4.8 0.576 PF
Ave 5.1 0.532 PF
27-110-1 4.9 0.414 PF
27-110-2 6.3 0.582 PF
Ave 5.6 0.498 PF

Note] 7, = peak pullout strength, A, = displacement at peak,

and PF : Pullout failure
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Fig. 6 Comparison of pullout strength according to embedded length
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