
 

 

 

 

 

INNOVATIVE SOLUTIONS  FOR DRY MOMENT RESISTING BEAM -

COLUMN DOWEL CONNECT IONS IN PRECAST INDUSTRIAL BUILDINGS  

 
 

Roberta APOSTOLSKA1, Veton PIRA2 

 

 

ABSTRACT 
 

In this paper, experimental and numerical investigations of proposed innovative solutions for dry moment resisting beam-

column dowel connections in precast industrial buildings are briefly addressed. Four general types of dowel connections 

were investigated: (1) connections with vertical dowels anchored only with grout; (2) connections with vertical dowels 

strengthened with single/continuous steel plate(s); (3) connections with horizontal dowels anchored only with grout; and (4) 

connections with horizontal dowels strengthened with single/continuous steel plate(s). Furthermore, the same type of 

connections were tested in the case when flexure is predominant (flexure/shear ratio=1.5), when flexure and shear are of the 

same intensity (flexure/shear ratio=1.0) and when shear is dominant (flexure/shear ratio=0.5) with the goal of testing 

connections under various loading situations. Although, all four types are appropriate for application in single story 

structures, the connection with horizontal dowels could be applicable in multi-story structures, as well. The proposed 

connections were tested under quasi-static (cyclic) loading whereat the research was focused on several design aspects like 

strength and ductility capacity of the innovative connections under monotonic and cyclic loadings. The lateral drift obtained 

from the tests was compared with that from the cast-in-situ connection (acting as a referent one). To enable valid comparison 

of the results, design of reinforcement of a reference monolithic connection and design and location of dowels in the 

proposed innovative connections was performed such that the ratio of flexural capacity vs. flexural demand was the same, 

both for the proposed and the referent connections. Presented are also selected results from the numerical modeling and 

analysis of the proposed moment-resisting beam-to-column connections using the Abaqus V14 software. 
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1. INTRODUCTION  

 

RC precast buildings consist of an assemblage of cantilever columns tied together with beams are 

widely used in the European construction practice (Figure.1). Among many different solutions, the 

dowel beam-to-column connection is most frequently applied. This structural system has been used in 

Europe to construct more than 50 millions of square meters of buildings per year.  

 

The potential seismic risk of these systems is high. In spite of the frequent use of this precast system, 

the information about its behavior during earthquakes has been sparse and sometimes controversial 

and obviously depends on the specifics of a precast system and on the characteristic of earthquakes 

(Figure 2).  

 

Recent earthquakes have proved that the weakest point of existing precast structures are the 

connections and most of damages that have occurred in precast structured have been directly related to 

connections. Especially, beam-to-column connections are considered to be the most complicated ones. 

This has also been proved from experience in observing damages from earthquakes where the beam-

to-column connections have been the weak link of the structure and most of the damages have 
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occurred directly in these connections. In regard to structural point of view, beam-to-column precast 

connections are classified into two primary types, pin connections (Apostolska et al., 2012) and 

moment resisting (fixed) connections. Considering construction methodology, all connections could be 

constructed as wet and dry connections. 

 
 
 
 
 
 
 
 
 
 
 
 

Figure1. Structural system consists of assemblage of cantilever columns tied together with beams and floor 

structures & beam-to-column dowel connection (Fischinger et al. 2014) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Evidence of good and poor behaviour during recent Italian earthquakes  

(Fischinger et al. 2014 – left; Toniolo and Colombo 2012- right) 

 

Considering the high advantages of precast structures related to their construction, in order to be able 

to apply these structures in seismic prone areas, the solution is to design and construct structures with 

high redundancy. The one possible way to make structures with high redundancy is to apply moment 

resisting beam-to-column connections in addition to moment resisting column-to-foundation 

connection.  

 

The investigations presented in the paper were carried out within the doctoral dissertation entitled 

“Seismic Performance of Connections in Precast Industrial Buildings”, by M.Sc. Veton Pira, doctoral 

student in UKIM-IZIIS, Skopje, (Pira, 2017). The main goal of these investigations was to design 

reliable dry moment resisting beam-to-column dowel connections. Combined experimental and 

analytical methodology was applied to achieve the set goal. Presented in the paper are a brief summary 

of moment resisting beam-column connections as well as selected results from the tests carried out on 

the above listed four different types of connections (ten specimens in total) exposed to cyclic loading. 

 

 

2. MOMENT RESISTING BEAM -COLUMN CONNECTIONS  - SHORT SUMMARY  

 

As referent criteria of a moment resistant precast connection could be those cited in the FIB 27 (2003): 

ñin Japan, a precast concrete system is considered to be equivalent to a monolithic system if the drift 



 

 

 

of the precast system is within 80 to 120 percent of the cast-in-place counterpart and if the energy 

dissipation in the second loading cycle is no less than 80 percent of that obtained from the response of 

the cast-in-place counterpart”. 

 

2.1 Moment resisting connections constructed as wet connections 

 

Currently, the widely spread solution for realizing moment resisting beam-to-column connections in 

precast structures is the wet connection or partly wet connection. Several references are presented below. 

 

The main requirement in the FIB bulletin 27 (2003) is that the designed and constructed precast 

structures should exhibit the same performance as the cast-in place structures. Figure 3 shows some 

possible construction solutions of wet moment resisting beam-column connections, which are referred 

to as equivalent cast-in place (monolithic) connections in this document. 

 

 

 

 

 

 

 

 

 

 
 

Figure 3. Type of wet connections of precast structures, equivalent to cast in situ connections  

(Reproduced from FIB Bulletin 27: Seismic design of precast concrete building structures (October 2003) with 

permission from the International Federation for Structural Concrete (FIB)) 

 

Two different types of wet connections with partial cast-in-situ, the first one with the same width as the 

column and the second one-connection enters inside the column are given in Figure 4 (Eds. Negro and 

Toniolo, 2012). 

 
 

Figure 4. Recommended moment resisting connections with partial cast-in-situ (Eds. Negro and Toniolo, 2012) 

 

The only limitation in realizing moment resisting wet connection is that the length of the “connection” 

should satisfy the requirement for length of lap splices. In all cases when this requirement is met, the 

connection behaves as a monolithic connection.  To confirm this, there is no need for any experimental 

investigation. The downside (negative part) of wet connections is that there is always a need for applying 

formworks and scaffoldings and implication of concreting activities. This cast-in-situ concreting 

requirement is an obstacle for the progress of works on precast structures and in a way minimizes, to a 

certain degree, the benefit that precast structures have in regard to construction speed.  

 

 



 

 

 

2.2 Moment resisting connections constructed as dry & hybrid connections 

 

Considering the advantages of dry connections, in the recent decade, there have been numerous 

scientific studies and research investigations on designing innovative moment resisting beam-to-

column connections and experimentally verifying their behavior. Below are presented two 

experimental studies on beam-to-column dry connections. 

 

The first research (Vidjeapriya and K.P. Jaya, 2012) was conducted in an outer joint of a multi-story 

building. The connection is realized with a tie road and a steel plate, (Figure 5). The beam is 

connected with the column by a tie rod positioned horizontally for transferring (resisting) flexural 

strength, in which case the tie road is placed on the top of the beam and also through a corbel by steel 

plates. The connection with the tie rod was realized by a preserving sleeve on both elements, beam and 

column, and then, following the positioning of the elements, the rod was placed. The connection of the 

beam with the column on the corbel was realized through steel plates that were welded to each other 

after the positioning of the elements. Prior to this, the plates were welded to the longitudinal 

reinforcement bars.  

 
 

Figure 5. Details of the experiment, a) referent model (ML) and b) proposed moment resisting connection (PC-TR) 

(Vidjeapriya and K.P. Jaya, 2012) 

 

The results of the testing of this innovative connection were compared to the results obtained for the 

cast-in-place referent connection, (Figure 6). In the positive direction, the PC-TR (precast specimen) 

had a lesser load bearing capacity for 32.55% in comparison with the ML (monolithic specimen), 

whereas in the negative direction, the reduction in load bearing capacity was 8.42%. 

 
Figure 6. Experimentally obtained force-displacement relationships (Vidjeapriya and K.P. Jaya, 2012) 

 

The second research involved a dry connection whose construction required some post tensioning or 

pre-stressing (Figure 7). For these reasons, these connections are called hybrid connections, (FIB 

bulletin 27, 2003). 



 

 

 

 

 

 

 

 

 

 

Figure 7. Type of dry connections of precast structures, with equivalent performance as cast in situ connections 

in regard to moment resistance,  

(Reproduced from FIB Bulletin 27: Seismic design of precast concrete building structures (October 2003) with 

permission from the International Federation for Structural Concrete (fib)) 

 

From the experiments carried out on hybrid connections, it is evident that these connections have good 

resistance under cyclic loads and are capable of sustaining a large number of load cycles. However, 

wide application of such connections could be difficult due to the complication that execution of post 

tensioning requires. 

 

 

3. INNOVATIVE DRY MOMENT RESIST ING PRECAST BEAM-COLUMN D OWEL  

CONNECTIONS ï EXPERIMENTAL TESTING  

 

3.1 Construction of specimens 

 

In total, ten specimens were designed, constructed and tested (Table 1). A reinforcement detail of the 

referent cast-in situ model is given in Figure 8.  

 
 

Figure 8. Reinforcement detail of the referent cast in situ model 

 

Beam-to-column connections were constructed with vertically positioned dowels (Figure 9) and with 

horizontally positioned dowels (Figure 10). The precast elements and connections of the elements were 

constructed on an open construction site, using standard construction equipment. 



 

 

 

 

Figure 9. Detail and photo during construction of connection with vertical dowels (V.D.) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 10. Detail of the connection with horizontal dowels (H.D.) and photo taken during construction 

 

A full scale experimental program of ten beam-column dowel connections subjected to cyclic loading 

has been conducted, (Table 1):  

 

- Connections implemented with dowels only, where for grouting material for sleeve filling, a 

high strength cement grout was used (No. 2 and 6) 

- Connections with dowels loaded in tension and confined with individual steel plates for 

preventing pullout failure of the dowels and consequently of the connections (No. 1, 3 and 5) 

- Connections with dowels confined with a large plate for the purpose of eliminating all possible 

failure mechanisms of the connection (No. 7, 8 and 9) 

- Referent specimens (No. 4  and 10) 

 

Furthermore, the same type of connections were tested in the case when flexure is predominant 

(flexure/shear ratio=1.5), in the case when flexure and shear are of the same intensity (flexure/shear 

ratio=1.0) and in the case when shear is dominant (flexure/shear ratio=0.5) with the goal of testing 

connections under various loading situations. 



 

 

 

 
Table 1. Description of type of specimens and configuration of the tests 

 
Nr. Label M/V ratio  Description 

1  S1, V.D  M/V=1.0  Connection performed with vertical dowels where two dowels in tension 

are strengthened with individual plates.  

2  S2, V.D  M/V=1.0  Connection performed with vertical dowels where dowels are anchored 

with grout only, with no additional strengthening.  

3  S3, V.D  M/V=1.0  Connection performed with vertical dowels where two dowels in tension are 

strengthened with individual plates (different boundary conditions from S1, V.D.) 

4  S4, R.M  M/V=1.0  Referent model, cast-in-situ connection.  

5  S5, H.D  M/V=1.0  Connection performed with horizontal dowels where two dowels in tension 

are strengthened with individual plates.  

6  S6, V.D  M/V=1.5  Connection performed with vertical dowels where dowels are anchored 

with grout only, with no additional strengthening. 

7  S7, V.D  M/V=1.0  Connection performed with vertical dowels where all four dowels are 

strengthened with one large plate. 

8  S8, H.D  M/V=1.0  Connection performed with horizontal dowels where all four dowels are 

strengthened with one large plate. 

9  S9, H.D  M/V=0.5  Connection performed with horizontal dowels where all four dowels are 

strengthened with one large plate.  

10  S10, R.M  M/V=0.5  Referent model, cast-in-situ connection. 

Note: R.M. – Stands for Referent Model 

 

3.2 Experimental programme, test set-up and instrumentation 

 

Until reaching the yield point, the same force controlled loading programme was applied in all 

experiments, starting from load level of 15kN up to 75kN with increment of 15kN. For each load 

level, three cycles of the same intensity were performed.  

 

After reaching the yield point, each specimen exhibited different behavior that affected further loading 

process. From this stage, the loading cycles were deformation controlled. Since each specimen 

experienced different behavior, the loading process was managed during the execution of the tests.  

 

The test set-up and the scheme of instrumentation of connections with vertical dowels are presented in 

Figure 11. The position of support Ay and the position of the actuator is flexible and they are used to 

achieve different moment/shear ratio on the section. In the case of vertically positioned dowels, for 

achieving M/V=1.0 at the connection level, the distance of the actuator from connection level is 

L=1.0m whereas for achieving M/V=1.5, the equator is positioned 1.5m from the connection level. All 

other supports remain at the same locations for all experiments. In the case of horizontally positioned 

dowels, to simulate the real life situation, the element is placed with dowels positioned horizontally, 

(Figure 12). In the case of horizontally positioned dowels, the support Ay is used to achieve the 

respective M/V ratio whereas the actuator remains at the same location. For achieving M/V=1.0 at the 

connection level, the support Ay is positioned at distance L=1.0m from the connection level whereas 

for achieving M/V=0.5 ratio, the Ay support is positioned at distance L=0.5m from the connection. 

 

The equipment for conducting the testing programme represents Multifunctional Control Console 

(MCC 8) with automatic hydraulic systems for static and low frequency dynamic tests on building 

materials under control of load/stress, displacement, strain. The capacity of the hydraulic cylinder is 

500kn and the stroke is 159mm. 

 

 



 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

Figure 11. Test set-up and instrumentation of the specimen with vertical dowels 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 12. Test set-up and instrumentation of the specimen with horizontal dowels 

 

3.3 Selected tests results and comparison of the performance of the specimens 

 

Comparison of the performance of different connections was made on the basis of the recorded global 

force-displacement relationship. Selected results are presented below. 

 

Comparison of the global behavior of the specimen with vertical dowels and individual steel plates 

(S3, V.D.) and the  specimen with vertical dowels and a large steel plate (S7, V.D.) with the referent 

specimen (S4, R.M) is given in Figure 13. 

 

The strength of the specimen strengthened with a large plate, “S 7, V.D.”, is over 20% higher than the 

strength of the referent cast-in-situ model and over 30% higher than the strength of specimen “S 2, 

V.D.” and “S 3, V.D.” defined under the same boundary conditions. The total deformability of the 

specimen strengthened with a large plate, “S 7, V.D.”, is over 10cm, which is over 140% higher than 

the total deformability of specimen “S 3, V.D.” defined under the same boundary conditions. The 

initial/elastic stiffness of the specimen with precast connection “S 7, V.D.” is the same as of the other 

two specimens with precast connections, “S 2, V.D.” and “S 3, V.D.” .The specimen “S 7, V.D.” was 

not tested to its ultimate capacities due to the limitations of the testing equipment. 



 

 

 

 
 

Figure 13. Comparison of global behavior of specimens “S3, V.D.” and “S7, V.D.” with “S4, R.M.” 

 

The comparison of the specimen with vertical tension dowels strengthened by individual steel plates, 

(S 1, V.D.) and the specimen  with horizontally positioned dowels strengthened by individual steel 

plates, (S 5, H.D.) is given in the Figure 14.  

 

The beam of the specimen “S 1, V.D.” experienced shear/flexure failure, but under considerable total 

deformability, whereas in specimen “S 5, H.D.”, the beam experienced a joint shear/flexure failure 

with limited deformability. Selected photos of the experiments are given below (Figure 15). 

 
 

Figure 14. Comparison of global behavior of specimens “S1, V.D.” and “S5, H.D.”  

 

 

 

 

 

 

 

 

 

a) failure state of  the specimen S1, V.D.   b) failure state of the specimen S5, H.D. 

Figure 15. Specimens after the last loading cycle 



 

 

 

4. NUMERICAL MODELIN G OF EXPERIMENTALLY TESTED DRY MOMENT  

RESISTING PRECAST BEAM -COLUMN DOWEL CONNECT IONS 

 

One of the goals of this research program was to identify a modeling procedure that will provide 

satisfactory results and, at the same time, could be applied by design engineers with reasonable efforts. 

Considering the complexity of the dry moment resisting beam-to-column connections and the 

importance of having, as output results, the stress distribution in the connection and in each element as 

part of the connection (concrete, reinforcement, dowels, grout sleeve), Abaqus V14 was used for 

micro-modeling of moment resisting beam-to-column connections. Since the tested connections were 

composed of more than two elements, and since the behavior of the connection directly depended on 

the interactions between the elements, a model in Abaqus was prepared and the elements were 

connected with each other in the same pattern as during the tests. The materials properties used as 

input data are given in Table 2. 

 
Table 2. Materials input data 

 

Concrete elements, beams and columns  

Density 

Concrete yield strength 

Concrete tensile strength 

Young’s Modulus 

Concrete damaged plasticity parameters 

Dilatation angle 

Eccentricity 

Ratio fb0/fc0 

24 kN/m3 

35 MPa 

3.2MPa 

20 GPa 

 

37 

0.1 

1.16 

Reinforcement and dowels  

Density 

Yield strength 

Ultimate strength 

Young’s Modulus 

Plastic strain 

78 kN/m3 

500 MPa 

560 MPa 

200 GPa 

0.12 

Cement grout  

Density 

Compressive strength 

Tensile strength 

Young’s Modulus 

21 kN/m3 

60 MPa 

8   MPa 

40 GPa 

 

Selected results from the numerical analysis are presented in the below Figures 16 and 17. For better 

illustration, the tension stresses are left on in order to follow the propagation of these stresses, whereas 

the compression stresses are turned off and are shown in the figures with a light grey color. 

 

 
 

Figure 16.Tension stress distribution on specimen “S 3, V.D.” in x-y cross-section plane 



 

 

 

 

 
 

Figure 17.Tension stresses distribution on concrete element of specimen “S 9, H.D.” 

 

 

5. CONCLUSIONS 

 

The following are the main findings from the realized experimental investigations and numerical 

modeling: 

 

- The beam-to-column dowel connection experienced brittle failure due to the pullout failure of 

dowels loaded in tension.  

- The beam-to-column dowel connection in which a method for improvement was applied by 

confining tension dowels with individual steel plates experienced ductile behavior with 

significant improvement of deformability capacity in respect to the connection with dowels 

only.  

- The beam-to-column dowel connection in which a method for improvement was applied by 

confining all dowels with one large steel plate experienced ductile behavior with significant 

improvement of both strength and deformability capacity in respect to the other two types of 

connections.  

- The developed innovative connections had a much higher shear strength than the shear forces 

acting upon them.  Consequently, the behavior of the developed connections was governed by 

flexure even when shear was dominant (flexure/shear ratio=0.5).  

- Presented moment resisting dry beam-to-column dowel connections are composed of 

numerous of intermediate elements, such as dowels, sleeve grout and strengthening elements. 

Such composition of elements makes these connections more “mechanical” than typical 

“structural” connections. Consequently, micro-modeling on the connections was applied with 

a possibility to follow stress distribution in each individual element of the connection. 

Generally, defined stress distribution follow damage pattern observed during the tests. 
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