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Abstract: Researches and applications of UHPC have been carried out continually since
late 1990s in China, especially in bridge engineering. UHPC is used widely in cover plates of
cable channels, sidewalk slabs in high-speed railways, pavement on steel bridge decks,
anchorage of main cables of suspension bridge, etc. Several trial designs of UHPC bridges
have been conducted. Five UHPC bridges have been constructed, including two railway
bridges, one highway bridge and two pedestrian bridges in China.
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1. Introduction

In the last three decades, China has been engaged in a large scale infrastructure construction and
a lot of concrete structures have been built. As a result, China has become the largest producer of
cement products and consumer of concrete products in the world. Facing more and more serious
challenges including energy saving, CO, reduction, air pollution etc., it becomes more and more
conscious of the need for a wide spread adoption of high performance concrete (HPC) and ultra-
high performance concrete (UHPC).

Reactive powder concrete (RPC) as a special kind of UHPC, was introduced into China at
the end of the 20th century. Researches on the preparation of UHPC using local materials have
been carried out by many researchers at various universities and research institutes. Consequently,
UHPC has been applied in civil engineering, especially in bridge engineering (Yan, 2015).

This paper will give a brief review on the applications of UHPC in bridge engineering in
China, including those UHPC members used in bridge decks and accessories. Several trial
designs of UHPC bridges and related experimental studies will be discussed, with a focus on the
five completed UHPC bridges in China.

The first application of UHPC in civil engineering in China could be traced back to the
voided plates (hollow slab) used in the median strip of Shijingshan Cable-stayed Bridge in
Beijing to reduce the self-weight of the bridge, which was built in 2003. The plate’s apparent size
was 2000mmx1200mmx60mm, made of UHPC with a compression strength of 140MPa and
flexural strength of 14MPa (Zheng, 2015). The plate had circular holes of 40 mm in diameter in
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the cross section, and could be cut with a saw (for the sake of construction convenience). After
more than 10 years in service, no damage has been found and the plates are still in good shape.

In fact, the largest industrial application of UHPC was among the cover plates of cable
channels and the sidewalk slabs used in China’s high-speed railways since 2005. The thickness of
conventional reinforced concrete (C30) cable groove cover plate is 60mm~70mm thick, which is
too heavy and has a poor durability. Damage at the edges and corners of the plates is a common
problem for conventional concrete construction, which increases the cost and slows down the
construction process. The UHPC cover plate has about only one third thickness of traditional
concrete cover plate, which reduces the material consumption and improves its durability. The
cover plate made of UHPC with a compressive strength above 130MPa has a thickness of only
20mm, or the maximum thickness of 25mm for the largest span of 744mm. Moreover, the
conventional concrete cover plate is reinforced with steel bars while the UHPC cover plate has no
steel rebar at all. About 21.4 million square meters of UHPC cover plates and about 535x10° m’
UHPC material has been used as of March 2015. For example, in the Zhengzhou-Xi’an Express
Railway which was completed in 2007, about 1.6x10° m* UHPC cover plates had been used. A
lot of UHPC baffle plates for maintenance sidewalk have also been used in high-speed railways
in China. The draft technical guide of "Technological Specification for Reactive Powder
Concrete (RPC) Sidewalk Baffle Plates and Cover Plates of Railways for Passengers” was issued
in China in 2006 by the Ministry of Railway (China Ministry of Railway, 2006).

Another notable application of UHPC in China is in the pavement of steel bridge decks.
Steel decks of highway steel bridges usually are overlaid with asphalt pavement. It is a common
problem to such a structure that the flexible pavement will have large deformation and premature
damage, and fatigue cracks in the orthotropic steel deck, under the directly action of vehicle
loading. UHPC-steel composite deck is an effective solution to improve steel bridge’s strength
and stiffness (Shao, 2013). In China, researchers from Hunan University, Tongji University and
Fuzhou University and several others have conducted a series of researches on this type of
structures (Shao, 2013; Zhao, 2016; Guo, 2015). In 2012, the UHPC-steel composite structure
was first used in the deck of Mafang Bridge, Guangdong Province, in the rehabilitation of the
damaged asphalt pavement (Li, 2015). At present, such kind of structural configuration has been
used in designs of more than six bridges.

Another application of UHPC is in the anchor system of main cables of Aizhai Bridge. The
bridge is a suspension bridge with a main span of 1176m, in which the main cables are anchored
to the rocks. The carbon fiber composite cables are bonded to the anchorage with RPC. Such an
anchorage system has good anchorage performance and workability performance, and can
increase structure’s durability under harsh environments (Yang, 2013).

2. Trial Design and Experimental Research on UHPC Bridges
2.1. Girder Bridges

On one hand, shallow beams are usually required in railway bridges in order to overpass highway
and other obstacles. On the other hand, the impact damage caused by a train to a bridge structure
increases with the train speed. Therefore, railway bridges always require larger transverse and
longitudinal stiffness. It is difficult for concrete shallow girders to meet the large stiffness
requirement in high-speed railway by using conventional concrete. Hence, research on shallow
girders using UHPC has been proposed. Trial designs and full-scale model tests on UHPC
shallow girders with a span of 20m and 32m were carried out, respectively. The girders with a T-
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shaped cross-section has a depth of 1.35m for the 20m-span girder and 1.80m for the 32m-span
girder, much smaller than that of conventional concrete girder. Tests were performed on all three
girders including two 20m-span girders and one 32m-span girder. Their performances were also
simulated by finite element analysis (Yan, 2009; Zhong, 2012).

In 2014, Shao led a feasibility study on the design of a prestressed UHPC continuous box-
girder bridge with a main span of 400m (Liu, 2014). The analysis indicated that the problems
common in conventional PC box girder bridges, such as early cracking, large long-term
deflection and massive weight, could be solved by using UHPC. With prosperous long-term
social and economic benefits, such a new structure would be a competitive alternative to cable-
stayed bridge or suspension bridge with main spans varying from 300m to 500m.

Since it is easier to find a good use of UHPC in pedestrian bridge, trial designs of UHPC
pedestrian bridges were also conducted. Taking a pedestrian bridge with a main span of 47m as
the prototype, a trial design analysis showed that the UHPC pedestrian bridge could have a higher
performance-to-price ratio, in that, the girder materials would only cost 61% of the original steel
pedestrian bridge. Compared with the PC pedestrian bridge, concrete and prestress bar materials
of the UHPC design will be reduced by 56.4% and 18.2% respectively, which will result in a self-
weight reduction by 53.9% (Huang, 2012).

2.2. Arch Bridges

Arch is a natural and appropriate structural solution to bridge spanning, with impressive
aesthetically pleasing and structural function. It is an ideal structure for concrete-like construction
materials which have high compressive strength but low tensile strength. Many concrete arch
bridges have been built in China, including the longest one in the world, the Wanxian Yangtze
River Bridge that was completed in 1997 with the main span of 420m. However, construction
difficulty and cost will increase rapidly due to significantly increased self-weights when the span
of a bridge is over 200m using concrete materials. There is a trend of using high performance
concrete (HPC) in long span concrete arch bridges in the world, such as C75 HPC in the Los
Tilos Bridge in Spain (built in 2004) and 70MPa concrete in the Colorado River Bridge in USA
(Bao-chun, 2013).

The research group in Fuzhou University has been working on the application of UHPC in
arch bridges in China since 2005. Trial designs of arch bridges with main spans of 160m, 420m
and 600m were carried out by using UHPC. Compared with the conventional concrete bridges,
self-weights of the main arch rings were supposed to be reduced by 35%—42% by using UHPC.
Furthermore, the construction and the inner forces of the main arch could get benefits from self-
weight reduction. The trial design research indicates that it is possible to use UHPC in long span
arch bridges (Renyuan, 2010).

3. Two Railway UHPC Girder Bridges in China

The first UHPC bridge built in China is a railway bridge, located in the Qian-Cao Railway Line,
crossing over the Luanbiagangqu Dyke. It has a total of five 20m-spans, in which precast
prestressed T-shape UHPFRC girders are simply supported (Gao, 2007).

The cross-section of the girder is shown in Figure 1. The depth of the girder is 1350mm with
a depth-span ratio of 1/14.8. The thickness of the girder box web varies in the longitudinal
direction. The web has a thickness of 1060mm near its two end sections with a length of 870mm,
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a thickness of 180mm at the mid-span section with a length of 3550mm X 2, and a gradual
thickness from 1060mm to 180mm for the rest sections of the box girder.

Seven 5-mm-diameter prestressing strands with the ultimate tensile strength of 1860 MPa
were placed in each duct, and the jacking stress was 1395 MPa. HRB335 steel bars with a
standard tensile strength of 335 MPa were used as reinforced bars. In every beam, there were six
duct prestressing steel strands and sixteen 25mm diameter reinforced bars. The average
compressive strength of the UHPC standard cubic specimen was about 126.1 MPa.

(a) Mid-span section (b) End section
Figure 1 Cross-section of the UHPC shallow girder in Qian-Cao Railway (Unit: mm)

The second UHPC bridge in China also is a railway bridge, located in Ji-Gang Railway with
a standard span of 32 m and a normal depth of 1800mm. The depth is much smaller than
2230mm which is the typical depth of a conventional PC girder. The cross-section views of this
shallow UHPC girder are given in Figure 2. The thickness of the girder web varies from 1060mm
at the end to 300mm at the mid-span. The center distance between two ribs is 2.2 m. Ribs were
connected together by nine transverse diaphragms which were prestressed. Ninety-four
prestressing strands with a diameter of 5 mm were placed in each girder. Compressive strength of
the UHPC standard cubic specimen was 141.9MPa on average.
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Figure 2 Cross-section of the T-shaped UHPC Shallow Girder in Ji-Gang Railway (Unit: mm)
4. The First Highway UHPC Girder Bridge in China

The first highway UHPC bridge in China, crossing over the express way from Beijing to Zhuhai
at K34+690, is an overpass bridge with a span arrangement of 4x30m. It is a skew bridge with a
skew angle of 45°. The piers, abutments, and pile foundations are constructed by conventional
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reinforced concrete. The bridge has a deck with a width of 800cm, consisting of three prestressed
UHPC box girders, as shown in Figure 3 (Chen, 2015).

Lﬁo__ 700 __50_‘\
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180mm Wet Joint
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(a) Mid-span section (b) End section
Figure 3 Cross Section of the First UHPC Highway Bridge’s Superstructure (Unit: cm)

Thirty-five prestressing strands were used in each girder. The prestressing force was
obtained using 12.7-mm-diameter strands that had an ultimate tensile strength of 1860 MPa.
UHPC used in the project had a compressive strength of 130MPa and an elasticity modulus of
40GPa, based on 100x100%100mm cubic specimens. The complete bridge is shown in Figure 4.

Figure 4 The First Completed UHPC Highway Bridge in China

5. Two Pedestrian UHPC Bridges

The first UHPC pedestrian bridge in China is an arch bridge, which is located on Fuzhou
University campus. The bridge has a span of 10m, with a rise of 2.5m, giving a rise-to-span ratio
of 1/4. The arch axis is a segmental circle with a radius of 6.25m. The width of bridge is 2.1m.
The main arch ring has a depth of 10cm, made of UHPC with compressive strength of 130MPa
(Chen, 2015). The elevation view of the bridge is shown in Figure 5.

The UHPC in the arch was made without quartz powder which was replaced by the high
quality local sand from Min River with particle size of 0.3—-0.5mm. UHPC for the arch ring was
produced in the structure laboratory of Fuzhou University. The arch ring was concreted on the
full span centering. The arch was constructed by the cast-in-situ method with timber formwork
and steel tube centering as shown in Figure 6a and the finished bridge is shown in Figure 6b.
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Figure 6 Cross Section of the UHPC Arch Bridge in Fuzhou University

The second UHPC pedestrian bridge in China is a girder bridge, which is located in
Changsha, Hunan Province. The bridge has a total length of 74m with a main span of 36.8m.The

compressive strength of UHPC is 200 MPa. The precast girder was erected on site only in 10h.
The complete bridge is shown in i%urq 7 (Hon

Figure 7 The UHPC Pedestrian Bridge in Changsha
6. Conclusions

The research and application of UHPC in bridge engineering is a hot topic in China today and
have made significant achievements including five UHPC bridges completed. However, these

bridges of small spans are still in the trial stage and warrant further research. A widespread
implementation of UHPC bridges is still facing significant challenges ahead.
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