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Why upgrade Route R60/62?

Strategic road link
- Important local and national route

- Main link between Ashton and Montagu

- Important Tourism Route

- Scenic and historic considerations
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Flooding
Various floods in the area leading to damage and related road closures

leading to geometric, pavement and structural improvements:

- To enhance flood resistance

- Improve flood capacity at critical locations

Why upgrade Route R60/62?
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Flooding
- Hydraulically inefficient

- Recurring floods resulting in damages

- Debris build-up

Why upgrade Ashton Bridge?
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Overtopping of existing bridge

Debris build-up
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Damage and debris build-up
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Why upgrade Ashton Bridge?

Hydraulic Capacity
- Arched deck soffit hydraulically inefficient

- Pier in river obstructs flow and allows for debris build-up

- Overtops during large floods event
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Existing Bridge Configuration 
- On R60 which is an important link between N1 and N2

- Built in 1930 and widened in 1950

- Negative impact on traffic flow



- Built in 1930’s [single lane]

- Substantially widened in 1950 [(x2) 3,35m lanes + 1,80m sidewalks]

- Total Length of bridge ± 95m

- Angle of Skew 50°

- Road level varies between 5m to 8m above NGL

Existing Bridge Configuration 
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15 New Ashton Arch

Option 1, 2 & 4: Voided Slab or 

Precast Beams

• Deck depth = approx. 1,50m

• Raise existing FRL with 3,00m to 

achieve min freeboard

• 4 Piers in river = debris build-up

• Higher approach fills complicates 

intersections
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Option 3: Tied Arch Bridge

• Deck depth = 1,00m

• Raise existing FRL with 2,50m to 

achieve min freeboard

• No piers in river = no debris 

build-up
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Key Design Considerations
Voided Slab Deck  with 

Temporary Bypass
Voided Slab Deck built in 

Half Widths

Single span
Tied Arch Launched 

transversely

Precast Beams 
a) Temp Bypass
b) Half widths

Hydraulic efficiency ✓ ✓ ✓✓ ✓, ✓

Construction 
flood risk  ✓ ✓ ,

Geometric Alignment ✓  ✓✓ ✓, ✓

Traffic Accommodation ✓✓  ✓✓ ✓✓,

Aesthetics ✓ ✓ ✓✓ ,

Constructability ✓✓  ✓ ✓,

Ratio: 
Construction costs 1.15 1.0 1.35 1.20

Ratio:
Construction + indirect 

costs
1.20 1.0 1.10 1.25

Options considered
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Final Concrete Tied Arch Configuration



General details of Ashton Arch
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- Single tied concrete arch

- 110m span

- 4 x 3.4m traffic lanes

- 2  x 2.4 m side walks

- 22m arch rise

- 5 x 15.6m transverse wish bones

- Twin post-tensioned arch ties

- Post tensioned deck grillage 

- 48 x fully locked coil cable  hangers 

- hangers connected with adjustable 

cast iron fork sockets &  compound 

welded steel anchors

General details of Ashton Arch



TEMPORARY WORKS CONCEPT (TENDER STAGE)

Transverse Launching Concept
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DESIGN & CONSTRUCTION 
CONSIDERATIONS
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Structural form and bridge aesthetics

• Attention was paid to the historical significance of existing multiple-span arch bridge

• Major benefit of the arch is ability to span over the entire river and consequently 

improves the hydraulic efficiency, specifically due to the large skew angle 

• A tied-arch bridge is particularly suitable for this topographic location, since it 

suspends the roadway and does not require propped arch founding conditions

• V-hanger-configuration was adopted in preference to the vertical hanger orientation, 

since it provides an aesthetic advantage

• Aesthetically, the slender tied arch design is appropriate since the depth of the 

proposed roadway above the riverbed with a visually appealing light deck.

• The tied-arch form expresses a visualisation of flowing of forces with light hangers and 

slender members displaying a transparency accentuated by the surrounding mountains
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Concrete as the primary construction material
• Primary load transfer mechanism of the arch rib is compression 

• Due to the complex nature of the flow of forces within the spring point, particular 
attention to modelling and analysing this element was paid during the detail design

• In terms of concrete volumes cast, the four spring points are massive elements, requiring 
management of thermal performance (heat of hydration) of the concrete and 
associated cumulative strains

• Particular concrete placement methodology was adopted to exercise due care in the 
construction of the tie points, using pre-inserted temporary steel tubes (160mm dia)

• A specially developed, high mobility 50/13 pumpable, concrete mix was designed for 
casting the tie points. 

• Thermal performance was predicted according to Ciria C660 ‘Early-age thermal 
cracking control of concrete. 

• Additionally, the peak temperature within these massive elements were monitored via 
embedded Giatec SmartRock sensors
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Concrete as the primary construction material

Steel tube concrete pour 
access provided through 
congested reinforcement

Top/inclined shutters introduced 
incrementally as pour progressed 
(temporary inspection holes visible
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Structural modelling for design and construction 

• Structure was modelled locally using Bentley’s RM Bridge and internal design review 

conducted by the AECOM’s UK complex bridge specialist team using SOFISTIK

• The state-of-the-art analysis software packages modelled construction stage and in-

service analysis for design. 

• Models were updated with concrete material parameters, determined from laboratory 

testing allowing accurate simulation of stage & time-dependant material behaviour

• Updated models were calibrated for determination of the following with continuous 

backward analysis comparisons of actual results during construction: 

o Hanger length determination, 

o Hanger force distribution optimisation, 

o Pre-camber requirements & influence of temporary works displacements, 

o Movement capacities of (temporary and permanent)  & expansion joints 



CONSTRUCTION OF 
TEMPORARY AND 
PERMANENT WORKS
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Temporary Works 
- Temporary abutment

- Caisson foundations

- Temporary Columns 

- Lateral support



Temporary works
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Deck False Work 
- Transverse steel girders

- Sand jacks

- Longitudinal steel girders
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Deck False Work 
- Soffit formwork

- Arch spring point
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Structural Displacements
- Foundations

- Temporary works & falsework

- Permanent works during all construction stages & service life



Launch

Structural Displacements
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Arch rib segmental construction
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Completion of hit and miss construction

Stress longitudinal beams

Before installing hangers

After hanger installation

Temporary bearing movement range

Install perm bearings

ADL added

30 years C&S

Final C&S

Permanent bearing movement range
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Horizontal Deck Movement

Launch
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Stay Cable Lengths
- Unintentional variations (construction tolerances & modelling)

- Intentional variations (Time dependent material behaviour)

- Available fork socket tolerances

NORTH SOUTH (mm) (mm) (mm) (mm) (mm) (mm) (mm)
(mm)

(mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm)

N1, N24 S1, S24 -2 -1 -10 -10 -5 -1 -1 -30 0 0 0 -4 -2 -7.37 -12 -42

N2, N23 S2, S23 -4 -2 -10 -10 -5 -2 -1 -35 0 0 0 -7 -2 -7.74 -16 -51

N3, N22 S3, S22 -4 -2 -10 -10 -5 -2 -1 -35 0 0 0 -7 -4 -15.18 -26 -61

N4, N21 S4, S21 -12 -6 -10 -10 -5 -5 -4 -52 0 0 0 -20 -4 -13.01 -37 -88

N5, N20 S5, S20 -12 -6 -10 -10 -5 -5 -4 -52 0 0 0 -20 -6 -20.61 -47 -98

N6, N19 S6, S19 -26 -13 -10 -10 -5 -11 -9 -83 0 0 0 -43 -6 -14.68 -64 -147

N7, N18 S7, S18 -26 -13 -10 -10 -5 -11 -9 -83 0 0 0 -43 -9 -27.13 -79 -162

N8, N17 S8, S17 -41 -21 -10 -10 -5 -17 -14 -117 0 0 0 -68 -9 -6.92 -84 -201

N9, N16 S9, S16 -41 -21 -10 -10 -5 -17 -14 -117 0 0 0 -68 -10 -31.92 -111 -228

N10, N15 S10, S15 -54 -27 -10 -10 -5 -23 -18 -147 0 0 0 -90 -10 -26.19 -126 -273

N11, N14 S11, S14 -54 -27 -10 -10 -5 -23 -18 -147 0 0 0 -90 -11 -37.30 -138 -285

N12, N13 S12, S13 -57 -29 -10 -10 -5 -24 -19 -154 0 0 0 -95 -11 -12.76 -119 -273

Deck 

deflection

Cable 

Elongation

Total  

Intentional 

chord  

variance 

Material 

properties

Total 

unintentional 

chord  variance

Arch 

Deflection 

(After 

formwork 

removal)

Arch temp 

range

Cable temp 

range (20 

deg var)

Arch 

Deflection 

(Cable 

Installation)

Unintentioinal variation (extreme + or - indicated) Intentional variations (actual + or - indicated)

Temporary 

works

Concrete 

works

Cast 

Anchors & 

fixing bolts

Cable 

Length 

manufactur

e

Fork socket 
Structural 

model 

TOTAL CONTROL

SHORTENING OF 

THEORETICAL CHORD 

DISCTANCE

STAY

CABLE

NUMBER

Tolerance allowances (+ increase distance : - reduces distance)



CONSTRUCTION 
CHALLENGES
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Original Construction Contract 
Termination

WESTERN CAPE GOVERNMENT



WESTERN CAPE GOVERNMENT

Original Construction Contract termination & 

New Contracts

• Original Construction Contract was awarded to Basil Read Construction (BR) and 

commenced during 2015 

• Contract was terminated during 2018 after BR was placed under business rescue

• H&I Construction was awarded an Interim Maintenance Contract to facilitate essential 

works and maintain traffic and safety measures.

• H&I Construction was also successful with the New Construction Contract which 

commenced during 2019

• Engineer and client appointed temporary works designer managed certain works 

during Interim Maintenance Contract & exercised control over free issue items eg. Post 

Tension installation, hanger anchors, falsework for arch etc. 



Post tensioning
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Post Tensioning
- Strand property verification

- Strand installation method & lubrication

- Duct  condition verification ; Friction & Wobble calibration

- Lift off testing
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Post tensioning



Post-tensioning
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Post tensioning



Post-tensioning
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Post tensioning



Post-tensioning
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Post tensioning



Post-tensioning
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Post tensioning



Hanger anchors 
manufacturing
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Hanger anchor manufacturing

• Rejection of original cast iron hangers

• Procurement & Manufacturing (International)

• QCP & Authorized Inspection Authority (OHS requirements)

• Compatibility & service life verifications (dimensional, fatigue, inspection & 

maintenance manuals)

• Important service life considerations 

- The structural form dictates that the anchors are subject to the following general loading 

regime: 

o A free tensile load in which (in a failure situation) a significant proportion of the load would still be 

applied up to rupture 

o Limited redundancy with potential susceptibility to “unzipping” failure

- The form of the anchor connection results in a partial creation of a hidden critical element (the 

embedded section), that means subsequent complete inspection will be difficult.
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Hanger anchor manufacturing

• Rejection of original cast iron hangers due to inadequate durability and fatigue 

resistance parameters

• Procurement & Manufacturing (International) resulted in new compound steel plate 

solutions in view of programming constraints

• Compatibility & service life verifications (dimensional, fatigue, inspection & 

maintenance manuals) with important service life considerations 

• The structural form dictates that the anchors are subject to the following general 

loading regime: 

o A free tensile load in which (in a failure situation) a significant proportion of the load would still be 

applied up to rupture 

o Limited redundancy with potential susceptibility to “unzipping” failure

• The form of the anchor connection results in a partial creation of a hidden critical element 

(the embedded section), that means subsequent complete inspection will be difficult
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Hanger anchor manufacturing





Welding 
operations
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Welding 
operations
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Machining operations

WESTERN CAPE GOVERNMENT



Heat treatment and 
quality control
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Galvanizing trials
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Thermal Metal Spray 
and paint coating

Coating System : 

- TMS (Zinc , 125 micron)

- Carboguard 635 (150 micron )

- Carbothane 137 HS (90 micron) 
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Hanger Anchor 
Installation
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Installation testing
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Washer plate machining
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• 2 or more tensioning cycles 
result  less anchorage losses 
according to Macalloy bar 
literature 

• 3 stressing cycles on Arch 
anchor plates.

Arch Anchor plates 
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• Bars shorter than the Arch 
ones.

• 4 stressing cycles

Tie Beam Anchor plates 
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Anchor plate tensioning summary 

• 484 bars tensioned 
• Over 1200 lift-off tests
• Over 1900 washer plate 

alignment measurements 
• 2400 litres of grout 



Hanger Installation
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Utilisation of the C-hook
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Utilisation of the C-hook



Hanger Tensioning
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Stage 1 = 50% of load -> Stage 2 = 100% load

The intent of this process was to start by removing the slack from the 

cables and to get some stiffness into the structural system before the 

cables are sequentially stressed to their design force

Hanger tensioning sequence
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Simultaneous tensioning of 2 cables 
per Arch 



Live structural monitoring during tensioning
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Tensioning checks and calculations 
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Instrumentation and Monitoring
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FEM Model Review and Calibration

Bentley RM Bridge Advanced V8
AECOM SA design

30 Construction Stages

Rigid support for deck falsework

Spring point modeled with rigid links

C&S models – BS 5400

Sofistik 2014
AECOM UK 

89 Construction Stages

Calculated stiffness for deck falsework

Springing point modeled with shell elements

C&S models – TMH 7
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Strain Monitoring 
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Strain Monitoring 
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Strain Monitoring 
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Displacement 

monitoring
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Cable Tension

Measurement
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Cable Tension

Measurement

T = 4f2Lm
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Cable tension

Measurement

T = 4f2Lm

Cable 
number

Measured 
first 

natural 
frequency 

(Hz)

Measured 
force (kN)

Targed 
force (kN)

% 
difference

5 6.96 944 938 0.64%

7 5.32 859 862 -0.35%

8 5.14 994 961 3.43%

9 4.39 711 729 -2.47%

11 3.68 612 623 -1.77%

12 5.18 1214 1200 1.17%



Adverse founding conditions

WESTERN CAPE GOVERNMENT



WESTERN CAPE GOVERNMENT

Adverse founding conditions at 

west abutment

- Significant amount of 
ground water 

- comprehensive re-
assessment 

- 5 design scenarios were 
tested in the market to 
assess the cost and 
programme aspects. 

- A large diameter 
(>1000mm) piling 
solution with 
approximate 10m 
length was adopted



TRANSVERSE LAUNCHING
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Transverse Launching
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Transverse Launching
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Transverse Launching
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