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Abstract 
There is little research on prefabricated subgrade in the field of road engi-
neering. A significant aspect within this domain is the design of road align-
ments. Considering these factors, this paper specifically addresses the study 
of design methods for prefabricated interlocking subgrade structures. After 
analyzing the disadvantages of traditional rectangular prefabricated blocks, 
inspired by the concept of the short shield method, the paper proposes to 
adjust the shape of prefabricated blocks to trapezoid. By utilizing AutoCAD, 
this study simulates the placement of prefabricated blocks under different 
road alignments and arrangement modes. The corresponding number of 
prefabricated blocks and pavement layout is calculated based on the linear 
elements and design principles of various planes and longitudinal sections. 
The technology for designing prefabricated interlocking subgrade structures 
presented in this paper can provide valuable insights for the construction of 
prefabricated subgrades, with potential for wide-ranging application and 
promotion. 
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1. Introduction 

The concept of prefabricated structure was first mentioned in the 1960s, and it 
was first applied in the field of construction by foreign countries [1] [2] because 
of its fast construction speed and low construction cost. With the development of 
the city, the technical level of the prefabricated structure has been improved as a 
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whole, and the environmental protection requirements in the field of civil engi-
neering have become higher and higher, which makes the prefabricated concrete 
structure develop again. The prefabricated structure has been widely used in the 
field of municipal engineering, and the research on the prefabricated structure in 
the field of road engineering has gradually increased [3] [4]. The prefabricated 
structure is a concrete component that is composed of prefabricated components 
as the main force subject, and the structure is assembled and connected. In the 
field of transportation, prefabricated structures are mainly used in pavements [5]-
[10], bridges [11]-[15] and tunnels [16]-[19], but there are few studies on prefab-
ricated roadbeds.  

Due to the prefabricated subgrade will produce joints during assembly, it will 
affect the smoothness of the road and the comfort of driving. At present, the re-
search of prefabricated structure design technology is mainly aimed at the joint 
design between prefabricated road panels. Cao et al. [20] studied a new type of 
prefabricated cantilever composite subgrade structure, and used ABAQUS finite 
element software to reveal the mechanical response performance of the prefabri-
cated cantilever composite subgrade structure. Dong et al. [21] proposed to design 
a specific joint between prefabricated blocks, and the results show that the optimal 
design scheme of the prefabricated base is that the depth of the transverse groove 
is 10 mm, the degree of lateral tilt of the base block is 0.25, the modulus of the 
mortar is 6 GPa, and the width of the joint is 30 mm. Cheng et al. [22] configured 
three groups of cement mortar with different additives and analyzed the ad-
vantages of cement mortar as a joint filling material for prefabricated subgrade 
blocks through indoor tests. 

However, in reality, the alignment of the road is not uniform, and correspond-
ing transition curves should be set between different alignments to ensure smooth 
driving and passenger comfort. In view of the above deficiencies in the research 
of prefabricated subgrade, this paper carries out the research on the adaptive de-
sign of road alignment for prefabricated subgrade. The research results can pro-
vide data support and theoretical guidance for the engineering application of pre-
fabricated subgrade. 

2. Materials and Methods 
2.1. Prefabricated Block Monomer Design 

There are two common types of prefabricated blocks: cavity prefabricated sub-
grade blocks and hexagonal prism prefabricated subgrade blocks. Considering 
road drainage and construction production costs, this study selects cavity prefab-
ricated subgrade blocks. Since the prefabricated pavement is assembled using 
these blocks, the size of the prefabricated blocks will affect the paving of the pave-
ment. Prefabricated blocks with smaller plane sizes will require more blocks to be 
paved on the same road, reducing road surface smoothness. Larger prefabricated 
block plane sizes result in heavier block weights, increasing the difficulty of con-
struction during the paving process. Generally, the geometric size of a thin-walled 
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box culvert with a diaphragm is 4 × 3.2 × 0.7 m, as shown in Figure 1. 
 

 

Figure 1. Cavity prefabricated subgrade (unit: mm). 
 

To prevent thermal expansion and cold contraction of cement concrete mate-
rials, minimize stress changes resulting from temperature and humidity fluctua-
tions in the pavement structure, and facilitate pavement construction, road engi-
neering typically incorporates various types of joints, including longitudinal and 
transverse joints, to divide the pavement into regular-shaped concrete slabs. After 
comparing different connection methods, the dapped-end connection was found 
to have excellent mechanical performance, as well as the advantages of simple pro-
duction, fast installation, and a reduced structural layer. This connection method 
is widely used in foreign projects and can serve as a reference for prefabricated 
subgrade connections. Therefore, in this paper, a dapped-end connection is se-
lected as the form of prefabricated block connection, as illustrated in Figure 2. 

 

 

Figure 2. The connection form of the dapped-end connection. 

2.2. Adaptability Analysis of Road Alignment 

The circular curve is one of the important components of the plane alignment 
elements. It mainly plays the role of connecting the road turning and maintaining 
the continuity and comfort of the road alignment. The turning of the assembled 
road mainly depends on the position of the prefabricated block. In order to ensure 
that the radius of the circular curve meets the specification requirements of the 
assembled road, it is necessary to determine the deflection angle of the prefabri-
cated subgrade, the width of the joint and the required base of the prefabricated 
road. Through the basic formulas such as circle and angle, the number of prefab-
ricated blocks and the calculation method of the radius of the circular curve can 
be gradually derived to provide guidance for pavement construction. 

When the prefabricated subgrade is paved in the same direction at a fixed angle, 
the enclosed curve is a circular curve. According to the rectangular shape of the 
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cavity prefabricated block, this paper considers fixing the deflection angle α of the 
adjacent prefabricated blocks, and each two prefabricated blocks are connected by 
the tail. The number of prefabricated blocks mainly refers to the number of pre-
fabricated blocks that need to be prepared at least to complete the assembly oper-
ation under the condition of determined circular curve rotation angle α0 and joint 
width L0. Under the condition of a certain joint width, the deflection angle be-
tween adjacent prefabricated blocks can be calculated by the arc formula l Rα= . 
Suppose that the width of the joint is L0, the deflection angle between the prefab-
ricated blocks is shown in Equation (1): 

 0L
R

α =  (1) 

After calculating the deflection angle between adjacent prefabricated blocks, 
the deflection angle α  is continued until the sum of the deflection angles 
reaches the specified preset value, and the number of prefabricated blocks  

required is at least 0 1
α
α

 +  
, where [ ] is the integer symbol, and the last two 

adjacent prefabricated blocks The deflection angle is 0
0

α
α α α

α
  − ⋅ +    

. 

The length of the circular curve consists of two parts, one is the total transverse 
length of the prefabricated block, and the other is the total length of the joint at 
the joint. Since the length of the circular curve is much larger than the longitudinal 
length of a single prefabricated block, the connection between the prefabricated 
block and the joint can be approximately regarded as an arc connection, so the 
length of the circular curve can be expressed as the sum of the joint width at the 
midline of the prefabricated block and the transverse length of the prefabricated 
block. 

The length of the circular curve is the length of the middle line of the road, so 
it needs to be converted with the joint width L0 unit. The conversion formula is as 
shown in Equation (2): 

 0
0

02
L

L α
α

′ = =
π  (2) 

Assuming that the number of prefabricated blocks is x, x − 1 joints are gener-
ated between adjacent prefabricated blocks, and the lateral size of a single prefab-
ricated block is W. The formula for calculating the length of the circular curve is 
shown in Equation (3): 

 ( )1L Wx x
A
απ

= + −  (3) 

Finally, the radius of the circular curve is calculated as shown in Equation (4): 

 LR
α

=  (4) 

Under certain design conditions, the number of prefabricated blocks and the 
radius of circular curve are calculated according to the formula. In order to further 
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verify the rationality of the rectangular prefabricated block pavement, the pave-
ment structure is simulated from the perspective of mechanical analysis, and the 
appropriate size adjustment is carried out. 

3. Calculation of Rectangular Prefabricated Block 
3.1. Design Condition 

For the sake of continuity and driving comfort, this study takes the third-level 
highway with a subgrade width of 12 meters and a pavement width of 10 meters 
as the object of study. The design speed is 40 km/h, with two lanes, and the design 
vehicle is a minibus with a capacity of 2000 vehicles/h. The general minimum ra-
dius of the circular curve at this design speed is 100 meters. According to the de-
sign length of 4 meters of the cavity prefabricated subgrade, the 12-meter-wide 
subgrade consists of three thin-walled box culvert prefabricated blocks with dia-
phragms, as depicted in the horizontal and vertical design drawings in Figure 3. 

 

 
(a) Cross-sectional design drawing 

 
(b) Longitudinal section design drawing 

Figure 3. Design of the prefabricated structure of a thin-walled box culvert with a diaphragm (unit: mm). 

3.2. Rectangular Prefabricated Block Circular Curve Assembly  
Design 

Existing prefabricated road cases typically involve straight lines and do not ad-
dress the issue of curve fitting. The overall assembly method is relatively straight-
forward. However, the application of prefabricated chain structure technology to 
vehicle roads will inevitably encounter curve-related challenges in the future. In 
the design process, it is necessary to fit the road curve through the selection and 
arrangement of prefabricated blocks, which will determine the overall feasibility 
of the construction method. 

When the road alignment is a straight line, the rectangular paving prefabricated 
block meets the mechanical performance test requirements. However, when the 
road alignment is a circular curve, the turning design needs to be accomplished 
by adjusting the deflection angle between adjacent prefabricated blocks, as shown 
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in Figure 4: 
 

 

Figure 4. Joint width diagram. 
 

The joint width L0 refers to the interval distance between the tops of the two 
prefabricated blocks; the radius of the circular curve is the distance from the cen-
ter line of the prefabricated block to the center of the circle connected according 
to this method. The length of the circular curve is the curve distance along the 
circumferential direction from the center line of the first prefabricated block to 
the last prefabricated block. In this section, the rotation angle of the circular curve 
is set to 60˚, and different joint widths are used to calculate the number of prefab-
ricated blocks and the radius of the circular curve, so as to select the appropriate 
joint width to assemble the prefabricated roadbed. 

The following is an example of calculating the number of prefabricated blocks 
with a joint width L0 = 40 cm and the rotation angle 0 60α = : 

0 0 015180 1.91
12

60 1 32

6060 2.7

L L L
R

x

α

α

α α α
α

= = ⋅ = =

 = + =  

  ′ = − ⋅ + =    

π π




 

where α  is the deflection angle, x is the number of prefabricated blocks and α′  
is the last deflection angle. The deflection effect is shown in Figure 5: 

The following is the calculation process of the length and the radius of circular 
curve: 

( ) ( )

( )

0
0 2 60

3.2 1 108.6 m
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3 103.71 m

L
L
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where 0L′  is the length of road centerline, L is the length of circular curve, and R 
is the radius of circular curve. 

 

 

Figure 5. Circular curve design under 40cm joint width. 
 

When the joint width is 40 cm, the calculated radius of the circular curve is 104 
meters, which meets the requirements of the road route design. However, the con-
tinuity and smoothness of the car traveling on the road may be affected due to the 
too wide joints, and the existence of the joints has an important impact on the 
performance and service life of the road. 

3.3. Analysis of Mechanical Properties of Rectangular  
Prefabricated Block 

When prefabricated concrete components are assembled on a large scale, the 
nodes and component joints become the key links affecting the progress and over-
all quality of the project. The load transfer capacity of joints is to characterize the 
ability of joints in transferring the load from one side to the other side, which is 
the weakest part of pavement structure. When the road alignment is straight, the 
rectangular paving prefabricated block meets the mechanical performance test re-
quirements. The turning design of the road needs to rely on the deflection angle 
between the adjacent prefabricated blocks. However, when the radius of the cir-
cular curve is taken as a general value, if the joint width between the correspond-
ing prefabricated blocks is too wide, it will lead to the reduction of the bearing 
capacity at the joints and easy to cause road damage. According to the previous 
calculation results, in order to analyze the influence of transverse joints and ver-
tical vehicle loads, this section will analyze the mechanical characteristics of rec-
tangular prefabricated blocks under different loading conditions from the per-
spective of finite element simulation, and partially adjust the rectangular working 
conditions. 

In order to study the force characteristics of different pavement structures after 
deformation, transverse and vertical displacement are applied to the box girder 
located in the middle of the finite element model. The transverse displacement is 
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used to simulate the joints generated, and the vertical displacement is used to sim-
ulate the dislocation caused by the traffic load in the course of use. The boundary 
conditions are set as shown in Figure 6. The two displacement boundary condi-
tions are applied to the finite element simulation of pavement, and the influence 
of displacement boundary conditions on the mechanical response of box girder is 
compared and analyzed. 

 

 
(a) Transverse displacement boundary conditions 

 
(b) Vertical displacement boundary conditions 

Figure 6. Boundary condition setting of structural sensitivity analysis. 
 

According to the literature research, the deflection degree of pavement under 
load can be divided into three levels: slight, moderate and severe. The deflection 
degree of the SMA-13 + AC-25 combination under normal road is slight, and the 
structure can meet the requirements of use within the service life. Therefore, this 
paper establishes the pavement structure model with the combination of SMA-13 
+ AC-25 as the surface layer, in which the stress absorbing layer is the asphalt-
treated permeable base.  

Interface Conditions: In the model, the interface between the prefabricated con-
crete blocks and the overlying asphalt layers (SMA-13 + AC-25) is assumed to be 
fully bonded, simulating an ideal composite action achieved through a bonding 
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agent or interlocking surface texture in practice. This assumption implies no rel-
ative slip under service loads. 

The transverse displacements (1 mm, 2 mm, 5 mm, 10 mm, 20 mm) are applied 
to the box girder joints in the middle of the finite element model. The deflection 
distribution of the pavement structure model under the transverse displacement 
boundary condition is shown in Figure 7: 

 

 
Figure 7. Deflection finite element effect diagram of pavement model under transverse 
displacement. 

 
When the prefabricated structure is subjected to transverse displacement, one 

side shows the trend of uplifting first and then sinking, and the other side shows 
the trend of sinking first and then uplifting. Along the transverse direction of the 
road surface, at about the joint of the prefabricated structure, the deflection of the 
road surface appears an inflection point, where the maximum deflection of the 
road surface is about 5.4 mm, and then the deflection of the road surface shows a 
reverse change, and the maximum deflection can reach 8.4 mm, which indicates 
that the road surface is affected by the transverse displacement of the prefabricated 
structure.  

The vertical displacement (10 mm, 20 mm, 50 mm, 100 mm, 200 mm) is applied 
to the box girder joints in the middle of the finite element model. The deflection 
distribution of the pavement structure model under the vertical displacement 
boundary condition is shown in Figure 8: 

When the prefabricated structure is subjected to vertical displacement, the de-
flection distribution presents a “U” shape along the transverse direction of the 
pavement. The bottom width of the “U” shape is equal to the width of the prefab-
ricated structure, and the bottom deflection value of the “U” shape is equal to the 
vertical displacement, while there is an obvious deflection mutation phenomenon 
at the edge of the prefabricated structure.  
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Figure 8. Deflection finite element effect diagram of pavement model under vertical dis-
placement. 

 
It can be seen from the mechanical simulation of the finite element that when 

the larger the radius of the circular curve, the larger the width joint between the 
prefabricated blocks, the corresponding transverse displacement and vertical dis-
placement is also larger, which is easy to produce bending deformation at the 
joints, resulting in uneven roads and affecting the driving comfort of the road. 
Therefore, the conventional rectangular prefabricated block cannot meet the needs 
of the road, so this paper will propose a trapezoidal prefabricated block to improve 
this phenomenon.  

4. Calculation of Trapezoidal Prefabricated Block 
4.1. The Shape Design of Trapezoidal Prefabricated Block 

The concept and design of trapezoidal prefabricated blocks are inspired by the 
general wedge segment used in tunnel shield construction. This approach allows 
for line fitting through the assembly of different postures. This paper utilizes a 
trapezoidal thin-walled box culvert with a diaphragm. Depending on the road 
alignment, the assembly and adjustment of prefabricated blocks can achieve the 
purpose of generating straight lines and curves. The design of trapezoidal prefab-
ricated blocks has various advantages. For straight line sections, the use of alter-
nating trapezoidal blocks (two postures) is primarily intended to standardize pro-
duction and minimize mold types. While standard rectangular blocks could be 
used for straight segments, employing a single block shape (trapezoidal) for the 
entire project simplifies logistics, inventory management, and production sched-
uling. This standardization can lead to overall project cost savings by reducing 
model investment, minimizing changeover time, and streamlining operations, de-
spite a potentially higher per-unit production cost for trapezoidal blocks com-
pared to mass-produced standard rectangles. Additionally, the production pro-
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cess at the factory can be continuous, without any interruptions due to the re-
quirements of road construction. The shape of a section of a trapezoidal prefabri-
cated block is presented in Figure 9. 

 

 
Figure 9. Shape of a section trapezoidal prefabricated block. 

 
The key aspect in the paving design of trapezoidal prefabricated blocks is deter-

mining the ring width and amount of wedging based on the horizontal and verti-
cal curve elements, as well as the deviation requirements of the road. The devia-
tion calculation of each ring lining is achieved through the layout. The process of 
assembling prefabricated blocks involves different layout methods to achieve the 
desired road alignment. To accomplish this, it is necessary to clarify the posture 
of the prefabricated block and the corresponding advance amount of the block in 
each posture. Subsequently, the appropriate prefabricated block posture can be 
selected based on the required advance amount for different types of road align-
ments. For a specific trapezoidal prefabricated block, there are only two postures 
(rotating 180˚) for a certain section, making it relatively simple to find a posture 
that closely aligns with the design curve. The two postures for a section are illus-
trated in Figure 10. 

 

  
(a) Posture 1   (b) Posture 2 

Figure 10. Top view of two postures of trapezoidal prefabricated blocks. 

4.2. The Size Design of Trapezoidal Prefabricated Block 

When the road alignment is a straight line, the fitting of the straight line is realized 
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by setting the prefabricated blocks of two postures to be alternately connected, 
which are connected in the same way as the rectangular prefabricated blocks, and 
the specific manifestation is shown in Figure 11. 

 

 

Figure 11. Linear laying of trapezoidal prefabricated block. 
 

When all the prefabricated blocks are assembled according to the posture 1, the 
road alignment is shown as a circular curve, as shown in Figure 12. 

 

 
Figure 12. Circular curve laying of trapezoidal prefabricated block. 

 
The following is an example analysis. In the case of posture 1, the radius of the 

circular curve is 500 m, which matches the size of the prefabricated block. The 
longest side of the trapezoidal prefabricated block matches the side length of the 
rectangular prefabricated block, and the length of the lower bottom edge is 3.2 m. 
Like in the rectangular prefabricated block, three trapezoidal prefabricated blocks 
are joined together to form a road with a width of 12 m. Therefore, the only pa-
rameter that needs to be calculated is the length of the upper bottom edge, which 
is determined by the design circle curve radius. The shape of the block is shown 
in Figure 13. 

 

 
Figure 13. The lower bottom edge length and width of the prefabricated block (unit: m). 
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The circular curve length corresponding to the lower bottom edge of the trap-
ezoidal prefabricated block can be calculated preferentially by the arc formula 
l Rα= , as shown below Equation (5): 

  1 2
dl Rα  = + 

 
  (5) 

where 1l  is the circular curve length, α  is the turning angle of the circular 
curve, R is the radius of the circular curve, and d is the width of the road. 

The number of prefabricated blocks n can be calculated by the length of the 
circular curve 1l , as shown in Equation (6): 

  1

1

1ln
x

 
= + 
 

  (6) 

where x1 is the lower bottom edge of the prefabricated block monomer and [x] is 
an integer function, which means that the maximum integer is no more than x. 

The upper bottom edge of the prefabricated block monomer can be calculated 
by Equation (5) and (6), as shown in Equation (7): 

  2
2
dR

x
n

α  − 
 =   (7) 

where x2 is the upper bottom edge of the prefabricated block monomer. 
Assuming that the radius of the circular curve R = 500 m, the width of the road 

d = 12 m, the turning angle of the circular curve 60α = , and the lower bottom 
edge x1 = 3.2 m, the following can be calculated: 

( )1 530 ml =  

( )166 blocksn =  

( )2 3.12 mx =  

The final size of the prefabricated block is shown in Figure 14: 
 

 

Figure 14. Prefabricated block size (top view, unit: m). 

4.3. Plain Alignment Design 

The process of laying a circular curve is relatively simple. The key is to determine 
the radius of the circular curve to determine the appropriate size of the prefabri-
cated block. The flow chart is shown in Figure 15. 

Due to the continuous change of the radius of curvature of the transition curve, 
the placement of the prefabricated blocks in the process of paving the prefabri-
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cated blocks needs to be dynamically changed according to the trajectory of the 
curve. By increasing the number of prefabricated blocks and adjusting the combi-
nation of postures, prefabricated blocks can be applied to most road alignments. 
For the two prefabricated block postures, the fitting deviation between the assem-
bly sequence and the transition curve is linearly superimposed. Therefore, this 
section uses AutoCAD to fit the transition curve and simulate the laying method 
of the prefabricated block on the road. By comparing the deviation between each 
posture and the transition curve, the posture lying more in line with the road 
alignment can be selected. Finally, the deviation between each prefabricated block 
and the transition curve is minimized to achieve overall optimization. The flow 
chart is shown in Figure 16. 

 

 

Figure 15. Flowchart of circular curve paving. 
 

Using a minimum transition curve of 50 m as an example, we calculate the de-
viation between the prefabricated block and the transition curve for each posture. 
In the design, the transition curve is typed using the prefabricated block paving 
process, as shown in Figure 17. According to the layout results, there are 11 pieces 
in posture 1 and 5 pieces in posture 2. 

To further determine the selection rules for the two postures, we counted the 
deviations of the 16 prefabricated blocks. The statistical results are presented in 
Table 1. A positive deviation refers to the transition curve being above the middle 
line of the trapezoidal prefabricated block, while a negative deviation refers to the 
transition curve being below the trapezoidal prefabricated block. The maximum 
deviation is 4.8 cm, the minimum deviation is 0 for the first prefabricated block, 
and the average deviation is 2.01 cm. 

https://doi.org/10.4236/ojce.2026.161004


Y. Sun et al. 
 

 

DOI: 10.4236/ojce.2026.161004 74 Open Journal of Civil Engineering 
 

 

Figure 16. Flowchart of transition curve paving. 
 

 

Figure 17. Layout according to the minimum transition curve. 
 

Table 1. Deviation between each prefabricated block and the transition curve. 

Prefabricated block i Deviation (cm) Prefabricated Block i Deviation (cm) 

1 0 9 4.8 

2 0.6 10 4.2 

3 0.2 11 2.8 

4 0.8 12 0.8 

5 −0.16 13 −2.1 

6 0.3 14 −3.2 

7 3 15 0.4 

8 4.5 16 4.3 
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Through experimental simulation of the two postures, we found that when pos-
ture 1 is connected to posture 1, the positive deviation decreases or the negative 
deviation increases. This approach is suitable for cases with positive deviation. 
When posture 1 is connected to posture 2, the positive deviation or negative devi-
ation further increases during the conversion process from posture 1 to posture 2. 
When posture 2 is connected to posture 2, the positive deviation increases or the 
negative deviation decreases, which is suitable for cases with negative deviation. 

The sudden increase in deviation from prefabricated block 6 to prefabricated 
block 7 is due to the negative deviation of prefabricated block 5. To avoid further 
increasing the deviation, prefabricated blocks 5 and 6 are placed in posture 2. How-
ever, prefabricated block 7 must be placed in posture 1 and shared with 4 prefabri-
cated blocks for correction. The last prefabricated block exceeds the planned 50 m 
transition curve, but it can be properly corrected in the straight line connected to it. 

To ensure optimal plane alignment for plane alignment elements, it is crucial 
to maintain continuous and balanced alignment changes at junctions. This paper 
adopts a symmetrical basic shape curve, specifically combining plane curves in the 
following order: straight line, transition curve, circular curve, transition curve, 
and straight line. During the assembly process, special attention should be given 
to the connection between the transition curve and the circular curve. First, any 
deviation should be reduced to zero through posture revision, after which the cir-
cular curve can be assembled. Failure to do so may result in positive and negative 
deviations, causing irregularities in road alignment, which can negatively impact 
driving comfort and safety. A flow chart depicting the design of the plane curve 
combination is illustrated in Figure 18. 

 

 

Figure 18. Plane curve combination design pavement flowchart. 
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4.4. Vertical Section Design 

The design of the vertical dimensions of the prefabricated block is similar to that 
of the horizontal dimensions. While the horizontal size design primarily focuses 
on adjusting the length of the prefabricated block, the vertical design involves ad-
justing the length according to the width of the side. The prefabricated block is 
cut into wedges at an angle, resulting in vertical undulation of the longitudinal 
section. A three-dimensional representation of the prefabricated block is shown 
in Figure 19. 

 

 

Figure 19. Three-dimensional effect diagram of the prefabricated block (unit: m). 
 

The size diagram of the prefabricated block shows a circular curve with a radius 
of 500 meters as an example. The two triangular prisms along the dotted line in-
dicate the longitudinal adjustment of the prefabricated block. Through two size 
adjustments, the plane and longitudinal section deflection of the road alignment 
can be simultaneously achieved. Taking the short side length as an example, the 
adjusted side view of the prefabricated block is shown in Figure 20. 

 

 

Figure 20. Prefabricated block side view (unit: m). 
 

where d1 is the length of the upper bottom edge of the short side of the prefabri-
cated block, d2 is the length of the upper bottom edge of the long side of the pre-
fabricated block, and x is the unilateral length cut during adjustment. In the lon-
gitudinal adjustment, the unilateral length of the long side and the short side is x. 
α is the deflection angle generated by the prefabricated block. 

To calculate the length of the upper bottom edge d1, the radius and length of 
the vertical curve must be determined first. The radius of the vertical curve is set 
as the radius of curvature R at the inflection point of the quadratic parabola (the 
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connection between two straight slope sections), while the length of the vertical 
curve is denoted as L. 

The calculation method for the number of prefabricated blocks required for 
laying vertical curves is shown in Equation (8): 

 1
1 2 1

21 1L Ln
x d x d

   
= + = +   + +   

   (8) 

where n1 is the number of prefabricated blocks required for laying vertical curves, 
[ ] is the integer sign, and x2 is the upper bottom edge of the prefabricated block. 

The relationship between the deflection angle of the prefabricated block and the 
algebraic difference in the vertical curve slope can be obtained from the deflection 
law of the prefabricated block, as shown in Equation (9): 

  12nω α=    (9) 

where ω  is the algebraic difference in the total deflection angle of the vertical 
curve with two slope gradients and α  is the deflection angle of the prefabricated 
block. 

The length of the upper bottom edge of the short side of the prefabricated block 
can be calculated using the triangle formula, as shown in Equation (10): 

 1 2
1

2 tan
2

d x h
n
ω

= −    (10) 

where d1 is the length of the upper bottom edge of the short side of the prefabri-
cated block and h is the height of the prefabricated block. 

The unilateral length cut is shown in Equation (11), and the length of the upper 
bottom edge of the long side is shown in Equation (12): 

  2 1

2
x dx −

=    (11) 

 2 1 2d x x= −    (12) 

where x is the unilateral length cut and d2 is the length of the upper bottom edge 
of the long side of the prefabricated block. 

Since the vertical curve is in the form of a quadratic parabola and the longitu-
dinal slope is small, a single posture cannot be used for paving. Therefore, a sim-
ilar approach to plane curve paving is employed. The deviation of the two postures 
should be considered simultaneously to achieve optimal paving. Figure 21 shows 
the side views of postures 3 and 4 of the trapezoidal prefabricated block (m). 

 

 
(a) Posture 3 
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(b) Posture 4 

Figure 21. Side view of two postures of trapezoidal prefabricated blocks (unit: m). 
 

A flow chart of the pavement design of the vertical curve is shown in Figure 22. 
Like in the transition curve process, the vertical curve parameters should be de-
termined first, and the size of the prefabricated block should be calculated based 
on these parameters. Then, the pavement should be laid according to the principle 
of minimizing the total deviation from the road planning midline under different 
attitudes. When the length reaches the vertical curve length, the vertical curve sec-
tion pavement ends. 

According to the calculation formula, the size of the prefabricated block mainly 
depends on the length L of the vertical curve and the algebraic difference of the 
slope. In order to compare the difference of the paving of prefabricated blocks 
under different vertical curve radius, this paper selects the concave vertical curve 
on the basis of the circular curve radius of 500 meters, and the radius is 3000 me-
ters, 4300 meters and 6000 meters respectively. For the length of the concave ver-
tical curve, the length value is 170 meters. 

According to the calculation formula, it can be seen that the size of the prefab-
ricated block mainly depends on the length of the vertical curve and the algebraic 
difference of the slope. In order to compare the difference of the paving of pre-
fabricated blocks under different vertical curve radius, this paper selects the con-
cave vertical curves with the radius of 3000 meters, 4300 meters and 6000 meters 
on the basis of a circular curve radius of 500 meters to verify the three cases re-
spectively. For the length of the concave vertical curve, the length value is 170 
meters. 

When the radius of vertical curve R = 3000 m, then ω1= 5.7%, d1 = 3.117 m, d2 
= 3.197 m, n1 = 55. According to the flowchart of the vertical curve paving, the 
deviation of the posture of each prefabricated block is compared, and finally the 
laying method with the smallest total deviation is obtained. The specific layout 
posture is as follows, including 32 pieces of posture 3 and 23 pieces of posture 4, 
as shown in Figure 23. 

When the radius of vertical curve R = 4500 m, then ω2 = 3.7%, d1 = 3.118 m, d2 
= 3.198m, n1 = 55, and it has 31 pieces of posture 3 and 24 pieces of posture 4, as 
shown in Figure 24. 

When the radius of vertical curve R = 6000 m, then ω2 = 2.8%, d1 = 3.119 m, d2 
= 3.199 m, n1 = 55, and it has 27 pieces of posture 3 and 28 pieces of posture 4, as 
shown in Figure 25. 
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Figure 22. Flowchart of vertical curve paving. 
 

 

Figure 23. Pavement design with a vertical curve radius of 3000 meters. 
 

 
Figure 24. Pavement design with a vertical curve radius of 4500 meters. 
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Figure 25. Pavement design with a vertical curve radius of 6000 meters. 

 
Comparing the prefabricated blocks paving design under three vertical curve 

radius, it can be clearly seen that the larger the vertical curve radius is, the more 
the prefabricated block posture 4 is required, and the number of posture 4 and 
posture 3 tends to be balanced. 

Generally, the road alignment design only needs to meet the plane and vertical 
requirements, and there are few cases that meet the plane, vertical and cross re-
quirements. Therefore, this paper will not go into detail on the cross-section de-
sign. 

5. Conclusions 

Compared with the traditional on-site construction method, the use of assembled 
prefabricated subgrade can greatly improve the production efficiency and engi-
neering quality, save labor costs, and for the prefabricated subgrade, road demo-
lition still retains a certain value. After the demolition of the prefabricated sub-
grade, it can be reused in the construction of other roads, with the advantage of 
reusability.  

In the design of circular curve pavement, the original rectangular prefabricated 
subgrade block cannot realize the road turning well due to the large width joint 
and the low load capacity. This paper proposes the trapezoidal prefabricated block 
and the circular curve turning design of the road is realized by using the deflection 
angle of the upper and lower bottom edges of the trapezoidal prefabricated block. 
After testing, the deviation generated by this method is small, which can better 
meet the needs of assembled road curves.  

The paving design of the transition curve and the vertical curve needs to com-
bine the two postures of the trapezoidal prefabricated block. The paving idea is to 
determine the posture selection of each prefabricated block according to the plain 
and vertical curve elements and deviation requirements of the line according to 
the road paving sequence. It is necessary to clarify the posture of the prefabricated 
block and the corresponding advance amount under the two postures, and then 
to select the appropriate prefabricated block posture according to the advance 
amount required by various types of lines. 

In this paper, the pavement calculation is carried out under the given road 
grade, design speed, circular curve radius and other numerical conditions. The 
conclusions of this paper can be generalized to different grades of roads to provide 
design ideas for different road alignments.  
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