1. Options for Calculations

calculation DIN EN 1995:2010, Germany

service class 1

coefficients of thermal expansion: timber at = 0.500 *10-5/°K, steel at = 1.200 *10-5/°K

2. Structural system
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reinforcement left side
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reinforcement right side

3. Loading
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action effect 1: permanent loads (permanent, 1 load cases)
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action effect 2: live loads (transient, 3 load cases)
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action effect 3: snow (transient, 1 load cases)
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4. material parameters

timber grade main beam solid coniferous timber, C24 (S10)
service class 1

beam width b = 120 mm

coeff. therm.expan. timber: 0.500 *10-6 /°K

coeff. thermal expan. steel: 1.200 *10-5 /°K

char. bend. strength fmk : 24.0 N/mm2

char. shear strength fyk 4.0 N/mm2

modulus of elast. Eomean 11000 N/mm2

Ker ¢ 0.50 mm2/N

definition of internal forces and moments:
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5. Beam sections

section beam section 1, scale 1: 5§

main beam sections

section beam section 2, scale 1: §

section XA XE 1 Tef Km Tv cantil. hmain beam
m m m m - m mm

1| 0.00| 1.90| 1.90| 2.00|1.0000 | 1.90|x 200
2| 1.90| 5.40| 3.50| 3.50|1.0000 | 3.50] - 200
3] 5.40| 9.40| 4.00| 4.00|1.0000 | 4.00] - 200

sections with reinforcements

section reinforcement left side reinforcement right side
1 | steel plate $235 U120 steel plate S235 Ul20
2 | steel plate $235 U120 steel plate S235 Ul20
3 - -

6. Fastener data

section 1 from xA = 0.00 m to xe = 1.90

shear plate connector Bl dc = 65 mm, FK 4.6

bolt M 12, FK 4.6
1 - row
Kser = 27300 N/mm, ym

= 1.30, Rk = 14780.8 N, all values per shear plane

coordinates of connectors section 1
Nr. XAbs XD Nr. XAbs XD
m m m m
1 0.200 0.200 4 1.400 1.400
2 0.600 0.600 5 1.800 1.800
3 1.000 1.000
section 2 from xA = 1.90 m to xg = 5.40
shear plate connector Bl dc = 65 mm, FK 4.6

bolt M 12, FK 4.6
1 - row
Kser = 27300 N/mm, ym

coordinates of connectors section 2

= 1.30, Rk = 14780.8 N, all values per shear plane

Nr. XAbs XD Nr. XAbs XD
m m m m
1 0.200 2.100 41 2.500 | 4.400
2| 0.600 2.500 5 2.900 | 4.800
3 1.000 2.900 6| 3.300 5.200
7. Supports
coordinates of supports
supp.hame X cF cM left reinf. main beam right reinf.
m KN /m KNm/ - (M) (M) (M) (M) (M) (M)
B 1.90 Fix ---- X
o 5.40 Fix ---- X
D 9.40 Fix X
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8. Action effects

uniformly distributed load trapezoidal load triangular load trapezoidal load (spec.) dead load  temperature point load/ displacement
moment of support

el it lidis il Ll Rl T Aol _4
| ; " I | | — — Y

Lastfaktoren (Hochbau) des nationalen annexs

Germany
Teilsicherheitsfaktoren fiir action effecten Teilsicherheitsfaktoren fiir action effecten
der permanenten and transienten design situation der accidental en design situation
action effectsart | YFhup  YFinf action effectsart | YFhup it
permanent loads 1.35|1.00 permanent Toads 1.00 | 1.00
transiente Lasten 1.50 0./00 transiente Lasten 1.00 0./00
Fllssigkeitsdruck/Maschinenlasten | 1.35 | 0.00 Fllssigkeitsdruck/Maschinenlasten | 1.00 | 0.00
Zwang 1.00|0.00 Zwang 1.00|0.00
Vorspannung 1.00 | 1.00 Vorspannung 1.00 | 1.00
accidental e action effecten 1.00 1.00
Teilsicherheitsfaktoren fiir action effecten Teilsicherheitsfaktoren fiir action effecten
der Erdbebenbemessungssituation der Gebrauchstauglichkeits- and Ermiidungsnachweise
action effectsart | YFhup  YFinf action effectsart | YFhup it
permanent Toads 1.00 | 1.00 permanent Toads 1.00 | 1.00
transiente Lasten 1.00 0./00 transiente Lasten 1.00 0./00
Fllssigkeitsdruck/Maschinenlasten | 1.00 | 0.00 Fllssigkeitsdruck/Maschinenlasten | 1.00 | 0.00
Zwang 1.00|0.00 Zwang 1.00|0.00
Vorspannung 1.00 | 1.00 Vorspannung 1.00 | 1.00
Erdbeben 1.00 | 1.00

Kombinationsbeiwerte
Die valuee in der W2E-Spalte sind die ¥2-valuee fiir die Erdbebenbemessungssituation

action effect Kategoriie Yo bl k] Yor
Wohn-, Blrordume A, B 0.70 | 0.50 | 0.30 0.30
Versammlungs-, Verkaufsrdume C, D 0.70 1 0.70 | 0.60 0.60
supportriume E 1.00 0.90 0.80 0.80
Fahrzeuge to 30 kN F 0.70 [0.70 [0.60 0.60
Fahrzeuge to 160 kN G 0.70 [0.50 0.30 0.30
Dacher H 0.00 | 0.00 | 0.00 0.00
snow/Eis to 1000 m G.NN 0.50 0.20 0.00 0.50
snow/Eis Uber 1000 m G.NN 0.70 0.50 0.20 0.50
wind 0.60 | 0.20|0.00 0.00
temperature 0.60 0.50, 0.00 0.00
Baugrundsetzungen 1.00{1.00|1.00 1.00
otherige action effecten 0.80 0.70 0.50 0.50

Anmerkung: Flissigkeitsdruck/Maschinenlasten, Zwang sowie Baugrundsetzungen, otherige action effecten
sind nicht Teil der EN 1990 (Eurocode).

Applied verification parameters of the National Annex
Germany

DIN EN 1995-1-1 and DIN EN 1995-1-2 (EC5)

material safety factors modification coefficients
design situation ‘species value service class
permanent and transient solid wood 1.30 KLED 1 2 3
glue Tam. timber 1.30 permanent | 0.60 0.60 0.50
accidental all types 1.00 Tong-term | 0.70 0.70 0.55
fire protection all types 1.00 med.-term | 0.80 0.80 0.65

sh.-term | 0.90 0.90 0.70
instantan.| 1.10 1.10 0.90

Ermittlung der Netto-Enddurchbiegung nach EC5 (7.2
Whet,fin = Winst + Wcreep - We  With winst aus

quasicontinuouser Kombination
acc. to NAD Germany Anderung A1, (NA.A1)

Ermittlung der bezogenen Kippschlankheit atm verifice
Faktor acc. to NCI Zu 6.3.3(2) = 1.40
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Cha

Meaning

2.3

2.4
Tab

pter Value
.1.2(2)P | use table NA.1
.1
. 2.3 yM = 1.30

ym = 1.30

ym = 1.30

ym = 1.30

ym = 1.30

ym = 1.30

ym = 1.30

ym = 1.30

ym = 1.30

ym = 1.30

ym=1.25

ym = 1.30

ym = 1.30
.3 use table NA.4
2 use table NA.15
1.2 use NA.11
.3 (2) threaded rods acc. to NAD
3 (7)) lat. tors. buckl. acc.to NAD
4 (D simp1ified method acc.to NAD
4.2 reduction der Tragf.
.20
4.2 Erhdhung der char. Tragf.
.21

Abm. der tensile strength
.8.1.6)

drill hole diameter at
7D

crack factor
crack factor ker for determination of effective cross-section width
for the calculation of shear stresses from shear force

kCl’
kCl’
kCl’
kCl’

Pe

9. verifications

1: EC 5 Toad-carrying capacity
safety against overturning will be executed
Extreme rule 1

2: EC 5 deformations
Grenzwerte fiir deformations acc. to DIN EN 1995-1-1, Tab. 7.2!
Extreme rule 1

= 2.0/fv,k for coniferous timber

= 0.67 for hardwood

= 2.5/fv,k for glue laminated timber
=1.0 other

rmanent action effect: permanent loads
1. additive Toad case:
= unif.distr.load (main beam):
= point Toad (main beam):
= unif.distr.load (main beam):
= dead load (main beam):
2. Transient action effect: 1ive loads
2. additive Toad case: span 1
= unif.distr.load (main beam):

Association of a

Partial safety f
solid wood

glue lam. timber
Cross Laminated
LVL, plywood, 0S
particleboards
hard fibreboards
medium fibreboar
MDF - f ibreboards
soft fibreboards
connections
metal plate fast
steel in connect
gypsum board, et

modification coe
fax ., fhead for p
penetration dept
allow threaded r
verification of
fastener
t hor. StoB and s
at Schwellenpres

at sym. ausge

steelteilen um 1m

F-3

vy =6.

dead Toad (1)

g =1.00 kN/m fr
.00 kKN at x=20
g =1.50 kN/m fr
00 kN/m3 from x

g =1.20 kN/m fr

= point Toad (main beam): F = 2.00 KN at x =10
3. additive load case: span 2
= unif.distr.load (main beam): q = 1.20 kN/m fr
4. additive load case: span3
= unif.distr.load (main beam): q = 1.20 kN/m fr
3. Transient action effect: snow
5. additive Toad case: snow
= unif.distr.load (main beam): q = 1.00 kN/m fr
= point Toad (main beam): F = 1.50 KN at x =10
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10. Results of load cases

10.1. Action effect 1: load case 1: dead load (1)
deflections of main beam (characteristic)

\r\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\V\\‘\\\\‘\\\\‘\\\\‘\V

1 2 3 4 5 6 7 8 9

- deflection
main beam

" characteristic
win mm

— Min: -1.68

i Max: 9.10

internal forces and moments

\r\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\V\\‘\\\\‘\\\\‘\\\\‘\V

1 2 3 4 5 6 7 8 9

flexural moment
reinf. left
Miin kNm

Min: -2.10
Max: 0.00

flexural moment
main beam

M in kNm
Min: -3.27
Max: 2.09

flexural moment
reinf. right

Mr in kNm
Min: -2.10
Max: 0.00

shear force
reinf. left

Viin kN
Min: -1.50
Max: 1.16

shear force
main beam

Vin kN
Min: -5.23
Max: 4.64

shear force
reinf. right

Vrin kN
Min: -1.50
Max: 1.16
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support forces

point  x AP APq APr SAP
- m kN kN kN kN
B 1.900 -9.19 0.00 0.00 -9.19
C 5.400 -6.88 -0.00 0.00 -6.88
D 9.400 -2.19  ------ - -2.19
connector reactions
X CPq CM CPr CMr X CPq CM CPr CMr
m kN kNm kN kNm m kN kNm kN kNm
0.200 1.17 0.00 1.17 0.00 2.500 -0.16 0.00 -0.16 0.00
0.600 0.30 0.00 0.30 0.00 2.900 0.56 0.00 0.56 0.00
1.000 0.03 0.00 0.03 0.00 4.400 0.38 0.00 0.38 0.00
1.400 -0.39 0.00 -0.39 0.00 4.800 -0.42 0.00 -0.42 0.00
1.800 -1.14 0.00 -1.14 0.00 5.200 0.63 0.00 0.63 0.00
2.100 -0.97 0.00 -0.97 0.00
10.2. Action effect 2: load case 2: span 1
deflections of main beam (characteristic)
\r 1T 17 ‘ 1T 177 ‘ 1T T 7T ‘ 1T T 7T ‘ 1T T 7T ‘ T~ T 7 ‘ 1T 17 ‘ 1T 177 ‘ 1T T 7T ‘ [
1 2 3 4 5 6 7 9
_. 1.673
] _’fmﬂﬁ‘fﬁ'}?}]}m}?}Efﬂnmpmr ) deflection
] main beam
_\\ g characteristic
< \%& win mm
nE: Min: -1.67
; 7.657 Max: 7.66
internal forces and moments
\r 1T 17 ‘ 1T 177 ‘ 1T T 7T ‘ 1T T 7T ‘ 1T T 7T ‘ T~ T 7 ‘ 1T 17 ‘ 1T 177 ‘ 1T T 7T ‘ [
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flexural moment
reinf. left
Miin kNm

Min: -1.69
Max: 0.00

flexural moment
main beam

M in kNm
Min: -2.47
Max: 0.65

flexural moment
reinf. right

Mr in kNm
Min: -1.69
Max: 0.00

shear force
reinf. left

Viin kN
Min: -1.17
Max: 0.63



internal forces and moments

\r\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\V\\‘\\\\‘\\\\‘\\\\‘\V

1 2 3 4 5 6 7 8 9

shear force

main beam
Vin kN
Min: -3.83
Max: 2.28
£ .
R | P 1.1724) ; shear force
o T reinf. right
B B i Vrin kN
r 0.634 Min: -1.17
| Max: 0.63
v
support forces
point  x AP APq APr SAP
- m kN kN kN kN
B 1.900 -6.11 -0.00 0.00 -6.11
C 5.400 2.00 0.00 -0.00 2.00
D 9.400 -0.16 ------ ------ -0.16
connector reactions
X CP1 CMy CPr CMr X CP1 CMy CPr CMr
m kN KNm kN KNm m kN KNm kN KNm
0.200 0.84 0.00 0.84 0.00 2.500 -0.19 0.00 -0.19 0.00
0.600 0.26 0.00 0.26 0.00 2.900 0.03 0.00 0.03 0.00
1.000 0.08 0.00 0.08 0.00 4.400 0.04 0.00 0.04 0.00
1.400 -0.21 0.00 -0.21 0.00 4.800 0.23 0.00 0.23 0.00
1.800 -0.74 0.00 -0.74 0.00 5.200 0.34 0.00 0.34 0.00
2.100 -0.66 0.00 -0.66 0.00
10.3. Action effect 2: load case 3: span 2
deflections of main beam (characteristic)
\r T 1T ‘ T 17 ‘ T 1T ‘ T 1T ‘ T 1T ‘ T T ‘ T 1T ‘ T 17 ‘ T 1T ‘ g
1 2 3 4 5 6 7 8 9
deflection
- _ main beam
- R characteristic
q ' win mm
_ Min: -1.49
7 0.893 Max: 0.89

internal forces and moments

\r\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\V\\‘\\\\‘\\\\‘\\\\‘\V

1 2 3 4 5 6 7 8 9

I
i
=
o
—
—

flexural moment
reinf. left

N Miin kNm
| B ae Min: -0.01
: 0483 Max: 0.48

§'0 0°0
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internal forces and moments

\r\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\V\\‘\\\\‘\\\\‘\\\\‘\V

2

1

o 3
7
o i
o
v
- b
-0.011
e 1 | J
e | s
o ]
o
v

3

4

\\\\.\\\& \\\ \ ™

0.483

5

6

7

8 9

-0.52

flexural moment
main beam

M in kNm
Min: -0.45
Max: 0.72

flexural moment
reinf. right

Mr in kNm
Min: -0.01
Max: 0.48

shear force

Gz 5 T reinf. left
T T :
3 figpes Viin kN
= 0. 487 Min: -0.52
~ | T ! Max: 0.49
v
[-2.228
M 7 shear force
= | T ..r;;flfi?f;ﬁ: main beam
° : Vin kN
I Min: -2.23
E Max: 1.32
B _ -0.52 shear force
= g W, reinf. right
Vrin kN
= Min: -0.52
™~ : Max: 0.49
v
support forces
point  x AP APq APr SAP
- m kN kN kN kN
B 1.900 -1.97 0.00 -0.00 -1.97
C 5.400 -2.34 -0.00 -0.00 -2.34
D 9.400 0.1  ------ ------ 0.11
connector reactions
X CPq CM CPr CMr X CPq CM CPr CMr
m kN kNm kN kNm m kN kNm kN kNm
0.200 0.00 0.00 0.00 0.00 2.500 0.08 0.00 0.08 0.00
0.600 0.01 0.00 0.01 0.00 2.900 0.45 0.00 0.45 0.00
1.000 -0.01 0.00 -0.01 0.00 4.400 0.47 0.00 0.47 0.00
1.400 -0.10 0.00 -0.10 0.00 4.800 -0.01 0.00 -0.01 0.00
1.800 -0.24 0.00 -0.24 0.00 5.200 -0.51 0.00 -0.51 0.00
2.100 -0.16 0.00 -0.16 0.00
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10.4. Action effect 2: load case 4: span3
deflections of main beam (characteristic)

CR g

T T ‘ T T ‘ T T ‘ T 1T ‘ T 1T ‘ T T T ‘ T T T ‘ T 1T ‘ T 1T ‘ [
1 2 3 4 5 6 7 8 9
. -0.582]
= T .
- e deflection
TV A\ % N LMY main beam
e H \ R W ok
0.782 \ \\ § W characteristic
............. _ \ win mm
m i _ \ ‘% Min: -0.58
2. 769 Max: 2.77

internal forces and moments

1T 17 ‘ 1T 177 ‘ 1T T 7T ‘ 1T T 7T ‘ 1T T 7T ‘ T~ T 7 ‘ 1T 17 ‘ 1T 177 ‘ 1T T 7T ‘ [
1 2 3 4 5 6 7 8 9
I‘l) =
| : : : [o.38] flgxural moment
o ' : S SN Sy I reinf. left
E . ! ! Miin kNm
= | i H Min: -0.38
E i i i Max: 0.00
r
- flexural moment
o main beam
E M in kNm
= Min: -1.58
e = Max: 1.67
1 1.673
J
™
R [o.38] flgxurgl moment
. B SRS comm i reinf. right
E Mr in kNm
= Min: -0.38
E Max: 0.00
. ! ! !
- ' ' : -0.159| shear force
- _'_ .
o - . rm relpf. left
— . ! ! : Viin kN
po [o.762) Min: -0.16
s i i i Max: 0.76
l‘l) —
shear force
o main beam
3 Vin kN
P — : Min: -2.00
7 Max: 2.80
2.796
J
. ! ! !
- ' ' : -0.159| shear force
o - . rm relpf. right
— . ! ! : Vrin kN
po [o.762) Min: -0.16
s i i i Max: 0.76
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support forces

point  x AP APq APr SAP
m kN kN kN kN
B 1.900 0.45 0.00 -0.00 0.45
C 5.400 -3.25 -0.00 0.00 -3.25
D 9.400 A -2.00
connector reactions
X CP1 CM1 CPr CMr X CP1 CM1 CPr CMr
m kN kNm kN kNm m kN kNm kN kNm
0.200 -0.00 0.00 -0.00 0.00 2.500 0.02 0.00 0.02 0.00
0.600 -0.00 0.00 -0.00 0.00 2.900 0.01 0.00 0.01 0.00
1.000 0.00 0.00 0.00 0.00 4.400 -0.35 0.00 -0.35 0.00
1.400 0.02 0.00 0.02 0.00 4.800 -0.57 0.00 -0.57 0.00
1.800 0.06 0.00 0.06 0.00 5.200 0.76 0.00 0.76 0.00
2.100 0.05 0.00 0.05 0.00
10.5. Action effect 3: load case 5. show
deflections of main beam (characteristic)
\r 1T 17 ‘ 1T 177 ‘ 1T T 7T ‘ 1T T 7T ‘ 1T T 7T ‘ T~ T 7 ‘ 1T 17 ‘ 1T 177 ‘ 1T T 7T ‘ [
1 2 3 4 5 6 7 8 9
g Fo.689
=3 QR deflection
N \ W main beam
o i%\\% Svhie;]rarl::r?rlshc
“ f%‘ Min: -0.69
= _' 3.553 Max: 3.55

internal forces and moments

\r\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\V\\‘\\\\‘\\\\‘\\\\‘\V
2

1

3

4

5

6

7

8 9

T
- 1
23
=
w3 T
b ;iﬁ}i?fi&ﬁ?x—m.‘_.,__
== R
=
w
Y
-
-0.365
] 77
o I T,
] R AT T
R A A A RSN AN
| SNy
| 0.493
\J
T
- 1
23
=
o 3 A s
3 A e
== R
=
w
Y
-
o NN
g 0.355|
Y
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flexural moment
reinf. left
Miin kNm

Min: -0.79
Max: 0.00

flexural moment
main beam

M in kNm
Min: -1.13
Max: 0.49

flexural moment
reinf. right

Mr in kNm
Min: -0.79
Max: 0.00

shear force
reinf. left

Viin kN
Min: -0.57
Max: 0.36



internal forces and moments

\r\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\V\\‘\\\\‘\\\\‘\\\\‘\V

1 2 3 4 5 6 7 8 9

[1.5]

shear force

- Z main beam
] Vin kN
- AN S Min: -1.50
7 : Max: 1.31
| M 1.31 *
5, -0.57] shear force
I T, reinf. right
1 i P e Vrin kN
i '0,355| Min: -0.57
: Max: 0.36
v
support forces
point  x AP APq APr SAP
- m kN kN kN kN
B 1.900 -2.49 0.00 0.00 -2.49
C 5.400 -1.82 0.00 0.00 -1.82
D 9.400 N I -0.19
connector reactions
X CP1 CM1 CPr CMr X CP1 CM1 CPr CMr
m kN kNm kN kNm m kN kNm kN kNm
0.200 0.51 0.00 0.51 0.00 2.500 -0.08 0.00 -0.08 0.00
0.600 0.06 0.00 0.06 0.00 2.900 0.07 0.00 0.07 0.00
1.000 -0.05 0.00 -0.05 0.00 4.400 0.16 0.00 0.16 0.00
1.400 -0.15 0.00 -0.15 0.00 4.800 0.00 0.00 0.00 0.00
1.800 -0.34 0.00 -0.34 0.00 5.200 0.13 0.00 0.13 0.00
2.100 -0.29 0.00 -0.29 0.00
11. Results of verification of ultimate limit state
11.1. Verification of ultimate limit state
extremal deflections of main beam (incl. yF)
\r 1T 17 ‘ 1T 177 ‘ 1T T 7T ‘ 1T T 7T ‘ 1T T 7T ‘ T~ T 7 ‘ 1T 17 ‘ 1T 177 ‘ 1T T 7T ‘ [
1 2 3 4 5 6 7 8 9
. [-7.864)
T ‘ deflection
A T T T S main beam
N YF-fach
14. win mm
Min: -7.86
Max: 35.89
extremal internal forces
\r 1T 17 ‘ 1T 177 ‘ 1T T 7T ‘ 1T T 7T ‘ 1T T 7T ‘ T~ T 7 ‘ 1T 17 ‘ 1T 177 ‘ 1T T 7T ‘ [
1 2 3 4 5 6 7 8 9

flexural moment
& | reinf. left
o e, Miin kNm

Bl | Min: -6.00
o Max: 0.28

v
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extremal internal forces

1T 17 ‘ 1T 177 ‘ 1T T 7T ‘ 1T T 7T ‘ 1T T 7T ‘ T ‘ 1T 17 ‘ 1T 177 ‘ 1T T 7T ‘ [
1 2 3 4 5 6 7 8 9
5 F6.155]
e ' ' flexural moment
o B main beam
< M in kNm
o Min: -9.15
Max: 6.02
J
- 1 !
= B flexural moment

A W/ I s reinf. right

L e ?mzw — Mr in kNm
0.283] Min: -6.00
Max: 0.28

§
il

; ; shear force
o |zt | . _ reinf. left
' ' S ] ' Viin kN
Min: -4.18
Max: 3.39

01-

01

1'5‘343|\ shear force
Y, main beam
Vin kN

Min: -14.88
Max: 11.61

shear force
reinf. right

Vrin kN
Min: -4.18
Max: 3.39

\r 1T 17 ‘ 1T 177 ‘ 1T T 7T ‘ 1T T 7T ‘ 1T T 7T ‘ T~ T 7 ‘ 1T 17 ‘ 1T 177 ‘ 1T T 7T ‘ [
1 2 3 4 5 6 7 8 9
= B .
8- bending stress
o reinf. left
o] .
o1 in MN/m?2

& — Max: 101.13
= bending stress

3 main beam
Rl i 2

E ch in MN/m
o Max: 11.43

g
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results of verification of ultimate limit state

S bending stress
@ reinf. right

or in MN/m?2
o Max: 101.13

S5 7 shear stress
. | e reinf. left
; ‘ 7 in MN/m2
o Max: 7.23
(=T
Y
_ [1.86]
ke i i 1.451
; Z | shear stress
a2 main beam
g th in MN/m?2
= Max: 1.86
Y
o
° [fpzzd | ; shear stress
1 3 | —— reinf. right
° 7 .
_ 7 in MN/m?2
@ Max: 7.23

o
8 equivalent stress
@ reinf. left

ov,l in MN/m?2
o Max: 101.21

equivalent stress

ov,r in MN/m2
Max: 101.21

05 oot

0

utilization

reinf. left
‘ Max: 0.43

0D'@2 050

utilization

main beam
Max: 0.70
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results of verification of ultimate limit state
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1

2

3

4

5

6

7

8

9

o |

8 - ' utilization

£ reinf. right

;8 : s | Max: 0.43

v
maximal
L utilization
i Max: 0.70
v
verification of ultimate limit state of left-sided steel reinforcement
point X al T1 ov,1 U1 point X al T1 ov,1 U1

- m MN/m2 MN/m2 MN/m2 - - m MN/m2 MN/m2 MN/m2 -

A 0.000 0.00 0.00 0.00| 0.000 2.400| 88.94 4.19 89.03| 0.379
0.200 0.00 0.00 0.00| 0.000 2.500| 87.57 5.08 87.67| 0.373
0.200 0.00 5.57 9.65| 0.041 2.500| 87.57 5.86 87.70| 0.373
0.500| 15.94 4.60 16.53| 0.070 2.600| 81.41 4.84 81.54| 0.347
0.600| 21.74 5.57 22.21| 0.095 2.800| 72.99 4.84 73.13| 0.311
0.600| 21.74 7.04 22.49] 0.096 2.900| 70.34 5.86 70.50| 0.300
0.700| 27.96 5.81 28.50| 0.121 2.900| 70.34 3.33  70.39| 0.300
0.900| 41.38 5.81 41.75| 0.178 3.000| 65.99 2.75  66.04| 0.281
1.000| 49.19 7.23  49.54] 0.211 4.400| 27.67 3.33  27.80| 0.118
1.100| 54.98 5.97 55.28| 0.235 4.400| 27.67 2.61 27.75| 0.118
1.300| 68.77 5.97 69.00| 0.294 4.500| 24.57 2.1 24.65| 0.105
1.400| 77.38 7.23 77.60] 0.330 4.700| 19.60 2.1 19.71| 0.084
1.400| 77.38 5.61 77.51| 0.330 4.800| 17.51 2.61 17.64| 0.075
1.500| 80.72 4.63 80.84| 0.344 4.800| 17.51 4.49 17.89| 0.076
1.800| 98.92 5.61 99.02| 0.421 4.900| 12.84 3.71  13.31| 0.057
1.800| 98.92 0.91 98.92| 0.421 5.200 0.00 4.49 7.78| 0.033

B 1.900| 97.44 0.75 97.44] 0.415 5.200 0.00 0.00 0.00| 0.000

B 1.900| 97.44 0.75 97.44] 0.415 C 5.400 0.00 0.00 0.00| 0.000
2.100| 101.13 0.91 101.13] 0.430 minimum 0.00 0.00 0.00| 0.000
2.100| 101.13 5.08 101.21| 0.431 max imum 101.13 7.23 101.21] 0.431
2.200| 95.57 4.19 95.65| 0.407

verification of ultimate limit state of main beam
point X Kmod,h oh Th Un point X Kmod,h oh Th Un

- m - MN/m2 MN/m2 - - m - MN/m2 MN/m2 -

A 0.000| 0.600 0.00 0.00| 0.000 2.900| 0.800 6.18 0.60| 0.378
0.100| 0.800 0.02 0.04| 0.017 4.100| 0.800 2.66 0.14| 0.170
0.100| 0.900 0.02 1.09| 0.392 4.300| 0.800 2.54 0.27| 0.163
0.200| 0.900 1.12 1.12| 0.404 4.400| 0.800 2.56 0.34| 0.164
0.200| 0.900 1.12 0.32| 0.114 4.400| 0.800 2.56 0.16| 0.164
0.400| 0.900 1.82 0.39| 0.139 4.800| 0.800 3.01 0.44| 0.195
0.500| 0.800 2.22 0.43| 0.155 4.800| 0.800 3.01 0.80| 0.318
0.600| 0.800 2.66 0.47| 0.172 5.200| 0.800 5.99 1.11| 0.427
0.600| 0.900 2.66 0.27| 0.160 5.200| 0.800 5.99 0.78| 0.388
1.200| 0.900 4.91 0.48| 0.295 C 5.400| 0.800 7.69 0.93| 0.498
1.300| 0.800 5.41 0.52| 0.327 C 5.400| 0.800 7.69 1.45| 0.540
1.400| 0.800 5.96 0.57| 0.361 5.900| 0.800 1.55 1.07| 0.403
1.400| 0.800 5.96 0.84| 0.361 6.400| 0.800 4.54 0.69| 0.279
1.800| 0.800 9.60 1.01| 0.587 6.900| 0.800 6.76 0.32| 0.427
1.800| 0.800 9.60 1.82| 0.683 7.500| 0.800 7.52 0.07| 0.486

B 1.900| 0.800 11.43 1.86| 0.702 8.200| 0.800 6.50 0.29| 0.426

B 1.900| 0.800 11.43 1.44| 0.702 8.900| 0.800 3.44 0.58| 0.230
2.100| 0.800 8.92 1.36| 0.545 D 9.400| 0.800 0.00 0.79| 0.315
2.100| 0.800 8.92 0.67| 0.545 minimum 0.600 0.00 0.00| 0.000
2.500| 0.800 7.12 0.39| 0.435 max imum 0.900 11.43 1.86| 0.702
2.900| 0.800 6.18 0.23| 0.378
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verification of ultimate limit state of right-sided steel reinforcement

point X or Tr ov,r Ur point X or Tr ov,r Ur

- m MN/m2 MN/m2 MN/m2 - - m MN/m2 MN/m2 MN/m2 -

A 0.000 0.00 0.00 0.00] 0.000 2.400| 88.94 4.19 89.03| 0.379
0.200 0.00 0.00 0.00] 0.000 2.500| 87.57 5.08 87.67| 0.373
0.200 0.00 5.57 9.65| 0.041 2.500| 87.57 5.86 87.70| 0.373
0.500| 15.94 4.60 16.53] 0.070 2.600| 81.41 4.84 81.54| 0.347
0.600| 21.74 5.57 22.21| 0.095 2.800| 72.99 4.84 73.13| 0.311
0.600| 21.74 7.04 22.49| 0.096 2.900| 70.34 5.86 70.50| 0.300
0.700| 27.96 5.81 28.50| 0.121 2.900| 70.34 3.33  70.39| 0.300
0.900| 41.38 5.81 41.75| 0.178 3.000| 65.99 2.75 66.04| 0.281
1.000| 49.19 7.23 49.54| 0.211 4.400| 27.67 3.33 27.80| 0.118
1.100| 54.98 5.97 55.28| 0.235 4.400| 27.67 2.61 27.75| 0.118
1.300| 68.77 5.97 69.00| 0.294 4.500| 24.57 2.15  24.65| 0.105
1.400| 77.38 7.23 77.60 0.330 4.700| 19.60 2.15  19.71| 0.084
1.400| 77.38 5.61 77.51| 0.330 4.800| 17.51 2.61 17.64| 0.075
1.500| 80.72 4.63 80.84| 0.344 4.800| 17.51 4.49 17.89| 0.076
1.800| 98.92 5.61 99.02| 0.421 4.900| 12.84 3.71  13.31| 0.057
1.800| 98.92 0.91 98.92| 0.421 5.200 0.00 4.49 7.78| 0.033

B 1.900| 97.44 0.75 97.44| 0.415 5.200 0.00 0.00 0.00] 0.000

B 1.900| 97.44 0.75 97.44| 0.415 C 5.400 0.00 0.00 0.00] 0.000
2.100| 101.13 0.91 101.13, 0.430 minimum 0.00 0.00 0.00| 0.000
2.100| 101.13 5.08 101.21| 0.431 max imum 101.13 7.23 101.21, 0.431
2.200| 95.57 4.19 95.65| 0.407

maximal utilization
point X U point X U point X U point X U

- m - m - - m - - m -

A 0.000| 0.000 1.400| 0.361 4.800| 0.195 7.600| 0.486
0.100| 0.017 B 1.900| 0.702 4.800| 0.318 8.200| 0.426
0.100| 0.392 B 1.900| 0.702 C 5.400| 0.498 8.900| 0.230
0.200| 0.404 2.100| 0.545 C 5.400| 0.540 D 9.400| 0.315
0.200| 0.114 2.500| 0.435 6.400| 0.279 minimum 0.000
0.700| 0.177 4.300| 0.163 6.900| 0.427 max imum 0.702

extremal connector reactions

X min CPq max CP1 min CM max CM min CPr max CPr min CMr max CMr

m kN kN kNm kNm kN kN kNm kNm
0.200 1.17 3.22 0.00 0.00 1.17 3.22 0.00 0.00
0.600 0.29 0.85 0.00 0.00 0.29 0.85 0.00 0.00
1.000 -0.06 0.16 0.00 0.00 -0.06 0.16 0.00 0.00
1.400 -1.11 -0.35 0.00 0.00 -1.11 -0.35 0.00 0.00
1.800 -3.25 -1.05 0.00 0.00 -3.25 -1.05 0.00 0.00
2.100 -2.76 -0.89 0.00 0.00 -2.76 -0.89 0.00 0.00
2.500 -0.57 -0.02 0.00 0.00 -0.57 -0.02 0.00 0.00
2.900 0.56 1.55 0.00 0.00 0.56 1.55 0.00 0.00
4.400 -0.14 1.41 0.00 0.00 -0.14 1.41 0.00 0.00
4.800 -1.44 -0.08 0.00 0.00 -1.44 -0.08 0.00 0.00
5.200 -0.14 2.60 0.00 0.00 -0.14 2.60 0.00 0.00

verification of ultimate limit state for connectors

X Kmod, 1 U1 Kmod,r Ur X Kmod, 1 U1 Kmod,r Ur

m - - - m - - - -
0.200f 0.900 0.315| 0.900 0.315 2.500| 0.800 0.056| 0.800 0.056
0.600f 0.800 0.088| 0.800 0.088 2.900| 0.800 0.165| 0.800 0.165
1.000| 0.800 0.018, 0.800 0.018 4.400| 0.800 0.142| 0.800 0.142
1.400| 0.800 0.109, 0.800 0.109 4.800| 0.800 0.158| 0.800 0.158
1.800| 0.800 0.329| 0.800 0.329 5.200| 0.800 0.275| 0.800 0.275
2.100| 0.800 0.280| 0.800 0.280
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12. Results of verification of deflections

12.1. Verification of deflections
results of verification of deflections

\r 1T 17 ‘ 1T 177 ‘ 1T T 7T ‘ 1T T 7T ‘ 1T T 7T ‘ T~ T 7 ‘ 1T 17 ‘ 1T 177 ‘ 1T T 7T ‘ [
1 2 3 4 5 6 7 8 9
e . i [4.2
S e ol extremal
= __. == B T A S s 2t W s v deﬂections
ERN R NS
s \\\é\\\\§\\} 2 Winst
N\ in mm
| 1 Min: -4.20
i #3232 Max: 19.32
£ : decisive
8- [12.67] 11.67 B3:99 deflection
b= i i : Winst,req
o in mm
= Min: 11.67
7 Max: 13.33
v
; -5.597]
E | ,.ﬂ;ﬁ;}ﬁ;7,:71,’,2;;7?,}}7,-,7;;,{,”H_, extremal
°3 T deflections
S J§§§§§ > Wrfin
N ﬁ§§;§b in mm
i Min: -5.60
=3 —' 26.3 Max: 26.30
decisive
deflection
Wrfin,req
in mm
Min: 17.50
Max: 20.00
= maximal
utilization
Max: 1.52
¥
verification of deflections
point  x min/max/req Winst min/max/req Wrin min/max/req wnet,fin U
- m mm mm mm mm mm mm mm mm mm
A 0.000 0.00 19.32 12.67 0.00 26.30 19.00 ---- ---- ---- 1.525
B 1.900 0.00 0.00 12.67 0.00 0.00 19.00 ---- ---- ----1 0.000
B 1.900 0.00 0.00 11.67 0.00 0.00 17.50 ---- ---- ----1 0.000
2.600| -3.19 0.00 11.67| -4.28 0.00 17.50 ---- ---- ----| 0.273
3.400| -4.20 0.00 11.67| -5.60 0.00 17.50 ---- ---- ----1 0.360
4.400| -3.05 0.00 11.67| -4.06 0.00 17.50 ---- ---- ----1 0.261
C 5.400| -0.00 0.00 11.67, -0.00 0.00 17.50 ---- ---- ----1 0.000
C 5.400 0.00 0.00 13.33 0.00 0.00 20.00 ---- ---- ----1 0.000
6.700 0.00 6.20 13.33 0.00 8.52 20.00 ---- ---- ----| 0.465
7.500 0.00 7.55 13.33 0.00 10.39 20.00 ---- ---- ----| 0.566
8.300 0.00 5.92 13.33 0.00 8.16 20.00 ---- ---- ----| 0.444
D 9.400| -0.00 0.00 13.33| -0.00 0.00 20.00 ---- ---- ----1 0.000
minimum -4.20 0.00 11.67| -5.60 0.00 17.50 0.00 0.00 0.00| 0.000
max imum 0.00 19.32 13.33 0.00 26.30 20.00 0.00 0.00 0.00| 1.525
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13. Summary

13.1. Summary of all verifications
maximal utilization

\r\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\V\\‘\\\\‘\\\\‘\\\\‘\V

1 2 3 4 5 6 7 8 9

utilization
Max: 1.52

maximal connector utilization

X U] X U] X U]
m - m - m -
0.200 0.32 1.800 0.33 4.400 0.14
0.600 0.09 2.100 0.28 4.800 0.16
1.000 0.02 2.500 0.06 5.200 0.27

1.400 0.11 2.900 0.16

14. Utilizations of all verifications
verification der deformations (u = 1.525) does not meet the requirements!
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