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Optimization Exploration of Particle Close Packing Theory in
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Abstract: Aiming at the shortcomings of the modified Anderson-Andreessen model(MAA model) in the mix design
of ultra-high performance concrete(UHPC), a physical and chemical based collaborative optimization method was
proposed. Firstly, the multiple effects of the key parameters of MAA model, particle distribution modulus(g) and
maximum aggregate size(D,,,) on the performance of UHPC matrix are explored through experiments, and the
optimal D, and ¢ value are found. According to the development trend of cement hydration degree, a new cement
hydration spherical shell model is used to establish a new cement hydration equivalent particle size to optimize the
MAA model.
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Fig. 1 Particle size distributions of the raw materials
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Table 1 Mix proportions
kg/m’
Group No. C SF LP UFS FS CS ucs

UFS-13 342.34 870. 31

UFS-15 302.45 909.76

UFS-17 721.65 168. 00 263.16 948. 62

UFS-19 224.55 986. 81

UFS-21 206. 32 1004. 84

FS-19 713.94 392.79

FS-21 666. 40 431.46

FS-23 721.65 168. 00 103. 30 624. 24 473.61

FS-25 581. 88 515.97

FS-27 539.41 558.45

CS-21 489. 96 110. 20 497.69

CS-23 440. 56 136.82 520.48

CS-25 721.65 168. 00 103. 30 391.44 162.68 543.74

CS-27 342.77 187.70 567.37

CS-29 294.69 211.81 591. 35
ucs-21 260.91 258.77 97.32 489. 74
ucCs-23 202. 69 291.92 90. 18 521.94
UCs-25 721.65 168. 00 103. 30 145. 34 324.05 82.92 554.42
ucCs-27 89.00 355.08 75.54 587.11
ucCs-29 33.82 384.90 68.07 619.93
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Fig.2 Wet packing density of UHPC samples
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Fig.3 28 d compressive strength of UHPC samples
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Fig.4 Transverse relaxation time spectrum and porosity of UHPC samples
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Fig. 5 Results of *’Si solid state NMR of sample FS-23
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Fig. 6 Cement hydration degree of sample FS-23 of
different ages
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Fig.7 Equivalent particle size hypothesis of cement particle ™
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Table 2 Basic characteristics of the main hydration products of cement

Hydration product Density/(gem ™ ?) Crystallinity Proportion'/ %
C-S-H gel 2.30-2. 60 Very poor 70
Ca(OH), 2.24 Good 20
Ettringite 1.75 Good 7
3Ca0-Al0,-3CaS0,+(30-32)H,0 1.95 Very good 7

Note:' Unhydrated residual clinker and other trace components account for about 3% .

dadydz, Ay = 39.01%,

=[]
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e AR WS R'= 1.137R V£ k7K J¢ ks 1) 45
SOREAR SR e BT A R K U R 45 OR AR ) A
N MAA SR p e A7 Ak T H 58 B o DA K
D, AEAIER Hy 2.2 Th A3 B 9 S AR B (g {60 0.23, D,
B0 2.19 mm) , AT 3545 9 B4k “# D3 [R] £ 4k UHPC Ji
BB A 2 3 R
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Table3 Mix proportion of the physical chemistry collaborative
optimization group UHPC

kg/m’
C SF LP UFS FS
768.5 149.0 181.6 752.2 237.5
AN
4 it

(1) 38 3 f# M7 g (5 F1 D, {5 X UHPC 2 {4 ¥ g
M SZ R, KA S8 (g 0.23 5 D, {5
2.19 mm) X B AT B S A5 K 5 ) SE R DL R
fICALBR (1 UHPC Je R4 25 48 5 73 X i i H

MAA BRI H A B 5 5 B8 19 UHPC #1 8

PR T B S
(2) R HAT 28 A VERE L UL ¢ (LN D, (E B RE
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Y= 2K AT 1 — A K AR 58 4 1 7K 8 JORE ™ fr) 33K e A5
RUEEST T T K P URE S5 850k A2 43 A, THRAR B T K
bS5 7K U8 UKL RL AR Sy ok K Jle R A2 14 1.137 /%, IF
A A3 T —AMEAE 9 UHPC R A LL

(3) 7 SCHE A4 56 T 4 B Ak 27 9 By 18] 08 Ak O 9%
E—2FF T UHPC AL A Hi i iy S 3 HE RS 1Y
P 5 S, S S bR Ak R R A B R L
B G 5 M fE B9 UHPC M Bt T — & 1) 2 ig
FHEA .
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