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ABSTRACT 

One of reinforcement bar treatment during delivery 
transportation  is to bend up or buckle in the middle of the 
bar. This treatment will undermine the strength of the 
reinforcement bar on buckle region due to its mechanical 
properties have been changed and no longer within 
specification . An important point of this study is to 
knowing the rate of change of mechanical properties , 
especially strength  so that it can be given the appropriate 
safety factors in the use of steel reinforced concrete 
structure. Concrete reinforcing steel bent structure with 
nine variations of the bending angle starting from the angle 
( α ) of 20o , 40o , 60o , 80o , 100o , 120o , 140o , 160o , and 
180o. The maximum value of the yield strength and tensile 
strength in the range of maximum bending process is 
662.9607 and 704.0271 MPa in bending angle of 160 
degrees and 100 degrees. 

KEY WORDS: Bending, Steel Structures, Mechanical 
Properties 

 

NOMENCLATURE 

A� Initial Area (mm²) 
∆L Length Increasing  (mm) 

D Specimen Diameter (mm) 
E Modulus Of  Elasticity (GPa) 
EL Elongation ductility (%) 
ε Strain 
F Tensile Force (N) 
σ Normal Stress (N/mm²) 
G Gauge Length (mm) 
 
 
1.0 INTRODUCTION 

Riau Province continues to accelerate infrastructure 
development is a key to spurring economic development in 
the communities in Lancang Kuning Earth. Especially the 
construction of physical facilities in Riau Province is 
currently rising very rapidly, such as the construction of 
office buildings, bridges, apartments, hotels, plazas, shops, 
and residential-housing community. Construction of the 
physical facilities require structural steel reinforcement as 
one of the main ingredients for reinforcing the strength of 
the concrete building.Concrete reinforcing steel structure 
production experience both the bending process for a 
particular purpose or other. One example is the bending of 
simplifying the transport of manufacturers in Jakarta or 
Medan to get to Pekanbaru Riau province or territory area 
through land transportation vehicles with a limited size 
(Shown in figure. 1). 
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2.3 Mechanical Properties of Materials 
Mechanical properties of a material is a parameter in the 
design of the basic information of a material and the 
strength of the supporting data for material specifications. 
Mechanical properties of a material obtained from a tensile 
test results give a bigger picture than other mechanical 
testing, which includes parameters yield stress 
(deformation), tensile strength, tensile strength, strain, 
elastic modulus, the percentage of the length, the 
percentage reduction in the size, toughness , plasticity, 
elasticity, plasticity, yield type, and shape of fracture 
experienced by the material. 

2.4 Tensile Test 
Tensile testing done to complete the design of the basic 
information of a material force. In tensile testing, the 
specimen is loaded coaxial tensile force that grew 
continuously. Along with the observations made regarding 
the extension experienced by the test specimen. 

  σ  =  
ி
஺ 
  (1) 

  ε  =  
∆௅
௅ 
 = 

௅ି ௅ 
௅ 
  (2) 

Dimensions of the test specimen (specimen) has been 
determined based onAmerican Standard Testing and 
Material (ASTM) E8M that is shown in figure 5. 

 
Figure 5. ASTM E8M[1] 

The data was first generated from tensile testing machine is 
a drag curve. Furthermore, from these data are converted 
into engineering stress strain curve (using equations 1 and 
2). Engineering stress strain curve result from tensile test 
data can be to find some sort of mechanical properties, 
among others: 
 
2.4.1. Strength 
It is the response of a material to a force per cross-sectional 
area of the working force in which it is granted[4]. 
Mechanical properties of tensile strength is further divided 
into three kinds of conditions based on engineering stress 
strain curve[4], namely: 
a. Yield Strength (Yield Strength) 
That is occured at the beginning of the start of plastic 
deformation. The method of determining the yield strength 
is 0.002 distance of its strain and take the paralel line into 
the curve. 
b.Maximum Tensile Strength  
That is the maximum stress that occurs (curve peaks) in the 
engineering stress strain curve. 

c. End Strength (Fracture Strength) 
That last stress that occurs just before the specimen broke. 

 
d. Modulus of elasticity 
Elasticity is the ability of a material to return to its original 
shape when the applied force has been removed[4]. The 
modulus of elasticity is the value of the stiffness of a 
material in which the proportional ratio between stress and 
strain in the elastic region in the stress-strain curve are 
characterized by the slope of the curve. 

E =
∆ఙ
∆ఌ
  (3) 

c. Ductility (Ductility) 
Ductility is a term to measure how much plastic 
deformation occurs until the material is dropped 
(Fracture)[2]. In the tensile test, ductility measured in two 
ways: 
1.Reduction of Area 
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o
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A
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2. Elongation 
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3.0  METHODOLOGY 
 
The methodology that used is experimental. The samples 
of material used is concrete reinforced steel structure 
production from PT. Krakatau Steel (indonesia) is known 
enough to have credibility in issuing a product with 
consistent specifications. Steel structures are widely sold in 
the city of Pekanbaru and used in a variety of building 
construction. 
 
3.1 Grouping Sample of Testing 
Performed with varying bending angle, it is starting from 
the point (α) of 20°, 40°, 60°, 80°, 100°, 120°, 140°, 160°, 
180°, then straightened back and done testing to obtain 
tensile mechanical properties. The number of test 
specimens for each angle is not bent and bent test specimen 
is 5, so that for the test conditions are 45 test specimens. 
Specimen which is bent so that the amount of the 45 
specimens, and are not bent as much as 5 specimens. Total 
Specimens for tensile test specimens was 50. 
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3.2 Research Procedures 
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Figure 6. Flow chart  

The first step is the process of cutting steel bars (12 mm of 
diameter) into 50 pieces. Once that is done the process of 
turning the central part of the specimen to be ASTM E8M 
(Shown in figure 7). 

 
Figure. 7 Preparing of samples 

The next is making holes on each end of the specimen to 
the laying of the retaining pin when the tensile test. 
Furthermore, the bending process is carried out with nine 
variations of the bending angle. After the bending process, 
then straightened out again with aligners. the results of the 
alignment is not perfect and this tends included in the 
sample treatment (Shown in figure 8).  
 

 
 
 
 

 
Figure. 8 Bending and  straightening 

 
The curve resulting from tensile testing machine further 
processed to determine how much the yield strength and 
tensile strength.  
 

 
Figure 9. Tensile Test 

 
 
4. 0 RESULTS AND DISCUSSION 

After a series of tensile tests on each specimen, the initial 
data are curves tensile testing. Tensile curve further 
converted into engineering stress vs. strain. The curve is 
then determined the value of the yield strength and tensile 
strength of the maximum value.Tensile test data as follows: 

Table 2. Yield strength after bent for each spesimen 

No. 

 
Bending Angle 

 
0 20 40 60 80 

Spec. 
1 579.1983 618.7636 672.9798 528.1237 683.8457 

Spec. 
2 478.9057 575.4722 462.5709 636.0085 646.0013 

Spec. 
3 508.9326 596.4624 483.4772 535.5261 567.1252 

Spec. 
4 665.8346 592.1073 497.9339 550.8817 661.6460 

Spec. 
5 623.8377 438.2014 595.0918 637.1309 667.9474 

Aver. 571.3418 564.2014 542.4107 577.5342 645.3131 

 

 

 

 

 

 



The 1st Co
-Science an

 

137 P

 

Table.3: Yie
(continued) 

100 

604.9335 6

647.3392 5

678.1649 5

607.2365 5

637.5983 5

635.0545 5

 

Tabel.4: Ulti
specimen 

No. 
Bendin

0 
Spec. 

1 693.831

Spec. 
2 537.508

Spec. 
3 544.364

Spec. 
4 727.486

Spec. 
5 712.057

Aver. 643.049

 
 
Table.5: Ult
specimen (Co

  
100 1

705.7558 683

723.7869 534

718.2383 732

704.3943 556

667.9601 640

704.0271 629

Data that ha
shown in Tab

T
 

No. 
  Bending

onference o
nd Engineerin

Published by Interna

eld strength 

Bending an

120 1

640.3582 595

528.6524 592

594.7019 689

527.4709 657

582.9470 540

574.8261 614

imate Tensile

ng Angle 

20 

13 711.8786 

86 689.3678 

47 705.7154 

60 706.1658 

72 535.2317 

96 669.6719 

imate Tensil
ontinued) 

Bending angl

120 140

3.0487 621.31

4.6598 607.45

2.4223 760.17

6.0163 708.64

0.6345 564.72

9.3563 652.46

as been avera
ble 2 as follow

Table.6: Tensi

g Angle (α) S

on Ocean, M
ng- 

ational Society of O

after bent f

gle (Continued

140 160

5.4814 684.3

2.3307 693.1

9.3138 702.1

7.1029 661.6

0.4405 573.4

4.9339 662.9

e Strenght af

    

40 

702.0991 542

471.5820 68

537.1969 56

534.3681 56

637.5983 71

576.5689 61

le Strenght a

le (continued)  

 160 

71 726.7127 

41 718.3586 

79 724.7458 

04 718.3586 

99 611.2349 

39 699.8821 

 
aged subsequ

w: 

ile strenght aft

Yield 
Strenght (Mpa

Mechanica

Ocean, Mechanical a

for each spe

d) 

0 180

799 695.75

530 678.74

982 712.05

6460 586.02

4266 573.35

607 649.189

fter bent for

  

60 80

2.7938 702.66

3.4201 703.80

8.9965 573.42

3.4018 727.81

8.3339 683.70

5.3892 678.28

after bentfor 

180 

734.4091 

742.0978 

756.1669 

595.4814 

598.0181 

685.2347 

uently collect

ter bent 

a) 
Ultimate T
Strenght (

al and Aero

and Aerospace Scie

cimen 

560 

480 

572 

294 

576 

96 

r each 

671 

014 

266 

07 

009 

813 

each 

ted as 

Tensile 
(Mpa) 

1

In
u
p
a
a

P
n
b
is

ospace 

entists and Engineer

1 0

2 2

3 4

4 6

5 8

6 10

7 12

8 14

9 16

10 18

n these data 
ultimate ten
pembnegkokan
angle.And the
and bending an

Fig

Percentage the
negative then 
bending angle 
s shown if the

Table.7: Pe

0

100

200

300

400

500

600

700

800

0

Strenght (Mpa

rs                             

0 

20 

40 

60 
80 
00 

20 

40 

60 

80 

can be seen
nsile streng
n corner and c
en, the correl
ngles as follow

ure.11: Streng

e percentage i
decreased cha
can go up an

e value is posit

ercentage chan

50

Bendin

a) 

Nov

                  “Thermo

571.3418 

564.2014 

542.4107 

577.5342 
645.3131 

635.0545 

574.8261 

614.9339 

662.9607 

649.1896 

n that the y
ght decreas
climb back on
lation betwee
ws: 

gth vs Bendin

is increased, a
ange in tensil

nd can also go
tive then  

nge of mechan

100 1

ng angle (α) 

vember 19, 20

odynamic and Struc

643.049

669.671

576.568

615.389
678.281

704.027

629.356

652.463

699.882

685.234

yield strength 
ses in ce
n a certain ben
n tensile stre

g angle 

and if the val
le strength at 
o down . In tab

nical propertie

150 200

Ultimate 

Yield

014 

ctures” 

96 

9 

9 

92 
3 

71 

63 

9 

21 

47 

and 
ertain 
nding 
enght 

 

ue is 
each 
ble 7 

es 



The 1st Co
-Science an

 

138 P

 

Bending 
Angle Y

0 
20 
40 
60 
80 

100 
120 
140 
160 
180 

but with the i
, resulting in
occurred , as 

Figu
 

5.0 CONCLU

Based on tens
strength and 
degrees bend
degrees and 1
160 degrees 
yield strength
bending proc
angle of 160
decreased elo
degrees. For
represent the 
 
 
 

 

0.00%

5.00%

10.00%

15.00%

20.00%

25.00%

30.00%

0

b

onference o
nd Engineerin

Published by Interna

Yield (%) 

0% 
-1% 
-5% 
1% 
13% 
11% 
1% 
8% 
16% 
14% 

increase in yie
n lower ductil
shown in the 

ure 12: Bendin

USION 

sile test data, 
ultimate stren

ding and agai
100 degrees, a
to 180 degre

h and tensile s
ess is 662.960
0 degrees an
ongation is 1
r the more r
number of sam

50

bending angle 

on Ocean, M
ng- 

ational Society of O

Ultimate(%)

0% 
4% 

-10% 
-4% 
5% 
9% 
-2% 
1% 
9% 
7% 

eld strength an
lity due to st
Figure 12 as f

ng Angle vs E

it can be conc
nght impaired
in increased 

and again incre
ees. The max
trength in the 
07 and 704.02
nd 100 degre
11.67 % at b
result of acc
mples multipl

100

vs elongation

Mechanica

Ocean, Mechanical a

 
Elonga

(%)

24.67

22%

15%

17%

21%
18%

17%
19%

19%

13%

nd ultimate str
train hardenin
follows: 

Elongation 

cluded that the
d at an angle 
at an angle 
eased at an an
imum value 
range of max

271 MPa in be
es. The mex
bending angl
curate data s
lied. 

150 200

n (%)

al and Aero

and Aerospace Scie

ation 
) 

% 

% 

% 

% 

% 
% 

% 
% 

% 

% 

rength 
ng has 

 

e yield 
of 20 
of 80 

ngle of 
of the 

ximum 
ending 
ximum 
e 180 
should 

R

1

2

3

4

5

6

7

8

0

ospace 

entists and Engineer

REFERENCE

. Annual B
Methods a
Three, Volu

2. Soboyejo, 
Engineered
2002 

3. D. Reche, 
Gourgues-L
using finit
sheets. MI
CNRS UM

4. William D
“Materials
470-41997

5. Clifford, 
Andrew K
Introductio
London: 
Company.

6. Z. T. Zhan
distribution
Mechanica
University 

7. SNI 03-28
Standard of

8. H.X. Zhu. 
elastic pl
Analysis 
Cardiff Un

rs                             

ES 

ooks of AS
and Analytica
ume 03.01. 19

Wole, “
d Materials”.

J. Besson , 
Lorenzon a. A
te-element sim
INES ParisTe

MR 7633, BP 8
D. Callister, 
s Science an
-7  
Michael, Ri

Kennedy, Ste
on to Mecha
Hodder Edu

ng, S. J. Hu. 1
ns in plane 
al Engineerin

of Michigan, 
847-2002, SN

of Concrete re
2006. Large d
lastic power
and applica

niversity, Card

Nov

                  “Thermo

STM Standar
al Procedures
996. 
“Mechanical 
. New York:

T. Sturel, X
Analysis of th
mulation App
ech, Centre 

87, 91003 Evry
Jr., David

nd Engineerin

ichard Brook
ewart McWi
anical Engin
ucation, An

1997. Stress a
strain bendin

ng and App
Ann Arbor, M

NI 07-2052-2
inforcing stee
deformation p
r-law-hardeni
ation.School 
diff CF24 OYF

vember 19, 20

odynamic and Struc

rds. Metals 
s. USA.  Se

Properties 
: Marcel Dek

X. Lemoine, 
he air-bending
plication to 
des Mate ´r
y Cedex, Fran

d G. Rethw
ng”,ISBN 97

ks, Alan H
illiam. 2009.
neering: Par
n Hachette 

and residual s
ng.Departmen
plied Mecha
MI 48109, U.S
2002, Indone

el structure. 
pure bending o
ing wide p

of Enginee
F, UK 

014 

ctures” 

Test 
ction 

of 
kker, 

A.F. 
g test 
steel 

riaux, 
nce 

wisch, 
78-0-

Howe, 
 An 

rt 1. 
UK 

stress 
nt of 
anics, 
S.A. 
esian 

of an 
plate: 
ering, 


