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PREFACE 

 

During the recent decades, environmental quality has become a main issue in most 
aspects of life including in construction industries. Significant progress has been made 
to protect the quality of environment through implementation of methods and the use of 
construction materials which pro the quality of environment. Construction industries, 
however, also significantly contribute to the environmental degradation. Carbon dioxide 
emission from the manufacture process of portland cement is one of main contributors 
to the global warming. Therefore, it is important to apply a comprehensive and 
sustainable approach to reduce the impact of construction industries on environmental 
quality. Application of methods and use of materials for civil engineering infrastructure 
which are environmentally friendly would be the wise solution to minimize the 
environmental impacts due to construction activities. 

The conference has been organized to provide an opportunity to link professional and 
researchers to learn, share and exchange the latest method, approach and developed 
theories which may reduce the impact of civil engineering construction activities on 
environmental quality, with following objectives: 

1. To provide a forum for exchange of ideas, achievements and experiences and 
information addressing to environmental issues among academics, researchers, 
engineers, manufacturers and post graduate scholars in civil engineering field. 

2. To discuss and evaluate the latest methods, approaches and innovative technologies 
to improve environmental quality which are related to civil engineering field. 

3. To increase interaction between civil engineering practice, research and education to 
prevent environmental degradation.  

Participants of the conference included researchers, academic staffs, postgraduate 
students, industries and governments. The keynote speeches during the conference were 
presented by: 

Prof. Joseph Davidovits, 
President of Geopolymer Institure in French. 

Prof. Vijaya Rangan, 
Emiritus Professor from Curtin University, Australia. 

Prof. Jun Shimada, 
President of Center for Marine Environment Studies, Kumamoto University, Japan 

Prof. Ashantha Goonetilleke, 
Queensland University of Technology, Australia. 

Prof. Djwantoro Hardjito, 
Petra Christian University, Indonesia. 
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Prof. Ofyar Z. Tamin, 
Bandung Institute of Technology, Indonesia 

Prof. Tommy Ilyas, 
University of Indonesia, Indonesia 

Dr. Giovanni Luca Pesce, 
Univeristy of Bath, United Kingdom. 

 

The conference papers and oral presentations were divided into four major main topics 
as follow: 

1. Structure, Geopolymer and Other Construction Materials. 

2. Water Resources and Environmental Management. 

3. Transportation and Urban Infrastructure. 

4. Geotechnical Engineering. 

 

 Finally, the conference Organizing Committee wishes that the conference may provide 
beneficial scientific information to the participants and the conference proceeding 
readers. 

 

Organizing Committee, 

 

Dr. Isri Ronald Mangangka 
(Chairman) 
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ABSTRACT 

Some parts of Indonesia are located in a region with high seismic risk. In this region, it is 

compulsory to have a structure that consistently meets the stringent requirements of earthquake resistant 

buildings. Consistent implementation of the earthquake resistant design will result in a structure that can 

survive a strong earthquake.  One of the seismic provisions of SNI 03-2847-02 [1] requires that reinforced 

concrete columns of a structure be confined using hoop reinforcement with seismic hook. The concept of 

confinement in reinforced concrete columns is intended for when the cover spalls off a tied column does 

not fail immediately because the strength of the core is enhanced by triaxial stresses resulting from the 

confining effect of the transverse or hoop reinforcement. As a result, the column can undergo large 

deformation, eventually reaching a second maximum load, when the transverse reinforcement yields.  

Installation of this kind of confining reinforcement is so tedious, especially for large dimensions columns 

commonly used in high rise buildings, flyovers and bridges. The research study reported in this paper 

introduces a simple device called “pen-binder” that can be attached onto the non-compliance confining 

reinforcement at construction sites. The use of pen-binder to hold the confining reinforcement in r/c 

column improves strength and ductility of column very significantly. In general, column specimens with 

code non-compliance confining reinforcement plus pen-binder show better strength and ductility than 

column specimens with code compliance confining reinforcement. A parametric study has also been 

carried out to find out the effect of confinement ratio. The parametric study revealed some very important 

observations regarding the behaviour of confinement of rectangular reinforced concrete columns with 

supplemental pen-binder 

KEYWORDS: Column, Confinement, Pen-binder, strength, ductility 

 

1 INTRODUCTION 

The concept of confinement in reinforced concrete columns is intended for when the cover spalls 

off a tied column does not fail immediately because the strength of the core is enhanced by triaxial 

stresses resulting from the confining effect of the transverse or hoop reinforcement. As a result, the 

column can undergo large deformation, eventually reaching a second maximum load, when the transverse 

reinforcement yields. The provision of transverse or confining reinforcement in the current SNI/ACI Code 

is based on the work of Richart et al. (1929), and is developed such that the compressive strength of the 

confined core of a column after cover spalling is equal to the compressive strength of the gross section of 

the column before cover spalling.  

Inelastic deformability of reinforced concrete columns is important for overal strength and stability 

of structures during earthquake. Deformability of columns can be achieved through proper confinement of 

the core concrete. Many research studies on reinforced concrete columns confined using confining 

reinforcement with 90-degree hook show that opening of 90-degree hook initiates failure, leading to 
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buckling of the outer longitudinal reinforcing bars. It is also concluded in those research studies that the 

use of confining reinforcement with 90-degree hook can result in poor seismic performance of the 

structure (Sheikh and Yeh 1990; Saatcioglu and Razvi 1992; Wehbe et al. 1999). 

The research study reported in this paper introduces a simple device called ”pen-binder” to be 

attached onto the non-compliance confining reinforcement at construction sites. The use of this ”pen-

binder” is expected to improve the structural performance of the code non-compliance confining 

reinforcement to be at least the same as that of the code compliance one 

 

2 EXPERIMENTAL PROGRAM 

2.1 Test Specimens 

The specimens tested in this study were 18 column specimens, with 170 mm x 170 mm in cross 

section and 480 mm in height. Figure 1 illustrates the geometry of a typical column and strain gauges 

placement.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 : Test Specimen, pen-binder geometry and test setup 

 

The test series reported here were designed to investigate three parameters influencing the 

behaviour of columns, these are volumetric ratio, the angle of hook applied and the configurations of 

confining reinforcement. Two types of volumetric ratio (Ash/(s.hc)%) are used in this case, i.e: spacing 

confinement, s =35 mm ( 1.9%) and s= 70 mm (0.9 %) . Different configuration of confining 

reinforcement used in the test specimens are illustrated in Figure 2. 

 

Figure 2: Configuration of confining reinforcement 

 

A summary of all test specimens and their properties is provided in Table 1. 
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Table 1 : Details of test specimens 

 

Test 

Specimens 

 fc’=32 MPa/ 

Configuration 

Confining 

reinforcement 

(Dia. 7.3 mm, 

fyh =336 MPa, 

E=172721 MPa) 

Pen-binder   

(Dia.7.65mm)  

 

Longitudinal 

reinf. 4-D10,  

fy=414 MPa, 

E=207390 

MPa, 

ρ=1.23%) 

s(mm) Ash/(s.hc)% Material 

K0-0-0 A 

35 1.9 

Steel 

(fy=414 

MPa,E=177041

MPa) 

K135-0-35 B 

K90-0-35 C 

K90-2P1-35 D  

K90A-2P1-35 E 

K90A-4P1-35 F  

K135-0-70 B  

70 0.9 

Steel 

(fy=414 

MPa,E=177041

MPa 

K90-0-70 C  

K90-2P1-70 D 

K90A-2P1-70 E 

K90A-4P1-70 F  

 

Configuration A is concrete column without reinforcement, configuration B is column with code 

compliance confining reinforcement, C and D are code non-compliance confining reinforcement without 

and with pen-binder in 900 hook zone respectively, E and F are those with double C confining 

reinforcement with pen-binders installed in two sides and all sides of confining reinforcement, 

respectively. Double C configurations of confining reinforcement are commonly used for largae size 

columns. 

 

 

2.2 Test Setup 

The column specimens were tested using a Dartec compression testing machine with a 1500 kN 

load capacity (Fig. 1). The specimens were externally confined in the top and bottom regions by steel 

brackets. LVDTs (Linear Variable Differential Transducers) were placed on each column face to measure 

axial deformations of the specimens. Strain in confining reinforcement was measured using electric strain 

gauges (Figure 2). The specimens were loaded slowly. LVDTs were monitored throughout loading to 

insure concentric loading and the resulting data were recorded by data logger. The loading was continued 

until a significant drop in load capacity was observed. 

 

3 TEST RESULTS 

All column specimens showed similar initial behavior, the ascending branches of load-strain 

relationships were almost linear up to beginning of cover spalling. The first crack appeared on column 

faces at a concrete strain of approximately 0.2 percent. The measured peak load and the corresponding 

axial strain curve for each configuration is shown in Figure 3. Columns specimens with volumetric ratio 

1.9% show different behaviour at all configuration confinement reinforcement. The poorest behavior 

among the four configuration was shown by configuration E, after spalling of the cover the longitudinal 

bar start to buckle slip and push the confinement outward, resulting in loss of confinement and rapid 

deterioration of the specimen. Although the specimen confined with supplemental pen-binder, a lack of 

ductility as compared to other specimens is quite obvious. Column specimens with volumetric ratio 0.9% 

was not shown different behaviour significantly for each configuration, the specimen was not shown 
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ability to confined concrete core, poor ductility behaviour was shown by this specimens for all 

configurations. 

Column deformability reflects the ability of columns to deform without a significant loss of 

strength. Deformability of columns tested in this research program was investigated by examining axial 

load-axial strain relationships of core concrete. Summary of experimental results for some specimens 

shows in Table 2. Column axial strength improvement (K) was determined from confined concrete 

strength(f’cc)  and unconfined concrete strength(f’co)  ratio as shown in row[9].   

 

 
 

Figure 3: Load versus axial strain diagram columns specimens  

 

 

Axial strain ductility ratio was used to quantify column deformability. The strain ductility ratio was 

defined as the ratio of axial strain of confined concrete at 15 percent strength decay beyond the peak 

stress (ε85) divided by the strain corresponding to the peak stress of unconfined concrete (ε1) ,  row [10] at 

Table 2 shows axial strain ductility ratio was proposed by Saatcioglu and Razvi (2002). Column [11] 

shown the effective confinement index   was proposed by Paultre and Legeron ( 2008), which is defined 

as                                                                                                                                                                                                                  

                                                                         (1)  

 

where fle effective confinement pressure at peak stress, which is a measure of the restraint applied by the 

hoops to the lateral expansion of the confined concrete core under axial compression, for rectangular 

columns : 

 

                                                             (2) 
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where ke geometric confinement effectiveness coefficient, which measures the effectiveness of the 

confinement reinforcement to confine concrete and varies from 1 for a continuous tube to 0 when ties are 

spaced more than half the core cross section  minimum dimension, in which case, some part of the 

columns are not confined at all;  Ash = total section of confinement reinforcement for the set of ties in one 

direction ; c = cross section dimension, measured center-to-center of peripheral ties or spiral; s= center-to-

center spacing between ties, and fsh = stress in the confinement reinforcement at peak stress. At Table 2 

the value of ke is used the same value for all specimens (ke =0.487). 

 

Table 2 :  Summary of test results 

 

No. Specimens 
 At Pmax f'co f'cc 

K= 

f'cc/ 

f'co 

ε85/  

ε1 

Ic 

(%) 

εtransv, 
fsh 

(MPa) 
fl 

(MPa) 
fle 

(MPa) 
(MPa) (MPa)       

[1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] 

1 K135-0-35 0,0031 336,0 6,1 2,92 26,99 35,96 1,33 9,25 10,84 

2 K90-0-35 0,0009 148,0 2,7 1,29 26,99 38,31 1,42 2,68 4,77 

3 K90-2P1-35 0,0040 336,0 6,1 2,92 26,99 40,45 1,50 10,03 10,84 

4 K90A-2P1-35 0,0027 336,0 6,1 2,92 26,99 38,00 1,41 3,83 10,84 

5 K90A-4P1-35 0,0026 336,0 6,1 2,92 26,99 40,67 1,51 9,64 10,84 
   

6 K135-0-70 0,0011 190,0 1,7 0,83 26,99 32,68 1,21 2,77 3,06 

7 K90-0-70 0,0009 150,3 1,4 0,65 26,99 31,25 1,16 1,92 2,42 

8 K90-2P1-70 0,0009 155,3 1,4 0,68 26,99 35,90 1,33 4,35 2,50 

9 K90A-2P1-70 0,0014 247,0 2,2 1,08 26,99 32,81 1,22 2,11 3,98 

10 K90A-4P1-70 0,0026 336,0 3,0 1,46 26,99 32,24 1,19 2,76 5,42 

 

 Based on Tabel 2, results confirm previous findings. Volumetric ratio improve ductility ratio and 

confinement index significantly. The increase in the volumetric ratio of confinement reinforcement 

resulted in higher confining pressure on concrete and produced strength and ductility enchancement. 

Column with low volumetric ratios exhibit brittle behavior, showing high rate of strength decay 

immediately after peak load or poor ductility ratio. On the other hand, column with higher volumetric 

ratio  of steel are able to deform significantly without a significant strength decay. The improvements 

observed in deformability are more pronounced in column with supplemental pen-binder. Specimen with 

configuration D gives the highest improvement in column strength and ductility. A stable confining 

reinforcement is essential to continue providing effective confinement against the lateral expansion of 

concrete beyond the peak stress. Therefore the pen-binder plays important role to hold confining 

reinforcement which will improve ductility ratio and effective confinement index significantly 

Reduction in confinement spacing increases effectiveness of confinement and improves column 

strength and ductility. Spacing of confinement reinforcement is an important parameter that affects the 

distribution of confinement pressure and stability of longitudinal reinforcement. Closer spacing of 

confinement reinforcement is known to increase the uniformity of lateral pressure, thereby improving the 

effective confinement index. The effectiveness of confinement reinforcement diminishes quickly with 

increasing tie spacing. Pen-binder hold confining reinforcement significanly at tie level, the lateral 

pressure between the ties reduce with the distance from the longitudinal reinforcement, this reduction 
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occurs at  a faster rate than that of the pressure at the tie level. Figure 4 shows effect of volumetric ratio to 

K, ductility ratio and effective confinement index. 

 

 

 

 
 

 
 

Figure 4: Effect of volumetric ratio to the K, ductility and effective confinement index  

  

4 CONCLUSIONS 

The increase in the volumetric ratio of confinement reinforcement resulted in higher confining pressure 

on concrete and produced strength and ductility enhancement.  

Cconfiguration with additional pen-binder at 900 hook zone of non-compliance hoop reinforcement (i.e. 

configuration D) shows the highest strength and ductility enhancement.  
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The effectiveness of confinement reinforcement diminishes quickly with increasing tie spacing, 

suppelemtnal pen-binder hold confining reinforcement significantly at tie level. 
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