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Appendix A: Materials Testing Procedures 
 

A.1: Coarse Aggregate 
Summary of ASTM C127 

Prior to testing, aggregate stockpile has been stored in 5-gallon 
buckets topped off with water. 

1) Pour aggregate into #8 sieve over sink, and then transfer from sieve to 
a towel. 

2) Stir rocks until saturated surface dry (SSD), with towel 
3) Divide the rocks into three piles  
4) Weigh the three piles in the submerged weight balance 
5) Put rocks back into pans and put them into the oven at 100°C. 
6) Remove the aggregate 24 hours later; let sit for an hour and then weigh 
 
Example: Slag (weight in grams) 
 
Trial 

 
1 

 
2 

 
3 

(a) SSD Weight 2989.9 2953.7 3289.9 
(b) Immersed Weight 1732.1 1711.1 1907.2  
(c) Pan + Rocks Weight 3921.6 3473.5 4749.4 
(d) Pan Weight 1017.9 590.1 1547.1 
(e) Dry Weight (d-c) 2903.7 2883.4 3202.3 
(f) Adsorption (a-e) 86.2 70.3 87.6 
(g) % Adsorption ((f/e) *100) 2.97 2.44 2.74 
(h) Bulk SPG (e/(a-b)) 2.31 2.32 2.32 
(i) Apparent SPG  (e/(e-b)) 2.48 2.46 2.47 
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A.2: Fine Aggregate  
Summary of ASTM C128 

Prior to testing, sand stockpile has been stored in 5-gallon buckets 
topped off with water. 

1) Put sand into pycnometers (pycs), then rinse the pycs into pan 
2) Refill the pycs to line with water and weigh them 
3) Get the sand SSD with a heat lamp 
4) Get weight for the empty pycs, the pycnometers filled with SSD sand, 

and then the pycs with the sand and water 
5) Agitate the pyc to get all of the air out of the sand, dip a paper towel in 

to get rid of bubbles.   
6) Put the sand in a pan and then put the pan in the oven at 100°C. 
7) Remove sand 24 hours later; let sit for an hour and then weigh. 

 
        Worksheet for sand (weight in grams) 

Trial 1 2 3 
(a) Pycnometer (pyc.) weight 208.6 209.3 224.7 
(b) Pyc. weight + sand  743.1 710.7 769.8 
(c) Pyc. Weight + sand + water 1042.3 1022.0 1065.4 
(d) Pyc. Weight + water, no 
sand 

702.9 704.4 718.3 

(e) Oven dried sand + pan 1551.0 1086.8 755.4 
(f) Pan weight 1020.9 589.9 212.8 
(g) Oven dry sand weight (e-f) 530.1 496.9 542.6 
(h) SSD weight 534.5 501.4 545.1 
(i) Adsorption (h-g) 4.4 4.5 2.5 
(j) % Adsorption ((i/g)*100) 0.83 0.91 0.46 
(k) Bulk SPG  2.74 2.73 2.75 
(l) Apparent SPG 2.78 2.77 2.78 
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Appendix B: Concrete Mix Procedure 
 
Example of the worksheet used to determine the concrete mix using the 
carbonate aggregate.   
 
B.1: Coarse Aggregate Worksheet (in preparation for mix day) 
 
1)   Thoroughly mix the aggregate stockpile. 
 
2)   Fill in the required kg of dry coarse aggregate (from mix design) 
 (a) 34.13 kg 
 
 
3)   Estimate the moisture in the stockpile (usually between 0.5 to 1.0%, the 

true moisture         value will be determined later). 
  (b) 0.6% 
 
4)   Determine mass of “moist” coarse aggregate needed from stockpile based 

on estimation (b). 
  (c)  = -a/((b/100)-1) = 34.34 
 
5)   Prepare coarse aggregate for mixing the next day: split the value from “c” 

between two buckets, weigh them, and then top the buckets off with water 
and cover them securely (with lids in which small holes have been 
drilled).  The wet weights will be determined the following day.   

        
  
 
 
 
 
 
 
 

   g = (e-d) = c     h = (f-d) 
 

6) Prepare coarse aggregate for a “butter batch” by filling a bucket with half 
of the value     listed for (c).  After weighing, top off the bucket with water 
and cover with a hole-punched top. 
 

kg Bucket 
Weight  

kg Moist 
(including 
bucket) 

(i) 0.985 (j)  5.380 
 (k) 4.395 

k = (j-i) = c/2 

 Bucket 
Weight 

kg Moist 
(including 
bucket) 

kg Wet 
(including 
bucket) 

Bucket 1 0.825 17.995 17.785 
Bucket 2 1.000 18.17 18.990 
Sum (d) 1.825 (e) 36.165 (f) 37.775 
 (g) 34.34 (h) 35.95 
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7) Determine true moisture value by drying a ~3 kg sample of stockpile 
coarse aggregate in an oven at 100○C overnight.  Re-weigh the following 
day. 

 
 

Pan Weight (g) 

g Moist 
(including 
pan)  

g Dry 
(including 
pan)  

(m) 573.4 (n) 2570.4 (o) 2569.7 

 (p) 1997 (q) 1996.3 
  p = (n-m)            q = (o-m) 

 
Percent Moisture: (r) = ((p-q)/q)*100 = 0.04% 
 
 

B.2: Fine Aggregate Worksheet (in preparation for mix day) 
 
1) Thoroughly mix the stockpile. 
 
2) Fill three to four buckets with sand from the stockpile, and then transfer 

the buckets into the cement mixer.  With the cement mixer mixing, spray 
sand with water, making it SLIGHTLY damp.  Mix for 10 to 20 minutes. 

 
3) Transfer the sand back to the buckets and cover tightly. 
 
 
4) Determine the moisture in the sand by taking a representative ~1 kg 

sample from the buckets in step 3, and drying it in a 100○C oven 
overnight. 

   

Pan Weight (g) 

g Moist 
(including 
pan)  

g Dry 
(including 
pan)  

(a) 590.5 (b) 1761.6 (c) 1743.0 

 (d) 1171.4 (e) 1152.8 
  d = (b-a)            e = (c-a) 

 
Percent Moisture: (f) = ((d-e)/e)*100 = 1.61% 
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B.3: Mix Day 
 

1) Fill in the required weight of the dry fine aggregate from the mix design: 
(g) = 34.12 
 

2)   Determine the weight of moist sand required for the concrete batch, and 
fill several buckets with exactly that amount (h) (tightly seal buckets to 
prevent moisture loss): 

 (h) = -g/((f/100)-1) = 34.68   
 
3)   Determine the weight of the moist sand required for a butter batch.  

Prepare a bucket to contain that exact weight of sand (i):  
   (i) = h/2 = 4.46  
 
4)   Determine the SSD weight of the sand (use the %absorption value for the 

sand). 
   (j) 0.73% (from previous tests) 
   (k) = g + ((g*j)/100) = 34.37 
 
6)  Determine the amount of free water from the moist sand: 
   (m) = h-k = 0.31 
 
7)   Overturn the two buckets containing the coarse aggregate, and the butter 

bucket containing the coarse aggregate, and allow the water to drain 
through the small holes drilled in the lids.  Allow for about ½ hour of 
draining, agitating the bucket periodically. 

 
8)   After draining, weight the buckets, and finish filling out the tables from 

steps 5 and 6. 
 
9)   Determine the dry weight of the aggregate (the value should be +/- 1 kg of 

(a)). 
  (s) = g – (g*r)/100 = a = 34.33 
 
10)  Determine the SSD weight of the aggregate (using the %absorption value 

previously determined): 
  (t) = 2.31% (absorption value for aggregate, previously 

determined) 
  (u) SSD weight u = ((t*s)/100) + s = 35.12 
 
11)  Determine the amount of water absorbed by the aggregate 
  (v) = u-g = 0.78 
 
12)  Determine the amount of free water from the wet coarse aggregate 
       (w) = h-u-v = 0.78 
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13)  Put the lids back on the buckets. 
 
15)  Calculate the amount of water needed to make the concrete batch 
  (a) kg of free water from the mix design = 6.58 

 (b) kg of water needed for the concrete batch, after correcting for free 
water from the sand & rock 

  b = a – w – m = 6.58- 1.05- 0.24 
  w is from the coarse aggregate worksheet 
  m is from the fine aggregate worksheet 
 

16)  Calculate the amount of water you will need to make the butter batch 
  c = b/2 
 
17)  Dampen the interiors of containers that will be used to weigh the mix 

water, and tare the containers in their dampened state.  Then weigh out the 
amount of water needed. 

 
18)  Weigh out the amount of cement powder needed from the mix design 
  (d)= 11.96 
 
19)  Weigh out the amount of cement powder needed for the butter batch 
  (e) = 1.54 = 11.96/7.77; (11.96*0.162) 
 
20)  Determine the amount of air-entrainer needed for the concrete batch, and 
add this amount to the mix water: 
  (f) = (25*d)/45 = 6.64 
 
21)  Determine the amount of air-entrainer needed for the butter batch, and 
add this amount to the mix water 
  (g) = f/2 = 0.86 = 6.64/7.77 
 
22)  Make the butter batch first.  Start the mixer, add the coarse aggregate to 
the mixer first, then the fine aggregate, then the cement, and finally the water.  
Mix for 2 minutes.  Allow the mixer to rest for 3 minutes, and then mix again 
for another 3 minutes. 
 

23) Make the cylinders. 
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Appendix C. Acetate and Glucose Media Incubations 
 
 Concrete subjected to the same treatment had a similar appearance 

post-incubation regardless of the aggregate type.  This appendix contains the 

images of the other two aggregate types that were not highlighted in chapter 4.   

 
               a. 

 
               b. 
Figure C.1.  GC Cylinders.   Corresponds to figure 4.1a.  a) carbonate 
aggregate, b) natural gravel aggregate.   
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               a. 

 
               b. 
Figure C.2.  AcC Cylinders.   Corresponds to figure 4.1b.  a) slag aggregate, 
b) natural gravel aggregate.   
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   a. 

 
   b. 
 Figure C.3.  Magnified Images of the Surface of the GC.  Corresponds to 
figure 4.2a, a) carbonate aggregate, b) slag aggregate. 
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   a. 

 
   b. 
Figure C.4.  Magnified Images of the Surface of the AcC.  Corresponds to 
figure 4.2b, a) carbonate aggregate, b) natural gravel aggregate.       
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  a. 

    
  b. 
Figure C.5.  Thin-sections of the Control Cylinders.  Corresponds to figure 
4.5, a) carbonate aggregate, b) natural gravel aggregate.   
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  a. 

    
   b. 
Figure C.6.  Petrographic Thin-Sections of the GC Fracture Surface.  
Corresponds to figure 4.6, a) slag aggregate, b) natural gravel aggregate. 
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  a. 

    
  b. 
Figure C.7.  Detailed Image of the GC.  Corresponds to figure 4.7, a) 
carbonate aggregate, b) natural gravel aggregate. 
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               a. 

  
               b. 
Figure C.8.  X-Ray Energy Maps of the GC.  Corresponds to figure 4.8, a) 
carbonate aggregate, b) natural gravel aggregate.   
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               a. 

 
               b. 
Figure C.9.  Back Scatter Images of GC.  Corresponds to figure 4.9, a) slag 
aggregate, b) natural gravel aggregate.   
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  a. 

    
  b. 
Figure C.10.  Thin-sections of the AcC.  Corresponds to Figure 4.11, a) 
carbonate aggregate, b) natural gravel aggregate.   
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                a. 

 
                b. 
Figure C.11.  X-Ray Energy Maps of the AcC.  Corresponds to figure 4.12, 
a) carbonate aggregate, b) slag aggregate.    
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Appendix D: Data 
 

 The following section contains the raw data for the weights of the 
cylinders, as well as the pH of the GC and AcC systems during their 
incubations.   
 
Table D.1.  Mean Mass Difference of GC and AcC Before and After 
Treatment.    As indicated by the range, this data is highly variable.  According to the 
averages the GC cylinders lost less weight than their AcC counterparts.  Because some of the 
ranges overlap, it is unknown if this difference is significant.  The surface area on the 
specimens differed, which is the likely origin of the large disparity between values.  

 

Mean 
Difference 
(kg) 

+/- Range 
From Mean 

(kg) 
NG GC 63.83 3.77/3.63 
LS GC 52.83 7.37/14.63 
SL GC 65.87 51.73/37.77 
   
NG AcC 124.57 128.23/67.27 
LS AcC 81.77 61.33/38.47 
SL AcC 92.97 45.83/81.57 

 
Table D.2.  Mean Mass Difference of A, AF, and AFB concrete before and 
after treatment.    The range of this data is quite small.  The surface areas were more 
consistent in this case.   
 NG range (+) range (-) LS range(+) range(-) S range(+) range(-) 
A 3.7 0.3 0.3 3.67 0.33 0.37 2.17 0.33 0.37 
AF 4.63 0.57 0.43 3.93 0.57 0.33 2.23 0.07 0.03 
AFB 3.5 0.3 0.4 4.17 0.73 0.87 2.33 0.27 0.43 
 
 
 The following tables and figures show the pH data from these 
experiments.  Figure D.1 shows the range for all of the pH measurements 
taken from each replicate.  Tables C.2-C.4 show the z-scores of the five data 
points at each time point for all three replicates of a given aggregate type.  The 
raw pH data is given in the tables following the z-scores.  The time is given in 
days.  Between the five measurements, the standard deviation is relatively 
low.  Generally, the values lie between 1 to 1.5 standard deviations from the 
mean.   In many cases the readings were identical for a given system.  For the 
first couple of weeks for both medias the pH was taken with pH paper when 
the system appeared biologically inactive and inclined toward high pH.  Thus, 
those values indicated with an (*) in the tables following the z-scores were 
taken with pH paper.  Although accurate, the precision is subjective and thus 
the actual value of the pH could be ~+/- 0.5 pH units.  For figure 3.20, the pH 
values were rounded up; and the alkalinity threshold is at 10 for the glucose 
media and 9 for the acetate.    
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    a. 
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    b. 
Figure D.1.  a) Range of pH measurements for all nine of the concrete 
cylinders in the glucose media.  b) range of the pH measurements for all nine 
of the concrete cylinders in the acetate media. 
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Table D.3.  Z-Scores NG GC 
1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 

-0.82 1.63 -0.82     -1.41 1.41 0.00     -0.48 1.59 -1.11     
-1.44 1.39 0.05     1.08 0.53 -1.60     0.37 1.19 -1.56     
1.17 0.72 -1.41 -0.29 -0.18 -0.55 1.59 0.20 -0.19 -1.05 0.89 0.63 0.67 -1.07 -1.11 
n/a n/a n/a n/a n/a 1.04 1.04 -0.45 -1.19 -0.45 n/a n/a n/a n/a n/a 
n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 
n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 
n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 
n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 
n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 
n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 

0.73 0.73 -1.10 0.73 -1.10 -1.57 -0.45 0.67 0.67 0.67 0.18 0.18 -1.64 1.10 0.18 
0.00 0.00 -0.53 1.60 -1.07 -1.19 1.09 -0.18 0.96 -0.68 1.27 -1.00 -0.32 0.82 -0.77 

-1.08 0.58 1.00 0.58 -1.08 -0.90 0.30 1.51 0.00 -0.90 -1.00 -0.58 1.08 -0.58 1.08 
-1.77 0.37 0.37 0.67 0.37 -0.55 -0.71 1.60 0.37 -0.71 -0.96 -0.96 1.23 0.79 -0.09 
-0.73 -0.73 -0.73 1.10 1.10 0.00 0.00 -0.82 1.63 -0.82 0.73 0.73 -1.10 0.73 -1.10 
0.73 -1.10 0.73 0.73 -1.10 1.10 -0.73 -0.73 1.10 -0.73 0.73 -1.10 0.73 -1.10 0.73 

1 1 
-8.9E-

14 -1 -1 1.74 -0.19 -0.19 -0.68 -0.68 1 -1 0 -1 1 
-0.96 1.43 0.24 0.24 -0.96 1.43 0.24 -0.96 0.24 -0.96 -0.96 0.24 1.43 0.24 -0.96 

-1.10 0.73 0.73 0.73 -1.10 -1 1 
8.9E-

14 -1 1 -0.67 1.57 0.45 -0.67 -0.67 
n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a -0.45 -0.45 -0.45 1.79 -0.45 

-1.71 0.26 0.26 0.26 0.92 -1.34 -0.76 0.41 0.70 0.99 0.00 0.00 -1.41 1.41 0.00 
-1.41 0.00 0.00 1.41 0.00 -1.69 0.61 -0.15 0.61 0.61 -0.73 1.10 -0.73 -0.73 1.10 
1.48 -0.54 0.13 -1.21 0.13 n/a n/a n/a n/a n/a -1.40 -0.53 0.35 0.35 1.23 
0.45 0.45 0.45 0.45 -1.79 1.40 0.53 -0.35 -0.35 -1.23 n/a n/a n/a n/a n/a 
n/a n/a n/a n/a n/a 1.41 0.00 0.00 0.00 -1.41 -0.67 -0.67 -0.67 1.57 0.45 

0.45 -1.79 0.45 0.45 0.45 1.10 -0.73 -0.73 -0.73 1.10 -1.79 0.45 0.45 0.45 0.45 
1.5 0.5 -0.5 -0.5 -1 0.00 1.63 -0.82 -0.82 0.00 -1.01 -0.38 -0.59 1.51 0.46 

-1.79 0.45 0.45 0.45 0.45 n/a n/a n/a n/a n/a -0.73 -0.73 -0.73 1.10 1.10 
-0.73 1.10 -0.73 1.10 -0.73 1.41 0.00 -1.41 0.00 0.00 0.00 1.41 -1.41 0.00 0.00 
1.79 -0.45 -0.45 -0.45 -0.45 -0.45 -0.45 -0.45 -0.45 1.79 0.45 0.45 -1.79 0.45 0.45 
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Table D.4.  Z-Scores C GC 
1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
-1.31 -0.19 1.50     0.31 1.23 -1.54     0.74 -1.63 0.89     
-1.07 1.60 -0.54     0.25 1.27 -1.52     1.59 -1.11 -0.48     
0.19 0.14 1.43     -1.36 -0.33 -0.16 0.52 1.32 1.78 -0.43 -0.64 -0.31 -0.40 

n/a n/a n/a n/a n/a 0.83 1.24 -0.62 -0.31 -1.14 n/a n/a n/a n/a n/a 
n/a n/a n/a n/a n/a 1.16 -0.11 -1.56 0.07 0.44 n/a n/a n/a n/a n/a 
n/a n/a n/a n/a n/a -0.50 0.74 -0.96 -0.65 1.36 n/a n/a n/a n/a n/a 
n/a n/a n/a n/a n/a -1 0 -1 1 1 n/a n/a n/a n/a n/a 
n/a n/a n/a n/a n/a 1.41 0.71 -0.71 -0.71 -0.71 n/a n/a n/a n/a n/a 
n/a n/a n/a n/a n/a 0.45 0.45 0.45 -1.79 0.45 n/a n/a n/a n/a n/a 
n/a n/a n/a n/a n/a 0.24 -0.96 1.43 0.24 -0.96 n/a n/a n/a n/a n/a 
-1.69 0.61 -0.15 0.61 0.61 -1.10 0.73 0.73 0.73 -1.10 -1.41 -0.71 0.71 0.71 0.71 
0.86 -1.66 0.35 -0.15 0.60 1.74 -0.64 -0.64 -0.40 -0.05 1.77 -0.49 -0.23 -0.53 -0.53 

-0.24 0.96 -1.43 -0.24 0.96 -1.19 -0.45 1.04 -0.45 1.04 -1.06 0.92 0.26 0.92 -1.06 
-0.90 -0.90 1.51 0.30 0.00 -1 1 -1 0 1 1.43 -0.96 0.24 -0.96 0.24 
-0.73 -0.73 1.10 -0.73 1.10 1.41 0.00 -1.41 0.00 0.00 1.10 -0.73 -0.73 1.10 -0.73 
1.43 0.24 0.24 -0.96 -0.96 0.96 -0.24 0.96 -1.43 -0.24 1.40 -0.35 0.53 -1.23 -0.35 

-1.45 -0.16 -0.16 0.49 1.27 0.24 -0.96 -0.96 0.24 1.43 1.43 0.24 0.24 -0.96 -0.96 
0.45 -1.79 0.45 0.45 0.45 -0.73 1.10 -0.73 -0.73 1.10 -1.10 0.73 -1.10 0.73 0.73 

-1.10 0.73 -1.10 0.73 0.73 0.89 0.89 0.89 0.89 0.89 n/a n/a n/a n/a n/a 
0.73 -1.10 0.73 -1.10 0.73 1.79 -0.45 -0.45 -0.45 -0.45 -1.10 0.73 0.73 0.73 -1.10 

-1.23 -0.79 0.96 0.96 0.09 -0.96 1.43 0.24 0.24 -0.96 -1.43 -0.24 -0.24 0.96 0.96 
n/a n/a n/a n/a n/a 0.24 -0.96 -0.96 0.24 1.43 -1.08 -0.86 1.40 0.27 0.27 
-1.70 0.73 0.12 0.12 0.73 1.40 0.53 -0.35 -1.23 -0.35 -1.63 0.00 0.82 0.82 0.00 
1.41 0.00 0.00 0.00 -1.41 n/a n/a n/a n/a n/a 1.79 -0.45 -0.45 -0.45 -0.45 

n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 1.79 -0.45 -0.45 -0.45 -0.45 
n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 
-0.33 -0.88 1.32 0.77 -0.88 -0.96 -0.96 -0.16 1.04 1.04 -1.76 0.27 0.27 0.61 0.61 
-1.10 -1.10 0.73 0.73 0.73 -1.10 -1.10 0.73 0.73 0.73 1.43 -0.96 0.24 -0.96 0.24 
1.19 0.45 0.45 -1.04 -1.04 1.10 -0.73 -0.73 1.10 -0.73 1.41 0.00 -1.41 0.00 0.00 
1.10 -0.73 -0.73 1.10 -0.73 0.96 -0.24 0.96 -0.24 -1.43 1.79 -0.45 -0.45 -0.45 -0.45 
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Table D.5.  Z-Score S GC 

1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
-1.13 1.59 -0.45     -1.59 0.45 1.13     -0.45 -1.13 1.59     
1.29 0.22 -1.51     0.34 1.22 -1.55     0.91 0.72 -1.63     

-0.37 -1.00 -0.50 0.28 1.59 -0.73 -0.75 -0.71 1.18 1.00 -0.96 -1.07 0.11 0.78 1.14 
n/a n/a n/a n/a n/a 0.89 0.69 0.40 -0.45 -1.54 n/a n/a n/a n/a n/a 
n/a n/a n/a n/a n/a -1.44 1.29 -0.25 -0.04 0.45 n/a n/a n/a n/a n/a 
n/a n/a n/a n/a n/a -1.09 -0.18 -0.36 1.63 0.00 n/a n/a n/a n/a n/a 
n/a n/a n/a n/a n/a -0.47 -0.46 -0.39 -0.46 1.79 n/a n/a n/a n/a n/a 
n/a n/a n/a n/a n/a 1.38 -0.15 0.61 -0.92 -0.92 n/a n/a n/a n/a n/a 
n/a n/a n/a n/a n/a 1.34 0.27 0.27 -0.53 -1.34 n/a n/a n/a n/a n/a 
n/a n/a n/a n/a n/a 1.43 0.24 0.24 -0.96 -0.96 n/a n/a n/a n/a n/a 

0.96 0.96 -0.24 -1.43 -0.24 -0.24 -1.43 0.96 0.96 -0.24 -0.45 -1.57 0.67 0.67 0.67 
-1.41 1.41 0.00 0.00 0.00 -0.17 -1.50 0.02 1.25 0.40 -0.77 -1.04 -0.13 1.43 0.51 
0.82 0.00 0.82 -1.63 0.00 -0.24 -1.43 0.96 -0.24 0.96 n/a n/a n/a n/a n/a 

-1.70 0.73 0.12 0.12 0.73 0.58 -1.08 1.00 -1.08 0.58 -0.44 -0.27 1.78 -0.61 -0.44 
0.73 -1.10 0.73 -1.10 0.73 n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 
1.23 0.35 0.35 -0.53 -1.40 1.38 0.61 -0.92 -0.15 -0.92 1.43 0.24 -0.96 0.24 -0.96 

-1.29 0.55 -0.83 1.01 0.55 -0.58 -0.58 0.00 1.73 -0.58 -1.00 -1.00 0.00 1.00 1.00 
-0.24 -1.43 -0.24 0.96 0.96 -1.41 0.00 0.00 1.41 0.00 -1.40 -0.53 0.35 1.23 0.35 
0.73 -1.10 0.73 -1.10 0.73 -1.26 -0.63 0.00 0.63 1.26 0.89 0.89 0.89 0.89 0.89 
0.18 0.18 -1.64 0.18 1.10 n/a n/a n/a n/a n/a -1.10 0.73 0.73 0.73 -1.10 
0.45 0.45 -1.79 0.45 0.45 -1.77 0.59 0.29 0.59 0.29 1.10 -0.73 1.10 -0.73 -0.73 

-1.43 0.96 -0.24 0.96 -0.24 -1.10 0.73 -1.10 0.73 0.73 -1.71 0.26 0.26 0.26 0.92 
-1.41 0.00 1.41 0.00 0.00 1.62 0.32 -0.65 -0.65 -0.65 1.79 -0.45 -0.45 -0.45 -0.45 
0.73 -1.10 0.73 -1.10 0.73 -0.96 0.24 -0.96 0.24 1.43 -1.79 0.45 0.45 0.45 0.45 

n/a n/a n/a n/a n/a 0.73 -1.10 0.73 -1.10 0.73 n/a n/a n/a n/a n/a 
-1.10 -1.10 0.73 0.73 0.73 -1.43 -0.24 -0.24 0.96 0.96 -0.45 -0.45 -0.45 -0.45 1.79 
0.24 -0.96 -0.96 0.24 1.43 0.73 -1.10 0.73 -1.10 0.73 -1.29 -0.83 1.01 0.55 0.55 

-0.89 -1.26 0.96 0.59 0.59 -1.57 -0.45 0.67 0.67 0.67 0.73 -1.10 0.73 0.73 -1.10 
-1.79 0.45 0.45 0.45 0.45 n/a n/a n/a n/a n/a 0.89 0.89 0.89 0.89 0.89 

n/a n/a n/a n/a n/a -1.79 0.45 0.45 0.45 0.45 n/a n/a n/a n/a n/a 
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Table D.6.  Z-Scores NG AcC 
1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 

0.73 0.73 -1.10 -1.10 0.73 -0.73 -0.73 1.10 1.10 -0.73 1.79 -0.45 -0.45 -0.45 -0.45 
-0.61 1.08 1.08 -0.61 -0.95 -0.73 1.10 1.10 -0.73 -0.73 -1.66 0.42 0.94 0.42 -0.10 
n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 
n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 
n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 
n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 
n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 
n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 
-1.74 0.68 0.19 0.19 0.68 -0.73 1.10 1.10 -0.73 -0.73 0.96 -0.24 -0.24 0.96 -1.43 
1.34 0.73 -0.49 -1.10 -0.49 -1.26 -0.63 0.00 0.63 1.26 -0.79 1.54 -0.43 -0.79 0.46 

-1.41 0.00 0.00 1.41 0.00 -1.38 -0.61 0.92 0.15 0.92 -1.79 0.45 0.45 0.45 0.45 
-0.73 -0.73 1.10 -0.73 1.10 0.24 1.43 -0.96 0.24 -0.96 -0.73 1.10 -0.73 1.10 -0.73 
-1.40 -0.53 0.35 0.35 1.23 0.73 -1.10 0.73 0.73 -1.10 -0.45 -0.45 -0.45 -0.45 1.79 
-1.33 -0.82 0.72 0.72 0.72 -1.57 -0.45 0.67 0.67 0.67 -0.73 1.10 1.10 -0.73 -0.73 
-0.73 -0.73 1.10 1.10 -0.73 -0.73 1.10 -0.73 1.10 -0.73 -1.51 0.00 0.90 -0.30 0.90 
0.73 -1.10 0.73 -1.10 0.73 -1.10 0.73 -1.10 0.73 0.73 0.45 -1.79 0.45 0.45 0.45 

-0.73 -0.73 -0.73 1.10 1.10 -1.43 -0.24 0.96 -0.24 0.96 -0.73 -0.73 -0.73 1.10 1.10 
-1.64 0.18 0.18 1.10 0.18 0.42 -1.79 0.49 0.45 0.42 n/a n/a n/a n/a n/a 
-1.43 -0.24 0.96 0.96 -0.24 -1.43 -0.24 0.96 -0.24 0.96 -1.63 0.00 0.00 0.82 0.82 
-0.45 -0.45 -0.45 -0.45 1.79 -1.23 -0.35 -0.35 0.53 1.40 1.10 -0.73 -0.73 1.10 -0.73 
-1.41 0.00 0.00 0.00 1.41 -1.79 0.45 0.45 0.45 0.45 -1.10 -1.10 0.73 0.73 0.73 
-1.57 -0.45 0.67 0.67 0.67 -1.29 -0.88 0.72 0.72 0.72 -0.73 -0.73 1.10 -0.73 1.10 
-1.79 0.45 0.45 0.45 0.45 -1.38 -0.61 0.15 0.92 0.92 -1.57 -0.45 0.67 0.67 0.67 
-0.73 -0.73 1.10 -0.73 1.10 -1.10 0.73 0.73 0.73 -1.10 -0.73 -0.73 1.10 -0.73 1.10 
0.67 -1.57 -0.45 0.67 0.67 -0.73 1.10 -0.73 1.10 -0.73 -1.10 -1.10 0.73 0.73 0.73 

-0.01 0.00 0.00 0.00 0.00 0.00 0.00 -0.01 0.00 0.00 -0.01 0.00 0.00 0.00 0.00 
-1.79 0.45 0.45 0.45 0.45 -1.79 0.45 0.45 0.45 0.45 -1.38 -0.61 0.15 0.92 0.92 
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Table D.7.  Z-Scores C AcC 
1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 

1.43 -0.96 -0.96 0.24 0.24 1.63 0.00 0.00 -0.82 -0.82 0.73 0.73 -1.10 -1.10 0.73 
-1.43 0.96 -0.24 0.96 -0.24 -0.73 1.10 1.10 -0.73 -0.73 n/a n/a n/a n/a n/a 
n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 
n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 
n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 
n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 
n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 
n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 0.92 0.92 0.15 -0.61 -1.38 
-0.96 -0.96 0.24 1.43 0.24 -0.67 0.45 -0.67 1.57 -0.67 -1.43 0.96 -0.24 0.96 -0.24 
-1.10 -1.10 0.73 0.73 0.73 -1.44 -0.58 0.29 0.87 0.87 -0.94 -0.42 -0.42 0.10 1.66 

-1 -1 
1.8E-

13 1 1 -1.40 -0.53 0.35 0.35 1.23 -1.79 0.45 0.45 0.45 0.45 
n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a -1.57 -0.45 0.67 0.67 0.67 
-1.10 -1.10 0.73 0.73 0.73 -0.73 -0.73 -0.73 1.10 1.10 -0.92 -0.92 1.38 0.61 -0.15 
-1.26 -0.63 0.00 0.63 1.26 -1.10 -1.10 0.73 0.73 0.73 0.00 0.00 -1.41 1.41 0.00 
-0.82 0.00 0.00 -0.82 1.63 n/a n/a n/a n/a n/a -1.10 -1.10 0.73 0.73 0.73 
-0.73 1.10 -0.73 1.10 -0.73 -1.10 0.73 0.73 -1.10 0.73 -0.92 -0.92 -0.15 0.61 1.38 
-0.73 -0.73 -0.73 1.10 1.10 -1.57 -0.45 0.67 0.67 0.67 -1.79 0.45 0.45 0.45 0.45 
-1.33 -0.82 0.72 0.72 0.72 -1.10 -1.10 0.73 0.73 0.73 -1.43 -0.24 -0.24 0.96 0.96 
-0.45 -0.45 -0.45 -0.45 1.79 -1.10 0.73 0.73 0.73 -1.10 0.73 0.73 -1.10 0.73 -1.10 
-0.45 -0.45 -0.45 -0.45 1.79 1.04 -1.19 -0.45 1.04 -0.45 -0.73 1.10 -0.73 -0.73 1.10 
-1.63 0.00 0.00 0.82 0.82 -1.43 -0.24 -0.24 0.96 0.96 -1.57 -0.45 0.67 0.67 0.67 
-0.73 1.10 -0.73 -0.73 1.10 -1.79 0.45 0.45 0.45 0.45 n/a n/a n/a n/a n/a 
-1.79 0.45 0.45 0.45 0.45 -1.10 0.73 0.73 -1.10 0.73 -1.43 -0.24 0.96 -0.24 0.96 
-1.79 0.45 0.45 0.45 0.45 n/a n/a n/a n/a n/a -1.41 -0.71 0.71 0.71 0.71 
0.45 -1.79 0.45 0.45 0.45 -1.57 -0.45 0.67 0.67 0.67 0.67 -1.57 0.67 -0.45 0.67 
0.73 -1.10 -1.10 0.73 0.73 1.01 1.01 -1.23 -0.67 -0.11 n/a n/a n/a n/a n/a 

-1.10 0.73 0.73 -1.10 0.73 -0.73 -0.73 1.10 -0.73 1.10 n/a n/a n/a n/a n/a 
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Table D.8.  Z-Scores S AcC 
1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 

0.73 -1.10 0.73 -1.10 0.73 -1.10 0.73 -1.10 0.73 0.73 -0.67 0.45 1.57 -0.67 -0.67 
1.10 -0.73 1.10 -0.73 -0.73 1.43 0.24 -0.96 0.24 -0.96 0.73 -1.10 -1.10 0.73 0.73 

n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 
n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 
n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 
n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 
n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 
n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 
-1.40 0.35 0.35 -0.53 1.23 -1.10 -0.49 -0.49 0.73 1.34 -0.45 1.79 -0.45 -0.45 -0.45 
0.42 0.43 0.47 0.47 -1.79 -1.43 -0.24 -0.24 0.96 0.96 -1.71 0.85 0.00 0.43 0.43 

-0.67 -0.67 0.45 1.57 -0.67 -1.43 -0.24 0.96 0.96 -0.24 -1.10 0.73 0.73 -1.10 0.73 
n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a -1.10 0.73 0.73 -1.10 0.73 
-1.10 0.73 0.73 -1.10 0.73 -0.73 1.10 -0.73 1.10 -0.73 -1.41 0.00 0.00 0.00 1.41 
-1.10 -0.18 -0.18 -0.18 1.64 -1.79 0.45 0.45 0.45 0.45 -1.43 -0.24 -0.24 0.96 0.96 
0.89 0.89 0.89 0.89 0.89 -0.73 -0.73 -0.73 1.10 1.10 -0.89 -0.89 -0.89 -0.89 -0.89 

-1.79 0.45 0.45 0.45 0.45 -0.73 1.10 -0.73 1.10 -0.73 -1.79 0.45 0.45 0.45 0.45 
n/a n/a n/a n/a n/a -1.79 0.45 0.45 0.45 0.45 0.00 -1.41 0.00 0.00 1.41 
-1.38 -0.61 0.15 0.92 0.92 n/a n/a n/a n/a n/a -0.73 1.10 -0.73 1.10 -0.73 
-1.79 0.45 0.45 0.45 0.45 n/a n/a n/a n/a n/a -0.72 0.82 -0.72 -0.72 1.33 
-0.73 -0.73 -0.12 -0.12 1.70 -1.41 0.00 1.41 0.00 0.00 -1.10 0.73 -1.10 0.73 0.73 
-0.73 -0.73 -0.73 1.10 1.10 -0.73 -0.73 1.10 1.10 -0.73 -1.79 0.45 0.45 0.45 0.45 
0.00 -1.41 0.00 0.00 1.41 0.73 -1.10 0.73 -1.10 0.73 -1.19 -0.45 -0.45 1.04 1.04 

-1.41 0.00 0.00 1.41 0.00 -1.10 -1.10 0.73 0.73 0.73 -1.26 0.00 -0.63 1.26 0.63 
-1.00 -1.00 0.00 1.00 1.00 -1.00 0.00 1.00 -1.00 1.00 -0.73 1.10 -0.73 1.10 -0.73 
-1.57 -0.45 0.67 0.67 0.67 1.10 -0.73 1.10 -0.73 -0.73 -1.57 0.67 -0.45 0.67 0.67 
-1.10 0.73 0.73 -1.10 0.73 -0.89 -0.89 -0.89 -0.89 -0.89 -1.32 -0.77 0.88 0.88 0.33 
-0.73 -0.73 -0.73 1.10 1.10 -1.79 0.45 0.45 0.45 0.45 n/a n/a n/a n/a n/a 
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Table D.9.  NGAc, 1 
Time 1 2 3 4 5 Mean 

0.5 6.75 6.75 6.74 6.74 6.75 6.75 
1 8.82 8.87 8.87 8.82 8.81 8.84 
3 9* 9* 9* 9* 9* 9 
6 9* 9* 9* 9* 9* 9 
8 9* 9* 9* 9* 9* 9 

10 9* 9* 9* 9* 9* 9 
16 9* 9* 9* 9* 9* 9 
17 9* 9* 9* 9* 9* 9 

17.5 6.6 6.65 6.64 6.64 6.65 6.64 
18 7.39 7.38 7.36 7.35 7.36 7.37 
23 9.41 9.42 9.42 9.43 9.42 9.42 
37 9.35 9.35 9.36 9.35 9.36 9.35 
33 8.91 8.92 8.93 8.93 8.94 8.93 

33.5 6.67 6.68 6.71 6.71 6.71 6.70 
34 7.44 7.44 7.45 7.45 7.44 7.44 
35 8.1 8.09 8.1 8.09 8.1 8.10 
41 9.08 9.08 9.08 9.09 9.09 9.08 
45 9.18 9.2 9.2 9.21 9.2 9.20 
51 9.31 9.32 9.33 9.33 9.32 9.32 

51.5 6.67 6.67 6.67 6.67 6.68 6.67 
52 7.48 7.49 7.49 7.49 7.5 7.49 
55 8.98 8.99 9 9 9 8.99 
63 9.19 9.2 9.2 9.2 9.2 9.20 
70 9.33 9.33 9.34 9.33 9.34 9.33 

70.5 6.83 6.81 6.82 6.83 6.83 6.82 
71 7.16 7.17 7.19 7.19 7.19 7.18 
84 9.19 9.2 9.2 9.2 9.2 9.20 
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Table D.10.  NGAc, 2 
Time 1 2 3 4 5 Mean 

0.5 6.73 6.72 6.72 6.72 6.72 6.72 
1 8.65 8.69 8.7 8.69 8.68 8.68 
3 9* 9* 9* 9* 9* 9.00 
6 9* 9* 9* 9* 9* 9.00 
8 9* 9* 9* 9* 9* 9.00 

10 9* 9* 9* 9* 9* 9.00 
16 9* 9* 9* 9* 9* 9.00 
17 9* 9* 9* 9* 9* 9.00 

17.5 6.69 6.68 6.68 6.69 6.67 6.68 
18 7.33 7.46 7.35 7.33 7.4 7.37 
23 9.5 9.53 9.53 9.53 9.53 9.52 
37 9.22 9.23 9.22 9.23 9.22 9.22 
33 9.19 9.19 9.19 9.19 9.2 9.19 

33.5 6.72 6.73 6.73 6.72 6.72 6.72 
34 7.43 7.44 7.45 7.44 7.45 7.44 
35 7.96 7.95 7.96 7.96 7.96 7.96 
41 8.91 8.91 8.91 8.92 8.92 8.91 
45 9.06 9.06 9.06 9.06 9.06 9.06 
51 9.14 9.16 9.16 9.17 9.17 9.16 

51.5 6.69 6.68 6.68 6.69 6.68 6.68 
52 7.32 7.32 7.33 7.33 7.33 7.33 
55 8.8 8.8 8.81 8.8 8.81 8.80 
63 9.02 9.03 9.04 9.04 9.04 9.03 
70 9.19 9.19 9.2 9.19 9.2 9.19 

70.5 6.8 6.8 6.81 6.81 6.81 6.81 
71 7.07 7.08 7.09 7.09 7.09 7.08 
84 8.97 8.98 8.99 9 9 8.99 
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Table D.11.  NGAc, 3 
Time 1 2 3 4 5 Mean 

0.5 6.78 6.78 6.79 6.79 6.78 6.78 
1 8.2 8.21 8.21 8.2 8.2 8.20 
3 9* 9* 9* 9* 9* 9.00 
6 9* 9* 9* 9* 9* 9.00 
8 9* 9* 9* 9* 9* 9.00 

10 9* 9* 9* 9* 9* 9.00 
16 9* 9* 9* 9* 9* 9.00 
17 9* 9* 9* 9* 9* 9.00 

17.5 6.73 6.74 6.74 6.73 6.73 6.73 
18 7.15 7.16 7.17 7.18 7.19 7.17 
23 9.17 9.18 9.2 9.19 9.2 9.19 
37 9.05 9.06 9.04 9.05 9.04 9.05 
33 9.29 9.28 9.29 9.29 9.28 9.29 

33.5 6.74 6.75 6.76 6.76 6.76 6.75 
34 7.26 7.27 7.26 7.27 7.26 7.26 
35 7.89 7.9 7.89 7.9 7.9 7.90 
41 8.68 8.69 8.7 8.69 8.7 8.69 
45 8.97 8.01 9 8.98 8.97 8.79 
51 9.21 9.22 9.23 9.22 9.23 9.22 

51.5 6.61 6.62 6.62 6.63 6.64 6.62 
52 7.17 7.18 7.18 7.18 7.18 7.18 
55 8.76 8.77 8.81 8.81 8.81 8.79 
63 9.03 9.04 9.05 9.06 9.06 9.05 
70 9.22 9.23 9.23 9.23 9.22 9.23 

70.5 6.81 6.82 6.81 6.82 6.81 6.81 
71 7.07 7.08 7.06 7.07 7.08 7.07 
84 9.06 9.07 9.07 9.07 9.07 9.07 
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Table D.12.  CacC, 1 

Time 1 2 3 4 5 Mean 
0.5 6.72 6.7 6.7 6.71 6.71 6.71 

1 8.64 8.68 8.66 8.68 8.66 8.66 
3 9* 9* 9* 9* 9* 9 
6 9* 9* 9* 9* 9* 9 
8 9* 9* 9* 9* 9* 9 

10 9* 9* 9* 9* 9* 9 
16 9* 9* 9* 9* 9* 9 
17 9* 9* 9* 9* 9* 9 

17.5 6.71 6.71 6.72 6.73 6.72 6.72 
18 7.67 7.67 7.68 7.68 7.68 7.68 
23 9.45 9.45 9.46 9.47 9.47 9.46 
37 9.25 9.25 9.25 9.25 9.25 9.25 
33 9.22 9.22 9.23 9.23 9.23 9.23 

33.5 6.71 6.72 6.73 6.74 6.75 6.73 
34 7.55 7.56 7.56 7.55 7.58 7.56 
35 8.51 8.52 8.51 8.52 8.51 8.51 
41 9.2 9.2 9.2 9.21 9.21 9.20 
45 9.3 9.31 9.34 9.34 9.34 9.33 
51 9.4 9.4 9.4 9.4 9.41 9.40 

51.5 6.69 6.69 6.69 6.69 6.7 6.69 
52 7.76 7.78 7.78 7.79 7.79 7.78 
55 9.1 9.11 9.1 9.1 9.11 9.10 
63 9.29 9.3 9.3 9.3 9.3 9.30 
70 9.5 9.51 9.51 9.51 9.51 9.51 

70.5 6.77 6.76 6.77 6.77 6.77 6.77 
71 7.47 7.46 7.46 7.47 7.47 7.47 
84 9.32 9.33 9.33 9.32 9.33 9.33 
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Table D.13.  CacC, 2 
Time 1 2 3 4 5 Mean 

0.5 6.68 6.66 6.66 6.65 6.65 6.66 
1 8.5 8.51 8.51 8.5 8.5 8.50 
3 9* 9* 9* 9* 9* 9 
6 9* 9* 9* 9* 9* 9 
8 9* 9* 9* 9* 9* 9 

10 9* 9* 9* 9* 9* 9 
16 9* 9* 9* 9* 9* 9 
17 9* 9* 9* 9* 9* 9 

17.5 6.65 6.66 6.65 6.67 6.65 6.66 
18 7.75 7.78 7.81 7.83 7.83 7.8 
23 9.72 9.73 9.74 9.74 9.75 9.74 
37 9.29 9.29 9.29 9.29 9.29 9.29 
33 9.26 9.26 9.26 9.27 9.27 9.26 

33.5 6.68 6.68 6.69 6.69 6.69 6.69 
34 7.57 7.57 7.57 7.57 7.57 7.57 
35 8.47 8.48 8.48 8.47 8.48 8.48 
41 9.22 9.23 9.24 9.24 9.24 9.23 
45 9.33 9.33 9.34 9.34 9.34 9.34 
51 9.44 9.45 9.45 9.45 9.44 9.45 

51.5 6.9 6.87 6.88 6.9 6.88 6.89 
52 7.94 7.95 7.95 7.96 7.96 7.95 
55 9.23 9.24 9.24 9.24 9.24 9.24 
63 9.4 9.41 9.41 9.4 9.41 9.41 
70 9.53 9.53 9.53 9.53 9.53 9.53 

70.5 6.81 6.82 6.83 6.83 6.83 6.82 
71 7.49 7.49 7.45 7.46 7.47 7.47 
84 9.29 9.29 9.3 9.29 9.3 9.30 
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Table D.14.  CacC, 3 

Time 1 2 3 4 5 Mean 
0.5 6.72 8.44 8.43 8.43 8.44 8.44 

1 9* 9* 9* 9* 9* 9 
3 9* 9* 9* 9* 9* 9 
6 9* 9* 9* 9* 9* 9 
8 9* 9* 9* 9* 9* 9 

10 9* 9* 9* 9* 9* 9 
16 9* 9* 9* 9* 9* 9 
17 6.73 6.73 6.72 6.71 6.7 6.72 

17.5 7.32 7.34 7.33 7.34 7.33 7.33 
18 9.5 9.51 9.51 9.52 9.55 9.52 
23 9.12 9.13 9.13 9.13 9.13 9.13 
37 9 9.01 9.02 9.02 9.02 9.01 
33 6.73 6.73 6.76 6.75 6.74 6.74 

33.5 7.29 7.29 7.28 7.3 7.29 7.29 
34 7.94 7.94 7.95 7.95 7.95 7.95 
35 9.09 9.09 9.1 9.11 9.12 9.10 
41 9.23 9.24 9.24 9.24 9.24 9.24 
45 9.32 9.33 9.33 9.34 9.34 9.33 
51 6.63 6.63 6.62 6.63 6.62 6.63 

51.5 7.18 7.19 7.18 7.18 7.19 7.18 
52 8.98 8.99 9 9 9 8.99 
55 9.3 9.3 9.3 9.3 9.3 9.3 
63 9.34 9.35 9.36 9.35 9.36 9.35 
70 6.82 6.83 6.85 6.85 6.85 6.84 

70.5 7.2 7.18 7.2 7.19 7.2 7.20 
71 9.2 9.2 9.2 9.2 9.2 9.2 
84 9.2 9.2 9.2 9.2 9.2 9.2 
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Table D.15.  Sac, 1 

Time 1 2 3 4 5 Mean 
0.5 6.67 6.68 6.69 6.67 6.67 6.67 

1 8.31 8.3 8.3 8.31 8.31 8.31 
3 9* 9* 9* 9* 9* 9* 
6 9* 9* 9* 9* 9* 9* 
8 9* 9* 9* 9* 9* 9* 

10 9* 9* 9* 9* 9* 9* 
16 9* 9* 9* 9* 9* 9* 
17 9* 9* 9* 9* 9* 9* 

17.5 6.58 6.59 6.58 6.58 6.58 6.58 
18 7.02 7.08 7.06 7.07 7.07 7.02 
23 9.27 9.28 9.28 9.27 9.28 9.27 
37 8.81 8.82 8.82 8.81 8.82 8.81 
33 8.71 8.72 8.72 8.72 8.73 8.71 

33.5 6.67 6.68 6.68 6.69 6.69 6.67 
34 7.09 7.09 7.09 7.09 7.09 7.09 
35 7.68 7.69 7.69 7.69 7.69 7.68 
41 8.59 8.58 8.59 8.59 8.6 8.59 
45 8.88 8.89 8.88 8.89 8.88 8.88 
51 9 9.03 9 9 9.04 9 

51.5 6.57 6.58 6.57 6.58 6.58 6.57 
52 7.13 7.14 7.14 7.14 7.14 7.13 
55 8.76 8.77 8.77 8.79 8.79 8.76 
63 8.91 8.93 8.92 8.95 8.94 8.91 
70 9.03 9.04 9.03 9.04 9.03 9.03 

70.5 6.71 6.73 6.72 6.73 6.73 6.71 
71 7.05 7.06 7.09 7.09 7.08 7.05 
84 8.9 8.9 8.9 8.9 8.9 8.9 
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Table D.16.  Sac, 2 
Time 1 2 3 4 5 Mean 

0.5 6.74 6.75 6.74 6.75 6.75 6.75 
1 8.3 8.29 8.28 8.29 8.28 8.29 
3 9* 9* 9* 9* 9* 9.00 
6 9* 9* 9* 9* 9* 9.00 
8 9* 9* 9* 9* 9* 9.00 

10 9* 9* 9* 9* 9* 9.00 
16 9* 9* 9* 9* 9* 9.00 
17 9* 9* 9* 9* 9* 9.00 

17.5 6.69 6.7 6.7 6.72 6.73 6.71 
18 7.12 7.13 7.13 7.14 7.14 7.13 
23 9.12 9.13 9.14 9.14 9.13 9.13 
37 8.72 8.72 8.72 8.72 8.72 8.72 
33 8.78 8.79 8.78 8.79 8.78 8.78 

33.5 6.71 6.72 6.72 6.72 6.72 6.72 
34 7.21 7.21 7.21 7.22 7.22 7.21 
35 7.76 7.77 7.76 7.77 7.76 7.76 
41 8.74 8.75 8.75 8.75 8.75 8.75 
45 8.92 8.92 8.92 8.92 8.92 8.92 
51 8.98 8.98 8.98 8.98 8.98 8.98 

51.5 6.61 6.62 6.63 6.62 6.62 6.62 
52 7 7 7.01 7.01 7 7.00 
55 8.77 8.76 8.77 8.76 8.77 8.77 
63 8.94 8.94 8.95 8.95 8.95 8.95 
70 9.03 9.04 9.05 9.03 9.05 9.04 

70.5 6.78 6.77 6.78 6.77 6.77 6.77 
71 7.04 7.04 7.04 7.04 7.04 7.04 
84 8.81 8.82 8.82 8.82 8.82 8.82 
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Table D.17.  Sac, 3 
Time 1 2 3 4 5 Mean 

0.5 6.72 6.71 6.72 6.71 6.72 6.72 
1 8.39 8.38 8.39 8.38 8.38 8.38 
3 9* 9* 9* 9* 9* 9.00 
6 9* 9* 9* 9* 9* 9.00 
8 9* 9* 9* 9* 9* 9.00 

10 9* 9* 9* 9* 9* 9.00 
16 9* 9* 9* 9* 9* 9.00 
17 9* 9* 9* 9* 9* 9.00 

17.5 6.6 6.62 6.62 6.61 6.63 6.62 
18 6.97 6.98 7.03 7.04 4.04 6.41 
23 9.18 9.18 9.19 9.2 9.18 9.19 
37 9.08 9.08 9.08 9.08 9.08 9.08 
33 8.92 8.93 8.93 8.92 8.93 8.93 

33.5 6.71 6.72 6.72 6.72 6.74 6.72 
34 7.14 7.14 7.14 7.14 7.14 7.14 
35 7.65 7.66 7.66 7.66 7.66 7.66 
41 8.85 8.85 8.85 8.85 8.85 8.85 
45 8.92 8.93 8.94 8.95 8.95 8.94 
51 9.03 9.04 9.04 9.04 9.04 9.04 

51.5 6.63 6.63 6.64 6.64 6.67 6.64 
52 6.98 6.98 6.98 6.99 6.99 6.98 
55 8.82 8.81 8.82 8.82 8.83 8.82 
63 8.85 8.86 8.86 8.87 8.86 8.86 
70 9.1 9.1 9.11 9.12 9.12 9.11 

70.5 6.74 6.75 6.76 6.76 6.76 6.75 
71 7.04 7.05 7.05 7.04 7.05 7.05 
84 8.91 8.91 8.91 8.92 8.92 8.91 
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Table D.18.  GCNG, 1 
Time 1 2 3 4 5 Mean 

1 6.18 6.25 6.18     6.20 
1.5 8.54 9.07 8.82     8.81 

2 8.11 8.07 7.88 7.98 7.99 8.01 
4 11* 11* 11* 11* 11* 11.00 
5 11* 11* 11* 11* 11* 11.00 
6 11* 11* 11* 11* 11* 11.00 
8 11* 11* 11* 11* 11* 11.00 

10 11* 11* 11* 11* 11* 11.00 
13 11* 11* 11* 11* 11* 11.00 
15 11* 11* 11* 11* 11* 11.00 

15.5 6.88 6.88 6.87 6.88 6.87 6.88 
16 10.83 10.83 10.82 10.86 10.81 10.83 
20 7.32 7.36 7.37 7.36 7.32 7.35 
23 6.97 7.04 7.04 7.05 7.04 7.03 
25 7.71 7.71 7.71 7.73 7.73 7.72 
29 8.83 8.82 8.83 8.83 8.82 8.83 

29.5 6.98 6.98 6.97 6.96 6.96 6.97 
30 6.31 6.33 6.32 6.32 6.31 6.32 
37 8.51 8.53 8.53 8.53 8.51 8.52 
42 9.06 9.06 9.06 9.06 9.06 9.06 

42.5 6.51 6.54 6.54 6.54 6.55 6.54 
43 5.19 5.2 5.2 5.21 5.2 5.20 
49 7.5 7.47 7.48 7.46 7.48 7.48 
53 8.09 8.09 8.09 8.09 8.08 8.09 
59 8.5 8.5 8.5 8.5 8.5 8.50 
70 8.94 8.93 8.94 8.94 8.94 8.94 

70.5 6.75 6.73 6.71 6.71 6.7 6.72 
71 5.39 5.4 5.4 5.4 5.4 5.40 
73 7.23 7.24 7.23 7.24 7.23 7.23 
88 8.81 8.8 8.8 8.8 8.8 8.80 
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Table D.19. GCNG, 2. 
Time 1 2 3 4 5 Mean 

1 6.31 6.35 6.33     6.33 
1.5 9.69 9.47 8.62     9.26 

2 8.39 9.04 8.62 8.5 8.24 8.56 
4 9.34 9.34 9.26 9.22 9.26 9.28 
5 11* 11* 11* 11* 11* 10.00 
6 11* 11* 11* 11* 11* 10.00 
8 11* 11* 11* 11* 11* 10.00 

10 11* 11* 11* 11* 11* 10.00 
13 11* 11* 11* 11* 11* 10.00 
15 11* 11* 11* 11* 11* 10.00 

15.5 6.82 6.83 6.84 6.84 6.84 6.83 
16 5.91 6.09 5.99 6.08 5.95 6.00 
20 6.97 7.01 7.05 7 6.97 7.00 
23 6.79 6.78 6.93 6.85 6.78 6.83 
25 7.73 7.73 7.72 7.75 7.72 7.73 
29 8.88 8.87 8.87 8.88 8.87 8.87 

29.5 7.1 7.02 7.02 7 7 7.03 
30 6.83 6.82 6.81 6.82 6.81 6.82 
37 7.41 7.43 7.42 7.41 7.43 7.42 
42 8.29 8.29 8.29 8.29 8.29 8.29 

42.5 6.38 6.4 6.44 6.45 6.46 6.43 
43 5.44 5.47 5.46 5.47 5.47 5.46 
49 7.37 7.37 7.37 7.37 7.37 7.37 
53 8.12 8.11 8.1 8.1 8.09 8.10 
59 8.74 8.73 8.73 8.73 8.72 8.73 
70 9.67 9.66 9.66 9.66 9.67 9.66 

70.5 6.58 6.6 6.57 6.57 6.58 6.58 
71 5.43 5.43 5.43 5.43 5.43 5.43 
73 7.09 7.08 7.07 7.08 7.08 7.08 
88 8.56 8.56 8.56 8.56 8.57 8.56 
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Table D.20. GCNG, 3. 
Time 1 2 3 4 5 Mean 

1 6.28 6.38 6.25     6.30 
1.5 9 9.3 8.29     8.86 

2 10.03 9.91 9.93 9.13 9.11 9.62 
4 11* 11* 11* 11* 11* 10.00 
5 11* 11* 11* 11* 11* 10.00 
6 11* 11* 11* 11* 11* 10.00 
8 11* 11* 11* 11* 11* 10.00 

10 11* 11* 11* 11* 11* 10.00 
13 11* 11* 11* 11* 11* 10.00 
15 11* 11* 11* 11* 11* 10.00 

15.5 6.87 6.87 6.85 6.88 6.87 6.87 
16 5.94 5.84 5.87 5.92 5.85 5.88 
20 6.79 6.8 6.84 6.8 6.84 6.81 
23 7.24 7.24 7.29 7.28 7.26 7.26 
25 6.95 6.95 6.93 6.95 6.93 6.94 
29 7.96 7.95 7.96 7.95 7.96 7.96 

29.5 7 6.98 6.99 6.98 7 6.99 
30 6.79 6.8 6.81 6.8 6.79 6.80 
37 7.13 7.15 7.14 7.13 7.13 7.14 
42 7.77 7.77 7.77 7.78 7.77 7.77 

42.5 6.39 6.39 6.38 6.4 6.39 6.39 
43 5.37 5.38 5.37 5.37 5.38 5.37 
49 7.12 7.13 7.14 7.14 7.15 7.14 
53 8.03 8.03 8.03 8.03 8.03 8.03 
59 8.39 8.39 8.39 8.41 8.4 8.40 
70 8.86 8.88 8.88 8.88 8.88 8.88 

70.5 6.57 6.6 6.59 6.69 6.64 6.62 
71 5.27 5.27 5.27 5.28 5.28 5.27 
73 7.2 7.21 7.19 7.2 7.2 7.20 
88 8.32 8.32 8.31 8.32 8.32 8.32 
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Table D.21.  CGC, 1 

Time 1 2 3 4 5 Mean 
1 6.14 6.16 6.19     6.16 

1.5 8.47 9.48 8.67     8.87 
2 8.74 8.73 8.97 8.46 8.62 8.704 
4 11* 11* 11* 11* 11* 11 
5 11* 11* 11* 11* 11* 11 
6 11* 11* 11* 11* 11* 11 
8 11* 11* 11* 11* 11* 11 

10 11* 11* 11* 11* 11* 11 
13 11* 11* 11* 11* 11* 11 
15 11* 11* 11* 11* 11* 11 

15.5 6.8 6.83 6.82 6.83 6.83 6.82 
16 6.13 6.03 6.11 6.09 6.12 6.10 
20 7.04 7.05 7.03 7.04 7.05 7.04 
23 7.01 7.01 7.09 7.05 7.04 7.04 
25 7.31 7.31 7.32 7.31 7.32 7.31 
29 8.39 8.38 8.38 8.37 8.37 8.38 

29.5 6.68 6.7 6.7 6.71 6.722 6.70 
30 6.38 6.37 6.38 6.38 6.38 6.38 
37 8.07 8.08 8.07 8.08 8.08 8.08 
42 8.7 8.69 8.7 8.69 8.7 8.70 

42.5 6.4 6.41 6.45 6.45 6.43 6.43 
43 5.22 5.22 5.22 5.22 5.22 5.22 
49 7.15 7.19 7.18 7.18 7.19 7.18 
53 8.05 8.04 8.04 8.04 8.03 8.04 
59 8.46 8.46 8.46 8.46 8.46 8.46 
70 8.88 8.88 8.88 8.88 8.88 8.88 

70.5 6.59 6.58 6.62 6.61 6.58 6.60 
71 5.29 5.29 5.3 5.3 5.3 5.30 
73 7.06 7.05 7.05 7.03 7.03 7.04 
88 8.55 8.53 8.53 8.55 8.53 8.54 
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Table D.22.  CGC, 2 

Time 1 2 3 4 5 Mean 
1 6.25 6.27 6.21     6.24 

1.5 8.29 8.64 7.68     8.20 
2 10.37 10.55 10.58 10.7 10.84 10.61 
4 5.61 5.65 5.47 5.5 5.42 5.53 
5 6.91 6.84 6.76 6.85 6.87 6.85 
6 7.09 7.17 7.06 7.08 7.21 7.12 
8 6.91 6.92 6.91 6.93 6.93 6.92 

10 7.38 7.37 7.35 7.35 7.35 7.36 
13 7.93 7.93 7.93 7.92 7.93 7.93 
15 8.33 8.32 8.34 8.33 8.32 8.33 

15.5 6.75 6.76 6.76 6.76 6.75 6.76 
16 5.53 5.33 5.33 5.35 5.38 5.38 
20 6.84 6.85 6.87 6.85 6.87 6.86 
23 7.12 7.14 7.12 7.13 7.14 7.13 
25 7.58 7.57 7.56 7.57 7.57 7.57 
29 8.5 8.49 8.5 8.48 8.49 8.49 

29.5 6.78 6.77 6.77 6.78 6.79 6.78 
30 6.5 6.51 6.5 6.5 6.51 6.50 
37 7.27 7.27 7.27 7.27 7.27 7.27 
42 7.97 7.96 7.96 7.96 7.96 7.96 

42.5 6.5 6.52 6.51 6.51 6.5 6.51 
43 5.47 5.46 5.46 5.47 5.48 5.47 
49 7.51 7.5 7.49 7.48 7.49 7.49 
53 8.1 8.1 8.1 8.1 8.1 8.10 
59 8.58 8.58 8.58 8.58 8.58 8.58 
70 8.97 8.97 8.97 8.97 8.97 8.97 

70.5 6.67 6.67 6.69 6.72 6.72 6.69 
71 5.39 5.39 5.4 5.4 5.4 5.40 
73 7.2 7.19 7.19 7.2 7.19 7.19 
88 8.45 8.44 8.45 8.44 8.43 8.44 
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Table D.23.  CGC, 3 
Time 1 2 3 4 5 Mean 

1 6.38 6.23 6.39     6.33 
1.5 9 8.4 8.54     8.65 

2 8.78 7.85 7.76 7.9 7.86 8.03 
4 11* 11* 11* 11* 11* 11 
5 11* 11* 11* 11* 11* 11 
6 11* 11* 11* 11* 11* 11 
8 11* 11* 11* 11* 11* 11 

10 11* 11* 11* 11* 11* 11 
13 11* 11* 11* 11* 11* 11 
15 11* 11* 11* 11* 11* 11 

15.5 6.85 6.86 6.88 6.88 6.88 6.87 
16 6.38 5.86 5.92 5.85 5.85 5.97 
20 7.79 7.82 7.81 7.82 7.79 7.81 
23 8.42 8.4 8.41 8.4 8.41 8.41 
25 8.91 8.9 8.9 8.91 8.9 8.90 
29 9.18 9.16 9.17 9.15 9.16 9.16 

29.5 6.8 6.79 6.79 6.78 6.78 6.79 
30 6.47 6.48 6.47 6.48 6.48 6.48 
37 6.88 6.88 6.88 6.88 6.88 6.88 
42 7.7 7.71 7.71 7.71 7.7 7.71 

42.5 6.38 6.39 6.39 6.4 6.4 6.39 
43 5.26 5.27 5.37 5.32 5.32 5.31 
49 7.09 7.11 7.12 7.12 7.11 7.11 
53 7.86 7.85 7.85 7.85 7.85 7.85 
59 8.25 8.24 8.24 8.24 8.24 8.24 
70 8.81 8.81 8.81 8.81 8.81 8.81 

70.5 6.61 6.67 6.67 6.68 6.68 6.66 
71 5.47 5.45 5.46 5.45 5.46 5.46 
73 7.24 7.23 7.22 7.23 7.23 7.23 
88 8.74 8.73 8.73 8.73 8.73 8.73 
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Table D.24.  SGC, 1 

Time 1 2 3 4 5 Mean 
1 6.11 6.19 6.13     6.14 

1.5 9 8.7 8.22     8.64 
2 9.1 8.66 9.01 9.56 10.49 9.36 
4 11* 11* 11* 11* 11* 11.00 
5 11* 11* 11* 11* 11* 11.00 
6 11* 11* 11* 11* 11* 11.00 
8 11* 11* 11* 11* 11* 11.00 

10 11* 11* 11* 11* 11* 11.00 
13 11* 11* 11* 11* 11* 11.00 
15 11* 11* 11* 11* 11* 11.00 

15.5 6.85 6.85 6.84 6.83 6.84 6.84 
16 5.51 5.71 5.61 5.61 5.61 5.61 
20 7.03 7.02 7.03 7 7.02 7.02 
23 7.04 7.08 7.07 7.07 7.08 7.07 
25 7.53 7.52 7.53 7.52 7.53 7.53 
29 8.42 8.41 8.41 8.4 8.39 8.41 

29.5 6.8 6.88 6.82 6.9 6.88 6.86 
30 6.41 6.4 6.41 6.42 6.42 6.41 
37 7.24 7.23 7.24 7.23 7.24 7.24 
42 8.17 8.17 8.15 8.17 8.18 8.17 

42.5 6.38 6.38 6.37 6.38 6.38 6.38 
43 5.71 5.73 5.72 5.73 5.72 5.72 
49 6.93 6.94 6.95 6.94 6.94 6.94 
53 8.39 8.38 8.39 8.38 8.39 8.39 
59 8.65 8.65 8.65 8.65 8.65 8.65 
70 8.92 8.92 8.93 8.93 8.93 8.93 

70.5 6.69 6.68 6.68 6.69 6.7 6.69 
71 5.4 5.39 5.45 5.44 5.44 5.42 
73 7.33 7.34 7.34 7.34 7.34 7.34 
88 8.42 8.42 8.42 8.42 8.42 8.42 
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Table D.25.  SGC, 2 

Time 1 2 3 4 5 Mean 
1 6.1 6.19 6.22     6.17 

1.5 8.74 8.81 8.59     8.71 
2 9.68 9.67 9.69 10.54 10.46 10.01 
4 9.55 9.51 9.45 9.28 9.06 9.37 
5 6.11 6.5 6.28 6.31 6.38 6.32 
6 6.95 7 6.99 7.1 7.01 7.01 
8 6.9 6.91 7 6.91 9.9 7.52 

10 6.93 6.91 6.92 6.9 6.9 6.91 
13 7.97 7.93 7.93 7.9 7.87 7.92 
15 8.25 8.24 8.24 8.23 8.23 8.24 

15.5 6.79 6.78 6.8 6.8 6.79 6.79 
16 5.63 5.49 5.65 5.78 5.69 5.65 
20 6.42 6.41 6.43 6.42 6.43 6.42 
23 6.69 6.65 6.7 6.65 6.69 6.68 
25 7.05 7.05 7.05 7.05 7.05 7.05 
29 8.45 8.44 8.42 8.43 8.42 8.43 

29.5 6.75 6.75 6.76 6.79 6.75 6.76 
30 6.62 6.63 6.63 6.64 6.63 6.63 
37 7.02 7.03 7.04 7.05 7.06 7.04 
42 7.9 7.9 7.9 7.9 7.9 7.90 

42.5 6.31 6.39 6.38 6.39 6.38 6.37 
43 5.44 5.45 5.44 5.45 5.45 5.45 
49 7.5 7.46 7.43 7.43 7.43 7.45 
53 8.26 8.27 8.26 8.27 8.28 8.27 
59 8.78 8.77 8.78 8.77 8.78 8.78 
70 10.13 10.14 10.14 10.15 10.15 10.14 

70.5 6.79 6.78 6.79 6.78 6.79 6.79 
71 5.5 5.51 5.52 5.52 5.52 5.51 
73 7.24 7.24 7.24 7.24 7.24 7.24 
88 8.93 8.94 8.94 8.94 8.94 8.94 
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Table D.26.  SGC, 3 

Time 1 2 3 4 5 Mean 
1 6.15 6.14 6.18     6.16 

1.5 9.17 9.15 8.9     9.07 
2 8.3 8.26 8.68 8.92 9.05 8.64 
4 11* 11* 11* 11* 11* 11 
5 11* 11* 11* 11* 11* 11 
6 11* 11* 11* 11* 11* 11 
8 11* 11* 11* 11* 11* 11 

10 11* 11* 11* 11* 11* 11 
13 11* 11* 11* 11* 11* 11 
15 11* 11* 11* 11* 11* 11 

15.5 6.75 6.74 6.76 6.76 6.76 6.75 
16 5.48 5.45 5.55 5.72 5.62 5.56 
20 6.58 6.58 6.58 6.58 6.58 6.58 
23 6.99 7 7.12 6.98 6.99 7.02 
25 7.45 7.45 7.45 7.45 7.45 7.45 
29 8.42 8.41 8.4 8.41 8.4 8.41 

29.5 6.77 6.77 6.78 6.79 6.79 6.78 
30 6.48 6.49 6.5 6.51 6.5 6.50 
37 6.77 6.77 6.77 6.77 6.77 6.77 
42 7.07 7.08 7.08 7.08 7.07 7.08 

42.5 6.25 6.24 6.25 6.24 6.24 6.24 
43 5.16 5.19 5.19 5.19 5.2 5.19 
49 7.35 7.34 7.34 7.34 7.34 7.34 
53 8.34 8.35 8.35 8.35 8.35 8.35 
59 8.74 8.74 8.74 8.74 8.74 8.74 
70 9.46 9.46 9.46 9.46 9.47 9.46 

70.5 6.73 6.74 6.78 6.77 6.77 6.76 
71 5.61 5.6 5.61 5.61 5.6 5.61 
73 7.46 7.46 7.46 7.46 7.46 7.46 
88 8.73 8.73 8.73 8.73 8.73 8.73 
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Appendix E: Concrete Exposed to Acidic Media and 
Fe(II) Solution 

 
 The petrographic thin sections of the A and AF concrete are similar in 
appearance to the AFB concrete shown in chapter 5.  There is a layer of 
corrosion product at the surface of each thin-section, presumably gypsum.  
This layer varies in thickness.  Figure E.1a shows a very thin layer for the 
carbonate aggregate concrete, however it does appear thicker in other 
locations.  The decision of where to take a photograph was often based on 
securing an unobstructed view of the cement paste.  The rust colored band 
visible in the AFB concrete is also seen in figure E.1b and Figure E.2b and 
E.2C.  The carbonate aggregate A concrete did not exhibit the rust-colored 
band in thin-section (figure E.1a and E.2a).  Figure E.3 and E.4 show the same 
features as E.1 and E.2.  The red-colored bands in these figures is more 
developed, though, likely due to the higher concentration of Fe in the solution 
containing the concrete.  A calcium hydroxide leach zone is visible in all of 
the thin-sections.  These zones vary in thickness within a given thin-section, 
and thus it is not possible to characterize whether a given treatment was 
leached to a greater degree.  Figures E.5 and E.6 correspond to those of the 
AFB concrete in chapter 5.    
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Figure E.1: Thin-Sections of the Concrete Exposed to the Acidic Media.  
The above micrographs are as follows: a) carbonate, b) slag, c) natural gravel.  All of the 
surfaces bear a corrosion layer, presumably gypsum, with a leached zone behind this layer.  
The carbonate aggregate (a) does not have this band and its corrosion zone is much thinner.  
The reason for this difference is unknown.  The tick marks on the side are 0.5 mm apart.  
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  c. 
Figure E.2: Thin-Sections of the Concrete Exposed to the Acidic Media, 
10x.  The above micrographs are as follows: a) carbonate, b) slag, c) natural gravel.  These 
show further detail of the features described in Figure D.1.  The tick marks are 0.5-mm apart. 
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  c. 
Figure E.3: Thin-Sections of the Concrete Exposed to the Acidic Media, 
and Fe(II) solution.  The above micrographs are as follows: a) carbonate, b) slag, c) 
natural gravel.  These thin-sections show the features common to the other sulfuric acid 
treatments.  The tick marks are 0.5-mm apart. 
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Figure E.4: Thin-Sections of the Concrete Exposed to the Acidic Media, 
and Fe(II) solution, 10x.  The above micrographs are as follows: a) carbonate, b) slag, 
c) natural gravel.  These thin-sections show the features common to the other sulfuric acid 
treatments in more detail.  The tick marks are 0.5-mm apart. 
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                       d. 

 
                       e. 

 
                       f. 
Figure E.5: Petrographic Thin-section of AFB.  These figures correspond to 
figure 5.3.  These petrographic thin-sections, at the surface of the slag AFB, are as follows: a) 
slag plane-polarized light, b) slag epifluorescents, c) slag cross-polarized, d) natural gravel 
plane-polarized light, e) natural gravel epifluorescents, f) natural gravel cross-polarized.  The 
tick marks are 0.5-mm apart.  
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 c. 

 
 d. 
Figure E.6.  X-ray Energy Maps and Back Scatter Images of Concrete.   
The images above are as follows a) energy map, carbonate, b) back scatter, carbonate, c) 
energy map, natural gravel, d) back scatter, natural gravel.  In the maps, yellow = S, blue = Si, 
red = Ca.  The maps show that the acid has worn the carbonate aggregate, as it is flush with 
the cement paste (a).  In contrast a corrosive gypsum layer surrounds the silicate minerals (c).  
The paste here appears relatively dense in the back scatter images.   
 


	RC-1444
	RC-1444-c
	Appendices
	Summary of ASTM C127
	A.2: Fine Aggregate
	Summary of ASTM C128
	Appendix B: Concrete Mix Procedure
	B.3: Mix Day

	Appendix C. Acetate and Glucose Media Incubations
	Appendix D: Data
	Table D.3.  Z-Scores NG GC
	Table D.4.  Z-Scores C GC
	Table D.5.  Z-Score S GC
	Table D.6.  Z-Scores NG AcC
	Table D.8.  Z-Scores S AcC
	Table D.9.  NGAc, 1
	Table D.10.  NGAc, 2
	Table D.12.  CacC, 1
	Table D.13.  CacC, 2
	Table D.18.  GCNG, 1

	Table D.21.  CGC, 1
	Table D.22.  CGC, 2
	Table D.24.  SGC, 1
	Table D.25.  SGC, 2


	1
	Mean
	Time

	Time
	1
	Mean
	Time

	1
	Mean
	Time

	1
	Mean
	Time

	1
	Mean
	Time

	1
	Mean
	Time

	1
	Mean
	Time

	1
	Mean
	Time

	1
	Mean
	Time

	1
	Mean
	Time

	1
	Mean
	Time

	1
	Mean

	1
	Mean

	1
	Mean

	1
	Mean



