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Abstract: Free swelling rate is a critical parameter for identifying and classifying swelling properties of expansive soils. In the
current " Standard for Geotechnical Testing Method GB/T 50123—2019", numerous influencing factors affect free swelling
rate tests, and the testing mechanism remains incomplete. It is crucial to refine the free swelling rate test mechanism to enhance
the parameter's scientific validity. This study examines artificially prepared expansive soils, thoroughly investigating two main
free swelling rate testing methods: China's GB/T 50123—2019 and the American ASTM D5890—19. The study discusses and
analyzes the influencing factors and relationships between these methods, proposing a correction method for the free swelling
rate based on mass-to-volume ratio.The results indicate that factors such as soil type, particle size, and operational procedures

significantly impact the free swelling rate &, (GB/T 50123—2019) and the swell index SI (ASTM D5890—19). For the
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same soil sample, discrepancies in free swelling rates are primarily caused by variations in particle size, shape-induced mass

changes, and stirring frequency. Swell index changes are influenced by the degree of soil film coverage. As the proportion of

sodium bentonite in the prepared expansive soil increases, the swelling volume, free swelling rate (J,; ), and swell index (SI)

increase linearly, with the growth rates of the free swelling rate and swelling volume significantly affected by particle size and

shape. With an increase in sodium bentonite proportion, the specific swelling volume of the soil exhibits a linear function

increase under GB/T 50123, while it follows a downward-opening power function under ASTM D5890. To offset mass

differences resulting from particle size, the study uses specific gravity Gy to correct the free swelling parameters of the soil.

The corrected true free swelling volume V. is not affected by particle shape, particle size, compaction, or other mass-related

tsf

factors and exhibits greater physical rigor, effectively reflects the inherent swelling properties of the soil.

Key words: expansive soil; free swelling rate; swell index; influencing factor; testing mechanism

0 5 =

R DR FC R K B AR e K UL PR 1 5 A 5 55
IR R RESE TR . FEANR R AE
MR, R, SAKRE THEERL TR
R VRN S R R 5 R, AR R REA7AE
BEES. KN, Wk, ERoh gk kT3
FN B AR AR, O b AR H AT AT
B

BT, B RS E @K L A kR
PEAFITRM A . B IR R R Pusr Kk -+
FUORLTEJCE5AE J 1500 P IR REPE, B i, 454k
e, Tz N T AR . SR, EE
T (ETARIEHIE: GB/T 50123—2019) B! CREHK
GB/T 50123) ST H HEKE 5, ML A TEE,
EAE D RO, SRS R M ERK, iR
M 2 ik - Vs BB R DTA o

Fa B ORLTE K R A2 S 1 B R R 2 S
RS  HHERARR 2 L n] B T 05 TE 458 71 R A
BRI R, X —EdE b e SOy AR B K
ol SR, MREFFERY], HHZKEZRZ AN
PAIBZSTAPSE NN E =2 [ N e AN P S RO E R E] 7
IS B 5. 10 mL Rif22A4 0.25~0.5 mm [ A &
EORIAZ/NT 0.1 mm ) EFER 15%, FEH HIEK
ZEmnik 42%B); [FIET, /KR PR R R A ) A
AR, Ak, BHEREO H B SRR AR
—UHES kR, BHEEKRRNZERN 7%~
17%100, AEEIEE AR LRI 2 B SRR, 7
R, BRI 43%0, TisdFhRifes
F0.075 mm K+, TREMERREIHINE S S5
H H K R i AR 02

B0 GB/T 50123 HIIAE, 258 @ISR
HIFERIT A, B i%, H40% 20 o I L AE e S 3 R
PR P P N WL w7 T ot N o PR TE = €

DLEE =R B #E J5 10 B el B2 K 28 B0 o e - 100
Sridharan!?l, Prakash &35 5% 38 1 Bk bbAR
BB, ENTEI I SR R K T B ¥ T
Fro B ) SCEE 751K 22 AR R 06 -E kb A% (14 B
B, ARG B AR R 22 = AR L, 6%
ZERVRIIRRTT FAAEIRN . Eilt—P3 5 A gk
RARGG IR A T S, B RIS v
BRI IE T

& T GB/T 50123 #iti 4k, 2[E ASTM D5890—1913!
b CRTEFR ASTM D5890) HIBZKFEEL (swell index
SD v TR 224, B TG
2 RIS BT A AR, BT
fa%is B IR 1 e U], 18 EBRbrfE A rh 7o
—EWME. Kk, ACPL ASTM D5890 BZAKAEHGRK:
NS R, IRAFHE T GB/T 50123 5 ASTM D5890
TAFEAERES LT fme A B AR DG T T 22 7, A
FL T ANFEIRZR B K S 20t s

i R I T3t 22 R TR ot AR K
RPN I R R U618, Al 45 SR EE A GB/T
50123 5 ASTM D5890 #iiti I~ 57 i & HAE Rk AR A AR
1, o TR S LR R R R, HIETH
R AL FR, R A L RORIAE X 5T & 5% G
X H KRS ET B IE A BEREE . &
TR AR IR PRV 715, N TR SRR AL SRR

~Jo

1 BHBEKEXEHIE
1.1 REHEER

GB/T 50123 #TERHAZE/NT 0.5 mm ¥ 10 mL H £
HEFR T REIZK 5 AR 2 LA v A B IR R .
T GB/T 50123 ¥lyaxRiZ M F e BN %z, (EbR
R, REZESATRESE 10 mL EFEF RSN, il
XF H K e = AR R . AHELZ R, ASTM



10

kgt S5 IAK T B BRI R A L 7T

2197

FH10 mL1 4
FREE10 mL - R

| —> | —>

605g

5 mL
5% NaCIZF#
(8E)
60 mL4liZk

fMA10 mLA-#

q -

(a) GB/T 50123 H H MR W & n H B

90 mL4lizZk
2 g FE ]

) | | e—]

WYL BEZ 100 mL
BRI FO.1
- RIS A
R
3 il B Ik 19 BT
1 goucErE .
E K F10 min

(b) ASTM D5890M N5 % i 7 B
1 BHEESEERNEREREE

Fig. 1 Flow diagram of free swelling rate and swelling index measurement
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Table 1Basic physical parameters of soil samples
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Fig. 2 X-ray diffraction pattern of test soil samples
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Fig. 3 Particle size distribution curves of test soil samples
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GB-631-0.4 6131 0.4
GB-631-0.6 to 0.6
GB-631-0.8 0.8
GB-631-1.0 1.0
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GB-136-0.2 0.2
GB-136-0.4 36 0.4
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Table 3 Swelling results of test soil samples

IKERE ad 10 mL BFFE & ARIATR " JEZIK 48 4L
Hi's 0.5~0.25 0.25~~0.075  AhFEIZIE AL ik
N | o M : =W mas/g V/mL e /%  SI/(mL-2'gh
mm: <<0.075 mm
GB-631-0.0 0.0 5.48 6.0 -40 —
GB-631-0.2 0.2 5.86 21.0 110 —
GB-631-0.4 6:3°1 0.4 6.36 46.4 364 —
GB-631-0.6 0.6 7.10 73.8 638 —
GB-631-0.8 0.8 7.58 97.5 875 —
GB-631-1.0 1.0 8.23 127.3 1173 —
GB-136-0.0 0.0 5.40 6.0 -40 —
GB-136-0.2 0.2 5.91 21.0 110 —
GB-136-0.4 1316 0.4 6.11 38.3 283 —
GB-136-0.6 o 0.6 6.49 58.9 489 —
GB-136-0.8 0.8 6.74 84.3 743 —
GB-136-1.0 1.0 7.17 107.7 977 —
ASTM-0.0 0.0 — 2.0 — 2
ASTM-0.2 0.2 — 8.0 — 8
ASTM-0.4 AR EFE<0.15 mm; 0.4 — 14.1 — 14.1
ASTM-0.6 H 65%<<0.075 mm 0.6 — 18.4 — 18.4
ASTM-0.8 0.8 — 22.5 — 22.5
ASTM-1.0 1.0 — 26.3 — 26.3
10: 0 8:2 6:4 4:6 2:8 0:10
6:3:11:3:6 6:3:11:3:6 6:3:11:3: 6:3: $3: :3:11 6:3:11:3:6

6 3:11:3:6 6: :3:6
61mL60mL  21.0mL 21.0mL 464 mL383 mL 73.8mL58.9mL 97.5mL 84.3 mL 127.3 mL 107.7 mL

Fig. 4 Swelling results of soil samples with different mix ratios and particle size combinations (GB/T 50123)
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Fig. 10 Relationship between sodium-based bentonite proportion
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