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APPENDIX E1

Statistical Analyses of Paste and Mortar Tests
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Obs CovParm Estimate

1 Residual 0.000154

Num Den

Obs Effect DF DF Fvalue ProbF
1 Clinker 3 74 265.95 <.0001
2 SCM 3 74 422 .92 <.0001
3 Clinker*ScMm 9 74 27.07 <.0001
4 ProcAdd 4 74 16.42 <.0001
5 Clinker*ProcAdd 12 74 3.70 0.0002
Least Squares Means for Proc Add by itself

Proc Standard

Add Estimate Error DF

None 0.03583 0.004256 74

C Ash 0.03868 0.002568 74

CKD 0.05458 0.002482 74

F Ash 0.02417 0.002858 74

Slag 0.03747 0.002470 74

Least Squares Means for Proc Add by Clinker

Obs

O©CoO~NOOITAWNPE

Clinker

High
High
High
High
High
LS
LS
LS
LS
LS
Low
Low
Low
Low
Low
Mid
Mid
Mid
Mid
Mid

Autoclave

Proc
Add

None
C Ash
CKD

F Ash
Slag

None
C Ash
CKD

F Ash
Slag

None
C Ash
CKD

F Ash
Slag
None
C Ash
CKD

F Ash
Slag

Estimate

0.1174
0.1130
0.1247
0.08355
0.08735
-0.00860
0.01852
0.03606
-0.00900
0.01914
0.02474
0.006609
0.03261
0.006407
0.01510
0.009750
0.01663
0.02496
0.01571
0.02829

StdErr

0.009176
0.005143
0.004847
0.005620
0.005143
0.009147
0.005135
0.004732
0.006201
0.005135
0.009139
0.005141
0.005141
0.005865
0.004742
0.006201
0.005126
0.005126
0.005126
0.004725

El-2

DF

74
74
74
74
74
74
74
74
74
74
74
74
74
74
74
74
74
74
74
74



Differences of Least Squares Means for Proc Add by itself

Proc
Add

C Ash
CKD
F Ash
Slag

Proc
Add

None
None
None
None

Estimate

0.002853

0.01875
-0.01167
0.001640

Standard
Error

0.004945
0.004905
0.005120
0.004937

DF

74
74
74
74

t Value

0.58
3.82
-2.28
0.33

Pr > |t]

0.5657
0.0003
0.0256
0.7406

Adj P

0.8996
0.0009
0.0681
0.9839

Clinker=High Differences of Least Squares Means

Proc
Add

C Ash
CKD

F Ash
Slag

_Proc
Add

None
None
None
None

Estimate

-0.00446
0.007249
-0.03389
-0.03008

StdErr

0.01029
0.01008
0.01089
0.01075

tvalue

-0.43

0.72
-3.11
-2.80

Probt

0.6660
0.4742
0.0026
0.0065

Adjp

-0000
.9924
.0222
.0493

Clinker=Mid Differences of Least Squares Means

Proc
Add

C Ash
CKD

F Ash
Slag

_Proc
Add

None
None
None
None

Estimate

0.006877
0.01521
0.005956
0.01854

StdErr

0.008046
0.008046
0.008046
0.007796

tvalue

0.85
1.89
0.74
2.38

Probt

0.3954
0.0626
0.4615
0.0200

Adjp

-9953
.4416
-9991
.1837

Clinker=Low Differences of Least Squares Means

Proc
Add

C Ash
CKD

F Ash
Slag

_Proc
Add

None
None
None
None

Estimate

-0.01813
0.007865
-0.01834
-0.00964

StdErr

0.01051
0.01051
0.01068
0.01019

tvalue

-1.73

0.75
-1.72
-0.95

Probt

0.0887
0.4567
0.0903
0.3469

Adjp

-4111
-9895
.4166
-9361

Clinker=LS Differences of Least Squares Means

Obs

AP WNPE

Proc
Add

C Ash
CKD

F Ash
Slag

Autoclave

_Proc
Add

None
None
None
None

Estimate

0.02713
0.04467
-0.00040
0.02775

StdErr

0.01050
0.01040
0.01105
0.01048

El1-3

DF

74
74
74
74

tvalue

2.58
4.29
-0.04
2.65

Probt

0.0118
<.0001
0.9716
0.0099

(ol S NeoNe)

Adjp

.0816
.0006
.0000
.0705



Covariance Parameters

Obs CovParm Estimate

1 Residual 0.06955

Num Den
Obs Effect DF DF Fvalue ProbF
1 Clinker 3 76 27.10 <.0001
2 SCM 3 76 12.31 <.0001
3 Clinker*scm 9 76 2.27 0.0259
4 ProcAdd 4 76 6.12 0.0003
5 Clinker*ProcAdd 12 76 1.97 0.0392
Least Squares Means
est
Proc Vicat
Obs Clinker Add Time DF CLupper CLlower
1 High None 88.297 76 111.130 72.793
2 High C Ash 83.555 76 93.217 75.648
3 High CKD 112.297 76 128.726 98.911
4 High F Ash 122.225 76 142 .204 106.152
5 High Slag 108.449 76 125.080 95.069
6 LS None 162.281 76 220.136 123.008
7 LS C Ash 162.372 76 192.098 138.456
8 LS CKD 141.493 76 164.012 123.063
9 LS F Ash 174 .565 76 214.980 143.484
10 LS Slag 144 .442 76 169.813 124.030
11 Low None 186.108 76 255.131 139.231
12 Low C Ash 134.815 76 160.220 114.778
13 Low CKD 146.375 76 172.213 125.586
14 Low F Ash 186.265 76 221.792 157.681
15 Low Slag 127.104 76 146.454 111.271
16 Mid None 114.171 76 136.447 97.039
17 Mid C Ash 115.655 76 133.998 100.892
18 Mid CKD 137.094 76 160.634 118.147
19 Mid F Ash 144.126 76 169.371 123.807
20 Mid Slag 122.914 76 141.281 107.878
Clinker=High Differences of Least Squares Means
Proc Proc
Obs Add Add Estimate StdErr DF tvalue Probt Adjp
1 C Ash None -0.1033 0.2167 76 -0.48 0.6348 0.9999
2 CKD None 0.4034 0.2140 76 1.88 0.0633 0.3153
3 F Ash None 0.5321 0.2274 76 2.34 0.0219 0.1358
4 Slag None 0.3487 0.2274 76 1.53 0.1293 0.5331
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Clinker=Mid Differences of Least Squares Means

Proc Proc
Obs Add Add Estimate StdErr DF tvalue Probt Adjp
1 C Ash None 0.006877 0.01646 75 0.42 0.6772 1.0000
2 CKD None 0.01521 0.01646 75 0.92 0.3583 0.9895
3 F Ash None 0.005956 0.01646 75 0.36 0.7185 1.0000
4 Slag None 0.01854 0.01595 75 1.16 0.2488 0.9316
Clinker=Low Differences of Least Squares Means
Proc Proc
Obs Add Add Estimate StdErr DF tValue Probt Adjp
1 C Ash None -0.01736 0.02173 75 -0.80 0.4269 0.9809
2 CKD None 0.007391 0.02159 75 0.34 0.7330 1.0000
3 F Ash None -0.01835 0.02186 75 -0.84 0.4038 0.9717
4 Slag None -0.00985 0.02086 75 -0.47 0.6380 0.9999
Clinker=LS Differences of Least Squares Means
Proc Proc
Obs Add Add Estimate StdErr DF tValue Probt Adjp
1 C Ash None 0.02713 0.02148 75 1.26 0.2105 0.7366
2 CKD None 0.04467 0.02128 75 2.10 0.0391 0.2182
3 F Ash None -0.00040 0.02261 75 -0.02 0.9861 1.0000
4 Slag None 0.02775 0.02144 75 1.29 0.1995 0.7131

Set Time E1-5



Proc Add Standard

Effect Dosage Estimate Error DF t Value Pr > |t]
ProcAddDosage C 0 . . . .
ProcAddDosage I -0.04105 0.1909 74 -0.21 0.8304
ProcAddDosage S 0.5916 0.2281 74 2.59 0.0114
ProcAddDosage V] 0

Covariance Parameters

Obs CovParm Estimate

1 Residual 0.6721

Num Den
Obs Effect DF DF Fvalue ProbF
1 Clinker 3 76 83.50 <.0001
2 SCM 3 76 319.09 <.0001
3 Clinker*SCcM 9 76 3.31 0.0019
4 ProcAdd 4 76 9.44 <.0001
5 Clinker*ProcAdd 12 76 3.29 0.0007
Least Squares Means
Proc
Obs Clinker Add Estimate StdErr DF
1 High None 15.4243 0.6059 76
2 High C Ash 16.4131 0.3398 76
3 High CKD 14.9868 0.3201 76
4 High F Ash 13.7669 0.3398 76
5 High Slag 13.8652 0.3398 76
6 LS None 11.1262 0.6047 76
7 LS C Ash 11.3449 0.3394 76
8 LS CKD 11.7103 0.3128 76
9 LS F Ash 10.3275 0.4099 76
10 LS Slag 10.4551 0.3394 76
11 Low None 12.7834 0.6027 76
12 Low C Ash 11.7451 0.3392 76
13 Low CKD 12.1567 0.3392 76
14 Low F Ash 11.6583 0.3392 76
15 Low Slag 11.6995 0.3127 76
16 Mid None 12.5225 0.4099 76
17 Mid C Ash 11.8618 0.3388 76
18 Mid CKD 13.8402 0.3388 76
19 Mid F Ash 12.1432 0.3388 76
20 Mid Slag 12.1030 0.3123 76

Calorimetry E1-6



Clinker=High Differences of Least Squares Means

Proc Proc
Obs Add Add Estimate StdErr DF tValue Probt Adjp
1 C Ash None 0.9888 0.6796 76 1.45 0.1498 0.5887
2 CKD None -0.4375 0.6658 76 -0.66 0.5131 0.9967
3 F Ash None -1.6574 0.7093 76 -2.34 0.0221 0.1364
4 Slag None -1.5591 0.7093 76 -2.20 0.0310 0.1796
Clinker=Mid Differences of Least Squares Means
Proc Proc
Obs Add Add Estimate StdErr DF tValue Probt Adjp
1 C Ash None -0.6607 0.5318 76 -1.24 0.2180 0.8933
2 CKD None 1.3177 0.5318 76 2.48 0.0154 0.1472
3 F Ash None -0.3793 0.5318 76 -0.71 0.4779 0.9994
4 Slag None -0.4195 0.5153 76 -0.81 0.4182 0.9970
Clinker=Low Differences of Least Squares Means
Proc Proc
Obs Add Add Estimate StdErr DF tvalue Probt Adjp
1 C Ash None -1.0384 0.6921 76 -1.50 0.1377 0.5582
2 CKD None -0.6267 0.6921 76 -0.91 0.3681 0.9503
3 F Ash None -1.1252 0.6910 76 -1.63 0.1076 0.4692
4 Slag None -1.0840 0.6731 76 -1.61 0.1115 0.4813
Clinker=LS Differences of Least Squares Means
Proc Proc
Obs Add Add Estimate StdErr DF tValue Probt Adjp
1 C Ash None 0.2188 0.6941 76 0.32 0.7535 1.0000
2 CKD None 0.5841 0.6875 76 0.85 0.3982 0.9677
3 F Ash None -0.7987 0.7305 76 -1.09 0.2777 0.8523
4 Slag None -0.6711 0.6927 76 -0.97 0.3357 0.9224

Calorimetry E1-7



Covariance Parameters
Obs CovParm Estimate
1 Residual 0.000015

Type 111 Tests of Fixed Effects

Num Den
Obs Effect DF DF Fvalue ProbF
1 Clinker 3 75 209.67 <.0001
2 SCM 3 75 426.75 <.0001
3 Clinker*scm 9 75 12.04 <.0001
4 ProcAdd 4 75 4.08 0.0048
5 Clinker*ProcAdd 12 75 2.19 0.0204
Least Squares Means
Proc
Obs Clinker Add Estimate StdErr DF
1 High None 0.2502 0.002897 75
2 High C Ash 0.2495 0.001625 75
3 High CKD 0.2506 0.001531 75
4 High F Ash 0.2546 0.001625 75
5 High Slag 0.2502 0.001625 75
6 LS None 0.2478 0.002891 75
7 LS C Ash 0.2430 0.001623 75
8 LS CKD 0.2474 0.001496 75
9 LS F Ash 0.2492 0.001960 75
10 LS Slag 0.2475 0.001623 75
11 Low None 0.2242 0.002888 75
12 Low C Ash 0.2210 0.001623 75
13 Low CKD 0.2312 0.001772 75
14 Low F Ash 0.2234 0.001623 75
15 Low Slag 0.2235 0.001497 75
16 Mid None 0.2487 0.001960 75
17 Mid C Ash 0.2521 0.001620 75
18 Mid CKD 0.2521 0.001620 75
19 Mid F Ash 0.2502 0.001620 75
20 Mid Slag 0.2473 0.001493 75
Clinker=High Differences of Least Squares Means
Proc Proc
Obs Add Add Estimate StdErr DF tvalue Probt Adjp
1 C Ash None -0.00063 0.003250 75 -0.20 0.8457 1.0000
2 CKD None 0.000442 0.003184 75 0.14 0.8900 1.0000
3 F Ash None 0.004372 0.003392 75 1.29 0.2014 0.7151
4 Slag None 0.000013 0.003392 75 0.00 0.9970 1.0000

Flow Paste E1-8



Clinker=Mid Differences of Least Squares Means

Proc Proc
Obs Add Add Estimate StdErr DF tvalue Probt Adjp
1 C Ash None 0.003447 0.002543 75 1.36 0.1794 0.8289
2 CKD None 0.003447 0.002543 75 1.36 0.1794 0.8289
3 F Ash None 0.001553 0.002543 75 0.61 0.5432 0.9999
4 Slag None -0.00138 0.002464 75 -0.56 0.5761 1.0000
Clinker=Low Differences of Least Squares Means
Proc Proc
Obs Add Add Estimate StdErr DF tValue Probt Adjp
1 C Ash None -0.00326 0.003318 75 -0.98 0.3292 0.9181
2 CKD None 0.007024 0.003352 75 2.10 0.0395 0.2197
3 F Ash None -0.00082 0.003307 75 -0.25 0.8047 1.0000
4 Slag None -0.00075 0.003221 75 -0.23 0.8171 1.0000
Clinker=LS Differences of Least Squares Means
Proc Proc
Obs Add Add Estimate StdErr DF tValue Probt Adjp
1 C Ash None -0.00485 0.003319 75 -1.46 0.1482 0.5869
2 CKD None -0.00039 0.003288 75 -0.12 0.9060 1.0000
3 F Ash None 0.001393 0.003493 75 0.40 0.6912 1.0000
4 Slag None -0.00031 0.003313 75 -0.09 0.9249 1.0000

Flow Paste E1-9



Proc
Add

None
C Ash
CKD
F Ash
Slag

Proc
Add

C Ash
CKD

F Ash
Slag

Shrinkage

Estimate

-0.1065
-0.1064
-0.1190
-0.1029
-0.1050

Proc
Add

None
None
None
None

Standard
Error

0.003209
0.001994
0.002005
0.002128
0.001954

Least Squares Means

DF

88
88
88
88
88

Alpha

0.05
0.05
0.05
0.05
0.05

-0
-0
-0
-0
-0

Differences of Least Squares

Estimate

0.000162
-0.01243
0.003644
0.001509

Standard
Error

0.003772
0.003781
0.003864
0.003761

DF

88
88
88
88

E1-10

tV

Lower

.1129
-1103
.1230
.1071
.1089

Means

alue

0.04
3.29
0.94
0.40

Upper

-0.1002
-0.1024
-0.1150
-0.09866
-0.1011

Pr > |t]

0.9658
0.0014
0.3482
0.6893

Adj P

1.0000
0.0046
0.6639
0.9702



Covariance Parameters
Obs CovParm Estimate
1 Residual 0.002270

Type 111 Tests of Fixed Effects

Num Den
Obs Effect DF DF Fvalue ProbF
1 Clinker 3 76 8.18 <.0001
2 SCM 3 76 710.84 <.0001
3 Clinker*scm 9 76 2.32 0.0233
4 ProcAdd 4 76 1.60 0.1830
5 Clinker*ProcAdd 12 76 1.77 0.0681
Least Squares Means
Proc
Obs Clinker Add Estimate StdErr DF
1 High None 0.5541 0.03519 76
2 High C Ash 0.5723 0.01821 76
3 High CKD 0.5133 0.01861 76
4 High F Ash 0.5070 0.01977 76
5 High Slag 0.5320 0.01977 76
6 LS None 0.4990 0.03521 76
7 LS C Ash 0.4776 0.01977 76
8 LS CKD 0.5129 0.01822 76
9 LS F Ash 0.4625 0.02387 76
10 LS Slag 0.4974 0.01977 76
11 Low None 0.6502 0.03518 76
12 Low C Ash 0.5343 0.01979 76
13 Low CKD 0.5259 0.01979 76
14 Low F Ash 0.5684 0.02258 76
15 Low Slag 0.5425 0.01825 76
16 Mid None 0.5250 0.02387 76
17 Mid C Ash 0.5355 0.01973 76
18 Mid CKD 0.5522 0.01973 76
19 Mid F Ash 0.4978 0.01973 76
20 Mid Slag 0.5480 0.01819 76
Clinker=High Differences of Least Squares Means
Proc Proc
Obs Add Add Estimate StdErr DF tValue Probt Adjp
1 C Ash None 0.01824 0.03923 76 0.46 0.6434 1.0000
2 CKD None -0.04080 0.03875 76 -1.05 0.2956 0.8785
3 F Ash None -0.04708 0.04117 76 -1.14 0.2564 0.8206
4 Slag None -0.02208 0.04117 76 -0.54 0.5933 0.9997

Air Entraining Admixture E1-11



Clinker=Mid Differences of Least Squares Means

Proc Proc
Obs Add Add Estimate StdErr DF tvalue Probt Adjp
1 C Ash None 0.01050 0.03097 76 0.34 0.7354 1.0000
2 CKD None 0.02717 0.03097 76 0.88 0.3831 0.9936
3 F Ash None -0.02717 0.03097 76 -0.88 0.3831 0.9936
4 Slag None 0.02304 0.03001 76 0.77 0.4451 0.9985
Clinker=Low Differences of Least Squares Means
Proc Proc
Obs Add Add Estimate StdErr DF tValue Probt Adjp
1 C Ash None -0.1160 0.04047 76 -2.87 0.0054 0.0416
2 CKD None -0.1243 0.04047 76 -3.07 0.0030 0.0246
3 F Ash None -0.08185 0.04113 76 -1.99 0.0502 0.2651
4 Slag None -0.1077 0.03922 76 -2.75 0.0075 0.0554
Clinker=LS Differences of Least Squares Means
Proc Proc
Obs Add Add Estimate StdErr DF tValue Probt Adjp
1 C Ash None -0.02146 0.04042 76 -0.53 0.5970 0.9997
2 CKD None 0.01391 0.04004 76 0.35 0.7293 1.0000
3 F Ash None -0.03652 0.04254 76 -0.86 0.3933 0.9656
4 Slag None -0.00159 0.04034 76 -0.04 0.9687 1.0000

Air Entraining Admixture E1-12



Covariance Parameters

Obs CovParm Estimate

1 Residual 0.001109

Num Den
Obs Effect DF DF Fvalue ProbF
1 Clinker 3 76 19.13 <.0001
2 SCM 3 76 49.50 <.0001
3 Clinker*scm 9 76 10.14 <.0001
4 ProcAdd 4 76 2.49 0.0499
5 Clinker*ProcAdd 12 76 1.68 0.0877
Least Squares Means
Proc
linker Add estASR DF CLupper CLlower
High None 0.033835 76 0.054235 0.018225
High C Ash 0.044382 76 0.055694 0.034353
High CKD 0.060980 76 0.074428 0.048871
High F Ash 0.033337 76 0.044123 0.024059
High Slag 0.031182 76 0.042678 0.021487
LS None 0.015191 76 0.029639 0.005527
LS C Ash 0.023040 76 0.032129 0.015460
LS CKD 0.019387 76 0.027072 0.012982
LS F Ash 0.013513 76 0.022321 0.006904
LS Slag 0.021771 76 0.030627 0.014423
Low None 0.027139 76 0.045576 0.013455
Low C Ash 0.013227 76 0.020291 0.007668
Low CKD 0.016382 76 0.024158 0.010111
Low F Ash 0.017648 76 0.025692 0.011111
Low Slag 0.012388 76 0.018659 0.007397
Mid None 0.026822 76 0.038782 0.017061
Mid C Ash 0.022193 76 0.031110 0.014778
Mid CKD 0.023286 76 0.032402 0.015673
Mid F Ash 0.020496 76 0.029095 0.013400
Mid Slag 0.014976 76 0.021797 0.009431
Clinker=High Differences of Least Squares Means
Proc Proc
Obs Add Add Estimate StdErr DF tValue Probt Adjp
5 C Ash None 0.02673 0.02737 76 0.98 0.3319 0.9188
6 CKD None 0.06300 0.02703 76 2.33 0.0224 0.1383
7 F Ash None -0.00136 0.02876 76 -0.05 0.9624 1.0000
8 Slag None -0.00736 0.02911 76 -0.25 0.8012 1.0000

Alkali Silica Reaction E1-13



Clinker=M Differences of Least Squares Means

Proc Proc
Obs Add Add Estimate StdErr DF tValue Probt Adjp
1 C Ash None -0.01480 0.02160 76 -0.69 0.4952 0.9996
2 CKD None -0.01118 0.02160 76 -0.52 0.6063 1.0000
3 F Ash None -0.02061 0.02160 76 -0.95 0.3430 0.9854
4 Slag None -0.04140 0.02093 76 -1.98 0.0515 0.3804
Clinker=L Differences of Least Squares Means
Proc Proc
Obs Add Add Estimate StdErr DF tValue Probt Adjp
1 C Ash None -0.04973 0.02811 76 -1.77 0.0808 0.3807
2 CKD None -0.03675 0.02811 76 -1.31 0.1950 0.7020
3 F Ash None -0.03189 0.02806 76 -1.14 0.2593 0.8258
4 Slag None -0.05344 0.02734 76 -1.95 0.0543 0.2813
Clinker=LS Differences of Least Squares Means
Proc Proc
Obs Add Add Estimate StdErr DF tvalue Probt Adjp
1 C Ash None 0.02854 0.02819 76 1.01 0.3145 0.9003
2 CKD None 0.01598 0.02792 76 0.57 0.5687 0.9993
3 F Ash None -0.00701 0.02967 76 -0.24 0.8139 1.0000
4 Slag None 0.02430 0.02813 76 0.86 0.3905 0.9636

Alkali Silica Reaction E1-14



Covariance Parameters
Obs CovParm Estimate
1 Residual 19025

Type 111 Tests of Fixed Effects

Num Den
Obs Effect DF DF Fvalue ProbF
1 Clinker 3 76 121.94 <.0001
2 SCM 3 76 469 .06 <.0001
3 Clinker*SCcMm 9 76 7.14 <.0001
4 ProcAdd 4 76 5.34 0.0008
5 Clinker*ProcAdd 12 76 3.07 0.0014
Least Squares Means
Proc
Obs Clinker Add Estimate StdErr DF
1 High None 2028.81 101.93 76
2 High C Ash 2140.30 57.1692 76
3 High CKD 2152.62 53.8610 76
4 High F Ash 2056.51 57.1692 76
5 High Slag 1847.06 57.1692 76
6 LS None 1391.00 101.73 76
7 LS C Ash 1633.09 57.1056 76
8 LS CKD 1448.31 52.6235 76
9 LS F Ash 1650.21 68.9659 76
10 LS Slag 1503.92 57.1056 76
11 Low None 1165.01 101.39 76
12 Low C Ash 1218.27 57.0731 76
13 Low CKD 1351.88 57.0731 76
14 Low F Ash 1327.70 57.0731 76
15 Low Slag 1301.27 52.6145 76
16 Mid None 1830.63 68.9659 76
17 Mid C Ash 1671.90 57.0073 76
18 Mid CKD 1929.26 57.0073 76
19 Mid F Ash 1833.79 57.0073 76
20 Mid Slag 1616.60 52.5437 76
Clinker=High Differences of Least Squares Means
Proc Proc
Obs Add Add Estimate StdErr DF tValue Probt Adjp
1 C Ash None 111.49 114_34 76 0.98 0.3326 0.9191
2 CKD None 123.81 112.02 76 1.11 0.2725 0.8441
3 F Ash None 27.6990 119.34 76 0.23 0.8171 1.0000
4 Slag None -181.75 119.34 76 -1.52 0.1319 0.5396

Strength 1 E1-15



Clinker=M Differences of Least Squares Means

Proc Proc
Obs Add Add Estimate StdErr DF tValue Probt Adjp
1 C Ash None -158.72 89.4770 76 -1.77 0.0801 0.5196
2 CKD None 98.6375 89.4770 76 1.10 0.2738 0.9520
3 F Ash None 3.1681 89.4770 76 0.04 0.9718 1.0000
4 Slag None -214.03 86.7014 76 -2.47 0.0158 0.1501
Clinker=L Differences of Least Squares Means
Proc Proc
Obs Add Add Estimate StdErr DF tValue Probt Adjp
1 C Ash None 53.2621 116.44 76 0.46 0.6487 1.0000
2 CKD None 186.87 116.44 76 1.60 0.1127 0.4850
3 F Ash None 162.69 116.26 76 1.40 0.1658 0.6325
4 Slag None 136.26 113.25 76 1.20 0.2327 0.7789
Clinker=LS Differences of Least Squares Means
Proc Proc
Obs Add Add Estimate StdErr DF tvalue Probt Adjp
1 C Ash None 242.10 116.77 76 2.07 0.0415 0.2271
2 CKD None 57.3162 115.67 76 0.50 0.6217 0.9999
3 F Ash None 259.21 122.90 76 2.11 0.0382 0.2126
4 Slag None 112.92 116.55 76 0.97 0.3357 0.9224

Strength 1 E1-16



Covariance Parameters
Obs CovParm Estimate
1 Residual 20451

Type 111 Tests of Fixed Effects

Num Den
Obs Effect DF DF Fvalue ProbF
1 Clinker 3 64 92.27 <.0001
2 SCM 3 64 672.56 <.0001
3 Clinker*scm 9 64 4.06 0.0004
4 ProcAdd 4 64 14.59 <.0001
5 Clinker*ProcAdd 12 64 3.52 0.0005
6 ProcAdd*SCM 12 64 1.61 0.1117
Least Squares Means
Proc
Obs Clinker Add Estimate StdErr DF
1 High None 3416.07 120.57 64
2 High C Ash 3308.83 59.9435 64
3 High CKD 3419.27 56.9884 64
4 High F Ash 3492 .53 59.9756 64
5 High Slag 3199.78 59.8943 64
6 LS None 2784 .19 120.44 64
7 LS C Ash 3132.10 59.9123 64
8 LS CKD 3033.31 54.9889 64
9 LS F Ash 3148.33 71.5035 64
10 LS Slag 3023.19 59.8587 64
11 Low None 2384.70 120.21 64
12 Low C Ash 2526.39 59.8930 64
13 Low CKD 2773.39 59.8620 64
14 Low F Ash 2656 .97 59.9269 64
15 Low Slag 2502.29 54.9879 64
16 Mid None 3061.67 71.5035 64
17 Mid C Ash 2896.63 59.8700 64
18 Mid CKD 3355.33 59.8417 64
19 Mid F Ash 3121.54 59.9072 64
20 Mid Slag 2799.08 54.9603 64
Clinker=High Differences of Least Squares Means
Proc Proc
Obs Add Add Estimate StdErr DF tvalue Probt Adjp
1 C Ash None -107.24 132.29 64 -0.81 0.4206 0.9620
2 CKD None 3.2027 130.53 64 0.02 0.9805 1.0000
3 F Ash None 76.4610 136.94 64 0.56 0.5786 0.9987
4 Slag None -216.29 137.03 64 -1.58 0.1194 0.4625
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Clinker=M Differences of Least Squares Means

Proc Proc
Obs Add Add Estimate StdErr DF tValue Probt Adjp
1 C Ash None -165.03 93.2586 64 -1.77 0.0816 0.5355
2 CKD None 293.66 93.2404 64 3.15 0.0025 0.0305
3 F Ash None 59.8685 93.2825 64 0.64 0.5233 0.9998
4 Slag None -262.58 90.1852 64 -2.91 0.0049 0.0564
Clinker=L Differences of Least Squares Means
Proc Proc
Obs Add Add Estimate StdErr DF tvalue Probt Adjp
1 C Ash None 141.69 134.62 64 1.05 0.2965 0.8395
2 CKD None 388.69 134.62 64 2.89 0.0053 0.0363
3 F Ash None 272.28 134.04 64 2.03 0.0464 0.2247
4 Slag None 117.59 131.11 64 0.90 0.3731 0.9286
Clinker=LS Differences of Least Squares Means
Proc Proc
Obs Add Add Estimate StdErr DF tValue Probt Adjp
1 C Ash None 347.90 134.87 64 2.58 0.0122 0.0743
2 CKD None 249.12 133.82 64 1.86 0.0673 0.3001
3 F Ash None 364.14 140.06 64 2.60 0.0116 0.0711
4 Slag None 238.99 134.06 64 1.78 0.0794 0.3409
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Covariance Parameters
Obs CovParm Estimate
1 Residual 31253

Type 111 Tests of Fixed Effects

Num Den
Obs Effect DF DF Fvalue ProbF
1 Clinker 3 64 71.84 <.0001
2 SCM 3 64 366.12 <.0001
3 Clinker*scm 9 64 6.75 <.0001
4 ProcAdd 4 64 11.32 <.0001
5 Clinker*ProcAdd 12 64 5.77 <.0001
6 ProcAdd*SCM 12 64 1.51 0.1426
Least Squares Means
Proc
Obs Clinker Add Estimate StdErr DF
1 High None 4307.61 149.04 64
2 High C Ash 4424 .06 74.1020 64
3 High CKD 4275.94 70.4489 64
4 High F Ash 4359.42 74.1417 64
5 High Slag 4409.46 74.0412 64
6 LS None 3819.11 148.88 64
7 LS C Ash 4319.64 74.0635 64
8 LS CKD 4192.02 67.9772 64
9 LS F Ash 4356.25 88.3924 64
10 LS Slag 4169.19 73.9972 64
11 Low None 3262.62 148.60 64
12 Low C Ash 3470.58 74.0396 64
13 Low CKD 3714.08 74.0013 64
14 Low F Ash 3748.71 74.0815 64
15 Low Slag 3412.81 67.9760 64
16 Mid None 3786.67 88.3924 64
17 Mid C Ash 3847.62 74.0112 64
18 Mid CKD 4571.07 73.9762 64
19 Mid F Ash 4133.08 74.0571 64
20 Mid Slag 3850.46 67.9418 64
Clinker=High Differences of Least Squares Means
Proc Proc
Obs Add Add Estimate StdErr DF tvalue Probt Adjp
1 C Ash None 116.45 163.53 64 0.71 0.4790 0.9858
2 CKD None -31.6641 161.36 64 -0.20 0.8450 1.0000
3 F Ash None 51.8166 169.29 64 0.31 0.7605 1.0000
4 Slag None 101.86 169.40 64 0.60 0.5498 0.9971
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Clinker=M Differences of Least Squares Means

Proc Proc
Obs Add Add Estimate StdErr DF tValue Probt Adjp
1 C Ash None 60.9564 115.29 64 0.53 0.5988 1.0000
2 CKD None 784.41 115.26 64 6.81 <.0001 <.0001
3 F Ash None 346.42 115.32 64 3.00 0.0038 0.0447
4 Slag None 63.7939 111.49 64 0.57 0.5692 1.0000
Clinker=L Differences of Least Squares Means
Proc Proc
Obs Add Add Estimate StdErr DF tvalue Probt Adjp
1 C Ash None 207.96 166.41 64 1.25 0.2160 0.6981
2 CKD None 451.46 166.41 64 2.71 0.0086 0.0551
3 F Ash None 486.09 165.70 64 2.93 0.0046 0.0324
4 Slag None 150.19 162.08 64 0.93 0.3576 0.9141
Clinker=LS Differences of Least Squares Means
Proc Proc
Obs Add Add Estimate StdErr DF tValue Probt Adjp
1 C Ash None 500.53 166.72 64 3.00 0.0038 0.0272
2 CKD None 372.90 165.43 64 2.25 0.0276 0.1473
3 F Ash None 537.14 173.15 64 3.10 0.0029 0.0210
4 Slag None 350.08 165.73 64 2.11 0.0386 0.1932
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Covariance Parameters
Obs CovParm Estimate
1 Residual 76070

Type 111 Tests of Fixed Effects

Num Den
Obs Effect DF DF Fvalue ProbF
1 Clinker 3 76 24.39 <.0001
2 SCM 3 76 46 .26 <.0001
3 Clinker*scm 9 76 4.74 <.0001
4 ProcAdd 4 76 3.00 0.0236
5 Clinker*ProcAdd 12 76 2.33 0.0132
Least Squares Means
Proc
Obs Clinker Add Estimate StdErr DF
1 High None 5713.85 203.82 76
2 High C Ash 5890.31 114.32 76
3 High CKD 5565.76 107.70 76
4 High F Ash 5779.55 114.32 76
5 High Slag 5857.33 114.32 76
6 LS None 6328.50 203.42 76
7 LS C Ash 6264 .55 114.19 76
8 LS CKD 6038.78 105.23 76
9 LS F Ash 6205.79 137.90 76
10 LS Slag 5998.09 114.19 76
11 Low None 5376.56 202.74 76
12 Low C Ash 5763.07 114.12 76
13 Low CKD 5456 .41 114.12 76
14 Low F Ash 6019.71 114.12 76
15 Low Slag 5864 .29 105.21 76
16 Mid None 6364 .17 137.90 76
17 Mid C Ash 6023.89 113.99 76
18 Mid CKD 6339.86 113.99 76
19 Mid F Ash 6515.56 113.99 76
20 Mid Slag 6060.49 105.07 76
Clinker=High Differences of Least Squares Means
Proc Proc
Obs Add Add Estimate StdErr DF tValue Probt Adjp
1 C Ash None 176.46 228.63 76 0.77 0.4426 0.9849
2 CKD None -148.09 224._00 76 -0.66 0.5105 0.9965
3 F Ash None 65.7033 238.64 76 0.28 0.7838 1.0000
4 Slag None 143.48 238.64 76 0.60 0.5495 0.9987
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Clinker=M Differences of Least Squares Means

Proc Proc
Obs Add Add Estimate StdErr DF tValue Probt Adjp
1 C Ash None -340.28 178.92 76 -1.90 0.0610 0.4297
2 CKD None -24.3058 178.92 76 -0.14 0.8923 1.0000
3 F Ash None 151.39 178.92 76 0.85 0.4001 0.9955
4 Slag None -303.68 173.37 76 -1.75 0.0839 0.5360
Clinker=L Differences of Least Squares Means
Proc Proc
Obs Add Add Estimate StdErr DF tValue Probt Adjp
1 C Ash None 386.51 232.84 76 1.66 0.1010 0.4484
2 CKD None 79.8448 232.84 76 0.34 0.7326 1.0000
3 F Ash None 643.14 232.47 76 2.77 0.0071 0.0528
4 Slag None 487.73 226.46 76 2.15 0.0344 0.1965
Clinker=LS Differences of Least Squares Means
Proc Proc
Obs Add Add Estimate StdErr DF tvalue Probt Adjp
1 C Ash None -63.9547 233.50 76 -0.27 0.7849 1.0000
2 CKD None -289.73 231.29 76 -1.25 0.2142 0.7406
3 F Ash None -122.71 245.76 76 -0.50 0.6190 0.9999
4 Slag None -330.42 233.05 76 -1.42 0.1603 0.6168
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APPENDIX E2

GRAPHICAL PRESENTATION OF EFFECTS OF PROCESSING ADDITIONS

ON PASTE AND MORTAR

Each page represents a different test
Each plot represents a different SCM
Each family represents a different Clinker
Processing Additions are not separated out

Horizontal axis represents processing addition dosage
Vertical axis represents test data
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APPENDIX E3

GRAPHICAL PRESENTATION OF EFFECTS OF PROCESSING ADDITION

TYPE ON PASTE AND MORTAR

Each set of four pages represents a different test

Each page represents a different SCM

Each plot represents a different Clinker

Each family represents a different Processing Addition

Horizontal axis represents processing addition dosage
Vertical axis represents test data
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0.0 2.0 4.0 6.0 8.0 0.0 2.0 4.0 6.0 8.0
Autoclave E3-9




C Ash (SCM) High C Ash (SCM) Low
260 260
220 220
@C Ash
180 ACKD 180 . R
140 - A WFAsh 140 -
- . ¢ Slag
()
100 - 100 -
<o
60 T T T 60 T T T
0.0 20 4.0 6.0 8.0 0.0 20 40 6.0 8.0
C Ash (SCM) LS C Ash (SCM) Mid
260 260
|
220 - 220 -
® ® @ C Ash @ C Ash
180 - 180 -
A0 A ACKD . ACKD
140 mF Ash 140 A mF Ash
¢ Slag @ Slag
100 100 @
60 T T T 60 T T T
0 2 4 6 8 0.0 2.0 40 6.0 8.0
Vicat Set Time E3-10




F Ash (SCM) High F Ash (SCM) Low
260 260 o
220 A 220
@® C Ash
180 180 A CKD
@ A
140 140 W F Ash
@ Slag
A
100 - ' | ¢ 100 -
60 | T T 60 : T T
0.0 2.0 4.0 6.0 8.0 0.0 2.0 4.0 6.0 8.0
F Ash (SCM) LS F Ash (SCM) Mid
260 260
220 A ] 220 A
@® C Ash ® C Ash
180 - o A CKD 180 - A CKD
140 - ° ® A meAsh 140 - A B | e
¢ Slag ® ¢ Slag
100 | 100 @
60 T T T T 60 T T T
0.0 1.0 2.0 3.0 4.0 5.0 0.0 2.0 4.0 6.0 8.0

Vicat Set Time

E3-11




None (SCM) High None (SCM) Low
260 260
220 + 220 -
@ C Ash @ C Ash
180 1 ACKD 180 - ACKD
140 L mF Ash 140 - mF Ash
¢ Slag ® ¢ Slag
| A A g ®
100 A 100 @
60 \? T . T T 60 T T T
0.0 2.0 4.0 6.0 8.0 0.0 2.0 4.0 6.0 8.0
None (SCM)LS None (SCM) Mid
260 260
220 -+ 220 -
@ @ C Ash @ C Ash
180 1 ACKD 180 - ACKD
]
A ] ¢ ¢ ¢ Slag A A ¢ Slag
100 100 ® ® -
o
60 ‘ ‘ ‘ 60 ‘ ‘ ‘
0.0 2.0 4.0 6.0 8.0 0.0 2.0 4.0 6.0 8.0

Vicat Set Time

E3-12




Slag (SCM) High Slag (SCM) Low
260 260
220 220 - H
@ C Ash @C Ash
180
A CKD 180 - A CKD
140 | BF Ash ® mF Ash
o A A ¢ Slag 140 (] A ¢ 9 ¢ Slag
A
0e ] ] 100 -
60 T T T 60 T T T
0.0 2.0 4.0 6.0 8.0 0.0 ’0 40 6.0 8.0
Slag (SCM) LS Slag (SCM) Mid
260 260
220 - 220 -
@C Ash L @C Ash
180 180
A CKD A CKD
| R a ¢ mFEASh | 140 - o o A WF Ash
Sla Sla
¢ Slag ) ® @ Slag
100 - 100 -
60 ‘ ‘ ‘ 60 ‘ ‘ ‘
0.0 2.0 4.0 6.0 8.0 0.0 2.0 4.0 6.0 8.0
Vicat Set Time E3-13




C Ash (SCM) High C Ash (SCM) Low
25.00 25.00
20.00 1 20.00 -
® @C Ash
CKD
15.00 - A g A 15.00 -
] @ mF Ash
10.00 10.00
5.00 ‘ ‘ ‘ 5.00 ‘ : :
0.0 2.0 4.0 6.0 8.0 0.0 2.0 4.0 6.0 8.0
C Ash (SCM) LS C Ash (SCM) Mid
25.00 25.00
20.00 | 20.00 |
@C Ash @C Ash
15.00 - ‘Eith 15.00 1 ACKD
Ao A :Slag ¢ 4m ¢ :;fh
10009 @ - 10.00 - g
5.00 ‘ ‘ : 5.00 ‘ ‘ ‘
0 2 4 6 8 0.0 2.0 4.0 6.0 8.0
Calorimetry E3-14




F Ash (SCM) High F Ash (SCM) Low
25.00 25.00
20.00 | 20.00 |
@ C Ash
Q@ A CKD
15.00 A g 15.00
L ® mF Ash
@ A ¢ Sla
10.00 - 10.00 ‘ | 9
5.00 : ‘ : 5.00 : ‘ :
0.0 2.0 4.0 6.0 8.0 0.0 2.0 4.0 6.0 8.0
F Ash (SCM) LS F Ash (SCM) Mid
25.00 25.00
20.00 | 20.00
@ C Ash @ C Ash
CKD CKD
15.00 1 A 15.00 1 A
B F Ash B F Ash
@ ] A ¢ Slag o ] ¢ ¢ Slag
10.00 o m 10.00
500 T T T T 500 T T T
0.0 1.0 2.0 3.0 40 5.0 0.0 2.0 40 6.0 8.0
Calorimetry E3-15




None (SCM) High None (SCM) Low
25.00 25.00
20.00 ® A @CAsh| | 20.00 @C Ash
ACKD ® ACKD
15.00 - mF Ash| | 15.00 A g o ¢ | |mFAsh
¢ Slag ¢ Slag
10.00 10.00
5.00 : ‘ : 5.00 : : ‘
0.0 2.0 4.0 6.0 8.0 0.0 2.0 4.0 6.0 8.0
None (SCM)LS None (SCM) Mid
25.00 25.00
20.00 @CAsh| | 20.00 - A @C Ash
ACKD A ACKD
1500 4 u & | |EFAsh| | 1500@ & ® ¢— |mFAsh
14 ¢ Slag ¢ Slag
10.00 10.00
5.00 : ‘ : 5.00 : : ‘
0.0 2.0 4.0 6.0 8.0 0.0 2.0 4.0 6.0 8.0
Calorimetry E3-16




Slag (SCM) High Slag (SCM) Low
25.00 25.00
20.00 |
20.00 1
@ C Ash @C Ash
CKD
15.00 A ACKD
WFAsh 15.00 4 mF Ash
® & ) ¢ Slag ¢ Slag
10.00 7 - A A 10.00 | 2 N
@
5.00 T T T 5.00 T T T
0.0 20 4.0 6.0 8.0 0.0 20 40 6.0 8.0
Slag (SCM) LS Slag (SCM) Mid
25.00 25.00
20.00 20.00
@C Ash @C Ash
15.00 1 A CKD 15.00 ACKD
mF Ash BmFAsh
¢ Slag ¢ Slag
10.00 - 10.00 @
A m ® - A
()
5.00 : : : 5.00 : : :
0.0 2.0 4.0 6.0 8.0 0.0 20 4.0 6.0 8.0
Calorimetry E3-17




C Ash (SCM) High C Ash (SCM) Low
0.28 0.28
0.26 | 0.26 |
@C Ash
0.24 A CKD 0.24
g , = ® mF Ash
0.22 | 0.22 |
¢ Slag
A
0.20 | 0.20 .. @
0.18 ‘ ‘ ‘ 0.18 ‘ ‘ ‘
0.0 2.0 4.0 6.0 8.0 0.0 2.0 4.0 6.0 8.0
C Ash (SCM) LS C Ash (SCM) Mid
0.28 0.28
0.26 0.26
@C Ash @ C Ash
0.24 | R A CKD 0.24 AR ACKD
022 , Ao ] BF Ash 022 ® ¢ B F Ash
@ Slag @ Slag
0.20 0.20
0.18 ‘ ‘ ‘ 0.18 : ‘ ‘
0 2 4 6 8 0.0 2.0 4.0 6.0 8.0
Flow Paste E3-18




F Ash (SCM) High F Ash (SCM) Low
0.28 0.28
0.26 - , A g 14 0.26
0.24 @ C Ash
. 0.24
3 A KD
° em o AC
0.22 - 0.22 - WF Ash
@ Slag
0.20 - 0.20 -
0.18 ‘ : : 0.18 : ‘ :
0.0 2.0 4.0 6.0 8.0 0.0 2.0 4.0 6.0 8.0
F Ash (SCM) LS F Ash (SCM) Mid
0.28 0.28
i @
0.26 ° © [ A 0.26 @ M~ AR ¢
[ @C Ash @C Ash
0.24 - A CKD 0.24 4 A CKD
0.22 - WF Ash 022 | WF Ash
¢ Slag ¢ Slag
0.20 - 0.20 -
0.18 ‘ ‘ ‘ ‘ 0.18 ‘ : ‘
0.0 1.0 2.0 3.0 4.0 5.0 0.0 2.0 4.0 6.0 8.0
Flow Paste E3-19




None (SCM) High None (SCM) Low
0.28 0.28
0.26 26 |
® u o A A 0.26
@ C Ash @ C Ash
0.24 | ACKD 0.24 | ACKD
0.22 | mF Ash 0.22 | A mF Ash
¢ Slag ® ) L ® ¢ Slag
0.20 | 0.20 m
0.18 ; ; ‘ 0.18 ‘ ‘ ‘
0.0 2.0 4.0 6.0 8.0 0.0 2.0 4.0 6.0 8.0
None (SCM)LS None (SCM) Mid
0.28 0.28
0.26 | 0.26 -|
) Py @ @® C Ash ® P ) @ C Ash
0.24 0.24 -
ACKD ACKD
0.22 mF Ash 0.22 mF Ash
¢ Slag ¢ Slag
0.20 0.20
0.18 ‘ ; ‘ 0.18 ‘ ‘ ‘
0.0 2.0 4.0 6.0 8.0 0.0 2.0 4.0 6.0 8.0
Flow Paste E3-20




Slag (SCM) High Slag (SCM) Low
0.28 - 0.28
026 ® » @ A A 0.26 -
@ C Ash A @C Ash
0.24 . = @
ACKD 0.24 - A CKD
0.22 WF Ash 022 BmF Ash
¢ Slag : @ Slag
0.20 0.20
0.18 T T T 0.18 T T T
00 20 40 6.0 8.0 0.0 2.0 4.0 6.0 8.0
Slag (SCM) LS Slag (SCM) Mid
0.28 0.28 i
0.26 - ‘ A u ¢ ¢ 0.26 = u °® ® A
@C Ash @ C Ash
0.24 0.24
A CKD A CKD
022 - BF Ash 022 WFAsh
¢ Slag ¢ Slag
0.20 | 0.20
0.18 ‘ ‘ ‘ 0.18 ‘ ‘ ‘
0.0 2.0 4.0 6.0 8.0 0.0 2.0 40 6.0 8.0
Flow Paste E3-21




C Ash (SCM) High C Ash (SCM) Low
-0.060 -0.060
-0.080 - -0.080 -
0.080 . 0 ®
) i -0.100 -
0.100 @®C Ash @C Ash
-0.120 - ACKD -0.120 - A A CKD
A
-0.140 - & u ® WF Ash -0.140 - WF Ash
-0.160 - ¢ Slag -0.160 - ¢ Slag
-0.180 - -0.180 -
-0.200 : : : -0.200 : : :
0.0 2.0 4.0 6.0 8.0 0.0 2.0 4.0 6.0 8.0
C Ash (SCM) LS C Ash (SCM) Mid
-0.060 -0.060
-0.080 - -0.080 -
-0.100 -0.100 -
* 3 o u @ C Ash m Am °® @C Ash
-0.120 - A A CKD 0120 @ ® A CKD
-0.140 - A mF Ash -0.140 - WF Ash
-0.160 - ¢ Slag -0.160 - ¢ Slag
-0.180 -0.180 -
-0.200 : ‘ ‘ -0.200 : : :
0 2 4 6 8 0.0 2.0 4.0 6.0 8.0
Shrinkage E3-22




Shrinkage

F Ash (SCM) High F Ash (SCM) Low
-0.060 -0.060
-0.080 A -0.080 ¢
| o ° ol o
-0.100 - -0.100 - A
& @ C Ash @C Ash
-0.120 - A4 A CKD -0.120 - A CKD
-0.140 - EF Ash -0.140 - WF Ash
-0.160 - ¢ Slag -0.160 | ¢ Slag
-0.180 - -0.180 -
-0.200 ‘ ‘ -0.200 : | ‘
0.0 2.0 4.0 6.0 8.0 0.0 2.0 4.0 6.0 8.0
F Ash (SCM) LS F Ash (SCM) Mid
-0.060 -0.060
-0.080 - -0.080 -
-0.100 - ® ¢ ] ¢
® B ©C Ash 0.100 o A [ | @C Ash
-0.120 - A A CKD -0.120 - A CKD
-0.140 - B F Ash -0.140 - WF Ash
S
-0.160 - ¢>lag -0.160 - ¢ Slag
-0.180 - -0.180 -
'0.200 T T T T '0200 T T T
0.0 1.0 2.0 3.0 4.0 5.0 0.0 2.0 4.0 6.0 8.0
E3-23




None (SCM) High None (SCM) Low
-0.060 -0.060
-0.080 A -0.080 -
-0.100 - 0. ¢ ®
@ C Ash 0100 ® = A. @ C Ash
-0.120 | e o A CKD -0.120 - A CKD
0140 ® ¢ A W F Ash -0.140 - mF Ash
-0.160 - A ¢ Slag 0160 J & Slag
-0.180 -0.180 -
-0.200 : : : -0.200 : : ‘
0.0 2.0 4.0 6.0 8.0 0.0 2.0 4.0 6.0 8.0
None (SCM) LS None (SCM) Mid
-0.060 -0.060
-0.080 - -0.080 - ®
] i -0.100
0.100 o o - ® ® @C Ash ° °m o ¢ @ C Ash
-0.120 A CKD -0.120 A A A CKD
0140 1 A BEF Ash -0.140 - mFAsh
S
-0.160 - ¢ Slag -0.160 - ¢>ag
-0.180 -0.180
-0.200 : : : -0.200 : : :
0.0 2.0 4.0 6.0 8.0 0.0 2.0 4.0 6.0 8.0

Shrinkage E3-24



Slag (SCM) High Slag (SCM) Low
-0.060 -0.060
-0.080 4 10.080 L
-0.100 - - A @ C Ash -0.100 - . @C Ash
0120 g ‘ @ ACKD -0.120 @ ACKD
-0.140 - B F Ash 0140 | WF Ash
-0.160 - ¢ Slag 0160 . ¢ Slag
-0.180 0.180 -
-02000.0 2‘.0 4‘.0 6‘.0 8.0 0200 | | |
0.0 2.0 40 6.0 8.0
Slag (SCM) LS Slag (SCM) Mid
-0.060 -0.060
-0.080 - -0.080 i o A
-0.100 - - ° oC Ash -0.100 - | oC Ash
0120 - A ACKD 0120 - ® ACKD
-0.140 BF Ash -0.140 mF Ash
0.160 @ Slag 0.160 o Slag
-0.180 - -0.180 -
-0.200 ‘ ‘ ‘ -0.200 ‘ ‘ ‘
0.0 2.0 40 6.0 8.0 0.0 20 40 6.0 8.0
Shrinkage E3-25




C Ash (SCM) High C Ash (SCM) Low
1.00 1.00
0.80 - 0.80 -
@C Ash
0.60 - ACKD 0.60 -
0.40 - a m N WF Ash 0.40 - A
A ¢ Slag )
0.20 - 0.20 |
0.00 ‘ ‘ | 0.00 ‘ ‘ ‘
0.0 2.0 4.0 6.0 8.0 0.0 2.0 4.0 6.0 8.0
C Ash (SCM) LS C Ash (SCM) Mid
1.00 1.00
0.80 - 0.80
@C Ash @C Ash
0.60 ACKD 0.60 + A CKD
040 | mF Ash 040 ® | @ mF Ash
® QA0 - A ¢ Slag ¢ Slag
0.20 - 0.20 |
0.00 : ‘ ‘ 0.00 ‘ : ‘
0 2 4 6 8 0.0 2.0 4.0 6.0 8.0
Air Entraining Admixture E3-26




F Ash (SCM) High F Ash (SCM) Low
1.00 1.
a@ B ® 00e on
A @ A
0.80 - 0.80
@C Ash
0.60 0.60 ACKD
0.40 - 0.40 - WFAsh
@ Slag
0.20 - 0.20 -
0.00 ‘ : ‘ 0.00 ‘ ‘ :
0.0 2.0 4.0 6.0 8.0 0.0 2.0 4.0 6.0 8.0
F Ash (SCM) LS F Ash (SCM) Mid
1.00 1.00
A o o A L [ | @
0.80 - ) ] 0.80 3
@C Ash @C Ash
0.60 - A CKD 0.60 - A CKD
0.40 - WF Ash 040 | WF Ash
¢ Slag @ Slag
0.20 - 0.20 -
0.00 ‘ ‘ ‘ ‘ 0.00 ‘ : ‘
0.0 1.0 2.0 3.0 4.0 5.0 0.0 2.0 4.0 6.0 8.0
Air Entraining Admixture E3-27




None (SCM) High None (SCM) Low
1.00 1.00
0.80 0.80 -
@ C Ash @C Ash
0.60 - o A CKD 0.60 A CKD
0.40 WF Ash 040. L] ® ® BF Ash
[ - o @ A A ¢ Slag | A ¢ Slag
0.20 A 0.20 A
0.00 ‘ ‘ ‘ 0.00 ‘ | ;
0.0 2.0 4.0 6.0 8.0 0.0 2.0 4.0 6.0 8.0
None (SCM) LS None (SCM) Mid
1.00 1.00
0.80 - 0.80 -
@C Ash @ C Ash
0.60 A CKD 0.60 A CKD
0.40 o - o o mFAsh 1 040 o A . WF Ash
‘ ¢ Slag ® ’% ¢ Slag
0.20 A 0.20 A
0.00 T T T OOO T T T
0.0 2.0 4.0 6.0 8.0 0.0 2.0 4.0 6.0 8.0

Air Entraining Admixture E3-28



Slag (SCM) High Slag (SCM) Low
1.00 1.00
0.80 | 0.80 |
@C Ash @C Ash
0.60
° ™~ ® A CKD 0.60 - A CKD
0.40 BEF Ash AN 14 BmF Ash
T A 0.40
m ¢ Slag . ¢ Slag
0.20 | 0.20 |
0.00 ‘ ‘ w 0.00 : : ‘
0.0 2.0 4.0 6.0 8.0 0.0 2.0 4.0 6.0 8.0
Slag (SCM) LS Slag (SCM) Mid
1.00 1.00
0.80 - 0.80 |
@C Ash @C Ash
0.60 0.60
ACKD It °® o A ACKD
040, @ A O S mFAsh || 40 mF Ash
¢ Slag ¢ Slag
0.20 - 0.20 -
0.00 : : : 0.00 : ‘ :
0.0 2.0 4.0 6.0 8.0 0.0 2.0 4.0 6.0 8.0
Air Entraining Admixture E3-29




Stiffening

C Ash (SCM) High C Ash (SCM) Low
50 a A <@ O 50 i @ A A—
40 | 40
@C Ash
30 | ACKD 30 |
20 - WF Ash 20 -
¢ Slag
10 - 10 -
<9
0 T T T O T ‘ T T
0.0 2.0 4.0 6.0 8.0 0.0 2.0 4.0 6.0 8.0
C Ash (SCM) LS C Ash (SCM) Mid
Ve—0 A O | A 50 @ i Al < O
40 40
@C Ash @C Ash
30 - ACKD 30 1 A CKD
20 | B F Ash 20 | W F Ash
@ Slag @ Slag
10 10 4
0 T T T O T T T
0 2 4 6 8 0.0 20 4.0 6.0 8.0
E3-30




F Ash (SCM) High F Ash (SCM) Low
50 —@—A—1n @ QO 50 @ o A @
40 40
@ C Ash
30 30 A CKD
20 1 20 | W F Ash
@ Slag
10 10 4
O T T T O T ‘ , T
0.0 2.0 4.0 6.0 8.0 0.0 2.0 4.0 6.0 8.0
F Ash (SCM) LS F Ash (SCM) Mid
50 @ A (| A 50 @ AB @ @—
40 40
@ C Ash @ C Ash
30 - A CKD 30 4 A CKD
20 | BmF Ash 20 | BmF Ash
¢ Slag @ Slag
10 10 4
0 T T T T 0 T T T
0.0 1.0 2.0 3.0 4.0 5.0 0.0 2.0 4.0 6.0 8.0

E3-31




None (SCM) High None (SCM) Low
50 L @ @ 0@ A @ O
410 @ 20 A 40 - |
A @ C Ash @ C Ash
30 30
A CKD ACKD
20 mF Ash 20 WF Ash
¢ Slag ¢ Slag
10 - 10 A
@
0 T T T O T . T T
0.0 2.0 4.0 6.0 8.0 0.0 20 4.0 6.0 8.0
None (SCM) LS None (SCM) Mid
S00—@ L o o 0@ o @ A &
40 - 40
@C Ash @ C Ash
30 A CKD 30 o ACKD
20 WF Ash 20 BF Ash
@ Slag @ Slag
10 - 10 -
O T T T 0 T T T
0.0 2.0 4.0 6.0 8.0 0.0 2.0 4.0 6.0 8.0

Stiffening E3-32



Slag (SCM) High Slag (SCM) Low
50— MO A 50 @ &
]|
40 - 40 |
@ C Ash @C Ash
30 A CKD 30 A CKD
20 | WF Ash WF Ash
¢ Slag 20 @ Slag
10 - 10 |
0 T T T 0 T T T
0.0 2.0 4.0 6.0 8.0 0.0 20 40 6.0 8.0
Slag (SCM) LS Slag (SCM) Mid
50 — @A L @ — 0@ @ —4A A—
40 - ® 40 -
@C Ash @C Ash
30 30
A CKD A CKD
¢ Slag ¢ Slag
10 - 10 J
0 T T T 0 T T T
0.0 2.0 4.0 6.0 8.0 0.0 2.0 4.0 6.0 8.0
Stiffening E3-33




C Ash (SCM) High C Ash (SCM) Low
0.2000 0.2000
0.1500 0.1500

@C Ash
0.1000 - N A CKD 0.1000 -
0.0500 WF Ash 0.0500 -
[ | - L4 ¢ Slag
0.0000 - 0.0000 - L) @ A
-0.0500 ‘ ‘ ‘ -0.0500 ‘ ‘ ‘
0.0 2.0 40 6.0 8.0 00 20 40 6.0 8.0
C Ash (SCM) LS C Ash (SCM) Mid
0.2000 0.2000
0.1500 - 0.1500 -
0.1000 @C Ash @ C Ash
. | A CKD 0.1000 - A CKD
0.0500 WF Ash 0.0500 - WF Ash
¢ Slag @ Slag
00000® _© A ® m A 0.0000 AN ¢ -
-0.0500 ‘ ‘ ‘ -0.0500 ‘ ‘ ‘
0 2 4 6 8 00 20 40 6.0 8.0
Alkali Silica Reaction E3-34




F Ash (SCM) High F Ash (SCM) Low
0.2000 0.2000
0.1500 - 0.1500
@®C Ash
0.1000 0.1000 A CKD
0.0500 | 0.0500 | WF Ash
@ Slag
Q@
0.0000 ,
B Apg o 0.0000 @ “. ° A
-0.0500 : ; | -0.0500 : : |
0.0 2.0 4.0 6.0 8.0 0.0 2.0 4.0 6.0 8.0
F Ash (SCM) LS F Ash (SCM) Mid
0.2000 0.2000
0.1500 0.1500 |
@ C Ash @®C Ash
0.1000 A CKD 0.1000 ACKD
0.0500 - WFAsh 0.0500 - mF Ash
¢ Slag @ Slag
0.0000 0.0000
e A ©° m A * AN ®
-0.0500 : : : : -0.0500 : : :
0.0 1.0 2.0 3.0 4.0 5.0 0.0 2.0 4.0 6.0 8.0
Alkali Silica Reaction E3-35




None (SCM) High None (SCM) Low
0.2000 0.2000
A
C Ash
0.1500 - ®C Ash 0.1500 ®
A CKD A CKD
0.1000 - mFAsh 0.1000 - WF Ash
() @ Slag ¢ Slag
0.0500 @ N 0.0500
@
®
0.0000 0.0000 AE ® @
-0.0500 ‘ ‘ : -0.0500 ‘ : :
0.0 2.0 4.0 6.0 0.0 2.0 4.0 6.0 8.0
None (SCM) LS None (SCM) Mid
0.2000 0.2000
C Ash C Ash
0.1500 - ® 0.1500 - ®
A CKD A CKD
0.1000 - WF Ash 0.1000 WFAsh
@ Slag @ Slag
0.0500 0.0500
‘ ® A A
0.0000 @ = @ 0.0000 - o o ®
-0.0500 : : : -0.0500 ‘ : :
0.0 2.0 4.0 6.0 0.0 2.0 4.0 6.0 8.0
Alkali Silica Reaction E3-36




Alkali Silica Reaction

Slag (SCM) High Slag (SCM) Low
0.2000 0.2000
0.1500 ®C Ash
. ] A CKD 0.1500 1 @C Ash
0.1000 WF Ash ACKD
. 0.1000
o Slag mF Ash
0.0500 | 0.0500 o Slag
m A
0.0000 ® ‘ ® 0.0000 - B AN ¢
-0.0500 ‘ T T -0.0500 : ‘ w
0.0 20 4.0 6.0 80 00 20 40 6.0 8.0
Slag (SCM) LS Slag (SCM) Mid
02000 0.2000
®C Ash 0.1500 C Ash
0.1500 - A CKD : ®
F Ash ACKD
0.1000 - L 0.1000 B F Ash
¢ Slag
¢ Slag
0.0500 0.0500 -
00000 | @ A [ 14 0.0000 @ B o® o A
-0.0500 ‘ : : -0.0500 : : :
0.0 2.0 4.0 6.0 8.0 0.0 20 4.0 6.0 8.0

E3-37




C Ash (SCM) High C Ash (SCM) Low
3500 3500
3000 3000
2500 @C Ash 2500
< CKD
2000 & A o A 2000
WmF Ash
1500 .S|ag 1500 -
1000 | 1000
500 ‘ ‘ ‘ 500 : ‘ ‘
0.0 2.0 40 6.0 8.0 0.0 2.0 4.0 6.0 8.0
C Ash (SCM) LS C Ash (SCM) Mid
3500 3500
3000 3000
2500 - @®C Ash 2500 - @® C Ash
CKD
2000 - ‘FAsh 2000 ACKD
m H mF Ash
o
1500 9Ag A o Slag 1500 - ® u ® o Slag
1000 1000
500 : : | 500 : : |
0 2 4 6 8 0.0 2.0 40 6.0 8.0
Strength 1 E3-38




F Ash (SCM) High F Ash (SCM) Low
3500 3500
3000 - 3000 -
2500 - 2500 ®C Ash
A KD
2000 (5 o 2000 - AC
® mF Ash
1500 1500 - Sla
om o A A
1000 - 1000 - ®
500 ‘ ‘ ‘ 500 ‘ ‘ ‘
0.0 2.0 4.0 6.0 8.0 0.0 2.0 4.0 6.0 8.0
F Ash (SCM) LS F Ash (SCM) Mid
3500 3500
3000 - 3000
2500 - @ C Ash 2500 - @ C Ash
CKD CKD
2000 - A 2000 , A
® W F Ash o A H N @ F Ash
1500 - ) * nm A o Slag 1500 - o Slag
1000 - 1000 -
500 T T T T 500 T T T
0.0 1.0 2.0 3.0 4.0 5.0 0.0 2.0 40 6.0 8.0
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APPENDIX E4

PLOTS SHOWING REGRESSION PLOTS FOR SELECTED COMBINATIONS

AND TESTS ON PASTE AND MORTAR

Each set of pages represents a different test

Each plot represents a different Clinker and SCM

Each family represents a different Processing Addition

Plotted lines represented calculated regressions for the appropriate data set
Dashed Lines represent Pass/Fail limits

Horizontal axis represents processing addition dosage
Vertical axis represents test data
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APPENDIX E5

PLOTS SHOWING EFFECTS OF LIMESTONE ON PASTE AND MORTAR

Each page represents a different test

Each plot represents a different SCM

Each family represents clinkers with and without limestone
Dashed Lines represent Pass/Fail limits

Horizontal axis represents processing addition dosage
e  Vertical axis represents test data
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