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The main task of technical committees is to prepare national standards. Final Draft Rwandal Standards
adopted by technical committees are ratified by members of RSB Board of Directors for publication and
gazettment as Rwanda Standards.

DRS531was prepared by Technical Committee RSB/TC 9, Civil engineering and building materials.
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BS EN 16306:2013, Natural stone test method — Determination of resistanceof marble to thermal and
moisture cycles
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Natural stone test methods — Determination of resistance of marble to
thermal and moisture cycles

1 Scope

This Draft Rwanda standard specifies a laboratory method for determining the resistance to thérmal and
moisture cycling of marble intended for cladding of building facades. For scientific definition “6f marble,
reference is made to DRS 515 .

NOTE Bowing and rapid strength loss is known to occur in some marbles when used as exterior ¢laddings:

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content constitutes
requirements of this document. For dated references, only the editionCited applies. For undated references,
the latest edition of the referenced document (including any amendments) applies.

DRS 533, Natural stone test methods — Determination of flexural\strength under concentrated load
DRS 515, Natural stone — Terminology
DRS 535, Natural stone test methods — Determination offlexural strength under constant moment

ISO 4892-1:2000, Plastics - Methods of exposure to laboratory light sources - Part 1: General guidance (ISO
4892-1:1999)

3 Terms and definitions

For the purposes of this standardithe following terms and definitions given in DRS 533,, DRS 515, DRS 535, ,
ISO 4892-1:2000, and, the following apply.

341
bowing

change inghape from flat and planar to a curved or dished shape in a convex or concave direction

Note 1 to entry: Other terms commonly used for the same phenomenon are dishing and warping. Convex bowing is
quantified by positive values, concave bowing by negative values. ext of the definition

3.2
convex

centre part of the specimen is bowing upwards, away from the moist substratum

1 ©RSB2023- All rights reserved



3.3
concave

centre part of the specimen is bowing downwards, against the moist substratum
4 Principal

Bowing is measured on test samples exposed to moisture from beneath and heating from above. The
temperature interval is from 20°C to 80°C, one cycle completed each 24 h. The 80 °C is measured'on a black
reference, placed on the surface of one specimen to control the climate of the chamber/bath.

The potential strength loss is measured according to DRS 533, or DRS 535 on reference and exposed
specimens

5 Symbols (and abbreviated terms)

Ttemperature;

Holnitial height of the specimen at the measuring point [mm];

Hdifference between the initial height and the height after a"given cycle [mm]
Hythe normalised height difference, related to Ly= 1myimm]

BH\/Ljthe normalized bowing value [mm/m]

B,bowing value after n cycles [mm/m]

Ldistance between the supports under the specimen = 0.35[m]

Lynormalize length = 1 [m]

6 Apparatus

6.1 A non-corrosive bath (Figure 1) of sufficient capacity to hold the required number of specimens. The
container must be designed in a way that specimens receive continuous moisture from one side and are
exposed to cyclic heating on the other side. The container shall be furnished with a device that ensures a

©RSB 2023- All rights reserved 2
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constant water level during the cycling. Lying on the bottom of the container is a grating, which is covered by a
sheet of heat stable filter cloth.

6.2 A non-corrosive grating that fits the length and width of the container and has a height of at least 1 cm.
The function of the grating is to ensure a water reservoir beneath the filter cloth.

6.3 A soft, heat and dimension stable non-hygroscopic needle filter cloth of thickness approximately 5 mm and
without any water-soluble substances or chemicals. The cloth (e.g., polyester or PTFE
(polytetrafluoroethylene) needle felt) is to be placed on top of the grating. The function of the€loth is to
provide moisture and a uniform support to the specimen.

6.4 Heating panels of sufficient sizes/and numbers to cover the container. The panels must be capable of
providing a uniform heat flow, heating the black reference from 20 °C to 80 °C at averagerate of (0.30 £
0.05) °C per minute. The maximum allowed temperature difference within the bath, during heating exposure,
is 3 °C. Walls of insulating material should preferably be placed around the container (Figure 1) to avoid
unwanted cooling or air circulation. Before the system is taken into use, trial measurements of the temperature
shall be performed at nine surface points widely distributed within theheating” frame (Figure 2). The
temperature is measured on a uniform surface preferably with an infrared, thermometer or a surface
measuring thermometer. The temperature readings shall be taken on the/surface of the black reference.

NOTE 1 The heating rate may be adjusted by changing the distance between the heating device and the samples, or by
controlling the effect of the heater. The heating curve is displayed in Figure 5

6.5 A black reference plate, according to 1ISO 4892-1:20004(Figure 3), to establish the maximum surface
temperature at 80°C. The black reference is connected,bysa_thermocouple (cable type K), preferably to a high
stability temperature and process controllers. A simple,logger is also possible.

NOTE 2 The black reference is placed on the surfagce ofsthe measured sample, preferably in the middle of the container.
The temperature for the experimental exposuréjis programmed in advance. The heating elements are connected to the
whole system and are controlled by the process,controller. The temperature of the black reference is read and the signal is
sent to the process controller that adjusts the heating. The whole system can thus be computer-controlled and the surface
temperature can be monitored on-line.

6.6 An infrared thermometef oriother thermometer capable of measuring the surface temperature of the
specimens.

6.7 A bow-test rig for bow measurements (Figure 4). The rig is composed of a steel plate with three supporting
points upon which the\specimen is lying, and three cylinders guiding the edges of the specimen. The
supporting points are situated (350 + 5) mm apart from each other, and they must be well rounded and
smooth in orderte-accommodate for eventual irregularities in the sawn surface of the specimens. Above the
centre_of the specimen a gauge is mounted, which shall be readable to 0.001 mm. The whole system shall
haye an aceuracy better than + 0,01 mm.

6.8 A reference cylinder (coplanar bases with an accuracy better than + 0.005 mm) consisting of a material
with a low linear expansion coefficient (e.g., quartz glass or invar steel).

6.9 A ventilated oven capable of maintaining a temperature of (40 + 5) °C.

3 ©RSB2023- All rights reserved
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NOTE The front wall is omitted here for a better view of the interior.

Figure 1 — Principle sketch and an example of exposure equipment for testing the potential bowing
properties of marble
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Figure 2 — Location of temperature control points
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Figure 3 — Black reference plate (EN ISO 4892-1:2000) for T-measurements
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Dimensions in milimetres

r|
Sy

47
____/[_____.__________
y

[
7 YT
/ g
T | / ¥ Y
L T T T ‘ T
|
350 |
6
Irlll A
[
Fai!
L a - y
2 @ — - -&
[
i ,
450
Key
1 stand
2 gauge
3  reference piece
4  support
5 steel plate (rust resistance)
6  rubber studs
7 guide

Figure 4 — Schematic drawing of the bow test rig
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Figure 5 — Requested temperature cycle and allowed tolerance

7 7 Preparation of specimens
7.1 Sampling
The sampling is not the responsibility of the test laboratory except where specifically requested.

At least six specimens are to be exposed and another set of six specimens are to be used as references for
flexural strength measurement of unexposed material. Samples shall be chosen in order to be representative
of the®bateh to be tested. For identification testing, any foliation must be taken into consideration. Six
specimens, with faces perpendicular to and six specimens parallel to the foliation must be selected. For
technological tests, it is sufficient to select samples with one set of orientations according to the use of the
slabs.

NOTE For very heterogeneous marble types, it has proven valuable to double the number of test specimens.

7 ©RSB2023- All rights reserved



7.2 Test specimens

Test specimens shall be slabs with a length of (400 + 5) mm, a width of (100 + 5) mm and a thickness of (30 +
2) mm. The upper surfaces of the specimen shall be honed (not polished) and the back surface shall be
smooth. The specimens must not be chemically treated in any way.

7.3 Reference marks on the specimens

To ensure that successive bow measurements are carried out on the same measuring spot and oh theysame
surface and oriented specimens, make indelible marks on the specimens. Number the ispecimens in
consecutive order.

7.4 Drying the specimen

The specimens are dried in a ventilated oven at (40 £ 5) °C for one weekland,then cooled to ambient
temperature (20 + 5) °C before the start of the exposure.

8 Test procedure
8.1 Control measurements before cycling

After drying and cooling, a reference (HO) heightymeasurement is carried out at the point of the bow
measurement.

8.2 Procedure for bow measurement

Each specimen is gently placed on the three ‘supporting points touching each of the three guide cylinders. The
specimen must be placed exactly in the same manner at each measurement. The pin of the gauge is gently
lowered to the surface of the specimen and the reading is made. Essential to the measurement is also that the
specimens, supporters, guides and gauge pin are clean. Water and dust must be removed from the contact
points before measuring of eachitest,specimen.

The test is sensitive and the'specimens must be handled very carefully. When the specimen is lifted, it is done
so by carefully holding at each end of the slab. Never put anything on the specimen or apply any kind of
pressure to it sinCenit will affect the result. The reference piece (cylinder, see 6.8 and Figure 4) is also
measured before and after each test set measurement for zero setting.

8.3 .Readings, exposure and duration of test

Aftenthescontrol measurement (8.1), place the specimens partly immersed in demineralized or distilled water
for 24 h. Only the lower (5 £ 2) mm of the specimens are to be submerged while the top 25 mm shall remain
above water level. The water level shall remain constant during all cycles. If necessary, make sure to top up
with water of the same temperature as in the test bath. The specimens are placed on the filter cloth in the
container, which is filled with demineralized or distilled water so that the specimens are partly immersed in the
same way as described above. The specimens are exposed to a temperature cycle, heating the surface of the
black reference from 20 °C to 80 °C in 3h-4h. The rate should not exceed 0.35 °C per minute and the
maximum temperature is maintained for between 1 and 3 h (Figure 5). The heater is then turned off and the
specimen cool down to ambient temperature (20 £ 5) °C. No control of the cooling phase is necessary, other
than making sure that ambient temperature has been reached before measuring the bow of the specimens.

©RSB 2023- All rights reserved 8
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(22 = 2) h after the cycle started (approximately 1h to 2h before starting the next T-cycle) the bow of the
specimen is measured, by taking out the specimens one by one from the container, i.e. the specimens that
are not measured shall remain in the container, in contact with the water. Rearrange the specimens in the
container before the next cycles. The heating-cooling cycle is repeated 50 times. Bow measurements are
made after each of the first five cycles and thereafter at every fifth cycle.

NOTE Before the specimens are exposed to heating cycles, another height measurement may be taken. This value is only
used for comparative measurements during the cycling.

8.4 Measurements after exposure

After the last cycle, and any wet measurement, the exposed specimens and the reference Specimens shall be
dried for one week at (40 = 5) °C, cooled down to ambient temperature and measured foFpermanent bow.

This measurement is used as the final measurement and shall be compared withsthe initial measurement in a
dry state (Hp).

During drying, the specimens shall stand upright on the long edge and with a,distance to each other to allow
for circulating air between.

9 Calculation of results
9.1 Bowing magnitude

After each bow measurement the magnitude of the bowing is given by the difference in “height” AH to the first
reading (Ho). This normalised bow measure (Hy)is calculated as the height difference, in mm, for a specimen
with the length of 1 [m] yielding the unit [mm/m].

L
Hy = AH * (=)
L
Where:
Hyis the normalized height difference
AHis the measured ‘height difference
Ly is thesnormalization length (1 m)
L'is the distance between the supports under the specimens (0,35 m).

The formula is also valid with different distance between the supports. Only insert the corresponding value of
L). Finally, the bowing is given as:

B=HN/LN(2)

9 ©RSB2023- All rights reserved



It is recommended to present results in both a diagram and a table. The mean values of the six specimens
shall be calculated with their standard deviations. The bowing values after cycle number 5, 10, 25 and 50
should be reported in tables.

Diagrams showing all bow values as a function of numbers of cycles are also recommended.

9.2 Flexural strength

Measure the flexural strength on dried reference and on dried exposed specimens. The pereentage change in
flexural strength (AF) is calculated as follows:

- Ltfr

L
ARtf = -0 x100

tfr
Where:
Ris the flexural strength of exposed specimens
Rysis the flexural strength of reference specimens
ARy%is the change in flexural strength, expressed as a,percentage
10 Precision
Awaits data from precision trial.
11 Test report
The test report shall contain the following information:
a) the unique identification number of the report;

b) the number, title and date of issue of this Rwanda Standard;

c) g#the namesand address of the commissioned laboratory and the address of where the test was carried out
if different/from the test laboratory;

d) the name and address of the client;
e) itis the responsibility of the client to supply the following information:
1. the petrographic name of the stone;

2. the commercial name of the stone;

©RSB 2023- All rights reserved 10
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3. the country and region of extraction;

4. the name of the supplier;

5. the direction of any existing plane of anisotropy to be clearly indicated on the samples or on each
specimen by means of two parallel lines;

6. the name of the person or organization, which carried out the sampling;

7. the surface finish of the specimens;

f)  the date of delivery of the sample or of the specimens;

g) the date when the specimens were prepared (if relevant) and the date of testing;

h) the number of specimens in the sample;

i) the dimensions of the specimens;

j)  the number of cycles;

k) the individual values of bowing, the mean value,and the corresponding graph and table;

I) the individual values of flexural strength, the mean value, the standard deviation and the percentage
difference between the mean value obtainedyonyréferences specimens and the mean value obtained on
exposed specimens;

m) all deviations from the standard and‘their justification;

n) remarks.

The test report shall gontain‘the signature(s) and role(s) of the person(s) responsible for the testing and the
date of issue of the report. It shall also state that the report shall not be partially reproduced without written
consent of the test laberatory.

11 ©RSB2023- All rights reserved
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Annex A
(normative)

Calculation of water absorption coefficient by capillarity means of non-
linear regression function

A.1 Scope

The following criteria should be fulfilled for a marble to be considered for outdoor cladding:
— the permanent bowing should be less than 0.40 mm/m after 50 cycles;

— the increase rate in bowing should not exceed 0.02 mm/m in the last twosmeasurements.
A.2 Flexural strength

The flexural strength values of reference specimens and expased §pecimens provide important information
about the potential strength loss that may occur during the serviceulife of the marble panels.

For a marble evaluated as suitable in the bow test, the flexural strength, after the test should be used for
dimensioning of facade panels.

13 ©RSB2023- All rights reserved



Annex B
(informative)

Non-destructive testing

B.1 General

Ultrasonic Pulse Velocity, UPV and dynamic modulus of elasticity (EN 14146) may be used as.non:déestructive
tests to monitor internal changes (micro-fissuring) in the marble during the test.

In such cases, these parameters shall be measured before the test has been initiated\6n the dried samples
and after the 50th cycle has been completed and the test specimens dried. Mark the positions where the
transducers and responders are used with indelible marks.

NOTE The UPV can also be used on site and correlated with strength measurements for non-destructive in situ
investigations and prediction of remaining service life when tested recurrently.

B.2 Ultrasonic velocity

The ultrasonic pulse velocity of the specimens is measured. The transducer points shall be placed close to the
edges of the specimens for indirect measurements. ¢This is'to be regarded as the initial value (V0). The
ultrasonic pulse velocity is measured on dried referencesand exposed specimens. The percentage change in
ultrasonic velocity (AV) is calculated as follows;

Where:
V,is the ultrasound pulse velocity ofireference specimens, in km/s
V,, is the ultrasound pulse”velocity of exposed specimens in km/s

AV % is the change in ultrasound pulse velocity expressed as a percentage

©RSB 2023- All rights reserved 14
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B.3 Modulus of elasticity

The resonance frequency of each specimen is measured and the modulus of elasticity subsequently
calculated. The value shall be regarded as the initial (EO).

The resonance frequency is measured on dried reference (EO) and exposed specimens (Ef). Calculate the
change in dynamic elastic modulus to the nearest 0,1 % according to the formula:

Where:
E,is the dynamic elastic modulus of reference specimens, in MPa
Eijs the dynamic elastic modulus of exposed specimens, in MPa

AE %is the change in dynamic elastic modulus expressed as a percentage

15 ©RSB2023- All rights reserved



Annex C
(informative)

Enhanced petrographic analysis

C.1 General

This guidance serves as an enhancement of EN 12407, Natural stone test methods_— "Retrographic
examination. The procedure described below can be carried out completely manually, by printing photos on
paper and measuring thereon, or by computer-aided image analysis. The main objective ofithe method is to
get a quick impression of the microstructure and the marble’s potential suitability for exterier use. It can also
be used for production control of blocks selected for a specific building project and quality mapping of a
quarry.

The microstructure of marble is a reflection of its geological history. This also defines whether the marble will
be durable in outdoor applications. A more complex microstructure is<favourable. A requirement should be
based on a quantitative parameter/measure and not a subjectivemmeasure. This quantitative, analysis
procedure, called the Adjacent Grain Analysis (AGA), is valid for calcitic marble. Calcite belongs to the
hexagonal crystal system. A marble with ideal granoblastic pélygonal microstructure has 6 AG (adjacent
grains, see Figure C.2). A more complex structure yields a higher number of adjacent grains.

Initially, the grain size distribution shall be determined by the linear traverse method (see Figure C.1). The
Feret diameter (longest axis of each grain) is measured, along the traverses. At least 100 grains should be
measured. The spacing of the traverses depends#on the grain size, i.e. the traverses shall be spread as in a
standard point-counting of minerals. The valuelof the median grain size is used. At least 50 median sized
grains are chosen and the number of adjacentygrains (AG) around each one of them is counted (see Figure
C.2). The median value of all counts represents the AGA result. An AGA of 8 or higher is good. 7 is an
intermediate value while 6 is too low (se€e Figure C.3).

Key

1 feret diameter
2 traverse

Figure C.1 — Linear traverse method for determination of the grain size distribution
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NOTE 1 It is not only the grain contacts but also the grain size distribution that influences the durability. A wide range of
grain sizes is favourable for the durability.

NOTE 2 The principle of a complex microstructure is also valid for dolomitic marble types. However, there is no
satisfactory correlation between the AGA and the bowing potential, or rapid strength loss. On the other hand, dolomitic
marble more seldom have problems with rapid deterioration.

Figure C.2 — Principle for counting the number of adjacent grains (AG) around median sized grains
(G). Ideal granoblastic structure to the left and a more seriate, interlobate structure to the right

Figure C.3 — Example of four different calcitic marble types with AGA from 6 to 9. The performance of
these marble types is verified from buildings

17 ©RSB2023- All rights reserved
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