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YOUR REF: (DRT_PSP01/2022/D781) 
OUR REF: Romh-146/08 

DATE: 31 March 2025 

 
The Head of Department 
Department of Roads and Transport 
Private Bag X83 
Marshalltown 
2107 
 

 

Dear Sir, 
 

CONSULTING ENGINEERS TO PROVIDE PROFESSIONAL ENGINEERING SERVICES FOR DETAILED 
UPGRADE, ENVIRONMENTAL IMPACT ASSESSMENT, CONTRACT DOCUMENTATION, AND SITE 
SUPERVISION FOR ROAD D781, BETWEEN BRONKHORSTSPRUIT ROAD (R25) P91-2 AND END OF 
TAR, IN OLIFANTSFONTEIN SMALL HOLDINGS - APPROXIMATELY 10.48KM. 
 

RE: BRIDGE REPORT FOR BRIDGE B5648 RIETVLEI RIVER BRIDGE ON D781 ROAD, BETWEEN (R25) 
P91-2 AND END OF TAR. 
 
In accordance with your letter of appointment reference DRT PSP01/2022/D781 dated 15 December 2022, we hereby 
submit our Bridge Report for the above project. 
 
The report has been prepared in accordance with the Department's Standard Operating Procedures and includes all 
required documentation as specified. 
 
The following documents are enclosed: 
 

 Bridge Report  

 Set of concrete drawings 

 Electronic copy of all documentation 
 

We trust you will find the submission in order. Please contact the undersigned should you require any additional 
information. 
 
Yours Faithfully 
 
_________________ 
INNOCENT MAGWA Pr. Eng 
BRIDGE DESIGN SPECIALIST 
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1 INTRODUCTION 

1.1 TERMS OF REFERENCE 

On 15 December 2022 ROMH Consulting was appointed by the Gauteng Province Department of Roads and Transport 
(GPDRT) as the Consulting Engineer to provide professional engineering services for preliminary design, detail design, 
environmental impact assessment, contract documentation, and site supervision for route D781, between 
Bronkhorstspruit Road (R25) P91-2 and end of tar, in Olifantsfontein Small Holdings. The estimated design duration is 
18 months, and the estimated construction period is also 18 months. 
 
The terms of reference for the Professional Engineering Services set out in the contract document include the following 
phases per the scope of work: 

- Preliminary Design Stage 
- Detail Design and Documentation Stage 
- Tender Documentation Stage 
- Additional Duties 
- Materials Investigation Testing  

 
The Rietvlei River Bridge – B5648 which is the subject of this Bridge Report falls within the project for Contract PSP 
01/2022/D781   

 

1.2 BACKGROUND AND LOCALITY 

The Provincial Road D781 is situated in the north of Johannesburg in the Elandsfontein Small Holdings, which is 
agricultural land. Road D781 is a Class 3 Minor arterial road providing a north-south provincial link between the Tshwane 
Metropolitan and Ekurhuleni Metropolitan areas. The road feeds into gravel road D2192 which feeds into road P36/1 
(R50) towards Pretoria, and P91/2 (R25) towards Tembisa and Bronkhorspruit. The upgrade of road D781 starts at the 
“end of tar” or start of the gravel section (km 4.310) and terminates at the Bronkhorstspruit Road (R25) P91-2 (km 
13.917), covering an exact length of 9.607km in length. This length is determined by following the proposed horizontal 
alignment.  
 
Road D781 is currently a gravel road used mainly by heavy vehicles to access several commercial properties along the 
road. The upgrade of road D781 involves upgrading the existing gravel road into a surfaced road standard, with one 
lane in each direction. The location of the proposed bridge at km 8.03 and the route is illustrated in Figure 1 below.  
 

 
Figure 1: Locality plan 
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1.3 PURPOSE OF THE REPORT 

This report discusses the design solutions considered for the proposed new Rietvlei River Bridge in accordance with 
the requirements of the project scope and applicable codes and standards as shown in section 4.1. 
 

1.4 EXISTING INFORMATION 

The following Reports have to date been prepared, submitted and approved by the Gauteng Department of Roads and 
Transport (GDRT): 

- B5648 Rietvlei River Bridge width schedule (March 2025), Reference should be made to ANNEXURE A for the 
approved bridge width schedule 

- Mukona Consulting Engineers – Interpretive Geotechnical Investigation Report No. MK24/741/rev.02 (January 
2025) 

- ROMH Consulting – Drainage Report (November 2024) 
- Screening Report for Environmental Authorization (May 2024) 
- RAL Consulting Engineers – Traffic Assessment Report for D781 Between Bronkhorstspruit Road (R25) P91-2 

and end of Tar (February 2024) 
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2 SITE AND MISCELLANEOUS DICTATES  

2.1 DESCRIPTION OF THE SITE 

2.1.1 Existing Rietvlei River Structure 

2.1.1.1 General Description of the Structure  

The existing structure is a major culvert located at km 8.031 on road D781 road, where Rietvlei River crosses the road. 
The existing structure comprises precast pipes, that is, 6x900mm diameter pipes and 2x750mm diameter pipes. The 
culvert is 15m long and has a road cross-section width of 6.24m, accommodating one lane in each direction. The culvert 
crosses the river at a skew angle of 0°. No data could be obtained on the construction date of the existing bridge. An 
overview of the existing structure is provided in Table 1. 
 
Table 1: Overview of the existing structure 

PHOTOGRAPH AND VIEW DESCRIPTION 

Culvert inlet view in elevation 
 

Culvert outlet view in elevation 

 
Culvert view from the upper approach 

 
Culvert view from opposite end upper approach  
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Culvert view from the top of the culvert to downstream  
  
Culvert view form the top of the culvert to upstream  

 

2.1.1.2 Condition of Existing Structure  

From the visual inspections conducted by ROMH Consulting on 24 July 2024, the culvert was found to be in a generally 
fair condition in terms of structural integrity. Table 2 below shows some of the findings observed during the visual 
inspection conducted. 
 
Table 2: Photographs and findings of the visual inspection 

PHOTO NO. PHOTOGRAPH  FINDING  
1 

 
 

Hairline cracks on the structure. 
The cracks are >10mm wide and not deep. 

2 

 

Concrete spalling on the culvert. 
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PHOTO NO. PHOTOGRAPH  FINDING  
3 There is no guardrail system on the inlet side of the culvert. 

4 

 

The guardrail posts are not attached to the culvert. 

5 

 

Debris on the inlet of the culvert. 
Debris minimizes the culvert opening and can lead to culvert 
blockage, causing overtopping. 

6 

 

No wingwalls on the culvert. 

 

2.2 TRAFFIC CONDITIONS 

Reference should be made to the traffic assessment report (Traffic Assessment Report for D781 Between 
Bronkhorstspruit Road (R25) P91-2 and end of Tar, dated February 2024) prepared by the Traffic Engineers RAL 
Consulting Engineers, for full details of the traffic conditions. The report is included in ANNEXURE B with pertinent 
summarized information and results reported below. 
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2.2.1 Data Collection 

Traffic counts were conducted over a 12-hour period in October 2023 to identify the critical AM and PM peak hours 
during weekdays. Electronic counts were conducted, covering a 7-day count at two locations. 
 

2.2.2 Traffic Volumes.  

Electronic counts were conducted, covering a 7-day period commencing on 17 October 2023 to 03 November 2023 at 
the following positions 
 
Table 3: Counting Stations 

STATION NO LAT/LONG COORDINATES COMMENTS 

P1749  3153395.556, -3000034.834 
 The count was redone twice due to 
damage to the loops 

P1750 3148320.0283, -2991577.719  

 
The average daily traffic (ADT) and Average Daily Truck Traffic (ADTT) were recorded during the 7-day counts at the 
two stations. The summary of the traffic data is provided in Table 4. 
 
Table 4: Traffic count data  

STATION NO ADT (2023) ADTT (2023)  % HEAVY VEHICLES 

P1749 (E1) 296  77 26.1 

P1750 (E2) 526 78 14.9 

 
 

2.2.3 Capacity Analysis 

The capacity analysis was carried out in three different scenarios, namely:  
 

- Scenario 1: 10-year horizon year traffic demand plus latent developments and; 
- Scenario 2 and 3: 20-year horizon year traffic demand 

 
The results in the figure below indicate that the basic segments will operate at level C or better in design year 20 at 
projected traffic demand based on 4% growth rate. This high growth rate was adopted to consider any possibility of land 
use change and diverted traffic in case where motorists opt to use the D781 as preferred short cut link between R25 
and M57. 
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Figure 2: Summary of Service Flow Rate and Level of Service for Basic Segments. 

 
It is recommended that the basic segments be a two-lane single carriageway designed to GDRT standard cross-section. 
 

2.2.4 Non-Motorized Transport Requirements 

There are currently no existing Public Transport and non-motorized transport facilities along D781 as this is currently a 
gravel road and it is generally avoided by public transportation such as Taxis. However, it is envisaged that Taxis will 
use this road when it is upgraded to a paved road. Therefore bus/taxi bays with designated walkways will be introduced 
along the route for ease of commuting for pedestrians and commuters who work in the surrounding farms and 
businesses. 
 
Pedestrian environments should be accessible to all people as well as safe, functional and attractive. Although most 
pedestrians are ambulatory, a significant number of pedestrians have somewhat restricted mobility due to disability or 
age. This group includes people using walkers, scooters, and wheelchairs, people with impaired vision or hearing and 
senior citizens. Intersection 8 only recorded a significant number of pedestrians during the AM and PM peak hours. 
These pedestrians are factory workers working at the nearby brick making factory. It is thus recommended that paved 
sidewalks be included in the design of this intersection. 
 
Table 5: Pedestrian count data  

Location No. Hourly (Total) 

Location 7 (at the Bridge) 5 

Location 8 207 
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2.3 GEOMETRY 

The approved cross section for D781 at bridge approach with sidewalk is shown below in Figure 3. 

 
Figure 3: Approved cross section 

 
The proposed new road alignment for D781 is a class 3 road with two (2) lane single carriageway. The proposed bridge 
has a width of 14.25 m and is the combination of the following: 

- Two lanes of 3.7 m 
- Two shoulders 1.2 m  
- Two kerbs of 0.3 m  
- Two walkways of 1.5 m 
- Two typical F-Shape Parapet (1.22 m in height) 

 

 
Figure 4: Proposed Lane configuration 

 
At the bridge the road has walkways on either side. Kerbs are provided to the walkways, and SANRAL standard F-
shape parapets along the outer edges of the deck over the new bridge. 
 
The road alignment on the bridge has a longitudinal slope of 1% and a cross fall of 2%. The design speed for D781 road 
is 60 km/h.  
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2.4 ENVIRONMENTAL ASSESSMENT 

Reference should be made to the basic assessment screening report for an environmental authorization dated May 
2024, prepared by EcoSolve (Tsepo Lepono), for full details of the environmental assessment. The report is included in 
ANNEXURE C with summarized information reported below. 
The proposed road upgrade project traverses’ important environmental features. Construction activities related to 
development within flood lines, riparian buffers, or wetland areas will require the authorization of a National Water Act 
(1998): Section 21c and a license under General Authorization (GA). In addition, it is recommended that compliance 
with a developed and approved Environmental Management Program Report (EMPr) with a strong focus on 
development considerations to wetlands be undertaken throughout the lifecycle of this proposed development (for 
construction and maintenance phases).  
 
Phase 1 of WULA application was completed which entails Engagement with the Department of Water and Sanitation 
(DWS to determine type of authorization and water uses. Phase 2 WULA application was submitted to DWS (Ref # 
WU41852) and is under review, technical report supporting the application will be submitted on 14th of April 2025. The 
DWS will have 90days to give authorization. The estimated completion of the WULA application and approval process 
is July 2025. It is recommended that section 21 (c) activities that impede or divert the flow of water in a watercourse, 
including the construction of structures within the regulated area of a watercourse and 21 (i) activities that alter the bed, 
banks, course, or characteristics of a watercourse will be under General Authorization, which allows construction of the 
bridge to proceed without a full water uses license.  

 

2.5 FOUNDATION CONDITIONS 

Reference should be made to the Interpretive Geotechnical Investigation Report No. MK24/741/rev.01 dated 22 
November 2024 prepared by the Geotechnical Engineers Mukona Consulting Engineers (L Pfuluwani reviewed by D 
Oliver, approved by TS Phalanndwa Pr. Eng), for full details of the foundation conditions, with pertinent summarized 
information and results reported below. See more details of the report in ANNEXURE D. 
 

2.5.1 Geology of the Site 

The site is underlain by lithologies of the Pretoria Group comprising shale, siltstone, conglomerate in places and quartzite 
belonging to the Timeball Hill Formation 
 

2.5.2 Investigations Undertaken 

The geotechnical investigation undertaken at the proposed new river bridge site comprised the drilling of six (6) rotary 
core boreholes (BH) taken to depths of 7.5-17m below NGL, two located at each of the proposed abutment positions 
and one at each pier straddling the main river channel and four test pits excavated to refusal of the Bell SG 4x4 TLB. 
 
Reference should be made to the Drawings for B5648 included in ANNEXURE G for the location of the BHs, the 
generalized BH profiles and the test pits positions. 
 

2.5.3 Founding Conditions and Recommendations 

Hard to very hard rock shale was encountered below the alluvial soils at depths ranging between 0.40 and 5.62m below 
ground level. UCS testing on the weathered shale indicates the rock strength varies between moderately weathered, 
hard rock (25 – 70MPa) to slightly weathered, very hard rock (70 – 200MPa). It was also observed that due to the 
diabase intrusion, preferentially weathering of the rock mass has occurred at the upper shale is highly weathered, very 
soft rock strength. Adopting a conservative approach and using an average quc = 25MPa, the following conservative 
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design values are obtained:  
qc = 0.15quc = 3.75MPa, which represents a lower bound value, and  
qc = 0.33quc = 8.25MPa, which represents an upper bound value.  
Assuming a Factor of Safety = 3 against bearing capacity failure, an allowable bearing capacity for the shale will be: 
qa = 1.25MPa, which represents a lower bound value, or 
qa = 2.75MPa, which represents an upper bound value:  
 
According to the Geotechnical Investigation Report, it is recommended that foundations be sized to a maximum 
allowable bearing capacity of 1.25MPa on the hard rock shale. Spread footing type foundation is also recommended for 
both the abutments and piers. 
  

2.5.4 Proposed Founding Solutions 

Considering the prevailing geotechnical conditions, spread foundations are recommended for the bridge abutments and 
piers. The foundation to be founded at variable depths, between 0.4m and approximately 6.0m below current ground 
level, at abutment and pier positions. Table 6 provides a summary of the anticipated founding conditions at each of the 
borehole locations. 
Table 6: Summary of anticipated founding conditions 

BH ID 
Anticipated Founding 
Depth (m) 

Founding Conditions Comment 

BH01 1.3 very hard rock, shale - 

BH02 0.4 very hard rock, shale - 

BH03 3.6 very hard rock, shale - 

BH04 4.1 very hard rock, shale - 

BH05 5.9 
very soft rock to hard rock, 
shale 

Variable ground conditions may be anticipated 
during foundation excavations 

BH06 4.0 
very soft rock diabase to 
hard rock, shale 

Variable ground conditions are anticipated during 
foundation excavation. 
Hard rock shale 4.0m – 6.4m underlain by very soft 
rock shale (6.4m – 6.75m) and very soft rock 
diabase (6.8m – 10.6m) 

 

2.6 EXPOSURE CONDITIONS 

The environmental classes of exposure at the site of the new Rietvlei River Bridge are relevant with respect to 
carbonation-induced corrosion only that may result from both atmospheric and industrial processes. The site is in a 
highveld region of South Africa, which forms part of the inland, and it is susceptible to moderate humidity of 50% to 80%.  
 
The environmental classes of exposure in terms of carbonation induced corrosion are determined from Committee of 
Transport Officials (COTO), Chapter 13.4, heading A13.4.7.7 Table A13.4.7-2. Table 7 below shows the environmental 
class and concrete requirements for each concrete element.  
 
Table 7: Concrete requirements 

CONCRETE ELEMENT 
ENVIRONMENTAL 
CLASS 

CONCRETE STRENGTH 
(MPa) 

COVER (mm) 
DESIGN CRACK 
WIDTH (mm) 

Foundations XC3 D25/30 50 0.2 
Substructures XC3 D25/30 40 0.2 
Superstructures XC4 D32/40 40 0.2 

     

2.7 SERVICES 

No particular services have been identified as requiring provision over the new bridge. However, provision has been 
made on the bridge to accommodate any future service across the bridge, by means of providing service ducts on the 
bridge walkways.  
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3 HYDRAULIC ASSESSMENT 

The hydrological and hydraulic methods and assessments applicable to the existing and new bridge are as required in 
terms of the latest version of the SANRAL Code of Procedure for the Planning and Design of Highway and Road 
Structures in South Africa (Feb 2002), and in accordance with the SANRAL Drainage Manual 6th Edition (2013). 
 
Reference should be made to the ROMH CONSULTING - Drainage Report: Hydrological and Hydraulic Analysis for the 
Bridges (November 2024) for full details of the hydrology and hydraulic assessment of the existing and new replacement 
bridge, with the pertinent results reported below. The report is included in ANNEXURE E. 
 

3.1 HYDROLOGIC ANALYSIS 

The Rational Method (Alternative 2) – RAT2, Rational Method (Alternative 3) – RAT3, Standard Design Flood (SDF), 
Unit Hydrograph (UHM) and Empirical methods were used to determine the flood peak values for specific return periods 
as detailed in the Drainage Report (January 2016), with the results of the SDF method for drainage Basin 22 then 
proposed for determining the various flood values required for the hydraulic analysis. 
 
Table 8 summarizes the calculated peak floods for major catchment area of 234.68km2 using the above hydrology 
methods. 
 
Table 8: Calculated peak floods for major catchment 

RETURN 
PERIOD 

FLOOD PEAK FOR MAJOR CATCHMENT MJ-1 (m3/s) 

RAT2 RAT3 SDF 
REGIONAL MAXIMUM 

FLOOD (RMF) 
EMPIRICAL 
METHODS 

UNIT HYDROGRAPH 
METHOD 

20-YEAR 561.69 429.67 276.37 0.00 226.77 240.18 

50-YEAR 723.84 521.23 404.82 614.11 316.81 352.70 

100-YEAR 859.75 620.88 513.12 777.50 400.18 475.82 

200-YEAR 0.00 0.00 628.35 957.20 0.00 0.00 

 
The catchment area for the new and existing bridges falls well outside the generally accepted upper limit of 15km2 
applicable to the Rational Methods which have therefore not been considered, but rather the UHM and Empirical 
methods for comparison with the SDF method. 
  
Empirical methods provide more moderate, conservative values. The RAT2 and RAT3 consistently present the most 
aggressive peak flows estimates through the return periods since they are typically used for small catchments, and they 
overestimate the peak flows of the major catchment. The SDF, Unit Hydrograph and Empirical Methods provide less 
aggressive and comparable estimates for the various return periods. The RMF is designed for extreme flood scenarios, 
emphasizing higher peak flows but for rare events. This is represented in the results as it has peak flows that are 
consistently higher than the SDF and the Unit Hydrograph methods. 
 
The SDF method was selected as the most appropriate method for the major structure along Rietvlei River due to the 
following: 

- The catchment area for the proposed bridge is 234.68 km2 and according to SANRAL Drainage Manual 6th 
Edition, the RAT 2 and RAT 3 methods are not preferred for catchments exceeding 15 km2. 

- The empirical methods could not be applied, despite the proximity to streamflow gauge station at Rietvlei Dam, 
due to unreliability of the data available. 

- The RMF is by description an indicator of the worst flood in the region and would result in an overly conservative 
structure. 

- The SDF provides more conservative results when compared to the unit hydrograph method.  
- The SDF results were deemed acceptable for hydraulic capacity analysis, given their suitability for larger 

catchments and the method's established use in South African hydrology practices 
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3.2 HYDRAULIC ANALYSIS 

The existing structure at the river crossing is a low-level river crossing as defined in Chapter 6 of the SANRAL Drainage 
Manual. It consists of eight (8) pipe culverts that are complemented by the roadway to manage the river flows during 
high rainfall events. Although the existing structure is a low-level river crossing, it will be assessed as a free-flow 
structure. This is because the peak flow exceeds the 100 m³/s threshold for non-free flow structures in accordance with 
the SANRAL Drainage Manual. 
 
HEC-RAS software was used to model the existing low river crossing and the proposed bridge sizes. This modelling 
was conducted to effectively assess their hydraulic capacity and ensure compliance with the design requirements 
outlined below. Minimum design requirements of a free-flow structure are as follows: 

- The freeboard FD, which is the distance in meters that the level of the design flood QT should be below a deck 
soffit, is calculated using the formula: FD = 0.78 * log (QT) - 1.26 

- The level of afflux caused by a flood with twice the recurrence interval (Q2T) of the design flood should be below 
the shoulder breakpoint HSBP of the road. Afflux refers to the increase in water level upstream of a structure 
due to flow constriction. 

- Backwater, which is the rise in water level upstream of the structure, should generally be kept equal to or less 
than 0.6m to prevent excessive upstream flooding. 

- The design flow velocity through the structure should generally be maintained below 4 meters per second (m/s). 
Excessive velocities can lead to erosion and structural damage. 

- The ratio of the design flow velocity through the structure to the natural flow velocity should not exceed 1.67. 
This criterion helps prevent scour (erosion of riverbeds or banks) due to increased flow velocity through the 
structure compared to the natural channel 

 

3.3 RESULTS 

Table 9 summarizes the results of HECR-RAS hydraulic capacity assessment evaluation for the existing hydraulic 
structure that cross over Rietvlei. 
 
Table 9: HEC-RAS Hydraulics Summary Results of Existing Structure 

DESCRIPTION UNIT CLASS 3 

Catchment Area km² 234.68 

Hydrological 20 year indicator flood calculation method:    

Standard Design Flood  m³/s 276.4 

Regional Maximum Flood m³/s 614.11 

20-year indicator flood used (State Method Used) m³/s SDF 

Design flood recurrence interval T for capacity and deck soffit freeboard criteria 
requirements 

yrs. 20 

Design flood QT for capacity requirements m³/s 276.4 

Design flood Q2T for shoulder break point overtopping criteria requirements m³/s 362.0 

Average slope of stream bed at structure m/m 0.0034 

Culvert Depth m 0.9 and 0.75 

State whether Inlet or Outlet Control - Inlet 

Headwater Level QT m.a.s.l 1526.65 

Invert Level m.a.s.l 1524.13 

QT Headwater Depth (Headwater Level – Invert Level) m 2.52 

H/D Ratio (QT) (<1.2D) - 2.88 

Headwater Level (Q2T) m.a.s.l 1526.84 

Q2T Headwater Depth (Headwater Level – Invert Level) m 2.71 

H/D Ratio (Q2T) (<2D)  - 3.01 



 

13 
 

Shoulder Break Point Level m.a.s.l 1525.28 

Overtopping Y/N Y 

Outlet Velocity for Q2T (<4m/s preferred) m/s 2.81 

Design flow Velocity Increase factor (<1.67 preferred) - 1.65 

HEC-RAS analysis, as shown in Table 9, indicates that the structure overtops, and it is insufficient to conveyance the 
design flood of the major catchment. 
 
A 40mx3.6m structure with an opening width of 144m2 was proposed and analyzed. A summary of the hydraulic 
assessment using HECRAS hydraulic modelling of the proposed new bridge for Class 3 road classification criteria is 
shown below: 
 
Table 10: HEC-RAS Results Summary for Proposed Bridge 

DESCRIPTION UNIT CLASS 3 

Catchment Area km² 234.68 

Hydrological 20 year indicator flood calculation method:    

Standard Design Flood  m³/s 276.4 

Regional Maximum Flood m³/s 614.11 

20-year indicator flood used (State Method Used) m³/s SDF 

Design flood recurrence interval T for capacity and deck soffit freeboard criteria 
requirements 

yrs. 20 

Design flood QT for capacity and deck soffit freeboard criteria requirements m³/s 276.4 

Design flood Q2T for shoulder break point overtopping criteria requirements m³/s 362.0 

Regional Maximum Flood (RMF) m³/s 614.1 

Regional Maximum Flood (RMF) level (without bridge) m.a.s.l 1526.79 

Regional Maximum Flood (RMF) level (with bridge) m.a.s.l 1527.82 

Average slope of stream bed at structure m/m 0.071 

Natural design flood level (without bridge) with QT m.a.s.l 1526.32 

Highest flood level to date m.a.s.l Unknown 

Date of highest flood level yr. Unknown 

Natural design flow depth (without bridge) with QT m 2.4 

Natural design flow velocity (without bridge) with QT m/s 2.57 

Backwater caused by bridge (<0.6m preferred) m 0.53 

Design high flood level for QT m.a.s.l 1526.85 

Minimum bridge upstream soffit level m.a.s.l 1527.54 

Design high flood level for Q2T m.a.s.l 1526.92 

Design flow velocity through bridge for QT (< 4m/s preferred) m/s 2.40 

Required freeboard to deck soffit (F = 0.78 log (QT) – 1.26) m 0.64 

Available (existing) freeboard to deck soffit m 0.69 

Freeboard excess m 0.05 

Shoulder breakpoint (SBP) level m.a.s.l 1528.04 

Shoulder breakpoint (SBP) excess m 1.12 

Freeboard dictated by bridge geometry  Y/N Y 

Design flood levels influenced by dams Y/N N 
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3.4 RECOMMENDATIONS 

Based on the above results, the recommended size option to replace the existing major culvert, while ensuring 
compliance with all criteria, is the 40m span by 3.6m height structure with a cross-sectional opening of 144m².  
 
This option is recommended on the following basis: 

- This option meets all the minimum design criteria for a free-flow structure, including maintaining the prescribed 
freeboard (FD), keeping the afflux level below the road's shoulder breakpoint, limiting backwater to acceptable 
levels, and ensuring design flow velocities and velocity ratios are within safe limits. 

- The structure's cross-sectional opening of 144m² is sufficient to effectively manage and convey the design peak 
flood of the delineated catchment. This ensures the structure can handle high-flow events without causing 
upstream flooding or structural issues. 

- Compared to the 40m span by 4m height structure with a larger cross-sectional opening of 160m², the 40m 
span by 3.6m height structure strikes a balance between hydraulic capacity and structural efficiency. It provides 
adequate flow capacity while potentially reducing construction costs and environmental impact. 

- By selecting the 40m x 3.6m structure, potential risks such as excessive flow velocities and associated scour 
are minimized, ensuring long-term stability and performance of the structure. 

 
In conclusion, the 40m span by 3.6m height structure with a cross-sectional opening of 144m² is recommended as it 
fulfils the necessary criteria for a free flow structure and provides sufficient hydraulic capacity to handle the design flood 
of the catchment effectively.  
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4 STRUCTURAL SOLUTIONS 

4.1 DESIGN CODES AND STANDARDS 

The bridge will be designed in accordance with the following: 
 

- Code of Practice for the Design of Highway Bridges and Culverts in South Africa, TMH7 – Parts 1 & 2 1981 as 
amended (1988)  

- Code of Practice for the Design of Highway Bridges and Culverts in South Africa, TMH7 – Part 3 (1989) 
- SANRAL Code of Procedure for the Planning and Design of Highway and Road Structures in South Africa 

(February 2002)  
- GPDRT Code of Procedure – Road Design, Construction and Maintenance, First Revision (December 2001) 
- SANRAL Drainage Manual – 6th Edition (2013) 
- Gauteng Department of Roads and Transport Manual for the Hydraulic Design of Road Drainage (1st Edition, 

1995) 
 
The Bills of Quantities and standard specifications will be aligned with the relevant clauses for structures in COTO 
(Committee of Transport Officials) Standard Specifications for Road and Bridge Works for South African Road 
Authorities (Draft Standard, October 2020). 
 

4.2 DESIGN CRITERIA 

4.2.1 Design and Drawings Assumptions 

For the purposes of the basic engineering design stage, the following assumptions were adopted: 
 

- Material quality will meet design specifications. 
- SANRAL typical drawings  
- Findings and recommendations from Specialist Geotechnical Reports are a true reflection of the subsoil 

conditions on site. The same needs to be verified during excavation. If found to be different, alterations to the 
design and specifications will have to be made. 

- The contractor will meet specified standards of material quality and workmanship for cement, aggregate, steel 
reinforcement and water. 

- Drainage system to be provided at all abutments and retaining walls, and scuppers are provided over the bridge. 
- No allowance in the design for Seismic or Earthquake Maximum Loading 
- Maximum allowance of 100mm in the design for asphalt. 
- Secondary deck loadings as per THM 7 part 2 
- Wind Loading Design as per THM 7 part 2 Method  A 
- All Balustrades to be design for 100kn load, in line with SANRAL latest requirements 
- Flood loading to be applied according to TMH 7 part 2 

 

4.2.2 Design Materials 

Physical properties of materials used in the basic engineering design stage are summarized in Table 11 below: 
Table 11: Material Properties 

MATERIAL PROPERTY VALUE 

Concrete 

Cube strength 

40MPa @ 28 days for deck slab 
30MPa @ 28 days for abutments, piers, footings , all 
wing walls  
15MPa @28 days for concrete blinding 

Concrete density including 
reinforcement 

25kN/m3 

25kN/m3 0.2 

Cover to concrete on piers, 50mm 
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MATERIAL PROPERTY VALUE 

abutments  and footings. 

Cover to concrete on deck slab 40mm 

Hot rolled high 
yield steel 
 

Design Strength, fy 450N/mm2 

Young’s Modulus, E 205N/mm2 

Poison’s Ratio,        0.3 

 

4.2.3 Design Loadings 

The design loads below are in accordance with TMH 7 for reinforced concrete sections: 
Unit Weights of Permanent Loads      

- Earth backfill  - 19.0 kN/m³ 
- Reinforced concrete - 25 kN/m³ 

Horizontal Earth Pressure 
- "At rest" pressure on the bridge with non-yielding walls - 20 kPa  
- Active pressure on cantilever wingwalls   - 7.8kPa/m 
- Traffic surcharge for types NA, NB36 & NC TRAFFIC LOADING 
- Additional horizontal pressure of 6kn/m depth when under saturation condition 

Transient vertical 
- Standard traffic loading types NA (as amended), NB36 & NC30x5x40 

Restraint actions 
- Shrinkage deformation εsi – 0.00033 
- Effective bridge temperature – Min = -6°C, Max = +38°C 
- Effective Bridge Temperature range – 41°C 

 

4.2.4 Design Approach/Methodology 

The method of design was based on the limit state design philosophy comprising the Ultimate Limit States (ULS) and 
Serviceability Limit States (SLS). Ultimate Limit state concerns the maximum load carrying capacity of the structure. For 
Serviceability Limit State approach, functional checks were done to make sure that the deflection, vibration, and 
durability will not render the structure unfit for use. The bridge will be analyzed and designed using  analysis and design 
software SOFiSTiK. A few hand calculations will be prepared to analyze and design selected structural elements as a 
validation for the correctness of the design through using a software package. 
 

4.2.5 Factor of Safety 

Factors of safety adopted for all concrete designs to be in accordance with TMH7 part 2 Table 17 
 

4.3 POSSIBLE STRUCTURAL SOLUTIONS 

Various structural solution options for the new river bridge satisfying the hydrology and hydraulic requirements are 
presented and discussed below. Reference should be made to the Bridge Width Schedules included in Annexure A for 
all the structural solution options considered. 
 

4.3.1 Option 1: Twin spine deck 

The proposed new bridge is a 3-span bridge with the following configuration: mid-span of 16m and two outer spans of 
12m each. The bridge is a twin spine in-situ continuous concrete deck slab. The deck is supported on integral (i.e. no 
bearings) solid wall type piers and non-integral (i.e. with bearings) closed abutments running parallel to the river flow, 
with splayed wingwalls. Both the pier, abutments and wingwalls are founded on normal spread footing type foundation 
secured to the founding rock by means of rock dowels. The bridge has an overall length of 41m. The proposed bridge 
cross section is 10.6m wide between the parapets. The parapets consist of F-shape type cast in-situ reinforced concrete. 
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Figure 5: Proposed cross section for Option 1 

 

 
Figure 6: Proposed elevation for Option 1 

 

4.3.2 Option 2: Solid Deck 

The proposed new bridge is a 3-span bridge with the following configuration: a mid-span of 16m and two outer spans of 
12m each. The bridge is a solid in-situ continuous concrete deck slab. The deck is supported on integral (i.e. no bearings) 
solid wall type piers and non-integral (i.e. with bearings) closed abutments running parallel to the river flow, with splayed 
wingwalls. Both the pier, abutments and wingwalls are founded on normal spread footing type foundation secured to the 
founding rock by means of rock dowels. The bridge has an overall length of 41m. The proposed bridge cross section is 
10.6m wide between the parapets. The parapets consist of F-shape type cast in-situ reinforced concrete.  

 
Figure 7: Proposed cross section for Option 2 
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Figure 8: Proposed elevation for Option 2 

 

4.3.3 Option 3: Cellular bridge 

A multi-cell in-situ reinforced concrete box structure consisting of ten cell boxes, each cell having a clear opening of 
4.0m wide and 3.6m high, to make up the hydraulically required opening area of 144m². The overall box structure length 
is 18.2m to the outside of the end headwalls. Splayed cantilever type wingwalls and concrete apron slabs are provided 
at the inlet and outlet. 

 
Figure 9: Proposed cross section for Option 3 

 

 
Figure 10: Proposed elevation for Option 3 

 
Construction cost estimates for these three options are presented and detailed below, giving the following comparative 
total bridge work cost estimates exclusive of P&G’s, contingencies and VAT: 
 
Option 1: R32 230,43/m² - Preferred option   
Option 2: R37 634,54/m² - 16.8% higher than option 1 
Option 3: R30 443,49/m² - 33.9% higher than option 1 
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5 PROPOSED STRUCTURAL SOLUTION 

5.1 OPTION 1 – RECOMMENDED OPTION  

The proposed basic structural configuration to be adopted for option 1 structural solution of the new river bridge over 
Rietvlei River is as follows: 
 
Alignment of Structure   South-North over Rietvlei River 
Deck Type    Twin spine in-situ reinforced concrete deck 
Overall Length    41 m 
Number of Spans   3 (1 x 16m mid-span and 2 x 12m outer spans) 
Angle of Skew    0° 
Median Support    Solid Wall Pier (integral support) 
Two Outer Support   Solid wall abutment (non-integral supports) 
Foundation type    Normal Spread footings  
  
The deck would be supported at the ends by elastomeric bearing pads on the abutment. On either end of the deck, 
there are asphaltic plug joints to accommodate the change in longitudinal and transverse movement. The deck has been 
made integral with the piers on the mid span to eliminate the expansion joints and bearing pads, reducing the 
maintenance cost. 
 
Option 1 structural solution has a greater cross-sectional area of the opening, which allows for water to flow freely, thus 
increasing the hydraulic efficiency of the structure. The overall cross-sectional area of the deck is less compared to 
Option 2 structural solution cross-section area, which lowers the amount of concrete required for the deck and ultimately 
reduces the project's overall cost. The overall deck concrete volume for Option 1 is 319m³ and for Option 2 is 510m³. 
 
Regarding the aesthetics of the Option 1 structural solution, the number of spans with span lengths decreasing towards 
abutments is pleasing. The trim lines on the deck, when looking in elevation, are considered to give a reasonably 
satisfactory aesthetic appearance. 
 

5.2 OPTION 2 – ALTERNATIVE SOLUTION  

The proposed basic structural configuration to be adopted for Option 2 structural solution of the new river bridge over 
Rietvlei River is similar to Option 1 structural solution with the same foundation type, substructure (piers and abutments), 
joints between deck and abutments, bearing types and the number of spans. The difference between Option 1 and 
option 2 is the type of deck considered. Option 2 deck is a solid in-situ continuous concrete deck slab. 
 
Option 2 has a greater overall section area of the deck. The overall concrete volume of the deck for Option 2 contains 
about 60% more deck concrete volume than Option 1. 
Regarding aesthetics of the Option 2 structural solution, the deck increases the appearance of depth, which is not 
satisfactory aesthetic appearance. 
 
5.3 OPTION 3 – ALTERNATIVE SOLUTION 

The proposed basic structural configuration to be adopted for option 3 structural solution of the new river bridge over 
Rietvlei River is as follows: 
 
Alignment of Structure   South-North over Rietvlei River 
Structure Type    Cellular bridge (Major Culvert) 
Overall Length    45.52m 
Opening size    3.6m high x 4m wide x 10 cells 
Angle of Skew    0° 
Culvert slope from inlet to outlet   1% 
Minimum Fill    0.72m 
Maximum Fill    1.22m 
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Foundation type    Invert slab on engineered fill 
 
The alternative option 3 structural solution is a buried cellular bridge having a minimum fill height of 0.72m and a 
maximum fill height of 1.217m above the top of the roof slab, with headwalls to contain fill slopes at the ends. The cellular 
bridge consists of guardrails on timber posts provided across the bridge along the edge surfaced shoulder lines. 
 
The buried cellular bridge would have expansion joints between the panels in the long section and in between the cross-
sectional openings to allow for longitudinal and transverse movement. However, settlement problems can be expected 
due to these joints, thus increasing maintenance costs. 
 
Option 3 has multiple cells with an opening area of 14,4m² per cell. The opening area is very low and can easily constrict 
flow. This option is, therefore, prone to blockage by debris, increasing the chances of overtopping the structure in times 
of heavy floods and maintenance costs. 
 
Regarding aesthetics of the proposed new cellular bridge, the existing bridge is a buried structure, which is similar to 
this proposed option, therefore it is considered to blend in with the existing structure at the location without obvious 
detrimental visual impact.  
 
Regarding cost, option 3 is more expensive than Option 1 by 41.9%, and to maintain option 3 it will be more expensive 
because of maintenance due to possibilities of settlement problems with all the joints on the structure and blockage by 
debris.  
 

5.4 COST ESTIMATES 

The following summary of the total cost estimates for the three structural solution options considered for the proposed 
new river bridge and are based on the pricing of a preliminary schedule of quantities prepared for each of the options. 
See ANNEXURE F for option 1 Bill of Quantities. The pricing is based on rates from other recent similar contracts 
(project under construction) and material prices obtained from manufacturers and suppliers. 
The estimated rates and prices are current and exclusive of P&G’s, contingencies and VAT. The estimate excludes the 
cost of traffic accommodation, such costs being included in roadworks and common to all the options. 
 
Table 12: Cost estimates for the Rietvlei River Bridge 

SECTION DESCRIPTION 
AMOUNT 

OPTION 1 OPTION 2 OPTION 3 

C11.2 NON-STRUCTURAL GABIONS - - R1 099 257,00

C13.1 FOUNDATIONS R2 703 280,00 R2 703 280,00 R9 323 275,00

C13.2 FALSEWORK, FORMWORK AND CONCRETE FINISH R3 893 500,00 R5 279 550,00 R3 013 080,00

C13.3 STEEL REINFORCEMENT R6 908 000,00 R8 118 000,00 R7 090 600,00

C13.4 CONCRETE R4 354 520,00 R4 915 020,00 R4 178 760,00

C13.6 BEARINGS R34 000,00 R34 000,00 R316 000,00

C13.7 JOINTS R122 380,00 R122 380,00 R116 000,00

C13.8 ANCILLARY STRUCTURAL ELEMENTS R814 950,00 R814 950,00 R84 360,00

TOTAL ESTIMATE (excl. P&G’s, Contingencies and VAT) R18 830 630,00 R21 987 980,00 R25 221 332,00

% of OPTION 1 100.0% 116.8% 133.9% 

Bridge Deck Area Rate (R/m²) 
Area 1 = 41m(L) x 11.45m(W) = 518.65 m² 

R32 230,43/m²   

Bridge Deck Area Rate (R/m²) 
Area 2 = 41m(L) x 11.45m(W) = 518.65 m² 

 R37 634,54/m²  

Bridge Deck Area Rate (R/m²) 
Area 3 = 45.52m(L) x 18.2m(W) = 828.46m² 

  R30 443,49/m² 
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5.5 OPTIONS EVALUATION MATRIX   

Table 13: Evaluation matrix 

ITEM DESCRIPTION 
SCORE 
WEIGHTING 

OPTIONS 

OPTION 1 OPTION 2 OPTION 3 

1 Waterway Maintenance and Hydraulic efficiency 25% Minimal Minimal Maximal 

2 Environmental Impact 10% Least Least Least 

3 Construction Duration 15% Longest Longest Shortest 

4 Estimated Construction Cost (R) 20% R18 830 630,00 R21 987 980,00 R25 221 332,00 

5 Aesthetics 15% Most Satisfactory Least Satisfactory Medium Satisfactory 

6 Maintenance of Expansion Joints 15% Medium Medium Highest 

7 Initial Estimated Cost No Estimated Cost Available from the Basic Planning Information received from 
Client or Tender 

 
Table 14: Score matrix 

ITEM DESCRIPTION 
SCORE 
WEIGHTING 

OPTIONS 

OPTION 1 OPTION 2 OPTION 3 

1 Waterway Maintenance and Hydraulic efficiency 25% 7 7 1 

2 Environmental Impact 10% 7 7 7 

3 Construction Duration 15% 1 1 7 

4 Estimated Construction Cost (R) 20% 7 4 1 

5 Aesthetics 15% 7 2 3 

6 Maintenance of Expansion Joints 15% 7 7 1 

7 Initial Estimated Cost No Estimated Cost Available from the Basic Planning Information received from 
Client or Tender 

 TOTAL SCORE 100% 6,1 4,75 2,80 

 PREFERRED OPTION RANKING  1 2 3 

Score 1 to 7   1 – Least Favorable 
    7 – Most Favorable 
 

6 CONCLUSIONS AND RECOMMENDATION  

The various structural solution options for the proposed new Rietvlei River Bridge B5648 presented in this Bridge Report 
have been determined from the dictates of the requirements of the proposed alignment road geometrics, the hydraulics 
of the Rietvlei River and the environmental conditions. These requirements are considered to leave little scope for other 
competitive alternative structural solutions. 
 
Of the three structural solution options considered, the proposed structural Option 1 for the new bridge B5648 of the 
twin spine in-situ deck slab is considered to best satisfy the combined overall basic requirements for cost, 
constructability, performance, durability, aesthetics and maintenance of the bridge. 
 
It is thus recommended that the proposed structural Option 1 for the new Rietvlei River Bridge B5648 presented in this 
Bridge Report be adopted for detail design and implementation for construction. 
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