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mé cau va vung chuyén tiép cau - duong

The analysis of behavior of geosynthetic reinforced soil-integrated bridge system: a review
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TGM TAT

He thang dat gia cuang bing vat ligu dia ky thuat (GRS) tai md cu
va viing chuyén tiép cu - duang |3 mat cang nghé xay dung mai,
duree Cuc Quan Iy Buing cao tdc Lien bang Hoa Ky (FHWA) phat trién
cach day gan 20 nam dé dap ing nhu cdu vé cdu co mat nhip the he
mai tai Hoa K. Dac diém ndi bat coa GRS theo khai nigm coa FHWA
|3 khoang cach nhd giira céc lap oot gia cwang, theang duai 30 cm,
gitp tao ra sy tueng tac higu qua hon so vai cac hé thing dat gia
cuang bang vat lieu dia ky thuat co hoc (GMSE) cd khoang cach lan
hon (43 ~ B0 cm). He thaing dat gia cuing bing vat lieu dia ki thuat
tai md cdu va vang chuyén tiép cdu - duang (GRS-IBS) mang lai
nhitng vu diém vugt trai vé chi phi, toc da thi cong, va kha néng
thich tng vai nhigu loai dia kinh khac nhau. Bai vigt nay danh gia
tdng quan vé he thing GRS-IBS va tam tét cac nghién citu trude day
ve céc yéu td chinh anh hirdng dén kha ndng lam viéc cia hé thing
GRS-IBS. K&t qué nghién citu sé gitp ngudi doc hiéu rd hon vé he
thiing GRS-IBS va ca dinh hudng nghién ciu bd sung vé hé thang
cdu nay tuong ing vai cac so dd cau tao va diéu kien lam viec khac
nhau.

Tir khod: Tuang chén dat co cdt; vat ligu dia ky thuat; md céu; céu
tao GRS-IBS; y&u td chinh &nh hudng; hudng nghién ciru.

ABSTRACT

The Geosynthetic Reinforced Soil-Integrated Bridge System (GRS-
IBS) is a new construction technology developed by the Federal
Highway Administration (FHWA) nearly 20 years ago to meet the
needs of a new generation of medium-span bridges in the United
States. The outstanding feature of GRS according to the FHWA
concept is the close spacing reinforcement, typically ranging from
0.2 to 0.3 m, which helps to create more effective interaction than
geomechanical reinforced soil (5MSE) systems with larger spacing
reinforcement of 43 ~ B0 cm. GRS-IBS offers outstanding
advantages in terms of cost, construction speed, and adaptability
to various terrains. This paper provides an overview of the GRS-
IBS system and summarizes previous studies on the main factors
affecting the performance of the GRS-IBS system. The research
results will help readers better understand the GRS-IBS system
and have additional research directions on this bridge system
corresponding to different structural diagrams and working
conditions.

Keywords: Reinforced earth retaining wall; geotechnical
materials; bridge abutment; GRS-IBY structure; main influencing
factors; research direction.

1 GIGI THIEU

Hé théng dat gia cudng bang vat liéu dia ky thuat tai mé cau va
vlng chuyén ti€p cau - dudng (GRS-IBS) do Cuc Quan ly Pudng cao
téc Lién bang (FHWA) phat trién, da dugc trién khai thanh cong tai
Hoa Ky nham dap (ing nhu cau clia thé hé cau nhip gian don mdéi.
GRS-IBS c6 dic diém néi bat la khodng cach nhé gilia cac 16p c6t gia
cudng, gilp tang cudng hiéu qua tuang tac so vdi cac hé théng dat
én dinh co hoc bang vat liéu dia ky thuat (GMSE) truyén théng. Vi

chi phi thap, thai gian thi cdng ngén, va kha néng thich (ing cao vai
nhiéu loai dia hinh, GRS-IBS khéng chi dap ting cac yéu cau ky thuat
ma con gidm thiéu tac ddng maéi trudng, dong goép vao su phat trién
bén viing trong xay dung cau dudng.

Can luu y rang cong nghé dat gia cudng bang vat liéu dia ky
thuat (GRS) thudng bi nham Ian véi cdng nghé dat 6n dinh co hoc
bdng vat liéu dia ky thuat (GMSE). Hai cdng nghé nay déu st dung
cac thanh phan co ban gidng nhau nhu vat liéu nén, vat liéu dia ky
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thuat, va két cdu mat bao. Tuy nhién, khoang cach gia cudng gan (Sv
< 30 cm) trong hé théng GRS mang lai hiéu suat két hop vugt trdi so
vGi cac hé thng GMSE c6 khoang céach gia cudng I6n hon (thuang
tir 45 + 60 cm). DE tan dung t8i da hiéu qua tuang tac nay, tai liéu
[2] da dua ra quy trinh thiét ké cu thé cho GRS, véi su khac biét chl
yéu nam & thiét k& dé én dinh bén trong so véi GMSE.

¢. Sy=4inches.

a.Sv= 16 inches b. Sv=8inches

Hinh 1. Ung x& composite cGa khéi GRS va khéi GMSE [1]
Bai viét nay cung cap mot cai nhin téng quan vé hé théng GRS-
IBS va tdm tat cac nghién ctu trudc day vé cac yéu té chinh anh
hudng dén hiéu suat cta hé théng. K& qua nghién clu sé gilp
ngudi doc hiéu ré hon vé GRS-IBS va c6 thé dinh hudng cho céc
nghién cuu lién quan.

Bang 1. M6t s6 thanh phan ctia GRS-IBS

2 CAU TAO CUA GRS-IBS

GRS-IBS bao gém ba thanh phan chinh, tat ca déu sttdung céng
nghé GRS: (1) méng bang dat gia c¢é (RSF), (2) mé cau bang dat gia
cudng bang vat liéu dia ky thuat (GRS Abutment) va (4) két cau
chuyén tiép cau - dudng (Hinh 2). Trong hé théng GRS-IBS, nhip cau
dugc dat truc ti€p 1én nén dat gia cudng (7) ma khong can cac két
cau hé trg khac.

—1

Hinh 2. Mit c3t dién hinh ctia GRS-IBS [1]

Thanh phan

Mo ta

(1) Méng bang dat gia ¢
(RSF)

C4u tao bang vai dia ky thuat boc kin va dugc thiét k& véi chan tru rong hon d€ nang cao kha nang chiju
tai cila mo GRS.

(2) Mé cau bang dat gia
cudng bang vat liéu dia ky
thuat (GRS Abutment)

Dat dap st dung vat liéu dang hat, thoat nudc tot, 16p vat liéu dia ky thuat dugc dat & cac khoang cach
gan nhau theo phuaong théng diing (< 0,3 m).

(3) Vung gia c6 goi d& dam

Bugc xay dung truc tiép bén dudi g6i dam dé ting kha niang kha ning chiu tai. Khoadng céach cét gia
cuong=0,15m

(4) Phan dudng dan dau cau
(RIA)

DPugc gia cudng bang vat liéu dia ky thuat dé tang kha nang chiu tai.

(5) Tudng bao khéi dat co cot

C6 thé st dung cac loai tudng bao khac nhau nhu gach block, tdm pannel, tudng dé tai chd v.v.... Tudng
bao dang block dugc sir dung phé bién nhat véi ba hang trén cung duoc lién két véi nhau va phun viia.

(6) Pa hoc hoacro da

Can ¢6 16p chdng x6i b6 sung & chan mé dé tranh x6i mon cho GRS-IBS

(7) G6i dam

Truc ti€p d& dam, truyén tai tir két cdu nhip xuéng vling gia c6 go6i d& dam.

3 UU DPIEM - NHUQC DIEM CUA GRS-IBS

3.1 Uu diém ciia GRS-IBS

Giadm chi phi xay dung: GRS-IBS ¢ thé tiét kiém tir 25 t&i 60% chi
phi xay dung va yéu cau bao tri vong ddi it han hoac don gian hon
50 v&i cac phuong phap truyén théng nhu cau BTCT.

Thai gian thi céng ngén: Do sy don gian trong thiét ké va thi
c6ng, GRS-IBS ¢6 thé dugc hoan thanh trong thdi gian ngén han,
gidm thiéu gian doan giao théng.

Kha nang thich Ung cao: GRS-IBS c6 thé dugc 4p dung trong
nhiéu diéu kién dia hinh khac nhau, bao gém ca nhiing khu vuc c6
dia chat phuic tap.

Gidm thiéu tac ddng moi trudng: Viéc strdung it vat liéu va thiét
bi hang ndng giup giam thiéu tac dd6ng dén mai trudng xung quanh.
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3.2 Nhuoc diém cia GRS-IBS

Thiéu dirliéu vé tinh nang dai han: Mac du GRS-IBS da dugc strdung
trong khodng 20 nam, nhung van con thiéu dir liéu vé tinh nang lau dai
0 V6i cac phuang phép xay dung cau truyén théng. Diéu nay c6 thé tao
ra su khéng chdc chan cho mét s6 ky su va cac bén lién quan.

DO nhay véi chat lugng thi cong: Hiéu sudt clia GRS-IBS phu
thuéc nhiéu vao chat lugng thi céng. Cac quy trinh thi céng kém,
chang han nhu dat cac 16p dia ky thuat khdng dung cach hodc dam
nén khong du, cé thé dan dén cac van dé vé hiéu suat.

Su chdp nhan va quen thudc: La mdt cong nghé tuang déi mdi,
GRS-IBS c6 thé gdp phai su phan déi tir cac bén lién quan quen
thudc hon véi cac phuong phdap truyén théng. Diéu nay c6 thé 1a
mot rao can déi vai viéc ap dung rong réi.
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4 TONG HOP CAC NGHIEN CUU VE GRS VA GRS-IBS

4.1 Md'c dé quan tém déi véi cdc nghién ciru vé GRS

Hinh 3 minh hoa sé lugng nghién ctu vé GRS dugc cong bé
hang nam ti nam 1992 dén 2024, dua trén théng ké tur trang web
Scopus [11]. Can luu y rang Hinh 3 chi thé hién s6 lugng cong bé

déu cho thay hiéu sudt tét, véi bién dang doc va ngang dugc kiém
soat hiéu qua. Pé lun do dugc va dé dich chuyén ngang ciia mé GRS
déu nhé hon gia tri cho phép ma FHWA da quy dinh.

Sé lugng cong bé vé GRS

trén cac tap chi thudc hé théng Scopus, vi vay, sé lugng céng bé i yoT T T
thuc té c6 thé cao hon. Théng ké cho thay vao nhiing nam 1990, s 300 1------- s i Pt
lugng cong bé hang nam chi dudi 10 bai. Tuy nhién, sau d6, chu dé 8 250 f------- R S
GRS da nhan duoc su quan tam dang ké tir cong déng nghién ciiu 200 Lo . . Lo
toan cau, dan dén su gia tang lién tuc trong s6 lugng cong bd. Tu > N o i L
nam 2019, s6 lugng céng b dao dong xung quanh con s6 200 bai 3 : : |
m&i nam, diéu nay cho thay nhu ciu st dung GRS va su can thiét ctia R 100 Fommmm-s o 1'" """"
cac nghién ctu vé GRS van con rt cap thiét. 50 p------- oy P ) P
4.2 Téng quan vé cdu tao ctia mét s6 mé hinh nghién ciru 0 : : :
Mat s6 nghién ctiu dién hinh vé GRS-IBS, dugc thu thap tif viec 1990 1995 2000 2005 2010 2015 2020 2025
danh gié tailiéu trong giai doan tirndm 2005 dén 2018, da dugc tom Ném cong bé
tat trong Bang 4. Chiéu cao mé dao dong tir 2,2 dén 11 m, vai chiéu . ; o _
dai nhip tir 3,65 dén 25 m. Dya trén hé so giam sat, tat ca cac cay cau Hinh 3. 56 lugng cac nghién ciu theo nam vé GRS [11]
Bang 4 Toém tit vé mot vai nghién cuiu trudng hop dién hinh da chon vé cac du an GRS-IBS
Nha nghién ctu Nam Loai vat liéu dia | Loai dat mong Kich thudc cia M8 GRS
xay dung | ky thuat (DKT) Chiéu Chiéu Chiéu dai | Géc ma sat
cao, H[m] | rong,B[m] | nhip,L[m] | datdap [°]
Adams va céng su (2007) | 2005 Vai BKT Pat sét c6 két truse | 4.7 10.4 25 37
3]
Mohamed va cong su 2009 Ludi KT Pat sét déo mém 3 5.2 14 428
(2011) [16]
Garnier-Villarreal va cong | 2012 Vai DKT Cét soi 2.54 - - 49
su (2014) [7]
Meechan va céng su 2013 Vai BKT Dat sét cling - cat 4.8 12.2 8.7 40
(2017)[14] chit vira
Budge (2014) [5] 2013 Lugi BDKT Sét ciing 6.9 - 23.6 44
Saghebfar va cong su 2015 Vai BKT Sét siéu déo 38 13 22 50.9
(2017)[18]
Macmillan va cong su 2015 Vai DKT Sét cing 11 budng 4 Nhiéu 42.8
(2017) [13] lan xe nhip
Gebremariam va cong sy | 2015 Vai BKT Sét ciing 2.2 8.5 3.65 47.6
(2020a) [8]
Stallings (2020) [20] 2017-2018 | Vai DKT Pa sa thach 3.6 10 22 46
Welegerima (2020) [22] 2018 Vai bKT Dat cat dugc bao 7.95 8 10 31.5
pht bai da phong
hoa

4.3 Téng quan vé dnh huéng mét s6 tham sé
4.3.1T6ng hop cdc nghién ciiu tham s6

K&t qua clia cac nghién ctu tham s6 chinh anh hudng dén kha nang lam viéc ctia GRS-IBS st dung mé hinh sé dugc tém tat & Bang 5.

Bang 5 Tém tat cac thong sé thiét ké chinh anh hudng dén kha nang lam viéc ctia GRS

Tham chiéu Gia c6 Dép nén Hinh thai
Khoang | Cudng Chiéu bé Goéc boé boé Lép Chiéu Chiéu | Khoang boérong
cach do / do | dai chiu ma sat | lién nén | mat caomoé | dai [ui RSF
cling luc két nhip
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Nick va céng
su(2016) [17] W

Zheng va Fox
(2017) [25] W v v

Zheng va
cong sy W
(2018a) [26]

Abu-Farsakh

va cbng su W N _ _ _
(2019) [1]

Ardah va

cong sy | - : v VoW
(2021) [4]

Hatami va
Doger (2021)
[10]

Zheng va

cong  su | W . . W o-
(2018b) [27]

Khosrojerdi

va cong su| v v W
(2020) [12]

Shen va céng

su(2020) [19] W Vv W

W

Talebi va

Meehan - W - - W
(2015) [21]

Gebremaria
m va cong su -
(2020Db) [9]

Mirmoradi va
Ehrlich - W - - -
(2015) [15]

- W W - W - -

Luuy:/ - Cdc théng 56 dd duoc nghién ciiu, /v - Cdc thong s6 da duoc nghién citu va ¢6 dnh huéng ddng ké dén hiéu sudt ciia hé thong GRS.

4.3.2Két qua nghién cdu tham sé chinh

Cac két qua nghién ctu cho thay, véi budc ¢t nhé sé sinh ra
thém ap luc hédng bé sung, tir @6 ngdn chdn chuyén déng theo
phuong ngang, lam ting suc chiu tai va d6 8n dinh bén trong
clla mé GRS (Wu va Pham, 2013 [23]); Abu-Farsakh va céng su,
2019 [1]) nhan thdy rang khoang cach gia c6 tac dong dén kha
nang lam viéc cha GRS va vugt trén ca dé cung cla gia c6 &
khoang cach gia ¢6 tir 0,2 m tr& xuéng. Ho cling ggi y rdng
khoang cach gia c¢6 1a 0,2 m c6 thé la gia tri ngudng cho dac tinh
téng hgp clia GRS-IBS.

Anh huéng ctia géc ma sdt I6p ddp nén 1a do d6 bén c4t bén
trong, thur kiém soat luc gilta cac hat cGia dat. Viéc gidm goc ma sat
sé lam tang bién dang kéo cuc dai cha I6p gia c6. Mot nghién ctu
cla Zheng va céng su cho thay luc kéo cuc dai giam khi dé dinh
tang lén. Tuy nhién, anh hudng khong con nhiéu y nghia déi vai
cac gia tri do lién két cao hon, dac biét doi vai gia tri do lién két
I6n hon 10 kPa. Ham lugng hat min cao hon va dat dap nén dm du
ki€n sé anh hudng dén cac quan sat trong pham vi nay.
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Chiéu cao mé cdu duoc cho la do dac tinh bién dang cla
GRS-IBS. Abu-Farsakh va céng su (2019)[16] nhan thay chiéu
cao mé cé tac ddng dang k& dén chuyén vi ngang cla tudng
m&; tuy nhién, né it tdc dong vao su phat trién cda bién dang
doc theo 16p gia ¢6. D6i véi cuing mot chiéu dai nhip ¢6 su
thay d6i chiéu cao mé, thi su dich chuyén ngang Ién nhat
dugc quan sat thay dién ra tai mot vi tri tuong tu, tic la 6 2/3
chiéu cao mé.

Chiéu dai nhip phan anh dé |6n cla tai trong tac dung 1én
mé& GRS, do d6 anh hudng dén gia tri bién dang gia c6 cla cac
I6p vai dia ky thuat. Tuy nhién, su thay d8i chiéu dai nhip khéng
lam thay d8i hinh dang phan bé bién dang doc theo vt liéu dia
ky thuat. Su dich chuyén ngang tang khi tdng chiéu dai nhip va
vi tri dich chuyén t8i da di chuyén Ién trén.

Hiéu qud cda viéc dam nén da dugc bao cdo trong cac
nghién ctu trudc day (Xu va cong su, 2019 [24]; Ehrlich va céng
sy, 2012 [6]). Zheng va céng su (Zheng va Fox, 2017 [25]) nhan
thdy rdng viéc tang cdng dam nén cho dat ddp nén cé thé lam
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giam d0 lun dudi g6i cau va ap luc lén mé. Tuy nhién, né dan dén
dé dich chuyén ngang |16n hon. Cu thé, (ing sudt nén 16n han sé
tao ra bién dang d6 1an 16n hon cho méi bac trong qua trinh thi
céng, nhung d6 1un nay sé dugc bu trir cho vi tri bac tiép theo.
Ung sudt nén cao hon cling dan dén dng suat chdy I6n hon, do
d6 han ché& kha nang nén ctia mé.

5 KET LUAN

GRS-IBS la mot cong nghé xdy dung cau tién tién, mang lai
nhiéu Igi ich vé mat kinh té va ky thuat. Tuy nhién, d€ céng nghé
nay dugc ap dung rdng rai hon, can c6 thém cac nghién ctu va
phat trién céc tiéu chudn ky thuat phu hgp. Véi tiém nang phat
trién 16n, GRS-IBS hiia hen sé trg thanh mét gidi phap thay thé
quan trong trong nganh xay dung cau trong tuong lai.

TU céc nghién ctu tham sé théng qua viéc ti€n hanh thi
nghiém va phuong phap s6, ngudi ta thay rdng cac yéu t6 chinh
anh hudng dén kha nang lam viéc clia GRS-IBS la: khoang cach
gia ¢6, cudng d6 cla gia ¢, goc ma sat vat liéu dap, chiéu cao
md&, chiéu dai nhip, quy trinh dam nén va tai trong dam.
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