Musterlosung

February 2, 2024

1 Aufgabe Bestand

1.1 Teilaufgabe Mauerwerksdruckfestigkeit

¢ Einordnung als Bruchsteinzyklopenmauerwerk => N1
e Granit fp > 50 N/ mm?

e Mortel M1

* N1 + M1 nach Tabelle NA.L2 => f; = 0,8 N/mm

fr = 0.8 (N/mm?)

TM = 1.5

_ £-085 08-085 .
fa= 15 =045 (N/mm?)
1.2 Teilaufgabe Ermittlung der Normalkraft

6.35+2.8

A= — = 4.575 (m?/m Einzugsfldche)

9= ((022-25+15)+2-1.5+(0.115+02)-18) - A
= ((0.22-25+1.5)+2-1.5+ (0.115+0.2) - 18) - 4.575
=71.69 (kN/m Decken)

g =gc+3-38-03-18=71.69+3-38-03-18 =133.25 (kN/m Decken + Winde)
ge=(15+20+20415)- A= (15+20+20+15) 4575 =32.025 (kN/m)

npg = k- 1.35+ g - 1.5 = 133.25 - 1.35 + 32.025 - 1.5 =227.925 (kN/m)



1.3 Teilaufgabe Nachweis

Nra = f4-1000 - Apy = 0.453-1000- 0.56 =253.867 (kN/m)

 Npg | 227.925
T= Neg ~ 253.867

=0.90 (< 1,0 Nachweis erfiillt)

Mit Berticksichtigung der Querschnittsschwachung durch die Tiiroffnungen im KG ergibt sich
eine hohere Auslastung.

(35 —1.0) - 0.56

—04 (m?
35 04 (m?)

Apw =

Nrg = f7-1000 - Apw = 0.453 - 1000 - 0.4 =181.333 (kN/m)

 Npg 227925
T= Ngs ~ 181.333

=1.257 (> 1,0 Nachweis nicht erfiillt)

Das Kellermauerwerk wurde im Bereich der Tiiren ertiichtigt (ausgetauscht).

2 Aufgabe Kellerwand

2.1 Teilaufgabe Anwendungsgrenzen

Lichte Hohe 2,27 m < 2,6 m v/
Anschiitthohe h, = h < 1,15h v
Wanddicke =24 cm v/

Nutzlast g < 5kN/m? v

keine Einzellast auf der Anschiittung v’
kein Anstieg des Geldndes v/

kein Wasserdruck v/

Abdichtung besandete Bitumenbahn v/

2.2 Teilaufgabe Nachweis
pe = 18 (kN/m?)

h =227 (m)
he = 2.27 (m)
B =20
t =024 (m)
perhe (k) 18-227-(227)°
NEdmin = Bt = 20004 =43.864 (kN/m)



2.3 Teilaufgabe Nachweis maxNg,

24

g = 43.864 (KN /m)
gk = 0.4 - g = 0.4 - 43.864 =17.546 (kN/m)
fi =10.5 (N/mm?)

M = 1.5

fi= fr-0.85 _ 10.5-0.85

p” 5 =5.95 (N/mm?)
M .

NEdmax = 1.35- ¢ + 1.5 - g = 1.35 - 43.864 + 1.5-17.546 =85.535 (kN/m)

t-f;-1000 0.24-5.95-1000
NRdmax = fd3 - 3 =476.0 (kN/m)

NEdmax 85.535 ‘ )
1 NRdmax ~ 476.0 (< achweis erfiillt)

Teilaufgabe Aussteifungslast

b=12 (m)

g = 5.0 (kN/m?)

Kggn = 0.33
Kgpn = 0.33
(he)* 1 (227)* 1
gek = pe Kug =+ 7 =18:033 "= & =5.101 (kN/m)
qex = qe - Kaph - % =5.0-0.33- 22ﬂ —=1.873 (kN/m)
Vi = (ex + qx) - b = (5.101 +5.0) - 12 =121.216 (kN)

Veg = (135-gp4+15-g¢) - b = (1.35-5.101 + 1.5-5.0) - 12 =172.642 (kN)



3 Aufgabe Aussteifung

3.1 Teilaufgabe Nachweise

h =227 (m)
[ =50 (m)
1,0 h/l1 <1.0
c=1¢ 1.0+ (h/1—-1)-05
1.5 h/1>20
c=1.0;
Gr =100 (kN)
Qr =50 (kN)
Ngg =100 (kN minNg; mafigebend))
Veaw = % = 172;42 =86.321 (kN fiir eine Wand)
Mgg = Vegw - h = 86.321 -2.27 =195.949 (kNm)
Mgz 195.949 B
e = NEd = 100 =1.959 (m)
Crel = ? = 159% =0.39 (< 1/3 Nachweis nicht erftillt)

lin = min (i c(1=2-en) -1, l) = min <i - (1—2-0.3919) - 5.0, 5.0) =1.622 (m)

ley = min (1.125 - 1, 1.333 - Iy;,) = min (1.125- 5.0, 1.333 - 1.622) =2.162 (m)
Ac=1ly t=2162-0.24 =0.5188 (m?)
_ Ngs 1 100 1

—0.1928 (N/mm2)

UDd = T4 1000 05188 1000



foko = 0.22 (N/mm?)
fst =25 (N/mm?)
fotear = 0.032 - f3y = 0.032-25 =0.8 (N/mm2)

for1 = foro +0.4-0pg =022 +0.4-0.1928  =0.2971 (N/mm?)

(o
forr = 045+ forear - [1+ 22
fbtcal

=045-0.8-4/1+ % =0.401 (N/mm2)

for = min (fun, fon) = min (0.2971, 0.401) =0.2971 (N/mm?)

0.2971
fog = Lo 027 ~0.1981 (N/mm?)

A
Vrd = fod - TC -1000

0.5188
= (0.1981 - =T 1000 =102.752 (kN)
~ Veaw  86.321 _ . .
= Ve 102752 =0.84 (< 1,0 Nachweis erfiillt)

3.2 Teilaufgabe Randdehnungsnachweis

N = Ge+ Qe =1004+50 =150 (kN)
Ve 12121
Vey = 7’5" =3 6 —=60.608 (kN fiir eine Wand)

Mgy = Vi - h = 60.608 - 2.27 =137.581 (kNm)

Mg, 137581

= =0.92
T Ng 150 (m)
e 0.9172
Crel — T = ﬁ =0.18



leiin = min (; : (1 -2 eml) -1, l>

= min ( -(1-2-0.1834) - 5.0, 5.0> =4.748 (m)

Ap =l - t = 4.748 - 0.24 ~1.14 (m?)

op=2- ﬁi" : 101% =2. % = 0100 =0.2632 (N/mm?)

D= 10(()70D- o 10%(??31%).5 =2.507 x 107
a=1— Iy, =50—4748 —0.2516 (m)

er = €p - ljm = 2507 x 107 - % ~1.329 x 10~°

_eg 1.329x10°
T= 00001 ~ ~ 0.0001

—=0.013 (<1,0)

Die Haftscherfestigkeit darf angesetzt werden.

4 Aufgabe Aufienwand

4.1 Teilaufgabe Staffelgeschoss
4.1.1 Schnittgrofien
t =0.175 (m)

h=24740.14 =2.61 (m)
I, = 1.6 (m)

Ay =1y -t =1.6-0.175 =0.28 (m?)
fr =10.5 (N/mm?)

ym =15

fi— fr-0.85 _10.5-0.85
d YM 1.5

=5.95 (N/mma2)



0w = 18 (kN/md)
=25 (m)
b = 3.1 (m Lasteinzugsbreite)
Apecke =04-1-b=04-25-3.1 =3.1 (m? Lasteinzugsflache der Decke)
SkDecke = 0.2-25 =5.0 (kN/m?)
GkDecke = SkDecke * Apecke = 5.0-3.1 =155 (kN)
epecke = 0.05-1=10.05-25 =0.125 (m 5-%-Regel)

SkDach = 1.5 (kN /m?)

qr = 0.8-0.85 =0.68 (kN/m? Schnee)
GkDach = §kDach - 4.7 -b=15-47-3.1 =21.855 (kN zentrischer Lasteintrag)
Qx=0qr-47-b=0.68-4.7-3.1 =9.908 (kN zentrischer Lasteintrag)

Neg . = 1.0 (Gipecke + Gkpacn) = 1.0 - (155 +21.855) =37.355 (kN)

NEdmnx = 135 ' (GkDecke + GleZCh) + 15 * Qk
—1.35- (15.5+21.855) + 1.5-9.908 —65.291 (kN)

wp =0.8-0.8 =0.64 (KN/m?)



MEdmz‘n =1.0- GkDecke * €Decke — 1.0-15.5-0.125 =1.938 (kNm)
MEgmax = 1.35 - Gipecke * €Decke = 1.35-15.5-0.125 =2.616 (kNm)

MEeamin 1.938 -2
- - =5.187 x 1 m
Emin = "N, 37.355 5187 X 1077 (m)

min

Megmax 2616

_ _ —4. 102
max = N 65.291 006 > 1077 (m)
h)? 2.61)
Mg =15 -wi-b- (8) =15-064-3.1- ( g ) =2.53 (kNm)
h
NEdmitte =t- E Puw lw + GkDach + GkDecke
2.61
=0.175- — 18-1.6 +21.855 +15.5 =43.93 (kN)
h
NEdmittemax =135-t- 5 *Pw - lw + NEdm,,x
2.61
=1.35-0.175- - 18- 1.6 + 65.291 =74.17 (kN)
MEgw 2.53
L= = =0.057
Mt = Nemine | 43.93
4.1.2 Vereinfachtes Verfahren
02 = 0.75
hef =p2-h=0.75-2.61 =1.958 (m)
l 3.8
¢1 = min (1.6 ey 0.9) = min (1.6 — % 0.9) =0.9

h 2 1. 2
¢» = 0.85 — 0.0011 - <tf) — 0.85—0.0011 - < 958> ~0.71

024
Nra1 = ¢1 - Aw - f3-1000 = 0.9 - 0.28 - 5.95 - 1000 —1499.42 (kN)
Nraz = ¢2 - Aw - fg - 1000 = 0.7124 - 0.28 - 5.95 - 1000 —1186.8 (kN)
NEa 65.291 o
_ NEdyey _ =0.04354 (<1 Nach fiillt (Kopf
o Nra1 1499.4 (<1 Nachweis erfiillt (Kopf))

— NEdmittemax _ 7417
i NRa2 1186.805

=0.06250 (<1 Nachweis erfiillt (Mitte))



4.1.3 Genaueres Verfahren
P2 = 0.75

hey = 02 - h = 0.75-2.61 =1.958 (m)

emin = 0.05187 (m)

=0.4072

_ Cmin 5.187 x 102
Pou =1-2 t =1-2 0.175

ego = 5.187 x 1072 (m)

equ = —5.187 x 1072 (m)

(ungtlinstigste Annahme fiir Wandmitte und Winddruck)

hes  1.958

N NV

=11.186 (< A¢)
ex = 0 (m Kriechen)

MEdw edo + eqy hef

" NEdmitte 2 450
2534 5187 x102+ —5187 x 102 1.958
_ —0.062
15932 " 2 * 150 0.062 (m)

emk = max (e, + e, 0.05-t) = max (0.062+0, 0.05-0.175)  =0.062 (m)

b = 1.14 - (1_2.%) — 0.004. <h;f>

=1.14- (1 -2 0'062) —0.024 - (1'958>

0.175 0.175
= 6.335 x 1072
Nga1 = ¢ou - Aw - f1-1000 = 0.4072 - 0.28 - 5.95 - 1000 —678.448 (kN)
Nri2 = ¢m - Aw - f4 - 1000 = 6.335 x 1072 - 0.28 - 5.95 - 1000 =105.547 (kN)

 Npgmin 37355
To= "Nen 678448

=0.055 (<1 Nachweis erftillt)

_ Negmine _ 43.932
T = Neg 105547

=0.416 (<1 Nachweis erfiillt)



4.2 Teilaufgabe EG
421 Schnittgrofien

t =024 (m)
h=25+0.14 =2.64 (m)
Iy, =2.6 (m)
Ap=lp -t =2.6-024 —0.624 (m?)

fi =105 (N/mm?)

TYTM = 1.5

fi— fr-0.85 _ 10.5-0.85

—_ 2
o~ 15 5.95 (N/mm?2)

pw = 18 (kN/m?)
[ =38 (m)
b =4.1 (m Lasteinzugsbreite)
Apecke =04-1-b=04-3.8-4.1 =6.232 (m? Lasteinzugsflache der Decke)
gk =02-25+15 =6.5 (kN/m?)
gr = 1.5 (kN/m? Wohnungen)

NEdDecke = (1'35 - 8k +15- qk) : ADecke
= (1.35-65+1.5-1.5) 6232 =68.708 (kN)

NEdWHnd - 1.35 . t . h . pu] . ZZU
—135.024-2.64-18-26  —40.03 (kN)

NEddo = 5 ’ NEdDecke + 4 ’ NEdWand

—=5.68.708 +4-40.03 =503.66 (kN)
epecke = 0.05 -1 = 0.05 - 3.8 =0.19 (m 5-%-Regel)
wi =0.8-0.8 =0.64 (kKN / m?)

10



Mgy = Ngy,_.. - €Decke = 68.708 - 0.19 ~13.054 (kKNm)

Mg, 13.054 -2
= Ny,  503.662 g
h)? 2.64)
Megw = 1.5 -wy - b- (8) —15-064-4.1- (2.64) =3.429 (kNm)

2.64
Ng4, = 1,35- g “pw  lw + Ngg, = 0.24- ?6 -18-2.6 +503.662 =523.678 (kN)
Megw 3429
0T Npa,  523.678 6.54(mm)
4.2.2 Vereinfachtes Verfahren

P2 = 0.9

hep = p2-h=09-2.64 =2.376 (m)

¢1 = min <l.6 — é, 0.9> = min <l.6 — 3;, 0.9) =09

her\ 2 2376\ 2

¢» = 0.85—0.0011 - (t) = 0.85—0.0011 - (024> =0.7422
Nra1 = ¢1 - Aw - f7-1000 = 0.9 - 0.624 - 5.95 - 1000 =3341.52 (kN)
Nraz = ¢2 - Ay - f4- 1000 = 0.7422 - 0.624 - 5.95 - 1000 =2755.599 (kN)

N4, 1 >
= max ¢ Ngg -
1 ( Near” 2" Niaz
- N (503.662 523.678 >

3341.52’ 2755.599 =0.19 (<1 Nachweis erfiillt)

11



4.2.3 Genaueres Verfahren

02 = 0.9
hef=p2-h=09-2.64 =2.376 (m)
_ Cio 2.592 x 102 _
Pou=1—2 ;T 1-2 004 =0.784
esy = 0 (m ungiinstigste Annahme fiir Wandmitte und Windsog)
hes 2376
A_T_@ =99 (< A)

ex = 0 (m Kriechen)

_ Mgy L Gdot e hef 3429  2592x1072+0 | 2376

= - =2.479 x 1072
"= Npg 2 450 ~ 518489 2 450 9> 1077 (m)

emk = max (e, + e, 0.05-t) = max (2.485 x 102 +0, 0.05 - 0.24) =2.479 x 1072 (m)

g =114 (1-2.2%) _0.024. <h:f)

-2
. (1_2.2.485><10 ) 0004 (2.376>

0.24 0.24
= 0.6663
Nri1 = Pou - Aw - f7-1000 = 0.784 - 0.624 - 5.95 - 1000 =2910.863 (kN)
Nri2 = ¢m - Aw - f7-1000 = 0.6663 - 0.624 - 5.95 - 1000 =2476.134 (kN)

_ Ngg,,  503.662
"~ Ngras1  2910.863
_ Ngg,  523.678
" Nppp  2476.134

=0.173 (<1 Nachweis erfiillt)

=0.212 (<1 Nachweis erfiillt)
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