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TESTING OF SOFT SELF-SUPPORTING WATER TANK
USED FOR FIRE PROTECTION
OF CIVIL STRUCTURES

Investigated flexible self supporting water tanknisde of fibre
reinforced rubber and can be used in fire-extirfyap actions to
protect buildings and other civil engineering stunes. lIts self
supporting ability results from the air-tight floag flange. Prelim-
inary investigations of the rubber material dondha laboratory
and of a prototype tank led to the tank redesigefobnations of
a new tank were measured under its operating donditvith four
tons of water inside. Resulting hoop and longitatiistrains
exceed four percent and are in agreement with dtieaf consid-
erations. Developed measurement methods can beteddéqr
testing the shell structures and other coveringdena technical
fabrics.

Testowany elastyczny, samaéng zbiornik na wod wykonany
jest z gumy wzmocnionej wtdknami i m® by uzyty w akcjach
gasniczych w celu ochrony budynkéw i innych obiektoyml-
nych. Jego samo#oa zdolné¢ wynika ze szczelnego samo-
nosnego kotnierza. Wgpne badania materialowe gumy przepro-
wadzone w laboratorium, jak i badania prototypu omfika
doprowadzity do zmian w jego projekcie. Dokonanamprow
odksztalcé w nowym zbiorniku, zawieragym 4 tony wody,
w warunkach prowadzenia akcji. Powstale obwodovak i
wzdluzne odksztatcenia przekraczad% i zgadzaj sie z teore-
tycznymi zatlgeniami. Opracowane metody pomiarow rdgc
wykorzystane do testowania konstrukcji tupinowydalazoinnych
pokry¢ wykonanych z wtokien technicznych.
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1. Introduction

Temporary water tanks of a volume from a few toesalcubic meters are
often used by firefighters during the extinguishangion. One obvious feature of
such a tank is its water tightness which shoulddiiewed by short operational
readiness, light weight and small storage volumank$ with flexible walls
supported on a frame structure (Fig. 1) have besenl dor many years although
they have been far from optimal solution.

Flexible self-supporting water tank (FST) is muelsier to operate (as shown
in Fig. 1b, ¢, d) and has much more advantages ttharold ones. The study of
a mechanical behaviour of the FST was the parhefrésearch performed under
the support of State Committee for Scientific Resleand in the paper presents
measurements of deformations of the FST walls oftamks.

First one is the prototype tank and the other iglifre after the preliminary
research. In both cases nominal operating conditaoe concerned i.e. tanks are
filled with 4 n? of water.

Fig. 1. Supported on a frame (a) and new self-supportng,d) water tanks

2. Tested water tanks

2.1. Material properties

A research carried [1] on several rubberised woneterials showed that
TU-08 rubberised fabric produced by STOMIL is atablie material for FST
manufacturing [1].
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The research showed that TU - 08 has various stremgl deformation
properties if loaded in the weft and warp direcsion
ultimate strength in warp direction 11.14 daN/mm
ultimate strength in weft direction 9.89 daN/fm
secant elasticity modulus (average for stresses @r¢o ultimate strength):
ESvarp= 59.6 + —2.5 daN/mfn
ESwer= 35.6 + —1.4 daN/mn
material thickness t = 0.72 mm.
Its typical load-displacement characteristic ungigiaxial tension is shown in
Fig. 2.

400 {F daN
300 weft
200 - warp
100 -
0 . ‘ : — AL %

Fig. 2. Load-displacement characteristic of TU — 08 rubsefabric in warp and weft
directions — after [1]

2.2. FST design

Side walls of a flexible self-supporting water teare made of 4 curve-linear
trapezoid gores glued together into a shape afre#éited circular cone. The base of
the tank is made of gores glued together as wdl &ise side walls. All joints are
strengthened with belts glued over them. This tesnllocal variation of the tank
wall thickness from 0.72 mm to over 6 mm in caserafks joints of vertical and
horizontal belts. The greatest thickness and ssfnof the FST is the vicinity of
the quick-closing valve at the bottom of the tadgper edges of the side walls are
glued to the air-chamber tuber which forms a flugfiange of the tank. Geometry
of the prototype and final test copy of the FSTgiven in Fig. 3.
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Fig. 3. Prototype and final test copy of FST

2.3. Estimated strains and range of the measurement method

Calculation of expected strains was done prior Xpeements in order to find
a measurement range and help to choose the amdmpneasurement methods.
Following data and assumptions form the basis ef gtrain estimation in the
prototype FST:

» hydrostatic pressure of water stored in the tankhés only load applied to
the tank (thus e.g. weight of the structure, sidedwpressure, non flatness of
the ground beneath the FST base are neglected);

» side walls are of the cylindrical shape (which nsedhat vertical shape
variation due to the conical design and linear sues distribution are
neglected and constant wall thickness with no goamd gores is assumed);

» elastic moduli are equal to the average secant lnofdelasticity given in 2.2.
Taking into account the dimensions of the prototl®d shown in Fig. 3 one

gets estimated circumferential stress in a lower gfathe tank

0,me= Pd. /12t 0 1.875 daN/mm
Enwarn = O1max! EST3.1% or

warp — “1max

3

lwarp

depending on the orientation of the laminated talmfi gores (which was un-
known). Accounting for the second curvature of wadl near FST base results in
a conclusion that it can only diminish the stress®s strains of the wall. Similarly
the vertical stresses introduced by the floatimdlahge are many times lower than

the estimateas, ... On the other hand one can expect that the stoeg®otration

may arise near the groves connection lines duédddcal changes of the wall

thickness. Thus the expected strain measuremege ian be evaluated as
(atthetop) 0%<e<7-8%  (at the bottom).

=0,/ ES,. 05.3%
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3. Experiments

Laboratory research was carried on to find out mmesssent methods suitable
for further in-situ investigations [2]. For this mmose, the results of
displacement/strain measurements for uniaxial kemsst of the 70 mm x 256 mm
specimen of TU - 08 rubberised fabric with load legapin the weft direction were
compared. After the application of the prelimindoad of 35 daN the specimen
was unloaded to 25 daN and the measurements warr tander this condition
which results in an average tensile stress 0.5raRl/The load was applied eight
times and so were taken the measurements withtaesistrain gauges, strain
gauge extensometer, texture photography, grid semsd digital displacement
caliper. Strain gauge extensometer shown schertgtioaFig. 4 has four strain
gauges on its two flexible arms and can be attathéde FST by introducing the
end pins into the hollow cylindrical grips gluedth® fabric surface.

gauges

Ti | | LA | | Ta

]

5
S E

a grip

PR

o

O\ end pins/o
a) b)
Fig. 4. A sketch of the strain gauge extensometer

The sensor is easily removable and can be usexfprential measurements in
various points during the same experiment. To takiire images before and after
the loading of the specimen, the non-contact textphotography was used.
The processed film was illuminated with point-wiaeer beam and the transmitted
light with a diffraction lines was projected ontcsereen. Measuring the distance
between the diffraction fringes in the unloadeg) @hd loaded (d states one can

: d

calculate the strain as=—* —1.
0
The grid sensor was designed especially for thegaa of the low cost large
strain in-situ measurement. As it is shown in Bidt. consists of two separate strips
with printed line sets. One set has line spacimgni while the other one 0.9 mm.
The strips are glued in two points on the testgdatlas to overlap each other.
0246810

2 0,5

Fig. 5. Grid sensor designed for large strain measurements
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The principle of the measurement is the same ds avidlide caliper and the
grid sensor does not reinforce the measurementargaloes with strain gauges.
Digital displacement caliper has two arms with dratdel balls at their ends.
During the measurement the balls are firmly pressgainst conical pits in metal
grips attached to the FST surface and the acttsll gostance can be read on the
caliper display. The local strain measurements iodth with various tested
methods were as follows:
» resistant strain gauge: 0.19
» specially designed strain gauge extensometer: H62
» texture photography (diffraction method): 0.86.29
» grid sensor: 0.94 +£0.30
» digital displacement caliper: 1.2+0.30
The reference strain values were the results ddaifrom the sample
elongation measurement (grip distance)
c= (257.9- 256)_
256
and calculated from the known average stress asahselasticity modulus

=2 -0.84%
E

0.74%

A comparison of the two global reference and Igcaileasured strains allows
to choose the most suitable methods for FST tédtese are strain gauge
extensometer and grid sensors. Digital displaceroaliper was also qualified for
further use as an additional method. The straigesuwvere decided to be used in
case of measurement on the belts which strengtiemdres' joints where lower
strain can be expected due to the greater loctthess of the FST walls.
Measurement results obtained using the above fetihads for the prototype FST
are summarised in Table 1.

Table 1.Results of strain measurement on the prototype FST

Location | a b c d e f g h i
Comments
Sensor Strain in %
L1A 21 Eight readouts, std. dey.
' 6 =12.8%
L2B Eight readouts, std. dey.
4,3 c=%1%

T1 0,06 Wall not tensed
T2 Estimated on of the

55 crack width basis
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Location | a b c d e f g h i
T3 Exceeds the

1,94 measurement range
T4 Exceeds the

2,64 measurement range

R1 5.8
C1 5
C2 3.7
C3 2,7
C4 0,6

Measurement points are denoted with letters (gan@ localised as follows:

(a) upper surface of the air flange;

(b) side wall of the tank just beneath the flange

(c) strengthening around the outflow stub pipe tleaglue joint

(d) strengthening of the tank bottom and side yaédit

(e) side wall near by the glue joint of two siddlvgares and the tank bottom

(f) strengthening of the glue joint of two side gdres and the tank bottom

(g9) at the foot of the wall near the tank bottom

(h) at the middle of the height of a side wall

(i) side wall approx. 20 cm beneath the air flange

while sensors are denoted as: T1, T2, T3, T4 instfauge; L1A, L2B - digital
caliper; R1 - grid sensor; C1, C2, C3, C4 - stgange extensometer.
Measurement locations (d), (g), (h) and (i) werthatsame diagonal cross-section
of FST. Eight of eleven results were qualified asp correct and these are marked
in Table 1 with grey background colour. An impottaomment is that the result
No.4 (strain gauge T2) is not the strain gaugeaetd his strain gauge broke, as it
is shown in Fig. 5, but was still fixed to the F&all. The result 5.5% is an
estimation on the basis of the crack width divibgdhe gauge dimension.

The conclusion was that the real strains are dlo$ke estimated ones, so the
application of strain gauges is not justified. Ore tother hand the simplest
measurement method of the digital slide caliper hascceptable standard
deviation error (see Tab. 1) and the strain gaudensometer was much more
tedious in a field use then it had been expectatuls from the Table 1 are
summarised in Fig. 6.

This preliminary experiment allowed to redesign #8T and to produce
a final FST test copy (Fig. 3b) with the same sjeraolume (4000 M but greater
diameter and lower height in order to improve ifem@tional characteristic and
decrease the circumferential strains.
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Fig. 6. Broken strain gauge T2

Fig. 7. Strains in the prototype FST

The new FST was tested under nominal load andtthens were measured
with grid sensors only. The sensors were placedfia heights in two
perpendicular cross-sections on both sides of dhk. tThere were used 40 grid
sensors, 20 for vertical (diagonal) and 20 for fmmtal (hoop) strain
measurements. It was visible that the FST wasdwally levelled and its one side
only was fully stretched and smooth. This side ealked "high" while the opposite
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side "low", and "left" and "right" sides in the pendicular cross-section had
the walls creased and not tensed beneath the flahgse four cross-sections were
chosen for measurement purpose and vertical positbthe sensors in each cross-
section were at;h=5 cm, h= 23 cm, =41 cm, =59 cm and $=71.5 cm
beneath the flange (Fig. 8) [3].

Grid sensors were glued to the FST walls in itoadéd state and reference
measurements were taken including the measurenhéhé @ctive length of each
sensor. After filling FST with water the other reseements were taken. In both
cases the readouts were performed twice by twarelsers. Taking into account
the sensor resolution of 0.1 mm the readouts wengeifect agreement in every
case. Then the measured displacement and calcglaééals were compensated for
the thermal shrinkage of the FST walls, as thimfjlivater was & cooler than the
tank temperature while gluing the grid sensors. Gdrapensated strains are given
in Table 2 with additional comments regarding tbeal measurement conditions
[4]. Analysis of individual results from Table 21t as the one for average values.
It is worth to mention that “left” and “right” sidmeasurements are much closer to
each other in their values and tendency than tfavsdigh” and “low” sides.

Fig. 8. Grid sensors glued to FST wall
This is consistent with expectations for such tn sixperiments and confirms
that local measurements should be taken in manwytgadio yield general
conclusions. The highest measured local strainslase to the estimated ones and
are much lower than ultimate strains for TU - O8temnal used for the FST
manufacturing.
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Table 2. Strains of the walls of a redesigned FST as medswuité 40 grid sensors

Sensor Height beneathStrain | Average strai Comments
flange %o %0
H1lh 0.0
Hllw 5 X wall not tensed, creased
-5cm X
Hlr X wall not tensed, creased
H1lt X wall not tensed, creased
H2h 7.4
o | H2lw X wall not tensed, creased
'E Hor -23 cm 576 19.7
® | H2lt 24.1
2 [ H3h 8.0
2 [ H3w 40.0
:_; 3r -41 cm >3 6 26.0
‘g H3lt 33.3
N | H4h 9.4
2 | Halw 48.1
ar -59 cm 321 33.5
HA4lt 44.4
H5h 13.3
H5Iw 35.1
5y -71.5cm 250 25.5
H5It 28.6
V1h 31.1
Vilw 5cm X X wall not tensed, creased
Vir X wall not tensed, creased
V1l X wall not tensed, creased
V2h -3.9
2 [ valw X wall not tensed, creased
s | ver 23 cm 203 0-5
2 vai -14.8
g V3h -34.0
> | V3w -10.5
% Var -41 cm 370 -0.9
= [ V3t 3.8
£ [ Vv4h 7.0
@ | Vilw 6.8
> Var -59 cm 162 0.8
VAlt -35.3
V5h 40.7
V5lw 60.4
Vor -71.5cm 517 48.7
V5t 42.1

Average hoop strains show almost linear increadk thie height below the
flange down to the bottom of FST where conical shetpanges into a toroidal one.
Although in this region there exists greater wateyssure but there is a decrease
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of the hoop strain. This is due to the strengthgmihthe wall by gluing together
a side gore, a base gore and a belt.

This greater local stiffness does not stop an aggef average diagonal strain.
These strains are close to zero on the side wadkevthere is no curvature of the
wall in the gauge direction because of the corstape of FST. But in the lower
part of greater stiffness there arises a curvatutke diagonal cross-section which
results in a high increasing of the vertical stréiwerage strains are plotted in Fig.
9.

an
» *

8

8 8 &6

‘/4 R — =3 %60

10 o) D 40
Fig. 9. Average hoop and diagonal strains from grid semaeasurements

4. Conclusions

There were developed strain measurement methodslis of flexible self-
-supporting water tanks (FST) used in fire-extisping actions to protect
buildings and other civil engineering structures.

Strain grid sensors developed for FST testing argngle and effective
measurement tool for large deformations and inteiti

Strains of final test copy of FST are several tinmser than the ultimate
strains for TU - 08 material being used.

Maximal measured hoop and vertical strains are hef same order of
magnitude which confirms the proper design of FST.

Developed measurement methods can be adaptedelbsshctures testing as
well as other coverings made of technical fabrics.
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