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More than one million kilometers of paved roads are currently in service across Japan, and road administrators
are compelled to maintain these enormous amounts of pavement within a limited budget. To extend the lifespan of
these pavements and ensure the sustained safety of road infrastructures, intensive efforts are essential. These
efforts include understanding the mechanisms behind pavement aging, establishing practical diagnostic and
preventive techniques for managing aging, and rationalizing structural design and material evaluation for|
pavement repairs.

Pumping is a common early precursor of pavement distress, involving the ejection of fine granular subbase
material from beneath the pavement slab through joints or cracks due to water pressure induced by the slab's
deflection under traffic load. This phenomenon rapidly escalates, resulting in significant pavement damage like
faults, potholes or slab edge breakage, significantly impacting vehicular traffic safety. Pumping has long been
recognized as an issue in concrete pavement distress. However, the recent frequent occurrence of potholes linked
to pumping, even in asphalt pavements on expressways, has raised concerns. This highlights the pressing need for|
understanding its underlying mechanism.

The aim of this study is to identify the primary factors contributing to the pumping phenomenon and ascertin
their impact. A novel model experiment was developed to replicate pavement pumping, specifaically simulating
the ejection of subbase material caused by repetitive wheel loading and the subsequent erosion of the subbase
surface. This study conducted the pumping experiments, varying both pavement and subbase condisions, to assess
ejected material, observe excessive pore water pressure behavior within the subbase layer, and track the
movement of subbase particles under wheel loading. The principal findings of this thesis can be outlined as
follows:

Chapter 1 describes the background of this research, outlining the role and performance requirements of]
pavements, as well as their damages. The performance of the pavement, specifically driving safety and ride
comfort for vehicle traffic, undergoes a significant decline due to surface layer damages like faulting, potholes and
slab edge breakage. Given that one of the causes leading to these damages is the pumping phenomenon, this
chapter emphasizes the indispensable need to clarify the mechanism behind the pumping to address and mitigate
such issues.

Chapter 2 serves as a literature review focusing on pavement pumping phenomena. It seuveys field
measurements and large-scale experiments conducted mainly in the field of concrete pavements since the 1950s.
)Additionally, it introduces the recent pumping issues in asphalt pavements, particularly in expressways in Japan,
summarizing existing findings about the mechanisms and conditions leading to pumping. Furthermore, it outlines
our model experiments conducted before this research, presenting their results and challenges. Based on these

reviews, it clarifies the position of this study concerning the pumping phenomenon's mechanisms, identifies thel
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challenges to address, and organizes considerations necessary for the development of model experiments.

Chapter 3 details the development of a new model experiment setup aimed at simulating pavement pumping,
This experiment involves a pavement model consisting of a cylindrical soil tank filled with saturated sand and an|
acrylic plate to represent pavement slab with a single cross joint. Loading is performed by the wheels rotating on
the acrylic plate. This chapter describes the detailed design of the model experiment concerning the subbase
conditions, pavement slab conditions, and loading conditions. Preliminary experiments were conducted to verify,
the replication of pavement pumping phenomena, including the repeated ejection of subbase material through the
joint aperture and uneven erosion of the subbase surface with an increase in loading cycles.

In Chapter 4, loading experiments were conducted using a new model. The loading speed, pavement slab
thickness, pavement joint aperture, and subbase compaction were varied in the experiments. The experimental
results indicate that pavement deflection is the dominant factor in the pumping phenomenon. Regarding the
subbase conditions, pumping is less likely to occur under higher compaction degree and better grain size
distribution. However, even in the case of good subbase condition, pumping can easily occur when there is a
cavity underneath the pavement slab. The presence of cavity significantly intensifies the deflection of pavement|
slabs and the movement of water accumulated underneath the slabs, leading to the loosening of soil particle
skeleton structures.

In Chapter 5, the movement of subbase material during the pumping experiment was visualized using sand
particles dyed with fluorescent paint and ultraviolet light (blacklight). The movement of the dyed subbase
particles were tracked by video image analysis. The observation revealed that the subbase material was ejected by
the rapid deflection of the leave slab as the loading wheel passed through the joint and onto the leave slab. The
uneven erosion on the leave slab side was caused by the difference in the amount and rate of deflection between
the approach slab and the leave slab.

Chapter 6 summarizes the results of the whole chapters of this study and discusses future issues and prospects.




| AIFE 01405
k9H) '
-%ﬁ%ﬁ%ﬁmﬁﬁﬁﬁﬁﬁﬁ&®%%%%%

I ISR BRIRA R

K 24 HEE fE

E O#E: BB

oA Bk B

B #: HR OB

B & EB Rk

HBER T TRETIRIELVEHEOD AN S LT 2%

(Experimental study on mechanism of pavement pumping and subbase erosion)

L EEDORBR L VBB E]

ROEOWABEER b v 7 EHRUNCHERFEE L TAL DI, SESEAN XA
ORHANRARTHS. EWLL, BEDLOMKBELE L THSNERIE VNI
S AR A D A = 2 MR A BT, BERS 2T A% ML, SO RR et
AR ES VISR BHES, BRI K DBRN O BRIk TS, Kk OER T
OEARDVWTRHL TV S, ERERICETE, BRANOBEMRALE, BHESER
ERLZEBICAE LU THMD S OEMMNET 5 2 &, BRI L 3 BBHOBRIT
V=T FCHEETH B C &, ML BRE S ORICIEENS BRI, BENTESIC
BOEDOENTTBRIEVIPELCR TN ERE, ROE A2 - THRBRANICED
BHERREFSNICLTNS. iz, BHRE L BRIK T OB = 2 BiEfhiic L - Ta
BRL, SRR A TR TAVKT L & bICB) S, WIICE S & TORMIER T 0t
ZEAHUELTNS. BRI, THEOERIHEOREEZ LD EEDELOTHY, £
6 ETHRIN TS, FEONAEZEUTICRT.

B 1ER, FEOERELT, HEOMEBEREO - BTELBEL, MBS
BEORDIIBEAN X LAOHPAVRARTHS L EPRE LT ITL 2 EBOBR
ANZZXLAREHAOEERZBHLTND. 205 A THROENEHLOERERL TN,

W2 EE, ROETICHETHEEMEOLEa—THD, 1950 EXM5EIza2 7))
— hMEEORBFTEDSNTERLR I E L JICHT BB B LUK ERIC L 2%
IREBBT D EEBIT, IHE, SHEESHE CHELL TWAT AT 7 IV hETORI Y
CUEBEEMAL, ROESTDANZALAPRESHICET 2HAEOAREEEHTNS.

WIETE, R T ELIal— N ARMERL 25 A BB L TIN5, BRR



(L9 =)

SHEMA, BEFEOSER IOV THHEEROBAH OFMZEL TV 5. HiTEEE
ROBHHMZ AT 52 & TEAPO— AR LRI LT L& b, MBSz
BT 2 VN THERT 52T, SMERTTEL 2T OR8 2 B8ac L,

W4 ETIE, WAER R E RS EY VR REAITERL TN S, i

N O BBIBBRUKFELR, WA E A E 2588 L 72 BRI K E < R LT HHD 5 OB

BT, MBI L ZBREOBALY — I FTEETH B T &, MENEBEEE OB

BB BEEIE, BEARSNHOED SN TN TR E S INELSPT NI EAL,
R EFik o THRRICEL B HEREEW S ML TS,

BSETE, BARELEBRERTERNCR UL VEREERL, B - BRIES
BARKE T OB = 2 BIEMATIC & > TEEL T 5. WHEIC X 0 ERRA b A TBBK T
CWKIRE EBRBNWTHED 24U, Z20%0 BHIE T O RBATMRKRIC K D BBEAEET
2 E TOEBIOER O 2 ZRREL TN S.

BOETR, APFATHONENREZELD, SHROMELELERL TS,

NEELITH, RN 384 GHE 154, 7237123 4) OEELERH /-, NE

B B EREMAZL, ORBREE & EMEHE & OEBOMMIEIZ DN T, @I L
FREBHBBEROZBRIITONT, QBKEFHERES T LOBRIZDNT, @tk
DUENICBIT 3R F ORIz DWT, BETH- . WENOBRICHLTHR
BHED SR EENE S . |

HUEX Diﬁﬁ%m‘éﬂﬁﬂ‘i’i St B, fﬁﬁlﬁ&%r’{ﬁﬂ F&‘-:t (%) Ozt
SETHHOEHEL Tz

ﬁiﬁﬁ%&@%ﬁﬁ,ﬂ%ﬁf@ﬁ%tﬂ?%ﬁ%ﬁ&@é,%%ﬁﬁ@ﬁ%&bt

\

2B, FEEEER xo’)ﬁﬁﬁ{kimiﬂ@c‘:?a@f%% (E%ﬁ?mﬁi g3 %, ¢
0 &)

BERX &t

1) =G, BEEFIME, Yanjinlkham CHAGNAADORJ, H B -8R : RO E eIt 5
BRI OB E 2T S EMNER, TARTFRME Bl (BHETE), Vol78, Noz2,
pp.] 256 —1 263, 2023, ' -

2) EEAE, R R R TRET R L /1T E 2 BEMEINS X R Rl O
RIR{LER, TARFSWRIE Bl (GBETH), Vol79, No.2, 2024 (2023 4 115%@
YOE, R, |

3) R, REM—E: T30 — MR FTRAT B R C L TERAN =X A
U728 O/NEEEIOBIRE, +ARSARIE (2023 £ 12 A E#iE, FIRD).




