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Abstract — Prefabricated concrete structure has  the 

advantages of being constructed fast, high quality, energy 

conservation, good seismic performance and 

environmental protection, etc. It is the developing 

direction of the future buildings. It's one of the important 

research content of prefabricated concrete structure to 

study the prefabricated components, o f which precast 

floor is the most important one. At present, steel truss 

composite slab is adopted in most of the structures. Its 

integrity performance is good, but it has the shortcomings 

like the dosage of steel, the slab being very thick and so on. 

Therefore, a new type of laminated slab with shear keys is 

put forward, of which the shear keys is used to replace the 

steel truss to make sure the integrity of laminated slab. It 

can reduce the steel dosage and make the slab thin, which 

will save the cost of  the whole building. In order to make 

it clear how the shear keys work in the laminated slab, the 

shear distribution of the shear keys along the X direction 

and along the Y direction of  laminated slab  is analyzed. 

The results show that:  along the X direction and along 

the Y direction, the shear at the outermost lines changes 

with no obvious regularity compared with the inner three 

ones and its value is negative or positive; from the second 

to the fourth lines, the shear changes in some regularity; 

the shear keys can connect the precast layer and 

cast-in-place layer of the laminated slab well. 

Keywords-Laminated slab; shear key; shear distribution; 

precast layer; cast in place layer  

I. INTRODUCTION 

Prefabricated concrete structure is composed of the 

precast concrete structure as main component and part of 

cast-in- place concrete structure. Prefabricated concrete 

structure has the advantages of being constructed fast, 

high quality, energy conservation, good seismic 

performance and environmental protection etc. , and it is 

the developing direction of the future building[1-11]. 

Reinforced concrete laminated slabs as its important 

horizontal force component becomes one of the main 

objects of study. At present, steel truss laminated slab is 

mostly used as prefabricated concrete floor in China [4]. 

Because precast and cast-in-place parts of steel truss 

laminated slab is connected by steel truss, the dosage of 

steel bar is increased largely. And also the steel truss of 

this kind of slab is higher in order to ensure the 

connection of precast and cast-in-place section reliable, 

which results in the overall slab thicker than the general 

cast-in-site slab. So it increases a lot of consumption of 

building materials and makes the cost of building 

increased accordingly. To solve these problems, a new 

type of laminated slab with shear keys is put forward, of 

which the shear keys are used to replace the steel truss 

and to make sure the integrity of laminated slab. It can 

reduce the steel dosage and slab thickness, which will 

reduce the cost of building [5]. Therefore, the 

mechanical property of the laminated slab is analyzed in 

the following. 

II. CONSTRUCTION OF LAMINATED SLAB 

WITH SHEAR KEYS 

Reinforced concrete laminated slab with shear keys 

is made of the precast reinforced concrete slab, precast 

concrete shear keys, and cast-in-place reinforced 

concrete laminated layer. The shear keys are embedded 

in the precast slab, as shown in Fig .1 (a).The cast-in-site 
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laminated layer is as shown in Fig .1 (b). The laminated 

slab is composed of the above two parts. The precast 

slab and the laminated layer are connected by the shear 

keys and the shear and pulling force between these two 

parts are delivered by the shear keys, which ensures the 

integrity of t he laminated slab. 

III. FINITE ELEMENT SIMULATION METHOD 

The common finite element software ABAQUS is 

used to simulate the load process of the laminated slab 

[6-8]. In the simulating, the following conditions are 

adopted: the concrete damage plasticity model provided 

by software is used as the constitutive relation of 

concrete; uniaxial tensile and compressive stress - strain 

relation is get via the current concrete specification [6-8]; 

double broken line model of the second line level is 

adopted as the constitutive relation of reinforcement; the 

degree freedom of reinforcement and concrete are 

coupled by Embedded Region technology; entity 

element C3D8R layer are used in precast slab, shear 

keys and laminated slab model; element T3D2 is used in 

reinforcement model; Between  the precast slab and the 

cast-in-place layer , the General Contact as exposure is 

used, of which the contact properties is as "hard" contact, 

i.e. when the contact pressure reaches to zero or negative, 

the two interface will separate, and remove the untying 

in corresponding nodes; contact friction coefficient is 

zero. Solution is obtained by Newton's method of 

implicit solver. 
 

  (a)precast slab with shear reinforced concrete keys 

(b) cast-in-place reinforced concrete laminated layer 

Figure 1.  Model of reinforced concrete laminate slab with shear 

keys 

IV. SHEAR DISTRIBUTION OF LAMINATED 

SLAB SIMPLY SUPPORTED ON FOUR SIDES 

To analyze the shear distribution of laminated slab, a 

laminated slab is designed. Its geometry size and 

material parameters are as follows: plane size is 

2700mmx3900mm;thickness is 100mm; shear key size 

is 100mm x100mmx100mm; the center of one shear key 

to the adjacent one is 400 mm in the X direction; the 

center of one shear key to the adjacent one is 300 mm in 

the Y direction, shown as Fig .2; the width of edge t is 

100mm, arranged in the form shown as Fig .1; the 

strength grade of precast concrete slab and shear keys 

are C40 in Chinese code; the strength grade of 

cast-in-place concrete laminated layer is C30; a 

double-layer two-way reinforcement is adopted in the 

precast concrete floor and cast-in-place concrete 

laminated layer; the grade of reinforcement is HRB400 

in Chinese code; the diameter of the reinforced bars are 

10mm and are spaced 200mm; the thickness of 

protective layer is 15mm; physical and mechanical 

parameters of concrete and steel value are gotten by 

referencing the existing reinforced concrete and steel 

structure specification [6-8]. Supporting conditions is 

that the slab is simply supported on four sides. For the 

convenience of description, shear  keys in the slab are 

numbered as shown in Fig .2. 

A. Shear distribution in the X direction 

Distribution of shear keys in the X direction is 

shown in Fig .3 to Fig .6. It can be seen from the Figures: 

the shear of the shear keys in the first line near to the 

edge of the slab along the X direction is positive, which 

is caused by the deformation of the cast-in-place layer is 

larger than the precast layer; yet the shear keys in the 

second, third and fourth  lines along the X direction are 

negative, because the precast layer deforms earlier than 

the cast-in-place layer; the shear of the shear keys in the 

first line has no obvious distribution regality because the 

edge effect,; yet the shear keys in the other three lines 

has some distribution regality, i.e. at the beginning of  

loading, the shear of  the shear keys linearly increases 

with the increase of distributed uniformly load,  of 

which the relationship of  the shear value and the 

growth rate is shown as equation (1) ; during the process 

of loading, the shear keys in the first line plays important 

role at first, then the second line plays important role, 

yet shear that the shear keys borne in the third and fourth 

lines is always small  in the whole loading process; the 

maximum shear value of the three other lines is almost 

the same with each other except the first line; According 

to the theory of symmetry, the shear value of the shear 

keys in the symmetry axis of the slab along the X 

direction is zero, which shows it has no shear bearing 

effect. 

The first line （ K12 、 K13 、 K14 ） > The 

line（K22、K23、K24）> The third line

（K32、K33、K34）> The fourth line（K42、K43、
K44）    (1) 
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Figure 2.  Number of  shear  keys 

 

Figure 3.  Shear of K12-K42 

           

Figure 4.  Shear of K12-K42 

 

Figure 5.  Shear of K13-K43 

 

Figure 6.  hear of  K14-K44 

B. Shear distribution in the Y direction 

Distribution of shear keys in the Y direction is 

shown in Fig .7 to Fig .10. It can be seen from the 

Figures: the shear of the shear keys in the first row near 

to the edge of the slab along the Y direction is positive 

or negative, which has no obvious regularity in changing 

compared with the other three rows; yet the shear keys 

in the second, third and fourth  rows along the Y 

direction has some regularity, i.e. during the early stage 

of loading, the shear of  the shear keys linearly 

increases with the increase of distributed uniformly load,  

of which the relationship of  the shear value and the 

growth rate is shown as equation (2) ; during the process 

of loading, the shear keys in the first row plays 

important role at first, then the second row plays 

important role, and the max shear value of the second 

row is bigger than the first ones; in the later stage of  

loading, the shear keys of the first and the third rows 

play important role in bearing, and the shear of the shear 

keys increase with the shear keys far away from the edge. 

According to the theory of symmetry, the shear value of 

the shear keys in the symmetry axis of the slab along the 

Y direction is zero, which shows it has no shear bearing 

effect. 

The first row（K21, K31, K41）=the second row（K22, 

K32, K42）>the third row（K23, K33, K43） (2)     

V.    CONCLUSIONS AND PROSPECT 

Based on the above analysis, the following 

conclusions can be gotten: 

Along the X direction and Y direction, the shear of 

the shear keys at the first line or row at the edge of the 

slab, the shear of  the shear keys are negative or 

positive at the beginning of  loading. 

Along the X direction or the Y direction, the shear of 

the first line or row has no obvious changing regularity 

with the change of load, yet the shear of the second to 

the forth line or row has some changing regularity with 

the change of  load. The changing regularity is as:（K12, 

K13, K14）>（K22, K23, K24）>（K32, K33, K34）>

478



 

（K42, K43, K44） or （K21, K31, K41）>（K22, K32, 

K42）>（K23, K33, K43）. 

 

Figure 7.  Shear of K11-K13 

 

Figure 8.  Shear of K21-K23 

 

Figure 9.  Shear of K31-K33 

 

Figure 10.  Shear of K41-K43 

During the process of loading, along the X direction, 

the shear keys of  first line play important row in the 

early stage, then shear of the second ones, yet the shear 

of the third and the fourth lines are small in the whole 

loading process; along the Y direction, during the 

process of loading, the shear keys in the first row plays 

important role at first, then the second row plays 

important role, and the max shear value of the second 

row is bigger than the first ones; in the later stage of  

loading, the shear keys of the first and the third rows 

play important role in bearing, and the shear of the shear 

keys increase with the shear keys far away from the 

edge. 
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