MEMORIAL DE CALCULO - MURO DE
ARRIMO (CONTENGAO 2)

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.
m

ton

Sobrecarga eventualmente aplicada no terreno adjacente

q::7

N

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:

m Angulo de inclinacdo do terreno adjacente

h:=4m Altura do muro

Largura do muro no topo [ ER SV EEN VRGN )
b,,:=0m Alargamento da base a jusante

b,=1.3m Alargamento da base a montante

.. h
Ponta da sapata a jusante T estimado ::E: 0.7m

\ h
Ponta da sapata a montante ¥ ::E:0.7 m

=0m Altura da sapata h =r=13m

s_estimado *

=0.75 m Altura de embutimento na rocha

h,

emb *

by=r+by+b,,+b,+t=3.3 m Largura da base da sapata



2.1) ALTURA DE TERRA EQUIVALENTE A SOBRECARGA:

q

hy = =3m Altura equivalente
Vsolo
H:=h+hy=7Tm Altura total

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

vértice a montate de b0)

by? +34b,,0by+3-by° —b,,”

T, = =—0.03m Peso Prorpio do muro
2 2 2 2 2
r°+b,"+b,”—=b," —t
" ;’ " +7eb,,+7eby+b,, by—t+b,
Ty = =0.35m  Peso Prorpio da Sapata
r+b,,+by+b,+1t
2 2
(t+b,) +(t+b,)t+t .
Tpi= =0.4m Peso da terra no talao

3+(2-t+b,)

3 O bO
Lgo=

2.3) CARGAS E BRACOS DE ALAVANCA:

Coeficiente de empuxo:

—I%:¥:, 4 Carga aplicada em cima do muro

2
0i=—.p=15.3"°
3 ®

2

K oine = tan (45 °—§) =0.44  (Rankine)
2
K coutomb*= os (¢ =) =0.55
coutom 2 *
i .si - Coulomb
(o) -eso+0): 1| S Tk e R

K:=max (K rankine K coulomb) =0.55



Eime Ky, (H* —hy*)=227.3 kN Empuxo de terra
2 m
kN .
Ey=E-cos (0;+6)=189.9 — Componente horizontal do empuxo
m
. kN .
E,=E-+sin(6,+0)=124.9 — Componente vertical do empuxo
m
G,=175 L-IcN Carga no topo do muro
m
Gm::ﬁ- (b+b) *Veone =135 kN Peso-Proprio do muro
2 m
G, =0 (t+t+b,) * Y01, =54.6 kN Peso da terra no talao
2 m
kN A
Gyi= (T +by,+ b+ b, + 1) (hy+hepp) *Yeonc=61.9 —  Peso-Préprio da sapata
m
kN = .
R,.b =T i * Pemp = 183.9 —— Reacao de embutimento na Rocha
m
2:hy+H
g (20T ) 731 m Brago de alavanca do Eh
3| H+n,
Yemb *= ;mb =0.4m Brago de alavanca da reacdo de embutimento
r+b,,+by+b,+1t
e,:= ( 20 ) (t+b,)+(h—y)-tan(6;)=1.087 m  Brago de alavanca do Ev
r+b,+by+b,+1t
€yi= ( 20 ) — (7 =b1) + beonsoto=0.7 M Brago da carga no topo do muro
r+b,+by+b,+1 "
= ( 20 ) —(t+b,+z,)=0.4 m Brago de alavanca do Peso-Préprio do muro
r+b,,+by+b,+1t .
€= ( 20 > —zp=1.22m Braco de alavanca do Peso da terra no talao

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

S



3.1) COMPONENTE NORMAL:

N
Ni=Gy+G,,+G,+ G+ E,=551.4 XV
m

3.2) COMPONENTE TANGENCIAL:

kN
T::Eh_Remb:G'l ?

3.3) MOMENTO TOTAL:

kEN -m
m

Ml ::Gm'em+Gs'es+Gt'et+Ev'ev+Remb'yemb_Eh° <y+hs+h’emb> _G0'60:_271'7

M::me.r-§=—267.7 kN
a::&zz—z.g MPa
<hs+h‘emb>

5.1) DESLIZAMENTO:




5.2) TOMBAMENTO:

b

S

bs by b
Mequilz’bv"iO::Gm° em"‘? +Gs' 65+? +Gt' et"‘? +Ev' ev"‘? +Remb'yemb+G0'

EN-m
m

Mtombamento = Eh ° <y + hs + hemb) =471.3

M equilibrio

62 = =2.4

M tombamento

kN -m
m

b,
— —ey|=1109.5
2

6.1) JUNTA 1:

by :=by+h; <tan <9i+9€>> =1lm

2

H,:=h,+hy=3.8m

2
b, +h, . h,” «tan (6;) N h,” - tan (6,) . h,® «tan (6,) - b,
T, = 2 - 0 0 2 =0.309 m
h," - tan <96> h,” «tan <9, by by
2 2 0
by (b,—b
G,=175 kN e01=:—°+M=30.5 cm
m 4 2
bo+b,)-h
Gml::w-%am:m.G kN emlzz—l—xc:17.1 cm
2 m 2
h,+h,-tan (6, b, 2:(b;—b
Gy = t 1 < Z> Y eoto=2-2 kN 6t1‘=—1+—< ! 0> =0.653 m
2 m 2
H,”> —hy’ h, (2+hy+H
By = M-K-fysolo +cos (0;+08) =25.7 RN =2 54 em
2 m 3 H,+h,
(H, —ho?) kN

2 _'K“Ysolo)'Sin <92+5>:169 —

Ey,:= (
m

by
eni=—+y; - tan (6;) =60.5 cm



kN
Ny:=Go+ Gy + Gy + By, =210.7 —

m
kEN-m
M,:=—Gy-ep+ Gy € + Gy ey + By c e, —Egy oy =—48.8 -
—N M,-6 kN
T1mini=— - +———=-536.9 kPa Ty =B =257~
1

O 1maz =

EN-m

Moy i=Epg +Y1=9.9

b,

by kN -m
Mqu::GO-(z 6t1+?)+EVl-

m

b
- e01) +Git € +?1) +Gyy -

bl
ey +—|=62.3
2




6.2) JUNTA 2:

b2::b0+h2.<tan <9i+ee>>:]“2 m H2!:h2+h024.6 m

2 2
by’ +hy hy’-tan(6;)  hy’ -tan(6.)  hy’-tan(6,)-b,
+ + +
2 6 6 2

x,.= PNER P PCa ) =0.302 m
- tan - tan (6,
LN by (by—b
Gy=175 — 602::—0+M:43.5 cm
m 4
by+bs5)+h EN
mz::%-%om:?,m = €pmo = ——2,=30.8 cm
2 m 2
By~ hy - tan (6, N b, 2-(by—b
2 ( >.750l0:8.7k_ €t2==—2+M:0-957m
2 m 2
H,” —h,’ h, (2-hy+H
Epyi= M-K-ym +cos (0;+06) =57.6 RN =2 |2 2 g em
2 m 3 H,+h,
H,> —h’ N b
Eyyi= M-Kwysolo +sin (6;+0) =37.9 RN =22 4y, tan (6,)=85.2 cm
2 m 2
kN
Ny:=Go+ G+ G+ Eyy =260 —
m
kEN-m
My:=—Gyep+ Gyt €matGrarepnt+Eyyc€yp—Epy Yy =—66.5 o
kEN
T2::EH2:57-6 —
m
EN-m
Miomp2=Ep* Yo =42.8
m
b b b b kN .
Meg2:=Go+ 2_‘302 + Gz |€mat— |+ Groe | €rpt— +Ey,- €t —|=134.9 =
2 2 2 2 m




6.3) JUNTA 3:

b3=:b0+h3-(tan<9i+96>>=1-5 m H;:=h;+hy=5.4m

2 2
by> +hs . hy” « tan (6;) . hs® - tan (6,) . hy® «tan (6,) - b

2 2
T, = 3 6 p s 6 P =0.318 m
«tan «tan (0,
Frnp) ),
2
kN b, (bs—b
Go=175 — 603::—0+M:56.5 cm
m 4 2
by+bs)-h kN
m3 ::w-vcom:GE)A — €m3 ::—3—mc:42.2 cm
2 m 2
hyhy- tan (6, by 2-(bs—b
Gpy=—® ( >.750,0=19.7ﬂ etg::—3+M:1.26m
2 m 2 3
H.,” —h,* hs (2<hy+H.
Epqi= M-K-fysolo -cos (6;+06) =95.6 kN ygi=— o[22 1-108.5 cm
2 m 3 H;+h,
H;*> —hy’ N b
Byyi= MoKwysolo -sin (6, +8) =62.9 RN =22y tan (6,)=109.3 cm
2 m 2
kN
m
kEN-m
M;3:=—Gy-ep3t+G3-€p3+Gizre+Eysee,3—Eggy;=—81.5 o
—N. M.-6 kEN
T smin ::b_?’ — —=-441.4 kPa Tyi=Eyy=95.6 —
3 b m

EN-m
Miomp3i=Ep3+y;=103.7
m
b b b b kN -m
MeqS’ZGO‘( 23_603 +Gp3e em3+?3)+Gt3° et3+73)+EV3° ev3+73 =261.2
m




6.4) JUNTA 4:
byi=by+hy- (tan (6,+6,))=1.7m  Hy=h,+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
z,= = P , =0.349 m
«tan «tan
4 < e> 4 < ) +bo°h4
2
LN by, (b,—b
Gy=175 — 604::—0+M=69.5 cm
m 4 2
by+b,)h kN
M:ZM“YCOM:97'6 - em4::_4_mc:52‘1 cm
2 m 2
hy~hy- tan (6, by, 2-(b,—b
Gy=—t ( >-750,0=34.9ﬂ et4::—4+M:1.563m
2 m 2
H,”> —h,’ N hy (2+hy+H
Epy= (= hy >~K-7sozo ccos (6,+0) =130.7 2y = P02y 3 om
2 m 3 H,+h,
H,> —hy’ N b
Ey,:= MoKwysolo +sin (6;+0) =91.9 kN €ps=—-+y,tan (6;) =132.9 cm
2 m 2
kN
N4 ::G0+G7TL4+Gt4+EV4=399‘4 _—
m
EN-m
M,=—Gy-eps+Gpyrepy+Gyey+Ey ey —Eg, -y, =—91.4 ™
—N, M,-6 kN
Tamin'=— - +———=-410.6 kPa Ty=Ep,=139.7 —
4 b m
EN-m
Miompai=Epy» Y, =197.4
m
b b b b kN -
Megs:=Go+ 4_‘304 +Gona | €mat — |+ Grae | €sat— +Ey,- €y t—-|=453.6 =
2 2 2 2 m




6.5) JUNTA 5:

hs:=400 cm

2 2
by « hs . hs” - tan (6;) . hs® - tan (6,) . hs” «tan (6,) + b

b5::b0+h5-<tan<9i+96>>=2’m Hy:=hs+hy=7Tm

2 2
T, = — 6t PR t6 . =0.39 m
«tan «tan ;
2
kN b b-—b
o175 HV o= 50 o5 em
m 4 2
bo+bs) - h kN b
m5::w'ﬂycom:135 _— em5::_5_m0261 cm
2 m 2
hs« hs « tan (6, by 2.(bs—b
G yi=— ( >'75010=54-6 kN et5::—5+M=1.867m
2 m 2 3
H.* —h,’ N hy (2+hy+H
Epsi= M-K-fysolo -cos (6;+5) =189.9 kN Ysim— e |22 1=173.1 cm
2 m 3 Hy+h,

Eyyi= ( (5’ 2"%2)

kN
m

M;5:=—Gy-eps+ G5+ Gz e+ Eyse e, — Egy o ys =—93.7

6
=-385.4 kPa

6
=-104.2 kPa

kEN-m
m

M omp5 = Eps Yy =328.9

bs bs
M,y5:=Gy* 5 —€p5 |+ G5 €m5+7 +Gy5e
£yyim et _g
25 1= =2.
Mtomb5

‘K"Ysolo] «sin <9,~ + 5>

bs
€5 +7 +Eyy-

kN by

=124.9 — e,5:=—+y;-tan (6;) =156.3 cm
m 2

kEN-m
m

EN
T5 ::EH5 = 189-9 —

EN-m

m

=724.7

bs
€5 +7




6.6) JUNTA 6:

b6::bS:3-3m H632h5+h0:7m

2 2
by « hs . hs” - tan (6;) . hs® - tan (6,) . hs” «tan (6,) + b

2 2
z,= . 6 . 6 =0.39 m
hs” - tan (60 hs” « tan (0,
5 < e>+ 5 < z> +b0°h5
2
kN
Gy=175 — €=0.7m
m
kN
G, =135 =~ en=0.4m
m
kN
G,=54.6 — e,=1217Tm
m
N
E,=189.9 kN y=17m
m
E,=124.9 k—N e,=1.1m
m
kN
Gs6 = <h6_h’> .bs'7conc=20'6 ; 68:0 m
kN
m
kN .
Mg:==Gyrey+Gp €+ Gyrey+Ey e, — B+ (y+hg—h) =—245.7 =
m
—Ng Mg-6 kN
T gmin = ——+ —— = —289.9 kPa Te:=E,=189.9 —
b b m

EN .
Mippps =B+ (y +ho— ) =376.3 —
m
b b b b b N .
M, =G+ |——ey|+ G+ |em+—|+Gi+|es+— |+ E, - |e,+—|+ G, —=1040.5 kN -m
2 2 2 2 2 m




