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Abstract

To investigate the dynamic characteristics of geogrid-reinforced foamed lightweight soil and their
influencing factors, laboratory dynamic triaxial tests were conducted using a dynamic and static
triaxial testing system. The effects of the number of reinforcement layers and the wet density on the
dynamic mechanical properties were explored, and the variation characteristics of the backbone
curve, dynamic elastic modulus, and damping ratio were analyzed. The experimental results in-
dicate that the hyperbolic form of the backbone curve can be well described by the Hardin-Drnevich
model. Both the dynamic elastic modulus and damping ratio of the geogrid-reinforced foamed light-
weight soil increase with the increase of dynamic strain; the use of geogrid reinforcement and an
increase in wet density can effectively enhance the dynamic elastic modulus, while a significant in-
crease in the damping ratio depends solely on the increase in wet density. Finally, a dynamic elastic
modulus strengthening model and a damping ratio prediction model were established, taking into
account the wet density and the number of reinforcement layers, which indirectly reflect the rela-
tionship between dynamic deviatoric stress and dynamic strain of the geogrid-reinforced foamed
lightweight soil.
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Table 1. Basic performance parameters of geogrid

=1 ETHRMEARMLESH

Bohr R /(KN-m™) W LA 2/%
iR M R~} /(mm x mm)
N 1% ) 1] 1 1)
TGSG50-50 33 x 33 55.8 60.3 6.3 7.6

Table 2. Physical and mechanical properties of cement

2. RRIER D E M RE

thR iR " Bk 4E I 8] /min ‘
gy EEgm)  AREREE% 3 dHUESAEMPa 3 d HiiF R/ MPa
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359 3100 28.5 230 294 5.60 2.72
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Figure 1. Preparation and testing method of geogrid-reinforced foamed lightweight soil
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Table 3. Mix proportion of foamed lightweight soil
3. MARREIHEAL

B2/ (kg-m™) JKJE &/ (kg m™) FH/K & /(kg'm™) LR 2/ (kg m™) IKIR E
600 365 201 34
700 432 237 31 0.55
800 498 274 28
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Figure 2. Schematic diagram of multi-stage loading
Bl 2. ZRmMEBTEE
Table 4. Multi-stage cyclic loading test scheme
F 4. ZREAMEBAL TR
TUFS % FE (kg/m?) N EE(Z) max (MPa) PRI (%)
D1 600 0 1.965 20—90
D2 600 1 1.799 20—100
D3 600 2 1.786 20—100
D4 600 3 1.757 20—90
D5 700 0 2910 20—80
D6 700 1 3.279 20—80
D7 700 2 2.738 20—100
D8 700 3 2.675 20—100
D9 800 0 3.275 20—80
D10 800 1 3.708 20—50
D11 800 2 4.001 20—70
D12 800 3 4.510 20—50
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Figure 3. Schematic diagram of typical hysteresis curve
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Figure 4. Schematic diagram of typical dynamic deviatoric stress-dynamic strain backbone curve
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Table 5. Results of H-D model fitting parameters, initial dynamic elastic modulus, and reference strain

5. H-D REBESEH. VRsEMEENSENTHNER

s u v R? Eo (MPa) er (%)
DI 0.494 0.588 0.998 202.400 0.840
D2 0.523 0.613 0.997 191.234 0.853
D3 0.530 0.566 0.996 188.601 0.937
D4 0.503 0.657 0.995 198.989 0.765
D5 0.358 0.245 0.984 279.166 1.460
D6 0.353 0.345 0.996 283.511 1.023
D7 0.352 0.298 0.999 283.704 1.184
D8 0.348 0.294 0.992 287.356 1.182
D9 0.270 0.241 0.999 370.288 1.121
D10 0.274 0.199 0.999 365.110 1.379
D11 0.280 0.218 0.999 357.411 1.286
D12 0.277 0.167 0.999 361.376 1.659
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I, HoR UG BB, RV £ TR N A TR S N AR T BR[37]. R HilFEE 2
FASTCRME R, IR R T7 R B THE AR S N ). TR AL o — A, A n
NPRIL TR — ERERE 55 78RN, FEAS DI 2 HO 52 m0 T 30 bR A B B 77 B A .

FEMFEINZECT, BEE RS RGN, ZhRNASEERN, A SZ KIS RN HE . RIS
M LRGN, KPR TT DA A 5 22 (KA 9, ke rp IR & AN AL A 2D, DR il v
PRBIORE 2 1] A BSR4 77, e B S AR MU AR R, Wbk S n Ao [l A SO A7 1L 8 30 B o R e »
M7 A B PR RS AR T RE

30 — - 3.0
: TF{JEHU —— 0,=¢,/(0.494+0.5885,) R*=0.998 n zgu%
= _ 2 o 1=
a5l a2 —— 0,=6/(0.523+0.613¢,) R*=0.998 L5l 4 22
v 3F —— 0,=£,/(0.530+0.566¢,) R*=0.996 v o3E
~a0l —— 0,=6,/(0.503+0.657¢,) R*=0.995 ~ 20l 2 v
)/
E [
2 E .
15F L
= =15
E 10 | E. = 2—
= 100 —— 0=£4(0.358+0.245¢,) R*=0.984
—— 0=£4(0.353+0.345¢,) R*=0.996
05 - 0.5 —— 0,7¢/(0.352+0.298¢,) R*=0.999
0,~54/(0.348+0.294¢,) R*=0.992
1 1 1 1 1 1 1 1 1
0 1 2 3 4 5 0.0 05 1.0 15 20 25 30
R (%) A (%)
(a) 600 kg/m? (b) 700 kg/m?

DOI: 10.12677/ms.2026.164080 134 PR R


https://doi.org/10.12677/ms.2026.164080

3.0
LI 1Y i1
o 1z
25F 4 2=
v 3
=20
a9
g
15+
R
&
&
gor —— 0=5,/(0.270+0.2415,) R*=0.999
—— 0,=6,/(0.274+0.199&,) R*=0.999
05 —— 0,=6,/(0.280+0.2185,) R*=0.999
—— 0=£/(0.277+0.167 ;) R*=0.999
1 1 1
0.0 0.5 1.0 1.5

HBAE (%)
(c) 800 kg/m?

Figure 5. Effect of reinforcement layers on backbone curve
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Figure 6. Effect of reinforcement layers on the relationship between dynamic elastic modulus and dynamic strain
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Figure 7. Effect of reinforcement layers on the relationship between damping ratio and dynamic strain
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Figure 8. Relationship between initial dynamic elastic modulus, wet density, and reinforcement layers
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Figure 9. Relationship curve between the ratio of dynamic elastic modulus to initial dynamic elastic modulus and dynamic strain
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Figure 10. Relationship between maximum damping ratio, wet density, and reinforcement layers
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Figure 11. Relationship between the ratio of damping ratio to maximum damping ratio and dynamic strain
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Table 6. Values of fitting parameters » and s

6. WESH A s HE

1% (kg/m?) r s R?
600 0.138 0.536 0.968
700 0.242 0.546 0.841
800 0.320 0.669 0.832
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Figure 12. Comparison of predicted and measured dynamic elastic modulus for specimens with 1 reinforcement layer
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Figure 13. Comparison of predicted and measured damping ratio for specimens with 1 reinforcement layer

B 13. N5 1 RIRALROPEE L TN S SO S R Ay L
5. &ig
(1) = THHIIN A 2 5 i T i 2k 3t 28, AT LA Hardin-Drnevich RSk, HAT S
2 R 1 o 04 R 5 5 AR A 5 0.5% J R 0 S 05 5 0 2 85 T R, 50 57 25 SR Rk /1 »

[T R CINWARES: B PN
(2) RN I A 5 A Sh Bk AR R i Sl S AR A IR . NG 1 AN 2 R R Eh i

DOI: 10.12677/ms.2026.164080 140

PR


https://doi.org/10.12677/ms.2026.164080

B, W RERAR T T AR E AR H, B R T SRR, LRI T AR A
(3) = A I 5 Y A 5 1 1 L. 0 8238 T 38K TR o 5 2 500 BELJE 3 1K 98 O 0.2
B RN E T R LR A 2 A, BOKMUB BBk R FAPRIRIRER K, A REAG
W, BOKHLE AR
(4) % Hardin-Dmevich BUH, SEIMAEN# PRI AUR KMUBLE, 4257 7 2h3 M BRI E L iy
TR, P Ea = B 2 = Ae) Rt TAHHMAS KRR - OZN RIS - ZIRASKR, SR T
FUR BT B AT A

SE K

[1] Amran, Y.H.M., Farzadnia, N. and Abang Ali, A.A. (2015) Properties and Applications of Foamed Concrete; A Review.
Construction and Building Materials, 101, 990-1005. https://doi.org/10.1016/j.conbuildmat.2015.10.112

[2] Amran, M., Onaizi, A.M., Fediuk, R., Danish, A., Vatin, N.I., Murali, G., ef al. (2022) An Ultra-Lightweight Cellular
Concrete for Geotechnical Applications—A Review. Case Studies in Construction Materials, 16, €01096.
https://doi.org/10.1016/j.cscm.2022.e01096

[31 Decky, M., Drusa, M., Zgutova, K., Blasko, M., Hajek, M. and Scherfel, W. (2016) Foam Concrete as New Material in
Road Constructions. Procedia Engineering, 161, 428-433. https://doi.org/10.1016/j.proeng.2016.08.585

[4] Ma,S., Chen, W. and Zhao, W. (2019) Mechanical Properties and Associated Seismic Isolation Effects of Foamed Con-
crete Layer in Rock Tunnel. Journal of Rock Mechanics and Geotechnical Engineering, 11, 159-171.
https://doi.org/10.1016/j.jrmge.2018.06.006

[5] Zhang, H., Qi, X., Wan, L., Zuo, Z., Ge, Z., Wu, J., et al. (2020) Properties of Silt-Based Foamed Concrete: A Type of
Material for Use in Backfill behind an Abutment. Construction and Building Materials, 261, Article 119966.
https://doi.org/10.1016/j.conbuildmat.2020.119966

[6] Cai, D.G., Wei, S.W., Ye, Y.S., et al. (2021) Mechanical Properties of Lightweight Foam Concrete Filler for Roadbed
of High-Speed Railway. Arabian Journal of Geosciences, 14, Article No. 902.
https://doi.org/10.1007/s12517-021-07115-1

[7] Huang,J., Cai, D., Su, Q., Yao, H., Fan, R., Pei, Y., ef al. (2025) Comparative Study on Static and Dynamic Character-
istics of Foamed Concrete Interlayer-Type and Traditional Layered Ballastless Track Subgrades. Construction and Build-
ing Materials, 489, Article 140651. https://doi.org/10.1016/j.conbuildmat.2025.140651

[8] Zhao, W., Zhang, K., Liu, X. and Liu, X. (2025) Deformation Monitoring of an Adjacent Subgrade Consisting of Light-
weight Foam Concrete in a Loess Region. Construction and Building Materials, 458, Article 139641.
https://doi.org/10.1016/j.conbuildmat.2024.139641

[91 Hao, Y., Wang, H., Qin, L., Hou, Y. and Shi, Y. (2023) Dynamic Characteristics and Response Analysis of a New Type
of Prefabricated Fly Ash Foam Concrete Structure. Structures, 57, Article 105074.
https://doi.org/10.1016/.istruc.2023.105074

[10] Feng, L., Chen, X., Ning, Y., Wang, J. and Zhang, W. (2022) High Temperature Effect of Foamed Concrete under Equal
Displacement Increment Triaxial Cyclic Compression. Construction and Building Materials, 327, Article 126989.
https://doi.org/10.1016/j.conbuildmat.2022.126989

[11] SR, XIS, PhEi, 55 o REGERE I L =R AR R[], (RS2 R (24 hR), 2022, 52(1): 39-46+57.
[12]  ZE0K, BRAREE, BREdh, WS M EE . SRR 7). KITR2EBEBE R, 2017, 34(3): 126-129.
[13] Mei, L., Cheng, T., He, J., Zhuang, X. and Gu, H. (2023) Dynamic Properties of EPS Beads Lightweight Soil Mixed

with Polypropylene Fiber. Case Studies in Construction Materials, 19, €02637.
https://doi.org/10.1016/j.cscm.2023.€02637

[14] Shi, X., Huang, J. and Su, Q. (2020) Experimental and Numerical Analyses of Lightweight Foamed Concrete as Filler
for Widening Embankment. Construction and Building Materials, 250, Article 118897.
https://doi.org/10.1016/j.conbuildmat.2020.118897

[15] Wu,J., Wang, J., Liu, M., Zhuang, P., Zhang, H. and Song, X. (2022) Dynamic Properties of Silt-Based Foamed Concrete
as Filler in Subgrade. Journal of Materials in Civil Engineering, 34, Article 04022241.
https://doi.org/10.1061/(asce)mt.1943-5533.0004398

[16] Li, Z., Chen, W., Sun, G., Chen, Y., Li, Z., Li, H., ef al. (2025) Dynamic Mechanical Properties of Nanoparticle-Stabi-
lized Foam Concrete (NFC). Case Studies in Construction Materials, 22, €04805.
https://doi.org/10.1016/j.cscm.2025.¢04805

DOI: 10.12677/ms.2026.164080 141 PR R


https://doi.org/10.12677/ms.2026.164080
https://doi.org/10.1016/j.conbuildmat.2015.10.112
https://doi.org/10.1016/j.cscm.2022.e01096
https://doi.org/10.1016/j.proeng.2016.08.585
https://doi.org/10.1016/j.jrmge.2018.06.006
https://doi.org/10.1016/j.conbuildmat.2020.119966
https://doi.org/10.1007/s12517-021-07115-1
https://doi.org/10.1016/j.conbuildmat.2025.140651
https://doi.org/10.1016/j.conbuildmat.2024.139641
https://doi.org/10.1016/j.istruc.2023.105074
https://doi.org/10.1016/j.conbuildmat.2022.126989
https://doi.org/10.1016/j.cscm.2023.e02637
https://doi.org/10.1016/j.conbuildmat.2020.118897
https://doi.org/10.1061/(asce)mt.1943-5533.0004398
https://doi.org/10.1016/j.cscm.2025.e04805

[17]

[18]

[19]
[20]

[21]

[22]

[23]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[33]

[36]

[37]

[38]

[39]

Wang, J. and Xu, Z. (2024) Dynamic Mechanical Behaviors of Foamed Concrete Using Modified Viscoelastic SHPB.
Journal of Building Engineering, 95, Article 110185. https://doi.org/10.1016/j.jobe.2024.110185

Li, M., Zhang, Y., Liu, S., Wu, K., Wang, Z. and Zhang, X. (2024) Dynamic Properties of Alkali Residue-Based Foamed
Concrete under Dry-Wet Cycles. Journal of Building Engineering, 98, Article 111508.
https://doi.org/10.1016/j.jobe.2024.111508

BREST, EER, XA, & KRR L TR R A ], A%, 2019, 64(2): 77-80.

Ma, Z., Ma, C., Du, C., Zhang, S., Zhang, H., Zhang, X., et al. (2023) Research on Dynamic Mechanical Properties of
Polypropylene Fiber-Modified Rubber Foamed Concrete. Construction and Building Materials, 404, Article 133282.
https://doi.org/10.1016/j.conbuildmat.2023.133282

Hamada, H.M., Shi, J., Abed, F., Humada, A.M. and Majdi, A. (2023) Recycling Solid Waste to Produce Eco-Friendly
Foamed Concrete: A Comprehensive Review of Approaches. Journal of Environmental Chemical Engineering, 11, Ar-
ticle 111353. https://doi.org/10.1016/j.jece.2023.111353

JAr, XBEM, Bre, % BT GA-BP &ML 1R T L 8 EET[I]. SR8 TR 2 (A AR EB ),
2022, 50(11): 125-132.

RRA, EMER, i, F. RSN YD - /KRR LR FLEE A RAE S A RE s [J]. A0k
1%, 2025, 39(1): 177-185.

Jiang, P., Chen, Y., Li, N., Zhou, L., Pu, S. and Wang, W. (2022) Strength Properties and Microscopic Mechanism of

Lime and Fly Ash Modified Expandable Poly Styrene Lightweight Soil Reinforced by Polypropylene Fiber. Case Studies
in Construction Materials, 17, €01250. https://doi.org/10.1016/j.cscm.2022.e01250

Bayraktar, O.Y., Danish, A., Bodur, B., Kaplan, G., Aydmn, A.C. and Ozbakkaloglu, T. (2024) Performance Assessment
of Fiber-Reinforced Coral Aggregate-Based Lightweight Foam Concrete for Sustainable Marine Construction. Construc-
tion and Building Materials, 449, Article 138368. https://doi.org/10.1016/j.conbuildmat.2024.138368

Ramezani, M., Vilches, J. and Neitzert, T. (2013) Pull-Out Behavior of Galvanized Steel Strip in Foam Concrete. Inter-
national Journal of Advanced Structural Engineering, 5, Article No. 24. https://doi.org/10.1186/2008-6695-5-24

Ye, Y., Han, J., Liu, H., Rachford, S.M., Parsons, R.L., Dolton, B., ef al. (2022) Pullout Resistance of Geogrid and Steel
Reinforcement Embedded in Lightweight Cellular Concrete Backfill. Geotextiles and Geomembranes, 50, 432-443.
https://doi.org/10.1016/j.geotexmem.2022.01.001

Li, Y., Liu, Y., Zhang, H., An, N. and Fan, Z. (2025) Experimental Study on the Flexural Performance of Geogrid-
Reinforced Foamed Lightweight Soil. Buildings, 15, Article 461. https://doi.org/10.3390/buildings15030461

RE, KA, VE, 5. LTINS LR =538 T [I]. SR DR R (B AR 2R, 2024, 47(1):
83-90.

FEA, Bk, R, & L TEIDINSREATRA B KRR =R 7L [)]. SoERly s TSR, 2023,
20(7): 2509-2520.

Wk S, BT IR R T 5 A I e 1) o NI M T 5 A LA 2 3 g ma SR L [D]: [ 226018 3] B AR K,
2021.

M, B, kOO, S R TR =AM E T S AR A TR R S AR AT AU [T]. BE AR, 2022,
44(7): 107-116.

Du, X., Zhu, L., Li, Y., Wang, H. and Xu, K. (2024) Research on the Damage Evolution Law of Iron Tailing Sand Based

Foam Concrete under Cyclic Loading. Case Studies in Construction Materials, 21, €04117.
https://doi.org/10.1016/j.cscm.2024.e04117

#HIETy, MR, BEYL, & mE XKoL ah BT OIS A et B ST 0], R R R (R R R,
2020, 50(3): 332-340.

e, RRHE, B, & LR aR KB AR TR, 2021, 37(4): 217-230.

Peng, F., Li, M.Y., Li, Y.H. and Huang, M. (2024) Dynamic Modulus and Damping Ratio Characteristics of Unsaturated

Silt in the Yellow River Flood Field. Journal of Central South University, 31, 237-249.
https://doi.org/10.1007/s11771-023-5455-9

JEEA, kB, &, . B EER T L DN R 3 R A ], AKRIK AR (e 0), 2024,
55(3): 148-161.

YRR, FRE, SOk, 302 XM L3 Rt R sh AR MR B &E A M A (0], 9T R = F 4 (B AR RR), 2019,
49(3): 369-378.

2ok, R, FOCUE, L RER I N T RS Sl ) )], WAL R 2B 2R, 2025, 43(2): 65-
73.

DOI: 10.12677/ms.2026.164080 142 PR R


https://doi.org/10.12677/ms.2026.164080
https://doi.org/10.1016/j.jobe.2024.110185
https://doi.org/10.1016/j.jobe.2024.111508
https://doi.org/10.1016/j.conbuildmat.2023.133282
https://doi.org/10.1016/j.jece.2023.111353
https://doi.org/10.1016/j.cscm.2022.e01250
https://doi.org/10.1016/j.conbuildmat.2024.138368
https://doi.org/10.1186/2008-6695-5-24
https://doi.org/10.1016/j.geotexmem.2022.01.001
https://doi.org/10.3390/buildings15030461
https://doi.org/10.1016/j.cscm.2024.e04117
https://doi.org/10.1007/s11771-023-5455-9

	循环荷载作用下土工格栅加筋泡沫轻质土动力特性
	摘  要
	关键词
	Dynamic Characteristics of Geogrid-Reinforced Foamed Lightweight Soil under Cyclic Loading
	Abstract
	Keywords
	1. 引言
	2. 材料和方法
	2.1. 试验材料
	2.2. 试样制备
	2.3. 试验装置与加载方法
	2.4. 动态变形参数

	3. 试验结果与讨论
	3.1. 骨干曲线特性分析
	3.2. 力学参数分析
	3.2.1. 动弹性模量
	3.2.2. 阻尼比

	3.3. 力学参数模型的建立及验证
	3.3.1. 动弹性模量强化模型
	3.3.2. 阻尼比预测模型
	3.3.3. 模型验证


	4. 讨论
	5. 结论
	参考文献

