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Effect of Ground Granulated Blast Furnace Slag on Properties
Based on Analysis of Water Film Thickness Hypothesis

Wen Meng-dan, Chen Jia-jian, Gao Yu-shen, Ma An-min
(Department of Civil Engineering, Foshan University, Foshan 528000, China)

Abstract: To study the effect of ground granulated blast furnace slag (GGBS) on the flowability, cohesiveness and
strength of cement paste, 30 mixes of cement paste samples with different water/cementitious material ratios and
different GGBS contents were measured. To reveal the flowability mechanism of GGBS cement paste, the packing
density of 5 different cementitious mixes with various GGBS content was measured. The water film thickness of
each cement paste mix was calculated based on the packing density test, and the effect of water film thickness on
the flowability of GGBS cement paste was discussed. Results demonstrated that addition of moderate GGBS could
increase the flowability and compressive strength, but impair the cohesiveness. The best overall performance of
cement paste occurs when 5% GGBS is added. The addition of GGBS had positive effect on packing density of

cementitious materials. The water film thickness is the major governing factor of flowability of GGBS cement

paste, and the flowability of cement paste increases with the increase of water film thickness.
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Tab.1 Chemical composition and physical properties of cement and GGBS

A Y% YEEMERE
s CaO Si0,  ALO;  Fe,03  MgO  SO;  R,0™ Vo E N /(g em”) EER A (m* k™)
K 6250 2351 6.30 421 3.02 145 0.80 9.63 3.10 510
B 4249 3861 6.72 0.40 671 080  0.70 2.53 2.86 598
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Tab.2 Mix design and flowability, sieve segregation index and strength test results

WSS (G- BRI

JREEA H/(kg-m™®) BN

0.63 mmid i % /%

28 di % /MPa

I I OROKA K FRE/Mm WE/(mLsT)
G-0-0.60 10839 0.0 33 650.3 197.0 72.8 67.28 11.9
G-0-0.55 1146.0 0.0 34 6303 167.0 51.8 42.81 12.0
G-0-0.50 1215.7 0.0 3.6 607.8 137.5 25.1 17.13 15.5
G-0-0.45 12944 0.0 39 5825 79.0 32 0.37 18.2
G-0-0.40 13839 0.0 42 553.6 18.0 0.0 0.00 20.3
G-0-0.35 1486.8 0.0 4.5 520.4 5.5 0.0 0.00 25.0
G-5-0.60 1028.2 54.1 32 649.4 222.4 75.7 77.15 13.3
G-5-0.55 1087.0 57.2 34 6293 176.4 58.3 47.24 16.3
G-5-0.50 1153.0 60.7 3.6 606.8 143.1 28.4 25.65 18.7
G-5-0.45 12275 64.6 39 5814 92.7 5.8 1.02 20.7
G-5-0.40 13123 69.1 4.1 552.5 4.4 0.0 0.00 253
G-5-0.35 1409.6 74.2 4.5 519.3 3.5 0.0 0.00 26.2
G-10-0.60 972.7 108.1 32 648.4 225.2 78.3 85.34 12.7
G-10-0.55 10282 1142 34 6284 189.3 69.3 65.47 16.0
G-10-0.50 1090.5 121.2 3.6 605.8 149.5 28.9 35.98 17.8
G-10-0.45 11609 129.0 39 5804 96.1 5.9 5.26 19.2
G-10-0.40 12409 1379 4.1 551.5 7.3 0.0 0.00 244
G-10-0.35 1332.8 148.1 4.4 518.3 7.5 0.0 0.00 26.0
G-15-0.60 917.3 1619 32 647.5 220.3 86.1 76.96 12.7
G-15-0.55 969.6 171.1 34 6274 206.8 65.3 65.18 16.1
G-15-0.50 1028.3 181.5 3.6 604.9 152.3 32.6 34.71 17.0
G-15-0.45 1094.5 193.1 39 5794 93.6 6.1 3.06 19.3
G-15-0.40 1169.8 2064 4.1 550.5 13.0 0.0 0.00 23.9
G-15-0.35 1256.2 221.7 4.4 517.3 6.5 0.0 0.00 25.8
G-20-0.60 862.1 215.5 32 646.6 239.2 90.2 78.07 12.2
G-20-0.55 9112 227.8 34 6264 212.6 75.7 62.36 15.0
G-20-0.50 966.2 241.5 3.6 603.9 164.0 37.7 26.01 16.5
G-20-0.45 10283 257.1 39 5784 100.7 6.0 2.79 18.8
G-20-0.40 1098.9 2747 4.1 549.5 9.3 0.0 0.00 21.3
G-20-0.35 1180.0 295.0 44 5162 13.5 0.0 0.00 23.6
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Fig.1 Mini-slump cone and V funnel
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Fig.2 Variation of flow spread and flow rate with GGBS content
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Tab.3 Packing density test results
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0 0.506
5 0.529
10 0.533
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Tab.4 Total surface area, pore volume, excess water volume and water film thickness of cement paste samples

Fetbgi s (G- HE- K HD W KM # SR HY/m® KPR HE R 2 B AR/ mL FIRKABYmL KR /um
G-0-0.60 469.47 290.15 262.64 0.559
G-0-0.55 496.37 306.78 228.99 0.461
G-0-0.50 526.54 325.43 191.24 0.363
G-0-0.45 0.306 560.62 346.49 148.60 0.265
G-0-0.40 599.41 370.47 100.07 0.167
G-0-0.35 643.97 398.01 44.32 0.069
G-5-0.60 472.85 265.34 286.65 0.606
G-5-0.55 499.90 280.52 254.42 0.509
G-5-0.50 530.24 297.54 218.28 0.412
G-5-0.45 0329 564.49 316.76 177.46 0314
G-5-0.40 603.48 338.64 131.01 0.217
G-5-0.35 648.25 363.77 77.67 0.120
G-10-0.60 476.22 261.82 289.36 0.608
G-10-0.55 503.42 276.71 257.34 0.511
G-10-0.50 533.92 293.54 221.43 0.415

G-10-0.45 0533 568.36 312.47 180.89 0.318
G-10-0.40 607.54 334.01 134.76 0.222
G-10-0.35 652.52 358.75 81.81 0.125
G-15-0.60 479.58 262.52 287.85 0.600
G-15-0.55 506.93 277.50 255.79 0.505
G-15-0.50 537.60 294.28 219.85 0.409
G-15-0.45 0333 572.21 313.23 179.28 0.313
G-15-0.40 611.58 334.78 133.13 0.218
G-15-0.35 656.77 359.52 80.15 0.122
G-20-0.60 482.93 262.17 287.40 0.595
G-20-0.55 510.43 277.10 255.36 0.500
G-20-0.50 541.26 293.83 219.45 0.405
0.534
G-20-0.45 576.04 312.72 178.93 0.311
G-20-0.40 615.60 334.20 132.84 0.216
G-20-0.35 661.00 358.84 79.95 0.121
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Fig.5 Variation of water film thickness with packing density, specific surface area
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Fig.6 Variation of flow spread and flow rate with water film thickness
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