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Seismic isolation for a critical mountain viaduct Page 10f 4

Sliding isolation pendulums from MAURER simplify the design, enable
construction and ensure stability.

Colombia. Some bridges lie in such difficult terrain that simply constructing
them is a challenge. Steep slopes, frequent landslides, a mountain river and
high seismic activity were the obstacles faced during the construction of the
K58 viaduct on the road from Bogota to Villavicencio. MAURER SIP®-DR sliding
isolation pendulums not only bear the weight of this 720 m bridge, but also
enabled smaller foundations and a leaner design, as well as safeguarding this
transport artery for decades to come. The bearings absorb high vertical loads
of up to 70 MN and can displace by up to 528 mm in the event of an earthquake. The K58 bridge in Colombia.
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The K58 is named after “kilometre 58" of the state highway (Ruta Nacional 40)
from Bogota to Villavicencio. This geological bottleneck is one of the most im-
portant road connections in Colombia. It runs alongside a steep slope over the
Rio Negro river, and was for decades repeatedly forced to close due to land-
slides, unstable embankments and earthquakes.

The key point combines steep topography, a crossing over a wild river, constantly
disrupted terrain and one of the highest seismic hazard levels in the country,
with peak accelerations of more than 1g. One of the reasons for this is the active
Guayuriba Fault, which runs 131km along the eastern edge of the Andes and is
just 18km away from the bridge.

The answer: a 720-metre-long, five-field, curved viaduct over the valley that Bearings installed on one of the piers.

also bridges the Rio Negro. The project not only had to take account of spans, Photo: MAURER
load-bearing capacity, traffic safety and long-term stability, but also the chal-

lenges of simply constructing the bridge under difficult conditions.

Viaduct with sliding isolation pendulums

After investigating a number of different variants, the planning team from
PEDELTA LATAM chose a seismic isolation system using sliding isolation pen-
dulums. The support structure consists of a continuous prestressed-concrete
box girder with varying height. It sits on top of four piers, each with two slid-
ing isolation pendulums, as well as on conventional elastomeric bearings at the
two abutments. The viaduct was designed so that the superstructure and sub-
structure would essentially remain elastic in the event of an earthquake, while
the non-linear response of the isolators would protect the viaduct from seismic
forces.
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Two analysis methods were combined, in order to simulate the bearing require-
ments as realistically as possible: modal response spectrum analysis and non-
linear time history analysis with scaled earthquake recordings for the maximum
credible earthquake (MCE), with a return period of 2,500 years. A simplified
displacement spectrum was used for the long period range, in order to avoid
implausibly conservative results and better capture the physical behaviour of
isolated structures.

Special SIP°-DR earthquake bearings

The isolation system is built around eight MAURER sliding isolation pendu-
lums (SIP) of the type SIP®-DR. D stands for double, indicating that the bear-
ing has two concave surfaces instead of one. D bearings can therefore be built
smaller and lighter, and are easier to install. The R stands for rotation. The rota-
tions in the range of 0.01 rad result from the varying weight distribution of the
superstructure over the course of construction. Despite being made of concrete,
the viaduct is still comparatively “active” in terms of movement. This is down
above all to the large spans of up to 180 m.

Isolate, dissipate, centre, divert

The SIP® bearings perform four tasks:

They isolate the bridge deck from the piers, therefore extending the oscillation
period of the support structure (effective period: 4 seconds).

They divert the seismic energy through friction (dissipation, 3% of nominal
dynamic coefficient of friction), reducing the force to protect piers and founda-
tions (equivalent viscous damping approx. 20 %).

They allow for displacements of up to 528 mm horizontally and centre the
bridge in its original position following an earthquake.

= They convey extreme vertical loads of up to 70 MN.

Compared to a conventional monolithic solution, the SIP®-DR bearings reduce
seismic shear forces at the pier heads by 44% on average. This made it pos-
sible to design the substructure more efficiently, including optimised founda-
tion measurements and the use of large caissons. The bearings measure approx.
1,800 mm in diameter and 445 mm in height.
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Atype SIP®-DR sliding isolation pendulum from
MAURER. D (double) indicates that the bearing has two
concave surfaces (top and bottom), while R (rotation)
is enabled by an additional calotte in the puck (green).
Grafic: MAURER

Graphical representation of an SIP®-DR bearing at
its maximum horizontal displacement.
Grafic: MAURER
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One of the challenges in designing them was the combination of high vertical
loads and large displacements in the event of an earthquake. For this reason,
both the prototype and production versions of the SIP® bearings were tested
according to the AASHTO Guide Specifications for Seismic Isolation Design and
EN 15129.

The geometry and position of the viaduct placed great demands on the con-
struction. The viaduct was built in a balanced cantilever process due to the dif-
ficult terrain and valley crossing.

Debris flow in the Rio Negro affected work on pier 2 in the early foundation
phase, requiring the construction process to be adjusted. The process was di-
vided into multiple phases, with the auxiliary structures remaining in place until
the main superstructure was complete and the bearings were installed and ac-
tivated.

The K58 bridge shows that SIP® bearings can do much more than just seismic
protection. They enabled simpler planning and therefore better feasibility and
long-term performance in a highly challenging environment.

The bearings were fitted in November 2024. The viaduct was opened to traffic
on 12 February 2025. The construction firm was OHLA LATAM and the owner
is INVIAS (Instituto Nacional de Vias), an authority belonging to the Colombian
Ministry of Transport.
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Bearing tests at the EUCENTRE Pavia (Italy).
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Quick facts about MAURER SE

MAURER SE is a leading specialist in mechanical engineering and steel con-
struction, with over 1,500 employees worldwide. The company is the market
leader in structural protection systems (bridge bearings, expansion joints, seis-
mic protection devices, tuned mass dampers and monitoring systems). It also
develops and produces vibration isolation solutions for structures and machi-
nes, roller coasters and Ferris wheels, as well as special structures in steel con-
struction.

MAURER has been characterised by strong values and reliable people since 1876.
In 2026, the company celebrates 150 years of teamwork, innovation and engi-
neering prowess.

MAURER has been involved in many spectacular large-scale projects. The-
se include the world's largest bridge bearings in Wazirabad, Pakistan,
earthquake-resistant expansion joints for the world's longest suspension
bridge, the 1915Canakkale in Turkey, tuned mass dampers in the Baku and
Socar Towers in Azerbaijan, and the unique guided cross-ties with derailing
protection on the Champlain railway bridge in Montreal. Complete structural
isolation projects range from the Acropolis Museum in Athens to the new air-
port in Mexico. MAURER has also worked on spectacular amusement rides,
such as the Umadum Ferris wheel in Munich, BOLT™ — the first roller coaster
on a cruise ship, and the world's first duelling roller coaster at the Mirabilandia
Park in Ravenna, Italy.
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