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Performance Evaluation of Post-installed Anchor according to Sleeve Length and
Header Length

Moo-Won Hur', Kyoung-Hun Chae®, Yeong-Seung An’, Tae-Won Park™

Abstract: This study presents post-installed anchors whose heads and extension sleeves are improved. The optimal lengths of the extension sleeves
and headers were analytically determined by simulations. As a result of analysis using Finite element method (FEM), 9.0mm and 3.0mm were determined
as the optimal lengths of sleeves and headers respectively. In pull-out tests using the improved post-installed anchors, all specimens satisfied the
coefficient of variation of 15%. Comparing the pull-out strengths of existing anchors and the improved anchors, it was increased by 1.25 times for
anchors embedded with a depth of 50mm, and 1.54 times for 70mm. In the cases of high-strength concrete, the strengths were increased by 1.28 and
1.55 times for S0mm and 70mm respectively. Moreover, as a result of shear tests, the improved anchors perform the greater strength of 1.38 times
than the existing anchors.
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Fig. 1 Type of anchor

Table 1 Standards on post-installed anchors for concrete

Country Standards

193], g r)eb A& 2eh) ATws bkl - ACI 355:2 Qualification of Post-installed Mechanical
4 5)9), who) sk A5 st uhalay Anchors in Concrete
3439, 97, 7)Ed A AT USA |- ACI 318 Building Code Requirements for Structural Concrete
1439, Tty A2 ey, wd, kAl - ASTM E488 Standard Test Methods for Strength of
*Corresponding author: tw001@dankook.ac.kr Anchors in Concrete and Masonry Elements
Dept. of Architectural Engineering, Dankook University, Gyeonggi-do, 16890, - ETAG 001 Guideline for European Technical Approval
Korea Europe of Metal Anchors for Use in Concrete
B =Rl o3t £ 52021'd 59 31Y7HA] 818 2 HUlFAIH 20219 62

Zo| E2AE AAS ALY Korea |- Korean Building Code (KBC 2016)
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(c) Side-face blowout

(d) Concrete splitting

Fig. 4 Failure mode of anchor
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Fig. S Shape of anchor
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Fig. 6 Load relative ratio

Table 2 Analysis variable (UNIT: mm)

BHEM Aozt & 4 9}1‘4{Fg 6 Zx). o]l —“5: ?Lowb
o}2)| Table 22} 7] M12 FFHE T % PQ_E_ 712w d w671
9] 3|4 HE AR TXloﬂﬁ§$£oP<}iﬂ, Aol &

2| B Zo]e} 8|t dol& A st gt

Table 33} Table 4= FEM 34 A| A& Mesh)<} Al 5 A
E dgrlolg & Yehd sFoltt siAe) AR ZE IS
OFHIE2(ABAQUS 6.20)©]TJ. Lubliner et al., 1989).

3.2 FEM sliA Z1}

Fig. 62 2} W3(STl o] ols} g o] Zo)) a2
= 71 2R o] vl 2 v T ot 3, Table 5+
34 WHd A3E Yehd ol

Fig. 6014 & 5= Sl5%0] Se]Be| o7} Wold = v
H2 A= A2 YEst: sAT, S8l Be] Aol7} 10mn

Table 3 FEM Analysis of mesh details

Item Content
Mesh type Solid Mesh
Mesher used Curvature based mesh
Jacobian points 4 Points
Maximum element size 2.0047mn
Tolerance 0.100235mm
Mesh quality High
Remesh failed parts with incompatible mesh Off
Table 4 FEM Analysis of material details
Item Content
Model type Linear Elastic Isotropic
Default failure criterion Max von Mises Stress
Yield strength 250MPa
Tensile strength 400MPa
Elastic modulus 200,000MPa
Poisson's ratio 0.26
Mass density 7,850g/cit
Shear modulus 79,300MPa

Table 5 FEM analysis result-1

Case-1 Case-2 Case-3 Case-4 Case-5 Case-6 Case-7

Case-1 Case-2 Case-3 Case-4 Case-5 Case-6 Case-7

Sleeve length Header length

8.0mm 9.0mm 10.0mm 1.5mm 3.0mm 4.5mm

Parameter Original

Sleeve length 6.4 8.0 90 100 64 6.4 6.4

Load (kN) 83.19 94.77 106.73 110.16 125.84 144.54 145.50

Header length 0.94 094 094 094 1.5 3.0 4.5

Relativeratio 1.00 1.14 128 132 151 174 1.75
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(a) Case-1

(b) Case-8

Fig. 7 Analysis result

Table 6 Optimal design results

Casel Case8
Parameter Original Optimal model
Load (kN) 83.19 187.58
Load relative ratio 1.00 2.25
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Fig. 8 Preparation of specimens

Table 7 Test variable

Diameter Effective embed

T h
ype Concrete strengt (am) depth (nm)

Normal-strength concrete
Pull-out - 12 50, 70
High-strength concrete

Shear  Normal-strength concrete 12 70

~—Shear jig

(b) Shear test

Fig. 9 Anchor test set-up
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Fig. 10 Pull-out test results

Table 8 Pullout test result(normal-strength concrete)
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Before After
NO. N1)-50 N-70 N-50 N-70
Load  Displ. Failure Load  Displ. Failure Load  Displ. Failure Load  Displ. Failure
(kN) (mmy  mode®  (kN) (mm)  mode”  (kN) (mmy  mode”  (kN) (mm)  mode®
1 31.8 42 CB 32.1 8.3 CB 33.7 4.7 CB 475 9.2 CB
2 23.9 3.7 CB 31.6 9.0 CB 32.8 4.4 CB 439 10.6 CB
3 28.1 45 CB 25.5 9.5 PF 35.0 4.6 CB 413 10.8 CB
4 22.7 4.1 CB 23.1 8.8 PF 284 4.6 CB 455 9.6 CB
5 22.1 2.3 CB 312 7.6 CB 30.3 1.9 CB 449 8.9 CB
Average 25.7 22 28.7 8.6 32.0 4.0 44.6 9.8
Standard Deviation 4.13 435 2.68 2.27
Coefficient of variation 16.1% 15.1% 8.4% 51%

DN: Normal-strength concrete, ? CB: concrete cone failure, PF: pullout failure

35t =2F| M 252 ¥ 25 (2021. 4)



Table 9 Pullout test result (high-strength concrete)

Before After
NO. H"-50 H-70 H-50 H-70
Load  Displ. Failure Load  Displ. Failure Load  Displ. Failure Load  Displ. Failure
(kN) (mm)  mode®”  (kN) (mmy  mode®”  (kN) (m)  mode”?  (kN) (mm)  mode”
1 26.7 5.0 CB 35.2 8.8 CB 32.84 5.1 CB 52.2 9.8 CB
2 25.2 32 PF 30.1 5.0 PF 31.7 4.6 CB 49.8 6.3 CB
3 26.1 52 PF 28.5 6.7 PF 33.71 5.23 CB 524 6.1 CB
4 23.9 4.6 CB 31.8 7.6 PF 36.04 435 CB 47.4 8.0 CB
5 28.1 5.1 CB 412 6.4 CB 31.46 437 CB 56.3 7.5 CB
Average 26.0 4.6 33.4 7.3 33.2 4.7 51.6 7.5
Standard Deviation 1.58 5.04 1.85 33
Coefficient of variation 6.1% 15.1% 5.6% 6.4%

D H: High-strength concrete, 2 CB: concrete cone failure, PF: pullout failure
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Fig. 11 Pulling strength according to embedded depth
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Table 10 Shear test result(normal-strength concrete)

Before After
NO. N-70 N-70
Load Displ. Failure Load Displ. Failure
(kN) (mm) mode” (kN) (mm) mode"
1 184 29.1 SF 260 464 PF
2 16.6 40.1 SF 233 270 PF
3 226 231 SF 236 330 PF
4 139 221 SF 248 279 PF
5 19.1 30.1 SF 276 428 PF
Average 18.1 28.9 25.1 354
Standard Deviation 32 1.8
Coefficient of variation 17.7% 7.1%

D SF: steel failure, PF: pry-out failure
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