K % HO MANH HUNG

[ESROL S G E A ) T (5k)

AR T F 5 P HE 1077 5

FALRGAEHH P29 4E9 H 22 H

PG O &M EAHANE 4 5258 1 %Y

A G E H Confined-Reinforced Subgrade to Reduce Differential Settlement of Road
Pavement GEBEEHEEDAFMIL T 2 B3 5 720 DI AR ERIR)

L EAEERH ZREE # % Z¥

B B’ OEH BZ
IS O S I N
HoO® OBE EA

b
i 11 1

WX DABTDEE

Earthquakes often induce differential settlement between bridge abutments and their approaches. Consequently,
vehicles cannot pass the stepwise settlement created by the earthquakes. Geosynthetic reinforced soil has been widely
used to mitigate such damage from earthquakes. Furthermore, one important aspect of reinforced-soil is its potential
to reduce differential settlement. The confined-reinforced earth (CRE) method, has been proposed to make it possible
for vehicle, especially emergency vehicles to pass road surfaces roughened caused by earthquakes. The CRE method
employs geogrid layers, prestressed steel tie rods, and granular soil applied to subgrade layers under pavements of roads.
In this study, a physical model, which can simulate a large-scale model of CRE but with smaller size of the apparatus,
was proposed to carry out tests in laboratories. Effects of tie rods and boundary conditions of the CRE, including
geogrid length, ground anchors at the end of the geogrids, and overburden, on the behavior of the CRE subjected to
differential settlement and cyclic load were investigated.

In this study, four geogrids layers (G1-4) and three sand layers were used. The total thickness of the CRE was 30 cm.
They were laid on a fixed plate simulating an abutment of a bridge and a moveable plate which simulated settlement
of an embankment by jacking down it. Studying the effect of geogrid length, instead of increasing the length of a soil
box, which is used for the CRE test, and the geogrid, an embedded geogrid was simulated by its pullout resistance.
This resistance was applied at the boundary of the soil box with the dimensions of 1.2 x 0.4 x 0.8 m = length x width x
height. As an embedded geogrid changed, the pullout resistance was changed corresponding to the embedded geogrid
length outside the soil box. By using this physical model, a large-scale model test can be done in a laboratory where the
space is often limited.

The effect of confining tie rods on behavior of the CRE subjected to differential settlement, and then cyclic load,
with different confining tie rod spacing and preload in tie rods were studied. The confining tie rod spacing was 40 cm,
80 c¢cm and no tie rod which simulates very large tie rod spacing. Preload in the tie rods of 0 and 3 kN was compared
and analyzed. The results showed that surface settlement of the CRE decreased with a decrease in tie rod spacing and

an increase in preload in tie rods. Large shear strain zone occurred between the tie rods with larger tie rod spacing.



Large width of shear zone caused more surface deformation. Reinforced soil became an integrated structure with close
confining tie rods while the geogrids and soil seemed to be separated with large tie rod spacing. Tensile strain in the
geogrids increased due to the cyclic loading. The increment of tensile strain in the lower layers was larger than those in
the upper layers in cases with the close confining tie rods spacing.

The effect of geogrid length was investigated with different embedded geogrid length (resistance length) outside the soil
box. The embedded geogrid lengths in a series of tests were 0, 0.29, 0.54, 0.81, 1.01, 1.26 and very long geogrid. When the
embedded geogrid length is zero, the right end of the geogrid was laterally free. Infinitely long geogrid was simulated by lat-
erally fixed condition at the right boundary of the soil box. It had large pullout resistance so that the geogrids were not pulled
out. It was found that the surface settlement decreased with an increase in embedded geogrid length (increase in pullout re-
sistance). It also showed that with a certain settlement, S,, when geogrid length on an embankment, Ly, was greater than 18
times settlement, S,, the slope surface changed slightly or remained unchanged, otherwise it changed significantly. This geog-
rid length consisted of the geogrid on the movable plate of the soil box and embedded geogrid (the embedded geogrids were
out of the soil box). For example, with settlement, S,, of 9.0 cm, when the length of geogrid on an embankment, L > 18%9.0
= 162.0 cm, the slope surface changes very small. In shear zone of the CRE, which was between the first and the second tie
rods, on the moveable plate and near the fixed plate, shear strain in the case with short embedded geogrid (0, 0.29 m) was
larger than that in long embedded geogrid (0.54, 1.26 m) case. In the shear zone, shear strain was concentrated. Tensile strain
in the geogrids increased with an increase in embedded geogrid length. In the cases of short embedded geogrid, tensile strain
at the bottom geogrids, near to a structure showed compression or small tension. This is because the CRE deformed like a
mattress folded in a Z shape. However, in the cases of long embedded geogrid, all strain showed tension and the peak tensile
strain shifts from the left to right with depth as the CRE behaved like a beam. Tensile strain increased under the cyclic loading
and the increase of tensile strain in the lower geogrids (G3, 4) was larger than that in the upper geogrids (G1, 2). The force in
tie rods decreased with the differential settlement in general, then decreased significantly with the cyclic loading.

Use of ground anchors at the end of the geogrids was considered to improve pullout resistance of the geogrids for better
performance of the CRE. Ground anchors were used with three embedded geogrid length of 0.29, 0.54, and 0.81 m. When the
anchors were used, surface settlements were smaller than those of the CRE without the ground anchors. However, the effect
of anchors was negligible in the case with long embedded geogrids (0.81 m) due to the larger pullout resistance of the embed-
ded geogrids. Tensile strain in the geogrids were larger in the cases with the ground anchors than in the cases without ground
anchors. However, the increment in tensile strain due to the use of the anchors was small in the cases with long embedded
geogrids. The force in the tie rods decreased in general.

Overburden was applied to the surface of the CRE to investigate the effect of pavement thickness on the settlement. It
showed that the surface settlement increased with the overburden. Similarly, tensile strain in the geogrids also increased with
the overburden. In the case with long embedded geogrid (0.81 m), the tensile strain increased linearly with the overburden.

Furthermore, the tensile strain also increased linearly with the settlement.



MXDEBEERRORE

WRZEICLDERELIET L, BEiBeOMICRELEEPAELS L, BAHEMOBEITZHET L2
LD, TOBRGERFERT HBAENHR kL LT BRBICEEOI A7) v FEAFICHEEEL, & 5128
Wy 40y FCHEHNCHOMIT %, Confined Reinforced Earth (CRE: #HiREEIEK ) THEAIFRE SN T
W FEREAMERIC L DK E 2 ARFEEL TS LT M 0BT O RAMGE S v, BEICEBI~ D
HEBD DD, LeLBA0, filD A A =X LR X ) RN 2HREICHET2MEESE ) 23 Tnik
Vo AFRICIE. IR DL EHIRD A = XL TR, 512540y FOKERE & H 0%
B LB EOREE, VA7) v FERERSEFOREZ, SN TIRERIFER & i 2 L CTRE 217 -
Twb,

AR, WIRR % 8 FIZH ) TRtk L T %,

E1ETIE, VA reT 4y 7 A0BREE @M A BBIL. a5 L R o B2 Ji o2 3% % Rk X,
AEFZEDO B LR 2 BTV 5,

2T, MR LEOMMA I = XL, YAV T4 v 7 AL LOMEEH. #iik S O FHE 0w
THEREIC B 2MHER VA7) v FROEELR ST 2 BAEOHIZEIC O W TR TW 5,

85 3 TIE, BIAEIFEERICOW T, MM O, BRI (BR) ofERE, EREBME. Y470 v
FOTHRE R L TR E DY I 2 L — % — OB, BRGRERO B TR BEE E R BT, Tl 72 &
ZHHLTW5,

B AT, B FIRERR ZOBOMUR LIRATIC X ) WlimEsRICA L2 E 2L, s 42y o
[ iz 2 H AR BRI R V22 U B AW O 35 % 3R, I RIEIR DAL A = X L 2R L Twb, &
OFEER, BEFIR QLT3 2 1Y) ECREE WEHEMICHL) ([ZEwsy 4 gy FTHRENFHET
TAMOTAEIROKRELL L5205 LD B/MIOFIRTIIECAMOTAEIHEOHMML 2N 05,
Y40y FOMBER LIz SRS A0y FORBEMBEIRAE, 271 0— FAREWR ZTIZINH]
S, HEHOBERDER S N5,

5T WARTREKOIMINC VA 7)) v FEEE L CTIRGMH2Z 2 2 2 LR HE FROZ]IC
FAZTHEERF L CVb, BENRMERCTITMEZLEET 2 L IASHTE RV, T2 T, HEaWkmy
VA7) FOEHFEREREEZ AN LT T T LD V¥ —OZRGIETHET A EMBAICERL, ¥
F7)y FOBHERPHBRISOMELZEZE LEFLER L. V427 v FOBRESRE W, #imk
RIEL2EAMOFTAMEIRE N, TF 7Y v FIZELAMOPVTARIIKRELRY, OTAOE—2fliD
P A v O LR ST IO FEANE BT 5 & ) PR E FFEOFH 2R Lz, S5 I2H0HR L iRar
479 Ly MUOTRETFHOTA 7Y v FIZEWMT5—F., ¥4 0y FORIJIIMET L. HEENE
WEE, BT L b R T 2R KA N SR Y . VAT v FEGRESIL T RO 18 1%
Db Ui R EAME I F I E—E IR A 2 &0 5, SHOEHTIIINAIEN 2BRELZ 25N 5,

FOETIE, BHIZBVWTHHABEESINGZWEE/-EL, D7) v Fumlil 7 v — & i&iE
L7z —R%&, NAZBEMLE SICRKIREEMEZEMES ¢ CTHEELZ, Ty h—%#BETS L.
VEA Ty FEERESECEEE YA 7Y v FORIIHEN LI REEIR OZTEAHI 2 & iz s, ik
PRV IR IS 2o 72,0

BT E T, ML LI X B R EARARERR O LTI I TR E AR TS, 1 ~ 2kPa FE1E
DNEL ERETRH LV EBIIA SN VA, 4kPa & 25 LI T REABMNT 5. BEESEVEAZY



A7)y FIZAEL 203 AL EREIIZISE L CTHMNT 255 BEESPEWSEIETH) I HEHIIER O
&\

HEFTIL, AWIZEIC L D RSN E BTV 5,

AWFFETIE, BETE EERE T O CHER SIS X VAU TORAEW OB T2 MR TE 5K
A T3k & L TIRE ST 2 Wil IR Tkl oW T, BRICEBIG~OBHEB S H 0 2535, Hi
BRO X F) = A LR XD R L HREICET 582 H XD 23 TwanZ &6, HRARETK D%
B ERRD A A = XL 2N, E5I2F 40y FORERRE SR ORE, LRWEORE. V47
v NUGHHR SO E 2. SN TRBIRISER & BT 28 L TRET21To Twde S 5612, BIRISEERIC
BOWTIATY) vy FOGERE N Z 5 2 TR T & 2 8B 2 MAICEET 24 & FEOMAITE.
BRE, R RE V. T2, MmICELMHMA OMEHIB T A MELE b B iINs, TNH5DHZ
WA HE LT, o amLe LTaks L HE L7,





