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ABSTRACT: With the rapid development of ultra-high voltage power grid, plenty of transmission
towers are built on soft soil area and the foundation of tower should be designed for economical and
security reasons. The mechanism and application of the new micropiles foundation are discussed,
which have many advantages in design and construction stage, such as accurate calculation, loading
transfer clearly, convenient installation, easily installment within confined spaces and cost reduc-
tion. Traditional large-diameter pile foundation is a main way on soft soil layer in the past fifty
years. By mechanism analysis, some disadvantages had been achieved and the kind of foundation is
Inadaptable in many engineering site. By a ultra-high voltage power grid project, the transmission
tower foundation is designed using the two differential methods and the fouandtion plans had been
drawn and quantities comparison analysis had been conducted. Some meaningful conclusions
proposed which can provide areference for similar project.

INTRODUCTION

Soft soil area accounts for a large area of our country, especially in the economic developed area,
such as southeast of China. Now with the rapid development of national economy of China, the
Y ellow River delta plain economy obtained the swift and violent development and the power infra-
structure investment isincreasing in recent years. As China's most young land, the soil layer of Yel-
low River delta is softer and more liquefiable than other area in Shandong province. Referring to
silt and silt soil, soft soil is the late quaternary in the coastal areas of littoral facies, lagoon facies,
delta facies and drowned valley, inland plains and mountainous area of lake facies and shock pluvi-
al swamp equal hydrostatic or very slow deposition, water environment and formed by the bio-
chemical effect of saturated soft clay. Composition and state of the soft soil is determined by its
formation environment.

Generally the soft soil is given priority to with grey of the appearance, natural void ratio is greater
than or equal to 1.0, and the natural water content is greater than the liquid limit of fine grained
soils. The mechanical properties characteristics of soft soil are high natural moisture content and
void ratio, high compressibility, low shear strength, low coefficient of consolidation, high sensitivi-
ty and disturbance of consolidation, poor permeability, soil layers distributed complex.Since it
formed in the water which is not unobstructed, still water basin which is saturation of oxygen, this
kind of soil is mainly composed of clay and silt of tiny particles.

For transmission line tower foundation in soft soil foundation, according to the geological condi-
tions, usually adopt reinforced concrete raft foundation, pile foundation forms, etc. Transmission
line tower foundation in soft soil area should not only meet the requirements of bearing capacity,
but also to meet the total settlement and uneven deformation of foundation. In general, the higher
cost of foundation construction on soft soil ground, the quantity is larger.Therefore, in the design of
the tower foundation in soft soil foundation, it is reasonable to adopt the new type, the basis of the
work isin order to reduce the construction difficulty and reduce damage to the natural environment,
reduce the project cost at last.

Ultra-high voltage power grid is refers to a 1000 kv transmission network backbone network frame,
ultra-high voltage grid and the grid and ultra high voltage dc high voltage direct current transmis-
sion and distribution network composed of hierarchical, partition, clear structure of modern power
grid. Its prominent feature is the large capacity, long distance transmission and at present, the Chi-
nese to devel op ultra-high voltage transmission technology independent innovation and independent
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research and had fully mastered the key technology of ultra-high voltage construction, including the
steel tower group, tension stringing, substation foundation construction and substation main equip-
ment installation and so on. The engineering construction will go through soft soil area of Yellow
River delta in the province of shandong and the new type foundation of micropile should be re-
searched in thisthesis.

CHARACTERISTICSAND APPLICATION OF MICROPILE

Pile foundation is consisted and connected with the pile and pile cap on the top of pile. As an an-
cient type of pile foundation, pile foundation technology has experienced thousands of years of de-
velopment process. Both material and type of pile, pile driving machinery and construction method
has a great development and formed a modern infrastructure system. With the development of pile
foundation, micropile technology had been invented and developed by Murthy et al. 2002. The min-
lature pile diameter less than 300 mm in general, generally refers to pile slenderness ratio of more
than 30 small diameter pile type. The kind of pile was put forward by the Italian f. lizzi in the 1950s
by, and developed by Fondedile company first. Of late, technological advancement in machinery
has made it possible for micropile of much greater diameters to be constructed.

In the past micropile was only used when the ground conditions warranted it because of considera-
tions on cost and speed by Juran et al. 1999. Micropile is slow because of the drilling and flushing
process, it might takes minutes or hours to complete. But the trend is such, micropile is now gaining
greater popularity and getting wider acceptance because of the requirement to comply with no noise
and low vibration regulations, expecialy in congested environments. These micropiles can extend
to depths of 200 feet and can take loads as small as 3 tons or as high as 200 tons.

Generally, micropiles are applicable when there are problems with using conventional deep founda-
tion systems by Dash & Pise (2003). These problem conditions include: obstructions, adjacent
structures, limited access job sites, and other shaky areas like caves, sinkholes, underground riv-
ers. For example, micropiles are commonly the preferred foundation choice in the challenging are-
asthat feature nearby buildings and difficult access.

Micropiles are an ideal pile for complex sites where low vibration or low noise levels are required
by Moayed & Naeini (2012), or where limited access such as low headroom and drilling is difficult.
Other site conditions that make micropiles attractive are: obstructions, large cobbles or boulders,
nearby sensitive structures, karst topography or high groundwater conditions. The unique character-
istics of micropiles make them a perfect solution when other deep foundation methods are not suit-
able.

The advantages of micropiles are shown as follows:

(1) Creates apilewith arelatively high axial load capacity

(2) Works in compression and tension

(3) Lightweight rotary percussive equipment can be used

(4) Easily installed within confined spaces

(5) No harmful vibrations or noise to surrounding structures

(6) Minimal spoil generation on contaminated sites

Based on those advantages, the applications of micropile are extesive, such as:

(1) Structural Support of Directly Loaded Piles

(2) New Foundatiions

(3) Underpinning of Existing Structures

(4) Seismic Retrofitting

(5) Reinforcement for Slope Stabilization and Settlement Reduction

(6) Support of Excavation - Soldier Piles

(7) Permanent Retaining Walls

The application pictures of micropiles are shown as Figurel and Figure 2. It can be seen that the
application of micropile is very extensive and more complex engineering problems had been
solved by Tan et al. 2000. The United States and some European countries have developed a minia-
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ture pile special components, and formulate the corresponding standards. These components are not
only improves the miniature pile construction technology and its reliability has been improved sig-

nificantly.

Figure 1. The application of micropile as soldier piles of excavation support
So far, the micro piles were used in more than 3000 engineering projects. Today, micro pile is ac-

cepted by the engineering field and the pile type is considered to be valuable, especialy in the case
of foundation reinforcement and strengthening, but the research on micro pileis still less.
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Figure 2. The application of micropile as underpinning of Existing Structures

FOUNDATON SCHEME COMPARISON

One large-span tangent tower for ultra-high voltage power grid is selected for foundation scheme
comparison. Traditional foundation is large-diameter piles, which is constructed by drilling ma-
chine to drill a hole, and casting of concrete pile in the hole. In this scheme comparison, the large-
diameter pile and micropile are studied and analyzed. According to a real project, calculation and
comparison analysis are conducted and shown as follows:
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Large-diameter pile foundation: the diameter of pile is 1200mm and the length is 25m. According
to geotechnical investigation report and design code, the bearing capacity of the pile is reached
2000kN. The plan of pile foundation is shown as Figure 3.
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Figure 3. The plan of pile foundation
Micropile foundation: five micropiles are designed in each column of tower. The diameter of mi-
cropile is 220mm and cement mortar strength is C30, which bearing capacity is reached to 400kN
with the length of micropile is 23m. Five cushion cap are designed in this project and the layout
plan is shown as Figure 4-5.
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Figure 4. The plan of miropile foundation
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cusion cap
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Figure 5. The The vertical section of micropile foundation

The comparison of bill of quantities is conducted. Through the comparison, the quantities of con-
crete and steel of micropile foundation is smaller than reinforced concrete large-diameter pile foun-
dation, only little of cement paste and gravel are needed. On the whole, the micropile foundation is
superior to pile foundation and get more and more used in engineering.

Compared with the general foundation on soft soil ground form, micropile foundation can effective-
ly reduce the engineering quantities, reduce the construction difficulty and the base covers. Minia-
ture pile construction cost compared with the general foundation form on soft soil foundation is
low, especially suitable for as the foundation of the tower on soft soil foundation and has broad ap-
plication prospects.

FURTHER RESEARCH PROBLEMS

Bearing capacity of micropile foundation calculation need to consider the limited bearing capacity
of single pile and pile group effect, but is very difficult to determine the pile group effect coefficient
because the pile group effect coefficient changed with the pile diameter, pile spacing, pile length,
pile numbers and pile caps set mode. Considering pile group effect, will make the results of calcula-
tion micropile bearing capacity more reliable and makes engineering design more economic and
reasonable.

The influence of the single pile and pile group foundation bearing capacity and resistance to capsiz-
ing induced by first and secondary grouting is qualitative description and had not been fully re-
searched. So grouting effect researc should be conducted and solved the selection of grouting mate-
rial, determine the form of grouting, grouting process, grouting pressure and grouting quantity.
Therefor the studies can provide strong technical support for promotion and application of the mi-
cro piles and had strong theoretical and practical significance.

The complexity of micropile structure makes it uplift, press and horizontal tipping load pull aone
or combination of micropile foundation under the action of pile caps, and the interaction between
pile and soil of law and its working characteristics parameters become very complex, and eventual-
ly lead to the theoretical calculation of difficulties, especially composite inclined pile foundation
under the action of lateral horizontal force stability against overturning calculation problem is par-
ticularly prominent.

CONCLUSIONS

In this paper, the characteristics and application of micropile had been discussed. With the construc-
tion of ultra-high voltage power grid, more and more power transmission tower will be build in soft
soil area. Based on a project a Yellow River delta, the quantities of two kind of foundation had
been achieved and comparison analysis shows that the micropile has more advantages and should
be extensively applied in the future.
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