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M TAT:

Bai bao tap trung vao xac dinh sur chia tai trong cia coc va be trong
hé mdng be coc dya trén sd leeng coc, khoéng cach coc va kich
thurde be thay ddi trong mang be coc bing thi nghiém trén ma hinh
ti la nha. Coc ca tiét dien tron ca duang kinh 38mm, dai 1200mm,
v khodng cach giira cac tam coc 1an legt 2,5 va 3 lan duang kinh.
St lrgng coc duge b tri trong mang be vai cac truing hop khao
st [an lugt 3 1, 4, va 9 coc. Kich thuac be hinh vudng lan lugt 13
300 va 430mm. Phwrang phap thi nghigm xac dinh chia tai trong cia
mang bé coc dua trén cac thang sd cia dat trong phang thi nghigm.
K&t qua cho théy khi téi trong tac dung |én hé mang be coc, coc va
be cd sur twong tac va cing chia sé tai trong. Dang thivi khi sd lrgng
v khoéng cach coc tang thi ti 1@ chia tai trong cla coc va be ca sy
thay ddi theo ti I nhat dinh.

Tir khéa: Be coc; chia tai; ma hinh ti |8 nha; phan bd téi trong.

ABSTRACT:

The objective of this study is to determine the load distribution
of a raft and piles in the pile-raft system based on the number
of piles and pile spacing in the pile raft foundation by a small-
scale model. The clindrical model pile was 38 mm in diameter,
1200 mm long, and pile spacing was 2.0 and a times of pile
diameter. The number of piles arranged in the raft foundation
were |, 4 and 9 piles. The square raft size was 300 and 430 mm,
respectively. Experiment methods were used to determine the
load distribution of pile groups with consideration of soil
parameters in the laboratory. The results show that as the
number of piles increases, the load distribution on the piles
increases. In addition, as the pile spacing increases, the load
distribution on the piles does not change much.

Keywords: Pile raft; axial load; small-scale model; load distribution

1.DAT VAN DE

Mong bé coc da dugc sir dung nhiéu cho cac céng trinh xay
dung bdi vi ca hai kha nang chiu tai va giam dé lan cling nhu han
ché kha ndng lun léch clia cadc moéng dudc cdi thién dang ké, so vai
mong coc thong thudng. Katzenbach (2000) cho thdy nhiéu uu
diém clia bé coc va dua ra mot s6 vi du vé cac tiing dung clia beé coc
trén dat sét cing. Hemsley (2000) chi ra viéc st dung bé coc cho cac
coéng trinh trén cac loai dat khac nhau. Noi chung, thiét ké kinh té
nhat clia bé coc dugc trinh bay bai Randolph (1994), Poulos (2001).
C6 nhiéu phuang phéap dugc dé xuat dé€ phan tich méng bé coc nhu
nghién ctu cta Burland (1995) cho thdy mét quy trinh thiét ké don
gian cla beé coc, trong dé cac coc dugc thiét ké dé hoat dong nhu
gia giam dé 1un; Horikoshi et al. (1999) phét trién mét phuang phap
dé tinh toan giai quyét t8ng thé clia bé coc. Poulos (2000) va Poulos
(20014, 2001b) da téng hgp nhiéu phuang phap tinh toan don gian
va phuong phap s6 dé xuat cho thiét ké ctia bé coc.

Trong cac phuong phap thiét k& mong beé coc trg nén kinh té vi
stic chiu tai clia bé va coc dugc st dung déng thai va hé tro cho
nhau. Tuy nhién, cac tiéu chuan thiét ké déi véi méng bé coc chua
dugc hinh thanh. Bai 18, trong qua trinh lam viéc véi cac tai trong
khac nhau tac dung Ién hé méng bé coc cho ta su phéan bé tai trong
doc truc trong coc don cling nhu cdla nhém coc sé khdc nhau. Vi vay
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nghién ctiu su chia tai trong trong diéu kién dat cat ciia hé méng beé
coc dugc thuc hién.

2.COSOLY THUYET
2.1. Phuong phap giai tich

Theo Katzenbach et al. (2000), trong mong bé coc ton tai 4
tuong tac tuang hé gitta dat va cac két cau ctia méng (Hinh 1):

Tuong tac gilra coc - dat;

Tuang tac gilra coc - coc;

Tuong tac gilra be - dat;

Tuong tac gilta bé - coc.

Trén thé giGi co rat nhiéu phuong phap tinh toan moéng bé coc.
Tuy nhién, nam 1997, Poulos chia cac phuong phap phan tich tinh
todn mong bé coc thanh 3 nhém: Phan tich tinh toan don gian; Phan
tich tinh todn gan ding bang may tinh; va phuong phép tinh toén
chinh xac bang may tinh. Cac phuong phap tinh toan don gian bao
goém cac tac gid: Poulos and Davis (1980)[9], Randolph
(1983,1994)[12] (phuong phap PDR) va Burland (1995)[3]; Cac
phuong phap tinh toan chinh xac hon bang may tinh bao gém:
Phuong phap phan tu bién, trong dé bé va coc la hé riéng 1&, su
dung ly thuyét dan hoéi (Sinha, 1997)[13].
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Hinh 1: Tuong tac giiia dat va cdu tric mong bé coc (Katzenbach et al., 2000)

Quan diém thiét ké moéng beé coc:

Theo Poulos 2001, tac gia c6 3 quan diém thiét ké nhu sau:

(1) Tai trong lam viéc, coc ganh tai trong tir 35% dén 50% suic
chiu tai cuc han, quan hé tai trong va do 1tin cla coc la tuyén tinh.
Tai trong tac dung Ién méng gan nhu do coc tiép nhan.

(2) Bé dugc thiét ké tiép nhan phan I6n tai trong tac dung 1én
modng, & tai trong lam viéc, stc chiu tai cla coc dugc huy dong tu
70% dén 100%. Quan hé tai trong - d6 1in la phi tuyén, coc dugc
thiét ké véi nhiém vu lam giam dé 1in cha be.

(3) Bé dugc thiét ké dé ganh toan bd tai trong Ién méng, cac coc
chi tiép nhan 1 phan cla tai trong va coc dugc bé tri nhdm dé giam
IUn léch.

Dé thay d6i cac quan diém chua chinh xac vé méng bé - coc, céc
chuyén gia co dat tim cach dua ly thuyét tinh toan hé théng méng
nay, trong d6 ndi bat 1a Poulos & Davis (1980), Fleming va céac cong
su (1992)[4], Randolph (1994), Burland (1995), Katzenbach (1998)[7]
va nhitng nghién ctru gan day clia Poulos (1994, 2001a, 2001b)[11].
Ap dung phuang trinh Midlin cGia ban khéng gian dan héi vao trong
bai todn moéng bé - coc va nhing thi nghiém thuc té d€ phan tich
bai toan, Poulos da dua ra mét mé hinh gan vaéi thuc té. M6 hinh nay
dugc st dung rong rai dé xay dung nhiéu cong trinh va tiép tuc dugc
phat trién trén thé gidi.

Phuong phap Poulos - David - Randolph (PDR) vé thiét ké méng
bé coc, méng dugc chia ra gém 2 phan: bé va coc

2.2. Phuong phap thuc nghiém

Nghién ctu mé hinh vat ly nham xac dinh sy phan bé tai trong
gilta bé va coc trong méng bé coc véi cac trudng hop kich thudc be,
khoédng cach coc cling nhu s6 lugng coc khac nhau dugc thiét lap
trong mo hinh vat ly (hinh 2). Nghién ctu thuc hién trén mé hinh beé
- coc va bé khéng coc nham xac dinh su phan bé tai trong ctia thanh
phan bé va thanh phan coc.

M6 hinh dugc thuc hién trén vat liéu cat, khung thép chirl dung
dé 1ap dat thung chira vat liéu va kich thay luc (hinh 3). Thung chia
vat liéu dugc lam bang thép vai vé day tdm thép la 2.5 mm, kich
thudc lap phuong 1.8x1.8x1.8 (m) v&i cac sudn gia c6 va cac thanh
thép hép bao quanh thung chia vat liéu. Vai dia ky thuat dugc s
dung bao quanh long cda thung chia vat liéu tranh thoat cat va
nudc ra ngoai trong qua trinh thi nghiém mé hinh vat ly (hinh 4).

Coc dugc thiét ké bang hép kim nhém, hinh tru, c6 dudng kinh
D= 38mm, dai 1.2m. Coc dugc gia cong & dau va mii coc bang thép.

B6 do dac quan tréc: déng hé do chuyén vi véi dé chinh xac 0.01mm,
hanh trinh t6i da la 50 mm.

Vi tri do bién dang doc theo than coc dugc gia cong vao than
coc véi do sau 0.4mm, rdng 5mm, dai 50mm, vi tri nay dugc vé sinh
sach va phdng dé dan strain gaus do bién dang (hinh 6).
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Hinh 6. Dén strain gaus va lam nhdm bé
mat coc

Hinh 5. Xac dinh mo dun ct’ia coclamthi

Hinh 9. Lap thiét bi do dac va thi nghiém ghi nhan két qua
Phan tich thi nghiém tur két qua do bién dang cula coc, tir gia tri
bién dang doc truc thu dugc cla cac strain gauge, gia tri tai trong
phan bé cla coc tai cac cao trinh tuong Ung, bdng cong thurc:
P, = Aug, xE A (amn
V6i: Ep - M6 dun dan héi chia vat liéu coc; Ap - Dién tich tiét dién
ngang clia coc; Apegi - Gia tri bién dang doc truc clia coc do tai cao
trinh th('i, xac dinh theo cong thic (12):
Apg, =R, -R] (12)
Trong d6: Ro(ne) - Tri s6 bién dang ban dau tai cao trinh thu i;
Kj(ue) - Tri s6 bién dang tai cao trinh thr i (ng véi cap tai tha j;
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Dai vai thi nghiém mo hinh, gia tri mé dun trung binh cla coc
nhém la E,= 24000 MPa (hinh 5), coc cé dudng kinh d = 38, A, =
0.00113 m?

2.3. Phuong phap phan ti hitu han

Phuong phap phan ti hitu han trong phan tich ing suat - bién
dang modng bé coc la mot trong nhiing phuong phap hién dai dugc
Ung dung nhiéu véi d6 tin cay cao (Bhartiya va c.s. 2020[2]. Két qua
nghién ctu cho thay hinh dang hinh hoc ctia bé khéng anh huéng
nhiéu dén két qua phan bé (ing suat cla hé, bién dang cla bé téng
véi su tdng clia khodng cach coc va gidm véi su tang cla kich thudc
va chiéu dai coc, nghién ctu cho thay véi su tang clia khoang cach
coc dén gia tri bang 6 lan dudng kinh coc thi iing xU stc chiu tai cla
hé bé coc tuong ty nhu clia bé. B day coc 6 anh hudng dén do lan
khéng dé clia coc trong bé.

Phan mém thuat toan thuong mai Plaxis dugc dung dé mé phéng
phan tich cac bai toan dia ky thuat bang nhiéu loai mé hinh khac nhau
nhu: M6 hinh Linear Elastic, Mohr — Coulomb, Hardening - Soil, Soft Soil
model, Soft Soil creep. M&i mé hinh toan sé& pht hgp véi nhing loai dat
nén khac nhau @€ mé ta tiing x0, méi quan hé tuang hé gitia be, coc va
dat nén trong viéc phan bé tai trong clia méng bé coc [8].

Bang 2. Thong s6 dung mé phdong méng bé - coc (mé hinh
Hardening soil)

Thong s6 Ky hiéu | Bonvi | Gia tri
Ung x& cCia nén dat Type Hardening soil
Ung xt cGia vat liéu drained
Chiéu day I6p dat m 1.8
Dung trong riéng tu nhién | yunsat kN/m3 | 18.62
Dung trong riéng bao hoa | ysa kN/m3 | 18.75
Luc dinh don vi C kN/m? | 5.5

G6c ma sat trong [0) do (9 32

Hé s6 poisson v - 0.3

Goc gian n& W do (9 2
Mg:ﬁun cat tuyén tham gref /me | 50000
chiéu 50

M6 dun dé tdi tham chiéu | E’¢/ | kN/m? | 150.000
Hé s6 tham ngang Kx cm/s 107

Hé s6 tham ding Ky cm/s 103

3.KET QUA VA THAO LUAN

Dua vao ly thuyét PDR, tinh toan phan bé tai trong cla méng bé
cocchobé 1, 4,9, 16, 25 coc, theo khoang cach coc 2,5d va 5d.

Bang 3. Tai trong phan bé 1én coc theo phuong phap PDR, %.

S6 lugng coc | 1 4 9 16 25
2.5d, % 8.5 30.1 50.3 71.3 87
5d, % 8.5 31.5 57.3 67.34 73.24

Thong sé dat nén va coc trong mé phdng bang phan mém Plaxis
3D st dung nhu trong mo hinh thi nghiém vat ly dugc trinh bay &
bang 2.

Bang 4. Két qua tai trong phan bé Ién coc bang mé hinh Plaxis
3Dtu 1,4, 9,16, 25 coc

Khoang cach coc Phan tram coc génh, %
2.5d 5d
Bé 1 coc 7.3 7.3
Bé 4 coc 38.07 38.83
Bé 9 coc 63.9 65.17
Bé 16 coc 77.92 79.47
Bé 25 coc 91.31 88.90




Qui trinh gia tai nén tinh coc trong mé hinh dua vao TCVN 9393:
2012 [1], két qua dudc téng hgp tai badng 5 va bang 6.

Bang 5. K&t qua thi nghiém phan bé tai trong clia coc véi khoang
cach coc 2.5d

Cap tai, MPa | Tilé phan tram coc génh,%
Bé 1 coc Bé 4 coc Bé 9 coc

1.6 7.22 23.66 29.46
3.2 10.35 38.38 48.69
4.8 10.70 42.19 57.29
6.4 9.40 42.51 61.51
8 8.46 42.74 63.32
9.6 8.08 42.08 65.06
11.2 7.82 42.15 65.94
12.8 7.45 42.34 67.53
144 7.14 42.12 67.62

Bang 6. K&t qua thi nghiém phan bé tai trong clia coc véi khoang
cach coc 5d

Cap tai, MPa | Tilé phan tram coc ganh,%
Bé 1 coc Bé 4 coc Bé 9 coc
1.6 7.22 46.08 66.25
3.2 10.35 41.76 66.77
4.8 10.70 42.19 65.59
6.4 9.40 42.51 64.60
8 8.46 42.74 64.13
9.6 8.08 42.08 64.60
11.2 7.82 42.15 65.58
12.8 7.45 42.34 67.07
144 7.14 46.08 67.28
g B 4300690, %
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Hinh 10. Biéu d6 quan hé giiia % hé coc
ganh s6 lugng dén 9 coc tir thi nghiém va
khoang cach coc 2.5d.

Hinh 11. Biéu d6 quan hé gitia % hé
coc ganh sd lugng dén 9 coc tir thi nghiém
va khodng cach coc 5d (bdng 4-béng 6)

Két qua tinh toan véi 3 phuong phap doi véi bé co kich thudc
490x490 mm, tu 1,4,9 coc, khodng cach coc 2.5d (hinh 10), 5d (hinh
11), khi khodng cach coc thay déi dén 5d, phuang phap thi nghiém
héi tu vé phuong phap mo phong bang Plaxis 3D.

Khi tinh todn bang phuong phap PDR va Plaxis 3D dén 25 coc
(hinh 12) cho thay rang, dudng cong trong thi nghiém mo hinh
dén 9 coc c6 xu hudng tang theo s6 lugng coc. Tuy nhién khi
khoadng cach coc tang dén 5d (hinh 13) thi tai trong phan bé 1én
coc cta phuong phép thi nghiém mo hinh cé cung xu huéng véi
Plaxis 3D va PDR nhung ¢ tri s6 cao hon.

Hinh 13. Biéu d6 quan hé gitia % hé
€oc génh s6 lugng coc tir thi nghiém va
khodng cach coc 5d.

Hinh 12. Biéu d6 quan hé giiia % hé
coc ganh so lugng coc tir thi nghiém va
khodng cach coc 2.5d

4. KET LUAN

Tai trong tac dung I1én hé méng bé coc dugc chia cho ca be
va coc, tai trong dugc phan bd 1én coc tang khi s6 luong coc
tang. Boi vGi 3 phuang phap: phuong phéap giai tich, phuong
phap thi nghiém va mé phéng Plaxis 3D c6 tai trong phan bé 1én
coc theo ti I& tdng ¢6 xu huéng giéng nhau.

Tai trong phan bé 1&n coc khi sé lugng coc tang cla phuong
phép thi nghiém trén mé hinh tuan theo phuong trinh y =
27.109In(x) + 6.7244 d6i v&i khodng cach coc la 2.5d. Khikhoang
cach coc la 5d phuong phap thi nghiém trén mé hinh theo quy
luat ctia phuong trinh y = 27.055In(x) + 6.4889 vdi x la sé lugng
coc, y: tai trong phan bé lén coc.

Bang mo hinh ti I& nhé véi tinh chat co ly cha dat nén & diéu
kién cu thé, két qua chi ra rang khi s6 lugng coc ting tai trong
phan bé 1én coc tang. Tuy nhién khoang cach coc tang, su phan
b6 tai 1én coc khéng thay d8i 16n, diéu nay phu hgp va cé xu
hudng giébng nhau cla 2 phuong phap giai tich va phuong phéap
phan td hiu han.

Két qua nghién cltu nay 1a co s& dé€ cac nha thiét k&€ méng be
coc lua chon sé lugng coc va khoang céch coc sao cho phu hgp
va kinh té.
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