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Chemical composition of white cement and
supplementary cementitious admixtures  w/%

Type CaO SiOZ A1203 SO3 MgO F6203 Rzo

Table 1

Cement 65.10 22.10 5.00 3.25 280 045 0.55
SG 38.19 35.00 1538 247 7.06 0.44 1.07
SF 0.35 97.49 0.74 0.24 0.24 0.06 0.88
FA 9.04 42.50 31.80 1.52 0.76 3.78 1.10

R,0 means Na,O or K,O. w is mass fraction. SG is slag. SF is silica fume.
FA is fly ash.
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Fig. 3 Schematic diagram of capillary absorption test
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Table 2 Capillary absorption characteristics of mortars

Sorptivity/(mm-h ™)
Mortars Temperature/ C 7/h Si/S,
Sl SZ SIPA
WM-BLK 20 1.023 0.083 0.426 38.5 12.3
1.031 0.096 0.430 38.5 10.8
60 1.084 0.171 0.396 30.5 6.4
0.878 0.104 0.365 30.5 8.4
WM-SG60 20 1.114 0.024 0.369 6.5 46.0

1.159 0.024 0.376 6.5 48.1

60 0.853 0.042 0.319 6.5 24.1

0.828 0.063 0.296 6.5 13.1

WM-SF10 20 0.657 0.134 0.287 745 49
0.617 0.108 0.318  62.5 5.7

60 0.793 0.116 0.187 385 6.8

0.626 0.129 0.215 745 4.8

WM-FA40 20 0.652 0.035 0.258 6.5 18.6
0.654 0.020 0.243 6.5 33.4
60 0.549 0.023 0.212 6.5 20.2

0.527 0.036 0.195 6.5 14.5
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., 5 WM-BLK #lt, K& WM-SG60 4H LK
RIEME RO 4), (H BB B2 Sipa
TIPS 13.32%(AHAHE): BEAR WM-SF10 ZH[1)
LB A P K, Spa Z0H] B AL 29.23%
WM-FA40 FLERRIEIELL WM-SF10 41K, {HIL
Sipa WIFEKRFEE BN, 1 41.71%. XK, fL
153 A0 B QRS S TR BE R 26 Sipa [ SRV FE FBE B
B TIRE. BT ARMEN WS E R SR
C-S-H BRI bb 2 20 A5 L2385 WA 1) [T
AR AN 2 O AR B TIAL T B K LI AR (1A AL
FREE, 3T 2 3 S5O T4 s D B A3 B 4R WAL S A
REIH 2 HAIE UL, B FEMET BE kG,
IKVERD I 7K BT R P 22 S I

R4 )7 60 CZEFR G, # AR BN TPA Hh

LR (BRI 5 20 ‘CKFEZAL. i, 54 H
1 WM-BLK #f kb, WM-SG60. WM-SF10 Al
WM-FA40 1] Spa 77 7l FEAIK 28.66%  52.87% F1
52.43%. FHET 20 C/KFREF, WM-SG60. WM-SF10
I WM-FA40 [ Sipa 73 MFEAK 13.32% 29.23%7F0
41.70%, f£ 60 CZEFRIE, UMK IE4HMRIL
IPA SR [FFEIRTE K. HAh, 7560 CZEIRE, KA
OIS TPA I T 20 C/KFRN RIAH
RIEUE . AR, ST — RN MBS RN
I, FEEKE LA B S B KAGRREE, b
LA SRR LR &, (B TPA (11 %
i 5K

[\S)
o

—0—WM-BLK-1 —0—WM-SF10-1
—A—WM-BLK-2 —A—WM-SF10-2
—0— WM-SG60-1—— WM-FA40-1
6 = —A— WM-SG60-2—A— WM-FA40-2

f=]
T

(=<

(o))

i~

[\

Absorbed volume per unit area //,/mm

(=)

0 2 4 6 8 10 12 14 16
Absorption time #°/h"3

()20 °C

—
[\S]

—0— WM-BLK-1 —0— WM-SF10-1
—— WM-BLK-2 —4— WM-SF10-2
—0— WM-SG60-1—— WM-FA40-1
28— WM-5G60-2—A— WM-FA40-2

S

(=]

Absorbed volume per unit area /,/mm

6
4
2
0
Absorption time #/h">
(b) 60 C

K6  AFRRE T IRPKIER B4R ST: I I Eids
Fig. 6 Capillary absorption of isopropanol into cement mortars
curing at different temperature
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curing at different temperature

MFE 2 MK 7 "L, 20 CHRIERF, WM-SG60
W AT URBANRKE R S, F K, A 1.137 mm/h"?,
HJG e WM-BLK. WM-SF10 1 WM-FA40 4.,
5224 WM-BLK ML, WM-SG60 (1] S, 5 filrt¥
K, HIEHN 10.61%; WM-SF10 F1 WM-FA40 ¥ S,
Iy BB 37.96%. 36.42%, [EIRIRHEIT. B4,
WM-SF10 fi Z 18] © e, 15 68.5 h, HJ5HKIXE
WM-BLK. WM-SG60 f1 WM-FA10. 5% H4A
WM-BLK #HEt, WM-SF10 )1 251} 8] « A frdd ok,
RN 77.92%; WM-SG60 F1 WM-FA40 [ 25 i)
Bz EEFEAE, HBERIIN 83.12%. W E N H ¢
IHEF 244k, WM-SF10 1 2 IR B KER S, it
K, HJE M UGE WM-BLK . WM-SG60 £l WM-FA40.
5 WM-BLK #Htt, WM-SF10 ] S, B 4K, HEiE
N 35.79%; WM-SG60 Al WM-FA40 411 S, )38 3%
BRAE, FRIE 50N 72.87% 69.27%.

60 CZEFEHT, 5 2HADI B AN K Hh 22 e ka3

520 Chpds—%. WM-BLK 5 WM-SF10 HI414G
LR I B AV I BB A TR R K, T WM-SG60
AT WM-FA40 ) fh 25 5] [B] ARG, HL R B
ESEodinN LS SRR Y/Ey S SRINEZ JIIPA RIS S St LTI
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% LA RL B A R AT A 1 Sk 56 5 B R A A 1)
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e, HRHE(6) TR S HAD SR WG I B ARAE
AR K IR ZR Sppp o FAE B A TPA I 2 Si 1pa»
SER AR 3 FE 8. 20 “CH, ZKFM S P B (1) 3R T 7
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Table 3 Intrinsic sorptivity of mortars absorbing IPA and water
Intrinsic sorptivity
Initial stage /mm*’

Mortar Temperature/‘C Sint.1pA/Sintw

Sintw Sint 1pA

WM-BLK 20 6.343 7.513 1.184

6.395 7.594 1.188

60 6.721 6.994 1.041

5.448 6.375 1.170

WM-SG60 20 6.908 6.486 0.939

7.187 6.613 0.920

60 5.289 5.561 1.051

5.136 5.220 1.016

WM-SF10 20 4.078 5.079 1.246

3.828 5.616 1.467

60 3.306 4917 1.487

3.881 3.815 0.983

WM-FA40 20 4.045 4.542 1.123

4.056 4.267 1.052

60 3.404 3.741 1.099

3.269 3.448 1.055

1E 20 CHRrFERT, 2540 WM-BLK [RAE B4
S Sipg A Singapa 73514 6.37 mm® F17.55 mm®?,
5 WM-BLK HJ Sinew 1 Singea FHEL, WM-SF10 73731
B#AE 37.93%F01 29.21%; WM-FA40 437 B 36.39%
Fl 41.69%; WM-SG60 [1] S JF i 10.66% »
WM-SG60 ] Sinipa FEIE 13.29%. Xif LL o3BT 45 4b
KANEBHWWUTEZE Sinea 5 Singw HIECAE R %N,
WM-SF10 [ Sincipa/Singw WAL 136, HJGIKIKZ
WM-BLK. WM-FA40 fIl WM-SG60. 60°C7%3%)5,
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Table 4 Indicators of water sensitivity for standard-cured
and heat-treated mortars
Parameter Temperatur/C WM-SF10 WM-BLK WM-FA40 WM-SG60

7/h 20 68.50 38.50 6.50 6.50

60 56.50 30.50 6.50 6.50

Si/S, 20 5.32 11.54 25.97 47.04
60 5.83 7.39 17.36 18.60

Sint1PA/Sint,w 20 1.36 1.19 1.09 0.93
60 1.23 1.11 1.08 1.03
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FUAEL Sincipa/Sinew 337N F 1, ZEARLAIREE B 5 75 HoAth
WA T It A s, (B R e A AR
XA RE A T TEHAHER, &SByEEES=4
B R 5, S80I UR B AT K GE 26 3
AAEAE S HRAR K, LA i — B 5.
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Influence of Supplementary Cementitious Materials
on Capillary Absorption Properties of Cement Mortars

LU Yifei', WANG Jie?, LIANG Huaming', YANG Zhenli', ZHOU Chunsheng'
(1. School of Civil Engineering, Harbin Institute of Technology, Harbin 150090, China;
2. Cultural Heritage Rehabilitation Institute of China Railway Academy, Chengdu 610036, China)

Extended Abstract

The capillary water absorption behavior of cement-based materials deviates progressively from the classical unsaturated flow
theories due to specific interactions between water and cement hydrates. Although the impact of supplementary cementitious
materials on the initial capillary sorptivity has been widely investigated, their influence on anomalous capillary absorption behavior
need further exploration. By taking the technical advantage of low-field nuclear magnetic resonance (LF-NMR), this study
investigates the long-term capillary absorption of water and isopropanol (IPA) into white cement mortars with high content of fly ash,
slag, and silica fume.

Introduction The durability of cement-based materials is significantly influenced by the transport processes of water, gases such as
CO,, and ions like CI". Water transport, particularly capillary water absorption, is crucial for durability performance. In most
engineering practices, cement-based materials are non-saturated, making capillary water absorption the primary mode of water
transport. This process is driven by capillary pressure arising from the meniscus within pores and is governed by the extended Darcy's
law or the Richard's equation. In one-dimensional capillary absorption scenarios, theoretically there exists a linear relationship
between the cumulative absorbed volume per unit area and the square root of absorption time, which is known as the square root of
time linear law. The slope obtained from linear fitting is defined as the capillary sorptivity, which serves as a quantitative indicator of
durability. However, long-term capillary water absorption often deviates from this linear law due to specific physicochemical
interactions between water and cement hydrates, especially calcium silicate hydrate (C-S-H) gel. The widespread use of
supplementary cementitious materials such as fly ash, slag, and silica fume alters the composition and micro-structure of C-S-H gel
through secondary hydration reactions, significantly impacting the properties of cement-based materials. Although the capillary
sorptivity has been well recognized as a durability indicator, the anomalous phenomena observed during long-term capillary water
absorption are frequently overlooked, leading to incomplete research and inconclusive findings. This study focuses on the long-term
capillary absorption processes of water and IPA into cement mortars with representative supplementary cementitious materials,
including fly ash, slag, and silica fume. The aim is to elucidate the influence mechanisms of supplementary cementitious materials on
the capillary absorption properties of cement mortars.

Methods The experimental section focused on investigating the impact of supplementary cementitious materials on the capillary
absorption behavior of cement mortars. Samples were prepared with sands, white cement and high contents of fly ash, slag, and silica
fume. These specimens were subjected to both standard curing at 20 ‘C and accelerated curing at 60 ‘C to assess the influence of
curing temperature. Testing methods encompassed capillary absorption tests using IPA and water, along with low-field magnetic
resonance relaxation technique to analyze pore structure evolution. The capillary sorptivity were determined by fitting the
experimental data to a square root of time linear law, and deviations from this law were analyzed to characterize water sensitivity.
Data analysis involved examining changes in capillary sorptivity, deviation times, and pore structure characteristics to elucidate the
mechanisms by which supplementary cementitious materials affect the capillary absorption properties of cement mortar.

Results and discussion The incorporation of fly ash, slag, and silica fume significantly alters the capillary sorptivity of both IPA
and water into cement mortar. Specifically, all three supplementary cementitious materials reduce the capillary sorptivity of IPA, with
fly ash exhibiting the most pronounced effect. During the initial stage of capillary absorption of water, slag increases the sorptivity,
while silica fume and fly ash decrease it. In the later stage, high silica fume content notably enhances the sorptivity, whereas high slag
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and fly ash contents decrease it. The water sensitivity of cement-based materials is also affected. High slag and fly ash increases the
water sensitivity of cement mortars, leading to earlier deviation from the initial linear law and higher degrees of deviation in later
stages. These findings indicate that supplementary cementitious materials modify the composition and microstructure of C-S-H gel,
thereby affecting the water sensitivity and durability of cement-based materials.

Conclusions The addition of three supplementary cementitious materials will reduce the capillary sorptivity of isopropanol, and the
reduction effect of fly ash is most significant. In the initial stage of capillary absorption of water, slag significantly increases the initial
sorptivity of mortar, while silica fume and fly ash show inhibiting effects. In the later stage, silica fume significantly increases the
secondary sorpvitity of water into mortar, while slag and fly ash both decrease their secondary sorptivity. The addition of slag and fly
ash will significantly increase the difference between the initial and secondary capillary sorptivity. High content of silica fume can
reduce the water sensitivity of cement-based materials, while high content of slag and fly ash can improve the water sensitivity, so as
to advance the deviation of capillary absorption of water from the square root of time linear law and to increase the degree of
deviation. The improvement of water sensitivity is the most significant for the mortar with high slag substitution. Curing at high
temperature slightly reduces the water sensitivity of mortar with high slag content, but almost has no effect on the water sensitivity of
mortars with high silica fume and fly ash contents.

Keywords supplementary cementitious materials; cement mortar; capillary absorption; water sensitivity



