MEMORIAL DE CALCULO - MURO DE
ARRIMO (CONTENGAO 1)

OBRA: PONTE SOBRE O SANGRADOURO DA BARRAGEM JOAO GOMES
DATA: 15/09/2017 )
AUTOR: ENG° RAFAEL ARAUJO GUILLOU CREA N° 021081852-2

1.1) CARREGAMENTOS EXTERNOS:

Gy:=175 kN Carga evetualmente aplicada no topo.

consolo *= 35 em

ton
2

q:="T Sobrecarga eventualmente aplicada no terreno adjacente

1.2) DADOS DO SOLO:

Angulo de atrito do solo

Angulo de rugosidade da parede

Coeficiente de atrito do solo

Tensao adm do terreno

Peso especifico do solo




1.3) PROPRIEDADES DA ARGAMASSA/CONCRETO:

fu:=2.5 MPa Resisténcia a compressao do muro

Peso especifico do solo

1.4) GEOMETRIA DO MURO:
Angulo de inclinagdo do terreno adjacente
Altura do muro

Largura do muro no topo [ ERR IV R VRGN /)

Alargamento da base a jusante

Alargamento da base a montante

7

b
0,:=atan —”) =24.2° Inclinacao da face montante do muro

b:=by+b,,+b,=2.5m Largura da base do muro e b0+§:2 m

1.5) GEOMETRIA DA SAPATA:

\ - h
Ponta da sapata a jusante T ostimado ::E: 0.7m

\ h
t:=0m Ponta da sapata a montante [V ::E:0.7 m

=2.0m Altura da sapata Ry estimado=T=2 M

h, .:=0.5m Altura de embutimento na rocha

emb *

by=r+by+b,+b,+t=4.5m Largura da base da sapata




2.1) ALTURA DE TERRA EQUIVALENTE A SOBRECARGA:

hy:= T _3m Altura equivalente

Y solo

H:=h+hy=7Tm Altura total

2.2) PONTOS DE APLICACAO DAS CARGAS: (origem considerado é no

vértice a montate de b0)

by’ +3+by, by+3+by* —b,* ,
= —2 m B0 " 0.18m Peso Prérpio do muro
3'<b0+b>

2 2 2 2 2
r"+b," +b,” —b," —1
m ;’ n 47eb,, +1reby+b,,+by—t-b,
Ty = =0.45m  Peso Prorpio da Sapata
r+b,,+by+b,+1t

2
2
Tpi= (E4bo) +(t4by) L+ =0.6 m Peso da terra no taldo
3+(2-t+b,)

Carga aplicada em cima do muro

2.3) CARGAS E BRACOS DE ALAVANCA:

Coeficiente de empuxo:

2
0:=—.p=15.3"°
3 ®

2

Krank:ine :=tan (45 ° _ﬁ) =0.44 (Rankine)
2

2
cos ((,0 — 91-> 0.62

V2L \. sin(6+¢)-sin(p—a) ’ (Coulomb)
cos (91) cos <5 + 91> (1 + \/ cos (5 + 9i> «COS <9i _ a>

K

coulomb *=

K:=max <K rankine K coulomb) =0.62



Bt Ky, (H* —hy*)=258.2 kN Empuxo de terra
2 m
kN .
Ey:=E-cos (0;+6) =199 — Componente horizontal do empuxo
m
. kN .
E,=E-sin(6,+0)=164.4 — Componente vertical do empuxo
m
Gy,=175 L-IcN Carga no topo do muro
m
G,,:= h . (b + b0> *Yeone = 160 kN Peso-Proprio do muro
2 m
G, ::g (t+t+Dy,) Vo010 =756 kN Peso da terra no taldo
m

Gyi= (T +by,+ by + b, + 1)« (hy+ o) *Yeone=281.3 kN Peso-Proprio da sapata

m
kN = .
R,.p = i * Pemp =122.6 —— Reacao de embutimento na Rocha
m
2:hy+H
y::ﬁ Z % T |=1.731m Brago de alavanca do Eh
3 | H+h,
Yomp = —2.=0.3 m Brago de alavanca da reagdo de embutimento
r+b,+by+b,+t
€yi= ( 20 ) (t+b,)+(h—y)-tan(0;)=1.471 m  Brago de alavanca do Ev
r+b,+by+b,+t
€= < 20 > - (r— bm) +b.onsoto=0.6 M Braco da carga no topo do muro
r+b,,+by+b,+1 -
e, = ( 20 ) — (t+b,+z,)=0.6 m Brago de alavanca do Peso-Préprio do muro
r+b,,+by+b,+1 .
€= ( 20 > —zp=1.65m Braco de alavanca do Peso da terra no talao

e;:=0m Braco de alavanca do Peso da sapata



3.1) COMPONENTE NORMAL:
kN

N:=Gy+G,,+G,+G,+E,=856.3 —
m

3.2) COMPONENTE TANGENCIAL:

T::Eh_Rembz 76.4 k%

3.3) MOMENTO TOTAL:

kEN -m
m

Ml ::Gm'em+Gs'es+Gt'et+Ev°ev+Remb'yemb_Eh' <y+h's+hemb> _G0'60:_448'4

T omed = —N __1.9 kof
(r+b,,+by+b,+1) cm?
_ M,+6
O maz = N + ! > =-3.3 ﬂ]:_
(r+b,,+by+b,+1) (r+ byt by by + 1) cm
p— M 06
O min = N - ! 3 =—-0.59 kg'f
(r+b,,+by+b,+1) (F 4 b+ by + b 1) cm

5.1) DESLIZAMENTO:

5.2) TOMBAMENTO:

b

b b b b kN -
MEquilbeiO = Gm ) (em * ?s) + GS : (65 + ?‘9) + Gt M (et + ?‘9) +Ev * (ev + ?5] +Remb * Yemb + GO * ?S - 60] =2320.3 mm
EN-m
Mtombamento = Eh ° <y + hs + hemb) =842.2 m
M equilibrio

62 =

= =28
M tombamento



6.1) JUNTA 1:

byi=by+hy- (tan (6,4 6,))=1.1m  H,=h+hy=3.8m

2

by? +hy N h,* - tan <0i>2 h,* - tan (96> h,? - tan <08) b,

2 6 " 6 * 2
X.i= " P ; ) =0.303 m
- tan - tan
1 < e) + 1 < % +b0'h1
2 2
kN b b,—b
Go=175 —- €oyi=— M=35.5 cm
m 4 2
by+by)-h N b
mi :M.’Ycom: 17.6 k_ €mi1 ::—l—a;c:22_7 cm
2 m 2
hy+h,+tan (6, N b 2.(b;—
th = : : < > 7solo:3 k— €u __1+ < - 0> =0.7Tm
2 m 2
5 <H12—h 2) K <0 Loy —a7 kN hy (2<hy+H, 38.4
= Ko «COS . = —_— = o|— = 4 Cm
H1 9 Ysolo i ) m Y1 3 H1+h0
H,> —hy’ EN b
Ey, := (M'K"Ysolo) -sin (9i+6> =223 — e, ::—1+y1otan <01> =70.3 cm
2 m 2
kN
Ny=Go+ G+ Gy +Eyy =217.9 —
m
kEN-m
M,:==Gyrep1+ Gty +Groen+Eyy ey —Egy -y, =—50.5 ™

—-N, M,-6
by

O 1min*= b
1




kEN-m

Moy i=Epg +y,=10.4

by

kN .
em1+?)+Gt1' m

m

by
Meql = GO ° )

=754

+Gm1'

b,
—€p1 €yt o

by
eﬂ +7 +EV1 .




6.2) JUNTA 2:

h/2 = 160 cm b2 ::b0+h2' (tan (91+96>>:1'4 m H2 ::h2+hO:4-6 m
h3-tan<9~>2 h3-tan(9>2 hy? »tan (6,) + b
5 + 2 - 7 + 2 - e + 2 5 e 0
= s 5 ; 5 =0.313 m
«tan «tan
2 < e> 2 < % +bo°h2
2
kN b b,—b
Gy=175 — €02 ::—°+M:53.5 cm
m 4 2
by+b,)-h kN b
ma = ( 0 2> 2. conc=42.4 — emz::—z—mc:39.7 cm
2 m 2
hy«hy«tan (6, N b 2+(b,—b
Gpi=—22 ( >.750,0=12.1k— etz::—2+M:1.19m
2 m 2
H,” —h,* hy (2+<hy+H.
Epyi= (Ha* ~ho >-K-7solo -cos(9i+5):60.4ﬂ Yyi=—e | 22 1=74.3 em
2 m 3 H,+h,
H,> —h,’ N b
Eyyi= ( 2 0 > K Yy |+ sin <9i+5>:49,9 k— ev2::—2+y2-tan (9»:104.5 cm
2 m 2
kN
N2 ::G0+Gm2+Gt2 +EV2=279'4 E—
m
kEN-m
My:=—Gyept+Gpa€pat+GrepntEygeeo—FEyyys=—55.2 o
-N, M,-6 kEN
omin = ——+———=—360.9 kPa, Ty:=Epy=60.4 —
by b m
O omax "=
kEN-m
Miomp2 = Ep Yo =44.9
m
b b b b EN-m
Mg =G+ =g |+ Grunt | €mat— |+ Grov |zt — |+ Byae |9+ — | =188.1
2 2 2 2 m




6.3) JUNTA 3:

hy:=240 em by:=by+hy« (tan (6,+6,)) =1.8 m Hy:=h;+hy=5.4m

2

b2 h. hetan(0) R 2
0 thy by (6:) 5 +tan(6,)  hy”-tan(6,)-b,

2 6 " 6 " 2
X.= P p ; . ) =0.354 m
«tan «tan
3 < e> 3 < % +bo°h3
2
b b.—b
=175 KN L L Gl S,
m 4 2
by+bs)-h kN
m3 .:w-'ywm:’MA — €m3 ::—3—mc:53.6 cm
2 m 2
hs+hs«tan (0, b 2+.(ba—0b
Gpy=—® ( >-750,0=27.2ﬂ et3:=—3+M=1.61m
2 m 2 3
H,> —hy’ N hy (2-hy+H
Epqi= M-K-fysolo -cos (6;+6) =100.2 kN ygi=— o |22 1-108.5 cm
2 m 3 H;+h,
H3* —hy? N b
Byyi= MoKwysolo -sin (6, +8) =82.8 RN =22y tan (6,)=137.8 cm
2 m 2
kN
m
kEN-m
M;3:=—Gy-ep3t+Gpz-€ps+Gzret+Eysee,s—FEysy;=—36.1 o
6
—_270.2 kPa Tyi= By =100.2 Y
m

6
=-133.6 kPa

EN-m
Myomps = Epz Y3 =108.7
m

b b b b kN -m
M. g3:=Gye 3_603 +Gp3e €m3+—3 +Gyse €t3+—3 +Ey;- ev3+_3 =392.4

2 2 2 2 m

M

623:: eq3 =3-6

M tomb3



6.4) JUNTA 4:
b=y e (6,40)) =20 m  Hy=hy +hy=6.2 m

2

b2-h, hp-tan(0) h,° 2
0 i T . <Z> 4 -tan(96> h, -tan<9e>-b0

2 6 - 6 " 2
T, = o P . P =0.416 m
- tan - tan
4 < e> 4 < % +bo°h4
2
kN by (by—b
Gy=175 — 604::—0+M:89.5 cm
m 4
bo+b4)h kN
mzzw.%m:n&(s = € i=— —x,=65.4 cm
2 m 2
hy«hy-tan (6, b, 2-(b,—b
Gt4:: 4 4 < > *Yoolo =48.4 ﬂ et4::—4+M:2.03 m
2 m 2
H,” —hy’ N hy (2-hy+H
Epyi= M-K-fysolo - cos <9i+5):146.4k— Y= |2 1=141.3 cm
2 m 3 H,+h,

H,> —hy’ N b
Ey,= MoKwysolo sin (6;+8) =120.9 kN €yy=—-+y,tan (6;) =170.6 cm
2 m 2
kN
N4 ::G0+G7TL4+Gt4+EV4=457‘9 _—
m
kEN-m
M,:=—Gy-ep+ G-y +Gyrey+Eyyrey—Egy oy, =153 ™
—_193.9 kPa Tyi=Epyy=146.4 Y
m

6
=-234.1 kPa

kEN-m
Miompai=Epy Y4 =206.9
m

b b b b kEN-m
Mgy=Go- gy |+ G | €mat— |+ Gt |eut— |+ Byye |+ — | =712.2

2 2 2 2 m

M,

624:: eqd :3.4

M tomb4



6.5) JUNTA 5:
bs=by+hs- (tan (6,+6,)) =2.5 m Hyi=hy+hy=7m

2

b?-h  h®etan(0)  h.* 2
0 ths s (6:) 5 +tan(6,)  hs”-tan(6,)-b,

2 6 * 6 * 2
X,.= PR p P ) =0.491m
- tan - tan (6,
2
LN by (bs—b
Gy=175 — 605::—0+M:107.5 cm
m 4 2
bo+bs)+h kN b
- ( 0 5) 5. one =160 —— em5::—5—mc:75.9 cm
2 m 2
hy« s + tan (6, by 2-(bs—b
Gt5 = ° ° < > '750lo:75‘6 ﬂ et5 ::_5+M:2'45 m
2 m 2
H.? —hy’ hy (2:hy+H
Eys:= ( - > > <K+ 010 |+ COS (91+5>:199 ﬂ y5::_5. - : =173.1 cm
2 m 3 Hy+h,
H> —hy’ N b
Eyyi= MoKwysolo -sin (6, +6) =164.4 KN =2 ygetan (6,)=202.9 cm
2 m 2
kN
N5:=Go+ G5+ G+ By =575 —
m
EN-m
M;5:=—Gyeps+Gps €5+ Gzt €5+ Eys e €5 — By« y; = 107.6 ™
—N: M:-6 EN
Tsmin'=— >+ ——=-126.7 kPa Tsi=Ep;=199 —
5 b m
M5’6
=—-333.3 kPa
EN-m
Myomps = Epps » Y5 = 344.6
m
b b b b kN .
Mg5:=Gor ®— g5 |+ Grus* | €ms+—- | + Gis* | €+ — |+ Bys |5+ — | =1171 =
2 2 2 2 m




6.6) JUNTA 6:

b6::bS:4-5m H632h5+h0:7m

hs” «tan (6,) + b

2 6 * 6 * 2
X, i= 5 =0.491m
h<“ - tan (0 h:“ «tan (6
5 < e> 5 < ) +b0°h5
2
kN
G0= 175 _ 6020.6 m
m
kN
G,,=160 — e,=0.6 m
m
N
G,=75.6 k— e;=1.65m
m
E, =199 ﬂ y=1.7Tm
m
N
E,=164.4 k— e,=1.5m
m
kN
Gys:=(hg—h) *bg+Yeon.=112.5 — e,=0m
kN
N6:=GO+Gm+Gt+E’U+G86=687’5 _—
m
kN .
M6:=_G()‘60+Gm'em+Gt'et+Ev°ev_Eh'<y+h6_h>=_180'6 m
m
kN

Tyi=E,=199 —
m

kN .
Mippps =+ (y +ho— ) =543.6 —
m
b b b b b N .
M, 5:=Gy+|——eo|+ G |em+—|+ G+ |es+— |+ E, - [e,+ —|+ G, —=2289.7 kN -m
2 2 2 2 2 m
M
626 = eq6 —4 2




