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Abstract

An adhesive anchoring system is commonly used in the retrofit and strengthening of concrete structures.
Prediction for strengths and behaviors of adhesive anchors in concrete is important especially in cracked concrete,
which is very difficult to study the complex behavior under laboratory testing. Three-dimensional finite element
(FE) models of adhesive anchoring system were used in both uncracked concrete and cracked concrete. First of all,
model calibration was carried out by comparing FE results with experimental results from previous studies. The
results of the calibration of failing behaviors and maximum pull-out forces were found to be consistent. The
relationship patterns of anchor pull-out force and head anchor displacements both before and after the peak points
were similar. Furthermore, the results also indicated that the equation for the uniform bond model can predict the
maximum pull-out force in case of uncracked concrete. In the case of cracked concrete with a cracked plane closed
to adhesive/concrete interface, it was found that the ratio of maximum pull-out force in cracked concrete compared

to the case of uncracked concrete was reduced when embedment depth increased.

Keywords: Adhesive anchoring system, Finite element model, Cracked concrete, Pull-out strength



a

NIATIMeImansuazmalulag uinInenduguasivenl UN 22 atun 1 ieuunsiau-wweu 2563

1. uni
srvuilsfauuuldarsfanien (Adhesive
anchoring system) gnununlded1sunsnateluau
neaie NusaiuLazuETIMAwedlasiasenounin
Tnglangsruvlassadeadfoludlutlogiuisinasld
Tnssadramdnideusofulassadnsuninaiuminly
warnnategUuuy szuviledauuuldansdainien
Uszneudmeauedn adninden wiewmdnidu ladugaie
Tunoundnfiudefauds lasdnisiinarsdanieans
TugianzdounenauedaasluliarsBamieaindeu
Raduifaszvinsnouninuazanofalugiany annnsi
svuuilsanuuldansBaminiisnsindeiiie Jseuda
Aldanglunsinds waedivszansnmlunisldauiiady
YaqUiu sibvizinsthanldnuiuvegiwnswany
NFUITIUAITIAIFIUNIULT IR DULAL N AN TN
meivRvesavedauuuldansdamiendenlinmeasy

o v

ArdaSunsananau (Pull-out test) Nlagn1snadaay

Aaeg1993sluiioslfuinisvienisasnauvuitaeiie

Re

s

Anwinalnnisdsaneussangfnssun1sivanieuly

=

syfuynaidsnasefdslaesiuveszuuileda Fanns
nageufl0g1993turesUURn sansavinlawe
Aoudregasinuazenadidldineiigs Jadndudedld
s foudslnludiofuus (Finite element method) Lite
Anwdgmdanan fufueuidedfaiingussasdie
as1suvudnaeslnludiedug vesszuuiledauwuuldans
Fawnilornrelduseialunauninlifng (Uncracked
concrete) LazABUNIN317 (Cracked concrete) Tagagldy
JoyananisAnwiluednlunisasuiiisuaugneedves
LUUANADY
ngAnssuvesszuuilEalunaunInnelinisl
wsedsluaueda lunsuninitldiinisuaniianeluie
AaunInantineuilsdngunsal Inginssunisiva
fannsadanals 5 sUuuy dud msivthvesaouningy
n378 MIITALUUNANTENI1NTITAYeIADUN TN
nsrefunsItRainnisBaniefiiaduiasenineansin
wileafurounin nsITRLUURNALSENININITITRYe S
AeunIngUnTefunIsITRInnsEnminsiiiaduda
sEninsuiavdnauedatuasaunier n1s3vRUUNEY
PnasEaumileNoh waznsithvnuiaranauedaivh
Tavdrulngn1sitAnvunaudnaziinni1sitRLuy
AaUNIANSILAULANTUTIR VLR UL sauednluse
w@we 1], [2] Tnsuuusiasafiadretulunuisedavidu
AnwsuuuumIdilunsdinsidRuuuran sEninenis

FAvesnouNIngUNII8AUN1TITAINAITEANIT

AduffasenineansBamioafunaunin duiniAniuly
ns@3URINNEANIA (Bond failure) [3] Tumeun3ndl
laifinslausa (Unconfined concrete) [4]

usaineulsEdeivilninn1sivRvesnounie
sUnT78 tauelag Eligehausen, R., Mallee, R. uag Rehm,
G. [5] aaunis (1) Fsldannsnedeusidsunssisaou
maqama%"mﬁ'mElﬂiuﬂauﬂ‘%mﬁﬁﬁwé’mmmqﬁ’wawsqw
nsnageu tnefildmidsfsguuuunsitiuuudy 4 ua
Tiendlndifemanaaouiiosnsidiusznineminuena
srovilsdauszAnsuauwazyuinduniugudnaisves
audainiu 9

N, =092 * h% *y/f. (1)
dlo N, feussisnauuszdy (@a); he feay
g1aszesiledauszavdna (aduns) uaz f Aefdsdn
Usedev03ApuUNINFUNTINTEUBNUIATEIU (NN
U1emna)
LUUD1889N158ANUIIUTENBUAIBLUUTIADINTS
Samiasuuvasinaye (Uniform bond model) fyasns
(2) wazluudnaeeNIsEanUILuuEangy (Elastic bond
model) #9aunns (3) [6] 1ABAIULANAI VBN IdB 9
aunnsie aun1ssaenisdandrauvadiianeaylden
wihguseBaniasuuuasiane (T) lun1sAiuaum
ATLTIAINBUEER druaNIINasIMIEamituuuEaney
wldAmigusedaniisgega (T ,) lunisAmwium
AusIRanBugIan F3M3nsEETeMIBUSTAmaLUY
gavguaziamieusadamingauinalndifiuuures
wiupaunda [7] Taevhlualuiaduluaunis (3) azian
IndiAsafiuan he luaunis (2) widwiunsdifininue
syoriladailatunn Arluraduluaunis (3) agidesnia
A1 her tENATT (2) wansliiiiudn Andavesssuuilada
Lilmdudndrulnenssduainuenissesiladadiusu

avadnnilsyazilednilatun
N, =T, " TU" dy * hy @)

\/% * tanh x.ha)

(3)

e T, Asuidausudousuvaddiaualutu
Yo9a158mutled (Lunnel1ania); d, ABIuIALEUHIY
AUGNA19U093191Y (Tadwuns); A AoA1A11WNT3701

= a 1% o 2
allaﬂ@Wﬂigﬂa‘UlUﬂ’JEJNaﬂiSWUmaQIﬂaaaﬂqiLﬁaumaq


file:///C:/Users/pkakin/AppData/Roaming/Microsoft/proposal%20review/Reference/1998-Ronald%20A.Cook-Behavior%20and%20Design%20of%20Single%20Adhesive%20Anchors%20under%20%20Tensile%20Load%20in%20Uncrack%20Concrete.pdf

a

NIATIMeImansuazmalulag uinInenduguasivenl UN 22 atun 1 ieuunsiau-wweu 2563

o
19

FuansBamieinazauunssnuuILnuvesauein;
T, ﬁ'am"mu'wLLN%wﬂwqqqﬂiu%umi%mﬁm
(wnngdrana)

N153UATININATEAnUIeAUNITITRY B
AOUNIAFUNTIY ﬁwé’ﬁﬁwumumqﬁmau‘lmaiau%%ua&UJ'
fufdsdumunssfaneuvesnsdanuniiiiduiaves
ansBanilruazaoundaiidumniun1sidRuuuaunge
1nNTEanaliiiisane LagMarunIuLIIRneu
yoanunInfiFuNIuNISAANsITRTUNTIE Fanan
#ITUITIUHAINAUNTTVRINTIVATUNTIIABUNTA
FUAVAUNITAIUNIUAITTANUIIIINNITT1889N15
nszarevheussBamiuvuasiase Aldfinsuiulge
@1n135 Cone model LAulae Eligehausen, R. [5] azle
MawunIun1sITRsIMaINAIs AU liiisneuas
n1530ATUNTIEABUNTA (Nw) A9aunis (4) wagnan
NIUTIUHAINAUNNTVRINTITATUNTI8ABUNTA T
AUaNN1IHUNIUNITEANLI99INNI3T1809N150 52218
mhekssdaniruudangu alanasiuniunisiva
3713115 8ANUAUNTITATUNTI8ABUNTA (Nye)
AsaNns (5) [6]

.15, !
Nuu 15.93 hcone \/f—c

+ Tmax- n -dO. (hef - hcone) (@)

K2 . !
ue = 0.92 hcone \/f_c

CIO }\’ (hef N hcone)

+ T TUdy | = "tan——F——— (5)

NG

wuuaeansEaviskuuianguiminedmsy

=
|

nstlanednegneliusanseitligann YUETUUTIAD4
nsEanirawuvainaemuisdmiunsdszuuileda
AdaiemsIuR wavannsAnwwuudtasslnludiefuug
wuulildaduluedn aglamnuduiusvesnisnseaie
NUIYULIITANUIRABAAINNY1ITEEERIBALAZNUIINTS
ﬂizmamawmEJLm%Mﬂ’;ﬂuﬁdwﬁﬁLLiaﬂizﬁﬂzjqamﬂ
WABAAAINUANNAUNUSTUENNIT (5) wWary29IUR
zapnndoInUANUFINUSTUaNNTS (4)
Snvaznsdidindunaldanuuusiass
Wisuileuiuiiduneldannsveaeusiedisadslusin
wuiisunuunsitavesneundagunsrsiiuandisiy
pruAl1Ne1seviledn danansly Table 1 wag
Han1sAnwdenaaggniiuildlunisasuiteudu
wuusraesiissuuledanuuldansianiealuneunia

v
=1

5 nlusuidey

Table 1 Measured and predicted concrete failure

cone dimensions from Krishnamurthy, K. [8]

hes n r hi'  hy  hagher  hae/her
(mm)  (mm) (mm) (mm) (mm) measured num.
76 124/124  164/164 76/76 T76/76 100% 96%
102 73/67 177/123 40/32 72/62 55% 61%
127 59/88 133/133 37/37 56/64 37% 49%
152 87/87 140/132 41/41 76/88 38% 58%

* = The ratios are experimental to numerical values,
her = Effective embedment depth,

hae = The average depth of concrete cone failure,
r1, 1 = The radius of concrete cone failure (r>r1),

hi, h, = The depth of concrete cone failure (hy>hy)
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Figure 1 Load-displacement curve of bonded anchors in

uncracked and cracked concrete from experimental [9]
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Figure 2 Typical of adhesive anchor model (a) anchor

(b) adhesive (c) concrete/adhesive interface (d) concrete
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(@) uncracked concrete model
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Top view Section A-A FEM
(b) cracked concrete model-1
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Top view Section A-A FEM

(c) cracked concrete model-2

Figure 3 Finite element model of adhesive anchor

in uncracked and cracked concrete
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Figure 4 Load-displacement curve of adhesive anchors
in uncracked concrete for various embedment depth
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Figure 5 Numerical simulation of failure compare with experimental [8]
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Table 2 Measured and predicted concrete failure

cone dimensions.

het r* r* h*  hy* have/her  have/her
(mm) (mm) (mm) (mm) (mm) measured num.
76 124/51 164/131 76/37 76/62 100% 65%
102 73/80 177/163 40/47 72/66 55% 55%
127 59/56 133/110 37/45 56/57 37% 40%
152 87/54 140/122 41/49 76/69 38% 39%

* = The ratios are experimental to numerical values. [8]

her = Effective embedment depth,

have = The average depth of concrete cone failure,
r1, 1 = The radius of concrete cone failure (r;>r),

hy h, = The depth of concrete cone failure (hy>hy)
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Figure 6 Failure of cohesive layers of 16 mm

diameter anchor in uncracked concrete
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Figure 7 Mises stress of concrete elements of

16 mm diameter anchor in uncracked concrete
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Figure 8 Load-displacement curve of bonded anchors

in uncracked and cracked concrete from numerical model
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Figure 9 Load-displacement curve compare between

numerical model and experimental. [8]
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Figure 10 Load-displacement curve of adhesive anchors
in cracked concrete for various embedment depth
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Table 3 Numerical, Experimental and Predicted Adhesive Anchor Pullout Forces for Different Embedment Depths.

et To  Twex A Numerical Experimental Experimental Experimental EBM Uniform bond  Nyuu/ Nium / Num / Nium /

UBM model Nexp Nugm Nesu Num
(mm) (MPa) (MPa) (N) (N) (N) (N) (N) (5)/(6) BAT) (5)/(8) (5)/9)
(1) (2) B3 @ (5) (6) (7) (8) ) (10) (11) (12) (13)
76 11.67 18.68 0.02 50,001 50,000 65,913 33,185 51,604 1.00 0.76 1.51 0.97
102 11.88 16.51 0.02 68,461 72,000 72,605 197,493 69,258 0.95 0.94 0.35 0.99
127 1241 1832 0.02 88986 84,000 88,060 350,317 86,232 1.06 1.01 0.25 1.03
152 12.61 1826 0.02 108,103 105,000 111,212 404,813 103,207 1.03 0.97 0.27 1.05

(2) Obtained from numerical model
(3) Obtained from numerical model
(4) Obtained from Cook [2]

(5) Obtained from numerical model
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(6) Experimental by Krishnamurthy [8]
(7) Combined cone-bond model using new cone model [5]
(8) Combined cone-bond model using Elastic bond-stress model by [2]

(9) Tave-T-dothes and Ta.q Obtained from average bond strength value from experimental results

Tunsdlprounindiiszurunisiniuiadudanisin
Wi nsmeuduTusvesHaiildanwuusIaes
funaildainnismaasulusioaujUianisiisunuy
doadaiu Tnefanuduiusvesnsnlutisieufgei
ussfsneuiangeanduidunssifianudutiesniingd
Aaunsnlid1iantdey wanslidiuinanuunssvessyuu
anandnieslunsdrouninin dewFoudisuausei
aaugqqmwudwmLmﬁaaauqﬁq@ﬁlé’mmmuaﬁ’waaqamm
1% (Neppum/Nerexp = 22,209/25,900 = 0.86) Lilo Loy
fuanitldainnisAneiluiesufuanislueden uiide
Wisuiisutunsdineuninlddndildanuuusiass oz
WUTUTIFINBUGIAAANAUNGD 35% VoansalAunInly
17 Table 4 Fadurnisanasvensifenougegaiiog
Tuge 25-80% fiwuzii [2] dmsunsdianuniiesessn
0.3 fiadiuns leResananuduresnsnlugasluiids
Wduvdagaiiussienoudidgeanvesnsnllunsdaounin
$fifiszunumsdaiiuiaduianisiaming esdanudu
dosnilunsdlmeunialiddndeudrann wandidiuda
Snsrianacvosusdutisiivesnsdneuninindininly
nsdrouninliddn Fudunauiainnisuaniiives
ADUNIA

drunanisAnwinuuinasslunsilauedailsly
AouUNInSMATsruUNsEldiuRadudanisEanag
WioszuunsiuuuUiTiwuindudaseninsmounin
Fuansdanilen ssnuitnnuduiusveusaianousu
nsiedeuiiivansvesanedn fgunuuamduiusade
nsinsdrIdulansEaming widwsRaugan
fianunnin Teewdlefisutunsdirouninlifionuiing
Aussfsneugeananasnie 79% Jsanastiosniingd
AsSTIIURIFLREaNSEaUNUSEINM 2 W



o

NIATIMeImansuazmalulag uinInenduguasivenl UN 22 atun 1 ieuunsiau-wweu 2563

Table 4 Peak load of bond anchors in uncracked and

cracked concrete and load reduction ratio

Load
Peak load
Model reduction
(N) .
ratio
H110-uncracked 62,713 1.00
H110-cracked-1 22,209 0.35
H110-cracked-2 49,259 0.79
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wandlu Figure 11

(@) Uncracked concrete

(b) Cracked concrete

Figure 11 Maximum principle stress at peak load of

adhesive anchor in uncracked and uncracked concrete
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Table 5 Ratio of Peak load of adhesive anchors in cracked

and uncracked concrete for various embedment depth

Embedment depth (mm) Neracked / Nuncracked

76 0.91
102 0.88
127 0.80
152 0.73
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Figure 12 Ratio of Peak load in cracked to

uncracked concrete for various embedment depth
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dru WinansAnwaenadesiuraiildarnnisveaeu [9]
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geananasvide 35% Weiisuiunsdaouninliin

4. lunsdilsdnluneundndniifdszuiunisdn
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