AxisVM X6 R1b - Registered to Inter-CAD Kift.
IIEIHID

Project: RC beam sample
Analysis by Inter-CAD Kift.
Model: AxisVMX6SampleRCBeamEng.axs 2021. 03. 31. Page 12
Reinforced concrete beam
Structural members: 160 ,299 ,488 ,164
Code: Eurocode

Load case: Linear,(Auto) Critical

Materials

Concrete: C25/30 (f,, = 25 MPa)

Rebar steel:

Longitudinal rebars: B500A ( f} © = 500 MPa)
Stirrup: BS00A (f) = 500 MPa)

ywk

Reinforcement parameters

Concrete covers: ¢ = 1,5 cm

Top longitudinal rebars: ¢, = 16 mm(A¢ r= 2,0l cm?)

Bottom longitudinal rebars: ¢, = 16 mm(A¢’B = 2,01 cm?)

= 2,01 cm?)

beB 2,01 cm?)

Side reinforcement against torsion: ¢, = 16 mm ( 4 5T 2,01 cm?)

= 0,50 cn?)

Top corner rebars: ¢, = 16mm(A¢CT

Bottom corner rebars: ¢, = 16 mm (4

Stirrup diameter: ¢ = 8 mm (4

=2

ow
Stirrup legs: n b

Angle of the concrete compression strut: ® = 45,00 ° ( cot® = 1)

Rebar position:

¢ 1,6
aT:c+¢w+7T:1,5+O,8+ > =3.lcm

1.6
aB:c+¢w+7321,5+0,8+ > =3.1cm

¢ 1,
T 15408+ 28

a,=ct¢ + =3,1 cm

¢, 1,6
acB:C+¢w+T,B:1’5+0’8+ 2 =3,1 cm

1. ULS (Ultimate Limit State)

Design parameters
Design situation: Persistent and transient
S 25 4
Soa= 00— zl-ﬁ =16,667 MPa = 1,66667-10" KPa EN 1992-1-1 3.1.6. (1)P (3.15)
4

o=t a1 =1,66667-10*1=1,66667-10* KPa  EN 1992-1-1 3.1.7. (3)

'fctk,OAOS _

1,7955
1-=

<fctd:act yc 1’5

=1,197 MPa = 1197 KPa  EN 1992-1-1 3.1.6. (2)P (3.16)



Project: RC beam sample
Analysis by Inter-CAD Kift.

AxisVM X6 R1b - Registered to Inter-CAD Kift.
IIEII:I:D
Model: AxisVMX6SampleRCBeamEng.axs

2021. 03. 31. Page 13

e 500 s :
f= s =434,78 ~435 MPa=4,35-10° KPa EN 1992-1-1 3.2.7. (2) Fig. 3.8

Tk 500 s .
Fwa™ 1L 478=435MPa=435-10°KPa  EN1992-1-1 32.7. (2) Fig. 3.8

1.1. Bending

Maximum tension reinforcement at the top

Position of the cross-section from the left end of the beam: €S pos = Om

Load case/Combination: [1,35*rc+1,35*covering+1,35*plumbing+1,35*wall+1,35*stair permanent] {1,5%0,7*variable
inner+1,5*0,7*variable outer+1,5*0,7*stair variable} (1,5%0,5*snow+1,5*0,6*wind -y)

Geometry

Depth of the cross-section: # = 39,0 cm

Width of the cross-section: b = 30,0 cm

Internal forces
My, = 14,63 kNm

Design of bending reinforcement

st
Mg A Equilibrium equations for the cross-section
C dj Nc ZN:O - Nc+Ns2_Nsl :fcd.xc.b—i_AsZ. |O_s2| _ASI.O-SZ_O
52
= d2 st
b

X,
ZM: O - NC‘.ZJ’_NSZ.ZS :fcd.xc.b. (dl - ;] +As2. |O_s2| .Zx :MEd
Partial results
Effective depth:
d =359cm

Maximum pure moment resistance without compression reinforcement:
Maximum neutral axis depth:

A

_ L
s ES
851,{ _0,0035
xg= " —d= ( ) ~+359=22,14cm
‘ 4,351
e —Dd(—o003s5) - 22210
a g . 8

X,=Ax,=0,8-22,14=17,71 cm EN 1992-1-1 3.1.7.(3) Fig. 3.5.

X 17,71 4
My, o= [d— 2]-xco-bw-fcd,eff— [35,9— 2 )-17,71-30,0-1,66667- 10* =240 kKNm > M, = 14,63 kNm

Height of concrete compression zone:
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X, = 0,8245 cm

Calculated area of flexural reinforcement in tension:
A, =1436cm* (4, . = 1,44 cm’)

Maximum tension reinforcement at the bottom

Position of the cross-section from the left end of the beam: CS s = 2,500 m

Load case/Combination: [1,35*rc+1,35*covering+1,35*plumbing+1,35*wall+1,35*stair permanent]| {1,5%0,7*variable
inner+1,5*%0,7*variable outer+1,5%0,7*stair variable} (1,5%0,5*snow+1,5%0,6*wind -y)

Geometry

Depth of the cross-section: 2 = 39,0 cm
Width of the cross-section: b = 30,0 cm

Internal forces
M,, = 45,16 kNm

Design of bending reinforcement

N,

M — i d2

2 52 ; N, Equilibrium equations for the cross-section
C ! ZNZO - Nc'+Ns2_Nsl :<fc'd.xc"b+As2'|o-s2| _Asl.o-s2_0

ASI
NSI X
+T+ ZM: 0 — Nc"Z+N52'Zs :fcd'xc.b. [dl a 2] +A52' |052 | .Zs :MEd

Partial results
Effective depth:

d =359 cm

Maximum pure moment resistance without compression reinforcement:
Maximum neutral axis depth:

_ S
R
s ES
gcu _0,0035
xg=d ( 43) 5 359=22 04 em
o 9 5'
e~ (-0,0035) - =—r
a 10
X

0=Ax,=0,8-22,14=17,71 cm  EN 1992-1-1 3.1.7.(3) Fig. 3.5.

0 17,71 i _
My 0= [d— 2) X by g™ [35,9— ; ]-17,71-30,0-1,66667- 10 =240 kNm > M, = 45,16 kNm

Height of concrete compression zone:
x,=2,611cm
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Calculated area of flexural reinforcement in tension:
A, =3032cm* (4, . = 1,44cm’)

1.2. Shear-Torsion

Position of the cross-section from the left end of the beam: 6,205 m
Load case/Combination: [1,35*rc+1,35*covering+1,35*plumbing+1,35*wall+1,35*stair permanent]| {1,5%0,7*variable
inner+1,5*%0,7*variable outer+1,5%0,7*stair variable} (1,5%0,5*snow+1,5*0,6*wind +y)

Geometry
Depth of the cross-section: 2 = 39,0 cm
Width of the cross-section: b = 30,0 cm

Internal forces

M, =682kNm ¥, =4692kN ¥

sired = 3672KN T, = 3,60 kNm

The design shear resistance of the member without shear reinforcement: EN 1992-1-1 6.2.2. (1)
+k o, ) ‘b, -d=(0,40388+0,15-0)-30,0-35,9=43,50 kN  (6.2.b)

Rd,c,min = ( min

Vige= ( ke (100-p,-£.) VP + k- aj ‘b -d=1(0,12-1,7464- (100-0,0013338-25) "'*) +0,15-0) -30,0-35,9 = 33,72

KN < Vp, = 4350 kN — ¥, = 43,50 kN

Rd c,min

The torsional cracking moment:
Trie fctd ;2°4,=1197-8,478-2-656,9= 13,33 kNm  EN 1992-1-1 6.3.2.(5)

The shear/torsional efficiency of concrete cross-section without design shear/torsional reinforcement:

Tra  Vea _ 360 46,92

Ed
Trge Viee 1333 4350

=1,3486 EN 1992-1-1 6.3.2.(6.31) > 1!l

Shear / torsional reinforcement is required.
cot@m. =1 < cot® < cot® =25

mn max

The calculated spacing of the stirrups:  EN 1992-1-1 (6.8.) (6.26) (6.27)

A 1,01
s=————z*f d cot® = : -32,3-4,35-105-Cot45,00°:38,46 cm — s = 35cm
Ty, yw 3,60
v 2. 36,72+2- —————
Ed red 2Ak 2656,9
Checking detailing rules for stirrups:
A 1,01
p,= = ; =0,00095744 = 0,957 % EN 1992-1-1 9.2.2.(5) (9.4)
Y s'b -sina 35-30,0-sin90,00°
P min = 0,08 ‘/7 =0,08- \5/(; =0,0008 = 0,800 %0 EN 1992-1-1 9.2.2.(5) (9.5N)
ywk

p, =0957% >p . = 0800%
S cloar.min = Max (kl-qﬁw;a’ngk2 ; k3) =max (1-0,8;1,6+0,5;2)=2,1cm EN 1992-1-1 8.2.(2)
Stoar=59,=35-08=342cm >y . =21lcm ¢
S ey = 0575+d- (1 + cotar) =0,75-35,9- (1 + c0t90,00°) =26,92 cm  EN 1992-1-1 9.2.2.1.(6) (9.6N)

s =35cm > s,
max

=2692cm X s=s, ~=2692cm — s=25cm
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The design value of shear resistance:
b2V Sy 1-30,0:32,3-0,54-1,6666710*
V rdomax = Lled ’ — ’ =436,05kN EN 1992-1-1 (6.9.)
Aax cot® + tan® cot45,00° + tan45,00°

The design torsional resistance moment based on the capacity of concrete struts:

T paman =27V oy, g Ay 1y SIN®- c0SO =2-0,54-1-1,66667-10*656,9-8,478- 5in45,00°- c0545,00° = 50,12 kNm
EN 1992-1-1 (6.30)

Utilization of concrete compression struts: ~ EN 1992-1-1 (6.29)
Teg  Vea _ 360 46,92
Timax Vedmae 30,12 436,05

=0,17941 < 1 passed
The resistance of the compressed concrete struts is satisfactory.

1.3. Additional longitudinal reinforcement for torsion

Position of the cross-section from the left end of the beam: ¢s. = = 5,900 m

Geometry

Depth of the cross-section: # = 39,0 cm
Width of the cross-section: b = 30,0 cm

Load case/Combination: [1,35*rc+1,35*covering+1,35*plumbing+1,35*wall+1,35*stair permanent]| {1,5%0,7*variable
outer+1,5%0,7*stair variable} (1,5%0,5*snow+1,5%0,6*wind +y)

Internal forces
M., =602kNm T,, = 635kNm
Calculate reinforcement

The required cross-sectional area of the longitudinal reinforcement for torsion:

T u 6,35 104,1
T4, = cot® = 2 c0t45,00° ——— = 1,157 cm®  EN 1992-1-1 (6.28)
24, fyd 2:656,9 435-10°
The cross-section area of torsion reinforcement in tensioned and comporessive chords:
Ay 1,157
A, = —" == 20,5784 cn?
S,y 2 2

2. SLS (Serviceability Limit State)

Design parameters
Design situation: SLS (Serviceability Limit State)
fck 25

Ju=ttoey =1+ =25 MPa = 2,5-10*KPa  EN1992-1-1 3.1.6. (1)P (3.15)

Creep factor: ¢ (0,¢)) =2  EN1992-1-1 7.4.3.(5) (7.20) NOTE
S _ 500

fa=2" TZSOO:S-IOSKPa EN 1992-1-1 3.2.7. (2) Fig. 3.8
Vs

2.1. Crack control
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Parameters EN 1992-1-1 7.3.4.(2)

2.1.1 Limiting crack width (top)

Position of the cross-section from the left end of the beam: CS s = Om
Load case/Combination: [rc+covering+plumbing+wall+stair permanent] {0,3*variable inner+0,3*variable outer}

Internal forces
My, = 9,62 kNm

Geometry
Depth of the cross-section: # = 39,0 cm
Width of the cross-section: b = 30,0 cm

Longitudinal rebars:
Top reinforcement:  2¢16  (4,02cm?)
Bottom reinforcement: 2416  (4,02c¢m?)
The area of concrete cross section:
A,=b h=30,0-39,0=1170 cm®
Distance of the center of gravity of the concrete cross-section from the top:

S 22815
—=——""—=19,5cm
A4, 1170

ys,c -

Uncracked cross-secton (1st stress state)
Neutral axis depth from the top in uncracked state:
S8 (a, =1 22815+ 156,83 (6,3541 - 1)
X = =
T4 +34 - (a,—1)  1170+8,042- (63541 —1)

=19,5cm

The second moment of area of the uncracked concrete cross-section:
1,=1,,+1, (a,—1)=148297+2163,1- (6,3541 — 1) = 159879 cm*

Cracked elastic cross-section (2nd stress state)
Neutral axis depth from the top in cracked elastic state: — x,, = 6,68l cm ; x
x, = 6,681 cm

m = —-9,82 cm

The second moment of area of the cracked elastic concrete cross-section:

L=, +1, a,+1, -(a,~1)=298183+3433,18-6,3541 + 51,5605 (6,3541 ~ 1) =25072,6 cm*

Cracking moment:

1, 0,0016

ez, Teer ™ 039-0,19

M, = *2565=21,03 kNm > M, = 9,62 kNm  The beam is uncracked.

2.1.2 Limiting crack width (bottom)

Position of the cross-section from the left end of the beam: ¢s. = = 4,996 m

Load case/Combination: [re+covering+plumbing+wall+stair permanent] {0,3*variable inner+0,3*variable
outer+0,3*stair variable}

Internal forces
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M,, = 21,80 kNm

Geometry
Depth of the cross-section: # = 39,0 cm
Width of the cross-section: b = 30,0 cm

Longitudinal rebars:

Top reinforcement:  2¢16  (4,02cm?)
Bottom reinforcement: 2416  (4,02cm?)
The area of concrete cross section:

A,=b h=30,0-39,0=1170 cm®

Distance of the center of gravity of the concrete cross-section from the top:

S 22815
—=—""—=19,5cm
A4, 1170

ys,c -

Uncracked cross-secton (1st stress state)
Neutral axis depth from the top in uncracked state:
S8 (a, =1 22815+ 156,83 (6,3541 - 1)
X = =
T4 +34 - (a,—1)  1170+8,042- (63541 —1)

=19,5cm

The second moment of area of the uncracked concrete cross-section:
1,=1,,+1, (a,—1)=148297+2163,1- (6,3541 — 1) = 159879 cm*

Cracked elastic cross-section (2nd stress state)
Neutral axis depth from the top in cracked elastic state:

x, = 6,681 cm

= X, = 6,681 cm ; Xy = —-9,82 cm

The second moment of area of the cracked elastic concrete cross-section:
111:[11,c +I1m-ae +111,sc' (a,—1) =2981,83 +3433,18-6,3541 +51,5605- (6,3541 — 1) =25072,6 cm*
Cracking moment:
1 0,0016
Soror™ e e 2565=21,03kNm < M, = 21,80 kNm  The beam is cracked.
h—x, el 0,39-0,19

MC‘I‘ =

The moment resistance in elastic cracked state:

Iy 0,00025
Mg =
x[] cm c,max 0’067

M RAI

-3,14758-107-0,00057161 = 67,52 kNm > M, = 21,80 kNm  The cross section is

elastic.

Concrete cover of the longitudinal reinforcement:

c¢:c+¢w: 1,5+0,8=2,3 cm
The spacing of the bonded reinforcement within the tension zone:

: 1,6
b, —2 [c+¢w+ ¢;’B] 30,0-2- (1,5+0,8+ 5

briz

N

] = 71 ] =23,8 cm
n - _
1

P, 1,6
sb”z:23,8cm>5-c¢+ =5-12,3+ =15,5cm
” 2 2
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S, =13-(h—x)=13-(39,0-6,681) =42,0cm  EN 1992-1-1 7.3.4.(3) (7.14)

r,m
The stress in the tension reinforcement assuming a cracked section:

My 21,80

(d—x,) =63541- +(35,9-6,681) = 1,61448-10° KPa
25072,6

O'v:(le’
[II

Average tension rebar strain:

fl ﬁ’

ctef 2
o~k 161448105 —0.4- —2205
. = Poefr _ 0,017296

m E 2-10%

N

=0,00051064

Average concrete strain:

Koy 04-2565

g, =3,2596-10 °
E.,  3,14758-107

1,61448-10°
————— | =0,00048434 = 0,484 %o
2-10%

=maxi|e _—¢&
sm

& (sm,cm) cm”’

o,
0,6 E_A = max [0,00051064—3,2596- 107°;0,6

s

EN 1992-1-1 7.3.4.(7.9)

The crack width: EN 1992-1-1 7.3.4.(7.8)

w,= S -A
r,max

=420,15-0,00048434=0,20 mm < w_ = 0,30 mm passed

& (sm,cm) ax

2.2. Deflection
Parameters EN 1992-1-1 7.4.3.(6)

Result summary
Span 1 :
Span/, = 2,110 m

Load case/Combination: [re+covering+plumbing+wall+stair permanent] {0,3*variable inner+0,3*variable outer}

left support Span right support
. zero moment zero moment
right edge location max location left edge
Loc. [m] 0,195 0,538 1,500 2,305 2,305
ly[m] 2,110
Longitudinal rebars 2416 2416 2416
top
Longitudinal rebars
bottom 2416 2416 3416
I, [em?] 148297 148297 148297
Il[cm4] 187368 196873 196873

1,lem*] 64877,7 887052 664594
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M, [kNm] 24,65 26,49 25,32
My, ;;[kNm] 65,61 96,92 65,89
M{[kNm) 9,27 —29,83 -29,83
e 0 0,60557 0,63966
a, 2,3744 2,2598 2,2598
o, 6,8574 5,0154 6,6942
o 2,3744 3,9285 5,0963
e, [mm] 0,902 (1) | 1217 (l) 2,048 (]) 2,506 (|) 2,506 ()
€4, o L] 0 0 0,130 () 0 0
€ s [mm] 0,902 (1) | 1,290 (|) 2462 ()  2506(L) | 2506 (1))
e [mm] fl/ 0,123 (1) 0,56?/ (1) fl/ fl/
e, [mm] 7,033
Span 2 :

Span/; = 0,478 m

Load case/Combination: [rc+covering+plumbing+wall+stair permanent] {0,3*variable inner}

Loc. [m]
Iy[m)
Longitudinal rebars
top

Longitudinal rebars
bottom

I [em?]

c

Il[cm4]

I I [em?]
M, [ANm]
M, " H[kNm]
M [kNm]

¢

9,

Ay

o
e, [mm]

eO,rel [mm]

left support
. Z€ro moment
right edge location
2,500 2,500
2916
3916
148297
196873
66459,4
25,32
65,89
-29,50
0,63161
2,2598
6,6942
5,0606
2,544 () 2,544 (1)
0 0

Span
max

2,659
0,478

2416

2416

148297
196873
88705,2
26,49
96,92
~30,21
0,61538
2,2598
5,0154
3,9555

2,583 (1)

0,011 (1)

right support

Zero moment
location

2,978

left edge

2,978

2416

2416

148297
187368
64877,7
24,65
65,61
-23,99
0
2,3744
6,8574
2,3744
2,629 (1) | 2,629 (1)
0 0
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erel [mm]

€ 1]
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0 0
v v

2,615 (1)

0,042 ()
v

1,594
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2,629 () 2,629 ()
0 0
v v

Span 3 :
Span/, = 0,609 m

Load case/Combination: [re+covering+plumbing+wall+stair permanent] {0,3*variable inner}

left support Span right support
right edge Zerlgg;lg::lent max zerlgézlggfnt left edge
Loc. [m] 3,291 3,291 3,517 3,900 3,900
ly[m] 0,609
Longitudinal rebars 2416 2416 2416
top
Longit;lii;i rebars 2416 2416 2416
I, [em?] 148297 148297 148297
I, [em?] 187368 187368 187368
1, [em?] 64877,7 64877,7 64877,7
M, [kNm] 24,65 24,65 24,65
My, ;;[kNm] 65,61 65,61 65,61
M [kNm] — 18,75 —25,40 —25,40
¢ 0 0,52936 0,52936
a, 2,3744 2,3744 2,3744
oy 60,8574 6,8574 6,8574
a 2,3744 4,7476 4,7476
e, [mm] 2,640 () 2,640 (1) 12,634 (1) | 2,587 () 2,587 (1)
€4, o Lmm] 0 0 0,013 () 0 0
€ s [mm] 2,640 () 2,640 (}) 12,684 (1) | 2,587 () 2,587 (1)
el Sy wem o
e, mm] 2,029
Span 4 :

Span/, = 2,110 m

Load case/Combination: [re+covering+plumbing+wall+stair permanent] {0,3*variable inner+0,3*variable outer}

left support

zero moment

right edge location

Span

max

right support

zero moment

location left edge



Loc. [m]
ly[m]
Longitudinal rebars
top
Longitudinal rebars

bottom

I [em?]

c

Il[cm4]

4
IH[cm ]

M, [kNm]
M g, [kNm])
M{[kNm]

¢

9,

Ay

o
e, [mm]
eO,rel [mm]

€ b [mm]

e [mm]

rel

€ 1]
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4,095 4,095
2016
2016
148297
187368
648777
24,65
65,61
-25,97
0,54978
2,3744
6,8574
4,8391
2,571 (1) = 2,571 ()
0 0
2,571 (1) = 2,571 ()
0 0
v v

4,900
2,110

2416

2416

148297
187368
648717,7
24,65
65,61
—26,65
0,57238
2,3744
6,8574
4,9404
2,222 ()
0,145 ()
2,812 ()

0,748 ()
v

7,034
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6,035 6,205
2416
2416
148297
187368
648777
24,65
65,61
4,36
0
2,3744
6,8574
2,3744
1380 (1) | 1241 (})
0 0
1423 (1) | 1241 (})
0,075 (1) 0
v v
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