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+ Concrete

Hydration process

* Mechanical properties
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Introduction

New forms of collaboration
and new types of contracts

'

Repair and maintenance
more important

'

Better insight in degradation
mechanisms
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Resistance of concrete
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Rate of ingress of hazardous
gasses and liquids
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Quality of the concrete cover
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Size, distribution and
connectivity of the pores
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Macro Scale

» Use computer program MLS to do macro scale simulations
» Simulate moisture transport

« Input parameters

+ Fitting results

« Output from macro scale simulations
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Macro Scale: Input Parameters

Desorption Curve

» Determine weight at different relative humidities
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Macro Scale: Input Parameters

Diffusion Curve and Transfer Coefficient
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« Boundaries found in literature
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« Diffusion curve
« Bazant and MLS
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Macro Scale (45

Macro Scale: Fitting Results

« Evaporation experiments

+ Mortar specimens

« Water uptake for an hour

» Measurement of weight loss
over time

« Temperature dependent
measurements
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Macro Scale: Output

* Drying files
« Example: 50% relative humidity
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Micro Scale

35mm

Micro scale [jam]

Construction [m] Macro scale [mm]
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Micro Scale: HYMOSTRUC

« Simulate formation of microstructure

Craatedt by 8. Bruing St

Crmatest by 8. Bans St

-
aicrolab TUDelft

Deift University of Technology




Micro Scale (35

Micro Scale: Extentions

Simulating Evaporation

+ Standard HYMOSTRUC is a closed system

« Capillary water is reduced interpolated from this file

Fle Edit Format View Help \
b 1. 0000000
1 0.8434649 \
2 0.7987670
3 0.7651048 — 10 |
4 0.7391492
5 0.7181874 : /
5 0.7005549 L
7 0. 6853884 ! -
] 0.6720099 ;
9 0.6601110
10 0.6493835 :
11 0.6396424
12 0.6307028 :
13 0.6224414
ha 0.6147904 ;
15 0.6076819 ;
16 0.6053206
17 0.6037361 f
18 0. 6022441
19 0. 6008385 .
20 0.5995006 ~| 2 4,
51 03383367 ~
22 0. 597034 0 50 100 150 200 250 300 350 400 450 500 550 600 650
Fryd
%: =5 050 Time [hours ]
o o= *
5.
% bam 03 TUDelft
1 icrolab
4 ~ ~ Delft University of Technology

Micro Scale ¢4s)

Micro Scale: Extension

Simulating Rain

« Rain is modelled as saturation
« Rain fills all pores in 1 time step of the simulation
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Micro Scale: Extension
Rendering Output
« Rendering using POV-Ray for Windows 3.6
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Results

A model to simulate:

- the effects of relative humidity
- on the hydration process

- in the concrete cover
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Practical Applications ;e

Practical Applications

« Environments

« De Bilt, The Netherlands De Bilt Adelaide
+ Adelaide, Australia RH |80% 60%
« Comparison Rain | Every 68 hours | Every 98 hours

« Experimental results

* Relevance of curing time
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Practical Applications: Environments
The Netherlands DRY
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Practical Applications: Environments
The Netherlands RAIN
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Practical Applications: Environments
Australia DRY
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Practical Applications: Environments
Australia RAIN
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Practical Applications: Environments

Comparison Between The Netherlands and Australia

« Comparison between The Netherlands and Australia
« The case where there is rain
« Quter 1t centimeter

Distance from Edge Degree of Hydration - NL Degree of Hydration - AUS
Omm 0.42 0.16
5mm 0.64 0.54
10mm 0.70 0.63
Standard (no evaporation and no rain) 0.71
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Practical Applications (/g

Practical Applications: Experiments
Experimental Results
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Practical Applications: Curing
Relevance of Curing Time

* Curing time
+ Time in the mould
» Time with measurements against evaporation
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Recommendations

« Recommendations regarding:
« The model
« The input parameters for the model
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Recommendations: Model

+ Full coupling between Macro and Micro Scale
« For every time step

new time step

p Microstructure Development #1
Macro Scale Simulation Volume of Evaporated Water il Micro Scale Simulation #1 Time = t+1
Time=t During Time Step t at Point #1 Time =t
Microstructure Development #2
Volume of Evaporated Water Micro Scale Simulation #2 Time = t+1
During Time Step t at Point #2 Time=t
- Microstructure Development #..
Volume of Evaporated Water _ | Micro Scale Simulation #.. Time = t+1
Relative Humidity—— During Time Step t at Point #.. Time=t
Microstructure Development #n
Volume of Evaporated Water . Micro Scale Simulation #n Time = t+1
During Time Step t at Point #n Time =t
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Recommendations: Input Parameters

« Input Parameters for MLS as a Function of the Degree
of Hydration

« Fitting Data as a Function of the Degree of Hydration
« Material: Mortar versus Concrete
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