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1. Introduction

Piles are columnar elements in a foundation which have the function of transferring load from the superstructure through weak compressible strata or through water, onto stiffer or more compact and less compressible soils or into rock. Basically, piles can be classified into three types, namely large displacement, small displacement and non-displacement.

Micropiles are defined as piles having a diameter of less than 300mm. Generally, they range in shaft diameter from 50 to 300mm, with working loads in the range of 50 to 500kN. Micropiles consist of top anchorage system, a slender steel member which may make up of one or more high yield bars and restrained by cement grouted body formed by a predrilled shaft. Micropiles are non-displacement piles. A non-displacement pile is formed by removing a column of soil and replacing with the pile material. Cement grouted body will act as the protection against the reinforcing bars and as the medium to transfer the load, either in compression or tension onto the load bearing stratum.

The advantages of using micropiles are:

· Able to penetrate through shallow rock & boulders.

· Able to work in areas of limited headroom / close to existing buildings (300mm).

· Minimal noise and vibration.

The main disadvantages of micropiles are expensive and the site will tend to be messy.

Micropiling works in areas with adjacent existing buildings, railways and road require careful soil movement monitoring. Site condition such as surface movements, subsurface deformations, in-situ earth and pore pressure, water table level, etc are to be measured regularly. This is very important when dealing with viaducts and underground tunnel. Some common geotechnical instrumentation are inclinometer, piezometers, surface settlement markers, tilt plates and continuous vibration monitoring.

In order to confirm that the design and formation of the chosen pile type is adequate, a pile load test is employed. Pile load tests give information on the performance of the pile, installation problems, lengths, working loads and settlements.

A proposed micropiling works project for a new pedestrian bridge across Telok Blangah Road is to be case studied for this report. The table below shows the working load for each micropile. (Total nos. of pile = 51)

Pile Reference
Micropile size (dia)
Safe Working Load (kN)
Max. Lateral Load per pile (Unfactored)






P1 to P24
300mm
750
265kN

P25 to P32
250mm
500
265kN

P35 to P40A
300mm
1000
265kN

P41 to P46
250mm
1000
265kN

P47 to P50A
200mm
500
265kN

2. Preliminary Works

A new pedestrian overhead bridge is being constructed across Telok Blangah Road linking HarbourFront Tower One to Seah Im Hawker Centre. This is to replace the existing overhead bridge. This bridge is a pre-stress pre-cast concrete bridge with the entire length aluminum roofing.

The main challenges of this project were:

· To design piles which fell within 1st and 2nd reserve line of North-East MRT line. Thus, the designer must make sure no stress shall be induced onto the underground or transition structure.

· To monitor the vertical or horizontal pressure on the rapid transit system underground structures during piling progress. As required by LTA, the vertical or horizontal pressure on the rapid transit system underground structures shall not be increased by more than 15kPa due to construction activities.

· To plan the proper layouts of piles to suit the existing services, e.g. drainage, telecom pipe, power gas and electrical cable.

· To overcome the low and limited head room cause by the existing semi-expressway

· To work within the congested site condition cause by heavy traffic flow and limited working area. The proposed site is very near to an existing bus bay which has a very high human traffic volume.

After the judicious initial design, and a flexible and responsive construction effort, the micropile with casing debonding was to be deployed as foundation system to support the bridge and its paraphernalia. The reasons being it was able to:

· Minimize noise and ground vibrations, which are critical considerations. Micropiles can be an effective alternative to large diameter bored piles or driven piles.

· Minimize stress that was induced onto the underground structures.

· Overcome site constrain e.g. headroom clearance, restricted access or piling close to existing structure.

· Carry high compressive loads.

2.1. Site Investigation

A site investigation is a study of the environment and the ground conditions required for any engineering or building structures. It is a process by which geological, geotechnical, topographical, social, environmental, economic and other relevant information are collected and analyzed.

2.1.1. Soil Condition

From the survey and soil investigation report (bored log), the subsoil condition of this site consist of many filled layer of soft to firm and very loose to very dense gravel-sand-silt-clay mixtures occasionally with decomposed timber and granite chips varying in thickness form 2m to 8.5m.

The top filled layer is underlay with moderate weak to weak siltstone from 8.5m to 13m. 

Finally, the siltstone is underlay with completely weathered sandstone formed the uppermost layer from 13m to 18.5m. (End of borehole). This sandstone occurs in completely weathered.

A bore log is shown in Fig. 2-1.

2.1.2. Trial Pit

Trial pit is used where only shallow depth is to be investigated. In this project, five 4m x 4m x 2m trial pits were excavated to identify and detect services which are serving nearby development, such as electrical cables, water mains, and telecom pipes. The location of the excavated trial pits is shown in Fig 2-2.

2.1.3. Submission to Relevant Authorities

As some of the piles fall within the 1st and 2nd reserved line, clearance from the Development & Building Control department of LTA must be obtained before commencement of construction works.

Beside LTA, diversion works for existing services also require approval from relevant authorities, e.g. PUB, NEA, and N Park.

3. Construction Sequence

Basically, the micropiles used for this project are categorized into 3 main types:

i. Micropile with Double Debonding.

ii. Micropile with Single Debonding.

iii. Micropille without Debonding.

A layout plan showing the application of these piles is shown in Fig. 3-1.

3.1. Grout Mix

The proposed micropiles were cast by Ordinary Portland Cement grout. 

A 200ml of Conplast SP430 was used as additive per one bag of cement. The reasons for using this high performance superplasticing admixture are:

· To provide excellent acceleration of strength gain all early ages and major increases in strength at all ages by significantly reducing water demand in a concrete mix.

· To significantly improve the workability of site mixed without increasing water demand.

· To provide improved durability by increasing ultimate strengths.

The cement grout was mixed in a water/cement ratio of not exceeding 0.45 and not allowed to remain in the mixer longer than 45 minutes.

In order to ensure that the grout was clean and free from any lumps, all cement grout was to be filtered before pumping into the borehole. All water used for mixing must be fresh and clean.

During the grouting process, 2 sets of 100x100x100mm test cubes were to be prepared for testing. Each set of 3 test cubes was tested at 7th day and at 28th day. The minimum compressive strength of cement grout cube must achieve 35N/mm2 on the 28th day.

3.2. Fabrication of Reinforcement

The fabrication of reinforcement was prepared on site. Centralisers were fixed at 3m c/c interval to ensure that the bars were spaced at required spacing.

PVC spacers were provided to ensure sufficient cover between the reinforcements and the side wall of the hole.

The standard mechanical couplers were used to joint the main reinforcements.

The table below shows the required reinforcements for each micropiles.

Pile Reference
Micropile size (dia)
Reinforcements



Main Reinf.
Links

P1 to P24
300mm
4T28
R6-150c/c

P25 to P32
250mm
4T28
R6-150c/c

P35 to P40A
300mm
4T40
R6-100c/c

P41 to P46
250mm
4T40
R6-100c/c

P47 to P50A
200mm
4T32
R6-100c/c

3.3. Micropile With Double Casing Debonding (24 nos.)

This group of piles fell within the 1st MRT reserve. As required by LTA, the stress from the foundation of any structures constructed within this reserve should not be allowed to be transmitted to the underground structure. This is because the existing MRT underground structure was not designed to take or to resist any excessive stress due to adjacent development. Any additional stress induced will cause the lateral movement to the existing MRT underground structure. Therefore, the control of movement is very crucial to the MRT underground structure as any displacement to the said structure will result in the track line being derailed.

Fig 3-8 defines the limit of the zone of influence, 1st reserve and 2nd reserve of Rapid Transit System underground structure.

To ensure that stress from the foundation of the structures was not induced on the MRT underground structure, separation layers between the piles and soil must be introduced. In other words, these piles are debonded. Pile debonding can be done by applying two layers of Bitutene 3000 preformed self-adhesive bitumen polythylene membrane onto the surface of the inner casing.

For double debonded piles, another outer steel casing is deployed. Such arrangement with an annular space between the inner and outer casing increase the effectiveness in preventing the stress transmission. The annular space is usually filled up with bentonite slurry. This is a LTA requirement to stabilise the soil around the casing as any space or void unfilled might cause soil movement. Such movement if occurred will have significant impact on the MRT underground structure.

The table below shows the details of each double debonded micropiles (24 nos).

Pile Reference
Micropile size (dia)
Working Load (kN)
Penetration Depth (m)
Debonding Length (m)
Minimum Socketing in Rock (m)

P1
300mm
750
28.00
13.60
8.00

P2
300mm
750
28.00
13.00
8.00

P3
300mm
750
28.00
12.60
8.00

P4
300mm
750
28.00
13.00
8.00

P5
300mm
750
28.00
13.85
8.00

P6
300mm
750
28.00
14.50
8.00

P7 
300mm
750
28.00
14.80
8.00

P8
300mm
750
28.00
14.40
8.00

P9
300mm
750
28.00
15.90
8.00

P10
300mm
750
28.00
15.80
8.00

P11
300mm
750
28.00
15.70
8.00

P12
300mm
750
28.00
15.60
8.00

P13
300mm
750
28.00
16.50
8.00

P14
300mm
750
28.00
16.50
8.00

P15
300mm
750
28.00
16.70
8.00

P16
300mm
750
28.00
16.80
8.00

P17
300mm
750
28.00
10.80
8.00

P18
300mm
750
28.00
10.70
8.00

P19
300mm
750
28.00
10.50
8.00

P20
300mm
750
28.00
10.00
8.00

P21
300mm
750
28.00
9.20
8.00

P22
300mm
750
28.00
8.80
8.00

P23
300mm
750
28.00
8.90
8.00

P24
300mm
750
28.00
10.00
8.00

The construction sequence of double casing debonding method is indicated in Fig 3-9 to 3-16.

3.4. Micropile With Single Casing Debonding (9 nos.)

This group of piles fell between the 1st and 2nd MRT reserve. The stress transmission to the MRT underground was not as critical as those piles which fell within the 1st reserve.

Pile foundations may generally be constructed within this reserve subject to the following LTA’s requirements:

· The clear distance between the pile and the Rapid Transit System underground or transition structure shall generally be greater than 6m or five pile diameter whichever is greater.

· The piles shall be designed so that they are debonded within the zone of influence of the Rapid Transit System underground or transition structure and develop all their load either in shear or end bearing from soil located below the zone of influence of Rapid Transit System underground or transition structure.

· Piles shall generally be constructed by augering or reverse circulation drilling techniques and the stability of the ground ensured by use of casing and drilling mud as appropriate.

· The used of percussively driven concrete piles. Steel H-piles, sheetpiles or tanalised timber piles are not acceptable.

Thus, micropiles with single casing debonding by bitumen membrane were to be deployed to overcome all these constraints.

The table below shows the details of each single debonded micropiles (9 nos).

Pile Reference
Micropile size (dia)
Working Load (kN)
Penetration Depth (m)
Debonding Length (m)
Minimum Socketing in Rock (m)

P25
250mm
500
23.00
10.10
7.00

P26
250mm
500
23.00
10.10
7.00

P27
250mm
500
23.00
9.10
7.00

P28
250mm
500
23.00
9.10
7.00

P28A
250mm
500
23.00
9.60
7.00

P29
250mm
500
23.00
10.00
7.00

P30
250mm
500
23.00
9.90
7.00

P31
250mm
500
23.00
8.90
7.00

P32
250mm
500
23.00
9.00
7.00

The construction sequence of single casing debonding is indicated in Fig 3-18 to 3-23.

3.5.  Micropile Without Debonding (18 nos.)

This group of piles fell outside of the MRT reserve. Therefore, no debonding is required. Conventional method was used to construct these piles.

The table below shows the details of each non-debond micropiles (18 nos).

Pile Reference
Micropile size (dia)
Working Load (kN)
Penetration Depth (m)
Minimum Socketing in Rock (m)

P35
300mm
1000
22.00
13.00

P36
300mm
1000
22.00
13.00

P37
300mm
1000
22.00
13.00

P38
300mm
1000
22.00
13.00

P39
300mm
1000
22.00
13.00

P40
300mm
1000
22.00
13.00

P40A
300mm
1000
22.00
13.00

P41
250mm
1000
22.00
13.00

P42
250mm
1000
22.00
13.00

P43
250mm
1000
22.00
13.00

P44
250mm
1000
22.00
13.00

P45
250mm
1000
22.00
13.00

P46
200mm
1000
22.00
13.00

P47
200mm
500
17.00
8.00

P48
200mm
500
17.00
8.00

P49
200mm
500
17.00
8.00

P50
200mm
500
17.00
8.00

P50A
200mm
500
17.00
8.00

The construction sequence is indicated in Fig 3-25 to 3-30.

3.6. Pile Caps Construction

Apart from the simple situations such as domestic dwellings, or where large diameter piles are employed, piles are not usually used singly but are formed into a group or cluster. The load is distributed over the heads of the piles in the group by means of a reinforced cast in-situ pile cap. To provide structural continuity the reinforcement in the piles is bonded into the pile cap; this may necessitate the breaking out of the concrete from the heads of the piles to expose the reinforcement. The heads of piles also penetrate the base of the pile cap some 100 to 150 mm to ensure continuity of the members. 

Piles should be spaced at such a distance so that the group is economically formed and at the same time prevent an interaction between adjacent piles. Actual spacing must be selected upon subsoil conditions but the usual minimum spacing are:

· Friction piles: 3 pile diameters or 1.000 m, whichever is greater.

· End bearing piles: 2 pile diameter or 750 mm, whichever is greater.

The plan shape of the pile cap should be as conservative as possible and this is usually achieved by having an overhang of 150 mm. The Federation of Piling Specialists have issued the following guide table for suitable pile cap depths, having regard to both design and cost requirement:

Pile diameter (mm)
300
350
400
450
500
550
600
750

Depth of cap (mm)
700
800
900
1000
1100
1200
1400
1800

The typical pile cap detail of this project is shown in Fig 3-56.

4. Geotechnical Instrumentation And Monitoring Works

As the proposed construction and installation of micropiles were within MRT reserves, thus geotechnical instrumentation and monitoring were required to protect the MRT structures and tracks from lateral and vertical movement of the soil that may be caused by the deep drilling and vibration.

The instrumentation includes:

· Inclinometer

· Piezometers

· Surface settlement markers

· Tilt plate

· Continuous vibration monitoring

The locations of the geotechnical instruments are presented on Fig. 4-1.

4.1. Inclinometers

Inclinometers are used to monitor the subsurface movements of earth in landside areas and deep excavations. These are also used to monitor the deformations in structures, such as dams and embankments.

Inclinometer casing is typically installed in a vertical borehole that passes through the suspected zones of movement into the stable ground. The inclinometer probe, control cable and pulley assembly and readout unit are used to survey the casing. The first survey established the initial profile of the casing. Subsequent survey reveals the changes in the profile if the ground movement occurs.

During the survey, the inclinometer probe was drawn upwards from the bottom of the casing to the top, halted in its travel at 0.5m interval for tilt reading.

The inclination of the probe body is measured by two force-balanced servo-accelerometers. One the accelerometer measures the tilt in the plane of the inclinometer wheels, which track the longitudinal grooves of the casing. The other accelerometer measures the tilt in the plane perpendicular to the wheels.

Inclination measurements are converted to lateral deviations. Changes in the deviation, determined comparing current and initial surveys indicate ground movement. The ground movements were plotted against the depth. The plot of changes in deviation yields high resolution displacement. Displacement profiles are useful for determining the magnitude, depth and direction and rate of ground movement.

4.1.1. Installation

Pre-assembly

i. Aligned the inclinometer casings alongside each other and coupling are fixed to one end of the tube with the aid of an alignment rod.

ii. Fixed an end cap to the bottom tube.

iii. Riveted all joints a, sealed with silicon sealant and wrapped with vinyl tape.

iv. Cleared the borehole of debris, measure the depth and filled with cement-bentonite grout.

Installation Process

i. Fitted the bottom casing with end cap is lowered into the bored hole.

ii. Slid down the next length of the casing until it sits on the previously lowered casing. The coupling tubes were jointed using as alignment rod.

iii. Riveted the joint and sealed with a water-resistant and vinyl tape.

iv. In case the casings become buoyant, water was poured into the casing to weight them down.

v. Repeated step (ii) to (iv) until the casing reach the base of the hole.

vi. Checked orientation of grooves and make sure one pair of grooves is in the direction of major movements.

vii. Cemented the top surface around the casing to form the hard surface for monitoring purpose. The initial reading was taken approximately 48 hours after the time of installation.

viii. Placed a cap and protective box over the inclinometer opening to prevent disturbance.

4.1.2. measurement

i. Connected the spiral sensor to an inclinometer cable and readout was lowered to the bottom of the casing.

ii. Recorded spiral readings were recorded at 0.5m/1.0m/1.5m interval as the sensor was drawn to the top of the casing.

Results were displayed in arc minutes. In a full spiral survey, the sensors were drawn through the casing four time with the orientation change four times with a change of 90 degrees each time.

4.2. Piezometers

Piezometers are used to measure any possible changes in pore-water pressure and effect of negative pore-water pressure due to construction activities. The piezometer is sealed into the boreholes and embedded in fills to measure pore-water.

4.2.1. Installation

i. Drilled boreholes to the required depth.

ii. Lowered down the casings to the depth of borehole.

iii. Raised the steel casing by 500mm.

iv. Backfilled bottom of borehole with 500mm washed concrete sand. Ensured the bottom of the borehole steel casing was not plugged by raised the borehole steel casing as plugging using bentonite or sand filling progresses.

v. Lowered piezometer tip into borehole to required depth. Observed marker. Monitored readings before sand backfilling and sealed with bentonite pellet.

vi. Raised steel casing by 1m. Ensured that piezometer tubing does not follow. Checked for any cave-in.

vii. Backfilled further with 500mm of clean sand. Checked sand depth and casing length. Ensured that there is sufficient clearance between top level of sand backfill and bottom of steel casing.

viii. Fed bentonite pellets slowly into borehole using the 6m length of 75mm (outer diameter) PVC pipe. Fed in layers of 200mm; withdrew PVC pipe and compacted bentonite pellets with compactor.

ix. Checked depth.

x. Repeated steps (viii) and (ix) until 1m of bentonite seal is obtained.

xi. Withdrawn steel casing further and backfilled with 3m of bentonite pellets.

Record the reading after completion of the backfilling. Piezometer was used to measure pore-water pressure and effects of the negative pore water pressure due to construction activities. Any changes in pore water pressure can cause settlement of the nearby structures to occur. Piezometer helps engineer to control placement of fill and predict slope stability. They are used in geotechnical, environment and hydrological applications.

Piezometer can be sealed in a borehole, embedded in fill, or fixed in a standpipe. 

4.2.2. Measurement

When a reading is required, a pneumatic indicator with supply of nitrogen gas is connected to the tubing at the surface. The indicator sends gas down the input tube. Gas pressure on the diaphragm increases. Gas pressure becomes greater than the water pressure and forces the diaphragm away from the vent tube. Gas then escape through the vent tube to the surface.

At the surface, the operator observes a return flow gas and shuts off the gas supply. Gas pressure in the piezometer tip decreases until the diaphragm is again forced against the vent tube, preventing further escape of gas.

At this point, gas pressure in the piezometer and tubing equals the water pressure on the other side of the diaphragm. The operator obtains a reading from the indicator’s pressure gauge, which is connected to the input tube.

4.3. Settlement Point

Surface and building settlement would provide single point measurement of settlement that may results due to the ground excavation and foundation construction.

4.3.1. Installation

i. Drilled a hole into the floor or building to be monitored.

ii. Filled the hole with mortar or epoxy cement and steel survey nail is inserted.

iii. Allowed sufficient time for mortar to harden before taking the initial reading of the settlement point.

4.3.2. Measurement

The subsequent monitoring of settlement points were taken on a daily basis during foundation excavation and construction and thereafter on weekly basis till the entire construction works were completed.

4.4. Tilt Plates

Changes in tilt can occur when nearby construction activity affects the ground that supports the structure. Portable tiltmeter is used to monitor the changes in the inclination of a structure. Tiltmeter data can provide an accurate history of movement of structure and early warning of potential structure damage. The typical application includes:

· Monitoring rotation caused by mining, tunneling, soil compaction or excavation

· Monitoring rotation of concrete dams and retaining walls.

The tiltmeter includes tilts plates, the portable tiltmeter and a readout unit. The portable tilemeter uses a force-balance servo-accelerometer to measure inclination.

4.4.1. Installation

i. Marked the location to be installed.

ii. Mounted the tilt plates on the structure in specified location.

iii. Ceramic tilts plates were bonded to the structure.

iv. Bronze tilt plate can be bonded or screwed to the surface.

4.4.2. Measurement

To obtain tilt readings, the operator connects the tiltmeter to the readout unit and positions the tiltmeter on the tilt plate. With the (+) marking on the sensor base plate aligned with peg 1. the operator then notes the displayed reading, rotates the tiltmeter 1800, and obtains a second reading.  Later, the two readings were averaged to cancel sensor offset.

Changes in tilt were found by comparing the current reading to the initial reading. A positive value indicates a tilt in direction of peg (peg 1 down, peg 3 up). A negative value indicates a tilt in direction of peg 3.

The metric tiltmeter and indicator deliver a resolution of 8 arc seconds or 0.004mm of movement over 101mm base of the tilt plate. The English tiltmeter and indicator deliver a resolution of 10 arc seconds or 200 micro-inches of movement.

4.5. Vibration Monitoring

Ground borne vibration from sources such as blasting, piling, machinery or road/rail traffic can be a source of concern for occupants of building in the vicinity. The concern leads to a need to assess the effect of the imposed vibration on the building structure to ascertain whether damage could occur.

The measuring of vibration includes the following instrumentation:

· Transducer

· Data recording system

In general the transducer would consist of a tru-axial sensor which records the vibration in three directions namely vertical, longitudinal and transversal. The equipment to be used is Minimate Plus III series a product of Insnatel International. The data recording system will consist of a processor, which will record the above measurement and record them in the system.

4.6. Schedule of Monitoring

The schedule of monitoring below will be followed for instrument monitoring over the entire construction period.

Type of Instrument
Monitoring Frequency


During Excavation /  pile foundation works
During Structural Construction Period

Inclinometer 
Once a week
Nil

Piezometer
Once a week
Nil

Settlement Markers
Once a week
Nil

Tilt Plates 
Once a week
Nil

Vibration Monitoring
Continuous
Nil

4.7. Result of Monitoring

The following result of monitoring was obtained in Feb 2004.

Type of Instrument
No. of Instrument
Alert Level
Suspension Level
Latest Result of Monitoring
Unit of Result
Remarks

Inclinometer
I-1
37
50
3.03mm at 1m
Max. dis (mm)
Slight movement was observed in the B direction only.


I-2
37
50
3.08mm at 2m
Max. dis (mm)
No significant movement.











Tilt Plate
T-1
0.082
0.1146
-0.003
Total tilt (degree)
Small degree of tilting observed.


T-2
0.082
0.1146
-0.009
Total tilt (degree)
Small degree of tilting observed.









Vibrating Wire Piezometer
VWP-1
8 kPa
10 kPa
2.328
Pressure (kPa)
Slight increased in pore water level was observed.


VWP-2
8 kPa
10 kPa
2.522
Pressure (kPa)
Slight increased in pore water level was observed.









Settlement Plates
SP1-SP29



(mm)
All settlements falls within the normal range of –3mm to 2mm.









Vibration Monitoring
VM-1



(mm/s)


Over the sensor trigger value of 0.5mm/s, no event was recorded.

5. Pile Load Test (Kentledge System)

A pile loading test is the best means of ascertaining the bearing capacity of a pile, for in a pile loading test the pile is subject to an actual static load like it would under a completed structure. 

Although it is expensive, a pile loading test program is essential at every site. The number of loading test for a given site may vary depending upon the number of piles installed, the variation in the soil stratum, and the success with which the piles are installed

A pile under test may be loaded in various ways. Direct loading with dead weights, known as Kentledge, is undesirable since it is troublesome and costs more to vary the imposed load as required in pile test. Also, to balance well the heavy kentledge on a small pile cap is hardly possible.

By using a hydraulic jack reacting against the dead weights which are separately supported, the quantity of load acting on a pile can be readily adjusted. This method is commonly employed in Singapore. In place of kentledge, a steel water tank is sometimes used.

A test pile may be loaded by jacking against a horizontal beam attached to adjacent anchor piles spaced at a sufficient distance from the test pile in order not to interfere with its carrying capacity.

Anchor piles are generally used for high capacity test piles as it becomes increasingly cumbersome to introduce immense dead weights.

A pile under test may be either a working pile or a non-working pile.

A working pile is one which after a pile loading test forms a permanent part of the foundation of the structure. By its definition, a working pile cannot be tested to ultimate failure, but is tested to a load equal to its working load multiplied by a factor of safety which ranges from 1.5 to 2.5.

A non-working pile is a pile especially installed at the site as near to but outside the proposed floor area, and tested to destruction to obtain its ultimate bearing capacity. A factor of safety of 3 is usually adopted arrive at the working load.

The settlement criterion also has to be satisfied. For a working pile, it is usual to specify under the full test load the acceptable limits for:

· Residual or permanent settlement

The permanent settlement denotes the settlement the test pile has undergone after the test load has been removed. The amount of permanent settlement indicate the degree of plastic behavior in the soil supporting the pile

· Total settlement

Total settlement is the settlement of pile under the full test load.

The loading of a test pile is carried out in stages, and the load is applied in four more increments to its maximum. At each increment of load, the settlement versus time characteristic is noted until no settlement takes place. The next load of increment is then applied and so on. This process is repeated when unloading. A complete pile loading test takes 7 –10 days.

The working load test pile which was used for case studied (pile marked P14) is characterized with a diameter of 300mm and penetration length of 30.3m from existing ground level. It was subjected to a maximum test load of 150ton, 2 times the working load and carried out in 2 cycles.

5.1. Instrumentation

Jacking system consisting of Jack with hydraulic set up and pressure gauge, to measure the applied load.

Reaction system consisting of longitudinal and lateral steel beams, concrete blocks or steel sections for kentledge.

Measurement system consisting of dumpy level set for measuring the settlement with leveling machine and Dial gauges mounted on the beams and pile head for measuring settlement at specified locations.

5.2. Loading Test Preparation

Piles finished at a low level may require extension and sleeving off to bring pile head to a suitable level. The extension length shall be carefully made as for a structure member.

The pile head was squared off and capped with a 25mm thick steel plate and welded into place. Reference plates for settlement measurements were clamped or welded to the top of the pile.

The Kentledge comprised of concrete blocks or steel sections of various sizes. The supporting concrete blocks were placed well away from the test pile. A distance from the face of the test pile 1.0m is be considered as the minimum.

A number of longitudinal beams, which span over the pile were used to transfer the load from the Kentledge to the pile head via transverse loading beam.

The maximum load on the pile should be such that there is no possibility of lifting the Kentledge, hence the calculated weight of the Kentledge and the beams are slightly higher than the maximum load on the test pile.

5.3. Method of Measurement

Dial gauges and Optical level were used in the measurement of settlement. Dial gauges were placed at the reference places to measure the settlement directly. Two fixed datum were used as a reference in the optical leveling. Both the reference points and the pile head were fitted with scales of reading to 0.5mm accuracy. The applied load was measured by the pressure gauge mounted on the hydraulic jack.
The test arrangement is shown on the Fig. 5-1.

5.4. Pile Loading Programme

The static load test was carried out by applying the test load in stages in such a way that the load at each stage is being maintained for a minimum period of 1 hour or until the equilibrium is reached, whichever is greater. Equilibrium shall mean a rate of settlement not exceeding 0.1mm in 20 minutes.

When the test load had reached 2 times the working load, this test load was remained in place for a minimum period of 24 hours or until the equilibrium was reached, whichever is greater. The equilibrium means a rate of settlement not exceeding 0.15mm in 1 hour. The test load was removed in not less than four decrements with intervals of not less than 1 hour.

The increment and decrement schedule is shown as below:

Day 1

Time
Load Stage
Tonnage

0955

0% of WL
0.0 

1000
Load to
25% of WL
18.8

1100
Load to
50% of WL
37.5

1200
Load to
75% of WL
56.3

1300
Load to
100% of WL
75.0






Day 2

Time
Load Stage
Tonnage

Maintain for a period of 24 hours

1400
Unload to
75% of WL
56.3

1500
Unload to
50% of WL
37.5

1600
Unload to
25% of WL
18.8

1700
Unload to
0% of WL
0.0






Day 3

Time
Load Stage
Tonnage

0955

0% of WL
0.0 

1000
Load to
25% of WL
18.8

1100
Load to
50% of WL
37.5

1200
Load to
75% of WL
56.3

1300
Load to
100% of WL
75.0

1400
Load to
125% of WL
93.8

1500
Load to
150% of WL
112.5

1600
Load to
175% of WL
131.3

1700
Load to
200% of WL
150.0






Day 4

Maintain for a period of 24 hours






Day 5

Time
Load Stage
Tonnage

0955

200% of WL
150.0

1000
Unload to
175% of WL
131.3

1100
Unload to
150% of WL
112.5

1200
Unload to
125% of WL
93.8

1300
Unload to
100% of WL
75.0

1400
Unload to
75% of WL
56.3

1500
Unload to
50% of WL
37.5

1600
Unload to
25% of WL
18.8

1700
Unload to
0% of WL
0.0






Day 4

Final reading






5.5. Loading Test Result

The results obtained are summarized in the table  and load vs settlement curve below.
Test Load
Average Dial Gauges Reading
% Recovery


Total Settlement (mm)
Residual Settlement (mm)


75 T (100% of WL)
6.405
0.130
98.0%

150 T (200% of WL)
15.685
1.820
88.4%
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As per project specifications, the maximum settlement under test load maintained at 2 times the working load should not exceed 20mm, and the residual settlement should not exceed 10mm.

At 1 times the working load, the maximum settlement during loading and residual settlement after load removal recorded from load test was 6.405mm and 0.130mm respectively.

At 2 times the working load, the maximum settlement during loading and residual settlement after load removal recorded from load test was 15.685mm and 1.820mm respectively.

From the results obtained, the test pile was deemed to have sufficient structural and geotechnical capacity to achieve the design working load capacity.

.

6. Conclusion
Micropiles can be defined as bored piles with small diameters, which derived their main strength capacity from the structural steel core. The sizes of micropiles adopted in this project were 200mm, 250mm and 300mm. All piles were to be reinforced with 4 nos. of high tensile bars. 

Many factors were considered when selecting an appropriate foundation system for this project. The factors considered were as follows:

· Minimal noise and ground vibration being the most critical.

· Alternative piling system to overcome site constraints, such as headroom clearance, restricted access and piling close to existing structures.

· Capable of carrying high compressive load.

As the overhead bridge was constructed across the existing underground MRT structure that falls within the Railway Protection Zone, technical requirements had to be fulfilled to protect the said underground structure. The micropiles were treated with different type of debonding method depending on it’s distance away from the edge of underground structure. After much consideration, the piles are grouped into three types:

· Micropiles with double casing debonding (24 nos) – within 1st reserve

· Micropiles with single casing debonding (9 nos) – within 2nd reserve

· Micropiles without debonding (18 nos) – outside 2nd reserve

Soil movement was closely monitored when dealing with underground MRT structure in this project. Instrumentation like inclinometer, piezometer, settlement points, tilt plates and vibration station were installed to measure lateral movement, pore water pressure, vertical ground movement, inclination of existing structures, and vibration respectively.

The main objective of using test pile is to confirm that the design and formation of the chosen pile type is appropriate. The kentledge method was employed in this project. This method uses a hydraulic jack reacting against the dead weights which are separately supported. The amount of load acting on the test pile can be readily adjusted. In order to pass the loading test, the residual / permanent settlement and total settlement must be within the specified acceptable limits.

“Piling is both an art and a science. The art lies in selecting the most suitable type of pile and method of installation for the ground conditions and the form of the loading. Science enables the engineer to predict the behavior of the piles once they are in the ground and subject to loading.”

M.J.Tomlinson
Department of Building


National University of Singapore
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