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Abstract. To provide a reference for designers, taking a 30 m + 40 m + 30 m prestressed concrete 
continuous beam bridge as an example, this paper compares the differences between Chinese 
Codes and Southern African Codes in terms of load effect, prestressing requirements and design 
safety. The results show that the actual number of prestressed strands required by the Southern 
African Code in the mid-span section is 11.63 %-12.50 % larger than that required by the Chinese 
Code. The actual number of prestressed strands required by the Southern African Code in the 
fulcrum section is 16.33 %-30.00 % lower than that required by the Chinese Code. The safety 
margin factor of the section designed by the Southern African Code is higher than that of the 
Chinese Code, and has a higher safety reserve.  
Keywords: serviceability limit state, ultimate limit state, prestressed concrete bridge. 

Nomenclature 𝑓ௗ The design value of concrete compressive strength, MPa 𝑓௨ The characteristic value of concrete compressive strength in the Southern African 
Code, MPa 𝑓௨, The standard value of concrete compressive strength in Chinese Code, MPa 𝑞 The standard value of uniform load of highway-I lane load 𝑃 The standard value of concentrated load 𝐿 The calculated span 𝑓 The fundamental frequency of the structure 𝑤 The width of a single nominal lane 𝐿 The effective loading length (m) of uniform load 𝑄 The average load per meter of notional lane (kN/m) 𝐿 The 𝑖th loading length (m) 𝑆ௗ The effect design value of the quasi-permanent combination 𝑆ሺ⋅ሻ The effect function of action combination 𝜓 The quasi-permanent value coefficient of vehicle load 𝑆௨ௗ The effect design value of the basic combination 𝛾 The structural importance coefficient 𝑀௫ The combination of action (or load) effects, the maximum values of bending moment 𝑒௨ 
The distances between the pre-stressed strands on the upper side of the cross-section 
centroid axis and the centroid axis, and the values of the same section in the Chinese 
and Southern African Codes are the same 𝑊௨ The bending modulus of the upper edge of the section 𝑓 The tensile stress of the strand when the section is damaged by bending 𝑑 The distance from the strength compression edge to the center of mass of the 
prestressed strand 
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𝑁௦ The number of prestressed strands required to meet the crack resistance requirements 
under the serviceability limit state 𝜂 The ratio of the number of prestressed strands 𝛾ீ The partial coefficient of 𝑖 permanent action 𝐺 The standard value of 𝑖 permanent action 𝛾ொଵ The partial coefficient of vehicle load 𝑄ଵ The standard value of vehicle load 𝜓 The combination coefficient of other variable actions in the action combination except 
for the vehicle load effect 𝛾 The j variable structural design life load adjustment coefficient 𝑆∗ The design effect 𝐹 The nominal role 𝛾ଵ The unfavorable condition coefficient considering the load deviation from the standard 
value 𝛾ଶ The combination coefficient considering the simultaneous action of multiple loads 𝛾ଷ The coefficient introduced considering the inaccurate load estimation, unforeseen 
stress distribution or inaccurate structural size caused by construction 𝑓௨ The tensile strength of the prestressed strands 𝐴 The cross-sectional area of the prestressed strand 𝑁 The permanent prestress of prestressed steel bar 𝑀௨ The strength bending moment of the section 𝜎 The pre-compression stress generated by the pre-loading after deducting all the 
prestress losses at the edge of the crack resistance check of the flexural member 𝑀 The combination of action (or load) effects, the minimum values of bending moment 𝑒 
The distances between the pre-stressed strands on the lower side of the cross-section 
centroid axis and the centroid axis, and the values of the same section in the Chinese 
and Southern African Codes are the same 𝑊 The bending modulus of the lower edge of the section 𝐴௦ The area of prestressed strands in the tension zone 𝑥 The height of the compression zone 𝑁௦௧ The number of prestressed strands required to meet the ultimate limit state 

1. Introduction 

As a periodic structure [1], [2], prestressed concrete continuous bridges have the advantages 
of economy, stable driving, durability, and easy maintenance. Therefore, prestressed concrete 
continuous bridges occupy a large proportion in the existing short and medium-span bridges in 
China. About 20 % of the road network of the Southern African Development Community is 
paved, of which mainly are short and medium-span bridges. 

The Southern African Code is mainly applicable to main roads. It mainly refers to Southern 
African Bridge Code TMH7 [3]: Code of Practice for the design of highway bridges and culverts 
in Southern African, which in turn makes reference to BS5400 [4], and has been revised to be 
applicable to Southern African. The same as the Chinese Code, the Southern African Code also 
adopts the concept of limit state, which is divided into the serviceability (service) limit state and 
the ultimate (strength) limit state. Zhang [5] considered the differences in longitudinal and 
transverse distribution of traffic load between the Chinese and Southern African Codes, and 
carried out longitudinal influence line loading on simply supported and continuous beams. It was 
found that the normal load (NA) effect of the Southern African Code was more than 30 % larger 
than that the lane load effect of the Chinese Code, but only the NA load in the traffic load of the 
Southern African Code was considered, and the abnormal load (NB) and super load (NC) were 
not considered. It can be seen that the comparison between the Chinese and Southern African 
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Codes is incomplete, the differences in the combination of effects, material properties, and 
calculation of bearing capacity are not considered. 

In this paper, the bending moments of prestressed concrete continuous bridge girders with span 
of 30 m+40 m+30 m under dead load and traffic load of different codes is calculated, and the 
combination of actions and prestressing requirements of the Chinese and Southern African Codes 
under serviceability limit state and ultimate limit state are compared. 

2. Comparison of effects 

In this paper, a prestressed concrete continuous bridge in Southern African is selected as an 
example, and the span arrangement is 30 m+40 m+30 m. The post-tensioned prestressed concrete 
single-box double-chamber beam is adopted. The beam height is 2.2 m, the thickness of the flange 
plate is 0.2 m, and the typical section is shown in Fig. 1. The half-bridge deck is arranged as 1.6 m 
(sidewalk) + 4.9 m (carriageway), and the bridge deck pavement is 6 cm thick cast-in-place 
concrete layer and 10 cm thick asphalt pavement layer. 

The MIDAS CIVIL model is used for finite element analysis. When the structure is discrete, 
the nodes should be set at the fixed points, supporting points and control sections of the main beam 
structure. All model elements are beam elements. After discretization, the calculation example has 
a total of 252 units and 179 nodes (Each beam element contains two nodes, a total of 12 degrees 
of freedom). 

The continuous beam is provided with 4 supports, and the second support on the left is set as 
a fixed hinge support. The transverse, vertical and longitudinal displacements and the rotation 
around the longitudinal axis are constrained. The other three supports are set as unidirectional 
movable hinge supports. The vertical displacement and the rotation around the longitudinal axis 
are constrained. By establishing the upper and lower nodes of the support, the height of the support 
(0.2 m) is simulated. Rigid connections are adopted between the main beam and the upper and 
lower nodes of the support, and elastic connections are adopted between the upper and lower nodes 
of the support. The finite element model of the beam is shown in Fig. 2. 
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Fig. 1. Prestressed concrete continuous bridge 
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Fig. 2. Finite element model 



PRESTRESSED CONCRETE CONTINUOUS BRIDGE GIRDERS: COMPARISON OF THE CHINESE AND SOUTHERN AFRICAN CODES.  
JUNPING WANG, XIAOSONG MI, LIFENG LI, SHUHUA LIU, DAOYU WANG, SEN LIU 

 JOURNAL OF VIBROENGINEERING. SEPTEMBER 2024, VOLUME 26, ISSUE 6 1533 

The characteristic strength of concrete in the Southern African Code is the compressive 
strength of the cube test block with a side length of 150 mm at 28 d, with a 95 % guarantee rate, 
which is the same as the standard value of concrete compressive strength in the Chinese Code. 
The design value of compressive strength is calculated by Eq. (1) in the Southern African Code 
and Eq. (2) in the Chinese Code: 

𝑓ௗ = 0.67𝑓௨1.5 , (1)𝑓ௗ = 0.6688𝑓௨,1.45 , (2)

where: 𝑓ௗ is the design value of concrete compressive strength, MPa; 𝑓௨ is the characteristic 
value of concrete compressive strength in the Southern African Code, MPa; 𝑓௨, is the standard 
value of concrete compressive strength in Chinese Code, MPa. 

The box girder adopts C50 concrete, and the cast-in-place concrete layer adopts C40 concrete. 
The concrete parameters used for finite element analysis according to the two specifications are 
shown in Table 1. 

Table 1. Comparison of concrete parameters 
Varieties Concrete grade Elastic modulus (MPa) 𝑓ௗ (MPa) 

Chinese Code C50 3.45×104 23.1 
C40 3.26×104 18.4 

Southern African Code C50 3.40×104 22.3 
C40 3.10×104 17.9 

Prestress is provided by low relaxation high-strength steel strands in accordance with 
ASTM-920, with a nominal diameter of 15.2 mm, a tensile strength standard value of 1860 MPa, 
and a tensile strength design value of 1260 MPa [6]. The tensile strength standard values and 
design values of the two specifications are the same, and the material parameters of the steel 
strands are shown in Table 2. 

Table 2. Comparison of prestressed steel strand parameters 

Varieties Steel strand grade Elastic modulus 
(MPa) 

Tensile strength standard value 
(MPa) 

Chinese code 1×7 (Shares) 1.95×105 1860 
Southern African code ASTM-920 2.0×105 1860 

2.1. Effects of dead load 

The loads in this study only consider dead load and traffic load. The dead load includes the 
dead weight of the precast concrete beam, the dead weight of the cast-in-place concrete layer and 
the dead weight of the asphalt pavement layer. The structural weight is generally obtained by 
multiplying the weight of the material by the volume, which is automatically accounted for by the 
program. The structural weight difference between Chinese Code and Southern African Code is 
mainly due to the different provisions on the weight of materials. The values of material weight 
are shown in Table 3. 

Table 3. Comparison of material weight 

Varieties Material weight (kN/m3) 
Cement concrete  Asphalt pavement 

Chinese code 26.0 23.0 
Southern African code 24.0 21.0 

Only under dead load, the absolute value of bending moments calculated by Chinese Code is 
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larger than that calculated by Southern African Code. As shown in Fig. 3, the positive bending 
moment of intermediate span middle section is the largest, which is 7019.9 kN·m in the Chinese 
Code and 6439.8 kN·m in the Southern African Code. The bending moment of intermediate span 
middle points calculated according to the Chinese Code is 9.01 % larger than that calculated 
according to the Southern African Code. The negative bending moment at the middle fulcrum 
section is the largest, which is 13062.8 kN·m in the Chinese Code and 12172.0 kN·m in the 
Southern African Code. The bending moment of the middle fulcrum section calculated according 
to the Chinese Code is 7.32 % larger than that calculated according to the Southern African Code, 
the Chinese Code is more conservative for the material weight. 
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Fig. 3. Comparison of dead load effects 

2.2. Effects of traffic load 

The Chinese Code divides traffic load into lane load and vehicle load. As shown in Fig. 4 and 
Fig. 5 respectively, the Southern African Code divides traffic loads into NA load, NB load and 
NC load. The distribution of NA load and NB load are similar to the lane load and vehicle load in 
the Chinese Code, but the specific values and applications are quite different. 

The Chinese Code divides the traffic load into highway-I and highway-II, including two design 
loads of lane load and vehicle load. The overall calculation of the bridge structure adopts the lane 
load, and the local load of the bridge structure and the pressure of the abutment and retaining wall 
are calculated by vehicle load. The effect of lane load and vehicle load should not be superimposed 
[7]. 

In finite element analysis, the lane load is selected as the traffic load loading mode, and the 
grade is highway-I. The standard value of uniform load of highway-I lane load is 𝑞= 10.5 kN/m. 
The standard value of concentrated load 𝑃 is related to the calculated span, and the value is shown 
in Table 4. The calculated span 𝐿 represents the horizontal distance between the center of the 
adjacent two supports with the support. 

kP kq

 
Fig. 4. Lane load diagram 

Table 4. The value of concentrated load Pk 
The calculated span 𝐿 (m) 𝐿 ≤ 5 5 < 𝐿 < 50 𝐿 ≥ 50 𝑃 (kN) 270 2 (𝐿+130) 360 
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The transverse distribution of vehicle load is shown in Fig. 6. In the Chinese Code, the number 
of lane loads is related to the width of the bridge deck and the driving mode of the vehicle. When 
multiple lane loads are arranged in the transverse direction of the bridge, the reduction of lane 
loads should be considered according to Table 5. For a bridge with two-way driving and 13 m 
bridge deck width, the number of design lanes is 2, and the lateral lane loading coefficient is 1.0. 
When it is a multi-span continuous structure, the whole structure should consider the longitudinal 
reduction of the vehicle load effect according to the maximum calculation span, where the 
longitudinal reduction coefficient is 1.0. 
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Fig. 5. Vehicle load diagram (size unit: m; load unit: kN) 
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Fig. 6. Vehicle load transverse layout diagram (unit: m) 

Table 5. Lateral lane loading coefficient 
Number of lateral loading lanes 1 2 3 4 5 6 7 8 
Lateral lane loading coefficient 1.20 1.00 0.78 0.67 0.60 0.55 0.52 0.50 

The standard value of the impact force of the traffic load in the Chinese Code is calculated by 
multiplying the standard value of the traffic load by the impact coefficient. The impact coefficient 
can be calculated according to Eq. (3): 

𝜇 = ቐ0.05,    𝑓 < 1.5 Hz,0.1767ln𝑓 − 0.0157,    1.5 Hz0.45,      𝑓 > 14 Hz, ≤ 𝑓 ≤ 14 Hz, (3)

where: 𝑓 is the fundamental frequency of the structure. 
In the finite element analysis of load combinations, according to the Southern African Code 

[8], the traffic load includes the normal load (NA), abnormal load (NB) and super load (NC). The 
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effect of traffic load should take the most unfavorable situation under the action of NA, NB and 
NC+bNA. For small and medium-span bridges, the NB load effect is generally greater than the 
NA load effect, and the opposite is true for large-span bridges, and it is necessary to consider the 
combination of NA load and NC load., that is, NC + bNA, where 𝑏 = 2/3. 

The notional lane is used in the Southern African Code, which is only used to apply the 
specified traffic load. It is stipulated that the width𝑤of a single nominal lane should not be less 
than 2.4 m or more than 3.7 m, and the lane should be divided into the corresponding number of 
nominal lanes. The relationship between the width of the lane and the number of nominal lanes is 
shown in Table 6. 

Table 6. Number of notional lanes per carriageway width [8] 
Lane width (m) 4.8 < 𝑤 ≤ 7.4 7.4 < 𝑤 ≤ 11.1 11.1 < 𝑤 ≤ 14.8 14.8 < 𝑤 ≤ 18.5 18.5 < 𝑤 ≤ 22.2 

Number of  
notional lanes 2 3 4 5 6 

NA load is composed of uniform load and concentrated load, which is similar to the lane load 
in the Chinese Code. It is mainly used for the overall stress analysis of the structure and is the 
most basic load requirement in bridge structure checking. The uniform load 𝑄 is related to the 
loading length. The concentrated load is 144/√𝑛 kN, and n is the loading sequence number of the 
corresponding notional lane: 

𝑄 = ቐ36,    𝐿 ≤ 36 m,180√𝐿 + 6,    𝐿 > 36 m, (4)

where: 𝐿 is the effective loading length (m) of uniform load; 𝑄 is the average load per meter of 
notional lane (kN/m). 𝐿 is the total length of a single part loaded in any single lane or multiple notional lane 
combinations, that is, the sum of the lengths of all lanes in the transverse direction loaded 
according to the influence line. The loading lengths in each lane are not necessarily equal, and the 
loading lengths in the same lane may also be discontinuous. When 𝐿 ≤ 36 m, 𝑎ଵ, 𝑎ଶ and 𝑎ଷ are 
the loading length of the three notional lanes respectively, 𝑎ଵ may be 20 m, 𝑎ଶ is 10 m, 𝑎ଷ is 6 m, 
and the concentration of these three blocks is 36 kN/m. The remaining loading part is derived 
according to the formula to derive the loading strength and perform lane loading. can be expressed 
as the loading length 𝐿 consisting of 𝑃 separate parts, then the load strength on the 𝐿 is shown in 
Eq. (5): 

𝑄 = ሾ𝑄 ∑ 𝐿 − ∑ 𝑄𝐿ିଵୀଵୀଵ ሿ𝐿 , (5)

where: 𝐿 is the 𝑖th loading length (m), and 𝑄 is the uniform load (kN/m) of the 𝑃th loading 
part. 

Different from the Chinese Code, the Southern African Code directly considers the reduction 
of each lane when the load value is taken, and the concentrated load value applied to each lane is 
not equal. Only one NA load can be applied on each lane, which is loaded on the most unfavorable 
position of the influence line of the notional lane. The concentrated load and the uniform load 
should be applied at the same time. When the lateral load of the lane has a significant effect on 
the bearing member, the lateral load of the NA concentrated load should be applied in two equal 
concentrated loads. The uniform load adopts two linear loads with equal strength. The size of the 
line load is 𝑄/2 kN/m, the load spacing is 1.9 m, the load is parallel to the direction of the lane, 
and the load is applied in the most unfavorable position. The loading method is shown in Fig. 7. 

The NB load represents a single unconventional heavy vehicle, which is a unit load. Each axle 
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is composed of four wheels, and the axle between the two inner shafts changes as shown in Fig. 8 
to produce the most unfavorable effect. The overall form is similar to the vehicle load form in the 
Chinese Code. Fig.8 lists the plan and longitudinal layout of NB load. The axle load per unit NB 
load is 10 kN, as shown in Fig. 8(b). There are two types of NB loads, NB24 and NB36, which 
are 24 and 36 unit loads, respectively. 

Lane1

Qa/2

0.25 1.9  
Fig. 7. NA uniform load transverse distribution (unit: m) 

2 2X=6 to 20

3×
1

 
a) Plane 

10 10 10 10

2 2X=6 to 20  
b) Facade 

Fig. 8. NB load layout (size unit: m; load unit: kN) 

In view of the fact that the traffic load in the Southern African specification is developed from 
the BS5400 [4], referring to the corresponding HB load, it can be seen that the NB load is loaded 
separately in the longitudinal direction, and other traffic loads are not considered. The NB load 
can be loaded across the notional lane horizontally and is not constrained by the notional lane. 

The combined load of multi-wheel trailer represented by NC load is equivalent to the load of 
trailer in the Chinese Code, which is used for special checking calculation of bridge structure. 
Fig. 9 shows the layout of the standard type NC-30×5×40 load, where a can be 5, 10, 15 and 20 m, 
b can be 3,4 and 5 m, and c can be 0, 5 to 25 m. 

a ac

b

 
Fig. 9. NC load plane loading area diagram 

The Chinese Code calculates the impact of vehicle load separately based on the span and 
cross-section of the bridge [7], while the standard values of the traffic load in the Southern African 
Code take into account a certain vehicle impact coefficient. The bending moment generated by 
the traffic load here contains the impact effect. For a bidirectional bridge with a deck width of 
13 m, the design lane number of Bridges and culverts is 2 in the Chinese Code of finite element 
analysis, and the nominal lane number is 4 in the Southern African Code of finite element analysis. 
The transverse lane distribution coefficient of the finite element analysis model is 1.0. The bending 
moment 𝑀 of continuous beams under NA load, NB36 load and NC + bNA load is shown in 
Fig. 10. The bending moment of the beam under NA load is the largest, and the intermediate span 
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middle section is 6126.64 kN·m. The bending moment of the beam under the load of NB36 is the 
smallest, the intermediate span middle section is 2168.89 kN·m. Among them, NA load plays a 
controlling role. 
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Fig. 10. Comparison of traffic load effects in Southern African code 

0 20 40 60 80 100

0

2

4

6

8

M
L (

×1
03 kN

·m
)

Distance from left support (m)

 Chinese Code 
 Southern African Code

 
Fig. 11. Comparison of traffic load effects 

As shown in Fig. 11, under the action of traffic load, the absolute value of bending moment 
calculated according to the NA vehicle load of the Southern African Code is larger than that of 
the Chinese Code highway-I lane load. The bending moment of the intermediate span middle 
section calculated according to the Chinese Code is 3351.6 kN·m, and the bending moment of the 
middle fulcrum section calculated according to the Southern African Code is 6126.6 kN·m, which 
is 82.80 % larger than that of the Chinese Code. It can be seen that the traffic load value and 
loading method in the Southern African Code are more conservative than those in the Chinese 
Code. 

2.3. Combination of effects 

It can be seen from the combination of the Chinese and Southern African Codes that the 
coefficients of the serviceability limit state and ultimate limit state are different. Even under the 
same specification, for the same limit state, the load coefficient may be different for different 
design live loads. In the Southern African Code, the load coefficients of NA load are also different 
from those of NB and NC + bNA loads. This paper only lists the load coefficients or formulas 
related to the considered conditions. The bending moment under the serviceability limit state is 
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mainly used to check the tensile stress of concrete, while the bending moment under the ultimate 
limit state mainly controls the minimum bending capacity required.  

The Southern African Code selects combination 2 including permanent and variable effects, 
and the Chinese Code selects the corresponding quasi-permanent combination under the 
serviceability limit state and the basic combination under the ultimate limit state. The design effect 
of the serviceability limit state and the ultimate limit state of the Chinese and Southern African 
Codes is shown in Eqs. (6-8). The 𝑀௦ and 𝑀௨ of each control section in the serviceability limit 
state and ultimate limit state of the Chinese and Southern African Codes are calculated 
respectively, as shown in Fig. 12. 

Chinese Code: 

𝑆ௗ = 𝑆 ቌ𝐺 ,𝜓𝑄
ୀଵ


ୀଵ ቍ, (6)

𝑆௨ௗ = 𝛾𝑆 ቌ𝛾ீ𝐺, 𝛾ொଵ𝛾𝑄ଵ,𝜓𝛾𝛾ொ𝑄
ୀଶ


ୀଵ ቍ, (7)

where: 𝑆ௗ is the effect design value of the quasi-permanent combination; 𝑆ሺ⋅ሻ is the effect 
function of action combination; 𝜓 is the quasi-permanent value coefficient of vehicle load; 𝑆௨ௗ 
is the effect design value of the basic combination; 𝛾 is the structural importance coefficient; 𝛾ீ 
is the partial coefficient of 𝑖 permanent action; 𝐺 is the standard value of 𝑖 permanent action; 𝛾ொଵ is the partial coefficient of vehicle load; 𝑄ଵ is the standard value of vehicle load; 𝛾ொ the 
partial coefficient of 𝑗 variable action effect in the action combination except for the vehicle load 
and the wind load; 𝑄 is the standard value of 𝑗 variable effect in the action combination except 
for the vehicle load; 𝜓 is the combination coefficient of other variable actions in the action 
combination except for the vehicle load effect; 𝛾 it is the 𝑗 variable structural design life load 
adjustment coefficient. 

Southern African Code: 𝑆∗ = 𝛾ଷ ⋅ 𝐹∗ = 𝛾ଷ ⋅ ൫𝛾ଵ ⋅ 𝛾ଶ ⋅  𝐹൯, (8)

where: 𝑆∗ is the design effect; 𝐹 is the nominal role; 𝛾ଵ is the unfavorable condition coefficient 
considering the load deviation from the standard value; 𝛾ଶ is the combination coefficient 
considering the simultaneous action of multiple loads; 𝛾ଷ is the coefficient introduced 
considering the inaccurate load estimation, unforeseen stress distribution or inaccurate structural 
size caused by construction. 

The effect combination coefficients of Chinese and Southern African Codes under ultimate 
limit state and serviceability limit state are shown in Table 7. 

Table 7. The effect combination coefficient under ultimate limit state and serviceability limit state 
Limit state Varieties Dead load Traffic load 

Ultimate limit state Chinese code 1.2 1.4 
Southern African code (𝛾ଵ·𝛾ଶ) 1.05 1.3 

Serviceability limit state Chinese code 1.0 0.4 
Southern African code (𝛾ଵ·𝛾ଶ) 1.0 1.0 

As shown in Fig. 12, the bending moment response of the load combination varies greatly 
between the mid-span and fulcrum sections. Under the ultimate limit state, the positive bending 
moment of the intermediate span middle section is the largest, which is 14424.19 kN·m in the 
Chinese Code and 17042.29 kN·m in the Southern African Code, which is 18.15 % larger than 
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that in the Chinese Code. In addition, the maximum positive bending moment of the side span in 
the Southern African Code is 20.26 % higher than that of the Chinese Code. The negative bending 
moment of the middle fulcrum section is the largest, which is 15664.93 kN·m in the Chinese Code 
and 12621.46 kN·m in the Southern African Code, which is 19.43 % smaller than that in the 
Chinese Code. 

Under the serviceability limit state, the positive bending moment of the intermediate span 
middle section is the largest, which is 10369.01 kN·m in the Chinese Code and 12670.07 kN·m 
in the Southern African Code, which is 22.19 % larger than that in the Chinese Code. In addition, 
the maximum positive bending moment of the side span in the Southern African Code is 24.10 % 
higher than that of the Chinese Code. The negative bending moment of the middle fulcrum section 
is the largest, which is 11927.51 kN·m in the Chinese Code and 10704.51 kN·m in the Southern 
African Code, which is 10.25 % smaller than that in the Chinese Code. 
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Fig. 12. Comparison of the combination of effects 

3. Comparison of prestressing requirements 

Reasonable configuration of prestressed strands is the key to the design of prestressed concrete 
bridge structures. The most intuitive way to compare the prestressing requirements of each 
specification is to compare the number of prestressed strands required. The Chinese Code 
stipulates that in the serviceability limit state, tensile stress is not allowed at the tensile edge of the 
normal section, that is, tensile stress should not appear in the preloading area of prestressed 
concrete members including dead and live loads. According to the Southern African Code, for the 
first type of design member, under the serviceability limit state, the member should be a fully 
prestressed structure, and there is no tensile stress in the section, that is, the allowable tensile stress 
of concrete is 0. To facilitate comparison, the research requirements of bridge prestressing 
requirements only consider the number of prestressed strands, regardless of the number of 
ordinary strands. 

According to the specified material properties, the tensile strength of the prestressed strands 𝑓௨ is 1860 MPa, and the initial stress is 0.75𝑓௨ or 1395 MPa, and the cross-sectional area 𝐴 of 
the prestressed strand is calculated. The basic principles of the formulas satisfying the limit state 
in the specification are the same, but the material design strength and design parameters are 
different. When estimating the prestressed strands, it is necessary to calculate the number of 
prestressed strands in the serviceability and ultimate limit states of the structure. 

3.1. Serviceability limit state 

Both the Chinese and Southern African Codes stipulate that prestressed concrete flexural 
members should check the tensile stress of normal section concrete to meet the crack resistance 
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requirements of normal sections. In the Chinese Code, when the number of prestressed strands of 
concrete structures is designed according to the requirements of the serviceability limit state, the 
stress should meet Eq. (9) and Eq. (10). 

Chinese Code: 𝜎௦௧ − 0.85𝜎 ≤ 0. (9)

Southern African Code: 𝜎௦௧ − 𝜎 ≤ 0, (10)

where: 𝜎௦௧ is the normal tensile stress of the edge concrete under the short-term effect combination 
of action (or load), and the formula does not contain positive and negative signs; 𝜎 is the pre-
compression stress generated by the pre-loading after deducting all the prestress losses at the edge 
of the crack resistance check of the flexural member. 

The above formula can be written as Eq. (11) and Eq. (12) according to the crack resistance 
requirements of the upper and lower edges of the section, and the calculation formula of the 
Chinese Code contains 0.85: 𝑀௫𝑊 − ሺ0.85ሻ ൬𝑁𝐴 + 𝑁𝑒𝑊 ൰ ≤ 0, (11)𝑀𝑊௨ + ሺ0.85ሻ ൬𝑁𝐴 + 𝑁𝑒௨𝑊௨ ൰ ≤ 0, (12)

where: 𝑀௫ and 𝑀 are the combination of action (or load) effects, the maximum and 
minimum values of bending moment; 𝑁 is the permanent prestress of prestressed steel bar; 𝑒௨ 
and 𝑒 are the distances between the pre-stressed strands on the upper and lower sides of the 
cross-section centroid axis and the centroid axis, and the values of the same section in the Chinese 
and Southern African Codes are the same; 𝑊௨ and 𝑊 are the bending modulus of the upper and 
lower edges of the section. 

Combined with the allowable tensile stress of concrete, it can be seen that the calculation 
principles of flexural bearing capacity in the Chinese and Southern African Codes are the same. 
According to the section characteristics, the minimum number of prestressed strands required for 
each control section is obtained. The calculation results are shown in Table 8. The key sections 
with large internal forces in each span are listed for comparison, and the remaining sections are 
not listed. 

Table 8. The minimum number of prestressed strands that meet the serviceability limit state 

Section position Intermediate span middle 
section 

Side span middle 
section 

Middle fulcrum 
section 

Chinese code 60 49 57 
Southern African 

code 65 56 49 

3.2. Ultimate limit state 

When the prestressed concrete structure reaches the ultimate limit state, the tensile strand first 
reaches the yield strength, and finally, the concrete in the compression zone is crushed. The tensile 
strength of the tensile strand and the compressive strength of the concrete are fully utilized when 
the beam is destroyed [10]. When estimating the number of prestressed strands, for the box section, 
when the height of the compression zone is located in the compression flange, the number of 
prestressed strands required by the structure can be obtained by the force balance and bending 
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moment balance equations, which can be calculated according to the following formula. The 
calculation results are shown in Table 9. 

Chinese Code: ∑𝑁 = 0,   𝑓ௗ𝑏𝑥 = 𝐴𝑓ௗ ,   (13)∑𝑀 = 𝑀ௗ ,     𝛾𝑀ௗ = 𝑓ௗ𝑏𝑥ሺℎ − 0.5𝑥ሻ. (14)

Southern African Code: ∑𝑁 = 0,     0.4𝑓௨𝑏𝑥 = 𝐴௦𝑓, (15)∑𝑀 = 𝑀ௗ ,       𝑀௨ = 𝐴௦𝑓ሺ𝑑 − 0.5𝑥ሻ, (16)

where: 𝑀௨ is the strength bending moment of the section; 𝑓 is the tensile stress of the strand 
when the section is damaged by bending; 𝐴௦ is the area of prestressed strands in the tension zone; 𝑑 is the distance from the strength compression edge to the center of mass of the prestressed strand, 𝑥 is the height of the compression zone. 

Table 9. The minimum number of prestressed strands that meet the ultimate limit state 

Section position Intermediate span middle 
section 

Side span middle 
section 

Middle fulcrum 
section 

Chinese code 45 38 52 
Southern African 

code 48 43 40 

The calculation of the prestressed beam not only meets the prestressing requirements under 
the two limit states but also ensures that the stress of the concrete is within the allowable range of 
the specification. The maximum amount of strands required for the mid-span and the fulcrum 
sections is shown in Fig. 13. In the Chinese and Southern African Codes, the number of strands 
required to meet the serviceability limit state 𝑁௦ is greater than the number of strands required to 
meet the ultimate limit state 𝑁௦௧. It can be seen that the serviceability limit state of the concrete 
allowable stress determines the structural design. 
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Fig. 13. Comparison of prestressed strands under different limit states 

Under the ultimate limit state, the number of strands required for the design of the side span 
middle sections under the Chinese Code is 11.63 % smaller than that of the Southern African 
Code, and the number of strands required for the design of the middle fulcrum section under the 
Chinese Code is 30.00 % larger than that of the Southern African Code; Under the serviceability 
limit state, the number of strands required for the design of the side span middle section according 
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to the Chinese Code is 12.50 % smaller than that according to the Southern African Code, and the 
number of strands required for the design of the middle fulcrum section according to the Chinese 
Code is 16.33 % larger than that according to the Southern African Code. Compared with the 
Southern African Code, the Chinese Code is more economical for the reinforcement design in the 
positive bending moment area and more conservative for the reinforcement design in the negative 
bending moment area. 

To intuitively compare the serviceability limit state and the ultimate limit state, the ratio of the 
number of prestressed strands 𝜂 is used to represent the ratio of the number of prestressed strands 𝑁௦ required to meet the crack resistance requirements under the serviceability limit state to the 
number of prestressed strands 𝑁௦௧ required to meet the ultimate limit state [11]: 𝜂 = 𝑁௦𝑁௦௧ . (17)

The calculation results are shown in Table 10. 

Table 10. The ratio of the number of prestressed strands in different limit states  
of the Chinese and Southern African codes 

Section position Intermediate span middle 
section 

Side span middle 
section 

Middle fulcrum 
section 

Chinese code 1.33 1.29 1.10 
Southern African code 1.35 1.30 1.23 

The ratio of Chinese Code is 1.10-1.33, and the ratio of Southern African Code is 1.23-1.35. 
The ratio of the number of prestressed strands required for the serviceability limit state and the 
ultimate limit state of the two specifications is greater than 1, indicating that the bridge in the 
serviceability limit state exceeds the minimum value of the prestressed strands required for the 
ultimate limit state, and the safety margin factor of the intermediate span middle section is the 
largest. The safety margin from normal use to failure of the section designed according to the 
Southern African Code is greater than that of the Chinese Code. 

4. Conclusions 

In this paper, the prestressed concrete continuous girders designed according to the Chinese 
and the Southern African Codes are studied, the differences of load effects in different Codes are 
analyzed. By comparing and analyzing the differences of load combination and prestressing 
requirements under limit states, the following conclusions can be drawn: 

1) Under the actions of dead load, the absolute moments calculated according to the Chinese 
Code are larger than the calculated according to the Southern African Code. The moment of the 
intermediate span middle section calculated according to the Chinese Code is 9.01 % larger than 
that of the Southern African Code, and that of middle fulcrum section calculated according to the 
Chinese Code is 7.32 % larger than that of the Southern African Code. 

2) There is a big difference between the Chinese and the Southern African Code in terms of 
traffic load. In the Southern African Code, NA load has the largest moment and plays a controlling 
role. The absolute moments calculated according to the Southern African NA load are larger than 
that of the Chinese highway-I lane load, in which the moment of the intermediate span middle 
section is 82.80 % larger than that of the Chinese Code. The value and loading methods of the 
traffic load in the Southern African Code are more conservative than those of the Chinese Code. 

3) Considering the load combination under the ultimate limit state, the positive moment of the 
intermediate span middle section calculated according to the Southern African Code is 18.15 % 
larger than that of the Chinese Code, and the negative moment of middle fulcrum section 
calculated according to the Southern African Code is 19.43 % smaller than that of the Chinese 
Code. Under the serviceability limit state, the positive moment of the intermediate span middle 
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section calculated according to the Southern African Code is 22.19 % larger than that of the 
Chinese Code, and the negative moment of middle fulcrum section calculated according to the 
Southern African Code is 10.25 % smaller than that of the Chinese Code. 

4) Under the ultimate limit state, the number of strands required by the side span middle section 
designed according to the Chinese Code is 11.63 % smaller than that of the Southern African 
Code, and the number of strands required by the middle fulcrum section designed according to the 
Chinese Code is 30.00 % larger than that of the Southern African Code. Under the serviceability 
limit state, the number of strands required by the side span middle section designed according to 
the Chinese Code is 12.50 % smaller than that of the Southern African Code, and the number of 
strands required by the middle fulcrum section designed according to the Chinese Code is 16.33 % 
larger than that of the Southern African Code. 

5) The ratio between the serviceability and ultimate limit states of the prestressing strands 
required by the Chinese Code is smaller than that required by the Southern African Code. The 
safety margin of the section designed according to the Southern African Code from service to 
strength is larger than that of the Chinese Code. 

The research in this paper can provide reference for designers and promote the improvement 
of the codes in China and Southern African. However, this paper only compares one type span 
layout continuous beam bridge, and the differences between Chinese and Southern African Codes 
can be compared based on different spans and different bridge types. 
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