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ABSTRACT: The effects of beam elongation in precast frame systems have been 

demonstrated to be a potential source of unexpected damage to precast floors. To control 

the damage to structural elements through the use of rocking systems, alternative 

solutions have been developed and are currently available to minimize floor damage. 

Recent research on an innovative “non-tearing floor” connection using “hybrid” (rocking-

dissipating) connections has shown it to be efficient for mitigating the effects of beam 

elongation. 

This contribution presents a series of numerical studies on multi-storey post-tensioned 

hybrid frames using non-tearing floor connections with different configurations, 

subjected to pushover and time history analyses to investigate and evaluate the 

performance of this type of system to earthquake loading.  The seismic response of the 

frames is compared with more traditional systems where the problems of beam elongation 

and floor damage can be appreciable.  The response of the frames confirmed the unique 

flexibility of the proposed solution and highlighted the superior performance under 

seismic loading with only minor damage to the frame, wall and floor systems. 

1 INTRODUCTION  

Effects of beam elongation in precast frame systems have been demonstrated to be a potential source 

of unexpected damage to precast floor systems unless adequate detailing is provided to account for 

displacement incompatibilities between the lateral resisting systems and the floor. 

As the structure moves laterally, the gap at the beam column joint interface opens and increases the 

distance between the columns.  This beam growth pushes the columns apart and induces additional 

shear and moment demands on the columns.  Furthermore, as the gap opens, the floor next to the beam 

must be allowed to crack open, since preventing a crack from opening would affect the behaviour of 

the beam.  Therefore the detailing should accommodate deliberate crack opening at the floor 

diaphragm. 

Two solutions to control and minimize the floor damage for hybrid connections have resulted from 

recent research.  The first approach consists of using standard precast rocking/dissipative frame 

connections referred to as “gapping” frame systems in combination with an articulated or “jointed” 

floor achieved by using mechanical devices connecting the floor and the lateral beams thereby  

accommodating the displacement incompatibilities in the connection (Pampanin et al. 2006).  The 

second approach relies upon an innovative beam-column connection based on a top hinge “non-

gapping” system that could be used in combination with a standard floor solution, i.e. with topping 

and continuous starter bars (Amaris et al. 2007, Amaris et al. 2008). 

Both solutions have been experimentally validated through quasi-static cyclic tests on 2/3 scale, beam-

column subassemblies and on a one bay, two-storey precast frame using the non-tearing connection 

shown in Figure 1. The connection comprises a top mono-hinge, steel armouring at the beam ends and 

a hidden corbel, acting as the beam-shear transfer mechanism. A T-shaped steel element is used as a 

shear key to prevent beam uplift and torsion while accommodating the tolerances in the beam length.  

An asymmetric unbonded post-tensioned tendon profile is adopted and combined with external 
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replaceable mild-steel dissipation devices to provide the required supplemental damping and 

connection strength.  

Tendon profile

Top Mono Hinge

External Dissipater

T-Shape steel plate

Corbel

  

Figure 1. Non-tearing hybrid connection details (left) and dissipaters rods details (right) 

The objective of using external energy dissipation is to provide dissipative sacrificial elements that can 

easily be replaced after a strong earthquake. This minimises the costs associated with repair and 

downtime when compared to conventional buildings. 

The mild steel dissipater (Fig. 1-right) is fabricated from round mild steel bar, threaded at each end 

and machined down to a specific bar diameter over a pre-determined length defined as the unbonded 

length. This unbonded length prevents premature fracture of the bar by limiting the strains to 

allowable limits. An outer steel tube is located over the machined area of the steel bar and temporarily 

fixed in place before filling with epoxy or grout to provide an anti-buckling restraint. 

This paper presents a series of numerical studies on multi-storey post-tensioned hybrid frames using 

non-tearing floor connections with different configurations, subjected to pushover and time history 

analyses to investigate and evaluate the performance of this type of system to earthquake loading.  The 

seismic response of the frames is compared with more traditional systems where the problems of beam 

elongation and floor damage can be appreciable. 

2 FLEXURAL HYBRID NON-TEARING CONNECTION DESIGN  

Design of the connection can be done using a simplified procedure developed for jointed ductile 

connections (Pampanin et al., 2001) and implemented in the New Zealand code provisions (Appendix 

B of the NZS3101:2006).  A simplified design is given in Amaris et al., 2007. 

A frame using a non-tearing-floor connection solution with a single top hinge, anti-symmetric tendon 

profile and bottom energy dissipater is shown in Figure 2. When the structure is subjected to a strong 

ground motion, the moment and shear forces (considering gravity and earthquake forces) are taken by 

the connection. 

 

Figure 2. Rocking of the Hybrid Frame with draped unbonded tendons and metallic top hinge. 

Adopting a positive convention for moments (anti-clockwise direction), for a positive joint rotation 

(gap opening), The moment contribution in the left ( leftM ) and right connection ( rightM ) can be 

evaluated using equilibrium of the section and then taking moments from the neutral axis position.  

)()()( 2211 chTchTchTM ssptptptptleft   and )()()( 2211 chTchTchTM ssptptptptright   

where the neutral axis depth position c is given and fixed by the designer, the tendon forces 1ptT  and 
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2ptT can be evaluated as the strain in the unbonded post-tensioned tendons  chptbpt    where 

 b is the beam gap opening rotation established at the design drift and pth  is the location of the 

tendon (distance from top compression fibers).  Note that at zero drift, leftM  and rightM  are self 

equilibrated in each floor and when the gap at the left connection opens, leftM  increase while rightM  

decreases in the same proportion due to the asymmetry in the tendon profiles. 

Estimating the strain and force in the mild steel can be achieved using a simple equation neglecting the 

strain penetration effects and can be estimated as 
'/)( ubbs lcd   where d is the effective depth, c 

the neutral axis position and 
'

ubl  the unbonded length of the mild-steel. In order to avoid fracturing of 

the bars at the design earthquake intensity level, the maximum permissible strain shall not exceed 

0.9 ult . Finally, the force in the mild steel dissipators can be calculated and, with that, the moment 

capacity of each connection as well the overall intestorey shear. 

3 NUMERICAL INVESTIGATION ON A MULTI-STOREY, MULTI-BAY HYBRID 

“JOINTED” PRECAST FRAME SYSTEMS WITH NON-TEARING CONNECTIONS 

In this contribution, a series of numerical studies on multi-storey hybrid frames using non-tearing floor 

connections with different configurations is presented and subjected to static lateral load and then to 

horizontal ground motions to investigate and evaluate the analytical response and performance of this 

type of systems under earthquake loading. 

3.1 Description of the Building 

All studies were performed using a case study five-story reinforced concrete building, adopted as a 

prototype in the PRESSS Design Handbook (NZCS, 2009). The building has plan dimensions of 24m 

wide by 30m long. Lateral resistance is provided by three seismic resisting frames in the longitudinal 

direction detailed to achieve the desired global displacement demand. Two exterior walls provide 

seismic resistance in the transverse direction. 
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Figure 3. Prototype building. 3D view (left); Plan view (center); elevation (right). 

Columns are 750mm square while beams are 700x400mm wide. The building is assumed to have rigid 

foundation.  The compressive strength of the concrete is assumed as cf '
= 40 MPa, with an elastic 

modulus calculated by 
'5000 cfE  . The steel tensile strength is assumed as yf = yhf = 300 MPa 

with a strain hardening of sh =0.02 and ultimate strain of sult =0.12 with an ultimate stress of 

ultf =450 MPa. 

The building is located in Wellington on top of a shallow soil (soil type C) within 2km from the fault 

and it is given an importance level 2, which requires a design for a return period of 500 years.  

The building was designed first using a monolithic (cast-in-situ or emulation of cast-in-situ concrete) 

solution with a target lateral inter-story drift of 2% in the frame direction using DDBD procedure 

(Priestley 2002, Priestley et al. 2007 and NZS3101:2006). The longitudinal frames was designed using 

capacity design principles where beams were designed with average bending moment of 
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*M =399kNm for floor 1 to 3 and 
*M =180kNm for floor 4 and 5.  Beams design is shown in table 1.  

Similarly, columns were designed allowing for plastic hinges at the base of the columns and no plastic 

hinge formations along the column height.  It was provided with 12-D25 for the exterior columns and 

20-D25 for the interior columns. It should be recognized that this example only attempts to generate a 

lateral base shear, distribute it between the lateral resisting systems, and then design the connections in 

detail. While some design relating to curtailment is provided, the specific detailing and curtailment 

along the individual elements according to a combination of seismic and gravity loading is omitted. 

For comparison purposes five different models have been implemented: Hybrid PRESSS without 

beam elongation (Hy), Hybrid PRESSS including beam elongation (Hy_beam-elong) and Hybrid non 

tearing connection (Hy_non-tear).  Additionally, monolithic without beam elongation (Mon) and 

monolithic including beam elongation (Mon_beam-elong) were carried out to compare the behaviour of 

the systems.  

All the hybrid systems were designed to the same beam flexural capacity as the monolithic system 

( provM ).  The Appendix B of the New Zealand Standard code 3101:2006, determine the full self-

centering of a general jointed connection shall be achieved by selecting, in the design phase, an 

appropriate moment contribution ratio   as the ratio between the restoring forces and the dissipation 

forces osNpt MMM   /)(  where ptM , NM and sM  are the flexural strength contributions 

of the post-tensioned tendons, the axial load where present, and the mild steel reinforcement or energy 

dissipating device. The Value o  is the overstrength factor for the energy dissipating device and is 

determined to be 25.1 .  

Assuming a re-centering ratio 25.1 , the amount of post-tensioned and mild steel dissipation can 

be calculated defining the ratios between energy dissipation and post-tensioning over the total moment 

as provs MM /  and provpt MM / .  Therefore, the total ptM  and sM  required for each 

connection are 44.0)1/(1    and 56.0)1/(   .  The basic design properties for 

Hybrid PRESSS and Hybrid non-tearing solutions are found in table 1. 

Table 1 Building design according with different solutions. 

Solution type Tpt ini (kN) Aspt (mm
2
) Mpt (kNm) As prov (mm

2
) Ms (kNm) Tpt ini (kN) Aspt (mm

2
) Mpt (kNm) As prov (mm

2
) Ms (kNm)

Monolithic - - - 6-D25 525 - - - 3-D25 262

Hybrid PRESSS 950 1050 383 2-D25 179 450 450 190 3-D16 142

Hybrid Non-tearing 360 600 
*

305 2-D33 228 170 600 
*

149 2-D25 114

floor 1 to 3 floor 4 and 5

 

*correspond to a total area of tendons in each duct of 300 mm
2
. 

3.2 Analytical models 

Appropriate hysteretic rules were assigned to each spring property to correctly represent the inelastic 

behaviour at the beam-column joint which is evaluated based on a global member compatibility 

condition. The non-linear finite element program Ruaumoko2D (Carr, 2009) was used in the analyses. 

For the monolithic models, the column base connections were modelled using a concrete beam-

column yield surface implemented in the frame element to account for axial force-moment interaction. 

Different options at the column base were implemented for the hybrid models: rocking at the base due 

to gravity load only, rocking plus partial dissipation (e.g. mild steel in drossbachs or external and 

replaceable), rocking at the base with unbonded post-tensioning in addition to the gravity load. 

3.3 Monolithic with (Mon_beam-elong) and without (Mon) beam elongation  

Beams and columns were modelled as elastic elements with the cracked stiffness properties derived 

from moment curvature analyses. A simple inelastic rotational spring model (Fig. 4) was used in the 

Mon model to simulate the plastic hinge region in the beam-column joint region with Takeda 

hysteresis rule (Otani, 1974) assuming an unloading coefficient and reloading coefficient . 
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In order to include beam elongation effects in the Mon_beam-elong model, a compound element is placed 

at the interface to represent the reinforcing steel in the plastic hinge region using elasto-plastic 

hysteresis behaviour (Fig. 4).  The concrete is represented by multi-spring element by ten gaps 

elements which only acted in compression using an elastic element hysteresis behaviour with an axial 

stiffness consisted of the gross area of the beam section times the concrete modulus of elasticity and 

divided by plastic hinge length given by the plastic hinge length assumed as yb fdlLp 022.008.0   

(Paulay and Priestley 1992). 

No plastic deformations were allowed in the concrete to avoid instability in the frame model. Shear is 

transferred across the interface by vertically slaving the nodes at the beam end and column face while 

the horizontal displacements and the rotations of the nodes are independent. The calibration of the 

stiffness of the beam element was increased considering that the multi-spring elements work in series 

with the beam element which beam axial force-moment interaction is included. 
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Figure 4 Monolithic beam column model excluding and including beam elongation.  

3.4 Hybrid PRESSS with (Hy_beam-elong) and without (Hy) beam elongation  

Hybrid PRESSS type building was modelled using a lumped plasticity model approach with moment 

rotation properties defined according to the procedure proposed in (Pampanin et al., 2001). Two 

moment rotational springs (Fig. 5) in parallel were thus implemented at the beam column interface: the 

post-tensioned steel is modelled with a non-linear elastic hysteretic rule, while a bilinear (elasto-plastic 

with hardening) hysteretic rule is used for the mild steel contribution. 
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Figure 5 Hybrid beam column model excluding and including beam elongation 

When considering the hybrid model with beam elongation (Hy_beam-elong), a compound element 

consisting on multi-axial springs in parallel with elasto-plastic hysteresis behaviour was placed at the 

interface to represent the reinforcing steel in the plastic hinge region. The concrete is represented using 

a multi-spring element with gap-hysteresis loop (compression-only behaviour) and the post-tensioned 

tendons were modelled with a spring element connected from end to end of the exterior columns with 

an initial post-tensioned force.  Additionally, the combination of axial stiffness in parallel of the multi 

spring and beam elements was taken into account to represent the total stiffness of the beam element 

model without beam elongation. 

Rocking at the column base was implemented by introducing vertical post-tensioning to the column 
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while still matching the moment capacity given by the monolithic model. Therefore, the columns were 

segmented into two elements, the first two floors and the remaining three floors. The tendon was 

considered to be only in the two first floors to keep the unbonded length low and therefore have more 

increment in the tendon forces when the gap opens at the column base.  An axial spring element was 

implemented such that the overall stiffness and strength combined with that of the multi-spring 

element at the base section could provide the target moment of the monolithic solution.   

3.5 Hybrid non-tearing (Hy_non-tear) 

As the system sways, the unbonded post-tensioned tendons will elongate or shorten according as the 

gap opens or closes at the beam column interface.  Frames with non-tearing connections using an even 

number of bays, anchored to the exterior columns and considering a full unbonded length, no change 

in the moment capacity in the interior connections will occur.  For design purposes and in order to get 

this additional moment capacity in the interior columns and increase the lateral resistant of the frames 

(as the gradient of the column moments is the shear), would be more efficient to partially bond the 

post-tensioning tendons. Therefore, an asymmetric layout of the tendon profiles with a bonded length 

of 2.5m at mid-span of each beam was assumed. 

Two moment rotational springs were implemented at the beam column interface (Fig. 6): the post-

tensioned steel is modelled with linear elastic hysteresis with an initial post-tensioned force, while the 

external energy dissipaters are model with bi-linear inelastic hysteresis. 

Elastic column

Elastic Beam

M (kNm)

(1/m)

Hybrid Non-tearing 

Connection is modeled 

with the combination of 

moment rotation 

contributions of two 
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Linear elastic

Bi-linear inelastic
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Figure 6 Hybrid non-tearing beam column model  

Similarly, rocking at the column base was obtained via vertical post-tensioning as per the 

aforementioned hybrid PRESSS type models. 

4 CYCLIC ADAPTIVE PUSH OVER ANALYSIS 

A lateral load, initially distributed in an inverse triangular shape, was applied to the frames and pushed 

until 400mm top floor displacement, obtained from the DBD design at 2.0% of drift.  Figure 7 shows 

the steel moment contribution (left), post-tensioned moment contribution (centre) and total moment 

contribution (right) vs. rotation of one of the connection in the first floor.   
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Figure 7 Moment Rotation contributions: steel (Left); post-tensioned (Centre); total (Right). 

It can be seen that the steel contribution is based on the simple elasto-plastic hysteresis behaviour.  

The behaviour of the two models in terms of initial (or secant to yielding) stiffness is the same. 

However, the post-yield stiffness is higher for the Hy model due to the strain hardening effects.  The 

post-tensioned moment contribution for the Hy and Hy_beam-elong solutions are based on the non-linear 

elastic hysteresis behaviour while the simple linear elastic hysteresis for the Hybrid non-tearing.  As a 

characteristic between the two systems the geometric non linearity (sudden relocation of the neutral 
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axis along the section depth) of the Hy corresponds to the initial post-tensioned force in the Hy_non-tear.  

Additionally, the post-yield stiffness for the Hy model is higher due to the use of higher number of 

tendons (higher tendon area referred in table 1) and different unbonded length of the tendons.  The 

same initial stiffness and strength are observed in the total moment contribution between the two 

systems (Fig. 7-right). 

Figure 8-left shows the total base shear until the frames reached 2.0% roof drift (where drift is defined 

as the displacement of the exterior column at the top floor divided by the building height).  The base 

shear corresponding to the model Hy_beam-elong has a total base shear at 2.0% roof drift of 1885 kN, 

2.3% and 10% higher than Hy and Hy_non-tear models respectively. 

0 0.4 0.8 1.2 1.6 2 2.4

Roof Drift (%)

0

500

1000

1500

2000

L
a

te
ra

l 
F

o
rc

e
 (

k
N

)

0 100 200 300 40050 150 250 350 450

Roof Displacement (mm)

Hy_

Hy

Hy_

Mon

Mon_

0 0.4 0.8 1.2 1.6 2 2.4

Roof Drift (%)

0

1

2

3

4

5

F
lo

o
r 

0 100 200 300 40050 150 250 350 450

Displacement (mm)

Hy_

Hy

Hy_                   -Column A

Hy_                   -Column E

0 0.4 0.8 1.2 1.6 2 2.4

Roof Drift(%)

0

1

2

3

4

5

F
lo

o
r 

0 100 200 300 40050 150 250 350 450

Displacement (mm)

Hy_

Mon

Mon_                 -Column A

Mon_                 -Column E

non-tear

beam-elong

beam-elong

non-tear

beam-elong

beam-elong

non-tear

beam-elong

beam-elong

 

Figure 8 Total base shear for different models (Left); column displacement among floor: Hybrid systems 

(Centre); Monolithic systems (Right). 

Similarly, Figure 8-left also shows the total base shear of the monolithic models excluding and 

including beam elongation.  The Mon_beam-elong was the strongest of all the models.  At 2.0% roof drift, 

the base shear was 2006 kN, 6.4% higher than the Mon model.  Conversely, at a given design load or 

base shear, the Mon_beam-elong model underwent less deformation than the Mon model when frames 

were in the post-elastic range.  Results for this analysis confirm that Hybrid frame systems with non-

tearing connections would be in general more flexible, though reaching the target strength at a given 

level of drift. It is worth noting though that the initial stiffness up to the yielding of the mild steel bars 

(at around 0.4% drift) is similar between all models. Thus, the system will maintain its natural and 

desired monolithic behaviour for small intensity earthquakes (i.e. low return period). 

Figure 8-centre shows the exterior columns horizontal displacements in each floor at 2.0% top roof 

drift ratio for Hy, Hy_beam-elong and Hy_non-tear models. It can be seen that the floor displacements for the 

Hy are similar to the exterior column E of the Hy_beam-elong model. As a result of beam elongation, 

different column rotation is recorded at the first story. The beam elongation in the Hy_beam-elong at the 

first and second story was 29mm and 36mm, respectively, corresponding to 4.1% and 5.1% of the 

member depth. The Hy_non-tear model column displacement profile is similar to the Hy except for the 

second and third floor. 

Figure 8-Right shows the very similar results for the Mon and the Hy_non-tear.  The beam elongation in 

the Mon_beam-elong at the first and second story was 40mm and 50mm, respectively, corresponding to 

5.7% and 7.1% of the member depth. 

5 DYNAMIC ANALYSIS 

The dynamic characteristics of the models were studied using eight earthquakes motions (four far field 

and four near field events) compatible with the design spectra NZ1170:5 for Wellington soil type C 

and return period of 500 years (Table 2).  Mass was placed at the beam-column interfaces of the 

central column C. Tangent stiffness Rayleigh damping was used with 5% of critical damping at the 

first and third modes. 

5.1 Maximum story drift ratios under earthquake loading. 

Figure 9 shows the envelopes of maximum and mean values for each inter-storey drift ratio of each 

model analyzed under for far field (top) and near field (bottom) earthquake motions. The response of 
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all models is under the target of 2% inter-storey drift, except for the maximum value reached for the 

Hy_non-tear model in the near field (2.6%). Comparison between far field and near field showed no 

appreciate difference with the monolithic and hybrid models, however for the Hy_non-tear models the 

inter-storey drift ratio increase from 1.2% to 2.6% for the near field event, while for far field the 

Hy_non-tear model show a very constant inter-storey drift ratio when compared with the monolithic 

solution. 

Table 2 Earthquake ground motions. 

Name
Earthquake 

Event
Year Mw Station

Rclosest 

(km)

Soil Type 

(NEHRP)

Unscaled 

PGA (g)

Unscaled 

PGV 

(cm/s)

Scaling 

Factor

Scaled 

PGA (g)

Scaled 

PGV 

(cm/s)

Scaled 

PGV/PGA 

ratio
EQ1 Superstition Hils 1987 6.7 Brawley 18.2 D 0.1335 17.2 3.00 0.401 51.6 128.8

EQ2 Northridge 1994 6.7 LA – Hollywood Stor FF 25.5 D 0.231 18.3 1.48 0.342 27.1 79.2

EQ3 Northridge 1994 6.7 N Hollywood – Coldwater Can 14.6 C 0.271 22.2 1.54 0.417 34.2 81.9

EQ4 Loma Prieta 1989 6.9 Hollister Diff. Army 25.8 D 0.2762 35.6 1.10 0.304 39.2 128.9

Name
Earthquake 

Event
Year Mw Station

Rclosest 

(km)

Soil Type 

(NEHRP)

Unscaled 

PGA (g)

Unscaled 

PGV 

(cm/s)

Scaling 

Factor

Scaled 

PGA (g)

Scaled 

PGV 

(cm/s)

Scaled 

PGV/PGA 

ratio

EQ5 Northridge 1994 6.7 Sylmar - Olive view Med Ctr 5.30 D 0.84 129.60 0.39 0.332 51.1 153.7

EQ6 Imperial Valley 1979 6.6 El Centro Array #5 3.95 D 0.38 90.5 0.83 0.317 75.6 238.2

EQ7 Kocaeli 1999 7.4 Gebze 10.92 A  0.24 50.30 1.98 0.483 99.6 206.1

EQ8 San Fernando 1971 6.6 Pacoima Dam Abutment 1.81 A  1.23 112.50 0.41 0.499 45.8 91.8  

Drift ratios between Hy_non-tear and Hy are similar due to the restoring post-tensioned forces while the 

Mon_beam-elong model shows an increase in the drift ratio especially in the first floor but a reduction of 

the drift ratio along the height. 
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Figure 9 Mean and maxima story ratios for far field (top) and near field (bottom) earthquakes. 

5.2 Mean story and cumulative shear under earthquake loading. 

Figure 10 shows the inter-storey shear and cumulative shear for far field (left) and near field (right) 

earthquakes for each model. It can be seen that near field earthquakes increase the shear forces for the 

Hy_non-tear, Mon_beam-elong and Mon models when compared with the far field earthquakes, while 

remaining very similar with the Hy_beam-elong and Hy models. 
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Figure 10 Mean story shear and cumulative shear: far field earthquakes (left); near field (Right) 

It can be seen also that for the Mon_beam-elong and Hy_beam-elong models a significant increase of the 

storey shear up to the 3rd floor when compared with Mon and Hy models.  The Hy_non-tear models 

show a minimum of variation of the storey shear.  

6 CONCLUSIONS 

Push over and time history analyses were carried out on a number of frames to evaluate the response 
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of the recently proposed non-tearing connection and to compare the effects of beam growth on more 

traditional systems. In general, the response of the hybrid system using non-tearing connection was 

very satisfactory under push-over and time history analysis.  

Push over analysis indicates that lateral stiffness was lower for the hybrid non-tearing connection 

when compared with the traditional hybrid systems.  However, the total base shear (for the same 

imposed drift level) was very similar. Additionally, push over analysis indicate that beam elongation 

were higher in the second floor of the frame were plastic hinge elongated 50mm (7.1% of the beam 

depth) for the monolithic system and 36mm (5.1% of the beam depth) for the hybrid systems. 

The time history analyses indicate that no excessive increase on inter-story drift response when 

compared to the targeted 2% of drift was found for the monolithic and hybrid models. However, it was 

found that the set of earthquakes with near field effects are more severe for non-tearing systems 

increasing the inter-storey drift ratios by 2.  

The beam elongation effects change the distribution of moments and shear throughout the frame. For 

the non tearing solution shears remain constant.  It can be seen that for the traditional monolithic and 

hybrid systems are affected by beam elongation especially on the first three stories where shear and 

inter-storey drift ratios are larger. 

A series of numerical investigations are under-going to provide further confirmations of the behaviour 

of this type of systems using non-tearing connections when the effects of beam elongation and damage 

to the floor can be eliminated and enhanced the global seismic behaviour of the hybrid non-tearing 

floor connections for practical implementation within design guidelines. 
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