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LOI CAM ON

Trong suét qué trinh hoc tap, nghién ctu va hodn thanh luan an nay, toi da nhan
dugc Sy quan tam, gitp d& vatao diéu kién quy bau tir cac co quan, tap thé va ca

nhan.

Trudc hét, toi xin tran trong bay t 1ong biét on siu sic dén Vién Khoa hoc Thay
loi Mién Nam, Vién Khoa hoc Thay loi Viét Nam va Trudng Pai hoc Thu Dau Mot
da tao diéu kién thuan loi vé hoc thuat, co so vat chat va moi truong nghién ctru dé

to6i hoan thanh chwong trinh dao tao valuan an.

Tai xin bay té long kinh trong va biét on sau sic ¢én TS. Bach Vii Hoang Lan va
PGS.TS. Nguyén Nghia Hung, nhitng nguoi huéng dan khoa hoc da luén tan tinh chi
bao, dinh hudng nghién ctu, truyén dat nhitng kinh nghiém quy béau va danh nhiéu

thoi gian hd tro toi trong subt qua trinh thuc hién luan an.

T6i xin chan thanh cam on cac théy, c0 giao, cac nha khoa hoc, cac chuyén gia,
cung cac co quan, don vi va dong nghiép da c6 nhiéu y kién trao do6i, gop ¥ chuyén
man, tao diéu kién thuan loi va hd tro téi trong qua trinh hoc tap, nghién cau, trién
khai thuec nghiém va hoan thién luan an.

Cubi clng, toi xin bay to 1ong biét on siu sic dén chame va gia dinh di ludn 1a
diém tya tinh than viing chic, luon dong vién, khich 1é va ¢ong hanh cing téi trong

sudt quatrinh hoc tap, nghién ciru va hoan thanh luan an.
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L O CAM POAN
Toi tran trong cam doan rang:

Luan &n véi dé tai “Nghién ctru kha nang tang stc chiu tai cuiacoc khoan nhéi khi
phut vira doc than coc” 1a két qua cua qua trinh nghién ciru khoa hoc doc 1ap do chinh
ti thuc hién, dudi sy huong dan cia TS. Bach Vii Hoang Lan va PGS.TS. Nguyén
Nghia Hung.

Toan bo b lieu, két qua nghién ciru, ciing nhu cac phan tich trinh bay trong luan
an latrung thuc, chinh xac va chua timg duoc cdng b trong bét ky cong trinh nghién
ciru nao khéc.

Toi khang dinh rang moi su hd tro di véi quatrinh thyc hién luan an da dugc ghi
nhan day du, vatat ca céc tai liéu tham khao, trich dan duoc sir dung trong luan an

déu duogc ghi ré ngudn vathuc hién ding quy dinh,

Toi hoan toan chiu tréch nhiém trudc phép luat va quy dinh vé dao tao sau dai hoc
vé tinh trung thue, nguy@n ban vatinh khoa hoc cia toan b ndi dung trong luan &n

nay.

Tac gia luan én

LéThanh Trung



TOM TAT

Luan &n nghién ciru anh huong caa phut vira doc than coc dén kha nang chiu tai
cuacoc khoan nhdi trong nén cat min, trang théi roi tai Phuong Tan Uyén, Thanh phd
Ho Chi Minh (trudce day thudc x& Tan My, huyén Bic Tan Uyén, tinh Binh Duong).
Bién phép phut vira duoc xem lagiai phédp hiéu qua nham ting sirc khdng ma st doc
than coc, khic phuc sy suy giam sirc khang thanh do qué trinh khoan tao 15 va thi
cdng coc. Tuy nhién, hién nay chua c6 co s¢ khoa hoc va phuong phap du béo phu
hop dé xac dinh ham luong vira phut téi wu ciing nhu mutc do gia ting sic chju tai
cua coc ddi véi diéu kién nén cat min, trang théi roi tai Viét Nam. Trong nghién ciu,
bén coc khoan nhéi (D = 0,4 m, L = 3,0m, L/D = 7,5) duoc thi cong va lap dat hé
théng cam bién do bién dang doc than coc tai ba cao trinh theo chiéu siu coc.

Thi nghiém nén tinh dugc tién hanh theo ASTM D1143, gom mét coc khéng phut
virava ba coc phut vira doc théan véi ham lugng IR = 20, 35 va 50 I/m2 dién tich than
coc. Két qua thi nghiém cho thay ky thuat phut vitalam giam do lan va ting dang ké
sic chiu tai: sc chiu tai cuc han tang 1,31-1,78 l1an, sirc khang thanh don vi ting
1,48-2,14 1an so véi coc khdng phut. Hiéu qua cai thién ting nhanh dén IR=351/m2,
sau d6 tang cham; vi vay, IR= 35 I/m? duoc xac dinh 1a ham luong vira hiéu qua vé
kinh té — ki thuat cho nén c& min, trang théi roi tai khu vuc khao sét. T dit liu thi
nghiém, luan an thiét 1ap cong thirc thie nghiém xac dinh sirc khang thanh don vi caa
coc phut vira (p dung cho IR < 35 I/'m?): fiz = fo.eP R trong d6, fiz la sic khang
thanh don vi cia coc phut vira, f, lagiatri twong trng cua coc khéng phut viravab =
-4.10°°Z + 0,0135, trong d6 b 1a tham sb thuc nghiém duge xac dinh theo cao trinh
trung binh doan coc Z (m, 13y giatri am). Bén canh d6, phuong phép sb duwoc st dung
dé mo phong duong cong tai trong—do 1Un cia c&c coc thi nghiém, qua d6 dé xuat
cdng thirc xac dinh duong kinh quy doi cia doan coc phut vira (&p dung cho IR < 50
1/m?): Dgq = —3.107°. (IR)* 4+ 7,2.1073. (IR) + D, V6i D, (m) laduong kinh cia
coc khong phut vira trong rng.

Luan 4n dong gop co sd khoa hoc vathuc tién cho viéc xac dinh ham lugng vira

hiéu qua dé tang strc chiu tai coc, thiét 1ap méi twong quan strc khang thanh don vi



v

giita coc phut va khdng phut vita, dong thoi dé xuat cong thire duong kinh quy doi
phuc vu md phong s vathiét ké nén mong trén nén cé min, trang thé roi, khu vuc
Thanh phé H6 Chi Minh.

ABSTRACT

This dissertation investigates the effect of shaft grouting on the axial load capacity of
bored pilesinstaled in loose fine sand a Tan Uyen Ward, Ho Chi Minh City, Vietnam
(formerly Tan My Commune, Bac Tan Uyen District, Binh Duong Province). Shaft
grouting is considered an effective technique for enhancing pile shaft resistance and
mitigating the reduction in shaft resistance caused by drilling and pile construction.
However, an appropriate scientific basis and prediction method for determining the
effective grout volume and the corresponding increase in pile capacity under loose fine-
sand conditions in Vietnam have not yet been established.

In this study, four bored piles (D = 0,4 m; L = 3,0 m; L/D = 7.5) were constructed
and instrumented with strain gauges at three levels along the pile depth. Static load tests
were conducted in accordance with ASTM D1143, including one ungrouted pile (BPGO)
and three shaft-grouted piles with grout volumes IR = 20, 35, and 50 I/m2. Thetest results
show that shaft grouting reduces pile settlement and significantly increases pile load
capacity. The ultimate load capacity increased by 1.31-1.78 times, while the unit shaft
resistance increased by 1.48-2.14 times compared with the ungrouted pile. The
improvement increased rapidly up to IR= 35 |/m? and became | ess pronounced thereafter.
Therefore, IR = 35 I/m? wasidentified asthe technically and economically effective grout
volume for loose fine sand at the investigated site. Based on the experimental data, an
empirical equation was established to determine the unit shaft resistance of shaft-grouted
piles (IR < 35 I/m?): fir = fo.e?'R, where fir is the unit shaft resistance of the grouted
pile, fo is the corresponding unit shaft resistance of the ungrouted pile, and where b =
—4.10°.Z + 0,0135, in which b is an empirical parameter determined as a function of the
mean elevation Z of the pile segment (m, taken as negative).

Numerical simulations were further conducted to reproduce the |oad-settlement
behavior of the test piles, from which an equivalent diameter equation for grouted pile
segments (IR< 50 /m?) was developed: Dgg = —3.107°. (IR)? + 7,2.1073.(IR) + D,
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(m), where DO is the diameter of the corresponding ungrouted pile.

The dissertation provides a scientific and practical basis for determining an effective
grout volume to enhance pile load capacity, establishes a correlation between the unit
shaft resistance of grouted and ungrouted piles, and proposes an equivalent-diameter
equation for numerical modeling and foundation design in loose fine sand in Ho Chi

Minh City.
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MO PAU
1. Tinh cap thiét cia dé tai

Trong bbi canh d6 thi héa nhanh chong tai cac thanh phd 16n cia Viét Nam nhu
Thanh phé H6 Chi Minh (TP.HCM), HaNbi va Ba Nang, nhu cau xay dung c&c cong
trinh cao tng ngay cang gia ting. Hau hét cac d6 thi 1én cia nude ta déu phan b doc
theo luu vuc céc con sdng 16n nhu song Sai Gon, song Hong, sdng Han,.. dan dén
ciu trac dia chat nén thuong bao gdm céc 16p dat yéu, chu yéu a cét roi c6 do chat
thap, sét yéu co do sét cao, véi chiéu day 1on, kha nang chiu tai kém vadé bién dang.

Pé giai quyét bai todn nén mong trong diéu kién dia chat néu trén, cac loai coc
thay thé, dac biét 1a coc khoan nhoi (duong kinh pho bién tir 0,8 m dén 2,0 m) vacoc
barrette (kich thuéc mat cat ngang tir 0,6 m dén 2,8 m), chiéu sau co thé dat toi 100
m, di dugc &p dung rong rai nho kha nang truyén tai trong |on vathi cong linh hoat
trong diéu kién dé thi. Trong thuc té, do coc co chiéu dai 16n va chu vi dang ké, thanh
phan sirc khang thanh coc dong gdp phan 16n vao tong sirc chiu tai cia coc.

Trudc thuc trang do, cong nghé phut vira doc than coc da dugc nghién ciru vaung
dung tai nhiéu qudc gia nhu Trung Quéc, Han Qudc, Théi Lan vagan day 1a tai Viét
Nam. Phuong phap nay sir dung vira xi mang hoac vat liéu twong duwong phut vao
khoang trong giira dat va thanh coc théng qua hé thong dng phut sau khi d6 bé téng
coc, giup:

- Tang masét gitta coc va dat, tir d6 lam gia tang stc khang thanh caa coc.

- Lap day céc khe ho, nut rdng cia dat yéu xung quanh coc; dong thoi cai thién
céc khuyét tat ciaa coc (néu cd) xay ra trong qua trinh d6 bé tng coc.

- Cai thién mo dun dan hdi va sirc khéng cia ving dat 1an can.

Nho d6, kha nang chiu tai doc truc ciacoc duoc nang cao dang ké, cho phép giam
chiéu dai thiét ké coc, tir d6 tiét kiem chi phi x8y dung vatdi vu thiét ké nén méng.

Tuy nhién, hién nay tai Viét Nam chua c6 tiéu chuan qudc gia huéng dan cu thé
viéc tinh todn sirc khang thanh cua coc ¢é phut vira. Phan 16n céc du &n hién nay &p
dung céc hé sd kinh nghiém noi bd cia nha thau hodc tham khao céc tai liéu nudc

ngoai, von chua phi hop hoadn todn véi diéu kién dia chat va ky thuat tai Viét Nam.
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Do dé, viéc thuc hién dé tai nghién ciru ndy 1a rt can thiét va co tinh cap béch,
nham: Xy dyng mé hinh dir b&o strc khang thanh don vi phi hop véi diéu kién thuc
té cuatirng loai dat tai Viét Nam.

Két qua nghién ciru & gép phan bd sung co sé khoa hoc cho quy chuan thiét ké
nén moéng méi, gidip nang cao chat luong va hiéu qua ki thuat — kinh té trong thiét ké

vathi cdng moéng coc tai Viét Nam.
2. Muc tiéu nghién ciru

2.1 Muc tiéu téng quét

Nghién ctru s gia tang stirc khang thanh coc va anh huong cia ham lugng vira
phut doc than coc dén sirc chiu tai cua coc, tir d6 dé xuat giai phédp du béo sic chiu
tai coc khoan nhdi c6 wng dung céng nghé phut vira phtl hop véi diéu kién dia chat

thuc té.

2.2 Muc tiéu cu thé

- Phan tich vadanh gia anh huéng cia ham lwong vira phut doc than coc dén sic
chju tai caa coc ¢ phut viralam viéc trong nén dat roi.

- Banh gia su gia tang strc khang thanh don vi tai cac doan coc phut vira, thong
qua so sanh két qua thir nghiém giita coc co phut vira va coc khdng phut tuong tng.

- Trén co sé két qua nghién ctu, dé xuat cong thirc du béo sic khang don vi tai
cac doan coc ¢O phut vira, nham du bao chinh x4c hon stc chiu tai cia coc ¢o tng
dung phut vira doc thén coc.

- M phong sb dudng cong tai trong — do 1an (P-S) cua coc khoan nhéi ¢ phut
vitadoc than coc. Tir d6 dua ra dé xuat cong thirc xac dinh duong kinh quy d6i vahé
sb twong tac gitra coc va dat nén ddi véi coc phut vira doc than coc khi md phong sb

duong cong (P-S).
3. Poi twong va pham vi nghién ciru

3.1 Péi twong nghién ciru
Pbi twong nghién ciru cua luan &n tap trung vao danh gia hiéu qua gia ting sic

khang thanh caa coc khoan nhéi &p dung k¥ thuat phut vira doc than coc, cu thé gdbm:
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- Panh gia anh huong cua ham luong vira phut (1it/m?) theo dién tich than coc dén
kha ning cai thién lyc ma sat dat — coc, thong qua thi nghiém nén tinh va do bién
dang doc truc bang strain gauge (SG), nham xac dinh sy thay d6i sic khéang thanh
don vi cuacoc.

- So sanh va ddi chiéu két qua thuc nghiém gitra cac coc co phut vira (Vi cac mic
ham lwong khéc nhau) va coc khéng phut, nham danh gia muc d6 cai thién sic chiu

tai doc truc cua coc khoan nhdi.

3.2 Pham vi nghién ciru

Nghién ciru duoc trién khai tai Phuong Tan Uyén, TP.HCM (trudc day thudc xa
Tan My, huyén Bac Tan Uyén, tinh Binh Duong), noi c¢6 diéu kién dia chat dic trung
1a dat c& min, trang théi roi, chi sé SPT dic trung N = 4.

Péi twong khao sét 1a coc khoan nhoi bé tong cot thép ¢ tiét dien tron, duong
kinh 0,4 m, chiéu dai 3,0 m twong ttng véi L/D = 7,5, bé tong B20, d6 syt 19 + 1, cot
thép 8212, CB400-V, coc duge do bé tong tai chd va chiu tai trong nén dung tim
trong diéu kién thuc té tai hién trudng. Coc dugc bd tri bald phut trén mdi cao trinh
phut, c&c cao trinh phut vira cach nhau 1,0 m theo chiéu dai coc.

Vita phut c6 cap phdi twong ng ti 1é nudc/xi mang 1a 0,66:1,0, cac ham luong
vitasir dung trong nghién ciru lan luot 120; 20; 35 va 50 I/m? dién tich than coc.

Pham vi nghién ciru tap trung vao phén tich sirc khang thanh don vi va scc chiu
tai doc truc cua coc dudi téc dung caa tai trong thang dang, trong diéu kién nén cét
min, trang thai roi va cac mirc ham luong vira phut khac nhau.

Nghién ciru khéng xem xét anh huéng cua &p luc phut va thanh phan cap phéi
vita, ma chi sr dung mot loai virach dinh theo thiét ké thi nghiém.

Céc két qua va cong thae dé xuat cialuan an duoc gisi han &p dung ddi véi khu
vuc TP.HCM va céc khu vire c6 diéu kién dia chat cong trinh tuwong tu, dic biét ddi
Vi coc khoan nhéi 1am viéc trong nén cét min, trang théi roi, trong pham vi cac diéu
kién phut vira da khao sat.



4. Ngi dung nghién ciru

Noi dung nghién ciru cia luan 4n dugc trién khai theo cac hudng chinh sau:

- Nghién ciru tong quan tai liéu

+ Thu thap va phan tich c&c nghién ciru trong nuéc va quic té lién quan dén coc
khoan nhdi, ky thuat phut vita doc than coc va cac phuong phap xac dinh sirc khang
thanh don vi cho ca coc khong phut vira va coc cé phut vira

+ T6ng hop va danh gia uu — nhuoc diém cua cac phuong phap tiép can hién co,
tir d6 dinh hudng ndi dung va phuong phap nghién ciru cualuan an.

- Xé&y dung mé hinh thi nghiém, thi cdng coc vathuc hién thi nghiém nén tinh tai
hién truong.

+ Thiét ké vaxay dung mé hinh hién trudng nham thuc hién céc thi nghiém nén
tinh coc khoan nhdi, bao gom coc khdng phut vira va coc ¢ phut vira doc than coc,
véi c&c muc ham lugng vira khac nhau.

+ Tién hanh thi nghiém nén tinh két hop do bién dang doc than coc tai hién truong
dé danh gia strc chiu tai, phan bd luc doc than coc, luc ma sat don vi, cho ca 2 loai
coc khoan nhoi (khdng phut va phut viza).

+ Tir két qua thuc nghiém, dé xuat cong thirc xac dinh strc khang thanh don vi cho
coc ¢6 phut vira dyatrén giatri tuong tng cia coc khdng phut, dong thoi hiéu chinh
vakiém chang bang dir liu thuc té tai cac cong trinh da &p dung ky thuat phut vira
doc than coc.

- St dung phuong phap sb dé md phong thi nghiém hién trudong vaxay dung mo
hinh tinh todn cho coc phut vira.

+ X&y dyng md hinh sb mé phong dudng cong P-S caa thi nghiém nén tinh coc
khoan nhéi khdng phut vira va cé phut vira doc than.

+ Thuc hién hiéu chinh hé sb tiép xUc gitra coc — dat nén phu hop diéu kién thi
cong thyc té, nham dam bao duong cong P-S tir md phong sd phtl hop véi két qua thi
nghiém hién truong.

+ Pé xuat cong thirc xac dinh duong kinh quy doi vahé sb tuong tac gilta coc —

dat trong md phong sd ddi véi cac doan coc phut vira trng véi nhitng ham lugng vira
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phut khac nhau. Bong thoi, kiém chirng md hinh sb bang dit liéu thuc té tai cac cong

trinh &p dung ky thuat phut vira doc than coc.

5. Phuwong phap nghién cau

Nghién ctru duoc trién khai theo quy trinh tong hop, két hop gitta nghién cau ly
thuyét, thuc nghiém vamé phong sb, bao gém cac phuong phap chinh sau:

- Phuong phép 1y thuyét: Thu thap, tdng hop va phan tich céc tai liéu khoa hoc
trong va ngoai nudc lién quan dén ky thuat phut vira doc than coc, co ché tuong tac
dat — coc va cac phuong phap xac dinh sic khang thanh don vi ciia coc khoan nhoi.

- Phuong phap théng ké — phan tich sd liéu: Hé thong hda va phan tich céc két
qua nghién ciru da cong bd vé coc khoan nhoi ¢ &p dung phut vira, nham nhan dién
xu hudng, khoang tréng nghién ciru va dinh hudng x8y dung md hinh phi hop voi
diéu kién nén dat tai Viét Nam.

- Phuong phap thuc nghiém: Tién hanh thi cong vatht tai tinh trén cac coc khoan
nhdi khéng phut vita va coc co phut vita doc than véi cac ham luong vira khéc nhau.
Thi nghiém nén tinh két hop do bién dang doc truc bang strain gauge dé xac dinh gia
tri sirc chiu tai cia coc vasirc khang thanh don vi teong trng cho tirng coc ¢ vakhong
phut vira.

- Phuong phap xir ly vaphan tich sb lidu: Thyc hién thong ké va phan tich két qua
thi nghiém thir tai déng thoi doi chiéu véi cac két qua tir thuc té, nham danh gia anh
huong caa vira phut dén strc chiu tai va sirc khang thanh don vi caa coc.

- Phuong phap s6: Sir dung phan mém Plaxis 3D dé xay dung md hinh phan tir
hitu han, mé phong dudng cong P-S caa coc khoan nhoi khdng phut vira va coc cd

phut vira doc than vakiém ching két qua mé phong.

6. Nhirng déng gop mei caa luan an

- Thiét 1ap mdi quan hé dinh luong giira strc khang thanh don vi cia coc phut vira
va coc khéng phut vira théng qua ham sé mii ¢ xét anh hudng dong thoi caa ham
luong vira phut (IR) va cao trinh lam viéc (2).

- P& xuét cdng thirc xac dinh dudng kinh quy ddi (Dgd) vahé sb tiép xic gitta coc

— dat nén (Rinter) trong mé hinh sb, ang véi cac mic ham luong vira phut khac nhau,
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nhiam mé phong dudng cong tai trong — d6 1Un (P-S) cia cac doan coc phut vira khi
st dung phan mém Plaxis 3D.

- Panh gi4 anh huéng cia ham luong vita phut doc than coc dén sy gia ting strc
khang thanh don vi va src chiu tai doc truc cua coc khoan nhdi trong diéu kién nén
cat min, trang thai roi. Trén co sd do, luan an xac dinh dugc ham lugng vira phut hiéu
qua (IR = 351/m?), dam bao hiéu qua ca vé mat ky thuat - kinh té khi &p dung k§ thuat

phut vira doc than coc trong diéu kién dia chat khu vuc thi nghiém.
7.Y nghia khoa hoc va y nghia thyc tién caa luan an

7.1. Y nghia khoa hoc

- Thiét Iap méi quan hé dinh luwong giira ham luong vira phut doc than coc va sy
gia tang strc khang thanh don vi ciing nhu stc chju tai doc truc cua coc khoan nhoi
trong nén cat min, trang théi roi.

- Cac méi tuong quan thyc nghiém va cong thirc duong kinh quy do6i dugc thiét
lap trong luan an (gitra coc phut va khéng phut vira) 1a co s¢ khoa hoc méi, phuc vu
viéc du bdo sirc chiu tai vamd phong ang Xt tai trong — do 1n caa coc khoan nhoi
c6 phut vira.

- Ngoai ra, luan an da xac dinh dugc ham luong vira hiéu qua (IR = 351/m?), qua
d6 cung cap co s& thue nghiém vamd phong sd cho céc nghién ciru tiép theo vé sy

gia tang strc chiu tai caa coc khoan nhdi sau khi phut vira doc than coc.

7.2. Y nghia thuctién

- Két qua nghién ciru cung cap co sé thuc nghiém va md phong sb phuc vu viéc
tham khao &p dung k¥ thuat phut vita doc than coc khoan nhdi trong diéu kién nén
cét min, trang théi roi tai TP.HCM va céc khu vuc c6 diéu kién dja chat cong trinh
tuong tu.

- Céc cong thirc dir béo sirc khang thanh don vi va duong kinh quy d6i c6 thé dugc
st dung tham khao trong tinh todn, thiét ké coc khoan nhdi phut vira khi cac diéu kién

dia chat, cong nghé va pham vi ham luong vira phil hop véi diéu kién nghién ciu.
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- Két qua luan an gop phan bb sung co sé dit liéu thue nghiém phuc vu céc nghién

ctru tiép theo vé tinh todn vathiét ké coc khoan nhéi ¢é phut vira doc than.

8. CAu tric caa luan an
Cau truc luan an gdom ma dau, 04 chuong, két luan — kién nghi, cong trinh khoa

hoc da cong bd, tai liéu tham khao va phu luc.

9. Gioi han pham vi nghién ciru

- Nghién ciru tap trung danh gia anh huang ciia ham lugng vira phut dén sirc chiu
tai cia coc khoan nhoi trong nén céat min, trang thé roi, véi mot cap phdi vira, diéu
kién thi cong, b tri cac 15 phut theo phurong ngang va khoang céch céc cao trinh phut
theo phuong doc coc duoc lwa chon ¢b dinh theo chwong trinh thi nghiém.

- Nghién ctru chua xem xét anh hudng cua muc nudc ngam, ap luc phut, cac cap
phdi vira khac nhau, diéu kién thi cong (dung dich gitr thanh, thoi gian pha nudc, thoi
diém phut vira), cling nhu anh huéng caa phuong an bo tri 16 phut theo phuong ngang
va khoang céch giira cac cao trinh phut theo phwong doc than coc dén hiéu qua gia
tang stc chiu tai ctacoc.

- Pham vi nghién citu chi dp dung cho coc khoan nhdi bé téng cbt thép tiét dién
tron 1am viéc trong nén c& min, trang tha roi; chwa mo rong cho céc loai nén dat,
céc dang tiét dién coc khac va co sé dit liéu thue nghiém, kiém chirng mé hinh s con
han ché, can tiép tuc dugc mé rong dé hoan thién co so khoa hoc phuc vu xay dung
tiéu chuan tinh todn coc khoan nhdi c6 dp dung céng nghé phut vira doc than coc.

- Mic di ¢ong thirc sirc khang thanh don vi d& duoc hiéu chinh va kiém chirng
bang sb liéu tir 10 cong trinh thuc té trong nén cét, pham vi dix liéu van chua bao quat
day du sy bién thién vé loai dat, diéu kién thi cong, cip phdi va ap luc phut vira; do
d6, khi ap dung ngodi mién di liéu da kiém chirng can c6 s liéu hién trudong dé hiéu

chinh, dénh gia b6 sung.
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CHUONG 1. TONG QUAN NGHIEN CUU KHA NANG TANG SUC
CHIU TAlI CQOC KHOAN NHOI KHI PHUT VUA DQC THAN CQC

1.1 Téng quan coc khoan nhdi

Coc khoan nhdi, con dugc goi la coc thay thé, 1a loai coc dugc thi cong béng cach
khoan 13y dét tao 15 trong nén, sau d6 d6 bé tong tai chd hinh thanh két cdu coc [8],
[50]. Tuy theo yéu cau thiét ké, tiét dién coc c6 thé 1a tron hodc hinh chir nhat (coc
barrette). Hién nay, coc khoan nhoi dd dugc Gmg dung rong rai trén toan thé gidi nho
nhitng vu diém vé kha ning chiu tai 16n, thi céng linh hoat trong do thi, va mic do
anh hudng thip dén moi trudng xung quanh [48].

Mot s cong trinh ti€u biéu su dung coc khoan nhdi c6 thé ké dén: thap Shanghai
Tower (Trung Qudc) cao 632 m, sir dung coc khoan nhdi duong kinh 1,0 m, chiéu
dai 1én dén 56 m; thap Burj Khalifa (Dubai, UAE) cao 828 m, sir dung hé méng gom
coc khoan nhdi dudng kinh t6i 1,5 m, dai dén 55 m [59]

Tai Viét Nam, ciing voi sy phat trién cta cong nghé thi cong va cong tac quan 1y
chat lugng, coc khoan nhodi d3 duoc ung dung thanh cong trong nhiéu dy 4n quy mo
16n. Tiéu biéu 12 Toa nha Landmark 81 tai TP.HCM — tda nha cao nhat Viét Nam véi
chiéu cao 461,3 m (81 téng va 3 téng hérn), hoan thanh nam 2018. Tai Ha N1, du an
Keangnam Hanoi Landmark Tower (cao 350 m, gdm 72 tang va 2 ting ham) sir dung
mong coc khoan nhdi duong kinh 2,0 m, chiéu sau toi 85 m (hoan thanh nam 2011).
Nhitng vi du trén cho thiy rang, d6i v6i cac cong trinh cao ting chiu tai trong 16m,
giai phap mong coc khoan nhdi va coc barrette 1a lua chon hiéu qua, thuong dugc cac
don vi tu van thiét ké va cha dau tu lya chon.

Vé nguyén ly lam viéc, stc chiu tai doc truc cua coc khoan nhdi dugc hinh thanh
tir hai thanh phan chinh gdm strc khang thanh va stc khang miii coc. Ddi véi cac cong
trinh xay dung trén nén dat yéu hodc céc coc ¢6 chiéu dai 1on, thanh phﬁn suc khang
thanh thuong chiém trong sb dang ké trong téng suc chiu tai cua coc. Vi vay, viéc
nang cao sirc khang thanh duoc xem 1a mot trong nhitng giai phap hiéu qua nham cai

thién kha nang chiu tai va gidm do lun cia coc khoan nhoi.
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Mic du ¢6 nhiéu wu diém vé kha ning chiu tai, tinh linh hoat trong thi cong va
murc do anh huéng nho dén cac cong trinh lan can, coc khoan nhdi van tdn tai mot s6
han ché [46]. Trong qua trinh khoan tao 13, ciu trac dat tr nhién xung quanh thanh
hé khoan c6 thé bi x40 tron, lam giam Ung suit ngang va suy giam diéu kién tiép xtic
gitra dat va coc. Ngoai ra, viéc st dung dung dich giit thanh nhu bentonite hoic
polymer c6 thé tao nén mét 16p mang ngin cach tai bé mat tiép xuc giira bé tong va
dat nén [43]. Theo Sliwinski vaFleming (1974) [50], hién tugng ndy c6 thé lam giam
dang ké stc khang ma sat gitra dat va coc, dic biét dbi v6i nén dat cat min, trang thai
roi. Bén canh do, su ton tai cia 16p bun khoan hodc cac khuyét tat cuc bg trong qua
trinh thi cong cling c6 thé lam giam hiéu qua lam viéc cua coc.

Do strc khang thanh dong vai tro quan trong trong kha nang chiu tai cia coc khoan
nhoi, nhiéu giai phap k¥ thuat da duoc nghién ciru nham cai thién twong tac giira dat
va coc sau khi thi cong. Trong s6 do, cong ngh¢ phut vita doc than coc dugc xem la
mot trong nhing giai phap hiéu qua nhat hién nay nham gia tang sirc khang thanh va

nang cao kha nang chiu tai cta coc khoan nhoi.
1.2 Téng quan vé cong nghé phut vira dec than

1.2.1 Gigi thiéu vé cong nghé phut viza trong cec khoan nhai

Cong nghé phut vitatrong coc khoan nhéi 1a qua trinh bom vira xi ming hoic vira
xi mang — phy gia vao ving dat xung quanh than coc théng qua hé thong éng cho
duogc lap dat sin trong coc, dudi téc dung caa &p luc phut duoc khéng ché.

Vira xi miang dugc bom vao nén dat tai c&c vi tri xac dinh, co kha ning lap day
céc khe niit va 15 rong trong dat va da, dong thoi thim vao dat hat roi, hinh thanh
khdi dat — xi mang c6 cudng do va do climg ting 1én, ddng thoi [am giam hé sd tham
clia moi trudong dat [28], [44]

Bén canh d6, phut viradoc than coc duoc 4p dung nham loai bo anh huéng bét o
cua dung dich gitr thanh sir dung trong qué trinh thi céng coc khoan nhéi, déng thoi
phuc hoi vacai thién diéu kién tiép xUc gitra coc va dat, tir d6 nang cao stc khang ma

sét doc than coc[33], [51], [54], [57], [65]. Bong thoi phuong phap phut vitadoc than
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coc ciing cho hiéu qua cao hon trong viéc giam d6 lan dau coc [41], [54], [58], [64],
[63], [65].

Nhu vay, tuy theo muc tiéu cai thién sirc khang miii hoac masat thanh, cong nghé
phut vira co thé dugc trién khai theo cac phuong an khac nhau :

- Phut vira mili coc: Tap trung cai thién sirc khang mili bang cach nén chat mon
khoan valap diy céc khe hé tai miii coc.

- Phut vira doc than: Tap trung cai thién sic khang thanh coc. Pay 1a déi twong
nghién ctru chinh cialuan 4n, noi vita dugc bom vao ving tiép xuc giita coc - dat doc
theo chiéu dai than coc.

- Phut vira két hop: Thyc hién dong thoi tai miii va doc than dé huy dong téi da

strc chiu tai cuacoc.

1.2.2 Quy trinh thi cdng phut vi#a than cec

Bang 1.1 tong hop va so sanh céc thong sb ky thuat cia cong nghé phut vira doc
than coc, céc cdng ty chuyén vé thi cong nén mong da ap dung cdng nghé phut vira
trong thi cong céc loai coc thay thé, néi bat nhat co thé ké dén cac don vi nhu: Bachy
Soletanche Viét Nam (BSV), Bauer Viét Nam va Fecon [52].

Bang 1.1. So sanh céc théng s6 ky thuat cua cong nghé phut vira than coc

STT Chi tiét Bauer Bachy Soletanche Fecon
Hon hop vira
1 - Xi mang (kg) 100 105 100
- Nudc (lit) 55 66 66.6
2 | Cuong do vira(MPa) 20 20 25
Ham Iugng vira phut
3 - Téi da (lit/m?) 35 35 35
- T4i thiéu (litVm?) - 25 25
4 | Apluc phun toi da (bar) 40 40 40
5 _Srai"ll{gilzrg ggi éﬁ;"c 1224 gioy 824 gy 5-24 gy
Ngay sau 7 ngay sau khi d6 it nhat 5
o | Thoi diém thi cong phut | khi thi BT, hoic khi BT dat | ngay sau
vira congpha | 75 % cuong do thiet | khi do BT

nuée ké coC
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Tuy nhién, do nudc ta chwa co cac quy pham; tiéu chuin cu thé vé tinh toan thiét
ké, thi cong ciling nhu nghiém thu coc sir dung cdng nghé phut vira, nén céc théng sb
ki thuat &p dung trong qua trinh phut vira than coc cho céc loai coc khoan nhdi caa

céc cong ty ndy van cd sy khéc biét nhat dinh.

1.2.2.1 Giai dogn chuan bj
a. Phd nuée tai céc 16 phut

DPé dam bao cac dau phut cd thé phut vira, phan bé tdng coc va mang cao su bao
quanh 15 phut vira s duoc choc thing bing nuéc &p luc cao trong vong 24 gio sau
khi d6 bé téng coc. Theo Ryuji Manai (2010) [42] khéng nén thirc hién quéatrinh pha
nudc qUA Som, trudc 12 gid sau khi dd béténg, boi khi dé chi tao ra duoc cac khe nit
nho khong rd rang trén bé mat bé téng than coc ma khéng tao ra duoc céc 16 rd rang
tai cac 16 phut theo Hinh 1.1.

Hinh 1.1. Thir nghiém pha nuéc sau 24 gio, 5 gio thi cong bé tong [42]
b. Chudn bi hén hop vita
Chat lugng hdn hop vira quyét dinh dén hiéu qua cua cong nghé sir dung, do vay
viéc chuan bi vita phai dugc tién hanh theo dung cac quy dinh vé ky thuat [17]
- Vira duoc tron dung cap phdi quy dinh va phai dam bao duoc do dong nhit cua
vira. Sau qué trinh nhao tron, can loc vira bang sang ¢ kich thuéc 5 mm dé loai bo

céc cuc von (néu co).
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- Thi nghiém mau vira tron: Viéc dic cac mau vira tron, dé thi nghiém xac dinh
méc vira phai duoc thuc hién mot cach day du trude khi dp dung cho qua trinh tron
vira dai tra

- Cé&c tiéu chi ky thuat quan trong nhu d6 nhét, trong luong riéng va cuong do
chiu nén cia miu vira chuan phai dat dugc theo yéu cau cua thiét ké. Thong thuong
cac tiéu chi k¥ thuat thuong duoc p dung nhu sau:

+ Cudng do chiu nén caa viratai tudi 14 ngay > 20 Mpa.
+ Do nhét <40 s.
+ Dung trong > 1,65 kg/lit.

1.2.2.2 Thi cbng phut vira ap luc cao.
a. Thoi diém thi cong phut vita

Theo két qua ghi nhan tir cic nha thau thi cong nén méng tai Viét nam [52], qua
trinh phut vita dugc tién hanh trong khoang thoi gian tir 1 dén 7 ngay ké tir khi két
thuc viéc do bé tong than coc.
b. Ham luong vita phut

Hién chua c6 cac tai liéu hudng dan cho viéc tinh toan xac dinh ham lugng vira
phut hi€éu qua cho cong nghé phut vira tng vé1i tung loai dat va coc cu thé. Trong thuc
té, ham luong vita pho bién, thuong duoc cac cong ty nén mong luya chon 1425 + 35
it trén 1 m? dién tich than coc.
C. Quy trinh phut vita

Thong thuong vita dugc bom theo trinh tu tir cac 16 phut phia dudi miii coc 1én
trén dau coc (Hinh 1.2). Néu xuét hién hién tuong tac 6ng tai vi tri dang bom, hoac
ham luong vira chua dat duoc tai cac 16 phut ca biét ndo dé thi viée phut vira ) sung
s& duoc tién hanh théng qua cac éng 1an can hodc cac dng phut du phong. Tai cling
mdt cao trinh coc, mat dd bd tri khoang 3 trén 4 16 phut vita dugc xem la tdi wu nhéat.
Trong subt qua trinh bom vira, h¢ théng diéu khién va kiém soat s& lién tuc cap nhat,
thé hién va luu trit cac thong sd, diéu nay giup ngudi giam sat thi cong dé dang xir Iy
ngay cac su cb hodc cac sai st néu cd xay ra trong qua trinh phut vira. Sau khi qua

trinh phut vita hoan tat, cac dng TAM sé& duoc bom vira xi mang lap day.
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Qua trinh bom vira s€ dugc dung lai néu dat cac yéu cau sau:
- Ham luong vira phut da dat yéu cau.
- Ap lyc vira dat ngudng 40 bar.

- Xuat hién hién tuong vira trao nguoc 1én trén mat dat.
et R ST Sem—m—
Yoot t]r It'nl](“?‘ o
R O™, Céac 6ng phut vita dugc
7 s

bé tri xung quanh tiét
dién coc

Hinh 1.2. Thi c¢6ng phut vita cho coc khoan nhoi [21]
1.3 Céc nghién ciru quéc té vé coc phut vira.

Cong nghé phut vira doc than coc da dugc nghién ciru va tng dung rong réi trén
thé gioi nham cai thién diéu kién tiép xuc coc — dét, gia tang tng suat phép tuyén hitu
hiéu quanh than coc va nang cao sicc khdng ma sat doc than coc, do d6 lam tang kha

nang chiu tai tong thé cua coc khoan nhdi.

Céc nghién ctru qubc té vé coc phut vira cha yéu tap trung theo hai huéng chinh:
nghién ciru thyc nghiém hién truong, mé phong sé bang phuong phap phan ti hiru
han (FEM). Nhiing két qua nghién ciru nay da cung cp co sé khoa hoc va thuc
nghiém quan trong cho viéc danh gia hiéu qua caacong nghé phut vira trong cac diéu

kién dja chat khéac nhau.
1.3.1 C4c nghién ciru therc nghiém hién truweong

Céc nghién ctru thyc nghiém hién trudng 13 co sé nén tang dé danh gia hiéu qua

ciia cdng nghé phut vira d6i vai sirc chiu tai caa coc khoan nhéi. Céc thi nghiém nay
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thudng dugc thuc hién thdng qua thir tai tinh dau coc, thi nghiém can bang hai chiéu
(Ocell) hoic céc thi nghiém co bé tri thiét bi do bién dang doc than coc dé xac dinh

phan bd sic khang ma sét theo chiéu sau.

a. Gouvenot va Gabaix (1975) [34]: cac téc gia thuc hién thi nghiém nén tinh trén
céc coc khoan nhéi dudng kinh D = 660 mm duoc thi cdng trong nén dat cét va sét.
Két qua cho thiy sirc khang ma sét doc than coc ting dén 2,5 1an & coc c6 phut vira
S0 Véi coc khdng phut twong ng. Gouvenot va Gabaix (1975) [34] chi ra rang sic
chiu tai ciiacoc c6 xu hudng ting theo ham luong vira phut. Tuy nhién, hé sb gia ting
sirc chiu tai lai ty 16 thuan véi can bac hai ciathé tich vira. Céc téc gia giai thich rang
sic chiu tai bién thién tuyén tinh dya trén bé mat ngang cia thé tich vira xi ming
duoc phut chir khéng phai theo thé tich tong. Do dién tich bé mat chi tang theo ty 16
can bac hai cuathé tich, nén mdi quan hé ndy |akhong tuyén tinh. Nghia 1a khi lugng
viraphut cang 1n, téc do gia tang sirc chiu tai S8 cang ¢6 xu hudng cham lai, dan dén
hiéu suat khdng tiép tuc ting trong ng. CAc téc gia khang dinh néu tiép tuc ting ham
lugng viralén qua mic (vuot qua giéi han chiu dung cia dat nén xung quanh), hién
tuong pha v ciu trac dat s8 xay rakhién vira bi ro ri rangod ving ma sét caa coc.
Khi d9, viéc tang ham lugng vira khdng nhirng khéng cai thién thém sirc chiu tai ma
con gay lang phi. Tir d6 cho thay, viéc xac dinh mot gid tri ham luong vira hiéu qua
|abat budc dé phét huy t6i da cong ning ctua coc [34].

b. Stocker va céng s (1983) [51] : téc gia da tién hanh thi nghiém nén tinh trén
céc coc khoan nhdi dudng kinh D = 770- 900 mm phut vita sau khi d6 bé téng. Két
qua cho thay k¥ thuat phut viraco thé 1am ting sirc khdng masét doc than coc khoang
100-120% s0 Véi coc khdng phut vita, dic biét trong diéu kién dat hat roi.

c. Bruce (1986) [26]: tac gia di tong hop két qua caa nhiéu cong trinh trong giai
doan 1975-1985, cho thiy céng nghé phut viraco thé lam ting dang ké kha ning chiu
tai ciia coc khoan nhoi. Theo téc gia, trong nhiéu trudng hop sic chiu tai cyc han cia
coc phut vira cé thé ting dén 2-3 1an so véi coc khong phut, do vay co thé giam chiéu

dai hodc giam sb luong coc so véi khi sir dung coc khong phut. Két qua tong hop cua
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Bruce [26] duoc thé hién trén Hinh 1.3, trong d6 gia tri stc khang thanh don vi cua
coc khéng phut va phut vita duoc so sanh ¢tng chuyén vi dau coc khoang 20 mm:

- Trong dat roi: Giatri stc khang thanh don vi ting tir 150-200 kPa ddi véi coc
khéng phut viralén 250-400 kPa ddi véi coc phut vira (Hinh 1.3a).

- Trong dét dinh: Giatri strc khang thanh don vi ting tir 50-200 kPa |én 180-270
kPa d6i véi coc phut vira (Hinh 1.3b).

0§ lun = 20 mm DO lin =20 mm
400
oy 400
o]
5 +
Ma st 5 1= —
sos °§. Ma sat
than coc B i
. - thén coc a %o
(kNm’) 200 L Xex -
-: o}ﬂ >
» {(kN/m’)
'. a 100 ° . -
o * 0
100 - o
- c*’g
'..- 0 xe
x® 0
0 o 1300 - 800 - 1300 |700-
[ o 1000~ | 570 570 - 500 (mm) 1800 1000 800
| ymm) 1500 500
Coc khoan Phun vira
Coc khoan Phun vira nhoi
nhoi e
al Trong dat roi b/ Trong dat dinh

Hinh 1.3. So sanh gi&tri sirc khang thanh don vi cua coc phut vira va coc khéng
phut vira (Bruce, 1986) [26].

d. Troughton va Stocker (1996) [54] da thuc hién thi nghiém trén 12 coc khoan
nhdi véi cac phuong phap phut virakhéc nhau, bao gdm phut vira miii, phut vita than
vakét hop phut viramili — than coc. Két qua cho thay tat ca cac coc co phut vira déu
dat strc chiu tai |6n hon rd rét so véi coc khéng phut.

e. Littlechild vacong sur (1998) [40] trén 20 coc dai 35-55 m trong du &h BERTS
tai Bangkok. Két qua thi nghiém cho thiy su gia ting rd rét cua sic khang ma sat
thanh trong ca dat sét va dat cét.

- Trong dét sé&, sic khang ma sét thanh tang tir khoang 30-150 kPa dbi véi coc
khdng phut vira 1én 150-320 kPa ddi véi coc phut vira (Hinh 1.4). Céc téc gia da dé
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Xuat hé sd a stt dung trong phuong phép a ting tir khoang 0,5 dbi véi coc khéng phut

|én gan 1,0 d6i vai coc phut vira, nhu thé hién trén Hinh 1.4a

- Khi xac dinh giatri sirc khang ma sét thanh tir chi s SPT N, hé sb thuc nghiém

k tang tir khoang 2,5 ddi véi coc khong phut viralén khoang 5,0 d6i voi coc phut vira

(Hinh 1.4b), phan énh sir cai thién dang ké diéu kién tiép xtc vaing suat phép tuyén

guanh than coc.

Stic khing ma sit dom vi - £ (kPa)
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Hinh 1.4. Quan hé giira sitc khang ma st thanh va cac hé sb o va k theo Littlechild
vacong su (1998) [40]
- Péi véi céc |6p dat cét, giatri sirc khang ma sat tang tir 65-170 kPa (coc khong

phut) 1én 250-300 kPa (coc phut vita) 16n hon 1,5-3,0 1an so véi coc khdng phut

(Hinh 1.5a). Tuy nhién, khi tng suat hitu hiéu cia cao trinh nghién ciru vuot 300 kPa

d6i véi coc khong phut va 450 kPa ddi véi coc phut, gidtri sitc khang ma sét thanh

gan nhu khong thay d6i (Hinh 1.5b). Ngoai ra, nghién ctru nay ciing dé xuat hé sb

B =0,55 cho phuong phap B, twong trng vai giatri sic khang thanh don vi khoang
160-300 kPa (Hinh 1.5b).

Tir két qua tong quan ta cd thé dwa ra cac nhan xét sau:

- Giatrj sc khang thanh don vi fs caa coc phut vita ting trong khoang 1,5-3 1an

S0 voi coc khdng phut vira.
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- Hiéu qua tang stc khang thanh phu thudc vao diéu kién dat. Cu thé, ddi véi dat roi
(cét, cét pha) su gia ting strc khang thanh dang ké va nhiéu hon so véi nén dat dinh.
- Strc chju tai gia tang phi tuyén tinh theo ham luwong vira va ton tai ngudng ham

lugng vira hiéu qua.

3150 350
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© o
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al Twong quan gitra Stc khang thanh don vi b/ Tuwong quan gitra sicc khang thanh
vachi sd SPT N don vi vaung suat hitu hiéu
Hinh 1.5. Strc khang thanh don vi trong nén cét theo Littlechild va cong s
(1998) [40]

1.3.2 Cac nghién citu md phéng bang phwong phdp phan ti hizu hgn (FEM)

Bén canh c&c nghién ciu thuc nghiém hién truong, mé phong sd bang phuong
phép phan tir hitu han (FEM) da duoc S dung rong réi nham phan tich co ché 1am
viéc va danh gia hiéu qua cua cdng nghé phut vira ddi voi coc khoan nhdi. Phurong
phép ndy cho phép mé ta chi tiét trang thé (ng suat — bién dang caa nén dat, diéu
kién tiép xUc gitta coc va dat ciing nhu su phan bd sic khang ma sat doc than coc
theo chiéu sau, nhitng yéu té kho quan sét truc tiép théng quathi nghiém hién truong.
Céc nghién ciru trude day sir dung nhiéu céch tiép can khéc nhau, cé thé phan loai
thanh hai nhom chinh, duoc tong hop trong Bang 1.2.

- Nhom ting cudng dic tinh co hoc cua dat: Mot sb nghién ciru (Youn & Tonon
(2010) [60], Salem et al (2024) [48] m6 phong hiéu qua phut vita bing cach: ting luc

dinh ¢ va ting md dun bién dang E trong ving dat xung quanh coc. Uu diém caa
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nhom phuong phap nay phan anh truc tiép hiéu tng giach dat. Tuy nhién, ton tai cua
phuong phap khéng xac dinh pham vi ving cai thién, tham s phu thugc kinh nghiém.

- Nhom md hinh hoa ving dét cai thién: Cac nghién ciu (Wan va cong su (2020)
[48], Zhang va cong su (2024) [61] thiét [ap mot ving dat bao quanh coc véi tham sb
cai thién (c, ¢, E), m6 hinh Mohr Coulumb (MC), Hardening soil (HS) dugc dung dé
md phong dit nén bao quanh coc. Phuong phap ndy mé ta dugc pham vi anh huéng
cta phut vira. Tuy nhién, d6 chinh xéc phu thuéc vao gia dinh hinh hoc ciiavung cai

thién, kho hiéu chinh tur dit liéu thuc té.

Bang 1.2. So sanh c&c phuong phap mé phong coc phut virabang FEM

Téc gia Mo Céch md phong phut | Tham sb C6 xét diéu

hinh vira thay doi kién tiép xdc
dat coc dit Rinter.

Youn& Tonon | MC/ | Tang c ving dat quanh C Co

(2010) [60] HS | coc

Wan va cong HS | Tang E va ¢’ viing cai E ¢ Co

sw. (2020) [56] thien

Zhangvacong | HS | Vung dat cai thién + I, Co

sir (2024) [61] diéu kién tiép xdc coc

— dat.
Sademvacong | MC | Ting tham sé dat + c, E Co
su (2024) [48] vung anh huong

Tir Bang 1.2 va céc phan tich trén c6 thé rat ra cac nhan xét chinh:

- Céc nghién ctru sir dung céc céch tiép can khéc nhau, cho thay rang hiéu tng
phut vira |a hién tuong phirc tap, kho biéu dign bing mot tham sb duy nhat, chua c6
phuong phap mé hinh thdng nhat.

- Céc tham sb diéu chinh cha yéu cia dat nén gom ¢ (pho bién nhat), E ¢, Rinter.
Tuy nhién, cac tham s nay chwa c6 quy tic chuan dé lya chon.

- FEM chi yéu mang tinh hiéu chinh: Hau hét cac nghién ctiru nham hiéu chinh
m6 hinh dé khop dudng cong P-S chua xay dung duoc cong thire tong quét cho céc

tham sb cia md hinh.
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1.4 Céc nghién ciru trong nwéc vé coc phut vira

Trong khoang hon hai thap ky gan déy, cong nghé phut vira doc than coc di dugc
nghién ciru va trng dung ngay cang rong rai tai Viét Nam, dac biét trong cac cong
trinh cao ting va ha tang x&y dung trén nén dat yéu ¢ khu vuc TP.HCM va cac db thi
|én. Trong diéu kién dia chit dic trung véi cac 16p bun sét, sét yéu xen kep cét pha,
cét vamyc nude ngam néng, qué trinh thi céng coc khoan nhdi thuong gay suy giam
{rng suit ngang va lam giam chat luong tiép xc coc — dat, dan dén sirc khang thanh
thuc té thap hon so véi gidtri du béo theo thiét ké. Trong bbi canh d6, cong nghé phut
vita doc than coc duoc xem |a giai phdp hiéu qua nham phuc hdi va gia ting suc

khang ma sét doc than coc.

Céc nghién ctu trong nudc tap trung cha yéu vao danh gia hiéu qua gia ting sic
chiu tai cuacoc khoan nhdi va coc barrette co phut virathdng qua: (i) nghién ctru thuc
nghiém hién truong [35], [38], [52]; (ii) nghién cttu md phong s6 bang phuong phap
phan tir hitu han [16], [17].

1.4.1 Cac nghién ciru theec nghiém hién truong

Céc nghién ciru thue nghiém hién trudng trong nudc chi yéu sir dung cac phuong
phép thir tai sau: thir tai tinh nén doc truc, O-cell, va trong mot sb truong hop cé bb
tri thiét bi do bién dang doc than coc nham xac dinh phan bd luc doc tryc vatinh dugc
giatri sc khang thanh don vi trung binh giira 2 cao trinh lap dat strain gauge (Bang
1.3).

Phan Vin Khanh va Pham Québc Diing (2011) [38] di tong hop két qua tir c&c du
an thi nghiém thyuc dia trén coc barrette phut vira va khdng phut vira tai mién Nam.
DPdng thoi, dé xuat cac théng sb thi cdng va cap phdi vita pht hop véi diéu kién dia
chat Viét Nam. Bong thoi, nhom téc gia da phan tich sau hon vé hiéu qua cai thién
ma sét than coc. Két qua cho thay:

- Trong dét cét, coc thuong co sirc khang don vi dao dong 30-170 kPa, trong khi
coc phut vira dat 70-300 kPa, twong (tng muc tang 1,5-2,5 lan.
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- Trong dat dinh, muc ting twong tu, Véi coc thudng dat 40-330 kPava coc phut
vira dat téi 100-580 kPa.

Nguyén Minh Hai & cong sy (2015) [36] phan tich sb liéu thi nghiém can bing
nén hai chiéu tai du an Everrich Il (TP.HCM) trén bn coc khoan nhdi c6 do bién
dang doc coc, trong d6 hai coc duoc phut vira doc than khoang 20 m. Trong diéu kién
nén dat yéu hitu co xen k& cét min chit theo chiéu sau, két qua cho thiy sic khang
ma sét doc than tang 14 rét, duong kinh lam viéc hiéu qua caa coc tang khoang 20%

vasirc khang cuc han duoc huy dong ¢ chuyén vi khoang 8-10 mm.

Tiép theo, Nguy&n Minh Hai va cong su (2016) [35] phan tich s liéu thi nghiém
trén hai coc barrette tai du an Eximbank TP.HCM trong nén dat cé phu sa. Mac di
chuyén vi do dugc tuong ddi nhé nén chénh Iéch tai trong — do 1Gn tong thé khéng
that r& rét, giatri hé sd B (hé sb quy d6i sic khang ma sat don vi doc than coc theo
phuong phap B) xac dinh tai cic doan than coc duoc phut vitavan cao hon so véi céc
doan khong phut vita, qua d6 cho thiy xu hudng cai thién sitc khang ma sét doc than

do phut vira.

Nguyén Tién Diing va cong s (2019) [52] da tong hop thir nghiém tai trong tinh
(nén doc va O-cell) trén 14 coc khoan nhoi va barrette, bao gom ca trudong hop phut
vitavakhéng phut vira, c6 hé théng do ma sat doc than chu yéu tai cac cong trinh tai
TP.HCM. Du st dung dung dich git thanh khac nhau (bentonite hay polymer), phan
tich theo phuong phap B két hop sb liéu hién truong (chi sd SPT N) cho thay ma sét
don vi cia coc phut vira lén gap xap xi 2 1an so véi coc khong phut vira trong cling
diéu kién diachat.

Céc nghién ciru tiép theo caa V6 Phan va cong sy (2016) [18], Tran Tuan Anh va
cong sy (2020) [43], Lai Van Quy va cong su (2022) [20], [45], ciing cho két luan
tuong tu: cdng nghé phut vita co hiéu qua rd rét nhat trong céc 16p cat, noi stirc khang
ma sét thanh 1a thanh phan déng gop chinh vao kha ning chiu tai doc truc caa coc.

Tir cac nghién ciru trong nudc o thé thay rang sic khang ma sét doc than coc

phut vita trong diéu kién nén cét va cét phatai Viét Nam thuong ting khoang 1,5-2,5
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lan so véi coc khéng phut vira duoc thé hién trén Bang 1.3.

Bang 1.3 Tong hop mot sb nghién ciru thuee nghiém tiéu biéu trong nuwdc vé coc

phut vira
Téc gia Picu kién dat | Hé sd ting fs
Phan Vin Khanh vacong su (2013) [38] Cat, dat dinh 1,5-2,5
Nguyén Minh Hai va Fellenius (2016) [36] Patyéuxencé |20
Nguyén Minh Hai va cong su (2016) [35]. Cat phu sa 1,5-2,0
Nguyén Tién Diing va cong su (2019) [52] Cét, cét pha 2,0

1.4.2 Céc nghién cizu mé phéng sé

M phong sd bing phuong phéap phan tir hitu han ciing da dugc &p dung trong mot
s6 nghién ctru trong nudc nham té 1ap ang xir cua coc phyt vira va kiém ching két
qua thi nghiém hién trueong. Cac nghién ciru cia Pham Van Khanh (2011) [17] , Lé
Ngoc Piép (2018) [16], Nguyén Vin Tung (2021) [21] cho thdy, théng qua viéc diéu
chinh céc tham sd dat nén hoic diéu kién tiép xuc coc — dat, md hinh FEM c6 thé md

phong duong cong P-S va xu hudng gia tang suc khang thanh caa coc phut vira.

Tuy nhién, twong tu c&c nghién ciu qudc té, md phong sd trong nudc chi yéu
mang tinh kiém chang, phuc vu so sanh véi thi nghiém hién trudng, hon 1a dugc sir

dung dé xay dung c&c quan hé dinh lwong hodc cong thirc thiét ké co tinh tong quét.
1.5 Co ché gia ting sirc khang thanh cia coc khoan nhdi khi phut vira doc than coc

Theo Littlechild & cong se (1998) [40], sau khi phut vira, mot |op vat liéu gia cd
mong cd chiéu day khoang 25 mm dugc hinh thanh xung quanh than coc thé hién trén
Hinh 1.6, gdp phan cai thién diéu kién tiép xdc gitta coc va dat. Tuy nhién, do chiéu
day 16p vat liéu ndy nho, mirc gia ting kich thudc hinh hoc tiét dién ngang thuc té
ctia coc khong |on va khong du dé giai thich hoan toan sy gia tang déang ké sirc khang
thanh quan sat dugc trong cac thi nghiém hién truong. Theo Stocker (1983) [51];
Troughton & Stocker (1996) [54], su gia tang strc khang ma sét théan coc khi phut vira

thuong duoc ly giai boi cac yéu td thé hién trén Hinh 1.7:
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- Vira phun &p luc cao gay pha v 16p bé tdng ngodi clng cia coc, day dat nén
xung quanh ra ngodi, 1am ting ap luc ngang va d6 chit cuc bd cua dét.

- Vira con lap day céc khe ha, hdc rong va khiém khuyét tai tiép xUc giita coc va
dat, tir 46 tang dang ké luc masét tiép xc.

- Trong dat roi, vira xi mang thim nhap valién két cac hat dat, gop phan cai thién
dang ké tinh chat co 1y va cuong do nén dat.

Nhitng hién tuong nay duoc mé ta thong qua ba co ché chinh: gia ting ung suat
phép tuyén hitu hiéu quanh than coc, cai thién didu kién tiép xuc coc — dat vacai thién

cuc bo dic tinh co hoc cua dat nén xung quanh coc.

Hinh 1.6. L6p vira xi mang dugc tao boi vira phut quanh than coc Barrette

hinh thanh trong giai doan phut vira [40]

Tir c&c phan tich trén co thé thiy ring s gia ting stc khang thanh caa coc khoan
nhdi phut vira thuong duoc giai thich théng qua sy két hop caanhiéu co ché co hoc
khac nhau. Tuy nhién, do cac co ché ndy kho tach biét va luong hdariéng ré trong
thue té, Do d6, luan &n lya chon hai hudng tiép can nghién ciru b sung cho nhau
gom: (i) nghién ciru thuc nghiém nham xac dinh sy thay doi sc khang thanh don
vi cua coc phut vita théng qua thi nghiém nén tinh két hop strain gauge; va (ii)
nghién citu md phong sd hham md hinh héa anh huéng cua phut vira théng qua

duong kinh quy d6i Dga Vahé sb twong tac Rinter.
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L 6p bétong Thép chiu
bao vé C()C\ lwe cia coc
Pit Bé
xung P tong
quanh coC
coC '
Viia -, Ong phut vira
PAT ' CQC

Hinh 1.7. Mt cat doc than coc trong qué trinh phut vita
1.6 Nhan xét chwong 1

Tir két qua tdng quan va phan tich cac nghién ctru trong va ngoai nudc vé coc
khoan nhdi c6 phut vira doc than coc, cé thé rit ramoét sb nhan xét sau:

- Céc nghién ctru d khing dinh céng nghé phut vira doc than coc 1a giai phép
hiéu qua nham gia tang strc khang thanh vanang cao sic chiu tai cia coc khoan nhbi.
Trong diéu kién nén cét, sirc khang thanh don vi ciacoc phut vira thuong tang khoang
1,5-3,0 14n so véi coc khéng phut vira.

- Co ché gia ting suc khang thanh sau khi phyt vira da duoc nhiéu téc gia giai
thich théng qua sy gia ting wng suit phap tuyén hitu hiéu quanh than coc, cai thién
diéu kién tiép xuc coc — dat va cai thién cuc bd dic tinh co hoc cia ving dat xung
quanh coc. Tuy nhién, cic co ché ndy chi yéu méi dirng & mirc giai thich dinh tinh,
chua luong héa duoc mirc d6 anh huong ciia ham luwong vira phut dén sy gia ting suc
khang thanh don vi.

- C&c giatri sirc chiu tai cuc han caa coc cha yéu dugc xay dung trén co so s liéu
thie nghiém cuating nghién ciru hoic tirng cdng trinh cu thé. Céc hé sb thuc nghiém
phu thudc vao diéu kién dia chat, cong nghé thi cong va pham vi khao sat nén kha
nang ap dung rong rii, dac biét dbi vai diéu kién dia chat tai Viét Nam, con han ché.

- Bdi voi mb phong sb bang phuong phap phan tir hitu han (FEM), c&c nghién
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ctru hién nay chi yéu tap trung vao viéc hiéu chinh tham s dat hoic ving dat cai
thién nham téi 1ap duong cong tai trong — d6 lun. Tuy nhién, chwa c6 phuong phap
théng nhit dé md phong truc tiép anh hudng cia ham lugng vira phut dén sir 1am viéc
ctia cac doan coc phut vita, cling nhu chua thiét 1ap dugc méi quan hé dinh luong

gitta ham luong vira phut va cac tham sé md hinh.

Trén co s¢ cac khoang tréng nghién ciru néu trén, luan an lyachon hudng tiép can
nhu sau:

- Thuc hién céc nghién ciru dé xac dinh anh huéng cia ham luong vira dén sy gia
tang strc khang thanh don vi tai cac doan coc phut vita va kha nang chiu tai cuc han
twong (rng cua coc.

- St dung phuong phéap s d¢ md phong thi nghiém nén tinh coc phut vira nham
b6 sung thém cdng cu dé du béo giatri chiu tai cuc han twong tng caa coc lam viéc

trong nén dat cy the.
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CHUONG 2. COSOLY THUYET XAC PINH SUC CHIU TAI VA
SUC KHANG THANH PON VI COC KHOAN NHOI KHI PHUT VUA
DQC THAN CQC

2.1 Co sé ly thuyét xac dinh sirc chju tai coc khoan nhéi theo diéu kién dat nén
theo TCVN 10304: 2025 [8]

Trong luin 4n nay, cac co s& 1y thuyét, cong thirc va phwong phéap tinh toan dugc
trinh bay theo TCVN 10304:2025 [8] nham cip nhat theo tiéu chuan hién hanh. Boi
véi céc ndi dung duoc trich dan, phan tich hoic so sanh theo quy dinh caia TCVN
10304:2014, luan an giit nguyén viéc vién dan phién ban nam 2014 [4] dé phan nh
dung bdi canh nghién ciu trong qué trinh thyc hién dé tai. Viéc vién din dong thoi
hai phién ban tiéu chuan nham dam bao tinh ké thira cua nghién ciru, dong thoi cap
nhat cac quy dinh theo tiéu chuan hién hanh ma khong 1am thay dbi phuong phap

nghién ciru, sd lidu thye nghiém va céc két luan caaluan an.
2.1.1 Xdc dinh sikc chiu tdi theo diéu kién ddt nén

Theo TCVN 10304:2025 [8], dbi v6i coc khoan nhdi, sirc chiu tai cuc han R« caa
coc theo diéu kién dat nén dugc xac dinh tir hai thanh phan chinh gom sic khang miii
va sirc khang thanh:

Ry =vc (VR,R%A + yR,fuZ fi hi) (21)

trong do:

Op la sitc khang don vi cia dit dudi miii coc (kPa);

Aladién tich tya miii coc (m?);

u lachu vi tiét dién ngang caathan coc (m);

fi Iasirc khang don vi cialdp dat thir (i) trén mat bén coc, (kPa);

hi 1achiéu day 16p dat thix (i) tiép xdc véi than coc (m);

ye; Yrr: Ve, 18 CAC hé SO diéu kién 1am viéc va hé s tin ciy theo quy dinh

tiéu chuan.

Tir c6ng thirc (2.1) cho thay stc chiu tai cua coc dugc hinh thanh tir hai thanh
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phan chinh gém stc khang miii va strc khang thanh. Trong d6, thanh phan sirc khéang
thanh duoc xac dinh thdng qua tong sirc khang caa céc 1op dét doc theo chiéu dai
than coc. Ddi véi coc khoan nhdi ¢6 chiéu dai 16n, dic biét trong nén cét, sic khang

thanh thuong chiém trong sd dang ké trong tong sic chiu tai caa coc.
2.1.2 Xdc dinh sikc khdng thanh don vi theo chi tiéu co Iy ciia dit nén

Déi véi coc khoan nhdi, giatri sirc khang thanh don vi dugc xac dinh theo loai
dat, trang thai dat va chiéu sau 16p dat dang xét. Khi tinh toan can xét dén anh huong
cua diéu kién thi céng théng qua hé sb diéu kién 1am viéc cua dat nén trén mat bén

than coc (v ) duge quy dinh trong Bang 2.1.

Bang 2.1 Hé so diéu kién 1am viéc cuacoC yg s

Giatri yg r trong

Coc va phuong phap thi céng coc DPiat | Dat cét | Dat sét | bat
cét pha pha sét

Coc khoan nhdi, bao gdbm cé&c coc c6 mé rong

mili, dugc db bé tong:

- Khi khong c6 nudc trong h khoan (diéu
kién khd) vakhi sir dung 6ng vach, ciing nhu khi | 0,7 0,7 0,7 0,6
thi cong bang phuong phap CFA

-Dudi nudéc hoac trong dung dich sét
. 0,6 0,6 0,6 0,6
(bentonite)

- Bing hon hop bé téng cang két hop voi dam

. 0,8 0,8 0,8 0,7
sau (dicu kién kho)

Giatri strc khang don vi fi ciia céc 16p dat dugc xac dinh theo Bang 2.2; Tir Bang
2.2 ¢6 thé nhan thay sirc khang thanh don vi ¢6 xu hudng ting theo chiéu sau ddi Véi
ca dat roi va dat dinh. Tuy nhién, khi chiéu sau vuot quakhoang 40 m, toc do gia ting
sic khang thanh giam dang ké va giatri sac khang thanh dan dat toi gioi han. Piéu
ndy cho thdy anh huang cia chiéu sau dén sirc khang thanh khéng hoan toan tuyén

tinh, dac biét ddi véi cac 16p dat nam & d6 sau 16n. Quy luat nay ciing phit hop vai xu
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huéng phan bé sirc khéang thanh don vi caa cac coc khoan nhdi phut vira dugc phan

tich trong Chuong 3 cualuan an.

Bang 2.2 Stc khéang thanh don vi cua dét trén mit bén caa than coc fi

Chiéu | Cuong do sirc khang trén than coc dic va coc dng co 151 dat ha biang

sau phuong phap dong hoic ép fs (kPa)
trung Dat cét
oI Fjatto | Hat | ca | - : : : : :
& | va | nho | bui
Io,p vua
dat o
(m) bat dinh tng vaéi chi 6 d0 sét 1.
<0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1,0
1 35 23 15 12 8 4 4 3 2
2 42 30 21 17 12 7 5 4 4
3 48 35 25 20 14 8 7 6 5
4 53 38 27 22 16 9 8 7 5
5 56 40 29 24 17 10 8 7 6
6 58 42 31 25 18 10 8 7 6
8 62 44 33 26 19 10 8 7 6
10 65 46 34 27 19 10 8 7 6
15 72 51 38 28 20 11 8 7 6
20 79 56 41 30 20 12 8 7 6
25 86 61 44 32 20 12 8 7 6
30 93 66 47 34 21 12 9 8 6
35 100 70 50 36 22 13 9 8 7
>40 107 74 53 38 23 14 9 8 7

2.1.3 Xdc dinh sitc khdng thanh don vi theo két qud thi nghiém xuyén tiéu chudn (SPT).

Déi véi dat roi, TCVN 10304:2025 [8] cho phép xac dinh sitc khang thanh don vi
cua coc khoan nhdi theo két qua thi nghiém xuyén tiéu chuan duoc xac dinh theo
cong thuc (2.2):

fo =3,3.Ns (2.2)

Trong do

fslasirc khang thanh don vi (kPa); fs < 165 kN/m? theo quy dinh cuatiéu chuan,



28

Ns la chi s6 xuyén tiéu chuan SPT caaldp dat twong ang.

Uu diém caa phuong phéap nay 1a s dung két qua khao sat dia chat, dong thoi
phan &nh tryc tiép anh huéng cua trang théd chit cia nén dat dén sirc khang thanh
coc. Vi vay, phuong phap xac dinh sirc khang thanh don vi theo SPT duoc s dung

rong réi trong thiét ké va danh gia sirc chiu tai coc khoan nhdi trong nén cét.

Trong pham vi nghién ciru caa luan an, cac phuong phap xac dinh sirc sirc chiu
tai cia coc theo TCVN 10304:2014 duoc S dung lam co so X8y dung dé cuong thi
nghiém. Trén co s& d6, danh gia va d6i chiéu vai két qua xac dinh tir thi nghiém nén
tinh két hop do bién dang than coc.

2.2 Co s& ly thuyét xac dinh sirc chiu tai coc bang thi nghiém nén tinh

Thi nghiém nén tinh coc 1a phwong phap thuc nghiém tryc tiép nhim xac dinh
mdi quan hé gittatai trong doc truc téc dung 1én dau coc va do lin turong (rng caa coc
trong diéu kién 1am viéc thyc té. V& ban chat, thi nghiém duoc thuc hién bang céch
gia tai tinh theo tirng cip 1én dau coc va theo ddi sy phét trién cia do 10n theo thoi
gian. Khi tai trong ting dan, sirc khang ciia dit tai than coc va mili coc duoc huy dong
tirng bude cho dén khi dat trang thé gigi han. Do d6, dudng cong quan hé tai trong —
d6 14n (P-S) phan anh truc tiép qua trinh huy dong sirc chiu tai caahé coc — dat vala

co s& dé danh gia kha ning lam viéc caa coc trong nén dat.

Thi nghiém nén tinh coc 1a phuong phap dang tin cdy dé xac dinh sirc chiu tai doc
truc cua coc va duoc xem |latiéu chuan tham chiéu dé kiém ching d6 tin ciy cua céc
phuong phép tinh toan theo 1y thuyét hoic md phong sd (Fellenius (2017) [31];
Kulhawy & Mayne (1990) [39]).

Nguyén ly thi nghiém nén tinh coc: Thi nghiém nén tinh dugc tién hanh bang cach
téc dung tai trong nén doc truc 1én dau coc theo céc cap tai quy dinh va do chuyén vi
dau coc twong (rng tai mAi cAp tai. TUy theo muc dich danh gia va yéu cau cuady an,
thi nghiém cé thé duoc thuc hién theo céc ché do giatai khac nhau nhu nén cham,

nén nhanh hoac nén chu ky. Cac quy trinh nay dugc quy dinh trong céc tiéu chuan
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ASTM D1143-20 [23], TCVN 9393:2012 [5], bao dam tinh théng nhit trong qua
trinh thi nghiém ciing nhu kha ning so sanh giira cac két qua nghién cuu.

Két qua chi yéu caathi nghiém nén tinh coc 1a dudng cong P-S, phan 4nh day du
rng xir co hoc cua hé coc va dat trong sudt quatrinh gia tai. Puong cong P-S mé ta
sir phét trién caa d6 1Gn tai dau coc theo cac cap tai trong téc dung, tir d6 cung cap di
lidu dé xac dinh sirc chju tai doc truc cuc han ciing nhu d6 cing |am viéc cua coc
trong diéu kién thuc té (Hinh 2.1)

Theo TCVN 10304:2025 [8] sirc chiu tai cuc han ctia coc thi nghiém nén tinh
duogc xac dinh theo cac truong hop sau:

- Khi tai trong thi nghiém nén tinh coc dugc ting dén gia tri gy ra su ting lién
tuc d6 1an ctia coc ma tai trong khong tang thi gia tri strc chiu tai cuc han cua coc thi
nghiém (Qu) 14y bang tai trong ghi nhan dugc & cap tai ngay trude do.

- Céc trudng hop con lai. Strc chiu tai cyc han cia coc duoc lay bang tai trong gay
ra d6 Iun cho phép (Sp) xac dinh theo cong thirc:

Sep = €Sgn (2.6)
trong d6: £1ahé sé chuyén tir d6 lun gi6i han trung binh cia méng cong trinh sang
d6 Itn 6n dinh coc khi tht tinh, & 1ay bang 0,2 khi thir coc véi d6 1tn 6n dinh quy uéce
theo quy dinh trong TCVN 9393:2012 [5], TCVN 10304:2025 [8]; Sh lado lan gidi
han ctia cong trinh (Syh = 10 cm) ddi v6i cong trinh nha khung bé tong c6t. Do d6, Sp
duoc 14y bang 20 mm dé xac dinh strc chiu tai cuc han cta coc thi nghiém nén tinh.

Qu Qu QE

Sgh |- e N :

(2)

Po lun.s

'

Hinh 2.1. Biéu db quan hé gittatai trong vado 1an dau coc
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Tuy nhién, dudng cong P-S chi phan &nh (ng xt tong thé caa hé coc — dit vacho
phép xac dinh sic chiu tai cuc han caa coc. Tir két qua thi nghiém nén tinh théng
thuong, khong thé tach biét dwoc phin déng gbp cira sic khang thanh va sirc khang
mili trong tong Sic chiu tai caa coc. Do d6, viéc danh gia dinh lwong hiéu qua gia
tang sirc khang thanh do cong nghé phut vira doc than coc con gap nhiéu han ché. Bé
khic phuc van d& ndy, can két hop thi nghiém nén tinh véi hé thong do bién dang doc
than coc (strain gauge), qua dé xac dinh s phan bé lyc doc theo chiéu dai coc vasic

khang thanh don vi cuatung doan coc.

2.3 Co s& |y thuyét xac dinh sirc khang thanh don vi bang thi nghiém nén tinh
két hop do bién dang doc than coc.

Dé danh gia chi tiét img xir cia coc trong qua trinh chiu tai, thi nghiém nén tinh
thuong dugc két hop véi hé théng cam bién do bién dang doc tryc (strain gauge, viét
tat 1a SG) bd tri tai nhiéu cao trinh doc theo than coc. Phuong phap nay di dugc nhiéu
tac gia 4p dung trong nghién ctru va thuc té nhu V5 Phan va cong su (2016) [18],
Zhou, J. va cdng su (2017) [65], Nguyén Minh Hai & cong su (2015) [36], Zang,
L.M. va cdng su (2009) [62]. So véi thi nghi€ém nén tinh thong thuong chi xac dinh
dugc quan hé tai trong — do lin ciia dau coc, viéc két hop strain gauge cho phép xac
dinh sy phan bd luc doc trong than coc, tr 46 danh gia sy huy dong strc khang thanh

va strc khang miii cua coc theo ting cap tai.

Nguyén 1y lam viéc cua strain gauge day rung dya trén su thay doi tan s6 dao dong
ctia day thép bén trong cam bién khi coc bi bién dang dudi tac dung cua tai trong. Sy
thay ddi tan sb nay duoc chuyén dbi thanh bién dang doc truc cta coc tai cac tiét dién
lép dat cam bién. Cac gia tri bién dang do duogc la co s¢ dé x4c dinh luc doc trong coc

va phan tich co ché truyén tai ciia h¢ coc — dat.

V¢é mét co hoc, néu xem coc nhu mdt cau kién chiu nén dung tam lam vi¢c trong
mién dan hoi thi tai mdi tiét dién cua coc, ung suat va bién dang tuan theo dinh luat
Hooke. Quan h¢ gitta ing suat, lyc doc va bién dang duogc xéc dinh theo:

o; = & = E.Ei (27)
A
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Hay Ni = FE.A. &
trong do: Ni 1a lyc doc tai tiét dién thtr i; oi 1a ing suat phap; & 1a bién dang doc truc

ctia coc tai tiét dién thr i; E 1 md dun dan hoi cua vat liéu coc; Ala dién tich tiét dién
ngang cua coc.

Khi coc chiu nén trong nén dat, do miii coc cling tdn tai chuyén vi ding va ma sat
gifta coc va dét 1am luc doc trong coc giam dan theo chiéu sau coc, nén bién dang ty
d6i clia coc (&) nhd hon nhiéu so véi cau kién chiu nén dung tam tai ciing mot cap tai.
Thém vao dé stc chiu tai cia coc tinh theo diéu kién vt liéu thuong 16n hon so véi
stre chiu tai coc tinh theo diéu kién nén dat, do vay khi nén tinh coc, vt liéu coc con
lam viéc trong mién dan hoi, quan hé gitra luc doc va bién dang tai mdi tiét dién van
tuan theo dinh luat Hooke. Pay la co s¢ 1y thuyét dé x4ac dinh luc doc trong coc tur $6
liéu bién dang do duoc bang strain gauge.

Dé xéac dinh luc doc theo cong thuc (2.7), can biét trudc do cung doc tryc ctia coc
(EA), Fellenius (1989) [32] di d¢ xuat phuong phap xac dinh do cimg dan hoi cia
coc duoc goi 1a phuong phap mé dun tiép tuyén hay phuong phéap sb gia cia d6 cing.
Trong pham vi vt liéu coc lam viéc trong mién dan hoi, 46 cimg doc truc cta coc
dugc xac dinh théng qua quan hé giira s6 gia luc doc va sb gia bién dang theo cong
thire (2.8):

AN = E.A.Ae » E.A=AN/A¢ (2.8)

Trong d6 : AN = N;,; — N; la s6 gia ctia luc doc twong tng giita 2 cap tai lién
tiép, chi sb j biéu thi cip giatai cuathi nghiém nén tinh, Ae = Eip1 — & lasé gia cua
bién dang doc truc cua coc tuong Ung.

Sau khi xac dinh dugc d6 cung doc truc EA, luc doc tai cac tiét dién lép dat strain
gauge (Hinh 2.2) duoc xac dinh theo (2.9).
N; =0;.A=EA.¢ (2.9)
Trén co s& phan bd luc doc theo chiéu sau, stre khang thanh don vi trung binh caa
ting doan coc gitra hai cao trinh strain gauge duoc xac dinh theo cong thirc (2.10):

_ N; — Niyq (2.10)
Uu. Li

fi
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Trong d6: Ni; Ni+1 laluc doc tai hai cao trinh |p dit strain gauge lién tiép trong cling
mot cap tai, chi sd i biéu thi vi tri lap dat strain gauge doc theo than coc; u la chu vi

coc; Lilachiéu dai doan coc giira hai cao trinh strain gauge.

Nhu vay, viéc két hop thi nghiém nén tinh véi strain gauge khdng chi cho phép
xac dinh sirc chiu tai cuc han cia coc ma con xac dinh duoc sy phan bé luc doc va
sirc khang thanh don vi theo chiéu sau. Day 1a co s& quan trong dé phan tich co ché
truyén tai caahé coc— dat, dong thoi danh gia dinh lugng hiéu qua gia tang sirc khang

thanh cua cong nghé phut vira doc than coc.

Luc doc

Hinh 2.2. So db xé4c dinh luc doc va sirc khang thanh don vi tir S5 liéu bién dang do
bang strain gauge.

2.4 Co s& ly thuyét mé phéng sb bang phwong phap phan tir hitu han (FEM)

Thong thudng dé kiém tra va danh gia chinh xac sirc chiu tai cia coc xac dinh tir
cong thic ly thuyét, nguoi taphai sir dung céc thi nghiém nén tinh coc. Kinh phi thir
tinh coc cao, mat nhiéu thoi gian thuc hién va kho phan anh day da sy bién doi cia
toan bo hé moéng do sd lwong coc thi nghiém thuong chi chiém khoang 1% téng sb
coc (nhung khong it hon 2 coc) [53]. Sir dung phuong phap sé dé mé phong céac thi
nghiém nén tinh coc la giai phép bd sung thie hién gidp du bao, danh gia gia tri sc
chiu tai caacoc.

Phuong phéap phan tir hitu han (FEM) 1a mét cong cu phan tich sb duoc st dung
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rong rai trong diaky thuat nham mé phong tng xur tuong tac gitra dat vakét ciu. Doi
Vv6i bai todn coc chiu tai, FEM cho phép dénh gia phan bd ing suat, bién dang va du
bao quan hé tai trong — do 1Un cua coc dudi cac giai doan giatai khac nhau. Muc do
phl hop caa két qua mé phong phu thudc vao md hinh vat liéu dugc lra chon, diéu
kién bién, cac gia thiét mé hinh hdava chat lugng cua cac thong sb dau vao.

Trong nghién ciu ndy, phan mém Plaxis 3D dwoc s dung dé md phong thi
nghiém nén tinh coc khoan nhéi khdng phut va coc khoan nhdi phut vira doc than
coc. Pay 1a phan mém diaky thuat dua trén phuong phap phan tir hiru han, duoc six
dung rong rii trong phén tich twong tac dat — két cau. Phan mém cho phép xay dung
md hinh khéng gian ba chiéu cia hé coc — dat nham hd trg phan tich ang xir tai trong

— d6 1Gn cua coc trong cac diéu kién dia chat khéc nhau.

2.5 C4c cong thire xac dinh sirec khang thanh don vi ciia coc khoan nhai c6 phut
vira

Viéc xac dinh sitc khang thanh don vi caa coc khoan nhéi ¢6 phut vitala van dé
then chét trong thiét ké va danh gia kha niang chiu tai ciamong coc. Trén co sd tong
hop céc nghién ctru di cong bd, cdng thirc xac dinh sirc khang thanh don vi cua coc
phut vita ¢ thé duoc phan thanh ba nhém chinh: (i) nhom cong thirc dua trén ang
suit hitu hiéu va co hoc tiép xtc; (i) nhém cong thirc st dung hé sb gia ting suc
khang thanh; va (iii) nhém cong thic thuc nghiém dya trén két qua khao sét hién

truong.
2.5.1 Nhém cong thizc dwa trén deng sudt hizu hidu va co hoc tiép xic

Nhém phuong phap nay duoc phét trién trén co so cac ly thuyét truyén thong vé
tuong tac coc — dat, trong do strc khang thanh duoc xac dinh théng qua cac hé sb thuc
nghiém phan anh diéu kién tiép xuc gitta coc va dat nén thong qua hé sd ing suat hiru
hiéu B ddi v6i dat roi vahé sd masét tiép xuc trong cac mé hinh co hoc. Céc nghién
ctru cia Littlechild va cong su (1998) [40] cho thay khi &p dung cong nghé phut vita,
céc hé sd dic trung cho twong tac coc — dat c6 xu hudng ting dang ké so Véi coc

khdng phut vita. Biéu ndy phan anh su cai thién diéu kién tiép xuc vakha niang truyén
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{rng suat giira than coc va dat nén sau khi phut vira.

Uu diém ciia nhém phuong phap nay 1a c6 co sé co hoc twong dbi rd rang va phu
hop véi cac phuong phap thiét ké coc truyén thong. Tuy nhién, viéc xac dinh céc hé
s sau phut vita thuong phu thuoc nhiéu vao dir liéu thuc nghiém va diéu kién dia

chat cu thé caatirng cong trinh.
2.5.2 Nhém cong thizc siz dung hé s gia ting sive khdng thanh don vi

M6t hudng tiép can khac dugc nhidu nghién ciu 4p dung lasir dung hé s gia ting
sic khang thanh don vi dé danh gia hiéu qua cua cong nghé phut vita. Theo phuong
phép nay, sirc khang thanh don vi cia coc phut vira dugc xac dinh théng qua mue d6

gia tang so vai coc khdng phut trong cung diéu kién dia chat.

Cac nghién ciru caa Gouvenot va Gabaix (1975) [34], Stocker va cong su (1983)
[51], Littlechild va cong sy (1998) [40] déu ghi nhan sirc khang thanh don vi ciia coc
phut vira ting khoang 1,5-3,0 1an so véi coc khong phut. Phuong phap nay c6 uu
diém 1a don gian, d& &p dung vathuan tién trong thuc hanh thiét ké. Tuy nhién, hé sd
gia tang thuong dugc xac dinh tir cac co sd dit liéu thuc nghiém riéng Ié nén c6 do
phan tan 16n va phu thudc manh vao diéu kién dia chat, cdng nghé thi cong cling nhu

bién php phut vira dugc sir dung.
2.5.3 Nhém cong thizc dea trén chi so thi nghiém hién trirong

Céc cong thirc thuc nghiém sir dung céc két qua khao sét hién truong, dac biét 1a
chi s6 xuyén tiéu chuan (SPT), duoc &p dung khé phd bién nho tinh don gian vakha
nang tan dung sb liéu khao sat dia chat sin cd. Céc nghién ciru quéc té cho thy sac
khang thanh cua coc phut vira cd mdi twong quan nhat dinh véi chi s6 SPT cua dat

nén.

Tai Viét Nam, Khanh, P.V. vacong sy (2013) [38] da dé xuat quan hé thuc nghiém
xéac dinh sic khang thanh don vi caa coc phut vita dyatrén chi sb SPT. Pay 1a mot
trong sd it cong thire dugc xay dung tir dit liéu thuc té caa cac cong trinh c6 8p dung

cdng nghé phut vita trong diéu kién dia chat Viét Nam. Tuy nhién, cong thirc ndy chi
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yéu phan &nh anh huéng cia chi sb SPT va chua xét dén céc yéu té khac nhu ham
lwgng vira phut, chiéu sdu nghién ciu hodc sy khéc biét vé diéu kién dia chat gitta
céc khu vuc, cu thé nhu sau:

+ Péi vai coc nhéi khdng phut vira, e khang thanh don vi:

f. =5.N <170 (kPa) — Béi voi dit cét (2.12)
+ Dbi véi coc nhdi ¢d phut vira than coc, sirc khang thanh don vi:
fig = 8.N <300 (kPa) — Doi véi dat cat (2.12)

trong do: fsy |& Src khang thanh don vi cia coc khoan nhéi ¢é phut vira doc than
coc (kPa);

Céc cong thirc (2.11) va (2.12) cho thiy sirc khang thanh don vi cia coc phut vira
co thé ting dang ké so véi coc khdng phut vita trong cung diéu kién diachat. M do
gia tang sirc khang thanh don vi trong nén cét c6 thé dat khoang 1,6 lan. Tuy nhién,
hé sd gia tang dugc xem 1a khong do6i theo chiéu sau va khong xét dén anh huong caa

ham luong vira phut.

2.5.4 So sanh cac nhom cong thirc xdc dinh sirc khdng thanh don vi cua coc phut

vira dgc than coc

Bang 2.3 trinh bay téng hop va so sanh cac nhém phuong phéap xac dinh sirc khang

thanh don vi cua coc phut vira

Bang 2.3 So snh cac nhdm cong thic xac dinh sirc khang thanh coc phut vira

Nhom phuong phap Uu diém Han ché
Ung suit hitu hiéu va co hoc | Co sd cohocrdrang | Khé xac dinh tham sb sau
tiép xtic (B) phut
Hé sb gia tang (1) Pon gian, d& dp dung | Phu thudc kinh nghiém,
phan tan lon
Theo chi s6 SPT (k) D& dung, tan dung sb | o chinh x&c phu thudc
liéu khao sét chi sb SPT

Tir c&c nghién ciru dd cong bd co thé nhan thiy rang phan |on cac cong thic xéc

dinh stc khang thanh don vi ctia coc phut vira hién nay dugc xay dung trén co so dir
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lidu thyc nghiém caa tirng khu vue hoic tirng nhém cong trinh cu thé. Do d6, pham
vi &p dung ciia c&c cong thire con twong d6i han ché va can dugc kiém chirng khi st
dung cho cac diéu kién diachat khac nhau. Dic biét, c&c cong thirc hién c6 chua xem
xét ddy du anh huong caa ham lwong vira phut dén sy gia tang strc khang thanh cua
coc trong nén cét khu vuc phia Nam Viét Nam. Day ciing 1a mot trong nhitng van dé

can tiép tuc duoc nghién ciu valam rd.
2.6 Nhan xét chwong 2

Trén co s cac ly thuyét da trinh bay vé xac dinh sirc chiu tai coc, stc khang thanh
don vi, thi nghiém hién trudng va mé phong sb, ¢ thé rit ramot sé nhan xét chinh
nhu sau:

- Cac phuong phap xac dinh sic chiu tai coc theo TCVN 10304 duoc x&y dung
cha yéu cho coc khoan nhoi thong thuong va 1a co sd quan trong trong thiét ké nén
moéng. Tuy nhién, cac phuong phap nay chua xét tryc tiép anh hudng cia cong nghé
phut vita doc than coc dén s gia ting strc khang thanh don vi vasic chiu tai cuacoc.

- Thi nghiém nén tinh coc 1a phuong phéap thuc nghiém tryuc tiép vatin cay dé xéac
dinh sirc chju tai cuc han cia coc. Khi két hop véi hé théng do bién dang doc than
coc bang strain gauge, cd thé xac dinh phan bo luc doc vasirc khang thanh don vi caa
tirng doan coc theo chiéu siu, qua d6 danh gia dinh luong hiéu qua gia ting sirc khang
thanh do cong nghé phut vira doc thén coc.

- Phuong phap phan tir hitu han sir dung phan mém Plaxis 3D cho phép md phong
{rng Xt twong tac giira coc va dat thdng qua quan hé tai trong — do lun, dong thoi xét
dén anh huong caa cac tham sb vat lidu va diéu kién tiép xuc gitta coc va dat nén.
Day 1a cong cu hitu hiéu dé kiém chang két qua thuc nghiém va mé rong pham vi
phan tich ang xtr cia coc dudi cac diéu kién 1am viéc khéc nhau.

- C&c cong thte xac dinh sirc khang thanh don vi cta coc phut vira hién nay cha
yéu duoc xay dung trén co so cac hé sb thuc nghiém hozdc céc chi tiéu khao st hién
truong. Miac di co vu diém 13 don gian va thuan tién trong &p dung, cac cong thuc
ndy van chua xem xét day di anh hudng dong thoi caa ham lwong vira phut va chiéu

SAu 1am viéc dén sy gia ting strc khang thanh don vi cia coc, do d6 pham vi &p dung
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con han ché ddi véi cac diéu kién dia chat khac nhau.

Trén co sd cac co sd |y thuyét di trinh bay, luan &n lya chon hudng tiép can két hop
gitta thi nghiém nén tinh hién truong, do bién dang doc than coc bang strain gauge va
md phong s6 bang phan mém Plaxis 3D nham danh gia dinh lwong anh huong caa ham

luong vira phut dén strc khang thanh don vi va sic chiu tai cua coc khoan nhdi.
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CHUONG 3. XAY DUNG MO HINH THi NGHIEM NEN TiNH PE PHAN
TiCH HIEU QUA TANG SUC CHIU TAl CUA CQOC KHOAN NHOI PHUT
VUA DQC THAN CQC

Chuong nay trinh bay viéc x&y dung mé hinh thi nghiém coc khoan nhdi phut vira
doc than coc, ddng thoi trién khai chuong trinh thi nghiém nén tinh coc tai hién truong
nhim danh gia anh huéng cia ham lugng vira phut dén sirc chiu tai caa coc va s

phan b sirc khang ma sét doc than coc.

Noi dung chuong ciing dé cap dén qua trinh x&y dung mé hinh thi nghiém, bao
gom céc cong téc: thi cdng céc coc thir, bd tri thiét bi do bién dang doc than coc va

thuc hién thi nghiém nén tinh theo tiéu chuan.

S liéu thu dugc tir thi nghiém duoc s dung dé tinh todn giatri sirc khang thanh
don vi va sic chiu tai cuc han caa coc theo ham lwong vira phut. Trén co s do, tién
hanh phan tich nham xac dinh duoc ham luong vira hiéu qua ddi véi coc khoan nhoi
&p dung cong nghé phut vira than coc trong diéu kién dia chét tai dia diém thuc

nghiém.

Tur két qua thi nghiém hién truong, dé xuat cdng thire xac dinh sirc khang thanh
don vi cia cac doan coc phut vita lam viéc trong nén cat min, trang théi roi tai khu
vuc nghién ciu. Cong thirc d& xuat dugc hiéu chinh va kiém ching qua sb liéu thi
nghiém ciiamot sd cong trinh cu thé dé tir 46 nang cao kha niang (rng dung ciianghién
ctru.

3.1 Xay dwng mo hinh thi nghiém
3.1.1 Pja chdt tai khu viec thi nghiém

Chuong trinh thi nghiém dugc thuc hién tai mét khu dat tré)ng thudc bai tap Thao
truong Tan Uyén cua Truong Si quan Cong binh. Khu vyc thi nghiém nam trén tuyén
buong 748, Phuong Tan Uyén, TP.HCM, trudc day thudc xa Tan My, huyén Bic
Tan Uyén, tinh Binh Duong. Vi tri nay duoc Iya chon do diéu kién dia chat trong doi
déng nhat va thuan loi cho viéc b tri cac thi nghiém hi¢n truong. Mat bﬁng khu vuc

thi nghiém dugc thé hién trong Hinh 3.1.
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o~ Binh Duong, Vietnam

o
Vi tri thi nghicm

\ g

o

Hinh 3.1. Mit bang vi tri thi nghiém

Két qua khao sat dia chat cho thay nén dat tai khu vyc thi nghiém chi yéu 1 cat
min, c6 chra mot luong nho tap chat va cac hat soi thach anh. Dat c6 mau sic thay

do1 tr xam trang dén xam vang.
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Hinh 3.2. Budng cong cip phdi hat cia dat khu vyc tién hanh thuc nghiém

Thanh phéan hat ciia dat duoc xac dinh thong qua thi nghiém phan tich cap phéi
hat trong phong thi nghiém. Két qua phan tich thanh phan hat cho thay dat tai khu
vuc nghién ctru ¢6 ham luong cat chiém wu thé, dat khoang 78,8 % tong khéi luong
mau. Ngoai ra, dat con chira 0,9 % hat s6i, 9,3 % hat bui va 10,9 % hat sét. Duong

cong cép phéi hat cta dat tai khu vuc thi nghiém duogc trinh bay trong Hinh 3.2, cac
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chi tiéu co 1y co ban cua dit dugc tong hop trong Bang 3.1.

Bang 3.1. C&c chi tiéu co 1y cuia dat tai dia diém thi nghiém

Théng sb Giatri
D6 4m tu nhién (%) 18,11
Dung trong uét (KN/m3) 20,02
Dung trong kho (kN/m?) 17,11
Ty trong hat 2,67
b6 bado hoa (%) 86
Hé sb rong 0,56
G6c ma sat trong (°) 23°16
Lyuc dinh (kPa) 6,6

Ngoai céc thi nghiém trong phong dé xac dinh céc chi tiéu co 1y cua dét, cac thi
nghiém xuyén tiéu chuan (SPT) ciing duoc thyc hién tai khu vyc nghién ciru nham
danh gia murc d6 chat caa dat theo chidu sau. Trong mdi 16 khoan khao sat, SPT dugc

tién hanh tai ba d6 sau khac nhau, gém 0,9 m, 2,4 mva 3,9 m.

Két qua thi nghiém cho thay chi sd SPT N twong tng tai cac d6 sau trén lan luot
|a2, 4va7 lan dap, giatri trung binh cualép dat N = 4. Giatri SPT N tiang dan theo
chiéu sau cho thidy mat d6 caa ldp cé min tai khu vyc thi nghiém c6 xu huéng ting

dan tir 16p dat gan mat dat xudng céc 16p dat sau hon.

Ngoai ra, dé theo dbi si bién dong ciamuc nudc ngam trong quatrinh thi nghiém,
hai giéng quan tric di duoc lap dit tai khu vic nghién ciru. Két qua quan tric cho
thiy muc nudc ngam tai khu vue thi nghiém tuong déi on dinh, nam ¢ do sau khoang
0,3 m so v6i mat dat tu nhién trong sudt thoi gian tién hanh céc thi nghiém hién

truong.



41

Céc dic diém dia chat va céc chi tiéu co 1y ctia dit néu trén cho thiy nén dét tai khu

vuc nghién ciru thuoc loai c& min, co trang thai roi [3].
3.1.2 Quy mé, cdu tgo va thi cong cec thi nghiém
a. Quy mé thi nghiém

Vi muc tiéu khao sét anh huong ciua ham luong vira phut IR dén sirc chiu tai va
sirc khang thanh caa coc khoan nhdi, chuong trinh thi nghiém dwoc bé tri theo phwong
phap dbi chimg, trong do cac coc ¢ cung kich thudc, vat liéu, diéu kién dia chat va

quy trinh thi céng; ham lugng vira phyt IR duoc lya chon 1abién nghién ciu.

Viéc lya chon cac muc IR duoc thuc hién trén co s¢ két hop gitta thuc tidn &p
dung cdng nghé phut vira doc than coc vayéu cau bé tri bién thic nghiém. Quakhao
sét sb liéu cac cong trinh coc khoan nhdi ¢ &p dung phut vira doc than ma NCS thu
thap, mic IR=35 I/m? dugc sir dung tai cac cong trinh thyc té va duoc lya chon 1am
muc tham chiéu cho chuong trinh thi nghiém. Trén co s d6, IR = 20 va50 I/m? dugc
bd tri 1an lwot thdp hon va cao hon mirc tham chiéu véi cuing khoang chénh léch
AIR=15 I/m?. Céch b6 tri ndy nham khao sit sy thay d6i tng xur ciia coc khi giam
hoic tang luong vira so voi mic tham chiéu, dong thoi danh gia xu hudng thay doi

mirc gia tang strc chiu tai theo lugng vira phut.

Coc BPGO véi IR = 0 duoc sir dung 1am coc dbi chimg. Nhu vay, chuong trinh
thi nghiém gém bon muic IR= 0; 20; 35; 50 I/m?, tuong tng véi coc khéng phut vira
vaba mirc phut thap, trung binh va cao trong pham vi khao sét. Viéc lya chon IR=35
I/m2 1am mac tham chiéu khong dong nghia véi gia dinh trude day 1a mac toi vu;
murc ham luong vira hiéu qua dugc xac dinh sau khi phan tich téng hop két qua thi
nghiém vé sic chiu tai, chuyén vi va sic khang thanh don vi.

Trén co sé muc tiéu nghién ctru va can nhic quy mé thi nghiém hién truong, NCS
tién hanh thi nghiém trén 04 coc khoan nhéi, ky hiéu BPGO, BPG20, BPG35 va
BPG50. Céc thdng tin ciia chuong trinh thi nghiém duoc tong hop trong Bang 3.2.
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Bang 3.2. Thong tin chwong trinh thi nghiém coc khoan nhdi
BPG35 BPG50

Théng sb thi nghiém BPGO BPG20
buong kinh coc (mm) 400 400 400 400
Chiéu dai coc trong dat (mm) | 3000 3000 3000 3000
Ham luong vira phut (I/m?) 0 20 35 50
0 8,37 14,65 20,94

Luong vira phut tai moi 15
phut (1)

Ngay thi cong coc 15/10/2023 |16/10/2023 |17/10/2023 |18/10/2023

17/11/2023 |18/11/2023

Ngay thi nghiém nén tinh coc |15/11/2023 |16/11/2023
S6 cap tai 13 17 22 23
Cap giatai (kN) 6 6 6 6

Ngoai ra, dé tao ddi trong cho viéc gia tai caathi nghiém, mot sb coc neo ciing

duoc ché tao ddng thoi. Mt bang bd tri hé coc thé hién trén Hinh 3.3.
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Ky hiéu:

1. Coc khoan nhoi thi nghiégm 3. Coc neo , ‘
2. Ho khoan dia chat 4. Giéng gquan trac muc nudc ngam

Hinh 3.3. Mit bang bd tri hé coc thi nghiém va coc neo

b. Cdu tao coc thi nghiém
Puwong kinh coc: phai dam bao du diéu kién khoan tao 16 coc, du khong gian dé
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bd tri c&c thiét bi do va hé théng phut vita doc than coc, vi thé dudng kinh D = 400
mm duoc chon latéi thiéu dé dap (rng c&c yéu cau néu trén. Tong dién tich tiét dién
ngang cia hé thdng dng phut vira va cac strain gauge lap dit doc than coc 14 824,25
mm?, twong ng vai ty 18 giam yéu 1a0,66 %, do vay anh huong caaviéc lip dat céc
thiét bi nay dén kha niang chiu luc cia coc 1 khong dang ké.

Vit liéu coc: Bé dam bao kha ning chiu luc, coc duoc ché tao bang bé téng da
1x2 ¢6 cap d6 bén B20 (méc 250), voi cuong do nén tiéu chuan R, = 11,5 MPa, phu
hop véi yéu cau caa TCVN 5574:2018 [9]. Bé tdng sir dung trong qua trinh thi cong
c6 d6 syt 19 + 1 cm, dam bao do luu dong khi d6 bé téng biang 6ng tremie. Trong qué
trinh thi cdng, cac mau bé tong kich thudce 150 x 150 x 150 mm dugc diuc dong thoi
Véi Viée d6 bé tdng coc nham kiém tra cuong do nén cia bé tong theo quy dinh (chi
tiét tai Phy luc 1). Cét thép doc cuacoc gom 8 thanh thép duong kinh @12 mm bang
thép CB400 -V ¢6 cuong do chiu kéo 400 MPa (thuong hiéu Viét—-Nhat). Ham luong
cbt thép doc caacoc lap = 0,72 %, dugc phan bé déu theo chu vi coc. Cot thép dugc
thi nghiém kiém tra cuong do kéo trude khi ché tao [ong thép nham dam bao tuan tha
céc yéu cau ki thuat thiét ké (chi tiét duoc trinh bay tai Phu luc 1). Long thép duogc
ché tao va lap rép tai xuong co khi trude khi dua ra hién trudng thi cong, duoc thé
hién trong Hinh 3.4.

Ky hiéu:

1.Thép cha chju luc 4.Dau phun vira

2.Thép dai xoan 5.0ng dan vira

3.Thép dai ting cuong 6.Vi tri lap dat strain gauge

Hinh 3.4. Khung thép coc khoan nhdi gia cdng ché tao tai xudng
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Cdu tgo coc: néu lya chon chiéu dai coc qué 16n s3 1am ting chi phi thi cong va
gay kho khin trong qua trinh thi cong, dic biét trong diéu kién coc ¢ tiét dién nho
vathi cdng coc trong nén c&t min, trang théi roi. Tir b liéu thuc té, cac cao trinh phut
vita thuong dugc bd tri doc than coc vai khoang cach khoang 1 m, NCS lya chon

chiéu dai coc 123 m, dé bd tri duoc ba cao trinh phut vira

Bén canh d6 hé théng dng dan vita, cac dau phun bé tri doc theo than coc. Céc 16
phut duoc bit kin bang bang keo cao su nham trénh bé tdng xam nhap vao 6ng phut
trong qua trinh d6 bé téng coc. Pau phun dugc ché tao bang vat liéu PVC cuong d6
cao va hoat dong nhu mot van mot chiéu, cho phép vita duoc bom ra ngoai nhung

ngan khong cho dat hoac bé tdng xam nhap nguoc lai ong dan vira.

Thiét bi do bién dang doc than coc 1a c&c cam bién strain gauge s6 hiéu Geokon
Model 4200, duogc lap dat tai 3 cao trinh khac nhau doc theo chiéu dai coc. Tai mdi
cao trinh, 2 cam bién duoc b tri d6i xrng trén mat cat ngang ciia coc nham giam sai
sb do va tang do tin cay caasd liéu. Dit lidu tir cac cam bién duoc thu thap théng qua
bo thu tin hiéu trong quatrinh thi nghiém nén tinh. Chi tiét ciu tao caa coc thi nghiém
duoc thé hién trong Hinh 3.5.
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Hinh 3.5. Cau tao caa céc coc thi nghiém



c. Thi cdng coc

Cong tac thi cdng cac coc khoan nhodi dugc tién hanh tai hién truong tuan tha theo
TCVN 9395:2012 [6]. Qua trinh thi cong duogc trién khai theo trinh tu sau:

- Khoan tao 16 coc:

Khoan tao 15 duoc thyc hién bing thiét bi khoan chuyén dung. St dung dng véach
c6 duong kinh ngoai 1a 420 mm va dwong kinh trong 1& 400 mm c6 chiéu dai 3,3 m,
bao gom 0.3 m trén mat dat va 3,0 m duoc chén trong dat. L& khoan dugc khoan
trong dng véch bang miii khoan c6 duwong kinh 380 mm. Trong quéatrinh khoan, dung
dich bentonite dugc bom lién tuc dé giir 6n dinh éng vach va van chuyén vat liéu
khoan 1&n mat dat.

- Lap dt 16ng thép va hé thong thiét bi do:

Sau khi thyc hién cong tac khoan tao 16 va lam sach day hb khoan, [6ng thép da
duogc giacodng sin duoc ha xuéng dung vi tri bang can cau, sau d6 duoc can chinh va
duoc gitr ¢d dinh bang hé théng con lin dudng kinh 10 cm gén vao thép gia cuong.
Céc con ldn nay cho phép 1ong thép truot dé dang trén thanh 6ng véch. Trong quéa
trinh ha 16ng thép, can dam bao 16ng thép duoc dit dang vi tri thiét ké va truc 1dng
thép tring véi truc caa 18 khoan. Pong thoi, can kiém tra dé dam bao céc 6ng phut
vita va céc thiét bi do bién dang khdng bi hu hong hoic dich chuyén trong quétrinh
lap dat. Sau khi 16ng thép duoc dat dung vi tri, tién hanh ¢b dinh tam thoi 1ong thép
dé trénh hién tuong noi 1ong thép trong qua trinh d6 bé tong.

- P6 bé téng coc:

+ Bé tong dugc do bang phuong phap 6ng tremie, dé dam bao bé tong dugc do tir
day hd khoan 1&n trén dau coc va han ché hién tuong phan ting cua bé téng. Sir dung
ong tremie bang PVC c¢6 dudng kinh ngoai 12 144 mm va duong kinh trong 1a 140
mm dé phuc vu cong tac d6 bé tong coc. Trong qua trinh d6 bé tong, dau bng tremie
luén dugc duy tri ngap trong bé téng nham tranh sy xam nhap caa dung dich giir
thanh hodc nudc ngam vao khdi bé tng. Viéc do bé tong dugc thue hién lién tuc cho

dén khi bé tong dat dén cao trinh thiét ké caa dau coc.
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+ Sau khi hoan thanh cong tac d6 bé tdng coc va dé bé tong dat do 6n dinh trong
thoi gian 2 gio, dng vach duoc rdt 1én bang can cau. Quatrinh rdt dng vach dugc thuc
hién cin than dé tranh 1am x&o tron bé tong va dam bao khdng anh huéng dén chat
lugng bé tdng than coc.

- Thi cong pha nudc va phut vira

+ Sau khi hoan thanh d6 bé téng coc duoc 24 gid, tién hanh pha nudc tai cac 15
phut virabang céch sir dung tia nudc &p suat cao. Cong doan ndy nham 1am sach céc
16 phut, loai bo 16p bé téng thira hodc bun dat con sot lai trén bé mat coc, dong thoi
dam bao |6 phut thong thoang dé chuan bi cho qué trinh phut vira dién ra hiéu qua.

+ Qué trinh phut vita thé hién trén Hinh 3.6 va Hinh 3.7, duoc thuc hién sau 3
ngay khi hoan thanh d6 bé téng coc. Trinh ty phut vita duoc thuc hién tir mii coc trg
|én mat dat 1an luot tai c&c cao trinh phut, théng qua 9 dng phut vira, dugc ché tao la
céc 6ng nhya ndi truc tiép dén vi tri phut tirng 16 phut vai vat liéu bang nhua uPVC
V6i duong kinh trong 1a 8 mm , duong kinh ngod 10 mm, duoc lap dat tai ba cao
trinh khéc nhau : -0,5 m, 1,5 m va-2,5 m so vé6i bé mat dat tu nhién, dam bao phan
phdi vita dong déu theo chiéu sau coc. Thé tich vita sir dung cho mdi coc vamdi 15

phut dugc thé hién chi tiét trong Bang 3.2.

™~
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I Ky higu:
1.Coc phut vira 5. May bom vira
2.Thung dinh lugng vira 6. Ap luc ké
Phee 3. Luu lugng ke 7.0ng dan TAM
. 4 Ong dan vira 8. Gianang.

Hinh 3.6. So dd van hanh hé thong phut vira
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+ Thé tich vira sir dung cho mdi coc vamdi dau phut dugc thé hién chi tiét trong
Bang 3.2. Trong qua trinh thi cong, lwong vira qua timg dau phun duoc theo déi va
ghi nhan bang luu lugng ké; ddng thoi &p luc phut dugc kiém soat thong qua dong hd
&p luc lap dat trén hé théng bom vira. Cac doan dng phut, bd tri tai ting cao trinh
phut hoat dong doc 1ap, cho phép kiém sodt riéng biét luong vira dwa vao timg dau
phun.

+ Chit luong phut viratai cac cao trinh —0,5, —1,5 va —2,5 m duoc kiém soét thong
qua luong vira thuc té va &p luc phut tai timng dau phut. Luong vira thuc té duoc ddi
chiéu voi lugng virayéu cau twong tng vai ting giatri IR, trong khi &p luc phut dugc
theo ddi lién tuc trong quéatrinh thi cong. Viéc sir dung cac dng phut doc Iap tai tirng
cao trinh cho phép kiém soat riéng lugng vira dua vao tung vi tri, qua do6 han ché su

phan bb khong dong déu cia vira theo chiéu sau coc.

Hinh 3.7. Quatrinh phut vira

Do diéu kién thi nghiém hién truong khong cho phép danh gia truc tiép pham vi
lan truyén caa vira trong nén dat, hiéu qua phut vita dugc danh gia gian tiép thong
qua két qua thi nghiém nén tinh, sy phan bb luc doc than coc va gia tri sic khang
thanh don vi xac dinh tir c&c cam bién strain gauge.

Cép phdi vira st dung trong nghién ciru nay duoc lya chon tuong tu Véi cac cip
phdi ma céc nha thau nén mong [6n tai Viét Nam, cu thé 1a cip phéi vira cua Bachy

Soletanche sir dung. Hon hop vira phut dugc diic cac mau thir va duoc kiém tra chat
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lwong bing thi nghiém cudng d6 chiu nén trong phong. K ét qua chi tiét cac thi nghiém

kiém chizng thanh phan va chét luong vira dugc trinh bay trong Phu luc 1.
3.2 Thi nghiém nén tinh coc két hep véi do bién dang doc than coc

3.2.1 Muc tiéu thi nghiém

Nhim danh gia anh huong cia ham luong vira phut dén sy gia ting sic khang
thanh don vi vastc chiu tai doc truc ciia coc khoan nhdi trong nén cét min, trang théi
roi, chuwong trinh thi nghiém hién truong duoc thuc hién trén bon coc khoan nhéi co
cung kich thuéc va ciu tao, bao gdom mét coc khdng phut vira (BPGO) vaba coc phut
vitadoc than véi cac ham luong vitalan luot 14 20; 35 va 50 I/m2.

Théng qua thi nghiém nén tinh, quan hé gittatai trong t4c dung va chuyén vi dau
coc duge xac dinh ddi vai tirng coc thi nghiém. Bong thoi, hé thong strain gauge dugc
bé tri tai ba cao trinh doc than coc nham ghi nhan bién dang doc truc cua coc trong
suét qua trinh giatai. Tir b liéu bién dang do dugc, luc doc phan bd theo chiéu sau
coc dugc xac dinh, lam co s¢ tinh todn sirc khang thanh don vi trung binh cua tung

doan coc.

Trén co so két qua thi nghiém, nghién ctru hudng téi cac muc tiéu cu thé sau:

- Banh gia anh huong caa phut vira doc than coc dén strc chiu tai cuc han cuacoc
dravao quan hé tai trong — chuyén vi (P-S) cua coc khoan nhoi;

- Xac dinh mtc d9 gia tang strc khang thanh don vi cia cac doan coc phut vira so
Véi coc khoéng phut vira,

- Thiét 1ap quan hé giira ham luong vira phut va sic khang thanh don vi, tir d6 xac
dinh ham lugng vira phut hi¢u qua;

- P& xuit cong thirc xac dinh stc khang thanh don vi caa coc khoan nhéi phut vira

trong nén cét min, trang théi roi.

Céc thi nghiém duoc thuc hién khi bé téng coc dat tudi 28 ngay, nham bao dam
cuong do cuabé tdng coc. Thi nghiém nén tinh dugc thuc hién theo phuong phap gia
tai nhanh theo tiéu chuan ASTM D1143-20 [23]. Phuong phap gia tai ndy gitp han

ché anh huong caa hién tugng tir bién khi do bién dang coc.
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3.2.2 Xdc dinh tdi treong thi nghiém

Trudc khi tién hanh thi nghiém nén tinh, stc chiu tai cuc han dy kién cua coc can
dugc xac dinh nham 1am co sé x&y dung dé cuong thi nghiém, lva chon hé phan lyc,
thiét bi do va phan chia cac cap giatai phd hop.

Trong nghién ciu ndy, sic chiu tai cuc han du kién cua coc khoan nhéi khéng
phut vita BPGO dugc xac dinh theo TCVN 10304:2014 [4], bao gém phuong phap
tinh theo chi tiéu co 1y, phuong phap tinh theo chi tiéu cudng do cia dat va phuong
phap xac dinh theo chi s6 xuyén tiéu chuan SPT. Bdi véi phuong phap SPT, luan &n
sir dung céc cong thac Meyerhof va Vién Kién tric Nhat Ban quy dinh trong Phu luc
G cia TCVN 10304:2014. Két qua tinh toan duoc tong hop trong Bang 3.3.

Két qua cho thy sirc chju tai cuc han dy kién cua coc BPGO dao dong tir 70,44
kN dén 128,25 kN, tiy theo phuong phép tinh toan. Trong dé, gia tri xac dinh theo
chi tiéu co 1y 1a nhé nhét, bang 70,44 kN; giatri theo chi tiéu cuong do 1299,98 kN;
giatri theo cong thirc Meyerhof 1a77,48 kN; vagiatri theo Vién Kién triic Nhat Ban
la 128,25 kN.

Bang 3.3. Strc chju tai cuc han caa coc khdng phut BPGO theo diéu kién dat nén

Thanh phan . L
i R Thanh phan khang
khang thanh cua o
miui1 cua CcocC )
coc Sirc chiu
Phuong phap xac dinh sac | Sirc tai cuc
chiu tai caacoc nhoi theo | khang | Stc ST ST han caa
TCVN 10304:2014[4] | thanh | khang | khang | khéng coC
don thanh | mii don mili (kN)
Vi (kN) vi (kPa) (kN)
(kPa)
Theo chi tiéu co ly 15,90 | 59,94 80,76 10,50 70,44
Theo chi tiéu cuong do 13,33 | 50,25 382.5 49,73 99,98
Theo chi s6 SPT N
- Theo Meyerhof 4,00 15,08 480 62,40 77,48
- ViénKiéntrac Nhat Ban | 13,33 | 50,25 600 78,00 128,25
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Trong nghién ciru ndy, gia tri 70,44 kN duoc lva chon 1am co s¢ x&y dung dé
cuong thi nghiém vi ddy 1a gia tri nho nhat trong cac phuong phap tinh toan, bao dam
céch tiép can than trong trong viéc lya chon budéc gia tai va thiét ké hé théng thi
nghiém. Viéc lya chon nay giup tranh danh gia qua cao sirc chiu tai dy kién caa coc,
ddng thoi van bao dam tai trong thi nghiém c6 thé tiép tuc ting dén khi x4c dinh duoc

stc chiu tai cuc han thuc té caa coc.

Ddi véi cac coc phut viraBPG20, BPG35 va BPG50, sic chiu tai cuc han du kién
dugc xac dinh theo cong thirc kinh nghiém caa Cong ty BSV (Cong thic 2.12), dugc
x8y dung trén co sé sic khang thanh don vi cua coc khéng phut vira. Két qua tinh
todn cho thiy sirc chiu tai cuc han du kién cua cac coc phut vira khoang 106,41 kN.
Giatri nay chi duoc sir dung dé x8y dung dé cuong thi nghiém va lra chon budc gia

tai ban dau, khong dai dién cho sic chiu tai cuc han thuc té cua cac coc thi nghiém.

Trén co s& c&c giatri du kién néu trén, NCS lra chon budc giatai 1a 6 kN, twong
trng khoang 8,5 % sirc chju tai cuc han du kién caa coc khéng phut vira va khoang
5,6 % ddi véi céc coc phut vira. Viéc lya chon budc giatai nho giup ting d¢6 phan
giai cia sd ligu do, dong thoi bao dam mé ta day dua dién bién quan hé tai trong —
chuyén vi, luc doc va sic khang thanh don vi ciia coc trong sudt qua trinh giatai.

3.2.3 Pé cwong va trinh tw gia tdi thi nghigm

Thi nghiém nén tinh dugc thuc hién theo phuong phéap gia tai nhanh quy dinh
trong ASTM D1143-20 [23]. Tai trong duoc ting theo tirng cap véi budc gia tai 6
kN. Mdi cip tai duoc giatai trong khoang 2 phut, sau d6 duoc giir tai trong khoang
3 phut dé ghi nhan céac s6 liéu tai trong, chuyén vi dau coc vabién dang doc than coc

théng qua hé thong strain gauge.

Qua trinh giatai duoc tiép tuc cho dén khi chuyén vi dau coc dat giatri gii han
20 mm theo dé cuong thi nghiém duoc X8y dung trén co s6 TCVN 10304:2014 [4].

Sau khi hoan thanh cap tai cudi cling, tai trong duoc dd vé 0 vakét thic thi nghiém.

Truéc khi lap dat hé thong thir tai, dau céc coc thi nghiém dugc 1am sach vax ly

phing nhiam bao dam tiép xuc tét giira dau coc, kich thuy luc vaload cell. Biéu db tai
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trong theo thoi gian &p dung trong qué trinh thi nghiém duogc thé hién trén Hinh 3.8.
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Hinh 3.8. Biéu d6 quan hé gitratai trong vathoi gian trong thi nghiém nén tinh coc
3.2.4 Xay dung h¢ théng thi tdi tinh coc tai hién trwong

a. Coc neo

Pé tién hanh thi nghiém nén tinh, hé théng coc neo duoc bé tri 1am di trong cho
hé phan luc. Coc neo c6 dudng kinh 400 mm, chiéu dai tong cong 3,6 m, trong d6 3,0
m nam trong dat va 0,6 m trén mit dat. Phan cét thép doc dugc ndi dai dé phuc vu

lién két véi hé dam phan lyc.

Khéc vai coc thi nghiém, coc neo khong dugc lap dit hé thong phut vira va thiét
bi do bién dang doc than coc. Tac dung cua coc neo la tao phan luc 6n dinh cho hé
thir tai makhéng anh huong dén két qua do cua coc thi nghiém.

b. Hé théng dam déi trong

Hé théng dam déi trong truyén va phan phdi phan luc tir hé coc neo [én dam chinh,
bao dam tao luc nén on dinh 1én dau coc thi nghiém. Hé thong nay dugc thé hién
trong Hinh 3.9.
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Ky hiéu

1. Dam phu 7. Coc neo dam chuin 14. Cam bién do luc

2. Dam chinh 8. Cam bién do chuyén vi coc  15. Thudc bot thay

3. Pau thu s liéu 9. Coc neo 16. Cap tin hiéu

4. May tinh doc dir lig¢u 10. Coc thi nghiém 17. CéptinhiguP-S.
5. Bom dau thiry 11. DBé thép 18. Gia d& cam bién do
6. Dam chuan 12. Géi thép tang cudng

Hinh 3.9. Lap dat thiét b thi nghiém nén tinh coc

Dam chinh dwogc dit phia trén dau coc thi nghiém, sir dung thép hinh 1400, c6
nhiém vu tiép nhan vatruyén toan bo tai trong tir kich thiy luc xudng coc. Dam phu
sir dung thép hinh 1250, duoc lién két voi dam chinh tai céc vi tri d6i xtng nham

truyén phan luc tir dim chinh vé hé coc neo.

Toan bo hé dam duoc thiét ké va kiém tra theo tiéu chuan két ciu thép TCVN
5575:2024 [7], bao dam yéu ciu vé cudng do, do ving va on dinh tong thé trong sudt
quétrinh giatai (chi tiét tinh toan duoc trinh bay trong Phuy luc 2.4).

c. Hé thang gia tdi va do dac

Hé théng giatai va do dac trong thi nghiém nén doc truc coc duoc thiét ké ding
theo quy dinh, nham dam bao dé chinh x&c cho thi nghiém. Céc thiét bj dwoc s dung
trong thi nghiém duoc thong ké trong Bang 3.4 va Hinh 3.10.
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¢/ Bdng hd do luc d/ Kich thity luc 40T, hanh trinh 40 mm
Hinh 3.10. Thiét bi thi nghiém

Sau khi hoan thanh cac thi nghiém nén tinh, khu vuc xung quanh céc coc dugc
dao mo dé quan sét truc tiép ving tiép xUc gitra than coc va dat nén vao thoi diém
thich hop muia khé khi muc nudc ngam ha thip hon so véi thoi diém thi nghiém coc.
Hinh 3.11 cho thay hién truong sau khi két thuc thi nghiém, dong thoi cho phép nhan
dién so bo sur khac biét gitra cac coc co phut vira va coc khéng phut vira.

Sau khi hoan thanh cac thi nghiém nén tinh, khu vuc xung quanh céc coc dugc dao
mé dé quan sét truc tiép vung tiép xdc gitra than coc va dat nén. Mat bang bb tri cac
coc thi nghiém va coc neo da dugc trinh bay tai Hinh 3.3; Hinh 3.11 thé hién hién

truong khu vuc thi nghiém sau khi hoan tat thi tai tinh coc.
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Bang 3.4. Thong ké céc thiét bi do trong thi nghiém nén tinh coc

STT Tén thiét bi Nhan hiéu Théng sb ky thuat
X uAt xir
1 | Kichthay luc Nhat Trong tai: 40 T; Hanh trinh: 40 cm
2 | bonghodoluc | Nhat Tai trong: 40 T; Chiéu cao: 15 cm
(load cell)
3 | Cam bién do Viét Nam Pham vi do: 0-20 cm; do chinh x&c:
chuyén vi +0,01 mm
4 | Cam bién do bién | SG-4200 Dai do: 3000 pe
dang (strain Han Québc Do nhay: 1 pe
gauge) b chinh xac: 0,1% FSR
Nhiét d6 hoat dong:-20°C dén +80°C
5 | Datalogger M¥ Pham vi: 32 kénh
Kiéu ghi nhan: Cam bién dién.
6 | My tinh x&ch Acer Ram 2G, Intel 4.x,
tay Nhat ban Bo6 nhé 500 GB.
7 | Méay anh k¥ thuat | Sony 3200 16 megapixcel.
sH Nhat
8 | Hé thong dam Thép hop 5x10 | Bé day 2 mm
chuan cm, Viét Nhat.

Coc neo «.n -wﬁ.“‘*
Y :

o )
| &
—

Hinh 3.11. Hién truong khu vuc thi nghiém sau khi hoan tat thi tai tinh coc
3.3 Két qua va phan tich thi nghiém nén tinh coc két hop do bién dang doc than coc
3.3.1 Két qud thi nghiém nén tinh coc
Két qua thi nghiém nén tinh cua céc coc thi nghiém dugc tong hop trong Bang 3.5

(chi tiét duoc trinh bay tai Phy luc 2.1), thé hién méi quan hé gitratai trong téc dung
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vadd [Un tai dau coc thu duoc trong quatrinh thir tai. Quatrinh giatai dugc thuc hién
theo tirng cap tai véi sb giatai twong wng 146 kN va duy tri cho dén khi coc bj tut
hodc do 1Un dau coc dat t6i Sp = 20 mm., nham quan sat day da ¢ng xir bién dang

cuia coc trong nén cét thi nghiém.

Bang 3.5. Két qua thir tai tinh cia 4 coc thi nghiém

Tai trong (P) Chuyén vi dau coc (mm)
(kN) BPGO BPG20 BPG35 BPG50
0 0 0 0 0
6 0,86 0,83 0,41 0,40
12 1,90 1,43 0,95 0,88
18 2,93 2,36 1,51 1,41
24 3,84 3,07 2,09 1,98
30 4,97 3,67 2,70 2,55
36 6,45 4,38 3,60 3,26
42 7,92 531 4,22 3,93
48 9,25 6,25 537 4,38
54 10,50 7,50 6,25 5,00
60 12,50 8,75 6,95 5,63
66 14,50 10,00 7,94 6,56
72 16,56 11,25 8,75 7,50
78 21,15 13,13 10,00 8,75
84 15,00 10,63 9,69
90 15,56 11,56 10,63
96 18,33 12,50 11,56
102 20,75 13,44 12,50
108 15,00 13,80
114 16,25 15,00
120 17,50 16,25
126 18,75 17,50
132 20,60 18,75
138 20,55

3.3.2 Phan tich dnh hwong ciia ham lwong Vika dén sirc chiu tdi cuc han cia coc

Theo TCVN 10304:2025 [8], trong trudng hop dudng cong P-S dau coc khéng

Xuat hién diém udn rd rét, thi sirc chiu tai cuc han ciacoc cé thé duoc xac dinh thong
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qua do 1Un cho phép ciacoc (Sp) xac dinh theo cong thirc (2.6). Két qua xac dinh stc
chiu tai cuc han caabdn coc thi nghiém dugc thé hién trén Hinh 3.12.
TAI TRONG TAC DUNG, P (kN)

0 20 40 60 80 100 120 140 160

T AT T 1y T T AT T
76,50, 100,14! 130,05, 1136,17

g g -8-BPGO
% —-BPG20
Z —-BPG35
= 12 -8-BPG50
[

16

20 _Sgp_:_zo_r‘fﬁ_‘l ________ I____ L ; :

24

Hinh 3.12. Buong cong tai trong — do [an cua céc coc thi nghiém

Két qua cho thay ham luong vira phut (IR) ¢ anh hudéng ré rét dén sic chiju tai
cuc han ctacoc. Khi IRtang tir 0 1én 20, 35 va 50 I/m?2, sirc chiu tai cuc han (Qu) cua
coc tang twong tng tir 76,50 kN ddi vai coc khéng phut vira lén 100,14 kN; 130,05
kN va 136,17 kN. So véi coc khdng phut vita, Sirc chiu tai cuc han ting 1an luot 1,31;
1,70 va 1,78 lan.

Két qua ndy cho thay phut vira doc than coc gop phan 1am ting dédng ké kha nang
chiu tai doc truc ciia coc khoan nhéi. Xu hudng nay ciing phit hop véi cac nghién ctu
Zhou va cong su (2017) [62], Wu va cong su (2020) [67], Zhang va cong su (2009)
[65], trong d6 déu ghi nhan su gia tang strc chiu tai cia coc khi &p dung cong nghé

phut vira trong diéu kién nén dat trong tu.

Quan hé giira ham luong vira phut va sic chiu tai cuc han cua coc duoc thé hién
trén Hinh 3.13.. Két qua trén Hinh 3.13 cho thiy sic chiu tai cuc han Qu ting theo
ham lugng vira phut IR; tuy nhién, mic gia tang khong duy tri nhu nhau trong toan
bo pham vi khao sét. Quan hé gitta IR va Qu c6 thé phan thanh hai giai doan véi mic

gia tdng khac nhau.
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Trong giai doan thir nhat, khi IR ting tir 0 dén 35 I/m?, sirc chiu tai cyc han ting
tur 76,50 kN 1én 130,05 kN, tuong ing tang khoang 70,0% so vai coc khong phut vira.
Murc gia tang trung binh ciiasirc chiu tai trén mét don vi ham lwong viratrong khoang
nay duoc xac dinh a;=1,53 kN/(I/m?)

Trong giai doan tht hai, khi IRtiép tuc tang tir 35 1&n 50 I/m?, sizc chju tai cuc han
chi tang tir 130,05 kN 1én 136,17 kN, twong uirng tang thém khoang 4,7 % so vdi coc
BPG35. Murc gia ting trung binh trong khoang ndy |1& a, = 0,41 kN/(I/m?). Ty sb
gitta hai mirc gia tang: a,/a, = 0,41/1,53 ~0,27; cho thiy mirc gia ting stc chiu tai
trén mot don vi ham lugng vira trong khoang IR = 35-50 I/m? chi con khoang 27%
0 véi khoang IR = 0 -35 1/m>2 Ddng thoi, khi ting IR tir 35 1&n 50 I/m?, lugng vita
sir dung trén mot don vi dién tich than coc tang khoang 42,9%, trong khi sirc chiu tai
cuc han chi ting thém khoang 4,7%. Két qua cho thay hiéu qua gia ting sirc chiu tai

theo luong vira bd sung giam rd rét sau muc I1R=35 I/m2.

V1 vay, trong pham vi cac mirc IR khao sat va diéu kién nén cat min, trang théi roi
cua chuong trinh thi nghiém, IR = 35 I/m? dugc x4c dinh [amirc ham luong vira hiéu
qua vé phuong dién gia ting sirc chiu tai. Két luan ndy khong hamy IR =35 I/m? 1a

giatri toi vu cho moi diéu kién dia chat va céng nghé phut vira.

L0}
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HAM LUQNG VU'A PHUT, IR (L/M?Y)

Hinh 3.13. Anh huéng ham lugng vira phut dén sic chiu tai cuc han cua coc
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Quan sét truc quan sau khi dao dat xung quanh cé&c coc cho thiy sur khéc biét rd
rét giira coc phut vira va coc khdng phut vira, nhu thé hién trén Hinh 3.14. Béi Véi
céc coc phut vira, [op dat — vira bam chit xung quanh than coc cho thay lién két gitta
coc va dat duoc cai thién dang ké. Nguoc lai, & coc khong phut vira, ving tiép xdc

coc — dét roi rac hon.

Nhitng quan sét ndy phu hop véi céc két qua nghién ciru caa Littlechild va cong
su [40], Stocker (1983) [51] va Troughton & Stocker (1996) [54], khi céc tac gia déu
ghi nhan rang qua trinh phyt vira lam cai thién didu kién tiép x(c tai mat phan cach
coc — dat, tir d6 1am gia ting dang ké stirc khang ma sét doc than coc.

> ."‘ —,';5_;-" =

Hinh 3.14. Bt dinh bam xung quanh than coc khdng phut va coc phut vira
3.3.3 Phan tich dnh hwéng ciia ham lirong viFa phut dén chuyén vi dau coc
Dé 1am rd hon hiéu qua cua ky thuat phut vira than coc, quan hé giita chuyén vi
dau coc va ham lugng vira phut duoc phan tich tai cac cip tai trong khéc nhau, gém
12 kN, 24 kN, 36 kN, 48 kN va 60 kN. Két qua dugc thé hién trén Hinh 3.15.
Két qua cho thdy ham luong vira phut c6 anh huéng déang ké dén chuyén vi dau
coc. O céc cap tai nho nhu 12 kN, 24 kN va 36 kN, sy khéc biét vé d6 Un gitra céc

coc chura 16N, mac du van thé hién xu hudng giam chuyén vi khi ham lugng vira ting.
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Trong khoang tai ndy, s khéc biét vé do Un gitta coc BPG35 va BPG50 chua 13 rét.

Tuy nhién, khi tai trong tang 1én, hi¢u qua cua phut vira tré nén rod rang hon. Tali
cap tai 48 kN, chuyén vi caa coc BPGO dat 9,25 mm, trong khi coc BPG50 chi dat
4,38 mm, trong urng muc giam lUn khoang 53 %. Xu hudng tuong tu cling dugc ghi
nhan tai cAp tai 60 kN, khi d6 10n caa coc khoéng phut virala 12,50 mm, con coc co

IR =50 I/m?2 chi 1Un 5,63 mm, twrong trng murc giam khoang 55 %.

HAM LUQNG VUA PHUT, IR (I/m2)

E

E

n

- P =

¢ P=12kN

= mP=24kN

4 AP=36kN
X P =48 kN
X P =60 kN

15

Hinh 3.15. Anh huéng ham lugng vira phut dén d6 10n cua céc coc thi nghiém

tai C&c cap tai trong nén khac nhau.

Két qua ndy cho thay viéc taing ham luong vira phut [am giam déng ké chuyén vi
dau coc ¢ tat ca cac cap tai, dac biét trong diéu kién tai trong [on. Tuy nhién, khi so
sénh gitra BPG35 va BPG50, sy khéac biét vé do 1Un tai c&c cip tai lon khdng con
dang ké. Piéu d6 cho thiy sau ngudng IR = 35 I/m?, hiéu qua cai thién d6 1Un tiép tuc

tang nhung vai toc d6 cham hon.

3.3.4 Phan tich két qud do bién dang doc truc coc

a. Két qua do bién dang coc va xdc dinh dé cing doc truc ciia coc

S6 ligu bién dang doc truc cua cac coc thi nghiém dugc ghi nhan théng qua hé
thdng strain gauge b tri tai ba cao trinh doc theo than coc theo céc cap tai trong téc
dung tai dau coc trong subt qua trinh gia tai. Két qua do bién dang theo tai trong tac
dung tai dau coc cua c&c coc BPGO, BPG20, BPG35 va BPG50 dugc thé hién trén
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Hinh 3.16 (chi tiét duoc trinh bay tai Phy luc 2.2).
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Hinh 3.16. Quan hé giitatai trong tac dung dau coc vabién dang tai c&c vi tri
strain gauge cua cac coc BPGO, BPG20, BPG35 va BPG50

Két qua trén Hinh 3.16 cho thy bién dang doc truc caa céc coc tai cap tai 16n nhit
déu rat nho, dao dong trong khoang 18 + 23 pe (nho hon 1000 pe), theo Iy thuyét co
hoc vat liéu va céc tiéu chuan thiét ké két ciu bé téng cbt thép theo TCVN 5574:2018
[9]; Eurocode 2 [30]; Neville, (2011) [30], cho thiy toan b qué trinh thi nghiém, bé

téng than coc ludn 1am viéc trong mién dan hdi gan tuyén tinh va chua xuat hién du
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hiéu lam viéc ngodi mién dan hoi caavat liéu ciu tao coc thi nghiém.

Theo co s& |y thuyét di trinh bay tai Muc 2.2, trong mién dan hoi, quan hé giira
lwe doc va bién dang tai mdi tiét dién cuacoc tuan theo dinh luat Hooke, véi d6 cang
doc truc duoc xac dinh theo cdng thirc (2.8). Trong nghién ciru nay, SG1 dugc b tri
ngay dudi dau coc, trong khi doan coc tir dau coc dén SG1 c6 chiéu dai ngan nén sic
khang thanh huy dong trén doan ndy rat nhd va nhanh chéng dat trang théi giGi han.
Do d6, luc doc tai tiét dién SG1 suy giam khong déang ké so véi tai trong téc dung tai
dau coc, co thé xem N1 xap xi bang P, déu nay c6 thé thiy quan hé giira bién dang tai
cao trinh SG1 gan nhu tuyén tinh. Trong khi d6, quan hé gittatai trong P vabién dang
tai cac cao trinh SG2, SG3 déu phi tuyén theo tai tai trong P do luc doc tai céc vi tri
nay thay d6i theo s huy dong luc ma sét thanh khi coc chuyén vi theo céc cap tai téc
dung. Ngoai ra cac duong quan hé ndy con ton tai diém ubn va bat dau tuyén tinh on
dinh khi ma sat thanh di duoc huy dong hoan toan. Trén co sé do, sd liéu bién dang
do duoc tai SG1 duoc s dung dé xac dinh d6 cing doc truc EA cua ting coc theo

phuong phap mé dun tiép tuyén cua Fellenius (1989) [32].

Két qua xac dinh cho thiy d6 cing doc truc caa céc coc BPGO, BPG20, BPG35
vaBPG50 lan luot 143,14; 4,58; 6,47 va 6,81 GN. Giatri EA ting dan theo ham luong
vitaphut, phan anh sy gia taing d6 cirng lam viéc ciahé coc sau khi phut viradoc than

CoC.

Vé mit ly thuyét, d6 cang doc truc caa coc cd thé duoc xac dinh tir mé dun dan
hdi cua bé téng két hop voi dic trung hinh hoc cua tiét dién coc va cét thép. Tuy
nhién, giatri ndy chi phan anh d6 cting theo thiét ké. Trong qua trinh thi nghiém nén
tinh, tai trong téc dung tai dau coc 1am hé coc — dat cuing bién dang va hinh thanh noi
lwc doc trong than coc. Bién dang do duoc tai c&c strain gauge phan anh truc tiép
trang thai bién dang cuathan coc dudi téc dung caanéi lyc doc. Vi vay, do cang EA
dugc xac dinh tir quan hé gitra luc doc va bién dang do dugc tai doan 0-SG1 phan
anh sat hon d6 cang |am viéc thyuc té cua coc trong diéu kién hién trudng, bao gom

anh huong cua chat luong bé tong, diéu kién thi cong va céc sai khéc giira vat liéu
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thuc té so véi gia thiét thiét ké. Giatri EA xac dinh tir thi nghiém dugc sir dung dé

tinh toan luc doc va phén tich stcc khang thanh don vi cuacoc.

b. Phéan tich lwc doc phan bo doc than coc

Khi thir tai tinh, coc 1am viéc nhu mot cau kién chiu nén dang tim. Do d6, lyc doc

trong coc tai cac cao trinh lp dit strain gauge duoc xac dinh tir sb lidu do bién dang

¢ theo cong thic (2.9), dua trén d6 cing doc truc caa coc. Biéu dd phan bd e doc

theo chiéu sau cua c&c coc thi nghiém tai cac cip tai khac nhau duoc thé hién trén

Hinh 3.17.
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Hinh 3.17. Biéu d6 phan bé luc doc truc cua céc coc thi nghiém twong ng voi

tirng cAp tai trong nén tinh
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Két qua cho thiy lc doc trong coc giam dan theo chiéu sau do tac dung ciama
sét giira coc va dat. O céc cap tai nho, chuyén vi dau coc con nho nén sirc khang miii
chua duoc huy dong dang ké. Khi do, tai trong cha yéu duoc truyén vao nén thdng
quasirc khang thanh doc thén coc. Khi tai trong tang, strc khang thanh dugc huy dong

dan, thé hién qua d¢ doc caa duong phan b e doc theo chiéu sau ting lén.

O céc cap tai cudi, cac duong phan bd luc doc c6 xu huéng gan song song nhau,
cho thdy stc khang thanh don vi da dat gia tri cuc han va it thay d6i thém; khi d6

thanh phan sitc khang mili bat dau gia ting rd rét.

c. Phéan tich sitc khdang thanh don vi cua coc

Céc quan hé giira s khang thanh don vi va chuyén vi dau coc ciia ba doan coc
thi nghiém cua tirng coc thi nghiém, gém 0-SG1, SG1-SG2 va SG2-SG3, duoc thé
hién trén Hinh 3.18. Giatri sirc khang thanh don vi dugc xac dinh tir phan b luc doc
than coc theo cong thuc (2.10).

Nhin chung, sttc khang thanh don vi c6 xu hudng ting theo chiéu sau, tuy mic
chénh Iéch gitra cac doan khong |6n, khoang 10%.

Déi véi coc khdng phut vira BPGO, trong giai doan dau khi chuyén vi d¢au coc con
nho, sirc khang thanh don vi cia ba doan coc ting nhanh va dat giatri lén nhat lan
luot 1210,61 kPa; 12,05 kPava 13,67 kPa, ing vai chuyén vi dau coc trong khoang
7,92-9,25 mm. Giatri sirc khang thanh don vi trung binh cuc dai ciacoc nay 1a12,41
kPa. Sau do, dai lugng nay chi dao dong nho quanh giatri cuc dai. Giatri nay duoc
st dung 1am co s¢ dé dbi chiéu voi cac phuong phap tinh toan theo TCVN
10304:2014 [4] nham danh gia mac do phi hop cia cac phuong phap du bao ddi Véi
diéu kién dat nén nghién cuu.

Bang 3.6 cho thay sirc khang thanh don vi cuc dai cua coc BPGO xac dinh tir thi
nghiém 1a 12,41 kPa. Giatri ndy kha gan véi két qua du bao theo phuong phap SPT
sir dung theo chi tiéu cuong do va phuong phap SPT caa Vién Kién tric Nhat Ban,
vai sai khéc khoang +7,4 %. Trong khi do, phuong phap theo chi tiéu co 1y cho gia
tri [6n hon khoang +28,1 %, con phuong phap Meyerhof cho gié tri thap hon dang ké

(-67,8 %). Két qua cho thiy, d6i voi diéu kién nén cat min, trang théi roi tai khu vuc
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nghién ctru, phuong phap SPT theo chi tiéu cuong d6 va phuong phap Vién Kién trac

Nhat Ban du bdo kha phu hgp sirc khang thanh don vi cia coc khéng phut vira.
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Hinh 3.18. Biéu d6 quan hé gitta sirc khang thanh don vi va chuyén vi dau coc

Bang 3.6 So sanh sirc khang thanh don vi cuc dai caa coc BPGO giira két qua thi
nghiém va cac phuong phap tinh toan theo TCVN 10304:2014 [4]

Phuong phap (f9), (kPa) Chénh léch (%)
Thi nghiém 12,41 -
Theo chi tiéu co 1y 15,90 +28,1
Theo SPT - Chi tiéu cudng do 13,33 +7,4
Theo SPT - Meyerhof 4,00 -67,8
Theo SPT - Vién Kién trdc Nhat Ban 13,33 +7,4
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Két qua tai Bang 3.6 cho thay sirc khang thanh don vi cuc dai cia coc BPGO xac
dinh tir thi nghiém 1a 12,41 kPa. Phuong phap theo chi tiéu cuong do va phuong phap
Vién Kién tric Nhat Ban cho giatri 13,33 kPa, chénh Iéch khoang +7,4 % so véi thuc

nghiém, thé hién mirc d6 pht hop tuong ddi tot d6i véi diéu kién nén dat khao sét.

Sy chénh léch 16n hon & cac phuong phéap con lai cha yéu lién quan dén co sé x&c
dinh sirc khang thanh va céc théng sb dau vao caa timg phuong phap. Phuong phap
theo chi tiéu co 1y cho fs= 15,90 kPa, cao hon thuc nghiém khoang 28,1 %, do giatri
tinh toan duogc xac dinh tir c&c chi tiéu co 1y dai dién cia dat, trang thai dat, chiéu sau
vahé sb diéu kién lam viéc cua coc. Trong khi d6, cong thic Meyerhof cho fs= 4,00
kPa, thip hon thuc nghiém 67,8 %; phuong phap nay phu thudc truc tiép vao giatri
Nspr, trong khi nén cat min, trang théi roi tai khu vuc thi nghiém c6 chi s Nser thap.
Vi vay, giatri du bao theo Meyerhof c¢6 xu hudng thap hon dang ké so véi sirc khang

thanh huy déng thuc té do duoc tir thi nghiém.

Nhu vay, mic d6 sai khéc gitrakét qua tinh toan va thue nghiém phan anh pham
Vi 8p dung va mirc d6 phil hop cua timg phuong phap dbi véi diéu kién dia chat va
thi cdng cu thé. Trong nghién ctru ndy, sirc khang thanh don vi xac dinh truc tiép tir

s6 liéu strain gauge duoc Sir dung 1am co sa thie nghiém cho céc phan tich tiép theo.

Déi véi céc coc phyt viraBPG20, BPG35 va BPG50, sirc khang thanh don vi ciing
tang nhanh theo chuyén vi dau coc va dat giatri cuc dai tai ving chuyén vi khoang
8,75-10,63 mm, 16n hon so véi coc khéng phut. Sau khi thanh phan sirc khang thanh
dugc huy dong day du, gidtri ma sat don vi giita coc va dat thay doi khong dang ké.
Giatri trung binh 16n nhat caa stirc khang thanh don vi d6i véi céc coc ndy lan luot 1
18,32 kPa; 25,30 kPava 26,51 kPa.

Phan tich tong hop cho thdy sic khang thanh don vi trung binh caa céc coc cd
phut vira cai thién dang ké so véi giatri twong wng cia coc khdng phut (Hinh 3.19),
V6i hé sb tang lan luot 1a 1,48; 2,04 va 2,14 twong Gtng Voi cac ham luong vira IR =
20; 35 va 50 I/m2. Két qua nay hoan toan pht hop véi xu hudng gia ting sic chiu tai

cuc han cua c&c coc thi nghiém da trinh bay & Muc 3.3.2, cho thdy su gia ting sic
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chiu tai caa coc phut vira chu yéu bt ngudn tir sir gia ting strc khang thanh don vi

doc than coc.
30
E BPG35
= 25 BPG35
- 20
4
(=)
2 BPG20
z 15
é BPGO
= 10
>
< 5
-
~
o 0
= 0 -10 -20 -30

CHUYEN VI PAU CQC S, (mm)

Hinh 3.19. Sirc khang thanh don vi trung binh cua cac coc

Két qua cho thay hiéu qua gia tang strc khang thanh don vi ting nhanh khi ham
lwgng vira tang tir 0 dén 35 I/m2. Cu thé, sic khang thanh don vi trung binh cuc dai
cua coc tang tir 1,00 [én 2,04 1an so véi coc khdng phut vira. Khi ham luong viratiép
tuc ting 1én 50 I/m?, hé sb ndy chi ting nhe tir 2,04 1&n 2,14 lan. Diéu ndy cho thiy
ham luong vira khoang 35 I/m?2 c6 thé xem 1a ham luong hiéu qua trong viéc gia ting

stc khang thanh don vi cta coc.

Két qua phan tich sic khang thanh don vi ciing cho xu hudng twong dong véi két
qua sirc chiu tai cuc han. So vai coc khong phut vira, hé s gia tang strc khang thanh
don vi trung binh dat khoang 1,48 lan d6i voi BPG20 va ting 1én 2,04 1an dbi voi
BPG35. Tuy nhién, khi tiép tuc ting IR tir 35 [én 50 I/m2, hé sd nady chi tang tir 2,04
|&n 2,14 1an. Diéu ndy cho thiy hiéu qua gia ting strc khang thanh theo luong vira bd
sung ciing giam rd rét sau mirc IR = 35 I/m2. Két qua dong thoi tir sirc chiu tai cuc
han Qu va sirc khang thanh don vi fs 12 co s& thuc nghiém dé xac dinh IR=351/m?1a

mirc ham lugng vira hiéu qua trong pham vi nghién ctul.
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3.4 Thiét 1ap, hiéu chinh va kiém chéng cong thic xac dinh sitc khang thanh

domn vi tai cac doan coc phut vira.

3.4.1 Thiét |lap cong thize xdc dinh sikc khdng thanh don vi Ciia cdc doan coc phut

vira.

Sau khi xac dinh IR = 35 I/m2 la mirc ham lugng vira hiéu qua trong pham vi
chuong trinh thi nghiém ddi véi nén cét min, trang théi roi, NCStiép tuc phan tich sy
bién thién caa sirc khang thanh don vi theo ham luong vira phut va cao trinh lam viéc
cua doan coc. Céc giatri thuc nghiém ciaa sirc khang thanh don vi tai tirng doan coc
trng vai ca&c muic IR = 0; 20 va 35 I/m? duoc sir dung dé thiét 1ap mdi quan hé gitra
sirc khang thanh don vi ciia doan coc phut vira fir va giatri trong irng cua doan coc
khéng phut fo, nhu thé hién trén Hinh 3.20 vaBang 3.7.

o8 SG2-SG3

y = 13.578¢P-01661x SG1-SG2

24 R2=0.9984
y = 12066601652 \ e
20 R2 = 0.9999

16 \ \

1 4 y = 10.553¢0.0164
| R2 = 0.9989

SUC KHANG THANH PON VI CUA
TUNG POAN COC (kN/m?)
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HAM LUQNG VUA PHUN - IR (L/m2)

Hinh 3.20. Biéu d6 quan hé giira sitc khang thanh don vi ca coc va ham luong
viraphut IR tir 0 dén 35 1/m?
a. Co so lya chon dgng ham giira firva IR
Viéc lya chon dang quan hé thuc nghiém gitra sitc khang thanh don vi fir va ham
luong vira phut IR dugc xem xét trén co s két hop gitta diéu kién bién, y nghia cua
cac dai luong, xu huéng bién d6i cua sd liéu thuc nghiém va mie d6 phi hop cua

biéu thirc, thay vi chi can ctr vao hé sb xac dinh R2,
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Bang 3.7. Giatri sirc khang thanh don vi cuatimg doan coc irng véi cac ham luong

vita phut IR< 35 1/m?

Poan coc 0-SG1 SG1-SG2 SG2-SG3
Cao trinh trung binh Z (m) -0,25 -1,00 -2,00
fo khi IR=0; (kPa) 10,61 12,05 13,67
f20 khi IR=20; (kPa) 15,47 18,16 19,89
f3s khi IR=35; (kPa) 21,22 24,50 27,47
Ham mii dang
fIR — fO' eb.IR fO' 80.0164-9.IR fO' 80'01652'1R fO' e0.0l661.IR

Truéc hét, tai IR= 0, coc trong tng véi trudng hop khdng phut vira, do d6 biéu thac
phai thoa mén diéu kién: IR = 0 = fir = fo. Mat khéc, anh huéng caa phut vita duoc
xem xét dudi dang murc gia ting twong ddi cua sic khang thanh so véi trang théi

khéng phut vira, théng quaty so: ff’—R Két qua thuc nghiém trén Hinh 3.20 cho thay
0

st khang thanh don vi tang khi IR ting tai ca ba doan coc khao sat. Trén co s& diéu
Kién bién néu trén va xu huéng bién ddi cuasb liéu, dang ham mil tong quéat duoc lya
chon:

y = A.eb* (3.1
Trong d6, khi x=1R=0, tacoy = A. vi tai IR=0, fir = fo, nén hé s A chinh la sirc
khang thanh don vi caa doan coc khéng phut vira fo. Do d6, cong thire (3.1) duoc viét

lai dudi dang:

fir = fo-e”'" (3.2

trong d6: fir la sirc khang thanh don vi caa doan coc phut vira thg v6i ham luong
vitalR, kPa; fo la sirc khang thanh don vi cia doan coc khdng phut vira tuong ung tai
cuing vi tri, kPa; IR 1a ham lwong vita phut, I/m2; b 1atham s thuc nghiém phan anh
murc d6 anh huong ciia ham lwong vira dén su gia ting strc khang thanh tai doan coc

dang xét.

Ngoai ham lugng vira phut IR va cao trinh Z, sicc khang thanh don vi cua doan

coc phut vira con ¢ thé chiu anh huéng cua céc yéu td nhu dic trung co 1y va trang




69

thai cia dat nén, chi sb SPT, p luc phut, cip phdi vita, diéu kién thi cong, bd tri 15
phut va chiéu dai doan phut. Trong chuong trinh thi nghiém cia luan an, céc yéu tb
nay duoc gitt ¢ dinh hodc giéi han trong cung diéu kién khao sét nham tap trung
danh gia anh huong ciaa IR va Z. Vi vay, cdng thic (3.2) dugc xem la quan hé thuc
nghiém trong pham vi cac diéu kién nghién ctru di xac l4p va chua phan anh doc 1ap
anh huong cua cac yéu td néu trén.

Dang ham mii c6 vu diém |a ty thoa mén diéu kién fir = fo va IR = 0, dong thoi

biéu dién tryc tiép sy gia ting twong d6i cua sic khang thanh theo biéu thic: ffﬂ =
0

ePR  Sau khi lyachon dang ham trén co sd cac diéu kién néu trén, hé sb xac dinh R2
duoc sir dung dé danh gia muac do phl hop giira biéu thirc vaso liéu thuc nghiém. Vi
vay, trong nghién ciru nay, R? dugc sir dung nhu chi tiéu danh gia do phu hop cua
quan hé, khéng phai 1a can cir duy nhat dé lya chon dang ham.

Tur két qua hdi quy dang ham mil tai timg doan coc, tham s b duoc xac dinh twong
{rng véi tirng cao trinh khao sat. Céc giatri b cho thay c6 sy thay doi theo cao trinh
Z, nhu thé hign trén Hinh 3.21.
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Hinh 3.21. Quan h¢ giiratham sd b theo cao trinh Z caa doan coc nghién ciu
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b. Co sé lua chon quan hé gizzatham 6 b va cao trinh Z

Két qua trén Hinh 3.21 cho thay tham sd b khéng phai 1&a mot hang sd duy nhat
ma c6 xu huéng bién doi theo cao trinh ciia doan coc. Trong pham vi céc cao trinh
khao sét cia chuong trinh thi nghiém, c&c giatri b bién do6i twong dbi déu theo Z,
chua thé hién sy thay d6i dot ngot hodc diém cuc tri can sir dung dang ham phuc tap

hon.

V1 vay, quan hé tuyén tinh duoc lya chon dé mé ta xu huéng bién d6i caa b theo

Z, Véi dang tong quét:
b —aZ+ bo

Viéc lya chon dang tuyén tinh nham: (i) phan anh xu huéng bién d6i quan sét
duoc cuadit liéu trong pham vi khao sét; (i) han ché sb luong tham sb cua quan hé
thuc nghiém; va (iii) thuan tién khi tich hop vao cong thuc (3.2) dé xac dinh sac

khang thanh don vi cia doan coc phut vira.

Trén co so két qua hoi quy s liéu thi nghiém, quan hé ban dau gitrab vacao trinh

trung binh Z cua doan coc dugc xac dinh:
b= -7.10°7+0,0165 (3.3)

trong d6: b [atham sb thic nghiém phu thudc vao cao trinh caa doan coc khi IR< 35
I/m2; Z 1a cao trinh trung binh caa doan coc nghién ctru, m, 1y giatri am theo chiéu

A~

Sau.

Sau khi lya chon dang tuyén tinh trén co s& xu huéng bién doi cuadit liéu vayéu
cau don gian héa quan hé thyc nghiém, hé sb xac dinh R2 duoc sir dung dé danh gia
murc d6 phu hgp chaquanhé b — Z

Cong thire (3.3) duoc thiét 1ap tir c&c coc thi nghiém cé chiéu dai L = 3,0 m nén
pham vi cao trinh khao sét con han ché. Vi vay, quan hé b-Z nay duoc tiép tuc hiéu

chinh bang s liéu cac cong trinh thuc té c6 pham vi chiéu sau 16n hon tai Muc 3.4.2.
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3.4.2 Higu chinh, kiém chizng cdng thie xdc dinh sitc khdng thanh don vi ciia cac

doan coc phut vira.

a. Pdc diém sirc khdng thanh don vi ciia coc tai cac cong trinh thyc té

Cong thirc (3.2) vaquan hé ban dau gittatham sb b véi cao trinh Z theo cong thirc
(3.3) duoc thiét 1ap tir két qua thi nghiém hién trudng caa NCS trén 04 coc khoan
nhdi c6 cung kich thuéc va lam viée trong cung diéu kién dia chat. Viéc bb tri cac
coc trong cung diéu kién nén dat, vat liéu va diéu kién thi cdng nham han ché anh
huong cia cac yéu td khac, qua do tap trung danh gia anh huong cia ham luong vira

phut IR dén s gia ting strc khang thanh don vi cia coc.

Tuy nhién, do sb luong coc thi nghiém con han ché, chiéu dai coc chi L=3,0 mva
pham vi cao trinh khao sét con nho, c&c quan hé thuc nghiém ban dau chua da co s
dé phan anh day du sy bién thién ciasirc khang thanh don vi d6i véi céc coc c6 chiéu
dai va @6 sau 16n trong thuc té. Vi vay, dé mo rong co so dit liéu phuc vy hiéu chinh
va danh gia kha ning ap dung cua cong thire, NCS tién hanh thu thap va phan tich b
sung két qua thir tai coc két hop do bién dang doc than tai 10 cong trinh thyc té co &p
dung céng nghé phut vita doc than coc. Thong tin cia cac cong trinh duoc tong hop

trong Bang 3.8 va i tri cac cong trinh duoc thé hién trén Hinh 3.22.
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Hinh 3.22. Vi tri 10 c6ng trinh thyc té c6 két qua thir tai
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Bang 3.8. Thong tin cdng trinh sir dung phut vira doc than coc

Tet':\lf]f]ng Dia diém Quy mb Coc thir tai
1. Friendship |31 Lé Duan, 4 tang TPL:D=15m;L=80m
Building [21] | Phuong Sai Gon, |ham,21 |TP2:D=12m;L=65m
Tp.HCM tang cao
2. Eximbank | 135 Hai Ba 40 tang, 5 | TPL:28%x 1,4m,L =65m
Building [15] | Trung, Tp.HCM | ham TP2:2,8x14m;L=8m
3. Vincom 72 LéThanh Tén, | 25 tang, 6 | TPBR1, TSGBR2: 2,8 x 0,8 m,
KhuB[11] | Tp.HCM ham L=58m
4. Lancaster | 428-430 Nguyén |40 tang,3 | WTP, TP3:D=15m.L=85m
Lincoln[2] | Tat Thanh, ham
Tp.HCM
5. Cao 6c Thu | Phuong An 20 tang, 4 | TP1, TP2: 2,8 x 0,8 mm, L =59
Thiém [16] Khanh, Tp.HCM | ham m
6. Everrich I | Phuong Phu 37 téng TPH:D=15m; L=80m
[13] Thuan, Tp.HCM TPL1:D=20m;L=80m
TP2:D=2,0m; L =80 m
TP3:D=2,0m; L =85m
7.LIM 29A Nguyén 26 tang, 3 | TPL: 24x 0,6 m, L =40,2m
Tower 3[10] | Pinh Chiéu, ham TP2:2,4x0,6m,L=628m
Tp.HCM
8. Landmark | 720A Pién Bién | 81 tang, 3 | BR1, BR2: 2,8%x0,8m, L = 65
81[12] Phi, Tp.HCM ham m
TP1: 28 x 1,0mm; L =85m
TP2: 2,8 x 1,0mm; L =80 m
9. Song ba Phuong Hiép 25 ting TP5:D=10m; L=68 m
Riverside Binh Phudc, TPL:D=12m; L=68m
[14] Tp.HCM
10. Song Viét | Phuong An 36ting |TP-0L:D=12m;L=75m
[29] Khénh, Tp.HCM TP-02:D=12m;L=61m

TP-04:D=1,0m; L =60m
TP-05:D=10m; L =75m
TP1-1: D=12m; L =70,3m
TP3-1: D=1,2m; L =60,3 m




73

S5 liéu chi tiét vé két qua thur tai két hop do bién dang doc than cia 28 coc thir tai
tai 10 cdng trinh thuc té dugc trinh by tai Phy luc 2.5. Tir c&c coc ndy, NCSlyachon
duoc 39 ciap doan coc twong tng, gdm 39 doan coc phut vita va 39 doan coc khong
phut viralam viéc trong nén cat, dé phuc vu phan tich. Cac cong trinh dugc lya chon
déu co két qua thir tai caa coc phut vita va coc khdng phut vita trong diéu kién dia
chat twong tng, cho phép so sanh truc tiép su thay doi sitc khang thanh don vi do anh

huong caa phut vira doc than coc.

Tat ca c&c cong trinh trong bo dir liéu thyc té sir dung ham luwong vira phut IR [a
35 I/m2. Giétri ndy nam tai mic ham luong ma chwong trinh thi nghiém caa NCS
cho thay hiéu qua gia ting strc chiu tai vasirc khang thanh con r6 rét, khi tiép tuc ting
tir 35 18n 50 I/m?, mike gia ting c¢6 xu huéng giam dang ké. Do d6, dit liéu cong trinh
thuc té tai IR=35 I/m? duoc sir dung chi yéu dé dénh gia anh huéng cua chiéu sau,
hiéu chinh tham sb b vakiém chiring kha nang du bé&o cia cong thirc, khong duoc sir

dung dé x&c 14p lai dang quan hé bién thién theo IR,

Khéc voi chuong trinh 04 coc thi nghiém dugc sir dung dé khao sat anh huong
cua sy thay doi ham lwong vira va thiét 1ap dang quan hé thuc nghiém ban dau, bo sb
lidu cdng trinh thuc té chiathanh hai bo dit liéu khac nhau, trong d6 mot bo duoc sir
dung dé hiéu chinh anh huéng cua cao trinh Z dén tham sd b va bo dit liéu con lai
duoc ding kiém ching cdng thire sau hiéu chinh. Vi vay, hai bo dit lidu c6 vai trd
khac nhau nhung bé trg cho nhau trong quéatrinh thiét 1ap, hiéu chinh vakiém chieng

cong thuc.

Pé tap trung danh gia hiéu qua caa phut vira doc than coc, viéc xtr 1y sb liéu chi
xét dén giatri stec khang thanh don vi tai cac doan coc cO phut vira va cac doan coc
khong phut vita twong tng trong cung diéu kién 1am viéc trong nén cét. S lidu sirc
khang thanh don vi duoc tong hop bao gom thi nghiém nén tinh truyén théng va thi
nghiém O-cell. Mac du nguyén ly giatai khac nhau, cac giatri sicc khang thanh don
vi déu duoc xac dinh tir két qua phan tich luc doc than coc; do d6 cac gia tri fo va fas

co thé sir dung dé danh gia xu thé gia ting sirc khang thanh don vi do phut vita doc
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than coc. Céc giatri nay duoc téng hop tai Bang PL 2.11, Phu luc 2.5 vabiéu dién
trén Hinh 3.23.

Trong pham vi nghién ciru nay, NCS chua xem xét riéng ré anh hudng cua cac
yéu té nhu thanh phan hat, chi tiéu co 1y chi tiét caa dat nén va muce nude ngam, ma
tap trung phan tich xu thé chung cua strc khang thanh don vi caa cac doan coc phut
vitavakhdng phut vira tuong tng trong |6p cat. Bong thoi, anh huéng riéng cuaténg
chiéu dai doan phut vira dén strc chiu tai toan coc khong duoc tach thanh mot bién
doc 1ap trong cong thirc nay; dbi tugng phan tich 1a sitc khang thanh don vi tai tirng

doan coc tuong ung.

Tur két qua phan tich trén Hinh 3.23 ¢d thé rit ramoét so nhan xét chinh:

- Khi cao trinh nghién ciru cia coc cao hon khoang -50 m, giatri sc khang thanh
don vi gitta coc va dat co xu hudng ting theo chiéu sau.

- Khi cao trinh nghién ctru sau hon khoang -50 m, giatri stcc khang thanh don vi
cua ca coc khong phut va coc phut vira ¢6 xu hudng thay d6i khong dang ké.

- Giatri sitc khang thanh don vi |6n nhét cia coc khdng phut va coc phut viralan
luot dat khoang 140 kPa va 250 kPa.

Tir c&c nhan xét trén cho thiy cong thirc (3.3) duoc x8y dung tir c&c coc thi nghiém
cd chiéu dai L = 3,0 m cin dugc hiéu chinh trén co sé dit ligu thuc té dé xét dén sy
bién thién caatham sb b trong pham vi cao trinh [6n hon. Bé bao dam dix liéu kiém
chirng khéng tham gia vao qué trinh hiéu chinh, b dir liéu caa 10 cong trinh dugc

phan thanh hai nhém doc lap.

Nhém hiéu chinh gdm 08 cong trinh: Friendship Building, Eximbank Building,
Vincom Khu B, Lancaster Lincoln, Cao 6c Thu Thiém, Everrich I1, Lim Tower 3 va
Landmark 81, véi 24 cip doan coc twong (rng, gom 24 doan coc phut vita va 24 doan
coc khdng phut vira. Bo dit liéu nay dugc s dung dé tinh nguoc tham sd b va hiéu

chinh quan hé gitta b véi cao trinh nghién ctu Z.

Nhom kiém chimg doc 1ap gdm 02 cong trinh Séng Pa Riverside va Song Viét,

vé6i 15 cip doan coc twong (rng, gom 15 doan coc phut vita va 15 doan coc khéng
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phut vita. Céc s liéu nay khéng tham gia qué trinh x&c 1ap quan hé hiéu chinh b-Z,
ma chi duoc sir dung sau khi cong thirc da duoc hiéu chinh dé danh gia kha nang du

bo cua cong thic d6i véi dir liéu doc 14p.

350
A Coc khong phut vira
~ 300 : m B
: B Coc phut vira (R = 35 fi/m2) . = [ ]
E 20 o L, ]
= 7 [ | [ ]
= & 200 of Iu"®y mm
£E /- A AA
R T O B Y L L
2 100 | o0 _ AN a4 4
3 -1
2 pp k="~ 4
-10 -30 -50 -70 -90

Cao trinh phut vira Z, (m)
Hinh 3.23. b6 thi quan hé gitra sitc khang thanh don vi theo d6 Sau caa coc
trong nén dat cét

b. So sanh két qud tinh toan theo cong thire dé xudt véi s6 liéu thiec té
Trudéc khi hiéu chinh tham sb b, cong thirc (3.2) duoc &p dung véi b xac dinh theo
cong thice (3.3), dugc thiét 1ap tir chuong trinh thi nghiém cuaNCS. Giatri sitc khang
thanh don vi cua doan coc phut vira tai cac cong trinh thuéc bo dir liéu hiéu chinh
dugc tinh tir gid tri twong rng cua doan coc khéng phut vira véi ham luong IR = 35

I/m2. Két qua so sanh duoc thé hién trén Hinh 3.24.

&~ 400
=) B Coc phut vira
Z 350 —— *
= @ Coc phut vira (D€ cuat tir . ‘
-~ 300 thye nghiém) |
s SNt
£ 250 o I8
: O T S
= 200 = ng mwm
=
% 150 M
£ 100 .
3]
£ 50
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Cao trinh phut vira Z, (m)
Hinh 3.24. Biéu d6 quan hé gitra giatri sicc khang thanh don vi ciia coc xac dinh

theo cdng thirc dé xuat va két qua phan tich s liéu cac cong trinh nghién ciru
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Két qua so sanh cho thay giatri sirc khang thanh don vi tinh theo cong thirc (3.2),
véi théng sb b xac dinh bing cong thic (3.3), ¢ chénh [éch 16n nhat khoang +18,70
% thé hién trén Hinh 3.24 (theo dit liéu duoc tinh toén tai Bang PL 2.12 tai phu luc
2.5) 0 véi s lidu thu dugc tir thi nghiém thir tai két hop do bién dang doc than coc
tai hién truong. Mac du cong thic (3.3) phan anh dugc xu hudng gia tang strc khang
thanh don vi cia coc phut vita, mic sai 1éch trén cho thay quan hé b—Z dugc thiét 1ap
tir c&C coc thi nghiém ngan chua phan anh day du sy bién thién cuatham s b trong
pham vi chiéu siu caa c&c cong trinh thuc té. Vi vay, tham sd b duoc tiép tuc hiéu
chinh bang bo dit lidu thyc té nham nang cao d6 chinh xéc va mé rong pham vi cao

trinh 8o dung caa cong thuec.

Céc cbng trinh thudc bo dir liéu hiéu chinh khong duoc st dung trong qué trinh
thiét 1ap cong thirc (3.3) ban dau. Tuy vay, két qua tinh toan trudc hiéu chinh van co
¥ nghia trong viéc danh gia kha ning ap dung ban dau cia dang quan hé dé xuat dbi
véi sH liéu cong trinh thuc té, ddng thoi chi ra su can thiét phai hiéu chinh tham s b

theo pham vi chiéu sau 16n hon.

c. Hiéu chinh tham s b ter di ligu thyec té

Quan hé ban dau giitatham sb b va cao trinh Z theo cong thirc (3.3) duoc thiét [ap
tir chwong trinh thi nghiém caa NCS trén céc coc ¢6 chiéu dai L=3,0 m. Do pham vi
cao trinh khao st con han ché, giatri b xac dinh tir chwong trinh thi nghiém chi bién
thién trong khoang hep tir 0,01649 dén 0,01661. Vi vay, dé xét dén pham vi cao trinh
|én hon va nang cao kha ning du b&o cua cong thire ddi véi cac coc thyuc té, tham sb
b dugc hiéu chinh trén co sé bo dir liéu caa 08 cong trinh thuoc nhém hiéu chinh.

Bo dit lidu hiéu chinh gdm 24 cap doan coc twong tng, trong d6 mdi cip gom mot
doan coc khdng phut vira vamot doan coc phut viralam viéc trong diéu kién nén cét
tuong tng. T4t ca cac doan coc phut viratrong b dit liéu ndy sir dung ham luong vira
IR=35I/m?.

Péi vai tirng cap doan coc, tham s6 b duoc tinh nguoc tir sitc khang thanh don vi
cta doan coc khdng phut vira fo va sitc khang thanh don vi ciia doan coc phut vira fas

theo cOng thac:
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b =1n (f35/£,)/35 (34

Trong d6: f3s la sirc khang thanh don vi cia doan coc phut viravéi IR =35 I/m?;fy 1a
giatri sic khang thanh don vi cua doan coc khéng phut vita twong ¢ng; b 1a tham sb
dac trung cho mure do gia tang sirc khang thanh do phut viratai cao trinh nghién cuiru.

Két qua tinh toan tir bo dit liéu hiéu chinh thé hién trén Hinh 3.25 cho thay tham
s6 b bién thién trong khoang tir 0,01510 dén 0,01769, rong hon so véi khoang
0,01649-0,01661 xac dinh tir chuong trinh thi nghiém caa NCS. Sy khéc biét nay
cho thiy han ché ciaviéc xéc 1ap quan hé b — Z chi tir c&c coc thi nghiém ngén, dong
thoi cho thay sir can thiét caa viéc hiéu chinh tham sb b bang dit liéu cong trinh thuc

té c6 pham vi cao trinh [6n hon.

0.03000
e 7.10°x + 0.0135
“o I y =-7.10x + 0.
2 002000 e i ’
s o _
= '___l_-'—--’-!&"f—'—fc
lE.
=
> 0.01000 r
0.00000
-10 -30 -50 -70 -90

Cao trinh phut vira Z, (m)
Hinh 3.25. Biéu d6 quan hé gitrathdng sd b va cao trinh nghién ctru caa coc

Két qua trén Hinh 3.25 cho thiy tham sb b c6 xu huéng bién thién theo cao trinh
nghién citu Z. Trong pham vi bo dit liéu khao sat, xu hudng bién thién caa b theo Z
c6 thé duoc xap xi bang quan hé tuyén tinh. Viéc lwa chon dang tuyén tinh nham bao
dam quan hé c6 sb lugng tham sb han ché, thuan tién trong tng dung va phan anh
duoc xu hudng bién thién caa dir liéu trong mién khao sét. Hé sb xac dinh R2 dugc
sir dung dé danh gia mirc do phu hop cia quan hé sau khi lya chon dang ham, khéng

duoc xem 13 cin cir duy nhéat dé lua chon dang ham.
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Trén co sé hoi quy bo dir liéu hiéu chinh, quan hé giita tham sb b va cao trinh Z
duoc xac dinh:

b=—-4.10"5Z + 0,0135 (3.5)
véi hé sb xac dinh R2 = 0,82

So véi cong thire (3.3) duogc thiét 1ap tir chuong trinh thi nghiém ban dau, cong
thire (3.5) duogce xac dinh trén co sé dir liéu ¢ pham vi cao trinh [én hon va phan anh
phl hop hon xu huéng bién thién caatham sb b trong bo dit liéu cong trinh thyc té.
Cong thirc (3.5) sau khi hiéu chinh dugc gitr nguyén vatiép tuc kiém chirng bang bo

dix liéu doc lap khong tham gia qua trinh xac 1ap quan hé b — Z.
d. Kiém chizng déc ldp cong thize sau hiéu chinh

Pé danh gia kha niang dy bdo cua cong thirc sau hiéu chinh vahan ché anh huong
cta viéc sr dung cung mot bo dir liéu cho ca hiéu chinh va danh gia, NCS su dung
bo dir lieu kiém chang doc 1ap gom 15 cip doan coc thude 02 cong trinh Song Da
Riverside va Song Viét. Bo dir liéu ndy khéng tham gia vao qué trinh tinh toan hoi

quy vaxac lap quan hé b — Z theo cdng thirc (3.5).

Ddi véi timg doan coc thudc bo dir liéu kiém ching, tham sb b dugc xac dinh tir
cao trinh Z theo cong thurc (3.5):
b=—-410"5.Z + 0,0135 (3.5)

Khi cao trinh phut vita sau hon =50 m, 1ay Z = —50 m dé tinh toan, do két qua
phan tich dir liéu thuc té trén Hinh 3.23 cho thiy sic khang thanh don vi ¢6 xu huéng
thay d6i khong dang ké khi cao trinh nghién ciru sau hon khoang —50 m.

Sau do, strc khang thanh don vi ctia doan coc phut vira dugc du béo tir sirc khang

thanh don vi cua doan coc khong phut vira trong rng theo cong thuc (3.2):

fir = fo- "R (3.2)
Két qua tinh toan duoc so sénh véi sire khang thanh don vi xac dinh tir sd liéu thir
tai két hop do bién dang doc than coc tai hai cong trinh kiém ching va duoc thé hién
trén Hinh 3.26.
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Cao trinh phut vira Z, (m)

Hinh 3.26. Biéu d6 quan hé gira giatri sic khang thanh don vi cia coc xac dinh

theo cong thirc diéu chinh vakét qua phan tich sb liéu tai cac cong trinh thuc té.

Két qua kiém chung cho thiy sai s6 16n nhit theo tri tuyét ddi gitta gid tri stc
khang thanh don vi du béo theo cdng thirc sau hiéu chinh vagiatri xac dinh tir sb liéu
thuc té 144,83 %. Két qua ndy cho thay cong thuc sau hiéu chinh c6 kha niang phan
anh kha phl hop su gia ting strc khang thanh don vi caa cac doan coc phut vira d6i
véi bo dit liéu kiém chimg doc 1ap

Nhu vay, quéa trinh thiét 1ap, hiéu chinh va kiém chirng cong thtrc duoc thuc hién
trén cac bo dir liéu co6 vai tro khac nhau. Chuong trinh thi nghiém cia NCS duoc s
dung dé x&c lap dang quan hé gitrafir, fo vaIR; 24 cip doan coc thudc 08 cong trinh
thuc té duoc st dung dé hiéu chinh quan hé gitratham sd b va cao trinh Z; va 15 cip
doan coc thudc 02 cong trinh con lai duoc st dung dé kiém chimg doc 1ap cong thac
sau hiéu chinh. Viéc phan tach dir liéu theo trinh tu ndy gép phan han ché anh husong
cuaquéatrinh hiéu chinh dén két qua kiém chirng valam rd kha nang du béo cuacong
thire ddi véi dir liéu khong tham gia hiéu chinh.

Tuy nhién, céc dit liéu thuc té s dung trong budc hiéu chinh va kiém chimg déu
thudc cac doan coc |am viéc trong nén cét va sir dung ham lwong vira|R =35 I/m?. Vi
vay, két qua kiém chirng bang dix liéu cong trinh thyc té cha yéu x&c nhan kha niang

du béo cua cong thirc sau hiéu chinh tai mirc IR =35 |/m? vatrong pham vi b dit liéu
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nén cat di khao sét. Kha ning mé ta anh huéng cua sy thay d6i ham luong vira IR

dugc x&c 1ap tir chuong trinh thi nghiém cia NCS véi cac mirc IR = 0; 20; 35 I/m?.

Do d6, cong thirc duoc khuyén nghi sir dung trong pham vi IR < 35 I/m?, d6i voi
nén cat min, trang thé roi va diéu kién céng nghé tuong tu pham vi nghién cau. Khi
&p dung ngod mién dit liéu da kiém chimg, dic biét ddi véi diéu kién dia chat, cp
phdi vira hoic quy trinh thi cong khéc, can co sb liéu thir tai két hop do bién dang doc

than coc dé kiém chizng va hiéu chinh b sung.
3.5 Két luan chuong 3

Chuong 3 di trinh bay qua trinh x4y diung md hinh thi nghiém hién trudng nham
nghién ciru anh huong cia cong nghé phut vira doc than coc dén kha nang chiu tai
cua coc khoan nhdi trong nén c& min, trang théi roi. Tir cong tac khao sat dia chat,
thiét ké coc thi nghiém, thi cong coc, phut vira, x8y dung hé thong thir tai dén bo tri
céc thiét bi do bién dang doc than coc déu duoc thuc hién theo cac tiéu chuan hién
hanh, bao dam d6 tin cay cua sd liéu thi nghiém.

Thong qua chuong trinh thi nghiém nén tinh két hop do bién dang doc than coc
bang strain gauge, luan an di xac dinh dugc quan hé giira tai trong — chuyén vi dau
coc, luc doc va sirc khang thanh don vi cia cac doan coc. Pay 1a co sé dé lam rd co
ché gia tang stc chiu tai caacoc khoan nhdi khi &p dung cong nghé phut vita doc than

CoC.

Tur két qua nghién ciru, c6 thé rit ramot sb két luan chinh nhu sau:

- Két qua thi nghiém cho thiy phut vita doc than lam gia ting dang ké sirc chju tai
va stre khang thanh don vi cua coc. Trong pham vi cac mac IR = 0; 20; 35; 50 I/m?
duoc khao sét, sirc chiu tai ting rd rét khi IR ting dén 35 I/m2. Khi tiép tuc ting tir 35
[én 50 I/m?, mirc gia tang suc chiu tai trén mot don vi ham lugng vira giam tir khoang
1,53 xubng 0,41 kN/(I/m?), dong thoi hé sb gia tang strc khang thanh chi ting tir 2,04
|én 2,14 1an. Vi vay, ddi vai diéu kién nén cat min, trang théi roi trong pham vi nghién
ctu, IR = 35 I/m? duoc xac dinh & mac ham lwong vira hiéu qua vé phuong dién gia

tang suc chiu tai va sirc khang thanh.
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- Trén co s& két qua thi nghiém hién truong, ludn an da thiét 1ap quan hé thuc
nghiém gitra sicc khang thanh don vi cua doan coc phut vira fir, Sttc khang thanh don
vi cia doan coc khong phut vira twong ng fo va ham lugng vira phut IR theo dang:

fir = fo-e"'%
Trong d6, chuong trinh thi nghiém cia NCS véi cac muic IR = 0; 20; 35 I/m? dugc
sir dung dé xéc 1ap dang quan hé ban dau giira fir, fo va IR. Bé khic phuc han ché
vé sb luong, chiéu dai vapham vi cao trinh ciia c&c coc thi nghiém, luan an sir dung
bo sung sd lidu thir tai két hop do bién dang doc than cua céc coc tai 10 cong trinh
thuc té dé hiéu chinh vakiém chirng tham s b theo cao trinh Z.

- B9 dix liéu cong trinh thyc té gom 39 cip doan coc tuong tng, trong d6 24 cap
doan thudc 08 cong trinh duoc sir dung dé hiéu chinh quan hé gitratham sb b vacao
trinh Z:

b=-410"%27+0,0135
va 15 cip doan thudc 02 cong trinh con lai duoc s dung dé kiém chimg doc 1ap cong
thire sau hiéu chinh. Két qua kiém chieng cho thay sai sd 16n nhat theo tri tuyét doi
gitta sic khang thanh don vi du béo vasd liéu thuc té 1a4,83 %, cho thiy cong thirc
phan anh kha phu hgp su gia tang strc khang thanh don vi cia cac doan coc phut vira
trong pham vi bo dir liéu nén cat da khao sét. Khi cao trinh nghién ciru sau hon —50
m, ldy Z = —50 m dé tinh toan.

- Do dit liéu caa 10 cong trinh thyc té sir dung trong budc hiéu chinh va kiém
ching déu c6 IR = 35 I/m?2, két qua kiém chirng bang dix liéu cdng trinh thuc té chu
yéu x&c nhan kha nang du béo cua cong thic sau hiéu chinh tai mac IR = 35 |/m?2.
Kha ning mé ta anh huong cua su thay doi ham luong vira duoc x&c 1ap tir chuong
trinh thi nghiém caa NCS. Vi vay, cong thire dugc khuyén nghi sir dung trong pham
vi IR< 35 I/m?, nén cét min trang théi roi va diéu kién cong nghé tuong ty pham vi
nghién ciru; khi &p dung ngoad pham vi ndy can co sb liéu hién truong dé kiém chirng
vahiéu chinh b6 sung.

- Bén canh ham lugng vira phut IR va cao trinh [am viéc cua doan coc, mic do

gia ting strc chiu tai con cé thé chiu anh huong cia c&c yéu td nhu dic trung co 1y va
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trang thai dat nén, &p luc phut, cip phdi vira, chiéu dai vavi tri doan phut, sd luong
va bd tri dau phut, hinh hoc coc, diéu kién tiép xtc coc—dat va diéu kién thi cong.
Trong pham vi luan &n, mot sb yéu té duoc gitt 6n dinh nhiam tap trung danh gia anh
huong cualR va sy thay d6i sic khang thanh theo cao trinh. Vi vy, anh huang riéng
biét va twong tac gitra A yéu td con lai chua duoc téch riéng va can tiép tuc nghién

ctru trong céc cdng trinh thuc té c6 diéu kién dja chat va cong nghé da dang hon.
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CHUONG 4. MO PHONG THI NGHIEM NEN TINH CQC VA PE XUAT
GlAl PHAP PUONG KIiNH QUY POI MO PHONG CQC KHOAN NHOI
PHUT VUA DQC THAN CQC

4.1 Muc tiéu va pham vi mé phéng

Két qua thi nghiém nén tinh coc tai hién truong cho thiy phut vita doc than coc
lam ting rd rét sirc khang thanh giira coc va dat, tir d6 lam ting strc chiu tai doc truc
cua coc khoang 1,31 dén 1,78 lan tuy theo ham luwong vira. Trong nghién ciu md
phong bang phuong phap sd, NCS lyachon thé hién sy gia ting ma sat gitta coc — dat
théng qua viéc tang dién tich tiép xdc vahé sb tiép xUc (Rinter). DE MO ta sy gia ting
dién tich tiép xuc tai cac doan coc phut vira, NCS dé xuat sir dung dai luong duong
kinh quy ddi (Dqgd).

4.2 M6 phéng thi nghiém nén tinh coc thi nghiém bang phwong phap phan tir

hiru han.
4.2.1 Xay dwng md hinh coc va nén

DPé md phong ng xir caa coc khoan nhdi trong diéu kién thi nghiém nén tinh, nén
dat dugc NCS lya chon mé hinh dan hdi déo Mohr—Coulomb (MC), con vit liéu coc

sir dung vat lidu dan hoi tuyén tinh dang huéng.

Viéc lyachon mé hinh MC cho dat trong nghién ctru do ¢6 sd lwong tham sb phu
hop, twong thich véi lwgng dit liéu vé nén dét thu duoc tir két qua khao sat dia chat
cuaNCS dé dy béo sirc chiu tai cuc han caacoc. Ngoai ra, md hinh MC thé hién dugc

tinh chat phi tuyén cia quan hé tai trong — do 10n coc.

Nén dat khu vuc thi nghiém |a cé min, trang théi roi; két qua SPT cho thay Nepr
bién ddi tir 2 dén 7 va co xu hudng ting theo chiéu sau. Tuy nhién, trong pham vi
chiéu dai coc thi nghiém L = 3,0 m, nén dat khong dugc phan chiathanh céc 16p dia
chat khéc biét ré rét ma van thuoc cling mot [6p cét min. Vi vay, trong mé hinh sb,
nén dat duoc don gian hdathanh mot |6p dat twong duong, sir dung bo théng sd trung

binh dai dién twong (rng v4i Nspr = 4.
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Céch md hinh hda nay nhim han ché sb luong bién sb vatap trung danh gia anh
huong cia ham lwong vira phut IR, 1abién nghién ciu chinh. Bo théng sb nén twong
duong duoc giir théng nhét trong quéa trinh mé phong va duoc hiéu chinh théng qua
két qua thi nghiém nén tinh ctia coc ddi chirng BPGO, chu yéu théng qua hé sb tiép
XUC Rinter. Do d6, m6 hinh mot 16p dat trong dwong duoc sir dung d¢é mé phong ung
xir tong thé cua hé coc-dat, khéng nham phan anh chi tiét sy bién thién cuc b cua
tinh chét dat theo chiéu su.

Céc thi nghiém nén tinh da thuc hién véi cac cap tai trong nén co giatri rat bé,
sic chiu tai theo vat liéu cua coc, dugc tinh todn chi tiét tai Phu luc 2.3. Ngoai ra, két
qua do bién dang coc ciing cho thdy coc |am viéc trong giai doan dan hoi tuyén tinh,

do @6 mé hinh coc lavat liéu dan hoi tuyén tinh hoan toan phu hop.
4.2.2 Xdc dinh thdng sé dau vao cia dét nén va coc

Céc thdng sb co ban cia dat dat cat min véi (ing xt thoat nuéc (Draind) gom dung
trong tu nhién yunsx, dung trong b&o hoa ysx, md dun bién dang E, hé sb Poisson v
gdc sét trong hitu hiéu ¢, lyc dinh hitu hiéu ¢, géc gian N y vahé sb twong tic Rinter.
Céc thdng s nay duoc lya chon tir két qua thi nghiém trong phong, két qua xuyén

tiéu chuan SPT va duoc sir dung thong nhét trong qué trinh md phong sb, cu thé:

- M6 dun bién dang (E) cia dat nén duoc lya chon dua trén twong quan thyuc
nghiém véi chi sb xuyén tiéu chuan SPT theo céc tai liéu [22], [24], [27], [47], [66].
Do cac tuong quan gitta E va SPT N ¢6 do phan tan Ion [1], [19], [55] va phu thuoc
vao diéu kién thi nghiém ciing nhu trang théi &ng suat cia dat, giatri E trong nghién
ctru nay duoc lya chon theo quan hé:

E=45N ;(Mpa) (4.1)
Véi giatri dai dién Nspr = 4, mo dun bién dang cua |6p dat trong duong duoc X&c
dinh theo cong thirc (4.1), thu dugc E = 18 000 kN/m?. Giatri nay dugc St dung nhu
théng sb trung binh dai dién cho nén cé&t min, trang théi roi trong pham vi md hinh

thi nghiém.

- Heé sd Poisson v dugc xéac dinh théng qua hé sd &p luc ngang ¢ trang théi nghi:
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v = Kol(1+Ko) (4.2)
Ko=1-sing’
trong d6, Ko lahé sd &p luc ngang cua dat ¢ trang théi nghi, Giatri tinh dwoc v xap xi
0,25 nam trong khoang khuyén nghi st dung cho dat roi khi khai béo trong phan mém
MPaxis.

- Chi tiéu co 1y ctia dat yunsa, ¥sa duoc xac dinh tir két qua khao sat dia chat vathi
nghiém mau dat (Phu luc 1). Do nén dat nghién ciru lanén cét, ¢’ duoc xem lakhdng
dang ké, 1ay bang 0. Goc masét ¢’ xac dinh theo TCVN9351:2012 [3], cu thé:

@' =20 +V12.N (4.3)

- Theo Plaxis Manua [25], Géc gian no y duoc xac dinh duavao ¢’ theo twong
quan sau:
w=¢ -30 (4.4)
|y y =0khi ¢’ < 30°

- Hé sb tiép xuc Rineer: Trong Plaxis 3D, tuong tac giira két ciu va dat nén duogc
md phong thdng qua phan tir tiép xuc (interface). Cudng d6 cuaphan tir tiép xuc dugc
xéac dinh trén co s& cudng do cua dat nén vahé s giam cuong d6 Riner. Theo Plaxis
Manual [25], giatri Rinter < 1,0 duwoc S dung khi cudng d6 tai mat tiép xac dat—két
cau thap hon cuong do cua dat nén; trong khi Rinter =1,0 twong (ng véi truong hop
khdng xét sir suy giam cuong do tai mat tiép xdc.

- Péi véi coc khoan nhdi khéng phut vira, quéa trinh khoan tao 13, s dung dung
dich giit thanh vathi cong bé téng co thé 1am thay doi trang thai dat tai bé mat tiép
xUc coc—dat. Vi vay, trong nghién ciru ndy Riner duoc khao sét trong khoang 0,6-0,8
theo pham vi tham khao tir Plaxis Manual [25]. Giatri phil hop cho diéu kién nghién
ctru khong duoc gia dinh trude ma duge xac dinh thdng qua qua trinh hiéu chinh mo
hinh coc d6i chitng BPGO, bang cach so sanh dudng cong tai trong—do lan P-S giita
md phong va thi nghiém hién truong, trong khi céc théng sb co hoc khéc caa dat va

coc duoc giir ¢ dinh.
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Bang 4.1 Thong sd dau vao ciia mé hinh dat nén vavat liéu coc BPGO

Théng sb Pon vi Pit nén CocBTCT
M® hinh ing xir MC Linear Elastic
L oai thoat nudc Drained Non — porous
Dung trong tu nhién yunsa KN/m?3 20,2 -
Dung trong b&o hoa y sa KN/m?3 20,7 -
Mo dun héi E KN/m? 18000 29,3.10°
Hé sb Poisson v - 0,25 0,2
Luc dinh hitu hiéu ¢’ KN/m? 0 -
G6c ma sét trong hiru hiéu ¢ do 26,93 -
Géc gian no y do 0 -
Heé b tiép XUC Rinter - 0,60+ 0,80 -

Ddi vai coc bé tdng cdt thép, viéc xac dinh thong sé mé dun dan hoi cua coc l1a
dra vao céc thdng sb caa vat lidu bé tdng va cot thép ciu tao coc, ddng thoi dua vao
dién tich bé tdng va cbt thép theo dién tich tiét dién coc va duoc xac dinh theo Sinha
(2006) [49], chi tiét tinh toan trong Bang PL 3.3 tai Phu luc 3. Thdng sb vat liéu dau

v&0 ciia mo hinh dat nén va coc BPGO dugc tong hop trong Bang 4.1.
4.2.3 Piéu kién bién, lwéi phan tie va cac pha tinh toan

Nhiam dam bao mé hinh phan 4nh dang diéu kién thyuc té, dong thoi duy tri hiéu
qua tinh todn, md hinh nén trong Plaxis 3D duoc thiét 1ap vai kich thudc khéi dat
20m x 20m x 10 m dwgc chon (Hinh 4.1), dam bao 16n hon 10 1an dudng kinh coc
trén mit bang va day ciamd hinh lén hon 3 1an dudng kinh coc [8],[25]. Kich thuéc
nay dugc xac dinh théng qua khao s&t anh huong cia moé hinh véi céac bién [én hon
(25m x 25m x 10m va 30m x 30m x 10 m). Két qua cho thay sai Iéch vé chuyén vi
vaung suat 1a khong dang ké (< 5%), trong khi thoi gian tinh toan giam rd rét. Coc
khoan nhdi duoc bb tri tai vi tri trung tAm caa khdi mé hinh nham dam bao tinh doi

xtng va phan bb déu trong trueong tng sut.
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Qua trinh chat tai dugc mé phong bing cach dit tai trong nén tinh tai dau coc,
tuong tNg Vi tirng cap tai thi nghiém hién truong. Mai cap tai dugc thuc hién thdng

qua céc phatinh toan tuan tu trong Plaxis 3D.

Ludi phan tr duoc thiét 1ap voi mat dé cao (ludi min) tai ving gan coc, dic biét
|& khu vyec tiép xUc giira coc va dit nén, noi c6 sy thay doi 16n vé wng suit va bién
dang. Trong khi do, cac ving dit xa hon duoc chia ludi thé hon (ludi trung trinh)

nham giam thiéu thoi gian tinh toan nhung van dam bao tinh chinh x&c.

Qua trinh tinh toan duoc thuc hién qua ba giai doan chinh:

- Giai doan 1 — X&c 1ap &ng suit ban dau dé thiét 1ap trang thai (ng suat tu nhién
ciianén trudce thi cong.

- Giai doan 2 — M6 phong thi c¢ng coc: kich hoat phan tir thé tich dai dién cho
coc trong nén dat. Trong nghién ciru ndy, anh huong tirc thoi cua quéatrinh khoan tao
15 va db bé tong dén trng suat du quanh coc chua duge xét dén; md hinh tap trung vao
giai doan |lam viéc cua coc sau thi cong.

- Giai doan 3 — Giatai nén tinh: tai trong thang dtimg duoc dit tai dau coc theo
dung cac cap tai caathi nghiém hién truong. Mai cap tai duoc thuc hién quamot pha
tinh toan riéng biét xac dinh d6 lun twong ng, tir d6 xay dung duong cong (P-S)

trong mé phong. Bang PL 3.1 tai Phy luc 3 trinh bay céc sb liéu céc cap giatai cua

céc coc thi nghiém khi mé phong.

57

10 m

Hinh 4.1. M hinh coc vanén trong phan mém Plaxis 3D.
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4.2.4 Chi tiéu danh gia d¢ phu hep giga mo pheng va thi nghiém

Pé danh gid muc do phu hop giita duong cong tai trong—do lun P — S thu duoc tir
mo phong s va thi nghiém hién truong, nghién ctru st dung hé sb xac dinh R2 va sai
s6 tuyét ddi trung binh MAE (Mean Absolute Error). Hai chi tiéu dugc sir dung véi
muc dich khic nhau trong qua trinh x4y dung va kiém chimg mé hinh.

Hé sb xac dinh R? dugce st dung lam chi ti€u chinh trong qua trinh hiéu chinh va
lwa chon céc tham sb ciia mo hinh, nhim danh gia mac do phu hop tong thé giita
dudng cong P—S mo phong va thuc nghiém. R? dugc xé4c dinh theo cong thirc:

2
_ Z?zl(STN,i - SMP,i)

R?>=1 —
Z?:1(STN,L' - STN)

trong d6: Srniila do lun dau coc xac dinh tir thi nghi¢m tai cép tai thir 1; Sup,ila d6 Iin
dau coc xac dinh tir md phong tai cip tai twong tng; Sy 1 gia tri trung binh cua do
14n thi nghiém; n 1a s6 diém di liéu.

Bén canh R2, nghién ctlru bo sung chi tieu MAE nham luong hoa truc tiép do 1éch

tuyét dbi trung binh giita d6 1in mo phong va thi nghiém:
n
1
MEA == |1, = Supl
i=1

MAE c6 don vi mm; gia tri MAE cang nhé thé hién @6 léch trung binh gitra két qua
mo phong va thi nghiém cang thap.

Trong nghién ctru nay, R? dugc st dung théng nhéat dé hiéu chinh va lya chon
Rinter, Dqd. Sau khi x&c dinh dugc bg tham ) phu hop, MAE duoc tinh bo sung cho
mo hinh cudi cing nham danh gia d6 16n cua sai léch tuyét d6i giita mo phong va thi
nghiém. Trong budc kiém churng tai cac cong trinh thuc té, R2vaMAE dugc sir dung
ddng thoi nham danh gid mo hinh ca vé mirc do phu hop tong thé cua dudng cong

P-S va d6 10n sai léch cta két qua mo phong.
4.3 M6 phéng va hiéu chinh hé sb tiép xtc caa coc khdng phut vira (BPGO)

M hinh coc khéng phut vita BPGO duoc sir dung 1am mé hinh co so dé hiéu
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chinh diéu kién twong tac coc-dat trudc khi xét anh huong caa phut vira. Trén co s¢
pham Vi Rinter = 0,6-0,8 da Iyrachon tai Muc 4.2.2, ba treong hop Rineer = 0,6; 0,7; 0,8
lan lugt dugc phan tich trong Plaxis 3D. Trong qué trinh ndy, cac thdng s khéc caa
dat vacoc nhu E, ¢, ¢, v, v va céc thdng s vat lidu coc dugc gitr ¢ dinh. Do d6, sy
thay d6i két qua mé phong giira ba trudng hop chi yéu phan dnh anh huong caa diéu
kién tiép xtc coc-dat.

Giatri Rinter phu hop duoc xac dinh théng qua so sanh toan bo duong cong P—S
md phong véi két qua thi nghiém BPGO. Két qua cho thay khi Rinter tang tir 0,6 [én
0,8, hé sd xac dinh R? ting twong tng tir 0,53 Ién 0,91 (Bang 4.2). Trong ba gia tri
khao sét, Rinter = 0,8 cho mttc d6 phtl hop cao nhat va duoc lva chon [am giatri tham
chiéu caiamd hinh coc khéng phut vira trong cac budc phan tich tiép theo.

Bang 4.2. Anh huong cuaviée thay doi hé sb tiép xdc Riner dén d6 tring khop giira
két qua mé phong va thi nghiém coc BPGO

Hé sb tiép XUcC Rinter 0,6 0,7 0,8

Hé sb xac dinh R? 0,53 0,80 0,91

Hinh 4.2 thé hién truc quan sy tring khép caa cac dudng cong P-S gitta md phong
vathi nghiém tai cac giatri Rineer khac nhau, trong d6 khi gia tri Rinter = 0,8 thi duong
cong P-S thu duoc tir 2 phuong phap khac nhau gan nhu trung khép.

Tii trong P, (kN)

0 20 40 60 80 100
O x T T T T
%
.
6 X
-10 \xk
# 20 | —+—BPG0 " \
3 = Rinter = 0,6 i\ X
(=1}

/A 230 + Rinter:O,7 \

*»—Rinter = 0,8

-40

Hinh 4.2. So sanh giita két qua md phong vathi nghiém coc BPGO khi thay dbi hé
SO tiép XUC Riner tir 0,6 dén 0,8
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Trén co s& két qua trén, Riner = 0,8 duogc lya chon cho md hinh coc khéng phut
vitaBPGO. Chi tiéu MAE dugc tinh bd sung d6i vai md hinh cudi cling sau hiéu chinh

va duoc tdng hop cling vai céc coc phut viratai Muc 4.4.3.
4.4 M6 phéng coc khoan nhdi phut vira BPG20; BPG35 va BPG50
4.4.1 Co s6' va nguyén ly mé hinh hoa twong dwong coc phut vira

Déi véi coc khoan nhdi cé phut vita doc than, vita dugc dwa vao ving tiép xdc
coc—dat dudi &p luc, lam thay doi trang thai caa dat va diéu kién tuwong tac tai khu
vuc xung quanh than coc. Vira co thé xam nhap vao 15 rdng, lap day cac khuyét tat
tai mat tiép xtc va sau khi dong cung hinh thanh vung dat-vira c6 dic tinh khéc so
Vi trang thai ban dau. V& mit co hoc, cac tac dong ndy lam cai thién diéu kién truyén
tai gitra coc va dat, mo rong pham vi dat tham gia chiu tai va ting kha nang huy dong
sic khang thanh. Két qua thi nghiém hién truong trinh bay tai Chuong 3 ciing cho
thiy strc khang thanh don vi vasic chju tai cia coc ting rd rét sau khi phyt vira doc
than. Co sd vat 1y va nguyén 1y mo hinh hoa twong duong coc khoan nhdi phut vira

doc than trong phan tich sb dugc minh hoatrén Hinh 4.3.

Viéc md phong truc tiép qua trinh bom, lan truyén va dong cirng cua vira trong
moi truong dat 1abai todn phirc tap, doi hoi xac dinh dong thoi cac dic trung cuavira,
qua trinh thim-lan truyén va sy thay doi tinh chét co hoc cua vung dat—vira sau phut.
Trong pham vi nghién ctru nay, cac dai luong trén chua dugc xac dinh truc tiép tir thi
nghiém. Vi vay, NCS sir dung phuong phap mo hinh héa twong duong, trong d6 anh
huong tong hop cuaquéatrinh phut vira dén tng xir coc—dat duoc biéu dign théng qua
hai thanh phan: (i) su gia ting pham vi tuong tac va truyén tai gira coc va dat, dugc
biéu dién bang duong kinh quy doi Dag; Va (ii) sw cai thién diéu kién tiép xdc tai mat
phan cach, duoc biéu dién thong qua hé sb tiép XUc Rinter.

Déi véi thanh phan thi nhat, ving dit chju anh huong caa phut vira xung quanh
than coc duoc quy ddi thanh ving twong tac twong duwong c6 dudng kinh Dga [6n hon
duong kinh ban dau Do ciia coc khdng phut vira. Trong md hinh, Dgq latham sb hinh

hoc twong duong nham phan anh gian tiép sy gia ting pham vi truyén tai va huy dong
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sirc khang thanh cua doan coc sau phut vira. Do d6, Dga khong duoc hiéu 1a duong
kinh thyuc té cua coc sau phut vira hoic duong kinh lan truyén thuc té caa vira trong
dat. Gia tri Dga duoc xac dinh théng qua qué trinh hiéu chinh nguoc tir két qua thi
nghiém nén tinh, duatrén mac do phu hop gitra dwong cong tai trong-dé lan P—S cua

md hinh sd vakét qua thic nghiém.

Déi vai thanh phan tht hai, hé s6 Rinter duoc sir dung dé mé ta diéu kién tuong tac
tai mat tiép xuc gitta ving quy doi va dat nén xung quanh. Déi véi coc khdng phut
vira, giatri Rinter dugc xac dinh tir mo hinh co s& BPGO. Sau khi xac dinh Dge ctiacac
coc phut vira, Rinter duoc tiép tuc khao st va hiéu chinh nham phan anh su cai thién

diéu kién truyén ting suat tai mat tiép xuc do tac dong cua phut vira.

Nhu vay, phuong phap dé xuat khéng md phong truc tiép hinh dang va pham vi
lan truyén cua vita trong dat, ma quy doi anh huong tong hop cia phut vira thanh sy
thay d6i ciahai tham sd Dga VA Rinter. Hai tham sb nay c6 y nghia khac nhau va dugc
hiéu chinh tuan ty nham han ché viéc thay d6i dong thoi nhiéu tham sd trong mé hinh.
Trinh tu xac dinh Dga vahiéu chinh Riner cho cac coc BPG20, BPG35 va BPG50 dugc

trinh bay chi tiét tai cac muc tiép theo.

p

. \Viing dit nén giacd
Coc khoan nhoi béng vita phut
phut vira coc than

coc

inter

D, A, B, C: Cao trinh phut vita

>

Hinh 4.3 Co s& vt ly caamd hinh coc khoan nhéi phut vira doc than coc trong

phéan tich sb
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A.4.2 Xdc dinh dwong Kinh quy déi (Dqa) Cria CAC CoC phut vira

Trong md hinh twong dwong dugce dé xuat, Dga VA Rinter & hai tham sd hiéu chinh
¢ y nghia vat Iy khac nhau. Trong dé, Dqa phan anh mic d6 mé rong ving dat-vira
tham gia truyén tai trong xung quanh than coc sau phut vira, lam gia tang dién tich
tiép xuc twong dwong giira coc va dat nén. Trong khi d6, Riner phan anh muc do cai

thién diéu kién tiép xudc tai mit phan cach coc — dit sau phut vira

Xét vé co ché 1am viéc, sy thay ddi Dqa anh huong truc tiép dén pham vi truyén
rng suat va dién tich 1am viéc cua hé coc-dat, do d6 dugc xem latham sd chi phdi
chinh trong mé hinh twong dwong. Trong khi d6, Rinter cht yéu dong vai tro hiéu chinh
murc d6 truyén g suat tiép xdc giita coc va dat sau khi da xac dinh duoc ving anh
hudng twong duong thong qua Dgq. Vi vay, quatrinh hiéu chinh dugc thuc hién theo
trinh ty xac dinh Dga trudc, sau d6 mai hidu chinh Rinter Nham bao dam y nghia vat ly

cua tirng tham sd.

Trén co s& d6, hé sb tiép xdc duoc cb dinh ¢ giatri Rner = 0,8 d6i véi coc khéng
phut va anh huong cia phut viraddi véi coc phut viradugc mé phong théng qua viéc
tang dan duong kinh coc tir gidtri ban dau Do dén céc giatri quy doi 16n hon, nham

xac dinh duong kinh quy ddi Dga pht hop.

Qué trinh xac dinh Dga duoc thuc hién theo phuong phéap thir dan c6 kiém soét. Ban
dau, duong kinh coc dugce ting véi budc nhay ADge = 100 mm nham xéac dinh khoang
giatri phl hop cao. Sau do, trong khoang giatri phii hop cao giira két qua mé phong va
thi nghiém, budc nhay duoc thu hep ADgs = 10 mm nhiam xac dinh chinh x&c hon giatri
Dqa twong ang véi hé sb xac dinh R2 [on nhat. Két qua md phong thi nghiém nén tinh coc

VGi C&C giatri Dga khac nhau dugc thé hién trén cac Hinh 4.4 dén Hinh 4.6.

Tir két qua md phong cho thay, khi ting Dqs dudng cong P-S ciamé hinh sé dan
tiém can véi két qua thi nghiém. Giatri Dga tuong tng véi micc dd phu hop cao nhat
duoc xac dinh 1a: 0,52 m dbi véi BPG20; 0,64 m dbi véi BPG35 va 0,67 m dbi voi
BPG50. Céac gia tri nay dugc xac dinh trén co sé so sanh gitra cac duong cong P-S

cuamo phong vathi nghiém, véi hé sb xac dinh R2 tir 0,95-0,96, duoc trinh bay trong
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Bang 4.3 (chi tiét duoc tinh todn Phy luc 3).

Tai trong P, (kN)

0 20 40 60 80 100 120
—_
E \
g i BPG20 — — —Do=400 \
S
= -30 500 510 \
o —e— Dqd = 520 530 \ N
= 540 550 \
«--40 560 570 \
580 590 N
- = =600 - = =700 \
-50 - — =800 900 \
1000 *
-60

Hinh 4.4. Biéu db tai trong — d6 1Gn cua coc phut vira BPG20 theo duong kinh
quy d6i ther dan, treong hop Riner = 0,8
Tai trong P, (kN)
0 20 40 60 80 100 120 140 160

E
E
- —=—PBG35 = — — —D0=400 \ \
= - = =500 - = =600 \ \
= 40 610 620 \ ‘\
< 630 —e— Dqd = 640 \ \
= 650 660 \ \
670 680 \ \
-50 690 - = =700 \ .
- = =800 900 \

- = =1000

-60
Hinh 4.5. Biéu db tai trong—do [Un caa coc phut vita BPG35 theo dudng kinh
quy ddi thir dan, truong hop Rie = 0,8
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Tai trong P, (kN)
60 80

100 120

-10
-20

-30
—8— BPG50
- — =500
-40 610
630
650
—e— D670
-50 690
- — =800
1000

PO lun, s (mm)

\
— — —Do=400 \
— — —600 \
620 \
640 \
660
680
- — =700
900

-60

Hinh 4.6. Biéu d6 tai trong — do 1n caa coc phut vira BPG50 theo duong kinh

quy d6i ther dan, treong hop Riner = 0,8

Bang 4.3. Tong hop hé sb xac dinh R? so sanh dudng cong tai trong—do 1Gn gittamo

phong vathi nghiém cuaa coc phut vira.

Théng sb Ky hiégu | BPG20 | BPG35 | BPG50
Puong kinh coc quy doi Dga (M) 0,52 0,64 0,67
Hé sb xac dinh khi Riner = 0,8 R? 0,96 0,95 0,96
Hé sb xac dinh khi Rinter = 0,9 R 0,96 0,97 0,98
Hé sb xac dinh khi Rinter = 1,0 R? 0,97 0,98 0,99

4.4.3 Hé sé tiép xUc (Rinwer) Ciia CoC phut via

Sau khi x4c dinh Dgg, hé s Rinter duroc khao sét 1an luot véi cac giatri 0,8; 0,9 va

1,0. Viéc ting Rinter trong budc ndy nhiam biéu dién sy cai thién diéu kién tiép xuc tai

doan coc duoc phut viraso véi coc khdng phut. Trong md hinh, Riner = 1,0 duoc hiéu

|a khdng &p dung hé sd giam cuong do tai mat tiép xdc gitta coc-dat, khong dong

nghia véi viée cudng do caa dat nén hoidc cac théng sb ¢, ¢, E cuatoan b ving dat

xung quanh coc duoc tang Ién.
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Két qua cho thdy tai Riner = 1,0, dudng cong P—S mé phong dat mirc d6 phil hop
cao nhét véi thi nghiém caa BPG20, BPG35 va BPG50, véi R2=0,97-0,99. Do do,
Rinter = 1,0 duoc lya chon cho doan coc phut vira trong m6 hinh twong duong, trong

pham vi diéu kién nghién ctu.

Tai trong P, (kN)
0 20 40 60 80 100 120 140
0
E
g -10
e
=
< N
a -20 \
—— BPG20 ——BPG35
—s—BPG50 D520
30 - --D640 - --D670

Hinh 4.7. Biéu db tai trong—do [n caa coc phut vita twong wng véi dudng kinh
quy d6i da xac dinh trudng hop Rinter = 0,9
Tai trong P, (kN)
0 20 40 60 80 100 120 140

E

E

“

= X

< —+—BPG20 —+—BPG35 N
—=— BPG50 - - -D520
- - -D640 - - -D670

-30

Hinh 4.8. Biéu db tai trong—dd 1Un cua coc trong tng véi dudng kinh quy déi da

xac dinh, treong hop Riner =1
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Két qua Bang 4.3 cho thay viéc thay d6i Dga 1am thay d6i dang ké hinh dang va
vi tri ciia duong cong P-S, trong khi viéc ting Rinter chil Yéu gilip cai thién mic do
trung khop gitra két qua mé phong va thi nghiém. Biéu ndy cho thdy Dyq |a tham sb
quyét dinh chinh dén kha ning mé phong hiéu tng phut vita trong mé hinh twong
duong, con Rinter dong vai tro tham sb hiéu chinh bd sung nham phan anh sy cai thién

diéu kién tiép xtc tai mat phan céch coc-dat.

Sau khi hoan tat qué trinh hiéu chinh va xac dinh céc tham s6 phu hop cho tirng
md hinh coc, NCS tién hanh danh gia lai mic do twong thich giira két qua mé phong
va thi nghiém ddéi véi mé hinh cudi cling cua cac coc BPGO, BPG20, BPG35 va
BPG50.

Bén canh hé sb xac dinh R2, chi tiéu sai s6 tuyét dbi trung binh MAE duoc b
sung nham lugng hda tryc tiép do léch gitra d6 1Gn md phong va do 1Gn thi nghiém
tai C&c CAp tai tuong ung. Két qua tong hop céc chi tiéu danh gia cua cédc md hinh sau

hiéu chinh dwgc trinh by trong Bang 4.4, chi tiét tinh toan tai Phu luc 3.

Bang 4.4 Tong hop chi tiéu danh gida mé hinh sau hiéu chinh ddi véi céc coc thi

nghiém
Coc IR (I/m2) buong kinhcocmé hinh (m) | Rner | R? MAE (mm)
BPGO 0 Do=0,40 08 | 091 1,61
BPG20 20 Dqa= 0,52 1,0 | 0,97 1,07
BPG35 35 Dqi= 0,64 1,0 | 0,98 0,71
BPG50 50 Dq¢ = 0,67 1,0 | 0,99 0,45

Két qua tai Bang 4.4 cho thay cac mé hinh sau hiéu chinh déu dat mirc d6 phi hop
tt véi két qua thi nghiém, véi R2 dao dong tir 0,91 dén 0,99 va MAE tir 0,45 dén 1,61
mm. Déi véi coc khong phut vira BPGO, md hinh véi Rinter = 0,8 dat R? = 0,905 va
MAE = 1,61 mm. Péi véi c&c coc phut vira BPG20, BPG35 va BPG50, khi sir dung
Dqa trong tng két hop voi Riner = 1,0, gidtri R? 1an luot dat 0,97; 0,98 va 0,99, trong
khi MAE tuong ung 1a1,07; 0,71 va 0,45 mm.
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Viéc sir dung dong thoi hai chi tiéu cho phép danh gia mé hinh trén hai phuong
dién: R2 phan anh mtrc d6 phu hop tong thé cia duong cong P-S, trong khi MAE
lwong hoa do 1éch tuyét ddi trung binh gittakét qua mé phong vathi nghiém. Két qua
cho thy bo tham sb dugc lua chon sau hiéu chinh ¢ kha niang mé phong hop ly tng

Xt tai trong—do 1an cua cac coc thi nghiém trong pham vi nghién curu.

Nhin chung, duong cong tai trong—do6 lan P—S cua coc trong mo hinh Plaxis 3D
chiu anh huong dong thoi cia nhiéu nhom yéu té, gdm: dic trung co hoc cua dat nén
(E, ¢, ¢, diéu kién thoat nudc), dic trung hinh hoc va do cing caa coc, diéu kién
bién va trinh ty gia tai, ciing nhu diéu kién twong tac giita coc va dat. Poi voi céc
doan coc phut vira, anh huang cia cong nghé phut duoc mé hinh hda cha yéu théng

quaDgd Va Rinter.

Trong nghién ciru ndy, cac théng sd nén dat, vat liéu coc, dicu kién bién vatrinh
tu giatai dugc gitr théng nhat theo mé hinh coc di chirng BPGO. Vi vay, su thay doi
cua dudng cong P—S giita c&c coc BPG20, BPG35 va BPG50 dugc xem xét chu yéu
théng qua sy thay doi ctiia Dga VA Rinter. Céch tiép can ndy nham téch riéng anh huong
cua phut vira khoi cac yéu td nén vakét cdu di duoc xac dinh hoic hiéu chinh truge
do.

4.5 Thiét 1ap cong thire x4c dinh dwdng kinh quy doi cho cac doan coc c6 phut
vira khi mo phéng

Thong qua viéc xac dinh gi tri duong kinh quy doi (Dgd) cho ba ham luong vita
(IR =20, 35 va50 I/m?) bang phuong phéap sd, mdi trong quan giita duong kinh quy
d6i (Dqq) va ham lugng vira phut (IR) dugc thiét 1ap va thé hién trén Hinh 4.9.

Puong xu hudng xac dinh tir quan hé gitta dudng kinh quy ddi (Dga) va ham luong
vira (IR) ¢6 hé s6 xac dinh R2= 0,97, do d6 phuong trinh cta dudng xu huéng ndy
dugc NCS sir dung 1am co s& dé thiét [ap cong thire xac dinh duong kinh quy doi cho
céc doan coc phut vira. NCS dé xuat cong thirc (4.6) dé xac dinh duong kinh quy doi
(Dgd) tir dudng kinh ban dau caa coc khdng phut vira (Do)
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Dga = —3.107°.(IR)* + 7,2.1073.(IR) + Dy ; (m) (4.6)
trong d6, Dqa (m): Pudng kinh quy ddi doan coc phut vira theo ham lwong vira phut, Do (m):

Puong kinh doan coc khoan nhdi khong phut twong tmg, |R: ham luong vita phut (I/m?).

0.8
e | T
a 0.6
3
o Dga = -3.10%(IR)? + 7,2.103,(IR) + 0.3933
= R2=0.97
= 0.4
E,D PO THID - IR
g --------- Poly. (PO THI D - IR)
& 02

0 10 20 30 40 50 60

Ham luwgng vira phut, IR (I/m?)
Hinh 4.9. B4 thi quan hé gitta dudng kinh quy déi caa coc phut vira véi ham luong
vita phut xac dinh bing phuong phéap sé

Quan hé (4.6) dugc xay dung tir cac gia tri Dg¢ hiéu chinh nguoc tir két qua thi

nghi¢m, do d6 day la quan hé thuc nghiém phuc vu mdé hinh héa tuong duong, khong

phai phuong trinh mé ta quy luat lan truyén hinh hoc ciia vita trong dat. Pham vi ap

dung cua quan hé dugc gioi han theo diéu kién dat, ham luong vira va cép phéi vira
cua nghién ctru.

4.6 Kiém chirng cong thirc dé xuat xac dinh dwong kinh quy doi ciia cac doan

coc phut vira doc than coc khi md phong thi nghiém nén tinh coc.
4.6.1 Nguyén tic kiém ching cong thirc

Cong thuc (4.6) duoc dé xuit nhim xac dinh dudng kinh quy doi Dga ciia doan
coc ¢6 phut vira phuc vu cho mé phong sé bang phuong phap phan tir hiru han. Dé
danh gia kha ning ap dung caa cdng thtrc trong didu kién thuc té, nghién cau tién
hanh kiém chtng théng qua viéc md phong céc coc khoan nhéi co doan coc phut vira
doc than coc trong nén cét tai cong trinh thuc té co sb liéu thi nghiém nén tinh tai hién

trueong, duoc thuc hién theo trinh tu nhu sau:
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- M hinh s duoc x8y ding va hiéu chinh tir coc khdng phut vira, nham xac dinh
bo théng s dat nén phil hop, sao cho duong cong P-S caa két qua mo phong tuong
thich vai két qua thi nghiém hién truong.

- Déi vai coc phut vira, sir dung toan b thdng sé nén dat da hiéu chinh tir mé
phong coc khdng phut vita twong tng, chi thay ddi cac tham sb lién quan dén hiéu
qua phut viratai cac doan coc phut vira, bao gom:

+ Thay duong kinh danh dinh Do bang dudng kinh quy d6i Dgq, duoc xac dinh
theo cong thic (4.6) voi giatri ham luong vita phut IR turong ng;

+ Gén hé s tiép xuc tai bé mat tiép xuc coc-dat Riner = 1 cho doan coc dugc phut
vira.

- Két qua mo phong dugce so sanh dudng cong P-S xac dinh tir két qua md phong
vathi nghiém nén tinh coc tai hién truong, théng quahé sd xac dinh R2va hinh dang
tong thé ciia dudng cong P—S, nham danh gia mac do phi hop ciiacong thie dé xuat.

- Pé dam bao tinh twong thich giira diéu kién kiém chang vapham vi ép dung xay
dung cong thirc dé xuét, cac cong trinh dugc lya chon phai théaman céc tiéu chi sau:

+ Coc khoan nhdi tiét dién tron c6 pham vi phut viratrong nén cét;

+ Ham lugng vira phut IR < 50 |/m?;

+ Cap phdi vita tuong ung 120,66:1;

+ C6 két qua thi nghiém nén tinh cua ca coc khdng phut vita va coc phut vira.

Nguyén tic kiém ching cong thuc (4.6) trong mé hinh sd dbi vai cong trinh thuc
té duoc khéi quét trong Hinh 4.10.

Viéc kiém ching tai céc cdng trinh thyuc té duoc thuc hién ma khéng hiéu chinh
lai Dga cho coc phut vira; D¢ dugc xac dinh truc tiép tir cong thirc (4.6), cON Rinter =
1,0 duoc st dung cho doan phut theo két qua hiéu chinh tir chuong trinh thi nghiém.
Vi vay, mizc d6 phl hop gitra két qua mé phong vathi nghiém tai céc cong trinh kiém
ching duoc sir dung dé danh gia kha ning ap dung caa céch tiép can mé hinh héa

tuong duong da dé& xuat.
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COC KHONG PHUT —»| Hiéu chinh » Xac dinh théng sb nén
Géan Rinter = 1,0 — Tinh Dya < COQC PHUT
M6 phong P-S » S0 sanh vai thi nghiém > Pénh gia R?

Hinh 4.10. So db nguyén tic kiém chang cong thic (4.6) trong mé phong coc

phut vira
4.6.2 Thong tin cong trinh kiém chitng

Pé kiém chung kha ning ap dung caa cong thirc (4.6) trong dicu kién thyc té,
nghién ciru lyachon hai cong trinh dién hinh tai TP.HCM), bao gdm Friendship Tower
vaTo hop can ho Song Pa Riverside. Hai cong trinh déu sir dung coc khoan nhoi, ¢6
thi nghiém nén tinh tai hién trudng, ddng thoi co st dung coc khdng phut vira va coc
phut vira véi ham lugng vira trong pham vi 8p dung trong cdng thac (4.6), phu hop
cho viéc so sanh vakiém chirng mé hinh.

Viéc lyachon hai cong trinh ndy nham danh gia tinh 6n dinh vakha nang ap dung
cua cong thirc (4.6) trong cac diéu kién cong trinh thuc té khéac nhau, bao gom su
khéc biét vé quy mo coc, chidu dai coc va ciu tao diatang tong thé.

Tiéu chi kiém ching duoc s dung lamic d6 pht hop giira dudng cong P-S md
phong vathi nghiém hién truong théng qua hé sd xac dinh R2,

Céc dic trung chinh cua hai céng trinh phuc vu cho muc tiéu kiém chang cong
thirc (4.6) dugc tong hop trong Bang 4.5.

Tur Bang 4.5 cho thay hai cong trinh ¢ cé&c théng sb hinh hoc coc, ham luong vira
va diéu kién thi nghiém tuong d6i tuong dong, dam bao tinh so sanh.

Theo két qua khao sat djatang tai vi tri coc thi nghiém caa 02 cong trinh thé hién

trén Hinh 4.11 va Hinh 4.12, doan coc dugc phut vitatai ca hai cong trinh déu nam
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hoan toan trong 16p cat. Diéu ndy phu hop véi pham vi &p dung cia cong thirc (4.6),

vbn duogc thiét [ap trén co s c&c thi nghiém trong nén cét.

Bang 4.5. So sanh diéu kién hai cdng trinh kiém chtng cong thirc (4.6)

Thong tin cbng trinh

Friendship Tower

Song Pa Riverside

Vi tri

Phuong Sai Gon, TP.HCM

Phuong Hiép Binh Phudc,
TP.HCM

Loai cdng trinh

Nha cao tang (van phong)

T6 hop cin ho

biéu kién dia chat dic
trung

Lép bon phiatrén, tiép dén
lalop sét phavalop cét o
phin sau

L&p bun sét phiatrén, tiép
dén lalép sét/sét pha, sau
d6 14 16p cat va dudi cling
lalop sét

S6 16p dat chinh 7-916p 6-7 16p
Chiéu dai coc 65-80 m 65-68 m
buong kinh coc 1,2-1.5m 1,0-1.2m

Coc khong phut vira

TP1, D1500, L=80 m

TP5, D1000, L= 65m

Coc phut vira

TP2, D1200, L = 65 m, phut
viratlr -42.2m dén -64.2m

TP1, D1200, L =68 m,
phut viratlr -45.0 m dén -

(22 m) 68 m (23 m)
Ham lugng vira (IR) 35 [/m2 35 1/mz?
Vi tri phut vira Poan gan mili coc Poan gan mili coc
Phuong phap thi Nén tinh Nén tinh
nghiém

Dir liéu sir dung

buong cong tai trong - do
lan (P-S)

buong cong tai trong - do
lan (P-S)

S5 liéu dia chat theo hd so khao sét vahd so thiét ké coc tai hai cong trinh duoc
théng ké vasir dung lam théng sé dau vao ciamé hinh nén dat trong mé phong trinh
bay tai Bang 4.6 vaBang 4.7.

Mic du dia tang tong thé tai hai cong trinh gdm nhiéu l6p dat khac nhau, cac doan
than coc dugc phut vira s dung dé kiém ching cong thixc Dge déu bé tri trong |op
cét. Cu thé, tai Friendship Tower, doan phut ciacoc TP2 nam trong khoang cao trinh
khoang —42,2 dén —64,2 m; tai Song Pa Riverside, doan phut cuacoc TP1 nam trong

phan than coc 1am viéc chu yéu trong 16p cat. Do 6, diéu kién dét tai doan &p dung
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Dqd phu hop véi pham vi nén cét caa cong thie dé xuit.

-1,2

DPinh coc TP1: -1.0 binh coc TP2 : -1.00
Bun
,,,,,, JEE Y U _1979_,,,,,,,
Sét pha
-42.2
- 7 -40,0
______ B I -3 I S - E—
650 Nf [-642
_______ B I S B . % R
-80.0 Cét
______ B, m.., L
TP1 D1500 L80m:; ]
TP2 D1200 L65m (phut

Hinh 4.11. So d6 coc TP1 (khéng phut) va TP2 (phut vita) va phan bé diatang tai
cong trinh Friendship Tower

binh coc TP5 binh coc TP1
Bun sét
______ iy 146
Sét, sét pha
-45.0 —-38,5
_______ 1 =1 C
_ [8g) =1 Ca
%0 L N 680 i
___________________________ -~  Elmne
TP5 d1000 L65m; Sét

TP1 d1200 L68m (phut vira)

Hinh 4.12. Chi tiét coc thi nghiém TP5 (khéng phut) va TP1 (phut vita) va phan
bé diatang tai cong trinh T6 hop cin ho Séng Pa Riverside
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Bang 4.6. Thong s dau vao caamé hinh nén dat tai cong trinh Friendship Tower.

Dung Goc ma
R Dung trong | Mo dun i . . '
, Do sau trong tu o . Lucdinh | sdttrong| Héso | Hésotiep
Lop dat/ coc . b&o hoa | biendang _ _ )
(m) nhién c’, (kPa) | htruhiéu | Poisson | XUC Rinter
(KN/m3) (kPa)
(KN/m°) ¢’ (do)

Lop 1. Bun sét 0-10 15,1 15,4 27500 60 25 0,2 0,7
Lop 2. Sét pha 10-14 21,0 21,3 23000 51 25 0,2 0,8
Lop 3. Sét pha 14-21 20,4 20,7 22500 50 25 0,2 0,8
Lop 4. Sét pha 21-25 20,0 20,5 25500 56 30 0,2 0,8
Lop 5. Sét pha 25-40 19,9 20,4 25500 56 30 0,2 0,8
Lop 6. Cat (chua phut) 40-72 20,4 20,7 43000 91 25 0,2 0,8
Lép 6°. Cat (phut vira) 42,2-64,2 20,4 20,7 43000 25 0,2 1,0
7.Cat 72-100 20,2 21,0 43000 0 25 0,2 0,8
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Bang 4.7. Thong sb dau vao caamé hinh nén dét tai cong trinh Séng Pa Riverside

Dung Gb6c ma
R Dung trong | M6 dun ] i . L
, b6 sau | trong tu o o, Luc dinh | sat trong Hé so Hé so ticp
Lép dat/ coc . béo hoa | bien dang o _ )
(m) nhién c’, (kPa) | hituhi¢u Poisson XUC Rinter
(KN/m?3) (kPa)
(KN/md) ¢’ (d0)

Lop 1: Bun sét 0-12 14,6 14,8 1201 14,3 13,73 0,2 0,7
Lop 2: Caét pha 12-22 19,6 20,1 30420 2,2 25 0,25 0,8
Lop 3A: Sat 22-26 19,5 20,0 16080 324 19,8 0,3 0,8
Lop 4: Sét 26-38,5 19,9 20,1 17680 354 13,75 0,3 0,8
Lop 5: Céat 38,5-74 20,2 20,6 37140 0 27,22 0,2 0,8
Lop 5°: Cat (sau phut) | 45-68 20,2 20,6 37140 0 27,22 0,2 1,0
Lop 6: Sét 74-90 20,5 20,7 25640 36,7 17,63 0,3 0,8
Lop 7: Cat 90-100 20,1 20,6 35550 6,0 25,05 0,2 0,8
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CAu tao coc tai 2 cong trinh c6 twong déng vé vat liéu 1am coc, cu thé |a s dung
cung vat liéu bé tong (B25) valoai thép doc than coc (CB400 -V), Do d6, can ctr vao
dién tich thép va bé téng trén mit cit ngang coc tuong tng ta xac dinh dwoc théng sb
coc tai 2 cdng trinh trong md hinh [49] thé hién trén Bang 4.8, chi tiét tinh toan tai
Phu luc 3.

Trén co s& diatang, thong sb dit nén vathdng sd coc di xac dinh, mé hinh s tai
hai cong trinh dugc x8y dung trong Plaxis 3D theo diéu kién thuc té caa tirng cong
trinh. Céc 16p dat duoc mé phong bang phan ta khéi véi mé hinh Mohr—Coulomb;
coc khoan nhéi dugc mé phong bang phan tir thé tich vai vat liéu dan hoi tuyén tinh
vabd tri phan tir interface tai mat tiép x(c coc—dat. Tai trong nén duoc dit tai dau coc
va ting dan theo céc cap tai cuathi nghiém hién truong. Viéc hiéu chinh mé hinh coc
khong phut vita va @p dung Dg¢, Rinter cho doan coc phut vira dugc thuc hién theo
nguyén tac da trinh bay tai Myc 4.6.1.

Trén co s& c&c thdng sd néu trén, md hinh Plaxis 3D cia hai cong trinh duoc thiét
lap nhu Hinh 4.13, thé hién day du diatang, phan tir coc va doan coc phut vita duoc

quy ddi bang Dyg.

]

(a) Cong trinh Friendship Tower (b) Cong trinh Song Da Riverside

Hinh 4.13. M hinh phan tir hitu han caa coc kiém chang trong Plaxis 3D
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Bang 4.8. Tong hop cac thdng sd coc khi md phong coc khdng phut TP1, TP5 tai

hai cong trinh kiém ching.

L . _ Dung M6 dun dan
N . Ky hiéu coc/ Kich Loai vat N
Tén cong trinh _ trong hoi Y
thudc coc (mm) liéu
(KN/m3) (KN/m?)
TP1 Linear -
. 25 33,30.10° |0,2
Friendship | D1500 elastic
Tower TP2 Linear - 25
. 33,10.10° | 0,2
D1200 (phyt vira) | €lastic
Song ba TP5 Linear - 25
_— - 33,00.10° | 0,2
Riverside D1000 elastic
TP1 Linear - 25
. 33,10.10° | 0,2
D1200 (phut vita) | €lastic

4.6.3 M0 phang coc khéng phut viga phuc v hi¢u chinh mé hinh

Thi nghiém nén tinh coc tai c&c cong trinh kiém chimg duoc thuc hién theo gia
tai chu ky, trong d6 mdi chu ky bao gom cac giai doan giatai, d tai vagiatai lai. Do
ton tai bién dang du sau mdi 1an d& tai, tai cing mot mac tai trong, do 1Gn bat dau
gitta c&c chu ky co sy khéc nhau, khong phan anh truc tiép quy luat gia tang tai trong

don diéu cuahé coc—dat.

Trong khi d6, mo6 phong sd bang phan mém Plaxis 3D duoc thyc hién theo ché do
giatai ting dan, trong d6 tai trong duoc ting lién tuc qua cac phatinh toan makhéng
xét dén cac giai doan d& tai vagiatai lai. Vi vay, dé dam bao tinh twong thich khi so
sénh gittakét qua thi nghiém vamé phong, can thiét phai xir Iy s6 liéu thi nghiém chu
ky vé dang chudi cap tai twong duong véi quatrinh giatai don diéu.

Trong nghién citu ndy, so liéu thi nghiém dugc thuc hién theo nguyén tac chi gitr
lai cac diém dir liéu thudc qué trinh giatai theo chiéu ting cuatai trong trong tat ca
céc chu ky, dong thoi loai bo toan bo cac doan dd tai va cac doan giatai lai khéng tao

ramuc tai trong moi. Trén co so d6, chudi Cap tai sir dung trong mé phong duoc xay
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dung theo hai nguyén tic: (i) giit lai c&c cap tai ting dan trong chu ky dau tién; (i) tir
céc chu ky tiép theo, chi bd sung céc cap tai co giatri |6n hon muc tai lon nhat da dat

duogc ¢ chu ky trudc.

Céch tiép can ndy giup loai b anh huong cua bién dang phuc héi trong céc giai
doan do tai vagiatai lai giup dam bao su twong thich gitra dit liéu thi nghiém vamo
hinh phan tir hitu han.

Trén co sd nguyén tac xu |y néu trén, céc cap tai str dung trong md phong duoc
xac dinh nhu sau :

+ Pbi voi coc khong phut vira TP1 tai ¢ong trinh Friendship Tower, chu ky 1 bao
gom céc cap tai tir 0 % dén 100 %, trong khi chu ky 2 chi giir lai c&c cap tai tir 125 %
dén 200 %, nhu trinh bay trong Bang 4.9.

Bang 4.9. Cap tai trong md phong coc khéng phut vita TP1 tai cdng trinh Friendship

Tower)
Tai trong thur Cap tai Tai trong thir Cap tai
Chu ky chuky
(kN) (%) (kN) (%)
0 0 18750 125
3750 25 22500 150
Chu ky 2

Chuky 1 7500 50 26500 175
11250 75 30000 200

15000 100

+ Tuong tu, ddi véi coc khdng phut vira TP5 tai cong trinh Song Pa Riverside,
chu ky 1 bao gém céc cap tai tir 0 % dén 100 %, con chu ky 2 chi giir lai céc cap tai
tir 125 % dén 250 %, nhu trinh bay trong Bang 4.10.

Trén co s CAC ¢ap tai da xac dinh, md hinh phan tir hitu han dugc xay dung trong
Plaxis 3D véi dat nén dugc md ta theo md hinh Mohr—Coulomb va coc dugc mé hinh
héa bang vat liéu dan hoi tuyén tinh. Hé sb tiép xUc giita coc va dat duoc lvachon la
Rinter = 0,8, phti hop voi diéu kién tiép xuc thuc té caa coc khoan nhéi trong nén dat

tu nhién.
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Bang 4.10. Cap tai trong md phong coc khdng phut vita TP5 tai cong trinh Séng Da

Riverside.
Tai trong . Tai trong .
Chu ky Cap tai (%) Chu ky ) Cap tai (%)
thur (KN) thir (KN)

0 0 7500 125
1500 25 9000 150
3000 50 10500 175

Chuky 1 Chuky 2

4500 75 12000 200
6000 100 13500 225
15000 250

Quatrinh giatai trong mé phong dugc thyc hién thong qua céc pha tinh toan tuong
rng V&i tirng cap tai trong Bang 4.9 va Bang 4.10. Tai mdi cip tai, do lan dau coc
dugc xac dinh tir két qua tinh toan, tr d6 xay dung quan hé P-S ciia coc trong md
hinh sb.

Két qua md phong duong cong P-S ciia c&c coc khong phut vitatai hai cong trinh
duoc so sénh véi két qua thi nghiém hién treong vathé hién trong Hnh 4.14 va Hinh
4.15 dya vao sb liéu két qua md phong trinh bay trong Bang 4.11 va Bang 4.12.
buong cong P-S cuathi nghiém trinh bay trén Hinh 4.13 vaHinh 4.14 khéng st dung
toan bo sb liéu giatai chu ky ban dau ma duoc x&y dung tir bo sd lidu da xtr Iy theo
nguyén tac trinh bay ¢ Bang 4.9 vaBang 4.10. Theo d6, chi C&c cap tai twong (ing Voi
qua trinh giatai ting dan duogc lya chon dé bao dam tinh tuong thich véi qué trinh

giatai don diéu trong md hinh Plaxis 3D.

Dé danh gia muc do pht hop gitrakét qua md phong vathi nghiém, hé sb xac dinh
R2 duoc danh gia trén toan b qua trinh gia tai ting dan. Két qua tinh toan cho thay
giatri R2= 0,96-0,97 (Bang 4.13) (duoc tinh todn chi tiét tai Phu luc 3) cuahai cong
trinh, khang dinh do tin cay cia mé hinh khi &p dung cho coc khdng phut vira. Két
qua cho thiy dudng cong P-S mé phong cia céc coc khong phut vira phil hop tét véi
thi nghiém hién truong, voi R? = 0,96 tai Friendship Tower va R? = 0,97 tai Song Da
Riverside. Giatri MAE tuong ng 120,80 mm va 0,69 mm, cho thay dé Iéch tuyét doi
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trung binh vé d6 10n gitta md phong va thi nghiém ¢ mirc nho. Do d6, bo théng sb

nén dat sau hiéu chinh dugc gitt nguyén lam co s cho budc mé phong céc coc phut

vira trong trng.

Bang 4.11. Quan hé tai trong — do 1an tir két qua md phong va thir nghiém coc

khoéng phut TP1 tai cong trinh Friendship Tower

. Cép tai Tai trong P Chuyén vi dau coc S, (mm)
Thur tu cap tai . R
(%) (KN) Thi nghiém M6 phong
1 0 0 0 0
2 25 3750 1,97 2,96
3 50 7500 5,36 6,03
4 75 11250 8,76 9,29
5 100 15000 12,64 13,07
6 125 18750 17,54 16,59
7 150 22500 20,43 21,70
8 175 26500 26,35 21,77
9 200 30000 33,04 33,94

Bang 4.12. Quan hé Tai trong — d6 1Un tir két qua mé phong vathi nghiém coc

khong phut vita TP5 tai cdng trinh Sdng ba Riverside

. . Tai trong P, Chuyén vi dau coc S, (mm)
Thur tu cap tai Cap tai (%) )
(kN) Thi nghiém M6 phong
1 0 0 0 0
2 25 1500 1,80 1,40
3 50 3000 3,80 3,95
4 75 4500 5,70 6,70
5 100 6000 12,00 9,70
6 125 7500 13,00 12,42
7 150 9000 15,80 15,21
8 175 10500 17,20 17,81
9 200 12000 20,10 20,50
10 225 13500 23,40 24,00
11 250 15000 29,00 28,00
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Hinh 4.14. So sanh duwong cong tai trong — do [an (P-S) gitra md phong va thi

nghiém cua coc khdng phut vira TP1 tai cong trinh Friendship Tower
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Hinh 4.15. So sanh duong cong tai trong — do 1Un (P-S) gitta m6 phong va thi
nghiém cua coc khong phut vira TP5 tai cong trinh Song Da Riverside

Bang 4.13. Hé sb xac dinh R? cia coc khéng phut viratai hai céng trinh

Coéng trinh Coc R? MEA (mm)
Friendship Tower TP1 0,96 0,80
Song Pa Riverside TPS 0,97 0,69

Két qua trén cho thdy mé hinh PTHH véi céc théng sd da Iwa chon ¢ thé mo
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phong hop 1y trng xtr 1am viéc caa coc khoan nhéi khéng phut viratrong nén dt tu
nhién. Bo théng s nay duoc s dung 1am co sé dé tiép tuc phan tich vamé phong
céc coc phut vira trong c&c muc tiép theo.
4.6.4 Sir dung dwong kinh quy déi cho doan coc phut vira
Ap dung cong thirc (4.6) dé xac dinh dudng kinh quy d6i Dy cho c&c doan coc co
phut vita tai hai cong trinh thuc té. Cac doan coc phut vita déu sir dung ham luong
vira IR = 35 I/m2. Theo cong thtc, gia tri duong kinh quy ddi Dea = 1420 mm, 16n
hon dang ké so véi duong kinh danh dinh ban dau ciahai coc phut virala 1200 mm.
Trong md hinh s3, viéc &p dung cong thire (4.6) duoc thuc hién theo cac nguyén
tac sau: (i) gitt nguyén toan bo thong sb nén dat va diéu kién mo hinh da dugc hiéu
chinh tir coc khéng phut vita; (i) thay thé duong kinh danh dinh Do biang duong kinh
quy doi Dga tai doan coc phut vita; (i) gan hé so twong tac mat tiép XUC Rinter =1 cho
doan coc phut viranham phan anh sy cai thién diéu kién tiép xtc sau khi phut vira
Tuong tu nhu coc khong phut vita, cac cap tai trong sir dung trong md phong coc
phut vita duoc xac dinh tir sd lidu thi nghiém theo nguyén tac chi gitr lai c&c muc tai
tang dan tuong tng trong tirng chu Ky, nhu trinh bay trong Bang 4.14 vaBang 4.15.
Bang 4.14. Cap tai trong sir dung md phong thi nghiém nén tinh coc phut vira TP2

tai cOng trinh Friendship Tower.

Tai trong . Tai trong .
Chu ky Cap tai (%) Chu ky Cap tai (%)
thir (kN) thtr (KN)
Chuky 1 0 0 23100 225
2630 25 25200 250
5250 50 27300 275
Chuky 3
7880 75 29400 300
10500 100 30450 325
Chuky 2 13130 125 31500 350
15750 150
18380 175
21000 200
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Bang 4.15. Cap tai trong dwgc mé phong trong coc phut vira TP1 tai cdng trinh

Song Da Riverside.
. Tai trong . Tai trong .
Chuky 1 Cap tai (%) Chu ky Cap tai (%)
thir (KN) thir (KN)

0 0 17500 175

2500 25 20000 200

5000 50 22500 225

chuky 1 7500 75 25000 250

Chuky 2

10000 100 27500 270

12500 125 30000 300

15000 150 32500 325

35000 350

Két qua mé phong duong cong P-S cia c&c coc phut vira tai hai cong trinh duoc
so sanh véi két qua thi nghiém hién truong vathé hién trong Hinh 4.16 vaHinh 4.17,

dwa vao sb liéu két qua mod phong trinh bay trong Bang 4.16 va Bang 4.17.

0 10000 20000 30000

O T T T
Tai trong P (kN)
10
20
E
= 30
7]
E ——P-S thi nghiém coc TP2
< 40
5 —8-P-S mo hinh coc TP2

Hinh 4.16. So sanh duong cong P-S gitta mod phong va thi nghiém ctaa coc phut

vira TP2 tai cong trinh Friendship Tower.
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Hinh 4.17. So sanh duong cong P-S gitta md phong va thi nghiém caa coc phut

vira TP1 tai cong trinh Song Pa Riverside

Bang 4.16. Quan hé tai trong — do 1n (P - S) tir két qua md phong va thir nghiém

coc phut vita TP2 tai céng trinh Friendship Tower

. Tai trong P Chuyén vi dau coc S, (mm)
STT Cap tai (%) . -
(kN) Thi nghiém Mo phong

1 0 0 0 0
2 25 2630 1,13 2,35
3 50 5250 3,50 4,8
4 75 7880 6,45 7,42
5 100 10500 10,02 10,48
6 125 13130 14,25 14,00
7 150 15750 17,58 17,75
8 175 18380 20,92 21,67
9 200 21000 24,58 25,70
10 220 23100 28,75 29,03
11 240 25200 29,44 32,42
12 260 27300 33,30 35,89
13 280 29400 36,48 39,45
14 290 30400 38,60 41,26
15 300 31500 42,59 43,05
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Bang 4.17. Quan hé tai trong — d6 1Gn tir két qua md phong vathir nghiém coc phut

vira TP1 tai cong trinh S6ng Pa Riverside

C _ Chuyén vi dau coc S, (mm)
Thate | Captai (%) Tai trong P (kN) S ~
Thi nghiém M6 phong

1 0 0 0 0

2 25 2500 1,10 1,35
3 50 5000 2,20 2,80
4 75 7500 3,60 3,42
5 100 10000 5,00 5,48
6 125 12500 6,70 6,37
7 150 15000 9,20 9,25
8 175 17500 12,00 11,30
9 200 20000 14,50 13,59
10 225 22500 16,00 16,47
11 250 25000 17,90 19,53
12 275 27500 21,80 22,20
13 300 30000 25,60 25,60
14 325 32500 32,60 31,00
15 350 35000 41,50 40,50

Két qua mo6 phong cho thiy dudng cong P-S tir két qua md phong va thi nghiém
nén tinh, c6 hé s xac dinh R2> 0,94 tai Bang 4.18), chi tiét tinh toan tai Phy luc 3.
Do vay, két qua md phong tuwong thich véi két qua thi nghiém trong ca hai cong trinh

kiém ching.

Bang 4.18. Hé sb xac dinh R? ciia coc phut viratai hai cong trinh

Cong trinh Coc R? MEA (mm)
Friendship Tower TP2 0,94 1,21
Song Da Riverside TP1 0,96 0,57

Két qua kiém ching tai hai cong trinh cho thiy duong cong P—S mé phong phui
hop tdt vai két qua thi nghiém hién truong. Hé sb xac dinh R? dat 0,94 ddi vai coc
TP2 tai Friendship Tower va 0,96 ddi véi coc TP1 tai Song Da Riverside; gia tri MAE
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twong ng la 1,21 mm va 0,57 mm.

Nhu vay, két qua kiém chang khdng chi cho thiy mac d¢6 pht hop cao vé xu
huéng caa dudng cong P—S théng qua RZ, ma con cho thay do6 1éch tuyét di trung
binh vé d6 1tn & mixc nho thdng qua MAE. Piéu ndy gop phan nang cao tinh khéach
quan khi danh gia kha nang ap dung cia phuong phap moé hinh héa tuong duong su
dung Dyq két hop V6i Rinter = 1.

Két qua kiém chirng trén hai cdng trinh cho thay mo hinh dé xuét cd kha nang tai
hién twong ddi tét quan hé tai trong—do 1Gn cia coc phut vira trong cac diéu kién khao
sét. Tuy nhién, sb luong cong trinh kiém chirng con han ché; do d6 két qua chua dugc
xem 1a co s¢ dé khang dinh tinh tong quét cho moi diéu kién dia chat. Viéc mé rong
kiém chang trén nhiéu cong trinh va diéu kién nén dat khac nhau 1a huéng nghién

ctru tiép theo.
4.7 Két luan chwong 4

Chuong 4 S dung phuong phap s d¢ mé phong thi nghiém nén tinh coc khoan
nhdi, nham x8y dung d6 thi quan hé P-S caa coc khoan nhéi khéng phut vira va coc
khoan nhéi phut vita doc than coc. Trén co s& so sanh két qua thi nghiém hién trueong

vamo phong sb, c6 thé rit ra cac két luan chinh sau:

(2) Md hinh coc thi nghiém khéng phut vita BPGO dugc md phong thi nghiém
nén tinh coc bang phan mém Plaxis 3D cho thiy giatri hé s tiép xUc Rine = 0,8 12
phl hop nhat ddi véi coc khoan nhoi khéng phut vira Iam viéc trong nén cat min,

trang théi roi.

(2) Pdi véi céc coc phut vira BPG20, BPG35 va BPG50, giai phép sir dung giatri
duong kinh quy d6i va ting hé sd tiép xuc gitta coc — dat gilp md ta duoc hiéu qua
gia ting stc khang thanh caacoc phut vira. Két qua nghién ciru cho thiy giatri duong
kinh quy d6i Dga 120,52 m, 0,64 m va 0,67 m lan luot phil hop c&c coc c6 ham luong
vira phyt ting tir 20, 35 va 50 |/m2. Bén canh d6 gia tri hé s tiép XUC Riner = 1120

sb thich hop khi md phong coc phut viralam viéc trong nén dat roi, trang théi roi.

(3) Trén co s& C&c giatri duong kinh quy ddi Dea x4c dinh tir md phong, thiét 1ap
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cong thirc (4.6) biéu didn quan hé giira dudng kinh quy déi Dga va ham luong vira
phut IR. Cong thtrc nay cho phép lugng hda truc tiép anh hudng caa phut vira trong

md hinh s6 makhdng cin thay ddi c&c théng sb co 1y cua dét nén.

(4) Phuong phap mé hinh hoa twong duong st dung dudng kinh quy doi Dea két
hop véi Rinter = 1 tai cac doan coc phut vita dwoc kiém chang trén hai cong trinh thuc
té. Két qua cho thiy dudng cong P—S mé phong pht hop tét véi thi nghiém, voi R2 =
0,94 vaMAE = 1,21 mm tai Friendship Tower; R? = 0,96 vaMAE = 0,57 mm tai Song
Pa Riverside. Két qua ndy cho thiy phuong phap dé xuat co kha ning moé phong hop

ly &ng Xt tai trong—do6 10n caa coc phut viratrong pham vi diéu kién nghién ciu.

(5) Giai phap sir dung dudng kinh quy d6i Dga két hop véi hé s twong tac Riner =1
la mot cach can don gian nhung hiéu qua d&é md hinh hda anh huong cua phut vira
tai cac doan coc phut vira trong phan tich phan tir hiru han. Tuy nhién, pham vi &p
dung cho nén cét min, trang théi roi vai ham lwong vira phut IR < 50 I/m?, twong tng
Véi ty 18 nude va xi mang 1a N/XM 1a40,66:1; d6i véi cac diéu kién diachat khéc, can

¢ nghién ciru bd sung dé hiéu chinh vamo rong kha nang ap dung.
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KET LUAN VA KIEN NGHI
|.KET LUAN

Dua trén két qua nghién cau thi nghiém va méd phong sb, luan an rit ra céc két
luan chinh sau:
1. Tir két qua nghién ciru cho thay sirc chiu tai cuc han cua coc khong tang tuyén tinh
theo ham lugng vira phut. Him luong vita IR = 35 I/m? dugc xem 1a ham luong vita
hiéu qua ddi vai coc khoan nhéi 1am viéc trong nén c&t min, trang théi roi tai TP.HCM
trong pham vi khao sat ham luwong vita IR < 50 I/m? véi ty 1é cip phdi nudc/xi mang
1a0,66:1,0.
2. Thiét I1ap méi twong quan gittagiatri stc khang thanh don vi cia coc phut virava
coc khéng phut nham du béo stirc khang thanh don vi fir ciia coc phut vira tir gia tri
cta coc khdng phut trong rng:

fir = fo-e”'"

b=—-4.10"°.Z + 0,0135

v6i ham luong vira phut IR < 35 I/m? duoc &p dung dbi véi nén cé min, trang téi roi

tai TP.HCM, cap phdi vita phut nuéc/xi mang 13 0,66:1. Khi cao trinh phut vira su

hon -50 m lay Z = -50 m).

3. Bé xuat st dung hé s tiép XU Rinter = 1 Vagiatri duong kinh quy d6i (Dgq) trong

phan mém Plaxis 3D khi md phong thi nghiém nén tinh cho céc doan coc phut vira:
Dga = —3.1075.(IR)2 + 7,2.1073.(IR) + D, ; (M)

v6i ham luong vira phut IR < 50 I/m? duoc &p dung dbi véi nén c& min, trang téi roi

tai TP.HCM, cip phdi vira phut nudc/xi mang 14 0,66:1.

1. KIEN NGHI

Trén co s& c&c két luan di dat duoc, luan an dé xuat mot s kién nghi nham dinh
huéng viéc &p dung két qua nghién ciru vao thuc tién va mo rong pham vi nghién
cuu:
1. Cong thirc twong quan strc khang thanh don vi ciia coc phut vira dua vao giatri

tuong trng cua coc khong phut co thé dugc tham khao nhim di béo sirc chiu tai cuc



118

han ciia coc khoan nhdi ¢é phut vira lam viéc trong nén c& min, trang théi roi. Viéc
sir dung c6ng thirc nay trong giai doan thiét ké ban dau giup udc luong chinh xac hon
strc chiu tai cuacoc.

2. Giai phép sir dung dudng kinh quy d6i Dga Vahé sb tiép xuc ddi véi cac doan coc
phut vira cho doan coc phut vita co thé dugc tham khao khi x&y dung dudng cong tai
trong — d6 1Un bang phuong phap sb. Giai phép ndy gilp giam bét sb luong cac thi
nghiém nén tinh coc hién truong.

3. Céc cong thue dé xuat dugc khuyén nghi sir dung tham khao doi voi coc khoan
nhdi 1am viéc trong nén cét min, trang thé roi tai TP.HCM va céc khu vuc c6 diéu
kién diachat cong trinh tuong tu, voi IR< 35 1/m? ddi voi cong thirc dy béo sic khang
thanh don vi va IR < 50 1/m? ddi véi cdng thirc dudng kinh quy doi, ty I& N/XM =
0,66:1. Khi &p dung cho céc diéu kién dia chat hoic cong nghé khac, can hiéu chinh
vakiém ching bd sung bang sb liéu thi nghiém hién truong.

4. Can tién hanh thém nhirng nghién ctru d6i véi nhitng loai nén dat khac dé hoan
chinh cac phuong phap du bédo sic chiu tai cuc han cia coc khoan nhoi c6 &p dung

giai phép phut vira than coc bang ly thuyét ciing nhu thue nghiém.

II1. HUONG NGHIEN CUU TIEP THEO.

Céc noi dung co thé phét trién tir luan an ndy nhu sau:

- Nghién citu anh huéng caa cap phéi vira va diéu kién thi cong khac nhau (dung
dich khoan, thoi gian pha nudc,.) dén hiéu qua tang sirc chiu tai coc sau khi phut.

- Nghién ciru hiéu qua cua phut vira khi coc 1am viéc trong c&c loai nén dat khéc
nhau, nhu dt s&, cét pha, hoac dat 1an soi.

- Nghién ciru kha ning ting sirc chiu tai caa coc khi phut viravéi déi voi céc
loai coc cO tiét dién khac.

- Két hop md phong Plaxis 3D véi phan tich dit liéu thuc nghiém meé rong dé

thiét 1ap bo tiéu chuan quéc gia vé tinh todn coc khoan nhdi ¢é phut vira doc than.
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PHU LUC 1.2. KET QUA THi NGHIEM PIA CHAT HIEN TRUONG

Cong trinh:
H& khoan HK1 Tyle : U1
Cao d6 0.00m

May khoan :  XYZ-100

Muc nudce tinh : -0.3m

HINH TRU HO KHOAN

00

LATS_NCS.Lé Thanh Trung: Thi nghiém coc khoan nhdi

Ngay khoan
T§ trudng

Gidm sat bén A

10/10/2023
Nguyén Vin Thanh

Lé Thanh Trung

Phuong phdp khoan xoay st dung bentonite

5.0

s THI NGHIEM XUYEN TIEU CHUAN
= 8 & P < B
E|&|g |& |=|TRU | Schieu o S6 biia 2k
o=l 2 |2 |§] oty | vadosa MO TA e v Bi€u db SPT L 2
= © 1 = S | cAT | vadosau moi 15cm | N S %
S1TT 2|3 A E[E[E 38
< mau
@ REE: 10 20 30 40 50
0.0 0.00 | 0.00
HKI-1_ | C& min, mau x&m tring, xam vang, S
Lo o trang théi roi. RN * 0.8-1.00
2.0
HK12 Cé&t min, mau xam trang, xam vang, 122 SPTI-2
trang théi roi. 23-250
3.0
4.0 HK-I% . 1 2 3 SPT1-3
) Cét min, mau xam trang, xam vang, 38-4.00
trang théi roi.
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Cong trinh:

HINH TRU HO KHOAN

LATS_NCS.Lé Thanh Trung: Thi nghiém coc khoan nhdi

Hoé khoan : HK2 Tylé : 1/100 Ngay khoan :10/10/2023
Cao do : 0.00m T8 trudng : Nguyén Vin Thanh
Mady khoan :  XYZ-100 Gidm st bén A : Lé Thanh Trung
Muc nudc tinh : -0.3m Phuong phdp khoan xoay st dung bentonite
s THI NGHIEM XUYEN TIEU CHUAN
g £ S6 bii s &
Ele|g | = |2|TRU | SShicu , 50 bua -
o |25 = |z MO TA ting v6i o x @ =
= | & 3 = S | cAT | va dosau mdi 15cm | N Bi€u do SPT = ¢
2|89 |§ | . g g
g |2 iu AHE S
Ll R i) 10 20 30 40 50
0.0 0.00 | 0.00
ca min, mati xam trang, xam vang, s SPTLI
10 4 trang théi roi. 08-10
20 z . A Z z z A
Céat min, mau xam trang, xam vang, 1121 3 SPTI-2
trang thai roi. 2.3-25
3.0 A
40 4 Cat min, mau xam tring, xam vang, BERERE; S
trang théi roi. T
5.0




16

Hé khoan : HK3

Cao do

0.00m

May khoan :  XYZ-100

Muc nudc tinh : -0.3m

HINH TRU HO KHOAN

Cong trinh: LATS_NCS.Lé Thanh Trung: Thi nghiém coc khoan nhdi

Ty e : 1/100

Ngay khoan ¢ 10/10/2023
T4 trudng : Nguy&n Vin Thanh

Gidm sdt bén A Lé Thanh Trung

Phuong phép khoan xoay st dung bentonite

ITHI NGHIEM XUYEN TIEU CHUAN

,é\ = ~ 3 <3
Ele|s |& |2|mU | sohieu o S8 bia B
© g S 5 3 X va d6 sau MOTA mSigISCm Biéu d6 SPT fg <§
> | & § |2 |CAT N £ 2
o || mau ERIERE S
/A 38 ]2 10 20 30 40 50
0.0 0.00 | 0.00
uki3  |Cat min, mau xam tring, xam vang,
10 4 B ooz trang théi roi. 11|t ]2 g (fl;T-ll_t
20 4 L, . N £ Z - N
Céat min, mau xam trang, xam vang, e s ] s SPTL
trang thai roi. 37
3.0 4
S < SPT1
40 4 B} w30 C& min, mau xam trang, xam vang, 1|3 4] 7 RIe

5.0

trang thai roi.
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PHU LUC 1.3. KET QUA THI NGHIEM CHI TIEU CO LY CUA VAT LIEU
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r ':.,:;l: VIEN KHOA HOC THUY LOT MIEN NAM - SOUTHERN INSTITUTE OF WATER RESOURCES RESEARCH
oA PHONG NC NEN MONG & DA KV THUAT - FOUNDATION & GEOTECHNICAL ENGINEERING DEPARTMENT
Headoffice: 6558 Vo Vian Kiet street, ward |, distnict 8, Ho Chi Minh c:irr\' = Tel & Fax: 026 39242345 . 00K 343 780
leg__}m 158 Branch: Thuan Giao ward. Thuan An distriet, Bish Duong provinee - Tel & Fax: 02743712419 - 0983 843 T80

Sé: 10313 10020D-VL2023 VEHTLMN BQ.15. 4-NM&EDET Tp. Ho Chi Mink, ngay 31 thang 10 nam 2023
KET QUA THI NGHIEM THAM
TEST RESULT OF COEFFICIENT OF PERMEABILITY

Dé tai - Title: Nghién cim kha nang ting sic chin tal coc khoan nhéi khi phut vita doc thin coc
DVYC - Recommend Organ: NCS L Thanh Trung 56 hiéu mau - Sample No: M1
Phuong phap TN-Test method: TCVIN 8723:2012 Chiéu cao méu TN-Length of specimen: 4,00 cm
Neurdi thi ngiém - Tested by: Tredmg, Nga, Dueng, Phwong, Enre Duimg kinh mau TN-Cross sectional area: 6,20 em

Ngay thi nghiém-Test date: 29 - 31/10/2023 Buémg kinh é-ng do-Cross sect. area of reservoir: 0.92 cm

o HE 54 thiim
o o Cat i L H!':‘sﬁ t]%ém hién cﬁﬂ
Nhigt 46 meae|  Cot mrde P e ; He 0 tham hién chinh tmmg binh
3 R tal thoi diem | Théi gian tham : =
50 | Temperature (tai thai diem t; 2 ; Permeability | Coefficient of Average value of
: 4 Interval of time z o o
lan of water  [Head lossatty Head loss at ¢ permeability coefficient of
doc e corrected to 20°C permeability
Times corected to 20°C
TD H, H; f-t, Kt Kyn'C Kyn'C
c cm e 5 cmis emis cm/s
1 28 100.0 803 300 6.43E-04 5.22E04 5.18E-04
2 28 1000 804 300 6.40E-04 5.19E-04
3 28 100.0 803 300 6.36E-04 5.16E-04
4 28 1000 803 300 6.36E-04 5.16E-04
3 28 100.0 803 300 6.36E-04 3.16E-04
BD. Nhim TN Treimg phing TN
Reported by Head of Department

J//é*

Eng. Trinh Ba Nea

?VJWPJ'E/j

M Eng. Tran Thanh T

Edr gua thi nghigm chi e gia trivei mdu g cua don i yéu cau. L mau 30 ngay k& o ngay xudr két qua
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VIEN KHOA HOC THUY LOT MIEN NAM - SOUTHERN INSTITUTE OF WATER RESOURCES RESEARCH

¥ %
PHONG NC NEN MONG & DA K¥ THUAT - FOUNDATION & GEOTECHNICAL ENGINEERING DEPARTMENT
Hendoffice: 658 Vo Van Kiet street, ward 1, distriet 5, Ho Chi Minh eity - Tel & Fax: 02839242355 - 0083 542 780
LAS XD 158 Branch: Thuan Giao ward, Thuan An district, Binh Duong provinee - Tel & Fax: 02743712419 - 0983 843 T80

S4:1031-3 10021B-VL 2023/ VEHTLMN BQ.15.04-NM&DET Tp. Ho Chi Minh, ngay 31 thang 10 nam 2023
KET QUA THI NGHIEM THAM
TEST RESULT OF COEFFICIENT OF PERMEABILITY

P& tai - Title: Nghién ciru kha ning ting sitc chiu tai coc khoan nhéi khi phut vita doc thin coc
BVYC - Recommend. Organ: NCS Lé Thinh Tnng 56 higu man - Sample No: M2
Phuromg phap TN-Test method: TCVN 8723:2012 Chiéu cao méiu TN-Length of specimen: 4,00 cm
Newdi thi ngigm - Tested by: Trwomg, Nga. Duong, Plweomg, Buae Duétmg kinh mau TN-Cross sectional area: 6,20 cm

Ngay thi nghiém-Test date: 29 - 31/10/2023 Buimg kinh éng do-Cross sect. area of reservoir: 0,92 cm

— He 54 thim
Ct mrde P He 50 thim hiéu chinh
Whiét 46 nwee| Cotmuoc L B oo Hé 55 thim hiéu chinh trung binh
; A tal thon diem Thér gian thim i : =
56 | Temperature |taithér diem t; Dt Permeability | Coefficient of Average value of
: b Interval of time i :
lin of water  [Head loss att; Fload Togs at's permeability coefficient of
doc Tk corrected to 20°C pemmeability
Times corrected to 20°C
° H, H, £-K; Kt Ka'C Kx'C
'C cm cm 5 cmis cmis cns
1 28 100.0 BO1 30.0 6.31E-04 5.28E-04 5.22E-04
2 28 100.0 B0.2 30.0 6.47E-04 5.15E-04
3 28 100.0 BO.3 30.0 6.43E-04 3.12E-4
4 28 100.0 BO.4 30.0 6.40E-04 5.19E-04
5 28 100.0 804 300 6.40E-04 3.19E-04
BD. Nhom TN Trweomg phong TN
Reported by Head of Department
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Eng Trinh Ba Ngi M Eng_ Trin Thavh Ta

Eét gqua thi nghidm chi co gia tri voi mdu g cuia don vi véu edau. L mau 30 ngay k& nr ngdy xudr ket qua




20

.f':,,:.,',' iy VIEN KHOA HOC THUY LOU MIEN NAM - SOUTHERN INSTITUTE OF WATER RESOURCES RESEARCH

il PHONG NC NEN MONG & DA KY THUAT - FOUNDATION & GEOTECHNICAL ENGINEERING DEPARTMENT
Headoftice: 655 Vo Voo Kiet street, waard |, distwiet 5, Ho Chi Minh eiry - Tel & Fax: 02839242358 - 0083 843 780

LAS-XD 155 Branch: Thuan CGino ward, Thusn An distrier, Binh Dusng jron ince - Tel & Fox: 0274 372410 - (AR 843 TR0

Sé: 1117-100001D-NCS/2023/ VKHTLMN BQ.15.04 Tp. Hé Chi Minh, ngay 17 thang 11 nam 2023

KET QUA THI NGHIEM THAM
TEST RESULT OF COEFFICIENT OF PERMEABILITY

D)é tai - Title: Nghién cim khé ning ting sirc chiu tai coc khoan nhéi khi phut vira doc thin coc

Bia difm - Place: xi Tan My, H.Bic Tin Uyén, Binh Duong 56 hiéu mau - Sample No M1
Bon vi yéu céu - Recomentdation Organ: NCS L& Thanh Trung Phuong phip TH - Test method: ASTH D2434
M5 ti miu - Description of material:  Miu cit Mgy nhin méu - Receiving Date: 18/10/2023
Newd thi ngiém - Tested by: Treémg, Nga, Dwong, Plarong, Bhac Meay TH - Testing Diate: 29 -31/1072023
B : g 2 .
Che i pusiliam Ap ki = B Két qui thi nghiém thim
Femolded B ] e
2 Specificat. Manometers [ = Permeability Test Result
Sa pecticaton Nhigt | E ,-.f
& s | =8| ;
™ Dugums| ZF| I LR T | mesam
of SEEREE EmE ) 2 2| B | Water 12227 | e | L |Hzcb thim | oune bink
N Bé am/ kha/ 2 Zoa Temp. | =2 = I P -
Moo ded b - 2 g Lavel = = Zan/ leong!  |Pemmesbility | Average
Fe, 2w | B Dif = = Time | Dhscharge | Coefficient | Permeability
Dy Density [ oy =] o :
g i E# & b= Coefficient
W Ta HI1 H2 AH £ L F t Q Eue B
% 2 em’ cm cm cm | Degree| cm em’ [Second|]  em’ cm' 5 cm' s
ay @ (3 4) (3) (6) (7) (8) (% a0 | (11) (12) (13) 14
1 M1 1054 1.850 350 118 232 280 | 100 | 7B.54 | 6400 T80 4 11E-05 4. 4E-05
2 350 116 234 B&400 778 4 08E-05
3 350 115 235 26400 776 4.03E-0%
4 350 11.5 235 B&400 775 4.03E-05
3 350 115 235 86400 773 4.03E-05
b 350 11.5 235 B5400 775 4 .03E-05
7 330 11.5 235 B&400 773 4.03E-05
BD. Nhom TN Trwong phong TN
Reported by Head of Department
/ ;
- '1/;’ o e r‘_] |
¢ i e f |
o o -: III-J I-"I-'LJ'I l_,-"'"_
_.———'—"'__'_
Eng. Trinh Ba Nza M Eng. Tran Thanh Ti

Eét qua thi nghiém chi o6 gia 7 voi mdu girf cua dom vi yéu cau. Lim mdu 30 ngdy ke te ngdy xuat két qud
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[ ;,..:“ VIEN KHOA HOC THUY LOT MIEN NAM - SOUTHERN INSTITUTE OF WATER RESOURCES RESEARCH
i * PFHONG MO NEN MONG & DIA KY THUAT = FOUNDATION & GEOTECHNICAL ENGINEERING DEPARTMENT
Headoffice: 655 Vo Van Kiet street, ward 1, districr 5, Ho Chi Minh ¢iry - Tel & Fax: §25,39242358 - D933 843 780
LAS-XD) 155 Branch; Thuan Giao ward, Thuan An distriet, Binh Duong provioee - Tel & Fax; 0274 3712419 - 0983 843 780

Sa: 1031-310020D-VL2023/VEHTLMN BQ 1504 NM&DKT Tp. Ho Chi Minh, ngay 31 thang 10 nam 2023

KET QUA THI NGHIEM THAM
TEST RESULT OF COEFFICIENT OF PERMEABILITY

Dé tid - Title: Mghién ciru kha ning ting sic chiu tai coc khoan nhéi ki phut vita doc thin coc

Dia diém - Place: xi Tan My, H Bic Tén Uyén, Binh Duong 56 hiéu man - Sample No M2
Bon vi yéu i - Recomentdation Organ: NCS Lé Thanh Tnmg Phuemng phap T - Test method: ASTM D2434
M3 ti miu - Description of material:  Miu cat Meay nhin mén - Receiving Date: 18102023
Mg thi ngiém - Tested by: Tnedmg, Nega, Dheeng, Phuong, Ehic Negay TN - Testing Date: 29 - 31/102023
Pe. T oa2 e = . : :
&? m“;ﬁ“ Apké = & Eét qui thi nghidm thim
= Manomsters s 5 Parmaability Test Result
Sh Speafication Mhizt | E 8
TT | Mi a 25| =3 T
Samau:e Dhung tro Z "-"; = _1]3 ‘F."a-#er E ?_JI = 5 iri v He 56 tha
_ o p— EMORE | 2 Z| E | Wate ZJ| =7 | Tho | Lwm |Hz2c thim' | tung bink/
N® Bo am/ kha! B ] || sl Temp. | 2 e ‘ S
Moisture| Remolded = Z 2 g| Lewel o = Zlan/ hromg! |Pemeabihty | Average
i eichs leu];a-n'ﬂ'\-' %< 2 Z| Dif ] a Time | Discharge | Coefficient | Peimeability
S m| e E, A |F Coefficient
w Ty HI H2 AH £ I F t Q K E.n,
L4 g em’ cm cm em | Degrea| om em® |Second]  omd cm' g cm 3
1} @ (3 (4) () {£) (N (5 )] (1 | A1 (12) (13) (14}
1 M2 1054 1.850 350 152 128 250 100 | 78.54 | 21600 430 1.11E-04 1.09E-04
2 350 150 2000 21600 449 1.10E-04
3 350 149 201 21600 448 1.09E-04
4 35.0 148 202 21600 447 1.08E-04
5 35.0 148 202 21600 447 1.08E-04
& 350 148 202 21600 447 1.08E-04
7 350 148 202 21600 447 1.08E-04
BD. Nhom TN Trwong phing TN
Reported by Head of Department
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Eng. Trinh Ba Nga M Eng. Tréin Thanh Ta

K&t qua thi nghigm chi cd gid o vor mau g cua dom vi yéu cau. L mdu 30 ngay ké ar ngdy xudt ket gud
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Witk VIES IO BORC THUY LA8 STEEN NANE - SOUTHERS INSTITUTE OF WATER RESCARCES RESEARCT
PRI S SN AN & DA K TIIOAT « OIS T PO & GO T R TNIC AL ENGESEERES G AR TMENT
Hmaalalliew &% Vo YV ai Kiel stveed, waril | diwieie® %, Ha Clid Mals iy « Ted & Faa G20 0280008 & gvsg ) BA ) TR

LA XN 158 Apanch) Thisi s wanl. Thaiss A dedoed, Bl Dy pioosinee = Tel & Fax: 02728712419 « 09E3 540 THO

Sa: 1021-100001B-NC5/ 2023 VEHTLMN BQ.15 04-NMEBKT Tp. Ho Chi Mink, ngay 11 thang 10 nam 2013

KET QUA THI NGHIEM BENTONITE
TEST RESULT OF BENTONITE

Pe i - Titie- Wghién oro kha ning ting sic chin @i ooc kboan ohoi khi phut wira doc than coc
Bon vi vén can - Recom. Organ.:  W0% Lé Thénh Tnme

Loai min - Type of sample © Ximing PCB 40 va meoc 13y i cong minh
Yéu c2u TH - Test requestion: Thi nzhiém mdt 5o chi fién oz mau
E¥ hifa miiu - Sample N™: XM.PCB40 - NCS
Wgy thin mau - Received dare-  18/10/2023
Weay th! nghigm - Tested dae: 30217 0/2023
Nhom thi nghism - Tested by Treong, Phuone, Thuy, Neoc
TI Car chi e FF dnir Bon v et gua’ Fesul v in KT
Mo Properiss Msthod Uit (T 12 pha mn: XMW = 1066 | Accepance Crtena
1 Dok ASTM DGa10 Fidy 160 -
BD. Nhom TN Trwing phong TN
Eeported by Head of Dreparmment
! o
I_:"'-: "'I-III.‘.-' o |_ |! _
gy i
Bl Al
Eng Trirh Ba Hea M Enz. Tran Thanh Ta

Foi gqeact thi meiden chi o0 £id i ved mdu g cua Som vl o, Lo mdv 30 nedy & i ngdy xadr 557 qua
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¥ qrumn "

VIEN KHOA HOC THUY LI MIEN NAM - SOUTHERN INSTITUTE OF WATER RESOURCES RESEARCH

PIONG NC NEN MONG & [LEY KY T AT =« FOOUNDATION & GEOTECTNICAL ENGINEERING DEPARTVIENT
Headallice: 658 Vo Van Kiet street, ward 1, district 5. Mo Chi Minh ciiy = Tel & Fax: 028 30242358 - OFEL B43 TEO
LAS-XD 15858 Branch: Thuan Cino ward, Tlhuan An distrdet, Binh Duong provinee - Tel & Fax; 02743712419 - 0083 843 TR0
S4: 1021-100001B-NCS/2023/ VEHTLMN BQ.13.04- NM&DET Tp. Hd Chi Minh, ngay 21 thang 10 nam 2023
KET QUA THI NGHIEM BENTONITE
TEST RESULT OF BENTONITE

D tai - Title: INghién cum kha ning ting sic chiu tai coc khoan nhéi khi phut vita doc than coc

Dom vi véu céiu - Recom. Organ NCS L& Thinh Trung

Yéu ciu TN - Test requestion: Thi nghiém mét 56 chi tiéu ciia mau

Loai miu - Type of sample - Bentonite: Bentrugel

Ky hiéu mau - Sample N*: B-NCS

Ngay nhin miu - Received date: 18/10/2023

Ngay thi nghiém - Tested date: 20 +21/10/2023

Nhom thi nghiém - Tested by: Treémg. Plrong, Thiry, Ngoc

Kt gua' Result - T¥ lé pha trén/ Mixed rate ;
N 11 Yoeau KT
l_l'l Cac chu tigw I‘"LF thar Bon v T0e 80z S0e 100 st
N Fropernes Methad Ut Bentonite/ Bentonite! Bentonite/ Bentonite’ Criteria
1000m] mree | 1000ml mwae | 1000ml nwee | 1000m] oo
1 |Titrong ASTM D4380 g-'r_m'-' 1.03 1.04 1.05 1.05 105 +1.15
S SRGRD ASTM D49T2 & : _
2 |Dé pH (=idy thir pH) gt s 8.0 83 2.0 5.0 749
3 |Bgnhot ASTM Da914 nAy 224 280 320 56.0 1845
4 |Ham luomg cat ASTM D4381 % 0.25 0.27 030 (.35 8
BD. Nhom TN Trwimg phong TN
Reported by Head of Department
-.—-———'__._'_'_
Eng. Trnh Ba Nga M Eng. Tran Thanh Ta

K&t qua thi nghiém chi o6 gia i ved mau g cig dom vi yéu can. L mdu 30 ngay k& nir medy xudr kit qua
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CONG TY CPTM DV 931 LOC PHAT.
\C: 6 004, NguyEn Ai Quic_Hoa An_Bién Hoa_Péng Nai
o (0251) 3 958 168 - Fax: (0251) 8 856 686.

L PIAN ﬁﬂ' xddailocphat@gmail.com.
oAlLOd mmmu i

O T S4/No DLP/DA/1611/2023/01
Ngay thi nghigm/
date of tasting 1671172023
I .THONG TIN CHUNG VE MAU THU / GENRAL IN FORMATION OF THE SAMPLE

Bom vi cung eip bé tong | CONG TY CO PHAN XAY DUNG TM-DV PAILOC PHAT ==
1.1 Tén cdng tinh/Project: VDoanh trgi quén di binh chimg Cong Binh
1.2 Dja chi / Address : Dutmg Tin My 15 - Tén Uyén - Binh Duong
1.3 Hang myc/ltem : Coc nhbi - s ]
1.4 Mic bé téng/Conerete grade : M230R28

1.9 Kich thude danh nghia ctia miu thir / Nominal size of specimens : 150mm x 150mm x 150mm
1.10 Phuong phép dim/ Compaction method : Biing tay / By hand
1.11 Piéu kign luu gitr hode bdo dudng / Condition of curing or storage
Phis hop tiéu chudn TCVN 3105-1993 ¢ Conform with Standard TCVN 31051993
2.0 Tudi thi nghi¢m / Age of spcimens at time of testing : 28 ngdy / days
2.1 Phuong phap thi nghiém /Test method : TCVN 3118-1993

1. KET QUA THI NGHIEM / TEST RE SULTS

Kich thude man
thﬂgNi;n:;nal Trong Cudng d) nén
T Nigay Iy Ngay thir le(mmy | P by / |Curtme d6 nén | trung binh
sSamole | Hng myc { ltem miw Date of |  nghiém/ 2P Load at |/ compressive | Average of
gt sampling  |Date of testing failure |strenght (Mpe)| compressive
D/L |R'W | CH| (KN) streaght (Mpa)
150 | 150 [ 150 [ 612 272
M1 Cge nhdi 19102023 | 1671172023 | 150 | 150 | 150 | 624 217 27.4
150 | 150 | 150 | 616 274
DD NHOM THI NGHIEM CHUDAUTU  NHA THAU CONG TY DPAILOC PHAT
P.QLCL
)

TRAN DUY DUONG NGUYEN HO'U VINH
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HOANG VINH T.R.C.C

375 - 377 Tay Thanh Str., Tay Thanh Ward, Tan Binh Dist,, HCMC
Phone: +84- 08-384 26209 Faw: +84-8-38123008

%, BRRUNG WL Web hrIE'.."."E-nxmta.-:.c-m Email: infngh:rangvlnh.'.'n

KET QUA THIi NGHIEM CUONG PQ VUA - MAC M20

1. Théng tin chung:

Tén mau

Tén cong trinh
Ngay dic mau
Ngay thir mau
Thoi gian bao dudng

Thanh phan cap phéi

S6 t6 mau

Loai xi mang sir dung
Nhiét d6 phong thi nghiém
Thiét bi tron

2. Két qua thi nghiém

2.1. Thir uén:

Vira hdn hop xi mang dung phut vira
doc than coc khoan nhdi M20

LATS NCSLé Thanh Trung
24/09/2023

08/10/2023

[13ngay []7ngay []14ngay
Ximang: 100 kg

Nudc: 66.6 lit

Bentonite: 1.5 kg

Bentoryl 186: 150 ml

Daracem 100 (Phu gia siéu hoa déo,
giam lugng nudc): 400 mi

1 t6 (3 mau dam 4x4x16 cm)

PC40 - [HaTién]

27 °C

M4y tron hanh tinh tiéu chuan (EN
196-1)



Bang PL 1.3 Két qua thi nghiém kéo uén cua vita phut

Mau sb Tai pha(N) Cudng do ubn (MPa)
1 710 2.77
2 730 2.85
3 750 2.93
Trung binh — 2.85

2.2. Thir nén trén 2 nika mau uén:

Bang PL 1.4 Két qua thi nghiém nén cua vira phut

Mau sb Tai pha(N) Cuodng do nén (MPa)
1A 3250 20.31

1B 3180 19.88

2A 3300 20.63

2B 3400 21.25

3A 3280 20.5

3B 3320 20.75

Trung binh — 20.55

3. DPanh gia va nhan xé
- Cuong do nén trung binh dat: 20.55 M Pa
- So v6i méc thiét ké: [« ] Pat [ ] Khong dat

- Ghi ChUKNEC: ...
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HOANG VINH T.R.C.C

375 - 377 Tay Thanh Str., Tay Thanh Ward, Tan Binh Dist,, HCMC
Phone: +84- 08-38426209 Fax: +84-8-38123008

Vile I_:. hHE'.."."E-n mis.com Email: info E hoan En-.-'l nh.wm

KET QUA THi NGHIEM KEO THEP CB400V

L HIOANG ¥TNE T.A.CC

Cong trinh: LATS _NCSLé Thanh Trung

Ngay |y mau: 08/10/2023

Ngay thi nghiém: 09/10/2023

Tiéu chuan &p dung: TCVN 197-5:2014, TCVN 1651-2:2018
Loai thép: CB400V — Thép gan

Puong kinh danh dinh: 12 mm

Bang PL 1.5 Két qua thi nghiém cuong do thép coc

STT | Luc kéo gidi han | Gidi hanchay | Luc kéo dit | Cuong d6 kéo bo gian
chay Fy (kN) Re (MPa) Fu (KN) dut Rm (MPa) dai A (%)

1 57.6 510 68.4 605 16.5

2 56.9 504 67.8 599 15.8

3 58.2 515 69.1 610 16.2

K ét luan: Mau thép CB400V dudng kinh 12 mm dat yéu cau theo TCVN 1651-2:2018 vé
gi6i han chay (> 400 MPa), cudng do kéo dut (> 495 MPa), va d6 gidn dai (> 14%).
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PHU LUC 2. KET QUA THi NGIEM NEN TINH CQC VA DU BAO SUC CHIU TAl
CQC KHOAN NHOI KHONG PHUT VA CO PHUT VUA.
PHU LUC 2.1. SO LIEU THi NGHIEM CQC
Bang PL 2.1 S6 liéu thi nghiém nén tinh coc BPGO

BIEU GHI SO LIEU THi NGHIEM

LATS_NCSLéThanh

Cong trinh Tén coc

Trung BPGO
Dia diém giﬁgﬁn Uyén_Binh Puong kinh coc D400 mm
Ngay thi nghiém 15/11/2023 Chiéu dai coc 3m
Ngudi thi nghiém | Trin Gia Thinh Tai trong thiét ké 70.05 kN
Ngudi kiém tra Nguyén Hong Son Tai trong thi nghiém 78 kN
Do Ian
. A1 trung | Ghi
Ngdy thi N Tai trong Do ltin mm binh | ch
. Thoi | T/gdoc
nghiém . . S(mm)
gian | (phat) Tai
% | trong | S6.1 | S6.2 | S6.3 | Sb.4
(kN)
15/11/2023 | 9h00 0 0 0.0 0.00 0.00 0.00 0.00 0.00
5 10 6.0 -0.83 -0.87 -0.89 -0.85 -0.86

10 20 12.0 -1.84 -1.91 -1.95 -1.88 -1.90
15 30 18.0 -2.84 -2.96 -3.02 -2.90 -2.93
20 40 24.0 -3.72 -3.88 -3.96 -3.80 -3.84
25 50 30.0 -4.82 -5.02 -5.12 -4.92 -4.97
30 60 36.0 -6.26 -6.51 -6.64 -6.39 -6.45
35 70 42.0 -7.68 -8.00 -8.16 -7.84 -7.92
40 80 48.0 -8.97 -9.34 -9.53 -9.16 -9.25
45 90 54.0 | -10.19 | -10.61 | -10.82 | -10.40 | -10.50
50 100 | 60.0 | -12.13 | -12.63 | -12.88 | -12.38 | -12.50
55 105 | 66.0 | -14.07 | -14.65 | -14.94 | -14.36 | -14.50
10h00 0 110 | 72.0 | -16.07 | -16.73 | -17.06 | -16.40 | -16.56
5 115 78.0 | -19.55 | -20.35 | -20.75 | -19.95 | -20.15

Bang PL 2.2 S6 liéu thi nghiém nén tinh coc BPG20
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BIEU GHI SO LIEU THi NGHIEM

Cong trinh LATS NCSLéThanh Trung | Tén coc BPG20
Dia diém Béc Tan Uyén Binh Duong | Puong kinh coc D400mm
Ngay thi nghi¢m 15/11/2023 Chiéu dai coc 3m
Nguoi thi nghiém | Trn Gia Thinh Tai trong thiét ké 130.72 kN
Nguoi kiém tra Nguyén Héng Son Tai trong thi nghiém 102 kN
bo
[an
. A1 trung | Ghi
v thi Tai tron b6 lin mm N .
Tlggéﬂ]ll Thoi | T/g doc ng j binh | cha
ghie gian | (phit) S
(mm)
Tai trong £ Z 1 £
0, v
% (kN) So. 1 S6.2 | S6.3 | Sb.4
16/11/2023 | 9h00 0 0 0.0 0.00 0.00 0.00 0.00 0.00
5 10 6.0 -0.81 | -0.84 | -0.85 | -0.82 | -0.83

10 20 12.0 -1.39 | -144 | -147 | -142 | -143

15 30 18.0 -2.28 | -2.38 | -243 | -233 | -2.36

20 40 24.0 -298 | -3.10 | -3.16 | -3.04 | -3.07

25 50 30.0 -3.56 | -3.71 | -3.78 | -3.63 | -3.67

30 60 36.0 -424 | -442 | 451 | -433 | -4.38

35 70 42.0 -5.15 | -537 | 547 | -5.26 | -5.31

40 80 48.0 -6.06 | -6.31 | -6.44 | -6.19 | -6.25

45 90 54.0 -7.28 | -7.58 | -7.73 | -7.43 | -7.50

50 100 60.0 -8.49 | -8.84 | -9.01 | -8.66 | -8.75

55 110 66.0 -9.70 | -10.10 | -10.30 | -9.90 | -10.00

10h00 0 120 72.0 -1091 | -11.36 | -11.59 | -11.14 | -11.25

5 130 78.0 -12.73 | -13.26 | -13.52 | -12.99 | -13.13

10 140 84.0 -14.55 | -15.15 | -15.45 | -14.85 | -15.00

15 150 90.0 -16.07 | -16.73 | -17.06 | -16.40 | -16.56

20 160 96.0 -17.58 | -18.31 | -18.67 | -17.94 | -18.13

25 170 102.0 | -19.16 | -19.95 | -20.34 | -19.55 | -19.75

Bang PL 2.3 S6 liéu thi nghiém nén tinh coc BPG35
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BIEU GHI SO LIEU THi NGHIEM

LATS NCSLéThanh

Cong trinh Trung Tén coc BPG35
Dia diém Béc Tan Uyén Binh Duong | Pudng kinh coc D400mm
Ngay thi nghiém 15/11/2023 Chiéu dai coc 3m
Ngudi thi nghiém Trén Gia Thinh Tai trong thiét ké 70.05 kN
Nguoi kiém tra Nguyén Hong Son Tai trong thi nghi¢ém 132 kN
Tai trong b6 Ilin mm Do Iun
Ngay thi nghiém | Thoi | T/g doc . trung | Ghi
gian | (phit) | op | TAIUONE| o5 1 | g4 2 | $6.3 | S6.4 | binh | cha
(kN) S(mm)
17/11/2023 9h00 0 0 0.0 000 | 000 | 0.00 | 0.00 0.00
5 10 6.0 -040 | -041 | -042 | -041 | -041
10 20 12.0 -0.92 | -095 | -097 | -0.94 | -0.95
15 30 18.0 -146 | -152 | -1.55 | -149 | -151
20 40 24.0 -203 | -211 | -215 | -2.07 | -2.09
25 50 30.0 -262 | -273 | -278 | -2.67 | -2.70
30 60 36.0 -349 | -363 | -3.70 | -356 | -3.60
35 70 42.0 -409 | -426 | -4.35 | -4.18 | -4.22
40 80 48.0 -520 | -542 | -553 | -531 | -5.37
45 90 54.0 -6.06 | -6.31 | -6.43 | -6.18 | -6.25
50 100 60.0 -6.74 | -7.02 | -7.16 | -6.88 | -6.95
55 110 66.0 -7.70 | -801 | -817 | -7.86 | -7.94
10h00 0 120 72.0 -849 | -884 | -9.01 | -866 | -8.75
5 130 78.0 -9.70 | -10.10 | -10.30 | -9.90 | -10.00
10 140 84.0 -10.31 | -10.73 | -10.94 | -10.52 | -10.63
15 150 90.0 -11.22 | -11.68 | -11.91 | -11.45 | -11.56
20 160 96.0 -12.13 | -12.63 | -12.88 | -12.38 | -12.50
25 170 | 1020 | -13.03 |-13.57 | -13.84 | -13.30 | -13.44
30 180 | 1080 | -14.55|-15.15| -15.45 | -14.85 | -15.00
35 190 114.0 -15.76 | -16.41 | -16.74 | -16.09 | -16.25
40 200 | 1200 | -16.98 | -17.68 | -18.03 | -17.33 | -17.50
45 210 | 126.0 |-18.19|-18.94|-19.31 | -18.56 | -18.75
50 220 | 1320 | -19.59 | -20.40 | -20.81 | -20.00 | -20.20

Bang PL 2.4 S6 liéu thi nghiém nén tinh coc BPG50
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BIEU GHI SO LIEU THi NGHIEM

Cong trinh

LATS NCSLéThanh

Tén coc

Trung BPG50
Dia diém gi%ggn Uyén_Binh Puong kinh coc D400 mm
Ngay thi nghiém | 15/11/2023 Chiéu dai coc 3m
Irjglﬁgtlnt " Trin Gia Thinh Tai trong thiét ke 70.05 kN
Nguoi kiém tra Nguyén Hong Son Tai trong thi nghiém 138 kKN
Ngay thi | o | T/9 = tro;égi Loltn mn ?ﬁ"u%n Ghi
nghiém ; doc £ £ £ 4 ; ‘
gian | opgry | % | tromg | So.1 | S6.2 | S0.3 | S0.4 binh | chu
(kN) S(mm)
18/ g 20 | 9noo 0 0 0.0 000 | 000 | 000 | 000 | 0.0
5 10 | 6.0 038 | -040 | -041 | -039 | -0.40
10 20 | 120 | -085 | -0.89 | -0.91 | -0.87 | -0.88
15 30 | 180 | -1.37 | -142 | -145 | -1.40 | -1.41
20 40 | 240 | -192 | -199 | -2.03 | -1.96 | -1.98
25 50 | 300 | -2.47 | 258 | -2.63 | -2.52 | -2.55
30 60 | 360 | -3.16 | -3.29 | -335 | -3.22 | -3.26
35 70 | 420 | 381 | -3.96 | -4.04 | -389 | -3.93
40 80 | 48.0 | -4.24 | -442 | -451 | -433 | -438
45 90 | 540 | -485 | -5.05 | -5.15 | -4.95 | -5.00
50 | 100 | 600 | -546 | -5.68 | -579 | -5.57 | -5.63
55 | 110 | 660 | -637 | -6.63 | -6.76 | -6.50 | -6.56
O 0 20| 720 | 728 | 7S8 | 773 | 743 | 750
5 130 | 78.0 | -849 | -884 | -9.01 | -8.66 | -8.75
10 |140 | 840 | 940 | 978 | 998 | -9.59 | -9.69
15 | 150 | 90.0 | -10.31 | -10.73 | -10.94 | -10.52 | -10.63
20 | 160 | 960 | -1122 | -11.68 | -11.91 | -11.45 | -11.56
25 [ 170 | 102.0 | -12.13 | -12.63 | -12.88 | -12.38 | -12.50
30 | 180 | 108.0 | -13.39 | -13.94 | -14.21 | -13.66 | -13.80
35 | 190 | 114.0 | -14.55 | -15.15 | -15.45 | -14.85 | -15.00
40 | 200 | 1200 | -15.76 | -16.41 | -16.74 | -16.09 | -16.25
45 | 210 | 1260 | -1698 | -17.68 | -18.03 | -17.33 | -17.50
50 | 220 | 132.0 | -18.19 | -18.94 | -19.31 | -18.56 | -18.75
55 | 230 | 138.0 | -19.25 | -20.05 | -20.45 | -19.65 | -19.85
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PHU LUC 2.2. SO LIEU THi NGHIEM PO BIEN DANG CQC
Bang PL 2.5 S5 liéu do bién dang doc than coc BPGO

Ngay Gio Vitri | Tai | Chiéu S6 doc TB So doc | Bién
sAu (19) doi

(KN) (m) A B (A +B)/2 (He)

15/11/2023 9h00 1 0 0.5 800.4 | 786.6 793.5 0.0
2 0 1.5 850.2 | 8205 835.4 0.0

3 0 25 920.1 |915.3 917.7 0.0

9h05 1 6|05 7986 | 7848 791.7 18
2 6|15 849.0 |819.3 834.2 1.2

3 6|25 919.7 |914.9 917.3 0.4

9h10 1 12 0.5 7951 | 7813 788.2 35
2 12 1.5 846.7 | 817.0 831.9 2.3

3 12 25 918.8 | 914.0 916.4 0.9

9h15 1 18 | 0.5 790.0 | 776.2 783.1 5.1
2 18 | 1.5 8434 | 8137 828.6 3.3

3 18 | 2.5 917.7 | 9129 915.3 1.1

9h20 1 24 0.5 7833 | 769.5 776.4 6.7
2 24 1.5 839.0 |809.3 824.2 4.4

3 24 25 9162 |911.4 913.8 15

9h25 1 30|05 7751 | 761.3 768.2 8.2
2 30|15 8338 |804.1 819.0 5.2

3 30|25 9145 | 909.7 912.1 1.7

9h30 1 36 0.5 7652 | 7514 758.3 9.9
2 36 1.5 8275 |797.8 812.7 6.3

3 36 25 912.4 | 907.6 910.0 2.1

9h35 1 42105 7536 | 739.8 746.7 11.6
2 42|15 820.1 | 790.4 805.3 7.4

3 42|25 909.6 |904.8 907.2 2.8

9h40 1 48 0.5 7402 | 726.4 733.3 13.4
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Ngay Gio Vitri | Tai | Chiéu S6 doc TB S6 doc | Bién
sAu (19) doi

2 48 1.5 810.8 | 781.1 796.0 9.3

3 48 25 905.1 | 900.3 902.7 45

9h45 1 54|05 7248 | 711.0 717.9 15.4
2 54 | 1.5 799.6 | 769.9 784.8 11.2

3 54|25 8985 |893.7 896.1 6.6

9h50 1 60 0.5 7075 | 693.7 700.6 17.3
2 60 1.5 786.4 | 756.7 771.6 13.2

3 60 25 889.9 |885.1 887.5 8.6

9h55 1 66 | 0.5 688.3 | 674.5 681.4 19.2
2 66 | 1.5 7712 | 7415 756.4 15.2

3 66 | 2.5 879.4 | 8746 877.0 10.5

10h00 |1 72 0.5 667.2 | 653.4 660.3 21.1
2 72 1.5 7542 | 7245 739.4 17.0

3 72 25 867.2 | 8624 864.8 12.2

10h05 |1 6|05 644.2 | 630.4 637.3 23.0
2 6|15 7352 | 7055 720.4 19.0

3 6|25 853.0 |848.2 850.6 14.2
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Bang PL 2.6 S6 liéu do bién dang doc than coc BPG20

Ngay Gio Vitri | Tai | Chiéu S6 doc TB S6 doc | Bién
sAu (19) doi

(kN) (m) A B (A+B)/2 (He)

16/11/2023 9h00 1 0.5 800.4 | 786.6 793.5 0.0
2 1.5 850.2 | 8205 835.4 0.0

3 25 920.1 |915.3 917.7 0.0

9h05 1 6|05 799.2 | 785.4 792.3 1.2
2 6|15 849.3 | 8196 834.5 0.9

3 6|25 919.8 | 915.0 917.4 0.3

9h10 1 12 0.5 796.8 | 783.0 789.9 2.4
2 12 1.5 847.6 |817.9 832.8 1.7

3 12 25 919.3 | 9145 916.9 0.5

oh15 1 18 | 0.5 7933 | 7795 786.4 35
2 18 | 1.5 8452 | 8155 830.4 2.4

3 18 | 25 918.6 | 9138 916.2 0.7

9h20 1 24 0.5 788.6 | 774.8 781.7 47
2 24 1.5 8422 | 8125 827.4 3.0

3 24 25 917.6 | 9128 915.2 1.0

9h25 1 30 | 05 781.8 | 768.0 774.9 5.7
2 30| 15 838.0 | 8083 823.2 37

3 30| 25 916.3 | 9115 913.9 1.0

9h30 1 36 0.5 7740 | 760.2 767.1 6.8
2 36 1.5 833.2 | 8035 818.4 4.2

3 36 25 914.8 | 910.0 912.4 1.3

9h35 1 42105 765.0 | 751.2 758.1 7.8
2 42115 827.7 | 798.0 812.9 48

3 42|25 9132 | 908.4 910.8 1.5

9h40 1 48 0.5 7548 | 741.0 747.9 9.0
2 48 1.5 821.4 | 7917 806.6 5.5

3 48 25 911.3 | 9065 908.9 1.6

9h45 1 54 | 0.5 7435 | 7297 736.6 10.2
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Ngay Gio Vitri | Tai | Chiéu S6 doc TB S6 doc | Bién
sAu (19) doi

2 54| 1.5 814.4 | 7847 799.6 6.3

3 54 | 25 908.9 | 904.1 906.5 1.9

9h50 1 60 0.5 731.0 |717.2 724.1 11.3
2 60 1.5 806.1 | 776.4 791.3 7.0

3 60 25 905.3 | 900.5 902.9 2.4

9h55 1 66 | 0.5 717.1 | 7033 710.2 12.5
2 66 | 1.5 796.5 | 766.8 781.7 8.3

3 66 | 2.5 900.4 | 8956 898.0 3.6

10h00 |1 72 0.5 701.9 |688.1 695.0 13.9
2 72 1.5 785.6 | 755.9 770.8 9.6

3 72 25 894.1 |889.3 891.7 4.9

10h05 |1 78 | 05 6854 | 6716 678.5 15.2
2 78| 15 7733 | 7436 758.5 10.9

3 78| 25 886.6 | 8318 884.2 6.3

10h10 |1 84 0.5 667.6 | 653.8 660.7 16.5
2 84 1.5 759.7 | 730.0 744.9 12.3

3 84 25 877.6 | 8728 875.2 75

10h15 |1 90 | 05 6484 | 634.6 641.5 17.8
2 9 | 15 7448 | 7151 730.0 13.6

3 9 | 25 867.3 | 8625 864.9 9.0

10h20 |1 9 0.5 629.2 |615.4 622.3 19.2
2 96 1.5 729.9 | 700.2 715.1 14.9

3 9 25 857.0 | 8522 854.6 10.3

10h25 |1 102 | 0.5 629.2 | 615.4 622.3 20.5
2 102 | 1.5 729.9 | 700.2 715.1 16.3

3 102 | 2.5 857.0 | 8522 854.6 11.6




Bang PL 2.7 S6 liéu do bién dang doc than coc BPG35
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Ngay Giov | Vitri | Tai | Chiéu S6 doc TB S6 doc | Bién
sAu (1s) doi

(kN) | (m) A B C (A+B)2 | (ue)

17/11/2023 | 9h00 |1 0 0.5 800.4 | 786.6 | 902.9 793.5 0.0
2 0 1.5 850.2 | 8205 | 705.7 835.4 0.0

3 0 25 920.1 | 9153 |918.7 917.7 0.0

o9ho5 |1 6|05 799.6 | 7858 |902.1 792.7 0.8
2 6|15 849.6 |819.9 |705.1 834.8 0.6

3 6|25 919.9 |9151 | 9185 917.5 0.2

oh10 |1 12 0.5 797.9 | 7841 |900.4 791.0 1.7
2 12 1.5 8485 |818.8 | 704.0 833.7 1.1

3 12 25 919.6 |914.8 |918.2 917.2 0.3

oh15 |1 18 | 0.5 795.4 | 781.6 |897.9 788.5 2.5
2 18| 1.5 846.9 |817.2 | 7024 832.1 1.6

3 18 | 2.5 919.1 | 9143 |917.7 916.7 0.5

9h20 |1 24 0.5 792.1 | 7783 | 894.6 785.2 33
2 24 1.5 844.7 |815.0 |700.2 829.9 2.2

3 24 25 9185 |9137 |917.1 916.1 0.6

o9h25s |1 30|05 7873 | 7735 |889.8 780.4 4.1
2 30|15 841.6 | 8119 |697.1 826.8 2.8

3 30|25 917.6 |912.8 |916.2 915.2 0.9

o9h30 |1 36 0.5 781.7 | 7679 |884.2 774.8 48
2 36 1.5 838.0 |808.3 |693.5 823.2 3.1

3 36 25 916.5 | 9117 |915.1 914.1 0.9

o9h3s |1 42]05 7753 | 7615 |877.8 768.4 5.6
2 42115 8339 |8042 |689.4 819.1 36

3 42|25 9152 |910.4 | 9138 912.8 1.1

o9h40 |1 48 0.5 768.1 | 754.3 | 870.6 761.2 6.4
2 48 1.5 8295 |799.8 |685.0 814.7 41

3 48 25 9137 | 9089 |912.3 911.3 13

95 |1 54 [ 0.5 760.1 | 746.3 | 862.6 753.2 7.2
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Ngay Gio | Vitri | Tai | Chiéu S6 doc TB S6 doc | Bién
sAu (19) doi

2 54| 1.5 824.6 | 7949 |680.1 809.8 4.4

3 54 | 2.5 912.2 |907.4 |910.8 909.8 15

o9hs0 |1 60 0.5 7514 | 737.6 | 853.9 744.5 8.0
2 60 1.5 819.2 | 7895 |674.7 804.4 4.9

3 60 25 910.5 | 905.7 |909.1 908.1 15

o9hs5 |1 66 | 0.5 7418 | 7280 |844.3 734.9 8.7
2 66 | 1.5 813.2 | 7835 | 668.7 798.4 5.4

3 66 | 2.5 908.7 | 9039 |907.3 906.3 1.7

10h00 | 1 72 0.5 7315 | 717.7 |834.0 724.6 9.6
2 72 1.5 806.8 | 777.1 |662.3 792.0 6.0

3 72 25 906.7 | 9019 | 905.3 904.3 1.8

10h05 |1 78| 05 7203 | 7065 |822.8 7134 10.3
2 78| 1.5 799.5 | 769.8 | 655.0 784.7 6.4

3 78| 25 9039 |[899.1 |9025 901.5 2.0

10h10 |1 84 0.5 708.1 | 694.3 |810.6 701.2 11.2
2 84 1.5 791.4 | 761.7 |646.9 776.6 7.3

3 84 25 900.5 |895.7 |899.1 898.1 2.8

10n15 |1 9 | 0.5 695.0 |681.2 |797.5 688.1 12.2
2 9 | 1.5 7823 | 7526 |637.8 767.5 8.1

3 9 |25 896.0 | 8912 |894.6 893.6 3.4

10h20 |1 9 0.5 680.9 |667.1 |783.4 674.0 13.1
2 96 1.5 7723 | 7426 | 627.8 757.5 9.1

3 9 25 890.5 |885.7 |889.1 888.1 45

10n25 |1 102 | 0.5 666.0 | 6522 | 7685 659.1 14.1
2 102 | 1.5 7615 | 7318 |617.0 746.7 10.0

3 102 | 2.5 884.2 |879.4 |8828 881.8 5.5

10h30 |1 108 |05 650.1 |636.3 |752.6 643.2 14.9
2 108 |15 749.7 | 7200 | 605.2 734.9 10.8

3 108 |25 876.8 | 872.0 |875.4 874.4 6.3

1035 |1 114 | 05 633.3 | 6195 |735.8 626.4 15.9
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Ngay Gio | Vitri | Tai | Chiéu S6 doc TB S6 doc | Bién
sAu (19) doi

2 114 | 1.5 737.0 | 707.3 | 5925 722.2 11.8

3 114 | 25 868.6 | 863.8 | 867.2 866.2 74

10h40 | 1 120 |05 615.7 | 601.9 | 718.2 608.8 16.8
2 120 |15 7236 | 6939 |579.1 708.8 12.7

3 120 |25 859.9 |855.1 | 8585 857.5 8.2

10n45 |1 126 | 0.5 597.1 |583.3 |699.6 590.2 17.6
2 126 | 1.5 709.2 | 6795 |564.7 694.4 13.4

3 126 | 2.5 850.2 | 8454 | 8488 847.8 8.7

10h50 |1 132 |05 597.1 |583.3 | 699.6 590.2 18.6
2 132 |15 709.2 | 6795 |564.7 694.4 14.4

3 132 |25 850.2 | 8454 | 8488 847.8 9.7
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Bang PL 2.8 S6 liéu do bién dang doc than coc BPG50

Ngay Gio Vitri | Tai | Chiéu S6 doc (us) TB S6 doc | Bién
sAu (19) doi

(kN) (m) A B (A+B)/2 (He)

18/11/2023 9h00 1 0.5 800.4 | 786.6 793.5 0.0
2 1.5 850.2 | 8205 835.4 0.0

3 25 920.1 |915.3 917.7 0.0

9h05 1 6|05 799.6 | 785.8 792.7 0.8
2 6|15 849.7 | 820.0 834.9 0.5

3 6|25 920.0 | 9152 917.6 0.1

9h10 1 12 0.5 7980 | 784.2 791.1 1.6
2 12 1.5 848.6 | 8189 833.8 1.1

3 12 25 919.7 | 9149 917.3 0.3

oh15 1 18 | 0.5 7957 | 7819 788.8 2.3
2 18 | 1.5 847.1 | 817.4 832.3 1.5

3 18 | 25 919.3 | 9145 916.9 0.4

9h20 1 24 0.5 792.6 | 77838 785.7 31
2 24 1.5 8451 |815.4 830.3 2.0

3 24 25 918.7 | 9139 916.3 0.6

9h25 1 30 | 05 788.0 | 7742 781.1 39
2 30|15 8422 | 8125 827.4 2.5

3 30| 25 917.7 | 9129 915.3 0.7

9h30 1 36 0.5 782.7 | 768.9 775.8 4.6
2 36 1.5 838.9 | 809.2 824.1 2.9

3 36 25 916.7 | 9119 914.3 1.0

9h35 1 42105 776.7 | 762.9 769.8 5.3
2 42115 8352 | 8055 820.4 33

3 42|25 9155 | 910.7 913.1 1.0

9h40 1 48 0.5 769.9 | 756.1 763.0 6.0
2 48 1.5 831.0 |8013 816.2 37

3 48 25 914.1 | 909.3 911.7 1.2

9h45 1 54 | 0.5 7624 | 7486 755.5 6.8
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Ngay Gio Vitri | Tai | Chiéu S6 doc (us) TB S6 doc | Bién
sAu (19) doi

2 54 | 1.5 826.3 | 796.6 8115 4.2

3 54 | 25 9125 |907.7 910.1 1.4

9h50 1 60 0.5 7541 | 7403 747.2 75
2 60 1.5 821.0 | 7913 806.2 47

3 60 25 910.8 | 906.0 908.4 1.6

9h55 1 66 | 0.5 7451 | 7313 738.2 8.3
2 66 | 1.5 8153 | 7856 800.5 5.3

3 66 | 2.5 909.0 | 904.2 906.6 1.7

10h00 |1 72 0.5 7353 | 7215 728.4 9.0
2 72 1.5 809.2 | 7795 794.4 5.7

3 72 25 907.0 | 9022 904.6 1.8

10h05 |1 78 | 05 7247 | 7109 717.8 9.8
2 78| 15 802.4 | 7727 787.6 6.1

3 78| 25 904.8 | 900.0 902.4 2.0

10h10 |1 84 0.5 7133 | 699.5 706.4 10.6
2 84 1.5 7952 | 7655 780.4 6.8

3 84 25 902.3 | 8975 899.9 2.2

10h15 |1 90 | 0.5 701.0 | 687.2 694.1 114
2 9 | 15 7871 | 7574 772.3 7.2

3 9 | 25 898.8 | 894.0 896.4 2.5

10h20 |1 9 0.5 687.8 | 674.0 680.9 12.3
2 96 1.5 7780 | 7483 763.2 8.1

3 9 25 894.3 | 8895 891.9 35

10h25 |1 102 | 0.5 673.6 | 659.8 666.7 13.2
2 102 | 1.5 7681 | 7384 753.3 9.1

3 102 | 2.5 889.0 |884.2 886.6 45

10h30 |1 108 |05 658.6 | 644.8 651.7 14.2
2 108 |15 7574 | 7277 742.6 9.9

3 108 |25 882.9 |878.1 880.5 5.3

10h35 |1 114 | 05 642.7 | 6289 635.8 15.0
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Ngay Gio Vitri | Tai | Chiéu S6 doc (us) TB S6 doc | Bién
sAu (19) doi

2 114 | 1.5 7457 | 716.0 730.9 10.7

3 114 | 25 875.8 | 871.0 873.4 6.1

10h40 |1 120 |05 6259 |612.1 619.0 15.9
2 120 |15 7332 | 7035 718.4 11.7

3 120 |25 867.8 | 863.0 865.4 71
10n45 |1 126 | 0.5 608.2 |594.4 601.3 16.8
2 126 | 1.5 7198 | 690.1 705.0 12.5

3 126 | 2.5 859.0 | 854.2 856.6 8.0

10h50 |1 132 |05 589.6 | 575.8 582.7 17.7
2 132 |15 7055 | 6758 690.7 13.4

3 132 |25 849.3 | 8445 846.9 8.8
10n55 |1 138 ] 0.5 589.6 | 575.8 582.7 18.6
2 138 | 1.5 7055 | 6758 690.7 14.3

3 138 | 2.5 849.3 | 8445 846.9 9.7
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PHU LUC 2.3. DU BAO SUC CHIU TAl COC KHOAN NHOI KHONG PHUT VA

CO PHUT VUA

PL.2.3.1 Sitc chiju tai caa coc khoan nhéi khéng phut vira BPGO theo cwong d vat
ligu.

Strc chiu tai theo cuong d6 vat liéu cua coc theo TCVN 5574: 2018, xac dinh theo cong

thurc saw:

Ry =@(Ycp Yep Rp-Ap + R - Ay)

Yep-Hé s ké dén viéc db bé tong trong khoang khéng chat hep cua hd va dng véch,
Yeq=0,85

Y.y - Hé S0 ké dén phuong phap thi cong coc nhu sau: thi cong bé tong dudi huyén phu,
Yer=0,7

Hé sb ubn doc ¢ duogc xac dinh theo cong thirc
@ = 1,028 — 0,000028813 — 0,00164,
Vai A; —d6 manh cuacoc A,4=ly/r (r=0,4m);

ly=pl; véi | lachiéu dai coc; 1=3,0m; u=0.7 (dinh coc ngam vao dai va mili coc treo trong
dat).

Nhu vay: ly = 0,7x3.0=2.1m; 1,==2,1/0,4 =5,25

Thay s5, taco ¢ = 1,028-0.0000288 x 5.25%-0.0016 x 5,25 = 1

Strc chju tai cho phép trong truong hop nay:
Rv=1(0,85x0,7x11500x0,1256+280000x3.14x(12x10°%)?/4)= 891.07 (kN)

PL.2.3.2 Sirc chiu tai ciia coc khoan nhdi khéng phut vira BPGO theo diéu kién dit nén
(theo TCVN 10304:2014)
1. Sirc chiju tai cia coc BPGO theo chi tiéu co 1y ciia dat nén

Sirc chiu tai trong nén cuc han tiéu chuan caa coc dugc xac dinh theo cong thirc:

RkZYC'(ch'qp'Ap+u'ZYCf'fi'li)



Trong do
e V.- hésb didukiénlam viéc cuacoc, y,= 1;

e Yeq — e sb didukiénlam viéc clia dat dudi mili coc, 13y y.,= 0,9 cho trudng hop
dung phuong phap db bé tong dudi nuéc ;

o Ve —hé sb diéu kién 1am viéc cua dét trén than coc, phu thudc vao phuong phap
tao 15 va diéu kién d6 bé tong, 1ay Yer= 0,6 cho truong hop dung phuong phéap db
bé tong dudi nudc;

« A, —di¢ntich tiét dién ngang miii coc, Ap,=0,13 m?

« u-chuvi tiét dién ngang than coc, u= 2,51 m;

« q, —cuong d6 sac khang cua dat dudi mii coc duge xac dinh nhu sau:

qp =075ay-(ag-y -d+az-0az-y-h)
Véi gbc ma sét trong ar, = 23°39', xac dinh c&c hé s a4, a,, a5, vaa, theo Bang 3.11 va
nhan véi hé sd chiét giam 0,9.
a; =9.5x%x0.9 =8.55 (9.5
@, = 18.60 X 0.9 = 16.74 (18.6)

3,0

a; = 0.68 x0.9 =0.61; véih/d = 04

7.5

a, =0.34%x09=0.31; vé6id <04

"1 — Dung trong tinh toén cianén dat dudi mili coc (kN/m?) (c6 xét dén téc dung day noi
trong dat bio hoa nudc);
v'1 = 10,20 KN/m3.

1 — Dung trong tinh toan trung binh (kN/ms) (tinh theo cac [6p) cia dat nam trén miii coc
(c6 xét dén tac dung day ndi trong dat bio hoa nude).

Truong hop coc thi nghiém y's = y:= 10,20 KN/mg.

h — chiéu sAu ha coc, ké tir mit dat te nhién téi mii coc hodc téi day phan mé rong,
h=3,0m



44

g, =0,75-0,31-(855-10,2- 0,4+ 16.74 - 0.61-10,2 - 3)
= 80,76 kN/m?

Masét caa dat véi bé mat xung quanh coc xac dinh biang céch chia céc |6p dat thanh céc
|6p phan t c6 chidu day <2 m.

Viéc tinh toan duoc lap thanh bang sau:

Bang PL 2.9 Xac dinh strc khang thanh don vi ciia coc khong phut BPGO theo chi tiéu co

Iy dat nén

Lop dat | Loai dat | Chiéuday li (m) | Do sauz (m) | ye | fi (kKPa) | yetfi.
(KN/m?)

1.1 Cét min 3,0 1,5 061|265 [1590

Thay s : R, = 80,76x0,13 + 15,90x3,77 = 10,50 + 59.94 = 70,44 (kN)
2. Strc chiu tai cwc han cia coc khoan nhéi khdng phut vira BPGO theo chi tiéu cuwong do
Sirc chiu tai cuc han cia coc xac dinh theo céng thurc:
R,=q, - A+u-f.L
Trong do:
qp 12 cuong d6 sic khang cia dat dudi miii coc,

dp = qyp-Ng = 10,2.1,5.25 = 382,5 (KN/m?)

qy,p ladp luc hiéu qua |6p phu tai cao trinh mii.

N; lah¢ sb sirc chiu tai cia dat duéi mili coc, traBang G.1 cua Phy
luc G, TCVN 10304:2014
fs: lasirc khang cua dat xung quanh coc, dugc xac dinh nhu sau

_10-N

s 3
Trong do:
e N lachi sb SPT trung binh trong |6p dét roi: (Nw=4,0)
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Lop dat Bé day SPT | As(md) fs Qs R
(m) (KN/m?) kN kN
Cét min 3,00 400 |377 13,33 50,25 50,25

Sirc chiu tai cuc han:
R, = 49,73 + 50,25 = 99,98 (kN).

3. Sirc chiu tai cwc han cia coc BPGO dwa vao két qua xuyén tiéu chuan SPT

% Theo Meyer hof
Strc chiu tai cuc han caa coc xac dinh theo cong thirc:
R,=q, - A+u-f.L
Trong do:

qp 12 cuong d6 sic khang cia dat dudi mii coc, duge xac dinh nhu sau: Khi miii coc nam
trong dat roi: q,=120 N = 480 kN/m?

fs: lasic khang cua dat xung quanh coc, dugc xac dinh nhu sau

Trong do:

fs=N

e N lachi s SPT trung binh trong |6p dat roi; (N=4,0)
Bang PL 2.11 Xac dinh sirc chiu tai cuc han cua coc khéng phut BPGO theo

TCVN10304:2025

Lop dat | Béday | SPT | As(m? | qp=120.Nspr fs Qs Qv R
(m) (kN/m?) | (kN/m?) | kN | kN kN

Camin [ 3,00 |4,00 |377 480,00 13,33 | 50,25 | 62,40 | 112,65

R, =q, A+ u-f,.L=4800,13 + 3,77.13,33= 62,40 + 15,08 = 77,48 (kN)
< Theo Vién Kién tric Nhat Ban
Strc chiu tai cuc han cia coc xac dinh theo cong thirc:
R, =qp A+ u-f,.L=600.0,13 + 3,77.13,33= 78,00 + 50,25 = 128,25 (kN)

__ 10N

£, = 2% = 13,33 (kN/m?)

3

q,=150 N = 600 (KN/m?)
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PL.2.3.3 Két luan
(1) Tong hop va lwa chen sirc chiu cuc han cia coc khoan nhdi khéng phut BPGO.

Céc |oai sirc chiu tai cua coc di tinh toan cho két qua nhu sau:

e Sirc chiu tai theo vat liéu coc: Ry=891.07 (KN)
e Sirc chiu tai cuc han chi tiéu co 1y: R« = 70,44 kKN
e Sirc chiu tai cuc han theo chi tiéu cuong do: Re= 99,98 kN
e Sirc chju tai cuc han duavao két qua xuyén tiéu chuan SPT
+ Theo Meyerhof: R« = 77,48 kN
+ Theo Meyerhof: R«= 128,25 kN
K ét luan: Chon giatri sc chiu tai cua coc khéng phut vira BPGO theo diéu kién dat nén:
Rk = 70,44 kN.
(2) Xac dinh sitc chiu tai ciaa coc khoan nhéi co phut vira (BPG20, BPG35 va BPG50).
e Sic khanh thanh don vi cia coc trong nén cét theo Bachy Soletanche;
fsg = (8/5).fs= 2,29x15,90 = 25,44 kPa
trong d0, fsy |asirc khang thanh don vi cua coc phut viratheo Bachy Soletanche; N chi sb
SPT
e Stc khanh miii xac dinh theo chi tiéu co 1y tuong tng l1a gp = 480,00 kPa;
e Sirc chiu tai cuacoc phut vira trong ung:
R« = 25,44x3.77 + 80.76x0,13= 95,91+10,50=106,41 kN

K ét luan: Sirc chiu tai cuc han cia coc phut vita (bao gdm BPG20; BPG35 va BPG50) tuong
ung vai coc khdng phut BPGO 14 106,41 KN.
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PHU LUC 2.4. TINH TOAN HE POI TRONG THi NGHIEM CQC

I DAM PHU 1250, DAT 1.8 m
1. Théng s6 ki thudt cia dim 1250
- Loai didm: Thép hinh 1250
- Chiéu dai: 1.8 m
- Chiéu cao tiét dién: h =250 mm
-Bé réng canh: b =125 mm
- Ban bung: t,, = 6 mm
- Ban canh: tr= 9 mm
- M6 dun chéng uén: W=4.46 x 10~ m*
- Mémen quan tinh: I=558 x 10 m*
- M6 dun dan héi: E = 2.1 x 10° kN/m?
- Cudng 46 chay: £, = 400 MPa (Thép SM490)
2. Diéu kién 1am viéc
- Lién két hai diu ngam
- Tai1 tdp trung giffa nhip: P = 65 kN
3. Kiém tra kha ning chiu tii cia dim
3.1. Ung suilt uon:
Mgz = (65 = 1.8)/8 = 14.625 kNm
0= Mupzx / W =328 MPa < fy = 400 MPa — Bat
3.2. Do véng:

Tz = 1.68 mm < 1/250 = 7.2 mm — Bat

IL DAM CHINH 1400, DAI 3.4 m

1. Théng sé ki thuit cia dim 1400
- Loai ddm: Thép hinh 1400

- Chiéu dai: 3.4 m
- Chiéu cao tift dién: h = 400 mm
- Bé rong canh: b= 180 mm



- Ban byng: t. = 10 mm

- Ban canh: tp= 16 mm

- M dun chong uon: W= 1.65 x 107 m?

- Momen quan tinh: T= 335 x 107F m*

- M@ dun dan hoi: E=2.1 x 10° kN/m?

- Cirémg 4§ chay: £ =400 MPa (Thép SM490)
2, Piiéu kién Tam vie

- Lién ket hai dau ngam

- Tai tip trung gitka nhip: P= 130 kN

3. Kiém tra khi ning chiu t4i cia dam

3.1 Unig sudit witn:

M = (130 % 3.4)/E=55.25 kNm

O = Mune / W =335 MPa < £, = 400 MPa — Pat
3.2 B ving:

fonex = 3.78 mm < L/250 = 13.6 mm — Pat
4. KET LUAN

Téng dé ving thiet ké cua hé dam trong die kién lam vidc 14 5.46 mun, nho hon

nhigu so v gidi han cho phép theo tién chudn (L/250) theo tfmg dam. Trén thire t&,
do vong quan sdt diroe co the nho hon déng ké hodc xdp x1 bing 0, do xet dén hé s6
an todn trong tinh todn, o cimg thye té oia lién két va hé giang phy tre. Pieu nay
dam bdo hé dam khéng giy bién dang dnh hirdmg dén két qua thi nghiém nén tinh
coc.
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PHU LUC 2.5. DU LIEU THi NGHIEN CQC XAC PINH SUC KHANG THANH
PON VI TAl CAC CONG TRINH THUC TE
PL.2.5.1 Congtrinh Friendship Tower (TP.HCM)

Thoéngtin cong trinh

Diachi: s6 31 dudng Lé Duan, Thanh phé H6 Chi Minh.

Quy md gom 4 tang ham va 21 ting cao. Tong dién tich san 19.000m2, muc dich sir
dung lam van phong lam viéc.

S6 coc thir: 02 coc nhdi, gdm TP1 ¢6 D = 1500 mm ; L=80 m — khdng phut vira;
TP2 c6 duong kinh D=2000 mm ; L=65m — c6 phut vira than coc. Hai coc déu co
gan cac dau do bién dang tai 10 cao trinh khac nhau doc theo than coc, chi tiét dugc
thé hign trén Hinh PL 2.1

Phuong phép thi tai: nén tinh c6 két hop do bién dang coc.

Pjatang nghién cau: Cét, cao trinh Z = -60.20 m

Binh coc TP1: -1.0 Dinh coc TP2 : -1.00 Mat dat: -1.20
GL1: -2,00 —f 1 1nnng GL1: -2,00
——————————— -—tf -3,0

SET YEU
GL2: -9,70  —o|] -
,,,,,,,,,,, ey I GL2::970_ _ _ -10,0
GL3: -14,10 —g 1111 [T1]] GL3: -14,10
GL4:-20,70 —g 1111 i GL4: -20,70 SET
GL5: -25,20 —4 1111 nnn GL5: -25,20
i GL6: -32,60
- 40,0

CAT

GL8: -56,00
GL9: -58,20

22 m Coc phut vira

GL10: -64,20

Midi coc: - 65.20

GL10: -78,20 —df

Mii coc: - 80.20 -80,2

Kich thué'c coc: TP1 d1500 L80m;
TP2 d200 L65m (phut vira)

Hinh PL 2.1 Chi tiét 2 coc thi nghiém thir tai tinh tai cong trinh Frendship building
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PL.2.5.2 Eximbank building

Quy md cong trinh: cao 163m véi tong dién tich 3514 m2, gdm 40 ting ndi va 5 ting
ham.

Quy md cong trinh: cao 163m véi tong dién tich 3514 m2, gdm 40 ting ndi va 5 ting
ham.

Coc thi nghiém 02 coc barrtte déu co phut vita than coc, ky hiéu TP1 va TP2 c6 tiét
dién ngang 2.800mm x 1.400mm véi chiéu dai mdi coc tuong tng 14 65m va 85m.
Thir tai coc theo phuwong phap tu cin bang (Osterberg). Chi tiét phut vita than coc

va cac cao trinh lap dat ddu do bién dang coc thé hién trén Hinh PL 2.2

Binh coc TP1: +0.20 Binh coc TP2: +0.20 Ground: 0.00
sét
yeéu

-7.2
1l GL6: -12,30 1111 GL11: -12,70
GL5: -26,00 14— GL10: -26,00
.g GL4: -40,60 I —— GL8s: -40,60
E.
a GL3: -46,30 I F—— GL7: -46,30 SET
S O-cell: -48,50
£
()]
™
GL2: -51,70 111 GL6: -51.70
GL1: -64,10 1 GL5: -61,10
N
. @ 4 GL4: -65,10
Miii Barrette: - 65,30 x;,
5 O-cell: -69,60
=
S GL3: -73.0
8 GL2: -783
S
9 | GL1: -83,70

Miii Barrette: - 85,30

Hinh PL 2.2 Chi tiét 2 coc thi nghiém thir tai tinh tai Eximbank building



PL.2.5.3 Vincom khu B
- Dia chi: s6 72, Lé Thanh Tén, phuong Bén Nghé, Tp.HCM.
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- Quy md: Cong trinh cao 25 tang ndi va 6 ting ham

- Cong nang: Trung tAm thuong mai, vin phong, cin ho, va bai du xe ngam.

- Coc thu: 02 coc barrette; ky hi¢cu TPBR1, TSGBR2 c6 tiét dién ngang 2.800mm x
800mm ; L= 58m. Coc TSGBR2 duogc phut vira tir cao trinh -48,50m dén miii coc,
chi tiét thé hién trén Hinh PL 2.3

- Phuong phép thi nghiém coc: thir tai tinh

Pinh coc TPBR1: +0.2
i

Dinh coc TSGBR: +0.2

HK3 Mat dat:

0
GL1:
-5

GL2:

-10

-15

GL7:

GL3:

GL4:
GL5:

GL6:

-40
-45
GLO9:

-2,00

-8,00

-15,00

-25,50
-26,50

-31,00

-37,00

8: -43,00

-49,00

GL10: -53,90 — 1111

GL11: -55.25 —4 1111
GL12: -57,50 —] 1111

—1 1 1]
—1 1 111}
—1 1 1
—1 1
—1 1
(11
— 111
—ln (11
— 11
il
©
S i
— 1 >
5 il
e
o
(8]
°.
(@]
£
©

Miii Barrette: - 58 /

Miii Barrette: - 58

GL1: -2,00

GL2: -8,00

GL3: -15,00

GL4: -28,00

GL5: -37,80

GL6: -45,50
GL7: -46,00

GL8: -49.50

GL9: -53,90

GL10: -55,25
GL11: -57,50

-0,5
SET YEU

5,0

SET

SET

1550

Hinh PL 2.3 Chi tiét 2 coc thtr tai cdng trinh Vincom khu B
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PL.2.5.4 Lancaster Lincoln
- Pija chi: s6 428-430 duong Nguyén Tat Thanh, tpHCM,
- Quy mb cong trinh: gdm 40 ting ndi va 03 ting ham,
- Coc thir tai: 02 coc coc khoan nhdi co duong kinh D=1.5 m ; L= 85 m; thi nghi¢m

bang phuong phap Orterberg, chi tiét coc thé hién trén Hinh PL 2.4

O-cell: -61,50
1111 GL5: -64,00

GL5:-6350 —] 1111

49 m Coc phut vira

GL4: -68,50 —] 1111 TIT] GL4: -68.50
GL3: -7350 — 1111 1] GL3: -73,50

SET
GL2:-78,50 — 1111 (1] GL2: -78,50

GL1:-8350 —) 1111 i GL1: -83,50

Miii Barrette: - 85 Miii Barrette: - 85

Binh WTPO1: +0. i . X4 qAt.
coc 01: +0.0 Pinh coc TP03: +0.2 Mat dat: 0.00
OI -2,6
-5f GL15: 5,60 —J 11NN 1 }——cLis: 5,00
-104 GL14: -10,20 —|1pnn GEANAD
GL13: -13,20 — 1111 | GL14: -13,00
-15
-17,6
-20 g GL12: -20,20 —{ 1111
I i — el 2100
250 L1t -26,20 —L 1111 SET
13— GL12: -28,00
-30
I 11k GL11: -34,00
-35
GL10: -37,00 —] 1111 A
40 1 GL10: -39,00
IGLQ: 42,00 —f1n1
-45 111 GL9: -45,00
GL8: -47,00 —] 1111
-50
IGL7; 52,00 —f1n1 (111} GL8: -51,00 SET
-55 1111 GL7: -56,80
GL6: -57,00 —limn
_cell: - [111] GL6: -59,00
“' |y }—Qxceit: -60.00

Hinh PL 2.4 Chi tiét 2 coc thir tai cng trinh Lancaster Lincoln
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- Quy m tong dién tich dat 1a 20.269 m2 Téng dién tich san xdy dung hon 45.000

m?, gém 20 tang ndi va 4 tang ham.

- Coc thi nghiém 1a 02 coc barette co ky hi¢u TP2 va TP3 co tiét dién ngang

0.8mx2.8m ; L=59m, coc TP3 c6 phut vita than coc, chi tiét trén Hinh PL 2.5

- Thi nghiém bang phuong phap thr tai tinh.

Pinh coc TP2: +0.2 Binh coc TP3: +0.20 HK3 Mat dat:
Jei—
0
2,5
-5 SET YEU 175
-10
IGLl; 1350 — 1 TIT GL1: -13,00
-15
GL2:-16,90 —A 1111
i GL2: -17,90 :
SET
20 22,5
GL3:-24,10 —L 1111 (111 GL3: -24,90
-25
-30 (111 GL4: -31,94
IGL4: 31,43 1
-35
-36,5
111 GL5: -37,94 J
'40IGL5. 4223 — 1 i GL6: -43,97
-45 xg
>
E'
-500 GL6: -50,00 —4 1HN1 2 GL7: -50,00
8.
GL8: -54.80
55l GL7: 54,80 —{ 1IN £
GL8: -59,00 —A 1111 —— GL9: 59,00

-66—'Mﬁi Barrette: - 58

Miii Barrette:

- 59

Hinh PL 2.5 Chi tiét 2 coc thir tai cao 6¢ Tha Thiém
PL.2.5.6 Everrich Il
- Vi tri: toa lac tai phuong Pha Thudn — Quan 7. TpHCM,
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Quy md: cong trinh ¢6 37 tang véi tong chiéu chiéu cao 152 m va téng dién tich san
112,000 nv.

Cong nang: Kinh doanh két hop véi cin ho cao cip

Coc thir tai: 04 coc khoan nhdi, gdm coc TPH ¢6 D= 1,5m; L= 80m, Coc TP1, TP2
c6 D=2,0m L=80m va TP3 c¢6 D=2,0m; L=85m. Coc TPH va coc TP3 c6 phut vira
than coc. Ca 04 coc dugc thi nghiém theo phwong phép tur can bang. Chi tiét cac coc

thi nghiém thé hién trén Hinh PL 2.6

DPinh coc TPH: +0.0 Pinh coc TP1: +0.2 DPinh coc TP1: +0.0 Pinh coc TP2: +0.0 Mét dat: 0.00
oy 1 | - -2,0
-5
-10
-15f GL10: -15,00 ] GL10: -15,00 —} 1111 /
nn I f— GL10: -16,50 SET YEU
-20
i GL9: -23,80
258 GL9: -2500 — 1111 GL9: -25,00 — 1111
-30 1 }—— GL10: -19,50
GL8:-33,40 — 111l 1111 GL8: -33,00 GL8:-33,80 —f1111
-35 nn GL9: 2950 il
© CAT
© PHA
-40 GL7:-40,00 —4 1111 [T} GL7: -40,00 GL7:-40,00 —1111 EEE .
(111} GL8: -37,50
-45
(111} GL7: -44,50
-50 GL6:-50,00 — 1111 11l }—— GL6: -50,00 GL6: -50,00 —] 1111
-55
GL5: -58,00 — 1111 [{11] GL5: -58,00 GL5: -58,00 — 1111 X TI1] GL6: -58.00
O-cell: -61,80 : -58,
-60 =0—— O-cell: -62,00 =}——= 1 F
©
-65 8 GL4: -65,70 3 i GL4: -65.50 GL4:-6570 —f 1111 1 GLS5: -65,70
s 1 IZIF O-cell: -66,00
70 < O-cell: -70,00 E
- GL3: 71,80 3 ni GL3: -71,80 GL3:-71,80 — 111l Qq 1 — cLa:-71,80
)
758 GL2: -75,40 £ Il p—— GL2 -7540  GL2:-7540 — ]I 1 f— GL3:-75,40
(=2}
<
8 GL1: -79,80 1111 GL1:-78,80 GL1:-78,80 — 111l T GL2: -78,80
-80
TIT] Gl 1: -83.30
-85
TPH (phut vira), D1,5m,L =80m TP1,D20m,L=80m
TP1,D20m,L=80m TP2 (phut vira), D 2,0m, L =85m

Hinh PL 2.6 Chi tiét 4 coc thi nghiém tai cong trinh Everich 11

PL.2.5.7 Céngtrinh Lim Tower 3

Dia chi: s6 29A Nguyén Dinh Chiéu, TpHCM.

Cong trinh c6 26 ting ndi, 03 ting ham véi tong dién tich san 43.000 m?.
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- Coc thu tai: 2 coc barrette TP1 c6 L= 40,2 m, TP2 ¢6 L= 62,8m c6 cung tiét dién

ngang la 600mmx24000mm. Coc TP1 dugc thi nghiém theo phuong phap nén tinh,

trong khi d6 coc TP2 thi nghiém theo phuong phap tu can bang. Ca 02 coc déu duogc

phut vita tai cac cao trinh khac nhau, chi tiét thé hién trén Hinh PL 2.7

0

-10

-15

Pinh coc TP1: +0.0

Dinh coc TP2: +0.2

GL1:

GL2:

GL3: -

-2,20 —

-7,05 —]

11
]
=]
> ad 111
-
s ©
) S
o > 1]
-
£ 2
<
o o
= s|q
o
1S
&
1]
v
=0
1110
1110

Miii Barrette: - 62,80

m

©

4

GL10: -8,80

GL9: -20,15

GL8: -25,80

GL7:-31,80

GL6: -37,80

GL5: -43,80

O-cell: -46,80
GL4: -49.80

GL3: -52,80

GL2: -56,80

GL1: -60,80

Mat dat: 0.00
’ -1,0
SET
— -4.4
ISET, SET PHA] -6,9
-9,6
-45,7
SET
-54,1
-68.8

Hinh PL 2.7 Chi tiét 2 coc thir tai LIM Tower 3
PL.2.5.8 Toa nha Landmark 81
- Dbia diém : s6 720A Dién Bién Phu, quan Binh Thanh, thanh phé HO Chi Minh,

- Tbng dién tich 241.000 m? chiéu cao 461.3m, gom 81 ting ndi va 03 ting ham.
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-60!
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S6 lugng coc thi nghiém : 04 coc barrette. Chi tiét cac coc dugc thé hién trén Hinh
PL 2.8

Phuong phap thi nghiém :

Hai coc ky hiéu BR1, BR2 c6 tiét dién ngang 2800x800; chiéu dai L=65m; dugc thi
nghi¢m theo phuong phap nén tinh,

Hai coc TP1, TP2 c6 tiét dién ngang 2800x1000; co chiéu dai 1an luot 1a L=80 va
85m thi nghiém theo phuong phap tir can bang (O-cell).

BR1 BR2 Binh coc TP1: +0.( Pinh coc TP2: +0.0 Mat dat: 0.00
GL1:-3,00— 1111 1 j—-=atL1: -3,00 32
I }—— GL12: -3,20
SET YEU
GL2:-18,00— 111l I —GL2: -18,00 GL10: -18,00 —§ 1111 {11} GL11: -18,00
GL3: -28,60 — 1111 11 }——GL3: -28,60 oLe: 2830 —d 1 nn GL10: -20,00 -28,6
GL4: -33,20— 1111 nm GL4: -33,20 GL8: 37,70 —lnn [111] GL9: -35,40 o
GL5:-38,60 ) jin 1 GL5: -38,60 €
© -38,6
[11]] GL8: -43,00
GL6: -44,60 — 1111 111 ——GL6: -44,60
GL7:-46,00 —{ 1111
GL7: -50,60 ] | - I p——GL7: -49,50 :
n n GL7: -50,60 oo 5200 —am CAT
c PHA
GL8: -56,00 —f 1111 ——GL8: -56,00 S dc=uf
GL5:-58,70 —uumn | ...
Ilg“O cell: ,
HIB—— GL4: 64,50
GL9: -64,35 — 1111 3 GL9: -64,35 GL4:-6430 — 1
GL3:-7050 —] 1IN [11]] GL3: -70,50
E E
GL2:-7550 —] 1111 °qun GL2: -75,50
BR1,2,8mx0,8m,L=65m TP1,28mx0,8m,L =85m
BR2 (phut vira), 2,8 mx0,8 m, L =65 m TP2 (phut vira), 2,8 mx0,8 m, L =80 m

Hinh PL 2.8 Chi tiét 4 coc thu tai cong trinh Landmark 81

PL.2.5.9 Cong trinh Song Da Riverside

Dia diém : Phuong Hiép Binh Phudc, Tp.HCM (trude day s6 720A Dién Bién Ph,
quan Binh Thanh, thanh phé HO Chi Minh)
Téng dién tich 195.000 m?, chiéu cao 200.3m, gém 60 ting ndi va 03 ting ham.
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- S6 lwong coc thi nghiém : 02 coc barrette. Chi tiét cic coc duoc thé hién trén Hinh
PL 2.9

- Phuong phap thi nghi¢m :

- Hai coc ky hi¢u BR1, BR2 c6 tiét dién ngang 2800x800; chiéu dai L=65m; dugc thi
nghi¢m theo phuong phap nén tinh,

- Hai coc TP1, TP2 ¢6 tiét dién ngang 2800x1000; co chiéu dai 1an luot 1a L=80 va
85m thi nghiém theo phuong phap tir can bang (O-cell).

0] binh coc TP5 Pinh coc TP1
GL1: -2,00 —4 1111 1 GL1: -2,00
-5 -3,0
SET YEU
10fy GL2:-9.70  — 1111 i GL2: -9,70
I GL3:-14,10 — 1111 | GL3: -14,10 -10.0
-15
20 GL4: 20,70 —p 11NN 1ni GL4: -20,70
SET,
SET PHA
2501 GLs: -25.20 —4 1111 TI1R GLS5: -25,20
-30
I | GL6: -32,60
-35
-40 38,5
l -45.0
45H - ] . -~  d-—t-—
GL6: -46,20 — 1111 46,20
—50I GL7: -50,00 —f 1111 50,00
-55f cL8: -56,50 —] 1111 56,50
-60
I GL9: 64,20 —y 1111 GL10: -64,20
-65 -68.0
N o A, S | ——
-70
I Mii coc: - 65.20 Mii coc: -
-75 . "
Kich thwéc coc: TP5 d1000 L65m;
TP1 d200 L68m (phut vira)
-804

Hinh PL 2.9 Chi tiét 6 coc thtr tai Song Pa Riverside.
PL.2.5.10 Song Viét Building.
- Dia diém : Phuong An Khanh, Tp.HCM (trude day 1a s6 720A Pién Bién Phu, quan
Binh Thanh, thanh phd H6 Chi Minh),
- Téng dién tich 320.000 m?, chiéu cao 161.3m, gom 42 tang noi va 02 tang ham.
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Sb lugng coc thi nghiém : 06 coc barrette. Chi tiét cac coc duge thé hién trén Hinh

PL 2.10

Phuong phap thi nghiém :
Hai coc ky hiéu BR1, BR2 c6 tiét dién ngang 2800x800; chiéu dai L=65m; dugc thi

nghi¢m theo phuong phap nén tinh,
Hai coc TP1, TP2 c6 tiét dién ngang 2800x1000; co chiéu dai 1an luot 1a L=80 va

85m thi nghiém theo phuong phap tir can bang (O-cell).

Hinh PL 2.10 Chi tiét 2 coc thir tai ¢ong trinh Song Viét Building

TPOL TPO2 TPO5 TPO4 TP1-1 TP3-1 M3t dat: 0.00
o - _— — — — L — -2,0
-5
-10
15 . . SET YEU
6L9: -1550— 1 nn GLo: -15,50 CLY: 15.50—1 111 111} GL9: -1550  GL9: -15,50— NN (111} GL9: -15,50
-20
sl s 2250 i nn GLs: 24,5008 24.50— nunn {111} GL8: 2450  GL8: -24,50— 1111 i GL8: -24,50
617 27.20— 1 nn GL7: 27,2081 7 27.20—L 1 i GL7:-2720  GL7:-27,20—] 1111 {111} GL7: 27,20 28,0
-30 ]
GL6: -32,50—] —— GLe: - GL6: -32,50— -
oLe: 3250— 1 nn L6 -32.50 mun {111} GL6: -32,50 i i GL6: -32,50
- - e LLLL |— GL5: -36,00 ;- — 1 GL5: -36,00 P
350 L5 ss0o—d mm GLs: 36,00 CL5: 36,00 i [{]]] GL5: -36,00 i o CAT
- —i GL4: -39.00 39.00— 1 GL4: -39.00
aLa z000—d 1 1 m GL4: -39 00CL4: -39.00 [11] . {111} GL4: -39.00 [1]] _ [111] r ' PHA
-40 ; S ER D T
- o
GL3: -44,50— s jjun GL3: -44,50 GL3: -44,50—] IIII'*—GL& -44,50
sl o ssoum] - 1 un F—GLsz -44,50 i Z s m 38
o
: 3
8 N
-50 ' ) GL2: -53,00— 1111 E 1 p——0GL2:-5300  gL2: -53,00— 1111 F $unff—oct2 5300
GL2: -53,00— 1111 111 fp— GL2:-53,00 J N
-55
GL1: -60,00—] 11NN mn GL1:-60,00  GL1:-60,00—] I 1 R——GL1: -60,00
-60y GL1: -60,00—] 1IN (111} GL1: -60,00
-65
-70
-75
TPO1,D1,2m, L=75m TPO5,D1,0m, L=75m TP1-1D1,2m, L=70,3m
-80 TPO2 (phut vira,) D1,2 m, L=61 m TPO04 (phut vira), D1,0 m, L=60 m TP3-1 (phut vira) D1,2 m, L=60,3 m
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Bang PL 2.12. Bang tong hop giatri sitc khang thanh don vi caa cac doan coc nghién ciru

Cao
. trinh ,
Cao trinh phut H¢ s ma sat
phut .
vira (m) 3 don vi (kPa)
viia
L _ PP Ty
Téncong | Ky hiéu Z (m) .
STT . thir sO
trinh coc . Coc
tai A Coc | fss/fo
khong
phut
phut
vira
vira
(fo) | (fss)
Friendship TP1 Nén -49.1
1 -42.2 + -56 135 | 235 | 1.74

building TP2 tinh

56+-582 | 21| 116 | 205 | 1.77

582+-642 | 612 | 125 | 225 | 1.80

. -33.3
Eximbank TP1 O- -26 +~ -40.6 85 145 | 1.71

2 L

building | tpp | cel | 517, .641 | 579 | 155 | 265 | 1.71

Vincom TPBR1 | Nén -55.9
3 53,9 + -58 140 | 238 | 1.70

khuB | TSGBR2 | finh

WTPL 36+-45 | 405 | 112 | 195 | 1.74

TP3 . 627
| toncast o | 6L5+-64 145 | 246 | 1.70
Lincoln cel | e4..735 | 687 | 155 | 265 | 171

785--835 | 81 | 165 | 302 | 1.83
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Cao
trinh ;
Cao trinh phut Hé sO ma sat
phut .
vita (M) N don vi (kPa)
vua
N PP Ty
Téncong | Ky hi¢u Z (m) ’
STT ) thir sb
trinh coc Coc
tai A Coc | fas/fo
khong
phut
phut ~
vua
vira
(fo) | (fss)
, . .53.9
] Cao &e TPL | ey | -50+-548 127 | 225 | 1.77
ThaThiem | ppy | tinh | 548 590 | 969 | 147 | 255 | 1.73
TPH 58--657 | 018 | 150 | 260 | 1.73
PL | o | 657+-718 | 987 | 160 | 280 | 175
cell | 718..754 | 738 | 120 | 205 | .71
754 -79,8 | 778 | 165 | 280 | 1.70
6 Everrich 2
P2 .58+ -65,7 618 | 105 | 195 | 1.86
P | . |-657+-71,8 | 987 | 115 | 200 | 1.74
cell | 718..754 | 736 | 118 | 205 | 1.74
754+-798 | 176 | 162 | 275 | 1.70
_ TPL | Nén -23
7 Lim 3 -20,2+ -25,8 65 | 115 | 1.77
TP2 | finh
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Cao
. trinh ,
Cao trinh phut Hé sO ma sat
phut
vita (M) N don vi (kPa)
vua
N PP Ty
Téncong | Ky hi¢u Z (m) ’
STT ] thir s6
trinh coc Coc
tai A Coc | fas/fo
khong
phut
phut ~
vua
vira
(fo) | (fss)
BR1 Nén -60.1
-56 +-64,3 152 265 | 1.74
BR2 tinh
8 Landmark
. -57
81 TP1 O- -49,5 + -64,5 145 255 | 1.76
2 | C8l| 705755 | 73 | 165 | 208 | 1.81
Song Da Nén -48.1
9 S TP1 -46.2 = -50 130 | 235 | 1.81
Riverside tinh
TP5 50+-565 | 32 | 110 | 198 | 1.80
56,5--642 | 603 | 115 | 205 | 1.78
TP-02 -39,0+-445 | -417 | 155 | 280 | 1.81
O- -445 + -53,0 -48.7 125 205 | 1.64
TP-04
cell
TP-05 -53,0+-60,0 -56.5 160 280 | 1.75
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Cao
trinh ,
Cao trinh phut Hé sO ma sat
phut
vita (M) N don vi (kPa)
vita
N PP Ty
Téncong | Ky hi¢u Z (m) ’
STT . thir SO
trinh coc . Coc
tai A Coc | fas/fo
khong
phut
phut ~
vita
vira
(fo) | (fss)
O- -36 +-39,0 -37.5 102 | 182 | 1.78
TP1-1
cell
TP3-1 -39,0+-445 | -41.7 112 | 200 | 1.79
-445 +-530 | -48.7 110 | 195 | 1.77
-53,0+-60,0 | -56.5 155 | 275 | 1.77
-345+-40,0 | -37.2 70 115 | 1.64
-40,0 +-46,5 | -52.1 148 | 265 | 1.79
-46,5+-53,0 | -49.7 142 | 255 | 1.80
-53,0+-58,0 | -55.5 158 | 285 | 1.80
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Bang PL 2.13. So sénh sirc khang don vi tinh theo thi nghiém va cong thirc dé xuat

Gia tr1 stc khang thanh don vi (kPa)
Theo k&t qua Strc k{lang thanh cuft doan, CC_)C‘A
; n phut vita tinh theo cong thirc dé
Cao thi nghiém X
inh xuat
Téncong | Ky hiéu t”hr.‘A Coc
trinh coc | "M khon - : - ,
' ctru Z 91 Coc |fasskhi| g4i55 | feskhi | a6
(m) | PMUC | phut | btinh b tinh
vua | yira fzs | theo theo
fo (kPa) | (3.3) 0 (3.5 0
(Pl (%) (%)

BO DU LIEU HIEU CHINH (8 CONG TRINH)

1.Friendship TP1

building P2 -49.1 135 235 | 271 | 1543

-57.1 116 205 234 | 13.95

-61.2 125 225 252 | 11.88

2 Eximbank TP1 -33.3 85 145 164 | 13.32

building TP2 | 579 | 155 | 265 | 312 | 17.79

3.Vincom TPBR1

khu B TSGBR? -55.95 | 140 238 282 | 18.46

WTP1 -40.5 112 195 220 | 13.00

TP3 -62.75 | 145 246 292 | 18.70

4 L ancaster
Lincoln -68.75 155 265 312 17.79
-81 165 302 358 18.70
5.Cao dc TP1 -53.9 127 225 256 13.67
Thu thiém TP2 -56.9 147 255 296 16.09

TPH | -61.85 | 150 | 260 | 302 | 16.18

6.Everrich 2 TP1 -68.75 | 160 280 322 | 15.07

TP2 -73.8 120 205 242 | 17.88
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Gia tr1 stc khang thanh don vi (kPa)

Strc khang thanh ctia doan coc

The’:O keF qua phut vita tinh theo cong thirc dé
Cao thi nghiém <uit
Tencong | Kyhicu | M T Goc
inh nghién Kho _ _
trin coC | huz | KOG | Coc |faskhi | guied | Taskhi | Saisé
(m) | PP | phut | btinh b tinh
vua | yira fss | theo theo
fo (kPa) | (3.3) 0 (3.5) 0
(Pl (%) (%)
TP3 -77.8 165 280 332 18.67
-61.85 105 195 211 8.43
-68.75 115 200 232 15.79
-73.6 118 205 238 15.91
-77.6 162 275 326 18.63
. TP1
7.Lim3 TP -23 65 115 123 6.54
BR1 | 6045 | 152 | 265 | 306 | 1551
8.Landmark | BR2
81 TP1 -57 145 255 297 16.49
TP2 -73 165 298 352 17.96
BO DU LIEU KIEM CHUNG PQC LAP (2 CONG TRINH)
1.6ng Da e | -481 | 130 | 235 224 | -4.83
Riverside
TP1 | -5325 | 110 | 198 189 | -4.43
-63.35 115 205 198 -3.50
2.86ng Viét TP-01 -37.50 145 260 249 -4.06
P02 | 4175 | 155 | 280 267 | -4.77
P04 | 4875 | 125 | 205 215 | 4.90
TP-05 -56.50 160 280 275 -1.70
TP1-1 -37.50 102 182 175 -3.59
TP3.1 | 4175 | 112 | 200 193 | -3.66
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Gia tr1 stc khang thanh don vi (kPa)
Theo kit qua Suc k{lang thanh Cufl doan’ ccpck
. A phut vira tinh theo cong thirc dé
Cao thi nghiém X
inh xuat
Téncong | Ky hicu t”hr.l Coc
trinh coc | "M khon - : - :
- ctru Z 91 Coc |faskhi| g4i55 | Taskhi | gaish
(m) | PP | phut | btinh b tinh
vua | yira fss | theo theo
fo (kPa) | (3.3 0 (3.5 0
o) (%) (%)
-48.75 | 110 195 189 | -2.96
-56.50 | 155 275 267 | -3.04
-37.25 70 115 120 4.71
-52.15 | 148 265 255 | -3.92
-49.75 | 142 255 244 | -4.20
-55.50 | 158 285 272 | -4.63
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PHU LUC 2.6. HO SO KIEM PINH THIET BI THi NGHIEM

W

ORIGINAL

1. Goods consigned from (Expormes busi
GTC €Y., LTD

20-67, Jowol-ro 100p20n- 04
GYEONGG! -D0, KOREA

Chare

minne, addiress, countey |

£, Leshglossl,

Refercnce Ny KO2L-22.0795596
Reference Cide 99500354

KOREA-ASEAN FREE TRADE AREA

PREFERENTIAL TARIFF

CERTIFICATE OF ORIGIN
2, Guods consagnad 10 (Consignee’s name. | 41655, country ) ( - )
WT TECHNOLOGY PROBUCTS GHSTRIBUTION 1DINT STOUK COMPANY FORM AK
15, Alley 25, Tho Duan Lane, Khar an Street, Tho Guan
Mard. Dong Da District, Hanoi City | ETHA B i N st
B4 §12 962 694 ) |Comary)
nanghanhinlor@grai | cor %

See Notes Overleaf

3. Means of tansport and roake (as far as koowny 4. For officisl use

1T, Declaration by the expotter
The undersigned bereby declaces that ihe abo
are correct; That all the poods wre producad |

(Cowentry)
anl that they comply with the Gyupin 1ogsincn
goods in the KOREA-ASEAN ¥ree Trade Ax
for the poods exported 1o

THE SOCIALIST _REPUBLIC

GHANGUUHANAN KOREA 04 NOV 20

Place amd date, signsturs of authoosed signa

13

[ Third Country vy

Depanure date 24 (CT 2022 I3 Preferennal Treatment Given Usder KOREACASEAN
Free Trade Arca Preferential Tortfl'
Vessel's asme'Aiccraft efe. FOXK
[ Preferennal Tecatment Not Given (Please state
TEENYE)
Porof Discharge  HANDI , VEETNAM G A P SR
Signature of Authorized Signatory of the Importing Country
S lem 6. Marks aml T Numb ad type of packages, description of 8 Ongin 9. Gross weight 10. Number
number numbess on goods [ ludieg quantity where appropriaste criterion or other quantity, | and dute of
packupes and H* (umher of the fnporting country} (see motes arxd Valuel FOB mvokes
everleal)  Hanly when RVC
criterion is used)
! UG | BUIVA EMBEDMENT STRAIN GAGE CIH 30 S Ci-
GIC20e2 1020
010
H KSR T L R VTR | 2022-10-20

TR

Enct OF Page

detals and starenients

UREA

veoapevified tor these

refervotal Tanfl

VIETHAW

dmpori 15, 2877 01ation Co.. Ltd.

12, Cerpitication
e horehy sertified. oo the basis of comarol carned o, that the
dechanation by the caposter 35 cormect

GWANGJUHANAM
04 NOV 2022

ISSUED RETROACTIVELY

Place amd dae, signeture sad Samp of cerfifying authosity

[ Bick--Back €O
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29 =~ 67 Iwot-ro, 100 beon i, Crowoleup

Packing listdate:  20.0c2.22

Gwuangiu-s, Syeosgiido, Kamea
Tokf 031 2027-2%0
Bt iveaicerg com

Qa the dere of 20-0ct-22
Quality Certificate

Customer. MT TECHNOLOGY PRODUCTS DISTRIBUTION 1SC
Packing list No: FL ~GTC20221020-010

ption: Madel; {Quantity:  Unit:

Vibrating Wire Embedment Strain gage $G-4200 30|Fcs

Serial po: From 001 To 030,

Vibrating Wire Embedment Strain gage OK
Range 3,000 Microstrain
Resoluticn 1 Microstrain

Specification Accuracy + 0.1 FSR

Cperating Temperature From - 20 “C to +80 °C
Temgerature Sensor Thermistor{ 3KD-ATF|

We certify hereby that products above hove been manufectured and tested by GTC Carp., and are
in compiiance with GTC work instructions and quality management criteria.

w-lme"'{é/;yé,b( (

KT Seag: Oversen Sakes Divecrer
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GC GTC CORPORATION Co., Lid. |
'gmr. Jiwol-ro  190besn-gil, Chowol-eup, Gwangiu-si, Gyeonggldo, KOREA,
TEL B2-7 77-0020{031-8027-2500)  FAX &2-2-577-0419(031-8027-2501)

CF ITIFICATE OF CALIBRATION
Vibrating Wire Strain Gage

Model Number = SG4200

Calibration Data : 12 - 10 - 22

Job Number - 1024

Temperature ¢ 21,10

Calibration Equipment Nu nber - MITUTOYQ CIAPAN) CODE MO - 350-511-30)

.  Average
G 1 Gager2 Goges3
Calibration Factor - + ———————— jCultbution Pestor;

0.65°15 091708 0.98661 0.95433

———— —_———— —

Average Batch Callbra' on Factor K @ 0,95433
True strain = strain inocated on GK-403 channel D X K/

Calibration Techaician

We cortity Dt the certificats © bagsed 0 Uso cabbvation by $he measurement wﬂd:t?
measurement stancards being g and operaled by GTC Corporation CO,, LYD.,

ne the fem cabbrated (s out ¢ ange of cquioment fhat s subject 1o Nations! Standards. ;
G T C Corporation Co,, L.
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~ CONG TY CO PHAN KIEM DINH DO LUONG HIEU CHUAN ILAS
TN ILAS VERIFICATION MEASUREMENT CALIBRATION JOINT STOCK COMPANY

Tie WAL 2775 - Duting 8 Galin 8. Oy ey, X0 104 D, b Moe M, T 445 (0 Mo
Onien thopl et GO - 95 9SES 66 ~ 0367 45 52 67 IWESte: wwe s o En Saogindiis v

| 56 (W) GIAY CHUNG NHAN HIEU CHUAN | sy 0 21022023
1LAS22 - 003073 CERTIFICATE OF CALIBRATION Trang Page: 222
3690y Guig i Shag by comy chp A v/ Serwice Lo 7 O M) |
 ——
KET QUA HIEU CHUAN
(Calibrution Rexuls)
Sui lch
Vi iri do Difference Cip chinh xéc D KDBD
‘;" beavwring Pogidon i vi Closs Unccrtainty
Upvared Downwerd
mm mm mm . um
I 0 0.00 0.00 A 0
2 $ 0.01 0.00 A 6
3 10 0,00 £0.02 A o .
4 13 0.02 .01 A 6 “
5 20 0,03 0.01 A 6 w\
6 2 0.0) 0.1 A 6 4
7 0 0,03 .01 A 6
] 75 002 | 00 A 6
9 100 0.04 0.04 B 6 |
o D0 KDBD mo rng duge tinh 12 46 khdeyg dilm bbo do chuldn nhde voi be s phis k < 2, phin b chidn
g iy Vo1 95% 00 tin ciy.

The reporied expomsded macertainty of meazwrement It stited o the stancdord swcertainly of
micatcrweman! matiplicd by the coveroge factor k= 2, which for o normal distritution cocrespondy o

« conrage probability of approvimately 93 % i’.

!

|

i

- - —

1 TE8 oy B e B o ey U v R e o 8 - 2 auE D s PO

CAPVIF SR ok Oy RUTTTIG we §  J a OF N ey e

G e Nl e G0 gl g S iy % 8 3 3 B0 o g B B 1D B iy R 8 aee
e iy o AW N ) ST T D0y
w.n.“l-r

o e WS e o ot oy (TG e i i e e g () G T ¢ Oy I i O AN
| TR R S A PRad TR i AL it 1N et Jpomanan (v &84

i
!
b

-
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cOuswcﬁmlunEnoxuuaotmmumulum
e ILAS VERIFICATION NEASUREMENT CALIBRATION JOINT STOCK COMPANY

B8 CWAE 175 - wtng 69 D &, Dy L, X3 148 O, M A M, T, 1 O M
Dhdn G0V ot G899 9565 68 - 0967 89 2 97 Wetnite www s v _Emad: fcguaies v

86 (W): GIAY CHUNG NHAN HIEU CHUAN  Ngsytwe 21022023

ILAS22 - bedo's CERTIFICATE OF CALIBRATION Trang/Page 12
5 ghdy g i @y ¥y cung clp Gh v/ Soree Laee 08 401

| } MWW«:C&%“MWWWM
2 Noi sin xudt/Managfiacturer: Hodng Vinh TR.C.C - Viét Nam/ Hoang Vink T.R.C.C - Viet Nom

3. KibwType: CRVPTIO S Serial No: PNX220209 M3 QU/ 1D CHO
o Cim bt/ Load colt: KibwTipe: DRW200 S Serial No: 220218004

4. Dic truny k§ thuduSpectfication:
o Pham vi do /Range: (0~ 200) mm D§ phila gisi Resolution: 0,01 mm

5. Khach hang/Custonter:
CONG TY TNHH NGHIEN CUU KY THUAT VA TU VAN XAY DUNG HOANG VINH
Dia chilAdslresr; 375 - 377 Tiy Thonh, Phutng Tdy Thank, Quin Tan Ph, TP. HA O Mink '
& Noi bigu chuda/Moce of Calibeation: TAI PHONG THINGHIEM
Diar chilAddrexs: 375 - 377 Ty Thanh, Phoimg Tdy Thanh, Quin Tia Pha, TP. 116 Chi Minh
7. Phunrsg phdp hidu chudn/ Method of Calibeorion: ASTM E2309
5. Chuin duoc s dung/Siandardy Used

n Deseription Troceahility to Cal Date D_lg_w
Thict bj kofm tra dong hd 50 | Hiéu chuln ILAS
ILAS - DDO03 me_ﬁ' JLAS Calibration 0472021 0472022
Bochmiuchp0 | Trumg TAm K§ Thudt 3 =
ILAS - DDIJA G MNock set chaxe 0 QUATEST? wzmo_ N'A ‘
9. Mo truimyg hi¢u chudn/Colibration Eavironment .
o Nhigt dpTemperatire: 26 °C DO amHinldlty: 70 % RH

10. Midu chink pheromy o dolddjustme . Ch/Yes :
L1, Ngay hidu chude/Oure of Calibeation, 182022023

12 Tem hidu chuln'Calibvarion Lobel: i AST2 - 003073

13, Khuyén nghi vé ngdy hidu chudn 10 /Reculibration due: 18/02/2024

|4, K& quiResbe: Vi long xem kit qué trang ssu/ Please see the rewulty on the nex! poge ‘

TLTrwimg Mhimg Do Lwong
PP Heexl of the Meaxwemens Laburatory

-~

VO MANH CUONG

(l T Vivhe; Wi b s o g % WG AR S8 WD < 7. R By VPN
(IS A et artaedy o wedmrred st - L o BT & Ieeier e

L1 Chcalt it sy shude g vy a0 B R et ey Mbe b B S AR el ) e
N LA M| ) 0 TN NN BT O GV () N B S VT

L R xan

ANy A NS e e Wb N g D N Buls Ay M ey b g ¢ bhey e e wa
N L S0 A RE W mmanAd e [ smeE AL el BN W e LA
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CONG TY CO PHAN KIEM DINH DO LUONG HIEU CHUAN ILAS
g’m ILAS VERIFICATION MEASUREMENT CALIBRATION JOINT STOCK COMPANY

Colbration 000 CAGkE: 2175 - oy M) i &, Deing L, X5 539 i, 1o e M. T A8 O M
Ooirn Wl Tew (A« 99 565 S - U967 95 52 87 oot v A8 v Bl Roopaqas we ol

S (W) GIAY CHUNG NHAN HIEU CHUAN | ngsy oy 20022021
ILAS22 - 0028 CERTIFICATE OF CALIBRATION Trang/ Page: 22
36 @y hamg rhin Sheg ky cung cAp B v/ Sewvace Lamcn ¥ i

KET QUA MIEU CHUAN
(Caltbroviun Rexsity)
Sal Kch
Vi iride Difference Clp chioh xic | Bj KPBD
’;: | Measuring Position | DA v Class Uncertainty
‘ 1 Upneard Derwimeard
| mm mmn mm - pm
1 | 0 0.00 0.00 A 6
1 2 5 003 0.00 A 6
{ ) | 10 002 0.01 A 6
| I5 003 001 A 6
s 20 004 0.01 A 6
. 25 002 001 A 6
7 50 0.03 0.00 A 6
¥ 75 0.02 001 A 6
) 100 0.03 0.03 B 6 |

o DY KDBD mir ring dupe tink tir 46 khding dam bdo do chuda whin vén b sb phi k = 2. phin b chuin
twromg imyg vin 9596 40 tin cdy.
Ihe repovied expambed unceriomiy of measwement fx sleted cx the siandand uncertainty W |
avasirement mdtipliod by the coveroge facior k = 2. which for u normal distribution corresponds to
a covcrage probabiliey of appraximately 93 % /?"1

000 Wiy s W s o v o WUV D B w8 L PN S e T
A st vk WOty of S w § > L o 05N TS -

TS ah A iiTe s ey iy i i Ay 20 o 10 B o ey T A 8 B bl e ke
TR PN ERE W P TIAAE SY GU T ——— i .

!l&“b“/ﬂ:ﬂt

AW A Y e DA (g o e Tl by W AR ) 0 ey 7 My VA e e A
TN PRI P el e it T o A ) N e e Ny A

ATV IR
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~ CONG TY CO PHAN KIEM DINH DO LUONG HIEU CHUAN TLAS
@: JLAS VERIFICATION MEASUREMENT CALIBRATION JOINT STOCK COMPANY
D8 A 7% - Outing BS O . Dy Lis 20 B D, Haier e Nda T A O Mok

—— umu 95 9555 & - 0967 89 52 87 Wolnme wew det i thead Gaogagias W =
S8 (W): GIAY CHUNG NHAN HIEU CHUAN | wghy o 20020023
TLAS2I - a3e2 CERTIFICATE OF CALIBRATION Trung Page. 112

4 ply g vide Shng by Cung Chp hch wy/ Servic Limenw - O 401

1. Muong s do/Object: Cam bidn do chuyéa vi/ Limear diyplocement senvor
2 Noi sin xudt/Masfocturer: Hodng Vioh TRC.C - Vigt Nam/ Hoang Vink TR C.C - Viet Nam

3 KidwTipe: CRVPTI0 S Seriol No: PNX220209 Mi QU 1D: CHO
o Cim bice Load cell; Kida'Type: DRW200 S&/ Sevial Now 220218-001

4 D rumg KF thuduSpectficarion:
o Pham vi do /Ronge: (0 - 200) mm D phin giad/Resolwion: 0.01 mm

3. Khich Wng/Cunteuner:
CONG TY TNUN NGHIEN CUU KV THUAT VA TU VAN XAY DYNG HOANG VINN
Dia chilAdidresx: 375 « 377 Thy Thanh, Phuing Tiy Theah, Qun Tia P, TP. Ho Chi Mink
6 Noi hida chude/Ploce of Caltbration: TAI PHONG THE NGHIEM
Dia chilAduresy: 175 - 377 Ty Thanh, Phubng Tiy Thaah, Quén Tén Pha, TP, H6 Chi Minh
7. Phnmg phiip higu chudn/ Methad of Calibravion; ASTM E2309
8 Chuiin dure sir dyng/Stmndurcls Uood

L Deseription Tracesbility to
ILAS - DDO3 Thaét by kitm 1ra dong b 3o Hidu chudn ILAS
sl Dial guge tesier ILAS Cattbration
ILAS - DDI3 | “*ﬁ_d;“ Trung Tiim K9 Thudt 3
= | Gane Mok vet clauy 0 QUATEST 3
0 M Lridmy hidu chudn/Calibration Enviramment
o Nhidt dWTemperate: 26 °C DO dmitumidity: 70 % RH

10, Higu chinh phuong 1i§n o' Adjrsamen: Co/Yey
1. Ngiy bt clhugin/ Dave of Catibration: 181022023
' 12 Tom hidu chude/Colibration Label: ILAS22 - 00302
13, Khuyén nghi vé ngy hidu chudn tii /Recalibearion due: 18/02/2024
| 14, K& quVRerndis: Vil long xem kit qua trang saw’ Please see the rexinlts om the mext poge

TL. Trudng Phing Do Luimyg
’ PP Heod of the Measiremest Laboratory

VO MANH CUONG

77T ol Gn e 1 990 O0n) U8 3w o S w0 8 - 1, e e B
Lanasmn amatnl ety # smznewned wit b < 2 2t 35 % peiliene e
‘a a‘wuw L e T T o N N AT

-l- ET QPRI (0 I TN ST SR .
R ] |
. mum-- B g e A el iy oty Mg 11 s Sy y PANG Wt b el £
o ey et T £5 1 pET ) U METRA WD ety BT
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’ CONG TY CO PHAN KIEM DINH O LUONG HIEU CHUAN ILAS
- ILAS VERIFICATION MEASUREMENT CALIBRATION JOINT STOCK COMPANY

.
b Oua HYASS 208 - Dosing & Db 5 Deing Lk, X5 24 Do, Fhaplin e Mo Tin NS O Mk
= uuwu-umu-w-gy Wintetr wiew dae st e SopuaMisen it
’
6 (W); GIAY CHUNG NHAN HIEU CHUAN |\ e 20022008
1LAS22 - D03a2 ('(RTII’IQITFO!’ CALIBRATION Tramg Page: 272
53 aidy i i g v g i dhch v/ Serwic Linemc P B 41 |

KET QUA HIEU CHUAN

(Calibevtion Reswliy)
Sai lich '
Vi tri do Difference Chp chink xic | D) KDED
SYY | Measuriog Position| DA vii | Claw | Uncertainy
1 Upward Deneaveard
' mm mm mm - um
I 0 000 0.00 A 6
2 5 0.00 0.00 A 6
(153 10 0.01 0.m A 6
4 15 .00 0.0! A 6
5 20 001 0.01 A o
6 25 0.01 002 A 6
7 50 0.01 0.00 A 6
5 75 002 00l A 6
Y 100 002 | -0m A 6

o DO KDBD mi ring dupc tink tir 39 khdag dim bio o chudn nhin vii hé 38 phi k « 2, phin b chuin
turemg emg virl 95% 4 tin ciy.
The reported expanded mcertamty of measwwement v stated ax thy standard wmcertomty of
mecrimement medtplied by the coveragy factor k = 2, which for a nowwsel distritunion correspomls to
a cmverage probahility of approximately 95 % 4?;

T OW Wiy S0 fabe it vl 4 <o, Speg A 1k o) b« L Tt w e POA
RN SN SNy T PRGN P 1 7 D 8 1) N e e

1 Cac vt al b chve gie amng ply AGwg S0 3n oy B 9 3 00 AN B gieateg te B0 83 s B UnEs S0
[ R R P PE SENAN N - ey oS-

L T N o

A Andeg RN A5 e oot e gy Nt S0l P (A W i M D (O 4 Sy § Mg vie St Liet LT
T s alv i st Jw IRV P VA @t P oot e o 04

TS 08
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CONG TY CO PHAN KIEM BINH DO LUONG HIEU CHUAN ILAS

Bia VALY, 7775 - Dating B3 NG R, Siding L, X3 83 Doy, Mo isc N, T 18 O My
uu--vmu 9 S5 68 - 0967 B9 ST 5T ot wwov it o S Spiiiles v

ILAS22 - 00304 CERTIFICATE OF CALIBRATION Trang Page. 112

J 53 gy chuing (e alog by cunyg Cip BiR sy Servive Gaener A OF #41

|

Phong 8 do'Obfecr: Ciex bl do chupln v/ Linear disslacemons sy ——
Nori san sult Momufactwer: Hodng Vinh T.R.C.C « Vigt Namv/ Howng Vieh TR C.C - Viet Now

it e

Kidw' Topw: CRVPT 10 S Serial Now PNX220209 M2 QU 1D: CHE
o Cim bidn/ Load cell. Kigw/Type: DRW200 S&/ Seriad Now 220218003
4 Dge inmy ki thoaduSpecification.
o Pham vi do /Range: (0~ 200) mem DY phin gidd/ Resohuion: 001 mm

5 Khoch hieg Cuvromer:
CONG TY TNHH NGHIEN CUU KV THUAT VA TU VAN XAY DUNG HOANG VINH
Dia shil Adedress: 375 - 377 Téy Thonh, Phutmg Tdy Thanh, Quin Tin Pha, TP. HO Chi Mink
6 Noi hidu chuded Place of Calibration. TAT PHONG THI NGHIEM
Do chil Aderexs: 375 - 377 Tay Thonh, Phuomg Tay Thunh, Quin Tin Phe, TP. HA Chi Minh
7. Purong phdp hidu chudt/ Aethed of Calibvation: ASTM E2309
£ Chubn duoe sir dung/Sunmdorely Used

| 1 Description Traceability to | Cal Date | Due
. Thigt bj kidm tra ddog bd 20 | Hids clusde ILAS 4
IWAS=DDO} | """ Diat goge fester Pt i | 04O
B cin mau cdp 0 Trung Thm K§ Thudt 3
(1LAS-DDI3 Guatye Mock set class 0 ouarests | Y200
9. MO trwimg higu chuda/Calibration Envirvment
o Nbigt Temperature: 26 °C DO S Hiamtdity: 70 % RH

10, 1Higu chink phuong tidn do/ddhinmmenr; CO/)'es

11 Nghy higu chaln/Dote of Colibrarlon: 184022023

12 Tem hidu cholo/Catibrution Label: ILAS22 - 00304

13, Khuvda nghi v nghy hidy chudn 1 /Recalibration due: 18022023

14 K& qui/Nessli: Visi loay xem & qui trang sou/ Please see the reswliy on the mext page

TL.Truong Phong Do Luimg
PP Heed of the Moasneement Lisboratory

5%

VO MANH CUONG

T 00 V1w, P e o o iy 9% Wong B 9100 1 - 1. viem & 0y ¥

T R NV e Ay & eapergnt wdt 8 - L 28 08 N oy e

& i B mah bty s ghc mumy oy 0ibe) oD M o B0 IS o ey e 0 D K e e
T FAARARE I 1 TN BV BN I B S G -y
|1uu~.~n -:-u
& Pideg AAk BRSNS v iy B 0ty o e U Ay o aivieg o) e By § ey WA e e L
T (WY A R AN W TR N 2 D St PN s (e A § I
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CONG TY CO PHAN KIEM DINH DO LUONG HIEU CHUAN ILAS

Ohs chif Aty 7,75 - Dutimg £ Oives 9, Oy Ly 20 N IGimy Moy Mo MOn, Tn 8 O Moty
Pin Mool Tav: 20N - 79 SRS 68 -~ (67 39 52 87 Wl e fes. v Emad. Sooplagieles v

S5 (W): GIAY CHUNG NHAN HIEU CHUAN ngiy Due: 20022023
TLASI2 - 0000/4 CERTIVICATE OF CALIBRATION Temng:Pugre: 212
55 @iy iy ridn @l by G Gy Bk vy Servico Lisewcs N/ 08 401
KET QUA MIEU CHUAN
(Calibration Revalts)
Sai leh
Vi tri do Difference ~ Cllp chink xde | DG KDBD
STV | \fecunring Pocition. D) gl O Uncertainty
> Upeard  Dowmeard
I mm mm mm - Hm
| 0 0.00 0.00 A 6
2 5 0.02 0.00 A &
) (0 003 0.00 A 6
P s 0.03 00 & | ¢
5 20 0.03 £0.01 A | 3
6 25 0.04 0,02 A 6 |
7 50 .04 0.0l A o
% 75 0.03 0.00 A o
9 | 100 0.02 0n A ; 6 l

o D) KDBD mi sing duoc tinh tir 49 khing ddm bio da chudn nhin voi b 38 phi k = 2, phin bd chudn
Iremg (rng v 75% dd tin ey,
The reported cxponded wocortuinly of measurement by stoted ox the standard incertatimy of
wreanstrvmant wnadtiplicd by the coverage faxvor &k < 2, which for a mormel distribution correxponds o
a camverage probobility of apprasimately 93 % ?:

0 W0 i (b A ol hoy o g e Wk h & L e e By
[ SPNEY RO AT ST N el e 8 - 1N e e
G 0t vy cvaly o0 vy (g WAl by S 20 10 B o NPy e B B 2R ey B b
M ash T~ AT ST I T OV TTE SRV L (v
whh/- g

Tz tar s vl Wiy Ty e P el Sy A Mg 12 2 (g 3 By e b 32 AT
TR IR A M RETRIIBE SE Y T AT ed el (N e et Yo o ‘
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CONG TY CO PHAN KIEM DINH DO LUONG HIEU CHUAN ILAS
TLAS VERIFICATION MEASUREMENT CALIBRATION JOINT STOCK COMPANY

D Y ALE 175 - Datng 8) Ol 3, Ding Lin, X5 80 O, Moy Siic Mooy, T 18 O8N Minh
Ohop Tek: Q0 - 39 DSES 6 - 0067 B9 52 87 Wetrte: www kv Bacpinies. wy

6 (W): GIAY CHUNG NHAN HIEU CHUAN |\ ome 0710202

ILAS2I - 02026 CERTIFICATE OF CALIBRATION Trang Toge 12

S gllly wioeg ol Qg oy cung clip Sich wy /S Linencs N B0 481

e

pd
1,
Lx

1
12

L}

13

Oty Hieand wf the Mesoseement Libaritnry

Phuong tiin do Cbjecr: Clm bién do chuyen vil Sieoiin gonmge slixplircennent sensor
Noi sin xull/ Manmfocrurer: Hodng Vinh T.R.C.C - Vigs Nam/ Moang Vi T.RC.C - VietNom

Kidws Tipw: PLS-10 S& Seclol No 1300013 M QL/ZID: NIA

Béc trung kP thade Specification:
e Phan vi do /Range: (0- 10) mm DY phidin giad/ Resedwtion: 0001 mm
o Clp chinh xéc/Acowney: £ 0.1 %

Klubch hing'Cavtomer

CONG TY TNHH NGHIEN COU K¥ THUAT VA TU VAN XAY DUNG HOANG VINH
Dia chidddress: 378 - 377 Thy Thank, Phaimy Tdy Theah, Quiin Tén Phit, TP, H6 Chi Minh
Nevi hidw chuded Mace of Colibration: TALFHONG THI NGHIEM
Dt chiV feldness: 375 - 377 Ty Thanh, Phuoag Tdy Thank, Quin Thn Pha. TP, 1 Chi Mink
Phuerng plaip hicu chude? AMerhund of Calibratlir ASTM F2309
Chudas duoe s dyngSeandurete Used

- - ao——y - b e t————

- m { Deseription Traceahility to Cal. Date
WAS-Dog| . Pocimiicip0 | Trung Tém K¢ Thude3
. Uuige Block Sets - Grade 0 Qreertest 3
Mi truimyg hidu cludn/Calibration Emvironment
o Nhidt ddTouporam: 26 °C DO S/ Humisdiry: 65 % RH
Higu chanth phuony 1ién do/Adfuamenr. CofYex
Nigiy higy chusde/ Darte of Calibrosion: 211072023
Tem hig chuda/Culibration Lobel, ILAS2) - 020246
Khuyén nghi vé mgdy hidu chudin 10y /Recalibration doe. 21/10/2024
Két quovXexutts: Vin Jong xem Két qua trang saw Mase soe the results on the next page

122020

Fid Phisg Do Lwimg

g

TRAN VAN CUONG : mm XUAN GIAO

* Whivg Arx

1 ITTNEY FTUVEN SNWTIN) A AL et

Q-d&”ﬁ MG N My e -‘nm.n..—u-‘um
The R s remy

l N ONeg W Ay

The (0wt e AW AL N ST EwTY - bE wtLL N wer sr— 4 O]

L -
‘l'll.'

e gyl b e Yt FRVEE A
n’u‘r:mwuunh‘mcu“ohtuu
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CONG TY €3 PHAN KIEM BINH DO LUONG HIEU CHUAN ILAS
ILAS VERIFICATION MEASUREMENT CALIBRATION JOINT STOCK COMPANY

D2 chifAded: 2775 - Duting 23 Ele 8 Oy Lin, X3 B O5in, Moy Moc M, T, W6 O Mk
DN Dop Tt (I8 - 99 RSES 65 ~ 0567 BV 57 57 Wkwie: www s vy Eral Songpugiies

77

N KDBD ma riing dupe tinh tir &b kbday dim bio do chuln nhln whi bé 4 pha k = 2. pidin bh

6 (N): GIAY CHUNG NHAN HIEU CHUAN ., 1. ovi0200
HLAS2E - 02024 CERTIFICATE OF CALIBRATION Trung e 272
S8 gy Chimg mads Sdag by cung clip dith vy /Servics Lisescn W0 00 481
KET QUA HIEU CHUAN
(Caltbrasion Resnley)
3 | 13 ™ R — R
l Sal ljeh
! Vitride  Dyfferemce Di KDBD
: ‘N’ Measuring Ponivion ™ v Uncertaimy
|
| mm pm Bm um J
—
| 1l -8 -10
2 | 2 5 -
| } 2 J '3 " '
| & 4 7 1
“‘.‘“—ﬂ"‘ ——
s S -6 | -1
67 4[: _ 6 3 | N
—n -t — )\ - .| -1 4 =2
e . 5 ¥ -3
9 | 0 -6 .4 (
10 I 10 J .

chusin domy (g vor 95% dé tin ciy

The reported oxpanded wocertiigy of measneement ix stated ox the standird certaingy uf
reairencnd midltiplicd by the coverage fuctor & = 2, which fiw o aormal distribawion correxponds

@ coverage probability of oppraximately 93 %

£
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o-b

el ¥ 2L
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CONG TY CO PHAN KIEM DINH DO LUONG HIEU CHUAN ILAS

Of oW ALE 775« Duting 83 Delie 3, Odg L, K3 80 O, Moy e M, Th, W3 O Mty
O thoel/ Tl 106 - 95 555 65 - 0967 89 52 57 Wbt www.des m Sl Sacplo@ies w

S5 (w): GIAY CHUNG NHAN HIEU CHUAN vy tu o720

HASH -~ 632/ CERTIFICATE OF CALIBRATION b iy ol
l W iy (Rang nthe Ehng by rung cIp Ak vy Servace Lience N % 46 |

'm_m__m\mw

Phstomg thén do/Objecr Clim bidn do chuyén v/ Strain gamge displocennent sensor

[
2 Nui win xudt/ Mangocurer LVDT- ANH/ LVDT - UK
3. KidwType: AMI/SGD-10MM S& Serial No: 16773 MIQL /1D NIA
A Die wung k¥ thuje/Specyicarion:

o Pham vl 40 /Rarnge (0 - 10) mm D phdn gidd/Resaolurion: 0.001 mm

o Clip chinh xdc/Accwocy £ 0.1 %
5. Khéch hing/Curomer
CONG TY TNHH NGHIEN CUU KY THUAT VA TU VAN XAY DUNG HOANG VINM
Dia chilAdhbws: 375 - 377 Tiy Thanh, Phuimg Tiy Thanbs, Quin Tin Pha. TP 1 Chi Minsh
6 Nart hidw chadePloce of Calibrasion: TAL PHONG THE NGHIEM
[ chi befidvexs: 375 « 377 Tay Thonh, Phudmg Ty Thonh, Quin Tin P, TP. Ho Chi Minh
7. Phuong phap hida chude/ Method of Calibration:  ASTM E2309
K Chisan duoe wir dang/Sradards Used
w1 Description | Traceability ta | Cal Date | Ducff
0 T 1 X
1LAS - DOu2 &:m"‘:‘:‘”aﬂd‘J e '&g‘ ,“‘“"3 1272020 [ NA G
0 MO Irudeg hidu chudn'Callheotion Envirammear
o Nhi§s d§ Temperoure: 26 °C D% o/ Humiclity: 65 % R
10, Higw chinh phaong tign dolidiusnmeny: Co'Yes
T Ngas it chusdey Dore of Caltbration. 07/10/2023)
12, Tom ity chudn/Talibrovion Label: ILAS21 < (120275
L3, Rhuydn nghy 1€ agay higw choin wi ‘Recatifration doc; 07/1072024!
14, Rt guo Hevalin: Vai Kag xom k& qua trang suw/ Please see the rexults an the next poge

' 'homg Do Ludmg
DO prute Head id the Mexsurement Labavatory

S
B -
-

TRAN VAN CUONG PHAM XUAN GIAO

Oty T STy o TCERCOTEC Wk = L & U5 % My e
LR m“wmﬁm*nd-pnddm.bnhwuow
TV MY BT ST 0 T O WY e A A 0 P aet il et

WA Kty b g Y
m“m-lﬂzzd..“ﬂm*md-huht&nu
e Wt tw PN A R TV e e By LAY
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CONG TY CO PHAN KIEM DINH DO LUONG HIEU CHUAN ILAS
JLAS VERIFICATION MEASUREMENT CALIBRATION JOINT STOCK COMPANY

O OWARE: 7775 « Iling 5 D 3, D0ng Liiny, X3 8 O, Pyl o Mon, Tp 1 OV Mo
il thoogl! Toc: 028 - 99 RS6S5 68 ~ 0967 89 57 87 Websty: www.das i £t SaogiOies m

ey GIAY CHUNG NHAN HIEU CHUAN  Nusy Do 07102023

CERTIFICATE OF CALIBRATION Trang Page. 212
348 gily Chimg ohdn Chng ky cung Lip Sch v/ Servie Lisewer ¥ 08 401

KET QUA HIEU CHUAN
(Catibration Reswin)

Sal Ieh
ot Vitri do Difference D§ KLBD
x Vo Meaxiring Position ol Vé Uncertamy
' o
mm um wm wm
1 [ | ] 6
2 2 2 -5 o
3 B ) ! -8 0
4 4 3 3 “
. 5 3 .5 “
| 6| 6 o 0 6
? | 7 7 3 6
s | 3 4 12 o
0 0 3 ! | 6
10 [ 10 | 4 4 6

o D) KDBD mér rdng duge tnh tr 4 khdng dam boo do chudn ahdn véi hé sb phu & = 2, phin bd
chusin tromg img voi 95% dé tin cdy.
The roported expanded uncertoimly of meavuresient is svared ax ithe stkard uncertainty of
mcourement seftiplicd by the covermge factor k < 2. swelich for o sorm) diuribusion correagpomly
o coveruge prohabdity of appencimarely 95 % =

vy “Lwawm
ST TNy O P w8 -l oM™ .
Cov A e o, (e -
.ﬂ~l :.M.: qu-o—-.mu.:umﬂuu
...h-r.r
B et il shies Gally g e i T iy vl Aning 0 g ey v Bg <3 e e BAS

T

e ety el af de reta ] ST ¢ AL NS 1N e e Ny 86
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ebncwcﬁndunﬁuomoomducuwummm

*b);“ ILAS VERIFICATION MEASUREMENT CALIBRATION JOINT STOCK COMPANY

e D chilAE: 275 - Duding 80 Daim 9, Ding L, A3 84 D, i e e, Tin. 48 O Mot
D S Tt (5 - 99 TSNS 6 - T A9 52 BT Webste: www ke v Bk BacpoGey
G (W): GIAY CHUNG NHAN HIEU CHUAN | NeoDute 21022023
ILAS22 - 063046 CERTIFICATE OF CALIBRATION Trong Page: 172

S6 ghlly Ding ohan Ry Ay g GIE SN W SSevvioe Livencr B I a1
Phaong tign do'Ohject: Lie k& Dymaneometer
Not sdan it Mumufoxsrrer: Hodng Viah TR.C.C ~ Vige Namv/ Hoawg Fink TR C.C ~ Viet Nam
Kibw/Type: CRVPTIO S/ Serial No: PNX220209 Ma QL / 1D NA
o Cam bide' Load coll: S Serial No: 90500605
4, Dic g A§ thudv Specificat o
o Phgm vi do/Range: (0 - 400) kN % phin gidi /Rexolution: .01 KN
5. Khich hing/Crstmner:
CONG TY TNHH NGHIEN CUU KV THUAT VA TU VAN XAY DUNG HOANG VINH
Djs chi dddresy; 375 « 377 Tiky Thanh, Pharimg Tiy Thaah, Quén Tén P, TP, 18 Chi Mish
6. Not higu chuldny Mace of Cultbrarion: TAI PHONG THI NGHIEM
Din childddresy: 375 - 377 Tiy Thenh, Phastmg Tiy Thank, Quin Tdn Pha, TP. HO Chi Mink
7 Phevmyg phep hido <hun/Method of Calibration BLYN 108: 2002
X Chdin duoe sie dung’ Sty Used

o LA

i Descriptinn Traccability to Cal. Date \tzr'
s Cim bidn lye Vign do heomg Vit Nam
ILAS- LCO7 Py e 062021
9. MO tnalmy hidu ¢ ey Calibration Envirumment
o Nhigt d&v Temperanye: 29°C D% I/ Hamidiny: 75 % RIY

10, Hidw chinh phunsg tién do/Adjmtment. Ca/Yes

11 Sal sb cho phépy’ Erver permir: £ 1%

12 Ny hidu chode/Dave of Calibrotion: 1810212023

13 Tem hiéu cholav Calibeation lubel: ILAS22 - 0030/6

14 Khuyin nghi w pgay higu chudn 10i /Recalibrarion due: 1802/2024

15, K& quaRexwiey; Vit long vem két qui trang s Ploase see e resadis i the net patge

TL.Truong Phing Da Lwimg
111 Heand of the Meaviwrersent Loboratory

ke

v MANH CUONG

ey 0w, L A @ iy SR Wy Becw. S W 8 . T e W By PO -

~ 4L NN S e

it uwo‘uﬁuvﬂobiul L L R T Lt L e
~M - e EF T SISO N DY B it waiire ey
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0 A R i ) Sy (Miny e P A DS vy s WAy 4w By | ey i e ud L
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CONG TY €O PHAN KIEM DINH DO LUONG HIEU CHUAN ILAS
B ILAS VERIFICATION MEASUREMENT CALIBRATION JOINT STOCK COMPANY
s Dia UALE /75 - Duting M4 Dl 3, O Lo, X1 84 NG, Paribs 1S M, T, 45 ¥ Mot
e Tl i Tk Q28 - 6 9565 &9 - 0067 89 53 67 Witmbe: wowe dat v Erad: Bounthias v |
| S6 (W°): GIAY CHUNG NHAN HIEU CHUAN | Moy Dwe 21022023
TLAS22 - 03076 CERTIFICATE OF CALIBRATION Teamg Puge: 272
| S0 @Ay vy g Eng by cung clip St vy Server Lisemecr A O 441
KET QUA HIEU CHUAN
(Cadibwation Reslta)
STT | Gid tr] trén PTD [Gid trf trén chudn | DG Wplal D bich ndi suy | Salsd | DY KDUD
Nu | Eguipuent Valwe | Reference Vatwe | Repeotobility | Deviation of int | Errer Uumm{—‘
| kv KN " " “ % |
[ ! ) 0.00 3 i s :
| 2 | 0 4029 0.08 034 012 0.2%
3 | 10 8013 | 003 0.03 016 | o017
4| 120 11983 | 008 025 o4 o A
5 150 16019 | 006 0.0 -0.12 0.17
“ 00 0020 | 0w 000 | 010 ou7
3 240 2401 013 004 005 048
. 280 w044 | 003 0.06 016 | 017
9 120 32028 0.0 2001 009 017
|10 160 360,30 0.03 20,01 0,08 017 |
o D5 KDBD mo rng duoe tish r 65 Khong dim bio do chudn aldn vi bé sb phi k = 2, phin b chuln neony

iy voi 95% &0 tin cly.
The reprted cxpomden] wscerkainty of meassiroment iy stated o the stamlord wncertalmly wf measuremen
mimitiyiiod by the covervige fictor & = 2, which for a marmal diseeibution corresponds i & coverage pre ;

of apprasionrtedy 95 %

108 ol e i e o L) « i ™y
[ . " A T

4. (3¢ 02t it el thale g ey ATy A ey D el )AL ey tafee B B S s e f e
W LABeatint (ot 1 e N TE TR 0N TR TR S e

T Mg e b ey
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PHU LUC 3. PHAN TiCH MO HINH SO FEM

Bang PL 3.1. Cap tai vagiatri tai trong téc dung d6i voi céc coc trong md phong sd

e Cép tai trong P, (kN)
BPGO BPG20 BPG35 BPG50

1 6 6 6 6

2 12 12 12 12
3 18 18 18 18
4 24 24 24 24
5 30 30 30 30
6 36 36 36 36
7 42 42 42 42
8 48 48 48 48
9 54 54 54 54
10 60 60 60 60
11 66 66 66 66
12 72 72 72 72
13 78 78 78 78
14 84 84 84
15 90 90 90
16 96 96 96
17 102 102 102
18 108 108
19 114 114
20 120 120
21 126 126
22 132 132
23 138
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Bang PL 3.2. Quan hé tai trong va d6 |an cua céc coc phut vira trong thir tai coc

) Chuyén vi diu coc s, (mm)

Cip tai P (kN)
BPG20 BPG35 BPG50

1 0 0 0 0
2 6 0,83 0,41 0,40
3 12 1,43 0,95 0,88
4 18 2,36 151 141
5 24 3,07 2,09 1,98
6 30 3,67 2,70 2,55
7 36 4,38 3,60 3,26
8 42 531 4,22 3,93
9 48 6,25 537 4,38
10 4 7,50 6,25 5,00
11 60 8,75 6,95 5,63
12 66 10,00 7,94 6,56
13 12 11,25 8,75 7,50
14 78 13,13 10,00 8,75
15 84 15,00 10,63 9,69
16 90 16,56 11,56 10,63
17 96 18,33 12,50 11,56
18 102 20,75 13,44 12,50
19 108 15,00 13,80
20 114 16,25 15,00
21 120 17,50 16,25
22 126 18,75 17,50
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Chuyén vi diu coc s, (mm)

Cép tai P (kN)

BPG20 BPG35 BPG50
23 132 20,60 18,75
24 138 20,55
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PHU LUC 3.1 XAC PINH THONG SO CQC TRONG MO HINH SO

Mo dun dan hdi ciacoc BTCT duoc tinh theo cong thirc quy di theo Sinha, P.J.
(2006) [42] nhu sau:

E' = E}V; + EpVy,
Trong do:
« E’: M6 dun dan hoi cua bé tdng cbt thép.
« Ef: M6 dun dan hdi cua cot thép.
e Em: M6 dun dan hoi cuabé téng.
« Vi Ty lé dién tich thép/dién tich mt cit coc:
V; = Agt/A
« Vm: Ty I¢ dién tich bé tdng/dién tich mat cat coc:
V, =A4,/A

Hé sb Poisson cia coc BTCT dugc tinh theo cong thirc quy d6i theo Sinha, P.J. (2006)
[42] nhu sau:

v =Vl + vV,
Trong do:
« v: Hé sd Poisson cuabé téng cdt thép.
« v. Hé sb Poisson caa cét thép.
« vm Hé s Poisson cia bé tong.

Vay, md dun dan hoi vahé s Poisson cta céc coc duoc tinh todn vathé hién nhu bang
sau:
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Bang PL 3.3 Xac dinh mé dun dan hdi caa coc khi mé phong sb

Dién | Dién 1(\1/{6 i‘{n Mo dun Mo dun Hé 6
Ky Cét .| Cép | tich | tichbé | danhol | qan hoi .~ .\ dan hoi :
hisu | thép bé ’\t'{]“,’m & |thép | tong | @ | ciabe Poie(osr‘]’ ' bog)‘f;r‘l’ | e Poatxong
coc trf 1 vén | Ay | A thép | tong Ep Qs Mo grCT BTCTY

(cm?d | (cm?) Es | (kN/m?) E

(KN/m?)

COC THI NGHIEM MO HINH
PBGO
PBG20 8 7 7
PRG3s | 8914 Alll |B20 |12.32|1243.68| 2,1.10%|2,75.10 0,3 0,2| 2,93.10 0,20
PBG50
CONG TRINH FRIENDSHIP TOWER
I)F;éoo 16225 | Alll |B25 |7854| 17584 | 2,1.10%| 3,25.107 0,3 0,2| 3,33.10 0,20
EFEOO 1622 | Alll |B25 |60.82|17601.7 | 2,1.108|3.25.107 0,3 0,2 | 3,3..107 0,20
CONG TRINH TO HOP CAN HO SONG PA RIVERSIDE
-IZI_)I:DL?JOO 16220 | Alll |B25 |5027|17612.2| 2,1.108| 3,25.107 0,3 0,2 | 3,30.107 0,20
Eﬁoo 1622 | Alll |B25 |60.82|17601.7 | 2,1.108| 3,25.10° 0,3 0,2 | 3,3..107 0,20




87

PHU LUC 3.2 XAC PINH HE SO XAC PINH RZDUONG CONG P-SMO HINH

SO - THi NGHIEM CUA CAC CQC THi NGHIEM

PL.3.3.1 Xac dinh hé sb xac dinh R? dwong cong P-S m6 hinh va thi nghiém cia
coc BPGO twong &ng voi Rinte = [0.6 + 0,8].

Bang PL 3.4 Xac dinh hé sb xé&c dinh R? gitta duong cong tai [Gn coc mé phong vathi

nghiém di véi coc BPGO, trudng hop Riner = 0.6

Do lan
STT | Tai St = Smpif (Spy — SMP,L-)Z (Srwi— ETN)Z
(kN)
St,i Sup,i

1 0 0.00] 0.00 0.00 0.00 64.37
2 6 -0.86| -0.57 -0.29 0.09 51.31
3 12 -1.90 -1.20 -0.70 0.49 37.56
4 18 -2.93 -1.90 -1.03 1.07 25.94
5 24 -3.84| -2.66 -1.18 1.38 17.50
6 30 -497| -354 -1.43 2.04 9.32
71 36 -6.45| -4.57 -1.88 3.53 2.48
g 42 -7.92| -5.83 -2.09 4.38 0.01
9 48 -9.25 -7.51 -1.74 3.04 1.50
100 54 -10.50( -9.96 -0.54 0.29 6.13
111 60 -12.50| -14.18 1.68 2.82 20.04
12 66 -14.50 -19.19 4.69 22.01 41.95
13 72 -16.56| -24.89 8.33 69.31 72.92
14 78 -20.15| -31.29 11.14 124.10 147.05
Vio =-8.02 Téng: 234.55 498.09

Hé s6 twong quan R 0529
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Bang PL 3.5 Xac dinh hé sb xéc dinh R2 giira dudng cong tai 1Gn coc md phong vathi

nghiém dbi véi coc BPGO, trudng hop Riner = 0.7

Do lan

STT | Tai (kN) (mm) Stni— Sup. (STN,i B SMP,i)Z (STN,i B ETN)Z

Stw,i Smp,i
1 0 0.00, 0.00 0.00 0.00 64.37
2 6 -0.86| -0.54 -0.32 0.10 51.31
3 12 -1.90f -1.15 -0.75 0.56 37.56
4 18 -293| -1.84 -1.09 1.20 25.94
5 24 -3.84( -2.57 -1.28 1.63 17.50
6 30 -497 -3.44 -1.53 2.33 9.32
7 36 -6.45( -4.43 -2.02 4.09 2.48
8 42 -7.92[ -5.62 -2.30 5.28 0.01
9 48 -9.25( -7.04 -2.21 4.89 1.50
10 54 -10.50, -8.88 -1.62 2.62 6.13
11 60 -12.50] -11.55 -0.95 0.90 20.04
12 66 -14.50( -16.01 151 2.29 41.95
13 72 -16.56| -21.28 4.72 22.25 72.92
14 78 -20.15] -27.39 1.24 52.46 147.05
Yib = -8.02 Tong: 100.60 498.09

Hé sb tuong quan R% 0.798
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Bang PL 3.6 Xac dinh hé sb xé&c dinh R? giita duong cong tai 1Gn coc md phong va thi

nghiém ddi véi coc BPGO, truong hop Rinter = 0.8

Sai s uyet 3ol trung bish

B Lan (mm)

STT | Tai (kN) iy N Srii = ns. | (= ol ey = Tl et = Faews
1 0 of o 0 0 64.37 0.0
3 6| -0.86] -0.53 -0.33 0.11 51,31 033
] 12 -1.895 -1.11 -0.7RE 0.62 i7.56 0.7
4 18] 293 -1.77 -1.15 133 25.94 1.16
5 24| 184 248 -1.36 1.E5 17.50 1.36
6 0| 497 332 -1.65 272 9,32 1.65
7 36| -6.45) -4.31 -2.14 1.58 2.48 214
g 2| -792| 549 -2.43 5.90 0,01 2 43
9 48 925 -6.B4 241 5.E] [.51 241
10 54| -105| 842 -2 08 433 6.13 2 08
11 60 -12.5] -10.41 -2.09 4.37 20.04 209
12 66| -14.5 -13.36 -1.14 1.30 41,95 1.14
13 72| -16.56| -17.93 137 1 88 72 88 137
14 78| -20.15| -23.71 .56 12.67 147.06 3.56

Sen -8.02 Tong: 47.48 49805 2251
Hé 56 xAc dinh R’ 091

1.61
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PL.3.3.2 Xac dinh hé sb x4c dinh R? dwong cong p-s md hinh sb - thi nghiém ciia
cac coc thi nghiém cia coc phut vira theo cac ham lwgng vira khac nhau.

a. Trwong hop Rinter = 0.8

Bang PL 3.7 Xc dinh h¢ sb x&c dinh R2 giita dudng cong tai [Un coc md phong va thi
nghiém doi véi coc BPG20, truong hop Riner = 0.8, tuong tng vai Dya = 0,52.

Do 1Un (mm)

STT| Tai (kN) | S, Supi | Stivi = Supi| (Spwi — Swpi)’| (Srwi— Sow)’
1 o 0.0 0.00 0.00 0.00 67.02
2 6 -0.83 |-0.46 -0.37 0.14 54.12
3 12 -1.43 | -0.96 -0.47 0.22 45.65
4 18] -2.36 | -1.51 -0.84 0.71 34.01
5 24 -307 |-210 -0.97 0.94 26.18
6 30| -367 |-276 -0.91 0.83 20.40
7 36| -438 | -350 -0.88 0.77 14.53
8 42| 531 |-4.34 -0.97 0.95 8.26
9 48 -625 | -5.29 -0.96 0.92 3.75
10 54(  -750 | -6.35 -1.15 1.32 0.47
11 60 -875 |-7.53 -1.22 1.49 0.32
12 66 -10.00 | -8.84 -1.17 1.36 3.29
13 72| -11.25 |-10.28 -0.97 0.94 9.39
14 78 -13.13 [-11.90 -1.23 1.51 24.39
15 84 -15.00 |[-13.78 -1.22 1.50 46.43
16 90| -1656 |-16.20 -0.36 0.13 70.16
17 96| -18.13 |[-19.44 1.32 1.74 98.78
18 102| -19.75 |-23.32 3.57 12.72 133.72

Yib = -8.19 Téng: 28.18 660.83

Hé sb twong quan R 0.957
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Bang PL 3.8 Xac dinh hé sb xéc dinh R2 giira dudng cong tai 1Gn coc md phong vathi

nghiém déi véi coc BPG35, truong hop Rinter = 0.8, twong ting véi Dys = 0,64 m

Do lUn
STT| Tai (kN) (mm) St = Swpi| (Srwi = Swpi)’| (Sewi— Sew)’
Srwi | Swpi
1 O] 0.00 0.00 0.00 0.00 73.02
2 6| -0.41 -0.40 -0.01 0.00 66.18
3 12 -0.95 -0.84 -0.11 0.01 57.76
4 18 -1.51 -1.31 -0.19 0.04 49.56
5 24 -2.09 -1.80 -0.29 0.08 41.67
6 30| -2.70 -2.33 -0.37 0.13 34.16
7 36| -3.60 -2.91 -0.68 0.47 24.50
8 42| -4.22 -3.54 -0.68 0.46 18.71
9 48| -5.37 -4.24 -1.13 1.27 10.11
10 54| -6.25 -5.00 -1.24 1.54 5.29
11 60| -6.95 -5.84 -1.11 1.23 2.54
12 66| -7.94 -6.76 -1.18 1.39 0.37
13 72| -8.75 -71.75 -1.00 1.01 0.04
14 78| -10.00 | -8.81 -1.19 1.42 2.12
15 84| -10.63 | -9.95 -0.67 0.45 4.33
16 90| -11.56 | -11.15 -0.41 0.17 9.11
17 96| -12.50 | -12.46 -0.04 0.00 15.64
18 102| -13.44 | -13.86 0.42 0.18 23.94
19 108 -15.00 | -15.40 0.40 0.16 41.67
20 114| -16.25 | -17.23 0.98 0.96 59.37
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Do lun
STT| Tai (kN) (mm) Stni = Supi| (Srni— Swpi)” | (Srwi— Sew)
Stni | Smp,i
21 120 -17.50 | -19.41 1.91 3.65 80.19
22 126 -18.75 | -21.84 3.09 9.54 104.14
23 132 -20.20 | -24.52 432 18.70 135.84
yw=| -8.55| -27.45 Téng: 42.85 860.25

Hé sb twong quan R% 0.950
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Bang PL 3.9 Xac dinh hé sb x&c dinh R2 giira dudng cong tai 1Gn coc md phong vathi

nghiém ddi véi coc BPG50, trudng hop Rinter = 0.8, twong tng V6i Dys = 0,67 m

Do 1Un (mm)

STT| Tai (kN) | Sy, Supi | Stivi = Supi| (Srni — Swp)’| (Srwi — Sew)
1 0 0.00 0.00 0.00 0.00 67.88
2 6| -0.40 -0.39 0.00 0.00 61.52
3 12 -0.88 -0.82 -0.06 0.00 54.15
4 18 -141 -1.28 -0.13 0.02 46.63
5 24 -1.98 -1.75 -0.22 0.05 39.23
6 30 -2.55 -2.26 -0.29 0.08 32.36
7 36 -3.26 -2.82 -0.44 0.19 24.84
8 42 -3.93 -3.42 -0.51 0.26 18.61
9 48 -4.38 -4.07 -0.30 0.09 14.93

10 54 -5.00 -4.79 -0.21 0.04 10.49
11 60 -5.63 -5.57 -0.05 0.00 6.83
12 66| -6.56 -6.42 -0.14 0.02 2.81
13 72 -7.50 -7.34 -0.16 0.03 0.55
14 78 -8.75 -8.33 -0.42 0.18 0.26
15 84 -9.69 -9.38 -0.31 0.10 2.10
16 90| -10.63 -10.48 -0.14 0.02 5.69
17 96| -11.56 | -11.68 0.12 0.01 11.05
18 102| -12.50 -12.94 0.44 0.20 18.16
19 108 -13.80 -14.31 0.51 0.26 30.93
20 114/ -1500 | -15.85 0.85 0.72 45.72
21 120] -16.25 -17.60 1.35 181 64.18
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Do 1n (mm)

STT | Tai (kN) STw,i Supi | Stvi— Swmpi|(Sni — Supi)” (Syni — ETN)Z
22 126 -17.50 -19.51 2.01 4.02 85.77
23 132 -18.75 -21.59 2.84 8.05 110.49
24 138 -19.85 -23.85 4.00 16.00 134.82

Voo 824 Tong: 3217 889.99

Hé sb twong quan R 0.964
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Bang PL 3.10 Xéc dinh h¢ sb xéc dinh R? gitra duong cong tai [Un coc mé phong va thi
nghiém doi véi coc BPG20, truong hop Rinter = 0.9, twong ung vVéi Dye = 0,52 m

Do lUn
STT | Tai (kN) (mm) Stai = Supi| (Sowi— Supi)” | (Sewi = Sew)’
Stw,i Sup,i

1 0| 0.0 0.00 0.00 0.00 67.02
2 6] -0.83 -0.32 -0.51 0.26 54.12
3 12|  -1.43 -0.93 -0.50 0.25 45.65
4 18] -2.36 -1.47 -0.88 0.78 34.01
5 24|  -3.07 -2.05 -1.02 1.04 26.18
6 300 -3.67 -2.69 -0.98 0.96 20.40
7 36| -4.38 -3.42 -0.96 0.92 14.53
8 42/ -531 -4.25 -1.07 1.14 8.26
9 48  -6.25 -5.19 -1.06 1.13 3.75
10 54 -7.50 -6.24 -1.26 1.59 0.47
11 60| -8.75 -7.41 -1.34 1.80 0.32
12 66| -10.00 -8.70 -1.30 1.70 3.29
13 72| -11.25 -10.11 -1.14 1.29 9.39
14 78| -13.13 -11.46 -1.67 2.78 24.39
15 84 -15.00 -13.36 -1.64 2.68 46.43
16 90 -16.56 -15.24 -1.32 1.75 70.16
17 96| -18.13 -17.54 -0.59 0.34 98.78
18 102| -19.75 -20.65 0.90 0.81 133.72
y th= -8.19 Téng: 21.22 660.83

Hé sd twong quan R% 0.963
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Bang PL 3.11 Xac dinh hé sb x&c dinh R? giira dudng cong tai 1Gn coc md phong va thi

nghiém ddi véi coc BPG35, trudng hop Riner = 0.9, twong ang véi Dys = 0,64 m.

Do 1Un (mm)

STT| Tai (kN) | 5., Supi | Stwi = Supi| (Srwi — Swpe)’| (Srwi — Sew)’
1 Of 0.00 0.00 0.00 0.00 73.02
2 6| -041 -0.39 -0.02 0.00 66.18
3 12| -0.95 -0.82 -0.13 0.02 57.76
4 18] -151 -1.28 -0.23 0.05 49.56
5 24 -2.09 -1.76 -0.33 0.11 41.67
6 30 -2.70 -2.28 -0.42 0.17 34.16
7 36| -3.60 -2.86 -0.74 0.55 24.50
8 42| -4.22 -3.48 -0.74 0.55 18.71
9 48 -5.37 -4.16 -1.20 1.44 10.11
10 54 -6.25 -4.96 -1.29 1.65 5.29
11 60[ -6.95 -2.75 -1.20 143 2.54
12 66| -7.94 -6.66 -1.28 1.63 0.37
13 72| -8.75 -7.64 -1.11 1.23 0.04
14 78 -10.00 -8.70 -1.30 1.69 2.12
15 84| -10.63 -9.83 -0.80 0.64 4.33
16 90[ -11.56 -11.02 -0.54 0.29 9.11
17 96| -12.50 -12.31 -0.19 0.03 15.64
18 102] -13.44 -13.68 0.24 0.06 23.94
19 108| -15.00 -15.13 0.13 0.02 41.67

Hé sb twong quan R 0.974
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Bang PL 3.12 Xac dinh hé sb x&c dinh R? giira dudng cong tai 1Gn coc md phong va thi

nghiém ddi véi coc BPG20, trudng hop Rinter = 0.9, twong tng V6i Dys = 0,67 m

Do 1Un (mm)

STT| Tai (kN) | Sy, Supi | Stivi = Supi| (Srni — Swp)’| (Srwi — Sew)
1 0 0.00 0.00 0.00 0.00 67.88
2 6| -0.40 -0.38 -0.01 0.00 61.52
3 12 -0.88 -0.80 -0.08 0.01 54.15
4 18 -141 -1.25 -0.16 0.03 46.63
5 24 -1.98 -1.71 -0.26 0.07 39.23
6 30 -2.55 -2.22 -0.33 0.11 32.36
7 36 -3.26 -2.76 -0.49 0.24 24.84
8 42 -3.93 -3.35 -0.57 0.33 18.61
9 48 -4.38 -4.00 -0.37 0.14 14.93
10 54 -5.00 -4.73 -0.27 0.07 10.49
11 60 -5.63 -5.49 -0.14 0.02 6.83
12 66 -6.56 -6.33 -0.23 0.05 2.81
13 72 -7.50 -1.24 -0.26 0.07 0.55
14 78 -8.75 -8.22 -0.53 0.28 0.26
15 84 -9.69 -9.26 -0.42 0.18 2.10
16 90| -10.63 -10.36 -0.26 0.07 5.69
17 96| -11.56 | -11.55 -0.01 0.00 11.05
18 102| -12.50 -12.79 0.29 0.08 18.16
19 108) -1380 | -14.11 0.31 0.09 30.93

20 114/ -1500 | -15.50 0.50 0.25 45.72
21 120] -16.25 -17.00 0.75 0.57 64.18
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Do 1Un (mm)

STT | Tai (kN) STw,i Supi | Stvi— Swmpi|(Sni — Supi)” (Syni — ETN)Z
22 126 -17.50 | -18.69 1.19 1.42 85.77
23 132| -18.75 | -20.59 1.84 3.39 110.49
24 138 -19.85 | -22.68 2.83 8.00 134.82

Yib = -8.24 Téng: 15.46 889.99

Hé sb twong quan R% 0.983
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¢. Trwong hop Rinter = 1.0
Bang PL 3.13 Xac dinh hé s xéc dinh R? giita dudng cong tai 1Gn coc md phong va thi

nghiém ddi véi coc BPG20, trudng hop Rinter = 1,0, twong tng véi Dya = 0,52 m

B)é lin (mm)
STT | Tai () [_ § _ o T A Sraes =
1 0 o| o 0 0 67.03 0
2 6| -083] 043 0.4 0.16 54.13 0.40
3 12| -1.43] -0.01 -0.52 0.27 4566 0.52
4 18] -236] -1.44 -0.92 0.84 33.06 0.92
5 4] 307 -2 -1.07 1.14 26.19 1.07
6 30| -3.67| -2.63 -1.04 1.07 20.41 1.04
7 36| -4.38] -3.33 -1.03 1.05 14 49 1.03
8 2| 531 417 _1.15 1.31 8.8 115
g 48] -625] 51 _1.15 1.32 31.75 115
10 s4] -7.35] -6.15 135 1.83 047 133
11 60| -8.75] -7.31 -1.44 2.08 0.32 1.44
12 66 10| -8.50 -1.41 1.90 3.20 1.41
13 72| -11.25| -9.08 1.27 1.6 038 1.27
14 78] -13.13] -11.52 -1.61 258 24.43 1.61
15 84 -15] -13.19 -1.81 3.08 46.41 1.81
16 00| -16.56| -14.00 157 2 48 70.10 1.57
17 06| -18.13] -17.03 -1.00 1.2 08 86 1.09
18 102 -19.75] -10.28 047 0.22 133.70 0.47
819 Téng; 24 42 660 85 10.30
HE s6 xac dinh R’ 0.97

Sai s0 tuyét doi trung binh MEA - 1.07
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Bang PL 3.14 Xac dinh hé s xéc dinh R? giita dudng cong tai 1Gn coc md phong va thi

nghiém ddi véi coc BPG35, trudng hop Riner = 1,0, trong tng véi Dys = 0,64 m.

STT | Tai(kN) .,.E'D un [”f“}
1 0 0 0 0 0 73.04 0
2 6] -041] -0.38 -0.03 0 66.20 0.03
3 12] -0.95] -0.8 -0.14 0.02 57.71 0.14
4 18] -1.51] -1.25 -0.25 0.06 4951 0.25
5 24 -2.00 -1.73 -0.36 0.13 41.69 0.36
6 30 -2.7] -2.24 -0.46 0.21 34.18 0.46
7 36 3.6 -2.81 -0.79 0.62 24.47 0.79
g 20 422 34 0.8 0.64 18.72 0.80
0 48] -537| -4.1 -1.26 1.6 10.09 1.26
10 54| -6.25| -4.85 -1.30 1.94 5.27 1.39
11 60| -6.05| -5.68 -1.27 1.62 2.55 1.27
12 66| -7.04| -6.38 -1.36 1.84 0.37 1.36
13 72| -8.75| -7.56 -1.19 1.42 0.04 1.19
14 78 -10| -8.6 -1.4 1.95 2.11 1.40
15 84| -10.63] -9.73 -0.89 0.8 4.34 0.89
16 00| -11.56 -10.92 -0.64 0.41 0.08 0.64
17 06| -12.5| -12.21 -0.29 0.08 15.63 0.29
18 102] -13.44| -13.56 0.12 0.01 23.03 0.12
19 108 15| -13 0 0 41.65 0.00
20 114 -16.25| -16.53 0.28 0.08 50.34 0.28
21 120 -17.5] -18.16 0.66 0.43 80.16 0.66
22 126 -18.75] -19.9 1.15 1.33 104.11 1.15
23 132 -20.2] -21.79 1.59 2.52 135.80 1.59
5 -§.55 Téng: 17.71 §60.02 16.32
H# s6 xac dinh R 0.98
Sai 50 tuvét doi trung binh MEA - 0.71
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Bang PL 3.15 Xac dinh hé sb xéc dinh R? giira dudng cong tai 1Gn coc md phong va thi

nghiém ddi véi coc BPG50, trudng hop Rinter = 1,0, trong ang véi Dys = 0,67 m.

STT | Tai () |22 fun (mm)
1 0 0 0 0 0 67.90 0
2 6]  -04| -0.38 -0.02 0 61.47 0.02
3 12| -0.88] -0.78 0.1 0.01 54.17 0.10
4 18] -141] -1.22 -0.19 0.04 46.65 0.19
5 24| -1.98) -1.68 -0.29 0.09 30.19 0.29
6 30| -2.55] -2.18 -0.37 0.14 32.38 0.37
7 36| -326| -2.72 -0.54 0.29 24.80 0.54
8 42| -3.03] -33 -0.62 0.39 18.58 0.62
0 48| -4.38] -3.94 -0.43 0.19 14.90 0.43
10 54 -5 -4.64 -0.36 0.13 10.50 0.36
11 60| -5.63) -5.42 -0.21 0.04 6.81 0.21
12 66| -6.56) -6.23 -0.31 0.1 282 0.31
13 72| -7.5] -7.16 -0.34 0.11 0.55 0.34
14 78| -8.75| -8.13 -0.62 0.38 0.26 0.62
15 84| -0.69] -0.17 -0.51 0.26 2.10 0.51
16 00| -10.63] -10.27 -0.36 0.13 5.71 0.36
17 06| -11.36] -11.45 -0.12 0.01 11.02 0.12
18 102] -12.5] -12.68 0.18 0.03 18.13 0.18
19 108 -13.8] -13.99 0.19 0.03 30.91 0.19
20 114 -15] -15.36 0.36 0.13 45.70 0.36
21 120] -16.25] -16.82 0.57 0.33 64.16 0.57
2?2 126| -17.5] -18.37 0.87 0.75 85.75 0.87
23 132| -18.75] -20.02 1.27 1.6 110.46 1.27
24 138| -19.85| -21.81 1.96 3.86 134.79 1.96
s -§.24 Tdng: 0.04 §30.72 10.79
Hé s xic dinh R 0.09
Sai s0 tuvét doi trung binh MEA - 0.45
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PHU LUC 3.3 XAC PINH HE SO XAC PINH RZPUONG CONG P-SMO HINH
SO - THi NGHIEM TAI CONG TRINH FRIENDSHIP TOWER VA SONG PA
RIVERSIDE

PL.3.3.1 Cong trinh Friendship Tower.
Bang PL 3.16 Xac dinh hé sd x&c dinh R? gitta dudng cong tai 1Gn coc md phong va thi

nghiém ddi véi coc tron TP1.

Bo hin (mm)
STT | Taa(kN) |

STH Snrr Sewe— Snpd Vre— e [[Swi - Sen) (e —Suel

1 0 0 { () 0 196.28 0
2 3750 1.97 2.96 -0.99 098] 144.96 0.99
3 7500 3.36 6.03 -0.67 045 7482 0.67
4 11250 8.76 9.20 -0.53 028 2756 0.53
3 15000 1264 1307 -0.43 0.18 1.88 0.43
6 | 18750 17.54] 16.59 .95 090 12.46 0.95
7 22500 2043 21.70 -1.27 161 41.22 1.27
8 26300 26.35| 2777 -1.42 202 15228 1.42
9 20000 33.04] 339 -0.90 0.81| 362.14 0.90
I-"'f-w. 14.01 Tﬁng: 7.24(1013.60 7.16

. rI—Ié S0 Xdc dinh R* 0.96
Sal 50 tuyet dén umg binh MEA 0.80
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Bang PL 3.17 Xac dinh hé sb x&c dinh R2 giira dudng cong tai 1Gn coc md phong va thi

nghiém dbi véi coc phut vira TP2.

STT | Tai (lav) |22 @)1 s o s b = 5
1 0 0 0 0 0| 42051 0
2 2630]  1.13] 235 -122] 1.48| 375.28] 1.2
3 5250] 3.50] 4.80] -1.30] 1.69] 289.21]  1.30
4 7880 645 7.42] -097] 0.04] 197.58] 0.97
5 | 10500] 10.02] 10.48] -046] 021 109.96] 0.6
6 | 13130] 14.25| 14.00] 025 006] 39.14] 025
7 | 15750] 17.58] 17.75| -0.17] 0.03| 856] 0.7
8 | 18380] 2092] 21.67] -075| 056 017 0.75
o | 21000] 24.58] 25.70| -1.12] 125| 16.60] 1.12
10 | 23100] 28.75] 20.03] -028] 008 67.96] 028
11 | 252000 2044] 3242 -208] =888 7981 2.8
12 | 27300] 33.30] 3580 -2.59] 6.71| 163.68]  2.59
13 | 20400] 3648 3945 -207] 8.82| 255.16]  2.97
14 | 30450] 38.60] 41.26] -2.66] 7.08| 327.38]  2.66
15 | 31500] 42.59] 43.05| -0.46] 021| 487.60]  0.46

S | 2051 Téng:| 38.00|2838.70| 18.18

f ‘HésdxacdinhR® 094
Sai s6 tuyét do1 trung binh MEA : 121
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PL.3.3.2 Congtrinh Té hop ciin hd Song Pa Riverside
Bang PL 3.18 Xac dinh hé s xéc dinh R? giira duong cong tai 1Gn coc md phong va thi

nghiém ddi véi coc tron TPS5.

B 1im (mm )
STT |Tai (kN) [ )
S S Srai = Swpi| = Sured KSmi=Se) [[Spas = S

l 0 0 0 0 0] 166.18 0
2| 1500, 180 140/ 0400 0.16] 12301 0.40
3| 30000 380, 395 0.5  0.02| 82.64 D.15
4| 45000 570  6.70| -1.00 1.00| 5171 1.00
5| 60000 1200 970  2.30 529  0.79 2.30
6| 7500| 1300 1242 058 034 00l 0 58
7| 9000 1580 1521 0.59]  0.35] 846 (.59
8| 10500| 17.20| 17.81] -0.61 0.37| 1857 0.61
9| 120000 2010/ 20.50] -0.40|  0.16] 5197 0.40
10| 13500 2340 2400 -0.60 0.36] 11044 0.60
11| 15000] 29.00| 2800  1.00 1.00] 25950 1.00
S 12.89 Tong:|  9.05| 873.29 7.63

, HésoxacdiphR® 097
Sat £6 tuyet doi tmng binh MEA 0.69
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Bang PL 3.19 Xac dinh hé sb x&c dinh R? giira dudng cong tai 1Gn coc md phong va thi

nghiém dbi véi coc phut TPL.

Po lun (mm)

STT | T (RN) o5 = Su| (5 50 [0 5 S = S
1 0 0 0 0 0| 195.44 0
2| 2500 1.10] 135] 025 0.06| 165.89 0.25
3| sooo| 220 2.80] 060 036 138.77 0.60
4| 7500 3.60] 3.42] -0.18] o0.03] 107.74 0.18
5| 10000 500 s5.48] 048] 023 80.64 0.48
6| 12500 6.70] 6.37] -033] 0.1 53.00 0.33
7| 15000 920 9.25] 0.0s] o000 2285 0.05
8| 17500 12.00] 11.30] -0.70] 049 3.92 0.70
o| 20000 14.50] 13.50] -0.01| 083 027 0.91
10| 22500] 16.00] 16.47] 047 022 4.08 0.47
11| 2s000] 17.90] 1953] 1.63] 2.66] 1537 1.63
12| 27500| 21.80] 2220 o040| o0.16] 61.15 0.40
13| 30000| 25.60] 25.60] 0.00] 0.00] 135.02 0.00
14| 32500] 32.60] 31.00] -1.60] 2.56| 346.70 1.60
15

35000 41.50( 40.50 -1.00 1.00] 757.35 1.00

ST 13.98 Téng: 8.7112088.20 8.60

J ‘HéséxacdinhR®  0.96
Sai 86 tuyét déi trung binh MEA : 0.57
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Bang PL 3.20 Phwong thirc st dung dir liéu cong trinh thyc té.

Vai tro dbi véi cong thirc fir —

Kiém chirng mé hinh sb —

N R h 4 g 5 oha
STT|Cong trinh Churong 3 Chuong 4, st dung giai phap
qu
p  [riendship Hiéu chinh C6
Tower
2 EX{mpank Hiéu chinh -
Building
3 |VincomKhuB [Hiéu chinh —
g |-oncaster Higu chinh -
Lincoln
5 ([C0CThE e chinh -
Thiém
6 |Everrichll Hiéu chinh —
7 |LIM Tower 3 Hiéu chinh —
8 |Landmark 81 Hiéu chinh —
Song ba 2 , A 1n .
9 Riverside Kiem chirng doc lap Co
10 |Song Viét Kiém chtng doc 1ap -
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Bang PL 3.21 Théng ké cac trudng hop tinh todn sai sO MEA

S6 thir tw Poi twong Truwong hop tinh MAE

1 BPGO Rinter =0,8

2 BPG20 Dqi=0,52 M; Rinter = 1
3 BPG35 Dq¢=0,64 M; Rinter = 1
4 BPG50 Dge = 0,67 M; Rnter =1
5 Friendship TP1 coc khdng phut

6 Friendship TP2 coc phut

7 Song ba TP5 coc khdng phut

8 Song ba TP1 coc phut

Cong thae xac dinh sai s MEA
¥ |8y — S

MAE = =




