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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Paft 2.

The main [task of technical committees is to prepare International Standards. Draft Internati¢nal
Standards|adopted by the technical committees are circulated to the member bodies for voting.
Publication as an International Standard requires approval by at least 75 % of the member boflies
casting a vpte.

Attention is drawn to the possibility that some of the elements of this document may be the subje¢t of
patent rights. ISO shall not be held responsible for identifying any or all such patent rights.

ISO 1482413 was prepared by Technical Committee ISO/TC 71, Concrete reinforced concrete and pre-
stressed coficrete, Subcommittee SC 3, Concrete production and executioni,of concrete structures.

ISO 14824 fonsists of the following parts, under the general title Grout for prestressing tendons:
— Part 1:|Basic requirements
— Part 2:|Grouting procedures

— Part 3] Test methods

iv © ISO 2012 - All rights reserved
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Introduction

In post-tensioned prestressed concrete construction, the grouting of tendons is an important operation.
The intention of this part of ISO 14824 is to provide a specification for grouting, compliance with which
will satisfy the requirements in ISO 22966.

The testing regimes anticipated by this part of ISO 14824 include three levels:

(48] initial type and audit testing in accordance with ISO 14824-1;

(2)

HabHHEy—te r-accordance
with ISO 14824-2;

3 inspection during the production of grout on a specific project in accordance With ISP 14824-2.

The test methods for each of the regimes are given in this part of ISO 14824. Some tests giver] herein are
altgrnatives and it will be necessary to relate the chosen test method to the spéeified requirefments. The
testls are reference tests for checking suitability of grout for use with any typé€ of tensile stedl element.

Where the suitability of high viscosity grouts has been proven by full seale-trials, alternative gppropriate
tesf methods can be adopted provided a correlation or safe relatianship with these test methods has
beep established.

© IS0 2012 - All rights reserved \%
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Test methods
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grtlIlt
homogeneous mixture of cement and water, which may contain admixtures and additions

Scope

5 part of [ISO 14824 describes the test methods for grout specified in ISO 14824-1/The te
applicable to grout for all types of structures, including bridges and buildings.

Normative references

following referenced documents are indispensable for the application of this document
rences, only the edition cited applies. For undated references, the-latest edition of the
ument (including any amendments) applies.

679, Cement — Test methods — Determination of strength

14824-1, Grout for prestressing tendons — Part 1: Basicrequirements

Terms and definitions

the purposes of this document, the followingterms and definitions apply.

Testing of grout

General

1 Personnel

grouts shallbetested by competent personnel experienced in the subject.

2 Test:conditions

[inig shall be carried out at temperatures specified in accordance with ISO 14824-1. The t¢

5t methods

. For dated
referenced

mperature

of c

required temperature.
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The grout for the tests shall be made from materials specified in ISO 14824-1 and mixed in accordance
with ISO 14824-1.

NOTE

1S014824-2 requires suitability testing to be carried out using the same type of mixing equipment as

is used for the actual site operations, hence it is preferable to also use the same type of equipment for all testing.

4.1.3 Testreports

All test reports shall include the following information as a minimum:

a)

©IS

reference to this part of ISO 14824;

02012 - All rights reserved
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name and address of the testing laboratory;

ication number of the test report;

name and address of the organization or person who ordered the test;
name and address of the manufacturer or supplier of the product(s);
name or other identification mark of the product;

date of fabrication, and if relevant, supply of the product;

manufacture of test specimens;

test;

rature of the fresh grout and ambient temperature;

hg and mixing procedures used;

cation of the grout mixer used;

ication of test equipment used, including, where appropriate, calibration details;
ual results for the required test;

iccuracies or uncertainty of test results;

date and signature of the person responsible for the tests.

e test

b)

c) identif
d)

e)

f)

g)

h) date of
i) date of
j) tempe
k) batchi
1) specifi
m) identif
n) indivig
0) anyin
p)

4.2 Siey
421 Pr
The testco
The test m|
an apertur
4.2.2 Ap
A 150 mm
423 P

ciple of test

n
]lsists of pouring a quantity of grout throtigh a sieve to check for the absence of lumps on the si

hy be omitted where all grout used\in the project automatically passes through a sieve y
e < 2 mm within the supply equipment.

paratus

Hiameter sieve with an)aperture < 2 mm.

cedure

r
Pour a mirlmum of 1 )of freshly mixed grout through the sieve.

'his can'be carried out while filling the fluidity test cone.

cve.

vith

borting
(=]

NOTE ’
424 Re
Report the
4.3

absence of lumps on the sieve.

Fluidity test

Two test methods are described. Only one is to be performed as appropriate for the type or characteristics

of the grou

t.

4.3.1 Cone method

4.3.1.1 Principle of test

The fluidity of grout, expressed in seconds, is measured by the time necessary for a stated quantity of
grout (11) to pass through the orifice of the cone, under stated conditions.

2
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4.3.1.2 Apparatus

The following apparatus is required for the test:

a) Cone of the dimensions given in Figure 1. The cone shall be of smooth non-absorbent material. The
volume of the cone (excluding the cylindrical portions at top and bottom) shall be (1,7 + 0,17) L

b) Stopwatch showing time to 0,1 s.

c) Graduated cylinder of minimum 1 I capacity and with a diameter of approximately 60 mm.

d) Thermometer.

NOTE The cone in Figure 1 is available in plastic.
4.3{1.3 Test procedure

4.3]11.3.1 Preparation

Mouint the cone with its axis vertical and its largest diameter uppermost.and support firmly
Duijing the test prevent the cone from vibrating. Place the cylinder, unider the cone outlet. A
of the cone shall be clean and shall be dampened so that the surfages are moist but without
Close the lower cone orifice.

4.3]1.3.2 Procedure

Pour the grout to fill the conical section of the cone.(fhe grout shall be poured sufficientl
preyent a build-up of air. Open the lower cone orifice.and at the same time start the stopwatc
the|time taken to the nearest 0,5 s, for 1 1 of grout to run into the cylinder. The grout sh
agitlated while waiting further testing if required.

4.3{1.4 Reporting of results

Report the time measured.

n position.
L1l surfaces
free water.

y slowly to
h. Measure
all be kept
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4.3.2 Grout spread method

4.3.2.1 Principle of test

The grout
diameter of the circle of grout spread on a smooth plate after a fixed period.

4.3.2.2 Apparatus

The follow|ng apparatus is required for the test:

a) Glass gr polished steel platé with a minimum diameter of g 300 mm.

b) Stiff mpuld made of stéel or plastic with an internal diameter of g 39 mm and a height of 60 mn.
c) Stopwatch showing time to 0,1 s.

d) Thermometer.

e) Ruler with aminimum fengtirof 300 M and a £ mm graduation.

Dimensions in millimetres

Dimensions are internal

152 +3

280 =10

10 40,1 E‘f

Figure 1 — Cone for fluidity test

spread test measures the fluidityof thixotropic grouts. The fluidity is measured by

4.3.2.3 Test procedure

4.3.2.3.1 Preparation

the

The spread test is carried out on the horizontal plate. Ensure that the surfaces of the mould and plate
are clean and slightly moistened. If necessary apply a thin film of petroleum jelly (e.g. Vaselinel) to the
brim of the mould in contact with the plate to prevent the mould from leaking during filling with grout.

1) Vaselineisanexample of a suitable productavailable commercially. This information is given for the convenience
of users of this document and does not constitute an endorsement by ISO of this product.

4
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4.3.2.3.2 Procedure

Put the mould on the plate and prevent it from sliding. Pour the grout slowly into the mould until the
level of the grout has reached the upper brim. The mould is steadily lifted from the plate and kept above
the spread for a maximum of 30 s before it is taken away. The spread is measured in two perpendicular
directions at 30 s after the start of lifting the mould.

4.3.2.4 Reporting of results

Report the spread diameter as the average measured in the two perpendicular directions across the

gropt Qprnad inmillimetres

Dimensions, inl millimetres

Key]
1 [cylinder (steel or plastic tube)
2 |smooth plate

Figure 2 — Grout spread test

4.4 Inclined tube test

4.4{1 Principle of test

Thi test serves to determine the bleed properties and volume stability of grout at full scale ahd includes
thelfiltering effect of-strands. The test consists of measuring the quantity of water and air remaining on
the[surface of the grout which has been allowed to stand protected from evaporation.

NOTE In a fipsttest phase, the bleed water and air accumulated on top of a tube filled with groutis fletermined.
The|grout isinjected and is allowed to set so that water losses due to evaporation are prevented.|In a second
phafe, the effect of re-grouting of a tube on bleed water and air accumulated can be determined.

4.4[2 ~Test equipment and set-up

a) Two transparent tubes, of approximately 80 mm diameter and 5 m long, equipped with caps at each
end, including grout inlet at the lower end and grout vent at the top. The tubes and caps shall be able
to sustain the proposed grout pressure.

b) Twelve prestressing strands g 15-16 mm per tube, i.e. a total of 24, length (approximately 5 m) to
just fit between the caps on the tubes.

c¢) Thermometer.

© IS0 2012 - All rights reserved 5
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4.4.3 Testprocedure

4.4.3.1 General

The two tubes are fixed on their supports to avoid noticeable deflections, at an inclination of (30 + 2) °
against a horizontal reference line. Twelve strands shall be installed in each tube. The caps are
subsequently sealed on the tube ends (see Figure 3). The cap shall allow internal inspection for presence
of any air or water.

The grout is prepared in accordance with the grouting method statement. Specimens shall be taken

from the g

rout mix tomeasure its fluidity.
4

4432 G

Grout is in
the same ¢
closed, and

The level o
Figure 3). A
grouting, v

NOTE1 1
usually clea|

NOTEZ2

4433 G

Grout Tubd
method st
opened, th

Thiswill al
the valve is

q

J

NOTE 1
initial grou
suggested a|

NOTEZ2 1

routing of first tube (Tube 1)

bnsistency as it enters at the bottom, the valve shall be closed. Subsequentlysthe grout inl
grouting of Tube 1 is complete.

Fair, water, and any other resulting liquid on top of the grout shall be measured (see detai

Fith one measurement just before the re-grouting of Tube 2 is started (see 4.4.3.3).

iquid on top of the grout can be distinguished from the grout by its whitish to yellowish co
Irer than the grout.

'he following four measuring intervals are suggested: 30%min, 1 h, 3 h and 24 h after grouting.

routing of second tube (Tube 2)

2 simultaneously with Tube 1 using the sante procedure and mix. At a time specified in
itement for re-grouting, or 30 min, if not stated, the valves of inlet and vent of Tube 2
b grout pump is started again, and the flow time of the grout is measured again.

ow any liquid accumulated on top te'be replaced by grout. When grout exits from the vent on

imilar to Tube 1, the measiuirements of levels are done between 0 h and 24 h after completion o
ing. One of the measurements is made just prior to re-grouting Tube 2 followed by measurem
[ 30 min, 1 h and 3 h after completion of re-grouting, with a final measurement at 24 h.

'he re-grouting of“Tube 2 is carried out in the test even if re-grouting is not envisaged as part o

site procedyres. If no liquid‘agcumulates on top of the grout, report results as zero and terminate the test.

4.4.4 Re
The follow

Descri

Metho

of the

porting.of results

ng’results and observations shall be recorded:

ected into Tube 1 from the bottom end. When the grout exits from the vent at.the top v

minimum of four measurements of levels shall be made between 0.lvand 24 h after complet

closed. Subsequently, the valye‘at the bottom is closed, and re-grouting of Tube 2 is complete.

vith
bt is

sin
ng

—

our,

the
are

top,

the
bnts

the

ption of test set-up.

Grout mix design, origin and certificates of all grout constituents.
Mixing procedure of grout.

Fluidity of grout mix before initial grouting, and before re-grouting.

d statement for grouting, including pressurization details.

grout.

on difficulties encountered during the test.

Measurements of levels (or reasonable estimation) of air, water (and any residual liquid) on top

Any observation and comment on the formation of bleed or liquid within or on top of the grout, or

© ISO 2012 - All rights reserved
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— Any observation and comment on cracks of the grout, with location, orientation and approximate width.
— Development of ambient temperature during the entire test period.

— Photos illustrating test set-up, and details of the top end of the tube with air, water and residual liquid.
Bleeding is expressed as

hw/(5 000-hy-hs) x 100 %

Volume change (if negative) is

(ha + hw)/5 000 x 100 %

NOTE This test will not measure a positive volume change.

Dimensions in millimetres

~—7 500

Key

1 ventand stop valve 4  transparent tube
2 height of air, hy, in mm 5 12 strands

3 height of water/other liquid, Ay, in mm 6 injection of grout

Figure 3 — Inclined tube test set-up
4.5 Wick-induced test
4.5.1 Principle of test

This test provides both volume change and bleeding measurements. Bleeding is measured as the volume of
water remaining on the surface of the grout which has been allowed to stand protected from evaporation.

© IS0 2012 - All rights reserved 7
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The volume change is measured as a difference in percentage of the volume of grout between the startand
the end of the test. The test measures mainly the volume change caused by sedimentation or expansion.

452 Eq
a)

uipment

long, equipped with caps at each end.

b)
c)

One 7-

4.5.3 Pro¢cedure

wire strand approximately 900 mm long which fits inside the tube.

Thermometer.

One transparent tube, of approximately 60 mm to 80 mm internal diameter, and approximately 1 m

Set up tubg in a vertical position with its open end at the top. Provide rigid fixing so that hg movengent
or vibratiop can occur.
Install the ptrand in the tube, ensuring that it is firmly located on the base, and held\eentred.
Pour the grout into the tube at a steady flow rate (either from the bottom or using-a’small diameter tremie
tube) to enfure there is no trapped air. Fill the tube to a height, hg, about 10 mnrabove top of the steel. peal
top of tube|to minimize evaporation. Record the temperature of the grout ahd ambient air temperatyre.
Record stafting time tg and height hg of the grout.
Record hejght of grout, hg, at 15 min intervals for first hour and subsequently at 2h, 3h and 24h.
Measurements shall ignore the meniscus on the grout.
Record height of bleed water, hyy, at the same times as for. the grout (see Figure 4).
Record inhpmogeneities that may develop in the appearance of the grout as seen through the transpafent
tube. Exanjples of inhomogeneities are:
— formation of lenses of bleed water below top of grout;
— segregation leading to areas of different coloured grout.
NOTE The purpose of recording at intervals instead of simply taking the final value is to be able to follow the
behaviour df expansive grouts. For small projects the measurement at 24h may be omitted by agreement irf] the
execution dpcumentation.
4.5.4 Reporting of results
Bleeding iJ expressedias

hw/ho % 100 % 1)
Volume chéngeis

(hg = ho)/ho x 100 % (2)
8 © IS0 2012 - All rights reserved
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