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Abstract. Prefabricated slab has been widely used in the global construction industry due to energy saving, environmental 
protection, and good economic advantages. In this paper, a new type of fully prefabricated staggered flip-down slab without 
cast-in-situ operation has been proposed. First, the experiments were carried out on the new slab. The structural perfor-
mance of the new slab was compared with the cast-in-situ slabs and composite slabs of the same specification. The experi-
mental results showed that the ultimate bearing capacity of the new slab meets the requirements for practical utilization. 
On this basis, an additional CFRP sheet could be pasted on the bottom initial seam between prefabricated slabs to enhance 
the integrity and prevent cracks. Then, the whole loading process of the slab was simulated, and the results were consistent 
with the experimental results. Finally, through experiments and parametric analysis, recommendations for improvement 
were put forward to enhance the mechanical properties of this kind of slab.
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Introduction

Prefabricated building systems are often referred to as 
precast constructions in which the structural components 
are manufactured in factories based on standardization, 
then transported to the sites, and finally assembled into 
the final product on the sites (Goodier & Gibb, 2007; 
Hassan et  al., 2021). Because of prefabrication, the tra-
ditional execution of architectural design and construc-
tion is changed. Prefabricated buildings have been widely 
used and developed in the global construction industry 
due to their fast construction speed, site disruption reduc-
tion, sound economic benefits, better construction quality 
control, and improved material efficiency (Tam & Hao, 
2014; Tam et al., 2007). In countries like Germany, New 
Zealand, and England, prefabrication accounts for 20%, 
almost 20% and around 10% of the total constructions, 
respectively (Heaton, 2017). Moreover, the proportion of 
new prefabricated dwellings in Japan has remained steady 
at 12–16% over the past decade (Steinhardt & Manley, 
2016). In Sweden’s housing industry, the market share of 
prefabricated construction has exceeded 80% (Navarat-

nam et  al., 2019). In China, the government mandated 
that by 2020, 15% (by building slab area) of the nation’s 
annual new construction should be prefabricated, and by 
2025, this target is increased to 30% (State Council of the 
People’s Republic of China, 2016).

A prefabricated slab is an important part of assembled 
residential buildings. It adopts the form of a precast panel 
plus a cast-in-situ layer. The precast panel can be used as 
a template to replace the bottom mold required by the 
cast-in-situ concrete floor (Xu et  al., 2022). Although 
prefabricated slabs have the advantages of prefabricated 
structures, the inferior integral performance leads to 
poor seismic performance (Wang et al., 2019). In order to 
make the prefabricated slabs better meet the actual needs 
of the engineering project, experts and researchers have 
done many studies, and most have developed new types 
of slabs by improving the slab form. The ultimate bearing 
capacity of prefabricated steel-concrete composite slabs 
with an interlocking connection system proposed by Has-
san et al. (2021) is 40% higher than that of the traditional 
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simply supported non-composite slabs. Lu et al. (2022) de-
signed a prefabricated concrete composite slab that uses 
the profiled steel sheeting as prefabricated formwork and 
shear connectors, and experimentally evaluated its flex-
ural performance in terms of reinforcement yield strength. 
Al-Fakher et al. (2021) demonstrated that the bearing ca-
pacity of a prefabricated concrete composite slab made 
with steel and composite reinforcing systems (CRS) re-
inforcement was increased by 112% when compared with 
the attachment of carbon fiber reinforced polymer sheets 
applied by Meng et al. (2016). Jiang et al. (2003) and Liu 
and Jiang (2004) proposed a composite slab with a precast 
inverted T-type bottom panel, which could improve the 
slab stiffness and integrity. Huang et al. (2015) concluded 
that the T-type ribs have almost no influence on the flex-
ural performance of concrete composite slab with precast 
prestressed ribbed panel and suggested the calculation 
formulas for the cracking moment and ultimate bending 
moment. On this basis, Liu et al. (2020) presented a new 
prestressed concrete composite slab with precast inverted 
T-shaped ribbed panels (CSPRPs) and showed that differ-
ent rib forms have little influence on the flexural behavior 
of CSPRPs. Chen et al. (2022) investigated a novel precast 
concrete slab with crossed bent-up rebar and showed that 
when the bend-up end angle of the slab was 60°, its flex-
ural performance could be significantly improved. Nguyen 
et al. (2021) suggested hidden boundary one-way rib pre-
cast concrete slabs (HRS) and studied in detail the effects 
of strand wires and rebars on the bending performance 
of HRS.

The existing research studies show that the structural 
performance of slabs can be improved by changing the 
material while reducing the cost (Lukaszewska et  al., 
2010). By combining thin-walled cold-formed steel ele-
ments (CFS) and panels made of wood, cement, or plaster, 
de Seixas Leal and de Miranda Batista (2020) showed that 
the  thin-walled channel shear connectors had excellent 
performance and could improve the bending capacity of 
the slab system. Mansour et al. (2015) found that adding a 
thin layer of steel fiber concrete into precast concrete slabs 
could increase its flexural performance. Dal Lago et  al. 
(2017), Lima et al. (2018), and Crocetti et al. (2014, 2015) 
used fiber reinforcement in prefabricated concrete slabs 
and found that it has clear benefits on the post-cracking 
flexural capacity. May et  al. (2019) studied the required 
load-bearing capacity and deflection stiffness of precast 
slabs made of carbon reinforced concrete at conventional 
construction height and demonstrated that the slab con-
crete could be reduced continuously by optimizing the 
load-bearing structure. Rochman et  al. (2021) proved 
that lightweight foamed precast concrete slabs have good 
flexural behavior and can be used as a good prefabricated 
structural slab in the future. It can be seen from the lit-
erature review that the new slabs are mostly obtained by 
improving the form of composite slabs or changing mate-
rials, and the mechanical properties of slabs are explored 
through experiments and numerical simulation. However, 
the efficient assembly approach of slabs is rarely proposed.

In this paper, based on the survey of currently assem-
bled slabs, a new fully prefabricated staggered flip-down 
slab with a high degree of prefabrication, good integri-
ty, simple and reliable joint connections, no cast-in-situ 
operation, and low cost is developed. First, the bending 
test was carried out on the new slab. Then, its structural 
performance was compared with cast-in-situ and com-
posite slabs of the same specification. The experimental 
results illustrate that the ultimate bearing capacity of the 
new slab meets the requirements for practical utilization. 
Further, the new slab was strengthened with the CFRP 
sheet to enhance the integrity of the initial seam between 
prefabricated slabs. Then, the whole loading process of the 
slab was simulated, and the results were found to be in 
good agreement with the experimental findings. Finally, 
through experiments and parametric analysis, some sug-
gestions were presented to facilitate the construction and 
improve the mechanical properties of the slab.

1. Conceptual design

A fully prefabricated staggered flip-down slab is a new 
type of slab developed based on cast-in-situ and com-
posite slabs. Figure 1 shows the specific form of the slab. 
After the plate is cut according to the modulus, the pre-
cast components with concave-convex grid-shaped tooth 
grooves are first produced in factories. Then, they form 
the prefabricated slab through staggered joints and buck-
les. Tensile and distribution reinforcements are embedded 
in the components, and the overlapping area between the 
top and bottom components is a quarter of the total area. 
In addition, the joint of the new slab is to put the two ends 
of the bottom prefabricated component on the steel beam, 
and the top part is staggered with the bottom. At the same 
time, the CFRP sheet can also be pasted on the bottom 
initial seam between prefabricated slabs to improve the 
integrity and prevent cracks.

Compared with other slabs, the new type of slab pro-
posed in this paper has the following main advantages:

1) The presence of interlocking tooth grooves can im-
prove the shear capacity and structural integrity; 

2) The slab size has strong adaptability, so it can be 
transported conveniently;

3) Simple construction can improve assembly efficien-
cy and advance the construction schedule; and 

4) Compared with the traditional profiled steel plate 
composite slab, the flat slab surface can avoid sus-
pended ceilings in decoration, leading to huge cost 
savings.

Figure 1. Slab specific form
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2. Experimental design

2.1. Specimen design

In order to study the bending performance of the full 
prefabricated staggered flip-down slabs, six (6) slabs were 
designed in this experiment. The serial number and size 
of each specimen are shown in Table 1. The control group 
includes cast-in-situ slabs and composite slabs. Consider-
ing that the mechanical properties of the full prefabricated 
staggered flip-down slabs are smaller than those of cast-
in-situ slabs and composite slabs in the same specification, 
additional control slabs with the thickness of 120 mm are 
set. The calculated span of each specimen is L0 = 2200 mm. 
The HRB400 tensile and distribution reinforcements in 
all specimens adopt 4C8@150 and C6@200, respectively. 
The measured yield strength and tensile strength are fy = 

421 MPa and fu = 647 MPa, while the elastic modulus is 
Es = 2×105 MPa. Moreover, each specimen uses C30 con-
crete. Figure 2 shows the design of the cast-in-situ slab 
and composite slab, while Figure 3 represents the design 
of the new fully prefabricated slab.

Slab ZPB consists of three components, i.e., one ZP-1 
and two ZP-2. Figure 4 shows the production of ZP-1 and 
ZP-2. Considering that the new slab is fully assembled, one 
or two workers can carry out simple material transporta-
tion and slab installation. Their tooth grooves are designed 
as 150×150 mm with 40 mm height. The height of the 
bottom component is 55 mm. Slabs ZPB and ZPB-CFRP 
are equipped with the same reinforcement and concrete. 
CFRP can provide passive suppression for concrete and re-
strain the initial seam between prefabricated slabs, so the 
flexural capacity and stiffness of the slab can be improved. 

Table 1. Specimen design

No. Specimen Designation Thickness/mm Length/mm Width/mm
1 Fully prefabricated staggered flip-down slab ZPB 150 2400 600
2 Fully prefabricated staggered flip-down slab with CFRP ZPB-CFRP 150 2400 600
3 Cast-in-situ slab XJB-150 150 2400 600
4 XJB-120 120 2400 600
5 Composite slab DHB-150 150 2400 600
6 DHB-120 120 2400 600

Figure 2. Design of the control group: a – cast-in-situ slab; b – composite slab

Figure 3. Design of the new fully prefabricated slab: a – ZPB-1; b – ZPB-2

a)

a)

b)

b)

Figure 4. Production of ZPB: a – ZP-1; b – ZP-2

a) b)
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The position of the CFRP sheet is shown in Figure 5.  
The 200 mm CFRP sheet was pasted on longitudinal seam 
and extended to the edge of the supports. The tensile 
strength, elastic modulus, elongation at break, and thick-
ness of CFRP sheet are fu = 3870 MPa, Es = 2.45×105 MPa, 
1.74%, and 0.167 mm, respectively.

2.2. Experimental scheme

As shown in Figure 6, the specimen was loaded at three 
points. The preloading was divided into two steps. The 

load in each step was 2 kN, i.e., 50% of the cracking load. 
Each step lasted for 10 minutes for observation. Similarly, 
there were also two unloading stages. In formal loading, 
the stepped load was 2 kN until 8 kN. Then, it decreased to 
1 kN when the cracking load reached and lasted until the 
first crack occurred. Next, the load increased by 2 kN eve-
ry step before tensile reinforcement yielded. Finally, a 1 kN  
load lasted for the rest. The duration of every stage was 15 
min to observe the experiment phenomenon and record it 
in detail. During the whole process, mid-span deflection, 
the strain in concrete, reinforcement, and CFRP sheet, and 
crack development should be concerned. Corresponding 
measuring points arranged are demonstrated in Figure 7  
(Deflection: CD-1~CD-5, the strain of concrete: CS-
1~CS-4, the strain of reinforcement: CX-1~CX-8, the 
strain of CFRP sheet: CFX-1~CFX~3).

3. Experimental results

3.1. Bearing capacity analysis

Figure 8 shows the mid-span cracks of each specimen. The 
experimental phenomena, corresponding bearing capac-
ity, and mid-span deflection in each stage are shown in Ta-
ble 2, where P and u represent the load and deflection (the 
subscripts cr, y, and u represent the appearance of the first 
crack, and reaching yield and ultimate failure, respectively). 
The crack development of all specimens was similar. The 
representative bending test is illustrated in Figure 9. Tak-
ing ZPB as an example, the first tiny crack appeared when 
the load was 3 kN. The cracking load of ZPB was less than 
that of XJB or DHB because initial cracks existed at weak 
positions during installation. Then, new cracks developed 
in the mid-span at 12 kN, and some small cracks appeared 
near the supports at 20 kN. Next, the cracks extended 
upward and widened continuously until 32 kN when 
the maximum crack width of 1.5 mm reached the limit 
state, and the specimen failed. Compared with ZPB, due 
to the reinforcement effect of CFRP, the first crack, mid-
span cracks, and cracks near the supports of ZPB-CFRP 
all appeared later. The slabs XJB, DHB, and ZPB, failed 
because the maximum crack width reached the limit state.  

Figure 5. CFRP sheet

CFRP

Figure 6. Loading mode

Figure 7. Arrangement of measuring points: a – measuring points arrangement of deflection; b – measuring points arrangement  
of the concrete strain gauge; c – measuring points arrangement of the steel strain gauge; d – measuring points arrangement  

of the CFRP strain gauge
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There is no obvious cracking at the mid-span of the bot-
tom of ZPB-CFRP, and the CFRP tensile fracture is taken 
as the limit state of ZPB-CFRP. However, as the load con-
tinued to increase, the reinforcement in the slab still had 
ductility and could continue to bear the tension force.

Figure 10 illustrates the relationship between the mid-
span deflection of the slab and the external load. The 
initial stiffness and stiffness at the working stage (with 
cracks) of the composite slab are greater than that of the 
cast-in-situ slab due to a steel truss. However, because 
of inferior integrity, the ultimate bearing capacity of the 
composite slab is lower than that of the cast-in-situ slab. 
For ZPB and ZPB-CFRP, the tooth groove does not trans-
fer internal force at the beginning of loading, and only 
the bottom component bears the load. Then, with increas-
ing load, the mid-span deflection increases, and the top 

and bottom components slide, causing the tooth groove 
to squeeze each other and eliminate the gap between the 
tooth grooves. Because of the participation of the tooth 
groove, the bearing capacity of the slab will increase until 
the reinforcement yields. Further, the deflection of ZPB 
before the yield stage is larger than DHB-150, so its stiff-
ness is lower than that of DHB-150. However, the ultimate 
bearing capacity of ZPB is about 86.6% of that of DHB-
150, which meets the requirements for practical utiliza-
tion. Also, the yield strength of ZPB-CFRP is the high-
est among all specimens. The reason is that CFRP bears 
tensile force and shows good anchorage and cementation 
effects in addition to reinforcement. Based on this, the ul-
timate bearing capacity of ZPB-CFRP increases by 17.2% 
and 35.4%, higher than that of DHB-150 and ZPB, respec-
tively.

Figure 8. Mid-span cracks of each specimen: a – XJB-120; b – XJB-150; c – DHB-120; d – DHB-150; e – ZPB; f – ZPB-CFRP

a)

d)

b)

e)

c)

f)

Table 2. Experimental results and phenomena

Period XJB-120 XJB-150 DHB-120 DHB-150 ZPB ZPB-CFRP
Pcr (kN)/Ucr (mm)
(First cracks appeared in mid-span) 6.20/1.62 9.35/0.89 8.20/0.95 10.00/0.70 3.00/0.50 7.50/0.78

Py (kN)/Uy (mm) 19.40/15.33 30.25/14.43 19.83/11.47 30.24/13.70 29.53/15.85 35.65/16.72
Pu (kN)/Uu (mm)
(Maximum crack width reaches the limit state 
of bearing capacity)

24.18/34.21 41.54/31.01 22.81/34.33 37.95/31.97 32.85/26.16 44.49/28.53

Failure mode Maximum crack width reached the limit state CFRP fractured
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3.2. Load-strain curves analysis

As shown in Figure 11a, the load-strain curve of ZPB ten-
sile reinforcement has the same trend as those of XJB and 
DHB, but the elastic stage for ZPB is short. It indicates 
that the concrete cracks when the load is not large, and 
its tensile part exits from work, thereby increasing stress 
in tensile reinforcement. Then, the strain of tensile rein-
forcement increases significantly with increasing load. In 
addition, it is worth mentioning that since the truss height 
adopted by DHB-150 is 90 mm, the top reinforcement is 
compressed first, and then the compressed reinforcement 
changes from compression to tension with the expansion 
of cracks. At the initial loading stage, due to the gaps be-
tween the tooth grooves, the top and bottom components 
of ZPB-CFRP work independently, so the strain of tensile 
reinforcement is small. However, as the load gradually in-
creases, the top and bottom components slide and cause 
tooth grooves to squeeze each other and eliminate the gap, 
making ZPB-CFRP play a role as a whole. Therefore, the 
strain of tensile reinforcement in ZPB-CFRP is the largest 

under a large load. Figure 11b describes the load-strain 
curve of concrete in the compressive zone. The maximum 
strain of concrete in the compressive zone for six speci-
mens was all within 3×10–3, which did not reach the ulti-
mate compressive strain of 3.3×10–3. It is consistent with 
the phenomenon that the concrete was not crushed in the 
experiment.

4. Numerical simulations

4.1. Model development

To carry out numerical simulations for verifying experi-
mental results and parametric analysis of fully prefabri-
cated staggered flip-down slab, ABAQUS was used for 
modelling and simulating the loading process of ZPB and 
ZPB-CFRP. In the simulation process, the following as-
sumptions were made in this study: 

1) Reinforcement and concrete are closely integrated 
without relative slip, which accords with the coor-
dination of displacement; 

Figure 9. Bending test  Figure 10. The relationship between mid-span deflection  
and external load
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Figure 11. Load-strain curves: a – tensile reinforcement; b – compressive concrete
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2) According to the experimental phenomena, there 
is no obvious slip between CFRP and slab, so it is 
assumed that CFRP and slab are closely combined 
without relative slip; 

3) Although CFRP is an anisotropic material, the slab 
mainly relies on the CFRP sheet in a single direc-
tion in experiments. Hence, it is assumed that CFRP 
is a linear elastic material.

The mesh of slab components is shown in Figure 12. 
The basic mesh size was 50 mm, and local mesh refine-
ment was conducted in the CFRP sheet. Brick element 
(C3D8R), truss element (T3D2), and membrane element 
(M3D4R) were used for concrete, reinforcement, and 
CFRP, respectively. The gap between the tooth grooves 
was 0.3 mm, and general contact was applied between the 
concrete components. The friction formula of the tangen-
tial behavior was the penalty function, and the friction 
coefficient was 0.55. The default setting was utilized for 
normal behavior. In order to facilitate the computation, 
the bilinear model and plastic damage model were utilized 
for constitutive relations by reinforcement and concrete, 
respectively. Poisson’s ratios of concrete and steel were 
taken as 0.2 and 0.3. One end of the slab was considered 
fixed hinge support, while the other was the sliding hinge 
support.

4.2. Comparison of results

In order to validate the feasibility and accuracy of the 
above finite element simulation method, the loading pro-
cess of ZPB-CFRP was simulated and compared with the 
experimental results. As shown in Figure 13 and Table 3, 
the simulation results are consistent with the experimental 
results. The errors for yield deflection, ultimate strength, 
and ultimate deflection are all within 3%, and only the 
error for yield strength is 8.8%. The relative error may be 
caused due to the following reasons: 

1) Ignoring the relative slip between reinforcement 
and concrete will lead to a larger calculation stiff-
ness of the slab in simulations; 

2) The plastic damage model is employed in simula-
tions, simplifying the softening phenomenon of 
concrete after cracking; 

3) The initial cracks caused during installation are not 
considered in the simulation process.

Figure 14a shows the longitudinal stress of the bottom 
concrete. The tensile stress of concrete in the mid-span is 
the largest, so the slab is prone to crack in the mid-span. 
The high tensile stress zone extends from the mid-span 
to the supports, which corresponds to the experimental 
phenomenon of crack development. Moreover, it can be 
seen from Figure 14b that the high damage zone of the 
bottom concrete is distributed from mid-span to the load-
ing point, and the maximum damage reaches 0.872. In the 
bending process, due to the mutual occlusion and extru-
sion between tooth grooves, it is easy to appear tensile 
damage in the tooth groove sides. Further, the longitu-

Figure 12. Modelling of the fully prefabricated staggered  
flip-down slab: a – component; b – overall model; c – CFRP

Figure 13. Comparison of the load-deflection curves
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Table 3. Comparison of experimental and simulation results

Index Py Uy Pu Uu

Experimental 
results 35.65 kN 16.72 mm 44.49 kN 28.53 mm

Simulation 
results 38.80 kN 16.44 mm 45.76 kN 28.84 mm

Error (%) 8.8 –1.7 2.9 1.1

dinal stress of the CFRP sheet is described in Figure 14c. 
In addition to reinforcement, the CFRP sheet al.o bears 
tensile force, which shows good anchorage and cementa-
tion effects. At the end of loading, the tensile stress of the 
CFRP sheet reaches the largest value of 1518 MPa.
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4.3. Analysis of key parameters

In order to identify the key factors affecting the mechani-
cal properties of the slab, parametric analysis was car-
ried out. The test conditions, including the slab thickness 
and CFRP width, are given in Table 4. Figure 15 shows 
the load-deflection curves under different test condi-

tions. Test conditions 1, 2, and 3 illustrate that the slab 
thickness significantly influences the yield strength and 
ultimate strength because the effective height of the slab 
increases with increasing thickness. However, due to 
the influence of concrete strength and tensile reinforce-
ment strength, thickness has little effect on cracking load.  
The ultimate strength of the slab with a thickness of 
175  mm is 34.64% higher than that with a thickness of 
150 mm. Compared to the 175 mm thick slab, the 200 mm 
thick slab has a 16.40% higher ultimate strength. It can 
be seen that the increase rate gradually decreases. Con-
sidering the principle of economy, the applicability of the 
structure, and construction standardization, after meeting 
the requirements of the bearing capacity of the slab, the 
slab thickness should be appropriately reduced to lower its 
dead weight and save materials. Therefore, under the same 
working conditions, for example, when the slab span is 3 
m, it is recommended that the thickness of the new fully 
prefabricated slab be slightly greater than that of the cast-
in-situ slab in practical applications, i.e., about 150 mm.

As shown in test conditions 1, 4, 5, and 6, the increase 
of CFRP width has little effect on the cracking load because 
concrete, reinforcement, and CFRP sheet bear the force to-
gether. In addition, since the CFRP sheet bears the tensile 
force, the neutral axis moves up slowly during the loading 
process, so the bearing capacity will become larger. The 
ultimate strength of the slab with 100 mm wide CFRP is 
13.23% higher than that of the slab without CFRP pasting.  

Figure 14. Simulation results of ZPB-CFRP: a – longitudinal 
stress of bottom concrete; b – tensile damage of bottom 

concrete; c – longitudinal stress of CFRP sheet

a)

b)

c)

Figure 15. Load-deflection curves with different parameters: a – slab thickness; b – CFRP width

Table 4. Test conditions for slab thickness and CFRP width

Test condition Thickness CFRP width Cracking load Yield strength Ultimate strength
1 150 mm – 10.16 kN 33.21 kN 34.32 kN
2 175 mm – 11.44 kN 44.21 kN 46.21 kN
3 200 mm – 15.53 kN 51.31 kN 53.79 kN
4 150 mm 100 mm 10.59 kN 36.03 kN 38.86 kN
5 150 mm 150 mm 10.81 kN 36.94 kN 42.14 kN
6 150 mm 200 mm 11.05 kN 38.80 kN 45.76 kN
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From 100 mm to 200 mm, for every 50 mm increase in 
CFRP width, the ultimate strength of the slab rises by 
8.44% and 8.59%, respectively, compared with the previ-
ous grade. The rate of increase gradually declines. To pre-
vent the member from shear failure before flexural failure, 
the improvement of the flexural bearing capacity of the 
slab by CFRP reinforcement should not be too high. In 
practical application, it is recommended that the CFRP 
bonding area at the seam should account for 10–15% of 
the slab area.

Table 5 describes the test conditions for different siz-
es and heights of the tooth groove. The load-deflection 
curves of different test conditions are presented in Fig-
ure 16. The tooth groove size is related to the difficulty of 
template production and installation. It is of great signifi-
cance to study the tooth groove size to improve construc-
tion efficiency and reduce resource waste. Moreover, the 
appropriate tooth groove height can reduce the structural 
weight. Test conditions 1, 7, 8, 9 and 1, 10, 11, 12 show 
that the size and height of the tooth groove have little ef-
fect on the bearing capacity of the slab. However, as the 
tooth groove size decreases, the corresponding deflection 
becomes smaller. Therefore, smaller tooth grooves can be 
selected in practical engineering.

Based on the experimental results and parametric 
analysis, the new slab can be optimized using the follow-
ing approach. Since the stiffness of the new fully prefab-

ricated slab is still inferior to that of the composite slab 
of the same specification after pasting the CFRP sheet on 
it, the tooth grooves can be improved by designing the 
contact surface between components as the inclined plane, 
thereby avoiding loose occlusion and enhancing the in-
tegrity of the fully prefabricated staggered flip-down slab. 
Furthermore, additional steel mesh can be configured on 
the side of tooth grooves to control the crack propagation.

Conclusions

In this paper, the investigations on the mechanical prop-
erties of a new type of fully prefabricated staggered flip-
down slab were conducted through experimental analysis 
and simulations. The following conclusions are drawn 
from the obtained results:

1. A new, fully prefabricated, staggered flip-down slab 
was proposed for conceptual design. In production, 
there are no cast-in-situ operations for the new 
slab, and the bearing capacity is enhanced by tooth 
groove occlusion and staggered joint buckle.  Fur-
thermore, the CFRP sheet can be attached to the 
bottom initial seam between prefabricated slabs to 
improve the integrity and prevent cracks.

2. The stiffness of the new fully prefabricated slab be-
fore the yield stage is lower than that of a composite 
slab under the same thickness. However, its ultimate 

Figure 16. Load deflection curves with different parameters: a – tooth groove size; b – tooth groove height

Table 5. Test conditions for tooth groove size and height

Test condition Tooth groove size Tooth groove height Cracking load Yield strength Ultimate strength
1 150×150 mm 40 mm 10.16 kN 33.21 kN 34.32 kN
7 100×100 mm 40 mm 10.28 kN 33.79 kN 34.81 kN
8 200×200 mm 40 mm 9.89 kN 33.08 kN 34.05 kN
9 300×300 mm 40 mm 9.56 kN 32.53 kN 33.77 kN

10 150×150 mm 20 mm 12.14 kN 35.09 kN 37.20 kN
11 150×150 mm 30 mm 12.05 kN 33.86 kN 34.96 kN
12 150×150 mm 50 mm 11.03 kN 33.07 kN 34.04 kN
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bearing capacity is about 87% of that of the com-
posite slab. Also, CFRP can improve the structural 
performance of the new slab. The yield strength of 
the new fully prefabricated slab with CFRP sheet is 
the highest among all specimens. Its ultimate bear-
ing capacity is 17.2% and 35.4% higher than the 
composite slab and the new fully prefabricated slab, 
respectively.

3. The loading process of the new fully prefabricated 
slab and that with the CFRP sheet was simulated 
in ABAQUS. The simulation results were close to 
the experimental results, with a relative error of less 
than 10%. The failure process and crack develop-
ment of the specimen were in good agreement.

4. It is recommended that the thickness of the new 
fully prefabricated slab be slightly greater than that 
of the cast-in-situ slab in practical engineering ap-
plications, for example, when the slab span is 3 m, 
the thickness of the new fully prefabricated slab 
is about 150 mm. The CFRP bonding area at the 
seam is suggested to account for 10–15% of the slab 
area. The slab can also adopt inclined tooth grooves 
for better integrity. Additional steel mesh can be ar-
ranged on the side of tooth grooves to control the 
crack propagation.
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