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φ φ = 33° 𝑐 =
42𝑘𝑃𝑎

PI = 15 𝑁𝑆𝑃𝑇 = 15 𝑐𝑢 𝛮𝑆𝑃𝑇⁄ = 6.5
𝑐𝑢 =

90𝑘𝑃𝑎 𝑁𝑆𝑃𝑇 =
15 𝑐𝑢 =
6.25 × 𝛮𝑆𝑃𝑇 ≅ 94𝑘𝑃𝑎

𝑐𝑢 = 7.5 × 𝛮𝑆𝑃𝑇 ≅
112𝑘𝑃𝑎 

𝑐𝑢 = 3.75 × 𝛮𝑆𝑃𝑇 ≅ 56𝑘𝑃𝑎

𝑐𝑢)

𝑐𝑢(𝑘𝑃𝑎) = 0.67 × P𝑙0.75

𝑐𝑢 ≅ 47 − 142𝑘𝑃𝑎 𝑐𝑢 = 89𝑘𝑃𝑎

• 𝛾 = 18 − 20𝑘𝑁/𝑚3

• 𝑐′ = 5 − 10𝑘𝑃𝑎
• 𝜑′ = 26 − 30°
• 𝑐𝑢 = 60 − 80𝑘𝑃𝑎

𝑐𝑢 

𝑐𝑢
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 ν
𝜈 = 0.35

𝐸𝑆 =
(1 − 𝑣)

(1 + 𝑣) ∙ (1 − 2𝑣)
∙ 𝐸′

𝜈 = 0.35 𝐸𝑆 = 1,60 ∙ 𝐸′

𝐸′ =
0,9 ∙ 𝛮𝑆𝑃𝑇 𝐸′ =
13.5𝑀𝑃𝑎 𝐸𝑆 = 21.6𝑀𝑃𝑎

𝐸𝑆 = 16𝑀𝑃𝑎 − 32𝑀𝑃𝑎 𝐸′ =
10𝑀𝑃𝑎 − 20𝑀𝑃𝑎

 ≈ 

M(ag)b
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 γ 

'

 φ' ο

Ε 

 ν

Ε

× 
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 γ

 γ

φ 

φ' '

γ

Ε

α = 1/2
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sin φ′ = 0.8 − 0.094 ∙ Em 𝑃𝐼 PI = 15
φ′ = 33.1°

φ φ = 30° 𝑐 =
13𝑘𝑃𝑎

PI = 15 𝑁𝑆𝑃𝑇 = 40 𝑐𝑢 𝛮𝑆𝑃𝑇⁄ = 6.5 
𝑐𝑢 =

260𝑘𝑃𝑎
𝑁𝑆𝑃𝑇 = 40 𝑐𝑢 =
6.25 × 𝛮𝑆𝑃𝑇 ≅ 250𝑘𝑃𝑎

𝑐𝑢 = 7.5 × 𝛮𝑆𝑃𝑇 ≅
300𝑘𝑃𝑎 

𝑐𝑢 = 3.75 × 𝛮𝑆𝑃𝑇 ≅ 150𝑘𝑃𝑎

𝑐𝑢)

𝑐𝑢(𝑘𝑃𝑎) = 0.67 × P𝑙0.75
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𝑐𝑢 ≅ 81 − 155𝑘𝑃𝑎 𝑐𝑢 = 108𝑘𝑃𝑎

• 𝛾 = 20 − 21𝑘𝑁/𝑚3

• 𝑐′ = 15 − 30𝑘𝑃𝑎
• 𝜑′ = 28 − 32°
• 𝑐𝑢 = 250 − 350𝑘𝑃𝑎

𝑐𝑢 

𝑐𝑢

 ν
𝜈 = 0.30

𝐸𝑆 =
(1 − 𝑣)

(1 + 𝑣) ∙ (1 − 2𝑣)
∙ 𝐸′

𝜈 = 0.30 𝐸𝑆 = 1,35 ∙ 𝐸′

𝐸′ =
0,9 ∙ 𝛮𝑆𝑃𝑇 𝐸′ =
36𝑀𝑃𝑎 𝐸𝑆 = 48.6𝑀𝑃𝑎
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𝐸𝑆 = 40𝑀𝑃𝑎 − 80𝑀𝑃𝑎
𝐸′ = 30𝑀𝑃𝑎 − 60𝑀𝑃𝑎

 ≈ ×

 

M(ag)a
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 γ 

'

 φ' ο

Ε 

 ν

Ε

×

 β

β

 
βW5;W4/5

 βW5;W4/5 

 γ

σ

ε

ε

γ

σ
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 σ

 βW5;W4/5

 ≈ ×

βW5;W4/5

βW5;W4/5

 βW5;W4/5 
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 βW5;W4/5 

 βW5;W4/5

𝐼𝑆(50)) 

𝜎𝑐,𝑖 = 𝐾𝑐 × 𝐼𝑆(50)

𝐾𝑐

𝐼𝑆(50) 𝐼𝑆(50) <

2 𝐾𝑐 𝐾𝑐 = 13 𝐼𝑆(50) 2 <

𝐼𝑆(50) < 5 𝐾𝑐 = 20

𝐼𝑆(50) 𝐼𝑆(50) > 5 𝐾𝑐 = 28 

 βW5;W4/5

𝜎𝑐,𝑖 = 13 × (0.50 ÷ 1.20)𝑀𝑃𝑎 = 6.5 ÷ 15.6𝑀𝑃𝑎

 βW5;W4/5 𝜎𝑐,𝑖

𝜎𝑐,𝑖
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 βW5;W4/5 

β
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 βW5;W4/5  σ

𝜎𝑐,𝑖

 βW5;W4/5

𝜎𝑐,𝑖 = 5 − 10𝑀𝑃𝑎

 βW5;W4/5

'  φ'

• 𝑚𝑖

𝑚𝑖 = 25 ±  5
𝑚𝑖 = 25

• 𝜎𝑐,𝑖

𝜎𝑐,𝑖 = 5 − 10𝑀𝑃𝑎

• 𝐺𝑆𝐼 = 20 −
35

• 𝐸𝑖

 βW5;W4/5

𝐸𝑖 = 1580𝑀𝑃𝑎
𝐸𝑖
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𝐸𝑖 = 𝜎𝑐,𝑖 × 𝑀𝑅
𝑀𝑅 = 350

𝐸𝑖 = 2625𝑀𝑃𝑎
• 𝐷

𝐷 = 0.30

𝐷 = 0.0

𝐷 = 0.30

• 
" " ℎ = 15𝑚

 βW5;W4/5 

 σ

Ε

 φ 

 σ
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 βW5;W4/5 

 γ 

'

 φ' ο

Ε

 ν

× × 

 β

β

 β

 β 

β

 γ

σ

 β

 βW5;W4/5 

 β

β
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 β- 

β

β 𝜎𝑐,𝑖

𝐸𝑖 = 2500𝑀𝑃𝑎

 β

𝜎𝑐,𝑖  β 
 βW5;W4/5

𝜎𝑐,𝑖

β

𝜎𝑐,𝑖 = 5 − 10𝑀𝑃𝑎
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β

β

'  φ'

• 𝑚𝑖

𝑚𝑖 = 25 ±  5
𝑚𝑖 = 25

• 𝜎𝑐,𝑖

𝜎𝑐,𝑖 = 5 − 10𝑀𝑃𝑎

• 𝐺𝑆𝐼 = 35 −
55

• 𝐸𝑖 𝐸𝑖

𝐸𝑖 = 𝜎𝑐,𝑖 × 𝑀𝑅
𝑀𝑅 = 350

𝐸𝑖 = 2625𝑀𝑃𝑎

β
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• 𝐷

𝐷 = 0.30

𝐷 = 0.0

𝐷 = 0.30

• 
" " ℎ = 20𝑚

β

 σ

Ε

 φ 

 σ
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β

 γ 

'

 φ' ο
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 ν

× × 

 

 σ

 ≈ ×
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𝜎𝑐,𝑖

𝜎𝑐,𝑖

𝜎𝑐,𝑖 = 10 − 20𝑀𝑃𝑎

'  φ'
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• 𝑚𝑖

𝑚𝑖 = 12 ±  3
𝑚𝑖 = 12

• 𝜎𝑐,𝑖

𝜎𝑐,𝑖 = 10 − 20𝑀𝑃𝑎

• 𝐺𝑆𝐼 = 10 −
20

• 𝐸𝑖 𝐸𝑖

𝐸𝑖 = 𝜎𝑐,𝑖 × 𝑀𝑅

𝑀𝑅 = 500 𝐸𝑖 = 7500𝑀𝑃𝑎
• 𝐷

𝐷 = 0.30

𝐷 = 0.0

𝐷 = 0.30

• 
" " ℎ = 25𝑚

 σ

Ε

 φ 

 σ
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 γ 

'

 φ' ο

Ε

 ν

× × 
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 γ

 γ

σ

ε

ε

γ

σ

 ≈ 
×
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𝐼𝑆(50)) 

𝜎𝑐,𝑖 = 𝐾𝑐 × 𝐼𝑆(50)

𝐾𝑐

𝐼𝑆(50) 𝐼𝑆(50) <

2 𝐾𝑐 𝐾𝑐 = 13 𝐼𝑆(50) 2 <

𝐼𝑆(50) < 5 𝐾𝑐 = 20

𝐼𝑆(50) 𝐼𝑆(50) > 5 𝐾𝑐 = 28

𝜎𝑐,𝑖 = 20 × (4.20 ÷ 4.80)𝑀𝑃𝑎 = 84 ÷ 96𝑀𝑃𝑎

𝜎𝑐,𝑖
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𝜎𝑐,𝑖

 σ

𝜎𝑐,𝑖

𝜎𝑐,𝑖 = 20 − 30𝑀𝑃𝑎

'  φ'

• 𝑚𝑖

𝑚𝑖 = 12 ±  3
𝑚𝑖 = 12

• 𝜎𝑐,𝑖

𝜎𝑐,𝑖 = 20 − 30𝑀𝑃𝑎

• 

𝐸𝑖 = 10488𝑀𝑃𝑎
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𝐸𝑖

𝐸𝑖 = 𝜎𝑐,𝑖 × 𝑀𝑅
𝑀𝑅 = 500 𝐸𝑖 = 12500𝑀𝑃𝑎

• 𝐷

𝐷 = 0.30

𝐷 = 0.0

𝐷 = 0.30

• 
" " ℎ = 25𝑚

 σ

Ε

 φ 

 σ
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 γ 

'

 φ' ο

Ε

 ν

× × 

 

 γ

 γ

σ

 ≈ ×
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𝐼𝑆(50)) 

𝜎𝑐,𝑖 = 𝐾𝑐 × 𝐼𝑆(50)

𝐾𝑐

𝐼𝑆(50) 𝐼𝑆(50) <

2 𝐾𝑐 𝐾𝑐 = 13 𝐼𝑆(50) 2 <

𝐼𝑆(50) < 5 𝐾𝑐 = 20

𝐼𝑆(50) 𝐼𝑆(50) > 5 𝐾𝑐 = 28

𝜎𝑐,𝑖 = 20 × (4.00 ÷ 7.70)𝑀𝑃𝑎 = 80 ÷ 154𝑀𝑃𝑎

𝜎𝑐,𝑖
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𝜎𝑐,𝑖

 σ

𝜎𝑐,𝑖

𝜎𝑐,𝑖 = 20 − 30𝑀𝑃𝑎

'  φ'

• 𝑚𝑖

𝑚𝑖 = 12 ±  3
𝑚𝑖 = 12

• 𝜎𝑐,𝑖

𝜎𝑐,𝑖 = 20 − 30𝑀𝑃𝑎

• 
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𝐸𝑖 = 11200𝑀𝑃𝑎
𝐸𝑖

𝐸𝑖 = 𝜎𝑐,𝑖 × 𝑀𝑅
𝑀𝑅 = 500 𝐸𝑖 = 12500𝑀𝑃𝑎

• 𝐷

𝐷 = 0.30

𝐷 = 0.0

𝐷 = 0.30

• 
" " ℎ = 25𝑚

 σ

Ε

 φ 

 σ
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 γ 
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 ν

× × 
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β β
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β β

γ
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φ'

σ

Ε

Ε

ν

Ε

𝐷 = 0.30
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 βW5;W4/5  β

𝐼𝑆(50)

𝐼𝑆(50)

 βW5;W4/5  β 𝐼𝑆(50) <

3𝑀𝑃𝑎 é
𝐼𝑆(50) ≥ 3𝑀𝑃𝑎 
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 βW5;W4/5  β

β

β
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>
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Ocorreu perda de circulação de água a partir de 16.50m de profundidade.
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SIMBOLOGIA DESCRIÇÃO LITOLÓGICA

Pavimento em calcário compacto (calçada portuguesa), seguido 

de aterro heterogéneo, areno-siltoso, com fragmentos calcários 

dispersos, castanho.

Areia silto-argilosa, com concreções carbonatadas e estrura muito 

conturbada, medianamente compacta, cinzento acastanhada.

Argila siltosa, com nódulos carbonatados e estrutura muito 

conturbada, medianamente consistente e muito dura, cinzento 

acastanhada e cinzento esverdeada.

Argila siltosa, dura, consolidada na base, cinzento azulada.

Basalto decomposto a muito alterado, com passagens de solo 

resídual argilo-silto-arenoso, muitíssimo a muito fracturado quando 

rochoso, castanho acinzentado.
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Legenda :

Ocorreu perda de circulação de água a partir de 16.50m de profundidade.
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SIMBOLOGIA DESCRIÇÃO LITOLÓGICA

Idem.

Basalto, com abundantes veios calcíticos, algo friável, muito a 

medianamente alterado, com passagens decompostas (W5) de 

dimensão centimétrica a decimétrica, muito fracturado, 

acinzentado e acastanhado com veios esbranquiçados.

Calcário nodular, muito alterado, com evidências de carsificação 

(terra rossa de espessura centimétrica), muitíssimo a muito 

fracturado, esbranquiçado e avermelhado.

Idem, muito a medianamente alterado.

Idem, muito alterado, algo margoso na base.

Calcário compacto a cristalino, muito a medianamente alterado, 

com vestigíos de dissolução cársica nas fracturas, muitíssimo a 

muito fracturado, por vezes com troços decimétricos sem 

formação de carote, esbranquiçado e castnho avermelhado.
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