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The fundamental ground of thermal expansion is related to the
deformation behavior of materials under lattice vibration. In this work, the structural
deformation of single-layer boron nitride, graphene, and silicene under different strain
conditions (in the range of -0.2 to 0.2) have been investigated using first-principles
density functional theory. The information of lateral relaxation under uniaxial stress
can be extracted from the strain energy surface. The results provide key mechanical
properties of the membranes such as Poisson’s ratio, ultimate strength, and in-plane
elastic stiffness. Under pressurized blister test, the deformation behavior of the
membrane is describe by using Hencky’s solution. This solution provides the
membrane profile and the relationship between the pressure and the blister height
that can directly estimate strain in the membrane and adhesion energy of the

membrane with the substrate for real measurement.
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Yaraslnsouansud  (Python script) UAASTUABUAIIVHARAEYBUET

MelFANUAUALLEND AIFUNTITN (2.6) D9 (2.8) Tuunii 2

! /usr/bin/python

Sirichok Jungthawan

Sch of Phys, Suranaree Univ of Tech

sirichok@gmail.com for bug report or special request

uniform pressure hencky's solution by finite difference method
Apr23,2015

import sys, os

#
#
#
#
#
#

def henckyN(h, N1, N2, r, a):

sl = 3*h* (N1 - N2) - 2% (N1 + N2)*r

s2 = (1 + complex(0,1)*3%*.5)*g**2% (=12%h* (N1**2 - N2**2)*r  + 4% (N1 +
N2)*¥*2*p**2 4 3*h**2% (3*N1**2 — 6*NI*N2 + 3*N2**2 + 8rarrxx2))

S3 = 27Xh**3ANL**3*q**3 — BI*h**I*NI**2*N2*q**3 + BLr¥N**3*¥NI*N2**2*q**3 -
27*h**3*N2**3*q**3 _ 54*h**2*N1**3*q**3*r + 54*h**2*Nl**2*N2*q**3*r

S4 = SA*¥N*FQANIHAN2*¥*2*gr*3*r - 54*XN**2 kN2 **3xq*k*3*r +
108*a*h**3*NL*q**3*r**2 + 36+h*NL**3*qr*3*r**2 — 108*a*h**3*N2*q**3*r**2 +
36*h*N1**2*N2*q**3*r**2

55 = _36*h*Nl*N2**2*q**3*r**2 — 36*h*N2**3*q**3*r**2 —_ 54*h**2*q**2*r**3 —
72*a*h**2*Nl*q**3*r**3 —_ 8*Nl**3*q**3*r**3 - 72*a*h**2*N2*q**3*r**3

S6 = _24*N1**2*N2*q**3*r**3 F 24*N1*N2**2*q**3*r**3 _ 8*N2**3*q**3*r**3 _
108*h*NL*q**3*r**4 + L0S*h*N2*q**3*r**4

ST = —qF*2% (24%a*h**2*%r**2 4 (s1)**2)**3

S8 = 8% (N1 + N2)**3%q*r**3 — 36%h* (N1 - N2) *q*r**2* (NL**2 + 2*NL*N2 +
N2**2 — 3%p*%2) — 27*h**3% (N1 - N2)*q* (NL1**2 - 2%*NL*N2 + N2**2 + 4*a*r**2)

SO = 18*h**2%r* (3*NL**3%q - 3*NL**2*%N2*q - 3*NL*N2**2%q + 3*N2**3%q +

3*Xr**2 4+ 4*g*AN1*grr**2 + 4*a*N2*g*r**2)
s10 = complex (g**4*(s7 + (s8 + s9)**2),0)
s1l0 = s3 + s4 + s5 + s6 + s10**.5
s1l0 = s10**(1./3.)

henckyN = 1/(24*g*r)* (-2*g*sl + s2/s10 + (1 - complex(0,1)*3**.5)*s10)
print sl
print s2
print s3
print s4
print sb5
print s6
print s7
print s8
print s9
print s10

LI B

return henckyN

FHEFHHESHHHAH A A R
if len(sys.argv) < 9:
print mwwan
vasp2x.py (Jun01,2011)
Usage: hencky.py <u> <g> <NO> <h> <tolerance> <NSW> <N output> <W output>

1 <u> = Poisson's ratio

2 <g> = dimensionless g

3 <NO> = N at r = 0 (default = 0 will get the value from NO.dat)
4 <h> = step size

5 <tolerance> = in iterative method for finding N (r)

6 <NSW> = number of iteration

7 <N output> = filename for N
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8 <W output> = filename for W

wun

sys.exit ()
u = float(sys.argv[1l])
e} = float (sys.argv[2])
Nn = float(sys.argv[3])
h = float(sys.argv[4])
tol = float(sys.argv[5])
nsw = int(sys.argv[6])
N = int (1/h)
a = (3+u)/2
r =[]
NO =[]
N1 =[]
err = []
W =[]

#print 'Number of division is %$s' %N

infile=open('NO.dat','r")
for i in range (N+1):
r.append (i*h)
line = infile.readline () .split ()
NO.append (float (line[1]))
N1.append(0)
err.append (0)
W.append (0)
infile.close()
Nold = NOI[N]
if Nn > O:
Nn = Nn/NO[O0]
for i in range (N+1):
NO[i] = NO[i]*Nn
for i in range (N+1):
N1[i] = NO[1]
FHH A H AR S

errmax = 10
J =1
while errmax > tol:
for i in range (N-1,-1,-1):
if 1 > 0:
N1l[i]=henckyN(h, NO[i-1], N1[i+1l], r[i], a).real
else:
N1[0]=(18*N1[1]-9*N1[2]+2*N1[3])/11
err[i]=abs (N1[i]-NO[i])

# print i, N1[i], err[i]
for i in range (N+1):
NO[i] = N1[1]
errmax = max (err)
3=73 +1
print j
k =20
Ndiff = 1.
while ((k < nsw) and (Ndiff > tol)):
k = k+1

# compute W[O0]
#for i in range (N+1)
W[0] = 0.
for j in range(l,N):
if j%2 == 1:
W[O]=W[O]+4*r[]j]1/(2*N1[]])
else:
W[O]=W[O0]+2*r[J]/(2*N1[7])
W[0]=(h/3.)*(1/(2*N1[N])+W[0])

for j in range(N):
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f0=r([3]1/(2*N1[j])
fl=(r[Jjl+x[3+11)/(2* (N1 [J]I+NL1[j+1]))
f2=r[j+1]1/(2*N1[j+1])

W[I+1]=W[J]- (f0+4*f1+£f2)*h/6

# print '%i W[0] = ' %(k+1), W[O], ' and W[N] = ', W[N]
W[N] =0
N1[N] = -18*W[N-1]+9*W[N-2]-2*W[N-3]
N1[N] = N1[N] + 18*r[N-1]*N1[N-1]-9*r[N-2]*N1[N-2]+2*r[N-3]*N1[N-3]
N1[N] = N1[N]/(11l-6*u*h)
Ndiff = abs (N1[N]-Nold)
# print 'N[N] old = ', Nold, ', new = ', NI1[N], ', diff = ', N1[N]-Nold
print '%$4i N[0] = %2.8f, N[N] = %2.8f, diff = %2.8E' %(k, N1[O], NI[N],
Ndiff)

if nsw > 1:
for j in range (N+1):

NO[3] = N1[3]
Nold = NO[N]
errmax = 10

J =1

while errmax > tol:

for i in range(N-1,-1,-1):
if 1 > 0:
N1[i]=henckyN(h, NO[i-1], N1[i+1], r[i], a).real
else:
N1[0]=(18*N1[1]-9*N1[2]+2*N1[3])/11
err[i]=abs (N1[1]-NO[i])

# print i, N1[i], err[i]
for i in range (N+1):
NO[i] = N1[1i]
errmax = max(err)
J=3 +1
# print j

R R R A R R R A R R A R AR AR AR AR AR A

Nfile=open('%s' %sys.argv|[7],'w')
Wfile=open('%s' %$sys.argv([8],'w')
for i in range (N+1):
Nfile.write('%21.16f %21.16f\n' %$(r[i], N1[i]))
Wfile.write('%21.16f %$21.16f\n' S (r[i], W[i]))
Nfile.close ()
Wfile.close()

#print '>>> DONE'
sys.exit ()
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/usr/bin/python
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uniform pressure hencky's solution by finite difference method
Apr23,2015

import sys, os

##
if

va
Us

1
2
3

#

o)

Nf
WE

fo

Nf
WE

Wp
fo

S i
len(sys.argv) < 4:
print mmn

sp2x.py (Jun01,2011)

age: strain.py <u> <g> <h>

Poisson's ratio
dimensionless g
step size

<u>
<g>
<h>

sys.exit ()

float (sys.argv[1l])
float (sys.argv[2])
float (sys.argv([3])

int (1/h)
(34+u) /2
[]

1
1
]
1
1
1
Nu

mber of division is %s' %N

=
-
o}

s

ile=open('N.dat', 'r")
ile=open('W.dat','r")

r 1 in range (N+1) :
r.append (i*h)
Nline = Nfile.readline () .split ()
NO.append (float (Nline[1]))
Wline = Wfile.readline () .split ()
WO .append (float (Wline[1]))
Np.append(.0)
Wp.append (.0)
Nt.append(.0)
Nr.append(.0)
e.append(.0)
ile.close()
ile.close()

[0] = .0
r 1 in range (N+1):
Nr[i] = g*NO[i]
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for i in range (N+1):
NO[i] = r[1i]*NO[i]

for i in range (N+1):

if 1 ==

# Wp[1i]l=(-WO[1i+2]+4*WO[1i+1]1-3*WO[1i])/ (2*h)
Np[1i]=(2*NO[i+3]=-9*NO[1+2]+18*NO[1i+1]-11*NO[i])/ (6*h)

# Wp[i]=(2*WO[i+3]-9*WO[i+2]+18*WO[i+1]-11*WO[i])/ (6*h)

elif 1 == N:

# Np[1i]=(3*NO[1i]-4*NO[i-1]+NO[i-2])/ (2*h)

# Wp[1]=(3*WO[1i]-4*WO[i-1]+WO0[i-2])/ (2*h)
Np[i]=(11*NO[1]-18*NO[i-1]+9*NO[1i-2]-2*N0[1i-3])/ (6*h)
Wp[i]=(11*WO[1]-18*WO[i-1]+9*WO[1i-2]-2*WO[1i-3])/ (6*h)

else:
Np[i]=(NO[i+1] NO[ 11)/(2*h)
Wp[1]= (WO [1+1] WO [1-1])/ (2*h)
for i in range(N+1)
Nt[i] = <Np[1] - r[i]*Wp[i])
for i in range(
el[i] = abs((l+u**2)*Nt[i]*Nr[i] - u* (Nt [1]1**2 4+ Nr[i]**2))**.5

Ntfile=open ('Nt.dat','w')

Nrfile=open ('Nr.dat','w')

efile=open('strain.dat', 'w')

for i in range (N+1):

Ntfile.write('%21.16f %21.16f\n' % (r([i], Nt[i]))
Nrfile.write ('%21.16f %21.16f\n' %(r[i], Nr[i]))
efile.write('%21.16f %21.16f\n' % (r[i], e[i]))

Ntfile.close()

Nrfile.close()

efile.close()

###average by 2 pi r weight

for i in range (N):

e[i] = e[il*r[i]
ea = .0
for i in range(l,N):
if i%2 == 1:
ea = ea + 4*e[i]
else:
ea = ea + 2*e[i]
ea = 2* (ea + e[0] + e[N])*h/3
print ' %3.8f %3.8f average strain = %$3.12f' %$(u, g, ea)

#print '>>> DONE'
sys.exit ()
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