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nificativa das emissões globais de CO₂. Visando mitigar os im
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𝜌𝑐̅̅̅ [Ω×m]∆Φ𝑠𝑠ℎ0ℎ1𝐴𝑐𝐴𝑖𝐶(𝑥,𝑡) 𝑥𝐶 𝑡𝐶0𝐶𝑆,∆𝑥𝐶𝑆𝐶𝑐𝑟𝐶𝑖𝐶𝑖(𝑥)𝐶𝑖𝑡 𝑡𝐶𝑙−𝐷0 𝑡0𝐷0𝐷𝑎𝑝𝑝,𝐶𝐷𝑖𝐷𝑛𝑠𝐷𝑛𝑠𝑠𝑚𝐷𝑛𝑠𝑠𝑚(𝑡0) 𝑡0𝐷𝑛𝑠𝑠𝑚(𝑡) 𝑡𝐷𝑟𝑒𝑓 𝑡𝑟𝑒𝑓𝐷𝑠𝐸𝐴𝐹𝑅𝐺0𝐺𝑓𝐽𝐶𝑙



𝐽𝑖𝐾ℎ𝑀0𝑀ℎ𝑖𝑡𝑀𝑠𝑖𝑀𝑤𝑃𝑓𝑅𝑐 [Ω]𝑅𝑐+𝑠𝑝 [Ω]𝑅𝑠𝑝 [Ω]𝑆05𝑖𝑆05𝑚𝑆𝑖𝑇𝑟𝑒𝑎𝑙𝑇𝑟𝑒𝑓𝑉𝑎𝑉𝑓𝑏𝑒𝑐25𝑐𝑇 𝑇𝑓𝑐𝑓𝑐𝑘𝑓𝑐𝑡𝑓𝑠 𝑆𝑘𝑐𝑘𝑒𝑘𝑒𝑘𝑓𝑘𝑡𝑝𝑓𝑡′𝑡0𝑡𝑑 𝐶𝑖



𝑡𝑟𝑒𝑓𝑤1 𝑡1𝑥𝑐𝑥𝑑𝑧𝑖𝜇𝑀𝜇𝑅𝜇𝑆𝜌𝑆𝑐𝑜𝑛 [Ω×m]𝜌𝑉𝑐𝑜𝑛 [Ω×m]𝜌𝑐 [Ω×m]𝜎𝑀𝜎𝑅𝜎𝑆

𝑑𝑐 𝑑𝑡⁄𝐴𝐴(𝑡)𝐶𝐶𝐶𝑙𝐷𝐷(𝑇) 𝑡 𝑇𝐷(𝑡)𝐸(𝑥)𝐹𝐹𝐺(𝑥, 𝑡)𝐻 Altura da coluna d’água𝐼𝐿𝐿𝐿



𝐿𝑀𝑃𝑅𝑅𝑅 [Ω]𝑅(𝑥, 𝑡)𝑆𝑆𝑆𝑆𝑆(𝑥, 𝑡)𝑇𝑇𝑇𝑇𝑇𝑈𝑈𝑉𝑉𝑉𝑎/𝑐𝑒𝑒𝑟𝑓𝑒𝑥𝑝𝑔𝑔(𝑋)𝑘𝑙𝑙𝑛𝑠𝑡𝑡



𝑡𝑡 ℎ0 ℎ1𝑤 𝑡𝑥𝑧
∆𝑥Δ𝐸Δ𝜙𝛼𝛽𝛾𝜇𝜌𝜏𝜑









por 37% das emissões globais de CO₂. A produção de cimento, sozinha, 



•

• –



–





–



𝑆𝑂42−(𝐶𝑙−)(𝑀𝑔2+)(𝑁𝑎+)
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•

•

•
•
•
•





à á é 𝐾ℎ

𝑉𝑓 = 𝐾ℎ ∙ 𝐴 ∙ 𝐻𝐿𝑉𝑓 𝐾ℎ 𝐴𝐻 é a altura da coluna d’água 𝐿

𝑘 = 𝜇 ∙ 𝑠 ∙ ln(ℎ0/ℎ1) ∙ 𝑙𝜌 ∙ 𝑔 ∙ 𝑆 ∙ 𝑡𝑘 𝜇𝑠 ℎ0 ℎ1𝑙 𝜌𝑔 𝑆 𝑡ℎ0 ℎ1



𝑤 = 𝑤1 ∙ ( 𝑡𝑡1)𝑛 = 𝑀𝑤 ∙ 𝑡𝑛
𝑤 𝑡 𝑤1𝑡1 𝑡 𝑛 𝑀𝑤

−𝐽𝑖(𝑥) = 𝐷𝑖 ∙ 𝜕𝐶𝑖(𝑥)𝜕𝑥 + 𝑧𝑖 ∙ 𝐹𝑅 ∙ 𝑇 ∙ 𝐷𝑖 ∙ 𝐶𝑖 ∙ 𝜕𝐸(𝑥)𝜕(𝑥) + 𝐶𝑖 ∙ 𝑉(𝑥)
𝐽𝑖 𝐷𝑖 𝐶𝑖(𝑥)𝑧𝑖 𝐹 × 104 𝑅𝑇 𝐸(𝑥)𝑉

𝜕𝐶𝜕𝑡 = 𝐷 ∙ 𝜕²𝐶𝜕𝑥²



𝐶 𝑡 𝐷𝑥



–

–

–

–

𝑎/𝑐𝑓𝑐𝑘 Adequado para VUP ≤ 50 anos.

Adequado para VUP ≥ 100 anos.

≥ 100 anos.











𝐺(𝑥, 𝑡) = 𝑅(𝑥, 𝑡) − 𝑆(𝑥, 𝑡)𝑅(𝑥, 𝑡) 𝑆(𝑥, 𝑡) 𝑥𝑡
𝑅(𝑥, 𝑡) 𝑆(𝑥, 𝑡)(𝑅 > 𝑆) 𝑃(𝑅 > 𝑆)𝑅 𝑆 𝑃𝑓

𝑃𝑓 = ∫ 𝐹𝑅(𝑟) 𝑓𝑠(𝑠) 𝑑𝑠∞
0𝐹𝑅 𝑅 𝑓𝑠 𝑆𝑀 𝑀 = 𝑅 − 𝑆

𝑅 𝑆
𝜇𝑀 = 𝜇𝑅 − 𝜇𝑆𝜎𝑀𝜎𝑀 = √𝜎𝑅2 + 𝜎𝑆2𝜎𝑅 𝜎𝑆



𝛽 = 𝜇𝑀𝜎𝑀

𝑃𝑓 = Φ(−𝛽)





𝑔(𝑋) = 0



– –

– –



– –



—




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• –

• –

• –

–
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• –
–
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•
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• 𝑓𝑐𝑘
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•
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•

— como a mineralização de CO₂ e revestimentos 
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–
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Retido na peneira 75 μm − −
Retido na peneira 45 μm −−− −−− −

−− −
− ≤ 35− ≤ 14,5− −−−−







da sigla “HR”, que significa 



˚



𝑓𝑐 𝑓𝑐 = 𝐹𝐴𝑐𝐹 𝐴𝑐



𝑓𝑐𝑡𝑓𝑐𝑡 = 2 ∙ 𝐹𝜋 ∙ 𝐿 ∙ 𝑙𝐹 𝐿 𝑙



𝑖 𝑡
𝐶𝑖𝑡 = 𝑀ℎ𝑖𝑡 − 𝑀𝑠𝑖𝐴𝑖𝐶𝑖𝑡 𝑀ℎ𝑖𝑡𝑀𝑠𝑖 𝐴𝑖

𝐶𝑖 𝑡𝐶 𝐶𝑖

𝐺0 = 𝑀𝑠𝑖 − 𝑀0𝑀0 ∙ 100
𝐺0 𝑀𝑠𝑖𝑖 𝑀0 𝐺𝑓 = 𝑀ℎ𝑖 − 𝑀0𝑀0 ∙ 100
𝐺𝑓 𝐶𝑖 𝑀ℎ𝑖𝐶𝑖 𝑀0



𝑆05𝑖 = 0,0743 ∙ 𝑡𝑑−0,1879 ∙ 𝑆𝑖𝑆05𝑖 𝑡𝑑 ∙ 𝐶𝑖 𝑆𝑖𝑆05𝑚𝑆05𝑖

𝑆𝑖

O compartimento “e” contém solução de NaCl a 10% e o com-
partimento “b” contém solução de



mente, e uma solução de nitrato de prata (AgNO₃) a 0,1 M foi pulverizada sobre a superfície exposta 



𝐼30𝑉 𝑈 𝐼0 𝑡
𝐼0 < 5 𝐼0 < 105 ≤ 𝐼0 < 10 10 ≤ 𝐼0 < 2010 ≤ 𝐼0 < 15 20 ≤ 𝐼0 < 3015 ≤ 𝐼0 < 20 25 ≤ 𝐼0 < 3520 ≤ 𝐼0 < 30 25 ≤ 𝐼0 < 4030 ≤ 𝐼0 < 40 35 ≤ 𝐼0 < 5040 ≤ 𝐼0 < 60 40 ≤ 𝐼0 < 6060 ≤ 𝐼0 < 90 50 ≤ 𝐼0 < 7590 ≤ 𝐼0 < 120 60 ≤ 𝐼0 < 80120 ≤ 𝐼0 < 180 60 ≤ 𝐼0 < 90180 ≤ 𝐼0 < 360 60 ≤ 𝐼0 < 120𝐼0 ≥ 360 𝐼0 ≥ 120



𝐷𝑛𝑠𝑠𝑚 = 0,0239 ∙ (273 + 𝑇) ∙ 𝐿(𝑈 − 2) ∙ 𝑡 ∙ (𝑥𝑑 − 0,0238 ∙ √(273 + 𝑇) ∙ 𝐿 ∙ 𝑥𝑑𝑈 − 2 )
𝐷𝑛𝑠𝑠𝑚 10−12 × 𝑈𝑇 𝐿𝑥𝑑 𝑡

𝐷𝑛𝑠𝑠𝑚 10−12 × m2/s



𝐷𝑛𝑠𝑠𝑚(𝑡) =  𝐷𝑛𝑠𝑠𝑚(𝑡0) ∙ (𝑡0𝑡 )𝛼
𝐷𝑛𝑠𝑠𝑚(𝑡) 𝑡 × 10−12𝐷𝑛𝑠𝑠𝑚(𝑡0) 𝑡0 × 10−12𝛼



𝑐25 = 𝑐𝑇 + 0,0217 ∙ (25 − 𝑇) ∙ 𝑐𝑇𝑐25 𝑐𝑇𝑇 𝑇
𝐶𝑙− = 10−3 ∙ [−1,71 + (11,45 ∙ 𝑐25)] ∙ 𝑉𝑎𝐶𝑙− 𝑐25𝑉𝑎

𝐷𝑠 = 𝐽𝐶𝑙 ∙ 𝑅 ∙ 𝑇 ∙ 𝑒𝑧 ∙ 𝐹 ∙ 𝐶𝑙 ∙ 𝛾 ∙ ∆Φ𝑠𝑠𝐷𝑠 𝐽𝐶𝑙𝑅 𝑇𝑒 𝑧𝐹 𝐶𝑙𝛾 ∆Φ𝑠𝑠

𝐽𝐶𝑙 = 𝑉𝑆 ∙ 𝑑𝐶𝑑𝑡𝑉 𝑆𝑑𝑐 𝑑𝑡⁄



(τ); e início (∆) e fim (∘

𝐷𝑛𝑠 = 𝑒22 ∙ 𝜏 ∙ 𝜑𝐷𝑛𝑠 𝑒𝜏 𝜑
𝜑 = 𝑧 ∙ 𝐹𝑅 ∙ 𝑇 ∙ Δ𝜙𝑧 𝐹 𝑅𝑇 Δ𝜙

Δ𝜙 = Δ𝐸𝑒Δ𝐸 𝑒



𝑅 = 𝑉𝐼



𝑅 é a resistência elétrica [Ω], 𝐼 𝑉
𝑅𝑐 = 𝑅𝑐+𝑠𝑝 − 𝑅𝑠𝑝𝑅𝑐 é a resistência elétrica do concreto [Ω], 𝑅𝑐+𝑠𝑝

das esponjas [Ω] e 𝑅𝑠𝑝 é a resistência elétrica das esponjas [Ω].

𝜌𝑐 = 𝑅𝑐 ∙ 𝑆𝐿𝜌𝑐 é a resistividade elétrica do concreto [Ω 𝑅𝑐 é a resistência elétrica do concreto [Ω], 𝑆𝐿
𝜌𝑉𝑐𝑜𝑛 = 𝜌𝑐̅̅̅ ∙ 𝑘𝑐𝜌𝑉𝑐𝑜𝑛 é a resistividade elétrica volumétrica do concreto [Ω 𝜌𝑐̅̅̅

[Ω 𝑘𝑐





𝜌𝑆𝑐𝑜𝑛 = 𝜌𝑐̅̅̅ ∙ 𝑘𝑐 ∙ 𝑘𝑓𝜌𝑆𝑐𝑜𝑛 é resistividade elétrica superficial do concreto [Ω 𝜌𝑐̅̅̅
Ω 𝑘𝑐 𝑘𝑓

kΩ kΩ

𝐶(𝑥,𝑡) = 𝐶𝑆 ∙ [1 − 𝑒𝑟𝑓 ( 𝑥𝐶2 ∙ √𝐷(𝑡) ∙ 𝑡)]
𝐶(𝑥,𝑡) 𝑥𝐶 𝑡𝐶𝑆 𝑒𝑟𝑓



𝑥𝐶 𝐷(𝑡)
𝐷(𝑡) = 𝐷01 − 𝛼 ∙ [(1 + 𝑡′𝑡 )1−𝛼 − (𝑡′𝑡 )1−𝛼] ∙ (𝑡0𝑡 )𝛼 ∙ 𝑘𝑒

𝐷0 𝑡0 𝑡′𝛼 𝑘𝑒
𝑘𝑒 = 𝑒𝑥𝑝 [𝐸𝐴𝑅 ∙ ( 1293 − 1273 + 𝑇)]

𝑒𝑥𝑝 𝐸𝐴 𝑅𝑇

𝐶(𝑥,𝑡) = 𝐶0 + (𝐶𝑆,∆𝑥 − 𝐶0) ∙ [1 − 𝑒𝑟𝑓 ( 𝑥𝐶 − ∆𝑥2 ∙ √𝐷𝑎𝑝𝑝,𝐶 ∙ 𝑡)]
𝐶(𝑥,𝑡) 𝑥𝑥 𝑡 𝐶0𝐶𝑆,∆𝑥 ∆𝑥



𝑡 𝑒𝑟𝑓 𝑥𝐶∆𝑥 𝐷𝑎𝑝𝑝,𝐶𝑡∆𝑥
(𝑥 ≥ ∆𝑥)𝐶𝑆,∆𝑥

𝐷𝑎𝑝𝑝,𝐶 = 𝑘𝑒 ∙ 𝐷0 ∙ 𝑘𝑡 ∙ 𝐴(𝑡)𝑘𝑒 𝐷0𝑘𝑡 𝐴(𝑡)
𝑘𝑒 =  𝑒𝑥𝑝 [𝑏𝑒 ∙ ( 1𝑇𝑟𝑒𝑓 − 1𝑇𝑟𝑒𝑎𝑙)]

𝑏𝑒 𝑇𝑟𝑒𝑓 𝑇𝑟𝑒𝑎𝑙

𝐴(𝑡) =  (𝑡0𝑡 )𝛼
𝑡0 𝛼

𝐷(𝑡) = 𝐷𝑟𝑒𝑓 ∙ (𝑡𝑟𝑒𝑓𝑡 )𝛼
𝐷(𝑡) 𝑡 𝐷𝑟𝑒𝑓𝑡𝑟𝑒𝑓 𝛼



𝐷(𝑇) = 𝐷𝑟𝑒𝑓 ∙ 𝑒𝑥𝑝 [𝑈𝑅 ∙ ( 1𝑇𝑟𝑒𝑓 − 1𝑇)]
𝐷(𝑇) 𝑡 𝑇 𝐷𝑟𝑒𝑓𝑡𝑟𝑒𝑓 𝑇𝑟𝑒𝑓 𝑈𝑅 𝑇

–

–

𝑔(𝑋) = 𝐶𝑐𝑟 − 𝐶(𝑥,𝑡)𝑔(𝑋) 𝐶𝑐𝑟𝐶(𝑥,𝑡) 𝑥𝐶 𝑡𝑔(𝑋) > 0 𝑔(𝑋) ≤ 0



𝑝𝑓 = 𝑃(𝐶(𝑥,𝑡) ≥ 𝐶𝑐𝑟)

(𝑥𝐶)
𝐷0𝐷𝑟𝑒𝑓 𝛼(𝐶𝑆)

–(𝐶𝑐𝑟)(𝑇)
–

𝐶𝑆

𝑡 𝑡0𝑡′ 𝐷0



𝐶𝑐𝑟𝐶𝑆𝑥𝐶𝐷0 10−12 × 𝐷nssm,56d𝑇𝑡0𝑡′𝛼 𝛼

𝑡
𝐶𝑐𝑟𝐶0𝐶𝑆𝑥𝐶∆𝑥𝐷0 10−12 × 𝐷nssm,56d𝑘𝑡𝑏𝑒𝑇𝑟𝑒𝑓𝑇𝑟𝑒𝑎𝑙𝑡0𝛼 𝛼



𝑡𝑟𝑒𝑓

𝐶𝑐𝑟𝐶𝑆𝑥𝐶𝐷𝑟𝑒𝑓 10−12 × 𝐷nssm,56d𝑇𝑡𝑟𝑒𝑓𝛼 𝛼
𝑡







𝐶𝑖𝑡 𝑆𝑖

















[kΩ×cm]

–

kΩ×cm



















–









–

: standard method of test for surface resistivity indication of concrete’s 

method for electrical indication of concrete’s ability to resist chloride ion penetration. West Con-

–



–



–



–

FIOL, F. et al. Influence of Recycled Precast Concrete Aggregate on Durability of Concrete’s Phys-

–

–

–



–

–

–

–

–



–

–

–

–

–

–

–



–

–

–



–

–

–

–

–

–

–

–



–

–

–

–



–
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