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Tension and Shear Performance Evaluation of

Headed Cast-in Specialty Inserts with Improved Workability

Jeong Sang Deock

Division of Architectural and Fire Protection Engineering,

Pukyong National University

Abstract

A new headed cast-in specialty insert (new insert anchor)
with significantly improved workability has recently been
developed in Korea, and it was devised for (fixing
lightweight suspended piping trapeze restraint installations.
Concrete anchors, such as new insert anchors, must safely
transmit seismic loads acting on non-structural
components  to  structural members.  Therefore, the
importance of their design and construction is significant.
However, the current Korean anchor design standards do
not include headed cast-in specialty insert type, and
studies on their detailed behavioral characteristics and
performance are insufficient. Based on the above
background, this study conducted simulated seismic tests
on newly developed insert anchor and evaluated their
detailed behavioral characteristics and performance.

First, this study evaluated the fastening performance of
the insert shaft and threaded rod through cyclic tension
loading experiments according to AC 446. This experiment
is summarized in Chapter 3. All three inserts reached the
target maximum load without significant damage. The
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results confirmed that the insert had sufficient tension
itself.

Subsequently, according to ACI 355.2 and ETAG 001
Annex E, which are widely applied in existing anchor
qualification tests, simulated seismic tests were conducted
on new insert anchors in cracked concrete. Tension
experiments are summarized in Chapter 4, and shear
experiments are summarized in Chapter 5. The monotonic
tension and shear experiments were conducted on five
specimens, respectively, and the observed failure modes
matched those predicted by the current Korean anchor
design standards. The measured maximum strength was
compared with prediction based on design standards and
revealed minimal differences. However, under tension load,
it was observed that the concrete failure area exceeded the
projected area of current design standards.

The cyclic loading experiments of this study were
performed by applying the loading protocol of ACI 355.2
and ETAG Annex E, and additionally the quasi-static
loading protocol of FEMA 461. Cyclic loading experiments
were conducted based on the results of the monotonic
loading experiments. All tension and shear specimens failed
with respectively same as monotonic loading experiments,
regardless of the applied loading protocol type. It also
confirmed that the performance reduction of the new
insert anchors due to the cyclic load rarely occurred. In
addition, the performance measured in these cyclic loading
experiments was minimal differences depending on the
applied loading protocols. However, the quasi-static loading
protocol of FEMA 461 has the economical advantages of
anchor qualification tests.
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N, ol Z2dS o "YW, )= 069 T 091 mm HAZ, I HFS
0.79 mmeo| Attt FAS Z7AAHCE LHEHE k05N, )+ FTA st
ZT-H 9 A ol A 0.5V, °ll 3k &A 74 o & (Mahrenholtz 2}

Eligehausen, 2013; Stehle®} Sharma, 2021b) *

golstedn, ol 4 412 %

3 2 4 Ao (Sullivan 5, 2004).
O'5Nmax
k(0'5Nmax> - m (41)
E 41 chx oIz ASE HAA of
- — Nmax 5(Nmax) k(OSNmaX)
213 A v} 31 & ¥
(KN) (mm) (KN/mm)
T-M-1 SZg|E Hyo] Ao} 22.84 0.75 32.69
T-M-2 A2 E Hg o] Ao} 19.75 0.91 21.10
T-M-3 ZOglE Hiyo]Iole 24.43 0.69 33.54
T-M-4 A2 E Bgo| ol 23.30 0.85 28.03
T-M-5 ZAYE Hgo| ol 23.10 0.77 31.36
ot - 29268 0.79 29.34
25 =
P> — Tell-1 == T-M:2

=20 1 in TM-3 — T-M4

= | B - T-M-5

=15 1 7/ ¥

o i// ‘-.\\\

8 10 S| /I t“*}\

-l 5 | ’f / \“:\\f‘\‘%___-

-‘I \.?\?:?::_:-_} s
0 . e
0 1 2 3 4 5
Displacement (mm)
O 45 chx oz MEH e s=-8#el ael=
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(5 percent fractile)
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Fy)ol tigk A28 AAlska Qlt),

ol g2 N, Eut 31% ASkHh o] Ny ZF N EY A "Hrbd AL 2 A
Aol Slg7t Ao vuH Z el x7F A&E A |l AF Sl
7F 009l Ao w AT H(K=1645)2] Ny, = 2011 kNojw, o] ke N,
Hoh 122% Zth Ado 2 Frte JAGAE(N, T Ny)ok A2 o2 A
2bd N 7F 1 4690 vlaE o] Qv N, N, T PlAS Zolnks HS
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(Ay/An)7F A&EY, T2 dHo] gy

N,7F #AEA fn b 2 APANE v o dE A ddA Q1A
E QA 4,5 @ AAVIEERTG 94

oE 3,

,ofel mE A A AddAY= 20h,,2 HE&571E Al

N

Qe A AR ANE BF AA A Ay, E 160852 AL5)

Rl

Rep

I‘zei

=35 degrees

=20 degrees

(a) CCD Wwe] 714 (b) A& 43
8 47 Z232|E Eo|30olR mnHeo tbH

42 £FE AEA S oinH X E R 2 oA

qa g3 WEAE (mm) 2 349 74= ()

= o #H 2 = #Ha ot
T-M-1 188 93 28.17 14.90 21.54
T-M-2 163 91 28.90 17.06 22.98
T-M-3 151 38 29.52 18.33 23.93
T-M-4 215 111 24.16 13.09 18.62
T-M-5 187 81 31.53 14.95 23.24
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_______ Cydlic loading stage |
Neg yclic loading stage |
|
0.75N,, I
o |
P |
o
= 0.5N,, I
Monotonic
loading stage
10 30 100

Number of cycles

a2 48 AFASHO AC|I 7IH=ZZEE

EATG 001 Annex EX 3719 ASHFE Cl3 C22 FHex glon,
A F Clo] H7hEe oM 71&9 ACI 355290 593ttt 45w
C2ol 4% 7MHZREZ(ETAG 7HHZRER)S 79 490 AA

1

o
At o] FHEEZREFE ACI 7HEHEZ2EZY g Alo]Fo] Ay
bRt =77 ASeke FHeld o] VHEzrEES N = N, 9
%2 AoEn, B Ao 1650 kN2 AAE Y. o] /g zrE
Z2 e wESFHA(step)E T ETE WA A WA dAdAE
°] 20%<1 3.30 kN& 253] wHE 7peatm ) ojojxl F WA WA A=
°] 30%¢% 495 kN& 153 ®bE 7}ty o5 whA|o A e wHEahg2
N, 2 40%<1 6.60 KNY¥-E 100%<1 1650 kN7HAl N, 9 10%91 1.65 kNA
Ve, 2 @Al 9 wbEE e 534 ke sl HE g & 7535 9] WhE

B AlolZol B FREW, ACI HEZzE2d FUdaA BxaETS
ZHeste Adew g7 AFAErE FAE ETAG 7 Z2EZ
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th 7l A= g HA dAEEH 05 mme %27 dE€ES 0.8 mmE

_35_



PSS oA, 2 AFdAME JHEHEZEEFS YHo| wE JA

Aol W dotalr] 9@ RAolrld AYHew 7] FAEL B4

r 3
T T e T T e e T e =]
Cyclic loading stage N |
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0.8,
e O.GNC:Jﬂ
S 04N e
= 0.3N,, T—tk
| 02N, | Monotonic
loading stage
25 15 5 5 5 5 5 5 5

Number of cycles

a2 49 olZAHe| ETAG 7t Z2EE

2 Yo #g3 viHut P Z2E 29 FEMA 4619 =44 718=
ZEZFEMA 7HEZREF)0] 1§ 4100 A= itk ekel F 7hHe
Z2EEy 9] FEMA 722 E3L2 WA oR vzl
71 EREGEWAA, )= AFA FRI EFo] AFE AoR
FEE A wfR Aoy, dx ST ddS Fel F4T 5 A 1
At AR glet 4, Abgel A Fedt o= ok gl Aol
2, ¥ AgelMe wEatgel e rAEGS agste] dx AP
A SR (W) 90%el HEt Bl 07 mmE A, 02 #8353
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£ Ao E 1084 AN Ao =DdEtAE dAstArk o AE7t
A ZF e wkE WS ol wAe] wkE WA 40%H AHHoR

S7het= S Agsdt 1094 @A o] foll= Wy WMo SES 9WA

_36_



oF 1094 ©Ao] W B9 AolQl 0.2 mm=E AT FEMA 4612
vl GAE WHEE = Alo]Ze] 3l¢E 232 FASAY B dye W o
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Xl
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4321 ACI 3 ETAG 7823

ACI 3 ETAG 7MHEZ2ESS 483 Ee A9 wasts 7
Alell A sty Eido] BAsHA] gkt whEsts 7hEdA 5 ACL 7}
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- - Nmax 5(Nmax) k(0'5NmaX)
AgA s3] 3 o)
(kN) (mm) (KN/mm)
T-C-ACI-1 | 232 E Heo] =l 23.60 0.96 38.55
T-C-ACI-2 | 38 E B o]aolx 20.71 0.88 32.97
T-C-ACI-3 | A E Bfo]acls- 23.50 0.85 28.02
T-C-ACI4 | 238E Hyo]aoly 22.14 0.80 42.87
T-C-ACI-5 | 3 E BE#o]aolx 19.12 0.91 28.28
3t - 21.81 0.88 34.14
30 Monotonic test 30 Monotonic test
g ;g | T-C-ACH-1 g zg | T-C-AC-2
B 15 N e BB g A
3 10 1/ Nmax,req 3 10 - : \ Nmax,req
5 /) el 5 1/4 ;
0 P 4 i ' = Se— 0 4 ; : '—""'V—n
0 1 2 3 4 5 0 1 2 3 4 5
Displacement (mm) Displacement (mm)
(a) T-C-ACI-1 (b) T-C-ACI-2
30 Monotonic test 30 Monotonic test
z ;g | T-C-ACI-3 z 2(5) T-C-ACI-4
B 15 K VAR S B S B 15 _.,,,‘;‘1‘: 7777777777777 LSS S———
3 TR \ Nmax.req 3 10 4/ Nmax,req
5 | N oy ﬁ
0 T ; —_— 0 T T e
0 1 2 3 4 5 0 1 2 3 4 5
Displacement (mm) Displacement (mm)
(¢) T-C-ACI-3 (d) T-C-ACI-4
%0 - Monotonic test
z ig | T-C-ACI-5
BB e EATH S
3 10 4 4 \ Nmax,req
5 | s
0

0 1 2 3 4 5
Displacement (mm)

(e) T-C-ACI-5

a2 412 ACl| 7/ =Z2EZ28 M35 A& el

rot
_O'L
01>|
r
do
I
o
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s A3 Qo

- - Nmax 5(Nmax) k(O5NmaX)
AGA 5} 3 o)
(kN) (mm) (kKN/mm)
T-C-ETAG-1 | 228 E B o|=Lo}$- 25.70 0.91 39.82
T-C-ETAG-2 | 23 g E B o|To}% 23.21 0.71 47.99
34t - 24.45 0.81 43.91
30 Monotonic test %0 Monotonic test
=]
§ ::g 1 \Nmax,req E ::g : \ \Nmax,TEq
5 {4 5 |
0 y ! : e - 0 ! : " —
0 1 2 3 4 5 0 1 2 3 4 5
Displacement (mm) Displacement (mm)
(a) T-C-ETAG-1 (b) T-C-ETAG-2
J8 413 ETAG 7IHZ2EZ S M Zst MAEAe st5-H ¢
el =
T 41290 BEE 23S ACK 355.29 Npay,e @l 17.6 kKNS HERH,
9 4139 A ETAG 7HEZ2EZo] didt N, ., 198 kNS YE
Aok i AEAY AN =N ) A 7 Moo HESEAH
ACI 3552 2 ETAG 001 Annex Eol W& g#AATH A ZE A
9 Ny B Nppro® BESA7) w2, gz AgAgoz Frid A%
AEE WALA] 28T 5 Arh webA AEA AHH AME BA<
Wzl A= AA A dd AAVIEd mE WA EHAAT(=0.75)F
A gatA ot =Hw, oo wep Rl IAA AFFER] N, (51793 kKN)S
WA AYFER HgrHs st gea,
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ACI HE=Z2ex 4849 5, )= 080 ~ 096 mmeo #Wgon,
(Npax ) 3

1
2 0.79 mmell B3] 11% Zith ETAG 7FEHZ2EZ 24849 s, )Y

(9]

HHEL 088 mmeth o] Fe wz AT =4H

ACI ¥ ETAG 7MEZ2EF AgAY 2717442 k05N, )= WHEs)
T 7tHEdA T8 F ol dxstE g dAdA AFFHA e, 4 43
=3 AAkE 2 tH(Mahrenholtz¢} Eligehausen, 2013).

o

O'5Nmax
5(0.5 N ) — 0 (V.

E(0.5N,,,) =

o714, (N, )E WSk ZHE A7 S5 E S S RS
o ACIL 7HEZ283 A3 §v,)E 008 ~ 018 mme HAFom,
7 33 015 mm3Ath ETAG 7FEZ2E3 AdA 9 4 025 mme}
020 mmeldith HFTHo=z A" ACI JHEHIZZEZ A<
k(05N )5 28.02 kN/mmolAl 42.87 kN/mm7FA 2] Wi, ETAG 7+
Hrgesd AYA k05N, )5 39.82 kKN/mme 47.99 kN/mmo] 1th.
HEE ol AR ZAHE k(05N,)E TX AFAAdg =AY A
(21.10 ~ 3354 kN/mm)ell ®l&] BirH oz Frh ol W a9
k(05 Nyoy) AHE AL 6V, )78 aLefd 2ol 7]Qlebm, AFA o= wkE %

o] Add Atz AT AME A B fFashA] Ldsdt
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4322 FEMA 718z &2

FEMA 7l¥ 228325 283 A4 A3d4=
9r 1.3 mm)ol A HZE do] TAEAT o
o] Xagol wel 19 4149 #Zo] FAE TAHSE dto] dYPow T
Hot HTHoRE BE APAE ZAYE Heola
W, Aol FREE T A3 AMEME &S BASA Esh 4
do] APu = <t FAE MH AXES] ¢, 0.0002¢ 4 0.00037+4] 2]

t}. e A] FEMA 7FEZ2EZ 3l HE AAMEE B H oz A%

L=,

Q
o

Aes & F ARG HFe]l FgE w7tx] T-C-FEMA-13%
T-C-FEMA-22] 05 °F 1.0 mm7FA FHE o

m =
W, T-C-FEMA-3°] %% °F 1.75 mm7}#] 245 At}

ON
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FEMA 7t z2 3 Ag@Ao] g F8 AFAA7} 1 460 85

i, % 4150 sks-wel #wAZE AlAHe] v T-C-FEMA-12
1294 SGAHE W9 1.1 mm)ollA, T-C-FEMA-2% 114 A (JHE
HE: 09 mm)olA, T-C-FEMA-32 10 A (¥HE H$: 0.7 mm)ol
A Ny b HEREATE S ol ©AE hE s o)X= Afe]Fe] 3157t Eof
o} ol& wANA N, b YERYE Aol Rtk A A<
~E ZH7F 2589 kN, 21.25 kN, 2364 kNo.2 FAAA 7 =0 = A5

v
r
Ju
=

2

N, .S 1345 kNell ul&f zkzk 92%, 58%, 76% Zith. H3h dx Q1 d
of dal N, (52268 kN)¥} mlaLsele w g7 o] HhdmzbA] A<

E 46 FEMA 71 Z2 =222 8% s oIFAy A7 2
A 31 G ol Mo | BNpe) | K05 M)
(kN) (mm) (kN/mm)
T-C-FEMA-1 | 232 E Bo]aof£ 25.89 1.08 21.58
T-C-FEMA-2 | 3¢ E Ho]ao} 21.25 0.81 2793
T-C-FEMA-3 | Z=2|E Hijo]aol5- 23.64 0.69 32.13
gt - 23.59 0.86 29.21
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-~ Monotonic test ~ 925 | Monotonic test
T-C-FEMA-1 E 20 T-C-FEMA-2
~ 7 X

— T T

1 2 3 4 5 3 4 5
Displacement (mm) Displacement (mm)
(a) T-C-FEMA-1 (b) T-C-FEMA-2
30
’2\25 B
X 20 -
B 15 A
S 10
5 -
0

Monotonic test
— T-C-FEMA-3

o 1 2 3 4 s
Displacement (mm)
(¢) T-C-FEMA-3
% 415 FEMA 71 Z2E 28 HEe AYA 2 SI5-H4
e =

T 4160 UER whel o] FEMA M ZRESS
she-we el Zh ApolE W HdsT He ole dem, a9
4179 AAE ZFH28 Ak T-C-FEMA-29} T-C-FEMA-3¢]
rHaAE gz IFAdge] Ads vy # wstod, T-C-FEMA-1°]
B vz 1A Al vl v 2 skEe]l A4 F U FEMA
=]

ZREF AYAE 19 4169 A= e upe} o] xeEhad A

o
X
oo
o
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__>‘4_19
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AN 05N, ol st &d34S Sl k(0.5M,,)E 439t FEMA 7}
draesg A9 k05N, )E 2758 kKN/mm, 27.93 kN/mm, 32.13

KN/mm=, @z JdZgdgoez AA-E k0.5N,,)S HHIA 21.10 ~ 3354
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0 d T T 7 —F

0 1 2 3 4 5
Displacement (mm)
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Z7] #addy JagsA AWelA 92 Foldrie wFo R T
o} et &% 250 kN UTMES Ab&3ste] ®giAol=2 7hefxivh. ¥
12 mm7H4 2 mm/min®] £x== 50| Ztsflon, olF WMeFHE 3
mm/min®] £==2 7t AT Ade] 7hE ARl UTM dl=9F M12 dAHE

+

EE 7MEA a2 ddsts Aoz AyAd dasltzS 7hstsith o] wiE
o wAlE stEAagte] Fd o=z Qs FAEZAAA 75 mmet 150 mm
Holx 3& Zmo vt Pi-type LVDTS A x|slo] #+EZo] W3ls wzs)

At A7 HYE AMNEEC wire LVDTE dA4dste] A =A3q o,
UTMel 3e 2248 53 stadlolHE F=H5th 57he] 28 A7}
Gz dgdadge) AlgEQow AHA|E-S 7HE Ao wEl S-M-15-H




522 43842

Begol 1yl 520 AAE]

9l

I

49

—_
fite)

A o S5

==
R

Aes B5F JALA7]

gojobg o )l H g,

44

It} 5709

o
AA

o]
Al

v

A E

M)

A

A

a4

2.5 mm7}A|

~O/] 6Il'l?lX

ok
o1

<1 0.00245%.

yn

Heor, e

0.0015 ~ 0.0019¢]

-
R

E

1A

H Nd
o ZA ASke) webA

g

)

o]

s
ok

ok

!
ol
~

o

T
i
il

To-

SHEAHE A9

ol A

W)

—_—

0
—~

;o_._

o]
o

o

X
&1

ok

I
Kio

il

_57_



vz dgddel Fadsd A9 HAFe, S48 AdA(1,,,),
WA G(Ve)), LI 271 (K05 Vy)o] E 510

A o] vk E=gh 19 530l A@Ae she-we]l WA AlAH
n

VoD B(v,,)S 4042 kNo =z AAAA7Z|E=S we A" v
(=1793 kN)# ®lwatdS o 125% AT 6(V,,)E 7.26 ~ 1217 mm]

M=, 7 Hir2 993 mmA Tt k(0.5V,,, )= AIAS 3}

A Vi ol AWk Eel st st el gk ddFddoew, A 51= Al
g3ko] ekt
0.5 Viyax
k(0-5 Vmax) = m (51)

A k(0.5V,,, )% 508 kKN/mm*-E 597 kKN/mm7A¢] e or,

1 9t 563 KN/ mmSitt.

# 5.1 o= Mot ™ Ao 29f
_ _ Vias §(Vinax) k(0-5 Vipay)
2 A 7] & e

(KN) (mm) (kKN/mm)

S-M-1 FAYE Zglo|ol- 33.07 7.26 5.08

S-M-2 FAgE Zelo]ols- 38.97 9.50 5.58

S-M-3 A E Zgo|o} 4151 11.09 597

S-M-4 FZAYE Zglololy 47.63 12.17 5.61

S-M-5 FAYE Zglo]olg 40.93 9.64 5.90

3t - 40.42 9.93 5.63
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ACI 7HH 22 Eas 483 v daddde daet ETAG 7R
=S5 AL vbE Auae el Ayt ¥ 533 540 747 2 oFE o] Q)
ACI 7MEZ2EE 9 ETAG 7MEZ2EZS A 83 ohE Aua 3ol A
=A% ANE AdA 9 s-wY #AZE ZHzF 29 5103 5110 A A H
of Aok i AFA Y stF-we TPz = T2 A Ayrt F
Auo] FAH dom, 2 71FY Vi = HAeE A FAH Q)
o AAAE SAE AU (V)2 Vi s 27 T3 oH, dx
At gl ol Ayl HjwslsdS w Wkl Mgtz sk Akt =3t
2 A TSR LSS AT 5 3
ES53ACIJ/IH=Z=ZEEZE ME¢ Ht5 NMohAd A3 °9fF

— - Vmax 5( Vmax) k(05 Vmax)
2 A v}-3] & g
(kN) (mm) (kN/mm)

S-C-ACI-1 ZoglE Zglo]ol 46.48 12.11 451

S-C-ACI-2 | Z=zgE =Zdlo]o}e 43.69 12.79 4.32

S-C-ACI-3 | ZazE Zgo|o}% 44.93 12.95 5.27

S-C-ACI-4 | Z=zglE Zdlolo}& 46.48 14.04 4.93

S-C-ACI-5 | Z=zg & =Zg}olo}-& 42.38 10.35 4.89

1t - 44.79 12.45 478

ES54ETAG 7/ =Z2EZ 8 X3 dtg MolAdy ZHa <

/Ke]ééi‘ﬂ Jﬂ’ﬂ]ﬁgﬂ] Vmax 5(Vmax) k(O5Vmax)
(kN) (mm) (kN/mm)

S-C-ETAG-1 | 23 E xgo]o}$ 39.98 10.20 3.19

S-C-ETAG-2 | a8 E Zglo]o}$- 49.47 14.30 3.63
o3t - 44.73 12.25 3.41
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e} 7 Vmax,req o 4 Vmax,req
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-40 -40
6 -3 0 3 6 9 12 15 6 -3 0 3 6 9 12 15
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