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INFLUENCE OF EXISTENCE OF CONSTRUCTION JOINTS
ON FATIGUE BEHAVIOR
OF REINFORCED CONCRETE BEAMS
1
By Hideo YOKOMICHI

Synopsis

Results of fatigue tests on T-beams having a span of 3m,
a reinforcing deformed bar of 22mm diameter with a special type
of coupler joint and two construction joints of concrete were
discussed and compared with those of monolithic beams. It was
certified that construction joints of concrete had not any effect
on fatigue behavior of reinforced concrete beam.

Keywords: fatigue, cracking, flexure, beam, reinforced
concrete, deformed bar, precast concrete, concrete joint,

1. Introduction

One of the most important problems to be solved in design
and construction of reinforced concrete beams assembled of precast
elements is the influence of exigtence of joints on fatigue
behavior of beams concerning flexural strength and cracking
behavior under repeated loads. This problem contains two items;
the one concerns the construction joints of concrete and the
other the joints of reinforcing bars.

The present paper dealsg with a discussion on the former item
on the basis of the results of both tests previously reported
and lately conducted by the author's team.

2. Fatigue Behavior of
Monolithic Reinforced Concrete Beams

About 100 reinforced concrete beams having T-shape cross
sections of 28 x 30cm, a span of 300 cm and reinforcing deformed
bars were tested under repeated loads with less than two million
pulsations at a rate of 250 cycles per minute (1)(2)(3). The
results shows that, in case of under-reinforced beams, the failure
of beams is always caused by fatigue fracture of reinforcements
and that the increase of crack openings and deflections hardly
occures by dynamic loads, when steel stresses are under 0.8 times
yielding point of the reinforcing steel, even when the initial
crack openings were 0.3mm. Fig.l shows a typical test result(l).

1. Professor of Civil Engineering, Faculty of Engineering,
Hokkaido University, Japan.
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Figures show crack widths under max. loads in 107® mm
Test beam: span 3m, Reinforcement: twisted bar FY 2™ 1422(6,=42.3 kg/mrr?)
max. steel stress 6" 32.53 kg/mm?, stress ratio s=0276, N at failure=1418.8 x10°

Fig.l Result of fatigue test on momnolithic reinforced concrete T-beam
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A more precise investigation on reinforced concrete beams(4)-
shows that a slight increase of crack widths 1is observed under
repeated loads (Fig.2). This may be understood as follows:

A crack width is generally expressed by

PEs >L

where 6sy = steel stress in the cracked section,
G.,,= meam stress of surrounding concrete in a given section,
&m= mean value of 6c¢m over the length 1,
4 = ratio of cross—sectional area of the bar against that
of concrete,
L = crack spacing.

Since &, is the stress which is transmitted by the bond from
gteel to concrete, the increase of w may be caused by gradual
relaxation of bond stressesg which does not necessarily result in
a detrimental failure of the bond, because the static flexural
test after fatigue test shows that the bond stresses are restored
at higher loads than that in the fatigue test as shown in the

figure.
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Fig.2 Test results showing effect of fatigue on sum of
crack widths in RC beams

3. Fatigue Behavior of Reinforced Concrete Beam
Having Construction Joints of Concrete

Tests on the influence of existence of construction joints of
concrete on fatigue behavior of reinforced concrete beams were
carried out by the author's team as follows:

MATERIALS AND TEST PROCEDURE

The ordinary Portland cement was used. Seashore sand of
2.17 fineness modulus and river gravel of 15mm maximum size were
used.
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The concrete used in the test had a gravel/sand ratio - of 1.53
by weight, a cement content of 271 kg/ mi a water/ce?ent ratio
of 0.60 and a compressive strength of about 350kg/cm®at 28 days
under the standard curing. The reinforcing bars used were of

twisted deformed ones as shown in Fig.3, 22mm in diameter and of
nominal yield point of 40kg/mm’

Fig.3 Tested bar
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Fig.4 Dimensions of test beam

The dimensions of the test beams are shown in Fig.4. The loads
were applied to the beam at third points. All the beams had a
FY-coupler joint for reinforcing bars at midspan. The FY-coupler
is a special type of screw-threaded coupler (Fig.5) which was
developed by the author's team and experimentally tested to secure
the transmission of the entire strength of the bar to be joined(5).
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Fig.5 Fy-coupler

A total of 8 beams were tested, among which 3 beams had two
construction joints of concrete as shown in Fig.4 and the others
had not any concrete joint.

Beam tests were carried out by Lohsenhausen type fatigue
machine at rate of 250 cycles per minute. In the fatigue test
the ratio of minimum load to maximum load was set to 0.3. The
maximum range of loads was set to a magnitude which caused initial
crackings of 0.2mm or more maximum width.

TEST RESULTS AND DISCUSSIONS

A view of typical state of crackings of beam which had con-
struction joints of concrete and the variation of crack widths
under repeated loads were as shown in Fig.6 and those of beam
without construction concrete joint were as shown typically in
Fig-’?.

These figures show that the line of construction joint did not
always coincide with one of cracking lines, and that the failure
of beam took place through one of cracking lines of larger width
which did not coincide with any of the joint lines, and moreover
that the increase of crack openings was hardly observed irre-
spective of existence of construction joints of concrete.

The failure of all the beams was caused by fatigue fracture
of reinforcing bars, this being the same as in case of monolithic
beams previously mentioned.

The test results were plotted all together as shown in Fig.8
showing relation between maximum loads in steel stresses 6, and
number of cycles at fatigue failure of beam. It can be seen from
this figure that all the plotted points fell approximately on a
same curve irrespective of existence of concrete joints. This
shows also that the existence of construction joints of concrete
had scarcely affected fatigue behavior of reinforced concret beams.

CONCLUSIONS

In case of reinforced concrete beam where a beam consists of
precast elements having deformed bars as reinforcement, the ele-
ments are joined by connecting bars by meams of secrew-threaded
couplers which are statically strong enough to secure the trans-
mission of the entire strength of the bar to be joined, and each
gap between two adjacent elements is filled up by pouring concrete
of the same quality as that of precast concrete. the existence of
construction joints of concrete has scarcely affected fatigue be-
havior of beam concerning flexural strength and cracking under
repated loads with less than two million pulsations.
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upper Limit 9?‘%995 of steel G6%o= 23.5k3/mm*

Fig.6 Result of fatigue test on T-beam having two construction joints of concrete



¢ye

Failpre

;2 "
77 2 5o
[§ 5‘ g\; o 2
7t $
2 7 50 |
2) (2)_) J¢ 25 1 %
Pl 2521 (2 | (25
S K 7 g" e
—-
éo 2 <§§) o2 (2)5:) (_";DD
T2
~ &1 2 (g{ %
X el et Gl &9 L2H
S R J2 A K 2
Go | 3% AP 2,
= Nl o
7 %:) %{9 b 2 fg ‘ jﬂ;, ol
_§ e J25 %5 2 (i*? el 152 Bl Y B2 B
= EIEIEY A EAES PR AR EA v
Croolxlis 2| ‘g’ ‘z’ 25 ‘5;’ 32 Ujg 52) || chor | (25
MEIEIE EAEA EREA PR P v E:
< 20 /ﬁ P ol [€12] [¥4Y] £59) (zg D 3 | (25
A ‘ |z 2.8 22U Wil Ve 725 sl rop
e ) 3{; a0 % e | K /
Q o '523 ¥ (&%) iz? @ R (Zr) <}5-g) L oo || So é%) (3‘—5) (g)
- ) (%7 é-’?) P 1 B B4 AR kS (7‘{ gzl
L 5o 12 gp s ‘3;_"_& 25 UGy | S0 ] OW 4 gy | GO <20
T 122|550 sleldlzlelzlzlzls
3 7o /Zzi ?j’ b S &4 A 2] &2 el B <5}) v | (2
= A B A B =1 'ig KA A B 6 Fh
Joo 7 RS Y ‘ Bl 2223 Reled IB5] R3] IEON PeY 16 [eo)
AR A EA A A B 2 o1 AR RA e AEY EAKA K
24 1698 I35 14 122 ) W) 7351 B % i 1) I 165 B3 D) Bl ¢
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Test beam: T-beam of 3 m span. Reinforcement: Twisted bar FYIl 1422 (30C40) with FY—coupler
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Fig.7 Result of fatigue test on monolithic reinforced concrete T-beam
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