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Abstract: 
 
The beam column joints in  reinforced concrete frame building is the most critical part 
of the structure as the time when seismic forces act on the building, A large amount of 
forces attracted at beam column joints. Mostly, failure of structure is shear failure at 
joint and it is brittle nature. This type of failure not required as earthquake resistance 
design. 
 
 
For avoiding shear failure of joints IS Codes and different countries codes also, gives 
recommendation of beam and column joints in ductile frames that the joints must have 
adequate shear strength and ductility to facilitate the development of large inelastic 
reversible rotation in the event at the time of severe earthquake by providing this 
special confining reinforcement (hoops). This confining reinforcement near the column 
end should be extended in the join as well. Development length requirement for 
flexural reinforcement within the joint is also required. It is desirable to use high 
strength concrete mix in the joint region and shall achieve good compaction of 
concrete. 
 
 
The main problem at beam column joints is diagonal cracking and crushing of 
concrete.   
 
In the joint resign concrete may controlled by two means by providing large column 
sizes and closely spaced steel ties around column bar in the joint region. Ties are to 
hold the joint together and also resist the shear forces thereby reducing the cracking 
and crushing of concrete. 
 
We study Corner (knee) joint with the help of SAP and Staad model as finite Element 
Member and note the failure load, moments and deflection for two conditions, opening 
joint and closing joint. In another model we increased the area of concrete by 
providing 45 degree angle in the concrete fillet and provide nominal reinforcement. It 
is found that the moment, axial force and deflection are reduced. In third model, we 
increased concrete area by providing two fillet surfaces and again found moment, axial 
force and deflection are reduced.  Fourth specimen same as third specimen, but we 
have provided extra reinforcement at tension side of opening joints. We have also 
verified experimentally by making four types of specimen and tested in the lab and 
found same results. 
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1. Introduction  

 
There are verities of method recommended by different research scholar for beam 
column confinement, such as conventional joint with shear reinforcement, Incasing 
concrete column in the steel tube and Confinement of core using extra ties. 
 
We have used Sap 2000 and Staad pro to study beam column joints theoretically and 
later same types of sixteen specimens have been made. The sizes of specimen i.e. beam 
and column are same 0.2 meter width, 0.2 meter depth and 0.9 meter in length and the 
cover of column and beam is considered 40 mm and 25 mm respectively. These all 
specimen have been tested in laboratory and obtained results are compared with 
software result and tabulated in in Table no 4 and 5.  
 
1.1 Types of Specimen  
 
Specimen –A 
 
In this study, we first used Sap 2000 and Staad -04 for analysis. The behavior of beam 
column connection (At corner joint ) was observed, in which we make corner joint 
using finite element method ( as member ). The sizes of specimen is 0.2mX0.2m and 
length of beam and column is 0.9 meter, we designed it as per ductile design and it is 
as per IS: 13920. We apply a load of different intensity like 15 KN, 25 KN, 35KN and 
45 KN in both cases for opening joint and closing joint and note down the failure axial  
load, failure moment and maximum deflection. 
 
Same specimen used in lab as experimentally to verify failure loads and moments of 
theoretically found from Sap 2000 and Staad -04. 
 
Specimen –B 
 
 In this study, we first used Sap 2000 and Staad -04 for analysis. The behavior of beam 
column connection (At corner joint) was observed, in which we make  corner joint 
using finite element method ( as member ). The sizes of specimen are 0.2mX0.2m and 
length of beam and column is 0.9 meter, but we increase concrete area at 45 degree 
angle and provide nominal reinforcement with ties (As concrete fillet at corner). We 
designed it as per ductile design and it is as per IS: 13920. We apply a load of different 
intensity like 15 KN, 25 KN, 35KN and 45 KN in both cases for opening joint and 
closing joint and note down the failure axial load, failure moment and maximum 
deflection. 
 
 
Same specimen used in lab as experimentally to verify failure loads and moments of 
theoretically found from Sap 2000 and Staad -04. 
 
 
 

(2) 



 

DUCTILE DESIGNING OF BEAM COLUMN JOINTS                                                                                                     DTU                          

 
Specimen –C 
 
In this study we first used Sap 2000 and Staad -04 for analysis. The behavior of beam 
column connection  (At corner joint) was observed, in which we make  corner   joint   
using  finite  element  method  (as member). The  sizes  of  specimen  is 0.2mX0.2m 
and length of beam and column is 0.9 meter, but both fillet corner  and increase 
concrete area at 45 degree angle  and  provided nominal reinforcement with ties (As 
concrete fillet at corner). We designed it as per ductile design and it is as per IS: 
13920. We apply a load of different intensity like 15 KN, 25 KN, 35KN, 45 KN of in 
both cases for opening joint and closing joint and note down failure axial  load, failure 
moment and maximum deflection. 
 
Same specimen used in lab as experimentally to verify failure loads and moments of 
theoretically found from Sap 2000 and Staad -04. 
 
Specimen –D 
 
 In this study, we first used Sap 2000 and Staad-04 the behavior of beam column 
connection    (At corner joint) was observed in which at beam column joint we make 
corner joint using finite element method (as member) the sizes of specimen is 
0.2mX0.2m and length of beam and column is 0.9 meter, but both corner fillet increase 
concrete area at 45 degree angle and provided nominal reinforcement with ties (As 
concrete fillet at corner and extra reinforcement its opposite sides). We designed it as 
per ductile design and it is as per IS: 13920. We apply a load of different intensity like 
15 KN, 25 KN, 35KN ,45 KN of  in both cases for opening joint and closing joint and 
note down failure axial  load and failure moment  and maximum deflection. 
 
Same specimen used in lab as experimentally to verify failure loads and moments of 
theoretically found from Sap 2000 and Staad -04. 
 
This results shows that details of connection affect and beam column joint rigidity. 
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1.2 Research Objective  
 

 
 This study aspire is good understand the behavior of reinforcement concrete beam 
column joints.  We made four types of model in Sap 2000 and Staad -04 and same 
types of specimen made for experimentally verify the results first type is beam column 
joint at corner. in second model by increasing the concrete area diagonally such as 
fillet and in another model by providing  fillet at both sides of corner surface with 
providing nominal reinforcements at fillet portion .  Fourth types of model are the 
same as third types but providing extra reinforcement at other side at fillet. After that 
we see failure loads and note down the failure axial forces and moments of beam 
column joints. 
 
The results of numerical analysis of non linear finite element method verified by using 
experimental results of deferent specimens. 
 
Therefore objective of this research are  
 

(a) To conduct numerical analysis using finite element method (Using Sap 2000 and 
Staad -) and experimental analysis  for a beam column joint with a  applied Axial 
load  (15 KN, 25 KN, 35KN ,45 KN) of  in both cases for opening joint and 
closing joint and note down failure axial  load and failure moment.  

(b) For the four types of beam column joints specimen of opening joint and closing 
joint condition 

(c) To understand behavior of beam column joint with defferent detailing. 

(d) To verify numerical analysis results with experimental test of specimen. 

(e) To experimentally observe of beam column joints including crack pattern, damage 
of specimen, plastic hinge formation, load displacement relatiomship strength and 
stiffness degradation ductility etc.                                                                                                             
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1.3 Types of Joint in Frame Structure 
 
The joint is defined as the portion of the column within the depth of  the deepest beam 
that frames into the column. 
 
In a moment resisting frame, three types of joints can be identified as .interior joint 
(Fig.A), exterior joint (Fig.B)and corner joint (Fig.C) 
 
(i) Interior Joints: When four beam of a frame connected to vertical face of 

column are called as interior joint 
 
 
                         

 
 
 
 
 

Figure A: Interior Joint 
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(ii)  Exterior Joint : When one beam joint frame  into the vertical face  of column 
called exterior joint 

 
  
 

                
 

Figure B: Exterior Joints 
 

(iii) Corner Joints : When a beam each frame into two adjacent vertical faces of 
column , then the joint is called as a corner joint. 

                             
                                                                                            

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure C: Corner Joint 
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2.0 Literature review 
 
 
 
2.1 Force directly acting on joint 
 
1. Figure 1 gives the forces that can be assumed to act on a joint. There should be 

sufficient anchorge of steel to meet these forces. The moments from the beams on 
both sides of the column can be equal or opposite in sign under gravity and wind 
loads. We have already seen that the moments considered at the failure condition 
should be due to the yield stress fy . 

 
                               

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig 1:Force acting on joints  

 
 
 
 
 
 
 
 
 
 

(7) 
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Class 1 joint and that due to strain hardening strees (1.25fy) for class to joints. The 
resultant shear on the joints as seen in fig 1.0will be the following  
 
Vu= Ti+C2-Vcol  
 
Vcol = Shear in Column 
 
Also, T1= c1,     T2=C2 
 
In type 1 joint there may be no joint degradations but in type 2 joints, after a large 
number of reversals, the joint resistance has been found more by the formation of a 
mechanism, as shown in fig. 2.0, inside the joint. After the elastic action, we can get 
the diagonal compression mechanism, I e. the strut mechanism to carry the loads, 
further deterioration of the joint can lead to a truss mechanism for equilibrium of 
forces [2]  
 
 
 

 
 
 
Fig. 2: Struts and Truss Mechanism Resisting Forces in Joints: (a) Strut Mechanism; 

and (b) Truss Mechanism 
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In the strut of diagonal compression mechanism, the shear in the joint will be a 
component off the strut compression (P). Thus  
 
                                       V = P cos α 
 
The cross – sectional area of the effective strut will depend on factors such as point 
confinement, compression that acts on the core of the joint, the amount of vertical 
steel, and the column size.  
 
In the truss mechanism, there will be intensive cracking and the absolute necessity of 
horizontal and vertical steel can be easily seen for its proper action. Even though 
initially the horizontal confinement may bar assumed to be provided by the side 
beams framing in to the column, reversal of the load can reduce this action.  
 
Hence, in type 2 joints for the safety of the joints, it is more sensible to depend on 
confinement of concrete by steel specially provided for this purpose. In type 1 joint, 
these steel have to be provided only if there are no beams to confine to joints. Thus 
confinement of the joint is an important factor for good performance of joints.  
 
 
 
2.2   Design of joints for strength  
 
 
As seen from the above discussion, there are three main factors considered in design 
of joints, in addition to the strength requirement of column 1.0.  These are the 
following: 
 

1. Anchorage of main reinforcement of beams  
 
 

2. Confinement of the core of the joint  
 

 
3. Shear  strength of the joint  

. 
 
 
 
 
 
 
 
 
 
 

(9) 



 

DUCTILE DESIGNING OF BEAM COLUMN JOINTS                                                                                                     DTU                          

 
 
2.3 Anchorage 
 
First, we shell consider the anchorage requirements given in ACI and IS codes. 
These are based on different concepts in the two codes. 
 
 
 
2.3A  Anchorage Requirements in ACI 318 
 
The requirement specified for anchorage in ACI 318 and IS 456 are not the same. The 
method of providing the development length, as shown in fig. 3 in Indian practice, 
and  
 
 
 
 
 
 

 
 
 
 
Fig 3: Development length according to (a) Is 456 (b)ACI standard bend(c) ACI 
standard hook 
 
 
 
 
 
 
 
 
 
 

(10) 
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Described in IS 13920 Clause 6.25, is not accepted by the ACI code. The ACI 
requirements for the development length can be summarized as follows:  
 
1. The basic development length is tension of a straight HYD bar up to 32 mm 

(11bar) 
 
Given in ACI 318 (83) clause 12.2 is as follows: 
 
                     Ld= 0.02AbFy/ √Fck (in Si units) 
 
Where Ab is the area of steel. 
 
Modification factors; of 0.7 for good cover 0.8 for the presence for confirming 
stirrups can also be applied to third formula. Larger diameter of bar will have 
larger bond and the factor corresponding to 0:02 above increases 
correspondingly. 
 
 
 

2. The development length of HYD bars in tension ending in an ACI standard 
bend or hook is given by ACI 318 clause 12.5.1. using the relation f’c=0.8 fck, 
it can be expressed as  

3.  
                                 Ldh = (0.27Qfy)\(√Fck ) 
 
Where Q is the diameter of the reinforcement rod. 
 
For joints with load reversals where the bend should end in confined concrete 
ACI 318 (1983) clause 21.6.4.1 gives the following formula. The end should 
have the ACI standard hook and bend  
                                                 Ldh = (QFy)\(65√ F’c)  in psi 
Converting it into SI units. Hence,  
                                                 Ldh=(0.20qfy)/ √Fck  ----(E)                
 
Where Ld should also not less than 8# or 150 mm. therefore, 
 
            Ld = straight length to tangent point + bend radius 4# + diameter of bar  
 
 
 

(11) 
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2.4   Anchorage Requirements in IS 456 
 
The anchorage IS 456 and BS 8110 steel continue to be the same as used from the 
early days of reinforced concrete. The length required depends on the bond strength 
between steel and  concrete. For every 45 degree of the bend or hook, the increase in 
the development length from tangiest point is assumed as 4ǿ with such bending no 
stress is assumed to be transmitted to the end of the bend. Alternately, the rod can be 
bent in an easy curve, and the development length provide can be as shown in fig. 
3(a). the bearing strength at the bend should also be checked by the following 
equation derived from IS 456 clause 26.2.2.5: 

                 R  ≥ 0.456Fy/Fck (1+2q/a) Q   (see page 179 of reference [3]) (f) 
where  
               Q = Diameter of the rod 
  
                r =  Radius of the bend 0.87fy in the bar 
 

a = centre-to-centre distance between bars or the cover plus bar size for a    
bar adjacent to the face of the member. 

 
 
2.5 Anchorage Requirements for Joints   

 
The anchorage provided for the tension bars in external joints should satisfy the above 
code requirements. The anchorage of bars in the internal joints is not a problem if the 
beam bars are made continuous through the column and adequately spliced outside 
the column core as usually done. The bond stress developed in the bar has to 
compensate only for the stress in the bar which can be tension on one side 
compression on the other, thus making the forces cumulative. 
 
The following empirical rule is also usually recommended to satisfy the bond 
requirements [1] in column bars:  
 
Total depth of column/diameter of beam bar > 20, 
 
Total depth of beam/diameter of a column bar > 20     (20.10) 
 
 
 
 
 
 
 
 
 
 
 

(12) 
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2.6 Confinement of Core of Joint 
 
The second item to be considered is the confinement of joints. Laboratory tests have 
shown conclusively the necessity of confining the concrete inside a joint subjected to 
horizontal forces. The confinement can be by spirals (laterals) placed inside the joints, 
in type 1 joints, the presence of beams of dimensions extending to at least 3/4th the 
size of the column (on the side of the column) in the direction of the shear forces can 
be taken as providing the necessary confinement. According to the ACI-ASCE joints 
committee report, type 1 joints which are not confined as above, should be provided 
with the specified confining steel in the form of hoops or laterals in the direction of 
shear, whereas joints which are properly confined by beams need to be provide only 
with one-half the specified steel. In type 2 joints, confining steel in the concrete is to 
be provided, whether or not side-confinement is provide by beams. 
 
The principal for providing spirals or circular hooks for confining joints is based on 
the assumption that the load taken by spirals should fully compensate the loss of 
strength due to the spelling of the cover. The per unit  volume of the spirals is also 
assumed to be twice as effective as the equivalent longitudinal steel [2]. Let 
 
Ash= Area of spirals used  

    S = Pitch of the spirals (not more than ¼ dimension of column or 100 mm but not 
less than 75 mm) 

 Ag = Gross area of column  

 Ag = Area of the concrete core from outside to outside of the spirals  

   D = Diameter of the core  

Equating forces according to the above assumptions, we get 
 
                      2AshπD(0.85fy)/S = 0.63fck (Ag-Ak) 
 
This reduce to the expression given in IS 13920 clause 7.4.7 for the area of spirals. 
 
                           Ash = 0.09SDk(Ag/Ak-1) fck/fy                            (h) 
 
Since rectangular hoops are considered only half effective, as spirals we require 
double the steel. The formula for rectangular hoops as given in IS 13920 clause 7.4.3 
is the following:     
     
               Ash = 0.18SH (As/Ak– 1) F ck /Fy                                    (h-1) 
Where  
                S = spacing of hoops  
 
 
 

(13) 
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H = The larger dimension of the confining hoop measured to its outer faces. In 
addition, if it exceeds 300 mm, it should be subdivided by additional ties as shown in 
fig. 3a. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig 3A: Confining hook (distance between longitudinal bar should not exceeds  

300 mm) 
 
 
These tied should be closed hoops which end in standard 145digree hook and 10 Q 
extension (but not less than 75 mm) with ends embedded inside confined concrete. 
These confining steel in type 1 and in type 2 joints should be continued beyond the 
joint for a length not less than the following: 
 
1. The largest lateral dimension of the member, or  
 
 
 
2. 1/6th of the clear span, or 
 
 
 
3. 450 mm 

 
 
 
 
 
 
 
 
 

(14) 



 

DUCTILE DESIGNING OF BEAM COLUMN JOINTS                                                                                                     DTU                          

 

2.7   Shear Strength of the Joint  
 
 
Thirdly we shall examine the requirement for shear strength of the joint 
depends on the probable forces that will be transmitted from the beams to the 
columns. The shear acting on the joint is given by the following equation with 
reference to  fig. 1.0considering the maximum forces that can be developed in 
the beams at failure conditions, we have  
 
                    V = C + T – V col                       (i) 
Where , 
 
 
               T = As1  (steel stress) 
 
 
                 W = As2 (steel stress) 
 

As1, As2 Areas of tension and compression steels 
 
 
Vcol  = sum of moments in the beams/storey height 
 
 
(The steel stress is Fy for type 1 joints and 1.25Fy for type 2 joints.) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(15) 
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2.8 ACI- ASCE Committee Method 
 
 
  
The ACI- Committee’s observation on design of joints for shear need special mention 
The committee 318 made the recommendation based on tests on joints that the shear 
strength of the joint is to be considered as a function of the cross –sectional area of 
concrete Ai only provided the required minimum amount of transverse steel is already 
provided (see Fig. 3b) 
 

 
 

Fig 3B: Plan view of beam column joint in shear 
 
 
 
 
The shear strength of the joint is given by the following 
equation: 
 
Vn=  ү √ f’c hbj      (in psi units) 
  
Where; 
 
 
 
 

(16) 
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ү = 20 for internal joints, 15 for external and for corner joints 
 
h= depth of column as show in fig. 3B 
 
bj= effective joint width = ½ (b beam+ b col ) but ≤ b beam + 
(1+2) [1/2h  
 
col} 
 
 
converting the above equation into SI units, and with reduction 
factor 0.85 and f’C = 0.8f ck, 
 
 
we get, 
 
 
vn= 0.063 ү hbj √ fek (in SI units )                                      (j) 
 
 
 
when the factored shear in the joint exceeds the shear strength of 
joint as the given by Eq. (j) we can either increase the column 
size or increase the depth of the beam. The former increasing the 
shear capacity and the latter will reduce the amount of steel and 
hence the shear to be transmitted to the joint  
 
 
 
 
 
 
 
 
 
 
 

(17) 
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2.9 Corner (Knee) Joint 
 
These joints occur commonly in construction and require special consideration. As 
shown in Fig. 4.0, it can be a closing or an opening corner joint. 
 

Fig 4: Distribution of stress in corner in opening and closing joints 
 
 
The neutral axis and the stress distribution in both the arms at sections away from the 
junction in these joints are as in the case of ordinary beams. However, at the corner, 
the stress distribution is different and is as shown in fig. 4, with zero stress at A and 
neutral axis at nearly a third point along AC from the inside joint C. there is also a 
stress concentration at C. in an opening joint at C (Fig. 4a), we have tension stress 
concentration and since the Concrete in weak in tension, 
 

 
                

Fig 4A: Distribution of stress in corner in opening and closing joints; (a) Opening 
joint (b) closing joint 

 
(18) 
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and there will be a tendency of premature cracking unless special steel is provided at 
this place. If the stress concentration is compressive, it does not pose any problem as 
the concrete is strong in compression. In general, two types of cracking can occur in 
these joints as discussed below: 
 
 
If  the shear in the core is high, it can cause cracking due to diagonal tension. If T is 
the tension in steel transmitted to the joint, then 
 
 
Diagonal tension = shear = v 
 
 

                                   V = T/bd = Asfy/bd 
 
 
Assuming a maximum shear strength = 0.8√Fck we have 
 
 

As/bd = 0.8√Fck /fy =p 
 
 

With Fck = 25 and Fy = 415, we get p = 0.0096. 
 
 
Thus, if the tension steel is more than 1%, then the diagonal steel has to be provided 
to limit the growth of tension cracks due to shear. 
 
 
2.0 Cracking can occur due to stress concentration at the joint if it is an opening joint. 
The total tension in diagonal AC = √2 T as shown in fig. 4.0. if this tension acts on a 
small area, then cracking will occur. 

 
 
 
 
 
 
 
 
 

 (19) 
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IS publication SP 34 (1987) [4] p. 110 gives the method of detailing of 90 degree 
opening corners as shown in fig. 5.0 splay-bars of an area equal to one-half the main 
stell in the beams at The joints are recommended. 

 

 
 
 
Fig.  5: Detailing of knee joints: (a) 90 degree opening corners of members 
with percentage of steel < 1 : splay to be 50% of main steel;  (b) joints under 
alternating loads; (c) alternative to (a); and (d) members with more than 1% 
steel (SP 34 pages 110).  
 
 

Additional diagonal steel is provided in the opening corners for stress concentration 
when the percentage of tension steel is  more than 1%. The area of the steel is  

 
                        As = √2T/0.87Fy                                       (k) 
 
 
 
 
 
 
 

(20) 
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However, for joints under a alternating loads (type 2 joints), provision of the 
secondary steel as vertical and horizontal bars is better than the diagonal bars, see Fig. 
5(b) 

 
 

2.10 Detailing for anchorage in exterior beam column joint 
 
 
In this three-member joint (item to in fig. x), the tension from a beam is transferred to 
the joint core by anchorage of bars. Since these anchorage are under cycle loads in 
type 2 structures, they have a tendency to straighten up, their hooked ends should be 
placed always along the column bars and restrained by stirrups. IS 13920 (93) clause 
6.2.5 requires that In external joints, both the top and bottom bars of the beam shall be 
provided with anchorage length beyond the face of the column equal to the 
development length in tension plus 10α minus The allowance for 90 degree bend. 

 

2.11. Procedure for design of joints 
 

The various steps in design of joint can be summarized as follows: 
 
Step 1: check the capacity of column to take the vertical load as well the maximum 
probable moments from the beams joining the column, Eq. (A). 
 
Step 2: check the capacity of column in shear produced by the maximum probable 
moments beams from the beams joining the column, Eq. (B). (the beam capacities 
assumed should be 1.2M 
 
For type 1 joints and 1.4M for type 2 joints.) 
 
Step 3: check the anchorage requirement of tension bars in the beam inside the core 
of the columns. 

 
 
 
 
 
 
 
 
 
 

(21) 
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Step 4: check the confinement of the joint and provide steel for the confinement it 
found necessary. 
 
Step 5: check the shear. Calculate the ultimate shear acting on the joint and check the 
capacity of the joint to withstand the shear. 
 
Step 6 : check the detailing of the steel at the joint. Table 20.1 gives the procedure for 
checking anchorage, confinement and shear in joints by various methods. 

 

2.12. In the beam column joint the two type of forces act on it  
 
(a) Opening the joints 
 
   
 

 

Figure 6:   Opening of Joints 
 
 
 
 
 
 
 
 
 

(22)                               
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(b) Closing joint of beam column joint 

 
 
 

 
 
 
 
 

Figure 7:   Closing of Joints 
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3.0. Analytical Analysis 
 
3.1.  Analysis Using Sap 2000 
 
Type 1.  (As Per IS:13920 Beam Column Joints ) (Sap2000 -Specimen –A) For A 
Load Considered At Cantilever Portion 15 Kn –Open Joint 
 
 
 

 
 
 

Figure 8: Beam column joint –for specimen-A as per Sap (Open joints) 
 
 
 
 
 
 
 
 
 

  (24)       
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AXIAL FORCE FOR SPECIMEN –A –OPEN JOINT 
 

 
 
          Figure 9: Axial force  for specimen-A –for open joints – (Sap 2000)     
 
                                                             
 
 
 
 
 
 
 
 
 
 
 
 

   (25) 
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BEDING MOMENT FOR SPECIMEN –A –OPEN JOINT 
 
 
 
 

 
 

 
 
 
 

Figure 10: Bending moment  for specimen-A –for open joints – (Sap 2000) 
 
 
 
 
 
 
 

   (26) 
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DESIGN RESULTS OF (SPECIMEN) A BEAM COLUMN JOINT AS PER SAP 
-2000–OPEN JOINT 

 

 
 

  (27) 
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TYPE 2.  (AS PER IS:13920 BEAM COLUMN JOINTS ) (SAP2000 -SPECIMEN 
–B)  FOR A LOAD CONSIDERED AT CANTILIVER PORTION 15 KN–OPEN 
JOINT 
 

 
              
 

Figure 11: Beam column joint –for specimen-B as per Sap (Open joints) 
 
 
 
 
 
 
 
 
 
 
 
 
 

   (28) 
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AXIAL FORCE FOR SPECIMEN –B –OPEN JOINT 
 
 
 
 
 

 
                        
 

Figure 12: Axial force  for specimen-A –for open joints – (Sap 2000) 
 
 
 
 
 
 
 
 
 

(29) 
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BENDING MOMENT  FOR SPECIMEN –B –OPEN JOINT 
 
 

 
 
 
 

Figure 13: Axial force  for specimen-A –for open joints – (Sap 2000) 
 
 
 
 
 
 
 

(30) 
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DESIGN RESULTS OF(SPECIMEN-B) BEAM COLUMN JOINT AS PER SAP 
-2000–OPEN JOINT 
 
 
 

                                                    
(31) 
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TYPE 3.  (AS PER IS:13920 BEAM COLUMN JOINTS ) (SAP2000 -SPECIMEN 
–C)  FOR A LOAD CONSIDERED AT CANTILIVER PORTION 15 KN–OPEN 
JOINT 
 
 
 

 
          
 
 
 Figure 14: Beam column joint –for specimen-C as per Staad (Open joints) 
        
 
 
 
 
 
 
 
 

(32) 
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AXIAL FORCE FOR SPECIMEN –C –OPEN JOINT 
 
 

 
 
 
 
 
 

Figure 15: Axial force for specimen-C –for open joints – (Sap 2000)) 
 
 
 
 
 
 
 

(33) 
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BENDING MOMENT  FOR SPECIMEN –C –OPEN JOINT 
 
 
 
 
 

 
 
 
 

Figure 16: Bending moment for specimen-C –for open joints – (Sap 2000) 
 
        
 
 
 
 
 
 
 
 
 
 
 
 

(34) 
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DESIGN RESULTS OF (SPECIMEN-C) BEAM COLUMN JOINT AS PER SAP 
-2000–OPEN JOINT 
 
 
 
 
 

 
 

 (35) 
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TYPE 4.  (AS PER IS:13920 BEAM COLUMN JOINTS ) (SAP2000 -SPECIMEN 
–D)  FOR A LOAD CONSIDERED AT CANTILIVER PORTION 15 KN–OPEN 
JOINT 
 
 
 
 

 
 
 
 
 

Figure 17: Beam column joint –for specimen-D as per Sap (Open joints) 
        
 
 
 
 
 
 
 
 
 
 

(36) 
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AXIAL FORCE FOR SPECIMEN –D –OPEN JOINT 
 
 

 
 
 
 

Figure 18: Axial force  for specimen-D –for open joints – (Sap 2000) 
 
 
 
 
 
 
 
 
 
 
 
 

(37) 
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BENDING MOMENT FOR SPECIMEN –D –OPEN JOINT 
 
 

 
 
 
 

Figure 19: Bending moment  for specimen-D –for open joints – (Sap 2000) 
 
 
 
 
 
 
 
 

(38) 
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DESIGN RESULTS OF(SPECIMEN-D) BEAM COLUMN JOINT AS PER SAP 
-2000–OPEN JOINT 
 
 
 

 
 
 

 (39) 
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TYPE 1.  (AS PER IS:13920 BEAM COLUMN JOINTS ) (SAP2000 -SPECIMEN 
–A)  FOR A LOAD CONSIDERED AT CANTILIVER PORTION 15 KN–
CLOSED JOINT 
 
 
 

 
 
 
 

Figure 20: Beam column joint –for specimen-A as per Sap(Closed joints) 
        
 
 
 
 
 
 
 

(40) 
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AXIAL FORCE FOR SPECIMEN –A- CLOSED JOINT 
 
 

 
 
 

Figure 21: Axial force  for specimen-A –for Closed joints – (Sap 2000) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(41) 
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BENDING MOMENT FOR SPECIMEN – A- CLOSED JOINT 
 
 
 

 
 
 
 
 

Figure 22: Axial force for specimen-A –for open joints – (Sap 2000) 
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DESIGN RESULTS OF (SPECIMEN-A) BEAM COLUMN JOINT AS PER SAP 
-2000– CLOSED JOINT 
 

 
 
 

 
(43) 

 



 

DUCTILE DESIGNING OF BEAM COLUMN JOINTS                                                                                                     DTU                          

 
 
TYPE 2.  (AS PER IS:13920 BEAM COLUMN JOINTS ) (SAP2000 -SPECIMEN 
–B)  FOR A LOAD CONSIDERED AT CANTILIVER PORTION 15 KN–
CLOSED JOINT 
 
 
 
 
 
 

 
 
 
 
    Figure 23: Beam column joint –for specimen-B as per Sap(Closed joints) 
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AXIAL FORCE FOR SPECIMEN –B- CLOSED JOINT 
 
 
 
 
 

 
 
 

Figure 24: Axial force for specimen-A –for open joints – (Sap 2000) 
 
 
 
 
 
 

(45) 
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BENDING MOMENT FOR SPECIMEN – B- CLOSED JOINT 
 
 

 
 
 

Figure 25: Bending moment for specimen-B –for Closed joints – (Sap 2000) 
 
 
 
 
 
 
 
 
 
 
 
 
 

(46) 
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DESIGN RESULTS OF (SPECIMEN-B) BEAM COLUMN JOINT AS PER SAP 
-
200
0– 
CL
OS
ED 
JOI
NT 
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TYPE 3.  (AS PER IS:13920 BEAM COLUMN JOINTS ) (SAP2000 -SPECIMEN 
–C)  FOR A LOAD CONSIDERED AT CANTILIVER PORTION 15 KN–
CLOSED JOINT 
 
 
 

 
 
 
 
 
 

Figure 26: Beam column joint –for specimen-C as per Sap 2000 (Closed joints) 
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AXIAL FORCE FOR SPECIMEN –C- CLOSED JOINT 
 
 

 
 
 
 
 

Figure 27: Axial force  for specimen-C –for Closed joints – (Sap) 
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BEDING MOMENT FOR SPECIMEN – C- CLOSED JOINT 
 
 

 
 
 

Figure 28: Bending moment  for specimen-C –for closed joints – (Sap) 
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DESIGN RESULTS OF (SPECIMEN-C) BEAM COLUMN JOINT AS PER SAP 
-2000– CLOSED JOINT 
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TYPE 4.  (AS PER IS:13920 BEAM COLUMN JOINTS ) (SAP2000 -SPECIMEN 
–D)  FOR A LOAD CONSIDERED AT CANTILIVER PORTION 15 KN– 
CLOSED JOINT 
 
 
 
 

 
 
 
 

Figure 29: Beam column joint –for specimen-D as per Sap 2000 (Closed joints) 
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AXIAL FORCE FOR SPECIMEN –D – CLOSED JOINT 
 
 

 
 
 
 

Figure 30: Axial force  for specimen-D –for closed joints – (Sap 2000) 
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BENDING MOMENT  FOR SPECIMEN –D – CLOSED JOINT 
 
 
 

 
 
 

Figure 31: Bending moment for specimen-D –for closed joints – (Sap 2000) 
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DESIGN RESULTS OF (SPECIMEN-D) BEAM COLUMN JOINT AS PER SAP 
-2000– CLOSED JOINT 
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3.2 Analysis using Staad 2004 
 
 
 
 
TYPE 1.  (AS PER IS:13920 BEAM COLUMN JOINTS ) STAAD -SPECIMEN –
A) FOR A LOAD CONSIDERED AT CANTILIVER PORTION 15 KN –OPEN 
JOINT 
 
 
 
 
 

15.000 kN

Load 1 (SELF Y)
X

Y
Z

 
 
 
 
 
 

Figure 32 :  Beam column joint –for specimen-A as per Staad (Open  joints) 
 
 
 
 
 

(56) 
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AXIAL FORCE FOR SPECIMEN –A- OPEN JOINT-(IN STAAD) 
 
 
 

16.600 kN

15.800 kN 0 kN 0 kN

DisplacementAxial Force : Load 1 : 
Force - kNm

X
Y
Z

 
 
 
 
 
 

Figure 33 :  Axial force  for specimen-A –for open joints – (Staad) 
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BENDING MOMENT  FOR SPECIMEN –A – OPEN JOINT-(IN STAAD) 
 
 
 
 
 
 
 

Max: -11.680 kNm

Max: -11.680 kNm

DisplacementBending Z : Load 1 : 
Moment - kNm

X
Y
Z

 
 
 
 

Figure 34 :  Bending moment for specimen-A –for open joints – (Staad) 
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DESIGN RESULTS OF (SPECIMEN-A) BEAM COLUMN JOINT AS PER 
STAAD -2000– OPEN JOINT 
 
 
 
 
            C O L U M N   N O.      1  D E S I G N   R E S U L T S 
          M25                    Fe500 (Main)               Fe500 (Sec.) 
    LENGTH:   800.0 mm   CROSS SECTION:  200.0 mm X  200.0 mm  COVER: 
40.0 mm 
    ** GUIDING LOAD CASE:    1 END JOINT:     9  SHORT COLUMN 
    DESIGN FORCES (KNS-MET) 
      DESIGN AXIAL FORCE (Pu)             :   -14.2 
                                           About Z         About Y 
   INITIAL MOMENTS                     :   11.68            0.00 
   MOMENTS DUE TO MINIMUM ECC.         :    0.28            0.28 
  
   SLENDERNESS RATIOS                  :     -               - 
   MOMENTS DUE TO SLENDERNESS EFFECT   :     -               - 
   MOMENT REDUCTION FACTORS            :     -               - 
   ADDITION MOMENTS (Maz and May)      :     -               - 
    TOTAL DESIGN MOMENTS                :   11.68            0.28 
    REQD. STEEL AREA   :    480.00 Sq.mm. 
   MAIN REINFORCEMENT : Provide   4 - 16 dia. (2.01%,    804.25 Sq.mm.) 
                        (Equally distributed) 
   TIE REINFORCEMENT  : Provide  8 mm dia. rectangular ties @ 200 mm c/c 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(59) 
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TYPE 2.  (AS PER IS:13920 BEAM COLUMN JOINTS ) STAAD -SPECIMEN –
B) FOR A LOAD CONSIDERED AT CANTILIVER PORTION 15 KN –OPEN 
JOINT 
 
 
 

15.000 kN

DisplacementLoad 1 (SELF Y) : 
X

Y
Z

 
 

Figure 35 :  Open joint as per Staad-specimen B(Staad) 
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AXIAL FORCE FOR SPECIMEN –B- OPEN JOINT-(IN STAAD) 
 
 
 
 
 
 

-12.834 kN

-13.234 kN12.207 kN

11.807 kN

17.782 kN 17.782 kN

0 kN 0 kN

-30.564 kN

-30.964 kN

DisplacementAxial Force : Load 1 : 
Force - kNm

X
Y
Z

 
 
 
 
Figure 36 :  Axial force for specimen-B –for open joints – (Staad) 
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BENDING MOMENT  FOR SPECIMEN –B – OPEN JOINT-(IN STAAD) 
 
 
 
 
 
 
 
 

Max: -11.567 kNm

Max: -6.582 kNm

Max: -4.112 kNmMax: -5.920 kNm

Max: -4.985 kNm

DisplacementBending Z : Load 1 : 
Moment - kNm

X
Y
Z

 
 
 
Figure 37 :  Bending moments for specimen-B –for open joints – (Staad) 
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DESIGN RESULTS OF (SPECIMEN-B) BEAM COLUMN JOINT AS PER 
STAAD -2000– OPEN JOINT 
 
   
============================================================= 
  
            C O L U M N   N O.      3  D E S I G N   R E S U L T S 
  
         M30                    Fe415 (Main)               Fe415 (Sec.) 
  
   LENGTH:   400.0 mm   CROSS SECTION:  200.0 mm X  200.0 mm  COVER: 
40.0 mm 
  
   ** GUIDING LOAD CASE:    1 END JOINT:     5  SHORT COLUMN 
  
  
   DESIGN FORCES (KNS-MET) 
   ----------------------- 
   DESIGN AXIAL FORCE (Pu)             :    12.2 
  
                                          About Z         About Y 
   INITIAL MOMENTS                     :    6.58            0.00 
   MOMENTS DUE TO MINIMUM ECC.         :    0.24            0.24 
  
   SLENDERNESS RATIOS                  :     -               - 
   MOMENTS DUE TO SLENDERNESS EFFECT   :     -               - 
   MOMENT REDUCTION FACTORS            :     -               - 
   ADDITION MOMENTS (Maz and May)      :     -               - 
  
   TOTAL DESIGN MOMENTS                :    6.58            0.24 
  
   REQD. STEEL AREA   :    196.34 Sq.mm. 
   MAIN REINFORCEMENT : Provide   4 - 12 dia. (1.13%,    452.39 Sq.mm.) 
                        (Equally distributed) 
   TIE REINFORCEMENT  : Provide  8 mm dia. rectangular ties @ 190 mm c/c 
  
   SECTION CAPACITY (KNS-MET) 
   -------------------------- 
   Puz :    598.46   Muz1 :      6.83   Muy1 :      6.83 
  
   INTERACTION RATIO: 1.00 (as per Cl. 39.6, IS456:2000) 
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TYPE 3.  (AS PER IS:13920 BEAM COLUMN JOINTS ) STAAD -SPECIMEN –
C) FOR A LOAD CONSIDERED AT CANTILIVER PORTION 15 KN –OPEN 
JOINT 
 
 
 

15.000 kN

Load 1 (SELF Y)
X

Y
Z

 
 

Figure 38 :  Specimen B in open joints as per staad 
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AXIAL FORCE FOR SPECIMEN –C- OPEN JOINT-(IN STAAD) 
 
 
 
 
 

0 kN 0 kN

18.358 kN 18.358 kN

-31.374 kN

-31.774 kN

21.809 kN

21.759 kN

12.835 kN
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Figure 39 :  Axial force for specimen-C –for open joints – (Staad) 
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BENDING MOMENT  FOR SPECIMEN –C – OPEN JOINT-(IN STAAD) 
 
 
 
 

Max: -11.566 kNm

Max: -5.920 kNm

Max: -4.944 kNm
Max: -6.622 kNm

Max: -4.153 kNm
Max: -0.196 kNm

DisplacementBending Z : Load 1 : 
Moment - kNm

X
Y
Z

 
Figure 40 :  Bending moments for specimen-C –for open joints – (Staad) 
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DESIGN RESULTS OF (SPECIMEN-C) BEAM COLUMN JOINT AS PER 
STAAD -2000– CLOSED JOINT 
 
 
            C O L U M N   N O.      3  D E S I G N   R E S U L T S 
  
         M25                    Fe500 (Main)               Fe500 (Sec.) 
  
   LENGTH:   350.0 mm   CROSS SECTION:  200.0 mm X  200.0 mm  COVER: 40.0 mm 
  
   ** GUIDING LOAD CASE:    1 END JOINT:     5  SHORT COLUMN 
  
  
   DESIGN FORCES (KNS-MET) 
   ----------------------- 
   DESIGN AXIAL FORCE (Pu)             :    12.8 
  
                                          About Z         About Y 
   INITIAL MOMENTS                     :    6.62            0.00 
   MOMENTS DUE TO MINIMUM ECC.         :    0.26            0.26 
  
   SLENDERNESS RATIOS                  :     -               - 
   MOMENTS DUE TO SLENDERNESS EFFECT   :     -               - 
   MOMENT REDUCTION FACTORS            :     -               - 
   ADDITION MOMENTS (Maz and May)      :     -               - 
  
   TOTAL DESIGN MOMENTS                :    6.62            0.26 
  
   REQD. STEEL AREA   :    172.99 Sq.mm. 
   MAIN REINFORCEMENT : Provide   4 - 12 dia. (1.13%,    452.39 Sq.mm.) 
                        (Equally distributed) 
   TIE REINFORCEMENT  : Provide  8 mm dia. rectangular ties @ 190 mm c/c 
  
   SECTION CAPACITY (KNS-MET) 
   -------------------------- 
   Puz :    512.92   Muz1 :      6.88   Muy1 :      6.88 
  
   INTERACTION RATIO: 1.00 (as per Cl. 39.6, IS456:2000) 
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TYPE 4.  (AS PER IS:13920 BEAM COLUMN JOINTS ) STAAD -SPECIMEN –
D) FOR A LOAD CONSIDERED AT CANTILIVER PORTION 15 KN –OPEN 
JOINT 
 
 
 
 
 

15.000 kN

Load 1 (SELF Y)
X

Y
Z

 
 
 
 
 
 
 
 
 
 

Figure 41 :  Specimen –D beam column joints for open joints (In Staad) 
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AXIAL FORCE FOR SPECIMEN –D- OPEN JOINT-(IN STAAD) 
 

24.187 kN

24.012 kN

1.397 kN

1.395 kN

22.019 kN22.019 kN21.030 kN21.030 kN

22.937 kN

22.850 kN

24.012 kN

23.925 kN

22.019 kN 22.019 kN

17.376 kN

17.326 kN

-12.467 kN

-12.867 kN
-30.122 kN

-30.322 kN

-38.860 kN

-39.060 kN

0 kN 0 kN

DisplacementAxial Force : Load 1 : 
Displacement - mm

Force - kNm
X

Y
Z

 
 
 
 
 
 
  Figure 42 :  Axial force for specimen-D –for open joints – (Staad) 
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BENDING MOMENT  FOR SPECIMEN –D – OPEN JOINT-(IN STAAD) 
 
 
 

Max: -5.503 kNm

Max: 0 kNm

Max: -1.882 kNmMax: -1.226 kNm

Max: -1.563 kNm

Max: -2.877 kNm

Max: -3.170 kNm
Max: -0.392 kNm

Max: -11.513 kNm

Max: -2.920 kNm

Max: -5.498 kNm

Max: -5.920 kNm

DisplacementBending Z : Load 1 : 
Displacement - mm

Moment - kNm
X

Y
Z

 
 
 
 
 
 

Figure 43:  Bending moments for specimen-D –for open joints – (Staad) 
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DESIGN RESULTS OF (SPECIMEN-D) BEAM COLUMN JOINT AS PER 
STAAD -2000– OPEN JOINT 
 
            C O L U M N   N O.      3  D E S I G N   R E S U L T S 
  
         M25                    Fe500 (Main)               Fe500 (Sec.) 
  
   LENGTH:   175.0 mm   CROSS SECTION:  200.0 mm X  200.0 mm  COVER: 
40.0 mm 
  
   ** GUIDING LOAD CASE:    1 END JOINT:     5  SHORT COLUMN 
  
  
   DESIGN FORCES (KNS-MET) 
   ----------------------- 
   DESIGN AXIAL FORCE (Pu)             :    13.0 
  
                                          About Z         About Y 
   INITIAL MOMENTS                     :    6.63            0.00 
   MOMENTS DUE TO MINIMUM ECC.         :    0.26            0.26 
  
   SLENDERNESS RATIOS                  :     -               - 
   MOMENTS DUE TO SLENDERNESS EFFECT   :     -               - 
   MOMENT REDUCTION FACTORS            :     -               - 
   ADDITION MOMENTS (Maz and May)      :     -               - 
  
   TOTAL DESIGN MOMENTS                :    6.63            0.26 
  
   REQD. STEEL AREA   :    173.05 Sq.mm. 
   MAIN REINFORCEMENT : Provide   4 - 12 dia. (1.13%,    452.39 Sq.mm.) 
                        (Equally distributed) 
   TIE REINFORCEMENT  : Provide  8 mm dia. rectangular ties @ 190 mm c/c 
  
   SECTION CAPACITY (KNS-MET) 
   -------------------------- 
   Puz :    512.95   Muz1 :      6.90   Muy1 :      6.90 
  
   INTERACTION RATIO: 1.00 (as per Cl. 39.6, IS456:2000) 
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TYPE 1.  (AS PER IS:13920 BEAM COLUMN JOINTS ) STAAD -SPECIMEN –
A) FOR A LOAD CONSIDERED AT CANTILIVER PORTION 15 KN –
CLOSED JOINT 
 
 
 
 
 
 
 
 

-15.000 kN

Load 1 (SELF Y)
X

Y
Z

 
 
 
 
 
 

Figure 44 :  Specimen –A beam column joints for closed joints (In Staad) 
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AXIAL FORCE FOR SPECIMEN –A- CLOSD JOINT-(IN STAAD) 
 
 
 
 
 
 
 
 
 
 
 
 

16.600 kN

15.800 kN Max: 1.362 mm0 kN 0 kNMax: 3.922 mm

-15.000 kN

DisplacementAxial Force : Load 1 (SELF Y) : 
Displacement - mm

Force - kNm
X

Y
Z

 
 

Figure 45 :  Axial force for specimen-D –for open joints – (Staad) 
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BENDING MOMENT FOR SPECIMEN –A – CLOSED JOINT-(IN STAAD) 
 
 
 
 

Max: 12.320 kNm

Max: 1.362 mm

Max: 12.320 kNm

Max: 3.922 mm

-15.000 kN

DisplacementBending Z : Load 1 (SELF Y) : 
Displacement - mm

Moment - kNm
X

Y
Z

 
 
 
 
 
 

Figure 46 :  Bending moments for specimen-D –for open joints – (Staad) 
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DESIGN RESULTS OF (SPECIMEN-A) BEAM COLUMN JOINT AS PER 
STAAD -2000– CLOSED JOINT 
 
 
            C O L U M N   N O.      1  D E S I G N   R E S U L T S 
          M25                    Fe500 (Main)               Fe500 (Sec.) 
    LENGTH:   800.0 mm   CROSS SECTION:  200.0 mm X  200.0 mm  COVER: 
40.0 mm 
  
   ** GUIDING LOAD CASE:    1 END JOINT:     9  SHORT COLUMN 
  
   DESIGN FORCES (KNS-MET) 
   ----------------------- 
   DESIGN AXIAL FORCE (Pu)             :    15.8 
  
                                          About Z         About Y 
   INITIAL MOMENTS                     :   12.32            0.00 
   MOMENTS DUE TO MINIMUM ECC.         :    0.32            0.32 
    SLENDERNESS RATIOS                  :     -               - 
   MOMENTS DUE TO SLENDERNESS EFFECT   :     -               - 
   MOMENT REDUCTION FACTORS            :     -               - 
   ADDITION MOMENTS (Maz and May)      :     -               - 
  
   TOTAL DESIGN MOMENTS                :   12.32            0.32 
  
   REQD. STEEL AREA   :    416.04 Sq.mm. 
   MAIN REINFORCEMENT : Provide   4 - 12 dia. (1.13%,    452.39 Sq.mm.) 
                        (Equally distributed) 
   TIE REINFORCEMENT  : Provide  8 mm dia. rectangular ties @ 190 mm c/c 
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TYPE 2.  (AS PER IS:13920 BEAM COLUMN JOINTS ) STAAD -SPECIMEN –
B) FOR A LOAD CONSIDERED AT CANTILIVER PORTION 15 KN – 
CLOSED JOINT 
 
 
) 
 
 
 

-15.000 kN

Load 1 (SELF Y)
X

Y
Z

 
 
 

Figure 47 Specimen –A beam column joints for closed joints (In Staad) 
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AXIAL FORCE FOR SPECIMEN –B- CLOSED JOINT-(IN STAAD) 
 
 
 
 
 
 
 
 
 
 
 

17.166 kN

16.766 kNMax: 0.344 mm

0 kN 0 kNMax: 2.310 mm

33.276 kN

32.876 kN
Max: 1.479 mm

-11.410 kN

-11.810 kNMax: 1.179 mm
-18.884 kN -18.884 kN

Max: 1.479 mm

DisplacementAxial Force : Load 1 : 
Displacement - mm

Force - kNm
X

Y
Z

 
 
 

Figure 48 Axial force for specimen-D –for open joints – (Staad) 
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BENDING MOMENT FOR SPECIMEN –B – CLOSED JOINT-(IN STAAD) 
 
 
 
 
 
 
 
 
 

Max: 12.433 kNm

Max: 0.344 mm

Max: 6.080 kNm
Max: 2.310 mm

Max: 5.418 kNm

Max: 1.479 mm

Max: 7.015 kNm

Max: 1.179 mm
Max: 4.265 kNm
Max: 1.479 mm

DisplacementBending Z : Load 1 : 
Displacement - mm

Moment - kNm
X

Y
Z

 
 
 

Figure 49 :  Axial force for specimen-D –for open joints – (Staad) 
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DESIGN RESULTS OF (SPECIMEN-B) BEAM COLUMN JOINT AS PER 
STAAD -2000– CLOSED JOINT 
 
   
============================================================= 
  
            C O L U M N   N O.      3  D E S I G N   R E S U L T S 
  
         M30                    Fe500 (Main)               Fe500 (Sec.) 
  
   LENGTH:   400.0 mm   CROSS SECTION:  200.0 mm X  200.0 mm  COVER: 
40.0 mm 
  
   ** GUIDING LOAD CASE:    1 END JOINT:     3  SHORT COLUMN 
  
  
   DESIGN FORCES (KNS-MET) 
   ----------------------- 
   DESIGN AXIAL FORCE (Pu)             :   -11.8 
  
                                          About Z         About Y 
   INITIAL MOMENTS                     :    0.54            0.00 
   MOMENTS DUE TO MINIMUM ECC.         :    0.24            0.24 
  
   SLENDERNESS RATIOS                  :     -               - 
   MOMENTS DUE TO SLENDERNESS EFFECT   :     -               - 
   MOMENT REDUCTION FACTORS            :     -               - 
   ADDITION MOMENTS (Maz and May)      :     -               - 
  
   TOTAL DESIGN MOMENTS                :    0.54            0.24 
  
   REQD. STEEL AREA   :    320.00 Sq.mm. 
   MAIN REINFORCEMENT : Provide   4 - 12 dia. (1.13%,    452.39 Sq.mm.) 
                        (Equally distributed) 
   TIE REINFORCEMENT  : Provide  8 mm dia. rectangular ties @ 190 mm c/c 
  
   SECTION CAPACITY (KNS-MET) 
   -------------------------- 
   Puz :    655.68   Muz1 :      9.53   Muy1 :      9.53 
  
   INTERACTION RATIO: 0.08 (as per Cl. 39.6, IS456:2000) 
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TYPE 3.  (AS PER IS:13920 BEAM COLUMN JOINTS ) STAAD -SPECIMEN –
C) FOR A LOAD CONSIDERED AT CANTILIVER PORTION 15 KN – 
CLOSED JOINT 
 
 
 
 
 
 

-15.000 kN

Load 1 (SELF Y)
X

Y
Z

 
 

Figure 50 :  Beam column joint as per Staad 
     
 
 
 
 
 
 
 
 
 
 
 
 
 

(80) 



 

DUCTILE DESIGNING OF BEAM COLUMN JOINTS                                                                                                     DTU                          

 
 
 
 
 
 
 
AXIAL FORCE FOR SPECIMEN –C- CLOSED JOINT-(IN STAAD) 
 
 
 
 
 
 
 
 

17.136 kN

16.736 kN

0 kN 0 kN

34.118 kN

33.718 kN

-12.035 kN

-12.385 kN-19.479 kN -19.479 kN
-22.531 kN

-22.581 kN

DisplacementAxial Force : Load 1 : 
Force - kNm

X
Y
Z

 
 
 
 
 

Figure 51 :   Bending for specimen-C –for open joints – (Staad) 
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BENDING MOMENT FOR SPECIMEN –C – CLOSED JOINT-(IN STAAD) 
 
 
 
 
 
 
 
 
 

Max: 12.434 kNm

Max: 6.080 kNm

Max: 5.377 kNm
Max: 7.057 kNm

Max: 4.307 kNm

Max: 0.239 kNm

DisplacementBending Z : Load 1 : 
Moment - kNm

X
Y
Z

 
Figure 52 :  Axial force for specimen-C –for Closed joints – (Staad) 
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DESIGN RESULTS OF (SPECIMEN-C) BEAM COLUMN JOINT AS PER 
STAAD -2000– CLOSED JOINT 
 
             
            C O L U M N   N O.      3  D E S I G N   R E S U L T S 
  
         M25                    Fe500 (Main)               Fe500 (Sec.) 
  
   LENGTH:   350.0 mm   CROSS SECTION:  200.0 mm X  200.0 mm  COVER: 40.0 
mm 
  
   ** GUIDING LOAD CASE:    1 END JOINT:     9  SHORT COLUMN 
  
  
   DESIGN FORCES (KNS-MET) 
   ----------------------- 
   DESIGN AXIAL FORCE (Pu)             :   -12.4 
  
                                          About Z         About Y 
   INITIAL MOMENTS                     :    0.24            0.00 
   MOMENTS DUE TO MINIMUM ECC.         :    0.25            0.25 
  
   SLENDERNESS RATIOS                  :     -               - 
   MOMENTS DUE TO SLENDERNESS EFFECT   :     -               - 
   MOMENT REDUCTION FACTORS            :     -               - 
   ADDITION MOMENTS (Maz and May)      :     -               - 
  
   TOTAL DESIGN MOMENTS                :    0.25            0.25 
  
   REQD. STEEL AREA   :    320.00 Sq.mm. 
   MAIN REINFORCEMENT : Provide   4 - 12 dia. (1.13%,    452.39 Sq.mm.) 
                        (Equally distributed) 
   TIE REINFORCEMENT  : Provide  8 mm dia. rectangular ties @ 190 mm c/c 
  
   SECTION CAPACITY (KNS-MET) 
   -------------------------- 
   Puz :    566.40   Muz1 :      9.11   Muy1 :      9.11 
  
   INTERACTION RATIO: 0.05 (as per Cl. 39.6, IS456:2000) 
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TYPE 4.  (AS PER IS:13920 BEAM COLUMN JOINTS ) STAAD -SPECIMEN –
D) FOR A LOAD CONSIDERED AT CANTILIVER PORTION 15 KN – 
CLOSED JOINT 
 
 
 
 

-15.000 kN

DisplacementLoad 1 (SELF Y) : 
X

Y
Z

 
 
 
 
 
 

Figure 53 :  Beam column joint as per Staad 
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AXIAL FORCE FOR SPECIMEN –D- CLOSED JOINT-(IN STAAD) 
 
 
 
 
 
 
 
 
 
 
 
 
 

17.139 kN

16.739 kN

0 kN 0 kN

34.423 kN

34.223 kN34.223 kN

34.023 kN

-12.248 kN

-12.423 kN

-19.694 kN -19.694 kN

-12.423 kN

-12.511 kN

-19.694 kN-19.694 kN

-1.801 kN

-1.803 kN

-11.241 kN

-11.329 kN
-18.417 kN-18.417 kN

-21.033 kN

-21.083 kN

DisplacementAxial Force : Load 1 : 
Force - kNm

X
Y
Z

 
 
 
 
 

Figure 54 :  Axial force for specimen-D –for open joints – (Staad) 
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BENDING MOMENT  FOR SPECIMEN –D – CLOSED JOINT-(IN STAAD) 
 
 
 
 

Max: 12.434 kNm

Max: 6.080 kNm

Max: 5.366 kNm

Max: 3.536 kNm

Max: 7.068 kNm

Max: 4.318 kNm

Max: 3.621 kNm

Max: 2.054 kNm

Max: 0.001 kNmMax: 1.897 kNm

Max: 0.934 kNm

Max: 0.286 kNm

DisplacementBending Z : Load 1 : 
Moment - kNm

X
Y
Z

 
 
 
 
 

Figure 55 :  Axial force for specimen-D –for open joints – (Staad) 
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DESIGN RESULTS OF (SPECIMEN-D) BEAM COLUMN JOINT AS PER 
STAAD -2000– CLOSED JOINT 
 
 
            C O L U M N   N O.      3  D E S I G N   R E S U L T S 
  
         M25                    Fe500 (Main)               Fe500 (Sec.) 
  
   LENGTH:   175.0 mm   CROSS SECTION:  200.0 mm X  200.0 mm  COVER: 
40.0 mm 
  
   ** GUIDING LOAD CASE:    1 END JOINT:    11  SHORT COLUMN 
  
  
   DESIGN FORCES (KNS-MET) 
   ----------------------- 
   DESIGN AXIAL FORCE (Pu)             :   -12.4 
  
                                          About Z         About Y 
   INITIAL MOMENTS                     :    3.62            0.00 
   MOMENTS DUE TO MINIMUM ECC.         :    0.25            0.25 
  
   SLENDERNESS RATIOS                  :     -               - 
   MOMENTS DUE TO SLENDERNESS EFFECT   :     -               - 
   MOMENT REDUCTION FACTORS            :     -               - 
   ADDITION MOMENTS (Maz and May)      :     -               - 
  
   TOTAL DESIGN MOMENTS                :    3.62            0.25 
  
   REQD. STEEL AREA   :    320.00 Sq.mm. 
   MAIN REINFORCEMENT : Provide   4 - 12 dia. (1.13%,    452.39 Sq.mm.) 
                        (Equally distributed) 
   TIE REINFORCEMENT  : Provide  8 mm dia. rectangular ties @ 190 mm c/c 
  
   SECTION CAPACITY (KNS-MET) 
   -------------------------- 
   Puz :    566.40   Muz1 :      9.10   Muy1 :      9.10 
 39.6, IS456:2000) 
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4.0. EXPERIMENTAL WORKS 

(Casting and testing of specimen) 
 

4.1. TEST OF SPECIMES MADE FOR EXPERIMENTAL ANALYSIS 
 
The four types of specimen made of beam column joints. Sizes of beam column joints 
are 0.2 mx0.2m and height of each specimen is 0.9 m. The specimen is designed as per 
IS-13920. 
 
 
Specimen –A 
 
The sizes of specimen is 0.2mX0.2m and length of beam and column is 0.9 meter. The 
sizes of beam as well as column are 0.2x0.2m and 0.90 meter long. We designed as per 
ductile design by using recommendation of Indian standard codes Is: 13920. 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Figure 56 : Specimen A-For open and closed joints 
 
 
 
 
 
 
 
 

(88) 
 



 

DUCTILE DESIGNING OF BEAM COLUMN JOINTS                                                                                                     DTU                          

Specimen –B 
 
The sizes of beam and column are same as specimen – A, but in specimen-B we 
increased concrete area at 45 degree angle and provide nominal reinforcement with ties 
(As concrete fillet at corner).  
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 57 : Specimen B-For open and closed joints 
 
Specimen –C 
 
The sizes of beam and column are same as specimen –A, but in specimen-C both 
corners fillet and concrete area increased at 45 degree angle and nominal reinforcement  
are provided with ties (As concrete fillet at corner).  

 
 

 
 

Figure 58: Specimen C-For open and closed joints 
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Specimen –D 
 
 
The sizes of beam and column are same as specimen –A, but in specimen-D, both 
corner fillet  concrete area increased at 45 degree angle and nominal reinforcement are 
provided with ties (As concrete fillet at corner and extra reinforcement its opposite 
sides).  
 
 
 

 
 
 
 
 

Figure 59 : Specimen D-For open and closed joints 
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Specimen Structural    
Elements   

Width 
(b) 
(mm) 

Width 
(b) 
(mm) 

Length  
(L) 
(mm) 

Concrete 
Cover  

Reinforcement 

Longit
udinal  

Trans
-verse 

Fillet 
(At 45 
degree) 

A Beam 
 

200 200 900 25 4-12# 5-8# 0 
 

Column 200 200 900 25 4-16# 5-8# 
B Beam 

 
200 200 900 25 4-12# 5-8# 4-8# 

 
Column 200 200 900 25 4-16# 5-8# 

C Beam 
 

200 200 900 25 4-12# 5-8# 4-8# 
 

Column 200 200 900 25 4-16# 5-8# 
D Beam 

 
200 200 900 25 4-16# 5-8# 4-8# 

+Extra 
1-16# 
at 
opposit
e side 
of f 
fillet 

Column 200 200 900 25 4-16# 5-8# 

 
 
 

             Table 1: Dimension and Reinforcement of Specimens 
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4.2. Details of concrete and Reinforcement are used  
 
The grade of steel are used Fe-500 and the grade of concrete are used M-25 design 
mix. 
 
In columns 4 numbers main longitudinal reinforcement of 16 dia and transverse 
reinforcement of column are 5 number of 8 dia are used. 
 
For beam main longitudinal reinforcement 4 numbers of 12 dia and transverse 
reinforcement of beam (Shear reinforcement) are 5 number of 8 dia are used. 
 
For inclined member 4 numbers of 8 dia are used as main reinforcement and 3 number 
of ties 8 dia are used. 

 
 

4.3. Casting and curing   :  
 
For the casting of beam column joints are made using  wooden mould. Before casting, 
mould are oiled to prevents the wooden mould to absorbing water from concrete. For   
good compaction of concrete we used temping rod of 16 mm of diameter and 650 
meter length. 
 
The mould of beam column joints are removed after 24 hours of casting .for each times 
when concreting is done of beam column joints, cube is filled for testing of strength . 
For curing gunny bag are used and continuous water are put on the gunny bag so that 
gunny bag get wet all the times. 
 
Continuous curing is done for 28 days. After 28 days of curing, the specimen are dried 
and send for testing. 
 
 

 
                                                  
 

Figure 60: Curing of specimen 
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4.4. Casting of specimen 
 
4.4A.  Specimen before casting and after casting 
 
TYPE 1.  (AS PER IS:13920 BEAM COLUMN JOINTS ) (BEFORE CASTING-
SPECIMEN –A) 
 
 

 
 
 
 

Figure 61: Specimen A before casting 
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TYPE 1.  (AS PER IS:13920 BEAM COLUMN JOINTS ) (AFTER CASTING-
SPECIMEN –B) 
 
 

 
 
 
 

Figure 62:  Specimen A-after casting 
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TYPE 2.  FILLET AT CORNER (BEFORE CASTING-SPECIMEN –B) 
 
 
 
 

 
 
                                                   Figure 63: Specimen B before casting 
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TYPE 2.  FILLET AT CORNER (AFTER CASTING-SPECIMEN –B) 
 
 
 
 
 
 
 
 

 
 
                               Figure 64: Specimen B after casting 
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TYPE 3.  FILLET AT BOTH CORNERS (BEFORE CASTING-SPECIMEN –C) 
 
 

 
 
                                                               
                                                     Figure 65: Specimen C before casting 
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TYPE 3.  FILLET AT BOTH  CORNER (AFTER CASTING-SPECIMEN –C) 
 
 
 

 
 
 
                                                     Figure 66: Specimen C after casting 
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TYPE 4.  FILLET AT BOTH  CORNER  WITH  SAME R/F CONTINOU and 
EXTRA R/F AT TOP (BEFORE CASTING-SPECIMEN –D) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                       Figure 67: Specimen C before casting 
 
 
 
 
 
 
 
 
 

(99) 



 

DUCTILE DESIGNING OF BEAM COLUMN JOINTS                                                                                                     DTU                          

 
 
 
 
 
TYPE 4.  FILLET AT BOTH  CORNER  WITH  SAME R/F CONTINOU and 
EXTRA R/F AT TOP (AFTER CASTING-SPECIMEN –D) 
 
 
 
 
 

 
 
 
 
 
                                              
                                                     Figure 68: Specimen D after casting 
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4.5 Testing of Cubes and Reinforcements: 
 
 
 

(a) Cubes : Before test 
 
 
 
 
 
 
 
 

                                               
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 69: Cubes before testing 
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(b) Cubes : After test 
 
 

 

 
 
 
 
 

Figure 70: Cubes after testing 
 
                                                  

 
 
Sample (Concrete Cubes) Test for Compressive Strength 25N/mm2 for 
Design Mix M-25. 
 
Sample (Concrete Cubes) after Test we get Compressive Strength 29 N/mm2 for 
Design Mix M-25 
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4.6 Instrumentation and test setup 
 
 
 

(a) Loading frame with load capacity of 100 KN 
 

(b) Proving ring capacity 200 KN 
 

(c) Hydraulic jack capacity 1000 KN 
 
Specimen fix with loading frame , after fixing it using proving ring above hydraulic 
jack and load applied by using hydraulic jack . At load continuous increasing at a time 
come the specimens failed at deferent fashion. We noted down failure loads and 
compare these loads from analytical results and found those loads are almost same. 
 
 

 
 

Figure 71 : Test setup -1 
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Figure 72 : Final Test setup -2 
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4.7  Transportation of Specimen  
 

(a) Step- 1 
 

 
 
 
 

Figure 73 : Transportation of specimen  stage-1 
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(b) Step- 2 
 

 
 
 
 
 

Figure 74:  Transportation of specimen stage-2 
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(c) Step- 3 
 

 
 
 
 

Figure 75:  Transportation of specimen stage-3 – (Lifting using Crane) 
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(d) Step- 4 

 
 
 

 
 
 
 
 
 
 
 

Figure 76:  Transportation of specimen final stage-4 
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4.8 Test Results  
 
4.8A.  AFTER THE TEST FAILURE PATTERN OF SAMPLE- TYPE –A1-
SPECIMEN- FOR CLOSE JOINT 
 
 
 
    

(a) Up to 2 Mton no crack appear 
 

 
 
 

FIGURE 77:  TYPE –A-SPECIMEN AFTER TEST-CLOSE JOINT 
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4.8A.  AFTER THE TEST FAILURE PATTERN OF SAMPLE- TYPE –A1-
SPECIMEN- FOR CLOSE JOINT 
 
 

(b) At  2.5 Mton crack appear at joints 
 

 
 
 
 

FIGURE 78:  TYPE –A-SPECIMEN AFTER TEST-OPEN JOINT 
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    4.8B.   AFTER THE TEST FAILURE PATTERN OF SAMPLE- TYPE –A2- 
               SPECIMEN-IN CLOSED JOINT 
 
 

(a) At  2.5 Mton first crack appear at joints 
 

 

 
 
 

FIGURE 79:      TYPE –A2--SPECIMEN AFTER TEST 
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4.8B.   AFTER THE TEST FAILURE PATTERN OF SAMPLE- TYPE –A2- 
            SPECIMEN-IN CLOSE JOINT 
 
 
 

(b)  At  4  Mton crack progress at joints 
 
 
 

 
 

FIGURE 80:  TYPE –A2-SPECIMEN AFTER TEST 
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4.8C.   AFTER THE TEST FAILURE PATTERN OF SAMPLE- TYPE –A3- 
            SPECIMEN-IN OPEN JOINT 
 
 
 
 
 

(a) Up to 2.o Mton no crack appear 
 
 

 
 

FIGURE 81:  TYPE –A2--SPECIMEN AFTER TEST-OPEN JOINT 
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4.8C.  AFTER THE TEST FAILURE PATTERN OF SAMPLE- TYPE –A3-     

SPECIMEN-IN OPEN JOINT 
     
       
(b) At  2.0 Mton first crack appear at joints 

 
 

 
 

FIGURE 82:  TYPE –A3 - SPECIMEN AFTER TEST-OPEN JOINT 
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4.8D.   AFTER THE TEST FAILURE PATTERN OF SAMPLE- TYPE –A4- 
            SPECIMEN-IN OPEN JOINT 
 
 
 

 
 
 

FIGURE 83:  TYPE –A4-SPECIMEN AFTER TEST-OPEN JOINT 
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4.8E.   AFTER THE TEST FAILURE PATTERN OF SAMPLE- TYPE –BI- 
            SPECIMEN-IN OPEN JOINT 
 
 
 
 

 
 
 
 

FIGURE 84:  TYPE –B  -  SPECIMEN AFTER TEST-CLOSE JOINT 
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5.0  Results 
 
5.1 Load and Deflection Relationship 

Forces on Close Joint   

S. 
No. Specimen 

Load (in 
Kn) 

Axial 
Force (in 

Kn) 

Moment          
(in Kn) 

Shear 
Force (in 

Km) 

Maximum 
Deflection (in 

mm) 
(P) (Fx) (Mz) (Mx) (V) (δ) 

1 A 15 Kn 15.8 12.23   15.8 3.922 
  B 15 Kn 11.4 0.54   18.8 2.31 
  C 15 Kn 12.03 0.24   19.479 2.31 
  D 15 Kn 11.34 0.29   19.7 2.31 
                
2 A 25 Kn 25.8 20.32   25.8 6.472 
  B 25 Kn 19.28 0.9   31.1 3.799 
  C 25 Kn 20.649 0.38   32.1 3.791 
  D 25 Kn 18.9 0.45   30.3 3.789 
                
3 A 35 Kn 35.8 28.3   35.8 9.023 
  B 35 Kn 27.55 1.252   43.3 5.29 
  C 35 Kn 28.563 0.53   44.74 5.28 
  D 35 Kn 26.47 0.64   42.25 5.275 
                
4 A 45 Kn 45.8 36.32   45.8 11.573 
  B 45 Kn 35.43 1.7   55.51 6.778 
  C 45 Kn 37.12 0.67   57.31 6.769 
  D 45 Kn 34.044 0.81   54.16 6.76 

                                          
Table 2: Forces on Close Joint 

 
 
 
We seen that from above results the maximum deflection are reduced, as we 
compare with Specimen – A and found that the around 40% deflection are 
reduced in specimen B C and D . 
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Forces on Open Joint 

S. 
No. Specimen 

Load 
(in Kn) 

Axial 
Force (in 

Kn) 

Moment          
(in Kn) 

Shear 
Force (in 

Km) 

Maximum 
Deflection (in 

mm) 
(P) (Fx) (Mz) (Mx) (V) (δ) 

1 A 15 Kn 13.4 11.61   15 3.728 
  B 15 Kn 11.8 0.53   0.53 2.159 
  C 15 Kn 12.4 0.196   0.19 2.154 
  D 15 Kn 11.1 0.39   0.39 2.153 
                
2 A 25 Kn 23.4 19.68   24.20 6.278 
  B 25 Kn 19.68 0.90   30.00 3.649 
  C 25 Kn 20.67   0.34    30.97  3.64 
  D 25 Kn 18.959 0.42   29.25 3.639 
                
3 A 35 Kn 34.2 27.68   35 8.82 
  B 35 Kn 27.52 1.24   42 5.13 
  C 35 Kn 28.9 0.49   43.5 5.13 
  D 35 Kn 26.53 0.59   41.2 5.12 
                
4 A 45 Kn 44-2 35.68   45 11.38 
  B 45 Kn 35.4 1.6   54.5 6.63 
  C 45 Kn 37.2 0.63   56.2 5.13 
  D 45 Kn 34.12 0.77   56.83 5.12 
                

 
Table 3: Forces on Open Joint 
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5.2. Graph of Load and Deflection Relationship 
 
 
 
 

For Close Joint Specimen - A 
 

 

                  Figure 85: Load deflection curve for closed joints – (Specimen-A) 
                      
 
                            

For Close Joint Specimen B 
 

 

Figure 86: Load deflection curve for closed joints –(Specimen-B) 
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For Close Joint Specimen C 
 

 
 

 

Figure 87: Load deflection curve for closed joints –(Specimen-C) 
 

 
 
 

For Close Joint Specimen D 
 
 

  

Figure 88: Load deflection curve for closed joints –(Specimen-D) 
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For Open Joint Specimen A 
 

 

        Figure 89: Load deflection curve for open joints –(Specimen-A) 
 
 
 
 

 
 
 
 

 
 
 

For Open Joint Specimen B 
 

 
 

Figure 90: Load deflection curve for open joints –(Specimen-B) 
 
 
 
 
 
 
 
 
 
 
 

(121) 
 



 

DUCTILE DESIGNING OF BEAM COLUMN JOINTS                                                                                                     DTU                          

 
For Open Joint Specimen C 
 

 
 

Figure 91: Load deflection curve for open joints –(Specimen-C) 
 
 
 
 
For Open Joint Specimen D 
 

 
 

Figure 92: Load deflection curve for open joints –(Specimen-D) 
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5.3 Failure load in Specimen 
 
 
For opening joints  
 
S.N. TYPES OF 

SPICEMEN 
FAILURE 
LOAD(Analytical) 

FAILURE 
LOAD(Experimental)

1 A 25 KN 25 KN 

2 B 45 KN 100 KN (Not fail) 

3 C 45 KN 100 KN (Not fail) 

4 D 50 KN 100 KN (Not fail) 

                                     
Table 4: Failure load in Specimen (For opening joints) 

 
 
 
 
FOR OPEN JOINTS FAILURE LOAD 
 

 

   
 
 

Figure 93:  Load deflection curve for open joints (Specimen-D) 
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For closing joints 
 
 

S.N. TYPES OF 
SPICEMEN 

FAILURE 
LOAD(Analytical) 

FAILURE 
LOAD(Experimental)

1 A 28 KN 20 KN 

2 B 45 KN 100 KN (Not fail) 

3 C 45 KN 100 KN (Not fail) 

4 D 50 KN 100 KN (Not fail) 

                                          
Table 5: Failure load in Specimen (For closing joints) 

 
 
 
FOR CLOSED JOINTS FAILURE LOADS  
 

 
 

 
Figure 94: Load deflection curve for closed joints –(Specimen-D) 
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5.4 Crack pattern 
 
 
As we seen in experimental results and failure pattern for specimen A1 and A2 
for closed joints the failure occurs at tension face of the section and it is outer 
sides of the joints. 
 
As we seen in experimental results and failure pattern for specimen A3 and A4 
for open joints the failure occurs at tension face of the section and it is inner sides 
of the joints. 
 
For specimen A the failure pattern is joints failure. 
  
For specimen B, C and D are unable to fail and the loading frame exceeds its 
maximum capacity. 
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CONCLUSIONS  
 

1. The failure load of specimen –D are much higher than all other 
specimen, the failure load are 100% more than specimen –A 
for both cases of open joints and closed joints. That means we 
can say that the beam column joint are stronger if we used 
specimen -D. 

 
2. The failure load of specimen B and C are also increased around 

80% for open joints and 60% for closed joints. As compare to 
specimen –A. 

 
3. The maximum deflection reduced around 40%, if we used any 

one of the specimen B, C and D. If we reduced such a great 
amount of deflection, it will very good for serviceability points 
of view. 

 
4. Since reinforcement is 60 times costlier than concrete, so we 

can economies the structure by increasing the concrete area 
and by reducing the reinforcement as joints capacity increased. 

 
5. We also use fillet at corner and give curved finishing at corner   

at beam column joint, it may leads to architectural 
aesthetic/appearance and reduced the overall cost of Structure.  
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