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ABSTRACT:  

The Mohaka River Bridge, constructed in 1962, is a 216 m long steel truss bridge located 

on the Napier to Taupo section of State Highway 5, 56 km from Napier. The bridge 

comprises 3 spans of continuous steel trusses plus short land spans at each abutment 

supported on tall piers up to 39.6 m in height.  

Following a detailed seismic assessment, completed in 2004, which identified a range of 

vulnerabilities to seismic response and recommended strengthening of the bridge, detailed 

design and construction of strengthening works was undertaken through 2008-09.  The 

adopted performance objectives were for the bridge to: 

 Withstand a 1000 year return period earthquake event as the design earthquake 

event, and 

 To avoid collapse of the bridge in a 2500 year return period event. 

Structural elements strengthened have included: 

 The main spans southern abutment, which provides longitudinal restraint to the 

bridge as a whole 

 The truss transverse bracing system, particularly in the vicinity of the supports 

 The connection of the concrete deck to the trusses, and 

 The shear keys providing transverse restraint of the superstructure at the main 

supports   

The slope between the southern main abutment and the landspan abutment was also 

modified to avoid loading the main abutment and stabilised as well the slope below the 

southern pier being strengthened. 

Maintaining the stability and security of the bridge during the truss strengthening works 

was also a significant consideration. 

1 INTRODUCTION 

1.1 NZTA’s Programme to Improve Seismic Security 

Between 1990 and 2000 all state highway bridges in New Zealand were screened for their seismic 

resistance, some 3000 bridges.  An initial priority has been given to retrofitting all bridges that lacked 

adequate linkage between their superstructures and supports, and at in-span hinges.  Bridges requiring 
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detailed assessment have been prioritised and some 75 of the highest priority bridges have been 

assessed so far with retrofitting following where required.  The success of this programme of work 

being undertaken by the New Zealand Transport Agency (NZTA) has been demonstrated by how well 

the state highway bridges have performed in the recent Christchurch earthquakes. 

Among those prioritised for assessment, the Mohaka River Bridge detailed assessment, retrofit design, 

and management of the retrofit construction was carried out by Opus International Consultants 

Limited.  

1.2 The Mohaka River Bridge – An Outline 

  

Figure 1: Mohaka River Bridge 

The Mohaka River Bridge is located on the Napier to Taupo section of State Highway 5, about 20 km 

south of Tarawera. Constructed in 1962, its design predates modern seismic design philosophy and 

practice.  The bridge would have been designed for a seismic response of 0.1g.  

216 m in length, the Mohaka bridge is a 3 span steel truss bridge with a concrete deck carrying two 

lanes of traffic.  The truss spans of the bridge are supported on two primary abutments, B and E, and 

two piers, C and D, and has a central span length of 82.3 m and maximum pier height of 39.6 m. At 

each end of the bridge there are relatively short approach spans supported on smaller abutments, A and 

F.  

The bridge is founded on tertiary sandstone and siltstone beds of Miocene age with uniaxial 

compressive strengths or 1 MPa to 10 MPa. The northern end approach span and main span abutments 

are reinforced concrete slabs, supplemented by reinforced concrete shafts at the main span abutment, 

founding directly onto bedrock.  At the southern end, the main span abutment reinforced concrete slab 

is supported on four reinforced concrete cylinders sunk down to and socketed and belled into the 

bedrock, while the landspan abutment is supported on vertical and raked driven precast concrete piles. 

Seismic restraint is provided in the longitudinal direction by abutments E and F, while in the 

transverse direction restraint is provided at all supports by shear keys or holding bolts.  

A paper by Bewick (1964) outlines the design and construction of the bridge. 

2 SEISMIC ASSESSMENT AND RETROFIT OVERVIEW 

2.1 Performance Objectives 

In practice the performance objectives sought in NZTA’s contracts for bridge seismic assessment and 

retrofit have evolved, where practical and economic, to be as follows: 

 That the bridge be able to withstand a 1000 year return period event as the design ultimate 

limit state earthquake event.  This is equivalent to ~2/3 the current design standard for most 

new state highway bridges. 

 That the bridge should not collapse in a 2500 year return period event.  This is consistent with 

NZTA’s Bridge Manual, which requires collapse avoidance in an event significantly greater 
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than the design event, generally taken to be an event ~1.5 times the design event.  

2.2 Detailed Seismic Assessment 

Detailed seismic assessment of the bridge was completed by Opus in 2004, applying force based 

methods.  Member capacities were assessed based on probable material strengths rather than material 

characteristic strengths in order to derive a realistic assessment of the expected performance of the 

bridge. The assessment concluded that the bridge required strengthening if it was to withstand a 1000 

year return period earthquake event. 

2.3 Retrofit Design 

Detailed design of the strengthening was completed by Opus in 2008.  Earthquake loads applied in the 

design were based on the NZTA Bridge Manual (NZTA, 2003) and NZS 1170.5 (Standards New 

Zealand, 2004) for a 1000 year return period event, with µ = 1.25 as the ductility factor, and Sp = 0.9 

as the structural performance factor adopted. Figure 2 illustrates the design response spectrum.  

Fundamental periods for the structure are: 

 Transversely: in the range of 1.2 – 1.4 seconds, depending on the stiffness assumed for the 

piers, resulting in a design seismic coefficient of 0.3, and 

 Longitudinally: 0.7 seconds, resulting in a design seismic coefficient of 0.45, for the 1000 year 

return period event  

Maximum member forces resulting from the two earthquake loading combinations:  

 100% transverse EQ response + 30% longitudinal EQ response 

 30% transverse EQ response + 100% longitudinal EQ response 

were considered. When detailing the strengthening, consideration was also given to improving the 

capacity of the bridge for earthquakes of greater intensity than a 1000 year return period event if 

failure of a component would be relatively brittle and could result in premature collapse.  Elements 

that were critical in shear were designed to withstand the forces from a 2500 year return period event.   

For the assessment and design of slopes for stability, elastic response spectrum peak ground 

accelerations were applied. These were: 

 0.53g for a 1000 year return period event, and 

 0.71g for a 2500 year return period event.  

 

 

Figure 2: Design 

Acceleration Response 

Spectrum 

 

 

Figure 3: Truss bracing arrangements, from left to right, at abutment B, 

the piers, abutment E, and the bracing in vertical planes above each truss 

bottom chord panel point other than at supports  
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3 STRENGTHENING FOR TRANSVERSE RESPONSE 

3.1 Steel Truss Bracing and Bearings Upgrading 

Figure 3 illustrates, from left to right, the bracing arrangement at abutment B, the piers, abutment E 

and the bracing in the vertical panels above each truss bottom chord panel point other than at the 

supports.  For transverse response, the steel bracing system originally provided for the steel trusses 

was upgraded. Strengthening was provided to the horizontal and inclined members of steel bracing in 

the transverse vertical planes above the main abutments and the central piers. The horizontal bracing 

in the plane of the truss bottom chord adjacent to the piers was also strengthened.  Generally the 

existing bracing members that required strengthening were double angle members with the angles 

placed back-to-back or heel-to-heel.  These members were strengthened by adding two additional 

angles to the members to form doubly symmetric “quad” type compound members.   

The following additional strengthening was also required to the truss bracing system: 

 The end connections of the vertical plane inter-truss X bracing above the bottom chord panel 

points immediately to either side or piers C and D were strengthened.  In particular, the 

bottom chord gusset plates were reinforced across the gap between the bottom of the truss 

verticals and the bottom chord with 310 UC sections (see Figure 4). 

 Additional buckling restraints were provided for the truss top chord plane bracing at the 

location of the two central span deck joints. 

 Some bolts for the end connections of the tension only truss bottom chord bracing in the 

central span were replaced with higher grade bolts, and 

 At abutment B the steel rocker bearings were reinforced to resist overturning uplift forces. 

3.2  Maintenance of Stability of the Trusses 

One of the challenges for this project was to maintain the stability and security of the bridge while 

bracing members and connections were being upgraded.  The bridge strengthening required the 

removal and replacement of a number of critical lateral bracing members and elements.  To ensure 

stability of the bridge was maintained, a temporary bracing system was designed and a construction 

sequence specified. 

3.3 Deck Diaphragm Action 

The concrete deck is connected to the bridge steelwork by only 3 shear keys per stringer and has no 

shear keys connecting to the transoms. Also the stringers are connected to the transoms only by web 

cleats with no connection at their top flanges. With the concrete deck diaphragm being stiffer than the 

bridge steelwork bracing system, under transverse seismic response “unzipping” of the stringer shear 

keys was predicted to occur. To transfer the seismic loads carried by the deck down to the supports 

shear connection was introduced between the deck and the transoms above piers C and D and above 

abutments B and E (see Figure 5). 

The deck has two deck joints in the central span, at 1/5 span locations, coinciding with hinges in the 

truss bottom chord and a sliding joint in the top chord, which had been locked up subsequent to the 

bridge’s original construction.  Analysis indicated that the top chord X bracing at the location of the 

deck joints would be grossly overstressed when subjected to transverse seismic response.  At these 

locations the X bracing was detailed effectively as two sets of K bracing, as longitudinally slotted hole 

bolted connections were provided in the braces on the line of the deck joint to accommodate 

longitudinal movement. With the truss top chord joints now locked up, the K bracing at each deck 

joint was replaced with much stronger X bracing and provision made for shear transfer between the 

deck and transoms at each end of the new braces similar to that provided at the piers and abutments 

(see Figure 6). 
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Figure 4: Upgrade of seismic connections 

of the inter-truss cross bracing 

 

 

Figure 5: Connection of the deck to the truss 

bracing system at piers, abutments and in-span 

hinges 

 

Figure 6: K bracing at deck joints replaced 

with X bracing 

 

Figure 7: Abutment concrete shear keys 

replaced with new steel shear keys 

 

Figure 8: Concrete shear keys interconnected to 

act together in resisting lateral loads 

3.4 Upgrading of Transverse Shear Keys at the Supports 

Single steel shear keys attached to the truss steelwork and engaging pairs of concrete shear keys built 

up off the supports laterally restrained the bridge at abutments B and E and piers C and D.  The steel 

shear keys were upgraded.  At abutments B and E the pairs of concrete shear keys were replaced with 

new steel keys (see Figure 7).  At piers C and D, the existing pairs of reinforced concrete shear keys 

were tied together with threaded rods so that both shear keys would act together in resisting transverse 

earthquake loading (see Figure 8). 
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4 ABUTMENT E STRENGTHENING FOR LONGITUDINAL RESPONSE 

The bridge is anchored longitudinally at abutment E, which is essentially a portal frame in both the 

longitudinal and transverse directions with the uprights, the piles, socketed into the bedrock and 

anchored against uplift by belling of their bases. The horizontal beams forming the top of the 

longitudinal portal frame required strengthening, which was achieved by applying external prestress 

using Macalloy grade 1030 bars. Longitudinal hinged linkages were also added to supplement the steel 

bearings anchoring the bridge superstructure.  

 

Figure 9: Abutment E longitudinal beam 

strengthened by external prestressing 

 

 

Figure 10: Slope between abutments E and F 

steepened and reinforced by soil nailing 

5 ASSESSMENT AND STRENGTHENING OF FOUNDATIONS AND SLOPES 

5.1 Northern Abutment Foundations 

The assessment of the stability at the northern abutments indicated that they would perform well with 

minimal displacements in 500 year and 1000 year return period events, but could possibly experience 

significant displacements in a 2500 year return period event.  

During construction of the bridge, cracks in the bedrock are reported to have been discovered 

(Bewick, 1964)[1] and are inferred to be open joints.  Additional mitigation measures were 

incorporated during construction, comprising the addition of two reinforced concrete shafts to 6.1 m 

depth into rock at the northern main span abutment B, installation of an array of rock dowels to tie the 

abutment slab into the rock, and drilling and pressure grouting of 9 holes.  

These additions during construction have significantly enhanced the likely performance during 

earthquakes.  Therefore no foundation strengthening was carried out at the northern abutments. 

5.2 Southern Abutment 

Between abutments E and F the slope is comprised of weak alluvium deposits predicted to undergo 

displacements as high as 450 mm under a 500 year return period earthquake event with a PGA of 

0.41g.  Such movement could damage the 4 ~ 400 mm octagonal reinforced concrete driven piles 

supporting abutment F, and in larger events could possibly result in collapse. Additional earth loads 

would also be imposed on abutment E.  A range of options was considered for strengthening the slope, 

including H piles, stone columns, soil nails, and drainage.  With limited headroom beneath the bridge 

being a significant constraint, soil nailing was adopted (see Figure 10). 

The soil nailing comprised 32 mm Reid Bars installed and 2 m horizontal and 1.4 m vertical spacing. 

To ensure long term durability, the soil nails were double corrosion protected by pre-grouting the bars 

inside a corrugated HDPE sheath before installation and grouting of the assembly in drilled holes.  The 

ground face was supported using a 150 mm thick reinforced shotcrete facing.  The heads of the soil 

nails were encapsulated by thickening the shotcrete facing at the soil nail heads.  Drainage holes were 
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also installed to reduce groundwater pressures and hence improve stability. 

A key feature of the retrofit design was the use of a displacement based design approach, where the 

soil nailed slope would still displace in large earthquake events, but the amount of displacement would 

be minimised to acceptable levels that would avoid excessive loads being imposed on the substructure 

of the bridge.  The reduced level of displacement of less than 50 mm in a 1000 year return period 

event is unlikely to cause damage to the Abutment F foundation piles or impose additional loads on 

Abutment E foundations, and was thus considered acceptable. 

Given the variable poor alluvial ground conditions, ordinary soil nails would not give adequate 

capacity and would give large displacements.  The soil nails were post-grouted at 300 psi to 500 psi 

grout pressures using a special technique previously developed for the Wellington Inner City Bypass 

project.  Soil nail pull-out tests were carried out to confirm design parameters and their suitability to 

give an adequate level of earthquake performance.   

5.3 Rock Slope Below Pier D 

Pier D is underlain by a steep rock slope which was assessed to have the potential to fail in a large 

earthquake.  Rock bolting was applied to stabilise the slope.  Due to the rock slope being inaccessible 

at the design stage, clearance of the slope, rock face mapping, and design of the anchors was 

completed during construction. Pull out tests were conducted to confirm the rock-grout bond, and the 

rock anchors were double corrosion protected. 

6 CONCLUSION 

The seismic assessment revealed a number of vulnerabilities that have now been successfully 

remedied through retrofitting at a cost of ~$1.5 million, compared to the bridge replacement cost of 

~$8.6 million.  Innovations included the application of a displacement based design approach and the 

use of pre-grouted soil nails for the stabilisation of the slope between abutments E and F. These 

enabled reduction of the displacement of the slope between these two abutments thereby minimising 

the potential for abutment F’s piles to be damaged and additional earth loading from being applied to 

abutment E. 

The retrofit of the Mohaka River Bridge is an important contribution to ensuring the seismic security 

of the highway link between Napier and Taupo. 
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