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Analysis and Experimental Testing of Load Distribution in the Foundation Mattress 

Analyse et verification experimentale de la distribution des forces dans le matelas de 
fondation 

In this study the specifications of the fabrics forming 
the foundation mattress have been derived from the load 
distribution in the mattress during production, winding 
on to the cylinder and the sinking operation. 
Fnr the overall load distribution a theoretical model 
i;r~roach is described; for a more precise analysis of the 
local strain distribution in the fabric near the pins an 
experimental approach is described. The tests on a 5 m 
\'lide tension dynamometer showed that a fabric, with steel 
wires and polypropylene split-fiber yarns in the warp and 
palypropylene split-fiber yarns in the weft, meets all 
the specifications for the load bearing fabric. 
A winding test with a 3 m wide, 90 m long section of the 
foundation mattress is described. In this test strains 
in the fabrics and in the pins, as well as the surface 
~eometry of the top fabric were measured. This test 
ShC\1ed no damage during winding and a sufficient safety 
margin prpsent in all the construction elements of the 
mattress . Based on the results of the study the design 
of the m~ttress and the specifications of the construc
ti on elements Wf't"e accepted. 

ANALYSIS AND EXPERH1ENTAL TESTING OF THE 
LOAD DISTRIBUTION IN THE FILTER MATTRESS. 

1. Introduction. 
The construction and production of the filter mattress 
are discussed in Reference 1. 
In this paper the problem of finding fabrics suitable for 
the filter mattress is discussed. The specifications for 
the fabrics have to be determined in relation to the 
stresses and strains in the fabric during production, 
winding on to the cylinder and the sinking operation of 
the filter mattress. The specifications for water per
meability and sand impermeability are directly related to 
the properties of the filling in the mattress and of the 
sandy soil of the "Oosterschelde". 

2. Loading Conditions of the Mattress. 
2.1. During production the mattress is supported by a 
conveyor and therefore the loads are negligible: 
2.2. During transportation between the discharging 
wharf and the cylinder the load in the mattress depends 
on the shape of its catenary curve. The shape of the 
catenary is known since the radius of curvature of the 
mattress is limited to 5 m in order to avoid excessive 
bending strain. By applying the formula for the catenary 
y = yo + a cosh T(x-xo~ /a] and with the weight of the 
mattress being 720 kg/m the load of the mattress can be 
. hown to be 80 kN/m (Fig. 1). 
~.3. On the cylinder the bending strain in the top 
fabric is found to be 5% (Fig. 2) assuming that no change 
occurs in the strain of the bottom fabric. 
2.4. The load during sinking to a maximum depth of 35 
m can be calculated from Fig. ~ taking into accounf that 
the weight of the mattress under water is 430 kg/m and 

Dans cette etude les specifications des tissus formant 
le matelas de fondation sont d~rivees de la distribution 
des forces dans le matelas, pendant la production, en
roulement sur le cylindre et 1 'operation d'enfoncement . 
Pour la distribu~ion des forces en general une methode 
usant d'un modele theorique est decrite. Pour une analy~e 
plus exacte de la distribution des tensions locales dans 
les tissus pres des chevilles une methode experimentale 
est donnee. Des essais sur une dynamometre, 5 metres de 
largeur, ont montre q'un tissu, avec fils d'acier et 
fils polypropylene en chaine et fils polypropylene en 
trame, satisfait tous les specifications pour le ti~su 
portant les poids. L'enroulement d'une section de matela, 
de fondation, 3 m de largeur et 90 m de longeur est 
decrit. Dans cette essai les tensions des tissus et des 
chevilles, ainsi que la geometrie du tissue du surface 
sont mesurees. Pendant 1 'enroulernent du matelas aucun 
rlegAt est constate. Les resultats des mesurages ont 
prouves ~'une marge de sOrete suffisante existe pour 
tous l es elements du matelas. Base ~ür le resultat de 
cette ~tude le projet est accepte. 

CYLINDER 20m 

.Sm 
I 

IDISCHARGING 
WHARF 

Fig . 1. 11inding of mattress on cylinder. 
the centre of the floating drum is 5 m above the water 
surface. The load has been found to be 200 kN/m. 
Apart from the weight-load there is an additional load 
caused by the water currents. The current force at a 
maximum current speed of 2 rn/sec during sinking is 
estimated to be 100 kN/m. The maximum static load during 
sinking will therefore be 300 kN/m . 
At the end of unwinding slipping of the mattress over thc 
cylinder surface can occur, as the difference between 
winding tension (80 kN/m) and sinking tension (300 kN/m) 
is considerable. The effect of this slipping is estimated 
to be adynamie load of 660 kN/m. 
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Fig. 2. Mattress on Fig. 3. Sinking of mattress. 
cy1inder. 

3. Bottom Fabri c. 
3.1. Specification of the bottom fabric. 
As it is assumed that the total weight of the fi11ing 
~ateria1 has to be supported by the bottom fabric, 
vertica1 hanging during the sinking of the mattress will 
be the critica1 phase. 
In order to have a margin betvleen the breaking stren(Jth 
and actua1 load, it was decided to srecify a breaking 
strength of 800 kN/m for the bot tom fabric. Experienee 
with the polypropylene fabric of the b10ckmats, used as 
bottom protection, has shown that for a pop1in weave the 
~ctua1 measured strength on a 5 m wide fabric was on1y 
half that ca1cu1ated from a tensi1e strenath test on a 
20 cm wide test specimen. This effect is caused by the 
contraction in width of the fabric, due to crinr-inter
change between warp and weft threads (Ref. 2). In the 
specifications for the bottom fabric it was stipu1ated 
that the widthwise contraetion shou1d be 1ess than O.G~ 
and that the breaking strength of a 5 m wide fabric 
shou1d be 4000 kN. 

The breaking strain of the bottom fabric has to be 
1 i mited, as the top fabri c wi 11 have a 5% hi gher stra in 
than the bottom fabrie, when the mattress is wound onto 
the cy1inder. A fabrie having a high modu1us and no 
~Iidthwise contraction has the advantage that hard1y any 
deformation of the fi11ing material will occur, when the 
mattress hangs vertiea11y. In addition the width of the 
mattress after being sunk to the bottom will be known 
exact1y because there is no widthwise contraction. 
3.1.1. In order to meet the specification for the width
wise contraction, the designers of the weaving mi11s, 
invited to make an offer, had to choose a straight warp 
weave. 
In a straight warp weave the 10adbearing warp threads 
have no crimp and consequent1y there is 
a) no widthwise conti'action of the fabric under load, 
b) no bending strain of the warp yarns, resu1tinn in a 

optimum efficiency of the yarn strength in the fabric 
strength. 

To meet the speeification for strength and breakin, 
strain high modu1us - high strength fibers are essential. 
Two types of fabries were offered: 
a) a hybrid construction with stee1 wires and polypropy

lene sp1it-fiber yarns in the warp and polypropylene 
sp1it-fiber yarns in the weft, 

b) high strength - high modu1us manmade fiber yarns in a 
straight warr - straight weft construction. 

3.2. Testing of the Bottom Fabric. 
3.2.1. Testing of 20 cm wide fabrie specimens. 
First of all 20 cm test specimens were tested on a Zwick 
1484 200 kN tensi1e tester of the Laboratory for Fiber 
Engineering of the De1ft UnivRrsit~ of Techno10gy. 
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Grips were deve10ped, in order to be able to test these 
speciuiens and also to try to solve the problem of 
fastening the mattress to the sinking beam. 
Two types proved to be successfu1: 
a) a grip with friction bars (clasp type) (Fig. 4) . 
b) a wedge-shaped grip fastening the fabric with the he1p 

of a "fi11ed" resin wedge cast to the ends of the 
fabric (Fig. 5). 

In the friction bar-type the stress in the fabric at the 
~rip is far less than in the middle of the test speci men 
due to friction bet\~een fabric and bars. In this ~Jav the 
total tension stress and compression stress in the 'fabrlc, 
pinched between the grips, is kept be1o~J the destruction 
resistance of the material, thus avo;ding grip breakage. 
At the tip of the ~Jed!Je-shaped opening of the ~/ed~e grip 
the compression load of the fabric is controlled bv 
carcful1y adjusting the compression modulus of the-
"fUl ed" res i n wedge to a vo; d gri p brea kage. When the test 
results of certain fabric types met the spec;f;cat;o~s, 
5 m wide fabrics were woven for testing . 
3 .2.2. Testing of 5 m wide fabl"ics. 
To test 5 m wide fabrics, a special testing apparatus ~as 
constructed by the "De1t~d;enst" on its testing s;te at 
the Oostersche1de. The wedge-type grip was used as a tes
ting clamp. Load and strain ;n the warp direction, as 
wrl1 as the width of the test specimen were measured. 
In a project 1ike this an extra condition was, that for 
each step in design,a certain time limit had to be ad-
he red to in order to complete the total construction by 
the set date. A1though severa1 types of fabrics did meet 
the requirements on the testing machine in the 1aboratory 
on1y the hybrid-stee1-polypropy1ene warp met the 5 m wide 
specification within this time limit. In addition the 5 m 
wide wedge-type grip also proved to be successful. 
It was decided therefore that the fastening of the 
mattress to the s;nking beam would be done with the help 
of this type of grip. However as th;s type of fastening 
system is rather expensive, due to the high cost of the 
"ff11ed" res;n, for the fastening of the anchorin~ beam 

Fig. 4. C1asp type 9rip. 

j(. COEFFICIENT OF FRICTION 
5 1 ,50 e - I'- 0(, 

52 = 5, e -I'- 0(2 
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Fig. S. Wedge shaped grip. 
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Fig. 6. Pin test. 

to the mattress, the friction bar type of grip was in 
fact chosen. 

4. Load Transfer between Pins and Bottom Fabric. 
4.1. As the weight load of the filling material is 
transferred to the bottom fabric by the pins, the resis
tance of the fabric to this local strain had to be tested 
as no damage due to excessive local deformation of the 
mattress could be accepted. 
The specification for the resistance of the fabric to the 
local pin stresses was derived from a theoretical model 
approach, discussed below (5.2.). 
It was found that the resistance, parallel to the warp in 
the fabri c, has to be 2 kN at a pi n load of 5 kN perpen- . 
dicular to the fabric, when the fabric is strained in the 
warp direction to 0.5% simulating the strain when the 
mattress is hanging vertically. 
4.2. Pin force resistance test. 
On the testing maehine the fabl"ie i s prestl'ained and the 
pi n '1 s loa:l!d perpendi cu la r ly to the fabri c \>Ii th 5 kN then 
the pin is gradually loaded as near as possible to the 
fabric in fabric direction (Fig . 6). This load i s recor
ded as well as the gap between the pin and the fi lling 
of the fabric (fig. 7). It can be seen in t his figure 
t hat the weft yarns of the hybr id type fabri c can slip 
l'a ther easi1y over the steel ropes of the \·/arp. rn this 
'·.ay s.evera 1 weft threads SUppOl·t the pi n load. 
l ile bending of the weft threads results in an angle 
bet \'leell weft and ~Iarp threads such that the vert lcal com
~onent of the stress in the weft yarn is comparatively 
l arge. Moreover the pin force is distributed via the weft 
.I'~ ,· n s over severa I steel ropes. 
t.S t he gap above the pi ns i s covered by the washer • pre
vent ing the sand in the mattress from flowing through the 
~a; . a maxi mum gap of 0.8 cm was specified. The 
liybrid type fabric was chosen for the de f inite design of 
th~ mattress as it was, at the tim~-li mit. t he on1y 
fa~ri c meeting all the specifi cations. wi th an interest
i r !,: pr lce and l ow bl"eaking stl'aln which resul t eeJ in an 
as-low-as-possib1e breaking straln of the top fabrie. 
To be able to draw up the speeifieations of the top 
fabric the load distribution in the mattress must be 
known. 
5. LGad Distribution in the r'attre~,. 
5.1 . To get a better understanding of the load distri
bution in the mattress a theoretical model approach was 
~sed. The model consists of a bottom and a top fabric 
eonnected wi th sepa rati ng Via 11 s, formi ng compartments . 
I~ the model the bottom fabric and separatin0 walls ?re 
assumed to be of infinite stiffness as the rins are madp 
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of steel and the bottom fabric eontalns steel wires, 
having a very high modulus compared with a top fabric 
made of synthetic fibers. The conneetion of the separa
ting walls to top and bottom fabric permits free rota
tion . 
When the mattress is hanging vertica1ly, the interna1 
friction of the fi11ing material will resu1t in a load 
transfer of the weight of the fil1er to the bottom fabric 
and the connection between separating wall and bottom 
fabri c. 
In order to obtain maximum strain limits in the top 
fabric, when the mattress is in a vertical position , the 
internal frietion of filling material is neglected. In 
other words we assume the filling to be a fluid having a 
density equal to the apparent density of the filling 
material. 
5.2. Vertical Han9i ng of the Model Mattress. 
5.2.1.To ensure a uniform fi11ing of the mattress after 
it has been unrolled on the bottom of the Oosterschelde 
shifting of the fi1ling has to be minimised. The compart· 
ment must therefore remain fully filled and therefore 
the volume must remain constant during deformation. 
The distribution of pressure which the fil1ing exerts on 
the walls of a compartment is given in Fig. Ba. For cal
cu1ation of the deformation of the top fabric, the total 
pressure on it is assumed to be uniform1y distributed 
(Fig. Bb). The deformed top fabric will then have the 
form of apart of the curved surface of a cylinder (Fig . 
Be) . 
The geometriea1 condition of constant volume gives the 
relation between the rotation angle of the separatina 

Fig. 7. Deformation of fabric. 

Fig. 8. Pressure of filling on walls. 

A 
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Table I. Results of the calculation of the stresS and 
strain and fabr;c modulus for different 
rotation angles of the separating \-/all. 

n 0 R ~ " PH per p' n S modulus Rovin'i! 

rad • m . kr//m2 kfl/m kN kff/m kfl/o krl/m 

0.1 5.7 10 0.004 7.1 4 .738 1.7 143.575 36.000 ,00 0 . 014 
0 . 2 11.5 5 0.07 7.9 5.199 1.9 39.386 5.570 ,0 0 .092 
0.3 17.1 1.1 0.37 8.6 5.650 2.1 10.833 !i,DBO 0 . 288 
O.~ 22.9 1.4 (1.05 ~.1 o.r~~ 2.1 11.~1" 1.37~ 0. 367 
0.5 20.6 0.9 2.4 9.8 6.503 ~.4 0.074 370 0 . 570 

wall and the radius of curvature of the top fabric. The 
stress in the top fabric can be derived from the condi
tion of equilibrium of the top fabric (Fig. 9). 
P
H 

2 S.sincjl; _ PH q.CD _ 
CD .".." CD -q (1iC sina + 2) y.g. PH (MC sina + "2 ) y .g.CD. 

S 
a = 

2cjl 
E = 

tension in top fabric 
rotation angle of the 
separati ng wa 11 
top angle of circle arc 
Youngs modulus 

The strain in the top fabric 
I::.l 2cjlR-rD 

E=T =~ 
CD 

E 

y apparent density of 
the filling 

9 acceleration due to 
gravi ty. 

q press ure on top fabri c 

is derived from: 
S 
E 

5.2.2.Results of calculations. 
In Table I the results of the calculation of the stress 
and strain and fabric ~odulus are given for different 
rotation angles of the separating wall. In reality this 
wall is formed by the fabric-lined cages in the mattress 
and the rotation angle has to be limited to a = 0.5 rad 
to avoid damage to these cages. 
The calculated modulus values show that even at a 
rotation angle of 0.5 rad a relatively high modulus is 
required for the top fabric. 

Fig. 9. Stresses in top 
fabric. 

Fig. 11. Stresses in 
separating walls . 

~tgot:. 
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Fi g. 10. Stresses at C. 

Fig. 12 . Winding mattress 
on cylinder. 
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5.2.3.Stresses in the Separating Wall. 
The stresses in the separating wall can be found with 
the help of Fig. 10. 
At C the total horizontal reaction of the top fabric on 
the separating wall is equal to ~. The relation between 
a and ~I is ~iven in Table 1. 

5.2.4.Pin forces. 
The horizontal pitch of the pins is 0.375 m. The horizon-
tal force per pin, 0.375 x Pfl' is given in Table I. 
5.2.5.The specification for the plnforce resistance of 
the fabric is based on a = 0.5. The pin force perpendi
cular to the mattress is 2.4 kN (Table I). The pin force 
parallel to the mattress will be tan.0.5x2.4=0.3 kN. 
(Fi g. 11). 
Taking into account the dynamic effect described in(2.4l, 
the specification of the pin force resistance of the 
fabric is chosen: 5 kN perpendicular to the fabric and 
2 kN parallel to the warp of the fabric. 
5.3. Load Distribution when the Compartment is on the 

Top of the Cylinder. 
The stress in the top fabri c is caused by the bending of 
the mattress plus the rotational displacement of the 
separating walls on both sides of the cylinder (Fig. 12). 
The bending strain,EB,is given in(2.3') EB = 5%. 

Rotational strain, ER = hJ s~na, ~/hen a=0.5 rad i s ER=1.5% . 
c iT 

The maximum strain, when a = 0.5 rad is 6.5%. 
When the compartment was about to be rolled on to the 
cylinder the strain was 2.4%. The higher strain in the 
top fabric caused by bending will result in a tendency 
to reduce the rotational angle of the separating walls. 
5.4. When the compartment is at the bottom of the cylin
der the full we i ght of the filling will be supported by 
the top fabric. 
In a similar way as used in(2.3~ the radius of the curva
tu re can be calculated. Assuming the fabric to have a 
modulus 370 kN/m, we find R = 2.7 m and astrain of 5%. 
Compared with anormal bending strain of the top fabric 
of 4.0% only a slight increase in strain occurs and con
sequently there will be only a very low load in the 
separating walls . 
6. Discussion. 
The model approach shows that in the bottom fabric and 
the separating walls the stresses are a maximum, when the 
mettress is hanging vertic~lly. 
In the top fabric the strain is a maximum when the 
mattre ss is being wound on to the cylinder. 
The model approach is essentially two-dimensional giving 
one dimensional stresses in the warp alignment of the 
fabric. In fact there is a plane stress condition, in 
addition to which there will be a stress concentration 
in the fabric close to the snaplocks on the pins. 
6.1 . Plane Stress Condition Approach . 
The plane stress condition is generated as early as the 
final phase of the production of the mattress when the 
snaplocks are pushed on the pins. The snaplocks have to 
be pushed to 4 cm below the mattress surface to avoid 
contact with the bottom fabric when the second layer i s 
wound on to the cylinde r . In Fig. 13 the cross-sections 
of the mattress over the pins in both warp and weft di
rectionare given. It is obvious that the warp strains are 
lower than the weft strains, as the di stance between the 
pins is larger in the warp direction than in the weft 
direction. 
Using the method given in(5 .2.1J,the warp and weft 
strains can be calculated. 
We found E warp = 1% and E weft = 3%. 

6 .2 Plane Stress Calculation. 
Calculations are based on a vertical cross-section geo
metry over the pins identical to that given in Table I. 
When the mattress is hanging vertically, the warp and 
weft stresses of the top section of a boss can be calcu-
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Fig. 13 + 14. Plane stresses in tor fabric. 

lated. Equilibrium conditions for the top section are : 
(Fig. 13 and 14): 

~.(ds)2 = 2 51 sin d~1 .ds + 2 52 sin d~2.ds (I) 

ds = R1 2 d~l ds = R2 2 d~2 (2 ) 
For small angles sin d~l = d~l and sin d~2 = d~2' 
Equation (1) reads 

q(ds)2 = 2 51 d<P1 ds = 2 52 d~2 ds. (3) 
Equations (2) and (3) give 

2 ds ds q(ds) = 2 51 2if.""" .ds. + 252 2R . ds. and 
5 5 1 2 

q = i- + ; (4) 
1 2 

l,hen we assume that for the top fabri c the Youncs modul us 
in warp and weft direction is the same we find" 
51 = EIE (5) and 52 = E2E. (6) 

Equations (4), (5) and (6) give 

q=~+E2E (7) 
R1 R2 

51 fabric tension in warp direction E = Youngs modulu~ 
52 fabric tension in weft direction top fabri c 
EI strain in warp direction q press ure on 
E2 strain in weft direction top fabri c. 

Based on a vertical cross-section geometry over the pins 
identical to that given in Table I, the warp and weft 
stresses and the fabric Younns modul us can be calculated 
with the help of equations (5), (6) and (7). 
R" EI and q are given in Table I, R2 and E2 can be cal
colated from the geometry. 
For R values of 0.9 m and 1.4 m,the stresses in warp 
and w~ft direction and the fabric Youngs modulus for the 
plane stress condition are given in Table 11. 
The result of the calculation shows that the weft yarns 
bear far more load than the ~Iarp yarns. Consequently the 
plane stress approach results in a far lower warp modulus 
of the fabric than found in the one directional stress 
approach. To be able to get an impression of the stress 
concentration close to the pins, the internal friction 
between the top fabric and the filling must be taken into 
account. 
6.3. Influence of Friction. 
When friction is present the deformation of the fabric is 
more localised in the region close to the pins. When the 
snaplocks are pushed 4 cm beneath the surface of the 
mattress and the deformation is limited in warp and weft 
direction to 10 cm, the calculated strain is 10%. Without 
friction we found astrain of only 3% in weft direction. 
Friction proves to be extremely important for the stress 
concentration at the pins and cannot be predicted exact
ly by a model approach, therefore experimental verifica
tion is necessary. In order to do these experiments a 
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"best guess" specification for the top fabric was drawn 
up. 
The local strain is chosen 6% in warp and 7.5% in weft 
direction. The bending strain for the warp from (5.3.) 
was 6.5%. Taki ng i nto account an uncertili nty factor of 2, 
the "best guess" specification is: 
warp breaking strain 2(6.5 + 6) = 25% 
weft breaking strain 2 x 7.5 = 15%. 
As the top fabric must have a relatively large permeabi
lity, the density of the fabric has to be as low as 
possible, consequently the rotation angle of the separa
ting walls was chosen as high as possible (a = 0.5 rad). 
A modulus of the fabric of 400 kN is chosen from Table 
11, which results in a warp breaking strength of 100 kW~ 
A slightly higher .modulus is chosen for the weft as this 
carries more load, 500 kN/m, resulting in a weft breaking 
strain of iJu x 500 ~ 80 kN/m. 
The breaking strength and strain given above occur in a 
biaxial test, in a one directional stress condition of 
25% warp-wise and 15% weft-wise. 
A weaver was asked to develop a test fabric to meet these 
conditions. 
7. Top Fabric Testing. 
7.1. The strength of the fabric has been tested on the 
microprocessor-controlled biaxial tensile tester of the 
Delft University of Technology. The test is conducted in 
such a way that in the plane strain part of the test 
specimen, the weft strain, is 60% of the warp strain at 
any given moment. 
7.2. The resistance of the fabric to the pin forces has 
been tested on a testing frame constructed for this pur
pose. 
The fabric is sirained 5% in both warp and weft directio~ 
the loading of the pin is as described for the top fabric. 

8. Experimental 5train Tests. 
8.1. In order to simulate the actual strain condition of 
the fabric a box was constructed, 1.98 m long, 1.12 m 
wide and 0.36 m high. Two pieces of fabric were sewn to
gether warpwise in the middle of which a Maire grid was 
attached to the fabric. 
The fabric was mounted on the box which was filled with 
gravel. Pins with snaplocks were pierced through the 
fabric and the bottom of the box. In order to pull the 
snaplocks 4 cm below the originalsurface a force of 2 kN 
per pin was needed. The strain on the fabric was measured 
lIith the help of the Maire technique. The box was then 
placed vertically and the strains were measured. In order 
to find the maximum loading condition of the fabric the 
box was placed topside downwards on supports and strain 
readings were made. The results of these tests are given 
ir] Table 111. 

Table 11. Calculated war~ and weft strains when the 
mattress is hanging verticall v . 

a Rl EI R2 E2 E 51 52 

rad m 'I m " krill" k~l/m ktl/m .. /1 

0.4 1.4 0.95 0.47 3 1.33 1.26 4 
0.5 0.9 2.4 0.31 7.3 38 0.91 2.8 

Table 111. Results of experimental strain tests. 
~/Clrr I'/eft 

strain in " (, strain in ~; 

average peak avera~e peak 
box horizontal 
topside upwards 1 4 ~ 8 2 

box vertical 1 4 12 7 
box hori zonta 1 
topside downwards 2 8 3 8 
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Fig. 15. Mattress Winding Test. 
From the results of these tests it can be concluded thüt 
the strain readings aaree very ~Iell Vlith the "best gues
ses" gi yen in (6.2.) I t was deci ded therefore tha t a 
greater quantity of fabric should be woven and sections 
of the mattress 10 m long and 5 m wide should be made. 
8.2. Experimental Tests on Sections of the Mattress. 
The tests on these sections of the mattress were executed 
to find out if damage to the mattress construction ele
ments would occur, when the loading conditions of the 
mattresswere simulated. The section was suspended verti
cally and loaded at the bottom end, simulating unrollin9 
in 35 m deep water. 
The section was then bent todifferent radii of curvature 
both with the top fabric at the inner and outside of the 
curve. No damage whatsoever could be found in the mat
tress materials after all these tests. 
8efore adefinite decision could be taken on whether or 
not the mattress would be suitable as a foundation for 
the piers, it was decided that a "full size" winding 
test should be executed. 
9. ~1attress Winding Test (Fig. 15). 
9.1 For this test a 3 m wide test facility was con
structed, in cross-section being an exact copy of the 
discharging wharf and winding operations of the mattress 
factory. 
In order to get a double layer of mattress on to the 
cyl inder, a mattress secti on 85 m 1 ong, 2.8 m ~Ii de and 
0.36 m high was handmade. 
In this mattress, a fabric made to the specifications 
was used and on both ends a beam was fastened to the 
bottom fabric by a resin-wedge clamp. The object of the 
winding test was to obtain information about the strains 
in the mattress construction elements at all the typical 
loading situations, during winding and unwinding of the 
mattress. For this purpose specially designed strain 
measuring devices were applied to the bottom and top 
fabric and the connecting pins. In addition pressure 
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gauges were mounted in the sand layer of the rattress to 
measure soil pressures. 
Three measuring sections were chosen, the first 10 m 
from the beginning of the mattress, the second at such a 
distance from the first section that, after winding the 
mattress onto the cylinder, it is situated on top of the 
first measuring section. The third section, 4 m from the 
end, is used to get strain measurements in the simulating 
of the unwinding situation. 
To get information on the surface geometry of the 
mattress, stereo photographs were made with cameras 
mounted on a tripod, fastened to the mattress. 
To measure the local strains in the top fabric around the 
snarlocks, r'~oire grids were fixed to the top fabric. 
The winding tension in the factory can be governed by 
the torsional moment applied to the cylinder since the 
j,lattress is supported by a moving floor. In the test 
facility this floor was reproduced by a fabric between 
the mattress and the steel plates of the test discharg
ing wharf, pulled forward by a separate set of winches. 
The cylinder is rota ted by means of steel wire ropes, 
wrapped around the cylinder and pulled by a 300 ton 
crane. Photographs were taken and the tension in the 
steel ~Iire ropes was measured to verify the formula 
used to relate the shape of the mattress between the 
cylinder and the discharging wharf and the total force 
i~ the bottom fabric. 
During the test the signals from the measuring devices 
were recorded. 
9.2. Discussion of Test Results. 
a) Pin forces: The pin force was 1.94 kN i .e. less than 

the 2.4 kN ca 1 cul a ted from the model, negl ecti ng 
internal friction in the filling material. 
As the holding force of the snaplocks is > 5 k~l, the 
safety coefficient is greater than 2. 

b) Strains in the top fabric: The average strain in the 
warp direction was 6.5%. The local strains were 
8-12% in warp direction and 4-7% in weft direction, 
which corresponds rather well with the "best guess" 
approach. As the breaking strain in the fabric is 
over 25% in ~Iar'p and 15% in weft direction, there is 
a safety factor of 2. 

c) Stress in bottom fabric: The stress during normal 
winding was 86 kNjm, which corresponds rather well 
with the calculated 80 kNjm. The formula giving the 
relationship between the shape and the tension 
appears to be valid. 

d) Rotation of the pins: [he relative rotation of the 
pins during winding on to the cylinder appears to be 
very gradual, and does not appear to cause extra 
strain in the top fabric. 

e) Soil pressures: The soil pressure measurements show 
that there is a relative movement of the particles 
more or less equalising stress concentrations in the 
soi 1. 

Summarizing the results of the winding tests: 
no damage occurred during testing; 
there isa suffi ci ent safety margi n present in a 1'1 
the construction elements of the mattress. 

Based on these results the design of the mattress and 
the specification of the construction elements discussed 
in this paper, were accepted. 
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