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Numerical model of water transport in partially-immersed
unsaturated cement-based materials using Comsol Multiphysics
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Abstract: Saline soils are widely distributed in the desert regions of western China, where road base deformation
due to soluble sulfate poses a significant issue. Using multiphase flow theory, this study conducts a numerical
simulation of water transport in unsaturated cement-based mixtures under infiltration conditions with Comsol
Multiphysics software. The model considers capillary pressure as the driving force for water phase transport and

saturated vapor pressure as the driver for both water and gas phase transport. Dynamic and evaporation governing

Y5 H 81 :2024-01-16

E & B : 3838 2 Hi i 38 2 7l B A BHE I H (2018-MS1-025) 5 5 58 5238 12 iy /T BH% 5 H (2019-ZD1-009) .
Supported by Key Science and Technology Project of Transport Industry of Ministry of Transport(2018-MS1-025),
and the Science and Technology Project of Xinjiang Transportation Department (2019-ZD1-009).

PERE Aok & 08 (1995—) , W, TR UM, 32 28 D35 45 5k b DX T T R AR | 8 AR Gl B U5 1) BF 5, (E-mail)
zmyy2018@ 163.com,

WEEE: TS, WL, TR, (E-mail) ditphd2018@163.com



46 TR K F F IR %47 %

equations for the water and wet air phases in unsaturated porous media are derived, forming the basis of a water
transport model for partially-immersed unsaturated mixtures that accounts for water and wet air evaporation.
Capillary absorption characteristics of three types of cement-stabilized materials are obtained through water
transport testing, and model accuracy is verified against experimental results. Findings show that the capillary
absorption coefficient is the highest for XM (0.09 g/cm?), followed by GK (0.085 g/cm’), and lowest for GM. In
unsaturated porous media, fluid movement in pores is mainly driven by capillary water transport in the early
stages, with later stages dominated by convective effects due to vapor pressure differences. These results highlight
the critical influence of water capillary and evaporation on soluble salt transport in partially-immersed unsaturated
cement-based mixtures. This research advances understanding of water transport in unsaturated media and
provides a foundation for exploring water-salt transport in such materials and establishing numerical models.

Keywords: civil engineering; cement-based material, unsaturated porous media; water transport; numerical

modeling
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Table 1 Aggregate gradation of three different-structure mixtures
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Fig. 1 One-dimensional water transport test
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Fig. 4 Evaporation simulation results of unsaturated porous media
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Table 1 Parameters used in the model
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Fig. 5 Variation of capillary water absorption quality over time
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Fig. 6 Variation of capillary water absorption mass per unit cross-sectional area over square root of time
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Fig. 7 Comparison between simulated and measured capillary water absorption quality

1P T T, NS R R 5 I 2 A AR T B ARLAS B A R 5 R I K o i I (] 4 28 A e A R R AR — B
WO N7 1Y 21 R W AR AR R 22 FL A A K o3 s AR Y R AR M . (AR TE R AR, 28 AR AR F I R A A
B RAFAE— A WK 5 2 i R DA (AT A7, 3 T2 R T I S0T 7 o 2 2 R A A P 0 T 2% e A T 55 , {ELI 30
= 20 A P 3 5 U 555 T 2 A A T 06 1 i S B0RY , B 8 P 3 2 SR B — A AR A (BT o 8 N K AR A v s 2
15 A S5 2 Y VA (LS A7 o AR U, S ST AR TR B 6 VE B LUK 0 1 TR 5 R N R R AR i RS e A

2) BEB LA R 518

AR FARZS TR IR GRS B v A9 U AR A 45 2K o3 A 25 A, RT3 o A B A B0 R Gk P B g Kk AL N
IR AR BOE S DL o P8 S A A A P I A 3k 74 3 B8 DR /N R Gk DB 3 a0 A . i B 8 (a) (b) T LAUE
TR 1 % 78 AR T AR R AR (R 233070 ) 3R T b 3 A7 £ — B U 3 ARG A0/ (9 X, 150 hivp s
1o AR E AE 40 mm 75 A7, 3K — B DX gouk I 4 15 90 106 rP R 8 S Bk A K IR DX 52 XU R O, R R
AR B B AR AR o ol P 8 T LU I, 275 SRR R AR N R 5 RHL B IR A P R B S o A A . 2R
1 h R 2 5 25 2 R A X B AR sk 74 SR 52 o A R 50 B U IR =R 0 A R A M R AR L AR
200 h i, 35 G 3 BE 2 S To 78 KA RIS B9 10 4%, 150 B SR 2% 24 A ) 32 S5 1R 6 Rk L B P A 19 o 3t 4 T 3k gt B
T A R T K o3 A a6 vh 25 8 2 R A T TR A R P A R B K o g 2R A B TN

P 9 /& GK Z5 A2 210 200 hivF Y 7K 26 2 [ B AN [R] 2 L 2 TR TR 5 R /K £ v 38 i~ IR I Rl i 22 4k o [&T v
IR B K2R s, = 0.2 I f9 1 2% S (H 2R, X AN {BLI B0 798 5 Rk A T R 28, AT IA R K 2 LA B IR 5 RHE T T
AR o 8 ik S92 B W5 31 P VR € - v E AR B R 2 B X BE ] gk — 2D e W RS R A AR M . el 1T 9 R, B R
ZE N T, K 2 ey BE Bt I [0] 4 428 4 S 5l S el 38 1S, 38 B (E S i P RO F e 208 TP A8 . X B2t Tk
3 T A0 L TR P Bt~ 152 90 I T 1R g 7 0055 , T 8 6 A T B 2~ 3R Y BT 3 TR 5 R K M RS b, A 094 5 )



%128 KA, 5 A T Comsol Multiphysics #9 3 72 /8 3F 48 Fe K % IR A A K 4 4 12 BB AL AL BF R 53

BffE=1h RE: KPGHBER M pmss) HEk: KPTREY Wf[Al=200 h KA APTHBER/Mpmis) Ak KPHEEY

500 140

450 120

400 200

400 100

350

300 ~ 100 .

250 60

200 |

150 I 40
B 100 z 0 50

y I . 50 y I . 50

~ 50

-50 -50
(a) ToFEAAE FI AN 7] ik 200 25 0 53 B8 K/ K 3950 A

MfEl=1h il KEBEERD pmss) Bk RFEEY AFfE]=200 h i : APHBBE R/ M pm/s) Bk AVEHEEY

x 10°
500 16
200 200 1.4
‘ 400 | 1.2
300 v L
100 & |~ 100 0.8
200 ‘ 0.6
7 0 100 2 0 04
A S ¢ E 0.2
Y\T_qc 50 S - 50 y\L»x 50 =5,
-50 _50 -50 -50
(b) % FE7% & e F A [ o] 280 38 T S ) K/ e 3 43 A
i [8]=200 h ik RPHE Y ‘ i8] =200 h ik RVEEEEE Y
| N I e |
T 200
erh}“ 100
o ﬂ"(rﬂ'ﬁ'\ rjrf‘bﬂ'ﬁf
100
) 1 0
vl oz 50 = ;-
-50 -50 Vi | bort
() LZEEAEFSE200 ik Vi B iy (d) H 7R AEHIZE200 hik Ve

E: EH A mm
B8 FRAXHANBAEAMLEAREXNEIHSH

Fig. 8 Darcy velocity and field distribution at different time in partially-immersed specimen
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Fig. 9 Variation of waterline height of different gradation mixture with immersion time
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