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Abstract

The Taoyuan Jinsha River Bridge on the Dali-Yongsheng Expressway is a steel box girder suspension bridge constructed in an
extremely complex environment, characterized by: proximity to active fault zones (minimum distance: 100 meters), high seismic
intensity (Zone VIII), elevated reservoir water levels, and deep overlying weak strata. Spanning a high mountain gorge, the
bridge runs parallel to the Holocene active fault zone with a minimal clearance of 100—150 meters, resulting in exceptionally
pronounced seismic effects. To address these extreme conditions, the project pioneered multiple innovative technologies:(1)
High-strength steel bars (R40mm HRB500 grade) were first adopted in the tower structure, reducing reinforcement quantities
while ensuring stability and lowering construction complexity;(2) Viscous dampers installed at beam ends effectively
constrained longitudinal displacement under high-intensity seismic and wind loads, reducing the expansion joint span from 3,200
mm (non-seismic design) to 1,520 mm, significantly cutting costs for bearings and expansion joints;(3) Lightweight flat steel box
girders for stiffening girders markedly reduced seismic forces and wind load effects in the reservoir area;(4) 25 mm-thick steel
casings in pile foundations decreased reinforcement requirements while mitigating safety risks during pile construction in weak
strata. Through integrated seismic mitigation strategies, optimized life-cycle costs generated indirect economic benefits of 31
million yuan.
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1. Overview

The Dali Connection Line of the G4216 Expressway con-
nects to the Dali-Lijiang Expressway in the south and the
Panzhihua-Lijiang Expressway in the north, serving as an
important passage from Panzhihua in Sichuan Province to
Dali in Yunnan Province. The entire length of the line is
73.506 kilometers. The Taoyuan Jinsha River Bridge crosses

the Ludila Hydropower Station backwater area on the Jinsha
River near K76, with a height difference of approximately 46
meters between the bridge deck and the water surface. The
Jinsha River has a width of about 400 meters, and no bridge
piers can be placed in the reservoir or have debris fall into it.
The location of the piers should fully consider the impact on
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the stability of the riverbank after reservoir reconstruction.
The secondary road on the Dali bank runs along the water,
making it difficult to place bridge piers near the riverbank.
Additionally, the piers should avoid the secondary road and
any fissured slopes [1, 2]. Considering the impacts of bank
reconstruction, the secondary road, and slope stability, the
piers on the Dali bank will be placed outside the secondary
road's slope, while the piers on the Yongsheng bank will be
located on the slope between the secondary road and the

Jinsha River. The bridge span will be no less than 630 me-
ters.

Laterally, on the Dali bank, the bridge needs to avoid res-
idential areas and active fault zones, so the alignment of the
bridge will pass through the middle. The Taoyuan Jinsha
River Bridge is a complex and technologically challenging
mountainous canyon suspension bridge, constructed in an
area with high seismic intensity, high wind speeds, and deep
coverage layers.
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Figure 1.

Figure 2. Ludila Hydropower Station Reservoir Area and Bridge
Location.

2. Construction Conditions

2.1. Topography and Geology

The natural slopes on both sides of the bridge range from
25°to 45< with some areas being steep and vertical. The
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Chenghai-Binchuan Major Fault and Bridge Location.

slope surfaces have poorly developed vegetation and are
affected by faults and dissolution, resulting in steep cliffs in
some locations. Due to long-term dissolution, bedrock expo-
sures are sporadic and mostly covered by residual slope de-
posits. The mountain ranges generally extend in a
north-south direction, with karst features predominantly con-
sisting of dissolution grooves, holes, and fractures. The ex-
posed strata are mainly composed of Devonian (D2) lime-
stone, dolomitic limestone, and argillaceous.

2.2. Hydrological Conditions

The maximum design water level for the Ludila Hydro-
power Station is between 1212 and 1223 meters, with the
groundwater level ranging from 1216.6 to 1234.462 meters.

2.3. Seismic Conditions

The bridge is located near the main fault of the
Chenghai-Binchuan active fault zone to the east—the Jinsha
River F2 Holocene active fault [3, 4]. The surface rupture
zone (main fault fracture zone) of the Jinsha River F2 active
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fault has a width of approximately 200 meters. The bridge
alignment is nearly parallel to this fault, with the closest dis-
tance between the route and the edge of the surface rupture
zone being about 150 meters. The route does not directly
cross or lie within the surface rupture zone of this active
fault.

2.4. Adverse Geological Conditions

The project is influenced by engineering geological condi-
tions such as terrain, geological structure, stratigraphy, and
adverse geological features, as well as hydrogeological con-
ditions including rainfall, groundwater, frequent fluctuations
in the water levels of the Dadan River and the Lujiang Hy-
dropower Station reservoir. The bridge is strongly affected
and controlled by the Chenghai-Binchuan major fault and the
F2 active fault. It is located close to the F2 active fault,
where the upper slope exhibits well-developed ancient land-
slides, rock accumulations, and hazardous rocks [5].

3. Technical Standards

The bridge is designed for a driving speed of 80 km/h with
four lanes (two in each direction)[6]. The load rating is
Highway Class I, and the bridge width is 31.1 meters (in-
cluding maintenance paths). The design wind speed at the
bridge deck is 35.5 m/s, and at the cable towers, it is 47.0
m/s. The basic seismic parameters for the main bridge are
0.274g (E1) and 0.316g (E2), with a characteristic period of
0.45 seconds.

4. Design Key Points

4.1. General Design

The main span of the Taoyuan Jinsha River Grand Bridge
is a 636-meter double-tower, single-span suspension bridge
with a steel box girder. The overall bridge layout is as fol-
lows: a (40 + 50 + 40) meter steel box girder bridge + a

segment of roadway + a 636-meter steel box girder suspen-
sion bridge + a [(30 + 35 + 30) + (40 + 40 + 30)] meter steel
box girder bridge, with a total length of 1095.0 meters.

Figure 4. Actual View Photo of the Bridge After Completion-2.

4.2. Cable Towers

The cable towers use a portal-frame reinforced concrete
design, with the overall shape inspired by the " Bian Tun
Culture "style. The tower columns have a Y-shaped
thin-walled hollow cross-section. Thicker sections are added
in areas of higher stress, such as where the upper and lower
horizontal beams intersect. The base of the tower features a
3-meter solid section, and the foundation uses a composite
system of bored piles and steel casing.

Figure 5. Actual View Photo of Cable Support Tower.
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Figure 6. Design Drawings and Actual View Photos of Cable Support Tower.

The cable towers on the Dali bank have a total height of
75 meters, with the cross-section of the tower changing line-
arly from 5.5 m X 5.5 m at the top to 7.0 m x 5.5 m at the
bottom. The towers on the Yongsheng bank have a total
height of 70.5 meters, with the cross-section changing line-
arly from 5.5 m x 5.5 m at the top to 6.905 m X 5.5 m at the
bottom. The solid section at the top of the towers has been
widened to 6.8 meters in the longitudinal direction to ac-
commodate the space required for the cable saddles.

Both towers wuse a Y-shaped thin-walled hollow
cross-section with a wall thickness of 0.8 meters. The foun-
dation for the Dali bank towers consists of 2x16 ¢2.2 m
bored piles arranged in rows, designed as friction piles. The
foundation for the Yongsheng bank towers consists of 2x9
¢2.2 m bored piles arranged in rows, designed as
rock-embedded piles. Below are the cross-sections for the
tower columns and the horizontal beams.

| 550 ‘ 500
1541 0
80 8] S
= o I =] =
wn Ll
30x30 15x1
=1 2
160 | 230 | 160 ‘ /mrll —

Figure 7. Typical Cross-Section View of Cable Support Tower.
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4.3. Anchorages

Both banks use gravity-type anchorages with enlarged
foundations, and the anchoring system employs
high-strength steel tie rod anchorage. The anchorages are
located beneath the approach bridges and follow a gravi-
ty-type anchorage with an enlarged foundation.

On the Dali bank, the anchorage foundation is supported by
a combination of block stone soil, gravel soil, and silt. Given
the relatively shallow embedding depth of the anchorage, the
foundation is designed with a single sloped surface to enhance
resistance to sliding and overturning, reduce maximum stress
on the foundation during use, and minimize excavation vol-
ume. The shallow-buried gravity anchorage has a foundation
positioned above the groundwater level, measuring approxi-
mately 67 meters in length, 60 meters in width, and 33 meters
in height. Its bearing capacity and stability were verified
through in-situ tests on site [7].

On the Yongsheng bank, the anchorage foundation relies on
block stone soil, gravel soil, and limestone as the primary
bearing layers. Since the anchorage is situated in moderately
weathered limestone, a rock-embedded structure is used to
reduce the volume of the foundation work. The anchorage
block is designed with a prestressed anchorage system, and the
base cannot be uplifted due to the structural dimensions. A
vertical steep slope is used between the saddle support founda-
tion and the anchorage block. The anchorage measures ap-
proximately 60 meters in length, 50 meters in width, and 38
meters in height.
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Figure 8. Anchorage Elevation Design Drawing.

In the front anchorage chamber, the length of the cable
strands along the span direction is 20 meters, and the length
of the high-strength steel tie rods inside the anchorage body
is also 20 meters. The main cable strands are anchored via a
cable anchorage connection structure, which connects to the
prestressed anchorage structure.

The cable anchorage connection structure includes both
single-cable and double-cable anchorage configurations:

Single-cable Anchorage: This configuration consists of 2
©68 mm steel tie rods, which correspond to high-strength
steel tie rods with a specification of 80 mm, anchoring one
main cable strand.

Double-cable Anchorage: This configuration consists of 4
@68 mm steel tie rods, which correspond to high-strength
steel tie rods with a specification of 110 mm, anchoring two
main cable strands.

4.4. Cable System

The bridge features two main cables, each composed of 91
parallel steel wire strands [8]. Each strand is made up of 91
wires with a nominal diameter of ®5.0 mm and a tensile
strength of 1770 MPa, coated with a zinc-aluminum alloy.
The main cables are designed with spans of 160 meters +
636 meters + 140 meters, with a central span ratio of 1/10,
and the distance between the centers of the two main cables
is 28.0 meters. The inner diameter of the main cable clamps
is 503 mm, and the outer diameter is 509 mm. The main ca-
bles are protected using an active protection system consist-
ing of "wrapped steel wire + wrapping tape + dry air dehu-
midification."

The hangers use parallel steel wire strands and are con-
nected to the clamps and stiffening beams via pin joints. The
long hanger pin joints are equipped with tin bronze bushings,
while the short hanger pin joints in the central span area are
equipped with bearing joints. The hangers consist of 91 wires
with a nominal diameter of ®5.0 mm and a tensile strength
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of 1770 MPa, covered with a double-layer PE sheath.

The main cable saddles use a combination of casting and
welding with a single longitudinal rib structure. To reduce
lifting and transport weight, the saddle body is divided into
two halves, which are assembled with high-strength bolts
after being lifted to the top of the tower. The total weight of
the main cable saddle is 105 tons, with the saddle body
weighing 55 tons. The maximum transport weight of a single
saddle body is 27 tons, with a longitudinal length of 2.7 me-
ters and a transverse width of 2.95 meters.

The spreader saddle is of the pendulum-type, constructed
with a combination of casting and welding. The total weight
of the spreader saddle is 145 tons, with the saddle body
weighing 101 tons. The maximum transport weight of a sin-
gle saddle body is 101 tons, with a longitudinal length of 4.8
meters, a transverse width of 5.1 meters, and a height of 4.3
meters.

4.5. Stiffening Girders and Deck System

The bridge uses a single-span streamlined flat steel box
girder structure, with a total length of 634.4 meters. Based on
segment model testing and considering the manufacturing [9],
processing, and installation conditions of the steel box girder,
a single-chamber steel box girder section with wind deflec-
tors was selected. The girder has a total width of 31.4 meters,
with a clear height of 3.0 meters at the bridge axis and a 2%
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cross slope on the top surface. The bridge is divided into 53
segments, with four different types of girder segments.
Among these, 48 segments are standard girder sections with

31400

a maximum lifting weight of 162.9 tons, and the length of
each standard segment is 12.2 meters.
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Figure 10. Standard Cross-Section Design Drawing of Main Girder.

The steel girder features two vertical web plates, aligned
with the suspension point ear plates. Wind deflectors are
positioned on the outer side of the longitudinal web plates,
with a transverse spacing of 28.0 meters between the web
plates. The steel box girder is designed as an orthotropic steel
bridge deck, with a deck thickness of 16 mm and a bottom
plate and side sloping bottom plate thickness of 10 mm. To
meet the requirements for stress and stability, the bottom
plate in the cable tower section is locally thickened to 16
mm.

The deck is reinforced with U-shaped ribs, with the U-ribs
on the deck having a thickness of 8 mm and a cen-
ter-to-center spacing of 600 mm. The bottom plate is also
reinforced with U-shaped ribs, which are 6 mm thick with a
center-to-center spacing of 800 mm. Each segment of the
steel box girder has a transverse diaphragm every 3.1 meters,
with diaphragms being 10 mm thick where there are no
hangers and 12 mm thick where hangers are present.

The bridge is equipped with two pairs of vertical supports,
two pairs of transverse wind-resistant supports, and four sets
of longitudinal dampers. The vertical supports,
wind-resistant supports, and dampers are located along the
bridge axis direction on the bearing platforms of the towers
on both banks.

5. Key Technologies

5.1. Seismic Design Technology

The design utilizes a comprehensive seismic design ap-
proach featuring:

1) High-strength coarse-diameter reinforcement

2) Beam-end damping and constraint systems

3) Steel casing at the top of piles

These measures are implemented to withstand the strong
seismic effects from nearby active faults.
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Figure 12. Simulation of Friction Effects in the Longitudinal Direc-
tion of the Main Bridge Stiffening Girder Bearings.

(i) During the design phase of the bridge, a comparison of
reinforcement for the cable towers was conducted. Two op-
tions were considered:

1) Dual R32 mm rebar with a spacing of 160 mm, using

HRB400 steel
2) Single R40 mm rebar with a spacing of 140 mm, using
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HRBS500 steel

By meeting the structural stress requirements, the amount
of main reinforcement used in the cable towers was reduced
by 12.0%.

(i1) Four sets of liquid viscous dampers are installed at the
ends of the stiffening girder. The dampers have a damping
coefficient of 2000 kN-s/m, a velocity index of 0.3, and a
maximum displacement of +760 mm.

These dampers effectively constrain the longitudinal dis-
placement of the main girder under high seismic intensity
and high wind speed, reducing the length of expansion joints.
As a result, the size of the expansion joints has been reduced
from 3200 mm, without seismic measures, to 1520 mm.

(iii) By using a relatively lighter steel box girder, the
structural mass is reduced, which in turn decreases the struc-
tural dynamic response.

The maximum cable force in the main cable can be re-
duced from 184,897 kN with the "composite girder + steel
truss" design to 114,125 kN with the steel box girder design,
a reduction of 38.3%. This reduction directly decreases the
engineering scale of the main cable, cable towers, and an-
chorages.

(iv) The cable tower pile foundations use
2.2-meter-diameter large-diameter piles. A 25 mm thick,
9.8-meter-long Q355 steel casing is added to the top of the
pile foundation, extending 2.3 meters into the bearing plat-
form.

This technology allows the top of the pile foundation to
reduce the main reinforcement from dual R32 mm bars with
a spacing of 150 mm to a single R32 mm bar with a spacing
of 125 mm, resulting in a 40% reduction in the main rein-
forcement of the pile foundation.

5.2. Integrated Application of '""Anchor
Structure Foundation Selection and
Spreader Saddle Design' Technology

This approach focuses on:

1) Selecting Appropriate Anchor Structure Foundations:
Choosing the right type of anchor foundation to opti-
mize stability and reduce the need for extensive exca-
vation in slope areas.

2) Designing Spreader Saddles: Implementing spreader
saddle designs that facilitate effective load distribution
and support, minimizing the impact on surrounding ar-
eas.

3) These technologies collectively contribute to reducing
slope excavation volumes and managing dry operations
for anchor foundation pits in high water level condi-
tions.

(i) Using spreader saddle designs to reduce the vertical
anchoring angle of the main cables and elevate the base ele-
vation helps achieve dry operations for anchor foundation
pits [10]. To prevent vibration from the edge span's main
cable from affecting the anchoring system and facilitate the
installation of the main cable strands, a cable-turn saddle will
be placed between the edge span and the anchorage span.
This setup allows the main cable to be anchored at the an-
chor surface after turning downward.

Due to the downward angle of the main cable relative to
the edge span, the anchorage system and the depth of the
foundation base are increased. To maintain stability during
cable strand erection, the turning angle of the main cable
within the saddle typically needs to be over 16°. The
Taoyuan Jinsha River Bridge uses a spreader saddle structure
where the vertical main cable achieves the saddle's support
requirements with a small turning angle, avoiding the trans-
mission of edge span cable vibrations to the anchorage span,
thus preventing fatigue issues in the anchoring system.

The spreader saddle design results in a deflection of the
main cable from 24.042° to 28.568° in the bridge's opera-
tional state, with a deflection angle of 4.526°. When using a
conventional spreader saddle, the main cable's incident angle
at the edge span is 28.562°, with a turning angle of 17.463°
in the saddle.

S8, Mazx, Principal
CFi: 7596

Figure 13. Anchorage Stress Contour Plot.

143


http://www.sciencepg.com/journal/ajce

American Journal of Civil Engineering

http://www.sciencepg.com/journal/ajce

Compared to the spreader saddle scheme, the spreader
saddle design allows for an elevation increase of approxi-
mately 19.3 meters for the foundation base. This means that
the foundation base elevation in the spreader saddle scheme
is above the groundwater level, whereas the foundation base
elevation in the spreader saddle scheme is below the water
level. Using the spreader saddle design between the edge
span and the anchorage span ensures that the foundation base
is above the reservoir's elevated water level, reducing the
need for pit waterproofing measures.

(i) Utilizing a strip footing as the anchor foundation
structure reduces disturbances to the slope at the Dali shore
anchorage.

The Dali shore anchorage is located within a seismic fault
zone where the rock mass consists primarily of gravel and
silty soil, resulting in poor slope stability and a high risk of
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collapse during excavation disturbances [11]. To mitigate
disturbances to the right slope, two main measures are im-
plemented in the design:

1. Using a spreader saddle design to elevate the foundation
base by 19.3 meters, thereby reducing the need for three lev-
els of slope protection.

2. Increasing the length of the anchorage to reduce its lat-
eral width. The anchorage's lateral dimensions are adjusted
to accommodate the anchoring system's requirements, while
the longitudinal dimensions are increased to meet both the
vertical bearing capacity and the longitudinal stability needs.

A strip footing gravity anchor foundation is employed on
the thick cover layer to minimize disturbances to the slope,
thereby reducing the engineering volume required for slope
support [12].
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Figure 14. Stress Contour Plot of Anchorage at Dali Bank.

(iii) Using embedded rock strip footing foundations for the
anchorages at the Yongsheng shore reduces excavation work.
The Yongsheng shore anchorage is situated on shallow bed-
rock with underlying moderately weathered limestone, which
has a vertical bearing capacity of 1200 kPa. Given the shal-
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low depth of the bedrock, a gravity-type embedded rock an-
chor is used [13]. The anchorage's anchoring body bottom is
designed with an embedded structure to minimize excavation
for the anchorage pit and reduce the volume of concrete re-
quired for the anchorage.


http://www.sciencepg.com/journal/ajce

American Journal of Civil Engineering

http://www.sciencepg.com/journal/ajce

[*10% m]

-0.37

— N

Figure 15. Stress Contour Plot and 3D Diagram of Anchorage at Yongsheng Bank

5.3. Installing Metal Sealing Airbags at the
Junction of Suspension Bridge Cables and
Anchor Heads to Block Rainwater and
Improve Cable Durability

For the common challenge of waterproofing suspension
cable anchor heads, an innovative metal airbag is installed
between the suspension cable and the anchor head. The air-
bag is made from high-strength aluminum alloy, combining
soft metal with multi-layer polymer materials to form an
inflatable seal  bag. It is equipped with
high-temperature-resistant waterproof films on both sides for
sealing the cable end. Rubber sealing rings are used to adjust
the gaps between the cable conduit and the aluminum alloy
airbag.

Construction Steps:

1. Attach the stainless steel cylinder to the lower anchor
head connection cylinder.

2. Install the high-strength aluminum alloy airbag at the
top and inflate it to a pressure of 0.3 MPa.

3. Maintain the pressure for 30 seconds, then close the air
source and remove the air tube.

4. Install a sealing rubber ring at the outlet and finally seal
it with polyurethane sealant.

This design effectively addresses the waterproofing issue
of suspension cable anchor heads, enhancing the durability
of the suspension cables.
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Figure 16. Installation of Metal Sealing Airbags on Suspender
Cables.

5.4. Using Ceramic Composite Insulation
Wraps as High-Temperature Thermal
Barriers for Main Cables and Hangers to
Enhance Cable Heat Resistance

On the inner side of the main cable’s dehumidification
system wrap, an additional layer of ceramic composite insu-
lation wrap is applied. High-temperature-resistant grouting
material is poured inside the anchor heads, and
high-temperature fire-resistant coatings are applied to the
exterior of the hanger anchor heads. For the section of the
HDPE outer layer of the hanger cables within 8 meters of the
bridge deck, the entire area is protected with ceramic com-
posite insulation wrap. This protective setup allows the main
cables and hangers covered with high-temperature-resistant
protection to withstand environments up to 1100°C. The sur-
face temperature of the cables does not exceed 300°C within
30 minutes and maintains fire resistance for over 3 hours.
Additionally, the hanger anchors can support loads for more
than 30 minutes at 300°C and 45% of their tensile strength,
greatly enhancing the disaster resistance of the cable system.
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Figure 17. High-Temperature Testing of Thin-Film Fire-Resistant Coatings and New Ceramic Composite Insulation Wraps.
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Figure 19. High-Temperature Mechanical Performance Testing.

The specific implementation plan is as follows: tape of the main cable.

1. Main Cable Protection 2. Cable Clips and Cable Sleeves

Protection Range: Main cables with a centerline height <8 Protection Range: Cable clips within 8 meters of the
meters from the bridge deck. bridge deck in the middle span.

Measures: Measures:

Add a layer of high-temperature protective wrap between Apply high-temperature resistant paint to the exterior sur-

the ®4 galvanized steel wires and the protective wrapping  faces of cable clips and clip bolt assemblies.
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3. Suspension Cable Protection

Protection Range: Lower end anchors and upper end an-
chors of suspension cables with a total length of less than 8
meters in the middle span.

Measures:

Use high-temperature anchoring material inside the an-
chors and apply high-temperature paint to the exterior of the
anchors.

Wrap the suspension cable surface with high-temperature
protective wrap and cover it with 2mm stainless steel pipe
(painted on the surface).

Install high-strength aluminum alloy airbag sealing devic-
es at both ends of the 2mm stainless steel pipe on the sus-
pension cable for effective sealing of the high-temperature
protection structure.

4. Cable Clips and Anchor Heads

Protection Range: 30 sets of cable clips and 264 suspen-
sion cable anchors.

Measures:

Apply expanding fire-resistant paint. The paint should be
suitable for outdoor use and provide good high-temperature
performance.

Main Construction Steps:

Mixing: Mix the high-temperature paint according to the
required ratio for outdoor use.

Painting: Apply the paint evenly to the surface of the
components manually.

Sanding: Use an angle grinder to sand and smooth the
paint layer, ensuring a smooth and defect-free surface.

5.5. Conducting Field Tests and Optimizing
Design Parameters

(i) Main Cable Steel Wire New Material Friction Test and
Optimization of Clamp and Scatter Saddle Bolt Arrangement
During the project design phase, there was limited experi-
ence with the application of zinc-aluminum alloy coated steel
wires. To verify whether the friction coefficient of p=0.15, as

Fixed End Fixture

recommended by the standards, is applicable to the materials
used in this bridge, a slip resistance friction test was con-
ducted between the cable clamps and the zinc-aluminum
alloy coated steel wires.

The test main cable consisted of 91 strands of 5-91
zinc-aluminum coated prefabricated parallel wire strands,
with a length of 6.5 meters. The inner surface of the test ca-
ble clamps was sandblasted (Sa3.0) and then coated with
arc-sprayed zinc, with a thickness of 200 microns. The test
was divided into two types: SJ1 and SJ5. The test cable
clamps and braking cable clamps were connected to the
loading-end fixture and the fixed-end fixture, respectively.
The non-cable-held section in the middle was shaped with
the assistance of a steel band. The assembled main cable had
SJ1 and SJ5 cable clamps installed on one end as braking
cable clamps, and an SJ1 cable clamp installed on the other
end as the test cable clamp. The test was conducted to deter-
mine the maximum slip resistance force of the SJ1 test cable
clamp and calculate the friction coefficient between the cable
clamp and the main cable.

The main steps of the test were as follows:

(1) Installation: Install SJ1 and SJ5 clamps at one end as
braking clamps and SJ1 at the other end as the test clamp.
Position the test clamp and fixture at the calibrated location
on the main cable, insert bolts and nuts, and place a small
pressure sensor under the nuts to measure bolt axial force.
Then, pre-tighten the bolts preliminarily.

(2) Initial Pre-tightening: Pre-tighten the bolts of the test
clamp to 20%-30% of the designed pre-tightening force, and
apply a pre-load to the test clamp to eliminate any instability
in the cable strands caused by wire bending.

(3) Final Pre-tightening and Loading: After unloading the
initial load, pre-tighten all bolts to the designed
pre-tightening force and leave them for 12 hours. Retighten
all bolts once more after allowing the bolt force to stabilize.
Finally, use a hydraulic cylinder to uniformly apply the
maximum load to the loading-end fixture.

Loading End Fixture

Brake Cable Clamp Type SJ5

Brake Cable Clamp Type SJ1
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Test Cable Clamp Type SJ1
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Based on the calculation method provided in Section 11.4
of the "Highway Suspension Bridge Design Code" (JTGT
D65-05-2015) for the slip resistance coefficient of cable
clamps [14], the formula used is: p=2.8-Pi/Fior. Through the

Figure 20. Anti-Slip Test Photo of Cable Clamp.

31.054kN_ 748.608mm
B Bl
1 N

[ et

tests conducted, the friction coefficient p\mup between the
cable clamps and the steel wires for this bridge was deter-
mined to be 0.22, which is higher than the standard value of
0.15.

Table 1. Anti-Slip Test Results of Cable Clamp.

Test Content Code Requirements
Maximum Slip Resistance (kN) /
The Friction Coefficient Between the

>0.15

Main Cable Wires and the Saddles

(i) Determining the Bearing Capacity of Pile Foundations
in Deep, Water-Rich Soil Layers in Seismic Zones Using the
Self-Balancing Method On-Site Testing [15-17].

Due to the influence of the near-field effects of active faults,
the vertical seismic forces on the bridge pile foundations are
significant, and the pile foundations are situated in deep,
water-saturated and unsaturated soil layers, leading to a
complex loading condition. A static load test is planned for

2180

Experimental Saddle SJ1 Experimental Saddle SJ5

>5201 >1789

0.228 0.222

one of the pile foundations beneath the Dali bank tower to
verify the pile's bearing capacity. The pile is a friction pile
with a length of 65 meters and a diameter of 2.2 meters, with a
single pile vertical bearing capacity of 20,000 kN. Based on
the pile arrangement under the bearing platform and the cur-
rent construction schedule, Pile No. 13 under the Dali bank
tower is selected as the test pile for in-situ testing to verify the
bearing capacity of the pile foundation after construction.
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Figure 21. Test Pile Layout for Cable-Stayed Tower.

The test uses the self-balancing method, which relies on
the principle of equilibrium achieved by the test pile's own
reaction forces. A single-layer (or multi-layer) load cell is

pre-embedded near the pile end or at a specific section of the
pile. During loading, the load cell generates end resistance
and upward side resistance below the load cell to counteract
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downward displacement. Above the load cell, downward side
resistance is produced to counteract upward displacement.
The reaction forces of the upper and lower pile sections are
equal in magnitude but opposite in direction, achieving
self-balancing loading for the test pile.

During the test, pressure is applied through a hydraulic
pump on the ground. As the pressure increases, the load cell
elongates, causing elastic (or plastic) deformation of the up-
per and lower pile sections, which gradually mobilizes the
pile side and end resistance. The pressure applied by the load

KL Reference frame
4 %
PC + Data logger / o Movement £
/ / i
C ) £
2
a

Sidn friction

cell can be measured using a pre-calibrated hydraulic pres-
sure gauge, while the displacement of the top and bottom
plates of the load cell is measured using pre-set displacement
rods or displacement wires with displacement sensors. This
allows for the measurement of two Q-S curves for the upper
and lower pile sections and the corresponding S-lgt curves.
By using a reasonable data equivalence conversion method
and bearing capacity determination method, the ultimate
bearing capacity of the pile foundation, as well as the distri-
bution of pile side and end resistance, can be determined.

—— = Bearing capacity of pile foundationend

Load (kN)

>- Bearmng capacity of pile foundation

Figure 22. Self - balanced method pile foundation bearing capacity test.

Principle: The load cell is designed based on the principle
of equilibrium between the reaction forces of the upper and
lower pile sections. The embedment elevation of the load cell
is calculated accordingly. For the test pile with a total length
of 65 meters, the load cell is placed at an elevation of 15.8
meters from the pile end. The load cell has a capacity of
2x13,500 kN. The static load test on the test pile is conduct-
ed after a curing period of 28 days for the drilled shafts. The
load increments for the test pile are applied in stages, typi-
cally ranging from 1/10 to 1/12 of the estimated maximum
load.

Field Installation: The main procedures include:

1) Pre-pouring Concrete for the Diversion Body: Pour

concrete inside the diversion body.

2) Welding Load Cell and Reinforcement Cage: Weld the

load cell to the reinforcement cage.

3) Additional Pipeline Arrangement: Arrange additional

pipelines as required.
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4) Lowering Reinforcement Cage: Lower the reinforce-
ment cage into position.

5) Underwater Concrete Pouring: Pour concrete underwa-
ter as needed.

6) Curing Protection: Implement protective measures
during the curing period.

Field Testing:

Once the pile's strength meets design requirements, the
pile soil's curing period adheres to regulatory standards, and
the pile's structural integrity is confirmed, the static load test
begins. The primary activities of the test include:

1) Incremental Loading: Apply loads incrementally, with
each load stage set at 1/10 of the maximum loading ca-
pacity, up to 1.2 times the allowable bearing capacity.

2) Incremental Unloading: Unload in stages, with each
stage removing 3 loads' worth of load values.

3) Displacement Monitoring: Use a slow-load mainte-
nance method for displacement observation. After ap-
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plying each load stage, measure displacement at 5, 10,
15, 30, 45, and 60 minutes within the first hour. Con-
tinue measuring every 30 minutes until displacement
stabilizes before proceeding to the next load stage.

Pour concrete into the holes successively and vibrate them tightly

4) Post-unloading Observation: After unloading to zero,
observe for at least 2 hours, with measurement intervals
similar to those during loading.

Oil pipe

\ Main reinforcement

Horn shaped steel bars

&ﬁnﬂp

Load cell

\'_ Horn shaped steel bars

= B

Figure 23. Schematic Diagram of the Test Loading Device for the Self-balanced Method.

Experimental Results:

The results of the test indicate that the 65-meter-long pile
foundation meets the design bearing capacity requirements
based on the parameters provided by geological drilling.
Since the test pile will be used as a permanent engineering
pile after the experiment, grout was applied to the load box
area post-testing. The grouting treatment does not affect the
vertical and horizontal load-bearing capacity of the pile.

6. Conclusion

The Taoyuan Jinsha River Bridge is a complex and tech-
nically challenging suspension bridge built in a mountainous
canyon, characterized by its proximity to active fault lines,
high seismic intensity, elevated reservoir water levels, and
deep cover layers [18]. In response to these adverse engi-
neering conditions, the project conducted extensive research
on the seismic performance of suspension bridge structural
systems in high-intensity near-field earthquake zones, key
technologies for suspension bridge anchor design,
high-temperature protection systems for bridge cables, and
anti-corrosion technologies. Targeted innovative technolo-
gies were proposed, validated, and summarized, forming the
key design technologies for the Taoyuan Jinsha River Bridge.
These insights provide valuable references for the construc-
tion of large-span bridges in complex mountainous environ-
ments.
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