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import numpy as np

from matplotlib import pyplot as plt

import time
from matplotlib import gridspec
from numpy import arange

from scipy.optimize import curve fit

start_time = time.time()

def besteDekke (t0):

plotteGrenser = "m": [}, "tap": [], "PO": [], "friktap": [], "svinntap":
"kryp": [], "relak": [], "ldsetap": [], "ovre": [], "nedre
"REI_": [1, "t0_": (], "m_": [], "vibrasjon": [], "co2":
[1, "armering": (]},
"m": [}, "tap": [], "PO": [], "friktap": [], "svinntap":
"kryp": [], "relak": [], "lasetap [1, "nedre
"REI_": [1, "t0_": (], "m_": [], "vibrasjon": [], "co2":
[1, "armering": (]},
"m": [}, "tap": [1, "PO": [], "friktap": [], "svinntap":
"kryp": [], "relak": [], "ldsetap": [], "ovre": [], "nedre
"REI_": [1, "t0_": (], "m_": [], "vibrasjon": [], "co2":
[1, "armering": (]},
"m": [}, "tap": [1, "PO": [], "friktap": [], "svinntap":
"kryp": [], "relak": [], "ldsetap": [], "ovre": [], "nedre
"REI_": [1, "t0_": (], "m_": [], "vibrasjon": [], "co2":
[1, "armering": (]},
"m": [], "tap": [1, "PO": [], "friktap": svinntap”:
"kryp": [], "relak": [], "lasetap": [, [1, "nedre
"REI_": [1, "t0_": (], "m_": [], "vibrasjon": [], "co2":
"vaiere": [], "armering": []},
("mn": [1, "m": [1, "tap": [], "PO": [], "friktap": [], "svinntap":
"Ap": [1, "kryp": [], "relak": [], "lasetap": [], "ovre": [], "nedre
"REI": [], "REI_": [], "t0_": [], "m_": [], "vibrasjon": [], "co2":
"vaiere": [], "armering": []},
"m": [}, "tap": [1, "PO": [], "friktap": [], "svinntap":
"kryp": [], "relak": [], "ldsetap": [], "ovre": [], "nedre
"REI_": [], "tO_": (], "m_": [], "vibrasjon": [], "co2":
[1, "armering": (]},
mmvs (1, "tap": [1, "PO": [], "friktap": [], "svinntap":
"kryp": [], "relak": [], "ldsetap": [], "ovre": [], "nedre
"REI_": [1, "t0_": [], "m_": [], "vibrasjon": [], "co2":
[1, "armering": [1},
"m": [], "tap": [1, "PO": [], "friktap": [], "svinntap":
"kryp": [], "relak": [], "ldsetap": [], "ovre": [], "nedre
"REI_": [1, "t0_": [], "m_": [], "vibrasjon": [], "co2":
[1, "armering": [},
"m": [], "tap": [1, "PO": [], "friktap": [], "svinntap":
"kryp": [], "relak": [], "ldsetap": [], "ovre": [], "nedre
"REI": [], "REI_": [], "t0_": [], "m_": [], "vibrasjon": [], "co2":
"vaiere": [], "armering": []}]
total tap_alle dekker = []
meter = []
xx =[]
vy =[]
yy_frik = []
yy_svinn = [
yy_kryp = (]
yy_relak = [
yy_1fJsetap = [1
yy_vibrasjon = []
As_min_krav =[]
As_min L = []
Bp_bruker = []
Ap_PO = []
nedboyninger = []
lengde = []
grense = []
tap_forspenning = []
t0_verdier = []
sigma_ovre_graf = []
sigma_nedre_graf = []
overforing max = []
Dekker = [{"hoyde": 200, "zc": 98.3974, "gl": 2.6,
"ac": 119959.4297, "iy": 0.62*10**9, "kabler": 7, "iy pdstop": 2680439606},
{"hoyde": 220, "zc": 102.9530, "g1": 3.1,
"ac": 146379.2960, "iy": 0.88*10**9, "kabler": 7, "iy pdstop": 3644589882},
{"hoyde": 265, "zc": 132.5216, "gl": 3.7,
"ac": 172397.9131, "iy": 1.53*10**9, "kabler": 6, "iy pdstop": 4976569252},
{"hoyde": 285, "zc": 135.5603, "gl": 4.2,
"ac": 198735.2650, "iy": 1.98*10**9, "kabler": 6, "iy pdstop":6287956702 },
{"hoyde": 320, "zc": 157.2759, "gl": 4.2,
"ac": 188740.8729, "iy": 2.45%10**9, "kabler": 6, "iy pastop":7132684312 },
{"hoyde": 340, "zc": 159.5386, "gl": 4.7,
"ac": 212923.0742, "iy": 3.05%10**9, "kabler": 6, "iy pastop": 8753722096},
{"hoyde": 400, "zc": 206.9283, "g1": 5,
"ac": 215624.6757, "iy": 4.4*10**9, "kabler": 5, "iy pastop": 12166405021},
{"hoyde": 420, "zc": 202.79, "gl": 5.5,
"ac": 274364, "iy": 5.92*10**9, "kabler": 5, "iy pastop": 14046948900},
{"hoyde": 500, "zc": 236.7968, "gl": 6.8,
"ac": 305202.6371, "iy": 9.03*10**9, "kabler": 5, "iy pastop": 20272618449},
{"hoyde": 520, "zc": 244.5994, "gl": 7.3,
"ac": 311094.0677, "iy": 10.29%*10**9, "kabler": 6, "iy pastop": 22461619872}]
def finnerP (t0,L,dekke):
P=1
P_prover = []
for i in range(l, 10000, 50)
P_forsok = i * 1000
f_ck = 45
f_om = 53
£_pk = 1700
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128 gl_1 = 1.2 * Dekker[dekke] ["gl"]

129 LA = 1.2 ¥ 043 * 27

130 g2 =3

131 E_cm = 36000

132 E_p = 195000

133

134 # Tverrsnittsvariabler

135 h = Dekker[dekke] ["hoyde"]

136 zc = Dekker [dekke] ["zc"]

1357 Ac = Dekker [dekke] ["ac"]

138 i = Dekker[dekke] ["iy"]

139 antall kabler = Dekker [dekke] ["kabler"]

140

141 # Mulige armeringstyper

142 armering = [5.2, 6.5, 6.8, 7.0, 7.5, 9, 11, 12.5, 13, 15.2, 16]
143 verdige3 = []

144 verdige7 = []

145 verdigel9 = []

146

147 # Min. armering

148 As_min = P_forsok/ (0.95*f_p0lk)

149

150 dmin_3 = (np.sgrt((As_min/antall_kabler)*(1/3)* (4/np.pi)))
151 dmin_7 = (np.sqgrt((As_min/antall_kabler)*(1/7)* (4/np.pi)))
152 dmin_19 = (np.sqrt((As_min/antall_kabler)* (1/19)* (4/np.pi)))
153

154 # Bestemmer armeringsdiameter

155 for x in range (len(armering)):

156 storrelse = armering[x]

157

158 if storrelse >= dmin_3:

159 verdige3.append (storrelse)

160

161

162 if storrelse >= dmin_7:

163 verdige7.append (storrelse)

164

165

166 if storrelse >- dmin 19:

167 verdigel9.append (storrelse)

168

169

170 #3

171 if verdige3 != []:

172 As_del_3 = 3* (np.pi/4)* (verdige3[0]*verdige3([0])
173 A_p 3 = antall kabler * As_del 3

174

175 else:

176 As_del 3 = 3*(np.pi/4)*(100%*100)

177 A_p 3 = antall kabler * As_del 3

178

179 #7

180 As_del 7 = 7*(np.pi/4)* (verdige7[0]*verdige7[0])

181 A p 7 = antall_kabler * As_del 7

182

183 #19

184 As_del 19 = 19*(np.pi/4)* (verdigel9[0] *verdigel9[0])
185 A p 19 = antall kabler * As_del 19

186

187 As_del = min(As_del_3, As_del 7, As_del 19)

188 A_p = antall_kabler * As_del

189

190 if As_del As_del 3:

191 vaiere 3

192 #cmin b = 1.5 * verdige3[0] * 1.866

193 cmin b = max(35, 1.5 * verdige3[0] * 1.866)

194

195 e p = zc - cmin b - ((1.5%verdige3[0])/2)

196

197 if As_del As_del 7:

198 vaiere = 7

199 #cmin b = 1.5 * verdige7[0] * 3

200 cmin b = max(35, 1.5 * verdige7[0] * 3)

201

202 e p = zc - cmin b - ((3*verdige7[0])/2)

203

204 if As_del == As_del 19:

205 vaiere = 19

206 #cmin b = 1.5 * verdigel9[0] * 5

207 cmin b = max(35, 1.5 * verdigel9[0] * 5)

208

209 e p = zc - cmin_b - ((5*verdigel9([0])/2)

210

211 #Tap pga 1ds

212 if P_forsok == 0:

213 P_jekk = 1000

214 else:

215 P_jekk = P_forsok

216

217 delta L 1ffls = 5

218 delta_epsilon_lfEls = delta L 1fEls / (L*1000)

219 epsilon_P_jekk = ((P_jekk) / (E_p * A p))

220 delta p_1f[s - (delta_epsilon 1[s/epsilon_P_jekk) * P_jekk
221 tap_1fls_prosent - (delta_p_1fs/P_jekk) * 100

222

223 #Tap friksjon

224 my_frik = 0.19

225 k_frik = 0.005

226 theta A = (2*e_p)/((L*1000)/2)

227 theta B (2*e_p) / ((L*1000) /2)

228 theta_midt = 0

229 theta L = theta A + theta B

230

231 delta_P_friksjon = (P_forsok)* (1 - np.exp(-my_frik* (theta L+k_frik* ((L*1000)*10** (-3)))))
232 friksjonstap_prosent = (delta P_friksjon/P_forsok) *100
233

234 P_forsok_2 - P_forsok - delta_P_friksjon - delta_p_lfEls
235 tap_friksjon_prosent = (delta_P_friksjon/P_forsok) *100
236

237 # Transformert tverrsnitt for beregninger av laster i tverrsnitt ved overforing (SLS)
238 B cc_tO = np.e** (0.2*(1-(28/t0)**0.5))

239 £foom t0 = B cc t0 * £ cm

240 E_cm_t0 = (f_cm_tO / f_cm)**0.3 * E_cm

241 n=-Ep/ E_cm_t0

242 At =Ac + (n-1)*A_p

243 yt = (n-1)*A_p* (e_p/A_t)

244 It = i + Ac*yt**2 + (n-1)*A_p*(e_p-yt)**2

245

246 # Laster pa tverrsnitt og maks spenning ved overforing
247 sigma_max = 0.7 * (f_cm_tO - 8)

248 M egen = (gl_1 * L**2) / 8 * 10%%6

249 N = -P_forsok_2

250 M =N * (e_p-yt)

251 Me =N * (-yt)

252

253 # Lastfordelinger i tverrsnitt ved overforing

254

255 # Nedre ende
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sigma_ende_overforing = (N/A_t) + ((M_e-N*yt)/It)*(zc-yt)
# ovre midt
sigma_ovre_overforing =

# Nedre midt
sigma_nedre_overforing =

if np.abs(sigma_nedre_overforing)
P.append (P_forsok_2)
P_prover.append (P_forsok)

< sigma_max:

elif = [iJs
return [0], [0]
else:
return P, P_prover
break

def Nedboyning(L,dekke, p_test):

#P0 = finnerP(t0,L,dekke)[1][p test]
PO = max(1l, finnerP(t0,L,dekke)[1][p_test])

g2 = 3
E_cm = 36000
E_p = 195000

# Tverrsnittsvariabler

h = Dekker[dekke] ["hoyde"]

zc = Dekker[dekke] ["zc"]

Ac = Dekker [dekke] ["ac"]

i = Dekker[dekke] ["iy"]

antall kabler = Dekker[dekke] ["kabler"]

# Mulige armeringstyper

armering = [5.2, 6.5, 6.8, 7.0, 7.5, 9, 11,
verdige3 = []

verdige7 = []

verdigel9 = []

12.5, 13, 15.2, 16]

# Min. armering
As_min = P0/(0.95%f_p0lk)

dmin_3 = (np.sqgrt((As_min/antall_kabler)*(1/3)* (4/np.pi)))
dmin_7 = (np.sqgrt((As_min/antall_kabler)*(1/7)* (4/np.pi)))
dmin_19 = (np.sqrt((As_min/antall_kabler)* (1/19)*(4/np.pi)))

# Bestemmer armeringsdiameter
for x in range (len(armering)):
storrelse = armering[x]

if storrelse >= dmin_3:
verdige3.append (storrelse)

if storrelse >= dmin_7:
verdige7.append (storrelse)

if storrelse >= dmin_19:
verdigel9.append (storrelse)

#3

if verdige3 != []:
As_del 3 = 3*(np.pi/4)* (verdige3[0]*verdige3[0])
A_p_3 - antall_kabler * As_del 3

else:
As_del 3 = 3*(np.pi/4)*(100%100)
A_p 3 - antall_kabler * As_del 3

#7
As_del_7 = 7*(np.pi/4)* (verdige7[0]*verdige7[0])
A_p_7 = antall_kabler * As_del 7

#19
As_del_19 = 19* (np.pi/4) * (verdigel9[0] *verdigel9[0])
A p 19 = antall_kabler * As_del_ 19

As_del = min(As_del_3, As_del_7, As_del_19)
A p - antall_kabler * As_del

if As_del
vaiere =
#cmin_b
cmin_b = max(35,

As_del_3:
3

1.5 * verdige3[0] * 1.5
1.5 * verdige3[0] * 1.5)

e p = zc - cmin b - ((1.5*verdige3[0])/2)
diameter = verdige3[0]

REI = brannkrav(dekke, e_p, antall_kabler, L, verdige3[0],

REI_justert = brannkrav(dekke, e_p, antall_kabler, L, verdige3[0],
moment = brannkrav(dekke, e p, antall kabler, L, verdige3[0],

if As_del
vaiere
#emin b = 1.5 * verdige7[0] * 3
cmin b = max(35, 1.5 * verdige7[0] * 3)

As_del_7:
7

e p = zc - cmin b - ((3*verdige7([0])/2)
diameter = verdige7[0]

REI = brannkrav(dekke, e_p, antall kabler, L, verdige7([0],

REI_justert = brannkrav(dekke, e_p, antall_kabler, L, verdige7[0],
moment = brannkrav(dekke, e p, antall kabler, L, verdige7[0],

if As_del == As_del 19:
vaiere = 19
#omin b = 1.5 * verdigel9[0] * 5
cmin b = max(35, 1.5 * verdigel9[0] * 5)

e p = zc - cmin_ b - ((5*verdigel9[0])/2)
diameter = verdigel9[0]

REI = brannkrav(dekke, e_p, antall kabler, L, verdigel9[O0],

REI_justert = brannkrav(dekke, e p, antall_kabler, L, verdigel9[0],

moment = brannkrav(dekke, e_p, antall kabler, L, verdigel9[

resonans = vibrasjon(L, dekke, E_cm, gl_1, gl_2, gl_2 mindre

(N/A_t)+(((M+M_egen) -N*yt) /It) * (- (h-zc) -yt)

(N/A_t)+(((MtM_egen) -N*yt) /It) * (zc-yt)

cmin b, vaiere) [0]
cmin_b, vaiere)[1]
cmin_b, vaiere)[2]

cmin_b, vaiere) [0]
cmin_b, vaiere)[1]
cmin_b, vaiere)[2]

cmin_b, vaiere)[0]
cmin b, vaiere)[1]
0], cmin_b, vaiere)[2]

stop)



Soa

385 #Tap pga las

386 if PO ==

387 P_jekk = 1

388 else:

389 P_jekk = PO

390 delta L 1ffls = 5

391 delta_epsilon_1ffls = delta L 1f}s / (L*1000)

392 epsilon_P_jekk - (P_jekk / (E_p * A p))

393 delta P_1f]s = (delta_epsilon lJls/epsilon_P_jekk) * P_jekk
394 tap_1[]s_prosent = (delta_p_1[E[s/P_jekk) * 100

395

396 #Tap friksjon

397 my_frik = 0.19

398 k_frik = 0.005

399 theta A = (2*e_p)/((L*1000)/2)

400 theta B = (2*e_p)/((L*1000)/2)

401 theta_midt = 0

402 theta L = theta A + theta B

403

404 delta_P_friksjon = PO* (1 - np.exp(-my_frik* (theta_L+k_frik* ((L*1000) *10%* (=3)))))
405 friksjonstap_prosent = (delta P_friksjon/P0)*100

406

407 P - PO - delta P friksjon - delta P 1fs

408 tap_friksjon_prosent = (delta P_friksjon/P0)*100

409

410 # Transformert tverrsnitt for beregninger av laster i tverrsnitt ved overforing (SLS)
411 B cc_t0 = np.e** (0.2%(1-(28/t0)**0.5))

412 f cm t0 = B_cc_t0 * £ cm

413 E_cm t0 = (f_cm t0 / £ cm)**0.3 * E_cm

414 n=Ep/ E_cmt0

415 At =Ac + (n-1)*A p

416 yt = (n-1)*A_p* (e_p/A_t)

417 It = i + Ac*yt**2 + (n-1)*A_p*(e_p-yt)**2

418

419 # Laster p& tverrsnitt og maks spenning ved overforing
420 sigma_max = 0.7 * (f_cm tO - 8)

421 M egen = (gl_1 * L**2) / 8 * 10%*6

422 N = -P

423 M =N * (e_p-yt)

424 Me =N * (-yt)

425

426 # Lastfordelinger i tverrsnitt ved overforing

427 sigma_ende_overforing = (N/A_t) + ((M_e-N*yt)/It)*(zc-yt)
428

429 # ovre midt

430 sigma_ovre_overforing = (N/A_t)+(((M+M_egen)-N*yt)/It)* (- (h-zc)-yt)
431

432 # Nedre midt

433 sigma_nedre_overforing = (N/A_t)+(((M+M_egen)-N*yt)/It)*(zc-yt)
434

435 # Langtidsvirkninger

436

437 # Effektiv E-modul

438

439 alfa_l = (35/f_cm)**0.7

440 alfa_2 = (35/f_cm)**0.2

441 alfa_3 = (35/f_cm)**0.5

442

443 u = 1200

444 h_0 = (2*Ac)/u

445 RH 40

446

447 def B H(h_0, alfa_3, RH):

448 if True:

449 B H=1.5* (1 + (0.012*RH)**18) * h_0 + 250 * alfa_3
450 if B_H <= 1500 * alfa_3:

451 return B_H

452 else:

453 return 1500 * alfa_ 3

454

455 BH = B_H(h_0, alfa_3, RH)

456

457 Bec_t t0 = 1

458 B _fom = 16.8/np.sqrt (f_cm)

459 B3 =1/ (1 + t0**0.2)

460 B 28 =1/ (1 + 28%*0.2)

461 B 180 = 1 / (1 + 180%**0.2)

462

463 phi_RH = (1 + ((1-(RH/100)) / (0.1*h_0**(1/3))) * alfa_l) * alfa 2
464

465 # phi (t)

466 phi_0 3 = phi RH * B_fcm * B 3

467 phi_0 28 = phi RH * B_fcm * B_28

468 phi_0 180 = phi_RH * B_fcm * B_180

469

470 # Kryptall

471 phi_3 = phi_0_3

472 phi_28 = phi_0_28

473 phi_180 = phi_0_180

474

475 # Effektiv E-modul

476 E_ cl3 = E_cm / (1 + phi_3)

477 E cL28 = E_cm / (1 + phi_28)

478 E_cL180 = E_cm / (1 + phi_180)

479

480 # Laster

481 Mp=-P*ep

482 Mgl 1 = ((gl_1 * L**2) / 8) * 10%*6

483 Mgl 2 = ((gl_2 * L**2) / 8) * 10%*6

484 M_g2_perm = ((0.5 * g2 * L**2) / 8) * 10%*6

485 M g2_var = ((0.5 * g2 * L**2) / 8) * 10%*6

486

487 # For spenninger i tverrsnittet etter lang tid

488 M laster langtid = M gl 1 + M gl_2 + M_g2_perm

489

490 # Gjennomsnittlig E-modul

491 over_brlek ((np.abs(M_p)) + (np.abs(M_gl_1)) + (np.abs(M_gl_2)) + (np.abs(M_g2_perm)) + (np.abs(M_g2_var)))
492 under_} = ( ((np.abs(M_p))/(E_cL3)) + ((np.abs(M_gl_1))/(E_cL3)) + ((np.abs(M gl _2))/(E_cL28)) +
493 ((np.abs(M_g2_perm)) / (E_cL180)) + ((np.abs(M_g2_var))/(E_cm)) )
494 E_middel - over_brfgk / under_brlgk

495

496 # Justert transformert tverrsnitt mhp kryp

497 kryp n = E_p / E_middel

498 kryp A t = Ac + (kryp_n-1)*A p

499 kryp_yt = (kryp_n-1)*A_p* (e_p/kryp A t)

500 kryp_It = i + Ac*kryp_yt**2 + (kryp_n-1)*A_p*(e_p-kryp_yt)**2
501 # Justerte laster

502 M kryp = N * (e_p-kryp_yt)

503 M e_kryp = N * (-kryp_yt)

504

505 # Spenningsfordeling mhp kryp, langtid

506

507 # Nedre ende

508 sigma_ende_kryp = (N/kryp A_t) + ((M_e_kryp-N*kryp_yt)/kryp_It)*(zc-kryp_yt)
509 #print ('sigma_nedre_ende kryp =',round(sigma_ende kryp,3),'MPa’)
510

511 # ovre midt
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Sigma_ovre_Kryp = (N/KLyp_A_L)*((\M_KIYPTM 1dSLEr_1anglLlia) ~N"KIYP_yL)/KIYP_L1L) " (= {n-2C) ~KEyp_yt)
#print ('sigma_ovre midt_kryp =',round(sigma ovre kryp,3),'MPa’)

# Nedre midt
sigma_nedre_kryp = (N/kryp_A_t)+(((M_kryp+M_laster langtid)-N*kryp_yt)/kryp_It)* (zc-kryp_yt
#print ('sigma_nedre midt_kryp =',round(sigma_nedre kryp,3), 'MPa')

# Armering
sigma_Pk = (N/A_t)+(((M+M_laster_langtid)-N*yt)/It)*(e_p-yt)

sigma_PL = (N/kryp A _t)+(((M_kryp+M laster langtid)-N*kryp_yt) /kryp_It)*(e_p-kryp_yt)
epsilon_k = sigma_Pk / E_cm

epsilon_L = sigma PL / E_middel

delta_sigma_P_kryp = (epsilon_L - epsilon_k) * E_p

delta P_kryp - delta_sigma_P_kryp * A_p

tap_kryp_prosent = -(delta_P_kryp/P0)*100

# Svinn - Antar sementklasse R
alfa dsl = 6
alfa ds2 = 0.11

B_RH = 1.55 * (1-(RH/RH_0)**3)
epsilon_cd0 = 0.85 * ( (220+110*alfa_dsl)*np.e** (-alfa_ds2* (f_cm/f_cm0)) ) * 10%*(-6) * B_RH

k_h = 0.717
Bds_ t ts = 1

epsilon_cd_t = B ds_t_ts * k_h * epsilon_cd0
epsilon_ca_t = 2.5 * (f_ck - 10) * 10%*(-6)
epsilon_cs_t = - (epsilon_cd_t + epsilon_ca_t)

# Krefter grunnt svinn
N_s = - epsilon_cs_t * Ep * Ap
M s = N_s * (e_p - kryp_yt)

# Endring av spenning i tverrsnittet grunnet svinn

# ovre midt
delta_sigma_ovre midt_svinn = (N_s / (kryp A t)) + (M_s / (kryp_TIt))* (- (h-zc)-kryp_yt

# Nedre Midt
delta_sigma_nedre_midt_svinn = (N_s / (kryp A t)) + (M_s / (kryp_It))*(zc-kryp_yt)

# Armering
epsilon_c_s_e = epsilon_cs_t + N_s/(E_middel * kryp A t) + M_s/(E_middel * kryp_It)*(e_p-kryp_yt
delta_sigma P_s = epsilon c s e * E_p

delta P_svinn = delta_sigma P s * A p

tap_svinn_prosent = - (delta_P_svinn / P0)*100

# Relaksasjon

rho_1000 = 2.5

sigma_pm0 = 1275

my = sigma_pm0 / f_pk

t = 500000

delta_sigma pr = 0.8 * (sigma_pm0 * 0.66 * rho_1000 * np.e**(9.1*my) * (t/1000)**(0.75*(l-my)) * 10**(-5))

# Laster pga relaksasjon
N_r = delta_sigma_pr * A p
M r =Nr * (e_p - kryp_yt)

# Endring av spenning i tverrsnittet grunnet relaksasjon

# ovre midt
delta_sigma_ovre midt_relaksasjon = (N_r / (kryp A_t)) + (M. r / (kryp_It))*(-(h-zc)-kryp_yt)

# Nedre midt
delta_sigma_nedre_midt_relaksasjon = (N_r / (kryp A t)) + (M_r / (kryp_It))*(zc-kryp_yt)

# Armering

delta_sigma_armering = -delta_sigma_pr
delta_P_relaksasjon = delta_sigma_armering * A p
if PO 8

PO =1

tap_relak_prosent = -(delta_P_relaksasjon / PO )*100
else:

tap_relak_prosent = -(delta_P_relaksasjon / PO )*100

# Endelig spenning i tverrsnittet etter lang tid

# ovre midt
sigma_endelig_ovre = sigma_ovre_kryp + delta_sigma_ovre_midt_svinn + delta_sigma_ovre_midt_relaksasjon

# Nedre midt
sigma_endelig_nedre = sigma_nedre_kryp + delta_sigma_nedre_midt_svinn + delta_sigma_nedre_midt_relaksasjon

# Armering
P_endelig = P + delta_P_kryp + delta_P_svinn + delta_P_relaksasjon

# Nedboyninger i tverrsnittet etter lang tid
ged = 1.2%(gl_1 + gl_2) + 1.5%(g2)
q_forspenning = (8 * P_endelig * e_p) / (L*10**3)**2

#Beregning av nedboyning
def nedboyning (p) :
return (5*p*(L*10%*3)**4)/(384*E_middel*It)

#Total nedboyning, total tap
tot_nedboyning = nedboyning(ged) - nedboyning(q_forspenning)
total tap P = (1 - P_endelig/P0) * 100

= 1.175 * E_cm
topt = 11.1 * 10**9

topt = ((gl_l+gl_2)*1000)/9.81

(np.pi/ (2*L¥*2)) * (np.sqrt ((E_dyn*10**6*i plstopt*10%* (~12)) /m_pfgstopt))

t0_verdier.append (t0)

tap_forspenning.append (total_tap_P)
sigma_ovre_graf.append(sigma_endelig ovre)
sigma_nedre_graf.append(sigma_endelig_nedre)

co2 = kg_co2(dekke, A_p)
return (tot_nedboyning, total tap P, PO, tap_friksjon_prosent, tap_svinn_prosent, As_min, A p, tap_kryp prosent,

tap_relak_prosent, tapilsiprosent, sigma_ovre_overforing, sigma_nedre_overforing, f_cm_t0,REI, REI_justert,
resonans, co2, sigma_endelig nedre, sigma_endelig ovre, diameter, vaiere)

kg_co2 (dekke, A_p):

kubikk_ sement = (Dekker[dekke]["ac"] / 10**6) * 0.135 #13.5% sement i betongen

tonn_sement = kubikk_sement * 1.44 #1.44 tonn sement per kubikk
tonn_co2_sement = tonn_sement * 0.8 #0.8 tonn co2 per tonn sement produsert

kubikk_armering = (A_p / 10%*6)

tonn_armering = kubikk_armering * 7.85 #7.85 tonn per kubikk
tonn_co2_armering = tonn_armering * 5.64 #5.64 tonn co2 per tonn armering produsert
total_co2 = (tonn_co2_sement + tonn_co2_armering) * 1000 #kilo
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return Lotal_cos

brannkrav(dekke, e_p, antall_kabler, L, diameter, cmin_b, vaiere):
z1 = (Dekker[dekke] ["hoyde"] - Dekker[dekke] ["zc"]) / 2

22 = ep

z =zl + 22

r = diameter / 2

gl_1l = 1.2 * Dekker[dekke] ["gl"]
gl 2 =1.2 * 0.13 * 27
g2 =3

ged = 1.2 * gl_1 + 1.2 * gl 2 + 1.5 * g2

motstand = [{"rei": 30, "hekv": 60, "dybde": 25,},
{"rei": 60, 80, "dybde": 35,3},
{"rei": 90, 100, "dybde": 45,7},
{"rei": 120, 120, "dybde": 55,},
{"rei": 180, 150, "dybde": 70,},
{"rei": 240, "hekv": 175, "dybde": 80,}]
motstand_justert = [{"rei": 30, "hekv": 60, "dybde": 0,},
{"rei": 60, "hekv": 80, "dybde": 0,},
{"rei": 90, "hekv": 100, "dybde": 0,},

{"rei": 120, "hekv": 120, "dybde": 0,},
{"rei": 180, "hekv": 150, "dybde": 0,},
{"rei": 240, "hekv": 175, "dybde": 0,}]
Fp = (vaiere*np.pi*r**2) * (1550 / 1.15)
Sd = antall_kabler * Fp

Md = Sd * (2/1000)

Med = ged * (L**2 / 8)

theta0 = 350

h_ekv = Dekker[dekke] ["ac"] / 1200

moment = ""

a_dybde = cmin_b

if Med <= Md:

moment = "ok
else:

moment = "ikke ok"
rei = [0]
rei_ = [0]

for minutt in range (0,6):
if h_ekv >= motstand[minutt] ["hekv"] and a_dybde >= motstand[minutt] ["dybde"]:
rei.append (motstand[minutt] ["rei”])

### JUSTERT ARMERINGSDYBDE

ged_fi = gl_1 + gl 2 + (0.3 * g2)

Med _fi = ged fi * (L**2 / 8)

fd_fi = 1550

Md_fi = (antall_kabler * fd_fi * (vaiere*np.pi*r**2) * (z/1000)) / 1000

my fi = Med fi / Md_fi

def myGraf (my_fi):
return -140.625 * my fi**2 - 300 * my_ fi + 590.625

if my fi >= 0.2 and my_fi <= 1:
thetakrit = myGraf (my_£i)
justering = (thetad - thetakrit) / 10

for minutt in range(0,6):
motstand_justert [minutt] ["dybde"] = motstand[minutt] ["dybde"] + justering

if h_ekv >= motstand_justert[minutt] ["hekv"] and a_dybde >= motstand_justert[minutt] ["dybde"]:
rei_.append (motstand[minutt] ["rei"])

return rei[-1], rei_[-1], moment

vibrasjon(L, dekke, Ecm, gl_1, g1_2, gl_2 mindre_pfstop) :

g = 9.81

vekt = (1000 * (gl_1 + gl_2)) / g

Edyn = 1.175 * Ecm * 10 **6

£1_hd = (np.pi / (2*L**2)) * np.sqrt((Edyn*Dekker[dekke] ["iy pastop"] * 10**(-12))/ (vekt))
return fl hd

x in range(50,250) :
print(str(round((x/250)*100)) + "s")
for k in range(0,10):

dekke = k
for p_test in range(len(finnerP(t0, x/10, dekke)[1])):

if Nedboyning(x/10, dekke, p_test)[0] <= (x*100)/250 and Nedboyning(x/10, dekke, p_test)[13] >= 0:

if Nedboyning(x/10, dekke,p_test)[0] >= 0.5:
if Nedboyning(x/10, dekke, p_test)[17] <= 2.7 and Nedboyning(x/10, dekke, p_test)[18] >= -45:
boyning = Nedboyning(x/10, dekke, p_test)[0]
nedboyninger . append (boyning)

plotteGrenser[k] ["mm"] .append (boyning)
plotteGrenser[k] ["m"].append (x/10)

#KODE FOR TAP MOT P
plotteGrenser([k] ["P0"] .append (Nedboyning (x/10, dekke) [2]/1000)

#KODE FOR TAP MOT L

plotteGrenser([k] ["tap"].append (Nedboyning (x/10, dekke, p_test)[1])
yy -append (Nedboyning (x/10, dekke, p_test)[1])

xx.append (x/10)

#KODE FOR FRIKSJON MOT L
plotteGrenser[k] ["friktap"].append (Nedboyning (x/10, dekke) [3])
yy_frik.append (Nedboyning (x/10, dekke) [3])

#KODE FOR SVINN MOT L
plotteGrenser([k] ["svinntap"].append (Nedboyning (x/10, dekke) [4])
yy_svinn.append (Nedboyning (x/10, dekke) [4])

#KODE FOR MIN ARMERING MOT L
plotteGrenser[k] ["armering"] .append (Nedboyning (x/10, dekke) [5])
plotteGrenser[k] ["Ap"] .append (Nedboyning (x/10, dekke) [6])

#KODE FOR KRYP MOT L
plotteGrenser[k] ["kryp"] .append (Nedboyning (x/10, dekke) [7])
yy_kryp.append (Nedboyning (x/10, dekke) [7])

#KODE FOR RELAKSASJON MOT L

nlAattafrancark] [Mral 2kt annand (Nadhaunina (v /10 dAallkal T21)
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yy_relak.append (Nedboyning (x/10, dekke) [8])

L e e g e R NP

#KODE FOR LASETAP MOT L
plotteGrenser[k] ["lasetap"].append (Nedboyning (x/10, dekke)[9])
yy_1[Jsetap.append (Nedboyning (x/10, dekke) [9])

#KODE FOR SPENNING MOT L oVRE
plotteGrenser[k] ["ovre"] .append (Nedboyning (x/10, dekke) [10])

#KODE FR SPENNING MOT L NEDRE
plotteGrenser[k] ["nedre"] .append (Nedboyning (x/10, dekke) [11])
plotteGrenser[k] ["grense overforing”].append (Nedboyning (x/10, dekke)[12])

lengde.append (x/10)
overforing_max.append (- (0.7 * (Nedboyning(x/10, dekke)[12] - 8)))

plotteGrenser (k] ["REI"] .append (Nedboyning (x/10, dekke, p_test) [13])

if Nedboyning(x/10, dekke, p_test)[14] >= Nedboyning(x/10, dekke, p_test)[13]: #!= 0:
plotteGrenser (k] ["REI_"].append (Nedboyning (x/10, dekke, p_test)[14])
plotteGrenser (k] ["m_"].append (x/10)

plotteGrenser[k] ["vibrasjon"] .append (Nedboyning (x/10, dekke) [15])
yy_vibrasjon.append (Nedboyning (x/10, dekke) [15])

plotteGrenser[k] ["co2"] .append (Nedboyning (x/10, dekke, p_test) [16])
plotteGrenser (k] ["vaiere"].append (Nedboyning (x/10, dekke, p_test) [20])
plotteGrenser (k] ["armering"] .append (Nedboyning (x/10, dekke, p_test)[19])
break

plt.figure (dpi=1200)

#PLOTTE KULT REGNBUE TRE

gs = gridspec.GridSpec(l, 2, width_ratios=[2, 1])
#fig = plt.figure(figsize=(80, 60))

plt.subplot (gs(0])

farger = ["red", "green", "blue", "black", "magenta", "orange", "limegreen", "cyan", "saddlebrown", "pink"]
#plt.figure (dpi=1200)

for dekke in range(0,10):

if plotteGrenser(dekke] ["m"] != []:
plt.plot (plotteGrenser[dekke] ["m"], plotteGrenser[dekke](["co2"], color = farger[dekke])#, label = "HD" + str(Dekker[dekke]["hoyde"]) + " - " + str(round(plottet
#plt.text (plotteGrenser[dekke] ["m"] [-1] + 0.05, plotteGrenser([dekke]["co2"][-1]-0.2, "HD" + str(Dekker[dekke]["hoyde"]), fontsize = 6)
#plt.text (plotteGrenser [dekke] ["t0"] [-1] + 0.5, plotteGrenser[dekke]["co2"][-1]-0.2, str(plotteGrenser[dekke]["vaiere"][-1]) + "x" + str(plotteGrenser[dekke][":
#plt.text (plotteGrenser [dekke] ["t0"] [0] -0.5, plotteGrenser[dekke]["co2"][0]-0.2, str(plotteGrenser[dekke]["vaiere"][0]) + "x" + str(plotteGrenser[dekke] ["arme:
plt.grid()

plt.xlabel ("Lengde p& hulldekke [meter]")

plt.ylabel ("CO2-utslipp ved produksjon [kg-CO2-ekv]")
plt.title("CO2-utslipp avhengig av L ved t0 = " + str(t0))
plt.xticks (np.arange (5, 27, 5))

plt.yticks (np.arange (0, 350, 50))

plt.ylim(0,350)

plt.x1im(5,27)

#plt.figure (dpi=1200)

plt.subplot (gs(1])
#Dekker = ["HD200", "HD220", "HD265","HD285","HD320","HD340", "HD400", "HD420", "HD500" , "HD520" ]
farger = ["red", "green", "blue", "black", "magenta", "orange", "limegreen", "cyan", "saddlebrown", "pink"]
for dekke in range(0,10):
strek= [1,1]
hoyde =[(20.1-dekke*2), (21.3-dekke*2)]

plt.plot (strek, hoyde, color=farger[dekke])

plt.text (4, (20.8-dekke*2), ("HD" +str (Dekker[dekke]["hoyde"]) + " - Ap: " + str(Dekker([dekke]["kabler"])+ "x" + str(plotteGrenser[dekke]["vaiere"][-1])
plt.text (4, (20.2-dekke*2), (str(round(plotteGrenser[dekke]["co2"][-1], 2)) + " kg CO2-ekv"), fontsize = 6)
plt.text(-0.4, (20.5-dekke*2), str(plotteGrenser([dekke]["m"][-1]) + "m", fontsize =7, horizontalalignment='right')

plt.axis("off")
plt.title("Lengste dekkelengde:")
plt.x1im(0,50)

plt.ylim(0,21.5)

plt.tight layout ()

plt.show()
farger = ["red", "green", "blue", "black", "magenta", "orange", "limegreen", "cyan", "saddlebrown", "pink"]
regnbue = [{"farger": [], "co2": [], "m": [1}]
matrise = [{"t0": t0, "dekke": 200, "lengder": [], "co2": [], "farge": "red"},
{"t0": t0, "dekke": 220, "lengder": [], "co2": [], "farge": "green"},
{"t0": t0, "dekke": 265, "lengder": [], "co2": [], "farge": "blue"},
{"t0": t0, "dekke": 285, "lengder": [], "co2": [], "farge": "black"},
{"t0": t0, "dekke": 320, "lengder": [], "co2": [], "farge": "magenta"},
{"t0": t0, "dekke": 340, "lengder": [], "co2": [], "farge": "orange"},
{"t0": t0, "dekke": 400, "lengder": [], "co2": [], "farge": "limegreen"},
{"t0": t0, "dekke": 420, "lengder": [], "co2": [], "farge": "cyan"},
{"t0": t0, "dekke": 500, "lengder": [], "co2": [], "farge": "saddlebrown"},
{"t0": t0, "dekke": 520, "lengder": [], "co2": [], "farge": "pink"}]
matrise520 = {"t0": t0, "dekke": 520, "lengder": [], "co2": [], "farge": "red"}
laveste = []
laveste_m = []
for num in range (len(plotteGrenser[9]["m"])) :
current = 500
current_m = 0
current_color = int(0)
for dekke in range(0,10):
if dekke ==
try:
matrise520(["lengder"] .append (plotteGrenser[dekke] ["m"] [num])
matrise520(["co2"] .append (plotteGrenser[dekke] ["co2"] [num])
except IndexError:
yeet = 0
try:

if plotteGrenser[dekke] ["co2"][num] < current:
current = plotteGrenser[dekke]["co2"] [num]
current_m = plotteGrenser[dekke]["m"] [num]
current_color = int(dekke)
except IndexError:
current = current
current_m = current_m
current_color = current_color
laveste.append (current)
laveste_m.append (current_m)
#print (num, current color)
regnbue [0] ["farger"] .append (current_color)
regnbue [0] ["co2"] .append (current)
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matrise[current_color] ["lengder"].append (current_m)
matrise[current_color] ["co2"].append (current)

forste 0
siste = 0

for num in range (len(regnbue[0]["m"])):

farge = regnbue[0] ["farger"] [num]
sistefarge = regnbue[0]["farger"] [num-1]
co2 = regnbue[0]["co2"] [num]
co2_forrige = regnbue([0]["co2"] [num-1]
try:

co2_neste = regnbue[0]["co2"] [num+1]
except IndexError:

co2_neste = co2
m = regnbue[0]["n"] [num]

if co2 > co2_forrige:
forste = num
#print ("no")
#print (forste, siste)
if co2_neste > co2 or num == len(regnbue[0]["m"]) - 1:
siste = num
#print ("yo")
#print (forste,siste)

xx = [regnbue[0]["m"] [forste], regnbue[0]["m"][siste]]
yy = [regnbue[0]["co2"] [forste], regnbue[0]["co2"][siste]]

#plt.plot (xx,yy, color = farger([farge])

#plt.plot (regnbue[0] ["m"] [num], regnbue([0]["co2"][num], " ", markersize = 10, color = farger[farge])

if regnbue[0]["co2"][num] != regnbue[0]["co2"][num-1] and num != 0:
x = [regnbue[0]["m"] [num-1], regnbue[0]["m"] [num]]
y = [regnbue[0] ["co2"] [num-1], regnbue[0]["co2"] [num]]

#plt.plot(x,y, color = farger([sistefarge])

#print (regnbue[0] ["farger"])

#laveste m.sort ()

#laveste.sort ()

#plt.plot (laveste m, laveste, color = "black", linestyle="--")
#print (laveste m, laveste)

#print (regnbue[0] ["m"])

plt.xlabel ("t0 [dager]")
plt.ylabel ("Nedboyning [mm]")
plt.title("Nedboyning avhengig av t0 ved L = " + str(L))

#plt.axhline (y=(L*4), color='red', linestyle='--', label = "Grense")
plt.xlim(5, 26)

#plt.ylim(30,250)

#plt.ylim(50,170)

#plt.legend(loc = "upper left", fontsize = 6)

#plt.ylim(-20,100)

plt.subplot (gs(1])

for dekke in range(0,10):
if plotteGrenser([dekke] ["m"] I= []:

strek= [1,1]
hoyde =[(20.1-dekke*2), (21.3-dekke*2)]

plt.plot (strek, hoyde, color=farger[dekke])
#plt.text (4, (20.8-dekke*2), ("HD" +str(Dekker[dekke]["hoyde"])), fontsize =6)

plt.text(-0.4, (20.5-dekke*2), str(plotteGrenser([dekke]["m"][-1]) + "m", fontsize =7, horizontalalignment='right')
plt.text (4, (20.8-dekke*2), ("HD" +str (Dekker[dekke]["hoyde"]) + " - Ap: " + str(Dekker[dekke]["kabler"])+ "x" + str(plotteGrenser[dekke]["vaiere"][-1]) + "x" -
plt.text (4, (20.2-dekke*2), (str(round(plotteGrenser[dekke]["co2"][-1], 2)) + " kg CO2-ekv"), fontsize = 6)

plt.axis ("off")

plt.x1im(0,50)

plt.ylim(0,21.5)
plt.title("Lengste dekkelengde:")

plt.tight layout ()

plt.show()

farger = ["red", "green", "blue", "black", "magenta", "orange", "limegreen", "cyan", "saddlebrown", "pink"]

#PLOTTE SPENNING MOT L

for dekke in range(0,10):
plt.plot (plotteGrenser[dekke] ["m"], plotteGrenser[dekke]["mm"], color = farger([dekke], label=("HD" + str(Dekker[dekke]["hoyde"]) + " - " + str(plotteGrenser[dekke],
#plt.text (plotteGrenser[dekke] ["m"] [-1]-0.4, (plotteGrenser([dekke]["m"][-1]*4)+4, "HD" + str(Dekker[dekke]["hoyde"]), fontsize = 5)
#plt.text (plotteGrenser[dekke] ["m"] [-1], -2, str(plotteGrenser([dekke]["m"][-1]), color = farger([dekke], fontsize=5)
#plt.plot (plotteGrenser[dekke] ["m"] [-1], plotteGrenser([dekke]["mm"][-1], "x", color=farger[dekke])
plt.vlines (plotteGrenser[dekke] ["m"] [-1], plotteGrenser[dekke]["mm"][-1], (plotteGrenser[dekke]["m"][-1]*4) +2, color —farger[dekke])
#plt.plot (plotteGrenser[dekke] ["mlang"], plotteGrenser[dekke]["mmlang"], color = farger(dekke])

#print (plotteGrenser[9] ["m"], plotteGrenser[9] ["mm"])

def mm(m):
return m*(1000/250)

m = np.linspace (0, 25, 100)

plt.plot(m, mm(m), color='r', linestyle='--', label = "Grense")

plt.plot (plotteGrenser[dekke] ["m"] [-1], plotteGrenser([dekke] ["mm"][-1], "x", color=farger(dekke])
#plt.text (plotteGrenser[dekke] ["m"] [-1] 0.7, plotteGrenser([dekke]["ovre"][-1] - 1, "HD" + str(Dekker[dekke] ["hoyde"]))

#plt.ylabel ("CO2-utslipp ved produksjon [kg-CO2-ekv]")

#plt.title("CO2-utslipp avhengig av tO ved t0 = " + str(t0))

#plt.xlabel ("Lengde p& hulldekke [meter]")

plt.ylabel ("Nedboyning [mm] ")

plt.xlabel ("Lengde p& hulldekke [m]")

plt.title("Nedboyning avhengig av dekkelengde ved t0 = " + str(t0))

#plt.hlines(3, 0, 33, color = "black", label = "Grense")

x=1[0, 2, 7, 10, 12, 15, 18, 20, 22, 24]

plt.xticks (np.arange (min(x), max(x)+1, 2))

plt.grid()
plt.x1im(4,24)

plt.ylim(0,95)
plt.legend(loc="lower right", fontsize=6)
plt.show()

farger = ["red", "green", "blue", "black", "magenta", "orange", "limegreen", "cyan", "saddlebrown", "pink"]

#PLOTTE SPENNING MOT L
for dekke in range(0,10):
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plt.plot (plotteGrenser[dekke] ["m"], plotteGrenser[dekke] ["vibrasjon"], color = farger[dekke])

#plt.plot (lengde, overforing max, color= "red", label ="Grense")

#plt.text (plotteGrenser [dekke] ["m"] [-1]

plt.xlabel ("Lengde pd& hulldekke
plt.ylabel ("f1 [Hz]")
plt.title("Frekvens avhengig av

[meter]™)

dekkelengde ved t0 =

-0.7, plotteGrenser[dekke]["ovre"][-1] - 1,

"HD" + str(Dekker[dekke]["hoyde"]))

"+ str(t0) + " 50mm pastop")

plt.hlines(3, 0, 33, color = "red", label = "Grense")
plt.grid()
plt.x1im(0,25)
plt.ylim(0,15)
plt.legend(loc="upper right")
plt.show()
o
nn
plt. figure (dpi=1200)
farger = ["red", "green", "blue", "black", "red", "green", "blue", "black", "red", "green']
farger = ["red", "green", "blue", "black", "magenta", "orange", "limegreen", "cyan", "saddlebrown", "pink"]
for dekke in range(0,10):
if dekke >= 0 and dekke<5:
ny liste = []
ny liste2 = []
for num in range (len(plotteGrenser[dekke] ["REI"])) :
ny liste.append(plotteGrenser([dekke] ["REI"] [num] - (5-dekke))
for num in range (len(plotteGrenser[dekke] ["REI "])):
ny liste2.append(plotteGrenser[dekke] ["REI "] [num] - (5-dekke))
if plotteGrenser([dekke] ["REI"] != []:
plt.plot (plotteGrenser([dekke] ["m "], ny liste2, color = farger[dekke], ls="--")
plt.plot (plotteGrenser([dekke] ["m"], ny liste, color = farger[dekke], linestyle = "-", label= str(Dekker[dekke]["hoyde"]) +
if dekke >= 5 and dekke<10:
ny liste = []
ny liste2 = []
for num in range (len(plotteGrenser[dekke] ["REI"])) :
ny liste.append(plotteGrenser([dekke] ["REI"] [num] + (-4+dekke))
for num in range (len(plotteGrenser[dekke] ["REI "])):
ny liste2.append(plotteGrenser[dekke] ["REI "] [num] + (-4+dekke))
if plotteGrenser([dekke] ["REI"] != []:
plt.plot (plotteGrenser([dekke] ["m "], ny liste2, color = farger[dekke], ls="--")
plt.plot(plotteGrenser([dekke] ["m"], ny liste, color = farger[dekke], linestyle = "-", label= str(Dekker[dekke]["hoyde"]) +
plt.xlabel ("Lengde p& hulldekke [meter]")
plt.ylabel ("REI [minutter]")
plt.title("REI avhengig av lengde ved t0 = " + str(t0))
#plt.hlines(-19, 0, 33, color = "red", label = "Grense")
plt.grid()
plt.xlim(5,25)
plt.ylim(0,150)
plt.yticks(np.arange (0, 150, 30))
plt.xticks (np.arange (5, 25, 5))
plt.legend(loc="lower right", fontsize = 7)
plt.show()
o
nn
farger = ["red", "green", "blue", "black", "magenta", "orange", "limegreen", '"cyan", "saddlebrown", "pink"]
#PLOTTE SPENNING MOT L
for dekke in range(0,10):
plt.plot (plotteGrenser[dekke] ["m"], plotteGrenser[dekke]["nedre"], color = "black")
plt.plot (plotteGrenser[dekke] ["m"], plotteGrenser[dekke]["ovre"], color = "black", linestyle = "--")

#plt.plot (lengde, overforing max,

#plt.text (plotteGrenser [dekke] ["m"] [-1]

color= "red",

label ="Grense")

-0.7, plotteGrenser[dekke]["ovre"][-1] - 1,

plt.xlabel ("Lengde p& hulldekke [meter]")

plt.ylabel ("Spenning [MPa]")

plt.title("Spenning i tverrsnitt ved overforing ved t0 = " + str(t0))
plt.hlines(-19, 0, 33, color = "red", label = "Grense")

plt.grid()

plt.xlim(5,20)
plt.ylim(-20,0)
plt.legend(loc="upper right")
plt.show()

i
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#PLOTTE LASETAP MOT L

"HD" + str(Dekker[dekke] ["hoyde"]))

plt.plot(plotteGrenser[0]["m"], plotteGrenser[0]["ldsetap"], color = "black")
plt.plot(plotteGrenser[1]["m"], plotteGrenser[1]["ldsetap"], color = "black")
plt.plot(plotteGrenser[2]["m"], plotteGrenser([2]["ldsetap"], color = "black")
plt.plot(plotteGrenser[3]["m"], plotteGrenser[3]["ldsetap"], color = "black")
plt.plot(plotteGrenser[4]["m"], plotteGrenser([4]["ldsetap"], color = "black")
plt.plot(plotteGrenser[5]["m"], plotteGrenser[5]["ldsetap"], color = "black")
plt.plot (plotteGrenser[6]["m"], plotteGrenser[6]["ldsetap”], color = "black")
plt.plot (plotteGrenser[7]["m"], plotteGrenser[7]["ldsetap"], color = "black")
plt.plot (plotteGrenser[8] ["m"], plotteGrenser[8]["ldsetap"], color = "black")
plt.plot (plotteGrenser[9] ["m"], plotteGrenser[9]["ldsetap"], color = "black")
plt.xlabel ("Lengde pa hulldekke [meter]")
plt.ylabel ("Tap pga Lasetap[$]")
plt.title('Lisetap avhengig av lengde pd hulldekke ved t0 = ' + str(t0))
plt.grid()
#Regresjonslinje
def model f(x,a,b,c):

return a*(x-b)**2+c
popt, pcov = curve fit(model f, xx, yy ldsetap)
a_opt, b _opt, c_opt = popt
x_model = np.linspace (min(xx), max(xx), 100)
y_model = model f(x model, a opt, b_opt, c_opt)
#plt.scatter (xx, yy)
plt.plot(x_model, y model, color='r', linestyle = "--", label = "Trendlinje")

plt.legend(loc="upper right')
plt.ylim(0, 15)
plt.show()

#PLOTTE RELAK MOT L

plt.plot (plotteGrenser[0] ["m"],
plt.plot (plotteGrenser[1] ["m"],
plt.plot (plotteGrenser[2] ["m"],
plt.plot (plotteGrenser[3] ["m"],
plt.plot (plotteGrenser[4] ["m"],
plt.plot (plotteGrenser[5] ["m"],
plt.plot (plotteGrenser[61/["m"],

plotteGrenser[0] ["relak"],
plotteGrenser(1] ["relak"],
plotteGrenser([2] ["relak"],
plotteGrenser (3] ["relak"],
plotteGrenser([4] ["relak"],
plotteGrenser([5] ["relak"],
plotteGrenser 6] ["relak"],

color = "black")
color "black")
color "black")
color "black")
color = "black")
color = "black")
color = "black")

" - REI" + str(plotteGrenser [dek}

" - REI" + str(plotteGrenser[dek}
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plt.plot(plotteGrenser[7]["m"], plotteGrenser[7]["relak"], color = "black")
plt.plot(plotteGrenser[8]["m"], plotteGrenser[8]["relak"], color = "black")
plt.plot(plotteGrenser[9] ["m"], plotteGrenser[9]["relak"], color = "black")

plt.xlabel ("Lengde pd hulldekke [meter]")
plt.ylabel ("Tap pga relaksasjon[%]")

plt.title('Tap pga relaksasjon avhengig av lengde pd hulldekke ved t0 = ' + str(t0))

plt.grid()

#Regresjonslinje
def model_ f(x,a,b,c):
return a*(x-b) **2+c
popt, pcov = curve fit(model f, xx, yy relak)

a_opt, b _opt, c_opt = popt
X_model np.linspace (min(xx), max(xx), 100)
y_model = model f(x model, a opt, b _opt, c opt)

#plt.scatter (xx, yy)

plt.plot(x model, y model, color='r', linestyle = "--", label

plt.legend(loc="upper left')
plt.ylim(0,10)
#plt.x1im(4,21)

plt.show()

#PLOTTE KRYP MOT L

plt.plot (plotteGrenser[0] ["m"], plotteGrenser[0]["kryp"], color
plt.plot (plotteGrenser([1]["m"], plotteGrenser[1]["kryp"], color
plt.plot (plotteGrenser([2]["m"], plotteGrenser[2]["kryp"], color
plt.plot (plotteGrenser([3]["m"], plotteGrenser[3]["kryp"], color
plt.plot (plotteGrenser([4]["m"], plotteGrenser([4]["kryp"], color
plt.plot (plotteGrenser([5]["m"], plotteGrenser[5]["kryp"], color

= "Trendlinje")

"black")
"black")
"black")
"black")
"black")
"black")

plt.plot (plotteGrenser[6]["m"], plotteGrenser(6]["kryp"], color = "black")
plt.plot(plotteGrenser[7] ["m"], plotteGrenser(7]["kryp"], color "black")
plt.plot (plotteGrenser[8]["m"], plotteGrenser(8]["kryp"], color = "black")
plt.plot (plotteGrenser[9] ["m"], plotteGrenser(9]["kryp"], color = "black")

plt.xlabel ("Lengde pd hulldekke [meter]")
plt.ylabel ("Tap pga kryp[%]")

plt.title('Tap pga kryp avhengig av lengde p& hulldekke ved t0

plt.grid()

#Regresjonslinje
def model f(x,a,b,c):
return a*(x-b) **2+c
popt, pcov = curve fit(model f, xx, yy kryp, maxfev=100000)

a_opt, b opt, c opt = popt
Xx_model = np.linspace (min(xx), max(xx), 100)

y_model = model f(x _model, a_opt, b_opt, c_opt)

#plt.scatter (xx, yy)

plt.plot(x model, y model, color='r', linestyle = "--", label

plt.legend(loc="upper left')
plt.ylim(0,10)
#plt.xlim(4,21)

plt.show()

i

#PLOTTE ARMERING MOT L

wn

= ' + str(t0) + " og Ap lik Asmin")

= "Trendlinje")

plt.plot (plotteGrenser[0] ["m"], plotteGrenser([0]["armering"], color = "r")
plt.plot (plotteGrenser[1]["m"], plotteGrenser[1]["armering"], color = "r")
plt.plot (plotteGrenser[2] ["m"], plotteGrenser([2]["armering"], color = "r")
plt.plot (plotteGrenser[3]["m"], plotteGrenser[3]["armering"], color = "r")
plt.plot (plotteGrenser[4] ["m"], plotteGrenser([4]["armering"], color = "r")
plt.plot (plotteGrenser[5]["m"], plotteGrenser[5]["armering"], color = "r")
plt.plot (plotteGrenser[6]["m"], plotteGrenser[6]["armering"], color = "r")
plt.plot (plotteGrenser[7]["m"], plotteGrenser[7]["armering"], color = "r")
plt.plot (plotteGrenser[8] ["m"], plotteGrenser[8]["armering"], color = "r")
plt.plot (plotteGrenser[9] ["m"], plotteGrenser[9]["armering"], color = "r")
plt.plot(plotteGrenser[0]["m"], plotteGrenser[0]["Ap"], color "black")
plt.plot(plotteGrenser([1]["m"], plotteGrenser[1]["Ap"], color "black")
plt.plot(plotteGrenser[2]["m"], plotteGrenser([2]["Ap"], color = "black")
plt.plot(plotteGrenser[3]["m"], plotteGrenser[3]["Ap"], color = "black")
plt.plot(plotteGrenser[4]["m"], plotteGrenser([4]["Ap"], color = "black")
plt.plot(plotteGrenser(5]["m"], plotteGrenser[5]["Ap"], color "black")
plt.plot(plotteGrenser(6]["m"], plotteGrenser[6]["Ap"], color "black")
plt.plot(plotteGrenser([7]["m"], plotteGrenser[7]["Ap"], color "black")
plt.plot(plotteGrenser[8]["m"], plotteGrenser[8]["Ap"], color = "black")
plt.plot(plotteGrenser[9] ["m"], plotteGrenser[9]["Ap"], color = "black")
plt.xlabel ("Lengde pa hulldekke [meter]")

plt.ylabel ("As_min [mm2]")

plt.title('Minimum armeringsareal avhengig av lengde p& hulldekke ved t0 = ' + str(t0))

plt.grid()

i
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#PLOTTE SVINNTAP MOT L

plt.plot(plotteGrenser[0]["m"], plotteGrenser[0]["svinntap"],
plt.plot(plotteGrenser[1]["m"], plotteGrenser[1]["svinntap"],
plt.plot(plotteGrenser([2]["m"], plotteGrenser[2]["svinntap"],
plt.plot(plotteGrenser[3]["m"], plotteGrenser[3]["svinntap"],
plt.plot(plotteGrenser([4]["m"], plotteGrenser[4]["svinntap"],
plt.plot(plotteGrenser[5]["m"], plotteGrenser[5]["svinntap"],
plt.plot(plotteGrenser[6]["m"], plotteGrenser[6]["svinntap"],
plt.plot(plotteGrenser[7]["m"], plotteGrenser[7]["svinntap"],
plt.plot(plotteGrenser[8]["m"], plotteGrenser[8]["svinntap"],
plt.plot(plotteGrenser[9]["m"], plotteGrenser[9]["svinntap"],

plt.xlabel ("Lengde p& hulldekke [meter]")
plt.ylabel ("Svinntap[%]")
plt.title('Svinntap avhengig av lengde pd hulldekke ved t0 =
plt.grid()
#Regresjonslinje
def model f(x,a,b,c):
return a*(x-b)**2+c
popt, pcov = curve fit(model_f, xx, yy svinn, maxfev=100000)

a_opt, b opt, c opt = popt
Xx_model = np.linspace (min(xx), max(xx), 100)

y_model = model f(x _model, a_opt, b_opt, c_opt)

#plt.scatter(xx, yy)

plt.plot(x model, y model, color='r', linestyle = "--", label

plt.legend(loc="upper left')
plt.ylim(0,10)
#plt.xlim(4,21)

plt.show()
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#PLOTTE FRIKSJONSTAP MOT L

color="black")
color="black")
color="black")
color="black")
color="black")
color="black")
color="black")
color="black")
color="black")
color="black")

'+ str(t0) + " og Ap lik Asmin")

= "Trendlinje")
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plt.plot (plotteGrenser[0] ["m"], plotteGrenser([0]["friktap"], color="black")
plt.plot(plotteGrenser[1]["m"], plotteGrenser([1]["friktap"], color="black")
plt.plot (plotteGrenser[2] ["m"], plotteGrenser([2]["friktap"], color="black")
plt.plot (plotteGrenser[3]["m"], plotteGrenser([3]["friktap"], color="black")
plt.plot (plotteGrenser[4]["m"], plotteGrenser([4]["friktap"], color="black")
plt.plot (plotteGrenser[5] ["m"], plotteGrenser([5]["friktap"], color="black")
plt.plot (plotteGrenser[6] ["m"], plotteGrenser([6]["friktap"], color="black")
plt.plot (plotteGrenser[7] ["m"], plotteGrenser[7]["friktap"], color="black")
plt.plot (plotteGrenser[8] ["m"], plotteGrenser([8]["friktap"], color="black")
plt.plot (plotteGrenser[9] ["m"], plotteGrenser([9]["friktap"], color="black")
plt.xlabel ("Lengde p& hulldekke [meter]")
plt.ylabel ("Friksjonstap[%]")
plt.title('Friksjonstap avhengig av lengde pd hulldekke ved t0 = ' + str(t0))
plt.grid()
#Regresjonslinje
def model_ f(x,a,b,c):

return a*(x-b) **2+c
popt, pcov = curve fit(model f, xx, yy frik, maxfev=100000)

a_opt, b _opt, c_opt = popt
x model = np.linspace (min(xx), max(xx), 100)
y_model = model f(x model, a opt, b _opt, c opt)

#plt.scatter (xx, yy)

plt.plot(x model, y model, color='r', linestyle = "--", label = "Trendlinje")
plt.legend(loc="upper left')

plt.ylim(0,10)

plt.show()

#PLOTTE PO MOT LENGDE for en t0

#plt.plot (meter, total tap alle dekker)

plt.plot(plotteGrenser[0] ["P0"], plotteGrenser[0]["tap"], color="black")
plt.plot(plotteGrenser[1]["P0"], plotteGrenser[1]["tap"], color="black")
plt.plot(plotteGrenser[2] ["P0"], plotteGrenser[2]["tap"], color="black")
plt.plot(plotteGrenser[3] ["P0"], plotteGrenser[3]["tap"], color="black")
plt.plot (plotteGrenser[4] ["P0"], plotteGrenser[4]["tap"], color="black")
plt.plot(plotteGrenser[5] ["P0"], plotteGrenser[5]["tap"], color="black")
plt.plot(plotteGrenser[6] ["P0"], plotteGrenser[6]["tap"], color="black")
plt.plot (plotteGrenser[7] ["PO"], plotteGrenser[7]["tap"], color="black")
plt.plot(plotteGrenser[8] ["P0"], plotteGrenser[8]["tap"], color="black")
plt.plot(plotteGrenser[9] ["P0"], plotteGrenser[9]["tap"], color="black")
plt.xlabel ("Forspenningskraft PO [kN]")

plt.ylabel ("Totalt tap i forspenning[%]")

leg = plt.legend(loc="upper left')

plt.title('Totalt tap i forspenning avhengig av PO ved t0 = ' + str(t0) + " og Ap = As_min")

plt.grid()

#PLOTTE TAP MOT LENGDE for en t0

#plt.plot (meter, total tap alle dekker)

for tall in range(0,10):
if plotteGrenser([tall]["tap"] != []:
plt.plot (plotteGrenser(tall]["m"], plotteGrenser([tall]["tap"], color = "black")
#plt.text (plotteGrenser(tall]["m"][-1] + 0.3, plotteGrenser(tall]["tap"][-1] - 0.035, "HD" + str(Dekker[tall]["hoyde"]))

plt.xlabel ("Lengde pd hulldekke [meter]")
plt.ylabel ("Totalt tap i forspenning[%]")

plt.title('Totalt tap i forspenning avhengig av dekkelengde ved t0 = ' + str(t0))
#Regresjonslinje
def model_ f(x,a,b,c):
return a*(x-b) **2+c
popt, pcov = curve fit(model_f, xx, yy, maxfev = 100000)

a_opt, b _opt, c_opt = popt
x model = np.linspace (min(xx), max(xx), 100)
y_model = model f(x model, a opt, b _opt, c opt)

#plt.scatter(xx, yy)
#plt.plot (x model, y model, color='r', linestyle = "--", label = "Trendlinje")

plt.title("hmm")

plt.ylabel ("Tap")

plt.xlabel ("Lengde")
plt.legend(loc="upper right')
plt.ylim(0, 100)

plt.grid()

plt.show()

i

nn

#PLOTTE BESTE DEKKE

#plt.plot (lengde, nedboyninger, label = "Nedboyning [mm]", color="black")
plt.plot (plotteGrenser([0] ["m"], plotteGrenser[0]["mm"], color="black")
plt.plot (plotteGrenser([1]["m"], plotteGrenser[1]["mm"], color="black")
plt.plot (plotteGrenser([2]["m"], plotteGrenser[2]["mm"], color="black")
plt.plot (plotteGrenser([3]["m"], plotteGrenser[3]["mm"], color="black")
plt.plot (plotteGrenser(4]["m"], plotteGrenser[4]["mm"], color="black")
plt.plot (plotteGrenser([5]["m"], plotteGrenser[5]["mm"], color="black")
plt.plot (plotteGrenser([6]["m"], plotteGrenser[6]["mm"], color="black")
plt.plot (plotteGrenser([7]["m"], plotteGrenser[7]["mm"], color="black")
plt.plot (plotteGrenser([8]["m"], plotteGrenser[8]["mm"], color="black")
plt.plot (plotteGrenser([9]["m"], plotteGrenser[9]["mm"], color="black")

plt.axhline (y=0, color='black', linestyle='--')

def mm(m):
return m*(1000/250)
m = np.linspace(0, 25, 100)

#plt.plot (lengde, grense, color='r', linestyle='--')

plt.plot(m, mm(m), color='r', label ="Nedboyningskrav", linestyle='--')
plt.xlabel ("Lengde p& hulldekke [meter]")

plt.ylabel ("Nedboyning [mm]")

leg = plt.legend(loc="upper left')

plt.title('Langtidsnedboyning avhengig av dekkelengde ved t0 = ' + str(t0))
plt.x1im(0, 25)

plt.ylim(-20,100)

plt.grid()

won

#print (matrise)

print (matrise520)

return matrise, matrise520
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def forste():
t0 =3
matrise200_plot = besteDekke (t0) [1]
matrisen_temp = []

#for t0 in range(3,29):

#  print(str(100*(t0/28)) + "s")

# print("Finner data for t0: " + str(t0))
matrise = besteDekke (t0) [0]
matrisen_temp.append (matrise)

e R
matrisen = []
#try:

#  x420 = [matrised20 plot["lengder"][-1], matrise420_plot["lengder"][-1]]
#  y420 = [163.17742177285788, 119.94360364182425]

#  plt.plot(x420, y420, linestyle = "dotted", color = "black")

# plt.plot (matrise420_plot["lengder"], matrised20 plot["co2"], color = matrised20_plot["farge"])

# plt.text (matrise420 plot["lengder"][-1] + 0.2, matrise420 plot["co2"][-1]-2, "HD420", fontsize = 6)
# except:
# print ("hd420 funker ikke her")

for lengde in range (50,250) :
lengde = lengde/10

temp = {"meter" : 0, "co2": 0, "dekke": 0, "t0": 0, "farge": ""}
farger = ["red", "green", "blue", "black", "magenta", "orange", "limegreen", "cyan", "saddlebrown", "pink"]
dekke = 0
co2 = 1000
m =0
t0_ =0
hdfarge = 0
hdfarge = 0
for t0 in range(len(matrisen_temp)) :
for hd in range(0,10):
if matrisen_temp[tO] [hd] ["lengder"] != []:
for verdier in range(len(matrisen_temp[t0] [hd]["lengder"])):

#print (verdier, hd, t0)

#print (matrisen_temp[t0] [hd] ["lengder"])

#print (matrisen_temp[t0] [hd] ["co2"])

if matrisen_temp[tO] [hd] ["lengder"] [verdier] == lengde and matrisen_temp([t0][hd]["co2"] [verdier] < co2:

co2 = matrisen_temp([t0][hd] ["co2"] [verdier]
m = matrisen_temp[tO] [hd] ["lengder"] [verdier]
dekke = matrisen_temp[tO] [hd] ["dekke"]

t0_ = matrisen_temp[t0][hd] ["t0"]

hdfarge = matrisen_temp[tO][hd] ["farge"]
hdfarge_ = hd

#plt.plot (matrisen temp[t0] [hd]["lengder"] [verdier], matrisen temp[t0] [hd]["co2"][verdier],

if m != 0:
temp["meter"] = m
temp["co2"] = co2
temp["t0"] = t0_
temp["dekke"] dekke
temp["farge"] = hdfarge_
matrisen.append (temp)

print (matrisen)

farger = ["red", "green", "blue", "black", "magenta", "orange", "limegreen", "cyan", "saddlebrown", "pink"]

forste = 0

siste = 0

for meter in range(len(matrisen)):
farge = matrisen[meter]["farge"]

#plt.plot (matrisen[meter] ["meter"], matrisen[meter]["co2"], "o", markersize = 10,color = farger[farge] )

if meter == len(matrisen)-1:
plt.text (matrisen[meter]["meter"] + 0.2, matrisen[meter]["co2"]-2 , "tO 3", fontsize=6)

sistefarge = matrisen[meter-1]["farge"]
co2 = matrisen[meter]["co2"]
co2_forrige = matrisen[meter-1]["co2"
try:

co2_neste = matrisen[meter+l]["co2"
except IndexError:

co2_neste = co2
m = matrisen[meter] ["meter"]

if co2 > co2_forrige:
forste = meter

if co2_neste > co2 or meter == len(matrisen) - 1:

siste = meter

xx = [matrisen[forste]["meter"], matrisen[siste]["meter"]]

yy = [matrisen[forste]["co2"], matrisen[siste]["co2"]]

plt.plot (xx,yy, color = farger[farge], ls="--", dashes=(2, 1))
if matrisen[meter]["co2"] != matrisen[meter-1]["co2"] and meter != 0:

x = [matrisen[meter-1]["meter"], matrisen[meter]["meter"]]

y = [matrisen[meter-1]["co2"], matrisen[meter
plt.plot(x,y, color = farger[sistefarge], ls=

plt.figure (dpi=1200)

gs = gridspec.GridSpec(l, 2, width_ratios=[3, 1])
plt.subplot (gs[0])

plt.grid()

forste ()

plt.xticks (np.arange (5, 27, 5))

plt.yticks (np.arange(0, 350, 50))

plt.ylim(0,350)

plt.xlim(5,27)

plt.xlabel ("Lengde pa hulldekke [meter]")
plt.ylabel ("CO2-utslipp ved produksjon [kg-CO2-ekv]")

#plt.vlines (21, 0, 350, color = "red", ls = "--", label = "fl < 3.0 Hz")
plt.title("CO2-utslipp avhengig av L")
#plt.legend(loc = "center right", fontsize = 7.5)

plt.subplot (gs[1])
Dekker = ["HD200", "HD220", "HD265","HD285","HD320","HD340","HD400","HD420", "HD500", "HD520" ]
farger = ["red", "green", "blue", "black", "magenta", "orange", "limegreen", "cyan", "saddlebrown", "pink"]
for dekke in range(0,10):
strek= [1,1]



1537 hoyde =[(20.1-dekke*2), (21.3-dekke*2)

1538
1539 plt.plot(strek, hoyde, color=farger [dekke]

1540 plt.text(4, (20.8-dekke*2), str(Dekker[dekke]), fontsize = 6
1541

1542 plt.axis("off")

1543 plt.xlim(0,50)

1544 plt.ylim(0,21.5)

1545 plt.tight_layout ()

1546 plt.show()

1547

1548 #besteDekke (3)

1549 print("Koden brukte %s sekunder" % (time.time() - start_time))



