High Performance Concrete Engineering

Homework #3 (Deadline by 6pm on Oct 25'h)

Submission of hand-written homework will be accepted.

Total 100 marks

(a) What effect does increasing the rate of loading have on (i) concrete strength (ii) the
strain corresponding to peak stress? [10 marks]

(b) What does concrete response as described in the answer to Prob. (a)? [10 marks]

(c) What does the appearance of efflorescence on the surface of a structure imply? [10
marks]|

(d) What strategies could you adopt to minimize the corrosion of reinforcing steel in
concrete bridge decks? [10 marks]

(e) (Non-handwriting problem) Evaluate the prediction of chloride ion diffusion
coefficient (D) given by KCI. ACI. and fib. Use below measured data of diffusion
coefficients at specific dates to compute aging factor (m in KCI and ACL. a in fib) by
linear regression from equation (1).

Days 91 180 365 730 1095
D (10712 m?/s) 8.3 476 4.79 4.24 3.69
l’ n
_ ref
D(t)—Dw/. / Eq. (1)

Compute the prediction of chloride ion diffusion coefficient up to 100 years and
discuss the result based on the comparison of different standards. [30 marks]

(f) (Non-handwriting problem) Evaluate the expected service life of nuclear power plant
structure made of below concrete mix proportion based on KCI standard.

Stsrgsgth W/(C+P) | Water | Cement g;l); Sand C:Z;Se HWA | AEA
8 .

(Psi) (%) (Ib) (Ib) (Ib) (Ib) (Ib) (Ib) (Ib)

4,000 50 269 435 109 | 1,347 | 1,712 2.72 0.14




Cover depth: 75 mm

Ciim (kg/m*) = 1.289

Ci (kg/m®) = 0.05

Cs (kg/m*)=3.0

Dr (107> m?%/s) = 8.3 at 91 days

m = use obtained value from Prob. (e)

If you need additional information, use appropriate assumptions and specify them.
Also, attach relevant code or screen capture that you use for the computation.
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High Performance Concrete Engineering HW# 3

(e) (Non-handwriting problem) Evaluate the prediction of chloride ion diffusion
coefficient (D) given by KCL ACTL and fib. Use below measured data of diffusion
coefficients at specific dates to compute aging factor (m in KCI and ACI. a in fib) by
linear regression from equation (1).

Days 91 180 365 730 1095
D (1012 m?/s) 8.3 476 479 424 3.69

. tref“
D(t) =D,y i Eq. (1)

</

Compute the prediction of chloride ion diffusion coefficient up to 100 years and
discuss the result based on the comparison of different standards. [30 marks]

- The aging factor can be obtained by linear regression from equation (1) using the measured
data of diffusion coefficients.
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- The obtained aging factor is m=0.3528.
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Then. the prediction of chloride ion diffusion coefficient up to 100 years can be presented as
below (Assume k, =1.k, =1 , which denote the environmental and temperature effect.

respectively).

L . . -

Diffusion coefficient, m2/s
=

10-12 ‘
1072 107" 10° 10’ 102 \/
time, year

In the figure of the prediction of chloride ion diffusion coefficient, KCI shows much higher
value than other design standards, and others show exactly same results.

First of all, in cases of ACI and fib, the given equations of the prediction of chloride ion
diffusion coefficient are exactly same when the coefficients &, =1.k, =1.This makes the same

diffusion coefficient each other. If the effect of environmental and temperature effects being
significant, the diffusion coefficients obtained by fib will be higher than those obtained by ACI.
In case of KCI, it makes possible to design structures 111weﬂtaﬂv%—ill terms of the
corrosion by highly evaluating the diffusion coefficient.

v



High Performance Concrete Engineering HW# 3
Matlab code
(e)
High performance concrete engineering HW#3 - (e)
clc
clear
D= [8.3, 4.76, 4.79, 4.24, 3.69]*107-12; % m"2/s
t = [91, 180, 365, 730, 1095]; % days
Dref = D(1); % m"2/s
tref = t(l); % days
x = log((tref./t));
y = log(D./Dref);
mdl = fitlm(x,y,'y~x1-1"'); % linear regression
figure (1)
plot (mdl)
xlabel ('ln(t ref/t)")
ylabel ('1ln(D/D_ref)"')
title("' ")
grid on
m = table2array(mdl.Coefficients(1l,1))
time = linspace(0,100,10000); % year
tc = 30; % year
for i = l:length(time)
% KCL
if time(i) < tc
Dp(i,1) = Dref/(l-m).*(tref/365/time(i))."m; % m"2/s
else
Dp(i,1) = Dref/(l-m).*((l-m)+m* (tc/time(i)))*(tref/365/tc). " m;
m*2/s
end
ACI
Dt (i,1) = Dref*(tref./365./time(i))."m; % m"2/s
fib
ke = 1;
kt = 1;
At (i,1) = (tref/365./time(i))."m;
Dappc(i,1l) = ke*Dref*kt*At(i,1l); % m"2/s
end
figure(2)

KCI = loglog(time,Dp*365*24*60*60, 'r', 'linewidth', 2)
hold on

grid on

ACI = loglog(time,Dt*365*24*60*60,"'k', 'linewidth', 2)

fib = loglog(time, Dappc*365*24*60*60, 'm—-"', 'linewidth', 2)
xlabel ('time, year')

ylabel ('Diffusion coefficient, m"2/s')

ylim([107-5, 10"-2])
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(f) (Non-handwriting problem) Evaluate the expected service life of nuclear power plant
structure made of below concrete mix proportion based on KCI standard.

SPeC. | ywic+P) | Water | Cement | TV | sand | €% | HwA | AEA
Strength (%) (Ib) (Ib) ash (1b) Agg. (Ib) (Ib

(Psi) ; (Ib) (Ib) )

4.000 50 260 | 435 | 109 [1347| 1712 | 2.72 | 0.14

Cover depth: 75 mm

Cpim (kg/m?®) = 1.289

Ci (kg/m*) = 0.05

Cs (kg/m®) = 3.0

Dr (1072 m?/s) = 8.3 at 91 days

m = use obtained value from Prob. (e)

If you need additional information, use appropriate assumptions and specify them.
Also. attach relevant code or screen capture that you use for the computation.

- The concentration of chloride ion can be obtained by following equation on KCI
standard.

C,-C =(C, —c',)[l —e,;/'[ N JJ
2/D,1

- In this equation. the cover depth can be applied on the distance x.and D, can be
obtained as follows with the given values.

m=0.3528 (from Prob.(e))

m
—D”—(ILJ forr <t

l—m\ ¢

P D m
[
— N (1=m)+m=~| L | forrz1,
1 —m 1\ 1,

where, 1, =30 (year).

- Then, the minimum value of D, can be obtained from y, D, <¢ D, ., where
y,=1.11and ¢, =0.86. which denote environmental coefficient and durability

reduction factor of chloride attack.

7
(DA )mln = ZDI’
~D,=y.D,

where, 7 =1.0.
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- Therefore. the concentration of chloride ion, C,, can be obtained along with the

time.
- The expected service life is evaluated as the time when the concentration of chloride

ion reach the ¢, which means the time when the rebar corrosion starts with

hm

considering the environmental coefficients ( 7, ) and durability reduction factor (¢, )

of chloride attack as below.

}//r(‘ d = ¢A C hm

- The figure below shows ¢, along with the time and ¢—‘C =0.9987 .
/I

- As shown in the figure. the expected service life of nuclear power plant structure is

about 30 years. @

hm
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Matlab code
()

$% High performance concrete engineering HW#3 - (f)

cle

clear

load('hw3 e.mat')
phi k = 0.86;
gamma p = 1.11;

gamma_c = 1.0;

xd = 75*107-3; % m

Ci= 0.05; % kg/m"3

Cs = 3.0; % kg/m"3

Clim = 1.289; % kg/m"3

Dk min = (gamma_p/phi_k)*Dp; % m"2/s
Dd = gamma_c*Dk min; % m"2/s

Cd = Ci+(Cs-Ci).*(l-erf(xd./(2.*sqgrt(Dd'.* (time*365*24*60*60)))))

Cmax = phi k/gamma p*Clim;

Cmax_plot = Cmax*ones(length(time),1);

figure (1)

plot (time, Cd, 'linewidth',6 2)

hold on

plot (time,Cmax_plot, 'r--', 'linewidth’', 2)

xlabel ('time, year')

ylabel ('Concentration of chloride ion, kg/m"3"')
legend('Prediction', '\phi {K}/\gamma {P}C {lim}")
grid on




