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ABSTRACT 

 
It is expected that the engineering constructions should carry the vertical and horizontal loads during the service within the 

determined safety margin. The basic principal of having strong column-weak beam preference is essential for earthquake 

resistant structures for all construction types including concrete, steel, wood and prefabricated. The major criteria for having 

earthquake resistant structure is to ensure that the columns are stronger and carry the most load than the beam in the nodes. 

This criterion has been widely adopted in earthquake codes in Europe, USA, Japan and India. It is possible to absorb and 

consume the earthquake energy via beam plastic joint hinges if the columns are constructed to be more durable than the beams. 

For this, it is foreseen that the ratio of the ultimate strength of the upper and lower columns to the right and left beams (β) 

should be greater than one (β = 1.2) in the beam-column joints as stated in the Turkish Earthquake Code. This coefficient is 

usually greater than 1.2 in the earthquake codes adopted in the world. It was observed that many structures were damaged or 

collapsed due to not meeting the coefficient criteria stated above. This criterion is the most effective one among many to prevent 

the damage in the structure under seismic action. In this study, the effect of the change in the coefficient on the column and 

beam moments is investigated under the Turkish Earthquake Code. Different numerical examples are presents for the 

coefficient of 10. The results of the investigation highlighted that irregularity in the strong column-weak beam composition 

may negatively affect the other irregularities in the structure.  

 

Keywords: Strong column–weak beam, Beam-column joint, Plastic hinge, Ultimate strength 

 

 

1. INTRODUCTION 

 

The design of the structures is made according to horizontal and vertical loads. Structures are allowed 

to be damaged at certain rates under the influence of these loads. In a destructive earthquake, it is 

expected that the structure to have some damage but enable the safety of living in the structure. 

Structures that are not properly designed for seismic loads may have destructive consequences. 

Structures are also be destructed or collapsed due to economic or functional purposes due to changes in 

expected service characteristics over time. For these reasons, it is the most appropriate solution to design 

the structure by taking basic structural precautions such as appropriate material characteristics, 

restricting the irregularities and improving performance. Joints which is the column beam joints forming 

the most critical region in the structure are critical in addition to the individual strength of the basic 

elements in this regard (Figure 1). This is simply because it is not easy to make beams and columns 

work together under seismic loads, where beam carry more bending effect and columns carry more 

vertical loads. Since the strength of the node is more effective than the strength of the systems in order 

to carry the seismic loads, the criteria are carefully controlled by the regulation. One of this critical point 

is to ensure that the ultimate strength of columns are greater than the beams at the joint. 
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Figure 1. The ultimate limit state moments in beam-column joints 
 

2007 Turkish Earthquake Code (TEC) presents the strong column–weak beam criterion as follows [1]. 
 

(Mra+Mrü)column≥ 1.2(Mri+ Mrj)beam   (1) 

 

According to this criterion, it is expected that the sum of the bearing moments of the columns should be 

at least 20% greater than the bearing moments of the beams at the joint, where Mr is calculated based 

on the fcd concrete and fyd steel bars ultimate strength [1]. This 20% in TEC criterion has been set 20% 

in ACI 318 [2], 30% in Eurocode-8 [3], and 40% in India Earthquake Codes [4]. The column-beam 

joints of multi-storey structures are illustrated in Figure 2. In this illustration, all combinations except 

2a present a brittle behaviour due to insufficient energy absorbing capacity (Figs. 2b-c-d). This type of 

behaviour is not desirable under seismic loads. This criterion is not controlled in the last storey of a 

structure or columns with low axial load (Nd0.10Acfck) [1].   
 

 

 

 

 

 

 

 

 
 

Figure 2. Column-beam joints in frame structure [5] 

 

It is expected that the energy generated by the earthquake can be absorbed by the formation of the plastic 

hinges in the beams. In case the carrying forces of the columns are not equal to or higher than the beams, 

the energy generated by seismic loads will be consumed by the columns, resulting from the structural 

damage in the columns and possible collapse of the building (column and column-beam mechanism) 

(Figure 3). Because the beams have low axial load levels, and therefore they are more ductile and reach 

the plastic hinge points earlier than the columns. 

 

 

 

 

 

 

 

 
 

Figure 3. Collapse Mechanism [6] 
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It is observed that the columns have significant structural damage if beams are designed to have higher 

ultimate strength than columns (Figure 4). Additionally, when there is no wall between columns, the 

bottom ends of the columns are severely damaged (B1 irregularities). This is due to the sudden section 

change in these regions, where storey slabs stay more rigid than columns, so the columns get damage 

under seismic loads. 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

Figure 4. Weak column-strong beam failure [5] 

 

TEC requires that structures with the structural importance coefficient (I) 1.4 and 1.5 should be designed 

to ensure the strong column-weak beam arrangements [1]. 
 

1.1. TEC Applications of Having Columns Stronger than Beams 

 

The strong column-weak beam application is a very effective parameter for the design of the structure. 

Therefore, this approach is mentioned multiple sections of the TEC as listed below. The criterion is also 

seen as an effective parameter in strengthening existing structures. 

 

3.3.5. Requirement of Having Columns Stronger Than Beams  

 

3.3.5.1-In structural systems comprised of frames only or of the combination of frames and walls the 

sum of ultimate moment resistances of columns framing into a beam-column joint shall be at least 20% 

more than the sum of ultimate moment resistances of beams framing into the same joint (Fig. 3.4) 3.3.5.2 

- In order that Equation (3.3) is applied, beams framing into the joint shall satisfy the dimensional 

requirements given in 3.4.1.1.  

 

3.3.5.3 - Eq (3.3) shall be applied separately for both earthquake directions and senses to yield the most 

unfavorable result (Fig. 3.4). In calculating the column ultimate moment resistances, axial forces Nd 

shall be taken to yield the minimum moments consistent with the sense of earthquake direction. 

 

3.3.5.4 – Special situations regarding the application of Equation (7.3) are described in the following:  

 

(a) Equation (3.3) need not to be applied in the case where Nd 0.10 Ac fck in both columns framing into 

the joint.  

 

(b) Equation (3.3) need not to be checked in single storey buildings and in joints of topmost storey of 

multi-storey buildings.  

 

(c) Equation (3.3) need not to be checked in the case where a wall connected by beams works like a 

column in its weak direction. 
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2. LITERATURE REVIEW 

 

Tsonos [7] investigated the performance of column-beam joints under the seismic loads on a four ½-

scale test specimens. All elements are designed according to the weak beam-strong column criterion in 

accepted building codes. A large number of inelastic cycles were applied to the combinations. Higazy 

and at all have carried out experiments on the interior columns of a multi-storey structure to investigate 

if there is tensile effect occurs under seismic loads. This experiment was applied to 6 interior column 

beam joints on a specifically designed shake table. It is observed that deformation increases and shear 

strength is lost when the columns are subject to tensile and column pressure load decreases significantly 

[8]. In another study, Febres and Wight tested three internal, wide column-beam-slab combinations 

under semi-static cyclic loadings. They concluded that if large interior beam-column joints were 

designed properly, deformation capacity is increased and sufficient strength was obtained [9]. Murty 

also tested the β ratio and suggested that β = 1.2 is insufficient because it causes plastic joints to form 

in the columns (Figure 5a). Murty found out capacities of energy absorption and shear force are 

increasing with the higher β ratio. However, larger β ratios also makes the structure more rigid and the 

magnitude of the earthquake forces is large [10], which is another point should be considered. In this 

study (Figure 5a), Murty has determined that the ratio of β, the capacities of energy consumption and 

shear force are increasing. This is also a separate study of the fact that the magnitude of this ratio is also 

very rigid and the magnitude of the earthquake forces is large [10]. As the column beam stiffness ratio 

increases, the column moments increase (Figure 5b). 
 

 

Figure 5. (a) Capacity curves and change of collapse mechanism to frame; (b) Ratio of moment of inertia column to beam 

 

When the above figure is examined, the structural system reaches to the failure point with the β value 

3.6. In this study, since the ultimate strength values are not used, the β is calculated by taking EI / L at 

beams and EI / h at columns. The taking of 10 values of β was made in order to make the comparison 

of the values of moment and displacement found in the solutions to be more prominent. 

 

2.1. Application of Strong Column-Weak Beam in Multi-Storey Structures 

 

Horizontal displacement distributions of multi-storey frames under earthquake loads are given below 

(Figure 6). In this figure, , and  represent the storey heights, the relative storey displacements, 

and the top displacements of the structure respectively.  

ih i 
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Figure 6. Displacements of frame structure  
 

Elnashai and Sarno studied behaviour of the strong column-weak beam (SCWB) and strong beam-weak 

column (WCSB) frames under horizontal loads. As shown in Figure 7, in the case of SCWB, the storey 

displacements are lower than the WCSB condition. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 7. Storey displacements of SCWB and WCSB conditions 
 

In the case shown in Figure 7a, the ratio of the relative storey displacements to the top storey 

displacement (i/) is given for each storey in the horizontal axis for the SCWB and WCSB cases. In 

addition, Figure 7b shows the ratio of the relative storey displacements to the largest relative storey 

displacement (i/max) for these two cases. It is obvious that SCWB storey displacements are lower than 

WCSB storey displacements. In addition, in Figure 7b, the greatest (i /max) ratio is observed in the 2nd 

storey for the SCWB case, and in the 3rd storey for the WCSB case. Furthermore, Figure 8 presents the 

comparison of the storey displacements of two frames, where the column and beam sections consistent 

in one case and the column and beam sections present irregularity in the second storey in another case. 

Hence, the relative second storey displacements give significantly higher displacements compared to 

other storeys (Figure 8) [11]. 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

Figure 8. Relative storey displacement of regular and irregular frame structures 
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One of the basic principles of the earthquake codes is to enable the formation of the plastic hinges on the 

beams during the seismic loads, so that they can absorb more energy. This behaviour will prevent sudden 

collapse by minimizing the local and complete failures. This approach seems to be possible only if the 

columns behave stronger than the beams. This can also be used as a precaution against some structural 

irregularities. For example, in the case of B2 type irregularities, Eurocode8 uses Mr,column>1.3Mr,beam 

criteria to reduce the effect of the irregularity in the system [3]. Earthquakes create dynamic loads at 

different amplitudes that can cause deformation in different directions, exceeding the elastic threshold of 

structures. Load direction changes can cause stiffness reduction and the vibration period leads to shifting 

to the inelastic range. According to an extensive study conducted by Mwafy and Elnashai [12] on the 

seismic response of reinforced concrete structures indicates that the structural expansion of the inelasticity 

leads to a loss of stiffness, which causes remarkable prolongation of the vibration period. 

 

3. PROPOSED SOLUTION 

 

A four-storey frame with 4 m beam spans and 3 m storey heights were studied with SAP2000 [13] 

package program. The Bernoulli hypothesis, Hooke's material, first order theory and superposition rules 

are applied in analyses. Horizontal loads are calculated according to equivalent static load method. The 

dead and live loads were considered G=20 kN/m and Q=15 kN/m respectively (Figure 9). 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

Figure 9. Frame structures under earthquake and vertical loads  

 
The solution of the frame is calculated for three loading cases, vertical, horizontal and both vertical and 

horizontal, for the cases [ / ] 10[ / ]column beamEI h EI L  and [ / ] 10[ / ]column beamEI h EI L , and the 

results are compared. The moment values of the interior and exterior columns and beams are given in 

the figure and the moment values at the first and top storeys are compared for the mid-span and edge-

span beams (Figure 10). 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 10. Moment diagram of the column and beams under the vertical loads 
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Results of the comparative analyses indicate that when the columns are stronger than the beams under 

the vertical loads. It is seen that the moment values decrease from the lower storeys to the upper storeys 

(Table 1). In the case of WCSB, the moments in the edge-span beams are less in the centre and higher 

close to the joints compared to SCWB case. On the other hand, in the mid-span beams, the moment 

values are close to each other in both cases. If the columns are weaker than the beams, the column 

moments are quite small. In these calculations, the additional moments due to the shear effects and the 

length change are ignored. 
 

Table 1. Beam moment values under vertical loads (kNm) 

1. Storey 0 m 1 m 2 m 3 m 4 m 

SCWB edge-span -39.19 5.51 20.21 4.90 -40.40 
WCSB edge-span -8.19 26.91 32.01 7.11 -47.78 

SCWB mid-span -40.00 5.00 20.00 5.00 -40.00 

WCSB mid-span -45.41 -0.41 14.59 -0.41 -45.41 

4. Storey 0 m 1 m 2 m 3 m 4 m 

SCWB edge-span -31.99 5.01 17.01 4.02 -33.98 
WCSB edge-span -4.60 24.07 27.75 6.42 -39.90 

SCWB mid-span -33.35 4.15 16.65 4.15 -33.35 

WCSB mid-span -38.53 -1.03 11.47 -1.03 -39.90 

 

Displacement and beam moment values under vertical loads are calculated as follows: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 11. a-c: Distribution of bending moments in SCWB and WCSB multi-storey frames under vertical loads b-d: 

Displacements of frame  e-f: Normalized bending moment versus normalized length  

 

Figures 11a-c shows moment values for SCWB and WCSB cases, Figure 11b-d shows displacement 

forms of the frames, and Figures 11e-f shows moment changes of 1st and 4th storey beams respectively. 

Figures 11e-f shows normalized (non-dimensional) moment values for the ratio of 0, 0.25, 0.50, 0.75 

and 1 of the beam width. For example, for the top storey and the WCSB case, the moment value of the 

mid-span beam is about 5 times smaller than the value in the same place for the mid-span beam for 

SCWB. 

In the case where there are only vertical loads, to frame system is subject to the least force for the 

displacements. Because the axial load of reinforced concrete columns and the bending capacities of 

beams are considerably higher than the displacements occurs under seismic loads. 
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SCWB case, 

 

1. Column moments are larger in WCSB case and smaller in SCWB case due to their large stiffness,  

2. The beam span moments are small and the change between the storeys is presented on the graph, 

3. In the interior joints, moment values are larger close to the joints, 

4. The moment values of inner columns are considerably smaller than those of outer columns. 

 

WCSB case, 

 

1. The vertical displacement of the frame increases towards the upper storeys and becomes larger in the 

middle columns, 

2. The displacements of the beams are small in the edges and large in the middle due to the columns, 

3. As the beam span moments increase towards the upper storeys, the support moments decrease, 

4. The support moments are very small in the edge-span beams. 

 

It is possible to increase these comparison criteria. 

 

The following Figure 12 presents the moment values, displacement and beam moment values under the 

horizontal loads only. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 12. a-c: Distribution of bending moments in SCWB and WCSB multi-storey frames under horizontal loads b-d: 

Displacements of frame  e-f:Normalized bending moment versus normalized length 

 

Figures 12a-c presents the moment values for SCWB and WCSB cases, Figure 12b-d presents the 

displacement, and Figures 12e-f presents the beam moment variations of 1st and 4th storey beams, 

respectively. Figures 12e-f presents normalized (non-dimensional) moment values for the ratio of 0, 

0.25, 0.50, 0.75 and 1 of the beam span. 

 

SCWB case, 
 

1. Column moments decrease from bottom to top storey due to the large stiffness,   

2. While the beam moments do not show much change in the span, they show large changes close to the 

joints, 

3. Horizontal displacement of the frame stay relatively small compared to the WCSB case, 

4. It is observed that the moments of the middle columns change sign especially when going from the 

bottom storeys to the top storeys. 
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WCSB case, 

 

1. Beam support moments are smaller at the loading points compared to the far ends and decrease as 

they go to the upper storeys, 

2. The beam moment values at the loading points decrease towards the upper storeys, 

3. Column moments are larger in the outer columns than in the interior columns and decrease towards 

the upper storeys. 

 

The following Figure 13 presents the condition for the combined effect of vertical loads and seismic 

loads: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 13. a-c: Distribution of bending moments in SCWB and WCSB multi-storey frames under vertical and horizontal loads 

b-d: Displacements of frame  e: Normalized bending moment versus normalized length 

 

Figure 13 above presents the case where the horizontal loads and the vertical loads act together. 

 

Figure 13a shows the moment values, Figure 13b shows the displacement of the structure and Figure 

13e shows the moment change in the fourth storey beam. It is seen that when the columns are strong, 

the beam support moments decrease from the lower storeys to the upper storeys. Additionally, in the 

case of weak columns, it is seen that the change in the medium supports is rather small, especially when 

the edge bearing moments have very small values. 

 

1. The beam moments for the WCSB case are larger than the beam moments for the SCWB case, 

2. The column moments for the WCSB case are larger than column moments for the SCWB case, 

3. For the WCSB case, the beam support moments decrease from the lower storeys to the upper storeys. 

 

The presence of only horizontal loads in the frames is a loading condition that forces the system to make 

deformation more than the vertical loading conditions. Because axial load capacities of reinforced 

concrete columns and bending capacities of beams are not fully used under these horizontal loads. The 

columns are designed as vertical load bearing elements and the displacement is increased due to the 

weak horizontal stiffness under horizontal loadings. The main problem in all structural systems is that 

the horizontal loads have been carried by vertical elements and continue to exist. If the horizontal loads 

are carried by the horizontal elements and vertical loads are carried by the vertical elements, the problem 

becomes much simpler because they will be subject to the axial load as similar to truss systems. 
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4. RESULTS AND DISCUSSION 

 

From the analysis, in the case where columns are stronger than the beams (SCWB); 

 

• In particular, horizontal displacements are very small under seismic loads, 

• The column moments decrease from the lower storeys towards the upper storeys, 

• Change of the beam support moments increase from the upper storeys to the lower storeys, 

• The beam span moments decrease towards the upper storeys under the vertical loads only, 

• Moment changes are same due to symmetry in the edge-span and mid-span beams, 

 

In the frames where the beams are stronger than the columns (WCSB), 

 

• The support moments are large at the beam where horizontal loads are applied, and gets smaller 

as moves forward, 

• Beam support moments decrease towards the upper storeys, 

• It is seen that the span moments increase towards the upper storeys under the vertical loads only. 

 

The β ratio has a positive correlation with aforementioned changes, as the β ratio increase changes 

increase and β ratio decrease changes decrease. It is beneficial to make a more detailed analysis of the 

ratio given in TEC. The strength of the columns is not in the sense that the beams are weak, and it is 

obvious that the structures should sufficiently be strong in the beams to provide earthquake resistance. 

 

From the analysis under of seismic loads, the horizontal displacements of SCWB frames are quite low 

compared to WCSB frames under the same loads, which also prevents B2 type irregularities in TEC. 

Also in the structures, if β≥2, that is to say the frames are dimensioned as SCWB, gives a high level of 

ductility. This suggests that the earthquake load reduction coefficient Ra5-8 is taken in TEC. In other 

words, if the frames are SCWB, the ductility level is high and the earthquake load is divided by 5-8, 

while WCSB is considered, the earthquake load can be split 2-4 by assuming the ductility level as 

normal. The design seismic load can be reduced by 50% by increasing the ductility level in the structure. 

This discussion can continue in the cases where structure includes structural walls, prefabricated and 

columns are 20% stronger than the beams as stated in TEC. 
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