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Tém tit

Bai bdo trinh bay két qua nghién ctiu thyc nghiém vé su 1am viéc clia méng bé coc trong nén cat chiu téi trong
nén thang diing. Méng coc mo hinh gdm ba coc, ¢6 va khong c6 coc xién. Méng lam viéc nhu méng bé coc
khi ddy be tiép xiic v6i nén dét va sé lam viéc nhu méng nhém coc khi beé coc khong tiép xiic véi nén dit. Nén
dét st dung trong thi nghiém 12 nén cét kho c6 do chit tuong dbi 1a 80%. Tut két qua thuc nghiém rit ra cac két
luan sau: Méng beé coc c6 stic khang 16n hon nhiéu so véi méng nhém coc tuong ting; Stic khang ctia méng coc
¢6 coc xién 16n hon siic khang clia méng coc khong c6 coc xién tuong ding; Bé coc khong chi tham gia dang ké
vao chiu lyc ma con 1a dong mdt vai trd quan trong trong tuong tac be-dit-coc, su truyén tii trong tif be xudng
nén dit gitip ting sifc khang ctia coc trong méng be coc so v6i méng nhém coc; Stic khang ctia coc, bao gdm
stic khang miii va stic khang ma sat, thay d6i theo chuyén vi lin ctia méng va phu thudc vao loai méng cling
nhu vi tri cda coc trong méng.

Tir khod: méng be coc; nhdm coc; thi nghiém gia tai ding; coc xién; tudng tic; cat kho.

EXPERIMENTAL STUDY ON PERFORMANCE OF PILED RAFT FOUNDATION IN SAND SUBJECTED
TO VERTICAL COMPRESSIVE LOAD

Abstract

This paper presents experimental results on performance of piled raft foundation in sand subjected to vertical
compressive load. Model pile foundations included three piles, with or without batter piles. They were piled
raft foundations if the raft was in contact with the model ground while they were pile group foundations if the
raft was not in contact with the model ground. The model ground was made of dry sand having a relative den-
sity of 80%. The following conclusions are derived from the experimental results: Piled raft foundations have
considerably larger resistance than the corresponding pile group foundations; The resistance of the foundations
with batter piles is larger than that of the foundations without batter piles; The raft not only shares the load
but also plays an important role in raft-soil-pile interaction, the pressure transferred from the raft to the ground
increased the resistance of the piles in piled rafts; Pile resistances, including pile tip resistance and pile shaft
resistance, change according with settlement of the foundation and depend on foundation type as well as the
location of the piles.

Keywords: piled raft; pile group; vertical load test; batter pile; interaction; dry sand.
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1. Gidi thiéu
Trong nhiing nim gin diy, & cic nudc c6 cong nghé xay dung phat trién, méng be coc dudc st

dung ngay cang rong rii cho cdc cong trinh xay dung va dudc xem 1a mot trong nhiing bién phap tot
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nhét gitip gidm do6 lin tdng thé va do6 lin léch clia cong trinh [1-3]. Trén thé gidi, mot s6 cong trinh
nghién cifu thuc nghiém vé ting x{ ctia méng bé coc di dudc tién hanh [4-7]. Cac nghién ctu s6 vé su
lam viéc ctia méng be coc ciing dudc cdc nha khoa hoc trén thé gidi tién hanh [8—11]. Tuy viy, nhiing
nghién ctiu d6 van chua giai quyét triét dé tit ci cac van dé lién quan dén su lam viéc cia méng be
coc cling nhu ing xt ¢o hoc ctia loai méng nay.

Trong nudc, viéc dp dung (thiét ké, thi cong) méng be coc ddi véi cac cong trinh xdy dung con
rit méi mé. Hién nay trong nudc van chua c6 céc tiéu chuin vé thiét ké méng beé coc. Cic tiéu chuan
thiét ké méng coc ctia Viét Nam mdi chi xét dén su 1am viéc ctia méng nhém coc, trong d6 bd qua su
lam viéc clia be, mic di trong thuc té rit nhiéu méng coc 1am viéc nhu méng beé coc [12-14]. Diéu
nay anh hudng truc tiép dén hiéu qua kinh té ctia phuong 4n thiét ké méng ciing nhu moéi trudng khi
khdi lugng vt liéu sit dung thi cdng coc ting. Cho dén nay, cdc nghién ctiu trong nudc vé dng xi co
hoc néi riéng va su lam viéc ctia méng bé coc néi chung con tuong d6i han ché, ca vé sb lugng va noi
dung nghién ctu.

Muc dich chinh clia nghién ciiu 13 nham so sanh ting x& cd hoc ctia cic loai méng khac nhau
(moéng be coc c6 va khdng cd coc xién; mong be coc va mong nhém coc tudng ung) trong cung mot
diéu kién dat nén va tai trong, ma khong nhim mo phong mot két cAu thuc nao. Vi vdy, pham vi
cua bai bao chi ding & nghién ctu thuc nghiém mo hinh kich thudc nhd trong mdi trudng cat kho
dong nhit.

2. M0 ta thi nghiém

2.1. Mong mo hinh
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Hinh 1 th€ hién kich thudc ctia cdc méng mo hinh dudc sit dung trong nghién citu nay. Cac mod
hinh méng nay cling dudc st dung trong mot nghién ciu khac ctia Vu va cs. [7]. Bé mong dugce lam
tit dura c6 mé dun dan hdi 1a 68,67 GPa, véi kich thuée nhu Hinh 1 va ¢ thé xem nhu 1a be cuing.
Moéng gdm 3 coc ¢6 hodc khong cé coc xién, hoat dong nhu méng nhém coc (3PG va 3BPG) khi day
beé khong cham dét, va sé& 12 mong be coc (3PR va 3BPR) khi ddy be cham dit. Trong do:
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- 3PG la méng nhém coc ¢6 3 coc va chi ¢6 coc thang, khong ¢ coc xién;

- 3BPG la méng nhém coc ¢6 3 coc va ¢ coc xién;

- 3PR 12 méng be coc c¢6 3 coc va chi c6 coc thang, khdng cé coc xién;

- 3BPR 1a méng be coc ¢b 3 coc va ¢d coc xién.

Coc dau bit mo hinh dugc lam tit cac dng nhom c6 chiéu dai 285 mm, dudng kinh ngoai 20 mm
va chiéu day thanh éng 1,1 mm (Hinh 2). Phan 30 mm dau coc sé dudc lién két ciing véi bé méng, vi
viy chiu dai lam viéc clia coc 1a 255 mm. Khodng céch giita tim cic coc, s, 12 80 mm, bing 4 1an
dudng kinh coc. G6c nghiéng ctia coc xién 12 15 do so v6i phuong diing. Md dun dan hdi ctia coc, E,,
dugc xac dinh tir thi nghiém ubn coc. Md hinh coc nay dudgc xay dung dua trén co sé mo hinh tuong
tu ctia Iai [15]. Doc than coc dudc bd tri ciac dau do bién dang. D€ ting stic khidng ma sét clia coc,
mot 16p mong cat dude gan chit doc than coc. Céc dic tinh hinh hoc va co hoc clia coc dugc thé hién
trong Bang 1. Hinh 3 1a anh chup cdc méng mé hinh.

Bang 1. Béc tinh cia coc st dung trong thi nghiém

béc tinh Gia tri
Puodng kinh ngoai, D (mm) 20
Chiéu day, ¢ (mm) 1,1
Chiéu dai lam viéc tinh tit ddy be, L (mm) 255
Mb dun dan héi, E, (N/mm?) 70267
Hé s6 Poisson, v 0,31

Hinh 3. Anh chup ciia cic méng mé hinh

2.2. Nén ddt mé hinh

Nén dAt md hinh dugc ché tao tir cat kho c6 dic Bang 2. Dic tinh cia cat st dung trong thi nghiém
tinh nhu trong Bang 2. Dit nén c6 do chit tuong
d6i, D,, vio khoéng 80% (pg = 15,04 KN/m®) dude Dic tinh Gid tri
ché bi vao trong hop dat c6 kich thudc 800 mm x ~ ;
500 mm x 530 mm. P& kiém soat dugc do chit Dung trong riéng hat, p, (kN/m) 26,17
clia nén dit, trong qu4 trinh ché bi nén dudc chia Dung trong kh 16n nhdt, py,,,, (kN/m?) 15,74
nhd thanh 11 16p dat phan t6 (10 16p day 50 mm va Dung trong kho nhé nhit, p, . (KN/m®) 12,45
116p day 30 mm). V6i moi 16p phan t\(‘), mot kh?)i Hé 56 rong 16n nhat, ema 1.103
lugng cét nhat dinh dudc do vao va dam chit dén He 56 réng nhd nhat, emn 0.663

khi dat do chit tuong ddi yéu cau. Trinh tu ché bi
nén dit mo hinh nhu sau:

Budc 1: Lan lugt ché bi 5 16p dit dau tién mdi 16p day 50 mm (tdng chiéu day 1a 250 mm) véi do
chit tuong dbi 80%.

Budc 2: Cb dinh tam thi méng md hinh vao vi tri da x4c dinh bing cdc thanh thép vao bo kep.

Bué6c 3: Ché bi céc 16p dat tiép theo (5 16p day 50 mm va 1 16p day 30 mm) dén khi dat dugc
chiéu day 530 mm.
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2.3. Bién phdp gia tdi

D€ gia tai theo phuong ding, st dung kich thiiy luc va diéu khién theo chuyén vi véi toc do gia
tdi khoang 2 mm/phiit. Gid tri luc dudgc thu dugc tir dau do luc dit tai tim ctia mit be méng. Chuyén
vi lin ctia méng dudc tinh thong qua 4 dau do chuyén vi dit tai 4 géc be méng (Hinh 4).
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3. Két qua thi nghiém

Hinh 5 thé hién dudng cong quan hé Téi trong-D6 lin cho cdc trudng hgp méng mo hinh (3PG,
3BPG, 3PR va 3BPR). Két qua cho thiy ring méng be coc sit dung coc xién (3BPR) c6 siic khang va
do ciing 16n nhét, tiép dén 12 méng be coc thudng (3PR), méng nhém coc ¢6 coc xién (3BPG) va cudi
cung la méng nhom coc thusng (3PG). Stc khang ctia méng coc ¢b coc xién 16n hon stic khang cia
méng coc chi ¢6 coc thang.

Két qua ciing cho thdy uu thé vuot troi clia mong bé coc so v6i méng nhém coc tuong dng. Stic
khéang ctia méng beé coc (3PR va 3BPR) 16n hon nhiéu so véi stic khang ctia méng nhém coc tuong
ting (3PG va 3BPG), va do lin ctia méng bé coc ludn nhd hon do lin clia méng nhém coc tai bat ky
gia tri tai nao tuong Gng.
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Hinh 6. Ti 1¢ phan bd tdi ding ctia coc va be, truong  Hinh 7. Ti 1& phan bb tai ding cla coc va be, trudng
hdp méng 3PR hdp méng 3BPR

Hinh 6 thé hién ti 1& phan bd tai diing clia coc va bé dbi véi trudng hop méng 3PR. Hinh 7 1a két
qua tuong ting dbi v6i trudng hop méng 3BPR. Nhian thiy, tai thoi diém khi méi bat diu gia tai, hau
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hét tai trong 14 do coc chiu (chiém khoang 90% t&ng tai trong ctia méng). Sau dé, ti 1& tai do coc chiu
giam dan khi do ldn ting va c6 xu huéng &n dinh & miic khoang 50% khi chuyén vi lin tuong dbi
w/D 16n hon 0,2. Nhu da dé cap & trén trong muc 2 vé cic budc ché bi mo hinh dit nén, 16p dat nén
trén cung dudc ché bi sau khi c6 dinh tam mo hinh méng bing bo phan ga. Vi vdy, phan nén dit trén
cuing ngay dudi ddy be khé c6 thé dam chit va tiép xtic hoan toan véi ddy be. Chinh vi vay, khi méi
bit dau gia tai thi hau hét tii trong cia méng 1a do coc chiu. Khi tai trong 1én méng ting, do lin ting
dan khién cho ddy be tiép xic hoan toan v6i nén dét, va tai trong dudc phan b lai gilta coc va be.

Hinh 8 thé hién su thay d6i tai trong ddu coc ctia coc gitta (coc P2) va coc bén (trung binh ctia coc
P1 va P3) theo chuyén vi lin tuong dbi, dbi vé6i trudng hop méng 3PR va 3PG. Pbi véi trudng hop
méng nhém coc (3PG), tai trong 1én coc gilta tuong dong vé6i gia tri trung binh tai trong 1én cic coc
bén. Con dbi vé6i trudng hop mong be coc (3PR), tai trong 1én coc gitta 16n hon o rét so véi gia tri
trung binh tai trong 1én cic coc bén. Két qua thi nghiém ciing chi ra rang tai trong 1én mdi coc trong
mong be coc 16n hon rd rét so vdi tai trong 1én coc tudng tng trong mong nhém coc. Ly do cia hién
tugng nay ciing nhu cd ché chiu luc clia cic coc sé dudc 1am 16 trong phan tiép theo ctia bai bio.

Hinh 9 thé hién su thay ddi stic khang huy dong trong tiing coc ctia méng 3PG theo chuyén vi lin
tuong ddi, trong d6 siic khang ma sat, stic khang miii va sifc khang tong déu dudgc thé hién. O day, sic
khang miii coc dudc xac dinh bing luc doc truc ciia coc tai mic 6, va sifc khang ma st dugc xac dinh
bang hiéu ctia siic khang tong xac dinh tai mic 1 va siic khang miii xdc dinh tai miic 6 (xem Hinh 2).
Hinh 10 thé hién két qua tuong ting ctia méng 3PR.
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Hinh 8. Quan hé giita T4i trong dau coc-Chuyén vi ~ Hinh 9. Stic khang huy dong trong coc, trudng hop
lin tuong dbi moéng 3PG

Péi v6i méng 3PG (Hinh 9), sic khang miii coc ting nhanh khi chuyén vi lin tuong ddi ting tir 0
dén 0,25. Sau d6 stic khang mili coc ¢6 xu huéng 6n dinh khi chuyén vi tuong déi tir 0,25 dén 0,40.
Stic khang ma sét sau khi ting dén gia tri cuc dinh tai chuyén vi lin tuong dbi khoang 0,08 thi c6 xu
huéng giam dan dén gia tri 6n dinh.

Péi v6i méng 3PR, (Hinh 10), stic khang miii ting déu khi chuyén vi ldn ting. Stic khang ma sat
sau khi ting dén gid tri cuc dinh tai chuyén vi lin tuong dbi 1a khoang 0,09 thi giam nhe va &n dinh
khi w/D thay d&i trong pham vi tir 0,14 dén 0,25. Sau d6 siic khiang ma st tiép tuc ting khi chuyén
vi lun tang.

Tir két qua Hinh 9 va 10, nhén thiy ro rang rang ca stic khang ma sat va stic khang mii clia cic
coc trong méng bé coc (3PR) déu 16n hon stic khang ma sit va stic khang miii cia méng nhém coc
(3PG). Piéu nay 1a do 4p luc truyén tit ddy bé xudng nén dét (trong trudng hgp mong be coc) 1am ting
\ing suét trong nén d4t xung quanh coc, dan dén ting do cing ctia nén, va két qua 1am ting stic khang
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Hinh 10. Stic khang huy dong trong coc, truong hgp méng 3PR

clia coc trong méng bé coc so v6i méng nhém coc. Pdng thdi, chinh sy truyén ap luc tir ddy bé xudng
nén dit 1am cho ting suét trong nén xung quanh coc gitta (P2) 16n hon xung quanh cic coc bén (P1
va P3), khién cho stic khang huy dong clia coc giita 16n hon stic khang huy dong ctia coc bén trong
trudng hop mong be coc. Cic két qui ndy cling hoan toan tuong dong véi cac két qua trong nghién
cudu cia Unsever va cs. [6].
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Hinh 11. Ung suét trong nén tai chuyén vi ltin w = 4 mm (w/D = 0,02), méng 3PG

DPé& minh ching cho 15i gidi thich & trén vé co ché truyén tii trong tir ddy bé xudng nén dit, tic
gia di tién hanh mo phdng s6 bang phan mém PLAXIS3D. Chi tiét vé ndi dung md phdéng sd dudc
trinh bay trong tai liéu [16]. Hinh 11 thé hién ting suét trong nén tai chuyén vi lin w = 4 mm (w/D =
0,02) dbi v6i méng 3PG. Hinh 12 thé hién két qua tuong ting d6i v6i mong 3PR. Két qua chi ra ring
ting suét trong nén dit dusi ddy beé va xung quanh coc ddi véi trudng hop 3PR 16n hon dang ké so véi
truong hap 3PG.
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Hinh 12. Ung suét trong nén tai chuyén vi liin w = 4 mm (w/D = 0,02), méng 3PR

4. Két luan

Tt nhiing két qua clia nghién ctiu nay, riit ra dugc cac két luan sau:

- Méng be coc c6 stic khang 16n hon nhiéu so v6i méng nhém coc tuong ing nhd c6 sy tham gia
ciing chiu tai ctia bé coc. Ddi v6i trudng hop cu thé clia nghién ciiu ny, ti 1& mang tai clia be coc
chiém tr 10% dén 50% tOng tai trong ctia méng. Stic khdng clia coc trong méng bé coc 16n hon stic
khang ctia coc trong méng nhém coc.

- b6i v6i ¢4 hai trudng hdp méng bé coc va méng nhém coc, stic khdng ctia méng coc c6 coc xién
16n hon suc khang cia méng coc khong ¢6 coc xién tuong tng.

- Bé coc déng mdt vai trd quan trong trong co ché chiu luc ctia méng beé coc. Beé coc khong chi
tham gia diang k€& vao chiu luc ciing v6i coc ma con la déng mot vai trd quan trong trong tuong tac
beé-dat-coc. Chinh su truyén tai trong tif bé xuéng nén dat gidp ting sic khang ciia coc trong méng be
coc so v6i méng nhém coc.

- Stic khang ctia coc, bao gom stic khang miii va siic khidng ma sat, thay ddi theo chuyén vi lin
cia méng; phu thudc vao loai méng (moéng beé coc hay mong nhdém coc) va vi tri ciia coc trong mong
(coc giita hay coc bén).
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