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PHAN TICH KHA NANG CHIU LUC CUA TUONG CU DU UNG LUC
RONG TRONG KET CAU CHAN GIU HO PAO SAU

P Tuin Nghia'

Tém tit: Nghién ciru nay khdo st kha ndng chiu lyc (momen uén Ién nhat) cia twong cir dir ving e
rong trong két cau chdn giiv hé dao 3 tang ham tai Ha Ngi. Hé két cau chdn giit ho ddao nay bao gom
twong cir bé tong cot thép diic san than réng va 2 tang san ham day 0.22 m. Moi coc cir trong twong chdn
6 tiét dién chir I kich thude 50x52 cm, thén dang 2 nira 16 tron. Kha nang chiu moment uén ciia méi cir la
491kNm. Dé sir dung twong cir lam két cdu chdn gii dai han, vita xi mang dwoc chén vao khodang réng
tron tao giita cdc than cir dé ngdn nude ro qua than cir vao ham. Hé dao nghién ciru ¢é chiéu sau lom nhat
14.6 m, duwoc thuc hién phan 1om trong dat cdt min chdt vira. Trong qud trinh thi cong hé dao, chuyén vi
I6n nhat cia twong chdn la twong doi nhé khoang 8.0 cm. Phan mém PLAXIS 3D ciing dirgc sir dung dé
mé phéng qud trinh thi cong ho dao. Két qua phan tich cho thay chuyén vi twong dw dodn rat phi hop voi

gid tri quan trdc va momen uén Ién nhat trong tuwong nhé hon kha nang chiu tdi ciia tuwong.
Tir khéa: HS dio sau, twong chan, phéan tich ing suit bién dang, phuong phap phéan tir hitu han.

1. GIOI THIEU CHUNG

Céc hd dao sau trong thi cong phan ngim cta
khu vuc d6 thi ngay nay da va dang tré thanh
mot phé‘in khong thé thiéu cua viéc tin dung
khong gian ngam cho nhiéu muyc dich khac nhau
nhu bii dd xe, khu mua siam, giao thong ngam,
v.v. Pé giit 6n dinh hé dao, twdong chin bé tong
cot thép loai twdng barrett thuong duoc st dung.
Dic diém cua loai tudng nay 1a c6 do cimg chong
udn 16n, chiu dugc momen 16n va chiéu day
trong c6 thé thay dbi theo yéu cau vé chiu luc.
Tuy nhién, tudng can dugc thi cong theo cong
nghé khoan va d6 bé tong tai chd. Cong nghé nay
doi hoi thoi gian thi cong dai va gdy 6 nhiém moi
truong do lugng bun thdi cua dung dich gil
thanh 16n. D¢ giai quyét van dé nay, cong nghé
ép cu du ung luc co thé duge ap dung. Vi cac
loai tuong cur hién nay chua dat dugc kha ndng
chiu uén va momen 16n (mic du di cai thién
nhiéu so véi tudng cir thép) nén chiéu sau hd dao
chan gitr bi han ché trong khoang 10m. Cu dy
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tmg lyc thong thuong c6 kha nang chéng thim
kém. Dé giai quyét ca hai vin dé kha niang chiu
luc va thi cong, giai phép tudong cu du tng luc
rong da dugc ap dung thanh cong trong két ciu
chan giit mot h dao 3 ting ham tai Ha Noi. H6
dao c6 chiéu sau 16n nhit 14.6 m, duoc thuc hién
phan 16n trong dat cat min chat vira. Trong qua
trinh thi cong hd dao, chuyén vi 16n nhét cua
twong chan kha nho, khoang 8.0 cm. Pé chong
thim tuong trong giai doan sir dung, vira xi mang
duogc bom chén vao gitta cac me ctr.

Muc dich cua nghién ctru nay 1a phan tich kha
niang chiu luc (momen uén 16n nhét) cua tudng cir
du tmg lyc rdng trong hd dao sdu st dung phan
mém phan tich mat cit két cAu XTRACT. Phin
tich nguoc st dung phan mém PLAXIS 3D duoc
ap dung dé so sanh chuyén vi tuong du doan va
két qua quan tric thuc té. Ngoai ra, momen ubn
du doan dugc so sanh voi khd nang chiu tai
(momen ubn 16n nhét) ctia tudng chin. Toan bo hé
thong két cau chin gitr gdm twdng chin, san ham,
tru chdng trung tim, va quy trinh dao s& duogc ké
dén trong qua trinh md hinh.

KHOA HOC KY THUAT THUY LOT VA MOI TRUONG - SO DAC BIET (12/2021)



2. GIOI THIEU VE CONG TRINH VA
PIEU KIEN BIEN CUA BAI TOAN

H dao trong nghién ciru 1a cong trinh tai khu
vuc Ha Pong. Miat bang cong trinh cd kich
thudc 57x156m nhu Hinh 1. Hinh 2 trinh bay
mat cat tiéu biéu ciia hd dao, trong d6 chiéu sau
dao 16n nhit 1a 14.6m va dugc thuc hién theo 4
giai doan dao twong ng vai cbt -3.8m, -6.8m, -
9.8m, va -14.6m bang céng nghé thi cong semi
top-down. Dé han ché chuyén vi ciia dat khi dao
sau, hé tuong chin gdm tudng cir dy Gng luc
rong dai 19.2m va 2 tdng san ham day 0.22m tai
cac cbt -3.8m, -6.8m. Mat béng 16 mé san cho
thi cong dugc thé hién trong Hinh 1 va 3, tong
dién tich 16 mo chiém khoang 50% tong mait
bang cong trinh.

Piéu kién dia chit cta khu vuc xay dung
duge thé hién trong cac Hinh 2 va 4. Theo do,
16p trén cung l1a dat 1ap day 1.0m (16p 1). Bén
dudi 1a 16p cat pha xdm, xam vang trang thai
déo kep dai sét (16p 3) day 4m véi PI=7.5%, W
= 25.0%, ¥, = 19.7kN/m?, ¢ = 15.4kN/m’,
@ = 20.2° Ny = 4. L6p 4 1a 16p cat min xam,
xam vang kep dai sét, cat pha trang thai xop
dén chit vura. Lop sét xen kep tang tir o sau

20m toi 24m. Lép 4 co
G, = 2.64, ¥, = 19.9kN/m®,
Vi = 17.1kN/m?, @ = 29.3°%,

Ngpr = 3~33. Day 1a 16p c6 anh hudng 16n té1
chuyén vi tuong chin hé dao. Lop 5 1a sét, sét
pha xam hong 1dn hiru co trang thai déo mém
day 3m voi véi Pl = 18%, W = 37.1%,
Vip = 185kN/m*, ¢ = 21.0kN/m? @ = 5.2°,
Nt = 9. Lop 6 1a Sét xam, xam vang loang 16
trang thai ntra ciing day 6m v6i véi PI = 18.6%,
w = 26.7%, Y., = 20.0kN/m?,
c = 46.0kN/m?*, 0 = 7.4°, N, = 13~20. Lép 7

1a cat hat trung x4m, x4m vang 1an san soi trang

thai x0p dén chat viua voi
G, =2.67, ¥,.. = 20.7kN/m®,
Voun = 17.7kN/m?, @ = 36.3°,

Nopr = 33~37. Bén duéi 16p 7 1a cac tang dat
cting. Luu ¥ rang cac gia tri ¢, @ dugc 1ay tir thi
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nghiém cat tryc tiép. Muc nudc ngdm ndm cach
mat dat 7.0m.
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3. KET CAU CU DU UNG LUC RONG VA
PHAN TiCH MO PHONG

Tiét dién cua cir du tng lyc rong duoc thé hién
trong Hinh 5. Mdi tdm ctr ¢6 kich thudc 50x52cm.
C6t thép du tmg lwe gdm 6 cap D12.7 loai grade
270 dat & mit ngoai hd dao va 8 cap 12.7 dat &
mit trong hd dao. Luc cing trude cua mdi cap 1a
144 kN. Thép dai cta cu 1a $6 khoang cach 20cm.
Bé tong cur 1a loai M600 (B45).

Hinh 6a 14 m6 hinh cua 1 tdm cir trong phin
mém XTRACT. Két qua phan tich cho thiy khi
momen udn ting, d6 cong cua tim cir ban dau
ting dan (Hinh 6b) va sau d6 phat trién dot ngot
khi momen dat 491kNm. Do d6, momen 16n nhét
ma cu chiu dugc 1a 491kNm. Vi vay, khi dugc su
dung 1am tuong chin, 1m dai tuong chiu duoc
momen 16n nhét 13 944 kNm. Theo kinh nghiém
clia tac gia, tuong chin barrette day 0.5m thong
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thudng chiu duge momen udn tdi da 500 kNm. Do
do, tuong cur du irng luc trén c¢6 kha nang chiu luc
16n hon tudng chin théng thudong. Luu y ring
momen udn 16n nhéat xac dinh theo phan mém
XTRACT khong phai momen khéng nut cua ctr.
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Hinh 5. Tiét dién cir du ung luc réNng
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Hinh 6. Quan hé giita momen uon
va dé cong cua cir: (a) mé hinh; (b) két qud
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4. MO HINH PHAN TU HU'U HAN

Pé mo phong tng xir ciia dat, mo hinh ting
bén (Hardening Soil) dugc sir dung. M6 hinh nay
duogc phat trién boi Schanz (1999). Vé co ban, mbi
quan hé giira ng suat va bién dang cua dat duoc
gia str tuan theo hinh hyperbol ¢ dién. Tuy nhién,
mot sb cai tién duoc ap dung nhu: (1) St dung Iy
thuyét vé do déo thay cho Iy thuyét dan hoi; (2)
Xét toi bién dang né cua dat (dilatancy); (3) Su
dung mil déo dé md phong ng xir ciia dat khi
chiu ng suit nén dang khoi; (4) Xét t6i do clng
ctia dat va sy phy thudc cia théng sd nay trong
pham vi bién dang nho. Thong sé déu vao cua dat

dugc téng hop trong Bang 1. Trong do,
ref i
Ege” = 2B, =™ i cac 16p dét loai sét va

ref
ELT = EJ2S = 3 voi cic 16p dét loai cat, EJ

duoc xac dinh tir Ny theo tiéu chuan TCVN

9351-2012. Cac thong sé cudng d6 cua dit duoc
xac dinh theo thi nghiém cit truc tiép.

Do tinh chat ddi xting, mdt nira hd dao duoc
m phong trong tinh toan nhu thé hién trong Hinh
7. Trong d6, chiéu rong, chiéu dai va chiéu day
cia md hinh lan luwot 1a 80m, 260m, va 41m.
Tudng chin va san him dwgc md phong bang
phan tir tim (hé didm duogc bo qua dé don gian hoa
md hinh). Céc thanh chdng trung tim cua hd dao
ciing dugc md phong bang phan tir coc dé dd hé
san. Tai trong thi cong xung quanh hé dao duoc
gia sir 1a 20 kPa. Do cong trinh l4n can nam cach
xa hd dao (trén 20m), anh hudong cua hd dao téi
cac cong trinh nay dugc bd qua trong md hinh.
Quy trinh thi cong dao sdu dugc mo6 phong theo
cac giai doan trong Bang 2 véi gia sur rang mdi
giai doan dao dugc tién hanh dong déu trén toan
bo mit bang hd va trong thoi gian rat ngan.

Bang 1. Thong s6 dau vao ciia dat

Thong s | Ponvi | Lép3 | Lép4trén | Lop4dusi | Lép5 | Lop6 Lép 7
Ung xir Thoat nudc Khong thoat nudc Thoat nudc
YVunsat kN/m’ 17.0 17.0 17.0 16.0 18.0 17.7
Veat KN/m* 19.9 19.9 19.9 18.8 20.0 20.7
E™5, KN/m? 3500 5660 17650 2250 5500 22450
E™f o KN/m? 3500 5660 17650 4500 11000 22450
E*f, KN/m? | 10500 16980 52950 6750 16500 67350
m 0.5 0.5 0.5 1 1 0.5
c KkN/m? 15.4 0 0 21 46 0
d do 20.2 29.3 29.3 5.2 7.4 36.3
Rint 0.67 0.67 0.67 0.5 0.5 0.5

wyy

Hinh 7. Mé hinh PTHH ctia hé ddo
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Bang 2. Quy trinh thi cong dao sau

Giai doan Cong tac thi cong

Thi cong tuong
Dao t61 -3.8m

Thi cong san ham 1
Dao t61 -6.8m

Thi cong san ham 2
Dao t61 -9.8m

Dao to1 -14.6m

N (N D RN (=

5.KET QUA VA THAO LUAN

Hinh 8 trinh bay chuyén vi ngang cua tuong
chin theo cac giai doan dao khac nhau. Vi tri liy
két qua chuyén vi la ¢ gitra hé dao trén canh dai.
Tir hinh trén ta c6 thé thiy rang khi tién hanh dao
sdu, ban dau tudng chin co chuyén vi dang cong
x6n khi dao t6i -3.8m (do chwa c6 san chdng) sau
d6 chuyén sang dang 10i, dic biét khi dao t6i -
14.6m voi chuyén vi 16n nhat tai gz‘in mirc dao.
Chuyén vi ngang 16n nhit cia tudong vé co ban
tang dan theo chiéu sau dao. Gia tri chuyén vi lon
nhit 1a 8cm. Khi dao tir c¢bt -3.8m tdi -9.8m, chan
tudng c6 dich chuyén nhoé. Tuy nhién, khi dao téi
cbt -14.6m, dich chuyén cua chan tuong ting dot
ngdt 1én 3cm. V& mit tong thé, chuyén vi ngang
cua tuong trong phan tich kha nho.

Hinh 9 1a két qua so sanh chuyén vi ngang cua
twong chan tai cbt dao -9.8m trong tinh toan cho
vi tri giita hd dao trén canh dai va gia tri quan tric
tai cac vi tri khac nhau bao gém AO01, A02, A03,
va A05. Vi tri ciia cc tram do dugce thé hién trong
Hinh 1, trong d6 A01 va A02 nam trén canh ngan
va A03, A05 nam trén canh dai cua hd dao. Do sd
liéu quan trac khi dao t6i cbt -14.6m chua thu thap
dugc nén tac gia chi dua ra gia tri so sanh cho giai
doan dao toi cot -9.8m. Duya vao két qua so sanh,
ta co thé thay chuyén vi ngang 16n nhat ciia tudng
theo phan tich s6 1a 2cm, nam trong pham vi két
quéa quan tric tir lcm (tai A05) t6i Sem (tai AO1).
Tuy nhién, chan tudng chin trong phan tich c6
dich chuyén kha 16n so véi két qua quan tric.
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Hinh 8. Chuyén vi tuong theo cdc giai doan dao
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Hinh 9. Chuyén vi tuong theo cdc giai doan dao

168 KHOA HOC KY THUAT THUY LOT VA MOI TRUONG - SO DAC BIET (12/2021)



Mmax =
158.3 kNm

Phia ngoai
hé dao

Phia trong
hé dao

Mmax =

My, (scaled
Maomum valoe = 1583 iimm
Hramum vale = 1348 imim

Hinh 10. Puong bao momen uon

tdac dung lén tuong

Hinh 10 13 dudng bao momen uén tac dung
1én tuong trong qué trinh dao sdu tai vi tri gitta
hé dao trén canh dai. Khi dao tr ¢ot -3.8m téi
-14.6m, do tac dung cuia ap lyc dit bén ngoai
hé dao va ap lyc dit bén trong va dudi bé mat
dao nén tudng chin chiu bién dang & ca 2 mat
trong va ngoai hé dao. Vi vay, momen udn xuat
hién & ca mait trong va ngoai hé dao trén tudong
chin. Két qua trén Hinh 10 cho thdy gia tri
momen 16n nhat 1a 194.8 kNm va 158.3 kNm
(cho 1m dai twdng) lan luot tai cac mit tudng &
trong va ngoai hé dao. Momen ¢ mit trong hd
dao 16n hon ¢ mit ngoai do tuong cé chuyén vi

TAI LIEU THAM KHAO

bé cong hudng vao trong hd. Theo két qua
phén tich & muc 4, khi st dung cur dy ung luc
rong trén lam tudng chan, 1m dai tuong chian
chiu dugc momen udn toi da 944 kNm. Vi vay,
tuong chin du kha ning chiu momen udn trong
qué trinh dao.

6. KET LUAN

Dua vao két qua phan tich cong trinh
thyc té ap dung cir du Gng lyc rdng lam
tuong chin, mot sb két ludn co thé dwoc rut
ra nhu sau:

i. Cu du ung luc réng co6 kha ning chiu
momen udn 16n hon tudng chin barrette thong
thuong voi cung chiéu day.

ii. Voi hd dao nghién ciru, chuyén vi ngang
ctia tudng chan trong phan tich twong di nho va
pht hop vdi gia tri quan tric tai c6t dao -9.8m.
Ngoai ra, tudng chin c6 du kha ning chiu
momen udn phat sinh trong qua trinh dao. Do
d6, tudng ctr dy ung luc rong da dugc ap dung
thanh cong cho hé dio nghién ciru.

iii. Ngoai kha ning chiu lyc (momen uén 16n
nhat) 16n, tudng ctr du ung luc rdng cé thé duoc
duc sin tai nha may giap ting tién d6 thi cong
va gidm chi phi xay dung. Vi vay, nguoi nghién
ctru dé xuat st dung loai tuong trén thay thé
tuong chan bé tong cdt thép toan khdi trong hd

dao sau.
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Abstract:
BEARING CAPACITY OF PRESTRESSED AND PRECAST
HOLLOW PILE TO RETAINING WALL OF DEEP EXCAVATIONS

This study investigated the bearing capacity of prestressed and precast hollow pile to retaining wall of a
3-basement excavation in Hanoi. The retaining system was composed of prestressed and precast hollow
piles and two 0.22m-thick basements. Each of piles had a cross-section of 50x52cm in semi-circle
shape. The maximum bending moment that they could bear was 491 kNm. In order to adopt the piles as
a permanent wall, grout should be inserted into the hollows between them to resist groundwater
leakage. The studied case had a maximume excavation depth of 14.6m, at which most of subsoil was
medium dense fine sand. During the course of excavation, the maximum wall displacement was small at
8.0cm. PLAXIS 3D computer software was employed to model the excavation. Resutls showed that the
predicted wall displacement was compatible with the measured one and the bending moment was
smaller than the wall capacity.

Keywords: Deep excavation, ground settlement, stress-deformation analysis, finite element method.
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