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Evaluation of Pull-out Performance of Torsion Control Expansion Anchor According to
Drill Bit Diameter

Kyoung-Hun Chae', Tae-Won Park?, Moo-Won Hur’", Yeong-Seung An’, Ju-Yeon Han’

Abstract: In this study, reliability tests of torsion control expansion anchors according to drill bit diameters were performed. The standard deviation
and coefficient of variation of the anchor were reviewed through the tests for each variable, and the results were compared and evaluated with the standard
test results. As a result of the reliability test of the M12 and M16 anchors with 1.04 times the drill bit diameter, they were within 20% of the ultimate
tensile load permissible standard coefficient of variation. It was found that the pulling-out performance of the anchor installed in the large hole was
sufficiently secured. However, it was found to be about 253% and 210% of the design strength, indicating that the pulling performance of the anchor
installed in 1.04 times the drill bit diameter was sufficiently secured. As a result of the reliability test of the M12 and M16 anchors with 1.02 times
the drill bit diameter, the value of the coefficient of variation of the ultimate tensile load limit was within 20%, which satisfies the test standard. It
was shown to be about 136% and 168% of the design strength, indicating that the pulling-out performance of the anchor installed in 1.02 times the
drill bit diameter is sufficiently secured.
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Fig. 1 Torsion control expansion anchor shape

R 225 B3o] A Y7iolch, E, ThE B i)
© B9 QolB /MR 3RS AHYEL 30T S glo]
O ofel] ghol AHgE 1L It

Siost fo

3. HIES MO &F ¥H S5BTAH

71& Aol A REE(Hur et al., 2021) BIEH Ao} g3
JA ] A FHUEE H7tsl7] 17 A2 GAIE S T
o AEEANE S ] AT R 22«
E& g7 AAH 9 AR A 33 7| A2 $HX] YA
H7EAF] 8-l AAE 7E E 218 we st Al
HPAA P JA] ANFTHEEE st Slg Ao =,
YA7} AR E AU AXE ) 2 o] At B g 7ol A
AR AsS vERd o I evkE AEshe Algolth

HIE§ Alo] g P7A= AR Al A7 A=A
A AABIL Y= AR 71EE w58 Hele] “HHIE
£ o|g3sto] AX|sHA "t shAIRE 58 9] 9] EEH|EE
AHESt BAE AR Fohd WA= Al oS EI T
T oA ] €S fEAE g o =3 55 A B
= A7 o] TEHIEE ARESt] A E st BAS &
2B} st ® S8 vlEE(Friction force)d A ¢
(Janning force)< FH3}A] F3te] P79 5= AstAZE
T AUTE FF A ot A2 27 o] SR EE AMgate] of
A& AX|SHA, YA Y Al S8 B7F S o e w1t
gt & glom Al E ZIE HF & A BT}
A<l A7 o2 QI3 ZAYE &l UFHS ZEA7]
LAY E #E& st 270139 & A < T

I ES FF EAH D AR <A 33 7| A 34
] BAL] H7HAH F 4.1 YA A" FIHE S AIE =
EEOHMTE ZIYEY 9 AFEAE BH AIPHE 437}
AFHE 5(A-ATAE] FEFES A = 0 dAYg =
B E 2 A of tht 71 A7 2 Aol A Brlstaat
St Al A g ol gt

o
Y
k)

Rl e

(a) 1()Z(dmm) (b) 1~04(dmax)
Fig. 2 Drill bit diameter measurement(M12)
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Fig. 3 Drill bit diameter measurement(M16)
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Table 1 Stud Anchor Program

Diameter Mi12 Mi16
heg(mm) 70 80
T(N'm) 0.5T(N-m) 50 25 100 50

Table 2 Drill bit diameter for each variable of anchor (UNIT:mm)

Diameter MI12 Ml6
Reference hole(d,) 12.00 16.00
1.04 times drill bit 12.45 ~ 12.50 16.45 ~ 16.50

diameter(dmax) 12.47 16.52
1.02 times drill bit 12.10 ~ 12.20 16.10 ~ 16.20
diameter(dmin) 12.19 16.12
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Fig. 7 Compressive strength of concrete
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Fig. 8 M12 pull-out test failure mode

(C) dmin



MI12 YA L 7|EAE T A= ST ES FHIEshs
2 44.0kN, EFA2R= 3.1, B5A5E 6.9%2 UERS Y, 11
A5 2 ES] HAAWS5-2 51.6kN, EFHA=3.0, ¥
BAGTE 5. 7% 2 UERtth o= 23 ES A AN L
A A AL = S F2] 5-87]= HEA
T 71 15.0% o] #hg THEshs Al o2 YERgth T3,
EEAgA 9 v g 2T E Zak3 2 Ve o 7<)

© 6 o) &

1.048] =HHE 21 A o) A8 5 YA A Ay} Pl
352 32.5kN, EFHAR= 1.6 2 HEAIGTE=4.9%2 UER

o I T W
Ao T3 FEEA= ¢ T AT
olak
o} o]o 1.048) EHHIE 217 A8 M12 A< 2124

ZAAME B7 ] E8]B7} FE3] A= o] YA A
SREE AL S S ATk

1.028) =8| E 2|70 285 YA Alg A} Ht Ads)
8 24.7kN, A= 0.7 2 HEATE 3.0%= UEFSLT
1.028) SN E A 7RI M12 BAE Z3F elsl=o] 3
|71 HEAF 321 20.0%E V5= Z o2 YeRdt 3
e T E (1)), 203 7 E 2 EH @)
PFFe YERNATE o]21st A= 1.020812] =ER|E 2o
285 PA ] &2l B} BT 4 Q= F3ho] Fof A}

212 Aole] o] aste] Lt Ao 2 greke,

=
o]

ofr |

54
E
2= =
=

N F T AR 3871 WEAT A 20.0% 0l 43 M16 BFHe| TIFAIR K A2[SAIR Al
o] = W=t =3, BE AIRA Y] FFEE 715 A Table 4= M16 ¥71¢] 7|EA @A} =R E 2740
DA} FAFSHA EA E F913 2 UER 1,048 0] =] € ARAE 2AE eI, Fig 90 A4 AIEE HE
Table 3 Pull-out test result(M12)
1.04 times drill bit diameter(dpmax) 1.02 times drill bit diameter(dpmin)
NO. Reference(dy,) Test(dmax) Reference(dy) Test(dmin)
Load Displ. Failure Load Displ. Failure Load Displ. Failure Load Displ. Failure
(kN) (mm)  mode”  (kN) (mm)  mode”  (kN) (mm)  mode”  (kN) (nm)  mode"
1 47.5 9.3 CB 34.7 7.9 CB 52.2 9.8 CB 242 6.9 P
2 439 10.6 CB 33.0 6.5 CB 49.8 6.3 CB 242 7.5 CB
3 384 10.8 CB 335 7.9 CB 524 6.1 CB 24.1 5.7 P
4 45.5 9.6 CB 30.8 1.9 CB 47.4 8.0 CB 26.1 9.9 P
5 44.9 8.9 CB 30.6 8.8 CB 56.3 7.5 CB 24.7 9.7 P
Average(kN) 44.0 9.8 - 325 6.6 - 51.6 7.5 - 24.7 7.9 -
Standard Deviation 3.1 1.6 3.0 0.7
Coefficient of variation(%) 6.9 4.9 5.7 3.0
Y CB : concrete cone failure, P : pullout failure
Table 4 Pull-out test result(M16)
1.04 times drill bit diameter(dmay) 1.02 times drill bit diameter(dmin)
NO. Reference(d,,) Test(dmax) Reference(d,,) Test(dmin)
Load Displ. Failure Load Displ. Failure Load Displ. Failure Load Displ. Failure
(kN)  (mm) mode” (kKN)  (mm) mode” (kN)  (mm) mode” (kN)  (mm) mode”
1 55.7 9.1 CB 33.8 6.7 CB 71.3 13.5 CB 38.7 10.3 CB
2 57.6 8.4 CB 32.8 8.8 CB 69.6 11.1 CB 37.4 9.2 CB
3 68.8 8.7 CB 32.0 9.8 CB 69.6 10.7 CB 35.5 10.0 CB
4 60.4 9.6 CB 32.6 7.3 CB 67.2 12.1 CB 37.7 8.6 CB
5 55.9 8.3 CB 33.8 6.5 CB 73.6 16.0 CB 35.8 10.5 CB
Average(kN) 59.7 8.8 - 33.0 7.8 - 70.3 12.7 - 37.0 9.7 -
Standard Deviation 4.9 0.7 2.1 1.2
Coefficient of variation(%o) 8.1 2.1 3.0 32

" CB: concrete cone failure, P: pullout failure
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Fig. 9 M16 pull-out test failure mode
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Table 5 Comparison of design values and test values(M12)
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Table 6 Comparison of design values and test values(M16)

1.04 times drill bit
diameter(dmax)

Test Value(kN)  Design

Value Value
(KN) Reference Large (KN)

1.02 times drill bit
diameter(dmin)

Test Value(kN)

Contant  Degign

Reference  Small

1.02 times drill bit
diameter(dyin)

Test Value(kN)

1.04 times drill bit
diameter(dpay)

Test Value(kN) Design

Contant Design

Value Value

(KN) Reference Large (KN) Reference  Small

Result  12.9 44.0 325 18.1 51.6 24.7

Result  15.7 59.7 33.0 22.7 70.3 37.0
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