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Modelling the pile - raft foundation of high - rise building considering the effect of the ground
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TGM TAT

Mang be - coc 1a sy két hop gira mang be va coc nén viec trong
t4c giita be, coc va dat nén |3 y&u td quan trong khi tinh toan thist
ke. Uu diem cia loai mang nay la ca kha nang chiu téi trong lan, da
cirng |an va khang gian thang thoang dé bd tri tng hdm nén dugc
ap dung nhiéu cho céc cang trinh cao tng @ nudc ta. Tuy nhign,
hién nay van chua co tiéu chun hudng dén thigt ké cho mang be
coc, nén viec p dung van con nhigu thach thic. Nhdm danh gia anh
hudng ciia dét nén dén sur lam vigc coa be va coc. Bai viét trinh bay
2 phuong phap ma hinh cho mang bé - coc khi ca va khang ca xét
dén he sd nén £ Ma hinh phan tir hitu han 30 duoc thuc hign bing
phan mém ETABS va SAFE. Ket qua ma phang cho thay gia tri ngi luc
ciia be va coc gidm khi ca xét dén he sd nén, ddng thai da lan cia
nén ciing giam.

Tir khda: Mang coc; mang be - coc; mang cho nha cao téng; he sd
dét nén

ABSTRACT

A pile - raft foundation is a combination of the raft and piles foundation,
so the interaction between the raft, piles, and the ground is an
important factor in design. The advantage of this type of foundation
include high Inad-carrying capacity, rigidity. and large space to use for
basements, so this type of foundation has been applied for many high-
rise buildings in our country. However, at present, there are no design
guidelines for pile raft foundations, so the application is still
challenging. To evaluate the influence of the ground on the behavior of
the structure, this study presents two modeling for pile-raft
foundations with and without consideration of the ground coefficient
C.. The 3D finite element model was performed using ETABS and SAFE
software. The simulation results show that the internal force values of
raft and piles decrease when considering the ground coefficient and
the settlement of the foundation also decreases.

Keywords: Pile foundation; pile - raft foundation; the foundation for
high-rise buildings; ground coefficient.

1. GIGI THIEU

Hién nay, méng bé - coc dang dugc ing dung cho cac cong trinh
nha cao tang, day la mét loai méng cho phép phat huy dugc t6i da
kha nang chiu lyc clia coc va tan dung dugc moét phan stic chju tai
cla nén dat dudi day bé. Mong bé - coc con dugc goi la méng bé
trén nén coc. S&r dung moéng bé - coc gitp lam tang hiéu qua lam
viéc clia mong va chéng lai tai trong ngang. Tu d6, 6 thé giam do
IUn va do lun chénh léch, cling nhu cai thién kha nang chiu tai clia
cong trinh [1].

Viéc phan tich két hgp moéng bé - coc cla tda nha nhiéu tang la
tuong déi kho khan vi lién quan dén sy tuong tac gitia cac thanh
phan clia két cdu tda nha va dat nén. C6 thé phan tich t6i uu héa
trong viéc thiét ké Iua chon chiéu dai va sé lugng coc [2] [3] clng
nhu su lam viéc clia mdng bé - coc trong khu vuc cé anh hudng clia
tai trong dong dat [4].

Sy anh hudéng tuong ho gilta dat va két cdu méng trong qua
trinh chiu tai bao gém: su tuong tac gilta coc va dat; su tuong
tac gilta coc va co¢; su tuong tac gitta dat va mong bé; su tuong
tac gilta coc va méng beé [5]. Theo quan diém bé - coc déng thoi
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chiu tai, hé két cdu méng dai - coc déng thai lam viéc vai dat
nén theo mot thé thdng nhat, xét dén day du su tuong tac gidia
cac yéu té dat - bé - coc dugc thé hién nhu Hinh 1. Theo d9, tai
trong tir cdng trinh truyén xuéng méng théng qua dai coc. Su
phan phdi tai trong tap trung ti céng trinh bén trén xuéng coc
phu thudc vao viéc bé tri cac coc va dd cing khang uén cda
dai. Khi dai coc chiu tdc dong cla tai trong, mét phan dugc
truyén xudng cho cac coc va mot phan duge phan phéi cho nén
dat dudi day dai. Tuy nhién, do coc c6 d6 ciing I&n nén coc tiép
nhan phan 16n tai trong tu dai xuéng va mét phan nho la do
nén dat ti€p nhan.

M hinh hé s6 nén Winkler dugc st dung khi tinh toan méng bé
- coc, dat nén dudi ddy mong duoc thay thé bang céc 1o xo ¢ dé
ciing la K=C..F. Trong d96, C; la hé sé nén cla dat, F la dién tich chia
6 lugi vudng c6 canh 1-2m. Hé s6 nén C; dugc xac dinh dua trén
céng thiic Terzaghi hodc dugc tra theo Bang 1 [6] va c6 thé xac dinh
tur két qua thi nghiém tai hién truéng.

Hé s6 nén C; dudi day beé dugc xac dinh theo cong thic
Terzaghi:



C.=24(c.N,+y.D.N,+04B.N,) (1

Trong dé:

C;  :hésénén

c :luc dinh cua dat

\ : trong lugng riéng cda dat
@  :gOc ma sat trong cla dat
D  :chiéusautinh C

:bé réng coc.
ac gid tri N Ng; N, tra bang theo ¢

N @™

Hinh 1. Su tuong tac gilta be, coc va dat [2]
Bang 1. Hé s6 nén clia mét s6 loai dat

STT Tén dat C: (kN/m?3)

1 Sét rat mém 5000 - 30000

2 Sét mém 20000 - 45000

3 Sét trung 40000 - 90000

4 Sét cung 70000 - 200000

5 Sét pha cat 28000 - 45000

6 Catroi 100000 - 250000
7 Cat chat 500000 - 900000
8 Cat chat va san 1000000 - 2000000

Hé s6 nén C;xac dinh tir két qua thi nghiém tai hién trudng bang
két qua cda thi nghiém xuyén SPT. Theo d6, hé s6 nén tai mi coc
va than coc nhoi xac dinh ti gia tri mé dun bién dang cta nén dat
Eo, dugc tinh toadn theo cac cong thic tu (2)-(4) [71.

Hé sé nén tai mli coc theo phuong ding

k,=0,2.0.E, D" (kgf/cm?) )

Trong doé:

k. :Hé s6 nén mii coc theo phuong duing (kgf/cm?)
a : Hé s6 diéu chinh mii coc,a=1

D  :Budng kinh mi coc (cm)

E,  :Mo dun bién dang nén (kgf/cm?). Eo = 25N;
N :Gid tri xuyén tiéu chuin

Hé s& nén doc theo than coc theo phuong ding:

k,, =0,03.a.E,.D~"* (kgf/cm?) 3)
Hé s nén ngang theo than coc
k,=0,2.0.E,.D”"* (kgf/cm?) (4)

Hé s6 nén la mét trong nhiing déc trung quan trong ctia dat nén
phan anh stic chiu tai va bién dang ctia dat nén. Thuc té hé s nén
la ham phi tuyén, phu thuéc vao cap d6 tai, phuang thic gia tai, loai
dat va kich thudc cau kién tac dung vao dat.

Bai viét trinh bay m6 phong tinh toan mong bé - coc c6 xét dén
anh hudng cta hé sé nén bang mé phong phan tr hitu han 3D cho
mot cong trinh khi so sdnh 2 trudng hop tinh toan khi cé va khong
€6 xét dén su anh hudng clia dat nén. D& dam bao tinh chinh xéac
cUa bai toan, hé s6 C; dugc gan vao mé hinh tai cac vi tri day bé, mai
coc va doc theo than coc. Vi tri gan 16 xo tai than coc tuy thudc vao
loai dat nén va s6 doan chia doc theo than coc.

2. MO HINH MO PHONG MONG BE - COC

Hién nay chua c6 tiéu chudn huéng dan tinh toan cu thé cho
mong beé - coc. Viéc tinh todn moéng bé - coc phu thudc vao quan
diém tinh todn, c6 thé xem coc, bé chiu toan bé tai trong céng trinh
hodc coc va bé lam viéc déng thai.

2.1. Thong tin cong trinh

Cong trinh khach san 40 tang si dung mong bé - coc c6 kich
thudc (dai 64.0m, rong 39,0m). Chiéu cao toan bé cong trinh la
136.6m. TéNng s6 coc trén toan dién tich cong trinh la 183 coc va coc
c6 D=1400, L= 24m. M3t bdng mdng clia cong trinh dugc thé hién
nhu Hinh 2. Tai vi tri dat méng coéng trinh, cac 16p dat ti trén xuéng
lan lugt la: 16p dat nhan tao, I6p dat cat tho vira dén thé, Idp catmin
dén bui 1an vo so 8¢, I16p sét pha va dudi cung la nén da goc granit.
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Hinh 2. Mdt bang mdng be - coc clia cong trinh

2.2, Khaibdao mo hinh

M6 hinh phan t&r hiru han 3D dugc thiét 1ap bang phan mém
ETABS 7.4 va SAFE 13.2.1, tir két qua mé hinh c6 thé so sanh gia tri
stc chiu tai cla coc vdi két qua thi nghiém va xac dinh gia tri ndi luc
clia bé dé tinh toan c6t thép cling nhu kiém tra d6 lUn cla beé theo
tiéu chudn TCVN 10304:2014 [8].

Mong bé dugc mé phong bang phan ti tam. Coc dugc mod
phong bdng phan tir thanh hodc bang 16 xo. Vi tri gan 16 xo tai than
coc dudc chia thanh 3 doan véi 4 diém gan. Lién két gilra dat va bé
dugc mé hinh bang 16 xo hodc gén truc tiép bang hé s6 nén.

Nham so séanh viéc anh hudng clia dat nén vao su lam viéc cla
modng be - coc, bai todn dugc chia lam 2 dang: Bai toan 1- dang
khéng gian, coc dugc mé hinh bang phan ti thanh. Bai toan 2- dang
ban khong gian, coc dugc mé hinh bang 16 xo.

a. Bai toan 1- Bai toan khong gian

Bai toan nay, bé déng vai tro lién két coc tao thanh cac nhom
coc vdi nhau va xem toan bo tai trong cong trinh do coc chiju. M6
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hinh mé phéng dugc thé hién nhu Hinh 3. Coc c6 dudng kinh
D=1400mm, dai 24m. Coc dudc chia lam 3 doan, méi doan 8m. &
mui coc, lién két vai dat dugc mé hinh bang 16 xo ¢ hé s6 nén theo
phuong ding k.. Trén than coc, cac 16 xo dugc gan véi hé s6 nén
theo phuong diing va phuong ngang tai cac vi tri thé hién nhu Hinh
3b.

a. Khai bao tiét dién be va coc

Hinh 3. M6 hinh khdng gian méng be - coc

Tai trong khai bao gém céc gia tri mé men, luc doc cda tinh tai
va hoat tai truyén tir cong trinh bén trén xuéng dai méng, dugc mé
hinh nhu Hinh 4. Hinh 5-6 biéu dién gia tri mé men M11 cla bé va
biéu d6 luc doc N trong coc. Theo d6, két qua ndi luc ctia mong khi
c6 xét va khong xét anh hudng cta dat nén dugc biéu dién theo
Bang 2.

b. Khai bdo gan 10 xo

Hinh 4. Khai bdo gia tri tai trong cho méng

Viéc stt dung méng be - coc gitp lam tang hiéu qua lam viéc clia
mong nh vao sutuong tac két hop gilra coc va bé. Két qua cho thay,
gia tri m6 men khi c6 xét dén hé s6 nén nho hon trudng hgp khong
xét khoang 8% va luc doc clia coc gidm 12.21%. Bén canh d6, khi
phan tich gia tri 6 ltn tai cing mét vi tri, nhan thay rang gia tri do
Iin gidm 11,62% so v&i trudng hgp khéng xét dén hé s6 nén. Diéu

nay phu hgp véi tiing xU clia két cau, chiing to6 viéc st dung mo hinh
tinh mang lai két qua dang tin cay doi vai bai toan nay.
Bang 2. Gia tri ndi luc cia bé va coc mo hinh khong gian

Be Coc

STT T’::“g M1 Toa N Polin
®ooam d M (em PP
1 Xétdénhé 424 X=11 848 555  X=7203
s nén Y=6.8 Y=23.41

2 Khongxét 464 966  6.28

hé s6 nén
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Hinh 5. Momen M11 trén Be coc

Hinh 6. Bi€u d6 luc doc clia coc

b.Bai toan 2 - Bai toan ban khong gian

Vi bai toan nay, bé dugc mé phong bang phan ti tam, coc lién
két vai dai bang phan t 16 xo. Dat nén duéi day dai dugc gan bang
gia tri hé s6 nén nhu Hinh 7. Gia tri m6é men trong bé theo cac dai
béan dugc thé hién nhu Hinh 8-9.

Hinh 7. M6 hinh ban khong gian
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Hinh 8. K&t qua momen cta dai ban theo truc X

Hinh 9. Két qud momen ctia dai ban theo truc Y
Bang 3. Gia tri ndi luc clia beé va coc ciia mé hinh ban khéng gian

Be Coc

STT T’::"g M1 Toa N D6 Toado
°P (Tm) d6 (1) lin(em) °2°¢
g Xeétdénhe 0 875 555  X=72.03
sO nén X=11
o Khongxét o Y68 o 628 v=2341
hé s6 nén

Két qua trong Bang 3 cho thdy, gia tri mé men khi c6 xét dén hé
s6 nén nhd hon trudng hgp khong xét hé sé nén khoang 2,82% va
luc doc clia coc giam 10,9%. Do [in clia méng cling giam 11,62%.

Khi so sanh 2 bai toan cling xét dén hé sé nén thi gia trimé men
clia bé chénh léch khoang 5,4%, luc doc trong coc clia bai toan ban
khéng gian tang 3,01% so vdi bai todn khong gian. Trong khi d6, do
lun ctia méng cé gia tri bang nhau & ca hai bai toan.

Gia tri lyc doc I16n nhét, & 2 phuang phap tinh, truyén vé coc la
Nmax=982 (Tan) déu nhoé hon suc chiu tai clia coc xac dinh theo
phuong phép thi nghiém nén tinh doc truc tai hién trudng la
[P1=1200 (T). Nhu vay, phuong an méng be - coc da chon du kha
nang chiu luc.

3. NHAN XET

Mé hinh phan t&r hitu han 3D dugc thiét [ap nham danh gia su
anh hudng cla dat nén dén sy lam viéc clia hé méng bé - coc. Két
qua mo hinh tinh toan cho thay, viéc xét dén hé s6 nén C; c6 anh
hudng dén noi luc clia bé va coc. Vi bé va coc lam viéc dong thaoi véi
dat nén nén khi co xét dén su lam viéc clia dat nén, thi ty 1é tai phan
cho beé dat tur 2-13.5%.

Viéc tinh todn néi luc theo ca hai mé hinh khong gian va ban khong
gian cho két qua khéng chénh léch nhiéu. Tuy nhién, bai toan khong
gian can phai qua nhiéu céng doan mé phoéng ti viéc mé hinh coc dén

chia cac phan t va gan [0 xo trén coc. Do d6, c6 thé sit dung mé hinh
béan khéng gian trong tinh toan thiét ké méng bé coc.

Bén canh do, viéc téi uu hda kha nang chiu tai clia coc c6 thé duoc
xem xét trong cac nghién ctu ti€p theo. Tai trong tir cong trinh dugc
truyén xudng coc cé cac gia tri thay déi, phu thudc vao vi tri bé tri coc
cling nhu lyc tap trung tur cét vach truyén xudng coc. Véi cac két qua
tinh todn ti mé hinh, mét sé vi tri coc c6 kha nang chiu tai nhé hon
nhiéu so vdi stc chiu tai clia coc, do d6 chua phat huy hét kha nang chiu
tai t6i da clia coc. Viéc t6i uu hda kha nang chiu tai clia coc cé thé dugc
thuc hién bang cach lap mé hinh mé phéng nhiéu dang bai toan khac
nhau, diéu chinh khoang cach coc va sé lugng coc dé tir do lua chon
gidi phap thiét ké dat hiéu qua kinh té cao.
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