GROUND ANCHORS

STRESSING AND TESTING



TYPICAL ANCHORAGES SYSTEM

2.20 length

2.20.1 fixed anchor length, The designed length of the
anchorage over which the tensile load is capable of being
transmitted to the surrounding ground, (see figures 19
and 22).

NOTE. This may be the same as the tendon bond length,

2.20.2 free anchor length. The distance between the
proximal end of the fixed anchor and the anchor head.

2.20.3 apparent free tendon length, is calculated from the
load/elastic displacement data following testing, (see 11.2.9)
to indicate the length of tendon which is apparently fully
decoupled from the surrounding ground or grout.

2.20.4 encapsu n bond length. The overall length of
the outer perimeter of the encapsulation, which is bonded
to the surrounding grout in the case of a protected
anchorage.

2.20.5 shaft length. The length of grout filled hole in front
of the proximal end of the fixed anchor. The grout is often
placed prior to stressing and therefore is capable of
mobilizing resistance to withdrawal.

2.20.6 free tendon length. The designed length of the
tendon that is decoupled from the surrounding ground
or grout during stressing.

NOTE., During the initial stressing operation, the free tendon length
may be gxtended by the stressing length, depending on the type of

2.20.7 tendon bond length. The length of tendon that is
bonded directly to the grout and capable of transmitting
the applied tensile load.
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Encapsulation

(b) Typicat anchorage in soil with fixed anchor protection

Figure 1. Ground anchorage nomenclature {continued)
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ULTIMATE LOAD CAPACITY OF ANCHORAGE

» Dependent on the followings factors:
» definition of failure;
» mechanism of failure;
» area of failure interface;
» ground properties mobilized at failure interface;

» stress conditions acting on the failure interface at
the moment of failure.



TYPES OF ANCHORAGES

» Anchorage types refer

» to anchorage pull-out capacity for a
given ground condition is dictated by the
anchorage geometry.

» The transfer of stresses from the fixed
anchor to the surrounding ground is
influenced by construction technique,
particularly the grouting procedure, and

» to a lesser extent the method of drilling
and flushing.

» BS8081 defines 4 anchorage types

(a) Type A (b} Type B (c} Type C d) Type D

Figure 4. Main types of cement grout injection anchorage




TYPES OF ANCHORAGES

» Type A anchorages:

» most commonly employed in rock and very
stiff to hard cohesive soils (commonly
used for anchored retaining wall system in
Malaysia).

» consists of tremie (gravity displacement)
grouted straight shaft boreholes, which
may be temporary lined or unlined
depending on hole stability.

» Resistance to withdrawal is dependent on
side shear at the ground/grout interface.
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Figure 4. Main types of cement grout injection anchorage




TYPES OF ANCHORAGES

» Type B anchorages

» Most commonly employed in weak fissured
rocks and coarse granular alluvium, but also
popular in fine grained cohesionless soils.

» Consist of low pressure grouted boreholes via a
lining tube or in-situ packer (typically grout
injection with pressure <1000kN/m?2).

» Dia. of the fixed anchor is increased with
minimal disturbance as the grout permeates
through the pores or natural features of the
ground.

> Resistance to Withdrawal iS dependent on Side Figure 4. Main types of cement grout injection anchorage
shear, but an end bearing component may be

included when calculating the ultimate
capacity.



TYPE OF ANCHORAGES

» Type C anchorages

» Commonly applied in fine cohesionless
soils with some success in stiff cohesive

soils.

» Consist of boreholes grouted to high
pressure (typically > 2000kN/m?), via
lining tube or in situ packer, creating an
enlarged fixed anchor length.

» Fixed anchor length is enlarged by
hydrofracturing of the ground mass to give
a grout root or fissure system beyond the
core diameter of the borehole.

» Resistance to withdrawal is assumed
uniform shear along the fixed anchor.
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TYPE OF ANCHORAGES

» Type D anchorages

» This type is employed most
commonly in firm to hard cohesive

soils,
» consist of tremie grouted boreholes
in which a series of enlargements,

either bells or underreams, have
previously been formed.

» Resistance to withdrawal is
dependent on side shear and end

bearing.
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TYPE A ANCHORAGE DESIGNS

6.2.3.2 Type A anchorages. Far such anchorages, designs
are based on the assumption of uniform bond distribution
(Coates 1970), (Fargeot 1972), (Littiejohn 1972),
(Mascardi 1973) and (White 1973). Thus the puil-out
capacity of the fixed anchor Ty, in kN, is estimated

from equation (1):
Ti =1 DL Ty, (1)
where:
T,i¢ is the ultimate bond or skin friction at rock/grout
interface (in kN/m?);
D is the diameter of fixed anchor (in m);
L is the length of fixed anchor (in m).



TYPICAL LOAD TRANSFER MECHANISM OF ANCHORAGE

Grouted Grout or resin Free length sheath
borehole
= _ S s
T e T ==
Corrugated encapsulation Load transfer Single or multi-unit
surface length tendon

(a) Encapsulation with full length tendon load transfer



ANCHORAGE COMPONENTS

7-Wire Strands: 12.9mm, 15.2mm dia. commonly Used

Anchor Bracket & Metal Trumpet
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TYPICAL DOUBLE PROTECTION_QF BOND | ENGTH

HDPE Corrugated Ducting & PVC Protective Sleeve

Outer sheath

HT steel
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Plastics cemented

Plastic Spacers and Centralizers

Enlarged view Z7-7

Enlarged view X-X

NOTE 1. For double protection it is essentia! that the polyester resin does not crack
NOTE 2. if grout within corrugated sheath is cement based, then tendon bond length has only single protection.

Figure 19. Typical double protection of bond length of strand tendon using a single corrugated sheath and polyester resin




TESTING (clause 11

» The testing procedures and acceptance » The BS standard required three
criteria of ground anchorage complies in (3) classes of tests to be
accordance with BS8081:1989 - “Code of performed on the anchorage as
practice for ground anchorage”, follows:

On-sit ing tests,
» BS8081:2015 (Aug.31,2015 release), > On-site proving tests

Clause 11.2
» BS8081:2015 +A1:2017 (latest) - Refer as > on-site suitability tests,
Clause 11.3, and
“Code of practice for grouted anchors” > on-site acceptance tests,
Clause 11.4.

» Stressing of the ground anchors shall only
be allow to commence once the
compression tests on grout cubes of 100mm
have achieved at least 30 Mpa grout

compressive strength.



PROVING TESTS (Clause 11.2)

» Proving tests may be required to demonstrate or
investigate to the designer, in advance of the
installation of the working anchorages,

» the quality and adequacy of the design in relation
to the ground conditions and materials used in the
assembly, e.g. tendons, anchor head assembly,

» the levels of safety that the design provides , e.g.
factors as load capacity, load extension behaviour,
relaxation and creep.

» ldeally tested to failure.

» Carry out when detailed ground conditions are not
known or prior experience of anchoring does not
exist, or in some cases where previous anchorage
knowledge is available.



ON-SITE SUITABILITY TESTS (clause 11.3)

» On-site suitability tests provided in the contract are
required to prove the suitability of the anchorages
for the condition on site, may be applied to
anchorages to be used in the works, or may be
additional anchorage if allow in the contract.

» The anchorage used for the test should be constructed
in exactly the same way and located in the same
ground as the working anchorages and should be used
as reference anchorages against which the
performance of the working anchorage can be judged.

» At least the first 3 anchorages should be subjected to
suitability tests with further tests for each category of
anchorages envisaged in the works. Category includes

o Geometry, e.g. vertical or inclined
o Ground type, e.g. clay, gravel or rock
o Load capacity.

» The period of monitoring should be sufficient to ensure &2
that the prestress or creep fluctuation stabilize within
tolerable limits.




ON'SITE ACCEPTANCE TESTS (Clause 11.4)

» On-site acceptance tests are carried
out on all anchorages in the works

» to demonstrate the short term
ability of the anchorage to support
a load that is greater than the
design working load, and

» To demonstrate and assess the
efficiency of load transmission to
the fixed anchor zone.

» To compare the short term result
with those obtained from on-site
suitability tests that provide a guide
to longer term behaviour.




STRESSING EQUIPMENT (clause 9, 10.6.2)

» Hydraulic jacks

>
>

>

commonly used are multi-strand type.

Should be capable of tensioning the tendon to not less than
80% of its characteristic strength and proof tested to at least
110% of its rated capacity.

should be initially calibrated by the manufacturer, and re-
calibrated at the commencement of the project.

supplied with a calibration certificate for inspection at least
every year using properly design test equipment with an
absolute accuracy not exceeding 0.5% and the test records
should tabulate the relationship between the load carried by
the jack and the hydraulic pressure when the jack is in the
active mode with load both increasing and decreasing.

» Load cells

>
>

>

Should be robust and properly protected for site work.

should be provided with calibration certificates and should be
employed in the range 10% to 100% of its rated capacity.

Should be calibrated after every 200 stressings or after every
60 days use, whichever is more frequent, or yearly to provide
an absolute accuracy of not exceeding 0.5%.

Load read-out or recording instruments should be calibrated
with actual cable to be used on site.

The instrument should be provided with input voltage
indicators, whether mains or battery operated.

» Pressure gauge with hydraulic pumping unit

>

should be calibrated initially against dead
weight equipment or the equivalent, properly
design for the works.

supplied with a calibration certificate for
inspection.

Should be calibrated either after every 100
stressings or after every 30days, whichever is
the more frequent, against properly maintained
gauge or whenever they have been subjected to
shock.

Pumping unit should be rated to operate through
the pressure range of the stressing jack.

Pumping unit on which the gauge is mounted
should not be more than 5m from the jack and
reasonably free from vibration.

Maximum capacity of pressure gauges should lie
within the range 80% to 160% of the
characteristic strength of the tendon. i.e. about
1,270kN to 2,550kN for 700kN anchorage.




ANCHORS STRESSING EQUIPMENTS
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TES

» Some common terms used in the testing

ING (Clause 11)

include:
» Maximum Load = normally 80% of the

characteristic strength (for proof load test)
Lift-off-Load = minimum load at lift-off test.

Residual Load at lock-off = load remaining in
the anchorage (110% of working load)

proof load = maximum testing load (150%
working load of permanent ground anchorage)

Check-lifting or “lift-off” test
Working Load = safe load of the anchorage

2.21 load
2.216_ lift-off load, The minimum load monitored during

a restressing operation that permits a locking nut to turn
on a bar tendon or provides a clearance or lift (see 10.6.3.2)

in the case of awire or strand tendon.

2.21. 2l ock-off load. The load transferred to the anchor
head immediately on completion of a stressing operation.
2.21. proof load. The)maximum test load to which the

anchoragé rifetTéd during the initial stressing phase.

2.21.4 proof load factor. The ratio of proof load to
working load (see table 2).

2.21.9 residual load. The load remaining in the anchorage *
' vice,

at any ti B LI T el

2.21.¢ working load. Dhe safe load (T, ) of the anchorage.

2.22 mechanical anchor. A mechanical device attached to
the distal end of a rock bolt which, when expanded against
the sides of the borehole, generates friction to provide
restraint for the tensile load.




TESTING (clause 11)

» Anchorage testing includes;

1) Load-Displacement Test - cyclic loading and unloading

» Method 1: Plotting of Load-Displacement Data and observation of
load loss at proof load, OR

» Method 2: Plotting of Load-Time Data and observation of shortening
of anchor head due to load loss at proof load.

2) Monitoring of at Residual Load
» Method 1: Rate of Prestress Loss, OR
» Method 2: Rate of Displacement.
3. Calculation of Apparent Free Tendon Length Limits

» Main aims;

1. to tension the tendon and to anchor it at its secure load,

2. to ascertain and record the behavior of the anchorage so that it
can be compared with the behavior of control anchorages.



TESTING - (1) Load-displacement Test clause 11.2.5, 11.3.3, 11.4.3

» Proof load is taken as 150% T, (for on-site

>

suitability test and on-site acceptance tests), for
e.g. 700kN or 70tons working anchorage shall be
1,050kN or 105tons.

But for “Proof load test” it is taken as 80% of the
characteristic strength of the tendons.

» Load-displacement test.

» Load-displacement data should be plotted
continuously over the range 10%T,, to 150%T,, with
load increments not greater than 50%T, where
displacements are being carefully monitored.

» During unloading, displacements at not less than
two load increments, in addition to the datum,
should be measured, preferably at one third points
with respect to the proof load.

» (Refer Table 13, 14 and Fig. 31, 32 for proof load
tests)

» (Refer Table 17 & Fig. 35 for on-site suitability
tests);

» (Refer Table 18 & Fig. 36 for on-site acceptance
tests).

>

Each loading stage in the 15t cycle should be held
only for the time necessary to record the
displacement.

But held for at least 1min for each stage loading
in the 24, 3rd cycle and further cycles as requires,
the displacement shall be recorded at the
beginning and end of each period.

At proof loads, this period extended to at least
15min with an intermediate displacement reading
at bmin.

On completion of the final cycle, reload in one
operation to 110% T, and lock-off. Reread the load
immediately after lock-off to establish the initial
residual load using Check-lift or lift-off test.

This moment represents zero time for monitoring
the load displacement-time behavior to be used
for further monitoring of the Residual Load
compliance.



TESTING - Recommended Loading Increments and Minimum period of
Observation (Proof load tests)

Table 13. Recommended |oad increment!- and minimum periods of
observation for proving tests on anchorages where the ground 15 1§
conditions are not known, or prior experience of anchoring does 80 R L
not exist
oad incremen inimum ' "
oxd e b - ::riod of 10 1
st 2nd 3id 4th 5th Bth Tthand | observation
cycle cycle cycle cycle cycle cycle E;:m 60, ‘ 15 . 1 1 / j
! 1 [
a0 % % % % % % % min 1 1 1 '
5 |5 |5 (5 |65 5 |5 |1 . §0——— ="
- 10 |2 |3 |4 |50 |60 |70 1 & f
70 15 |26 |35 |45 |55x 65 |75 | 1 o 1 /
20 |3 |40 |50 |60: |70x |80 |15 ® od—tL Yy / ‘
15 |20 |3 |4 |40 50 |50 1 a /
60 0 |10 |15 |20 |20 30 |3 | 1 8 1/ 1 1 ! 1
L S 1 5 5 5 5 5 5 5 1 - 304—F—F—4
» 50 ! :" ! NOTE. Itis r Jed that load-displ it results should be plotted 1 1
L“ 1 as the test proceeds. In this way it should be pessible at an early stage to Z 0 o4 —
= ——— observe trends and, in particular, the yield of the fixed anchor as failure
= 40 15 /1 1 approaches. /
= Ve : - o o /
=] Table 14. Recommended load increments and minimun ) A /
8 15 It 1 ; . k
30 - periods of observation for proving tests on anchorages
where previous anchorage knowledge is available 0
20 15 i ! 7 Load increments (% fo,) :lfinimum period Displacement, mm ‘
1 observation
1 MR M Fioure 32. Recommended load increments and |
10- 11 1 — . minimum periods of observation for proving tests ‘
S y % | % min on anchorages where previous anchorage knowledge |
0 1; 32 : is available
Displacement, mm 20 40 1 NOTE. As an alternative use figure 35 whare T, is known,
30 50 1
Figure 31. Recommended load increments and | a0 60 1 Proof load can taken as 80% of the
minimum periods of observation for proving tests on 50 70 1 ..
anchorages where the ground conditions are not fg gg 115 characteristic Strength of tendon, for e.g.
known or prior experience of anchoring does not exist 20 10 . .
5 0 : 700kN or 70tons working anchorage with 6 no.
NOTE. As an siternative use table 17 where T, is known, 7-wire strands shall be about 1,200kN.




TESTING - Recommended Loading Increments and Minimum period of
Observation (On-site suitability and on-site acceptance tests)

5 15

15

150
1601
130
1204
1104
100

90+
804
70+
60+

Load, % T,

50
b0+
304
20

10

Figure 35. Recommended load increments and minimum

Displacement, mm

periods of observation for on-site suitability tests

Table 18. Recommended load increments and
minimum periods of observation for on-site

acceptance tests

Temparary anchorages

Permanent anchoragas

Minimum

load incrament load incremant period of
1% Tl [% Tl obsarvation
1st load 2nd load | 1st load 2nd load
cycle® cyele cycla* cycla
% % % % min
10 10 10 10 1
50 50 50 50 1
100 100 100 100 1
125 125 150 180 15
100 100 100 100 1
50 50 50 50 1
10 10 10 10 1

* For this load cycle, there is no pause other than that
necessary for the recording of displacement data.

Table 17. Recommended load increments and
minimum periods of observation for on-site
suitability tasts
Temporary anchorages| Parmanent anchorsges | Minimum
load incremant load increment period of
(% Tu) (% Tyl observation
1st loead 2nd and 1st load 2nd and
cycla® 3rd load cycla® 3rd load
cycles cycles

% % % % min

10 10 10 10 1

50 50 50 50 1
100 100 100 100 1
125 125 150 150 156
100 100 100 100 1

50 50 50 50 1

10 . 10 10 10 1
* For this load cycle, there % no pause other than that
necessary for the recording of displacement data.
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Figure 36. Recommended load increments and minimum
periods of observation for on-site acceptance tests

« Proof load is taken as 150% T, (for on-site suitability test and
on-site acceptance tests), for e.g. 700kN or 70tons working
anchorage shall be 1,050kN or 105tons.

« Commonly adopted incremental test loadings and unloadings are
20%, 50%, 100%, 150%, 100%, 50% and 20%.



TESTING -at Proof Load Stage clause 11.3.4, 11.4.4

» (Method 2) Displacement-time data

» As an alternative, the proof load can

» (Method 1) Proof load—time data
» If the proof load at 150% T, has not

reduced during the 15 min by more
than 5% after allowing for any
temperature changes and movements
of the anchored structure, the
anchorage may be deemed to be
satisfactory with this clause.

If a greater loss of prestress is
recorded, the anchorage should be
subjected to 2 further proof load
cycles, and the behavior recorded.

If 5% criterion is exceeded on either
cycle, the proof load should be
reduced to a value at which
compliance can be achieved, and the
anchorage may be accepted as a
lower capacity as appropriate.

De

be maintained by jacking, and the
anchor head displacement monitored
after 15min.

If the creep is less than 5% Ae, the
anchorage may be deemed to be
satisfactory.

If a greater displacement is
recorded, the anchorage should be
subjected to 2 further proof load
cycles, and the behavior recorded.

Similarly, if 5% criterion is exceeded
on either cycle, the proof load
should be reduced to a value at
which compliance can be achieved,
and the anchorage may be accepted
as a lower capacity as appropriate.

Initial residual load X free tendon length

Area of tendon X elastic modulus of tendon



TESTING - at Residual Load Stage ciause 11.3.6, 11.4.6

(Method 1) Residual load-time data.

>

>

At residual load, load-time data shall be monitored at 5min,15min
and 50min, commencing at 110% T, and continuing for 10 days (for
on-site suitability test), with observation period as given in Table
15 and using either load cell or pressure gauge.

Where the load has not attained a constant value after allowing for
temperature, structural movements and relaxation of the tendon,
the test shall be extended by monitoring at 7days intervals,
approximately, for a period of up to 30 days or until the load
becomes constant, whichever is the lesser period.

Reading within 1st 1500min or 25hrs should only be carried out
using the monitoring equipment such as load cell that has a
relative accuracy of at least 0.5%.

The rate of loss from initial residual load should reduce to 1% or
less per time interval for the observation periods given in Table 15.

Note: If the rate of load loss exceed 1% for on-site acceptance test
after 50min monitoring, further readings may be taken for
observation up to 10 days.

If after 10 days, the anchorage fails to hold, the anchorage should
be deemed not to comply.

Table 15, Acceptance criteria for residual

load-time behaviour

Period of obsarvation

Parmissible lows
of load (% initisl
residual load)

min
5

15
50
150
500°
1500 (approx. 1 day)
5 000 (approx. 3 days)
15 000 (approx. 10 days)

|m-4mm-hwh;_.*

* 500 min reading is not observed in routine practice.




TESTING - at Residual Load Stage ciause 11.3.6, 11.4.6

» (Method 2) Residual Displacement-time data.

>

At residual load, displacement-time data may be monitored at
5min,15min and 50min commencing at 110%Tw and continuing for 10
days (for on-site suitability test), with observation period as given in
Table 16 and using dial gauges and a steel rule.

Where the displacement has not reached a constant value after
allowing for temperature, structural movements and relaxation of
the tendon, the test should be extended by monitoring at 7days
intervals, approximately, for a period of up to 30 days or until the
displacement becomes constant, whichever is the lesser period.

Restressing or constant load methods may be used to monitor the
displacement at initial residual load.

The rate of displacement should reduce to 1%Ae or less per time
interval for the observation periods given in Table 16.

where 1% Ae is the displacement equivalent to the amount of tendon
shortening caused by prestress loss of 1% initial residual load.

Note: If the rate of load loss exceed 1% for on-site acceptance test,
further readings may be taken for observation up to 10 days.

If after 10 days, the anchorage fails to hold, the anchorage should be
deemed not to comply.

Table 16. Acceptance criteria for
displacement-time behaviour at residual load

J

Pariod of obssrvation Permissible displacement
{% of elastic extension A,
of tendon at initial residual
load)

min %

5 1

15 2

50 3

160 4
500" 5
1500 (approx. 1 day) 6
5 000 (approx. 3 days) 7
15 000 (approx. 10 days) 8

* BO0 min reading is not observed in routine practice.

Initial residual load X free tendon length

Area of tendon X elastic modulus of tendon




TESTING - Apparent Free Tendon Length

AE A

» The apparent free length of the tendon may be
calculated from the load-elastic displacement curve
over the testing range - 10% T, to 150% T, (or
proof load).

Where;

» Elastic modulus can be obtained from the
manufacturer’s mill certificate.

» Apparent Free Tendon Length Limits

11.2.12 Apparent free tendon length limits. The apparent
free tendon length calculated in accordance with 11.2.9

1] should be not less than 90 % of the free length'intended in
the desian nor more than the intended free length plus 50 % 2
of tendon bond length intended in the design or 110 % of 3
the intended free tendon lenath, The latter upper limit
takes account of relatively short encapsulated tendon bond
lengths and fully decoupled tendons with an end plate or
nut {see figure 34) (see also M.11 for discussion on
permanent displacement of fixed anchor where ground
anchorage is subjected to cyclic loading during service).

Where the observed free tendon length falls outside the

limits, a fuTt-I"E two load cycles up to the proof load
should be carried out in order to gauge reprod ucibility of

the load-di
consistantly in an elastic manner, the anchorage need not

he_ahandaned (see M.6 and appendix H}.

Load =% fbu

Apparent free tendon length = T

At = cross section area of the tendon
Es = manufacturer's elastic modulus for the tendon unit
Ae = elastic displacement of the tendon monitored at peak cycle load

minus the displacement at datum load, after allowing for
structural movement

- _—

= peak cycle load minus datum load 1

Upper Limit

tendon bond length

\ D\esiqn free length

90 % design free length

X
\

\

10 %% design free length, or
esign free length plus S0°9%

\

Lower Limit

0 \.
e X

1

Axg ]

Ax,

—

Dispiacement of ftendon

Ax v

at anchor head

A X,

A x g,

Elastic
displacement

Permanent
displacement

Figure 34. Acceptance criteria for displacement of tendon at anchor head



TYPICAL MILL CERTIFICATE OF PC STRANDS

Mill Test Certificate
PSEERIRTOE

Southern PC Steel Sdn Bhd (55573-U)
No 5 Jalan Utas 15/7, Seksyen 15,
40200 Shah Alam, Selangor, Malaysia | : ?

£ Southem Stex

Custemer Information WIJAYA DAYA SDN BHD Delivery To  WIJAYA DAYA SDN BHD Certificate No 300000PS704
LOT NO. 4-7, 8TH FLOOR, LOT NO. 4-7, 8TH FLOOR,
WISMA DAMAI POINT WISMA DAMAI POINT
88300 LUYANG, SABAH 88300 LUYANG, SABAH
Date Of Issue 10.06.2013
Product Description PC STRAND 15.24MM PL FL LHL . PO’No POB7
SO No 4030500620
Size 15.24 MM ) - Delivery Order No 8030503805
Specification ASTM A416/A 416M-2010 LOW RELAXATION L/C No
Container No Quantity / No of Colls 9,804 MT 7 3
Mechanical Properties
Batch No/ No | Diameter | Section Area | Breaking | Y/Strength [0.2% Proof Total Modulus | Relax loss
Load 1% Load Elengation | Elasticily
(mm) (mm2) (kN) (kN) (kN) (%) _(kN/mm2) (%)
B308500079 16.23 140,00 274.50 251.40 257.00 530 195.10 3.15
B3095D0081 15.23 140,00 274,50 24710 254.00 530 103.80 3.15 AN
8309500082 16.22 140.00 273.60 245.60 252,00 6.00 191.50 3.15




TESTING - Assessment of Anchorages On-site Suitability Test

» The anchorage should be deemed satisfactory
provided that the test results obtained from
the on-site suitability tests for selected
anchorage are in accordance with

>

Clause 11.2.12: Apparent free tendon length
limits.

Clause 11.2.13: Rate of prestress loss,

Clause 11.2.14: Alternatively, rate of
displacement of anchor head,

Clause 11.3.4: Proof load-time data - proof load
not reduced after 15min observation.

OR Clause 11.3.5: Displacement load-time data
at maintained proof load, creep should be less

than 5% Ae after 15min observation.

Clause 11.3.6: Residual load-time data -
permitted rate of load loss limited to 1% at 5min,
15min, 50min, 150min, 500min, 1day, 3days,
10days period of monitoring.

» OR Clause 11.3.7: Displacement-time data at
residual load - rate of displacement should
reduce to 1% Ae or less per time interval for
observation periods 5min, 15min and 50min,
150min, 500min, 1day, 3days, 10days period of
monitoring.

» Clause 11.2.15: Corrosion protection, and

» Clauses 11.4.10 : Recommendation on
Interaction of anchorage (only for closed
spaced fixed anchorages e.g. less than 1Tm
apart)

» Note: If load has not attained a constant
value after 10 days, further monitoring may
extend up to 30days at 7 days intervals.

» Note:- If the anchorages that are to be used
in the works and, on satisfactory completion
of the on-site suitability test, the cumulative
relaxation or creep has exceed 5% initial
residual load or 5%A,, respectively, the
anchorage should be restressed and lock-off
at 110% Tw or the required design preload.



TESTING - Assessment of Anchorages On-site Acceptance Test

» The anchorage should be deemed satisfactory » Note: if rate of load loss exceed 1% OR rate
provided that the test results obtained from the of displacement exceed 1% Ae , further
on-site acceptance tests for ALL anchorage are monitoring may extend up to 10days.
in accordance with (Refer Table 15)

» Clause 11.2.12: Apparent free tendon length limits. » Note: If the “Load-time data” or
» Clause 11.3.2: Achieved maximum proof load 150%Tw, “Displacement-time data” testing is

without load cell, each reading should be
taken at least 3 times and results averaged
in order to minimize errors, particularly
where a re-stressing operation is involved.

» Clause 11.3.4: Proof load-time data - proof load not
reduced after 15min observation.

» OR Clause 11.3.5: Displacement load-time data at
maintained proof load, creep should be less than

5%Ae after 15min observation.

» Clause 11.4.6: Residual load-time data - rate of load
loss should reduce to 1% at 5min, 15min and 50min
monitoring period.

» OR Clause 11.4.7: Displacement-time data at residual

load - rate of displacement should reduce to 1% Ae or

less per time interval for observation periods 5min,
15min and 50min.



On-site Suitability Tests

On-site Acceptance Tests

To be tested in advance on selected
anchorage (minimum 3 nos., additional for

differing type, ground condition, capacities,
Inclination etc..).

To be tested in all anchorages except those
already tested for on-site suitability test.

Load-Displacement Test - 3 minimum cyclic
loading (from 10%/20% to 150%) and unloading
test from 150% to 20%/10%),

Observation period at start, Tmin, 5min and
15min.

Load-Displacement Test - 2 minimum cyclic
loading (from 10%/20% to 150%) and unloading
test from 150% to 20%/10%),

Observation period at start, Tmin, 5min and
15min.

(1) If proof load reduce by more than 5% in
15min; OR

(2) If displacement of anchor head exceed 5%
of the Ae in 15min;

Then, carry out 2 further proof load cycles
and record its elastic behaviour.

(1) If proof load reduce by more than 5% in
15min; OR

(2) If displacement of anchor head exceed 5%
of the Ae in 15min;

Then, then investigate and record diagnosis,
abandon the anchorage if cannot achieved
the required proof load.

If 5% criterion doesn’t exceed, then proceed
with the apparent free tendon length
calculation.

If 5% criterion doesn’t exceed, then proceed
with the apparent free tendon length
calculation.




On-site Suitability Tests

If apparent free tendon length falls outside
the limits, carry out further 2 cycles up to
proof load and observe its elastic behaviour.

On-site Acceptance Tests

If apparent free tendon length falls outside
the limits, carry out further 2 cycles up to
proof load and observe its elastic behaviour.

If anchorage behave elastically, proceed to
residual load/time test for 5min, 15min and
50min and continue to 10days, may be
extended upto 30 days at 7days intervals if
load/time or displacement/time has not
attained a constant value. (Prefer to be
monitored with load cell of 0.5% accuracy)

If anchorage behave elastically, proceed to
residual load/time test for 5min, 15min and
50min, may be extended for 3 days or if
necessary upto 10days if load/time or
displacement/time has not attained a
constant value. (Can be monitored either with
load cell or dial gauges of 0.5% accuracy )

Check rate of prestress loss or rate of
displacement falls within allowable limits or
not, then either

(1) carry out creep test, if required

(2) accept the anchorage or

(3) reject the anchorage.

Check rate of prestress loss or rate of
displacement falls within allowable limits or
not, then either

(1) abandon and replace or

(2) reduce capacity or

(3) restress the anchorage




ON-SITE SUITABILITY TEST SAMPLE
RECORDS



GROUND ANCHOR STRESSING RECORD  (FORM GATRIRn.3 |I_1-pe of Tesi: ON-SITE ACCEPTANCE TEST | ) OR ON-SITE SUITABILITY TEST( 4 ) ‘ Calculate APPARENT FREE TENDON LENGTH:

[PROJECT Pembaikian Cerun Jalan Penampanz-Tambunan-Keningau-Tenom, Pakej 2C [ LOAD - DISPLACEMENT FLOT * Design load, T,,= 700kN,
* Proofload, T,= 1050kN (150% T
lsLorE o - maisser | ANCHOR NO.: BP-49 JLELELNO - 13 [DATE - 14/4/2012 7 p ( w)
— - - —~ ——— | 100% * Bond length, L= 6.30
= - ond length, L,= 6.30m,
Design Working Logf (Tw)  : 700 BN NDia OfStmnd (Ds) /. M mm \ Tendon LenzgffLt) - 2500 m .
Specifisd Preload (ko) . 300 B |BreaOfSmamd(As) [ 140 mm® \  |BordLlensi{(lb) - 630 m 0% * Free length (Stressing), L= 17.81m,
Proof Load (150% of¥e) 1050 E33A Nos. Of Smands (Ns) | 6 mos. ) [Freelenmh(d 1718 m . =L—-L —-L =25.00-6.30-0.89'm
Angle Of chmaton 01 dez | Elastc Moduls (E5) \ 00 KNmoy Diesipn Free Lenpi——diullsr?|  120% le=li-L L : AE 'E N }A
Displacement Measurement System - By Steel Buler. N_[ Jack TspssTapacity - RHE 1508/150 tons | - al A tf | e ex SXNSXAS
Load Measurement Syst : ANEE (F. . ==Load Cell (L.C.) [Tes] F100% ,=' pparentiree leng - (ATCL) x1000
*E fFactive Ram : MBS ey 5371 (in’)  *Carrelated Factor 18 (psiper KN} i‘ v
lgad Cell Ref NONG_ 1120210 [ **Gauge Factor 0735 KMt [*+*Fero Reading - T415 % a0 -l
- — 3 & ) 88%X200xX6x%X140
(1) APPARENT FREE LENGIH CUNITTrires- 3 y , Lt o) = 16.26m
e e — ; " . e NS ; app) = = ek
MONITORING OF "LOAD - DISP, T DATA m Ej ¢dv; (1053-144)x1000
£ ) n - 5 / e
Min. B angih (B LI): ¥ 3 m 0% | L —— st cycle
_% A, 10% of = - Limits should be between
ET Load (Ta) *B L Fam Displacement, E (mm) - I —+— Ind eycle o o o
Tw (EXT) (psi) (Feading) 0 min. | Tmin. [ Smin | [Smin Fenatk - yel > 90% Lf AND < 110% Lfs OR < {Lf+ 50% Lb}
Tsf Cvcle 1] dizplacement at zero inital reading) = i
— e - - (Fam E ! - ] 25 a0 e P s 10 s 200 N i.e. > 15.46m AND < 19.59m OR < 20.33m
50% S ] - . . Plasic i
A 718 103%] 3000 ;5 . . . T, (550 Displacement, E (mm) Calculate APPLIED LOAD FROM PRESSURE GAUGE:
E]g:., lfi; }:D:E, ;—;g ::g - - - 41 mm)| |(*Lu : Extruded length a5 measemed from end plate of jack with strands straighissed by the application of 2 mmnimm tensicn kead ) e Eff. Ram area ijackz 346.5cm2/2542 =53.71 in2
Vo v 3 e - - - . .
0% 350 5% 1500 Tl . - . Toof Toad (T2) TG wLL Fam Displacement, E (mm) I * Applied stress conversion factor= Load/Area
% T 70 [ . . - Tw ) (psi) (Reading) Tm | Jmn [ Smn [Boo | _ .
Tnd Cvele Jrd Cvole - - Ponde: use additiona g ired more than 3 ¢ _2204/(53'71 X 9'81) Psi per kN
% 144] 1% 00 61 61 . - Plasiic 10 144 [ 21% | 6o [ [ - =4.18 Psi per kN
50% 358 S1%] 1500 T8 76 . - Dip. (AEp) 0% 35 | 51% | 1500 31 81 .
00 718| 103% 300 113 113 - B 3 mm| [ 100% 718 | 1057 | 3000 118 118 -
150% ] I 151 151 151 51 150% | 1053 | 150% | 4400 158 155 155 Calculate EQUIVALENT TENDON SHORTENING DUE
T T18| 103°:] 3000 135 135 . - Flsic T00% 718 | 103%. ] 3000 130 139 .
50% 358 s1 1;1%0 o & . Disp. (AE2) 50% 359 | 51% | 1800 96 96 - TO PRESTRESS LOSS Aa :
W% [ [H 85 . - § mm| [ 20% 141 | 1% | W &7 [ . €_
(4Ee % Bz = Nt x As) . , )' For T, (residual) of 722kN,
APPARENT FREE LENGTH T ERU = 16.26 REMARK : COMPLIED [ V |/ NOT COMPLIED [ |/ FAILED |
L .
{3) COMPLIANCE OF EITHER "RESIDUAL LOAD = TN DTttt et e E T T TT0E DATA" (Note:  (4) EXTENDED RESIDUAL LOAD - TIME MONITORING {Furti * Displacement at anchor head, Ae'
Test method depends on the acenracy of the iesi equipments ihat can megsured within 0.5% change in load or the permissible loss of load er displacema Ta (Tesisual)fox 1000
displacemen) Ae = mm
MONITORING OF "DISPLACEMENT - TIME DATA" AT DESIGN WORKING LOAD. - (Remark - The Appiied Load is mker rwise as directed by Engineer.) (ASXNS)XES
. #LC.Or | Lossofload’ | 3, Denmissible s . Loss of Load’ | %, Permissible 722%X17.81xX1000
H o 1) _'\ L - | ) R
Time Laad (K1) R""Etmnfp' : E’E?EP' £D.G. change in Disp. | (should be <1% per Femark Time Load (EN) R“E’f' EEE?EP LC OrsDG chanza in Disp. | (should be <1% Remark = =76.5mm
; ) ~ssiagal) =Y (%) el (140)(6))(200
Tai | &N | Towl |lawoval B - T 173 s T 7| 6] S8 L [T 1% T O et Accaptatle %A 0
min m 7 | e -1 - g - Shms. T 7" [ oaav3| 11081660 |02 i 0 Ny Aceaptals | 1%A, = 0.765mm, AND 1% load loss = 7.22kN
Tmm T 7 §435.2] -1.60 |0.0000]-0.00% T LY/ Vot Accepabls Tday 08 1 64512 -14.11| -1.058s [030% B DB W Accaptatie
15 min. 718 { 6438| -3.68 | 0,510 |-0.20% 1% o8 Vot Accepubls 3 days 07 N\ 6453 137 -2.04% |[008% 7% DE e Accaptatie S%Ae = 3.825mm, AND 5% Load loss =36.1kN
50 min. 7 \ 6440( -5.15 |0.71% [ 0.20% i% Mot Accepmbls | |10 days 04 6456.6] -17.35| -2.40% [037% B [ Q3 ot Accaptatils
* Nove - The rate of displacement (% of Change) shoul ce i 1% or less per time mierval of observadon period,
(3 ANCHOER LOCEED-OFF TEST & MEASUREMEN SIDUAL LOAD. - (B ¥ The Locked-0ff Load it maken az 110% of Tp OR otherwize as directed by the Engineer [the load lpss af lock-gffis higher than 10%.)
of Toad | "G ‘ “LLC. Fam Disp RESIDUAL LOAD Remarks : STRESSED BY GONISDN SIMON (APG/SH Jutaya)
Load () (msi} (Feading) (mm) (Bv Immediate Lifi-Off) Ae= TS mm
T T T e T8 TG - 100 Tpa) RECORDED BY EDWARDF. L. { COW/IWGE)
3085 Tw 141 500 713521311 ] wIC . 6o [Reading)
T10% Tp 3 R §974] 3241 EL TOAD - 3M1 TER) ENGINEER. - CHESTER CHEE (REJWGC )




GROUND ANCHOR STRESSING RECORD  (FORM GATR)Rev.3 |J’_1'_ue of Test: ON-SITE ACCEPTANCE TEST { ) OR ON-SITE SUITABILITY TEST( 4 ) Calculate APPARENT FREE TENDON LENGTH:

. i =
PROJECT :Pembaikan Cerun Jalan Penampang-Tambunan-Keningau-Tenom, Pakej 2O | LOAD - DISPLACEMENT PLOT DeS|gn Ioad, TW 700kN'
* Proofload, T,= 1050kN (150% T,),
SLOPE NO_- KMS667 ANCHOR NO_: BP-40 VEL NO_: L-2 |DATE - 14/4/2012
— — — 160% * Bond length, L,= 6.30m,
Design Working Log (Tw) . T00 E\\Dia. Of Strand (Ds) 5. Tendon LgefBth (Li)  : 3150 . _
Specified Preioad (g 750 20 |Jirea OF Swand (As T\ Bood Leflem L) - 630 m|) 140% * Free length (Stressing), L;=25.34m,
Proof Load {150%: oNG@) . 1050 EXA Wos. OF Strands (M) [ nos. | Free LenMh (L) c M8 m . =L.-L —-L =32.50-6.30-0.86'm
Anzle OfIn:':iuhuMe. Elzstic Modulus (E M0 Ko | Design Fres 2eoir || 120 le=li=bp— Ly AE XESXN >1A
Diisplacement Measurement System By Steel Buler. N\ [ Jack Toffe / Capaciry :  RHE 25087150 fons _ e S S S
o : P == : Apparent free length =
ad Measurement Syst T O TR T E s 1 =*Load Cell (L.C.) [Yes] E100% (ATa)x 1000
*Effective Ram. . MEF () 5371 (i) *Comelated Factar - o~ 418 (psiper EI) -
**Load Cell REAJio. ~ 1113251 | **Gauge Factor 0732 DNEiEt [*+FeroFeading : T408 ||z apw 124%200X6X140
(1) APPARENT FREE TET : il e | Lt spp) >< NS =22.92m
= P nroE " & 0% L app) = = &lo
MONITORING OF "LOAD - DIS '_,_, (1053—144-))(1000
0% P —m— |5t cycle
endon Lenth (110°% of ’ ) e Limits should be between
.~ 209
= placement, E {mm) " —e—2 o 0 o,
Tw EN) (psi) [eading) Tee | Tee | oo | Das | o . nd cycle = 90% L AND < 110% L;, OR < {L;+ 50% L}
Lif Cvcke AT (Fam displacement ot zero Witl reading) 0% A i.e.>22.21m AND < 27.87m OR < 27.83m
W TR 00 ] n - - 0 5 50 75 0D 25 150 175 200 3rd cycle
kL L - £ - - - [ i Calculate APPLIED LOAD FROM PRESSURE GAUGE:
100% TI8| 105%| 3000 124 - - s Dip. (AEp) Displacement, E {mm) alculate 3
L LR ;m - - - - 20 mm| [(*La - Exeudod langth 25 moasered Eoem and plata of jack with sirands scsighised by tas 2pplcatien of 2 minimmm msice Laad ) + Eff. Ram area of jack= 346.5cm?/2.542 = 53.71 in?
Yo ! 37 i - - - . .
3% 359 3%  15M 105 . . - ET Tmd(1) | ‘PG = Fam Displacement, E (mm) T * Applied stress conversion factor= Load/Area
0% 144 1% 201 b1 - - - Tw (EN) (psi (Reading) Umin | Tmin [ Smin [15min| = i
Ind Cycle 3rd Cycle - - Wose: use additional sheet if test required maore than 3 cycles 2204/(53'71 X 9'81) Psi EIr kN
% 144 21% 00 70 T - - Plastic 10% 144 [ 1% | a00 mn 2 - - [Plastic =4.18 Psi per kN
0% 3] 3% 1500 [ & . - Disp. (AEp) 5% 30 | 51% | 1500 o o4 - - |DEp.(aEp)
T 718| 103°:] 3000 138 130 - - T [ L00% 71§ | [05% | 3000 143 143 - - 1 mm
150% W3] 1505 40 193 193 I 103 150% | 1053 | 150% | 4400 197 197 19| 197 Calculate EQUIVALENT TENDON SHORTENING DUE
T00% TIE| 105%:] 3000 17 1M - - Elmstic 100% TS | 1035 ] 3000 i TE - - [Elstc A
0% 380 5% 1&%0 z T . N Disp. (AEq) S0% 350 | 510 | 1500 109 109 N S r— TO PRESTRESS LOSS A, :
T a4 9% e T T - e~ 171 mm| [ 0% 144 | 31 | o0 7 ] - - 114 DTy Q
[AEe = Es x MNs x As) — - ) * ForT, (residual) of 730kN,
AFPARENT FREE LENCTH = SRR = 1202 REMARK : COMPLIED [ Y |/ NOT COMPLIED [ ]/ FAILED [ .
S — - —— —— — * Displacement at anchor head, A ,
(}) COMPLIANCE OF EITHER "RESIDUAT DO TTr =i bmiiniimtieiderde bt =TT E D ATA" (Note: {#) _EXTENDED RESIDUAL LOAD - TIME MONITORING (Further monitoring 1o be ¢ out on the e
Test method depends an the accuracy of the fest equipments thai can measured within 0.5% change ir load or " rhe par ibie lozs of load or displacement exceed mterval as directed by Ta (Tesisual)Xfo 1000
displacemeni) naer) e = mm
MONITORING OF "DISPLACEMENT - TIME DATA™ AT DESIGN WORKING LOAD. - (R The Applied Load is 10% of Tw, OR otharwise as directad by Enginer, (A X év S)XEs
i *LCOr | Lomofload | % Pemmissible T | Lesmeflead | =, Permissible 730X25.34X1000
- N 1 w4 = =
Time Losd ety | P2 Dip | NetRamDisp. | thange i Disp. | (should be <1% per Remark Time | Load(tyy |“Dip.|NetBamDisp.|"LC.O#D.G o in pisg | should be <1% Remark = =110.1mm
{mm) (mm) , inerval) () (mm) : = a0 (140x6)%200
— &) i (%) [pesuten A
Tait | &N | Tom |Lsna S - 317 T T | a3 500 [ D55 T N[ DE Vo Accoptabls 0 - o -
o = — — = = N - The = ya S S = o Aeeapie 1%A4 = 1.101mm, AND 1% load loss = 7.30kN
S mam I8 7 4159|285 |-03000]-030% T N CE Fet Accepate Tday 5 [ 6419 2 0720 [0.04% 5% ot Acceptatls
Tmn 738 { Ba176] 41 [sene[ 017 1% O Vot Accepmitls | | 3y (1] \ §416.6] 3.367] -0.46% | 0.26% pi ot Accaptabla S%Ae =5.505mm, AND 5% Load loss =36.5kN
S0min. I8 \ 6415.4] 240 |-0.34%] 0.01% i% ] QK Hot Accopmbls | |10 days T8 N 64146 -0.26% | 0.20% B% L. Mor Accoptabla
* Node - The rate af drsplocement (% aff Change) sk)&d reduce fo 1% or less per fme mierval of ebservagon pm’&(
{3) ANCHOR. LOCKED-OFF TEST & MEASURERTS&L OF RESIDUAL LOAD. - _(Eawe® - Th : 0% of Tp OR otherwise g 10%,)
ot Toad | TG | LT Fam Disp RESIDUAL LOAD Remarks : GONISDN SIMON (APG/Sr Tutaya)
Load (EID {psi) (Reading) (mm) (By Immediate Lifi-0ff) fe= 1101 mm
% ] ] TIAE 5 R $11 o) RECORDED BY EDWARDF. L. {COW/TWGC)
P Tw 144 00 715381141 EL] WLC. - TaT [Feading)
T Tp T TI0 07| 1581 50 TOAD . 1583 ER) ENGINEER. - CHESTER CHEE (RETWGC )




ON-SITE ACCEPTANCE TEST SAMPLE
RECORDS



GROUND ANCHQOR STRESSING RECORD  (FORM GATR)Rev.2 |1r_1.'pe of Test- ON-SITE ACCEPTANCE TEST + ) OR ON-SITE SUITABILITY TEST{ ) | Calculate APPARENT FREE TENDON LENGTH:

|PRDJ'.ECT ‘Pembaikan Cerun Jalan Pepampang-Tambunan-Eeningau-Tenom, Pakej 2C | LOAD - DISPLACEMENT PLOT . Design |Qad’ Tw= 700kN’
= e N s . EETE . = 0
|5 0FE No. - xMs60 .’(-m@‘.\m. - BP- ’AI.ETEL NO. N 3 lpaTe:  sumon ]| Proof load, T,= 1050kN (150% T,),
Desin Worinz Lead (Tw‘(\ T B D oqi}mn D3 ( X mm ) Tendon L.engﬂ:f "IN = 5 * Bond length, L= 6.30m,
Specified Preload (Tp) . M50 EN | Area QFfStrand (As) W BondLength () - 630 m 140% —+—- . i =
ProofLoad (1507 of Tw) w050 EN P0fSwands (Ns)  \L 6 nos [/ | Freelength IN, - 1273 m wab b Free length (Stressing), Lfs 13.42m,
Anzle Of Inclination . 20 deg | Elasic Modulus (Es) N 10 KiN/ge” | Design Free Length —~tblamam=t 130% il * {&=L-L,—L,=20.00-6.30-0.28}m
Diisplacement Meas - ¥ Siee L. Facklspe / Capacity .  RHR 1508/150 tons AE XESXNSXAS
Load Messurempef eystem . By *Pressure Gauge (P.G.) [¥es] AND ==LomhCell (L.C.) [ F100% - Apparent free length = £
*Effective Fam Ada__ . 3465 ;7 G371 (in  *Comelied Facwr ~_ 118 (pap= B " £ (ATa)x1000
**Load Cell Bef Mo —— **Gaugze Factar e FN/QER | **Farp Reading £ 0% |
, . ) e | / - 7 ) 71X200X6X140 1312
Extrusion ’fmm‘t\euingp’.m" 4 G, f = =13.12m
L ) = (1053-144)%x1000
af= }
7 —i— st cycle
e ———— g g . 1| —
T Tl | SPC | SLC RmDEphcm.en.t ) — 20% Limits should be between
Tw _ h(KH} (psi) (Reading) z‘;m .1.' Tmin. | Smn | Dimm - =>90% L; AND < 110% L;, OR < {L;+50% L.}
T S T A e EE s B B o m s 750 125 180 ;s 00 ondee i.e. = 11.46m AND < 14.76m OR < 15.88m
0% 350 51%| 1500 [ B s - Tlasic ,
1 T i - - x| E— mm”‘f!":""_”ﬁi‘f“ﬁ e — Calculate APPLIED LOAD FROM PRESSURE GAUGE:
T00% I8 10T W 15 - - - —= e ] m ) ' ) e Eff. Ram area of jack= 346.5cm?/2.542 = 53.71 in?2
Ei 350] 51%| 1500 51 - - . ETT Toad (12) g To) “LL. Fam Displacement, E (mm) | . ; ; _
S Ta W 5 - . . o 0 i) | (Readingd UEE | Tes Isas (el Remark Applied stress conversion factor= Load/Area
Ind Cycle Ird Crcle Mote: use additional sheet if test req iy 3 cycles =2204/(53.71 X 9.81) Psi per kN
0% 1] 215 600 B 58 . N Dlstic 0% 0 [ 0% - Plastic _ .
5% I ™ ] - S N % [ - ~ |DEp. (= =4.18 Psi per kN
T00% T18] 103%] 3000 102 102 - N 3 | | 100% 0 [ 0% - - 0 mm
150% 1053 150°:) 4400 133 133 133 133 150% 0 [ o Calculate EQUIVALENT TENDON SHORTENING DUE
100% TI8] 103%| 3000 118 118 - . Elstic 1005 [ - - |Emsnc
50% 350 5% 1500 LE + - Disp. (AE=) 50% 0 0% - - |Disp. (AE&)
A T W s = - i e T e M et -1 - \_—| TO PRESTRESS LOSS A,

: : Es F 1 - . ’ I\
APPARENT FREE LENCTH k“& xEsx Ns x As) = 1312 9 FEMARK : COMPLIED [ Y ]/ NOTCOMPLIED [ ]/ FAILED [ | For Ta (residual) Of 766kN,

(aTa) = 1000 .
(2) COMPLL{NCE OF EITHER "RESIDUAL LOAD “TTNF Pra POt bt OPRENT -~ TIVE DATA" (Note:  (4) EXTENDED RESIDUAL LOAD - TIME MONITORING (F: * Displacement at anchor head, Ae'
Te;rlr.liz'r-'_lauf- depends on the acenracy of the fest equipments that car measured within §.5% change n load or I 1 of load or diz b Ta (resisual)fox 1000
displacemeni) Y ] o mm
MONITORING OF "DISPLACEMENT - TIME DATA" AT DESICN WOREING LOAD. - (Remark : The dppiied Load iz wl 1% gf Tw, OR otharwise as directed &y Engineer.) € ( ASX N s) XES
4 Loss of Load/ %, Parmissib} Loss of Load’ | = Dermiss
. . Fam Digp. | NetBamDip. | oo poal ) Dermissible | Rom Disp. | Mt Bam Disp. | *L.C o 5D 6. PosA | % Permissible 766X13.42X1000
Time Load (m) (o ’-B-G——W (should be 1% per Remark Time Load () (mm) (Reading) change in Disp. | (should be <1% Remark = =61.2mm
/ ; ) \kbenm'j ! & (%) per interval) (140X6)X200
pii kN [:¥] vV Total | Interval N\ - 4 I s % T E. Hot Acceptols
0 min 3z 766 [, [ - - -\ - Bh 0 EL/ ot Accepttle 1%Ae =0.612mm, AND 1% load loss = 7.66kN
S min 3100 766 I 27 123% % ) O.E Mot Accaptable T day 0. Hot Acceptatle
15 min. 3200 766 109 47 0.59% ‘q /] QR Mot Accuphables 3 days 0 EL Hot Accoptible S%Ae = 3.06mm, AND 5% Load loss =38.3kN
50 min. 0| 766 1@ 47 0.41% p DE Mot Acceptabls 10 days 0 E./ Hot Acceptebla
* Nove : The rate of deplocement (% of Change) mie D or pertod.
(3ANCHOR LOCKED-OFF TEST & MEASUREMET - - (Remark : The Locked-Off Load ix takem as 110% ¢f Tp OR otherwise as directed by the Enginear i the load loss at lock-off' har tham 10%.)
% of Lead ‘ *BG | »1LC Displacement RESIDUAL LOAD Flemarks : STRESSED BY : GONISIN SIMON (APG/Sr Jutaya)
Load (BT {psi) (Beading) (mm) (By Immediate Lifi-0Of) fx= Gl mm
[ L] (] L] A TIT0 = RECORDEDEY : EDWARDF. L. (COWTWGC)
0% Tw 144 600 13 *LC - (Fzading)
110°% Tp Y 1T [{] LOAD L | (0] ENGINEER. : CHESTER. CHEE (RE/TWGC )




GROUND ANCHOR STRESSING RECORD

(FORM GATR)Rev.3

|]'_\;'w of Yest: ON-SITE ACCEPTANCE TEST (W ) OR ON-SITE SUITABILITY TEST{ )

|1’RDJ'ECT -Pembaikan Cerun Jalan Penampang-Tambunan-Keningan-Tenom, Pakej 2C

LOAD - DISPLACEMENT PLOT

|sLOEE NO. - EMMS6.97 ——tANCHORNO. : BP-12 7 [LEVEL Sﬁ\L -1 |DATE - 15/8/2011 —
- o y 4 .
Design Working Load (T£) T00 EN [DiaNiSmnd@s) [ 154 mm \ Tendon Lenzth %) - 1500 m e
Specifed Praioad (Tp) \ 250 EN | Amafismnd Ay | 0 =o' | |Bondlemzifih) - 620 m Doz e
Proof Load (1507 0f Tw) g 1050 EN [ D Ofomands(z) \ © 6  mes Free Lengih (N TH o
A.ngl.e Of Inclination ;O gez |ElbstcModulis (BEs) N\, M0 ENigefl Design Free LengMs—ee 1 o 1207
L - " e Wpe [ Capacity :  RHR. 2508/150 tons -~
: By *Pressure Gange (F.G.) [¥es] AND Cell (L.C.) [ 1 100% e ———;p"
i : M5 ey 5371 jin™y  *Correlated Factor ) 418 (psiper EN) P
**] oad Cell Ref. N0 ——mmn_—_ [ *'Ga..ige Factar = LN/dizit | **Zaro Reading B0% ’/ -
APPARENT FREE LENGTH COMELLAN, e &
e
0 : |E1m.15:im1 (from bearing plate) .~ L20 m 60%
R /] T
T " = 0% —8— st cycle
m
0% —— 2nd cycle
T Cycle 78 (Pam di-plrement of zero IHal Teading) 0% +r—T1T L A L L B
% 14| 1% ] Y] — — ~ 1] i 50 75 100 125 150 175 200 3rd cycle
0% 350 510 1500 [ - - - Plastic .
To0% 718[ 1035 3000 105 - - . Disp. (AF5) Displacement, E (mm)
150°% 1053] 1505 4400 145 - - - 75 mu| [(“La - Extroded lngth a3 measured from end plate of jack with stands sraightned by the application of & minirm tezsion load )
1009 T18] 103% 3000 135 - - -
0% 350 51%: 1500 [ - - - %eof Load (Ta) *PG. **1.C Fam D:pla-:em.er.L E Jr_l:l" | i
B T I 53 - . . Tw (EN) (psi) (Beading) Omin | 1w [ Smio | T5mn] Remar
Ind Cvcle 3rd Cycle - - Hote: nse additional sheet if test required more than 3 cyvcles
0% 144) 21% 500 63 L] - - Plastic : 144 1% 600 65 [5 - -
0% EE RS 1500 TH 5 - - Disp. (AEp) 150 1% 1500 ™ T - - Disp. [AER)
100%% T18] 103% 3000 113 113 - 2 mam| T8 | 103% Joon 117 117 - - 1 mm
150% 1053 [30% 4400 150 150 150 150 150% 1053 | 150% 4400 154 154 155 155
100%% T18] 103% 000 136 134 - - Elasoc 100% 718 | 103% Jnon 138 138 - -
0% 350 510 1500 [ a7 - - Disp. (AE=) 0% 159 31% I500 [E] on -
205 144 21% ] (5] [H - 85 mm) 0% 144 2% (1] [ [ -
(AEe = Es x N3 = As) . §
AFPFARENT FREE LENGTH = = 16.45 REMARK : COMPLIED [ + |/ NOT COMFLIED |

[aTa) = 1000

DATA" O "DISPLAC

Test Jt'e’r-"&"l' 'few.'r'*\'f on ithe acenracy of the fesi equipments that can measured wirhin §.5% change in 'nmri or

al az directed by
displacemenf
MONITORING OF "DISPLACEMENT - TIME DATA" AT DESICN FOREING LOAD. - directed By Engiear,)
} " L C. Or Lossof Load' [ %; Permissible - T Loss of Lead' | 2 Permissible
Time Laoad Ram I::S': et ijmp change in Disp. 1% Remark Tme Load Rﬂ.::ll E]:'" et er‘_‘l P'}'" . LC O].- .| change in Disp. | (should be <1% per Bemark
(muna) (mm) () () #D.G. (Reading) -
— ) interval)
pai KN (4] ~ Tordl | Inkrel - 112 ks XS DK Nt Acceptabla
i) min. 3200 Ta8 123 B - - - S hr S O E ' Hot Acceptable
5 min. ERT T 13 4 58 1078 | 1.07% 0K/ Not Acceprable 1 day 6% 0K Not Acceptabla
15 min am) 768 123{ 58 1218 | 0.13% QK Mot Accsprzhls 3 days 7% OE Nt Acceptabla
50 min E T 12.1 \ i DE Mot Acceptabla 10 days 3 O Mot Accaptable
* Note - The rate of df L
(3) ANCHOR LOCKED-OFF TEST & 1 (Remark - The Locked-Gff Load 53 at lock-gif is higha 102
“oof Load | i:I<3 =LC Eplacement RESIDUAL LOAD STRESSED BY : GONISIN SIMON (APGSH Tutaya)
Load (EN) {psi) [Feading) () (Bv Immediate Lifi-Off)
[ [ [ [ PG T3 [ RECORDED BY : EDWAERD F. L { COW/TWGC)
0% Tw 144 ] T8 *=LC - (Readmz)
110% Tp 287 100 98 LOAD 2871 (E) ENGIMEER. : CHESTER CHEE (REJWGC )

Calculate APPARENT FREE TENDON LENGTH:

Design load, T,,= 700kN,

Proof load, T,= 1050kN (150% T,),
Bond length, L,= 6.30m,

Free length (Stressing), L= 18.16m,
{4=L—L,—L,=25.00-6.30 - 0.54}m

A ol . AE XESXNSXAS

arent free length =

S 2 (ATa)x1000
89%x200%x6x140

Lt (app) = =16.45m

(1053—-144)x1000

Limits should be between
= 90% L; AND < 110% L;, OR < {L;+ 50% L.}
i.e. = 15.75m AND < 19.98m OR < 20.65m

Calculate APPLIED LOAD FROM PRESSURE GAUGE:

Eff. Ram area of jack= 346.5cm?/2.542 = 53.71 in?
Applied stress conversion factor= Load/Area
=2204/(53.71 x 9.81) Psi per kN
=4.18 Psi per kN

Eljgiie————_ Calculate EQUIVALENT TENDON SHORTENING DUE

- Alisp. (aE2)
- (\399 PRESTRESS LOSS A, :
1/ FALLED [ | * For T, (residual) OF 766kN,

ro be carried our on th

Displacement at anchor head, Ae,

Tq (resisual)foX1000
e~ mm
(AXNs)XEs
766%X18.16X1000
= =82.8mm
(140%6)%x200

l%Ae =0.828mm, AND 1% load loss = 7.66kN
5%, = 4.14mm, AND 5% Load loss =38.3kN
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