TZEETAE0| SAEM0| TE RERLHA

A FEM Analysis on the Bond Properties of High Strength Concrete

ABSTRACT

The mechanical and structural properties of HSC (high strength concrete) is very
different from normal strength concrete. In this study FEM analysis is performed to
advance a theory for bond design in HSC. The main analysis variables are selected by
concrete compressive strength. bond length and cover thickness. The purpose of this study
is to reconcile theory and test by developing simplifying 2-D models and to explain the
experimental behavior observed during tests by analysis results. The finite element model
in this study is modeled to represent actual tested beam-end specimen shape. But due to
symmetry, only one-forth of the beam-end specimen is modeled.

The principal results of this study is that bond strength of HSC is linearly proportional
to concrete cover thickness, but is not proportional to bond length. This is the same results
with previous tests. The reason of this phenomenon is verified by analysis results that the
increase of concrete stiffness in HSC induce stress concentration on loading area, hence

the bond stress is not uniformly distributed on bond length.
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Fig. 2 Master & Slave Contact Algorithm
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Contact Any pressure possible, up to a negative

pressure / pressure of magnitude p°, when in contact.

No pressure transmitted when no contact
(up to overciosure of ¢}

1

C Clearance
C + o

Fig. 4 Contact Pressure-Clearance Relationship

Critical

shear stress eritical slip line

+ M (friction coefficient)

1

stick region

Pressure stress

Fig. 5 Friction Model
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Fig. 6 Plane Modelling concept

Fig. 7 Plane Model concerning element shape
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Fig. 8 Load-Slip Curve Comparison between 2 models
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Table 2 Analysis results according to bond length

Concrete Strength Concrete Strength
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Loading state Bond Stress
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A
-
N @
R2
3 7N
-
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Vol | An Normal Concrete
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- ._.___..._..*_X
} Rn () High Strength Concrete

Fig. 9 Concrete stress distribution around re~bar
(Ghosh et al.)
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Fig. 12 Results comparison between analysis
and tests (bond strength ratio)
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Table 3 Analysis Results to cover thickness

Concrete Strength Concrete Strength
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thi/c(;(v:;ss Bond Strength Bond Strength
o strength ratio strength ratio
(ton) (/1 du) (ton) /1dy)
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3 d, 3.80 1.18 7.09 1.22
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.% o e |- ]
& T
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o
) w3 50

Cover thickness (mm;

Fig 13 Analysis Results according to cover thickness

v
§ -+ Tost resutt (233 kg/crm?)
2 N ) =~ Test resilt (806 kg/em?)
= o —a| # Analysis 270kglem?)
s 0 - Analysis (800 kg/cm?)
ﬁ o
cé ‘.._..——-—-——-*"‘“‘“" 4
83

: b

 w N 4 0N
Cover thicknass {mm)

Fig 14 Results comparison between analysis and
tests(cover thickness)

181



5.3 2A2|EL| ZTETI0| mME FEUT

71Ee] AATe] wt2w FzE} AT Al
o) RAREE 2AES JYBEA WAt A
o2 veha glon, old FAYES] P EE
PHZES AF2o vldete 2o diA 9
B Aol AAlg sfiAe) Al ofatvl FZaelE
9] ¢F&ZAE 270, 500, 800, 900 kg/cmell thale]
232t A7} S = 3.8, 5.24, 7.09, 7.34 ton &2 1}
Ehgtor] H@ZAd wad FIHE JT 233
297, 557, 806 kg/cm®l tidte] 7+zh 498, 6.02,
9.01, 11.19 ton &2 velyict, olebde Axg £
goted B w SEFALE] Hoigks vlaste] B
oA ebd §ATEE0) gro] AP Aw)
o] ¢k 60% ol E3sHA =, olehte A=
Aol A} AFEE F-2bolo] gro]l HEe) T5%el
Zatn] Mol PRI A HIFH FTAYES]
THol AHE o4 gt& A =W 22 ESR
& FHe Ao FHEAT B ] Mg F
Azl Aape A

A, oL ANE FAYE JEUE 27
kg/cm’E 71508 sl 71
TA5te] B Fig. 159 2o} 17%01]*1 ek #
A E Ale]e] BEA7 e = BX 7Eo] 45 d,° thst
o Mg A, FAYEY GHAEst T ] o
o diAl2 ZAE hE7Re HI%L o B s}
7RI & 9l

=) 1‘% +2 o] 6d\§ Zh= Al Aol Uigk AEA
2}7)
2}

,d
H
=
il
]
o
o
S

B}E RAYER R BAsel A9 AnE 0 23
A S B A

2ol AlFEo] Ae MaAsA B2 & & oo} olsh
e ANE Bl B W, AGH dolg P42
ol 2 REAUE AP Aol 1 P2
Es}t 22ee EAEe) AFad vuacs
29 A7ANE ngEEA B thalol g
A4 % et

, ;

2 7&*“‘0101]% slgsii) fic
web, e HEe BA e Ula 12
oo} Jgol that 4% % shAie] At} ¥ Ae)

182

e Fste] B, A PAdol e PR
= agp|ee ARE & E)re] AlFgal vl
#A&tA =g Fabdo|rt F7bete] mE Ao
Sh A NAESANEUASS thole ABE
viehfo] Atel 3 ake 913 Ra7o|k o

=
37t FPA 0.2 aeislojol Bk ¥ + ok

o «  Analysis
g 1 s,
< o & -
5 s . " Test result
g o
@, e tfc )"
c &
(o]
o s

0

00 400 600 100 1000

Concrete strength (kg/cm?)

Fig. 15 Bond strength to concrete strength

6.4 8
DREEAEA ) FAELe| O fEe
slalel Ane goksid thew) Pt
1) B2 ZaelE Alele] ¥Aold] BE i
el MElE siAele) ® A3, $ARER
7dole] wale) APA R vlelax) o,
o AEE Baee 2wt 574 de
1 2gE LT o olshee 99
Ae)se] st 7Kgl weh $ael
e geEel ¥k nEx 9 Homd
Aol7k Frhete eh ShEe o] gHo]
03510] )% 2IE 827k 7 e 3
A2 F9 vje] F99 ZAR)E 8 dolA]
Sl welel Qs ol 1A 24l
Yol sly] Wlgow vehst) ot
oK L8 F2HZol7) )4 kel
R D S N N
& #7149 9771 Besitk % 4 9

B

21
=]
T

B
ol

’1

i

froa wX Hdr oo rlo oY

1o

O o

gh‘j&o&k&é

L4 2 X

¢

2) 22 E FE5H Wl W2 BiaTle =
o2 A A¥or vastd Frlele
ALg2 et ol Fa7x o] Frt 71&7]
© 2B wrt Al uheh o FahA

Z32|ES3|X| M 10 # 3% 1998. 6



Ehde A, 1%
NESEEES TR
gad 5 vt

3) aglee] Zwe} RaZbmste] AL 33t
ol 4.5 do] ZAfolles A& h&7dme] A
e wastel 27kt Ao ek, 2
2lEe) RIS &g Aol vlddl

BEZ o] ‘W@oﬂ/i B LLH Al o 1 xL}lo] =2

zasies A4 2y

(ol =4
g 0] Wwol ¥h= Aoy

)]
i Bl Belo] 11 WAL} 22 E )

el waehe Aoz ¥4 3

o

re

P

CFAE, A PUY, wEEa e A5
e A7 ZaAJESHA Vol.8, Nob, 1996.10

2. 8315, 499, "B Ee P o

Z, 3Y &g gkl o
g 712 g dadHey] =i
1

2

1994, pp.23-24

4. Subodh Kumar Mital. “Interface Behavior in

Reinforced Concrete.” Philosophy of Degree of
Doctor. Case Western Reserve University. May,
1989

. Goto, Y.."
deformed tension bars.”
April, 1971, pp244-251
6. ABAQUS/Standard - User’s Manual Vol I,
Ver.5.4, Hibbitt, Karlsson & Sorensen Inc, 1994

. Bangash M.Y.H..

structures

[$31

Cracks formed in concrete around
Journal of ACI, Vol .68,

~3

(‘oncrete and concrete
*Numerical modeling and applicat-
ions.” Klsevier applied science. 1989, pp 112-134
8. State-of-the-Art report on high strength concrete,

ACL Sep., 1992

9. Atorod Azizinamini, Mark Stark, John .J. Roller.

<$

and S.K. Ghosh, "Bond performance of reinforcing
bars embedded in high-strength concrete.” ACI
structural journal, Sep-Oct.. 1993, pp.5hb4-661
10. Ezeldin A.S. and Balaguru P.N.. "Bond behavior
of norrmal and high-strength fiber reinforced
ACH Materials Journal, Vol.86, No.b
Sep-Oct., 1989, pp.5H15-H24
1. Choi O.C.,

Reinforcement to Concrete,” Ph.D.

concrete,”

"Bond Strength of Epoxy-Coated
Dissertation,
University of Kansas, 1990

a4 vt 24

Fob ol ol HET S 71 5 7] o

Z7} olslell = of et 714 WalE 2 |} ol
gl B AN WS Betel nPERAERA

d tﬂ-’rﬂ’ v A B ek, ¥l W |

S e S R R
] A }:1 —H)\qxlo., =N
| 2

PYRBILAR A HYE 2 FAYE |
iz olshg e olel B4l Waks 2ol
o mauAE Ae ol g et
B 5 e WaE dyatgion) siae) B
e HeHd 298 AL, ol olgd ¥
o AHEE WO Aol AHE HERY &
ulw HASh fAkebA melE Azl 2349

% el FAUSNE AN 2

lﬂMHMbVH%f'quﬂﬁq09H%~ﬁ¢~4‘ﬂdﬂdﬂ¥E%‘
Pl gejo] PERons HEYETALEL 7

¥ o vEbtT)

glem, 1 gele maelEe] 43kl wet ohg

= -1 e
Hyel dag o5

hEs
Mz
X
o
o
st
{4
S
ol
g
2R
°

Fa2|EsEX| & 10 H 3% 1998. 6

X 1998. 2. 3)

183



