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Abstract 

A monolithic exterior beam-column joints without plastic-hinges on the beam is designed as a 
model structure of the Special Moment brace using a partially prestressed concrete beams with 
dimension of 250/400 mm, tensile reinforcements of 5 D13 and 3 D13 at the top section and 
bottom, respectively, and 1(one) Freyssinet tendon with 2 (two) strands of 17.7 mm and 
transverse bars of  8-75 mm. The column is designed with section dimension of 400/400 mm, 
with the main reinforcements of 6 D16 + 4D13, and the transverse bars of  10-50 mm. 
Experimental studies in laboratory are proposed with lateral load dynamic (pseudo dynamic) 
applied on the beam, and static load applied on the column as a stabilizer. The goal is to get the 
level of ductility of the struc  = yielding) ), calculated until the condition 
of stable structures. The expected results could provide a basis in the development of framework 
design of earthquake resistant structures. 
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1. Introduction 

Most high rise buildings utilize concrete either of reinforced concrete, or prestressed 
concrete, especially for wide spans. In the region with strong earthquake zone such as 
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Indonesia, it is urgently needed to design and build structures that are resistant to 
earthquake to avoid great losses of lives and other valuable materials. This paper comes 
up with the idea for designing earthquake resistant buildings structure, by making 
efforts to approach the ACI 318-2008 provisions of section 21.5.2.5 (c) and comply 
with the provisions of SNI 03-1726-2002. It focuses on the design of structural elements 
of exterior beam-column joint, with partially prestressed beam elements, so the number 
of non-prestressed reinforcements in the support beam to hold the positive and negative 
moments can be reduced. As it is known, the use of non-prestressed reinforced concrete 
beams usually requires a large area of reinforcements and creates reinforcements 
congestion at the joints, which in turn making it difficult to achieve the perfect 
concreting. This situation could result in under strength of concrete at the joints 
structures. With the proposed design configuration, it is expected to achieve a more 
satisfactory ductility. 

2. Theoretical Approach 

2.1. Partial Prestressed Concrete 

According to Naaman (1982), in a combination of partially prestressed and non-
prestressed reinforcements, both reinforcements contribute to the resistance of the 
structure. The advantage is to have a better control of camber and deflection, and to 
increase ductility. 

 
 
 
 

 
 

 

 
 

Figure 1. Typical of load-deflection relationship curva concrete structures (Naaman 1982) 

2.2. Flexural Analysis of Partial Prestressed Concrete Beams 
Partial prestressing ratio (PPR)  according to Naaman (1982) is a parameter that 

indicates the level of concrete beams which partially prestressed. It is an expression of 
the ratio of ultimate moment contributed by prestressed steel and total ultimate moment 
provided by total tensile reinforcements. Value of PPR is in the range of 0 to 1, where 
value of 0 and 1 means the section is a reinforced concrete and a full prestressed 
concrete, respectively. Formulation of PPR can be expressed as follows (see Figure 2): 
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PPR = MnpMn = Aps .fpsff (dp a2)Aps . fpsff dp a2 + As. fyff (ds a2) (1)
in which dp, ds and d is a distance from the top extreme fiber of the section to center
fiber of prestressed force, non-prestressed tensile force and total tensile forces,
respectively. In the case dp, ds and d are all equal value, then Equation (1) becomes:

The value d on condition of nominal moment resistance is:

Substitution of Equation (2) into Equation (3) yields:

where fpsff is tensile stress in the prestressed steel at nominal moment resistance; fyff is
yield stress of non-prestressed steel; Aps is area of prestressed steel section and As is
area of tensile steel section.

Figure 2. Block diagram of compressive stress in partial prestressed concrete (Miswandi 1999)

2.3. Ductility of prestressed concrete section

2.3.1 The state of the first yielding
In prestressed concrete, the steel is already subjected to an initial prestressing force

before loading. Hence, an initial strainii exists in the prestressing steel. With the
existence of initial strain Spo, the total strain in the prestressing steel sp can be
expressed as follows (Figure 3) :

In a state of spy and its value together with Spo and
1 sp are as follows:
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Substituting the above values into Equation (5) and re-arranging it gives :

It is also noted from Figure 3, that:

in which y can be obtained from the equilibrium of forces and:

Figure 3. Block diagram illustrating strains and forces in the presstressed concrete section (Raka 1993)

2.3.2 Ultimate conditions

Figure 4. Block diagram illustrating strains and forces in presstressed concrete section at ultimate
condition (Raka 1993)

Using block diagram as illustrated in Figure 4, it is obtained identical terms with
reinforced concrete:

and:

in which yuyy can be obtained from the principle of forces equilibrium. If we define
and then substitute Equation (12) into (13), we obtain:
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SNI 03-2847-2002 section  20.7.4 specifie cu is . Meanwhile, 2. sp

can be obtained from Equation (10) by first, calculating the value of y. Similarly, 3. sp

can be obtained from Equation (12) by first calculating yuyy . The term sp is acquired
from the value of 3. sp where this value is determined from the equilibrium of forces at
ultimate state.

2.4. Factors affecting the ductility

2.4.1 The number of prestressed steel
In order for flexural strength of prestressed concrete having ductility that meets the

requirements, then the amount of prestressing steel used should be in proportion to the
required flexural strength to bear the gravity loads. ACI 318-77 and UBC-97 give the 
limits of the use of prestressing steel in order to assure the condition of under-reinforced 
as follows :

When pp > 0.3 there will be an increase in flexural strength but a lower ductility and 
resulting in the failure dominated by shear collapse which is undesirable. Thompson K.
J & Park (1980) applied Equation (15) to design prestressed beam section with d = 0.8
h, fc '= 37.9 MPa, fpu = 1617 MPa,  and fps followed the requirements of ACI and UBC
for beams with bonded prestressing tendons, and get results . The curve
moment and curvature relationship with are presented in Figure 5.
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Figure 5. The influence of the prestressing steel moment and curvature relationship in prestressed 
concrete beams with 1 (one)  layer of prestressing tendons (Park & Thompson, 1980)

If the area of prestressing steel is within the limit of that required in Equation (15)
the brittle collapse will be avoided. However, in the case of earthquake load where the
curvature is preferred to be maintain at a large ductility, the use of prestressing steel 
should be limited further. So, the limit of pp 0,3 is replaced by pp 0.2. If cross section
is determined such that resulting in a value of , according to Figure 5 the
section should have a better ductility, and for earthquake-resistant design it is 
recommended to change Equation (15) becomes on the beam plastic
joints, when all prestressed tendons concentrated close to the extreme fiber. The average 
of the prestressed force must 0,2.fcff .b.d, and when concrete compressive force is 0.85.
fcff the maximum height of the concrete compressive stress block are:

. If d = 0.8h and a = 0.75c then:

a 0,2h or c 0,25h (16)
According to SNI 03-2847-2002 article 20.8.1, a limit of reinforcements is:

Another reference to calculate the value of (Miswandi in Naaman 1980) is:



419  Made D. Astawa et al.  /  Procedia Engineering   54  ( 2013 )  413 – 427 

where:

p = index of prestressed steel

= index of tensile reinforcing steel of non-prestressed 

' = index of compressive reinforcing steel of non-prestressed
f'c = concrete cylinder compressive strength characteristics

b   = width of concrete
d  = distance of the center point of the tensile steel reinforcement to the top extreme
fiber of the section

2.4.2 Transverse reinforcement (stirrups)

Studies of the effect of confinement degree on the level of ductility of partially 
prestressed concrete (Miswandi in K. Gideon & Andriono. T 1994) can be performed
using Monte Carlo techniques to obtain the magnitude of curvature ductility ( u/ y) of 
each beam section modeled in each frame structure.

Figure 6 shows the relationship between ductility curves and the curvature of the
cross-sectional moment of 3 layers of prestressing tendons distributed symmetrically
with the variation of the spacing of reinforcing cross bar; with bar diameter of 3/8"(9.5 
mm) and variation between cross bar spacing s = 1" to 7 "(25.4 mm to 178 mm) with
thickness of concrete cover 1.5".

Figure 6. The effect of distance on the relationship hoop moment and curvature (Park & Thompson,
1980)
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2.5. Beam Column-Joint

2.5.1 The minimum flexural strength column
SNI 03-2847-2002 sets a minimum column flexural strength for structural

components that received a combination of bending and axial load on SRPMK. The
flexural strength of columns determined according to section 23.4.2, must meet the 
following requirements:

where:

Me= total moment of columns at the beam-column connection.

Mg= total moment of beams at the beam-column connection.

2.5.2 Longitudinal reinforcement and stirrups of column
According to SNI 03-2847-2002 section 23.4.3, the minimum number of 

longitudinal column reinforcement shall meet the following requirements:

(1) Reinforcement ratio of 0,01 g 0,06

(2) Mechanical connection must be 125% yield stress of elements to be joined. 

Fanella David. A and Munshi Javeed. A (1988) with reference to the UBC-1997
suggested to extend the column reinforcement connection up to the mid-height of the
column regardless the location of high pressure. 

Transverse reinforcement is placed along the height of the column, according to SNI
03-2847-2002 provisions of article 23.4.4 as follows:

(1) Minimum volumetric ratio of spiral reinforcement or stirrups ring, s should fit the 
following equation :

and should not be less than:

(2) The total area covered with a square cross-section of cross bar must meet the
following minimum requirements :

or 
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Column at which point of contraflexure are not in a clear half-height, transverse 
reinforcement as required in UBC section 1921.4.4.1 shall be given over the full height 
of the elements. This is also in line with Nawy E.G (2005). 

 
 

 
 

 
 

 
 

 
 

 
 
 
 
 
 
 
 

Figure 7. Typical reinforcement details of column confinement: (a) the spiral confinement (b)  
Confinement with rectangular cross bar, (c) Detail of cross-section of cross bar tie, x  14 inch. 

Transverse row of the tie should have a hook 90° bend on the opposite side (Fanella David A and Munshi 
Javeed. A, 1998) 

3. Methode 

3.1. Proposed design and fabrication of specimens 

Specimens of Exterior Beam-Column joint have the following specifications : 

Design and manufacture of precast beam 

Sectional dimension of the beam is 250/400 mm, with concrete cover of 35 mm. The 
main  reinforcements are as follows: in tensile area is 5D13; in the compression area is 
3D13; the transverse reinforcement (stirrups)  is 8-75 mm. The position of the pedestal 
for prestressing tendons at the joint is on the top side of the beam section, forming a 
parabolic curve until reaching the center of the beam at its end. 

Design and manufacture of Precast Columns 
Sectional dimension of columns is 400/400 mm, with concrete cover of 40 mm 

determined in accordance with the provisions of SNI 03-2847-2002 article 9.7.2 and 3. 
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The main reinforcement are 6 D16 + 4 D13 distributed evenly on the edge of the column 
and enclosed with transverse reinforcement (stirrups) 10-50 mm. 

Three specimens of the representative structures are shown in the following Table1. 

 
Table1. Summary specifications of the specimens 

Type of 
Structure 

Sectional 
dimensions 

(mm) 

Longitudinal 
reinforcement 

Transversal 
reinforcement 

Number of 
tendons 

Number  
of specimens 

Beam-Column 
joint 

Exterior 

Beam 
250/400 

Tensile 
reinforcement 

5D13 8 - 75 
 

1 
(2 Strand) 

 3 Press 
reinforcement 3 

D13 
Column 
400/400 6 D16 + 4D13 10 - 50 - 

The results of the specimen design 

The design of exterior beam-column specimens connection is indicated in Figure 8. 

 

 
 

 
 

 
 

 
 

 
 

 
 
 
 

     Figure 8: Design of the Specimen of txterior beam-column joint 

3.2. Plan of Loadings 
Loadings to the specimens are adjusted to the load capacity of existing equipment in 

the laboratory PUSLITBANG-KIM-PU Bandung, i.e. for vertical static load capacity = 
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2000 kN, and the capacity Actuatur Dynamik lateral load = 1000 kN. Loadings on the 
specimens must be less than load capacity in the laboratory instrument.
Design load capacity of beams

According ACI Code 318M-08,section 21.5.2.5 (c), the maximum capacity of 
prestressing tendons due to the support beam on the moment of lateral earthquake load 
is to be 25%
Actuator capacity = 1000 kN, taking effective value of 80%:

= 0.8 (1000) = 800 kN.

In the design of structural load capacity, the specimen is assumed in elastic state, so 
the structure has not been cracked.

Figure 9: Moment distribution in the specimen

Actuator moment due to lateral force P is 800 kN. 1 m = 800 KNM, becomes the 
primary moment.
Stiffness of elements:

and moment distribution factors:

so:
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M1 = 0.24 (800) = 192 KNM; M2 = M3 = 0.38 (800) = 304 KNM 

Mn1 reinforcement = 82.12 KNM 
Mn of prestressing tendons: 

X = a/ 1 = 82,4/0,77 = 107 mm ;  
e = 282-107 = 175 mm 
Mn2 = F (e) = 379 (175).10-3 = 66,33 kNm 

Mn = Mn1+25 % (Mn2) = 82,12 + 0,25 (66,33) 

      = 98,70 kNm  192 kNm (Ok) 

Design Load Capacity of Columns 
Equipment capacity is 2000 kN and taking effective capacity of  80%  results in 0.8 

(2000) kN = 1600 kN. Maximum capacity of the column with concrete compressive 
strength  is: 

Pn = 0.25 fc '. Ag = 0.25. 40. (400)2 = 1280 kN 
1280 kN <1600 kN ... (Ok). 

3.3. Test set-up 
The pattern of loading is dynamic loading (pseudo dynamic) that resembles the 

actual earthquake load. 
 

 
 

 
 

 
 

 
 
 
 

Figure 10:  Model test set-up Specimens 

Theoretically, the imposition of dynamic can describe the history of the time pattern 
of the load-displacement relationship of irregular as illustrated in Figure 11. 
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Figure 11: Lateral Displacement time history pattern due to dynamic loads 

Similarly for the history of the time pattern of load-shear relationship is also not 
uniform as seen in Figure 12 below. 

 
 

 
 

 
 

 
        

 
Figure 12: Historical Shear Patterns of time due to Dynamic load 

3.4. Expected test results 

a. Capacity: Pideal<Pyielding test results, where  
Py/Pi = fi, (fi according to SNI 03-1726-2002 = 1.6), fi = 1.2  is the minimum 
requirement. 

b. Ductility,  = ( max/ first yielding), in which  can be calculated up to the boundary 
condition of the stable structure. 

c. Seismic reduction factor R is taken from SNI 03-1726-2002. 
d. fi (more powerful factor of the load and material) = (Vfirst yielding /Videal) 
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4. Conclusions 
Interpretation of the results of analysis of research data will form the basis to 

formulate conclusions. Several conclusions can be drawn from the analysis of data 
about the behavior of the specimen which includes: 
a. dynamic load characteristics and the monotonic behavior 
b.  specimens in the load carrying capacity, 
c.  ductility, 
d.  stiffness degradation, 
e.  deterioration of strength, 
f. drift / displacement and ultimate shear 
g.  all aspects of the ease or difficulty encountered during the research process. 
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