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Evaluation of Concrete Cone Breakout Strength of Expansion Anchors
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ABSTRACT : The paper presents an evaluation of the tensile strength of the expansion anchor that can cause failure in the
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concrete based on the design of the anchorage. Tests of the heavy-duty anchor and the wedge anchor that are domestically
manufactured and installed in plain concrete members are conducted to probe the effects of the embedded depth, concrete
strength, and anchors spacing. The design of post-installed steel anchors is presented using the Concrete Capacity Design
(CCD) approach. The CCD method is applied to predict the concrete failure load of the expansion anchor in plain concrete
under monotonic loading for important applications. The concrete tension capacity of the fastenings with heavy-duty
anchors and wedge anchors in plain concrete predicted using the CCD method is compared with the test results. For the
CCD method, a normalization coefficient of 9.94 is appropriate for the nominal concrete breakout strength of an anchor or
a group of wedge anchors in tension. On the other hand, a normalization coefficient of 11.50 is appropriate for the
nominal concrete breakout strength of an anchor or a group of heavy-duty anchors in tension.
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2. 7|1& E3elE & mndr AAAM(Concrete
cone breakout)
a2 W A BAREE A BEe 45

Degree Cone Method¥} Concrete Capamty Design
(CCD) Method7t A=t 45-Degree Cone Method
= ACI 349-90 Appendix B9 PCI Design Hand
book(1992)°] A&5AE. CCD Methode ACI 318-02
Appendix D9 EOTA Annex Co Z&=Hddl. 7]&]
45-Degree Cone Method¥ CCD Method®r} ®le]4
ol Be AFE Bol] FHol HAeH, £ dFMe
45-Degree Cone Methoddll wiaixe #2g} (Fuchs,
1995) 28l 12 & dAFox AH8E mskE At AA <
& v Zoltt.
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2.1 Concrete Capacity Design(CCD) Method

CCD Method& W3} FA2ERS Alo|7} 35° 7%
oA slen, By & 2k den|= Fez Hgeta 3

(18 2 A7) oluele 2L A] AvAzle] Qsre wx) o
3, 79 °§744 dep|= g 3 PR il gle @
AodAL] AS- HHdE FATEC i€ <A ZAYE
Z 37 A :‘S‘%Z}E‘“ 4 ()3} 2o}
Nno = knc\/fhefL5 (N) (1)
A7NA, k,. = 155 (US 9 : 35, post-installed
anchors)
k= 17.5 (US ©¢| : 40, cast-in anchors)
fo= 938 FAAY EE

hy = WA %]
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Nﬂ = ;jllN WZNHO (N) (2)
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Ay= (s;+c, +1.5h,) <(2x1.5k,)
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2.2 ACI 318-02 Appendix D
TEEAL| B g TddAe] EALE

CCD Method&

o] AAEka Q)

FHJ

s3]
Jx2 5% H%Ee Aead 4 (3)

o

Ny= &V F bt (Ib)
o471, k= 17 (post-installed anchors)
k£ = 24 (cast-in anchors)

(3)

A8l (service load)dtlA] HIFEZATE(L£< £)
gﬁa& e Ao Fae 2 AiEe A(3)d A
Falo] gtk A v 4] ()9 o] AN

A .(ACI 318, 2002)

¥, = 1.4(post-installed anchors) (4a)

¥, = 1.25(cast-in anchors) (4b)
2.3 EOTA Annex C

EOTA(2001)9l4+= CCD Methodoll 718k o@Fa
Z|EQ] Z2AE E AAEE 4 (5)9) o] AAska 9t

o N FE A Ed YR A ZAYE F P

= AF ¥E o83t ACI 318-029F FU3HAl AHgsict

N, = T.2V f. byt (N) (5)
=T
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2.4 ACI 3b6b.2-00

ACI 355(2000)eM &= E2E & 33 A, d¥gtez
v REAS kS E 19 2ol ANSL o, Aae
4 (6)% 2k

— u__]\.[_fl_,_m
k - A f(', fest, z'l/le/L5 (6)

47|, N, = dAY QLR E(5% A& 7Iw)
v f('. test, | = %EE]E %—L}\]}“‘q 01:}-%701‘E(N/mm2)
B 1.kt Ao, =L
HAHE kgt Hosl & kgt
Agha US Sl us S
{Inch-pound)| (mm-N) |(nch-pound)| (mm-N)
Finc] - -
%EQE 17 7 21 9
H] 7t
agpe 24 10 30 13

0 $AE ] sleled B2 skt sk o
oldt Aegkel HuHYUwel WHEASE olgsld F,
(Characteristic capacity) A4+ ‘ﬂ“”-g 2(T) 2 2ol AA
st ot (ACI 214, 2002 : ACI 355, 2000)

Fe, = F, (1-K2) (N, 1b) M
o714, F, = 3Hg 393 %(mean failure capacity)
K = FAHEEEAM 90%2 A EAE 7
é"#%% 5%7} 9 ¥ HE3 L3
(one-sided tolerance limits)ell &g+ |
2

2 = WEAF(coefficient of variation)

B 2. 90%9| A=EAE

Py BA

99 % K
4 3.957
10 2.568
50 1.965
o0 1.645
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& TFEsl] fskd, A 479l mEks A AR
AL ddoR 7t A7z JSAFA (AT - HD) A4
Aol h )9 0.75~1.5u71x] War A

—@aaé 70 9} 2AYE 2 $AYE WAS AR
=7} 210, 300, 500kgf/cm’e] AEAE A

dMe ZAYE 2 F) 7=

8ulj~3.8u)7k2] WSAIZ T, Eg ACT 318-02

‘% IHEdge effect)E& 1Eisld 2, Al5E AAls)

T 9ok mebd QuEakE Bkl Aal A (a)E 4
S1ziolel 0.6u~2 8ul7bA] Wiz AT

A Ade AP vl - F2EFRE AR ASTM
E 488-96(1996)904 AAsRs dAdA(2.0%,) 2 249
Ao FA(1.54 )8 EE3P] 3], FERAUZEC (A )l
wet 27+ 1.6x1.6x0.3m8 1.5%1.5%0.3m% ﬂmﬂxﬂ Al
AE Adatirt.

AgA | g HEye oIt 2t

H(S)Tl6—AClH1(Sl)

o714, H(S) @ 28tz BA (A BA)
T : uwé-d
16 : BAEE H7(M16)
A 23E BEEAZLE A ¢ 210 kef/em2,
B : 300kgf/em®, C : 500kgf/cm’, X 6 &%)
Cl @ deA=NE b #=x)

71e] QPHEL ASTM E 488-96(1996)°l <8l
Felict. sk 2=AMRHS bltf)s A F FH%
vz 7HE s, HelB2AE AMgste] 27 Y Hlol
HE Soioith. w3t 7ol MAEsS ﬁﬁkﬁ 200mm #
AALVDT & A8l st I dddzd2 o
63} 2ot

7ol HAPL AH 479 vER 92
THH WA BeES AAR H dAS ARisIT. o
1 EAPAE At} Adstslth

nE
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— |Load cylinder

Load cell

- LVOT

a7 6. AlddFel Hx| MY

4.1 2R

2 Adloa] AbgH fﬂ-ﬁaeg] gk L LA EA
2. 2AE AFUE AY
el SAIAE A %‘6& 357401]*1 289 FANT £,

FAYE dAU &Y= EA|H EH] NG HEEANH AR B A=
(kef/cm®) (cm) (%) (%) (mm) (kef/em)
210" 8 55.9 4.5 25 223.3
210 12 55.6 45 25 223.3
3007 12 43.5 45 25 275.3
5007 15 31.0 45 25 443.1
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E 5. 4eizo] ¥ deiald| mE oluay 2t
Mfslgk 3:17]./5} CCD uo}ul . ~
Alol7lo 2u H7 ° H A 2 Z7}0
AR S B Y EEE | s | ap | 2EEASE Ha
mm mm (1) (2) (3) (1)/(2) (D/(3)
HT16-ACIH1| 400 105 9.11 22.15 CB 8.69 7.96 1.048 1.145
HT16-AC1H2| 400 127 12.79 20.58 CB 11.61 10.58 1.101 1.208
HT16-ACIH3] 400 162 12.50 26.18 CB 16.82 15.25 0.743 0.820
HT16-AC1H4] 400 85 5.65 28.05 CB 6.30 5.80 0.897 0.975
HT16-AC2H1 65 105 5.51 - CB+CS 3.33" 4.49 1.592 1.181
HT16-AC3H1| 105 105 6.91 - CB+CS | 429 5.79 1.608 1.193
HT16-AC4H1 140 105 6.55 30.30 CB 523" 7.05 1.310 0.972
HT16-AC5H1 205 105 6.25 23.74 CB 573" 7.72 1.091 0.810
HT16-AC6H1 265 105 8.58 23.97 CB 5.73" 7.72 1.497 1.111
HT12-AC1HI 250 80 6.55 20.73 CB 5.75 5.29 1.140 1.238
HT12-ACIH2| 250 88 4.94 19.03 CB 6.64 6.10 0.744 0.809
HT12-AC1H4] 250 57 2.99 19.54 (B 3.43 3.18 0.872 0.940
HT12-AC2H] 50 80 4.54 31.09 CB 2.23" 3.00 2.040 1.514
HT12-AC3H1 80 30 6.16 20.73 CB 2.86" 3.85 2157 1,600
HT12-AC4H] 105 80 5.91 29.06 CB 3.44" 4.63 1.718 1.275
HT12-AC5HI 155 30 6.09 24,78 B 3.81" 5.13 1,599 1.186
HT12-AC6H1 200 80 6.86 25.59 CB 3.817 5.13 1.081 1.336
ST20-AC1H1 400 110 5.83 - PTF - 8.53 - -
ST20-AC2H1 80 110 3.89 29.43 CB+PF - 5.19 - 0.749
ST20-AC3H1 130 110 491 - CB+CS - 6.93 - 0.607
ST20-AC4H1 180 110 4.88 25.44 CB - 8.28 - 0.590
ST20-AC5H]1 230 110 4.25 24 62 CB+PF - 8.28 - 0.544
ST20-AC6H1 275 110 5.35 - PTF - 8.28 - 0.646
ST16-AC1H1 250 80 4.95 21.73 CB 4.84 5.29 1.022 0.935
ST16-AC1H2 250 % 6.90 27.20 CB 6.02 6.96 1.145 0.991
ST16-AC1H3 250 120 7.09 46.28 CB 7.87 9.72 0.900 0.729
STI16-ACI1H4| 250 60 3.97 23.08 CB 3.43 3.44 1.158 1.155
ST16-AC2H1 65 80 4.54 29.05 CB 2.19" 3.41 2.072 1.329
ST16-AC3H1 105 80 5.35 25.64 CB 2.97" 4.63 1,799 1.154
ST16-AC4H1 145 80 4.78 23.70 CB 3.29" 5.13 1.451 0,930
ST16-ACHH1 185 80 4.54 29.42 CB 3.29" 5.13 1.379 0.884
ST16-AC6H1 295 80 6.03 24.90 CB 3.29" 5.13 1.830 1.174
ST12-ACIH1 200 70 4.39 25.19 CB+PF 4.13 4.33 1.065 1.056
ST12-AC1H2 200 84 5.42 37.58 CB 5.13 5.69 1.055 0.951
ST12-ACTH3 200 105 5.95 - PTF 7.96 - -
ST12-AC1H4 200 52.5 2.63 25.31 CB 2.92 2.81 0.898 0.933
ST12-AC2H1 55 70 3.19 23.29 CB 1.76" 2.74 1.813 1.163
ST12-AC3H1 90 70 3.31 29.45 CB 2.39" 3.73 1.370 0.878
ST12-AC4H1 130 70 3.63 26.53 CB 2.69" 4.20 1.345 0.863
ST12-AC5H1 165 70 4.18 28.96 CB 2.69" 4.20 1.464 0.939
qmo ACIHL 200 60 281 30.14 CB 2.76 2.61 1.019 1.075
z) gl gedA CB © concrete cone failure, PF @ pullout failure, PTF : pull-through failure. CS : concrete splitting failure® <]
]ah:]— :
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T I = LD EE ) gaas aspsl v
443 (kgf/em?) (tf) ) B RE (tH) (tf)

(1) 2) (3) (1)/(2) (1)/(3)
HT16-BC1H1 275.3 10.41 19.01 CB 9.60 8.84 1.085 1.178
HT16-CC1HL | _ 443.1 12.96 20.85 CB 12.02 11.21 1.078 1.156
HT12-BC1H1 275.3 6.07 17.60 CB 6.34 5.88 0.956 1.032
HT12-CC1H1 443.1 7.28 18.05 CB 7.94 7.45 0.917 0.977
ST20-BCIHL | 275.3 8.36 17.91 CB 7.27 8.44 1.150 0.990
ST20-CCIH] 443.1 9.39 22.16 CB+PF 9.41 10.61 0.994 (0.882
ST16-BC1H1 275.3 4.68 22.65 CB 5.06 5.36 0.923 0.871
ST16-CC1H1 4431 6.70 23.58 CB 6.69 6.92 1.003 0.970
ST12-BCIH1 275.3 3.65 24.53 CB+SS 4.46 4.58 0.817 0.796

ST12-CCIH1 443.1 4.11 - SS - - - -

) A E=AA SS ¢ steel failure, CB : concrete cone failure, PF : pullout failureZ o]u|gic}
B 7. Y7HHol| mE olgtMy Zn)
gz CCD Y Ak AV 7L ol Zbo

28 e L aw | smes | OOD (i) p | FREHARES e
8)) T (2) (3) (1/2) (1/(3)
HT16-ACIS1 80 10.80 CB 0.627 9.98 7.40 1.082 1.459
HT16-AC132 160 12.74 CB 0.754 12.00 8.90 1.062 1.431
HT16-AC1S3 210 13.59 CB 0.833 13.26 9.84 1.025 1.381
HT16-AC134 270 17.07 CB 0.929 14.78 10.97 1.155 1.557
HT16-AC185 320 15.24 CB 1.000 15.92 11.81 0.957 1.290
HT12-AC181 80 6.98 CB 0.667 7.06 5.24 0.989 1.333
HT12-AC132 120 8.16 CB 0.750 7.94 5.89 1.028 1.385
HT12-AC183 160 9.34 CB 0.833 8.82 6.54 1.059 1.427
HTI12-AC134 210 11.65 CB 0.938 9.92 7.36 1.174 1.582
HT12-AC135 240 11.33 CB 1.000 10.59 7.85 1.070 1.443
HT12-AC186 270 11.01 CB 1.000 10.59 7.85 1.040 1.402
ST16-AC1S1 80 5.44 CB 0.688 6.06 3.89 0.897 1.399
ST16-AC1S2 120 5.38 CB 0.774 7.13 4.57 0.754 1.175
ST16-AC1S3 160 6.44 CB 0.873 7.80 5.00 0.826 1.288
ST16-AC134 210 7.34 CB 0.982 9.00 5.77 0.815 1.271
ST16-AC1S5 240 7.04 CB 1.000 8.80 5.64 0.799 1.247
ST16-AC1S6 270 5.70 CB+PF 1.000 9.08 5.82 0.632 0.985
ST12-ACIHI1 80 5.65 CB 0.697 5.73 3.68 0.986 1.537
ST12-AC1S1 120 6.88 CB 0.801 6.42 4.11 1.073 1.673
ST12-AC132 160 7.64 CB 0.902 7.21 4.62 1.060 1.653
ST12-AC183 210 7.13 CB 1.000 8.16 5.23 0.874 1.363
ST12-AC134 240 7.61 CB 1.000 8.06 5.17 0.944 1.472
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CCD W< 01]—~ Ak A(2)9F A(9R 2zt At
siict. o71A = AR R epiir},
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4.2.1 Aigold e 2 7=

£ HollA BAZZe] 20mmS] AR FAH(ST20 Agl=2) &
Aol vmd vl vt 1 olf= A 9AE YE
7t zo4d ) 2¢o] W= 4 EetoA Hol Wedy =
d7ol 2ol WEE Egs "ok a2y ST20-
ACIH] A3Ale W= x5 =d3y X457} v 9A
Br} oRE A2 Aoz vehyrt o2 sl gerest o
v S4BT} dolytn, EE Asid ez Add
o metd B AgolA aksizie] 9 ddAele] dddn 2
A Al ST20-AC1H1 d&AE Asiith

328 82 AR W, y) = A (Dl g3 2H87 CCD
WH ASE W aoicen preaieea) ) &2 FALSBIA A18170]
ol T2 Nufres ) Nao(con preaveea) 12 HERA ZlojTh 181 8
i Hde matE dAL] Haghs vehd Ao, dxe
A7) 479 BaghE vehd Flolth, & 8& CCD ol
st 47 FRER Adold we Z3zE & aiss
A Aelgte] vepd Aol

a3 8elM diAl AT Auelrt FAKel wet
Nyese) Nno (cep predx':ted)'g‘] H)7} 2488 4 4 Uid) vk
of neke PAE Bxe AT A9t F7Hl wet
Ny(eeses Nuo(cen pmaceeay & BI7F Bl 3718HE & 4 9
ot o|& ulFo] CCD ol ANt Uk, E AA
A TEzbela glen, naks PAE BAaEt Ha gl
55 & 4 Utk ol2 Azl F 8ollM AR Pl T
Pato] o v el 2o® s

a8 9 W7 FREE Aol g 43 Hrisp)
Hald, Aglzlold wel naks BAY HATHAAL Yehd
Aol 2% 102 A 479 Aol me 3HFA
& YER Zlojtk. a9 99t 19 109 AR Ax, m3)
% 4719 ARRldleldl ek Ak 1.522392 CCD WY
oAl AAlskE Sle 1.59 m4d xlolE gler} Ao Ux|i

< F AUk 2t A BA] Apghe 119828 o
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I X Y 2
14 <© AST20-ACTHY
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J8 10. dhelzioof me x| Ao F7EN

E 8. Hziojl e WAHERY YT

# ¥ g | Ezed | asAn
A A 0.965 0.166 0.172
8HE 97 1.090 0.204 0.187
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38 118 HEEE Nutes g Noo(cop proditea) &2 T
alo] LERd Aolt}. 18 1101A HAE 135 dA9] H
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o mE ZAE 2 dHAEE 5A Hes ekl A
o},
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ERd Aolth a8 1204 EA2E ol gigt HAEM A
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AEY  ARGE HEs  naE A Adg
(105 /h.9)' 5228 & F3l] AAYZelE 105mm= FAHdsh o
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ot 23 139X% A BA9] Akl (105419 &
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a9 129 23 139 A A3}, 1315 Y7o 2
YEHEY g Aegke 0.4722, 9A dA] AFEe
0.55912 Uelgth, o|2 nFo] mals JAY AAHS &
AYEREI} Z71stel wkel CCD W9l 23kt thh
HolZ& & 4 At 2y n3ks FAY A 4A9] A
FL CCD ol AAstn e 0.59 uladt Aole
gou} Aol AAFS & 4 YUk, o] wFo] CCD M
oA I EZT Gkl sl AAslL e Vi E
Felzel 2oz BeE,
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u ttest) /Nno (cop predicted)

0.8 (]
z =
0.8
]
0.4 L L
200 250 300 380 400 450 500
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a3 11. 232l 4ol e CCD 2 wuiZz H|w
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