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Surface Str in and Stress easurement
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@ Research
\—/2% background

Advantages:
* Non-contact measurement
* High resolution and accuracy

Membrane
health monitor
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Membrane working condition - Lﬁ
» Strict optical environment
l : | - » Strict t conditi
Surface stress Surface strain . e TeMENFCORCILON
« Limited to small size object (100 mm)
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Disadvantages: i

Digital Image Correlation (DIC)

Drone platform | U ionging T

Possible 0 e e
applications
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i+ Photogrammetry-based measurement I N

:- Applicable for large scale surface (1-10m) :< CW

:- Relatively accurate result ! =
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Oriental Eden Project Water Cube
Large scale membrane structures
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Flash-reflective target array Optical measurement Target array coordinate derivation UJﬁ
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Computation flow of Cable-network strain and stress distribution :

Virtual cable network

—»|Cable elongation

Methodology

Undeformed length
k' 14

m n
Deformed length ,

— o o e o o o M M M Em e M R o o

\

o o . o o o e e o e o O e S

»Cable strain

A
/ \ / \
| > Cable elongation | 1> Uniaxial stress-strain curve)
I Al=1Ul:=1;; I
: | u. ij o : &) = 1 e v >
: > Engineering strain | ) 1—v2 1-—v2
|
g : ! 91) = Ouniaxiai(€ij)
= - |
| : ; :
| Ly : !> Biaxial stress-strain curve
1 » True strain | I _
: I | 0ij = Obiaxial (Eij)
I &1 = ln(l + E-) : I
! I
I 032 | I
1 0.120 1 |
| oo |
I 0084 | I
0.072 I I
: 0or '
0.032 I |
| 81812 / \
0.000




& 9) Methodology ..

Computation flow of Triangular element strain and stress distribution = """ syess-strain curve ae)
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Experiment
verification

Range = 0-15 kPa

Initial surface of ETFE film

Biaxial tensile
stress-strain curve :-

Element type: S4R

Boundary condition: pin
Loading type : Uniform suction
Mesh type: quadrilateral

Matarial nranariu-
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Nonlinear elastic-plasticity model

Uniform suction load Rate = 1.2 kPa/min '—-—————— ——— —— ——— —— — — =
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Deformed surface of ETFE film

LE, Max. Principal

SNEG, (fraction = -1.0)

(Avg: 75%)
+1.515e-01
+1.393e-01
+1.272e-01
+1.150e-01
+1.028e-01
+9.062e-02
+7.844e-02
+6.626e-02
+5.408e-02
+4.189e-02
+2.971e-02
+1.753e-02
+5.349e-03

S, Max. Principal

SNEG, (fraction = -1.0)

(Avg: 75%)
+3.297e+01
+3.023e+01
+2.748e+01
+2.473e+01
+2.198e+01
+1.924e+401
+1.649e+01
+1.374e+401
+1.099e+01
+8.244e+00
+5.496e+00
+2.748e+00
+0.000&+00




Conclusions
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ThERAGHEENSE)Strain Bifahent (CSE) aq@r%p ion is nat A in large sizé%sirface and maql'ﬂpgm lts in considefAble erfor S—
» Stress estimation depends on material property, which is relied on material test methods. /Y\j%@ﬂ'dm
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