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SUMMARY:

This paper described strength and ductility of tensile strengfPost-installed adhesive injection anchoring
system based on two experiments, that is single anchors and a ganghofs. And a conclusion regarding
relationships between ultimate strength of tensile and displategmeeformance as they relate to the various
failure modes were provided. As expected it was found that steddamutifailure provides improved ductility
when compared to concrete breakout failure mode. Second, predictiv@es|eatculating ultimate capacity of
single and group post-installed anchoring systems by Japanese standardydigieline were compared with
experimental values of the same condition. We proposed a new predigtisdon based on Japanese seismic
retrofitting guideline. Finally comparisons between a Japanese slagdaeline, Europe and US in tensile
design strength were shown in the same conditions of the above experiments. We provides! iprsiialata.
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1. INTRODUCTION

Post-installed adhesive anchoring systems are used in impaitastamong structure members on
seismic retrofitting and renewal applications today. It alsoeds®s that needs implement seismic
retrofitting and renewal with living in buildingS. Especially many cases make seismic retrofitting
using post-installed anchors in joints between existing structure merabd reinforcing elements
exist!?. Sheer loads act in the joints mainly in these cases. Ithia@ are many seismic retrofitting
systems in Japan. Side wall retrofitting systems are also ometbbds implement it with living in
buildings B*I®! positions acted tensile loads in the joints in this systen. éfscourse ultimate
strength equations in tensile and sheer are specified in Japtaredard design guideline of seismic
retrofitting. However post-installed anchors in joints are desigseshaer loads acting in seismic
retrofitting basically. Therefore only a few reports regarding streagtl ductility of tensile in single
and group adhesive anchoring systems éXist Japan. Additionally few reports in comparing and
analysing between Japanese design equations and EU & US equatiodsgepeadictive failure
load and tensile design strength exist. In the near future globalizatt@mberates more and more in
Japanese construction industry so that universal design method in Asiabeer the world may be
established in post-installed anchors. Hence we implement expesinmensingle and group
post-installed adhesive anchoring systems. And we propose a new peedipiiation of failure and
ultimate tensile strength after comparing a Japanese atohitealtimate equatiort” (below
‘JBDPA’) to experimental values. Additionally we compare Japagasseline to EU design (below
‘ETAG") and US design (below ‘ACI’) in several tensile desigresgths and provide basic data in
post-installed adhesive anchoring systems based on globalization of Japan and Asia.



2. TENSILE STRENGTH EQUATIONS IN JBDPA

Tensile strength design equations in a single anchor are defined int dapanese seismic retrofitting
design guideline, ‘JBDAP’ as the following below;
(Note: 'JBDAP’ = Japan Building Disaster Prevention Association)

Tazmin [TaL Tag, Tagj (21)
Ta= Oy* & (22)
T2=0.23-/ (o8) * Ac (A= " l(le+dy) (2.3)
Taa=Ta'n*0atle  (1a=10+V (og /21)) (2.4)

(Taz Tensile strength in steel failyrd 5 Tensile strength in concrete corn failurg,; : Tensile strength in bond
failure, oy : Yield tensile strength in rebar (N/Mijm & : Nominal area in rebar (mfiy og: Concrete compressive
strength (N/mn?), A. Effective area projected of a single anchor in concreteréa(mnf), | Effective

embedment depth (mm), ,:Diameter in rebar (mmY,: Bond strength (N/mA), o5 (Range of concrete design
strength):15-36(N/mA))

From the above equations when D19 (SD345) as a deformed rebar and 15)(Minwoncrete
strength are assumed, the following three categories are grougedledaw (a)-(c) in Figure 1, that
is (a): the range of concrete cone failure mode, (b): the ranigenaf failure mode, (c) the range of
steel failure mode. Therefore we refer to ductility of a singtehor in tensile strength with
experimental data in these three failure modes.
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Figure 1.Categories area in each failure mode in tensile strength formula
3. BRIEF IN EXPERIMENT OF SINGLE ANCHORS, RESULT AND DISCUSSI ON
3.1. Brief Summary Experiment

This experiment in a single anchor of adhesive is implementéehaie in reference to a standard
testing method in post-installed anchors described by JCAA (Japanu@tinstrAnchor Association).

A concrete block with no reinforcing rebar, the 2000mm-by-3000mm-400mm higheds Tike
positions in installed anchors are decided with no influence of anchdngmaw edge distance to
install in the concrete. And silent diamond core drill systéfA*®! by hands is used considering to
retrofitting with living in buildings when under holes are drilled. Admislly injection adhesive
anchors of cartridge typé€?™! in high performance epoxy resin are used. Deformed rebar of D19
(SD345, SD295A) are used. Material test results in tensile ofrdefl rebar are shown in Table 3.1.
Loading devices in tensile experiments is shown by Figure 2. Fordeodsetidopt Monotonous
loading. Displacement is measured as movement distances from the surfaceei&conc



Table 3.1.Results of material tests in rebar anchors

Yield strength Tensile strength Tensile strain
(MPa) (MPa) (%)
D19 (SD295A) 366 534 26
D19 (SD345) 406 603 22
Direction of loaded force
Spherical support
%’ Load cell
: Jack of oil pressure Asteelboard -
A steel board to hold up to hold “fp A JG - _'"_'-3.' &y
/ reactive forces reactive forces|! / I@—G
ful f .f I 0 ¢ F (D19X7da: 276mm
l |J|g JL (b @) D19X 10da 390mm
Yoot A= - Connector __\_‘p—v > s |
'| = Y || Connector (® - ST ®
m]f&@#‘f& W +Jig

E\ | DG1, DG2: Electrical displacement gauge
Rebar ancho  400mm

| 5= (DG1+DG2) /2

07 4

Figure 2. Loading devices in tensile experiments

Base material (Concrete)

Table 3.2.Results of experiments in single anchors

Spec- Concrete Embedment Effective | Maximum | Displace- di?\llgtr:zgrfent
im%ns’ Failure real Standard depth () embedment tensile ment (Pu) - eE’:lCh failure
numbers mode strength | inrebar depth () l0ad(Rnay) | (Pmax0.8) mode
(MPa) (mm) (mm) (KN) (mm) (mm)
(1) 150.5 224
(2) Steel 16.5 SD295A (113(?&) (iL(?Cci),) 152.9 21.4 21.7
(3) 153.1 21.5
(4) 128.7 6.1
()| “%on©| 165 | spass| 53 Gy 1175 4.3 5.1
(6) 123.2 5.0
(7) 133 133 152.4 19.0
(8) Bond 35.5 SD295A (7dy) (7dy) 144.3 15.0 16.7
(9) 190(10d) | 190(10d) 138.4 16.3

3.2. Result of Experiment

Anchors in detailed used in the experiments, tensile strength inmmaxiload and average
displacements are shown as Table 3.2. Load displacement curveshimredor in a number of
specimens are shown as Figure.3. Results in the categories irasgedral failure modes of Figure.1.
are shown. D19 in all anchors are used. Actual tested concreteessmprstrengths are written as
concrete real strength in Table 3.2. The concrete strengths in tharasrial are 16.5(MPa) and
35.5(MPa). SD295A and SD345 as the standard of anchor rebar are used. Emlukghitentare
190mm (10¢) and 133mm (79 (Effective embedment depth: 190mm ()0and 133mm (7g). In
each numbers of specimens maximum tensile loags)(®N), displacement§“**12¢! gre shown.
Average displacements in several failure modes are also shangdlisplacements in J2,.*0.8" are
used in these experiments as them in ultimate strengths. Ancha fahae soon after a tensile load
exceeds a maximum tensile load.{P in the rebar failure mode. Therefore the displacements in
maximum tensile loads are described in a rebar failure mode.
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Figure 3. Load displacement curve
Figure 4. Average displacement

3.3. Discussion

No difference among failure modes are shown by about 100 kN in a tenairoh the load and
displacementcurve of Figure 3. After exceeding 100 kN clear differences amongasefadure
modes are able to be realized to achieving the maximum teaaile Especially large differences
among failure modes are shown in the average displacements o#dahrhodes as references of
Table.3.2. and Figure 4. A concrete corn failure mode is most brittlparech to steel and bond
failure modes in looking at Figure 3. and Figure 4. Additionally the deftoom performance in steel
failure mode is about 3.7 times larger than it in a concrete daihode. Similarly the deformation
performance in bond failure mode is also about 2.7 times larger than it in a coritretarfade.

4. BRIEF IN EXPERIMENT OF GROUP ANCHOR, RESULT AND DISCUSSION

4.1. Brief Summary Experiment
This experiment images joints between existing foundation beam andsidewwalls using
post-installed adhesive injection anchors as a kind of seismafitteéig systems, that is side wall
seismic retrofitting systefl with living in buildings. That is to say, it is an actual-size experit of
tensile post-installed adhesive anchoring systems in group. A spedimaetailed, dimensional
drawing and pictures are shown in a Figure 6., a Figure 7., a Figure & Faguare 9. The experiment
is one specimen. There are four rebar anchors (D19 (SD345)) in grobpdBE@nt depth is 228mm
(12d,) (effective embedment depth : 1Rd-orce application devise in antisymmetric type is used and
horizontal direction is kept by pantograph. Therefore horizontal loads aewné zdro in any times for
four group anchors. And tensile loads are acted in the four group anchomsicosly by the ultimate
load after tensile loads and compressive loatdg8.4kN, =156.8kN *+=235.2kN are acted in them.
Positions installed post-installed anchors in a foundation beam are sisoavFigure 5. and Figure 6.
(Anchor spacing : 200mm, edge distance : 120mm, 180mm). Hammer drillseatdo install rebar
anchors. And injection adhesive anchors of cartridge #{& in high performance epoxy resin are
used. Tensile strengths of rebar anchors in Table 4.1. are usled same as Table 3.1. although
material tests are not implemented. The concrete strength in the basalnisa2&i0(MPa).

Table 4.1.Results of material tests in rebar anchors

Yield strength Tensile strength Tensile strain
(MPa) (MPa) (%)
D19 (SD345) 406 603 22
120m
0 O @ @ @

lBOmnd: D19§

So0mm~ 200t 00N 200mn < 300mit
Figure 5. Layout plan view of group anchors
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4.2. Result of Experiment

Anchors in detailed, tensile strength in a maximum load and faiade are shown as a figure 4.2.
Failure behaviour pictures in maximum and ultimate load are showigae 10. and Figure 11. The
specimen is no changes by tensile and compressive tbda8,4kN, *£=156.8kN £235.2kN. In the
process from 235.2kN to 359.6kN cracks in concrete surface around groupamthaimong anchor
spacings proceed and suddenly brittle failure in concrete corn of four gnoiyors arise extremely
in maximum tensile load (448.8kN). After that the tensile load dezsedimmatically. Additionally
all rebar anchors of D19 do not yield in maximum and ultimate load.

Table 4.2.Results of experiments in group anchors

Spec- Concrete | Concrete Embedment Effective Maximum
imens’ Failure design real Standard depth (1) embedment dept tensile
numbers mode strength | strength in rebar P (o) load(Ryay)
(MPa) (MPa) (mm) (mm) (KN)
228 228
(20) Concrete 15.0 25.0 SD345 (12d) (12d) 448.8

” L CE Y
Figure 10. Pictures of post-installed anchors in ultimate state

4.3. Discussion

Maximum tensile strength 112.2kN (= 448.8kN / 4) in one rebar anchor of the gtpepnegent is
smaller than the result of a single anchor, looking at Table 3.2, althbagéffective embedment
depth, 228mm(12lis larger than a single anchor (Table 3.2) and reinforced mairsrabdrstirrups
in foundation beam exist in the group experiment. Considering the resujp@irments both single
and group, it is recognised that decreasing in tensile strengthdtedff@gnificantly by anchor spaces
and edge distances. In group anchors concrete failure mode is muehfaititte as the same results
of single anchors.



5. PROPOSE PREDICTIVE TENSILE FAILURE STRENGTH EQUATION IN JBDPA

5.1. Comparison JBDPA Ultimate Strength to Experimental Values

We compare calculations’ values in JBDPA ultimate tensiength to experimental values using the

same conditions of single and group anchors in a chapter 3., a chapter #uaneamsile strengths in
rebar anchors ( ) in materials instead of, in (2.2) formula, actual concrete strengthsg() in

materials in (2.3) formula and actual test bond strengthg on the same conditions in reference to
the literature [18] in (2.4) are used in these calculations. Thétseof calculations are shown as a
figure 5.1. The results in conditiod and @ on failure modes are different from the results in
single anchors’ experiments, usiog, og:, T. Considering this reason, JBDPA concrete failure

equations tend to be calculated much lower than the actual valuesfofén@ve propose ay; factor’
(usinga;=1.5 in these calculations). Thefactor is multiplied by formula (2.2). Using the factor in

concrete ultimate strength calculations’ values and failure modBDxPA, ultimate tensile strengths

conform to experimental values and failure modes totally.

Table 5.1.Comparison between JBDPA calculating formula and experimental values

Single anchor® Single anchor® Single anchor® Group of 4 anchors
Table 3.2.(1)(2)(3) | Table 3.2.(3)(4)(5) Table 3.2.(6)(7) Table 4.2.(10)
Le (mm) 190(109 133(7d) 133(7q) 228(12d)
Concrete real strengthy g,
(MPa) 16.5 16.5 35.5 25.0
Tens"i Str?&%g)'” rebar  £34 (sp29sA) 603 (SD345) 534 (SD295A 603 (SD345
ut
Bond strength in tests
T (MPa) 16 16 16 19
Ta1, (Steel)(kN) 153 173 153 691
Taou(Concrete)(kN) 116 59 87 276
Tasu(Bond)(kN) 181 127 127 1,034
Tauin formula (KN) 116 59 87 276
Failure mode in formulg Concrete Concrete Concrete Concrete
Prax (KN): Tensile load in 152.1 123.1 148.3 448.8
experiments ) ) ) ’
P, (kN): Ultimate tensile
load 121.7 98.5 118.6 359.0
ngax *0.8) :
Failure _mode N Steel Concrete Bond Concrete
experiments
T 2w (Concrete)(kN)
Taow =Tazu™ @1 175 89 130 414
(a 1=1.5)
Taw = Min
153 89 127 414
[_Talw Ta2u’, Ta3u]
Fel [ele i ey Steel Concrete Bond Concrete
formula
5.2. Propose Predictive Failure Strength Values @}, ) based on JBDPA
Tapu:min [Talpu Ta2pu Ta3pLJ (5-1)
Talpu: Cut * Ao (52)
Ta2pu: aq°0.23- x/—(GBt) A (A= l(letd)) (a1=1.5) (5.3)
Ta3pu: Bretw m g le (81=1.0) (5.4)

(0w : Actual ultimate strength in material tensile tests(NAnmog;: Actual concrete strength in material
tests(N/mrf), 1, : Bond strength in tests(N/nf)f®, «, : Adjustment factar $; : Environmental influence

factor in bond strength)



We propose predictive failure strength valueg,fTequations (5.1)-(5.4) based on JBDPA ultimate
failure strength equations compared to experimental values in chaptBasidally they are the same
structure as JBDPA equations. In the proposgl)T(cw) instead of §,), o, and ¢,) instead of <)

are used in the calculations. And in the new equation adjustrnatat fa ;) is also multiplied ¢
1=1.5 is used in this verification). Additionally we also proposes @) (factor (3 ,=1.0 is used in this
verification.). Looking at reference to Table 5. and literature,[1#jen ¢,) is calculated in
considering of predictive failure strength values, ultimate bond shengtange depends on the
installation devices, environmental conditions, humidity and temperature ioasddand clean-up
conditions in borehole. Regarding a definition ia,§ and (3 ;) factors accumulation of many data
and many analyses have to be done. We’d like to keep examine the problems.

6. COMPARISON TO DESIGN TENSILE STRENGTH IN VERIOUS DESIGN GU IDELINE

Various tensile design strength equations in post-installed adhesheriagcsystems are proposed in
Japan and the world. We compare and calculate between Japaneseiteostposture design
guideline™™® (blow AlJ) in tensile, ETAG™® (Guideline for European Technical Approval) and ACI
CODE™™ ! (American Concrete Institute Building Code). The conditions in calonkare the same
as Table 5.@® and four group anchors. The conditions in detailed are shown as the below.

Table 6.1.Conditions in calculating of each pattern

Single anchor® Single anchor® Single anchor® G;?]léﬁoorgd'
Le (mm) 190(10g 133(7d) 133(7d) 228(124)
Diameter in drill bit (mm) 25 25 25 25
Concrete (design) strength g, 16.5 165 35.5 15
(MPa) (Non-cracked)
Tensile standard strength i o5 oo 958 345(SD345) 295(SD295A 345(SD345
rebar o, (MPa)
Thickness in base material 400 400 400 550
(mm)
Installation equipment Core drill Core drill Core drill Hammer drill
Concrete temperatureqC) 25 25 25 25
Anchor spacing — — — Figure 5.
Edge distance — — — Figure 5.

6.1. Tensile Design Strength in AlJ Guideline (Allowable Stress for Teporary Loading)

pa=min [pala pas] (61)
Pa1=N * @1 * Opa * s (62)
Pas=N " 03 ° Ta* T * Oa* lce (6.3)
Ta=01 * 02 * 03 * Thavg (6.4)
0, =0.5(G,/ 1) +0.5 (6.5)
(incase (71 =1.0, (¢, 16)=1.0)
(in cased=10d, [~10d,)
Toavg =7y (Fo/21) (6.6)
lee= le-2ch (6.7)

(paz:Steel failure, yield strength mode in short term(kNbs:Bond failure mode in short term(kN))



6.2. ETAG,/EOTA Design Method (TR 029)

Nr=minl Nrd @1, Nrgd @20 Nrce/P3z  Nexsd Pa) (6.8)
Nris=n * As * fu 9b
NRk,p: NORkyp ‘ (AP,N/AOp,N) : IIrS,Np ‘ IIrg,Np ‘ mec,Np' 1Irre,Np (610)
NORk,p: oo de e TRk (6.11)
NRrk = NORk,c ‘ (Ac,N/AOC,N) *Usn: Tren® Teen (6.12)
Nk =K * v (Fokoubg * Mer® (6.13)
NRk,sp: NORk,c' (AC,N/AOC,N) -y s,N° £y re,N° qrec,N' 11Ih,sp (6'14)

(Partial safety factors; ¢ 1:11.4, ¢2:2.1, ¢32.1, ¢42.1)
(Nrks Characteristic tensile strength in steel failurg, NCharacteristic tensile strength in Concrete corn and
pull-out fauilure mode, P Characteristic tensile strength in concrete corn failure madg s
Characteristic tensile strength in splitting failure mode)

6.3. ACI318 Adhesive Anchor Design Method (ICC-ES)

N?kzmin[ ¢s' Nsa ¢c- Ncbga Gar Nag ) (615)
Na=n * Asen futa 6:(6)
Ncbg:(ANc/ANcO) : 1Irec,N ° 1Ired,N ° qrc,N ° qrrp,N * Np (617)
Nb:kc,uncr' \/—(f, c) ° hyefl'5 (618)
Nag:(ANa/ANaO) ° qred,Na' mg,Na' mec,Na' 1‘Irp,Na * Nao (619)
Na(): T kuncr® 7T ° d * hef (620)

(Partial safety factors; ¢ 0.7, ¢ 0.65, ¢ 40.65(Drill bit), ¢ ,¢0.55(Core drill))

(Nsa: Tensile design strength in steel failure molg,q: Tensile design strength in concrete break-out failure
Nag: Tensile design strength in pull-out failure mode)

6.4. Result and Discussion
The results of calculations are shown as Table 6.4. As a redeesperimental values in Table 5.1.,
maximum tensile loads, ultimate tensile loads and failure mode are also. shown

Table 6.4.Results in calculating of each pattern

Single anchor® Single anchor® | Single anchor® | Group of 4 anchors
Design
ETAG strength(kN) 55.5 325 477 46.7
Failure mode Concrete Concrete Concrete Concrete
Design
ACI strength(kN) 62.4 44.1 61.2 62.8
Failure mode Steel Concrete Steel Concrete
Design
Al strength(kN) 375 235 34.4 84.3
Failure mode Bond Bond Bond Bond
Maximum
Exper- tensile load(kN) 152.1 123.1 148.3 448.8
iments Failure mode Steel Concrete Bond Concrete
Ultimate (kN) 121.7 98.5 118.6 359.0

Japanese design concept by AlJ (Architectural Institute of Japdiffdrent from ETAG and ACI in
post-installed adhesive injection anchoring systems. For example,esyaits, safety factors and
design concept are different from them. Therefore results camuldapanese tensile design strength
are difficult to be simply compared to the same results of EBAGACI. However basically tensile



design strength exceeds a service load, all engineers usually cdanssdiercture design all of the

world. Its basic consideration is common in all countries. Looking bleT&4., Japanese AlJ design
strength is safer than ETAG and ACI in single anchors. On the lo#tmet, in group anchors ETAG

and ACI design strength are safer than AlJ. Failure modes igndese different from actual failure

mode in experiments naturally. And it is been able to recognisalthansile design strength is much
safer than the actual experimental values. We’'d like to keep exammgneroblems and to keep
implementing more analyses.

7. CONCLUSION

We experimented for elemental adhesive injection anchoring systesiagle and group anchors
based on seismic retrofitting and renewal methods in Reinforced @mrstrectures with living in
buildings in this paper. And we referred to strength and ductility, anglysnsile data followed by
failure modes based on JBDPA ultimate strength formula. As thé ies recognised that concrete
failure mode is brittle and low deformation performance compardibno and steel failure mode.
Second we proposed predictive failure strength values based on JBDRAtelltensile equations. It
was shown that the possibility that the new proposal values and failodes may be able to
approximate the experimental values and its failure modes. Finallg tis¢ same conditions, we
compared Japanese design tensile strength by AlJ to ETAG and 4€dign. In the near future we'd
like to keep studying and analyzing the different in background, conditions, desigmptcdrave to
consider safety factor and how to consider seismic design betwemmeda guideline and ETAG and
ACI and propose the specific numbers based on this experiments ares.sAdtlitionally we hope
that this experiments and studies contribute to the progression of adipesivinstalled anchors’
design in the near future and provide a basis data in establishing unhA&esdesign method in the
world in the future.

8. REFERENCE

[1]Seira Owa, Kazuhiro Watanabe, Kazuyuki Tuiji, Muneomi Takaha&@ilZ) Experimental Study on Evaluation in
Influence for Surrounding Environment of Renovation Method in Existing RC dRelBuildings, (Experiment and
Applicability of Comparative Verifications of Noise, Vibration abBdst in Post-installed Anchoring Work and Cutting and
Removal Work in Existing Apartment Housing of Box Frame Constructidhl)ournal, (Posting)

[2]Tsuneo Okada, (1995) Fastenings For Seismic Retrofitting, Sfakbe Art Report, Comite Euro-International Du Beton,
Thomas Telford, pp.1-38

[3]Takaya Nakamura, Yasuhiro Abe, Manabu Yoshimura, Seira Owa, Bldd@mgsawa, (2012) Seismic Retrofit of RC
Columns With Side Walls by Increasing Wid#i,J journal, (Posting)

[4]Tatsuya Kondo, Yukio Ban, Mitsuharu Kato, Yasutoshi Yamamoto, (2011) Experimentald@t@Bnding Retrofitting in
Existing Column Attached Side Wall3CI journal, Vol.33, No.2, pp.1345-1350

[5]Yukio Ban, Yasutoshi Yamamoto, Tatsuya Kondo, Seira Owa, (2011) ifxguerl Study of Group Anchors on
Retrofitting Column Attached Side Wall in Existing Building€] journal, Vol.33, No.2, pp.1423-1428

[6]Andreas Unterweger, Ronald Mihara, Konrad Bergmeister, Yoshiakamia (2010) Retrofitting by High Sophisticated
Bonded Anchorage<obe, Japan

[71(2001) Seismic Retrofitting Design Guideline in Reinforced CompcEstisting Buildings,The Japan Building Disaster
Prevention Association

[8](2007) Design of Bond Anchors, Technical Report B9 ppean Organization for Technical Approvals, pp.1-36
[9](2009)Injection System Hilti HIT-RE500, European Technical Approval ETA-04/0DEBY, pp.1-30
[10](2011)Appendix-D, Anchoring To Concre#®Cl 318-11:Building Code and Commentary, pp.409-438

[11](2007)Hilti HIT-RE 500-SD Adhesive Anchors in ConcrdteC-ES Technical Report, ESR-2322, pp.1-52

[12]Kazuyuki Tsuji, Koichi Oguma,(2009) Post-installing Anchoring Work, Syetopics; Basic Knowledge of Seismic
Evaluations and Retrofitting in Reinforced Concrete structédebtectual Tchnology, pp.158

[13]Muneomi Takahashi,(2010) Post-installing Anchoring Work, Special Topiapprtant Points in Actual Work of
Seismic RetrofittingArchtectual Tchnology, pp.162-163

[14](1999)Design Guideline for Earthquake Resistant Reinforced ConBrekdings Based on Inelastic Displacement
ConceptArchitectural Institute of Japan (AlJ), pp.119-120

[15]Kensuke Yogo, Yasuaki Goto, Osamu Joh, (2008) Analytical Study Fdiliug€valuation Subjected To Shear Failing
R/C Column Strengthened By Carbon Fiber Shéétsjournal, Technical Des. Vol. 14, No.27, pp.109-114

[16]Mareyasu Doi, (2003) Evaluation of deformation Capacity and En&lgrption Capacity for SRC Member under
Varying Axial Force AlJ journal, pp.1149-1150

[17]Takaya Nakamura, Manabu Yoshimura, Seira Owa, (2002) Axial Loagli@aCapacity Of Reinforced Concrete Short
Columns With Shear Mod@|J Journal Struct. Constr. Eng. No.561, pp.193-199

[18]Hanae Setouchi, Takahide Abe, Yuya Takase, Shinichiro Sato, Munetaidshi, Takashi Sato, (2010) Experimental
study to confirm the performance of Post-installed Anchor thatamesdrill method. Part2. Test of bond strength that uses
Injection type ancholJ journal, pp.149-150

[19](2010) Design Recommendations for Composite Constructiddspp.252-269, 274-308



