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Research on bearing capacity characteristics of bored pile with
expanded body

Abstract: Bored pile with expanded body is the pile whose cross section in
some positions at the body is extension. This helps the pile to increase the
interface area in contact with the ground, along with the bearing capacity of
the single pile is significant growth and the settlement is limited compared
to conventional piles at the same depth. Therefore, it is both effectively
technical and economical, especially in the condition that the bearing soil
layer under the pile tip is relatively hard to construct. Based on analysis the
bearing capacity test results of the case study site and the empirical
formula, the paper evaluates and clarifies the bearing capacity
characteristics of this pile.
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1. PAT VAN PE

Coc thay dbi tiét dién ra doi tir cudi nhiing
nam 1950, dau tién phai n6i dén An Do da bt
dau sir dung coc nhiéu ddt trong xdy dung. Pén
nhirng nam 1960 va 1970, An Do, Vuong qubc
Anh va Lién X0 cti da sir dung coc nhiéu dbt
cho mot sé loai dit co tinh trwong né, hoang
thd, dat 4 sét, & cat va cat. Tai thoi diém do, da
c6 hon 20 tai liéu bao cdo két qua thir nghiém
so sanh (bao gém thir nghiém mé hinh va thir
nghiém tai trong tinh tai hién truong) cla coc
khoan thfmg, coc md rong day, coc md rong
than hai doan va ba doan. Cac két qua cho
théy, so v6i coc cung duong kinh, coc nhiéu
d6t da cai thién dang ké kha ning chiu lyc, it
Iin hon, mang lai hiéu qua kinh té k¥ thuét ro
rét [2]. Vi du nhu & ving Béc Ural ciia Lién X6
trudc day, coc doa hai ddt va ba d6t duge su
dung trén dat & sét trang thai nira climg ~ clng
thi suc chiu tai cia chung co thé dat 8OOKN,

" BY mé Dia kj thudt - Truong PH Cong nghé GTVT
B6 mén Bia ky thuat - Triwong DH Kien truc Ha Noi

trong khi strc chiu tai twong ung cua coc cO
cung duong kinh chi dat 200-220kN. Mac du
thé tich va lugng bé tong sir dung lam coc ting
27% do dau coc duge mé rong, nhung suc chiu
tai lai tang 1&n gan 3 1an). Nam 1980, Polous
va cac cong su trong tai liéu chuyén khao cua
minh da phan loai coc nay voi tén goi “under -
reamed pile”[4]. Nam 1983, Ray.E Martin da
tién hanh thi nghi¢m vdi coc duge mo rong tai
hai vi tri, két qua cho théy stc chiu tai cda coc
ting 1én dang ké va do lin cua coc 1a kha
bé[4]. Vao dau nim 1978, Vién K¥ thuat Xay
dung Bic Kinh da tién hanh thi cong céc coc
duong kinh nho chidu sdu 5m duoc md rong
tiét dién tai 2 va 3 vi tri trén than coc (duong
kinh coc 300nmn, dudng kinh dau mo rong
480mm) tai tiéu khu HO Poan Két sau dé tién
hanh thir tai tinh. Két qua cho thiy tai trong
giéi han cia hai loai coc nay ting 1én 1.25 dén
1.76 1an so véi coc cung duong kinh[6]. Nam
1979, Vién Nghién ctru May xdy dung cua Bo
Xay dung va Cong ty may xay dung Bac Kinh
lan dau tién phat trién loai may doa thanh hd
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khoan dé m¢ rong tiét dién coc co tén ZK-
Y100. Cung nam d6, Nhém nghién ctru Mdng
coc Bic Kinh dau tién thu nghiém véi coc
duong kinh 400mmm, c6 4 vi tri md rong
thanh, duong kinh mé rong 560mm, dai 8,7m.
Két qua thir nghiém cho thiy so sanh vdi coc
khong mé rong tiét dién co chiéu dai 8.85m
thi stc chiu tai tang 1én 138%[5]. Nam 1998,
Tap doan Cong nghiép Quang dién tu phuong
Bic Trung Qudc da phat trién mot loai thiét bi
ép va gian nd thuy lyc da chirc nang mdi,
dong thoi trién khai cac coc ép mé rong da
doan va da ap dung thanh coéng chung ¢ Bic
Kinh, Té Nam, Thién Téan, Vi Han va
Xiangfan, v.v. va dat duoc nhirng két qua rat
dang ké [7]. Nam 2005 Yang Zhi[9] di sur
dung coc mé rong trong bén mong tru ciu cua
du 4n tiép can bd bic cua cau song Vi Han
Thién Hung Chau Duwong Twr. Tién hanh so
sanh loi ich kinh té vdi coc khoan nhdi thong
thuong thi viéc st dung coc md rong day cod
thé tich liy rat ngin chiéu dai coc trong cung
diéu kién 8.590 m, tiét ki¢ém 11,24 tri¢u nhan
dan t¢ chi phi du an.

Tu nhitng nghién ctu trén, rd rang coc mo
rong tiét dién than co nhiing vu diém vuot troi
so voi coc thong thuong. Tuy nhién, dé 1am rd
van dé vé dic diém chiju tai ctia coc nay thi hién
nay con kha it cac nghién ctru, do do trong bai
bao nay tac gia thong qua két qua phan tich thi

nghiém hién trudng két hop véi cac cong thic
thuc nghi¢m tién hanh phan tich.

2. NGUYEN LY THI CONG CQC MO
RONG TIET DIEN THAN

Coc khoan nhdi mé rong tiét dién duoc thi
cong bing phuong phap khoan xoay, khi thi
cong nho cac hé thong cac kich thuy lyc duge
b tri trong gau dao ma tiét dién coc dugec mo
rong. Khi khoan dén vi tri can dugc mé rong
nho cac kich thiy luc tir tor ddy cac manh cua
gau khoan sang hai bén va tién hanh xoay,
khién dat hai bén thanh coc dugc dao ra, sau
khi mo rong than xong gau dao c6 thé thu lai
va khoan nhu coc truyén théng. Toan bo hé
thdng nay duoc giam sat bang hé théng may
tinh tir tc d6 khoan dén dudng kinh mé rong
(Hinh 1~4). Do vay, trong qua trinh thi cong
coc luén dam bao dugc tinh 6n dinh khong
bi sap thanh hd, tinh an toan cao, phu hop
v6i cac diéu kién dia chat phuc tap. So véi
coc truyén théng vi¢c mo rong tiét dién than
coc giup loi dung stc chiu tai cua cac 16p
dat bén trén miii coc, gitp cho do lun giam
va suc chiu tai cua coc dugc tang 1én mat
cach dang ké. Ngoai ra, do duoc thi cong
bang phwong phap khoan xoay nén qua trinh
thi cong ciing gay ra it tiéng On, it 6 nhiém
moi trudng, luong dung dich git 6n dinh
thanh hd ciing giam, gia thanh cua coc ciing
giam di dang ké,....

Hinh 1: Hinh anh thi cdng hién truong

Hinh 2: Hé thong may tinh kiém soéat
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Hinh 3: Hé thong toi va can khoan

3. PHUONG PHAP XAC PINH SUC
CHIU TAI CUA CQC KHOAN NHOI MO
RONG TIET DIEN O THAN

Hién nay, dé xac dinh stc chiu tai cta coc
khoan nh6i mé rong tiét dién than c6 nhiéu nhu:
phuong phap kinh nghi€ém, phuong phéap giai
tich xdy dung duong cong quan hé¢ Q~s va
phuong phap hién truong. Trong d6 phuong
phap str dung phuong phap kinh nghi€ém thong
thuong duoc st dung trong giai doan thiét ké
ban dau dé x4c dinh , khé ¢6 thé x4c dinh dwoc
mdi quan hé giira tai trong va chuyén vi.
Phuong phédp gidi tich xay dung duong cong
quan hé Q~s twong dbi phirc tap va viéc lua
chon mé hinh tinh can phai phu hop. Phuong
phép thi nghiém hién truong 1a phuong phap
truc tiép nhét, cho két qua déang tin cay, béng
cach nay tién hanh xdy dung duong cong quan
hé Q~s tur do6 co thé danh gia suc chiu tai ctia
coc mot cach chinh xac. Trong pham vi bai bao,
tac gid s€ trinh bay hai phuong phap sir dung
cong thire kinh nghiém va phuong phéap thtr tinh
tai Osterberg tién hanh phan tich.

3.1. Phwong phap cong thirc kinh nghiém
xac dinh strc chiu tii ciia coc khoan nhoi thay
déi tiét di¢n than

Theo két qua nghién ctu cua nhiéu hoc gia
va két hop véi viéc phan tich qui luat truyén tai
trong trong coc mé rong tiét dién, thi sic chiu
tai ciia coc ma rong tiét dién ¢ than bao gom cac
thanh phan chinh sau: ma sét than coc véi dit,
stc can cua doan coc duoc md rong tiét dién va
sirc khang dau mili coc. Trong thiét ké tinh toan

Hinh 4: Hé thong gau khoan

coc md rong tiét dién can phai tinh dén ca ba
phan nay va xem xét cac yéu t cua tung phan,
néu khong két qua tinh toan va thyc té s& co su
sai khac. Thi du & doan phan mé rong than coc,
doan coc vat thi ma sat than coc cd thé bo qua
khong xem xét, nhung doan coc thang dudi miii
phan m¢ rong can phai duoc xét dén. Trong
thue té c6 rat it cac nghién cau vé van dé nay,
khi tinh toan dé dam bao an toan nhiéu tac gia
da don gian hoa bang cach luoc bo phan nay di
khong tinh.

TN

Hinh 5: So d6 tinh

Thong qua cac phén tich & phan trén va theo
qui pham thiét k& mong coc mo rong o day
JGJ94—2008 ciia Trung Qudc thi strc chiu tai
cta coc dugc xac dinh nhu sau[10]:

Quk = st +ka +Qbk (1)
Qu = UZWsiqsikli _uzquaij (2)

ka zyzl//pkqpkAp (3)
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Qu =¥l A (4)

Trong do:

Qsk, Quk - 1an luot 13 tong sirc khang ma sat
than coc va stic khang doan coc mé rong, (kN);

Qpk - 1a stc khang miii doan coc dugc mo
rong, (kN);

U - chu vi than coc, (m);

Qsik - 12 strc khang don vi cta 10p dét thi i;

qusjaj D;- thé hién strc khang ma sat doan
trén dudi khu vue mo rong tiét dién khong tinh vao;

- hé so diéu chinh sttc khang than cua
coc, tra béngrl; ‘

¥ o - h€ s6 di€u chinh sirc khang miii cta coc
doan md rong tiét dién than, tra bang 2;

0, - suc khang thn don vi cua tai vi tri coc
duoc mo rong tiét djén;

A, - dién tich tiet dién than coc tai vi tri m&
rong, (M°);

w, - hé so anh hudng kich thudc hinh hoc
mili coc, tra bépg 27;

7,1, - hé so diéu chinh strc khang mii tiéu
chuin doan mé rong tiét dién tra bang 3,4;

ok - strc chiu tai qui udc cua 16p dat dudi
mili coc;

Ay - dién tich tiét dién mii coc, (m?);

o - 1a gia tri phu thudc vao duong kinh mo
rong, néu duong kinh m¢ rong 16n hon mdt
lan so v6i doan khong md rong thi phia dudi
doan m¢ rong mot khoang nD can phai xét
dén ma sat than coc, néu nho hon thi c6 thé
xem xét bo qua.

Bing 1: Bang tra cac h§ sé v, v, va y, (4]

Bang 2: Bang tra cac hé s6 7, mo
(dw6i mye nuée ngim) [4]

Loai dat tai )

R , Cathat|
vitimé |Séta| .,  |Cathat Cubi,
. iy , A cat ) trung ..
rong tiet | sét nho . | soi

- dén tho
dién
7 b 1,4~15[1,3~14|1,2~13 1,0 1,1

Bang 3: Bang tra cac hé s6 7, my
(trén muwe nwée ngam)[4]

Y Sét’é s . s
loaidat | = | Sét a .| Cat
_ . |setdéo ) | Cat
tai vi tri ) set |, | Cat hat
o clrng . |Acat| | hat
m& rong . déo min . |trung,
. den . nhé .
tiétdién . mem thd
clrng
06-08 0810 0,8~1,{08~00,6~0,] 0,4~0,
7‘ b O~V O~
T 0 9 7 5

Loai dat Dit dinh Dit roi
W (0,8d)" (0,8d)"?
7 (0,8D)"® (0,8D)"*
v, (0,8D)"® (0,8D)"*

3.2. Phuwong phap Osterberg xac dinh sirc
chiu tai ctia coc

3.2.1. Nguyén ly cua phwong phap

Muc dich cua phuong phap thi nghi¢m tu can
bang 1a di xac dinh strc khang bén va sirc khang
mili ctia coc théng qua mot hop tai trong gom
cac kich thuy luc dugc dat trong than coc. Tuy
theo diéu kién va yeu cau cia thi nghi¢m, thiét
bi nay dugc dat tai mét cao trinh (thuong dugc
dat ¢ day coc) hoac tai nhiéu cao trinh trén
chiéu dai than coc thi nghiém.

Sau khi bé tong d6 coc dat cuong do theo yéu
cau thiét ké ngudi ta gia tai bang viéc bom chat
1ong thuong sir dung dau thuy luc dé tao ap luc
cho h¢ kich dat trong hop tai. Véi nguyén ly
nay, ddi trong dung cho viéc thir dugc tao boi
chinh trong luong ban than coc va stic khang
thanh bén cua coc. Khi lam viéc, kich tao ra luc
day tac dung vao than coc theo hudng ngugc 1én
ddng thoi tao luc ép xudng tai mili coc. Cac
chuyén vi lén cua than coc va Chuyén Vi xuéng
cia phan miii coc duoc cac dong ho ghi lai
tuong tmg véi mdi thoi diém cua quy trinh gia
tai. So dd thi nghiém duoc thé hién nhu hinh 6.
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Két qua thu dugc s& I1a cac biéu dd quan hé
chuyén vi va tai trong cho miii coc va dinh coc
dugc xay dung doc 1ap. thi nghiém dwogc két
thac khi dat dén strc ma sat gid1 han hodc stc
khang miii gidi han.

Déng hé do chuyén

vi mii coc

"

Déng hd do chuyén

“ihop é}

Ong bom diu
thidy lue

) l Bo phin tao
aplue

Frrffs
Hinh 6: So d6 nguyén 1y thi nghiém tw cdn bang

3.2.2. Phuong phdp phén tich két qua

Khi lam thi nghiém doc truc cta coc, chiu tai
trong thing dung nhu (hinh 7a), dinh coc chiu
mot tai trong Q, strc chiut tai cua coc do hai
thanh phan 1a ma sat than coc va stc khang miii.
Déi voi coc chiu sac khang nhd nhu (hinh 7b),
luc nhd dau coc chiu ma sat am than coc va
trong lugng ban than cua coc. Con dbi voi
phuong phap tu can bang (hinh 7¢) do mét cip
tai trong can béng (Quen = Qgusi) dugc sinh ra
bdi cac kich thuay luc dat trong hop tai va chon
trong than coc.

q i
! A = A e
f f bpd |
I [l I |k
1 L ! Q-
L1
J’ ‘l’ Qb
I 11

(a) Phuong phap nén coc

(b) Phuwong phap nhé coc  (c) Phuwong phap tu can bang

Hinh 7: Cdc truong hop thi nghiém xdc dinh svcc chiu tdi doc truc ciia coc

Vi tri chon coc 1a vi tri can bﬁng gitta doan
trén coc va doan dudi coc, hdp nay cé tac dung
day hai phin coc hudng 1én va xudng. Do doan
coc dudi thuong ngin gan nén ma mili coc tya
vao nén tai trong trén dinh doan nay do suc
khang & miii va4 mot phin nho ma sat than coc
chiu. Con doan trén hop tai chiéu dai 16n tai
trong do hop tai tao ra chii yéu do ma sat than
coc va trong lugng ban than coc phai chiu. Vé
hinh thire ma néi doan trén coc su 1am viéc gan
gidng nhu coc chiu nhd, nhung diém dit lyc 1a
khé&c nhau, trong trang thai gigi han thi lyc ma

sat doc than s€ 16n hon so véi thi nghiém strc
khang nho.

Néu coi vi tri noi ma sitc khang miii va ma
sat than coc can bang nhau la diém phan cach
hai phén, thi doan trén hop tai co thé coi nhu
coc lam viéc chiu tai trong nén tinh dé qui ddi,
day chinh 1a diéu kién cin ban cua phuong
phap nay.

Gia thiét theo phurong phap truyén thong coc
chiu nén, thanh phan tai trong bao gdm ma st
than coc Qs va suc khang mili Q, thi:

Q=Q,+Q, ()
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Thong qua gian hda, sttc chiu tai cua coc
Q theo phwong phap tu cin bing twong Gng
v6i phan trén phan dudi coc déu phai xem
xét dén hé sé chuyén ddi. Cian cr vao céc
cong trinh nghién ctru cua tac gia Dai Guo
Liang — Gongwei Ming truong dai hoc Bong
Nam Trung Quéc, cac két qua thuc té cho
thdy doan coc trén pha hoai déu phat sinh tai
giao dién gitra dit va coc, nén stc chiu tai
cua doan trén coc khong xem xét khau trir
trong lugng ban than cta dat xung quanh coc va
chi khau trur trong luwgng ban than cua coc, nén:

Q = (QW:Q—_GP) + Kduoi(\?duoi (6)

tren

Trong do:

Kiren, Kawoi - hé sb chuyén doi tai trong cua
phan trén va dudi coc, (kN);

Quren, Quuoi - phan biét 1a stc chiu tai phan
trén va phan dudi coc, (KN) ;

Gy, - trong lwong ban than coc, (KN).

Thong qua nghién ctru thuc nghi€ém, trong
cong trinh khong xét dén su anh huong 14n nhau
gitta doan trén va doan dudi coc. Do d6, doan
coc dudi hé sb tai trong Kguoi = 1 €O thé thoa
mén yéu ciu voi cong trinh, lic nay hé s6 K trén
c6 thé ky hiéu lai thanh K va cong thirc (6) ¢6
thé viét lai nhu sau:

Q-Rm %) o, ™

Hai cong thuc (6) voi cong thirc (7) chinh 1a
cong thuc thuc hién viée qui ddi xac dinh strc
chiu tai ciia coc bang phuong phap tu can bang
sang phuong phap nén tinh dau coc. Khi tai
trong thi nghi€ém cang 16n thi duong cong Q — S
cang c6 d6 chinh xac cao hon. Luc nay suc chiu
tai cia coc duoc tinh nhu sau:

(Q ren -G )
Q=Q+Qy=—"—"4Qua (8
Trén cong thic (8) hé sé K nén thong qua
phuong phap tu can bang véi phuong phap nén

tinh coc so sanh d¢ xac dinh.

Bén trén 1 nguyén 1y co ban cach qui doi sirc
chiu tai cua coc duge xac dinh tir phuong phap
ty cin bang sang nén tinh dau coc. Nhung dé
xac dinh dwoc mdi quan hé giira tai trong -
chuyén vi thi can phai xét dén chuyén vi. Bé
xay dung dugc mbi quan hé nay can c6 mot vai
gia dinh sau:

Coi trong cung diéu kién chiu ap luc coc
duoc phan thanh hai doan trén va dudi hdp tai,
mit phan cach hai doan nay 1a diém cin bang,
thi giad tri ma sat than coc trung binh cta doan
duéi qms nhu hinh 8 thé hién 1a:

Qduoi:DGOAp

®

Coi chuyén vi doan coc dudi khi thi nghiém
bang phuong phap tu cin bang va nén tinh dau
coc 1a nhu nhau (hinh 9) thi:

Sa=Sduoi (10)

Poan coc trén khi chiu tai bi nén lai mot
khoang S nhu hinh 10 thi tai trong tac dung
dau coc va than coc dan dén bién dang nén
dan hoi, nén:

AS =AS, +AS,

Trong do:

AS, - bién dang dan hdi doan coc trén do luc
NéN Quusi, (MM); ‘

AS, - bien dang nén dan hoi do doan coc trén

(11)

chiu tai trong phat sinh do tdc dung ma sat doc
than coc, (mm).

-— - — —=
-

] 1

b LI

Hinh 8: So do coc chiu tdi trong nén
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¥ S L] NN
aF _F

i 1=

T Qsm

Hinh 9: Chuyén vi doan coc duéi

Nhu vay, chuyén vi cia coc duoc xac dinh tir
phuong phép tu can bang duogc xac dinh nhu sau:

AS, = Quoik (12)
EPAD
-G, )L
as, = Qe =Gy)L (13)
2KE A,
Trong do:

L - chiéu dai doan coc trén, (m);
A, - dién tich tiét dién than coc (m);
E, - md dun dan hdi than coc, (kN/m?).
Thay cong thuac (12) va (13) vao cong thic
(11), ta dugc:

-G )+20, .]L
AS = AS, +AS, = [(Quen =Gp) +2Quai]
ZKEpAp

Tir day co thé xay dung duoc mdi quan hé
giita tai trong va bién dang Q — S cua hai doan
coc trén, dudi hop tai nhu hinh 11a thé hién
thanh mot duong dudng cong quan h¢ tuong
mg v&i phuong phap nén tinh dau coc Q — S

(14)

nhu hinh 11b. Lic ndy coéng thirc qui dbi tai
trong va chuyén vi nhu sau:
Qtren - Gp
Q K Qdu0|
S=Squoi+ AS

(15)
(16)

- = —= | D
a g

(R

2
-
Il

+

fo.. fo
a) b) C)
Hinh 10: Biéu do phdn tich doan coc trén

khi chiu luc

Trong hai cong thic trén Qgusi VA& Sausi
duoc xac dinh truc tiép béng cach do ngoai
hién truong. G, [Jva AS thdng qua tinh toan
6 thé dat duoc.

Dbi voi phuong phap tu can bang, mdi cap
gia tai, hop tai s€ thong qua cac kich thuy luc
day hai doan coc theo hai phuong khac nhau 1én
va xudng v6i lyc bang nhau. Nhung chuyén vi
ciia hai doan coc niy la khong gibng nhau.
Trong qué trinh gia tai, chuyén vi tuyét ddi ciia
coc dugc xac dinh ¢ dinh coc hay dinh doan coc
trén, gi tri ndy chinh bang gia tri Sausi. Do vay,
Q trén duogc xac dinh tur duong cong quan hé Q -
S nhu trén hinh 1la thé hién tuwong tGng véi
chuyén Vi Sdu(yi.

Dbi véi hé s6 qui doi K, nén théng qua so sanh
giita hai phuong phép thi nghiém truyén thong va
tu can bang. Hai tic gia, Gong Wei Ming, Dai
Guo Liang thong qua nghién ctru hon 130 cong
trinh thuc nghiém tién hanh so sanh va dua ra gia
tri K theo céc loai dt khac nhau nhu sau:

+ Déi véi dat sét K=0,8;

+ Dt cat K =0,7;

+Déivéida K =1.
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S trén

S trén

| Q duGi Q dusi

1 Q dubi

S dudi

!
S duti

(a)

fo

rén - Gp) + Qdudi

S = Sdudi + ?S

(b)

Hinh 11: Puong cong quan hé O - S xdc dinh tir phwong phdp tw cdn bang va sau khi dwege qui déi

4. UNG DUNG CONG TRINH THUC TE

4.1. Piéu kién dia chit cong trinh

Coc sur duogc st dung cho cong trinh nha cao
tang gém hai ting ham. Phan ngadm duoc thi
cong bang phuong phép top-down voi két cdu
twong lién, khung bé tong cdt thép, coc ¢ cao
do dinh coc 24.637m va day coc -24.893.
Puong kinh than coc 1.8m va doan md rong
than va day c6 duong kinh 3,6m, day doan mo
rong dat ¢ cao do -18,5m, miii coc dat vao lop
cat bui trang thai chat. Cu thé diéu kién dia chat
khu vuc nhu sau:

(1) L6p 1: Pat lap mau ndu vang, cha yéu la
dat 4 sét 1an da dam, trang thai nira cirng, bé day
phan bd tir 0,50m ~ 4,00m, bé day trung binh
2,00m c6 céc chi tiéu: w = 22,1%, trong luong
thé tich ty nhién y = 19,9 kN/m°, hé sb rdng e =
0,644, chi s6 déo 1p=14,9, I = 0,15, h¢ s6 nén
lun a;, = 0,16 MPa’l, chi s xuyén tiéu chuén
trung binh N = 5,7 bua.

(2) L6p s6 2: A sét mau xam nau, nau vang,
trang thai déo mém, bé day 1,2~10m, chiéu day
trung binh 6,77m, c6 céac chi tiéu: w = 26,2%,
trong lwong thé tich ty nhién yO= 192
KN/m?, hé s rSng e = 0,753, chi s6 déo [p=12,7,
I = 0.7, hé sb nén lin a;, = 0,22 MPa™, chi sb
xuyén tiéu chuan trung binh N = 6.9 bua.

(3) Lop s6 3: Lop 4 sét, mau xam tro, trang
thii nira cimg c6 bé day phan bd tir
2,60~20,00m, bé day trung binh 11,41m. Cé cac

chi tieu: w = 22,3%, trong lugng thé tich tu
nhiény = 19,6 KN/m®, hé s6 rdng e = 0,676, chi
s6 déo 1p=16,3, I = 0,14, h¢ s6 nén lin a;, =
0,13 MPa™, chi sé xuyén tiéu chuan trung binh
N = 17,6 bla.

(4) Lop s6 3a: A sét mau xam tro, trang thai
déo cung phan bd dudi dang thu kinh trong 16p
s 3 co bé day 1,70~3.4m, bé day trung binh
2,75m. Co céc chi tiéu: w = 24,2%, trong luong
thé tich tu nhién v = 19,1 kN/m®, hé sb rdng e
= 0,745, chi s6 déo 1p=13,8, I = 0,44, h¢ s6 nén
I0n a;, = 0.22 MPa’l, chi sb xuyén tiéu chuin
trung binh N = 9,9 bua.

(5) Lép sb 4: A sét 1an it san, mau vang, vang
nhat, xam tro trang thai nira cimg 16p bé day
phan bd 1,00~12,6m, trung binh 7,37m. C6 céc
chi ti€u nhu sau: w = 18%, trong lugng thé tich
ty nhién y = 20,9 kN/m®, hé sb rong e = 0,521,
chi s6 déo 1p=16,6, I_ = 0,09, hé s6 nén lin a;-
= 0,10 MPa™, chi s6 xuyén tiéu chudn trung
binh N = 21 bda.

(6) Lép 5: Sét, mau do sam ~ den, lan it soi
san, trang thai nira cing, bé day phan bb 1,10m ~
16,9m, trung binh 5,74m. Co6 céc chi ti€u nhu sau:
w = 26,5 %, trong luong thé tich tu nhién yO=
19,6 kKN/m®, hé s6 rdng e = 0,702, chi s6 déo
15=16,6, I =0,18, hé s6 nén lan a;, = 0,12 MPa™,
chi s6 xuyén tiéu chudn trung binh N = 23 bua.

(7) Lép s 5a: A sét, mau vang ~ vang nhat,
trang thai déo mém, ton tai dudi dang thau kinh
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trong 16p sb 5, bé day phéan bé tir 0,80m ~ 5,00m,
bé day trung binh 2,78m. Cé cac chi tiéu nhu
sau: w = 25,4 %, trong lugng thé tich tu nhién y
= 19,3 kN/m®, hé sd r6ng e = 0,75, chi s6 déo
1p=16,2, I, =0,4, hé s6 nén lan a;, = 0,21 MPa™,
chi s6 xuyén tiéu chuan trung binh N = 8 bua.

(8) Lop sd 6: Cét byi, mau vang, xam vang
1an it hat bui, d6i chd c6 1an soi, trang thai chat
vira, bé day phan bd tir 1,30 m ~ 17,3 m, trung

binh 12,48m. CO cac chi tiéu nhu sau:
w = 20,8%, trong luong thé tich tu nhién
y = 20,0 kKN/m® chi s6 xuyén tiéu chuén trung
binh N = 20,6 bda.

(9) L6p s6 7: Cat bui, mau vang, vang nhat,
trang thai chat, bé day trung binh 8,64m. Cé céac
chi tiéu nhu sau: w = 21%, trong lugng thé tich
tu nhién y = 20,3 kN/m® chi s§ xuyén tiéu chuin
trung binh N = 34,2 bla.

Bing 1a: Bang tong hop mot so cac chi tiéu co Iy cac 16p dat

Chi tiéu Ky hiéu | Ponvi | Lép1 | Lép2 | Lép3 |Lop3a| Lép 4
Trong luong thé tich tu nhién Yo kN/m?® 19,9 19,2 19,6 19,1 20,9
Khdi lugng riéng A 2,83 2,72 2,74 | 2,735 | 2,71
D6 am tu nhién W % 22,1 26,2 223 | 2472 18
Do bio hoa S % 94 95 91 89 94
Do 4m giGi han déo Wp % 20 18,6 20 18,1 | 18,9
Do 4m giGi han chay W, 34,9 31,3 36,3 32 35,5
Chi sb déo Ip % 14,9 12,7 16,3 | 139 | 16,6
Do sét B 0,15 0,7 0,14 | 044 | 0,09
Heé s6 rong € 0,644 | 0,753 | 0,676 | 0,745 | 0,521
Chi s6 nén lun a1 Mpa® | 0,16 0,22 0,13 | 0,22 0,1
e Pimng m/d 0,15 | 0,0008 | 0,0007 | 0,0007 | 0,02
HE so6 tham
Ngang m/d 3 0,0008 | 0,0007 | 0,0007 | 0,1
o, .; ® 3 12 14 17 15 17
Thi nghi¢m cat tryc ti€p 2
C KN/m 14 30 50 32 50
Mb dun bién dang E MPa 4 7 13,0 8,5 14
Bang 1b: Bang tong hop mét sb cac chi tidu co' ly cac 16p dat
Chi tiéu Ky hiéu | Ponvi | Lép5 |Lop5a| Lép6 | Lép7
Trong lugng thé tich tu nhién Yo kKN/m® 19,6 19,3 20 20
Khdi luong riéng A 2,688 | 2,745 | 2,73 2,72
Do 4m ty nhién W % 265 | 254 20,8 21
Do bio hoa S % 96 93 98 08
D06 4m giGi han déo Wp % 226 | 19,2 / /
Do 4m gidi han chay W, % 404 | 354 / /
Chi sb déo Ip % 17,8 | 19,2 / /
Do sét B 0,18 0,4 / /
Hé sb rong € 0,702 | 0,750 | 0,617 | 0,617
Chi s6 nén lun a1 Mpa® | 012 | 021
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o Dung m/d 0,05 | 0,0007
HEé so6 tham
Ngang m/d 0,2 | 0,0008
it truc tid 0 Do 18 14 25 27
at tryc tie
HeHep c | kKNm? | 50 30 9 10
Mo dun bién dang E MPa 15 8,5 17 22

4.2. Tham s6 tinh to4n cho coc

Cin ctr vao két qua thi nghiém trong phong thi nghiém két qua cho cac tham s tinh toan coc nhur sau:

Bing 3.2: Bang cac tham s6 tinh toin cho coc

) Thi nghiém | Két qua thi nghiém Gia tri kinh Gia tri lya ch ch!.u ch C,h!%J
Ky . . o . . tai qui | tai gioi
. Tén l&ép |trong phong | xuyén tiéu chuan nghiém chon

hiéu . woc han
I&p dat fak Es | N30 | fak Es Es fak Es qu
fak (kPa) fak (kPa)
(kPa) | (MPa)| (bua) | (kPa) |(MPa) (MPa) | (kPa) | (MPa) (MPa)
1 | DAatlap| 130 | 10 5.7 / / | 90~120 | 3~4,5 | 110 4 110 210
2 Asét | 180 8 69 | 158 | 99 |140~160| 6~8 150 7 255 470
3 Asét | 470 | 131 | 17,6 | 468 | 18,6 |360~400| 13~15 | 360 | 13 410 790
3a Asét | 200 | 81 | 9,9 | 227 | 12,9 |230~260| 8~10 | 230 | 8,5 280 520
4 |Asétlan| 620 | 155 | 21 | 570 | 22 |370~400 14~15 | 370 | 14 420 810
it san
5 | Sét lan | 430 | 145 | 23 | 610 | 23 |400~430|15~16,5| 400 | 15 430 830
it san
5a Asét | 200 | 88 8 180 1 |180~230| 8,5~10 | 180 | 85 260 500
6 | Catbui 206 | 204 | 184 |180~200| 16~18 | 190 | 17 110 220
7 | Céatbui 342 | 267 | 24,7 |230~250| 21~23 | 240 | 22 200 400
1 8D6(; v6i coc thi nfhién; duong kin(lil thénkcl:lc_i; Qu = 7/2 Vol A, = 6011kN
.8m dugc mo rong than & hai vi tri voi duong ki
mo r(f)ng'lé 3,6m'. Agp dung cong .thl:fc 4)ta dugqc: Qo = Wi/ G A, = 6781kN
Nhu vdy, suc chiu tdi cua coc la:
Qu =UD Wyl —uD 040, D; =12985kN @, =Q, +&Q,, +Q, =25777kN
Bang 3: Bang tham sé tinh toan coc
Chiéu sau 16p dét(m) Tén 1op Gsik(kPa) | g (kPa) Vel Ty
24,637m~7,689m A sét 54 / 0,85/
7,689m~0,95m A sét 80 / 0,85/
0,95m~-6,85m A sét 86 / 0,763/
-6,85m~-12,67m Sét 1an it san, soi 72 / 0,763/
-12,67m~-18,5m Cat bui / 1000 /0,606 1,3/
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-18,5m~-22,683m Cat bui

72 / 0,763/ /

-22,683~-24,893 Cat bui

72 1000 0,606/0,606 | /1,1

4.3. Két qua thi nghiém hién truong

4.3.1. Swre chiu tdi cua coc

Coc thi nghiém c6 duong kinh 1.8m duogc
mé rong & hai vi tri than coc duong kinh 3.6m
tai chidu sdu 37m, coc st dung bé tong C35 va
strc chiu tai thiét k& 10450 kN. Phuong phap thi
nghiém duoc st dung 1a phuong phap tu can
bang. Cin c vao két qua cong thirc kinh
nghiém vi tri hop tai trong dugc dat ¢ do sau
cach miii coc 6m. Tai trong thi nghiém
(2x10500 kN), duoc chia thanh 15 cap gia tai.
Tuy nhién, dé danh gia suc chiu tai gidi han cua
coc, sau khi két thac 15 cip tiép tuc gia tai cho
hét ning luc cua kich dat trong hop tai gom 18
cap, v6i cap gia tai cudi cung 1a 12600 kN. Két
qua thi nghiém cho thdy stc chiu tai gioi han
ctia coc dat 24960 kN, twong tng véi chuyén vi
1a 15,94mm, dudng cong quan hé p~s duoc thé
hién dudi cac hinh 12 va 13.

P (kN

2000 4000 8000 10000 12000 14000

" Chuyen vi doan coc trén

s (mm)

—a— C‘hu_\-‘éﬂ vi doan coc dudi

Hinh 12: Két qud quan trdc quan hé
duong cong P~s

Téi trong dAu coc (KN)

0 3000 10000 15000 20000 25000 30000
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Hinh 13: Puong cong chuyén doi
vé tai trong dau coc

4.3.2. Két qua do luc doc truc than coc

Két qua do lyc doc truc than coc theo do sau
duoc thé hién trén hinh 14. Tt hinh ndy cho
thiy ¢ cdp gia tai dau tién tir d6 sdu 8m tro
xuéng, tai cac vi tri mat cit dat dau do luc doc
truc khong c6 sy thay d6i nhidu. Khi cap gia tai
tang dan, thi xu huéng xuét hién cac duong gip
khac rd nét hon, dic biét khi cip gia tai 11200
kN thi su gdy khic ciia biéu dd cang thé hién rd
nét. Luc doc truc than coc va ma sat than coc
tinh tir mit cit cac dau do tré 1én cung chiu tai
trong tur dau coc truyén Xuéng, do d6 hai luc
nay c6 mot mbi quan hé nhét dinh, gia tri lon
nho ciia ma sat than coc phan anh sy thay dbi
Iuc doc than coc.

Ciing tir biéu d6 hinh 14 cho thay, khi tai
trong tac dung lén than coc tang dan, doan coc
trén vi tri dugc md rong va mili coc cling dan
phat huy. O giai doan dau gia tai, doan coc md
rong phat huy khoang 4,5%, nhung khi dat dén
trang thai giéi han thi ti 1& nay ting lén dén
khoang 15%. Sau khi toan bg sttc khang doan
nay dugc phat huy, thi ma sat doc than coc gin
nhu khong thay d6i ma luc doc truc truyén tiép
Xuéng mili coc va doan coc phia trén vi tri mo
rong than coc chiu dén 19% tai trong. biéu nay
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cho théy ma sat than coc doan phia trén vi tri
mé rong than coc va doan md rong than coc
duogc phat huy toan bd. Trén biéu d6 thy rd tai
vi tri m¢ rong than coc dudng biéu d6 kha thoai,
sau khi phat huy hét thi sic khang mili coc méi
duogc phat huy, dudng biéu do 1a déc hon, gia tri
strc khang tai miii coc va stc khang tai vi tri mo
rong than coc chénh léch khong dang ké.

Luc doc truc (kN)
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Hinh 14: Luc phdn bé doc than coc
theo cdc cdp gia tdi

4.3.3. Ma sét than coc va chuyén vi

Tir két qua do strc khang thin coc theo chéu
sau (hinh 15) c6 thé thiy ring, cung véi su ting
1én do tai trong ngoai, sttc khang than dan ting
1én. Tai vi tri gia tai strc khang than bt dau phat
huy tac dung, sau do dan dan phat huy ra cac vi
trf xa hon. Diéu nay c6 thé khing dinh khi cac
16p dat chua dat t6i gia tri giéi han thi da bat
dau truyén tai trong sang 16p dat lién ké, nghia
la strc khang than coc c6 lién quan dén su dich
chuyén tuong ddi giita coc va dat.

Stre khang thin (kPa)
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Hinh 15: Sitc khdng than coc phin bé
theo chiéu sdu
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Hinh 16: Biéu d6 quan hé sirc khdng thdn
cua coc va chuyén Vi

Tir biéu d0 quan hé hinh 16 cho thay sirc
khang thin ting 1én clng véi su tang 1én chuyén
vi twong dbi giira than coc va dat, tirc 1a sy phat
huy strc khang thanh quyét dinh dén chuyén vi
twong doi gitta coc va dat. Ciing tir biéu dd cho
thiy cac 10p dat bén trén, khi bat dau gia tai
chuyén vi twong ddi cua cac 16p dat véi coc 1a
twong ddi nho, tham chi 1a chua phét huy, chi
khi cip gia tai 10n, thi ma sat giita coc va dat
méi dat dén gia tri cuc han. Piéu nay cho théy
két qua hoan toan phu hop véi Iy luan va su lam
viéc thuc té cua coc.

4.3.4. Phan tich suc khang tai vi tri mo rong
than va day

Tir hinh 17 cho thdy, khi bit dau gia tai dau
coc, luc nay ma sat gitra than coc va dat duoc
phat huy, khi tai trong tang dan 1én ti 1& chiém
toan by suc khang do ma sat than coc va dat
giam dan. C6 thé thay phan thanh 3 giai doan:
Giai doan thur 1 tai trong gia tai tir 0 ~ 8500 kN,
stc khang than gﬁn nhu chiu toan bd tai trong,
lac nay thi doan m¢ rong than coc chua phat
huy tac dung; Giai doan thi 2 tir 8500kN dén
15400 kN, stc khang dau doan mé rong than
coc bt dau phat huy tac dung va cung véi strc
khang than chiu toan b tai trong; Giai doan 3
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khi tai trong gia tai dau coc vuot qua 15400 kN
lic nay tai trong doan mo rong than bat dau phat
huy, ti 1¢ do sttc khang than chiu khong c6 su
thay d6i, biéu do thé hién doan nay gan nhu mot
duong thang.

[
w B v @ N @ o 9
S © & & o & & &

Ti 1& % sirc khimg than dvu'qc huy
=4

dong theo cap gia tai diw coc
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Hinh 17: Biéu dé ti Ié phan trdam sirc
khdng thén theo cdp gia tdi
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Ti l& phin % sirc khang doan m&
rong huy dong theo cac cap tai
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Hinh 18: Ti Ié phan trdam sitc khdng ciia doan

mé réng dwong kinh than theo cdc cdp gia tdi

Hinh 18 thé hién ¢ giai doan dau sic khang
do doan m¢ rong than chua dugc phat huy chi
do surc khang than ganh chiu nhung khi tai trong
thi nghiém 1én dén 8500 kN thi bat dau phat huy
va khi tai trong dau coc tac dung tang 1én dén
gid tri 11400 kN thi luc nay ti 1€ nay 1a 15,0%.
Khi tai trong dau coc 16n 15400kN thi sirc
khang cuia doan m¢ rong dugc phat huy kha rod
rét, ti 1¢ chiém suc khang doan niay khong
nglmg tang. Sau cip gia tai nay thi phan khong
dugc mo rong than ¢ bén dudi bit dau chiu tai
va sttc khang doan m¢ rdng than coc tang lén

nho dan.

5. KET LUAN

T két qua nghién ctru cho thiy, dudi tac
dung cia tai trong cia cong trinh, ban diu ma
sat than coc duoc phat huy, sau khi dat dén gia
tri cuc han, thi tai trong bat dau truyén vao doan
mé rong tiét dién than. Chi khi nao stc khang
do doan md rong tiét dién phat huy hét thi tai
trong mai truyén xudng mili coc. Picu nay 1a do
than coc dugc md rong tya vao lop trung gian
tuong ddi tbt va loi dung dugc suc chiu tai cua
16p nay. Chinh vi vay, giip cho coc giam dugc
do Iun, suc chiu tai tang lén dang ké so vdi coc
thong thuong cd cung do sau. Pac biét, trong
diéu kién 16p duéi mili coc 1a 10p dit da cung
gy kho khan s& giup giam chiu sdu ngam cia
coc dem lai hi¢u qua ca vé mit thoi gian thi
cong va kinh té.
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