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(A) Cast-in anchors: (a) hex head bolt with washer; e
(b) L-bolt; {c) J-bolt; and (d) welded headed stud. FasS
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{B) Post-installed anchors: (a) adhesive anchor; (b) undercut anchor;
(c) torque-controlfed exparision anchors [{c1) sleeve-type and (c2) stud-type]; T )"'r/' o
(d) drop-in type displacemeni-controlfed expansion anchor; and (e) screw anchor. et }w
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Steel failure
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Displacement
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(1) Steef failure preceded (1) Concrete pryout for
by concrete spall anchors far from a
free edge

(O (S S o5ld)

(i) Concrete hreakout

(b) Shear loading (O (SZ5S)
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CODE COMMENTARY

17.3.3 For adhesive anchors with embedment depths 4d,
< Ity = 20d,, bond strength requirements shall be considered
satisfied by the design procedure of 17.6.5.

R17.3.3 ACI 355 4M limits the embedment depth of adhe-
sive anchors to 4d, < f,r < 204, which represents the theo-
retical limits of the bond model (Eligehausen et al. 2006a).

ACI STRUCTURAL JOURNAL

Title no. 103-S83

TECHNICAL PAPER

Behavior and Design of Adhesive Bonded Anchors
by Rolf Eligehausen, Ronald A. Cook, and Jérg Appl

This paper presents the results of extensive numerical and
experimental work performed o establish a behavioral model that
provides the basis for developing design provisions for anchorages
to concrele using adhesive bonded anchors. These types of anchorvage
systems are used extensively, yet they are currently exchuded from
the design provisions of ACI 318. The behavioral model is compared
with a worldwide database containing 415 tests on adhesive
anchor groups, 133 lests of adhesive anchors located near a free
edge, and accompanying baseline single anchor lests used 1o
establish the relationship between the results of the group and edge
tests and the behavior of isolated single anchors.

The behavior and design recommendations for single
grouted anchors are addressed in Zamora et al.? Information
regarding group testing is provided in Cook et al.® The
behavior of grouted anchors arranged in groups or near
edges 1s quite similar to the behavior of adhesive anchors
described in this paper; however, the effects of a bond failure
at the outer bond area between the grout and the concrete
require a separate strength evaluation.

RESEARCH SIGNIFICANCE
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(A) Cast-in anchors: (a) hex head bolt with washer; ——
(b) L-bolt; {c) J-bolt; and (d) welded headed stud. wi Plate & Nuts
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Pigtail Anchor
L-Bolt J-Bolt w/ 10° Bend
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N, =09f epd, 17.6.3.2 Basic single anchor pullout strength, N,

L o ¢ 3d,<e;<4.5d, ;1 o a5
) _' (b) For J- or L-bolts, Np shall be calculated by:

3l Bro b ol 3,90 axlie sliul 8550 sla goles] = 0.9} "endy 0,32
= iales] N, =0.9f/eyd, (17.6.3.2.2b)
Sas! o8 Lie

where 3d, < e, < 4.5d,.

/‘Il,
(i} Puflout (= S (9 4
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ment criteria of ACT 355.4M. —

/ ‘ S iicar ) ﬂ ﬂ forces transferred
Qualification of Post-Installed Adhesive Anchors Coritcal | L f;rs];(;’r‘;fgii " ?érlg;:;lrsélt: %I:rs
in Concrete (ACI 355.4-19) and Commentary " T E i
R1.2.6 This standard is intended to provide parameters for

the design of adhesive anchors in conjunction with the ﬂ ﬂ : / E .

provisions of ACI 318M, Appendix D. Those provisions are 7 N ,é

derived from the principles of anchor theory, whereby % A | N 9 | A

anchor forces are transferred to the concrete in a manner +4— g _—

that generally precludes splitting of the concrete and where g N :

spacing, edge distance, and member thickness are explicitly A\ ¢ "=y ’ N

considered in the evaluation of the concrete breakout capacity 5 -

(Fig. R1.1{a)). It is not intended fo address the assessment or ] N

design of post-installed reinforcing bars proportioned K e gizforcing

according o the concepts of development and splicing of - N NS bars

reinforcement (Fig. RI.1(b)). While the provisions of

Chapter 12 of ACI 318M may be used to establish embed- : _

ment Ieng.ths. for posf-insmﬂfzd reinforcing bars in such ;"::;gjﬁi‘:gg;&dafg%eegfﬂggg 2’{: o transverse

cases, the ability of an adhesive anchor system to transfer basis of bond/concrete cone failure; reinforcement limits

loads to adjacent embedded bars, particularly where longer concrete tensile capacity is directly utilized wignofgpinieg
splice lengths are required, should be verified by appro- to transfer load into the member 0040 z;a:c;ssb”mng
priate testing. Testing for the splice lengih is outside the MAAAMAMAAAMAA failure controls
scope of this standard. o anchor capacity not
SRR A cone failure
(a) Reinforcing dowels designed using anchor (b) Post-installed reinforcement designed as a lap

theory as addressed by this criteria. splice (not covered by this criteria).
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“Rebar theory”

“Design of rebar as a rebar”

,HHJHHJ”

-,

The post-installed rebar clamps the two faces together, enabling
shear transfer through fiction acting overthe interface surface
area. The roughness of the interface surface is crtical.

The postinstalled rebar acts in tension only.

Carbonated layer should be removed

8

» i

“Anchor theory”

“Design of rebar as an anchor”

o

+  The anchortakes up the shearload.

*  The roughness ofthe interface surface does not
play any role.
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- Load acting on rebar is transferred to the ETTERRETTTTEVTRITIRETTY

concrete

* Rebar resists both Shear and Tension
forces

« Takes into account the concrete cone

failure MUY
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The logic is that post-installed rebars will work the same way as a (O%0) 25 555) 20 ,5bo cllS
straight cast-in bar.
Load is transferred from the post installed rebar

to the existing rebars
A
bl

Y
MATITREITTE TR TR
N N i

LGNS
HHABEHBHHBRLBERBHBHRHY

Tl -

NN
Y
BHBNBHRHHBEY BRI EHARHHBY

Unlike the Anchor Theory, the load is transferred from the new rebars to the
existing rebars through the concrete
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Assistant Professor of IAU. East Tehran Branch T bearing and friction
forces on bar

(Glo) 251 55955) 3 ) %kso CasilS

L adhesion and friction forces
along the surface of the bar

BASED ON THE QUALIFICATION PROCESS, PIR SHOULD
BEHAVE SIMILARLY TO CAST-IN IN SEISMIC

Cast-in rebar Post-installed rebar

R R e S concrete ;fg_l’-:‘; E: " ﬁ' :‘-"w
M R ) e U L
Pl ",Jj' y gl 2 <
rebar — rebar
|
Load (v LN
7 .1"4:!;::'; ~ no7 ' o - " ' 3 concrete
i AT ate F AR ,Jf:.;-l';‘"ﬁ' vﬁ. W ﬁ:
1. Loadtransferred by mechanical interlock provided by 1. Load from the rebar transferred to the concrete
the rebar ribs. via the mortar at the interface
2. Mechanical interlock develops compression struts 2. Transfer occurs due to adhesion and micro-
3. Struts lead to rotational tensile stresses perpendicular interlock at the rough interface caused by the
to the loading direction. drilled hole.
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“Rebar theory”

“Design of rebar as a rebar”

ﬁ
%

Fost-installed ret:nar/

Cracl

/e
’é.r k‘CDncrete_
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“Anchor theory”

“Design of rebar as an anchor”

YV Y Y IV YV IV PV h Y VY VYTV IV YY VYV IV YV Y

Crack
; lI

——————

Bonded anchor

Crack

< Concrete
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column or wall

Overlap joint at a foundation of a

Components subjected to bending
moment and compression
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“Rebar theory” “Anchor theory”
Post-installed rebar Bonded anchor
Load on the bar Tension {roughness of joint critical for the Tension, shear, combination of both
shear transfer)
Load transfer mechanism Equilibrium with local Utilization of concrete
or global concrete struts tensile strength
Failure modes Steel yielding, pull out, splitting Steel failu re,[c-::-ncrete cone failure, [pull out,
splitting
Design steps 1. Calculation of steel reinforcement 1. Calculation of all charactenistic capacities
2. Calculation of required anchorage length 2. Determmination of minimum capacity

controlling failure anchorage

“Result of theory application” Anchorage length (1, ;) Capacity of the anchor (Ng,)

Minimum concrete cover According to EC2 According to ETA

(min (spacing; edge distance))

Allowable anchorage length |y i 2 MaX(0.3l,4,f,4; 10¢; 100mm) 4¢ = |y i = 209

Concrete Uncracked/ Cracked/ /

Sl 0 (g, (SitenS a5 ol ol B3 B alold g e Goc b oo anas slas Shs o
S oo gl 4y o5 Jolsd g ol yhad o espat ]y a4l Sl Slides oS i e il o
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Article

Analytical Investigation of Tension Loaded Deformed Rebar
Anchors in Concrete

YeT)

Sandip Chhetri * and Rachel A. Chicchi

ACI STRUCTURAL JOURNAL TECHNICAL PAPER

Title No. 117-S25

Qualification and Design of Cast-in-Place and Post-

Installed Reinforcing Bar Anchorages
by Christoph Mahrenholtz, Rolf Eligehausen, and Hans-Wolf Reinhardt YeYe
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(E) reinforcing bars

(N) post-installed
A reinforcing bars

4

(E) concrete (N) concrete

|
ld splice | Roughened
<J ; surface, Y4-in.
A amplitude
Section A-A (E) reinforcing bars

(M) post-installed
reinfarcing bars

Sp = Sp i

y —-‘ ‘-— [ACI 318 rules for non-contact splices]

LY
s
® E

(E) concrete
% ® ® ® ®

Gy = Ch, min

—
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i Hilti HIT-HY 200

HILTI HIT-HY 200 FOIL PACK AND MIXING NOZZLE

-

-

owled 8 Shbg sakey F-Y1-F-YY-9

N
o ySleo JBlas galold 1-Y-Y1-4

J

> max{d, , 25mm}  : .5,

> max{l.5d, , 40mm} : o5 »
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TABLE 26—DEVELOPMENT LENGTH FOR EU METRIC REINFORCING BARS IN HOLES DRILLED WITH A HAMMER DRILL AND CARBIDE
BIT OR HILTI HOLLOW CARBIDE BIT +%?

_ o . Barsize
DESIGN o Criteria Section of o
INFORMATION E Reference 5
> Standard 5 8 10 12 16 20 25 32
Mominal reinforcing 4 BS 4440 2005 mim 8 10 12 16 20 25 32
bar diameter ? ' (in.) (0.315) | (0.394) | (0472) | (D.630) | (0.787) | (0.984) (1.260)
z
. _ mm 50.3 785 1131 2011 3142 490 9 804 2
Mominal bar area Ab BS 4449 2009 (in?) 0.08) | 012y | 018y | (031) | (049) | (078 (1.25)
Development length mm 305 348 417 556 871 1087 1392
for fy =725 ksi and F; s ACI318-11 12 7 3
= 2,500 psi (nomeal - _
weight concrete)’ (in.) (12.0} (13.7] (16.4) (21.8] (34.3) (42.8) (54.8)
?e\;e'ﬁﬂ?”;%”tk'eﬂgtg . mm 305 305 330 439 685 859 1100
or f, = 72.5 ksi and ¥,
. le | ACI318-1112.23
=4.000 psi (nomal _
- (in.] (12.07 (12.0) (13.0 (17.3) (271 (33.8) (43.3)

Far SI: 1inch =254 mm, 1 Ibf =4 448 M, 1 psi = 0.006387 MFa.
For pound-inch units: 1 mm =0.03937 inches, 1 N = 02248 |bf, 1 MPa = 1450 psi

1Deve|npment lengthsvalid for static, wind, and earthquake loads (S0OC A and B).
2Develupmentlengths in S0C C through F must comply with AC1 318-14 Chapter 18 or ACI 318-11 Chapter 21 and section 4.2.4 of this report. The value of £, used to
calculate development lengths shall not exceed 2,500 psi for post-installed reinforcing bar applications in SDCs C, 0, E, and F.
* For sand-lightweight concrete, increase development length by 33%, unless the provisions of ACI 318-14 25 4.2 4 or ACI 318-11 12.2.4 (d) are met to permit A= 0.75.

4{5.&-"'-‘({#}: 25, =10 w. =110 y;=08fordy < 20mm, 1.0 fordy = 20mm.
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Trade name of the construction product  Injection system R-KEX || (95l (59955) 0, Kbeo b5

Only tension forces in the axis of the rebar may be transmitted.

The transfer of shear forces between new concrete and existing structure shall be designed
additionally according to EN 1992-1-1.

The joints for concreting must be roughened to at least such an extended that aggregate
protrude.

member edge o
8
| B B P ; b
W \ \ N ! . \ ) A N .
\ . : ' AN\ RV RN —
= Z Z :
// 92 ) é é /> bonded-in bars
an | 8 E E é : E 0|
w m = -
\ W = NS RN RENER)
ZEZ ZE |
T EE AT LU TR AR AR AR AR £
v z z o
1 U 2 <
\/"/\\_x ] 4 Vi
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Table B2: Installation data — hammer or diamond drilling — concrete C20/25

F‘::S' diameter 28 | @10 | @12 | 213 | @14 | @16 | @18 | @20

Drill bit diameter 12 14 16 16 18 20 22 25
[mm]

Brush diameter 14 16 18 18 20 22 24 27
[mm]

Minimum
anchorage length 115 145 170 185 200 230 260 285
lpsmia [M]
Minimum
anchorage length 200 | 215 | 260 | 270 | 300 | 345 | 385 | 430

'v:mln

- overlap joint [mm

Maximum
embedment depth 400 500 600 700 700 800 900 1000

lvsmax [Mm]
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ACI 355.4M-19 Qualification of AC308 Acceptance criteria for Post-installed
Post-Installed Adhesive Anchors Adhesive Anchors in Concrete Elements -
in Concrete (Anchor Theory) Approved June 2018 (Include Rebar Theory)

LB Inch-Poung Uink Most Widely Accepted and Trusted

An ACI Standard amwicc-es.ory | (800) 4236587 | (562) 699-0513 A Subskliany of the ntemationsl Coce Counci™

. . ACCEPTANCE CRITERIA FOR POST-INSTALLED ADHESIVE
Qualification of Post-Installed ANCHORS IN CONCRETE ELEMENTS

Adhesive Anchors in —
Concrete (ACI 355.4'19) and Approved October 2016
Commentary Compliance date February 15, 2018

Previously approved June 2016, January 2016, June 2015, February 2015, September

Repurted | mmitiee 2014, May 2014, December 2013, June 2013, February 2013, February 2012, June

by ACI Cor 355 2011, Movember 2009, June 2008, October 2008, August 2008, May 2008, February
2008, January 2008, Cctober 2007, June 2007, February 2007, June 2006

iPreviously editorially revised April 2014, October 2013, August 2013)

PREFACE
Evaluation reparts issued by IGC Evalustion Service, LLC (ICC-ES). are based upen performanie features of
the Irterrational family of cocks. [Some reports may also reference older codk families sush as the BOCA

Natioral Codes, the Standsrd Codes, and the Uniform Codes.) Secticn 10441 of the lntem atioral Budding Code™
reads 35 follows:

The provisions of this code are nat intended to prevert the iretallation of ary materials or to
prohitit sny design or method of corstruction not specfieally preseribed by this code,
provided that any such altemative has been approved. An altemative material, design or
rethod of construction shall be approved where the bulding officis| finds that the propozed
designis satistactory and complies with the irtent of the provisions of this code, andthat the
material, method o work offered is, for the purpose irterded, at least the equivalert of tat
prescribed inthis cods in quality, strength, effectiveres s fire resistance, durability and ssfety.

This aceeptarne orfteriz has been issued to provide interested parties with guidelines for demaonstrating
compliance with performarne festures of the codes referenced inthe sriteria. The oriteria was devel oped through
3 trarsparert process irwolvirg public hearings of the ICC-ES Evalustion Committee, andior cndine postings
where public commert was solicited

Mew aceeptance eriteria will orly have an “spproved” date, whichis the date the documert was spproved by
the Evaluation Committee. When existing acce ftance criteria are revised, the Evaluation Committes will deride
“whether the revised dosLment shoud Garry only an “approved” dite, or an “spproved” date combined with 3
“ompliance " date. The compliance date is the date by whish relevart evaluation reports must comply with the
requirements of the criteria. Seethe ICC-E$ web site for more information on compliance dates.

ff this oriteria is 3 rewsed edfticn, a solid veical lire [| Jin the margin within the oriteria indicates a changs
from the previous edtion. & dzletion indicstor () is providedin the mangin where any s igrificant wording has
been del sted.

ICC-ES may consicer alterrate oriteria for report approwal. provided the report applisant submits dita
demanstrating that the skerrate criteria are ot least equivalert to the critera set forth inthis dosument, and
otherwise demonstrate compliarce with the performanoe featires of the codes. ICC-E § retairs the right to refuse
to 5508 oF renew any evaluation report, ifthe applicable product, material, or method of construstion is sush that
either unusual care with its installation or use must be ewerised for satisfactory performance. or if
) mialfunctioning is apt to cause injury or Urreascnable damage.
American Concrete II'I. tute
Alwoys advar Acoeptance criteriz a developed for use soiely by OC-ES for pureses of issuing ICC-ES evaliation reparts .

Copyright @ 2016 |CC Evaluaion Service, LLC. Al rights resered

ACl 355.4-19
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EOTA: European Organization for Technical Assessment (b)) 8 Llas) 0, Kheo cl5
EAD : European Technical Assessments

LIST OF RELEVANT EOTADOCUMENTS FOR QUALIFICATION
OF POST-INSTALLED REBAR

= e | EEE
Qualification of post-installed Replacing EOTATR 023 (2006).

EAD 330087 (2018) EOTA reinforcement in Europe under static Design as per MS EN 1992-1-1
loading and fire exposure. (2010) and EN 1992-1-2 (2004).

EAD 331522 Post-installed rebar with mortar under Publication expected 2013. sDt(izic?t:ersc-oggrrtefl-
(endoggfg) draft EOTA seismic action Design as ?SB:‘%? EN 1992-1 Se_rllctle_ral rules and rules for
— : uildings
. . , Replacing ETAG 001, Part 5 (20086).
Qualification of post-installed anchors : .
w Lo [ae EAD 330499 (2017) EOTA . : ; Design according to EN 19924
SR a9l L.al.gr' in Europe under static loading. (2018).
B o cs g0 |
EAD 330499 Design of concrete
. Qualification of post-installed anchors Design according to EN 19924  structures. Design of
S9ds oo yolo S(OER TR LRI () =S in Europe under seismic loading.  (2018) or EOTATR 045 (2013). festenings for use i
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ThE mport & subject to ERewe

Mo st Widely Accepled and Tristed

6.0 EVIDENCE SUBMITTED RETE

AMNCHORS

Data in accordance with the ICC-ES Acceptance Criteria CRETE ANCHORS

for Post-installed Adhesive Anchors in Concrete (AC308),
dated June 2015, which incorporates requirements in
AC| 3554-11, including but not limited to tests under
freezefthaw conditions (Table 3.2, test series 6), and Table
3.8 for evaluating post-installed reinforcing bars.

(S sl o U wgad) 20, Khoo cll5

==
H El

]HST‘:’TUT TECHHKI BUD OWLAHNE J
PL OC-611 WAR S I8 A
ul. Filtrawe 1
tel: (+48 228250471
[+485 X 5257655
fax (+48 I 8255286

swepeaith gl

*

European Technical
Assessment

% Desgraed aoooding o

=9y Lo pmle

B ol A>Ty godhast 13T o2l Sl

X * ¥ Member of

lo Arie 2 e
Reguialon | EU) Mo 3050041
ard member o7 EO TR
(Ercpean O rpandz bon R

* iy, 20t 2.8

* navic semzemeng ¥

* *
X

ETA-13/0455
of 30/08/2018

This European Technical Assessment is

issued in accordance with Regulation (EU)

No 305/2011, on the basis of

EAD 331522-00-0601

AT RECAOERT OF PE SRV OGS TUESIENT SIOLES SEINTHE Oy L0 e

2.0 USES Trade name of the construction product
Adhesive anchors and reinforcing bars installed using L CING BAR Product family to which the construction
the HiltiHIT-HY 200 Adhesive Anchoring System and product belongs
Post-Installed Reinforcing Bar System are used to resist Manufacturer
static, wind and earthquake (Seismic Design Categories A
through F) tension and shear loads in cracked and
uncracked normal-weight concrete having a specified e T
compressive strength, ., of 2500 psi to 8500 psi <)L
(17.2 MPa to 58.6 MPa) [minimum of 24 MPa is required This European Technical Assessment
under ADIBC Appendix L, Section 5.1.1]. - contains

This European Technical Assessment is

{WSSPC) Aword in Bncetience” asubsidary of S issued in accordance with Regulation

JOCRY Bvalugtion Regpowts o it fo 3e coniiied O pepresenting qesthtics ov an otfa atrtinees et grecifcally
addwesied nor are fepio i covptrued as an edosemertt gf 1 sulgect qf the epont o arecomamerdion for i wse.
Thew &5 o warardy fy T Fvalebion Sevice, LIC, exgwess o inpled o5 to o fixding or obfsr matier in 8ok
PRt o a5 b @ pradet covere 33 e repont.

Copyright 8 3019 10 Evaluation Serdce, LLC. All ights reserved.

(EU) Mo 305/2011, on the basis of

@ This version replaces

R-KEX-I

Bonded anchaor with threaded rod, rod with
innet thread and rebar for use in concrete

RaLPLUG 54
ul. Kwidzyriska B
51-416 Wrockaw
Paland

Manufacturing Plant no. 3

40 pages including 3 Annexes which form an
integral part of this Assessment

European  Assessment  Document  EAD
330499-00-0601 "Bonded fagteners for use in
concrete”

—

]

ETA1310454 issued on 26/062013
ETA-1310455 issued on 26/08/2013
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US anchor qualification is equivalent tothe European
Seismic Category Cl testing

« The US testing program was developed ~5 years ago and itdenoted
the best knowledge at the time. EU regulation takes this as the 1st level

Pulsating tension tests (PT) Alternating sheartests (AS)

Q

‘[T E(——)a

[ o 1

Mote: for static approval crack width 0.3mm

Aw=0.5mm
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Only ETA C2 seismic qualification attends to all the
influencing variables acting on theanchors

« Only a selected number of anchors can qualify for seismic. Can’tbhe
assumed that in general cracked concrete approved anchors will pass

Pulsating tension tests Altemating shear tests Open/closing crackwidth
A
'J &=
1 &
\ &
2,
{ { (!
i i i

m il t;:{i t}z{i
| S & C2 & C2

Awi = 0.5mm Awi = 0.5mm ;0.8mm Awi =0 —=0.8mm
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BUILDING CODE REQUIREMENTS FOR STRUCTURAL CONCRETE (ACI 318-14) AND COMMENTARY (ACI 318R-14)

17.8.2.1 For adhesive anchors, the construction docu-
ments shall specify proof loading where required in accor-
dance with ACI 355.4. The construction documents shall
also specify all parameters associated with the character-
istic bond stress used for the design according to 17.4.5,
including minimum age of concrete; concrete temperature
range; moisture condition of concrete at time of installation;

type of lightweight concrete, if applicable; and requirements
for hole drilling and preparation.

R17.8.2.1 Due to the sensitivity of bond strength to mnstal-
lation, on-site quality confrol 1s important for adhesive
anchors. Where appropriate, a proof loading program should
be specified in the construction documents. For adhesive
anchors, the construction documents must also provide all
parameters relevant to the characteristic bond stress used

in the design. These parameters may include, but are not
limited to:

(a) Acceptable anchor installation environment (dry or
saturated concrete; concrete temperature range)

(b) Acceptable drilling methods

(c) Required hole cleaning procedures

(d) Anchor type and size range (threaded rod or reinforcing bar)
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Product name HIT-HY 200-R GU-100 360ML

Adhesive mortar anchoring chemical fixings

PUTPEIN
-

Product code BU Anchor
SECTION 2: General information :
Storage Storage temperature : 5 - 25 °C : ’ = - 2

The shelf life for new and unused GU-100 Polyester chemical anchor is 12 months from manufacture date. For the other series the
shelf life can up to 18 months. We suggest to store the chemical anchors between 15-25°C degrees and avoid direct sunlight.
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Installation:

= Dry orwet concrete (use category [1).
= Flooded holes (use category 12).

= |nstallation direction D3 {(downward and horizontal and upwards installation).

=  The anchors are suitable for hammer drilled holes or diamond core drilled holes.

Threaded
Rod or Steel
Reinforcing
Bars

I m

LALAAAA A

Cracked or
Un-cracked
Concrete

p CCC—

Carbide Drill Bit

(Flooded or) |

»

S

Dry Concrete (d)

»

g

Water Saturated (ws)
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Carbide Bit or
Hilti Hollow Carbide Bit or
Diamond Core Bit + Roughening Tool
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TABLE 14—BOND STRENGTH DESIGN INFORMATION FOR METRIC REINFORCING BAR
IN HOLES DRILLED WITH A HAMMER DRILL AND CARBIDE BIT "2

) Rebar Size
DESIGN INFORMATION Symbol | Units 10 12 16 20 25 28 32
mm 60 70 80 a0 100 112 128
Minimum Embedment Depth hes min

(in) | (2.36) | (2.76) | (3.15) | (3.54) | (3.94) | (4.41) | (5.04)
mm | 200 | 240 320 | 400 500 560 640

Maximum Embedment Depth Pet max
' (in.) | (7.87) | (9.45) | (12.60) | (15.75) | (19.69) | (22.05) | (25.20)
= Masimum Short T With Sustained N/mm2| 7.2 7.2 7.3 7.3 74 7.4 7.4
g O ture = 160°F (79° Loads* si) | (1,045) | (1,045) | (1,055) | (1,055) | (1,065) | (1,065) | (1,080
S 2 |Temperature = 162°F (72°C), (psi) | (1,045) | (1, (1,055) | (1,055) | (1,085) | (1,065) | (1,080)
25 Temh;::;mfén:L?S&IiH;C}ﬂ Short Term N/mm2| 9.0 9.0 9.1 9.1 9.2 9.2 9.3
ES Loads only*® (psi) | (1,305) | (1,305) | (1,320) | (1,320) | (1,335) | (1,335) | (1,350)
'I'-'k.c!
g8 o With Sustainedl  |N/mm?| 55 5.5 5.6 5.6 5.6 5.6 5.7

TABLE 16—BOND STRENGTH DESIGN INFORMATION FOR METRIC REINFORCING BAR
IN HOLES DRILLED WITH A HAMMER DRILL AND HOLLOW DRILL BIT 2

i Rebar Size
DESIGN INFORMATION Symbol | Units 10 12 16 20 25 28
mm 60 70 80 90 100 112
Minimum Embedment Depth het min .
(in) | (236) | (276) | (3.15) | (3.54) | (3.94) | (4.41)
mm 200 240 320 400 500 560
Maximum Embedment Depth et max
(in) | (7.87) | (945) | (12.60) | (15.75) | (19.69) | (22.05)
£ \With Sustained N/mm? 50 5.1 5.4 58 6.1 6.3
o Maximum Short Term Loads? )
@ % Temperature = 162°F (?200)' (DSI} (720} (745) (790) (835) (880) (91 5)
&5 Maximum Long Term N/mm2| 6.2 6.4 6.8 7.2 76 7.9
T £ [Temperature = 109°F (43°C)y| Short Term
go Loads only® (psi) | (900) (930) (985) | (1,045) | (1,100) | (1,145)
° D Thor
B - ; N/mm? 3.8 3.9 41 4.4 4.6 4.8
-.a‘ﬂ -5 Maximum Short Term Wlth. Sus".ta,.me':l mm
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EU Rebar
gd,:mu S by o] EUROFEAN REBAR
3 12 60...480 AR W . .
10 14 §0...600 @d [mm] @dy [mm] gy e [rrim]
12 16 70..720 | | 60..
14 18 75...840 12 1E | 11':' | m...?“u
I8 al sl ] 14 12 | 125 | 75280
18 2 85...1080 = 5 | = | =
20 2% 90..1200
2 28 051320 20 | 25 | 170 | 90..400
2% 32 96...1440 25 a2 | 210 | 100...500
2 2 100...1500 28 35 | 270 | 112..560
26 35 104...1560 32 | 40 | 300 | 128.. 640
28 35 112...1680
20 37 120...1800
2 40 128...1920
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Table B3: Installation data - rebar
Size o8 210 | @12 | @14 | @16 | @20 | @25 | @32
MNominal drilling
diameter dp [mm] 12 14 18 18 22 26 32 40
het,min [Mim] 60 70 80 80 100 120 140 165
Effective
embedment depth
hef,max [mm)] 160 200 240 280 320 400 500 640

E;zth of the drilling ho [mm] har + 5 mm
Minimum thickness .
of the concrete slab hroin (] her + 30 mm; 2 100 mm her + 2ds
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QUALIFICATION OF POST-INSTALLED ADHESIVE ANCHORS IN CONCRETE (ACI 355.4M-11) AND COMMENTARY (‘)-U 4,-’)‘6-0) .J).ib.o cSl

Eq.
Eq.

load cell
4 2P0 slpnd A

center hole actuator
load cell . v “

CQup[er (OJ)’W ‘-r)’ =78 W) )}AMO)
fing support center hole actuator
5 coupler

average

/ ring support
Q) LVDT ea. side
/, average

«—LVDT ea.
side
A

loading
plate

concrete

il q;]ll 10O AR O AT

/ concrete

L =d,

friction-
reducing
sheet

o I TR

steel pipe to
prevent

splitting ——
where small
specimens

are used

anchor

1.5d, - 2.0d,

AT T T T LT A LA LA AR Y
_..-‘.............._.
—y
/
AA A LA LA AR AEAT LSRR SR AR
)
]

¥ anchor maximum bond length

(no torque achievable with high
permitted) strength steel rod
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Fig. 4. 5—Example of confined tension fest setup for adhesive
anchors.
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R6.1.2 The use of coifined tests is based on two 10.4.5.1 Calculate the corresponding bond stress T; for
considerations: each service-condition tension test (Table 3.1, Tests 7a and 7b;
1. Confined tests measure the bond stremgth of the Table 3.2, Tests 11a through 11d; and Table 3.3, Tests 8a and

anchorage as opposed to the concrele capacity associaled
with concrete failure modes such as concrete come
breakout. As such, they are suitable to assess the effects
of femperature variation, subopfimal hole cleaning,

8b) in concrete test member i or concrete batch i, normalized
to concrete strength equal to 17 MPa using Eq. (10-11).

mixing effort, sustained load, installation direction, N i f,
femperature variations, and environmental exposure 1, = {xsgtupm (10-11)
on anchor performance. a'tef

2. Confined tests do not generale large spall cones, and as

such serve to reduce the volume of concrete required where
Jor the test program. Nyi 5 = peak tension load measured in a tension test
10.4.5 Bond stress conducted in test series i or concrete batch i,
R10.4.5 The calculation of bond stress, made on the basis normalized to concrete strength . = 17 MPa,
of the uniform bond stress mode, is assumed essentially N: and
independent of concrete strength within the concrete : : o
Streifg;.th mngefaddressed by Aé 318M, Appendix D. An Yserup = Hif service-condition te.’StS are Perform?q 4
adjustment is made for values determined through confined unconfined tests, 0.75 if service-condition
festing, which generally increases the measured peak load tests are performed as confined tests, and
over that measured in unconfined testing because confined 0.70 if service-condition tests in cracked
testing restrains splitting cracks and provides for a triaxial concrete are performed as confined tests.

stress state under the bearing plate.
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HIT-HY 200 + Rebar 25mm no supplemental splitting reinforcement present

et act = 500 mm (heg e = - mm)  cracked concrete, C35/45
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3.1 Steel Strength

N.. =ESRvalue referto ICC-ES ESR-3187
d N,z Ny, AC| 318-14 Table 17.3.1 .1
Vari
ASE,N [mm2] futa [N-"mmz]
491 550.00

Calculations

N., [kN] N,, = 491 x 550 = 270 kN

270.000
Results

N, [kN] e\ —— o Noo [KN] Ny [KN]
270.000 0.650 1.000 175.500 100.000

v
Sl gl &5 BAS Caglie elS u,o
wt—*w@ Vo Conw A )Q) ] 00 uo)B QJS Sy
(ol 00 o5 = YO iy S5 ansSis L

Hlee S Y98 Caaglie

ON,, = 270 X 0.65 = 175 kN
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3.3 Concrete Breakout Strength

Anc
Nc:bg A )WecNWedNWcNchNNh
¢' Nchg 2 Nua
Ay, see ACI 318-14, Section 174.2.1, Fig. R 17.4.21(b)
Avo =9 hg

WEEN 2EN)510
(1 *3h,,

l-':a,rnin
Wean =07+03 (3 5hef) <1.0

wen = MAX(Z3mn L 5hef) <1.0

EIC

N, =kcﬁua\’:hef — 7 x 1 X35 x 50015 = 463 kn

Variables
het [mm] €c n [mm] €z [mm] Ca min [MM] WYen
500 0 0 o0 1.000
Calculations
ANC [me] ANcﬂ [mm2] Wecl N We2 N Wed N Yy cp,M Nb [kN]
3,062,500 2,250,000 1.000 1.000 1.000 1.000 470.559
Results
Ncbg [kN] ¢' concrete ¢' seistmic ¢' nonductile ¢' Ncbg [kN] Nua [kN]

640483 0.650 0.750 1.000 312.236 100.000
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Ca &  1.5hg

| O by e (KiFeaS Casglie —o
1.5hes
L |15k
1.5k
52 E
Cap
{ {
1.5hgs 1.5h,
Nc = (2 * 750 + 250)%= 3062500 mm? ANco = 9h,;* = 9(500)2 = 2250000 mm?
Ayc 3062500
Anco 2250000
ANE
Neog )wecwedwcwcpwh ) |36 x 47059 ~ 640 Kn
312
640 X 0.65 x 0.75 ~ 312 Kn mm) ———— = (451

4X175



Alireza Faroughi =98 Lo, e
Assistant Professor of IAU. East Tehran Branch B oyt Aoy oSl S13T oSS 4bSliw!
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3.2 Bond Strength

A
Nag = ( Na) Wt Na Wee2Na WedNa ch,Na Nba
ANaEI

¢' Nag 2 Nua
A,. =seeACl318-14, Section 17.45.1, Fig. R 17.4.5.1(b)

Anan =(2 CNa)2

_— T Uncr
¢y, =10d, 1700
1
l-pEl:,Na= 1 +E_N 510
Cria

Weana =07 +03 (Z200) <1,

wmm-MM(amﬂJ9<1o

ac

Nha =Aha T koo O geis " T ° da ) hef u,..,.;Le)\ U'“’L""‘)'f °°)955 9 00)9} JJ; T L;qu 6"?(*""’ ).iJL’o'..o
Reinforcing bar size
DESIGN INFORMATION Symbol | Units
10 12 14 16 20 25 28 32
. mm 60 70 75 80 a0 100 112 128
Minimum Embedment Botmin (in) (2.4) (2.8) (3.0) (3.1) (3.5) (3.9) (4.4) (5.0)
Maximum Embadment N mm 200 240 280 320 400 500 560 640
= (in) (7.9) (9.4) (11.0) (12.6) (15.7) (19.7) (22.0) (25.2)
“o | Charactenstic bond. MPa 7.4 75 7.5 75 75 5.8 5.8 59 |
3% strength in cracked Ther _ |
By [concrete (psiy | (1.075) | (1,080) | (1,085 | (1,000) | (1,095) (840) (B45) (850) |y
e & | Characteristic bond MPa 10.8 10.8 10.8 108 10.8 10.8 10.8 108 |
S € | strengthin Thuncr . I
~'= - L uncrackedconcreta o = = — o JRSIL L 0560 _|_(L560L L 0360 | _(L50) L 0560 | (L560)L L (1.560) | (L5E0L
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increased by a factor of (f /2,500)°' [For SI; (. /17.2)" ") 10.8 « ( 3 )70.1 ]

Variables 17.2
T k.cuner [ijmz] da [mm] hef [mm] €4 rmin [mm] Gloverhead Tke [N"mmzl
11.59 25 500 o 1.000 6.23
=Y M [mm] ec:?,N [mm] Cac [mm] A a Oy seis
0 0 812 1.000 0.850
Calculations l
Cpia [MmM] Ay, [mm?] Anza [mm’] WedNa - :
308 748 878 378,689 1.000 aS gl oy, Cangliae rals |l il
Y o Ma WeclNa WCp,Na Nba [kN] wp 6‘)-’ Ls‘u J)‘ )Q
1.000 1.000 1.000 207.811 (o= SO o] Sg>
Resplts ‘
Nag [kN] ¢' bond ¢' seismic ¢' nonductile ¢' Nag [kN] Nua [kN] \
410.956 0.650 0.750 1.000 200.341 100.000
Lg wLuuo g:uogLO.«o Mls w).«o o)JJ uAjLQA U&Lf w)..o ]
SLal gk, g Y-VA- Joaz || T-V-A-VA-2 ot gillae (4 5.8*(35/17.2)70.1

Cyg = 10d,

11.59

——— =12.35 %X 25 =308 mm

7.6

wli8l azgi b 00,950 Sy g 00,05 S 5T polas
el aBL iol58l AVY s YO) (po Cnglio
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O (Soeigey Seaslie —g

E ‘. cuncme I'PSIJ l|-|'.|ﬂ'u|’ Illl'.lﬂd.r l.-l'.lﬂ-nJ.r ‘ RS ¥ R 1. II.I"I.I-nJ.I l|l r |.r|| I|I [ -|.i|I L) I.l‘lJII
3 E ﬁhafﬂmﬂ?ﬁstiﬂ bond MPa 9.9 9.9 9.9 9.9 9.9 9.9 9.9 ag
stren in EJa—
.E uneracked concrate " {PE” “."1-35} “.435] “.435]‘ ”.435} :1.435} “."1-35} {1.435 E-I:II_,‘- L. \-J:‘-I,_". A 'b_‘ad - e .'_.h'g
© g"ﬂﬁ;:"-‘,ﬁﬂi'-‘ hﬁ:ﬂ MPa 5.8 59 59 59 59 46 4.6
rs rength in crac Ther ) . | w2 - .
E E concrete {psi) (843) (850) (850) {B33) (BEO) (660} (665) l..J'lll ‘]f."' LoiS Bl "JI—"'
8 c | Charactenistic bond MPa B85 8.5 8.5 8.5 8.5 8.5 85 ) ,
e strength in T s _ J:J:g- 3= _."E':'_‘l"-" J;’b i et
= uncracked concrete {psi) {1,230y | (1.,230) | (1,230) | 1,230y | (1,2300 | (1,230) | {1,230]
< c:?t.:mr i @ T-VA-4 o o Jlesl T-1A-R
g | O ooncrete aid Lel sl o b ze allFlos 3
._E; 5 #a - 0.55 T
22 Anchor @ 4 o) 10 oml e S L ]
&o Category -
Viater saturated - .

E concrete e dulll (oS0 tals
o fus - 0.55 L . "

Hammer dnlled o LR _JLQ“" s Hlas s

Gons=— .
£ aty - 0.80 0.85 080 e Jlasl V-VAR Jeas L
& = - = 2
1]
2 Core drlled + L o 4 b A
,—E.. _ roughening AR i A e S
&g — i i - M 0.71 0.77 0.88 0.78 :
38 g " FAAA Jais mals o &
el | Soe e

n FA o .
ForSI: 1inch = 254 mm. 1 1bf = 4 448 N, 1 psi = 0.006897 MPa. ] 00 08 - A

For pound-inch wnits: 1mm = 0.03937 inches, 1M = 0.224816f, 1 MPa = 145.0 psi
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a = (2 =308 + 250)?= 749956 mm?

Ana 749956
-~ = 1.97
Anao 379456

1.97 x 207.8 = 410 Kn

410 x 0.65 x 0.75 = 200 Kn

ANa Apao e Ee - -
[ _ — O (Swg Ceglie —z
~
Ca
- | CNa
7]
- S
= Cna CpNa
| ] _|
Cpna 84 Ca CNa Cpz
£ Plan view
Plan view

Apao= (ZcNa)2

ANao = 2Cy,> = (2 * 308)%2= 379456 mm?

200.341
=~ (0.3

4X175
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