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A Study on Shear-Fatigue Behavior of
Reinforced Concrete Beams using High Strength Concrete

43
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Kwak, Kae-Hwan Park. Jong-Gun

ABSTRACT

Recently, as the building structure has been larger. higher. longer and more
specialized, the demand of material with high-strength concrete for building has
been increasing. In this research. silica-fume was used as an admixture in order
to get a high-strength concrete. From the test result. High-strength concrete with
cylinder strength of 1.200kgf/cm® in 28-davs was produced and tested. The static
test was carried out to measure the ultimate load, the initial load of flexural and
diagonal cracking, crack patterns and fracture modes. The load versus strain and
load versus deflection relations were obtained from the static test. The relation of
cycle loading to deflections on the mid-span. the crack propagation and the modes
of failure according to cycle number, fatigue life and S-N curve were observed
through the fatigue test. Based on the fatigue test results, high-strength
reinforced concrete beams failed to 57~66 percent of the static ultimate strength.
Fatigue strength about two million cycles from S-N curves was certified by 60
percent of static ultimate strength.

Keywords : high-strength concrete, static test, S-N curve, fatigue strength,
diagonal cracking, load-deflection, load-strain.
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Table 1

Mix proportion of concrete

(mm) | ™ () G srp W st | os G | sp
Normal strength | or | jgun | 497 |43.3 - 165 | 332 790 | 1034 | -
concrete(N)
High strength 19 |10:2 27 35 10 160 | 533 | 59.2 | 610 | 1133 | 1.0%
concrete(H) |
Ultra high strength] g imtz 18 35 15 160 | 750 |132.3| 512 | 949 |2.0%
concrete (UH)
*SF : Silica fume, «+3P : Superplasticizers
Table 2  Relation between compressive strength and splitting tensile strength
Compressive strength Tensile strength
Serics w/ (((;2)3“‘) (£o) k%/vm (£) ket/on /b
3-days T-days | 28-days | bo-days 28-days
Normal strensth 49.7 204 241 320 | 872 39 | 82
High strength 27 ‘ 483 650 790 863 53 149
concrete(H)
Ultra high strength | 18 ‘ &5 | 1,021 | 1158 | 1.208 59 19.6
concrete(UH) \ .
of AHAZ AFsY o Table 3% 2ot 35 Aok e 43 AP or ARAY
9 B mE ¥ WEES 45 Aete 27 134 108744 FHet5g At
olsled QAT W AR FH ol AEQ Al stgon) o olFolE wtEEtTe] Hadw Hu
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X']:o]'% 12010.42, Alx AlF @& 2.10, L5 = 5Hz(300 cycles/min) 2 n4 ATt 3t
2.09 At 2o AARAY g B AEHS] FAeHY e ARHEE Zo} 5o HEE oAt
ﬂlOIXl B3 A Fig 1olA] B npeh ot Hog fmatgct. wHEaE-e Hd(sine) HE
stgon sy sFAol S o] &89
2.4 AlEu E} HA FEFEFH Hu S5 v Ed §
#Hu} R=0.32%2 UdAsA &dct
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10,000%], 20,0003, 30,0008], 50,0003, FAHYE o8] AW[EM M & T Korearl
100,0008 2 83 of Ay 2ddeg 8l A EQ WY (Dynamic strain meterMT-16)
o 20093 %2 ek A€ dAen A% 2Y/1E AseEn. 9248 BFL Fig 29
= Fig=
Table 3 Details of test specimen
Name of i Tensile steel | Spacing of shear Shear
Type Series beams ( ;; ) ratio reinforcement | span-depth ratio
) gl/cn (ow.%) (cm) (a/d)
NIS1 Without 15
NIS2 10 2
N- NIIS3 Without
series NIIS4 320 1.53 10 2.8
NIIIS5 Without 36
NI11S6 ] 10 '
HIS1 Without 15
HIS2 10 )
. H- HIIS3 o (e Without
Static test series Hisa 790 3.05 10 2.8
HILISH Without 36
HIIIS6 10 )
UHIS1 Without 15
UHIS2 10 )
UH- UHIIS3 - Without
series UHIIS4 1158 3.05 10 28
UHIIIS5 Without 36
UHIIIS6 10 )
HIIAF1 Without
HITAF2 Without
HIIBEF1 10 28
\ s H- HIIBF2 - 10 ’
Fatigue test series HICPL 790 3.05 10
HIICF2 10
HIIIAF1 Without 36
HIIIAF2 | Without >

S: Static test, F: Fatigue test

N: Normal strength concrete, H: High strength concrete,
UH: Ultra high strength concrete

1,11, 1I: Shear span—depth ratio(a/d=1.5, 2.8, 3.6)

Storrup

7
| \Mum\—

A, B, C: Without and with shear reinforcement(A: none, PRI I M f?L'»'jv
B: six-stirrups, C: twelve stirrups) w | P o
S1, 82,83+ + - F1, F2- +): Beam number .
(b) Six~stirrups
i ! ( ) \ ~ | Stirrup '
N J D = ‘ /w”%azf"" s T %%,u’ém Dl e
o R | . O :
- | 0y T e .
(c) Twelve stirrups
(@) None '
"0 The location of steel gages Fig. 1 Shape of test beams and loading
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arrangement(unit:cm)
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3.1.1 A=

Ao M e 7247l Hof EH3P°4 Hrg
Achrdol Hz=2 HAHUAE o 2V|FdsrF
2 FeeEe AT 27 AAFETANE
g JlFor HReH e Fagon, Y44Y 2
= Table 49 Z2oh. 2AYEY &= (o),
A8 (a/d), AFEF0N(ow), HTRFH
29 FF FOE F2 ARNFL ¥ 2UE A
+EZAE Ho| AdAy AdwEAd=et I
DA eE BEAEAA A2 ACT P4 2
B Fig. 2 Test specimen in the loading frame
9 2 @ dehiged 34E 94E 1 3
gol e,
Table 4 Results of static test
Spacing of Shear i | Voo —!\—
Series Name of feu shear span-depth| P Pe P Veacr | Voo aea |07 Railure
ETIES | poams (kgf/cu) | reinforcement ratio (tH ’ (kel/omy | (kRgf/emy i, mode
em | A
NISI Without 1.5 3.99 110.61]19.29 Shear
NIS2 10 15 |5.04 1168 31.79] 57 1 164 | shear
- NIIS3 Without 2.8 2.30 ] 828 |11.13 ] 1.( —1 [ l 16 hhmt
AT SRR P w%»—! 948 e e
seres NIIS4 10 2.8 2041911 |14.94 12,14 | i )% Shear
NIISH Without 3.6 1.96 7.21 9 57 9.64 I.()Z S@;u
NIIIS6 10 I 3.6 203 826 |12.89 11.01 1.16 | Flexure
HIS1 Without 1.5 5.99 | 12.44]35.39 16.58 1.11 \h(nn
HIS2 10 1.5 6.19 113.91[37.44 .54 3
- | —
H - HIIS3 Without 2.8 3.38110.16(12.79 3.5
. 790 14.89 -1 |
series HIIS4 10 2.8 ] 3.59 |110.98|19.14 J4.64 ! 7().98 i Plexure
HIIIS5 Without 3.6 2.21 ] 9.80 | 11.91] 13.06 0.88 | Shmn'
HIIIS6 10 3.6 2.28 11.10J 15.62 I loxmci
UHIS1 Without 1.5 3.79 1301 30.17 ] Shear
UHIS2 10 5 3.91 13.3:) 51.56 : I i\‘hom'
UH - | UHIIS3 Without 2.8 3.08 | 1270 13.77 I Shear
. 1,158 - 18.03 - R ——
serles | UHIIS4 10 2.8 37129.98 17.20 0.95 1’](‘7xum
UHIIISS Without 1 3.6 .05 i 12.80:15.91 18.55 1.03 Shear
UHIIIS6 10 L 3.6 ! 2.38 113.20]25.48 19.10 1.06 | Flexure

fer Compressive strength of concrete

Pit First flexural cracking load
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T A 113 5% 1999.10

Py Static ultimate load to failure

Pe First diagonal cracking load
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Fig. 3 lLoad-deflection curves of N-series
. beams
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Load(ton)
S
2
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i alde3.6
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Fig. 4 Load-deflection curves of H-series
beams

e UHIBE Deam
il URISZ Daiam
e HUBE beam
s YN S Dogn

Load(ton)
=

|

T T T T u T
0 200 400 600 300 1000 1200 1400 4600 1800 2000 2200

Deflection{x10 * mm

Fig. 5 Load-deflection curves of UH-series
beams
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Load {tan}

o 2000 4000 6000 8000 10000 12000
Strain (x10 %)

Fig. 6 Load vs tensile steel strain of N-series
beams

Load (ton)

™ v ———
0 2000 4000 8000 8000 10000 12000 14000 18000
Strain (x10 y

Fig. 7 Load vs tensile steel strain of H-series
beams
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(c) a/d = 36
Fig. 10 Crack growth pattern of beams
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Table 5 Results of fatigue test

Name of Puin Prmax R* s]t\/rI:eI;s sﬁz:s itlrnegses P. Ny Pre Per Failure
beams (tf) (tf) (kef/erd) | (kaf/cm) | (kef/cr) (tf) (cycle) (tf) (tf) mode
HIIAFL | 2.88 | 96 | 0.70 | 417 | 1391 | 974 | 137 | 1,100 | 21 | 13.0 | Shear
HIIAF2 | 214 | 7.14 | 060 | 285 | 952 | 667 | 11.91 | 4260 | 221 | 9.80 | Shear
Shear
HIBF1 | 5.19 | 17.28| 0.60 | 7.52 | 25.04 | 17.52 | 288 [1.121,000| 15 | 115 | o
Shear
HIBF2 | 5.72 | 19.05| 065 | 829 | 2761 | 1932 | 29.3 | 854,000 | 2.1 | 128 o
HIICF1 | 5.84 | 19.47 | 055 | 846 | 2822 | 19.76 | 354 |3.211.000] 1.3 | 11.7 | Flexure
HIICF2 | 7.29 | 24.28 | 068 | 1056 | 35.19 | 24.63 | 35.7 |1.231.000, 1.8 | 12.6 F‘f;‘)‘re
HIAFL | 1.72 | 574 | 0.60 | 2.29 | 7.65 | 536 | 9.57 |2.793.000| 1.96 | 7.23 | Shear
HIIAF2 | 287 | 955 | 0.60 | 4.16 | 13.84 | 968 | 15.91 |1,496.000| 2.05 | 12.80 | Shear

Psc © First fiexural cracking load

Pe © First diagonal cracking load

Py © Static ultimate load to failure

Ny : Number of cycles to failure

Prin © Minimum of ultimate static

Pmax * Maximum of ultimate static

T : Tensile bar breaking

S : Stirrup breaking

ST : Shear-tension failure

R+ : Ratio of ultimate cyclic load and
ultimate static load

3.2.4 WESSe we FIYYH o)
Fig. 16 ¥ Fig. 17dM® 224= F2E39
E nol wEE il ge 2AARH A7
Fe Uedth ADEARI] gle W
(AF-Series)®] A $ole 34830 2488 o)
gdol wAs AT AsHI
H Aololq 7] BEFel FFsTh o= w
AN FA2A AlIFTRDe] FHHD W

3

dge wory Fdel Fo| YAHoz 37t

= A HYr) AdEZIEHTo] e B
(BF-Series, CF-Series)® ZA-fde ¥E3s
o Frlel we FIYFATS #

go] Atz AAste ARIETEE
Ak,

o
"
[
_?l'.
X
i

128

HHE3L 5o o3t g B FUF shde
wAsle] 7 ol Fole Z
Fdo] @ &xz AelRFds ARedd.
wHol g
o AeREI =
ol d-& Holm gt} olejdt s I ES
& et A2
ARz HE AddR7FEde] 9l 2§ HIIBFI
AYAe HE3le of 1127 dM <l
Ay 7d o] Al mZuhE|gn, HIIBF2
AFAE wHE3lE oF 8573 oA AdEFES
o oM Fzud Hen B ARIZAFL
o3 ARl#ste Ak HIICF1 d8Ae v
B4 oF 321573 opge] WHEEES AU H
Tgel 2% guy dE Hvh HIICF2 4
AA e dhE3E ok 123uk3]dA AT v
2Zadoz fadd 93 AU,
HIIAF1 A38Ale w834y oF 27973 oA,
HIIIAF2 AdAE 835 of 1,507 o)A
BT ARIAFE 9a A1guH HAvk E=§
HIIAF1, HIIAF2 ddx=F s A =
A=E AR Aodd FFe= Qdko
FojA EA7E dEdHe S B 5 U

z] 131
FED

EED

ZAcIESS| =2 M 113 5% 1999.10



I

o
=]

24 0 23 g

ol

o]

+
o
ot

ol

F
sl
L
0
7
o
{
0
—
—
™~
3
)
..T
z
~
=
o
=
TR
T
A
-

10~15%

ol
o

on

1

&

oA Z3Q delzkE

RN

1/19.6 &

800~1,200kgf/crt ©]A T}

1/14.9

Flexure fatigue failure feature

Fig. 16

ATt

A
o

357
o
oy
oln

ot

5|

s}

9

E

iﬂa]

L.

)

der il AR

o) o] 23
Aoyt

B
o] u

5

gHE
4%
ehget,
vy

L3
=
%
=
sl
<
&
"o
o7
g
wi
Yy
-
T
by
o
=
3

TEZAYE Ho

e

=

70}

al

b
T

ol
o

™
w

1

o
yad

%1201
1ol

CEEE
2% 200289 o

|

=5

13

wRE

57~66%¢°

94
o g7 X

gl

N =

3

[€p]

(5) AzHddAR 2

(6)

Fig. 17 Crack growth pattern of beams
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