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LOI CAM DOAN

Nghién ctru sinh xin cam doan day la cong trinh nghién ctru cta riéng
t61, cac két qua nghién ctru duoc trinh bay trong luan an 1a trung thuc, khach
quan va chua tirng cong bd ¢ bt cir cong trinh nao khac.

Nghién ctru sinh
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LOI CAM ON

Xin bay to long biét on chan thanh va sau sic dén TS. Nguyén Ngoc
Phuic va GS.TS. Tran Thi Thanh d4 tan tinh huéng dan nghién ctru sinh hoan
thanh luan &n nay.

Nghién cfru sinh  Xin  tran trong gai 101 cam on tdi

GS. TSKH. Nguyén Vin Thof dd c6 nhitng gop ¥ rat quy bau trong sudt qua

trinh thuc hién luén an.

Tran trong cam on Quy lanh dao, cac théy co trong Vién Khoa hoc
Thuy loi Viét Nam, Vién khoa hoc Thuy loi Mién Nam, Ban giam hi¢u
truong Pai Hoc Quang Trung da tao diéu kién thuén lgi va gitp do tan tinh
cho nghién ctru sinh trong qua trinh hoc tap va nghién ctru.

Nghién ctru sinh xin tran trong va biét on nhitng déng gop gia tri cia
PGS.TS. V3 Phan, PGS.TS. Tran Tuan Anh, PGS.TS. T6 Vian Lan va cac nha
khoa hoc ¢ truong Pai hoc Bach Khoa TP. HCM, truong DPai hoc Kién trac
TP. HCM.

Nghién ctru sinh xin cam on TS. Nguyén Vin Phong va cong su tai
phong thi nghiém dia k¥ thuat cong trinh (LAS 928) d& hd tro thiét bi va gitip
do k¥ thuat dé nghién ctru sinh hoan thanh dir li€u thi nghiém cho luan an.

Nghién ctru sinh xin trn trong cdm on trung tdm nghién ctru tng dung
va tu van k¥ thuat nén mong cong trinh (LAS 123), phong thi nghiém kiém
dinh x4y dung (LAS 197) da hd trg va giup d& trong qua trinh thuc hién luan
an.

Cuoi cung, nghién clru sinh xin cdm on tinh cam tur gia dinh, sy dong
vién va giap do ctia anh chi em dong nghiép, ban be¢ tao moi diéu kién tot nhat
deé t61 hoan thanh nghién cuu.

Nghién ctru sinh
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TOM TAT LUAN AN

O TP. Quy Nhon, méng coc dugc sir dung phd bién cho cac cong trinh
cao tﬁng. Strc chiu tai nén doc truc coc bi suy giam c6 xét hién twong hoda long
khi coc 1am viéc trong nén co tang cat kha day 13 do su suy giam stc chong
cit gdy ra boi sy gia ting ap luc nude 16 rdng thing du.

Lu4n 4n ndy 1am sang to sy thay doi mot sé thong sd bén dong (chi sb
g suét cat tudn hoan, chi sé ap luc nude 16 rdng thing du) cta nén cat & TP.
Quy Nhon. Thi nghiém ba truc gia tai 1dp chu ky duoc thuc hi¢n dé xac dinh
chi sb ung suét cét tuan hoan, chi sb ap luc nudc 16 r5ng thang du theo cac 16
trinh ing suat va s6 vong chu ky n tuong tng véi tan s6 1 Hz va tan s6 2 Hz.

Str dung bo thong sb bén dong cta dit nén twong tmg voi két qua thi
nghiém dong c6 tan sd 1 Hz va tan s6 2 Hz ap dung dé tinh toan cho 2 du 4n &
TP. Quy Nhon bing phuong phap giai tich va phuong phap sé dya trén phan
mém Geostudio 2018.

Két qua tinh toan strc chiu tai nén doc truc coc cd xét kha nang hoa
long ctia nén cat tir cac phuong phap cua Boulanger va nnk (2004), Fellenius
va nnk (2008), Muhunthan va nnk (2017), Geostudio 2018 va phuong phap dé
xuat 1a tuong déng v4i nhau, nhung c6 chénh léch dang ké so véi phuong
phap tinh theo Tiéu chuan Viét Nam TCVN 10304:2014.

Tir cac két qua trén cho phép thiét 1ap ty s6 su chénh 1éch cia tong sirc
chiu tai nén doc truc coc, stc khang than coc c¢6 xét kha nang hoa long gitra
phuong phap dé xuét so véi phuong phép tinh toan theo Tiéu chuan Viét Nam
TCVN 10304:2014.



ABSTRACT

In Quy Nhon City, pile foundations are commonly used for high-rise
buildings. Considering the liquefaction potential phenomenal with fairly thick
layers of sand, the ultimate axial bearing capacity of single pile is reduced due
to reducing of shear strength or ascending of excess pore water pressure.

This thesis focuses on the changing in some of dynamic stability
parameters (e.g. cyclic shear stress ratio, excess pore water pressure ratio) of
sandy soil in the Quy Nhon City. The cyclic triaxial tests were performed to
determine the cyclic shear stress ratio and excess pore water pressure ratio
according to the stress paths and the number of cycles n corresponding to the
frequency of 1 Hz and frequency of 2 Hz.

The author suggests to use the set of parameters corresponding to the 1
Hz and 2 Hz frequency for calculating two projects in Quy Nhon City by
using analytical method and numerical method on Geostudio 2018 software.

The ultimate axial bearing capacity of single pile relating with
liquefaction potential in sandy soil by using theory of Boulanger et al. (2004),
Fellenius et al. (2008), Muhunthan et al. (2017), Geostudio 2018 and
proposing method are similar. But there is a significant difference compared
to the result by using Vietnamese standard TCVN 10304:2014.

Finally results are suggestion the ratio of difference in the ultimate
axial bearing capacity and the ratio of the difference in the shaft resistance of
single pile relating with liquefaction potential in sandy soil between the
proposing method and the Vietnamese standard TCVN 10304:2014 standard.
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Xi

DANH MUC CAC KY HIEU VA CHU VIET TAT

Cac ky hi¢u

A, - Bién d6 ngau nhién

A, m’ Dién tich tiét dién ngang mili coc

Acycle m/s’ Gia toc chu ky twong duong

ay(t) m/s? Gia téc nén theo thoi gian t

ac. max cm/s? Gia tdc cyc dai theo phuong phap dang cos

4G, max cm/s? Gia toc cuc dai trong phén mém Geostudio 2018

Amax cm/s’ Gia toc cuc dai

Cn - Hé sé hiéu chinh bé mat dat

CRR - Chi s6 stc khang cat tuan hoan

CSR - Chi sb rng suat cit tudn hoan

CSR¢ - Chi s6 ing suat cit tuan hoan ngoai hién truong

CSRgn - Chi s6 rng suat cit tuan hoan gii han

CSR; - Chi s Ung suat cat tuan hoan cua thi nghiém gia tai
lap

c,C’ kPa Luc dinh don vi, lyc dinh hitu hiéu don vi ctia dét

Cp m/s Vian toc song ngang P

Cr m/s Vian tdc song cat mit R
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MO DAU

1. Tinh cép thiét ciia dé tai

Pong dat 1a két qua cua qué trinh giai phong ning luong dan hoéi da
dugc tich liy cac bién vi trong cac 16p dat da thude quyén ctng Lithosphere.
Sy giam vé stic chdng cit trong qua trinh dong dat gay ra hién tuong dich
chuyén cac dia ting, su hu hong cac dap dat, sy 16 dit va cac nguy hiém dén
tinh mang con ngudi, .... nhitg nguyén nhan nay lam giam strc khang cat ciia
dat xay ra trong dat goi 1a sy hoa 1ong cua dit do dong dat. Khoang thoi gian
hoa 1ong dé cap dén su thay do6i ctia dat tir trang thai ran sang trang thai hoa
long do tich tu ap luc nude 16 réng thang du trong dat dudi tai trong tuan hoan
tir dong dat gay ra (Kramer, 1996) [47].

Trén thé gidi da xay ra nhimng tran dong dat nhu Mino - Qwari (Nhat,
1891, M, = 8.4 d¢ richter), Niigata (Nhat, 1964), Alaska (My, 1964) [47] va
gan ddy, vao ngay 28.3.2025 da c6 01 tran dong dat 7.7 do Richter xay ra tai
thu d6 Naypyidaw cia Myanmar di khién 3689 ngudi tr vong, hon 5020
nguoi thuong vong va nhiéu cong trinh bi tan pha, dy 2 triéu nguoi vao tinh
trang can duogc hd trg va bao vé khan cr?ip, ... (dan s6 liéu m&i nhat tr Hoi
dong Quan 1y nha nuéc Myanmar, téng thu ky Lién hop qudc, ong Stephane
Dujarric cho biét trén bao Thanh nién ngay 12.04.2025).

Nham khic phuc cho nhitng cong trinh nha cao tang bi hu hong hoic
sup d6 do anh hudng boi dong dat. Cac nha khoa hoc vé co hoc dit - nén
mong di nghién ctru dé thiét 1ap cong thirc 1y thuyét tinh toan strc chiu tai doc
truc cta coc co xét dén kha niang hoa 16ng cua nén cat khi co dong dat, mot sd
tac gia nghién ctru nhu Boulanger va nnk (2004) [31], Fellenius va nnk (2008)
[36], Muhunthan va nnk (2017) [51], Hiép Hoi Cau Pudng Nhat Ban (JRA)
(2002) [44], Sinha (2022) [59], Sinha va nnk (2022) [60] va Zakariya va nnk
(2023) [61], ....

Tai Viét Nam ciing xay ra nhiéu tran dong dat gay dut giy kién tao sau
nhitng tran dong d4t manh tiéu biéu & nudc ta 1a tran dong d4t Dién Bién
(1935, M, = 6.7) dut giy song Ma va Tuan Giao (1983, M; = 6.8) dut gily Son
La gy ra do sau chan tiéu h = 23 km + 25 km, cép chdn dong [, =8 =9 &
ving chan tim, nit dat trong ving chan tam rong 10 cm + 15 cm, kéo dai
hang chuc km, Luc Yén (1954) dut giy séng Chay, Bac Giang (1961) dt
giy Pong Triéu [12], ving bién khoi Viing Tau - Phan Thiét (2007, M; = 5.3



va 2011, M = 4.7) anh hudng rung dong dén Thanh phd (TP) H6 Chi Minh,
tai Thuy DPién Song Tranh 2 (Quang Nam, 2011, Ms < 5.5, dong dat dang kich
thich, khong c6 lién quan dén hoat dong nui lra). Gan ddy, tai tinh Phii Yén
(nay 1a tinh Pak Lik) c6 1 trdn dong dat (M,, = 3.4) xay ra tai khu vuc Bién
Pong cach Thanh phd Tuy Hoa khoang 82 km, d6 sau tdm chan Hy cua tran
dong dat nay 1a 12 km theo Trung tAm béo tin dong dat va canh bao séng than
- Vién Vat 1y dia cau vao ngay 28/3/2023 trén bao Tudi tré.

Bén canh d06, cac du chin do dong dat gay ra da xuét hién nhiéu hon &
Viét Nam néi chung va khu vuc cic tinh mién Trung Viét Nam. Trong do,
khu vue TP. Quy Nhon, tinh Gia Lai thudc khu vic mién Trung nim trong
ving dong dat cip 6.5 = 7.0, noi tap trung mat d6 xay dung nha cao tang, cau
dudng ngay cang nhiéu, thé hién & ca sb luong, chét luong, quy mo va tam
quan trong cua cong trinh [7].

TP. Quy Nhon, tinh Gia Lai c6 b bién dai 72 km thudc ving duyén hai
cac tinh mién Trung Viét Nam c6 dia tang phiic tap, khu vuc nghién ctru phan
thanh nhiéu 16p dat tu nhién trong d6 16p mot voi 16p dat cat kha day hon 10
m cO anh hudng 16n dén stc chiu tai cuc han doc truc cua hé théng coc cua
cong trinh nha cao tang hay cong trinh cau duong khi co xét dén tiém nang
hoa 16ng ctia nén cat khi c6 dong dat [1], [2], [7]. Do cac dir liéu thi nghiém
lién quan dén dic trung hoa long khong day du, vi vay cac nha nha thiét ké
thuong st dung cac sb liéu thi nghiém dia chat thong thudong hodc twong quan
cac thong s6 thiét ké tir cac sd liéu co sin. Hién nay, hé¢ théng mong coc cua
cong trinh nha cao tang tai TP. Quy Nhon, tinh Gia Lai duoc ha xuyén qua
cac 16p dat cat chua co xét dén kha niang hoa 1ong khi c6 dong dat.

Ngoai ra, viéc tinh toan strc chiu tai cuc han doc truc ctia coc cho cac
cong trinh nha cao ting thuong st dung phuong phap phan tir hitu han véi cac
phan mém dia k¥ thuat nhu GeoStudio, Plaxis,... Phuong phap phan tir hitu
han (FEM - Finite Element Method) 13 mdt phuong phép sé dugc st dung dé
du bao strc chiu tai cuc han doc truc cua coc cho dat nén. Uu diém cua
phuong phap nay 13 tmg xir ciia dat co thé duge md phong twong ddi chinh
xé4c va hop 1y trong qua trinh thi cong. Tuy nhién van con mét sd han ché, mo
hinh dat - coc khong thé tinh toan ap luc nude 16 rdng dang tin ciy trong qua
trinh gia tai lap khong thoat nudec.

Béng thot, hién nay mdt s6 tiéu chuin & Viét Nam it dé cap vé van dé
tinh todn stc chiu tai cuc han doc truc ctia coc c6 xét kha nang hoa 16ng cua


https://tuoitre.vn/tp-tuy-hoa.html

nén cat khi c6 dong dit nhu tiéu chuan TCVN 9386:2012 [16], TCVN
10304:2014 [17], TCVN 11823-10:2017 [18], QCVN 02:2022/BXD [14],....

Chinh vi Iy do d6, viéc nghién ctru su thay d6i mot sb thong sd bén (chi
s6 tmg suat cat tudn hoan CSR, chi sb ap luc nude 16 rdng thing du r,) cua
nén cat & khu vuc TP. Quy Nhon, tinh Gia Lai theo cac 1 trinh ing suét nén -
kéo chiu tai trong 1ap (tai diéu hoa) trén thiét bi ba truc gia tai lip dé danh gia
su suy giam do kha ning hoa long khi dong dat trong tinh toan strc chiu tai
cuc han doc truc cta coc 1a nhu cau cép thiét va co y nghia thyec tién.

Thém nita, trong céc cong trinh dan dung cao ting, cau dudng thuong
bi nhitng tai trong dong co tan s, bién do, cuong do khac nhau. Nhiing tai
trong trén tir cong trinh truyén xudng coc hodc tir nén dat xung quanh anh
huodng toi coc giy ra nhitng anh hudng khac nhau dén vat liéu than coc va
ving ung suit bién dang cua dat nén xung quanh coc.

Tu cac phan tich trén, muc ti€u chinh ctia luan an 1a nghién ctru chi )
g sudt cat tuan hoan va chi sd ap luc nude 16 rong thiang du bang thi nghiém
ba truc gia tai lap twong tng véi tan s6 1 Hz va tan s6 2 Hz cho nén cat, tir d6
dé xuat cong thirc tinh toan suc chiu tai cuc han doc truc cua coc c6 xét kha
nang héa 1ong cta nén cat khi c6 dong dat 1a mot van dé can thiét, co ¥ nghia
khoa hoc, gop phan xem xét ddy du hon vé phuong phap tinh toan mong coc
cua cong trinh tai Viét Nam.

2. Muc tiéu

- Xac dinh céc tinh chat co hoc ctia nén cat khi chiu tai dong gdm: chi
s6 ing suat cit tuan hoan va chi s6 ap luc nudc 16 rong thing du, quy luat
bién d6i vé chi sb (mg suat cit tudn hoan, chi s6 ap luc nudc 16 réng thing du
v6i s6 vong 1ap chu ky n theo cac 19 trinh (mg suét suat nén ba truc (CTC), 10
trinh Gmg sudt suat hdn hop nén ba truc - kéo ba truc (CTC-RTE) va 16 trinh
g suat suat kéo ba truc (RTE) tuong tng véi tan sé 1 Hz va tan s6 2 Hz.

- Nghién ctru dé& xuit cac thong s bén phu hop (chi sb Gmg suat cit
tuan hoan va chi sb 4p luc nudc 16 réng thing du) bang thi nghiém ba truc gia
tai lap twong Gmg voi tan sd 1 Hz va tan sb 2 Hz dé tinh toan strc chiu tai cuc
han doc truc cua coc dac béng bé tong cot thép co xét kha ndng hoa long cua
nén cat khi c6 dong dat & TP. Quy Nhon, tinh Gia Lai.

3. N§i dung nghién ciru ciia luan an

- Nghién ctru téng quan vé stre chiu tai cuc han doc truc cta coc ¢d xét

kha nang hoa long ciia nén cat khi co6 dong dat.



- Nghién ctru co s 1y thuyét vé mot sb thong sd bén dong (chi sé tng
sut cét tuan hoan, chi sé ap luc nude 16 rong thing du) cta nén cat co xét kha
nang hoa 1ong khi dong dat.

- Tur két quéa thu duoc vé chi sb tng sut cat tuan hoan, chi sb ap luc
nuéc 16 rdng thiang du bang thi nghiém ba truc gia tai lip theo cac 19 trinh Gmg
suat (CTC, CTC-RTE, RTE) vdi tan s6 1 Hz va tan s6 2 Hz cho nén cat ¢ khu
vuc TP. Quy Nhon, tinh Gia Lai. Tir d6, thiét 1ap dugc chi sd ung suat cit
tudn hoan va chi sb ap luc nudce 16 rong thing du tuwong tmg véi tan sd 1 Hz
va tan s 2 Hz theo s6 vong chu ky n.

- Ap dung tinh toan strc chiu tai cuc han doc truc cua coc c6 xét kha
nang hoa 1ong ciia nén cat khi c6 dong dat cho tinh toan cong trinh thuc té
theo két qua thi nghiém ba truc gia tai lap chu ky, cong thirc 1y thuyét va mo
phong bang phan mém Geostudio 2018.

4. P6i twong va pham vi nghién ciru

Déi tiwong nghién ciru:

Xac dinh chi s6 ap luc nude 16 réng thang du cta cat trang thai chat
vira, dé tinh toan thiét ké strc chiu tai cuc han doc truc cua coc co xét kha
nang hoa long ctia nén cat khi c6 dong dat cho cong trinh dan dung & TP. Quy
Nhon, tinh Gia Lai.

Pham vi nghién cuu:

- La dat cat trang thai chat vira, phan bd pho bién & TP. Quy Nhon, tinh
Gia Lai ndm ¢ d6 sau tir (0.0 + 10.0) m bang thi nghiém ba truc gia tai lip chu
ky.

- Luan an tap trung vao nghién ctic cac dic trung do bén dong nhu chi
s6 ap luc nude 16 rdng thing du va chi sd Gng sudt cit tudn hoan cta nén cat
tir thi nghiém ba truc gia tai ldp chu ky twong tmg véi tan s6 =1 Hz va tan
sb6 f=2 Hz, cac chi sb nay c6 anh huong 16n dén strc chiu tai cuc han doc truc
ctia coc co xét kha niang hoa 16ng cua nén cat khi co dong dat cho thiét ké
cong trinh & khu vuc TP. Quy Nhon.

5. Phwong phap nghién ciru

Phwong phdp thong ké:

- Thu thap phén tich c6 tinh ké thira tai liéu vé cac két qua nghién ciru
ly thuyét va thyc nghiém dé stre chiu tai cuc han doc truc cua coc c6 xét kha
nang hoa long cta nén cat khi c6 dong dat trong va ngoai nudc.

- Thong ké, phén tich két qua thi nghiém dat, dic diém dia chat khu
vuc, tinh toan strc chiu tai cyc han doc truc ctiia coc ¢ xét kha nang hoa long



ctia nén cat khi c6 dong dat cho mot sd cong trinh dd xay dung tai TP. Quy
Nhon, tinh Gia Lai.

Phwong phap thuc nghiém:

- Khao sat 14y mau thi nghiém tai hién truong bang thi nghiém xuyén
tiéu chuan SPT, thi nghiém nén tinh coc, thi nghiém thir tai dong PDA.

- Thyc hién thi nghiém trong phong bang thi nghiém ba truc gia tai lip
chu ky Tritech 100.

Phwong phdp mé phong sé:

- St dung phuong phap phan tir hitu han bang phdn mém Geostudio
2018 dé mod phong d4t nén va coc nham xéac dinh stc chiu tai cyc han doc truc
ctia coc c6 xét kha nang hoa 16ng cta nén cat khi c6 dong dat.

- So sanh két qua tinh toan véi két qua tinh toan 1y thuyét cho 02 cong
trinh dan dung thuc té.

6. Nhirng diém méi ciia ludn 4n

- Nghién ctru thong s6 bén cua dat cat & khu vuc TP. Quy Nhon, tinh
Gia Lai c6 xét hién tuong hoa 1ong ctia dat nén bang thi nghiém ba truc gia tai
1ap.

- Thiét 1ap twong quan giita chi s6 ing suat cat tudn hoan CSR véi chi
s6 ap luc nudce 16 rong thing du 1.

- P& xuit sur dung cong thirc tinh toan stc chiu tai cuc han doc truc
than coc theo dit nén c6 mot sd cai tién (co tinh dén chi sé ap luc nuéde 16
rong thang du r,) cho nén dat cat & khu vuc TP. Quy Nhon, tinh Gia Lai co
xét dén kha niang hoa 1ong cuia nén cat khi co dong dat.

7. Y nghia khoa hoc va thuec tién

- Két qua nghién ctru cua luan an gop phan bo sung vao phuong phap
luan nghién ctru nén cat trong khu vuc nghién ctru, budc dau 1am sang t6 quy
luat vé su thay ddi cac dic trung co 1y ciia nén cat pho bién & TP. Quy Nhon,
tinh Gia Lai theo cac 16 trinh tng suat CTC, CTC-RTE, RTE cho thiét ké sirc
chiu tai cuc han doc truc ciia coc c6 xét kha nang hoa long cua nén cat khi co
dong dat.

- Két qua nghién ctru cung cap co sé khoa hoc va luan chiung dé dinh
hudng cho cong tac khdo sat, thiét ké strc chiu tai cuc han doc truc cta coc
trén nén cat phd bién ¢ TP. Quy Nhon, tinh Gia Lai. Két qua nghién ctru cua
luan 4n ciing c6 thé dung dé tham khao trong cong tac thiét ké strc chiu tai cuc



han doc truc ctia coc c6 xét kha nang hoéa long cta nén cat khi c6 dong déat cho
cac khu vuc ¢6 diéu kién dat nén tuong tu.
8. Cu triic ciia luén an

Céu triic cua luan an gdm cac ndi dung sau:

Phin md dau

Chuong 1. Téng quan vé stc chiu tai doc truc cia coc c¢d xét hién
tuong hoa long ctia nén cat khi co dong dat

Chuong 2. Co so 1y thuyét vé stre chiu tai doc truc ctia coc cd xét hién
tugng hoa 16ng ctia nén cat khi c6 dong dat

Chuong 3. Nghién ctru chi s mg suat cat tudn hoan, chi sd 4p luc
nuéc 16 rdng thang du bang thi nghiém ba tryc gia tai lap theo céac 10 trinh Gmg
suét

Chuong 4. Sturc chiu tai doc truc cia coc cé x€t hién tugng hda long cua
nén cat khi c6 dong dat cho cong trinh thyc té & thanh phé Quy Nhon

Két luan va kién nghi

Danh muc tai li¢u tham khao

Danh muc cac cong trinh cong bo cua tac gia

Phan phu luc



Chuong 1
TONG QUAN VE SUC CHIU TAI DQC TRUC CUA CQC CO XET
HIEN TUQNG HOA LONG CUA NEN CAT KHI CO PONG PAT

1.1. Khai quat vé hién twong héa 16ng dat nén khi cé dong dat
1.1.1. Khdi qudt vé hi¢n twong héa long

Hoa 16ng 1a mot thuat ngtt duoc st dung dé mo ta mot loat cac hién
tugng, trong d6 cuong do va do cimg cua 16p tram tich dat bi giam do két qua
clia viéce tao ra sy gia ting ap luc nude 16 réng thing du. Mic du co thé xay ra
kha niang hoa long do tai tinh nhung no thudng xay ra do dong dat. Kha ning
hoa 10ng xay ra phd bién nhét 13 & dang cat tu nhién, cat bio hoa, cat sach dén
bun cat nhung ciing d3 dugc quan sat thdy trong soi. Sy pha hay ciu tric dat
c6 cac dic tinh tuong tuy nhu sy c6 hoa 1ong di dugc quan sat thiy & dat sét
silicate c6 d6 déo thap. Kha ning hoa 1ong co thé gay ra thiét hai khac nhau,
tr hinh thite lan sut nhé dén cac khe truot 10n, chuyén vi cia dat nén lan
truyén theo chiéu doc cta vét dut giy co thé dat hang chuc mét. Hoa 1ong lam
anh huong truc tiép dén két cAu nén mong va két ciu cong trinh do xuat hién
chuyén vi cta céac 16p dat nén [47].

Hinh 1.1. Céng trinh bj dong ddt tiéu biéu trén thé gici [47]
a). Pong dat Kawagishi Niigata Nhdt Ban (1964),
b). Kiém tra nén mong cong trinh tai Niigata Nhdt Ban (1964)
Hién tugng hoa long do dong dét cho nén cat 1 chu dé duoc nhidu tac

gia ngoai nude va trong nude nghién ciu, tuy nhién két qua nghién ciru tai
Viét Nam chi & mirc d6 ban dau. Hién nay, vé ly thuyét dé thiét ké cho hé
théng mong coc cia cong trinh nha cao tang tai TP. Quy Nhon, tinh Gia Lai
dugc ha xuyén qua cac 16p dat nén cat co xét dén hién twong héa long khi
dong dat, budc dau, da duoge nghién ctru vé mot sd thong s6 bén dong nhu chi
s6 ing suat cit tuan hoan CSR, chi so strc khang cit tudn hoan CRR, chi s ap
lue nude 16 rdng thing du r, bang két qua thi nghiém ba truc gia tai 1ap cho



mau dét cat va tinh toan strc chiu tai cuc han doc truc cua coc co xét kha nang
hoéa 1ong khi dong dat cho nén cat tai khu vic dién hinh nay.
1.1.2. Mét s6 dic trung ciia dpng dit

Dong dat 13 mot hién tuong rung dong dot ngot trén vo qua dat do sy
giai phong tie thoi ning luong E duoc tich lity dan tir trude. Sy giam vé stic
chdng cit trong qua trinh dong dat gy ra hién twong dich chuyén cac dia
tang, gy ra hu hong cac dap dat, cong trinh nha cao tang, su 1o dat va giy
nguy hiém dén tinh mang con ngudi (Kramer, 1996) [47].

Theo Nguyén Viét Trung (2004) [12] va Kramer (1996) [47], khi xay ra
dong dat co cac loai song nhu sau:

Song doc (P) duoc truyén di nhd su thay doi thé tich méi trudng, giy
bién dang kéo va nén trong long dat, song doc duogc truyén di theo tir chén
tiéu dén tram quan sat v6i van tdc 16n nhét cp = (7 + 8) kns.

A (mm)

Vi tri do
R

Chén tAm ﬁ/
N t(s)
01 v =
P
AN
Dé /
0 4

Chén tidu
(Tam dong dat)

z(m)

Hinh 1.2. Nguyén Iy truyén séng dong dat dén céng trinh [20]

Séng ngang (S) dugc truyén theo phuong vudng goc véi song doc, ¢o
van toc nho hon séng doc cs = (4 + 5) km/s, song ngang khong lam thay doi
thé tich ma chi gay nén hién tuong xoan va cat moi truong dat nén (con goi 1a
song cat) [12].

Song doc va séng ngang khi truyén t6i mat dat s&é chuyén thanh song
mat (R, L) va gy ra chuyén dong nén ¢ do sau rat nho, song mit gan gioéng
nhu song bién, giy ra kéo va cit mit dat véi bude song A. Van tdc truyén
song mat phu thudc vao tinh chat co 1y cua ting dat phu, nén dat cang cung
van tdc truyén séng cang ting cg = (1.5 = 15) km/s, dat yéu van tdc truyén
song mat s€ giam cg = (0.5 + 1.5) km/s [12].



Hinh 1.3. Hinh dang séng nén P va séng cat S (Kramer, 1996) [47]

R 7"7 "| : Khoang khong

bi xdo tron

Y

Hinh 1.4. Hinh dang song mat R (Kramer, 1996) [47]

Thang d6 16n dong dat do bién do chuyén dong nén dét vai tan sé dao
dong tir 1 Hz dén 5 Hz va khong phan biét cac loai song dia chat khac nhau.
Hién nay, c6 cac thang do 16n thong dung nhu sau: thang d6 16n Richter (M),
thang do 16n song mit (Ms) va thang d6 16n mémen dong dat (M), ... theo
Bang 1.1. [21].

Bdng 1.1. Do lon M, Mg va M,, cua mot 0 trdn dong dat noi tiéng
o vung California (USA)

DPong dat M, M M,
San Francisco (18/04/1906) - 8.25 7.7
Long Beach (10/03/1933) 6.3 6.25 6.2
El Centro (18/05/1940) 6.4 6.7 7.0
Kern County (21/07/1952) 7.2 7.7 7.5
San Fernando (09/02/1971) 6.4 6.6 6.6
Point Mugu (21/02/1973) 5.9 5.2 5.3

Tai Viét Nam moi truong phat sinh dong dat co thé xép vao quyén
mém - 16p dong dat c6 chan tidu 16n hon nhung giai phong mdt ning lugng E
nho hon so v4i binh thudng, két qua danh gia Msma thap hon danh gia theo
cac cong thirc trung binh toan cau va ¢ nhiéu khu vyc khac, cip dong dat M,
<7, cudng d6 dong dat Ina < 9, d6 sau tdm chan (chan tiéu) h <30 km [12].

Theo Nguyén Viét Trung (2004) [12] va QCVN 02:2022/BXD [14],
cho rang xéc dinh cac ving phat sinh dong dat trén lanh tho Viét Nam, danh
gia cac dic trung cta chan tiéu dong dat cuc dai trong cac ving va chan dong
c¢6 thé sinh ra nhu h, Mgmax, lo, E, Cp, Cs, .... Cac ving phat sinh dong dat
manh va céc dic trung dia chin cua ching, cuong o dong dat oy, cép dong
dét trén ban dd dugc danh gia cho nén dat trung binh, do 1a nén dat sét, cat,
bun cat véi myc nude ngam tir 2 m = 5 m (Hinh 1.5.a va Hinh 1.5.b).
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a). b).
Hinh 1.5. Bdn dé phéan viing déng ddt
a). Gia téc nén tham chiéu agr, chu ky lap 500 nam cho nén loai A [14],
b). Khu vuc TP. Quy Nhon [12]
1.1.3. Thi nghiém ba truc gia tdi lap

Thi nghiém ba truc gia tai lap duoc phat trién boi Seed va nnk (1996)
¢ truong Pai hoc California tir nhitng ndm 1960 va duoc st dung rong rai
trong viéc danh gia Gng xtr cua dat véi tai trong dong (Hinh 1.7). Vé so dd
cdu tao cling nhu nguyén 1y hoat dong, thiét bi ba tryc gia tai lap ciing tuong
tu nhu loai ba truc tinh, nhung khac & diém co ban 1a tai trong doc truc tac
dung 1én mau dat 13 tai trong dong chu ky c6 dang P =P (t).

Seed va Lee (1966) [32] di thi nghiém bang thiét bi ba truc gia tai lip
cho dat cat hodc bun cat. Sau d6, Tsuchida (1970) [32] d4 nghién ctru vé gia
tang ap luc nudc 16 rdng thing du Au, véi Au duge xac dinh bang hiéu tmg
suit tong o, va g suat c6 hiéu 6’ hay Au = 6 - 6’yo. Khi s6 vong lap chu
ky n tang thi 6’0 = 0 va tim duoc phan ving duong cong cap phdi hat ciia dat
c6 kha ning hoa long (Hinh 1.6). Ranh gi¢i duong cong dat ¢ thé hoa long
tuong Ung véi kich thude hat tr 0.01 mm + 1 mm va ranh gigi duong cong
dat hoa long twong ung véi kich thudc hat tir 0.03 mm + 0.4 mm.
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Hinh 1.6. Ranh gi6i dwong cong dat héa long (Tsuchida, 1970) [32]

Taidoctme " 1oy UL AL
N) Kéo 10
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; , 4

Ap lwe nuoc 3
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Pa I

(Pa) ! R

Tho gian t (s)

Hinh 1.7. Quan hé giita tai doc truc, bién dang doc truc, dap luc nuoc 16 rgng va

thoi gian bang thi nghiém ba truc gia tai ldp (Seed va Lee, 1966) [32]

Thi nghiém ba truc gia tai 1ip cho dat cat, khi gia tri chi sb ap luc nude
16 rong thing du r, > 0.9 (V6i r, = Au/o, ) thi mau cat bi hoa 16ng nhur Seed va
Lee (1966) [32], Kramer va Seed (1996) [47], ...

Bén canh d6, Castro (1972) [32] di nghién ctru quan hé giita img suét
léch va bién dang cit cho tai lap chu ky va tai don sau gia tai lap, nhan thay
bién dang cit ting thi tng suat 1éch ting cho cat bui va cat sach (Hinh 1.8).
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Hinh 1.8. Puong cong iing sudt léch va bién dang cdt khéng thodt mede cho
cat tw thi nghiém ba truc gia tdi lap (Castro, 1972) [32]

Boulanger va nnk (2006) [42] da nghién ctru duoc quan hé gilta hé sd
hiéu chinh qua tai trong dat (K,) véi do chat twong dbi Dy, tir d6 xac dinh
duogc chi s6 Gmg suét cat tuan hoan (CSR) va chi s6 xuyén tiéu chuin Ny g, ap
luc nude 16 rdng thiang du Au voi sé vong 1ap chu ky n bang thi nghiém ba
truc gia tai lip chu ky cho mau cat.

1.2. Tinh hinh nghién ciru ngoai nwéec
1.2.1. Bing gia téc va phé phén g dan hoi dang cos

Hién nay, c6 nhiéu tac gia da nghién ctru vé bing gia tbc nén theo thoi
gian v6i nhiéu phuong phap khac nhau, & day luan an nay chi trinh bay mo
hinh Kanai (1957) [45], Kiureghian (1996) [50] di tinh toan theo cac tham s
ciia mo hinh nhu ty 1¢ giam chan, tan sd ty nhién va mat do phd cong suat,
Osaki (1979) [50] da xay dung biéu d6 vé goc pha ngau nhién, gia tc nén
a,(t) theo thoi gian t voi bién do ngau nhién A, va goc léch pha ¢, (Shinozuka
va Deodatis, 1988) [50], ...

Ngoai ra, viéc xac dinh khoang thoi gian can thiét dé xem xét bién do
gia tdc nén co anh hudng dén su thay doi ap luc nuédc 16 rdng thing du.
Kramer (1996) [47] cho rang thoi gian twong doi khong phu thudc vao cac gia
tri gia tc dinh, ma 13 khoang thoi gian gitra cac diém tai d6 5% va 95 % tong
nang luong da duogc ghi lai, d6i véi dat nén (Hinh 1.9) c6 khoang thoi gian bat
dau va két thic Ty 13 14.7 (s).
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Hinh 1.9. Thoi lwong bdt dau va két thiic (Tq = 14.7's)
ciia bang gia téc dat nén (Kramer, 1996) [47]
1.2.2. Nghién citu héa long ciia nén cdt cé xét gia tdi lip chu ky theo két
qud thi nghiém xuyén tiéu chuin SPT

Céc tran dong dat thuong xay ra rat nhanh, trong diéu kién dat khong
thoat nudc s& gdy ra hu hong cong trinh va tham chi con lam dich chuyén nén
dat & khu vuc 1an can. Seed (1983, 1985) [39], Boulanger va Idriss (2004)
[30] d& nghién ctru bang thiét bi ba truc gia tai 1ap cho rang su gia ting bién
dang thé tich e, 1a mot trong nhimg yéu t6 lam phan tan ap luc nudc 16 rdng
thiang du Au. Piéu d6 ciing co lién quan mat thiét gitta do chat twong d6i D,
va bién dang cit cuc dai Yma, Két qua cho thay su gia ting bién dang thé tich
e, tang khi gia tri xuyén tiéu chuan Ngpt glam.

Seed (1983, 1985) [39], Tokimastu va Yoshimi (1983) [39] da nghién
ctru quan hé giita chi s ung suat cat tuan hoan CSR véi chi s6 Ny g theo véi
ham lugng hat min cua dét cat sach FC =5 %; 15 % va 35 % véi FC = (€max -
1.0)/0.02, FC = (emin - 0.6)/0.008 trong d6 emax, €min - hé s6 rdng 16n nhat va
nho nhit cua dat cat. Cac tac gia ciing nghién ctru vé hé s khang hoa long
FSiiq. HE s6 khang hoa 1ong dugc dinh nghia 13 FSiiq = CRR/CSR, ¢ day CRR
- chi s6 strc khang cit tuan hoan, CSR - chi s6 Gmg suét cat tuan hoan.

Theo Benouar va nnk (1992) [28] nghién ctru vé thoi gian truyén song
mat cho timg 16p phan t6 dat, ddy ciing 13 phuong phap dé tinh tan s f cho
ting 16p phan to dat dya trén chi sd xuyén tiéu chuan Nipe cua tirng phan t6
dat. Cu thé, thoi gian truyén song mat T = 43 (Hi/V) v6i H; - d6 day timg 16p
dat tha i (m), Vg - van tdc cua 10p dat th i (m/s) va Vg = 97N>* theo
T.Imai va M.Yoshiziwa (1975), tir d6 thiét 1ap duoc quan hé giira tan s6 f véi
chi s6 Nipt cho ting 16p phén t6 dat.
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Hinh 1.10. Puong cong quan hé chi  Hinh 1.11. Puong cong quan hé bién
s6 ung sudt cat tuan hoan CSR, ham luong  dang truot ynax (%) voi hé s6 an toan
hat min FC (%) va chi 56 Nieo (Boulanger  hoa long FSiq va do chat twong doi

va Idriss, 2004) [30] D, (Zhang, 2004) [48]

Gan day, Boulanger va Idriss (2004) [30] ciing nghién ctru quan hé
gitra chi ) ung suét cat tuan hoan CSR = Thav /0 vo VO1 gid tr1 SPT hi¢u chinh
Nj 6o tng v&1 ham luong hat min cua dét cat sach FC = 5 %; 35 % va 16n hon
35 %, & day T - Ung sudt cat tudn hoan trung binh, 6’ - tNg SUt phuong
dimg co6 hicu tai do sau dang xét. Nhan théy, gia tri cua CSR tuong ung voi
FC > 35 % 16n hon gia tri cia CSR tuong img v6i FC = 35 % va gia tri cla
CSR tuong ung vo1 FC =5 % cho cung mot gia tri Ny go (Hinh 1.10).

Zhang (2004) [48] d4 nghién ctru quan hé giita gia ting bién dang cat
cuc dai Ymax (%) vo1 hé $6 khang an toan hoa long FSjiq va do chat twong dbi
D;. Nhan thay, cung gié tri cta FS;iq khi D, cang 16n thi bién dang cit cuc dai
Ymax cang 1om (Hinh 1.11).

Dixit va nnk (2012) [33] ciing nghién ctru vé& hé sé ty 1& cip dong dat
MSF, chi s6 CSR va chi s6 CRR.

Ngoai ra, Ko-Y-Y (2015) [46] da thiét lap quan hé gitra chi s6 ap luc
nuéc 16 rdng thang du r, va bién dang cat hat y (%) 1a tang phi tuyén.

1.2.3. Ung xir doc truc ciia coc cé xét khd néing héa long ciia nén cit

Ung xtr doc truc cta coc khi tran dong dat co xét kha ning hoa long
trong nén cat 1a qua trinh truyén tai trong xubng coc lam cho coc c6 xu hudng
bi kéo xudng dudi, luc nay huy dong sirc khang than cua coc thudng duoc coi
la gia tri cudi cung (Alonso 1984, Fellenius 1972), tir d6 xac dinh dugc mat
phang trung hoa do can bang lyc truyén xudng Qqo va stc khang than Rs,lig»
strc khang miii Ryjiq (Fellenius, 1972) [35], tir d6 xac dinh dugc chuyén vi cta
coc theo d6 sau trong nén cat co xét kha nang hoa long (Fellenius va Siegel ,
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2008) [36]. Ngoai ra, Fellenius va nnk (2020) [37], 43 phan tich dé dinh lugng
tac dong cua hién tugng lun do hoda 1éng cua mong coc cau Juan Pablo, hé
théng nay c6 st dung coc khoan nhdi c6 duong kinh duong kinh 1.5 m va dai
16 m, gia tri gia tai ban dau 1a 12700 kN va miii coc cdm vao 16p dat cat chat
vira c6 kha ning hoa 1ong. Két qua, sy héa 1ong bén dudi mire miii coc gy ra
d6 lin méng 16n hon gap nhiéu lan va 13 nguyén nhan chinh giy ra su cb hu
hoéng cong trinh.

Theo Boulanger va nnk (2004) [31] d4 thao luan vé mét tng dung khac
clia mit phang trung hoa, cho rang su gia ting strc khang than cta coc phu
thudc vao thoi gian. Ngoai ra, khi thay d6i mat phang trung hoa s& anh hudng
dén ap luc nude 16 rdng thing du Au, kéo theo thay ddi sirc khang than cua
coc theo chiéu sau, tir d6 thiét 1ap duogc mdi tuong quan gilta chuyén vi cua
dau coc véi ap luc nudce 16 rong thing du Au. Theo md hinh thi nghiém coc
ctia phuong phap nay thi véi gia tri gia tai ban du 1a 454 kN, chiéu dai coc 1y
1a 17 m va mili coc cdm vao 16p dAt sét thi tai d0 sdu tr 5 m dén 10 m cta nén
cat co6 xét kha nang hoa long gay ra strc khang cuc han doc truc cia coc tu
300 kN dén 400 kN. Ty s6 gita chiéu day 16p cat hoa long (lpjiq = 5 m) va
chiéu dai coc (I, =17 m) 1a 29,4 % va do suy giam gitra strc khang cuc han
cua coc co x¢€t kha nang hoa long va strc khang cuc han ctua coc khi c6 hoa
long 14 11,9 % dén 22,9 %.

Fellenius va nnk (2008) [36] da nghién ctru thuc dia cho cong trinh tai
California (1951) bi dong dat cap M, = 7.8, coc c6 dudng kinh 0.46 m, chiéu
dai 30 m, miii coc cam vao 16p dat sét, stec khang cuc han cia coc don 13
3000 kN, 16p dat cat c6 kha ning hoa 1ong day 3 m & vi tri sdu 7 m + 9 m. Két
qua cho thay, sttc khang cuc han doc truc cua coc don khi hoa 1ong 1a 2250
kN va mit phang trung hoa NP (Normal Plane) ndm & vi tri sdu hon. Ty s
gita chiéu day 16p cat hoa long (l,iq = 3 m) va chiéu dai coc (I, = 30 m) 14 10
% va do suy giam gilta stc khang cuc han ctia coc c6 xét kha ndng hoa 1ong
va suc khang cuc han cia coc 1a 25 %.

Péi véi coc khoan nhdi véi duong kinh 16n, Muhunthan va nnk (2017)
[51] d4 nghién ctru cong trinh cau Juan Pablo II, Chile (1974) véi dong dat
cdp M,, = 8.8 c6 gid tri gia tai ban dau 1a 12232.6 kN, chiéu dai coc 14 22.8 m
va mili coc cim vao 16p dat cat thi tai d6 sdu tir 12 m dén 27.2 m cua nén cat
cO xét kha ndng hoa long gay ra strc khang cuc han doc truc cua coc la
8451.6 kN. Ty sb giita chiéu day 16p cat héa 1ong (1,iq = 15.2 m) va chiéu dai
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coc (I, =22.8 m) 1a 66,7 % va d) suy giam gitra strc khang cyc han cta coc co
x¢ét kha nang hoa 1ong va stc khang cuc han cua coc 1a 30,9 %.

Theo Hiép Hoi Cau Puong Nhat Ban (JRA) (2002) [44] da nghién ciu
hiéu chinh stre chiu tai cuc han doc truc cta coc thiét ké trong vung dong dat
c6 xét kha nang hoa long can nhan thém hé s6 D, hé s6 D, < 1.0 phu thudc
vao dd sau z cua coc ha xuyén qua lép dAt tu nhién, chi sd stc khang cit tuan
hoan R va hé s6 khang hoa long F, v6i FL =R/L, § ddy d0 sduz<20mva L -
chi sb ung suét cét tuan hoan cua dat, L = Tha/0’vo Va F = 1 thi D, = 1. Gia tri
cua R ciing dugc xac dinh theo Chem (1995) véi R = 0.3221 - 0.0304In(n) véi
n - s6 vong lap chu ky. Theo Benouar va nnk (1992) [28] gié tri R phu thudc
vao két qua gid tri xuyén tiéu chuan Ngpe cting nhu thanh phan hat Ds, tuong
mg voi ing suat c6 hidu o’y

Sinha (2022) [59] va Sinha va nnk (2022) [60] da str dung phuong phéap
s6 bang phan mém TzQzliq cho coc 3DPlieM, voi chiéu dai coc 1a 15 m va
duong kinh coc 1 0.635 m, miii coc cdm vao 16p cat rat chit, strc chiu tai thiét
ké ctia coc c6 xét kha ning hoa 16ng theo phuong phap s6 1a 1280 kN tai thoi
diém 2.14 s khi qua trinh rung lac, va, sau qua trinh c6 két tai thoi diém 2 gio,
stre chiu tai thiét ké ciia coc co xét kha nang hoa 1ong theo phuong phép so 1a
1690 kN. Ty s6 gita chiéu day 16p cat hoa long (Ipiq = 4.7 m) va chiéu dai
coc (I, =15 m) la 31.3 % va do suy giam gitra stc khang cyc han cua coc ¢6
xét kha nang héa 1ong va strc khang cuc han cua coc bang phuong phap sb 13
14.7 % tai thoi diém 2.14 s,

Zakariya va nnk (2023) [61] di st dung phuong phap s6 bang phan
mém MIDAS GTS NX cho coc P7 véi chiéu dai coc 1a 34 m va duong kinh
coc 12 1.0 m, miii coc cim vao 19p sét, stc khang cyc han cua coc cd xét kha
nang hoa long 1a 3632.56 kN, strc chiu tai cua coc 1a 4480.50 kN b'fmg thi
nghiém thir dong bién dang 16n PDA. Ty s6 gitta chiéu day 16p cat hoa 1ong
(lpjig = 6.0 m) va chiéu dai coc (I, =34 m) 1a 17.6 % va do suy giam gifra strc
khang cuc han cta coc c6 xét kha nang hoéa long va stic khang cuc han cua
coc bang thi nghiém PDA 13 18.9 %.

1.3. Tinh hinh nghién ciru trong nwéc
1.3.1. Quy dinh vé cich xdc dinh héa long dit nén khi cé dong dit theo
TCVN
1.3.1.1. Theo TCVN 9386:2012
Nén cat c6 kha nang hoa 1ong tai diém 4.1.4 cia TCVN [16] nay 1a:
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(8) Nguy co hoa 1ong c6 thé duoc bo qua khi oS < 0.15 va it nhat mot
trong cac diéu kién sau phai dugc dam bao:

- Cat c6 ham luong hat sét 16n hon 20 % véi chi s6 déo P1 > 10.

- Cat ¢6 ham luong hat min 16n hon 35 % va déng thoi s6 bua thi
nghiém xuyén tiéu chuan SPT sau khi duoc chuan héa véi cac anh hudng cia
ap luc ban than dat va voi ty s ning luong Ny,g > 20.

- Cat sach, v&i s6 bua thi nghiém xuyén tiéu chuan SPT sau khi duoc
chuén hoa véi ap luc ban than dat va véi ty sé ning luong Ny, > 30.

Ngoai ra, theo phu luc B trong TCVN 9386:2012 [16], “Thiét ké cong
trinh chiu dong dat” yéu cau cac biéu d6 thuc nghiém dé phan tich hoa long
don gian theo muc B2. nhu sau:

B2. Cdc biéu do dura trén chi so SPT

Theo biéu do trén Hinh 1.12, ta thiy duoc mbi quan hé giita ing sut
gy hoa 1ong va chi sb Ny g cho cat sach (Hinh 1.12.a) 13 phi tuyén va mdi
quan hé giita ung suat gay hoa 16ng va chi sb Ny g cho cat bui (Hinh 1.12.b)
1a phi tuyén tuwong tmg v&i ham lugng hat min cua dat cat FC (%). Gia tri caa
g suat gy hoa long tuong Gmg voi ham luong hat min FC = 35 % Ién hon
gia tri cua tng suat gy hoa 1ong twong tmg véi ham lugng hat min FC =5 %
ctia dit cat min cho cung mot gia tri cua Ny gp.

a). Cat sach b). Cat min
0.6 I I I .

05
04
- § 0.3 | |-

0.2

01+

0 | | | 0 L1 |
0 10 20 30 40 0 10 20 30 40

Ny 60 Ny g0
Hinh 1.12. Quan hé giita img sudt gdy héa long va Ny g cho cdt sach, cdt min
do cdp déng dat M, = 7.5
Hoa l6ng hau nhu khong xay ra dudi mot ngudng nao dé cia T, vi ing
XU ciia dat 1a dan hoi va khong ¢ su tich liiy ap lyc nudc 16 rdng thing du.
Véi tng suat cat do dong dat T, co thé udc tinh theo biéu thirc don gian
hoa sau:
T = 0.650.Soy (1.1)
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Trong do6: a - ty sb clia gia toc nén thiét ké ay cho nén loai A, S - hé s6
nén, o, - tng suat tong do ban than dat. Biéu thic nay khong ap dung cho
chiéu sau 16n hon 20 m.
1.3.1.2. Theo TCVN 10304:2014

Khi thiét ké méng coc trong ving dong dat thi khong xét dén strc khang
ctia dat trén than coc dén d6 sau hq (tuc 1a f, g = 0) nhung khong 16n hon 3/o,.
(muc 12.4 cua TCXDVN 10304:2014 [17]), xac dinh hg nhu sau:
a,(H+a,aM)

bp(zz }/thq0+cj

&

h, - (1.2)

Trong do:

a1, @y, 8 - hé s6 khong thtr nguyén 14y tuong tng bang 1.5; 0.8 va 0.6
khi coc dimg doc 1ap va bang 1.2; 1.3 va 0.0 khi ngam ctng dau coc vao dai
thap; H, M - gia tri tinh toan twong tng ctia lyc ngang va momen udn tac
dung 1én coc tai cao trinh mat dét tinh voi to hop tai trong dac biét co xét dén
tac dong cua qua trinh dong dat; o, - hé sb bién dang, tinh bﬁng 1/m duoc xac
dinh theo chi dan Phu luc A; by - chiéu rong tinh ddi cua coc, xac dinh theo
chi dan Phuy luc A; y,, - dung trong tinh toan cua dét, xac dinh trong dét bio
hoa nuéc c6 ké dén luc day ndi ctia nudce; ¢ - goc ma sat trong cua dat; ¢ - luc
dinh don vj ctia dat.

Ngoai ra, tinh toan strc chiu tai cua coc lam viéc dudi tai trong dong dat

thi gia tri ctia goc ma sat trong cta dat giam nhu sau: cap 7 giam 2 d0, cap 8
giam 4 d0, cap 9 giam 7 d6 (muc 12.4 trong TCXDVN 10304:2014 [17]).
1.3.1.3. Theo TCVN 11823-10:2017

Phu luc A - TCVN 11823-10:2017 [18] duoc bién soan theo tiéu chuan
AASHTO (2014) [25] dé danh gia vé kha nang hoa 1ong khi dong dét, thong
qua chi s6 Gmg suét cat tuan hoan CSR. Theo uéc tinh ban dau, chi sé CSR
dugc phat trién trong ving do d6 rung lac cua dong dat dugc tinh theo Seed
va Idriss (1971) [54].

Theo phu luc A [18] ¢6 hai phuong phap dé xac dinh kha ning hoa long
khi dong dét 1a phuong phéap thuc nghiém va phuong phap phan tich.

(1). Phwong phdp thuc nghiém (dwa vao chi s6 SPT)

Theo Seed va Castro (1975) [18], [25] thi strc khang xuyén dong tiéu
chuin c6 xét dén ung suét c6 hiéu 6’y

N;, = CyN (1.3)
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Trong do6: N - chi sb xuyén tiéu chuan (bua / 30 cm), Cy - hé s6 hiéu
chinh theo d¢ sau véi C = 0.77loglo(1.92/0'\',0) va Cy < 2.0, 6’y - Ung suit co
hiéu thang ding (MPa).

(2). Phuong phap phan tich

Dé danh gia kha ning hoa 10ng phai dua trén su so sanh giita cuong do
hoa 1ong ctia dat 1ay theo két qua thi nghiém tuwong tng véi sd vong lap chu
ky n trén nhitng miu nguyén dang va Gmg suit cat tudn hoan giy ra do dong
dat, the hién ¢ Hinh 1.13.

0 GBVO
05 TT T T TTTTT T T T TTIT
04 L -
_|.F 03 R 20
| <
0.2 T F
0.1 i 2
=
=
O 1 T I T || | L1 11Ul
0 50 100
T CRR
S6 vong lipn z CSR

Hinh 1.13. Nguyén tic phirong phdp phan tich (itng sudt toan phan) dé
danh gia kha nang hu hong
1.3.2. Mt s6 nghién civu trieée diy vé héa long

Tran Thuong Binh (2006) [22] c6 dé cap tdi cac van dé cb két dong, do
bén dong, hoa long cua cat va danh gia mic do nhay cam véi dong dat cua
cac loai nén dat & Ha Noi.

Nguyén Vin Phong (2013) [8] d4 nghién ctru dic trung bién dang dong
ctia dat nén hé tﬁng Thai Binh phan b6 & khu vuc Ha Noi béng thiét bi ba truc
dong cho tan sb f =2 Hz. Két qua cho rang, chi s6 ung suit cit CSR giam, chi
s6 ap luc nudc 16 rong thing du r, ting theo s6 vong lap chu ky n cho tan s f
=2 Hz.

Tran Dinh Hoa, Bui Duy Manh (2013) [20], di danh gia hoa 1ong nén
do dong dat va phuong phap danh gia kha ning héa 1ong nén cong trinh
chéng ngap TP. H6 Chi Minh, két qua cho 1a khi cap dong dat M,, = 7.0 thi
dat nén khong c6 kha ning hoa 10ng.

Luong Thi Hang, Tran Hong Minh (2015) [4], d3 tinh toan strc chiu tai
cta coc ¢ ké dén hoa long cua dat nén khi dong dét theo chi sb Nspt cho nén
cat va nén soi san (tinh todn suc chiu tai cua coc theo cong thire Nhat Ban va
mili coc cdm vao nén soi san). Stc khang than cta coc giam 36 % trong
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truong hop st dung coc khoan nhdi va 30 % trong truong hop sir dung coc
Barrette. D6i voi strc chiu tai cia coc ¢6 ké dén hoa long thi sy suy giam 1a 13
% trong trudng hop st dung coc khoan nhéi va 10 % trong trudng hop sir
dung coc Barrette twong tng véi ty s gita chiéu day 16p cat hoa long (Ipiig =
45 m) va chiéu dai coc (I, = 61.3 m) 12 73.4 %

Nguyén Vin Phéng va nnk (2020) [10] da tinh toan cho du 4n tuabin
dién gi6 khu vuc duyén hai Soc Tring voi chiéu dai coc 1a 53.5 m va dudng
kinh coc ngoai l1a 0.6 m, miii coc cim vao 16p cat hat nho, rt chit. Ty sb gifra
chiéu day 16p cat héa 1ong (1,iq = 11 m) va chiéu dai coc (I, = 53.5 m) 14 20.5
% va do suy giam gitta stc khang cuc han cta coc ¢é xét kha nang hoa 16ng
va suc khang cuc han cua coc 1a 19.5 %.

Phi Hong Thinh va nnk (2024) [13] da tinh toan cho du 4n thap dién
gi6 khu vuc ven bién tinh Quang Binh véi chiéu dai coc 1a 15 m va dudng
kinh coc ngoai 1a 0.6 m, miii coc cam vao 16p cat hat nhd, chat vira, strc khang
cuc han cua coc la 1798 kN va strc khang cuc han cta coc c6 xét kha nang
hoa long 1a 1542 kN. Ty s6 giita chiéu day 16p cat hoa long (Ipjig = 5 m) va
chiéu dai coc (I, = 15 m) 1a 33.3 % va do suy giam gitra strc khang cuc han
cua coc cd x¢t kha nang hoa long va suc khang cuc han cua coc 1a 14.3 %.

1.4. Nghién ctru dic diém dia chat khu vue TP. Quy Nhon, tinh Gia Lai

1.4.1. Khai quat vé ddc diém dia chat khu viee TP. Quy Nhon, tinh Gia Lai
1.4.1.1. Dia tang

Trén co s& Ban do dia chat ty 1& 1:200000 t& Quy Nhon cta Cuc DPia
Chat va Khoang San Viét Nam xuét ban do Tran Tinh lam cht bién (1997)
[23], Ban dd dia chét ty 1& 1:50000 do Lién Poan Dia Chat Thuy Van - Dia
Chéat Cong Trinh Mién Trung duoc thanh 1ap va c6 nhiéu chinh 1y bo sung
ctia Vii Ngoc Tran (2002), két hop vdi cac két qua khoan - khao sat dia chat
ctia mot s6 cong trinh cua cac co quan nghién ctru ¢6 lién quan dén khu vuc
TP. Quy Nhon [7], ta phan chia khu vuc nghién ctru thanh cac phan vi dia
tﬁng sau:

- H¢ tang Phong Hanh (PZyp):

Hé tang Phong Hanh 16 ra dién nho phia Pong Nam, phia Tay Béc nui
Viing Chua va phan nhé nai Ba Hoa, dién tich 16 khoang 4 km®, thanh phan
chu yéu da phién thach anh biotit sericit, phién thach anh mica, chiéu day
khoang 300 m.
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- Hé ting Ba Hoa (Jy): Hé ting Ba Hoa phan bd ¢ nti Ba Hoa phia
bong Nam khu vuc khéo sat va dién tich nti Viing Chua, di¢n tich khoang 4
km?. Thanh phan cha yéu 1a cudi két, san két, cat san két. Bé day 250 m = 270
m.

- H¢ tang Mang Yang (T3 ny):Céc d4 ctia h¢ tang 16 thanh mot dai 16n
hinh vong cung bam & ban ddo Phuong Mai va it & nai Viing Chua di¢n tich
16 khoang vai chuc km?, gém: cudi san két tuf, cat két tuf, ryolit porphyr,
ryodacit porphyr ryolit, tuf, aglomerat.

- H¢ Pé Tir: Tram tich Dé ti phan bd chu yéu & ven bién, cac vung ha
luu song Ha Thanh voi téng dién tich kha rong. Tram tich dugc hinh thanh tir
nhiéu ngudn gbc: song, bién, hdn hop song bién, bién - dam lay, bién gid
trong d6 phan bd rong rdi nhat 13 cac thanh tao song - bién va bién. Tram tich
bién - dam lay (mbQ,*®): hinh thanh & nhitng ving dat thap, dim iy ven bién
thudc cua song Ha Thanh, hau hét phén trén mat bi ngap triéu v6i mot mang
ludi lach tridu chang chit, chiém hau hét dién tich phan phia Pong Béc TP.
Quy Nhon. Thanh phﬁn tram tich 1a sét, bot, cat, bun chira di tich thuc vat,
manh vo6 so, day 3 m =+ 50 m.

QUINHON
B e o e D-49-XX
13 8 e = ';‘:‘:- T =y LU -]% o s =
1
Nui Ba Hoa Diorit - H¢ Nha Trang s
Bl Granit - H¢ Beo Ca
A Bindao Cat, mau vang - Hé P& Tir
A~ phuong mai
A »: ’ ~
B Cudi, cat - Hé Mang Yang E
Quy nhon
f
Nui viing chua (4
- pe— - “
mm
g
’ ’ of 4
= Pak lak °
L ]
" r
= | o :' ™ ™ r e I T e J'ﬁ

TORE AT et b ke e b
e P T e L S T B e

Hinh 1.14. Ban d6 dia chat ty 1é 1:200.000 to Quy Nhon [T]
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1.4.1.2. Déc diém dia chat

Nhin chung, dat nén khu vuc ven bién tinh Gia Lai noi chung va khu
vuc TP. Quy Nhon néi riéng phan 16n 13 nén cat & trang chit vira, c¢6 thé
nhiém min, d6 khoang hoa tir 3.0 (g/1) + 3.9 (g/1) & khu vuc gan ven bién,
chiéu day bién thién tir 10 m dén 50 m [7], cac 16p dat cat ndy thudng cb cac
dac trung co ly sau:

- Dung trong ty nhién y,, = 17.3 KN/m* + 19.7 kN/m°

- Goc ma sat trong ¢ = 28° + 32°

- Hé s6 rong tuy nhién e = 0.55 + 0.72

- D6 4m ty nhien W =2 % + 10 %

- M6 dun bién dang E, = 10000 kPa + 25000 kPa

- Ham lugng hat min (d < 0.1 mm) c6 FC=5%+ 11 %

- Gia tri xuyén tiéu chuan (SPT) N = 15 + 32

- Gia tri xuyén tinh (CPT) g, = 18000 kPa + 26000 kPa va

fs = 1000 kPa + 3000 kPa

Ngoai ra, dé xac dinh duong cong phan b ¢& hat ciia nén cat ciia khu
vuc TP. Quy Nhon, tinh Gia Lai. Luan an d3 st dung ban dd dja chit cong
trinh ty 1& 1:25.000 dé xac dinh mat cit dia chat cho 03 tuyén di qua cac du an
& khu vuc TP. Quy Nhon nhu sau: mat cit dja chat theo duong AB; mat cat
dia chét theo duong CD va mat cat dia chat theo duong EF (Hinh 1.15).

Tir d6, ta thdy dugc dia chat dién hinh cta khu vuc TP. Quy Nhon ¢6
hai 16p cat mau vang xen kep mot 10p thau kinh bun hitu co mau den.

Trén co so hod so khao sat dia chét ciia cac du an tiéu biéu, tac gia da
tién hanh v& dudng cong phan bd ¢& hat (Hinh 1.16). Nhan thiy, tit ca cac
duong cong phan bd ¢d hat ciia cac dy an nay co6 gia tri nam trong khoang
(0.04 mm + 0.2 mm) twong Gng voi gid tri cua phan trim hat min 12 0 (%) va
c6 gia tri nam trong khoang (1 mm + 4 mm) twong (mg v&i gia tri ctia phan
tram hat min 1a 100 (%).

Tir d6, tién hanh d6i chiéu duong cong phan bd ¢ hat ciia dia chét dién
hinh khu vuc ven bién & TP. Quy Nhon, tinh Gia Lai (Hinh 1.16) va dudng
ranh giéi duong cong dat hoa 1ong (Tsuchida, 1970) [32] (Hinh 1.5) thi dudng
cong phan b ¢& hat ctia khu vuc nghién ctru ndm trong pham vi dat cat co
kha niang hoa long. Do d6, luan 4n nay danh gia tiém niang hoa 1ong cho dat
cat tai khu vue TP. Quy Nhon, tinh Gia Lai 1a phu hop.
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BAN PO BIA CHAT CONG TRINHN- DIA KY THUAT CAC TUYEN DU AN
TI LE: 1:25.000
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Hinh 1.15. So do phan viing dia chat khu vuc ven bién
TP. Quy Nhon, tinh Gia Lai
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Hinh 1.16. Quan hé giita phan tram hat min va dwong kinh ¢ hat ciia khu vyc
ven bién TP. Quy Nhon, tinh Gia Lai
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1.4.2. M{t s6 twong quan cdc théng sé co 1y vimg Quy Nhon, tinh Gia Lai
Theo két qua di thong ké va xay dung mdi trong quan giita cac chi tiéu
co ly véi chi s6 xuyén tiéu chuan Ng, duoc trinh bay sau:
7., =0.0002N° +0.0072N +1.6683 (1.4)

@ =-0.0395N? +2.3426N +5.9053 (1.5)

O day: yu, @ - dung trong tw nhién (kN/m®), géc ma sat trong (d9).

Véi cac thong sb chi tiéu co 1y trén, dat nén khu vuc mién Trung néi
chung va TP. Quy Nhon néi riéng 1a nén cat, cat pha & trang thai chit vira, c6
thé nhidém min, ham luong hat min nho, dét cat sach, ...., chiéu day nén cat
bién thién tir 8 m dén 25 m. Pay 1a chiéu day nén cat nam trong pham vi ¢
kha nang hoa long khi dong dat xay ra duoc nhiéu tac gia trong va ngoai nudc
dé xuat [5], [12], [13], [16], [28], [31], [43], [51], [60], [61], .. anh hudng truc
tiép dén su suy giam cua suc chiu tai cuc han doc truc cua coc, gay méat 6n
dinh cua cong trinh.

1.5. Nhan xét chuong 1

Pudng cong phan bd ¢& hat cho nén cat & khu vuc nghién ciru tai TP.
Quy Nhon, tinh Gia Lai nam trong dudng ranh gidi duong cong dat cat hoa
1ong cua Tsuchida (1970). Pay 1a co s& dé danh gia so bo nén cat & khu vuc
nghién ctru tai TP. Quy Nhon, tinh Gia Lai c¢6 xét kha nang hoa 16ng khi c6
dong dat.

Viéc nghién ctru téng quan vé stre chiu tai cuc han doc truc cua coc co
xét kha niang hoa 10ng cua nén cat khi dong dat con nhiéu han ché, cu thé:

- D3 xem xét Mot s6 twong quan ciia Nén cat co xét kha nang hoa long
nhu danh gia tuong quan gitra bién dang cat vy (%) cta dit v6i su thay doi cua
chi s6 Nygo, gid tri cia bién dang cat y (%) tang thi gia tri ciia Ny go giam theo
Boulanger va nnk (2006), sir dung hé s6 khang than P khi tinh sirc khang than
ctia coc va hé sé khang miii N; khi tinh strc khang miii ctia coc theo Fellenius
va nnk (2008), ciing nhu dya vao két qua thi nghiém xuyén tiéu chuan Ngpt va
thi nghiém cat truc tiép trong phong (c, @, yw ...) theo Muhunthan va nnk
(2017), tir @6 kho xac dinh chinh xac suc chiu tai cuc han doc truc cta coc ¢o
xét kha ning hoa 1ong ctia nén cat twong ing véi cac tan sé dao dong khac
nhau (tan s6 dao dong trong gia tai lap thudc thi nghiém ba truc dong).

- Cac quy dinh cho trong cac tiéu chudn xdy dung Viét Nam it dé cap
cu thé tinh hé sé khang hoa long FSjig, chi s6 ng sudt cat tudn hoan trung
binh 1}, 4, h¢ s6 nhan gidm khang coc cia Dg do hoa léng, ....
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Tir viéc nghién ciru tong quan vé danh gia kha nang hoa 1ong cta nén
cat va strc chiu tai cuc han doc truc ctia coc c6 xét kha nang hoa long cua nén
cat khi dong dat, cho thdy phai nghién ctru chi s 4p luc nudc 16 rong thing
du r, nham danh giad suc chiu tai doc truc cua coc co xét kha nang hoa long
ctia nén cat khi dong dat & khu vuc TP. Quy Nhon, tinh Gia Lai, nhi¢m vu dat
ra cho luan an nhu sau:

- Nghién ctru thiét 1ap bing gia toc nén theo thoi gian twong tmg voi tan
s6 f=1 Hz va tan s6 f=2 Hz.

- Tur két qua thi nghiém hién trudng, thi nghiém trong phong va thi
nghiém ba tryc gia tai lap, thiét 1ap tuong quan giira CSR, r, theo sd vong lip
chu ky n, thiét 1ap tuong quan gitta CSR, r, theo chi s6 Ngo, quan hé gitra goc
ma sat trong ¢ va goc ma st trong c6 kha niang hoa long ¢’ theo s vong lip
chu ky n cho tan sé f=1 Hz va tan s f =2 Hz.

- Xac dinh stc chiu tai cuc han doc truc cia coc c6 xét kha nang hoa
16ng cua nén cat khi dong dat theo cac cong thirc 1y thuyét va phuong phap sb
bang phan mém Geostudio 2018 tuong tng véi tan s6 f =1 Hz va tan s6 =2
Hz.

- Pé xuit va kiém tra chi s6 ap luc nudc 16 rdng thing du r, theo chi s6
Ngo trong tng voi tan s6 =1 Hz va tan sb =2 Hz nham tinh toan strc chiu
tai cuc han doc truc cia coc co xét kha ning héa 1ong cua nén cat khi co dong
dat cho khu vuc & TP. Quy Nhon, tinh Gia Lai.
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Chwong 2
CO SO LY THUYET VE SUC CHIU TAI DQC TRUC CUA CQC CO
XET HIEN TUQNG HOA LONG CUA NEN CAT KHI CO PONG PAT

2.1. Giéi thiéu chung

Noi dung ctia chuong nay, trinh bay mét s6 van dé sau: xay dung bing
gia toc nén chiu dong dat tir phd phan tmg diéu hoa, moé hinh dat nén, hé sb
khang hoa 1ong nén cat duoc tinh theo két qua thi nghiém SPT, co so Iy
thuyét xac dinh strc chiu tai doc truc cia coc theo cac phuong phap.

Trong chuong ndy, c6 trinh by phan tinh toan xay dung bing gia toc
nén chiu dong dat tir phd phan tng dan hoi theo 1y thuyét va bang gia téc diéu
hoa bang phan mém Geostudio cho khu vuc dia chat dién hinh tai TP. Quy
Nhon, tinh Gia Lai.

2.2. X4y dung bing gia toc nén chiju dong dat tir pho phan vng dan hoi
2.2.1. Dt vin dé

Hién nay & nudc ta, tiéu chuan TCVN 9386:2012 [16] dugc bién soan
theo tiéu chuan Eurocode 8 [34], ndi dung c6 thé hién phd phan Gng dan hoi
cho cac loai nén tir A dén E va céc gia tri dinh gia toc nén thiét ké ag cho tung
khu vuc cu thé, quy dinh can ap dung phuong phap phan tich dong phi tuyén
theo thoi gian (T = 10 s) cho thiét ké khang chan két ciu cong trinh.

Theo m6 hinh Kanai (1957) [45] da duogc st dung rong rai trong mo
hinh chuyén dong mit dat dé xac dinh ham mat d6 phd cong suit (PSDF) cia
bang ghi gia toc mat dat tuong tng véi tan sé dao dong f.

Str dung phuong phap sé theo phan mém Geostudio 2018 [40] dé xac
dinh tao bang gia tdc nén theo phuong phap Newmark (1959) [52], ¢ day
phuong phadp Newmark 1a cong thirc phan tich mgt budce, vecto trang thai cua
hé & thoi diém tyy = t, + h dugc suy ra tur vecto trang thai cia hé da biét &
thoi diém t.

Noi dung nay, trinh bay phuong phap dang cos dé tao gia cac bing gia
tdc nén co bién d6 phd phan tmg gia toc dan hoi sat voi phd phan tmg gia tde
dugc quy dinh trong tiéu chuan TCVN 9386:2012 [16] theo thoi gian T =10 s
tuong tmg véi tan sé dao dong f khac nhau.

2.2.2. Co s6 Iy thuyét dé xdy dung bang gia toc nén chiu dpng dit tiv phé
phan ieng dan hoi

2.2.2.1. Phuong trinh dao dong cua hé dan hoi tuyén tinh mot bdac tw do
(SDOF) khi chiu tdi trong dong dit
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Chuyén vi tong thé (tuyét dbi) cta hé u'(t), gdm chuyén vi cudng bic
ctia nén Ug(t) va chuyén vi twong ddi ciia hé déi voi nén u(t). Tai mdi thoi

diém ta co:

u'(t)=u(t)+u,(t) (2.1)
Luc quan tinh fi(t) phat sinh tai khéi luong m dugc xac dinh theo:
f, (t)=muilt) (2.2)
u(t)
cu() -

T | 0= g

k.u(t)

: b.
Hinh 2.1. Hé két cau cé mét bac tu do déng (SDOF)
chiu tac déng cua dong dat [6]
V&i hé dan hdi tuyén tinh, do ctrg k Xem la khong ddi, ndi luc trong hé

ty 1& thuan voi chuyén vi va do ctimg: f. (t) = ku(t) (2.3)
Luc can fp(t) xem 1a tuyén tinh v6i van toc va mot hé sé can khong doi
¢ cuia hé: f,(t)=cu(t) (2.4)
Tai tirng thot diém hé ludn & trang thai can bé‘mg nén:
f,(t)+ fo(t)+ fo(t)=0 (2.5)
O day: u(t);u(t); () lan luot 1a chuyén vi, van toc va gia toc theo thoi
gian t.
— mui(t)+cu(t)+ ku(t) = —mui (t) (2.6)
Hay: U‘(t)+%u(t)+%u(t)=—ug(t) 2.7)

bat: o= \/% - tan s6 goc dao dong ty nhién cta hé va o, :?l_—ﬂ=27zfn -

n
tan s6 goc dao dong riéng; T, - chu Ky ldp dao dong riéng tu nhién cua hé; f, -
tan sé dao dong riéng tu nhién cua hé.

- hé s can. (2.8)

— ti(t)+ 2&(t)+ @’u(t) = i, (t) (2.9)



28

Nghiém chuyén vi u(t) véi khoang thoi gian vo ciing nho dt (voi t > 1)
ciia phuong trinh trén 14 tich phan cua Duhamel duoc biéu dién dudi dang
nhu sau:

u(t)=- 1 j. ty(z e sin(w, (t— 7))z (2.10)

h
Trong d6: @ =wy\1-&2 - tan sb goc riéng co xét dén anh hudng cua hé
s6 can dao dong, trong mot sb truong hop c6 thé 1dy o, =w (vi hé sb can &
thuong nho, vao khoang 5%).
Tir d6, pho gia toc (pho nang luong) theo tan s6 goc nhu sau:

2
T
4 +4 2 2 2 g’t(a) ]
Suyt(a)):S a)g,t gg,ta)g,ta) _g 9.t 2 (211)

’ (a)gzt o’ )2 +4&, 0] 0’ ’ o 27? o
1-| -2 | +ag, |-
@q ¢ g ¢

Trong dé: So - gia tri cwong do nén lién quan dén gia téc nén theo gia
tbc phd phan tGng dan hoi, g1, O - tan s6 goc nén tu nhién, tin sé goc bi

nhiéu; &y, - hé s can nén va o, :i—”: 27
g
2.2.2.2. Xay dwng bang gia toc nén tir phé phan iing dan hoi dang cos
Str dung theo md hinh Kanai (1957) [50] véi bang gia téc nén theo
dang dang cos cho gia tri cuong d6 nén So, ham dang cua gian do gia tdc nén

g-*

E(t) va goc pha ngau nhién khac nhau. Ta thiy rang, khi ham dang cta gian
d6 gia téc nén ting thi gia tri gia tdc ting.

Gia toc nén ag(t) theo thoi gian t véi bién do ngau nhién A, va goc 1éch
pha @, (Shinozuka va Deodatis 1988) [50] nhu sau:

a,(t)= EQ)Y. A coslt +,) (212)
n=1
Trong d6: E(t) - gia tri ctia ham dang pho gia téc nén theo Eurocode
[34] (Hinh 2.2), A, duoc x4c dinh theo phd ning lugng S(w,) tai mdi khoang
chia déu Aw véi Ao = 0.005 rad/s, A, =/25(w, )Aw , M - tong s6 budc thoi gian

duoc chia theo t véi mdi budc thoi gian At = 0.5 s, 1y tan s6 nén tu nhién oy,
1a 37 (rad/s) va hé s6 can nén &;, 1a 0.40 [50].
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1.2 5

1.0 -

08 = (.01
—a = 0.1
0.6 -
04

0.2

Pl gia toc nén E(f)

0 5 10 15 20 25 30 35 40 45
Thot gan t (s)

Hinh 2.2. Phé gia toc dat nén [34]
Sai s6 ning luong phd md phong trung binh va phd dinh [A] nhd hon
10% [34], [45]:
[A]= max{w .100} <10% (2.13)
S.(t)
Trong d6: S(wy), Se(T) - phod phan tGng thiét ké tinh theo mé hinh, phd
phan tng gia toc dan hoi.
2.2.2.3. Xdy dung ham bang gia téc nén diéu hoa ay(t) theo thoi gian
Cac két qua kiém chung lai trong phong thi nghiém thuong dugc thuc
hién bang cach lién tuc ap dung mot chu ky tng suit dong déu. Vi vay, xét
g x1r cta dat nén dudi tai trong dong xuét phat tir viéc ap dung cac chu ky
g suat dong déu. Kramer (1996) [40] da thiét 1ap twong quan giita sé vong
chu ky tuong duong n tuong tmg vdi cap dong dat My, 1a dang phi tuyén
(Hinh 2.3).
Theo Seed va nnk (1975b) [40], gia tri cta ing suét cit tuan hoan dén
0.65 tng suat cat tudn hoan dinh cua Apeak (801 tat 13 ama) twong Gng voi Gmg
suat cat tuan hoan theo lich st thoi gian hodc 0.65 1a hé ) trong luong dé tinh
toan (mg suat cit tudn hoan tuong duwong ciing nhu dé tinh ap luc nudc 16
rong thang du Au trong qué trinh dong dat.

Toyete = 0.657 (2.14)
a 1
_| Bmax L 2.15
2-peak ( g jrdo-o MSF ( )
acyc e 1
z-cycle = (QIJ 10y w (2 ' 16)
—> 8y, =0.658,,, (2.17)
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Trong do: Tpeak - chi s6 ung suét cat tudn hoan dinh, Teycle - chi $6 ung
sudt cit tudn hoan twong duong, Aeycle - gla téc chu ky twong duong, MSF - hé
sO cap dong dat, MSF =6.9exp(— M, /4)—0.058 v&i M,, - d6 16n momen dong dat,
ry - hé s anh huong bé mit theo dd sdu z véi g = 1 - 0.015z, o - ung sut
téng.

30

20

n (vong)

10

M,y
Hinh 2.3. Quan hé gitta n va M,, (Kramer, 1996) [40]
2.3. Cac md hinh dat nén trong phan mém Geostudio 2018

Geostudio 2018 [40] 1a phan mém chuyén nganh dia k¥ thuét, trong
phian mém Geostudio 2018 c6 nhiéu mo dun giai quyét phan 16n cac bai toan
trong thuc té, tuy nhién trong co so 1y thuyét & chuong nay chi trinh bay vé
mo dun dong dat.

Viéc lya chon mdt mo hinh tt phai dai dién duogc cho tat ca cac khia
canh tmg xir thuc cua dat boi s6 luong hop 1y cac thong s6 dau vao va nd phai
c6 kha nang phéan biét giita bién dang dan hoi va bién dang déo. Cac mé hinh
vat liéu dat nén thuong dung dé st dung trong tinh toan dong dat nhu sau:

- M6 hinh dan héi tuyén tinh (Linear Elastic Model), ky hiéu 1a LE.

- M6 hinh tuyén tinh twong duong (Equivalent Linear Model), ky hiéu
la EL.

- M6 hinh phi tuyén tinh (Non-Linear Model), ky hiéu 1a NL.

2.3.1. M4 hinh dan héi tuyén tinh (LE)

La mo hinh don gian nhat, mé hinh nay dugc xdy dung dya trén Gng
suat o ty 1& tuyén tinh voi bién dang & va mo dun bién dang Eo. Phuong trinh
duoc thé hién nhu sau:

o=Eye (2.18)
Trong tinh toan dong dat, mo dun bién dang E, thuong dugc ndi suy ra
tir md dun cit G. M6i quan hé giita mé dun bién dang Eq va mé dun cat G:
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E,
G =0 y] (2.19)

Trong do: v - hé so poisson cua dat.

Bing 2.1. Mt s6 ky hiéu va mé ta ciia mé hinh dan hoi tuyén tinh

Ky hi¢u Pon vi Mo ta
Yw kN/m® | Dung trong tu nhién cua dat
Y - Hé so poisson
- Hé so can

Au kPa | Ap lyc nudc 16 rong thing du

Kac - Hé s6 giam Ung suat cat tuan hoan
Ks - Hé s6 hiéu chinh qua tai

n vong | S6 vong lap chu ky

Gmax kPa | M6 dun cat 16n nhat

2.3.2. M hinh tuyén tinh twong duwong (EL)

Mo hinh tuyén tinh tuong duong rat gidng vi md hinh dan hodi tuyén
tinh. Sy khac biét 1a mo dun cat G cia dat duoc diéu chinh theo bién dang
tinh toan. Tuc 1a sau mdi chu ky lap cua dong dat, sy thay doi giita ing suét
cit T v4i bién dang cat y s& 1am thay d6i mo dun cat G. Pay 1a mot mo hinh
tuyén tinh twong duong thé hién dugc phu hop véi dudng cong ng suét cat -
bién dang cit ctia dat trong qua trinh gia tai ldp chu ky. Quan hé giita tmg suét
cit T v6i bién dang cat y c6 dang nhu sau:

r=f(y)=Gy (2.20)
Theo Hinh 2.4 (Kramer, 1996) [47], d0 ctng cua dat dugc biéu dién
thong qua mé dun cat tiép tuyén G; voi dudng cong vong lap (goi 1a vong lap
tr) va gia tri trung binh cta G; s& bang mé dun cit cat tuyén G dugc xac dinh
nhu sau:

G = ' (2.21)
Ve

Trong do: t, y. - Ung suét cét, bién dang cit tai vi tri cat tuyén.




32

Gs

}7/

Hinh 2.4. Quan hé giita Gg, Gy va y

Dang duong cong vong lap ndy thé hién su ton that ning luong thong

qua hé s6 can & He s6 can ¢ duoc xac dinh nhu sau:
_Wo _ 1 Awp
42N, 27 ' Gyl

Trong d6: Wp, Wi — nang lugng dudong cong vong ldp, nang lugng ting

£ (2.22)

suat 1on nhat, Ajoop - di€n tich duong cong vong tron 1dp.
Bing 2.2. Mot s6 ky hiéu va mé ta Ciia mé hinh tuyén tinh tiwong dwong

Ky hi¢u Don vi Mo ta
Yw kN/m® | Dung trong tu nhién cua dat
v - Hé s6 poisson
- H¢ sO can

Au kPa | Ap luc nudc 16 rong thiang du

Kac - Hé s giam tng suat cat tudn hoan
K. - Hé s6 hiéu chinh qua tai

n vong | SO vong lap chu ky

G kPa | Mo dun cat
Gmax kPa | Mb dun cét 16n nhat

2.3.3. Mé hinh phi tuyén (NL)

Ung xir tng suat - bién dang dang phi tuyén cua dat dugc cho 1a md
hinh phi tuyén. Pay 1a mdt mo hinh phi tuyén thé hién duoc phu hop véi
dudng cong g suat - bién dang ctia dat trong qua trinh gia tai lip chu ky.

Tuong ty nhu md hinh tuyén tinh twong dwong, mo hinh phi tuyén ciing
xac dinh dugc sy thay d6i cua 4p luc nudc 16 rdng thiang du trong qué trinh
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gia tai 1dp chu ky cho truong hop thi nghiém khong thoéat nudce, tuy nhién viée
xac dinh dugc chinh xdc dang mat trugt sup dd ctia mau cat rat phtrc tap.

Ung xir phi tuyén giira ing suat - bién dang cia dat dudi tic dung cua
gia tai lip chu ky duoc mo ta chinh xac hon bdi mo hinh phi tuyén chu ky thé
hién theo Hinh 2.5. [47], duoc biéu dién qua cong thirc sau:

T

Tmax

Tce [T~/ ~ =~

= ¥ max 0 Yoo Vmax Y

——————————— — Tmax

Hinh 2.5. Quan hé giita tymax, Gmax Va Ymax
G
5y(r)=—r ol (2.23)

1+((5W"XJ|7/|
max

Trong d6: 1,(y) - Ung sudt cit tudn hoan trung binh theo dudng cong
ung suat - bién dang, Tmax - UNg suat cit tudn hoan 16n nhét, G,y - md dun cit
16n nhét cua dat, y - bién dang cit cua dat.

Theo mé hinh phi tuyén nay dugc thyc hién theo bon quy tic sau:

1). Gia tai lip chu ky, xac dinh dugc ing suit cat tuan hoan trung binh
Ty(y) theo dudng cong mg suit - bién dang.

2). Néu dao nguogc mg suat tai mot diém (yi, ) thi duong cong tng
suit — bién dang s& di theo dudng cong sau:

Tha( ] (2.24)

3). Néu gidm tai hodc gia tai lai vugt qua gidi han bién dang tdi da va
cit duong cong Umg suét tudn hoan trung binh thi duong cong tmg suét bién
dang sé tiép tuc di theo duong cong mg suat tuan hoan trung binh cho dén lan
dao nguoc tng suit tiép theo.

4). Néu dudng cong giam tai hodc gia tai lai cat duong cong giam tai
hodc gia tai lai tir chu ky trudc, thi dudng cong tng suat - bién dang s& tuan
theo duong cong cua chu ky trudce.
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a). b).
Hinh 2.6. M6 hinh Masing mo rong [47]
a). Suw thay doi cia iing sudt theo thoi gian, b). Ung xir ciia tng sudt va bién dang

Qua trinh gia tai lap chu ky dan dén mot loat ing xUr gia tai - giam tai,
giam do cing va cac hi¢u ung khac. Hinh 2.6 1a m6 hinh Masing mé rong
[47]. M6 hinh ndy miéu ta quan hé giira tai trong - bién dang dudi dang gia
lap chu ky. Gia thiét tai chu ky bat ddu ¢ diém A (Hinh 2.6.a) va dudng tng
suat bién dang ban dau 1a doan AB (Hinh 2.6.b), tai B qua trinh gia tai ddo
chiéu va chat tai tir B, qua trinh chét tai qua diém C va kéo dai dén diém D.
Pén D lai twong ty nhu trén cho dén diém E, rdi tiép tuc qua diém F va dao
chiéu. Qua trinh Idp lai cho hét phﬁn con lai.

Bing 2.3. Mot s6 ky hiéu va mé td ciia mé hinh phi tuyén

Ky hiéu bon vi Mo ta

Yw kN/m® | Dung trong ty nhién cua dat
v - Hé so poisson
1 - Hé s6 can

Emax - Hé s0 can 16n nhat

Au kPa | Ap luc nudc 16 rong thing du
E, kPa | M6 dun phuc hoi cua dat
G kPa | Mo dun cat

Gmax kPa | Mb dun cit 16n nhat
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2.3.4. Cic thong so chinh dwoc siv dung cho cdc mé hinh nén
2.3.4.1. M6 dun cdt 16n nhat Gray
Trong thi nghiém ba truc gia tai 1ap, d§ cung cua dat thuong dugc danh
gia thong qua cac thong sb nhu d6 16n bién dang chu ky, ing suit co hiéu, hé
s6 rong, chi sb do sét, chi sd quéa cb két (ORC) va sb vong chu ky gia tai lap.
Mo dun cit G c6 thé 13 hing s trong tinh toan dong dat cho ba mé hinh
trén (LE, EL va NL). Tuy nhién trong phéan tich dong dat, nén s dung ting
suat cét 1on nhit G,y cho chu ky 1ap, gié tr1 Gpax nay dugc tinh nhu sau:
Déi voi dat cat:
G, =22K./ p,o, (2.25)
Trong d6: K - hé s6 nén theo phuong ngang, p, - 4p luc thiy tinh, 6", -
ung suét hitu hiéu chinh trung binh, dugc xac dinh:
o = o, +0,+0, _ (1+ ZKO)G;O (2.26)
3 2
Trong do: 6’1, 67, 673 - cac Gng suét chinh hitu hiéu, kg - hé sb ap luc

dat tinh, 6’y - Gmg suét hitu hiéu cua dat.
Theo Seed va Idriss (1970) [40], hé s6 nén K dugc xac dinh nhu sau:
Bing 2.4. Hé s6 nén K

Loai dat nén Hé s6 nén K
Cat roi 30
Cat chat vira 50
Cat chat 70
D6i véi ddt dinh:

Hardin va Drnevich (1972), Hardin (1978), Mayne va Rix (1993) [40],
md dun cét 16n nhat G,y ctia dit dinh o thé tinh nhu sau:

1 K -
G, =62 (—) OCR)"/P. 2.27

Trong do: e - h¢ $6 r5ng cua dat, OCR - hé sb qua cd két cua dit, k - hé
56 c6 quan hé véi chi sb do sét I, voi k=(1,™/50, 6"y, - Gmg suat hiru hiéu
chinh trung binh dugc tinh giéng nhu dat cat.
2.3.4.2. Hé 56 gidm mé dun cdt (G/Gay)

Sau khi gia tai lap chu ky thi mo dun cat G ciia mau dat s& bi giam.
Trong md hinh tuyén tinh twong dwong (Hinh 2.7) [47], quan hé giita hé sb
gidm mo dun cit G/Gpay VGi bién dang cit nhu sau:
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G
T Gmax
Gmax
Gs 1.0
‘CC ________
| _Gs
: Gmax
:
0 Ve Y Ve log(Y)
a). b).

Hinh 2.7. Quan hé giita mé dun cdt va bién dang cat
). Gnax, Gs vai y, b). Gs/Gay vai log(y)
Ishibashi va Zhang (1993) [40] d4 phat trién dugc biéu thic vé hé sd
giam mo dun cat (G/Gma). Quan hé gitra hé s6 giam mo dun cit (G/Gma) VOi
chi s6 40 sét (Ip) va tng suat gi¢i han nhu sau:

=Kt Jo P (2.28)
0.000102+nl \*** |
K(y,1,)=05{1+tg In( : p]
047]
m(y,1,)-m, =O.272{1tg{|n[0'00;556j }exp(0.0145l 13)

n(l,) = 0.00 khi I, = 0; n(l,) = 3.37x10°1,"*** khi 0 < I, < 15; n(l,) =
7.00x107"1,""® khi 15 < 1, < 70 va n(I,) = 2.70x10°1,"** khi I, > 70.

Véi mé hinh phi tuyén (NL), mé dun cit G dugce xac dinh tir 46 dbc
duong cong gitra tmg suét va bién dang.
2.3.4.3. Hé 56 can €&

Theo Ishibashi va Zhang (1993) [40], [47] cho rang hé sb can & c6 mbi
quan hé v&i chi s6 do sét I, va hé s6 giam mo dun cit (G/Giax).

. 13 2
§20l3331+eXp( (;.0145|p ){0'58/{@6 j 16 47GG +1] (2.29)

max

2.3.4.4. Ap lyc nwée 16 rong thing dw (Au)
Gan lién véi mo hinh dat tuyén tinh tuong dwong (EL) 1a m6 hinh tao
ap luc 16 rong dya trén khai niém vé hé sé tng suat tuan hoan (CSR). Tién dé
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1a mot s chu ky ung suét cit cu thé tai mot bién do cét nhat dinh s& tao ra ap
lwe nudce 16 rdng dé 1am cho dét co kha ning hoa long.

Vi vy, mot trong nhitng myc dich cta phan tich phan tir hiru han gia
tai 1ap chu ky 13 tim ra cac gia tri CSR cao nhat do phat trién trong tran dong
dat. Khi da biét CSR cua timg phan t6 dat, ap luc nudc 16 rdng thing du (Au)
6 thé duoc tinh toan nhu mo ta sau.

Chi s6 irng suat cit trong tinh toan dong dat nhu sau:

CsR=_da_ (2.30)

20,,
O day: qq - tng suat 1éch chu ky, duoc xac dinh:
(o —of +(oi—0?F +lo? ~o? ) +6(ei
4y =
2
Trong d6: 6’y - tng suat hitu hiéu ctia dat xét ¢ trang thai tinh ban dau;

Jq - do 16n téng cua ung suat doc truc chu ky; Gxd, Gyd, sz - ing suat chinh
theo phuong truc x, truc y, truc z; rxyd - (mg suét cat ctia mit phang xy.

Theo Lee va Albaisa (1974) [29], Seed va nnk (1975b) [55], gia tri ctia
chi s6 ap luc nuée 16 rong thing du r, duoc xac dinh:

r = 1+larcsin{2(ﬂjw - } (2.31)
2 n

Trong do: n;, n - sé vong chu ky twong duong, s6 vong chu ky theo két
qua thi nghiém ba truc gia tai 1ap c6 xét kha niang hoa 16ng, a - hé sé mé hinh
lay 0= 0.7

Sau d6, Booker va nnk (1976) [29], Seed va nnk (1977) [56] da phat
trién mo hinh va don gian hoa cong thirc trén nhu sau:

Y(2a)
r, = Earcsin(%) (2.32)
T
R Y(2a)
r, = & = ‘03 Pl _ garcsin(ﬁ) (2.33)
O (o T n

Trong dé: Au - ap lyc nudce 16 rdng thing du, o,, o - tng suat budng &
giai doan thi nghiém, ung suét co hiéu ban dau.
Trong qué trinh tinh toan dong dat, ap luc nude 16 rong thing du Au
duogc tinh toan nhu sau:
AU=T,0,, (2.34)
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Ung véi s6 vong lap chu ky twong duong n; va khi r, = 1.0, gia tri ca
ap luc nudc thing du Au s& duge xac dinh va mau dat thi nghiém ba truc gia
tai 1ap s€ co kha nang hoa 1éng.
2.3.4.5. Hé 56 gidm vmg sudt cdt tuan hoan Kag

Theo Seed [40], g suét tinh ban dau ngoai thyc dia anh hudng gidng
nhu Gng suat theo chu 1y trong qua trinh hoa 16ng. Seed [40] goi hé sé anh
hudng nay 1 o duoc biéu dién theo cong thire sau:

T
a=—t (2.35)
GVO
Trong do: 1 - tng suat cat tinh, 6’0 - Uing suat hitu hiéu cua dat.

O thi nghiém ba truc gia tai lap, hé s6 a dugc xac dinh:

o = Imex (2.36)
Ovo

Trong do: Tmax - Ung suét cit tuan hoan 16n nhét, O day tmax = q/2 v6i q -
mg suét léch.

Khi tinh toan dong dat bang phin mém Geostudio, tmg suat cit tuan
hoan dugc xem 13 Gmg suat hiéu chinh (CSR,), gia tri cta tng suat CSR; duoc
xac dinh thong qua sd vong lip chu ky twong duong (n;) . Do d6, hé sd giam
g sudt cat tuan hoan (k,g) [40] dugc dinh nghia bang ty 1¢ gitta chi s6 (ing
sudt cit tudn hoan ngoai hién truong (CSRy) véi chi sé ing sudt cat tudn hoan
cua thi nghiém gia tai 1dp chu ky (CSRy) theo cong thiic sau:

CSR,
*¢ " CSR,
2.3.4.6. Hé 56 hiéu chinh qud tdi Ksg
Str dung gia tri cta chi sd Gmg suat cat tuan hoan CSR dé udc tinh tao

(2.37)

ra 4p luc nudc 16 rdong vuot mire lam anh hudng dén dat co kha ning hoa 1ong
trong thi nghiém ba truc gia tai lap chu ky. Khi tinh toan dong dat bang phan
mém Geostudio, hé sb hiéu chinh qua tai ndy goi 12 k.

Theo Boulanger va nnk (2006) [42], hé s6 hiéu chinh qua tai (ksg) dugc
xac dinh thong qua mg suat hitu hidu (c’\0) cua dét, 4p luc thuy tinh (p,) va
d6 chat twong dbi (D;) theo cong thirc sau:

k.o =1 L In[UVOJ (2.38)

189-17.3D, | p,
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2.4. Ung dung tinh toan cho dia ting khu vure nghién ciru

2.4.1. Xdy dung bang gia toc nén tiv phé phan ieng dan hoi
Xét cong trinh & khu vuc ven bién tai TP. Quy Nhon, tinh Gia Lai véi
nén cat day twong duong 10 m, trang thai chit vira, muc nudc ngdm & do sau

2 m vao mua kho.

Bing 2.5. Két qua thi nghiém co Iy ddt tai TP. Quy Nhon

bac trung vat liéu
A X Ky bon Lop 1 Lop2 | Lép3 .
Thong so hieyu vi Cétphat Bim cé Cétphat Lop 4
~ A sét
trung | htruco | trung
A 1 e 1e A Linear | Linear | Linear | Linear
M hinh v4t licu Model i Elastic | Elastic | Elastic | Elastic
Ung xir cua vat liéu Type - Drained | Drained | Drained | Drained
Do sau z m 0+-10 | 10+14 | 14+24 > 24
Dung trong tu nhién vw |KN/m’| 17.3 17.2 17.3 18.5
Go6c ma sat trong 0] do (°) 29 4 30 16
Lyc dinh don viciadat | ¢ kPa 0 10 0 22
Mbdun dan hoi Eo kPa 23500 4700 28600 | 15000
Hé s Poisson v - 0.3 0.35 0.3 0.3
Hg s0 can 3 - 0.1 0.1 0.1 0.1
T;%%)mo hinh (Seed, |} | 07 | 07 | 07 | 07
Mo dun cat 16n nhat Gmax | kPa | 50000 | 11000 | 55000 | 27400

Vi tri cong trinh ¢6 cac dac diém theo TCVN 9386:2012 [16]: dinh gia
tdc nén tham chiéu trén nén goc (loai A) ¢6 ama = 0.0941g v6i g = 9.81 m/s°
la gia tdc trong truong, dac diém nén loai C v&i hé sd nén S = 1.15, céc gia tri
chu ky pho gia toc nén Tg = 0.2's, Tc = 0.6 s va Tp = 2.0 s, hé s6 tdm quan
trong lay v, = 1, thoi gian dao dong xem xét 1a T = 10 s. Pinh gia téc nén thiét
ke 1a a, = 7,8,,S = (1)(0.0941g)(1.15) = 0.1082g .

Ap dung phuong phap dang cos vi mdi budc thoi gian At = 0.01 s, xét
khoang thoi gian rung chan anh huong T= 10 s, ta dugc bang gia téc nén thiét
ké nhu Hinh 2.8. Pinh gia téc nén thiét ké tinh theo phuong phap dang cos 1a
acmax = 0.1168g tai thoi diém t = 1.83 s. Gid trj ciia gia tdc nén acmax 12 0.05¢g
g voi thoi gian vugt dau tién 1 0.66 s va thoi gian vuot cudi 13 7.16 s xét
trong doan thoi gian T 1a 10 s.

Trong phan mém Geostudio 2018, sir dung phuong phap Newmark dé
xac dinh chudi gia tdc nén thiét ké ac,max VOI mdi budc thoi gian At = 0.02 s
cho 500 budc véi T = 10 s. Chudi gia téc nén thiét ké ag max nay duoc thé hién
trong Hinh 2.9.
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Hinh 2.8. Quan hé giita bang gia téc nén thiét ké theo phwong phdp dang cos va
buoc thoi gian At =0.02 s
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Thot gian £ (s)
Hinh 2.9. Quan hé gitta bang gia toc nén theo phuwong phdp Newmark, phirong
phdp dang cos va buoc thoi gian At =0.02 s

Gia toc dinh thiét ké ag max = 0.1168g tai thoi diém t = 2.14 s. Nhu vay,
ta c6 chudi gia toc nén theo phuwong phap dang cos chuyén sang chudi gia tdc
nén theo phuong phap Newmark. Khoang thoi gian anh huong xét 1a Tq = 6.5
s, thoi diém dat dinh gia téc nén 1a t 1a 1.83 s cho phuong phap dang cos va
2.14 s cho phuong phap Newmark tinh theo phdn mém Geostudio 2018.
Chénh 1éch thoi gian giita gia toc dinh theo phuong phap dang cos va phuong
phap Newmark 0.31 s (T = 10 s) twong tng Atn.c (%) = 3.1% < 5%.
2.4.2. Twong quan giita phé gia toc véi hé so cin khdc nhau

Gia tri cua pho gia téc nén dinh 13 0.39g con gia tri ctia phd gia tbe md
phdéng muc tiéu 1a 0.27g, ddm bao do chénh 1éch 1a 10% v&i thoi gian xét 1a
0.4 s (Hinh 2.10.a), & day phd muc tiéu 12 phd phan tng dan hoi theo phuong
ngang cho nén loai C quy dinh trong TCVN 9386:2012.
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Trong Hinh 2.10.b, hé s6 can & cang nho thi gia tri cia gia téc pho cang
16m, cu thé khi hé sb can & 1a 0% thi gia tri cua gia tbe phé) 12 0.54 va hé sb can
£ 13 20% thi gid tri cta gia téc pho 13 0.32. Hé s6 can & tang thi gia tri ca phd
gia téc giam.

0.6

0.4 : . b

039 \ % 0.54, E=0% Nén logi € )
Nen loai C 0.5 . 3

_03 - M, =63 2 0.41, &2% M8
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Hinh 2.10. Quan hé giita phé gia téc va thoi gian
2.4.3. Thiét ldp bing gia toc nén diéu hoa

M6 phong bang phan mém Geostudio 2018 v&i 870 phan tir (element)
va 925 nit (nodes) cho cap dong dat My, = 6.5 (Hinh 2.11).

Khi cép dong dat M,, = 6.5, tai chiéu sdula I m,2 mva 3 m tuong ung
v6i gia tri cua Gmg suét cat tuan hoan 1a 2.48 kPa, 4.96 kPa va 9.93 kPa va gia
tri ctia Grng sudt cat tudn hoan trung binh 14 5.79 kPa (Hinh 2.12). Két qua nay
suy ra duoc cip dong dat trung binh M,, 13 6.12 twong ung voi sd vong lap
chu kynla5 vong.

o Cat hat trung, day 10 m

o Bun cat hiruco, day 4 m
o Cat hat trung, day 10 m
o A sét

Hmh 2. 11 M0 phong mo hmh nén dat cho khu viee nghién ciru bang
phan mém Geostudio twong img véi M,, = 6.5

T {
(]
AERFSFAFIFEERERES _ _ _  FEEEEREEEE NS PR
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—7=0m ——z=2m ——7Z=3m = ——ztb

- (2.14 s, 5.79 kPa)

e AANAA o~

Tinax (kPa)
~ o o»

[
1

O : T T T T U T T T T T T T T I T T T T T T T T U 1
0 2 4 6 8 10

Thoi gian t (s)

Hinh 2.12. Quan hé djng iimg sudt cat tuan hoan I6n nhat véi thoi gian
M, =6.5, n =5 vong

0.10 -
& 0.05 -
o 0.00
-.o =
= -0.05 ¢
© .0.10 3
-0.15 -
Thoi gian t (s)
Hinh 2.13. Quan hé giita gia toc diéu hoa véi thoi gian
M =6.5 —f=05Hz —f=1Hz —f=2Hz
0.25 3
0.20 -
o 015 °
e 0.10 ¢
..§ 0.05 -
e 0.00
0

YV VYV

-0.25 -©
Thoi gian t (s

Hinh 2.14. Quan hé giita gia toc diéu hoa véi thoi gian cho tan sé khéc nhau
Theo Hinh 2.13, a (t)=0.1168gcos(zt —z/2) ung véin = 5 vong, T = 10

$,Th=25, o, :2T_” =z rad/s. Nhu vay, tai thoi gian T, = 2 s, tan s6 dao dong

nén f= 1/T, = 1/2 = 0.5 Hz twong ung s6 vong chu ky n = 5 vong. Do d6, khi
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f=1 Hz, sb vong chu ky n = 10 vong va f = 2 Hz thi s vong chu ky n =20
vong, ddng thoi bién do gia tde s& duge khuyéch dai twong tng tan s6 1 Hz va
tan s6 2 Hz (Hinh 2.14). o ] .
2.4.4. Nhan xét vé xdy dung bdang gia toc nén chiu dong ddt tir pho phdan
itng dan hoi

- bi x4y dung dugc phuong phap st dung k¥ thuat bién d6i chudi dang
cos dé tao gia cic bang gia tbc nén c6 bién do phd phan Gng gia toc dan hdi
sat voi phd phan Gng gia tdc dugc quy dinh trong tiéu chudn thiét ké TCVN
9386:2012 [16] twong tmg v&i thoi gian T = 10 s 14 can thiét.

- Khu vuc ven bién thudc TP. Quy Nhon, tinh Gia Lai voi diéu kién
dia chat 1 nén cat day tuong dwong 10 m, Vi tri cong trinh xét dén c6 cac dic
diém theo [16] v6i bang gia toc nén a, (t)=0.1168g cos(zt —z/2) VOi tan s6 f =
0.5 Hz va s0 vong xem xét N = 5 vong, a,(t)=0.1330g cos(zt — /2) V6i tan so f
= 1.0 Hz va sb vong xem xét n = 10 vong, a, (t)=0.1882g cos(#t — z/2) Vi tan
s6 f=2.0 Hz va sd vong xem xét n = 20 vong tuong Gng v4i thoi gian dao
dong T =10s.

2.5. Hé s6 khang hoéa 16ng ciia nén cat dwoc tinh theo két qua thi nghiém
xuyén tiéu chuin SPT

Hé s6 khang hoa long ctua nén cat da duoc mot sd nha khoa hoc nghién
ctru nhu Benouar va nnk (1992) [28], Idriss va Boulanger (2006) [42], Dixit
va nnk (2012) [33] va Fellenius B.H. (2023) [38]. Mdi phuong phap tinh vé
hé s6 khang hoa 1ong (FSiig, FL) cua nén cat cho mot két qua khac nhau va
trinh bay nhu sau:

_CRR
""" CSR

F, :% (2.39.b)

(2.39.a)

Trong d6: FSi, <1 hay F| < 1 - hoa léng dat nén véi FSiq va F - chi s6
khang héa léng, CRR - chi s stc khang cat tuan hoan ciia dat hoa long do
dong dat khi M, = 7.5, CSR - chi s tng suét cét tudn hoan cua dit hoa 1ong
do dong dat, L - hé sb ung suét cat do dong dat, R - hé sb ste khang cat do
dong dat.

Gia tri CRR c6 lién quan véi cac thong sb sau: ama - gia toc cuc dai tai
mat dat (m/cm?), o’y - g Suat c6 hiéu cua 16p cat duoc xét dén, o, - tng
suit tong cua lop cat duoc xét dén, g - gia toc trong truong, g = 9.81 (m/s?), rq
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- hé sb anh hudng bé mit theo do sau z, (Tmax)d - UNg suat cit tudn hoan lén
nhit c6 xét anh huong theo d9 sau voi (Tmaxyd = (Tmax)r-ra (Hinh 2.15).

(T max )d
0 A Ung suat cat 16n nhat 0 " = (T 1
h T
Yy
_r -
(T o) = DY+ 8 max
(T max)d
(T e s
¥

Hinh 2.15. So d6 don gian hod dé xdc dinh ing sudt cdt theo chu ky 1ém nhdt
(Seed va Idriss, 1971) [54]
Hé s6 giam tng suatr,
03 04 05 06 07 08 09 1.0
0 I I I I I I

[ Seed, Idriss (1971)

Do sau bé mit (m)

Hinh 2.16. Quan hé gitra hé s6 anh huong bé mat rq va d6 sau z cho My, khdc nhau
(Seed va Idriss, 1971) [54]

Theo Seed va Idriss (1971) [54], cho rang hé sé giam Ung suét ry giam
theo d0 sau z cho cac cép dong dAt va tai mdi d6 sau thi gia tri cua rg cang 16n
tuong Gmg véi cap dong dat cang 16n (Hinh 2.16), diéu nay c6 nghia 1a tai mot
d6 sau, tuong tng véi cip dong dat cang 16n thi cang dé c6 kha ning hoa 1ong
cho nén cat.

2.5.1. Hé so khing héa Iéng ciia nén cdt dwoc tinh theo Benouar va nnk
(1992)

Phuong phap nay duoc tinh toan theo thoi gian truyén séng mat cho
ting 16p phan t6 dat. Phuong phap duogc thé hién nhu sau:
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Thoi gian truyén song mat T (Kramer, 1996) [47] nhu sau:
T= 42% (2.40)
Trong d6: H; - do day 16p dat thi i (m), Vg - van tdc song dia chan 16p
dat thir i, (m/s), V,, =97N°** theo T. Imai va M. Yoshiziwa (1975), N; - gia tri
SPT trung binh cua 16p dét thir i, tr d6 T duoc tinh nhu sau:
—T =0.041) H,N;* (2.41)
Theo phuong phap cta Kanail, hé sb khuéch dai dong hoc DAF:

JT o
DAF =1+§=1+0.6741/2HiNi 0314 (2.42)

H¢ so ung suat cat L cua dat do hau qua cua dong dat:

L = BnaDAF [ % ](1—0.152) (2.43)

g O-VO

Trong do: rq - hé s6 anh huong bé mit theo do sau, voirg = 1.0 - 0.15z,

Z - d0 sau (m).
Heé s6 strc khang cat R cila dat chong lai chan rung:

R=0.0882 | +o.25|ogl{@j khi 0.04 mm < Dg; < 0.6 mm  (2.44.a)
o, +0.7 D.,

R =0.0882 |—_ _0.05 khi 0.6 mm < Dsy < 1.5 mm (2.44.b)
o, +0.7

Trong d6: N - gi tri xuyén tiéu chuan SPT, D, - kich ¢& hat trung binh
cua 50% IOt I'éy (D50).

Do d6, hé sb khang hoa long F| xac dinh nhu sau:

F=R-_ 9 [ooge2| N _4aR|%e 1 (2.45)
L a,,DAF o, +0.7 o, (1-0.15z)

AR - phu thudc vao duong kinh hat qua san Dsy.

2.5.2. Hé so khing héa léng ciia nén cdt dwoc tinh theo Dixit va nnk
(2012)

Pé hiéu chinh phuong phap tinh toan chi s6 CSR va chi s6 CRR cua
phuong phap Boulanger (2006) [42], thi phuong phap Dixit va nnk (2012)
[33] da tinh toan bﬁng cach nhan thém cho hé sb ty 1¢ cép dong dat MSF vao
tr s6 cua cong thirc tinh todn hé sb khang héa long cua phwong phap
Boulanger (2006) [42], tir d6 tinh toan hé s6 khang hoa long nhu sau:
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Chi s6 tng suat cit tuan hoan (CSR) cua nén cat co xét kha niang hoa
long khi dong dat Boulanger (2006) [42]:

CSR:O.65(amaX j[ %o er 1 1 (2.46)
g \o, )  MSF K.

Trong d6: MSF - hé sb cap dong dat, K - hé s6 hiéu chinh qu4 tai trong

dat.
Gia tri ry duoc xac dinh nhu sau:

~ 1o (7
r, =expla(z)+ f(zM,, ], a(z) =-1.012 1.1265ln(11 -

+5.133j ,

. z
z)=-0.106+0.118sin
ﬁ( ) (11 28

+5.142j, M,, - d6 16n moémen dong dat va z - do

sau vol z <34 m.
MSF - hé s cap dong dat khi M,, < 7.5 véi

MSF = 6.9xp£ 'ZIW j —-0.058<1.8

K,=1-C,In 22 |<10, C, = 1 = 1 <03, Pa-
D, 189-17.3D, 18.9-2.5507,/N, ,

Nl',GO
> [41].

ap lyc thily tinh bang 100 kPa, do chit twong d6i cua cat D, =
4

Xéc dinh gia tri N’; o nhu sau:
N’160 = NsprCnCeCrCsCr (2.47)

Trong do: Cy - hé s6 hiéu chinh bé mit dat, Cy :[ P. J <1.7 vO1 6’y

GVO

(kPa), p, = 100 (kPa), & =0.784—0.0768N,, <05, Cg - hé s6 hiéu chinh ning
luong bua roi, Ce = ER/60 = 1.12 + 1.3 (Nhat), Ce = 0.75 = 1.00 (M¥) voi
ER - niang luong hiéu qua cé thuc cua thiét bi, Cg - hé sé hiéu chinh phu
thudc vao duong kinh d 16 khoan thiét bi SPT, gia tri nay dugc Robertson va
Fear dé nghi d = 65 mm + 115 mm thi Cg = 1.00, d = 150 mm thi Cg = 1.05
va d =200 mm thi Cg = 1.15, C; - hé s6 sir dung thiét bi, 1y Cs = 1.0, Cg - hé
s6 hiéu chinh thanh can khoan, khi z<3 mthi Cr = 0.75, khi3m<z <10 m
thi Cg = (15 + z)/24 va khi z> 10 m thi Cg = 1.0.

Xac dinh chi s6 stc khang cat tuan hoan (CRR) cua nén cat co xét kha
nang hoa long khi dong dat & cap do dong dat bat ky:

2 3 4
CRReXp{—TZGE+(—T;2’j —(2];6;) +[§;62j —2.8} (2.48)
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Gia tI'i N1160 dll'QC tinh: N1,60 = N’1,60 + ANl,GO

2
ANiyeozexp{l.G&L 3.7 ( 15.7 )} (2.49)

FC+0.1 \FC+0.1

Hé s6 khang hoa 1éng FS;, duge xac dinh nhur sau:
CRRM:7.5

i = Cor

MSF (2.50)
M=75,0,0=1
2.6. Nghién ciru cac phwong phap xac dinh sirc chju tii doc truc cia coc
¢6 xét kha niing hoa 1éng ciia nén cat

Stre chiu tai cuc han doc truc cua coc da duogc mot sd nha khoa hoc
nghién ctru nhu Fellenius va nnk (2008) [36] cho rang 16p cat hoa 1ong & trén
hay ¢ dudi miat phang trung hoa (NP) déu anh hudng dén stc khang than cua
coc va hé sb khang miii cia coc phu thudc vao ting loai dat ma coc ha xuyén
qua 1am anh hudng dén sirc khang ctia mili coc, Boulanger va nnk (2004) [31]
danh gia vé strc khang than cta coc bi suy giam do anh hudng boi chi sé ap
luc nuée 16 r5ng thang du r, va stc khang miii coc phu thudoc vao chi $6
xuyén ti€u chuan Ng, cling nhu d6 chat tuong ddi D,, Muhunthan va nnk
(2017) [51] cho rang giam stc khang than coc do hé s6 B anh huong dén goc
ma sat trong va chi sb xuyén ti€u chuan Ngo. Déng thoi, da co dé xuét tinh
toan stre chiju tai doc truc cua coc tir két qua tinh toan ba truc gia tai ldp cho
tan s6 £ =1 Hz va tan s6 = 2 Hz. Vi mdi phuong phap nghién ctru déu dé cap
dén su suy giam suc khang than cua coc, sttc khang miii cua coc, dan dén strc
chiu tai cyc han doc truc ciia coc bi giam. Sau ddy, Xin trinh bay mot sb
phuong phap tinh toan strc chiu tai cuc han doc truc cia coc nhu sau:

Suc chiu tai cyc han doc truc cua coc:

Ru,liq = Rs,liq + Rt,liq (2-51)

Trong d6: Ry,ig» Rsjig» Rejig - strc chiu tai cuc han doc tryc cua coc, stic
khang than cua coc, sttc khang miii ctia coc c6 xét kha nang hoa 16ng ctia nén
cat khi co dong dat.

2.6.1. Sirc chiu tai doc truc ciia coc cé xét khi niang héa léng ciia nén cdt
theo Boulanger va nnk

Phuong phap Boulanger va nnk (2004) goi 1a phuong phap 1, dugc viét
tat [a PP1.
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Theo Hinh 2.17, két qua thi nghiém cho thiy tai dau coc Qq tai thoi
diém to thi gia tri cta r, = 1.00 thi 16p cat bi hoa long hoan toan, lic nay
cuong do suc khang trung binh trén than f; i, cuia coc bang 0, thoi diém t; thi
ap luc nude 16 rong thing du Au bj tiéu tan hoan toan tirc 13 Au = 0 hay gia tri
ctia chi sb ap lyc nude 16 rong thing du r, = 0 tirc 13 16p dat cat khong bi hoa
long. Ung véi timg thoi diém dao dong t v6i cac diéu kién bién khac nhau
dugc cac hinh dang tri (4p luc nude 16 réng Au, cuong do sic khang trung
binh trén than f;iq cua coc, chuyén vi du coc Sy.4, stic chiu tai cuc han doc
truc Ry iq cia coc) khac nhau.

Theo Idriss va Boulanger (2004) [48] da xem xét cac twong quan cua
nén cat co xét kha nang hoa 10ng nhu trang thai dich chuyén cua nén cat nham
danh gia bién dang cit y (%) cta dat theo su thay doi ctia chi s6 Ny go, gia tri
ctia bién dang cit y (%) tang thi gia tri cia Ng giam. Ngoai ra, quan hé giira
chi s6 ap luc nudc 15 réng thang du r, va bién dang cat y (%) ciia nén cat tang
phi tuyén.

Qg = 454 (kN)
Au (kPa) £, (kPa) S..a (m) Ry jiq (KN)
l 0 100 0 30 0 0.15 0 600
I 0 PRI B PR | ;
Cat
e 4
Bun |
cat o ¢
= 81t 1 3
& 1% by b |t # %
— < 0
) )
Seét 12 | ] J .
’
7
I
/
/
16. - - g I
L /

Hinh 2.17. Bién thé trong I6p dat cdt c6 xét kha ndng héa long dé xdc dinh mdt
phdng trung hoa (Boulanger va Brandenberg, 2004) [31]

Do d6, xac dinh gié tri chi sb ap luc nudc 16 rdng thiang du r, can phai
xéc dinh dugc gia tri Ny g0 va nhan thay khi gia tri cia Ny g ting thi gia tri cia
chi s6 ap luc nude 16 rong thang du r, giam. Phuong phép tinh toan stc chiu
tai doc truc cua coc theo Boulanger va nnk (2004) [31] dugc trinh bay nhu
Sau:

Cuong d¢ strc khang trung binh trén than f; i, cua coc:
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fs,liq = U\;oko tan((P)(l_ ru) (2-52)

Stc khang than R iq cua coc:
| |
Ryjig = uj foiqdZ = uja;oko tan(p)1-r, )dz (2.53)

Trong do: 6’y - mg suat c¢6 hiéu theo phuong dung tai gitta do sau 16p
dat dang xét, u - chu vi tiét dién ngang thén coc, Ko - hé¢ s6 ap luc ngang, lay
Ko =0.7, ¢ - gbc ma st trong, 1, - chi s6 4p luc nudc 16 réng thing du.

Xac dinh r:

Idriss va Boulanger (2006) [42] d4 xem xét cac dudng cong ctia nén cat
c6 xét kha nang hoa 16ng, thiét 14p quan hé giita bién dang cat nho nhét yyn,
bat dau hoa long va chi sb N1 60-

3
N
- =1.8591.1- =% 2.54
7I|m { 46 J ( )

Bién dang cit 16n nhat ymax (%) cho cdp tai trong c6 thé quan hé giira
d6 chit trong d6i D, va hé s6 khang hoa 1éng FSj;, nhu sau:

0,FS,, =2

lig =

j/max: ylim’FS <A (255)

lig —

min(B, 7,,, ), A< FS,, <2

lig —

Trong d6: A=0.535+0.398,/max(5.6,N, 5, )—0.0924max(5.6, N, ;, )

2-FS,
B=00351-A) — 9
lig A

FS,, —

Quan hé giira chi sb ap luc nudc 15 réng thang du r, va bién dang cat y
(%) nhu sau: r,=0.2316Iny +0.8761 (2.56)

Strc khang miii R4 cua coc:

Theo Idriss va Boulanger (2006) [42] nghién ctru mdi twong quan gitra
cuong do suc khang miii con hiéu chinh gy va chi $b xuyén tiéu chuan N 1,60
v6i do chat twong doi Dy:

Quy _ (2.092D, +2.224)*™

N, = 46D (2.57)

(2.092D, +2.224)*™ N, ,

R 2
46D

= quclN = Ap (2.58)

t,liq
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Trong do6: qein, Dy, N1go - cuong do suc khang miii con hi¢u chinh theo
chi s6 CRR trong diéu kién nén cat c6 xét kha ning hoa long, do chit tuong
d6i, chi s6 xuyén tiéu chuan SPT chuin hoa & mirc 60% nang luong hiéu qua
co xét kha nang hod 1éng ctuia nén cat, A, - dién tich tiét dién mili coc.

2.6.2. Sirc chiu tdi doc truc ciia coc c¢é xét khd ning héa long ciia nén cdt
theo Fellenius va nnk (2008)

Phuong phap Fellenius va nnk (2008) goi 1a phuong phap 2, duoc viét
tat 1a PP2.

Theo Fellenius va nnk (2008) [36] cho rang stc khang than cta coc s&
thay d6i khi coc ha xuyén qua 1p cat hoa 16ng & trén hay ¢ duéi mat phang
trung hoa, d6i véi truong hop coc ha xuyén qua 16p cat hoa 1ong ¢ trén mit
phang trung hoa (NP) thi stic khang than Rgy;q clia coc giam va sirc khang miii
Riiq cua coc khong doi (Hinh 2.18.a) con ddi voi truong hop coc ha xuyén
qua 16p céat hoa 16ng & dudi mit phang trung hoa thi stc khang than R ig cua
coc khong doi va stc khang miii Ryjig cia coc tang (Hinh 2.18.b) twong tmg
v6i gia tai ban dau tai vi tri dau coc Qqo, ¢ ddy suc chiu tai cuc han doc truc
Q. cua coc khong xét kha nang hoa long (Hinh 2.18), hé sé anh hudng duoc
xem xét 12 hé_sb khang than B cua coc va hé s6 khang miii N; cua coc cho
ting loai dat khac nhau, ¢ day nén dat cat duoc lay hé sé khang than p = 0.30
+0.90 va hé s6 khang mili N; = 30 + 150 caa coc. Phuong phép tinh toan suc
chiu tai doc truc cua coc theo Fellenius va nnk (2008) dugc trinh bay nhu sau:

Cuong d¢ strc khang trung binh trén than rg iy cua coc:

s lig = PO vo (2.59)

Suc khang than R iq cua coc:

Ry iq = uj rdz = uj-ﬂa;odz (2.60)
0 0

Trong d6: B - hé s khang than cua coc, sét B = 0.15 + 0.35, bun p =
0.25 + 0.5, cat p = 0.30 + 0.90, s6i p = 0.35 + 0.80 theo Rollins (2005),
Fellenius (2008), u - chu vi tiét dién ngang than coc.
Cuong d¢ strc khang miii gy iq cua coc:
Otlig = Nio’vot (2.61)
Stre khang miii Ry iq cuia coc:
Ruiq = AN 0L, (2.62)

t,liq
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Trong d6: N; - hé s6 khang miii cua coc, N; duoc lay ngau nhién, tuy
nhién c6 thé 1y N; =3 + 30 (nén dat sét), Ny =20 = 30 (nén dit bun yéu), N, =
30 + 150 (nén cat), N; = 60 + 180 (nén dat s6i san) theo Fellenius (1999), 6°vo;
- rtng suét co hiéu, A, - dién tich tiét dién ngang mii coc.

Quo R, Tai (kN) Quo Tai (kN)
Stre khang Strc khéang
trrge hoa long trwdc hoa long

_ Stre khang
sau hoa long i Strc khang
IL } sau hoa long
" L'drp cat . ;..if Stre khang
% hoa long E NP qua trinh
@ A trwde hoa long V' [/ hoalong
Tai .
trude hoa long - 4
Tai sau hoa IOHE
sau hoa long F——————— " ' =
Tang khang o car \&T—— Tai
mai hoa long
Riig | Rig Stre khang (KN) Rilig | Rslig Stec khang (kN)
T T
R uliq u liq
z (m) z (m)
a) b)

Hinh 2.18. Quan hé gitra suc chiu tdi, chuyén VI vOi do sdu
cho I6p dat cat cé xét khd ndng héa Iong 6 trén va & dwdi mdt phdng trung hoa
(Fellenius va Siegel, 2008) [36]
2.6.3. Sirc chiu tai doc truc ciia coc cé xét khd niang héa léng cia nén cdt
theo Muhunthan va nnk (2017)

Phuong phap Muhunthan va nnk (2017) goi 1a phuong phap 3, dugc
viét tit 1a PP3.

Theo Muhunthan va nnk (2017) [51] cho ring sy suy giam stc khang than
ctia coc do hé s Py anh huong dén goc ma sat trong, ang suat co hiéu phuong
dimg 6°, va chi s6 Ngo. Ngoai ra, khi xem xét kha ning hoa 16ng con phai ké dén
hé s6 d6 sach m cua nén cat. Phuong phap nay duoc trinh bay nhu sau:

Cuong do suc khang trung binh trén than r)q cia coc (Kulhawy va
Chen, 2007) thay trong AASHTO (2014) [25] 1a:

sllq IBN v0 (263)
Theo O’Neill va Reese (1999), hé s6 By duoc xac dinh:
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By :(1_Sin§0‘f {O-

sing;
= j tan o, (2.64)

O-VO

Trong do: 6’y - uNg suét c6 hiéu theo phu’ong dang gitra do sau lop dat
dang xét, Py - hé s6 khang c6 quan hé voi 6w, @ 1 - g0¢ khang cua dat, ¢, -
g suat tai cd két ¢6 hiéu theo phuong du’ng giira do sau 16p dat dang xét.

Theo Kulhaway va Chen (2007) goc ¢ ; duoc xac dinh:
@, =27.5+9.2logN,, (2.65)

p = 047N, (2.66)

‘Trong d6: m - hé s6 d6 sach, m = 0.6 - cat sach, m = 0.8 - cat bun, p, -
ap suat khi quyen, p, = 100 (kPa).

Stre khang than Ry iq cua coc:
Reiig = uj P00z (2.67)
0

Theo Brown (2010), cudong d¢ strc khang mili I Cua coc:
fiq = 57.45Ng, Khi Ngo < 50 (2.68)

Trong do: Ngo - gia tri SPT.

Xac dinh suc khang miii Ry i cia coc:

Riig = Al; =57.45A N, (2.69)

Trong d6: u - chu vi tiét dién ngang than coc, A, - dién tich tiét dien
ngang miii CQC.

2.6.4. Sirc chiu tdi doc truc ciia coc ¢ xét khd ning héa long ciia nén cdt
(dé xudt)

Phuong phéap dé xuit goi 1a phuwong phép 4, dugc viét tit 1a PP4.

Pay 1a phuong phap truyén tai dugc str dung dé danh gia Gmg xtr cua
dat gifra tai dau coc Qg va suc chiu tai cyc han doc truc Ry jig cua coc co xét
kha ning héa long cho 16p cat khi c6 dong dat (Hinh 2.19). Tai vi tri dau coc
ban dau gia tai Qqo, sau do ting tai dan dén tai Qg sao cho tai Qg dwoc cén
bang voi tong sttc khang than Rslig cua coc va strc khang miii Ryiq ciia coc ¢
xét kha nang hoa 1ong cho 16p cat khi c6 dong dat.

Qua trinh 16p cat co xét kha ndng hoa 1ong thi stc khang than Ry iq cua
coc giam do ap luc nude 16 rdng thing du Au ting twong Gmg véi tan s dao
dong f khac nhau. Tan s6 dao dong f cang 16n thi gia tri cua chi sb ap luc
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nudce 16 1ong r, cang 16n (& day r, = Au/ 6’y VOi 6°\g - Ung suét co hiéu), dan
dén cuong do stc khang trung binh trén than fsiiq cua coc cang nho, kéo theo
strc khang than R iq ciia coc cang gidm.

Theo Hinh 2.19, xét hai 16p dit khong hoa long (twong Gng véi stc
khang than Ry 1 cia coc cho 16p dat sé 1 va ste khang than Ry 3 cta coc cho
l6p dat s6 3) va 19p cat hoa long cho 16p dét sb 2 (twong tmg véi strc khang
than Ry, cua coc trude hoa 16ng va strc khang than (Ry, - Rs,) ctiia coc do cod
xét hoa 1ong cua nén cat).

Phuong phap tinh toan suc chiu tai doc truc cia coc c6 xét kha nang
hoa 1ong ctia nén cat khi c6 dong dat duoc trinh bay nhu sau:

Tinh suc khang than R ;4 Cua coc:

- Doi Vi |op dat khéng héa léng

Cuong d6 stc khang trung binh trén than fs ciia coc khong héa long caa
nén dat:

f. = ook, tan(p)+c (2.70)

Cuong do suc khang trung binh trén than f; caa coc khong hoa long cua
nén cat (tic 1a lyc dinh don vi cua dat ¢ = 0):

f. =0,.k, tan(e) (2.71)

Strc khang than R, ctia coc khong hoa 1ong ciia nén dat
| |
R, = uJ‘ fo1iq0Z = u[.[ o0k, tan(p) + c}dz (2.72)
0 0
Strc khang than R ctia coc khong hoa 10ng ciia nén cat
| |
R, = uj f,qdZ = u{f ok, tan(go)}dz (2.73)
0 0

- P6i véi I6p cat héa long

Khi 16p cat c6 kha ning hoa 1ong 1a do ap luc nude 16 rong thing du Au
gia tang, kéo theo chi sd 4p luc nude 15 thing du r, ting, 1am giam cudng do
sttc khang trung binh trén than f;)q ciia coc. Nén cuong do ste khang trung
binh trén than fsi, cua coc c6 xét kha nidng héa long cua nén cat duoc tinh
nhu sau:

foiiq = T.0Ko tan(e')= ok, tan(p)1-r, ) (2.74)
Véi: 1, - chi s6 ap luc nude 16 rdng thing du véia<r,<b & diya,bla

cac gia tri duge xac dinh theo két qua thi nghiém ba truc gia tai lip chu ky co
x¢€t kha ndng hoa long ctia nén cat.
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Qd \ Q¢O Qd Ru Tai (kN)
Lap dat @ f
khong hoa long Rs01 J
2 $|_ Stre khang
7 truede hoa long
R Stre khang
Tisds L sau hoa long
op dat
hoéalong @
Rs0.2 Tai
trirde hoa long
. ai Tai
Lap dat R sau hoa long
khong hoa long s0.3 N
@ || Riliq ong
N | Ry jig Stre khang (kN)
Ry !
= Ru.liq
Z (m)\
a) b)

Hinh 2.19. Quan hé giira tai, siwec khang doc truc cua coc voi do sau
co xét kha nang hoa long cho l6p cat
a). So do coc, b). Puong cong quan hé suc chiu tai doc truc cua coc

Stre khang than Ry jig ctia coc ¢ xét kha nang hoa long cua nén cat
| |
Ryjig = uj fo 102 = u_fa;oko tan(p)1-r, )dz (2.75)
0 0
Bién doi dugc:

| |
Ryiq = UI(TvokO tan(e)dz - uJ-a;Oko r, tan(¢p )z (2.76)
0 0

| |
bat: R, = uj'avok0 tan(p)dz, R, :ujo-;okoru tan(¢p )z
0 0

Hay: R,,,=R,,—R (2.77)

s,lig = ' 's,0 s,u

Trong do6: 6’y - Ung suit c¢6 hiéu theo phuong dung tai gitra d¢ sau 16p
dat dang xét, u - chu vi tiét dién ngang than coc, Ko - hé s6 4p luc ngang cua
dat cat, @ - goc ma sat trong, ¢’ - géc ma sat trong co xét kha ning hoa long,
Rso - stic khang than cta coc trudce khi hoa long, Rg, - suc khang than cua coc
do 4p luc nudce 16 rong thing du gy ra.
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Tinh stc khang mii1 Ry iq cua coc:

, Khi tinh toan surc chiu ta1 doc truc cua coc lam viéc dudi tai trong dong
dat thi gia tri cuia goc ma sat trong (¢) tai miii coc giam nhu sau: cap 7 giam 2
do, cap 8 giam 4 @9, cap 9 giam 7 d6 (TCVN 10304:2014) [17].

Cuong d¢ strc khang miii ( iq Cua CoC:
Ueig =C'.NC+0'O'th+7WdNy (2.78)

Stre khang miii Ry iq ciia coc:
Ruie = Ade = A (€N, + 00, N, +7,dN, ) (2.79)

t,lig v

Trong do: A, - dién tich tiét dién ngang miii coc, €’ - luc dinh hitu hi¢u
don vi cua dat dudi mili coc (¢’ = 0 voi nén cat), 6’y - UNY SUAt c6 hiéu theo
phuong dtng xét dén d6 sau 16p dat ctia mili coC, y,, - dung trong tu nhién cta
d4t nén dudi mii coc, d - canh cua coc vudng hoac duong kinh cua coc tron,
Ne Ng N, - hé s6 khang cla dat nén duéi mii coc Vi

c

Nq=tan2(45+%je3'”‘a"("’), N, =(N, —1)cotg(p), N, =2(N,+1)tan(p) theo Vesic

(1973), ¢ day o - goc ma sat trong tai mili coc, khi c6 dong dat dung @q vSi @q
= (1 - ryotge voi 1y - chi sb ap luc nudce 16 rSng thang du tai miii coc.
2.7. Chi so @ tin cay P

Thiét ké theo hé sé khang va hé sb tai trong 1a dé tach su khong chéc
chan trong tai trong ra khoi sy khong chac chan trong stic khang, sau d6 st
dung cong cu 1y thuyét xac suat dé dam bao mot quy dinh vé an toan [25]. Gia
tri ctia chi s6 do tin cay Br (Monte Carlo) [26] dugc xac dinh nhu sau:

bl
In (ZQ;\/(H covg)/fi+cov?)

o JinjL+cove Ji+covy) (2:80)

Trong d6: COVq, COVR - hé s6 bién thién cua cac gi tri sai léch cho
tai, stc khang coc, Ag, Ar - gid tri trung binh cua céac gia tri sai I¢ch (do/ du
doan) cho tai trong, stic khang ctia coc, yo - hé s6 tai, g - hé s6 stic khang cuia
coc, lay gr = 0.6 + 1.0.

Yo =o{Ll+n,COV,) (2.81)

N, - Mot hang sé biéu thi do léch chuan so véi gia tri trung binh can

thiét dé dat duoc xac suat vugt qua mong mudn, lay n, = 2 (Nowak va Collins
2000). Gia tri Aq, COVq 1a 0.973 va 0.462 theoAASHTO (2014) [25], A& -
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duoc xac dinh nhu sau: Q=Q,4,, R=R, 4, VGi Q, R - gid tri trung binh cua tai
trong, stc khang ctua coc va Q, R - gid tri tinh toan cuc han tai trong, stc
khang coc (du doan cua tai cho trang thai gii han), c6 thé 14y Ag = 1 = 1.3.
Gia tri Bt = 0.5 + 3.5.

2.8. Nhan xét chwong 2

Str dung theo mo hinh Kanai (1957), di xay dung bang gia tc nén chiu
dong dat tir phod phan tng theo 1y thuyét va bing gia toc diéu hoa bang phan
mém Geostudio 2018 cua nén cat tai khu vuc dia chit dién hinh & TP. Quy
Nhon, tinh Gia Lai tvong Gng v&i tan s6 f= 1 Hz va tan s6 f =2 Hz cho thoi
gian dao dong T =10 s.

Hé s6 khang hoa long (F Siiq hay F) dugc chon trong nghién clru nay la
phuong phap Benouar va nnk (1992) va phuong phap Dixit va nnk (2012).
Phuong phap xac dinh hé sd khang hoa 16ng cua Benouar va nnk (1992) 1a
tinh toan theo thdi gian truyén séng mit cho timg 16p phan t6 dat cat, day
cling 1a phuong phap dé tinh tan s6 dao dong f tir két qua cua gia tri N cho
ting 16p phéan t6 dat cat, con phuong phap Dixit va nnk (2012) dua trén két
qua phan tich chi sé CSR va chi s6 CRR cua phuong phap Boulanger va nnk
(2006) va nhan thém hé sb ty 1& cdp dong dat MSF nham danh gia hé sb
khang hoa 16ng cho 16p dat cat.

Cac phuong phap tinh toan strc chiu tai cuc han doc truc cta coc cé xét
kha ning héa 1ong cta nén cat nhu phuong phap Fellenius va nnk (2008),
Boulanger va nnk (2004), Muhunthan va nnk (2017) con nhiéu han ché 1a
chung phai nhan thém cho cac hé s, cac phwong phap nay ciling tinh toan dén
su suy giam cuong do suc khang trung binh (ma sat don vi) trén than coc co
x¢ét kha nang hoa 16ng, tuy nhién chua noi 1o dugce su suy giam cuong do stc
khang trung binh (ma sat don vi) trén than coc c¢6 xét anh hudng hoa long 1a
do thay ddi gia tri cta chi s ap luc nudc 16 rdng thiang du r, twong tng véi
tan s6 dao dong f. Cac cong thure tinh toan strc chiu tai cyc han doc truc cia
coc ¢o xét kha ning hoa long ctia nén cat khi c6 dong dat rat phic tap, lai cin
ctr mot s6 diéu kién rang budc bang thuc nghiém va cac gia thiét chua that sy
phu hop voi tmg xir nén cat tai vi tri cong trinh thuc té.

O Viét Nam, hién nay viéc tinh toan strc chiu tai cyc han doc truc cia
coc c6 xét kha ning hoa 10ng cua nén cat khi co dong dat it duoc dé cap dén,
thuong sir dung cac thi nghiém hién dai dé xac dinh cac dic trung dét nén cat
nhu thi nghiém ba tryc gia tai ldp va cac phan mém chuyén dung nhu Plaxis,
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Geostudio 2018, ... di dat dugc mot sd két qua nhat dinh. Tuy nhién, nén cat
tai tung khu vuc nghién ctru c6 céc dac trung co 1y khac nhau, dac biét la nén
cat day tuong duong 10 m tai khu vuc TP. Quy Nhon, tinh Gia Lai. Do do,
can phai thi nghiém véi cac 16 trinh tng suit mé ta dugc sy thay doi trang thai
mg suat ctia mau dat cat 1a ting khi nén (giam khi kéo) hodc vira ting vira
giam cho céc 10 trinh tmg sut, & ddy tng suit ngang (o3) va ung suat doc truc
(o1), tor d6 xac dinh sy thay ddi cua cac dic trung co ly, thong s6 bén dong
nhu chi s6 4p luc nude 16 rong thing du r,, chi sb ung suit cit tuin hoan
CSR, goc ma sat trong c6 xét kha nang hoa 1ong ¢’ cua dét cat, ...

Nghién ctru su thay d6i cac thong sd bén dong nhu chi sé ap luc nuée
16 rdng thing du r, chi sd tmg suét cat tudn hoan CSR, ... cho cac 1 trinh
g suat khi nén (CTC), khi kéo (RTE) hay vira nén vira kéo (CTC-RTE) theo
s6 vong lap chu ky n bang thi nghiém ba truc gia tai 1ap cho miu dat cat dé
thiét 1ap twong quan giira thong s6 bén dong (CSR, ry, ...) voi sd vong lip chu
ky n cho tan s6 = 1 Hz va tin s6 £ =2 Hz nham tinh stc chiu tai cuc han doc
truc ctia coc ¢o xét kha nang hoa 1ong cua nén cét tai TP. Quy Nhon, tinh Gia
Lai s€ 1a ndi dung chinh dugc trinh bay & Chuong 3.
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Chuong 3
NGHIEN CUU CHI SO UNG SUAT CAT TUAN HOAN, CHI SO AP
LUC NUOGC LO RONG THANG DU BANG THi NGHIEM BA TRUC
GIA TAI LAP THEO CAC LOQ TRiNH UNG SUAT

3.1. Muc dich, co s& Iy thuyét va thiét bj vé thi nghiém ba truc gia tai Lip
3.1.1. Muc dich vé thi nghi¢m ba truc gia tdi lip

Thi nghiém ba truc gia tai lip rit quan trong trong bai toan dia ky thuat.
Két qua cta thi nghiém nay tim duoc mot sd théng sé bén dong dic trung cho
nén cat bao hoa nudc theo sé vong lap chu ky n hodc theo thoi gian.

Trén co s& thi nghiém ba truc gia tai lap theo 16 trinh Gmg suat CTC,
RTE, CTC-RTE tir ing suét 1éch q va tmg suat c6 hiéu p’. Két qua tim duoc
chi s6 trng suat cit tudn hoan CSR, ap luc nude 16 réng thing du Au, chi sé ap
lrc nude 16 rdng thing du r,, chuyén vi thang dtng va luc, ... theo sb vong
1ap chu ky n hodc theo thoi gian cho tan sé f khong doi hodc thay doi.

Véi cac thong s6 bén dong CSR, 1, ... tim duoc tur két qua thi nghiém
ba truc gia tai 1ap dung dé so sanh v&i cac théng sb tir két qua thi nghiém
thong thuong. Tir d6, da thiét 1ap cac tuong quan can thiét da co so tinh toan
thiét ké strc chiu tai cuc han doc truc cta coc co xét kha nang hoa long cua
nén cat khi c6 dong dat.

3.1.2. L trinh irng sudt trong thi nghiém ba truc gia tdi lip
3.1.2.1. Gidi thiéu so b vé 1§ trinh g sudt q - p°

Khai niém vé duong tng suat cho 10i giai ctia cic bai toan vé on dinh
va chuyén vi (Lambe 1964 va 1967, Lambe va Whitman, 1970) [49] d3 duoc
dé cap. Su gian nd hodc co ép cua tng xur thé tich miu cat do trang thai ban
dau cta hé sb rdng e, va trang thai tng suat. DSi v6i cat hat trung trang thai
chat vira bi cat trong thi nghiém ba truc gia tai 1ap dugc hinh thanh tir céac
duong biéu dién pha va dudng trang thai (Ishihara va nnk, 1975) [53]. Budng
biéu dién pha PT (phase trasformation) va duong trang thai 6n dinh SS
(steady state) nay co thé thy trong Hinh 3.1, Hinh 3.2.

Trong bai toan dia k¥ thuat, 16 trinh (mg suat q va p’ duoc viét nhu sau:

01703
q—q——2 (31)

D= o, +320'3 . o +320; _ (GI—AU)+32(53 ~Au) =p-Au (3.2)
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p Au
I, _F_“F (3.3)
Trong d6: q, p’ - Gmg sudt 1éch, tmg sudt co hiéu, o, o, - Ung suat phap
doc tryc, ung suét phép hong truc, Au - ap luc nudc 16 rong thing du, rgs - chi
s6 ung suit léch.

q
SS nén /_,___
s

q

>
5]

PT nén

1
|
|
|
|
|
|
|
|
|

Hinh 3.1. Ung Xk cdt chdt vica khéng thodt nwéc cho | trink iing sudt nén
(Rascol E., 2009) [53]
O mot thoi diém thi nghiém ba truc gia tai lip thi hé s
K, =0y /o, =1+ Ao, [0, (& dAy Acy - d§ léch Gng suat phap gia tai 13p), nén
mau dat cat bi nén khi Ky < 1 va mau dét cat bi kéo khi K; > 1. Khi 63 = o3
thi K¢ = 1, ltic ndy trén tryc &ng suat co hiéu p’ hinh thanh mot diém 13 o5,

SS nén i q
_ K¢nén A(Tg\\ A(jl = —AG3 A63:
E, AG]_ =0 AGl /
“i PT nén E 450
5 | 45° g Ao3=Acy/2
Ving co gidn Ung suit ¢6 hiéu p° 18.40
0 o A P
Ac; = Ac
PT kéo ! 3 /
F A(53
AN
S8 kéo K¢kéo -q !

Hinh 3.2. L¢ trinh iing suat biéu dién  Hinh 3.3. Cdc dang co ban cua | trinh
dang pha 1Ng sudt trong nén cat
(Ishihara va nnk, 1975) [53] (Lambe va Whitman, 1969) [49]
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Trong thi nghiém ba truc gia tai lip, tac dong cua ung suat dang hudng
o3 nhim tai tao lai trang thai ing suat ban dau cua dat nén co trang thai ing
suit can khao sat hién truong. Mot s 16 trinh Gng suat co ban trong nén dat
dugc biéu dién trong Hinh 3.3.
3.1.2.2. Céc dang 1§ trinh ing sudt nén kéo ba truc gia tdi lip

Trang thai Gmg sudt ciia nén cat & cac vi tri khac nhau dudi ddy mong,
doc theo than coc don, ... khong giéng nhau nén dé md phong ding ung xir
ctia nén cat bang thi nghiém ba truc gia tai lap can phai luu ¥ dén 16 trinh tng
suit tai tmg phéan to dat hodc ting 16p dat cu thé. Co ba dang 16 trinh Ung
suat thuong duoc sur dung [53]:
a. Lo trinh Gmg suit nén ba truc (cyclic Conventional Triaxial Compression -
CTC) theo chu ky, goi la CTC

Trong loai thi nghiém nay mau cat chiu trang thai Gng suat dang hudng
ban dau, mau dat cat dugc nén cd két dang hudng va cat mau khong thoat
nuéc theo 16 trinh ting Gmg suat thang dimg, duy tri giam ap luc budng. Lo
trinh ing suit nén ba truc gia tai lap (CTC - ting ; va giam o3).
b. Lo trinh tng suat hdn hop nén ba truc (cyclic Conventional Triaxial
Compression - CTC) va kéo ba truc (cyclic Reduced Triaxial Extension -
RTE) theo chu ky, goi la CTC-RTE

Pdi véi 19 trinh ung suat nén ba truc gia tai lap (CTC), mau cat chiu
trang thai Gng suét thily tinh ban dau, sau d6 tng suat doc truc o, tang l1én va
03 glam dan. Cu thé, ung suat doc truc oy tang 1én béi mot luong Aoy va sau do
ap luc hong o3 giam téi mot luong Acy/2.

Dbi v6i 16 trinh tng suat kéo ba truc (RTE), mau cat chiu trang thai
g suat thay tinh ban dau, sau d6 4p lyc budng o3 ting Ién trong khi (mg suét
doc tryc ; gidm dan.
c. Lo trinh tng suit kéo ba truc (cyclic Reduced Triaxial Extension - RTE)
theo chu ky, goi 1a RTE

Khac véi 16 trinh Gmg suat nén ba truc gia tai lip (CTC), 19 trinh Ung
suat kéo ba tryc gia tai 1ap (RTE) thi mau cat chiu trang thai Gng suat dang
huéng ban dau, sau d6 ap luc budng o3 ting 1én trong khi tmg suat doc truc o,
giam dan. Cu thé, ung suat doc truc oy gidm mot lugng Ac1 va sau do ap luc
hong o3 tang mot lugng Ao, /2.
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3.1.3. Diéu kién irng sudt ciia mdu cdt bio hoa nuwéc theo thi nghiém ba
truc gia tdi lap

Khi mau cat dugc cd két dudi ap luc xung quanh o5 trong tu nhu vong
tron Mohr (Hinh 3.4.a). Dong thoi, tng suit trong dat dugc thay doi twong
duong ng suét nén truc 1a o3 + 1/204 va ung suét ban kinh 13 o3 - 1/204, su
thoat nudc bén trong hay bén ngoai la khong xay ra.
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Hinh 3.4. Diéu kién ung sudat cho thi nghiém ba truc gia tai lap duoi diéu kién tai
trong dong dat (Seed va Lee, 1966) [43]
Tuong tw, khi mAu cat duge ¢ két dudi 4p luc xung quanh o3 twong tur
nhu vong tron Mohr. Ung suit trong dat duoc thay doi twong duong tGng suét
nén truc la o3 - 1/204 va ung suat ban kinh 1a o3 + 1/204, su thoat nuéc bén

x/ l

trong hay bén ngoai la khong xay ra.

Khi mot mau dat cat & trang thai bio hoa nudc duge thi nghiém nén ba
truc gia tai lap, mau thi nghiém chinh x4c phai chiu mot ap luc cd két o3 va
sau d6 tic dong mot tai trong nhat dinh c6 d6 16n o4 khi nén mét tryc. Xu
huéng nén mot truc va vuot qua gidi han cua ap luc nudce 16 rong c6 thé do
duoc voi tai trong co tinh chu ky 64. Lc nay, ap luc nude téi han duogc xac
dinh bang ap luc nudc 16 rdng thing du 4m Au = - 1/204 (hudng ra ngoai mau
vat cat) (Hinh 3.4.b).

Tuong tu, khi mau thi nghi¢m bi tac dong mot gia tri tai trong nhét dinh
c6 d0 16m og4 trong nén mot truc, sinh ra mdt ap luc nudce 16 rong thing du
duong Au =+ 1/204 (hudng vao trong mau vat cat) (Hinh 3.4.c).
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3.1.4. Xdc dinh khodng bién dp ieng sudt thi nghiém (oy)

Trong khu vuc nghién ctru, ngudn gdc giy tai trong dong 16n nhat 13
dong dat. Bién do tai trong dong tac dung 1én nén dat dudi mong cong trinh
phu thudc ca vao tai trong tinh ciia cong trinh va trong lugng cua cac 16p dat
bén trén dang luc quén tinh.

Do d6, khi x&c dinh bién do tng suét dong cho thi nghi¢m, can két hop
ca trong lwong ban than dat va trong luong cong trinh (Seed va nnk, 1971)
[47], Nguyén Vin Phong (2016) [9], ta duoc:

7, =065ra, . (0,+0,) (3.4)

g mx

Trong d6: G, - Gmg suét thang dimg do cong trinh gy ra. V&i mot cong
trinh cu thé thi viéc x4c dinh 14 va o4 (v6i bién do rung o4 = 2t4) cho vi tri lay
mau kha dé dang.

Truong hop nghién ctru khu vyc véi nhiéu loai cong trinh st dyung
nhiéu loai mong khac nhau, can xac dinh o, theo diéu kién tan dung tdi da
kha ning lam viéc cua dat nén, o, = Qgh (VO1 qgn 1a cuong do chiu tai cua dat),
khi tinh toan, can lay theo cac gia tri 16n nhat co thé, véi o, =100 kPa (dat
yéu), 6, = 200 kPa voi cac loai dat khac (Nguyén Vin Phong, 2016) [9].

3.1.5. Téin sé dao dgng tw nhién cho nén cdt nghién ciru

Céc tan s dao dong tu nhién f cua nén cat chi phu thudc vao do day va
song bién dang van tdc. Tan sb dao dong tu nhién dugc tinh toan s dung 1a f
= 1/T, & day T - khoang thoi gian rung chan, dugc xac dinh theo cong thirc
cua Kramer (1996) [47] voi T = 42% . H; - d6 day 16p dat thir i (m), Vi - van

toc séng dia chan 16p dat thir i (m/s), v, =97N** theo Yoshiziwa .M (1975),
N; - gia tri xuyén tiéu chuan SPT trung binh cta 16p dat thtr i. Chiéu day H 1a
10 m = 50 m (muc 1.4.1 chuong 1) va gia tri N 1a 8 + 36 (bta / 30 cm) cho vi
tri nghién cru Khach San Nam Thu (Bang 3.1) nén tan s6 dao dong f tir 1 Hz
+ 2 Hz. Trudc d6, Nguyén Vin Phéng (2013) [8] di c6 nghién ctu dic trung
bién dang dong cua dét loai sét hé tz‘ing Thai Binh phan bd & khu vue Ha Noi
bang thiét bi ba truc dong cho tan s6 2 Hz, Rascol E., (2009) [53] da nghién ciru
cho dét cat, chit 6 tan s6 1a 0.8 Hz, Nguyén Vin Phong va nnk (2023) [11] da
nghién ctru dat cat cho tan sé6 1 Hz va 2 Hz, va Pang Quang Huy va nnk
(2024) [3] d3 nghién ctru dat cat min khu vuc ven bién Bic B bang thi
nghiém ba truc dong cho tan s 0.016 Hz.
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Theo Chuong 2, da xay dung pho gia tdc theo thdi gian va nhan thiy
g v6i hé sd can & = 5%, phd gia toc dat cyc dai 13 0.39g va thoi diém nay 1a
0.4 s. Tir d6, nhan thay khoang phd muc tiéu khuéch dai 13 0.27g ¢ khoang
thoi gian twong tng 14 0.3 s + 1.5 s, diéu nay c6 nghia 1a tin s6 f=1 Hz + 3
Hz.

Nhu vay, can ctr theo loai tai trong phé bién tai khu vuc nghién ctru va
dic diém cua thiét bi nghién ctru (gidi han tan sb cta thiét bi thi nghi¢m 1a 10
Hz), trong luan an nay phai tap trung thuc hién thi nghiém ba truc gia tai lap ¢
khoang tan s6 tir 1 Hz =~ 2 Hz.
3.1.6. Chi 56 ikng sudt cit tudn hodan gidi han CSRy,

Chi s6 tmg suat cat tuan hoan gi¢i han CSRy, [53] dugc tinh nhu sau:
CSR,, =~ (3.5)

‘0
20,

Véi: o - g Suat trung binh doc truc, o’ =0, =0, - ap luc c6 két c6
hiéu dang hudng.

Theo Ishihara K. (2003) [43] gia tri cia CSRy, bi giam vi st dung gia
tri twong dwong cho chi sb Ung sudt cit tudn hoan CSR trong qua trinh thi
nghiém hoda long.

Tai trong dong dugc chon 1a tai trong diéu hoa (dang gia tai lap) theo
so d6 thi nghiém A (diéu khién tai trong) 1a diéu kién tai trong dugc giir
khong dbi trong qua trinh thi nghiém.
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n n
Hinh 3.5. Quan hé giita CSRy, vdi n cho  Hinh 3.6. Quan hé gitta CSRy, vdi n cho
D, khac nhau Koc khdc nhau
(Sitharam va nnk, 2004) [53] (Ishihara K., 2003) [43]

Céc thong s6 thi nghiém dugc xac dinh nhu sau: tan s6 f= 0.5 Hz + 10
Hz cua tai trong (thudng chon f = 1 Hz hodc =2 Hz), voi so do thi nghiém
A, bién d0 cua tai trong duogc xac dinh theo chi ) ung suat cit tuan hoan gidi
han CSRyp. Pong thoi, thiét 1ap tuong quan gitta chi s6 CSRyh va sd vong chu
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ky 1ip n theo su thay doi ctia do chit twong ddi D, (Sitharam va nnk, 2004)
[53] theo Hinh 3.5 hodc su thay d6i cua do cd két ban dau ko (Ishihara K.,
2003) [43] theo Hinh 3.6. Theo Té Vin Lan (2016) [19] dé nghi D, = 70 % =
80 % cho cat, chat.
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Hinh 3.7. So d6 nguyén Iy gia tdi ldp chu ky theo thoi gian [47]
3.1.7. Thiét bi thi nghiém ba truc gia tdi lip

Thiét bi ba truc gia tai lip loai Tritech 100 ctia hiang Controls-Group
(Italia) c6 kha ning gia tai 1én dén 100 kPa dé do luc dting khi nén hoic kéo
mau dat cat, khung hop cell chiu ap lyc lam viéc 16n nhat dén 3500 kPa, tan
sb toi da 10 Hz, cac mau dat thi nghiém co kich thudc 70 mm x140 mm dugc
thi nghiém theo tiéu chudn ASTM D5311-92 (2004) [27]. Hé thdng thiét bi ba
truc gia tai lip loai Tritech 100 thé hién ¢ Hinh 3.8 va so d6 nguyén 1y thiét bi
thi nghiém ba truc gia tai ldp Tritech 100 thé hién & Hinh 3.10.

Thiét bi ba truc gia tai lap duoc str dung dé kiém soat tai thi nghiém ba
truc gia tai ldp theo chu ky c6 kha ning gia tai hinh sin & dai tan s tir 0.1 Hz
dén 2.0 Hz. Cac tan s6 1.0 Hz va 2.0 Hz dugc wu tién. Ngoai ra, thiét bi tai
phai c6 kha niang duy tri tai tuan hoan dong nhét dén it nhat 20% bién dang
16n nhét [27].

Trong qué trinh thi nghi¢m, cac bién d6i vé ung suét, bién dang, ap luc
nuée 16 rdng thing du, thé tich mau theo thoi gian véi tan suat 1a 0.01s déu
duogc ghi lai, thong qua phdn mém Advanced Cyclic Triaxial V1.06b doc va
xu ly s6 liéu hoan toan tu dong theo thoi gian hoac theo chu ky (Hinh 3.8,
Hinh 3.9).
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Hinh 3.10. So do nguyén ly thiét bi thi nghiém ba truc gia tai lap Tritech 100

Quy trinh thi nghiém ctia miu cat (theo thi nghiém strc khang cit cb két
- khong thoat nudc - so dd CU) dugc thuc hién tai phong LAS 928 bao gom 4
budc thuc hién:

- Budc 1. Ché bj miu cat va sau d6 duwa miu cat vao budng (o1 = 63 =
o. = 0, van do ap luc nudc 16 r6ng thang du ¢ trang thai ma, tic 1a Au = 0).

- Buéc 2. Ting ap luc miu cat dé tao ap luc budng (o1 = 63 = 6, > 0,
van do ap lyc nudc 16 rong thing du & trang thai md, tic 1a Au = 0, sau khi
tang ap luc dén ap luc buéng 63 dé cho mau bio hoa nudc, tiép tuc mau dugc
c¢b két nho tang 4p luc budng, ap luc cd két 1a hiéu giita ap luc budng va ap
luc nguoc), sau d6 van do ap luc nudc 16 rong thing du & trang thai dong, tirc
la Au~=0.

- Budc 3. Tang (giam) gia tai ap lyc dang ldp theo chu ky, van do ap
luc nuée 16 rong thing du & trang thai dong, tic 1a Au ~ 0 véi Au < 0 13 thi
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nghiém theo 16 trinh Gmg suit ba tryc gia tai lip khi nén va Au > 0 1a thi
nghiém theo 16 trinh img suét ba truc gia tai lap khi kéo.
- Buédc 4. Panh gia mau cat c6 kha niang héa 1ong.
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3. Cit mau 4. Mau hoa long

Hinh 3.11. Trinh ty nguyén ly thi nghiém ba truc gia tai lap

Pé xét dén anh hudng ciia gidy tham va mang boc mau trong qué trinh
thi nghiém mau cat, dic biét 1a theo cac 10 trinh Ung suit nhu nén ba truc gia
tai 1ap (CTC), kéo ba truc gia tai lap (RTE) hodc vira nén vira kéo ba truc gia
tai 1ap (CTC-RTE), gia tri hiéu chinh cta da thAm va mang cao su bang 10
kPa cho mau cat khi thi nghiém [27].
3.2. Thuc hién thi nghiém
3.2.1. Thi nghiém theo 1§ trinh teng suit CTC, CTC-RTE, RTE

Thi nghi¢m duogc thuc hién theo 1§ trinh Uing suét nén ba truc gia tai lap
(CTC) theo chu ky, 16 trinh Gmg suat hdn hop nén ba truc gia tai lap (CTC) -
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kéo ba truc gia tai lap (RTE) theo chu ky, goi 1a CTC-RTE va 10 trinh ung
suit kéo ba tryc gia tai lip (RTE) theo chu ky. Qua trinh thuc hién thi nghiém
cho mau khong thoat nude (do ap luc nudc 16 rong thing du Au). Ung véi
mdi ap luc c6 hiéu ban dau, ta c6 thé xac dinh dugc bién do ung suét 16n nhat
o, dé gia tai phu hop.

3.2.2. Pdc trung co Iy dia chét khu viee nghién ciru

Trong luan an nay, céac thi nghi€ém duoc thuc hién trén 16p dét cat dién
hinh tai TP. Quy Nhon, tinh Gia Lai véi cac dic trung co 1y dat nén [1], [2].
Téng dat anh huong nhiéu dén stre chiu tai cuc han doc truc cua coc ph?m 16n
nam ¢ d6 sdu tir mit dat khoang 4 m tinh tir mat dat ty nhién (theo két qua
tinh toan so by & Chuong 2).

Qua cac nghién ciru trude ddy va tham khao nhiéu ho so khao sat dia
chat [1], [2], & d6 sau khoang 10 m co 16p dat cat ndy & trang thai chit vira
dén chat vira tuong ung véi timg 16p dat cat nay khong co su chénh léch dang
ké vé cac chi tiéu co 1y giita cac khu vuc 14y miu cho cing nén cat.

Bing 3.1. Mot s6 chi tiéu co Iy ddc trieng khu viec
TP. Quy Nhon, tinh Gia Lai

Théng sd Ky hiéu L6p cat hat trung
Trang thai Vira - chat vira
Ham luong hat min (d < 0,1 FC (%) 5+11
mm)
Do am ty nhién W (%) 10 +20
Dung trong tu nhién Y (KN/M) 17.2+19.7
Dung trong kho ty nhién i (KN/m®) 153 +16.2
Ty trong hat A 2.64 +2.67
Hé sb rong tu nhién e 0.56 +0.72
Do am giGi han chay W, (%) -
Do am gisi han déo Wy (%) -
Goc ma sat trong ¢ (do) 28 +32
Lyuc dinh don vi cia dat ¢ (kPa) 0.05+0.10
Mo dun bién dang Eo (kPa) 10000 + 25000
Gia tri xuyén tiéu chudn SPT  Ngg 8+ 36
Do chit twong dbi D, 15% + 45%

Trong ludn 4n ndy, da lay mau tir 3 ho khoan sau dén 25 m khu vuc
duong Nguyén Thi Dinh - TP. Quy Nhon, 1a khu vuc c6 16p dat cat twong ddi
day va dong nhat dé phan tich va thi nghiém (c6 16p thdu kinh 1 m + 2 m &
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giita). Két qua thi nghiém trong phong xac dinh duoc duong cong phan b ¢
hat cia mau cat thi nghiém theo Hinh 3.12 [1] va c4c chi tiéu co 1y nhu &
Béng 3.1.

____ Hoalong e Tiém nang hoa long
(Tsuchida, 1970) (Tsuchida, 1970)
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Hinh 3.12. Puong cong phén bé ¢é hat cia dia chat dién hinh cho vi tri nghién ciru
Gi4 tri ctia chi sd ung suat cat tuan hoan (CSR) tinh theo cong thuc 1y
thuyét giam dan theo do sau z, do d6 trong luan 4n nay chi tap trung phan tich
cho 16p cat c6 do sau dén 6 m va thuc hién cho 20 mau cat (06 mau ¢ do sau
tr 1 m=2m, 08 mau ¢ dd sdu2 m+4 m va 06 mau & 36 sdu tr 4 m + 6 m)
cho nhiéu tan sb khac nhau (1 Hz, 2 Hz va 5 Hz) va ché d6 rung ciing khac
nhau (CTC, CTC-RTE va RTE) thé hién trong Bang 3.2 [1].
Bing 3.2. M4t s6 thong s6 co Iy dat ddc treng khu viee TP. Quy Nhon, tinh Gia Lali
va 1§ trinh g sudt trong thi nghiém ba truc gia tai ldp chu ky

i nI;u Mau MinHé,\S,lz)r(éng eTN (kﬁfms) T(%zsjé Cr}:Jérmgé
1 | 12m | c1 |os6|0760| 0696 | 1720 | 1 cTC

> | 12m | c2 |os6|0760| 0684 | 1720 | 1 cTC

3 | 12m | c3 |os56|0760| 0676 | 1720 | 1 | cTC-RTE
4 | 12m | c31 |o056]0760| 0677 | 1720 | 1 | cTCRTE
5 | 12m | C3-3 | 056 |0.760| 0.665 | 1720 | 2 | CTC-RTE
6 | 12m | C5 |056|0.760| 0698 | 1720 | 2 RTE

7 | 24m | cc1 |o0s6|0760] 0726 | 1720 | 2 | cTC-RTE
8 | 2-4m | cc1-1|056|0760| 0725 | 1720 | 1 | CTC-RTE
o | 24m | cc2 |o0s6]0760| 0690 | 1720 | 2 | cTCRTE
10 | 2-4m | cco-2 [056|0.760| 0690 | 1720 | 1 | cTC-RTE
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2 H¢ s6 rong e AL A A 1A
T | i | M vin | Max : ™ (kNIm?) T(all—r;zs)0 Cr}fﬁgo
11 2-4m CC3 |0.56 |0.760 | 0.711 17.20 2 RTE
12 2-4m | CC3-3 | 0.56 | 0.760 | 0.713 17.20 1 RTE
13 2-4m CC4 | 0.56 |0.760 | 0.713 17.20 2 CTC-RTE
14 2-4m CC4-4 | 0.56 | 0.760 | 0.716 17.20 1 CTC-RTE
15 4-6m CS1 | 056 |0.760 | 0.719 17.40 1 CTC-RTE
16 4-6m CS2 | 056 |0.760 | 0.719 17.40 1 CTC-RTE
17 4-6m CS2-1 | 0.56 | 0.760 | 0.718 17.40 2 CTC-RTE
18 4-6m CS3 | 0.56 |0.760 | 0.715 17.40 1 CTC-RTE
19 4-6m CS5 |0.56|0.760 | 0.703 17.40 5 CTC-RTE
20 4-6m CS7 | 056 |0.760 | 0.732 17.40 2 CTC-RTE

3.2.3. Méu thi nghiém
3.2.3.1. Ché bi mdu

- Theo Nguyén Vin Phong (2016) [9] vé6i dat roi: miu duoc ché bi
bang phuong phép rot cat khoé va dam (theo do chat tuong ddi Dy, mdi 16p cat
tir 2 cm + 2.5 cm, dam chat t6i da 20 cai / 1 16p cat) trong bo dung cu ché bi
mau (70 mm x 140 mm).

- Sau khi ché bi miu xong, dung dao gat bo 16p cat du trén miéng hop
cell, hat khi & gitra mang cao su va thanh vach khuén miu ché bi.
3.2.3.2. Béo hoa mdu

Trudng hop mau duge thi nghiém & trang thai bio hoa thi qua trinh bao
hoa duoc thuc hién bang ap luc nguoc véi dd chénh ap luc budng (oeen) - 4p
luc nguoc (Gpack) b'fmg 10 kPa, ¢ day cac tri $O Geell, Opack duoC tang dan theo
ting cp v6i bién do taing mdi cap bang tir 10 kPa + 20 kPa, cho dén khi do
bdo hoa S dat trén 90%, tirc 12 B =Au, /Ao, >09 véi B - h¢ s6 Skempton,
Aug - su thay d6i cua ap luc nudce 15 rong thing du trong budng vat miu, Ac; -
sy thay doi cia wng suat co hiéu theo phuong ngang cua mau Vit cat thi
nghiém [27]. Theo Holtz va nnk (2011) [57] gia tri B dugc dé nghi xac dinh:
B = 0.913 (cat chat vira, d6 bao hoa S, = 100%), Rascol E., (2009) [53] da
nghién ctru cho dat cat, rat chat, gia tri B chon tir 0.63 dén 0.86, V5 Phan va nnk
(2019) [24] d& nghi B = 0.95, con Nguyén Vian Phong (2016) [9] va Nguyén
Vin Phong va nnk (2023) [11] d& nghi B = 0.96 (cat, chit vira).
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Déi véi dat cat bio hoa nudc, hé sé B [57] ¢6 thé xac dinh nhu sau:

B— ! — (.S, (3.6)

1+( (S jsrkc+[ € j kc (l—Sr)
1+e) Kk 1+e/u+ py,

W

Trong do: e - hé ) rong, S; - dd bao hoa, k. - mo dun khdi luong cua dat
cat, Ky - md dun khéi lugng ctia nuée, u - ap luc nude 16 rong thang du, pam -
ap luc thuay tinh, ldy e = 1.72, S, = 0.9 = 1.0, k. = 108.10° Pa, k,, = 2000.10°
Pa va pym =10132 Pa.
3.2.3.3. C6 két mau

Theo Nguyén Vin Phéng (2016) [9] va Nguyén Vin Phong va nnk
(2023) [11], cho rang mau duoc cb két nho ting ap luc budng. Ap luc cb két
(6’¢) 1a hiéu gitra ap luc buéng (ocen) va ap luc nguoc (opack)-

Qua trinh c6 két két thiic khi do ¢ két Koc 16n hon 90 % (hoic khi xac
dinh nuéc 16 réng khong con thoat ra). Trong subt quéa trinh bdo hoa va cd
két, cac thay d6i vé bién dang va thé tich mau (thé tich nudc vao - ra) dugc
ghi lai. Pé dam bao mo phong diéu kién thuc té tot nhat, ap luc budng o
dugc ting dén tri s tuong Gng véi ap luc dia ting, con ap luc NgUOC Gpack
bang ap luc nudc 16 rdng thyc té (tinh theo muc nudc dudi dat).
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Hinh 3.13. Xit Iy bdo hoa va c¢é két mdu cat cho tan sé khdc nhau

3.2.4. Théng sé dé thi nghiém ba truc gia tdi liip khong thodt nwéc

Sau khi ché bi mau, bdo hoa miu va cb két mau trude khi gia tai 1ap, ta
xé4c dinh dugc cac thong s6 dic trung co 1y mau cat thi nghiém, 16 trinh mg
suat thuc hién theo cac ché do rung (CTC, CTC-RTE va RTE) tuong Uing véi
cac tan s6 khac nhau va hé s6 B = 0.96, s6 liéu duoc thé hién trong Bang 3.3.

Theo Bang 3.3, s6 miu dat duoc thi nghiém 1a 20 mau cat trong do
g6ém 11 miu cho tan s6 f= 1 Hz, 08 mau cho tan s6 f=2 Hz va 01 mau tuong
g véi tan s6 f=5 Hz.
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Bing 3.3. Thong sé thi nghiém ba truc gia tdi ldp khong thodt nuéce

, Ap
io | 6 | (5 | s et Aot e | T iy |
D1 (kNim?) (kllif;%g) (i‘;’;) (kPa) | qua | (Hz) | "und
(kPa)
Cl |0319| 1568 | 1529 | 281 | 15 | 131 | 1 | CTC | 096
C2 |0380| 1579 | 1573 | 613 | 28 | 333 | 1 | CTC |09
c3 |o0421| 1587 | 1580 | 61 | 28 | 33 | 1 |CTC-RTE| 0.96
C3-1 | 0417 | 1587 | 1576 | 609 | 28 | 329 | 1 | CTC-RTE | 0.96
C33 | 0476| 1598 | 1600 | 61 | 28 | 33 | 2 | CTC-RTE| 0.96
C5 | 0309 1566 | 1564 | 61 | 43 | 18 | 2 | RTE | 096
cci | 0172 | 1547 | 1547 | 61 | 23 | 38 | 2 |cCTC-RTE| 096
CC1-1|0174 | 1548 | 1548 | 608 | 23 | 378 | 1 | CTC-RTE | 0.96
cc2 |0349| 1580 | 1584 | 95 | 63 | 32 | 2 | CTC-RTE | 0.96
cc22 | 0351 | 1580 | 1581 | 959 | 63 | 329 | 1 | CTC-RTE | 0.96
cc3 |0246| 1561 | 1573 | 28 | 17 | 11 | 2 | RTE |09
cc33|0234| 1558 | 1562 | 29 | 179 | 111 | 1 | RTE |09
cca |0235| 1559 | 1570 | 35 | 17 | 18 | 2 |cCTC-RTE| 096
cca4 | 0221 | 1556 | 1562 | 349 | 18 | 169 | 1 | CTC-RTE | 0.96
CS1 | 0205| 1542 | 1545 | 36 | 23 | 13 | 1 | CTC-RTE | 0.96
Cs2 | 0205| 1542 | 1544 | 36 | 23 | 13 | 1 | CTC-RTE | 0.96
CS2-1 | 0211 | 1554 | 1555 | 37 | 23 | 14 | 2 | CTC-RTE | 0.96
CS3 | 0226 | 1545 | 1550 | 61 | 45 | 16 | 1 | CTC-RTE | 0.96
CS5 | 0287 | 1556 | 1569 | 67 | 33 | 34 | 5 |CTC-RTE| 0.96
cs7 |0140| 1530 | 1537 | 67 | 33 | 34 | 2 |CTC-RTE| 0.9

3.2.5. X Iy so liéu thi nghiém

Thi nghi€ém nay dugc thuc hién boi thiét bi ba truc gia tai 1ap loai

Tritech 100 cua hang Controls-Group (Italia), toan bd qua trinh tr budc bao

hoa, c¢b két dén gia tai dong duoc diéu khién va do ghi bang phan mém
Advanced Cyclic Triaxial V1.06b va xtr Iy s6 liéu hoan toan ty dong theo thoi
gian (0.01s) hodc theo chu ky. Céc thong sb do tryuc tiép theo thoi gian & budc
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gia tai 1ap bao gém: luc doc truc (P, kN) dang gia tai lap, ap luc buéng (ocel
kPa), ap luc nguoc (opack, KPa), ap luc nudc 16 rSng thang du (Au, kPa), bién
dang doc truc tuong doi (ea, mm), ... . Két qua thi nghiém duogc biéu dién
dudi dang bang sd lidu cac gia tri do truc tiép theo thoi gian. Mdi chu ky gia
tai 1ap co tu 50 dén 200 thoi diém ghi nhan s6 liéu, céac thong s6 nay dugc thé
hién trong Bang 3.4.

Bdng 3.4. Cac dai lwong nghién ciru cho thi nghiém ba truc gia tdi lap

, Thong s6 Ky hiéu Cong thirc
Ap luc nudc 16 rong thang du (kPa) Au u—Up
Ung suat hudng tim (kPa) oy Gcell — Oback
Ung suét cb két trudc (kPa) o’ Ocell — Oback
Chi s6 4p luc nudc 16 rdng (%) N Au/o’.
Ung suit doc truc (kPa) om 10°P/A; + o,
Bién d6 ung suét doc truc (kPa) o, [Max(om) - Min(om)]/2
Ung suat doc truc co6 hiéu (kPa) 6’3 Om - Au
Ung suit cat (kPa) T4 (om — o1)/2
Bién dang doc truc twong ddi (%) €a 100Sy/Hc
Bién d6 bién dang (%) €, [Max(e,) - Min(e,)]/2

Trong dé: P - lyc gia tai lap (kPa), A - dién tich mit cat ngang (m?), H -
chiéu cao ctia mau sau budc c¢b két (m), S - chuyén vi dimg ctia mau cat (m).
3.3. Két qua thi nghiém

Mot sd hinh anh thé hién mau cat khu vyuc nghién ctru duge thé hién ¢
Hinh 3.14, sau d6 ché bi mu va dwa mau vao budng chira mau (Hinh 3.15),
mau cat khong hoa 10ng hay bi hoa 1dng trong qua trinh thi nghiém ba truc gia
tai 1ap khong thoat nudc duge thay trong Hinh 3.16.

o N

Hinh 3.14. Mau cat ciia khu viee nghién ciru

Tir s6 lidu thong so thi nghiém ba truc gia tai lip ¢ Bang 3.3, sb luong
chon ban dau 14 20 miu cét dién hinh va co ché rung theo cac 19 trinh ng
sudt (CTC, CTC-RTE, RTE), d3 tién hanh thi nghiém va dugc két qua thi
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nghiém gdm 06 mau dat cat bi hoa léng (C1, CC1-1, CC2-2, CC3-3, CC4-4,
CS2) voi tan s f= 1 Hz va 05 mau dat cat bi hoa long (CC1, CC2, CC3,
CC4, CS2-1) véi tan s6 =2 Hz (Bang 3.5).

S e |

Buong chua
mau

AAAAAA =0

Hinh 3.15. Ché bi mdu va dwa mau vao buong chira mau

| @

7

Hinh 3.16. Mdu cdt sau khi thi nghiém ba truc gia tdi ldp
a). Mdu cat khéng héa Iong, b). Mdu cat héa long
Bing 3.5. Két qud thi nghiém ba truc gia tai ldp khéng thodt mede

Chi so

Dr | - Bién | Gmg | Dlon
T6 x (sau Tan . do | sudtcat | 99 r
x Mau < s0 | Ché do rung : X bién u Trang thai
mau co (H2) rung tuan dan (max)
két) (kPa) | hoan | ‘o )g
(CSRgn)
1om| c1 |ozo1| 1 cTC 75 | 0286 | 327 |100.00 | N1
oan toan
1-2m C2 0.343 1 CTC 10 0.150 0.22 3.30 Khong

1-2m C3 038 | 1 CTC-RTE 14 0212 | 0.11 | 4.85 Khong

1-2m| C3-1 | 0363 | 1 CTC-RTE 18 0.274 | 0.17 | 10.03 Khong

1-2m| C3-3 | 0488 | 2 CTC-RTE 30 0.455 | 0.28 | 10.91 Khoéng

1-2m C5 0298 | 2 RTE 20 0.556 | 4.44 | 70.00 | Phahuy
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Chi s Bién
D, N Bién ung N
T6 x (sau Tan . do | suitcar | 99 r
x Mau X s6 | Ché d6 rung i A bién ! Trang thai
mau co (H2) rung tuan dang (max)
két) (kPa) | hoan | ‘ol
(CSRgh)
2-4m CC1 0.172 2 CTC-RTE 125 0.164 1.58 | 100.00 | Hoa long
2.4m | cC1-1 | 0174 | 1 | CTC-RTE | 125 | 0165 | 3.62 | 100.00 | Hoalong
hoan toan
2-4m CC2 0.373 2 CTC-RTE 25 0.391 4.15 | 100.00 | Hoa long
2-4m | CC2-2 | 0.357 1 CTC-RTE 25 0.380 5.84 99.09 Hoéa long
2-4m CC3 0.316 2 RTE 7.5 0.341 1.97 | 100.00 | Hoéa long
2-4m | CC3-3 | 0.255 1 RTE 7.5 0.338 4.37 | 100.00 | Hoa long
2-4m CC4 0.298 2 CTC-RTE 15 0.417 1.80 | 100.00 H(?a lél?g
hoan toan
2-4m | CC4-4 | 0.251 1 CTC-RTE 15 0.444 3.25 | 100.00 | Hoa léng
4-6m CS1 0.226 1 CTC-RTE 8 0.308 0.08 16.92 Khoéng
4-6m CS2 0.218 1 CTC-RTE 15 0.577 2.42 | 100.00 | Hoa léng
4-6m | CS2-1 | 0.216 2 CTC-RTE 15 0.536 2.07 | 100.00 | Hoa léng
4-6m CS3 0.251 1 CTC-RTE 8 0.250 1.97 83.75 Pha huy
4-6m CS5 0.353 5 CTC-RTE 14 0.206 0.09 5.29 Khong
4-6m CS7 0.178 2 CTC-RTE 30 0.441 0.14 27.06 Khong

3.3.1. Quan hé giita théng sé bén vdi so vong ldp n cho mdu cdt héa léng

Thi nghiém ba tryc gia tai lip ciia miu cat v4i do chat tuong dbi Dy, ap

Iwe b két, ap luc ¢o hiéu khac nhau, cling nhu ché d6 rung (CTC, CTC-RTE,
RTE) khéc nhau, tir 46 két qua vé thong sd dic trung hoa 1ong cta cic miu
cat ndy cling khac nhau. S4 liéu tir két qua thi nghiém trén gdm 06 mau cat bi
hoéa long (C1, CC1-1, CC2-2, CC3-3, CC4-4, CS2) véi tan s6 f =1 Hz va 05
mau dat cat bi hoéa long (CC1, CC2, CC3, CC4, CS2-1) véi tan sb6 f =2 Hz,
két qua duoc nhu sau:
3.3.1.1. Mdu C1 véi ché do rung CTC, tan s6 f=1 Hz

- MAu cat ¢6 D, = 0.101, gia tri cua tng suit truc dao dong tir 15 kPa +
30 kPa (n = 10 vong) sau do gia tri cua bién do ung suét truc thu hep dan tir
18 kPa + 22 kPa.

- Gi4 tri ctia chi sd ung suat léch rys dao dong tir 0.1 + 0.7 (n = 10 vong)
sau do gia tri cua bién dj Uimg suét léch thu hep dan dén 0.4.
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- Gia tri cta chi sb ap luc nude 16 rong thing du r, 4m ban dau (n = 3
vong) va gia tri cua r, duong (n >4 vong) va ting dén 1.0 (n = 32 vong).

Mau C1
o T,

= gg E| F 1.4
s 30 - " L 1.0

"5’25 l 0.6

220 0.2
515 | 0% — Ungsut truc
=193 -0 g,
£ 57 -14
29 F e =18

0 5 10 15 20 25 30 35
n
Hinh 3.17. Quan hé giira ting sudt truc, ry va n mau CI
Mau C1
ru

5 0 1.4

= 0. 1.0

5.0. 0.6

= 0. 0.2
Ho 0.2

ap 0. 0.6 — las
E 0. 10 __ 1,
=z 0. -14

= 0. 1.8

© 35

Hinh 3.18. Quan hé giita rq4s, ry va n mau C1

3.3.1.2. Mdu CCI-1 véi ché dg rung CTC-RTE, tan s6 f = 1Hz

- Mau cat c6 D, = 0.174, gia tri ciia (mg suat tryc dao dong tir 9 kPa +
28 kPa (n = 1 vong) sau d6 gid tri ciia bién d6 tmg suét truc thu hep dan tir 18
kPa trong ing voin = 2 vong + 71 vong.

- Gi4 tri cta chi sb ung suat léch rqs dao dong tir -0.35 + 0.7 (n =1
vong) sau dé gia tri ctia bién do chi sb tng suit 1éch dao dong thu hep dan tir -
1.5+ 1.0 twong tng v&in =2 vong + 71 vong.

Mau CCl-1 .
30 - S 1.0
ok 08 o
S 20 - —— Ung suat truc
Pr : 0.6 T
215 — L
= 3 - 04
% 5 - 02
= 0 1 . . . S S . . B i . . : B —t 0.0
0 20 40 60 80
n

Hinh 3.19. Quan hé giita vng sudt truc, r, va n mau CCI-1
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Méu CC1-1 .

n

Hinh 3.20. Quan hé giita rys, ¥y va n mau CCI-1
- Mau cat c6 D, = 0.174, gia tri cla r, ban dau am va chuyén thanh
duong (n = 1 vong) va gia tri caa r, duong (n > 1 vong) va dao dong ting dén
0.83 tuong trng v&i n = 2 vong + 71 vong.
3.3.1.3. Mdau CC2-2 véi ché @ rung CTC-RTE, tan sé f = 1 Hz

Mau CC2-2 g
60 - 14
= ¥
40 - [ = ’ s
e . 0.8 — Ung suat truc
=30 -
8 ] - 06— Iy
-E20 - - 0.4
enl0 3 - 0.2
A B e e L
0 10 20 30 40 50
n
Hinh 3.21. Quan hé gitta vmg sudt truc, r, va n mau CC2-2
Miu CC2-2 i
15000 - - 1.4

= 10000 - - 12
e mMMN\hMMMWMNWWNWW“W
- ] 10 oy
0 - A A ) . ds

5000 0 N 10 20 30 40 $% — &
] - 0.6
£ -10000 -
% -15000 - 0.4
55 -20000 - - 02
-25000 - 0.0

n

hi s6 (mg sudt léch

Hinh 3.22. Quan hé gita rqs, Iy va n mau CC2-2
- Mau céat c6 D, = 0.357, gia tri ciia ung suét truc dao dong tur 10 kPa +
55 kPa (n = 1 vong) sau d6 gia tri cta bién d6 tng suat truc thu hep dan tir 28
kPa + 40 kPa tuong tmg v61 n = 2 vong + 41 vong.
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- Mau cat c6 D, = 0.357, gia trj ctia chi s6 ung suit 1éch dao dong tir -10
+ 20 cho qua trinh thi nghiém, tuy nhién tai n = 4.95 vong thi gia tri cua rgg
giam dot bién. Sy giam dot bién cua gia tri cla rg nay 1a do ing suat chinh c6
hiéu bang 0.

- Mau cat c6 D, = 0.357, gia tri cia r, am ban dau va chuyén thanh
duong (n =2 vong) va gia tri cta r, duong (n > 1 vong) va dao dong ting dén
1.0 twong img véi n =3 vong + 41 vong.
3.3.1.4. Mau CC3-3 vdi ché dé rung RTE, tan sé f= 1 Hz

- Miu cat ¢6 D, = 0.316, gia tri ctia Gmg suat truc dao dong tir 0.4 kPa +
9.7 kPa (n = 1 vong) sau d6 gia tri cua bién d6 Gng suat truc thu hep dan tir
1.6 kPa + 3.4 kPa tuong tng voi n =2 vong + 230 vong.

Mau CC3-3 i
r14
/c—:\ 5 1.2
(2T
22 1.0 y 3
2 _og — I.J’ng suat truc
P 0.6 Ty
&
2 25004
5 0.2
0.0
n
Hinh 3.23. Quan hé giita vmg sudt truc, r, va n mau CC3-3
Mau CC3-3 &
100000 1.4
= 80000 - 12
3 ] 1.0
= 60000 - ' Ly
-3 1 08— 1,
“ 40000 -
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o 20000 1 - 0.4
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-20000 0.0

n

Hinh 3.24. Quan hé gita rqs, Iy va n mau CC3-3
- Gia tri cta chi s6 tmg suat l1éch ry dao dong tir -1 + 12 cho qua trinh
thi nghi€m, tuy nhién tai n = 217 vong thi gia tri cua rys tang dot bién. Su tdng
dot bién nay la do ung suét c6 hiéu nho va ap luc nude 16 thing du qua 16n.
- Gia tri cta chi sd ap luc nude 16 rong thing du r, ban dau am va
chuyén thanh duong (n = 2 vong) va gia tri cta r, duong (n > 1 vong) va dao
dong tang dén 0.84 twong ing v6i n = 3 vong + 230 vong.
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3.3.1.5. Mdu CC4-4 véi ché dj rung CTC-RTE, tan s6 f= 1 Hz

- Miu cat c6 D, = 0.296, gia tri ctia Gmg suét truc dao dong tir 8.6 kPa +
31.4 kPa (n = 1 vong) sau d6 gia tri cua bién do ung suét truc thu hep dan tir
10.5 kPa = 16.5 kPa twong tmg véi n = 2 vong + 90 vong. Gia trj clia ing suét
truc bién trén gidm tuong g voi n = 86 vong + 90 vong.

- Gi4 trj cua chi sd ung suit léch rg dao dong tir -10 + 12 cho qua trinh
thi nghiém, tuy nhién tai n = 69.7 vong thi gia tri rgs ting dot bién. Sy ting dot
bién nay 1a do tmg sut c6 hiéu nho va ap luc nude 16 thing du Au qua 16n.

Mau CC4-4
r\l

35.0 5 i
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Hinh 3.25. Quan hé giita g sudt truc, r, va n mau CC4-4

Mau CC4-4 r,
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Hinh 3.26. Quan hé gitta rgs, ¥y va n mau CC4

- Mau cat ¢6 D, = 0.316, gia tri ctia r, m va chuyén thanh duong (n =2
vong) va gia tri cua ry duong (n > 1 vong) twong Umg voi n = 3 vong +~ 90
vong.
3.3.1.6. Mdu CS2 véi ché 6 rung CTC-RTE, tan s6 f= 1 Hz

- Mau cat ¢6 D, = 0.296, gia tri cua Ung suét truc dao dong tu 2 kPa +
32 kPa (n = 2 vong) sau d6 gia tri clia bién d6 tmg sut truc nho dan tir 5 kPa
+ 28 kPa tuong trng vo1 n = 3 vong + 43 vong.

- Mau cét ¢6 D, = 0.296, gia tri cua chi s6 ung suat léch rqs dao dong tu
-18.65 + 25.36 cho qué trinh thi nghiém, tuy nhién tai n = 6.5 vong thi gia tri
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rgs tang dot bién. Sy ting dot bién nay 1a do tng suét chinh c6 hiéu bang 0 hay
vi trng suat chinh bang ap luc nudce 16 thing du Au.

- Mau cat ¢6 D, = 0.316, gié tri cia r, 4m va chuyén thanh duong (n = 2
vong) va gia tri cua r, dwong (n > 1 vong) va dao dong tang dan dé 1.0 twong
ung voin = 3 vong + 43 vong.

Mau CS2
I,
40 u g9
=
= ] - 1.0
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S | MY - 038
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n
Hinh 3.27. Quan hé giita img sudt truc, ry va n mau CS2
Mau CS2 .
3000 - 1
= 2000 ] 1.0
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Hinh 3.28. Quan hé giita rqs, ¥y va n mau CS2

3.3.1.7. Mdau CCI véi ché dé rung CTC-RTE, tin s6 f = 2 Hz

- Mau cat c6 D, = 0.172, gia tri cia Ung suét truc dao dong tur 35 + 45
kPa (n = 1 vong) sau d6 gia tri ciia bién do Gmg suat truc thu hep dan vé 40
kPa tuong ung voi n =2 vong + 81 vong.

- Gia tri ctia chi sd tng suét 1éch rg dao dong tir 0 = 0.15 (n = 1 vong)
sau do gia tri cua bién do chi $6 ung suét léch dao dong thu hep dan tir - 0.02
+0.02 tuong ung voin = 21 vong + 81 vong.

- Mau cat ¢6 D, = 0.101, gia trj clia r, m va chuyén thanh duong (n = 1
vong) va gia tri cta r, duong (n > 1 vong) va dao dong ting dén 0.9 tuong
ung véin =21 vong + 81 vong.
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Mau CC1 Ly
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Hinh 3.29. Quan hé giita irng sudt truc, ry va n mau CCI
Mau CC1 5
u
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Hinh 3.30. Quan hé giita rq4s, ry va n mau CC1
3.3.1.8. Mdu CC2 véi ché dg rung CTC-RTE, tan sé f = 2 Hz
- Mau cat ¢6 D, = 0.373, gi4 tri cua Umg suét truc dao dong tr 10 + 60
kPa (n = 1 vong) sau d6 gia tri cua bién do ung suét truc tir 25 kPa + 40 kPa
tuong mg vé1in =2 vong + 81 vong.
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Hinh 3.31. Quan hé giita vmg sudt truc, ry va n mau CC2
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Mau CC2
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Hinh 3.32. Quan hé gitta rgs, ¥y va n mau CC2

- Mau cét ¢6 D, = 0.373, gia tri cua chi ) ung suat léch rqs dao dong tu
-10 = 20 cho qua trinh thi nghiém, tuy nhién tai n = 21 vong thi gié tri cla rgs
tang dot bién. Su tdng dot bién nay 1a do ung suét chinh c6 hiéu bang 0 hay vi
g suat chinh bang ap luc nudc 16 thing du Au.

- Mau cat ¢6 D, = 0.373, gia tri ctia r, 4m va chuyén thanh duong (n =2
vong) va gia tri cua r, duong (n > 1 vong) va dao dong ting dén 1.0 tuong
ung voin =2 vong + 81 vong.
3.3.1.9. Mdu CC3 véi ché dg rung RTE, tan s6 f= 2 Hz
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Hinh 3.33. Quan hé giita trng sudt truc, ry va n mau CC3
Mau CC3 r
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Hinh 3.34. Quan hé gitta rgs, ¥y va n mau CC3
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- Mau cat ¢6 D, = 0.316, gi tri clia ing suat truc dao dong tr 3 kPa + 9
kPa (n = 1 vong) sau d6 gia tri ctia bién do tmg suét truc thu hep dan tir 5 kPa
+ 8 kPa tuong rng véi n = 2 vong + 260 vong.

- Gia tri ctia chi sd ung sut 1éch rgs dao dong tur -3.5 — 0.3 cho qué trinh
thi nghiém, tuy nhién tai n = 250 vong thi gia tri res ting dot bién. Sy ting dot
bién nay 1a do su tng sudt c6 hiéu nho va ap luc nudce 16 thing du Au qué 1on.
- Gi4 tri cta chi s ap luc nudce 16 rong thing du r, Am va chuyén thanh duong
(n = 2 vong) va gia tri cta r, duong (n > 1 vong) va dao dong ting dén 0.7
tuong tng véi n = 3 vong + 260 vong.
3.3.1.10. Mdu CC4 véi ché d¢ rung CTC-RTE, tan sé f = 2 Hz

- Mau cét c6 D, = 0.296, gia tri ctia ung suét truc dao dong tur 12 kPa +
38 kPa (n = 1 vong) sau do6 gié tri cia bién do ting sut truc tir 15 kPa + 28
kPa twong Gmg v&i n = 2 vong = 130 vong. Gia tri ciia bién do ung suét truc
giam bién d6 trén tir n = 120 vong dén 130 vong.

- Gi4 tri ctia chi sb ung suét léch rg dao dong tir -1.2 + 0.7 cho qua trinh
thi nghiém tuong mg véin = 1 vong + 130 vong.

- Mau cat ¢6 D, = 0.316, gia tri ctia r, 4m va chuyén thanh duong (n =2
vong) va gia tri cua r, duwong (n > 1 vong) va dao dong ting dén 0.7 twong
ung v&in =2 vong + 130 vong.
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Hinh 3.35. Quan hé giita vmg sudt truc, ry va n mau CC4
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Hinh 3.36. Quan hé giita rqs, ry va n mau CC4
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3.3.1.11. Mau CS2-1 véi ché dg rung CTC-RTE, tan sé f = 2 Hz

- Mau cat co6 D, = 0.296, gi4 trj ciia Gng suat truc dao dong tir 8.92 kPa
+26.4 kPa (n = 2 vong) sau d6 gia tri cua bién do ung suat truc tir 12.9 kPa +
17.1 kPa twong ung voi n = 3 vong + 140 vong.

- Gia tri cua chi sd Gng sut 1éch rg dao dong tir -1.25 + 1.12 cho qua
trinh thi nghiém tuong img vé1 n = 3 vong + 140 vong.

- Mau cat ¢c6 D, = 0.316, gia tri cia r, 4m va chuyén thanh duong (n =2
vong) va gia tri cia r, duong (n > 2 vong) va dao dong ting dén 0.76 tuong
ung voi n = 3 vong + 140 vong.

Mau CS2-1
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Hinh 3.37. Quan hé giita vmg sudt truc, ¥, va n mau CS2-1
Mau CS2-1 .
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Hinh 3.38. Quan hé giita rqs, ry va n mau CS2-1

Nhéan xét chung:

Véi 11 miu cat bj héa long (C1, CC1, CC2, CC3, CC4, CS2, CCI1-1,
CC2-2, CC3-3, CC4-4 va CS2-1) di duoc chon ra tir 20 mau céat dugc thi
nghiém tai khu vuc ven bién TP. Quy Nhon, tinh Gia Lai. Cac mau cat bi hoa
long 1a C1, CC1-1, CC2-2, CC3-3, CC4-4 va CS2 véi tan s6 f=1 Hz con cac
mau cat bi hoa 1ong 1a CC1, CC2, CC3, CC4, CS2-1 voéi £ =2 Hz cho cac do
chat tuong ddi D, khac nhau va ap luc c6 hiu sau cd két 6% khac nhau va
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cling v6i cac ché do rung khac nhau (16 trinh Gng suat). Két qua vé gid trj cua
r, c6 thé nhan thiy nhu sau:

- Gia tri cta r, tang khi s vong lap n tang.

- Gia tri cta r, ting dot bién (hay sut giam manh) khi 4p luc nudc 16
rong thing du Au ting dot bién va chi sb Gmg suat 1éch rg giam dot bién.

- Gia tri cua r, ting theo n khi ap lyc nudc 16 rdng thing du Au gan
bang mg suat chinh p va chi sd tng suét 1éch rg, ting dot bién.
3.3.2. Twong quan giita CSRy,, 'y max vVOi sé vong lip chu ky n cho cdc méu
cdat hoa long

- Khi cic mdu cat cung tan s6 =1 Hz, gia tri cla SCR¢n cang 16n khi
D, cang lén. Tuy nhién, mau CC4-4 (D, = 0.251) c6 gia tri cua CSRy, tang
hon gia tri cia CSRy, cho mau CC3-3 (D, =0.255) vi trong cung mdt 16p
phan t6 dat 2 m + 4 m nhung khi thi nghiém xét ap luc ¢ két ban dau cua
mau CC4 13 16 kPa con mau CC3-3 1a 11.1 kPa (Bang 3.3), tir d6 gia tri bién
do rung cling khac nhau (Bang 3.5), con gia tr1 cua CSRg, cho mau CS2 1én
nhat vi gia tri cia bién d6 rung ciia mau CS2 (D, = 0.218) 1a 15 kPa nho hon
gia tri ciia bién d6 rung cho mau CC2-2 13 25 kPa va gia tri cia bién do rung
cho miu CC4-4 1a 15 kPa (D, = 0.251). Nhan thay, khi cic miu cung gia tri
cuia bién d6 rung nhung mau c6 D, nho hon s& cho gia tri cla CSRg, nho hon.

- V6i D, = 0.15 + 0.25 (mau CCI1-1, CS2) c6 dugc khoang gia tri cua
CSRgh, g14 tri cua rymax 10n hon khoang gia tri cia CSRy,, gia tri cua rymax vO1
D, =0.25 + 0.4 (miu CC2-2, CC4-4) cho tan s6 =1 Hz.
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Hinh 3.39. Quan hé gitta CSRy, va n cho Dy khac nhau voi tan s6 f=1Hz
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Hinh 3.40. Quan hé gitta r, max va n cho Dy khdc nhau voi tan sé f=1Hz
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Hinh 3.41. Quan hé gitta CSRy, va n cho D, khdc nhau voi tan so f= 2 Hz
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Hinh 3.42. Quan hé giita ry, max va n cho Dy khdc nhau véi tan sé f = 2 Hz
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- Gi4 tri clia 1y max ting nhanh khi s6 vong lip n nho hon 10 vong va xap
xi 1.0 khi n 16n hon 20 vong va D, 16n hon thi gia tri cua r, max nhd hon véi
cung s6 vong lap n ddi véi mau cat hoa 1ong cho tan sé f=1 Hz.

- Khi cac mau cat cing tan sd f =2 Hz, gi trj cua SCRyn cang 16n khi
D, cang 16n. Tuy nhién, mau CC4 (D, = 0.298) c6 gié trji cia CSRy, ting hon
gia tri ciia CSRy;, cho mau CC3 (D, =0.373) vi trong cung mdt 16p phan t dat
tir 2 m + 4 m nhung khi thi nghiém gia tri ctia ap luc ¢ két ban dau ctia mau
CC4 1a 35 kPa con mau CC3 1a 28 kPa (Bang 3.3), tir d6 gia tri cua bién do
rung cling khac nhau (Bang 3.5).

- Tan s f = 2 Hz, gia tri c0a ryma tang nhanh khi s6 vong lip n nho
hon 10 vong va x4p xi 1.00 khi n 16n hon 20 vong va D, 16n hon thi gia tri cia
lu.max 16 hon véi ciing s6 vong lap n.

- Véi D, = 0.15 + 0.25 (mau CC1, CS2-1) c6 dugc gia tri cua CSRgy
nho hon gid trj cia CSRy, v6i D, = 0.25 + 0.4 (mau CC3, CC4), nguoc lai gia
tri cua rymax €60 Dy = 0.15 + 0.25 (mau CC1, CS2-1) 16n hon gia tri cua rymax
v6i D; = 0.25 = 0.4 (mau CC3, CC4) cho tan s6 f=2 Hz.

Két qua trén phu hop véi Iddriss va nnk (2006) [42], Rascol (2000)
[53], Nguyén Vin Phong va nnk (2023) [11] d4 nghién ctru thuc nghiém vé sy
tuong quan gitta chi sé SCR, chi sd r, va sé vong 1ap chu ky n twong ung voi
d6 chit tuong ddi D, déu cho rang chi sé SCR giam, chi s6 1, ting khi s vong
1ap chu ky n ting twong Gmg véi do chat twong doi D, giam.

Nhan xét chung:

- Gia tr1 rymax = 1.0 cho mau cat bi hoa 16ng véi tan s6 f= 1 Hz hoidc
tan s =2 Hz, v4i mau c6 do chat tuong ddi D, nho hon thi mau cat hoa long
cang nhanh, khi D, = 0.101 (mau cat véi hat rt roi - dang x6p) bi hoa 1ong
khi s6 vong n = 1 (miu C1). Qua trinh thi nghiém mau cat hoa 1ong con phu
thudc vao cac yéu té khac nhu ché do rung va bién do rung.

- b6 chat tuong ddi D, = 0.15 + 0.25 cho khoang gia tri cla ryma 16n
hon khoang gia tri cia ryma vOi do chat twong dbi D, = 0.25 + 0.4 cho tan s6 f
= 1 Hz hodc tan sb =2 Hz.

- Bo chit trong d6i D, = 0.15 + 0.25 (mau CC1-1, CS2) cho khoang gia
tr1 cua CSRy, 16n hon khoang gia tri cua CSRy, vo1 do chat tuong déi D, =
0.25 + 0.4 (miu CC2-2, CC4-4) cho tan s6 f = 1 Hz, va nguoc lai do chit
tuong d6i D, = 0.15 + 0.25 (miu CC1, CS2-1) cho gia tri cta CSRg, nho hon
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gia tri cua CSRy, vo1 do chat twong ddi D, =0.25 + 0.4 (mau CC3, CC4) cho
tan s6 f=2 Hz.

- Gia tri cla I'ymax tdng nhanh va nhé hon 1.00 khi sb vong 1ap n nho
hon 20 vong, ddng thoi cac mau cat co kha ning hoa 16ng véi tin sé f= 1 Hz
hodc tan sb f = 2 Hz déu co gia tri cla rymax =1.00 Khi sb vong lap n > 20
vong.

- Tan s6 16n hon s& cho gid trji cta ryma 160 hon véi ciing sé vong lap
n, tuy nhién gia tri ry max Ndy con phu thudc vao do chit twong ddi D,.

3.3.3. Puwong bao chi sé ieng suit CSR theo sé vong lip chu ky n

Trén co s& két qua thi nghiém cho 20 miu cat, duoc 06 miu cat c6 kha
nang hoéa long (C1, CC1-1, CC2-2, CC3-3, CC4-4 va CS2) & nhiing do chat
tuong dbi D; khac nhau, 4p luc hiéu qua, bién d6 rung khac nhau vdi tan s 1a
1 Hz va 05 mau céit c6 kha ning hoa 1éng (CC1, CC2, CC3, CC4 va CS2-1) &
nhitng do chat twong d6i D, khac nhau, ap lyc hiéu qua va bién d6 rung ciing
khac nhau véi tan s6 1a 2 Hz. Gia tri cta chi s6 ung suat cat tudn hoan gidi
han (CSRyp) cho timg mau tmg voéi so vong lap n ciing khac nhau. Tuy nhién,
s6 liéu mau C1 c6 D, = 0.101 (& trang thai roi x6p) cho d6 chit twong d6i D,
rat nho nén tién hanh loai tiép mau cét nay.

Tir d6, tong hop tinh toan duge mdi twong quan gitra CSR véi n theo s6
liéu thi nghiém cho 05 mau cat véi tan s6 £ = 1 Hz. Thiét 1ap twong quan giita
CSR v6i1 n nhu sau:

CSR =-0.064In(n) + 0.3868 khi n = 1 vong ~ 20 vong (3.7.a)

CSR =-0.014In(n) + 0.2367 khi n = 20 vong + 235 vong (3.7.b)
0.60 - I
0.50 E

CSR = -0.064In(n) + 0.3868

040 4
& : /
% : f=1Hz

CSR =-0.014In(n) +0.2367
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Hinh 3.43. Thiét Idp quan hé gita CSR va n twong ieng véi tan s6 = 1 Hz
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- Nham tim ra dudng bao tmg chi sd suit cit tudn hoan gii han CSRyn
theo thdi gian hay sb vong lip chu ky n, dé tién hanh xac dinh gia tri cua
CSRyh 16n nhat tng v6i sé vong ldp chu ky n thich hop cho 5 miu cat c6 kha
nang hoa 10ng trén va thiét 1ap méi twong quan giita CSRgh v61 n nhu sau:

CSR,, =-0.178In(n) +0.9553 (3.8)

Nhitng diém nam dudi duong cong CSRyh 1a nén cat on dinh va nhiing
diém nam trén dudng cong CSRy, 1a nén cat mat on dinh hay c6 kha ning hoa
16ng theo s vong 1ap chu ky n twong tmg véi tan sé f= 1 Hz.
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Hinh 3.44. Quan hé giita CSRy, va n twong irng voi tan s6 f=1Hz
Pong thoi, nhitng diém nam & trong can dudi dudng cong Gng suét cat
tuan hoan CSRy va nam cén trén dudng cong tmg sudt cit tuan hoan CSR; 1a
nhimg diém c6 kha ning mat on dinh hay nhiing diém c6 tiém ning héa long
(hay goi 1a kha ning héa 1ong) ctia nén cat.
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Hinh 3.45. Quan hé gitta CSR va n tuwong teng véi tan sé f = 1 Hz
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Véi tan s6 f= 1 Hz, khi s vong 13p chu ky n = 30 vong thi gia tri cta
CSR; 1a 0.35 con gia tri cua CSRy 1a 0.16, nhitng gia tri cia CSR dugc xac
dinh nam trong khoang (0.16 + 0.35) khi n = 30 vong thi goi la diém c6 tiém
ning hoa long (hay goi 1a kha ning héa 10ng) ctia nén cat.

120 |
]
I
b | — CSR, f=1Hz
' I
0.80 - |
o Hoa long . T COSR. f=1Hz
7 0.60 - |
W | ‘ |
1 Tiém nang (30, 0.35)
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Hinh 3.46. Quan hé giita CSR va n < 30 vong
twong vng voi tan sé f = 1 Hz
Tuong tu tong hop so lidu, tir d6 thiét lap dugc mdi twong quan gitra
CSR véi n theo s6 liéu thi nghiém cho 05 mau cat c¢6 kha ning hoa 10ng tuong
g véi tan s f =2 Hz. Tuong quan giita CSR, CSRyh v61 n nhu sau:
CSR =-0.034In(n)+0.2309 khi n =1 vong ~ 20 vong (3.9.3)
CSR =-0.016In(n) +0.1720 khi n =20 vong + 265 vong (3.9.b)

CSR,, =—0.105In(n) +0.708 (3.10)

0.40 1
0.30

CSR =-0.034In(n) + 0.2309

' CSR =-0.016 In(n) +0.1720
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Hinh 3.47. Thiét Idp quan hé gita CSR va n twong ieng véi tan s6 f= 2 Hz
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Hinh 3.48. Buong bao chi sé img sudt CSRyn va n tuong ung voi tan s6 f= 2 Hz

- Vi tan s6 £ =2 Hz, khi s6 vong lap chu ky n = 60 vong thi gia tri cta
CSR; 1a 0.27 con gia tri cia CSRy 1a 0.09, nhitng gia tri cua CSR dugc xac
dinh nam trong khoang (0.09 + 0.27) tai n = 60 vong thi goi 1 diém c6 tiém
nang hoa long (hay goi 1a kha nang hoéa 1éng) theo Hinh 3.49. con khi n = 30
vong thi gia tri cua CSR; 1a 0.35 va gia tr1 cua CSRy 1a 0.11 (Hinh 3.50).

- Khi s6 vong lap chu ky n tang thi gia tri ciia chi s6 Gmng suat cat tuan
hoan CSR giam, dong thoi gia tri clia chi sd Gng suét cat tuan hoan CSR
tuong mg véi tan sé £ = 1 Hz 16n hon gia tri cua chi s6 Gng suat cit tuan
hoan CSR tuong tng véi tan sé f =2 Hz (Hinh 3.51).

0.80 4 l
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Hinh 3.49. Quan hé giita CSR va n
twong 1ng véi tan so f = 2 Hz
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Hinh 3.50. Quan hé giita CSR va n < 60 vong
twong 1ng véi tan so f = 2 Hz
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Hinh 3.51. Quan h¢é giita CSR, chénh léch ACSR va n
- Gi4 trj caa d6 chénh 1éch chi sb ung suét cét tuan hoan ACSR nho dan
twong ng voi sd vong 1ip chu ky n ting dan, cu thé tai n = 1 vong thi gia tri
cua ACSR =40.3 %, n = 20 vong thi gia tri cia ACSR = 33.8 % va n = 60
vong thi gid tri cua ACSR = 26.5% (Hinh 3.51), & day ACSR 1a d§ chénh 1éch
chi s6 rng suat cat tudn hoan twong tng véi tan sb 1 Hz va chi s6 tng suat cat
tuan hoan tuong tng véi tan s6 2 Hz.

- Két qua nay ciling phu hop voi Iddriss va nnk (2006) [42], Nguyén Vin
Phong (2016) [9] da nghién ciru thyc nghiém vé su tuong quan giira chi sd
SCR va s6 vong lip chu ky n tuong Gng voéi do chit twong d6i D, déu cho
rang chi s6 CSR ¢6 tan s6 16n s& nho hon chi s6 CSR ¢6 tan s6 nho tuong Gmg
v6i s6 vong 1ap chu ky n.

3.3.4. Twong quan giita r, theo sé vong lip chu kp n

Téng hop sd liéu tir 10 mau cat thi nghiém c6 kha niang hoa 1ong va loai
trir sai sb thd dot bién, hé sé B = 0.96, trong d6 05 mau cét véi tan s6 1 Hz, 05
mAu cat vé6i tan s6 2 Hz cho cac 10 trinh ¢mg suét khiac nhau (CTC-RTE,
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RTE), ta thay khi s6 vong lap chu ky n cang 16n thi gia tri cta chi s ap luc
nuée 16 rdng thing du r, cang 16n va gia tri cua r, tién dén 1.00 (trang thai hoa
l6ng ctia mau cat).

1.20 f=1Hz

1.00

|
I
I
I
I
0.80 I
o i \ £, =0.0195l(n)+ 0.8502

0.40 1, = 0.0978In(n) + 0.6079
0.20

0 20 40 60 80 100 120
n

Hinh 3.52. Quan hé giita r, va n twong itng véi tan s6 f= 1 Hz

1.20 -

1.00 (20,0.94)

]

[ ="

: £, = 0.012In(®) + 0.9032 fe2le
|

< 0.60 -

s r, = 0.0767In(m) +0.7108

0.20 4

Hinh 3.53. Quan hé giita r, va n twong itng véi tan s6 f = 2 Hz
Tir d6, thiét 1ap twong quan gitra ry, v6i n cho tan s6 =1 Hz:
r, =0.0978In(n) +0.6079 khi n =1 vong + 20 vong (3.11.a)

r, =0.0195In(n) +0.8502 khi n = 20 vong ~ 150 vong (3.11.b)
Tuong tu, thiét 1ap twong quan gitta chi s6 ap luc nuée 16 réng thing du
r, v6i s6 vong lap chu ky n voi tan s6 £ =2 Hz:
r,=0.0767In(n) +0.7108 khi n = 1 vong ~ 20 vong (3.12.a)
r, =0.012In(n) +0.9032 khi n = 20 vong + 120 vong (3.12.b)

- Khi s6 vong lip chu ky n ting thi gia tri cta chi so ap luc nudc 16 rdng thing
du r, cang ting va gia tri cia chi so 4p luc nude 16 rong thing du r, cho tan so
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f =1 Hz nho hon gia tri cta chi sé ap luc nude 16 rdng thang du r, cho tan sb
f =2 Hz (Hinh 3.54). Két qua nay ciing phu hop v6i Rascol (2000) [53],
Nguyén Vin Phong va nnk (2023) [11], Pang Quan Huy va nnk (2024) [3] da
nghién ctru mau cat cho tan sb khac nhau va két luan rang chi sb r, co tan sd
16n s& 16n hon chi s 1, ¢6 tin s6 nhé tuong ung voi sé vong lap chu ky n.

Chénh léch Ar, (%)

(l).g (1,14.4) ] 2
. / 14
0.8 |
0.7 > 4 : — T f=1Hz 12
= 0.6 / : — 1, (=0Hz r 10
g : Chénh léch Ar, -8
04 I
| ~ > ' 6
03 '(20,4.2)
02 ) 60,23) [ 4
0.1 : -
0.0 T — = )
0 10 20 30 40 50 60

n

Hinh 3.54. Quan hé giita r,, chénh léch Ary va n

- Két qua theo Hinh 3.54, gia tri cua d¢ chénh léch Ar, nho dan tuong
tmg véi s6 vong 1ap chu ky n ting dan, cu thé tai n = 1 vong thi gia tri cua
Ary = 14.4 %, n = 20 vong thi gia tri ctia Ar, = 4.2 % va n = 60 vong thi gia tri
cua Ar, = 2.3 %.

- Ngoai ra, gia tri cua r, ting dan khi so vong lap chu ky n tir 1 vong
dén 20 vong, con gié tri cia r, ting 16n hon 0.9 khi s6 vong chu ky n tir 20
vong dén 60 vong. Theo Seed va nnk (1966) [32] dé danh gia kha niang hoa
long ctia mau cat thi xem xét gia tri cta ry, < 0.9, do d6 cac ham cua chi sb ap
luc nudce 16 rdng thang du theo sé vong ldp chu ky n twrong Gng voi tan sb £ =
1 Hz va tan s6 f =2 Hz chi xét cho s6 vong lap n tir 1 vong dén 20 vong, dong
thoi Nguyén Vian Phong (2016) [9] cho rang sau diém hoa long ctia mau cét
thi chi s6 r, gan tién dén 1.0, do d6 cudng do strc khang don vi ctia cat chi co
¥ nghia khi s6 vong n dugc xem xét trude diém hoa 10ng.
3.3.5. Twong quan giita r, va CSR cho tin s6 khdc nhau

- Theo két qua trén, di thiét 1ap dugc quan hé giita chi s ung suat cét
tuan hoan CSR, chi so ap luc nudc 16 rdng thang du r, va s6 vong lap chu ky
n. Khi s6 vong 13p chu ky n ting thi gia tri ctia chi sd Ung suat cat tuan hoan
CSR giam va gia tri ciia chi s6 ap luc nude 16 rdng thang du r, tang.
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- Quan hé gitra chi s6 CSR, chi s6 r, va sd vong lip chu ky n tuong Gng
v6i tan s6 =1 Hz va tin s6 f = 2 Hz v6i mién xac dinh cho sd vong lap chu
ky n tir 1 vong dén 20 vong (Hinh 3.55).

- V&i s6 vong ldp chu ky n tir 1 vong dén 20 vong, quan hé giira chi sd
r, va chi s6 CSR 1a phi tuyén, gia tri cia CSR giam dan khi gia tri cua r, ting
dan twong Gmg voi tan s6 f= 1 Hz va tan s f =2 Hz, thiét 1ap mdi twong quan
gitra r, voi CSR nhu sau:

r, =-1.528CSR +0.8701 twong (ng Vi tan s6 f = 1 Hz (3.13)
r, =—2.255CSR+1.2316 tuong tng Véi tan sb f = 2 Hz. (3.14)
CSR (f=1Hz)
10 : ——CSR (f=2Hz)
0.9
— I, =1Hz
0.8 | 1, = 0.0767 In(n) + 0.7108
< 07 A | s 155 FF2HZ
& 06 '™ 1, =0.0978 In(n) +0.6079
o
0.5 - :
0.4 :

' CSR = -0.064 In(n) + 0.3868
03 4
i3 \/34// CSR = -0.0341In(n) + 0.2309
0.1 .
0.0+
0 10 20 30 40 50 60

n
Hinh 3.55. Quan hé gitta CSR, ryva n

3.3.6. Twong quan giita k, r, theo s6 vong lidp chu ky n

Gia tri cta chi sb ap luc nude 16 r5ng thang du r, cang l6n khi s6 vong
lap chu ky n cang 16n va gia tri cia r, tién dén 1.00 (trang thai hoa long cia
mAu cat). Diéu ndy c6 nghia 1a mic do suy thoai cang 16n hay khung két cdu
dat cat bi pha huy cang nhiéu, stc chiu tai cue han doc truc ciia coc cang nho
hay cong trinh cang d& mat 6n dinh voi hé s6 suy thodik =1 -1y,

K - hé s6 suy thoai véi k = tg’/tge, & ddy @’ - gbc ma sat trong cd xét
kha ning hod 10ng ctia dat cat va @ - gbc ma sat trong caa dét cat.

- V6i s6 vong lap chu ky n tir 1 vong dén 20 vong, gi trj ciia hé sd suy
thoai k cang nho khi s6 vong 1dp chu ky n cang 16n tuong tng véi tan sd f= 1
Hz va tan s6 f = 2 Hz, thiét 1ap duoc mdi tuong quan giita k voi n nhu sau:

k = —0.098In(n) +0.3921 twong wng Vai tan s6 f = 1 Hz (3.15)
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k = —0.0767In(n) +0.2892 twong (rng V&i tan sé f = 2 Hz. (3.16)
- Nhan thiy khi n = 1 vong thi gié tri ctia k = 0.40 twong tmg v&i tan s6
1 Hz va gia tri cia k = 0.29 tuwong tmg véi tan sd 2 Hz, khi n = 20 vong thi
gia tri cia k = 0.10 tuong tng v6i tan s6 1 Hz va gid tri cia k= 0.06 twong
mg véi tan sb 2 Hz.

e T, =1Hz — 1, =0Hz
1.0
09 4 k (f=1Hz) —k (f=2HZ)
0.8 4
0.7 1 r,= 0.0767 In(n) + 0.7108
= 0.6 -
__:, 05 - r,= 0.0978 In(n) + 0.6079
04 -
0.3 k =-0.098In(n) + 0.3921

0.2 \é k = -0.0767In(n) + 0.2892
0.1 - -

0.0 T

Hinh 3.56. Quan hé giita k, ry va n
3.4. Nhan xét chwong 3

Két qua nghién ctru bang thiét bi ba truc gia tai lap chu ky trong phong
thi nghiém da thuc hién cho cic mau cat tai khu vuc TP. Quy Nhon, tinh Gia
Lai ¢ trang thai bdo hoa trong diéu kién khong thoat nudc (so do thi nghiém
CU). Mot s ¥ duge rat ra tir két qua thi nghiém nhu sau:

- Xay dung dugc duong bao chi sé ing suit CSR theo sd vong lip chu
ky n twong Gmg voi tan sé f=1 Hz va tan s6 f= 2 Hz.

- Xac dinh dugc khoang tiém ning hoa 1ong cua chi sé tng suat cit
tuan hoan CSR theo s6 vong chu ky n twong tGng véi tan s6 £= 1 Hz (n = 30
vong) va tan s6 =2 Hz (n = 60 vong).

- Chi s ung suét cat tudn hoan CSR giam khi s6 vong lap chu ky n
tang (n = 1 vong dén 20 vong), chi sb ap luc nude 16 rong thang du r, ting khi
s6 vong lip chu ky n ting (n = 1 vong dén 20 vong).

- V6i s6 vong ldp chu ky n tir 1 vong dén 20 vong, quan hé giira chi s6
r, va chi s6 CSR 1a phi tuyén, gia tri cia CSR giam déan khi gia tri cta r, ting
tuong ng voi tan s6 khac nhau, thiét 1ap dugc tuong quan gitta r, véi CSR:
r, =—0.8660CSR +0.8702 tuong ung Vvéi tan s6 f = 1 Hz, r, =-2.255CSR+1.2316
tuong Gng véi tan sb f = 2 Hz.
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- V6i s6 vong 1ap chu ky n tir 1 vong dén 20 vong, gi trj ctia hé sd suy
thoai k cang nho khi s6 vong ldp chu ky n cang 16n tuong Gng véi tan sb f= 1
Hz va tan sb f = 2 Hz, & day k 1a tge’/tge, voi k =-0.098In(n) +0.3921 twong
g voi tan s6 f = 1 Hz va k =-0.0767In(n) +0.2892 twong ung Véi tan s6 f = 2
Hz. Dua theo két qua nay c6 thé bd sung du doan goc ma sat trong cia cat suy
giam khi xay ra hoa 16ng va so sanh voi TCVN 10304:2014.
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Chwong 4
SUC CHIU TAI DQC TRUC CUA CQC CO XET HIEN TUQNG HOA
LONG CUA NEN CAT KHI CO PONG PAT CHO CONG TRINH
THU'C TE O THANH PHO QUY NHON

4.1. NOi dung tinh toan strc chiu tii cuc han doc truc cia coc c6 xét kha
nang hoa long

Qua trinh bién dang thé tich dat do suy thoai hay kha ning hoa long dat
nén lam dia chat nén dat bi thay doi, do lun va stc chiu tai (SCT) hé thdng
coC trong cong trinh bi anh huong. Do d6, do Iun doc truc I1én hon va stc
khang doc truc coc nho hon 13 do anh hudng 4p luc nuéc 16 rdng thing du Au
cho nén cat c6 kha niang hoa 1ong khi c6 dong dat.

Theo muc 2.6 cua Chuong 2, tinh toan strc chiu tai cuc han doc truc cta
coc cO xét dén kha ning hoa 1ong cia nén cat dd duoc Boulanger va nnk
(2004) [31], Fellenius va nnk (2008) [36], Muhunthan va nnk (2017) [51],
...nghién cuu, cho réng suc chiu tai cyc han doc truc cua coc bi suy giam do
anh huong bai kha ning hoa 1ong ciia nén cat khi co dong dat.

Tuy nhién, cac phuong phap trén chi dwa ra cac hé s6 anh huong lam
gidm suc chiu tai than coc, strc khang miii coc hay suc chiu tai cuc han cua
coc. Khi nén dét bi dong dat trong Gmg véi tan sd nén khac nhau thi chua co
chi dan cu thé va viéc tinh toan sirc chiu tai doc truc ciia coc co xét kha nang
hoa 1ong ctia nén cat khi c6 dong dat cho cong trinh tai Viét Nam chua co.
Noi dung cta chuong nay c6 dé cap dén viée tinh toan strc chiu tai cuc han
doc truc cua coc ¢ xét dén kha niang hoa 1ong cua nén cat khi c6 dong dat voéi
chi sd ap luc nudce 16 rdng thing du r, twong Gng véi tan sé 1 Hz va tan sd 2
Hz. Két qua xir 1y s liéu tir thi nghiém ba tryc gia tai lip ctia nén cat trong
Chuong 3, xac dinh dugc cac ham chi s6 ap luc nuée 16 rong thang du r, véi
s6 vong 1ap chu ky n, ham chi sé ap luc nudc 16 rdng thang du r, véi CSR
tuong Gmg véi tan s6 f = 1 Hz va tan s6 f = 2 Hz.

Pé lam 1o phuong phép tinh toan strc chiu tai cuc han doc truc cua coc
c6 xét kha nang hoa 16ng cta nén cat khi c6 dong dat cho khu vuc ven bién tai
TP. Quy Nhon, tinh Gia Lai (khu vyc nghién ctru) véi dia chét dién hinh cho
cong trinh nay co 2 16p dat cat kha day twong ddi dong nhat va xen kep 1a 16p
bun dit yéu. Phin mém dung dé tinh toan cho cong trinh nay 1a Geostudio
2018 [40]. Két qua vé gia tri cua stc chiu tai cuc han doc truc cua coc tinh
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toan theo PP4 duoc so sanh vai gia tri cia suc chiu tai cuc han doc truc cua
coc theo cac phuong phap nhu phuong phap Boulanger va nnk (2004),
phuong phap Fellenius va nnk (2008), phuong phap Muhunthan va nnk
(2017), phuong phap sb bang phan mém Geostudio 2018 goi 1a phuwong phap
Geostudio 2018 va phuong phap Chi tiéu cudong d6 cua dat nén cho trong
TCVN 10304:2014 [17] c6 xét dong dat, & day phuong phap Chi tiéu cudng
d6 cta dat nén cho trong TCVN 10304:2014 c6 xét dong dat goi la phuong
phap TCVN 10304:2014 hay phuong phap 5, duoc viét tat 1a PP5.

4.2. Ung dung tinh toan cho cong trinh Khach San Nim Thu

4.2.1. Gioi thiéu

LE LO
P
A *
i J \
grernnim o Bénh vién Da Khoa

Tinh Binh Dinh

KS. Nam Thu

Hinh 4.1. Vi tri ¢éng trinh Khach San Nam Thu - 10 Tang - TP. Quy Nhon

Vi tri cong trinh Khach San Nam Thu tai s6 07 Nguyén Thi Dinh, thanh
ph Quy Nhon, tinh Gia Lai v&i khéi nha 10 tang (Hinh 4.1). Khu dat xay
dung cong trinh nam trong khu vuc d3 quy hoach, ha ting k¥ thuat xung
quanh hoan chinh. Céng trinh la két cu nha dan dung cao téng phuc vu dich
vu khach san. Giai phap nén méng 1a st dung méng coc khoan nhdi D600
mm, st dung phuong phap thi nghiém dong PDA cho hai coc khoan nhdi
D600 mm (coc CTN1-T4, coc CTN2-T7). Trong luan 4n nay, tién hanh tinh
todn cho coc CTN2-T17, thong sb tinh toan cho coc CTN2-T17 ¢6 D600 mm,
chiéu dai coc lp 1a 24 m, ta1 trong thiét ké dau coc 1a 140 tan.
4.2.2. Pia chit cong trinh

Diéu kién dja chat & cong trinh [1] c6 4 16p dat chinh va 1 16p dat san

1ap thé hién rd trén cac hinh try ho khoan. Lép 1 day 2.5 m 1a 16p dat san lap.
Lép 2 va 16p 4 mdi 16p day trung binh 8 m 14 16p cat hat tho vira, mau tring
duc, két ciu chat vira. Lop 3 day trung binh 2 m 1a 16p bun cat hitu co trang
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thai chay, mau xam den. Lop 5 day trung binh 7 m 13 19p sét déo dén it déo,
chat vira, trang thai déo cling dén cung. Muc nudc ngﬁm mua ha 2 m va mua
mua la 3 m. Hinh dang cua hd dao thé hién trén mit cit hinh try hd khoan nhu
Hinh 4.2 va chi tiéu co 1y d4t nén ctia cong trinh nhu Hinh 4.3.

SPT N SPT N
000 o~ 0.00
1.50 %c’ LJ,) ?'ig %
: 18 @ d =06m _
e ,=24m
8.50 fem 8.60 [
= _0O S
11.25 === 16 T06] %
- 27
] 30@ R
A - “_ .. :
24 18.60 .-
18.75 Bod— 15 —
7 7
% ]
;%// 17 /%//
% 31 4%
7 24.00 A,
7 7
7 31 7y,
%% ' 4
7 7
7B 7%
(/23 (7771
{/ b b 30 30.00 {///
30.00 K224 30.00 P77

Dat san lap c6 so1 san sét chat vira

Dat cat hat trung chat vira, mau nau vang

Bun cat chay

Dat cat hat trung chat vira, mau nau vang

A sét déo cung

Hinh 4.2. Mt cat hinh tru hé khoan ciia céng trinh Khdach San Nam Thu [1]
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Lép dat Yw (KN/m?) ®° c (kPa)
10 15 20 0 10 20 30 40 o 10 20 Bét san 1ép,

0 @ : : @ sO1 san sét,

p) z ! chat vira
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Hinh 4.3. Chi tiéu co Iy dat ciia cong trinh Khdach San Nam Thu [1]
4.2.3. Két qud thi nghiém thir tii PDA

Tién hanh thi nghiém thir tdi PDA coc theo ASTM D4945 tai Khach
San Nam Thu - s6 07 Nguyén Thi Dinh, thanh phé Quy Nhon, tinh Gia Lai
cho 02 coc trén. Tuy nhién, gidi han cia luan an nay, chi xét cho coc CTN2-
T7 cta cong trinh 10 ting, coc CTN2-T7 1a dang coc BTCT c6 dudng kinh
D600, Mac 300 c6 mo dun dan hoi bé tong coc E, = 30x10° kPa véi coc
CTN2-T7 chiéu dai coc 1, = 24 m, mili coc & d¢ sdu nam trong tng dat 4 sét.
Thoi gian nén coc 1a 26/10 +27/10/2019 (02 ngay). Stc chiu tai cho phép doc
truc ctiia coc Q, = 1400 kN, tai trong thi nghiém ctia coc Qgppa = 2650 kN, stic
khang than ctia coc Rsppa = 1920 KN, strc khang miii cua coc Rippa = 730 kN,
hé s6 an toan 1a 1.89, chuyén vi ding cua coc Sy ppa = 12.10 mm, myc nudc
ngam sau 2.0 m + 3.0 m. Két qua thi nghiém duoc trinh bay theo Hinh 4.4.

- Phuong phap nay c6 thé kiém tra dugc ca mirc dd hoan chinh va danh
gia dugc strc chiu tai cua coc, nhét 1a chiéu dai, cuong do va do déng nhét cta
bé tong.

Dat cat hat trung,
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- Phuong phap thir dong bién dang 16n khong thay thé hoan toan dugc
phuong phép thtr tinh. Nhung céc két qua thir dong bién dang 16n str dung
thiét bi phan tich dong coc - PDA duoc phan tich chi tiét, so sanh véi thir tinh
va phan tich CAPWAP tuong duong s€ giup gidm bét thir tinh.

- St dung thiét bi phan tich dong coc - PDA gitip ta kiém soat dugc
chat luong coc trong qua trinh thi cong. Theo ddi nhitng van dé co thé xay ra
ddi véi bha, coc, dat sé sém phat hién dugc cac su cd dé xur 1y kip thoi nhiing
van dé anh huong dén tién do thi cong va giam duoc chi phi, rui ro.

R. ppa (KN)
0 750 1500 2230 3000
0.000
R.-J_:PDA:Z"SSH '[:k_-[\-j
R ppa = 1920 (kN)
3750 R.(:p]j._g.‘: 730 ﬂd\-:]
Sem = 12.10 (mm)
. 8.4 = 7.10 (mm)
% 7.500 mii coc
- — — — daucoc
11.250
15.000

Hinh 4.4. Két qua thi nghiém PDA cia coc CTN2-T7

4.2.4. Mé phéng va két qud bang phan mém Geostudio 2018
4.2.4.1. Lwa chon mo hinh bai todn
a. Mo hinh dét nén va coc

M6 hinh vat li¢u dugc chon la Equivalent Linear (goi 1a m6 hinh tuyén
tinh twong duong, duoc viét 1a EL) cho 16p dat cat va Linear Elastic (goi 1a
mod hinh dan hoi tuyén tinh, dugc viét 1a LE) cho 16p dat con lai. M6 hinh
Equivalent Linear va mé hinh Linear Elastic c6 tinh dan hoi déo thong dung,
bao gdm nhiing thong sé nhu dung trong ty nhién y,, goéc ma sat trong ¢, luc
dinh don vi ¢ cia dit, m6 dun cit 16n nhat Gy , hé sd poisson v, ... theo
Béng 4.1.

Coc CNT2-T7 dugc mo phong trong phan nay 1a coc khoan nhdi co
duong kinh d600 mm, chiéu dai coc lp 1a 24 m, m6 dun dan hoi bé tong coc E,
= 30x10° kPa



102

Doi1 voi bang gia toc nén, bang ghi gia toc st dung cho bai toan dugc

liy tir File Example.acc ctia hiang Geoslope. Trong file Example.acc, dit liéu

s& duoc ghi mdi 0.02 s tire 1a 50 gia tri mdi gidy vdi don vi chiéu dai tinh

bang cm va gia tri gia tdc c6 don vi cm/s’. Bang ghi gia toc tir File

Example.acc thé hién ring gia toc cuc dai 1a 341.7 cm/s® & 2.14 s trong ban
ghi va thoi lugng cta ban ghi 1a 10 s (TCVN 9386:2012 [16]). Gia toc cuc dai
1a 341.7 cm/s” tuong Gmg v6i 0.3482g nhu dugc hién thi trong hop Modifier

edit box.
Bing 4.1. Chi tiéu co Iy ddt va coc ciia céng trinh Khdch San Nam Thu
Lop 2 . Lop 4 .
n , £ . Lop 3 , Lop 5
Th(ing KAy bon vi DaE San Cat hat Bun cat Cat hat A Sét Coc
SO hi¢u lap trung cha trung déo i
chat vura y chat vira g
M4 hinh Model i Linear | Equivalent | Linear | Equivalent | Linear Linear
vat liéu Elastic Linear Elastic Linear Elastic Elastic
Ung xir Non -
cua vat Type - Drained | Drained | Drained | Drained Drained
licu porous
Do sau z m 0+2 2+8 8+ 10 10+ 18 18 + 30
Dung
trongtw | yw | KN/M* | 17.2 17.3 17.2 17.6 19.6 24
nhién
Goc ma A (0
st trong 0 a6 () | 3294 30 4 30 14.5
Luc
dinh c | kpa - 0 10 0 19
don vi
cua dat
HE 50 v . 0.2 03 0.35 03 0.35 0.1
Poisson
He s0 £ - 0.2 0.24 0.25 0.23 0.22
can
Heé sd
mo hinh | - | o7 0.72 07 0.72 07
(Seed,
1976b)
M6 dun
cit | Gmax kPa 10000 50000 11000 55000 27400
I6n nhat

Trong phan mo ta bai toan da noi rang gia tdc cuc dai mong muodn la

amax/g twong tmg voi tan s £= 1 Hz va tan s6 =2 Hz. Nhap gia tri ama/g vao

hop thoai Modified Peak Acc roi nhan vao Apply. Toan bo ban ghi tran dong

dat s& duoc thu nhé sao cho murc cao nhét bay gio 1a amay tai thoi diém 2.14 s.




103

Theo TCVN 9386:2012 [16], vi tri cong trinh twong tGng cap dong dat
M,, = 6.5 va gia tdc nén theo phuwong ngang 16n nhat & bé mit dat cho nén
loai C 13 amax = 0.0941g, thoi gian cho bang gia toc nén 1a 10 s khi md phong
s6 cho cong tinh bang phan mém Geostudio 2018.

b. M6 phong sb ctia cong trinh bang phan mém Geostudio

Nén dat va coc cua cong trinh nhu trong Bang 4.1 duoc md phong bang
phan mém Geostudio 2018 véi 870 phan tir (element) va 925 nat (nodes) nhu
Hinh 4.5.

DPong thoi, st dung bo s6 lidu tir két qua thi nghiém hoa 16ng tuong tmg
v6i tan s6 £= 1 Hz, tan s6 f = 2 Hz trong qua trinh phén tich va tinh toan stc
chiu tai cua coc, stuc khang miii cua coc, chuyén vi dau coc, chuyén vi mui
coc cho coc CNT2-T7.

8

1 Dit san lap,
e ; M day 2 m
! iy [ = Coc CTN2-T7, )
2 A r
1] N 1 = d=0.6m,1,=24m, o Pat cat hat trung,
o 2 | t=10s ‘ chat vua, day 6 m

;T [EEEEEEEREE fry i OEDEEEEEEE Bun cat chay,
. i A0 o i s 2 déy2m

i DAt cat hat trung,
| chat vira, day 8 m

iy ..

L

B
\}
|

>
[ &

»
(9]

° A sét, déo cling,
day 12 m

Hinh 4.5. M6 phéng s6 cia céng trinh sau khi hoan thanh thi céng coc
4.2.4.2. Két qua dp dung phdan mém tinh todn
a. Chuyén vi dung dau coc va miii coc

Chuyén vi dung ctua dau coc, chuyén vi ding ctia mili coc sau khi hoan
thanh giai doan thi cong nhu Hinh 4.6. Trong pham vi nghién ctru, tién hanh
phan tich va danh gia chuyén vi ding dau coc 16n nhat va mili coc 10n nhét
cho tan s6 f=1 Hz va tan s6 f=2 Hz.

V&i tan s6 £=1 Hz va tan s6 £=2 Hz tuong Ung vai luc doc dau coc
Pe = 0.5Qqppa = 1325 kN thi chuyén vi ding dau coc S, 4 va chuyén vi dimg
mili EL va nho nhat theo phuong phap mé phong khong co dong dat. Gia tri
cua chuyén vi ding dau coc Sva va chuyén vi diing miii coc Sy dugc tinh
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theo phuong phap mé phong c6 dong dat xét cho moé hinh LE va mé hinh EL
cho tan s6 f =1 Hz nhé hon phuong phap mé phong c6 dong dit xét cho mé
hinh LE va mé hinh EL cho tin s6 f=2 Hz.

I o g
E R |
_; f 7(“ ! ¢1>1é11 l ’\ I i
e II 1 ___I__ 1 L_E,_T_\l
L5 BIEN NN N :ij HiEn
% Ejt SEmm k\_; If
jB: HWT\ ,\—“&\! L AmvA i
S HEi HEE\? / WT%/ j’ /LHF !
ql N
R N
R A
L
: wiHEs
s Y a B %TM el H'/H ¥
B R
PN nﬁ’& A n
mEmEEN e ZOiIIn |
e
BiEEEEEE i A=
SRR AR i

pix

Hinh 4.6. Chuyén vi theo phwong dimg ciia dau coc va miii coc

Bing 4.2. So sanh két qua chuyén vi dirng dau coc, miii coc véi
tan s5f= 1 Hz cho lyc dau coc Pg = 1325 kN

P = 0.5Q4ppa = 1325 kN voi f = 1 Hz Chuyén vi dirng S, (mm)

’ bau coc Miii coc
Luc doc dau coc Pg = 0.5Qqppa 2.55 0.53
Mo phong khong co dong dat 7.0 4.00
Mo phong c6 dong dat xét cho md hinh LE 9.10 6.20
Mo phong c6 dong dat xét cho md hinh EL 9.20 6.30

Bing 4.3. So sanh két qua chuyén vi dirng dau coc, miii coc véi
tan s6 f = 2 Hz cho lyc ddu coc Pg = 1325 kN

_ _ e Chuyén vi dung S, (mm)

Ps = 0.5Qqppa = 1325 kKN voi f =2 Hz DAl Co Mii coc
Luc doc dau coc Pg = 0.5Qqppa 2.55 0.53
Mo phong khéng co dong dat 7.0 4.00
Mo phong c6 dong dat xét cho mé hinh LE 9.20 6.30
Mo phong c6 dong dat xét cho md hinh EL 9.30 6.40

Vi tan s6 = 1 Hz va tan sd f =2 Hz tuong ung voi luc doc dau coc
Ps = 1.0Qqppa = 2650 kN thi chuyén vi ding dau coc S, 4 va chuyén vi dting
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mili coc Sy 12 16n nhat theo phuong phap md phong co dong dat xét cho mo
hinh EL va nh¢ nhét theo phuong phap mé phong khong c6 dong dat. Gia tri
ctia chuyén vi ding dau coc S,4 va chuyén vi dimg miii coc S, dugc tinh
theo phuong phap mé phong c6 dong dat xét cho mé hinh LE nhd hon
phuong phap md phong cé dong dat xét cho moé hinh EL cho tan s6 f= 1 Hz
va tan s6 f=2 Hz.
Bing 4.4. So sanh két qua chuyén vi ditng dau coc, miii coc véi
tan s6 f= 1 Hz cho lyc dau coc Pg = 2650 kN

P = 1.0Q4ppa = 2650 kN véi f = 1 Hz Chuyen vi ding S, (mm)

‘ bau coc Mt coc
Luc doc dau coc Pg = 1.0Qqppa 12.10 7.12
Mo phong khong co dong dat 15.60 9.50
Mo phong c6 dong dat xét cho md hinh LE 18.60 12.70
Mo phong c6 dong dat xét cho md hinh EL 18.70 12.80

Bing 4.5. S0 sanh két qua chuyén vi dirng dau coc, mili coc voi
tan s5f= 2 Hz cho lyc dau coc Pg = 2650 kKN

. Chuyén vi dang S, (mm
Pe = 1.0Qu poa = 2650 kN v6i f = 2 Hz uyen vi ding S, (mm)
bau coc Miii coc
Luc doc dau coC Pg = 1.0Qqppa 12.10 7.12
Mo phong khong co dong dat 15.60 9.50
Mo phéng c6 dong dit xét cho mo hinh LE 18.80 12.90
Mo phéng c6 dong dat xét cho mé hinh EL 18.90 12.90
b. Xéac dinh SCT cua coc theo mot s md hinh
—LE. dau coc —LE. mii coc _ —LE, dducoe —LE, miii coc
Zz 1500 EL. diu coc —EL, mii coe Ef, 1 EL, dau cge EL. miii coe
§ 1000\ g 1000 . 7
é S i f-1Hz ‘Z s00 | f=2Hz
'r[% 0 I fg 0
0 2 4 0 8 10 0 2 4 6 8 10
Thoi gian (s) Thoi gian (s)
Hinh 4.7. Quan h¢ giiza SCT ciia coc  Hinh 4.8. Quan hé giira SCT cua coc
Véi thei gian cho tanso f = 1 Hz v6i thoi gian cho tan sé f = 2 Hz

Véi luc doc dau coc Pg = 0.5Qgppa hay Pg = 1.0Qqppa, tién hanh mo
phong cho céc trudng hop khong co dong dat va co dong dat cd xét mo hinh
LE hay m6 hinh EL déu cho SCT cua coc co gia tr1 khac nhau. Gia tri cia
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SCT caa coc 16n nhat theo md phong khong co dong dat va gia tri cua SCT
ctia coc nho nhét theo md phong c6 dong dat theo moé hinh EL xét tai thoi
diém t = 0.2 s (twong Gng diém cao nhét cta d6 thi) (Bang 4.6, Bang 4.7).

Bing 4.6. So sanh SCT ciia coc véi tan s6 f=1 Hz

SCT cua coc mod phong bang phan mém
Mo phé )
Mo M6 phéng co AO P 2ng C,O
Luc i A Lo dong dat (xét
phong | dong dat (xét s
doc X o cho mo hinh ,
A khong cho mo6 hinh ) So sanh
dau ) _ _ Equivalent
co Linear Elastic - ) J
coc Pg X s A Linear - tuyen
dong dan hol tuyén )
B ] tinh tuong
dat tinh)
duong)
(1) (2) (3) (4) (2)/(1) | (3)/(1) | (4)/(1)
PG = O-SQU,PDA = 1325 kN
1325 | 1219.5 538.1 533.1 0.920 | 0.406 | 0.402
PG = 1-OQU,PDA = 2650 kN
2650 | 2601.9 1108.6 1099.2 0.982 | 0.418 | 0.415
Bing 4.7. So sanh SCT ciia coc vdi tan s6 f= 2 Hz
SCT cutia coc mé phong bang phan mém
Mo phé )
Mo M6 phéng co AO P (zng C,O
Luc i A < dong dat (xét
phong | dong dat (xét o
doc X o cho mo hinh ,
A khong cho mo hinh ) So sanh
dau i _ . Equivalent
co Linear Elastic - ) j
coc Pg X 4 Ara A Linear - tuyen
dong dan hol tuyén )
X , tinh tuong
dat tinh)
duong)
(1) (2) (3) (4) (2)/(1) | (3)/(1) | (4)/(1)
PG = O-SQU,PDA = 1325 kN
1325 | 1219.5 530.1 525.1 0.920 | 0.400 | 0.396
PG = 1-OQU,PDA = 2650 kN
2650 | 2601.9 1100.6 1092.2 0.982 | 0.415 | 0.412

Gia tri cua SCT ctia coc cho tan s6 f = 1 Hz Ién hon gia tri SCT cua coc
cho tan sé f = 2 Hz twong (g véi md phong theo mé hinh LE, mé hinh EL.

V&i tan s6 £ = 1 Hz va tan sb f = 2 Hz va luc doc dau coc Pg =
0.5Qq¢ppa hay Pg = 1.0Qqppa thi gia tri cia SCT cua coc theo mé phdong cod
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dong dat theo mo hinh EL cho gia tri nho nhat va co gia tri SCT cua coc gan
bang gia tri cua luc doc dau coc Pg.

D06 chénh 1éch SCT cua coc theo mo6 hinh LE va m6 hinh EL so vdi luc
doc dau coc Pg 1a do phan dong dit giy ra twong Gng Véi tan s6 f=1 Hz va
tan s6 f = 2 Hz.

Do d6, mé hinh tuyén tinh twong dwong (m6 hinh EL) 1a mé hinh phu
hop nhat, dugc chon dé nghién ctru phan tich trong luan an nay.

c. Xac dinh SCT cua coc theo mo6 hinh EL

Theo két qua thi nghiém PDA thi Qgppa = 2650 KN trng véi d6 lun doc
truc dau coc 1a 12.1 mm, do d6, tién hanh md phong theo mo hinh EL dé xac
dinh gia tri cta SCT cua coc sao cho do Iun twong duong véi d6 1tn doc truc
dau coc theo két qua thi nghiém PDA.

Chon luc doc dau truc Pg 1an lugt 1 1500 kN va 1800 kN va mo phong
theo md hinh EL tuong tng véi tan s6 f = 1 Hz duoc két qua theo Bang 4.8
va tuong tng véi tan s6 f =2 Hz duoc két qua theo Bang 4.9.

Bing 4.8. Chuyén vi ditng va SCT ciia coc véi tan s6 f= 1 Hz

) S 4 kh 14 ~
Chuyeén vi SCT Ry,iq Cua He , ang mu}
5 A ~ ., |Ruig Cia coc mod
STT Luc doc dau coc | dtng dau | coc mo phong co hone ¢ don
Ps (KN) CoC Sy 4 dong dat xét cho g‘t g’t h i 9
at xét cho mod
mm 0 hinh EL (kN
(mm) | md hinh EL (RN) | o b BT vy
1 1500 10.40 607.4 428.6
2 1800 12.60 760.3 545.5
Bing 4.9. Chuyén vi dimg va SCT cua coc vdi tan s6 f= 2 Hz
) S 4 kh 4 ~
Chuyénvi | SCTRyjcia |~ ~ne M
A , A n X i Rt,liq Cua CoC mo
Luc doc dau coc | dung dau | coc mo phong co ) o
STT A L, phong c6 dong
Ps (KN) CoC S, 4 dong dat xétcho | ., N
(mm)7 5 hinh EL (kN) dat xét cho mo
mo hin
© hinh EL (kN)
1 1500 10.50 592.9 416.7
2 1800 12.70 739.1 529.4

Véi két qua ciia Bang 4.8 va Bang 4.9, ta tinh dugc gia tri ctia SCT cua
coc 1a 1728.5 kN cho tan s6 f = 1 Hz va 1714.2 kN cho tan s6 f = 2 Hz. Tan
s6 fnho hon tinh duoc gia tri cua SCT cua coc 16n hon.
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Tién hanh mé phong mé hinh c6 dong dat cho mo hinh EL véi luc doc
dau truc Pg 1a 1728.5 kN tuwong tng voi tan s f= 1 Hz va 1714.2 kN tuong
g véi tan s6 f = 2 Hz, két qua nhu trong Bang 4.10 va Hinh 4.9, Hinh 4.10.

Bing 4.10. Chuyén vi dirng va SCT ciia coc vdi tan sé khdc nhau

Stic khang
miii Ryjiqciia | Chuyénvi | Chuyén vj
coc md phong | dung dau dtmg miii

SCT Ru,"q cua
Tan | Luc doc | coc méd phong

A

sb | daucoc | co dong dat xét

(H2) | Po (kN) | cho mo hinh | dongdat | cocSug | coC Sy
EL (kN) xét cho mo (mm) (mm)
hinh EL (kN)
1 | 17285 714.1 506.4 12.10 8.20
2 | 17142 706.7 5105 12.10 8.30

Bang 4.11. B¢ suy giam va SCT cua coc, suc khang miii cua coc
cho tan sé khdc nhau

Stric khang
SCT Q, cta Sirc mii Ryig
Tai trong coc mo ) cua coc mo
, . khang , , Ao A
.. doc truc phong co .. phong c6 | Tan so
Giai doan , R ., mul R £
Quppa Cua | dong dat xét R cig dong dat (Hz)
coC (KN) | cho mo hinh Ct‘F;D?kl\lll) xét cho mo
EL(kN) | 7 hinh EL
(kN)
Luc doc 2650 714.1 730 506.4
Dé F: 1
0 Sty glam 73.05 30.64
(%)
Luc doc 2650 706.7 730 510.5
A =5 2
Do suy giam 73.33 30.07
(%)

Két qua cho thdy, SCT Ru.iig ciia coc mo phong c6 xét dong dat theo mo
hinh EL 1a 714.1 kN va suc khang mii Ryjiq cua coc mo phong co xét dong
dat theo mo hinh EL 13 506.4 kN twong tmg véi tan s6 f= 1 Hz, SCT Ry i, Ciia
coc md phong c6 xét dong dat theo mo hinh EL 1a 706.7 kN va strc khang mili
Ryjig clia coc mo phong cé xét dong dat theo mo hinh EL 1a 510.5 kN twong
g véi tan s6 f=2 Hz.
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f=1Hz Sy (mm) f=2Hz S, (mm)
Z 2000 0 < 2000 0
é‘ — Ruiq — Riq 9 Z; — Ryjiq — Ry 2
g 1500 Sua — Sum 4 §1500 Sua —s,. 4
B0 6 8 1000 -6
‘8 -8 = -8
2 500 o <10 & 500 Yoo -10
[ 12 5 -12
B -
7] 0 g & 0 - -- -14

0 2 4 6 8 10 0 2 4 6 8 10
Thét gian (s) Thoi gian (s)

Hinh 4.9. Quan hé giita SCT cua coc,  Hinh 4.10. Quan h¢é giita SCT cua
chuyén vi dung ciia coc Vol thoi gian  coc, chuyén vi dieng cua coc Vai thoi
cho tan sé f =1 Hz gian cho tan sé f =2 Hz

Theo Bang 4.11, két qua mé phong mé hinh coc va dat bang phan mém
Geostudio 2018 cho tai trong doc truc coC Qgppa = 2650 kN va sttc khang
mili cta coC Rippa = 730 KN tuong ang véi tan s6 £ =1 Hz va tan sb f = 2Hz.
Ta thay, ty sb giita chiéu day 16p cat hoa long (Ipsiq = 14 m) va chiéu dai coc
(lo=24 m) 1a 58.3 % va d¢ chénh léch suy giam la 73.05 % cho SCT cua coc
va 30.64 % cho suc khang mili cia coc tuong @ng véi tan s6 f = 1 Hz, tuong
tu @6 chénh 1éch suy giam la 73.33 % cho SCT cua coc va 30.07 % cho stc
khang mili ciia coc twong ung véi tan sb f =2 Hz. B suy giam SCT cua coc
va sttc khang miii cia coc twong ng Véi tan s6 f = 1 Hz nho hon d6 suy giam
SCT cua coc va sirc khang mili cua coc twong ung Vai tan s6 f = 2 Hz.

Theo Zakariya va nnk (2023) di s dung phuong phap sé bang phan
mém MIDAS GTS NX cho coc P7 véi chiéu dai coc 1a 34 m va duong kinh
coc 12 1.0 m, miii coc cim vao 19p sét, stc khang cyc han cua coc cd xét kha
nang hoa long 1a 3632.56 kN, suc chiu tai cua coc 1a 4480.50 kN b:?mg thi
nghiém thir dong bién dang 16n PDA. Ty s6 gitta chiéu day 16p cat hoa 1ong
(lpjig = 6.0 m) va chiéu dai coc (I, =34 m) 1a 17.6 % va do suy giam gitra strc
khang cuc han cua coc c6 xét kha nang hoéa 1éng va strc khang cuc han cua
coc bang thi nghiém PDA 13 18.9 %.

d. Nhan xét vé két qua ap dung phan mém Geostudio 2018

St dung md hinh dan hoi tuyén tinh (LE), mo hinh tuyén tinh twong
duong (EL) trong phan md phong bang phan mém Geostudio véi khoang thoi
gian dao dong t = 10 s dé giai bai toan trén. Két qua 1a chon mé hinh tuyén
tinh twrong duong (md hinh EL).

Két qua, SCT Ru,iig cua coc mo phong c6 xét dong dat theo mé hinh EL
1a 714.1 kN va sirc khang miii Ryjiq cia CoC mo phong co xét dong dat theo
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mo hinh EL 1a 506.4 kKN tuong ung véi tan sb f=1 Hz, SCT Ry lig cua coc mo
phong co xét dong dat theo moé hinh EL 13 706.7 kN va stc khang mili Riliq
ciia coCc md phong co xét dong dat theo moé hinh EL 1a 510.5 kN tuong tng
v6i tan s £=2 Hz. D6 chénh léch suy giam 13 41.70 % cho SCT Ru,liq ctia coc
va 30.64 % cho strc khang miii Ry, Cia CoC twong tmg véi tan s6 f = 1 Hz,
tuong tu do chénh I¢éch suy giam la 42.23 % cho SCT Ry,iq cia coc va 30.07
% cho stic khang miii Ry iq twrong tmg v&i tan s6 f = 2 Hz.

4.2.5. Xay dwng twong quan va ddnh gid két qud cho coc khoan nhéi
4.2.5.1. Bdnh gid hé so khang héa long FSiiq theo do sdu

FS,
0 1 2 3 4 5

— Benouar va nnk (1992), M, = 6.5
—— Dixit vannk (2012), M, =6.5

Hinh 4.11. Quan hé giita FS)iq Voi do sdu z

Gia tri cia hé sd khang hoa 16ng theo phuong phap Benouar va nkk
(1992) [28] nho hon gi tri ciia hé sé khang héa 1ong theo phuong phap Dixit
va nkk (2012) [33] cho M,, = 6.5 véi d6 sau dén 16 m cua nén cat. Déi vai
nén dat ndy, gia tri cla FSiiq nho hon 1.0 theo phuong phap Benouar va nkk
(1992), gia tri cia FSjiq 16n hon 1.0 theo phuong phap Dixit va nnk (2012).
4.2.5.2. Chi sé ung sudt cat tuan hoan CSR véi Ngg

Nhitng diém nam trén duong CSR 14 nhitng diém mat 6n dinh hay c6
kha nang hoa 1ong con nhitng diém ndm dudi dudng CSR 14 nhitng diém 6n
dinh nén dat hay nhiing diém khong héa léng véi chi s6 Neg.

Khi My, = 6.5, gia tri cia CSR theo phuong phap Benouar va nkk nho
hon gia tr1 ciia CSR theo phuong phap Dixit va nnk vo1 Ngo < 6 va nguoc lai,
gia tri cia CSR theo phuong phap Benouar va nkk 16n hon gia tri cia CSR
theo phuong phap Dixit va nnk vai 20 > Ngg > 6.
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0.25
020 1 CSR=0.0779In(Ny) - 0.0251
#® Benouar va nnk (1992), M, = 6.5

w 015 Dixit va nnk (2012). M,, = 6.5
&

0.10

0.05 : CSR = 0.002In(N) + 0.1148

0.00 - —

0 5 10 15 20 25

Nﬁﬂ

Hinh 4.12. Quan hé giira CSR vdi Ngo cho My, = 6.5

Pham vi trong ludn 4n nay, chi xem xét cho phuong phap Benouar va
nkk (1992) cho M,, = 6.5, con phuong phap Dixit va nnk (2012) khong xem
xét vi h¢ s6 khang hoa 1ong FS;iq 16n hon 1.0 theo d¢ sau, tirc 1a khong c6 xay
ra héa 16ng theo phuong phap nay.
4.2.5.3. Chi 50 ap luc nuoc 16 rgng thang duw r, voi Ngg
a. Theo 1y thuyét

Véi s6 liéu thong ké cho 09 cong trinh tai TP. Quy Nhon, tinh Gia Lai,
thiét 1ap dugc mdi twong quan giita chi sd ap luc nude 16 rdng thang du r, voi
chi s6 xuyén tiéu chuin Ng 12 giam dan theo Ko Y.Y. (2015) [46] nhu trong
Hinh 4.13, duoc biéu dién nhu sau:

r, =—0.077In(N,, )+0.8092 (4.1)

1.0 o
¢
% Ko.Y.Y (2015)
0.8 & & 0.Y. Yo

0.6

0.2 1, = -0.077In(Ngp) + 0.8092

0 10 20 30 40 50 60
N60

Hinh 4.13. Quan hé giira ry va Ng
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b. Theo két qua thi nghiém ba tryc gia tai lap

Tu két qua thi nghiém 3 truc gia tai 1dp thuc hién cho cac mau dat cat
c¢6 kha niang hoa 1ong duoc tinh toan & Chuong 3. Tién hanh thiét 1ap tuwong
quan giira chi s6 ap luc nudc 16 rong thang du r, voi chi sé Ng nhu sau:

Phuong trinh twong quan giita chi s CSR va chi s6 Ng theo Hinh 4.12

nhu sau:
CSR=0.0779In(N,, )—0.0251 (4.2)
Bién d6i, ta dugc phuong trinh sau:
r, =—0.0156In(N,, )+0.8973 cho tan s6 f = 1 Hz (4.3)
r, =-0.0756In(N,, )+1.1582 cho tan s6 f=2 Hz (4.4)
o 7(FiHY m L (F2HD) Chénh léch
Ar, (%)
12 - r,(YoKK.2015)  @Chénh léch Ar, 200
10 ]

] - e - 150
084 G, 14.20)\
'._.= 4 B ——
0.6 - , - 10.0
na /‘\A‘\‘

| - 5.0
0.2 1 Ar, = -5.713In(Ngo) + 23.504 (20,6.39)

Hinh 4.14. Quan hé giiza r, véi Ngo cho tan sé khdc nhau

.CSR ¢ r, (f=1Hz) m 1, (f=2Hz) Ty
0.25 1 12
0.20 - =
08
0.15 4‘
w
7 | 0.6
2 0.10 |
T CSR = 0.0779:(Ng) - 0.0251 0.4
0.05 0.2
600 A== R i - N 0.0
0 5 10 15 20 25

Neo

Hinh 4.15. Quan h¢ giira CSR, r, voi Ngo
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Khi chi s6 Ngg tang dan thi chi sb r, giam dan cho tan s6 f=1 Hz, 2 Hz
va gia tri cua r, voi £ =1 Hz nho hon gié tri cua ry, voi f=1 Hz.

D6 chénh 1éch cua chi sb ap luc nude 16 rong thing du Ar, giam dan
khi chi s6 Ngo ting. Cu thé, khi gia tri cia Ngo = 5 thi gié tri ctia Ar, = 14.20
(%) va gia tri cua Ngo = 20 thi gia tri cua Ar, = 6.39 (%).

Péng thoi, gia tri cia CSR ting va gia trj cua r, giam tuong (ng voi gia
tri caa Ngo tang.
4.2.5.4. Svrc chiu tai cua coc theo cdac phuwong phap

Tur két qua phan tich, gia tri cua strc chiu tai cuc han doc truc Ry iq cua
coc co xét kha nang hoa 1ong cua nén cat véi cAp dong dat (M,, = 6.5) tinh
theo mot s6 phuong phap nhu phuong phap Boulanger va nnk (2004), phuong
phap Fellenius va nnk (2008), Muhunthan va nnk (2017), PP4, phuong phap
Geostudio 2018 va phuong phap Chi tiéu cuong d6 cua dat nén cho trong
TCVN 10304:2014 c6 xét dong dat thi phuong phap TVCN 10304:2014 cho
gia tr1 16n nhét, con gia tri cua suc chiu tai cyc han doc truc Ry iq cua coc theo
PP4 nho hon gia tri cua suc chiu tai cyc han doc truc Ryjiq cua coc theo
phuong phap Geostudio 2018 twong tmg véi tan s6 f = 1 Hz va tan s6 f =2
Hz, d§ chénh l€ch gitra gia tr1 cua suc chiu tai cyc han doc truc Ry ig cua coc
theo phuong phap Geostudio 2018 va gia tri ctia strc chiu tai cuc han doc truc
Ruiig ciia coc theo PP4 13 1.25 % (tan s6 = 1 Hz) va 5.11 % (tan s6 f = 2 Hz)
v6i PP4 13 phuong phép tinh toan dé xuat theo chi s6 4p luc nuéce 16 rong
thang du r, tir két qua thi nghiém ba truc gia tai lap chu ky c6 xét hoa long
cho dat cat theo Bang 4.12.

Ngoai ra, gia tr1 cua stc chiu tai cyc han doc truc Ry iq cua coc theo cac
phuong phap déu nho hon gia tri cia tai trong thi nghiém Qqgppa theo phuong
phap thi nghiém PDA. Hé s6 stic khang than (k) ctia coc 1a rat nho theo cac
phuong phap vi coc ha xuyén qua 16p dit cat c6 xét anh huong héa 16ng,
trong d6 hé sd ks bang 0.02 1a nho nhéat theo PP4 twong tmg véi tan s6 f = 1
Hz va tan s6 f = 2 Hz va hé s6 ks bang 0.11 13 16n nhét theo phuong phap
Geostudio 2018 twong tng tan s6 f =1 Hz. Hé s6 khang mili (k;) bang 0.66 1a
nho nhat theo phuwong phap Boulanger va nnk (2004) va hé s k; bang 0.87 1a
16n nhat PP4 twong tng véi tan s6 f= 1 Hz va tan s6 f =2 Hz. Dbi v6i hé sd
khang tong (k) cta coc 1a rat nho theo cac phuong phap, trong d6 hé sb ky
bang 0.21 13 nho nhét theo phuong phap Munhunthan va nnk (2017) va hé s
k. bang 0.30 13 16n nhat theo phuong phap TCVN 10304:2014, con hé s6 ki,
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bang 0.26 twong Gmg voi tan sd f= 1 Hz va 0.25 tuong Gng véi tan s6 =2 Hz
theo PP4, & day ks, ki, ky - ty s6 giita strc khang than ctia coc theo cac phuong
phap va stc khang than cta coc theo thi nghiém PDA, ty s6 giita strc khang
mili cua coc theo cac phuong phap va strc khang miii cia coc theo thi nghiém
PDA, ty sb giira sttc chiu tai cuc han ciia coc theo cac phuong phap va tai
trong thi nghi¢m cua coc theo thi nghiém PDA, véi tai trong thi nghiém cua
coc Qgppa = 2650 kN, strc khang than cua coc Rgppa = 1920 kN, stc khang
miii cia coc Ryppa = 730 kN theo Bang 4.12.
Bdng 4.12. Suc chiu tai cuc han doc truc cua coc va hé s6 khadng cua coc

Phuong phap Strc khang than | Suc khang miii | Sute chiu tai cyc han
Rs,liq (kN) Ks Rt,qu (kN) ki Ru,liq (kN) Ky
Boulanger va nnk (2004) 115.8 | 0.06 483.3 | 0.66 599.1| 0.23
Fellenius va nnk (2008) 110.0 | 0.06 663.1 | 0.91 773.1 | 0.29
Muhunthan va nnk (2017) 67.4 | 0.04 486.3 | 0.67 553.7| 0.21
PP4,f=1Hz 45,51 0.03 634.1 | 0.87 679.6 | 0.26
PP4,f=2Hz 36.4 | 0.02 634.1 | 0.87 670.5| 0.25
Geostudio 2018, f=1 Hz 207.7 | 0.11 506.4 | 0.69 714.1| 0.28
Geostudio 2018, f =2 Hz 196.2 | 0.10 510.5|0.70 706.7 | 0.28
TCVN 10304:2014 151.0 | 0.08 634.1 | 0.87 785.1| 0.30

Theo Boulanger va nnk (2004), ty so giira chiéu day 1p cat hoa 1ong
(Ipjig =5 m) va chiéu dai coc (I, =17 m) 1a 29,4 % va do suy giam giira strc
khang cuc han cua coc c6 xét kha nang hoa 16ng va strc khang cuyc han cua
coc khi c6 hoa long 1a 11,9 % dén 22,9 % cho truong hop miii coc cim vao
16p dat sét. Fellenius va nnk (2008), ty so gilta chiéu day 16p cat hoa long
(Ipjig =3 m) va chiéu dai coc (I, =30 m) 1a 10 % va do suy gidm giira suc
khang cuc han cua coc c6 xét kha nang hoa 1éng va strc khang cuyc han cua
coc khi co hoa long 1 25 % cho truong hop mili coc cdm vao 16p dat sét va
dong dat cap M,, = 7.8. Bdi véi cong trinh Khach San Nam Thu nay, ty sb
gita chiéu day 16p cat hoa 16ng (I, = 14 m) va chiéu dai coc (I, = 24 m) la
58.3 % va dd suy giam gitra strc khang cuc han ctua coc c6 xét kha nang hoa
16ng va strc khang cuc han cta coc 1a 74 % tuong tng véi tan sd 1 Hz va 75
% tuong ng voi tan sd 2 Hz theo phuong phap 4. Su suy giam gitta stic
khang cuc han cta coc c6 xét kha nang hoéa long va strc khang cuc han cua
coc khic nhau véi nhiéu ly do nhu ty 1é giita chiéu day 16p cat hoa 1ong (I, iq)
va chiéu dai coc (Lp); cép dong dat M,,; chi sb ap luc nudc 16 r6ng thang du
(ru); mot s6 hé sb khang cho than coc va mili coc duoc tinh theo phuwong phap
Boulanger va nnk (2004), phuong phap Fellenius va nnk (2008) va phuong
phap 4.
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Két qua tinh todn theo Bang 4.13, coc ¢o chiéu dai 1a 24 m duoc ha
xuyén qua 2 16p dat cat v6i tong chiéu dai 1a 14 m c6 kha ning hoa long va
con lai 1a 16p dat bun va 10p dat 4 sét, nén khi xét dén kha niang hoa léng cho
16p dt cat thi sirc khang than Ry jig cua coc theo PP4 tuong ung voi tan s 1
Hz va tan s6 2 Hz cho két qua suy giam rat 1on, trong khi d6 theo TCVN
10304:2014 thi khi thiét ké mong coc trong ving dong dat khong xét dén sirc
khang cua dét trén than coc dén d6 sau hy=4 m (tic 1a f4 = 0), d0 sau hy nay
nhoé hon tong chiéu day 16p dat ma coc ha xuyén qua c6 kha ning hoa 10ng
loiig =14 m, cu thé do suy giam strc khang than AR;iq4.5 cua coc 1a 69.80 %
tuong ung voi tan s6 £ = 1 Hz va 75.70 % tuong ung voi tan s6 f =2 Hz, &
day AR jigs-s 1a ty $b gifta strc khang than cua coc tinh theo PP4 va strc khang
than cta coc tinh theo phuong phap TCVN 10304:2014 (phuong phép 5).

Bdng 4.13. Svc chiu tai cuc han doc truc cua coc va do suy giam cua coc

Phuong phap Strc khang than cua coc | Strc chiu tai cuc han doc truc cua coc
Rsiig (KN) | ARgjigas (%) | Rujig (KN) ARyjiga-5 (%)
PP4,f=1Hz 455 69.80 679.6 13.40
PP4,f=2Hz 36.5 75.70 670.6 14.60
TCVN 10304:2014 151.0 - 785.1 -

Ke¢o theo do suy giam Suc chiu tair ARy jig4-5 cua coc 1on, tan sb f cang
16n, d§ suy giam surc chiu tai ARy jig4-5 cua coc cang 16n, cu thé d6 suy giam
sttc chiu tai AR jiq45 ctia coc 1a 13.40 % tuwong ung voi tan s6 f=1 Hz va
14.60 % tuong tmg Vvéi tan s6 = 2 Hz, & ddy AR jiqas 13 ty so gitta stic chiu
ta1 cuc han doc truc cua coc tinh theo PP4 va stre chiu tai cuc han doc truc cua
coc tinh theo phuong phap TCVN 10304:2014 (duoc goi la phuong phap 5).

4.2.5.5. Stec chiu tdi cua coc theo thoi gian

f=1Hz f=2Hz
é _BEJllla!]gEl\ 2004 —Fellenius, 2008 ] —Roulanger. 2004 —TFellenius, 2008
s 117 & =
¥ Muhunthin 2017 ~——FP4 Io1He S Muhunthan, 2017 ——PP4, f=2Hz
8 1000 . ——Geo F=lHe 8 1903 __ Ges rom
g 800 R : O
é 5 600 é_ g 600 1
F 400 5 400
% 200 l _% 200
2 i s ; : ; 8 0 - - -
s 0 2 4 6 8 w7 0 2 4 6 8 10
Thon gian (s) Thoi gian (t)

Hinh 4.16. Quan hé gitra suc chiu tdi Hinh 4.17. Quan hé gitra suc chiu tai
doc truc cua coc Voi thoi gian doc truc cua coc Voi thoil gian
chotanso f=1Hz chotanso f =2 Hz
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Khi xét bang gia toc nén tuong tng véi tan s6 £ =1 Hz va f =2 Hz cho
khoang thoi gian dao dong t = 10 s cia phan mém Geostudio 2018, ta nhin
thay két qua 1a SCT cua coc thay doi trong khoang thoi gian t tir 0 s dén 2.14
s va SCT ciia coc khong thay di trong khoang thoi gian t tir 2.14 s d&én 10 s,
cu thé SCT cia coc tir 840.9 kN tait=0.2 s (twong ung diém cao nhat cua dd
thi) dén 714.1 kN (t = 2.14 s), sau d6 SCT cta coc 1a 714.1 kN khong doi
trong khoang thoi gian t 13 2.14 s d@én 10 s twong tng véi tan s6 f= 1 Hz.

Tuong tu, két qua vé SCT cua coc thay ddi trong khoang thoi gian t tir
0 s dén 2.14 s va SCT cua coc khong thay doi trong khoang thoi gian t tir 2.14
s dén 10 s, cu thé SCT cua coc tir 831.4 kN (t = 0.2s) dén 706.7 kN (t = 2.14
s), sau d6 SCT cuia coc 1a 706.7 kN khong doi trong khoang thoi gian t 12 2.14
s dén 10 s twong Gmg véi tan sé f=2 Hz.

Véi tan s6 f= 1 Hz (Hinh 4.16), gia tri cua SCT cua coc theo phuong
phap Geostudio 2018 nhod hon gia tri cua SCT cua coc theo phuong phap
Fellenius (2008) va 16n hon gia tri cua SCT cua coc theo cac phuong phap
con lai, ty sb giita gia tri cia SCT cua coc theo phuong phap Geostudio 2018
SO vo1 gia tri trung binh cua strc chiu tai cyc han doc truc cua coc theo cac
phuong phap khoang (1.08 + 1.28).

Véi tan s6 f = 2 Hz (Hinh 4.17), gia tri cua SCT cua coc theo phuong
phap Geostudio 2018 nhé hon gia tri cua SCT cua coc theo phuong phap
Fellenius (2008) va 16n hon gia tri cua SCT cua coc theo cac phuong phap
con lai, ty sb giita gia tri cia SCT cua coc theo phuong phap Geostudio 2018
so sanh v41 gid tri trung binh cua stre chiu tai cuc han doc truc cia coc theo
cac phuong phap khoang (1.08 +~ 1.27).
4.2.5.6. Bdnh gid chi s6 do tin cdy fr

Biing 4.14. Chi sé dg tin cdy By theo cic phwong phap

i = - -
E | E : < |3
o~ . S o o
Ph h c g > B-Cc))\ ; S < E < E (C\DI E (; E
uon a @ @ © a a o~ = | =
e | S8 88| £8| &V | &Y 375

© o) S Y Y N Y N Y
> — = o o
3 > S D D

Chi sb do tincay By | 2.521 | 2.522 | 2.532 2533 | 2534 | 2.488 | 2.490

Theo két qua cua Bang 4.14, gia tri cia Pr tinh theo phwong phap
Geostudio 2018 tuong tmg véi tan s6 £ = 1 Hz la nho nhat va PP4 tuong tng
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v6i tan s6 = 2 Hz 14 16n nhat. Gia tri ciia By tinh toan theo PP4 tuong ung
v6i tan sb £ = 1 Hz va phuong phap Boulanger va nnk (2004), Fellenius va
nkk (2008), Muhunthan va nnk (2017) xap xi bang nhau.

Khi tan s f thay ddi thi gia tri cua Br thay doi, tan sb f 16n thi gia tri
ctia Br 16n va gia tri pr nam trong khoang (0.5 + 3.5) cho PP4. Do d6, PP4 dé
XUAt c6 gia tri tin cay.

4.3. Ung dung tinh toan cho cong trinh Bénh Vién Pa Khoa tinh Binh
Dinh
4.3.1. Thong tin cong trinh

Cong trinh Bénh Vién Pa Khoa tinh Binh Pinh, hang muc Nha Diéu
Tri 9 Tang (con goi 1a Nha Piéu Tri 300 Giudng) tai s6 106 Nguyén Hué TP.
Quy Nhon, tinh Gia Lai véi khdi nha 9 tang theo Hinh 4.18. Hang muc Nha
Piéu Tri 9 t?lng nam trong khudn vién cua Bénh Vién Pa Khoa, ha tﬁng khu
vuc xung quanh hoan thién, quy hoach thiét ké canh quan thong thoang. Cong
trinh duoc thiét ké va thi cong bang mong coc 1a coc BTCT c6 tiét dién
vudng, canh 350 mm (coc 105) va 400 mm (coc 84a, coc 123a). Trong ludn
an nay, chi tinh toan cho coc 84a, thong sb tinh toan cho coc 84a c6 canh
bang 400 mm, chiéu dai coc 1, 1a 16 m, Mac bé tong coc la 300, tai trong thiét
ké dau coc 1a 200 tan, thi cong coc khoan dan két hop €p coc va thu tinh coc,
cu thé voi coc sb 84a tao 18 khoan dan 1a 350 m ¢ muc nudc ngém khi thi
cong dao dong tr 2.4 m + 3 m.

LE Ly
vT v{l"’l.". 7 *
NGO MAY oy
? .\
Ot
Ly pordaarbp Bénh vién Pa Khoa

Tinh Binh Dinh

KS.Nam Thu

Hinh 4.18. Vj tri cong trinh Bénh vién Da Khoa tinh Binh Dinh,
hang muc Nha Piéu Tri 9 Tdng
4.3.2. Pia chit cong trinh
Diéu kién dia chat & cong trinh [2] c6 3 16p dat chinh va 1 16p dat san
1ap thé hién rd trén cac hinh tru hd khoan. Lép 1 day 2.0 m 1a 16p dat san lap.
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Lép 2 va 16p 4 mdi 16p day trung binh 6 m + 8 m 13 16p cat hat tho vira, mau
tring duc, két ciu chit vira. Lép 3 day trung binh 4 m 13 16p bun cat hitu co
trang thai chay, mau xam den. Lop 5 day trung binh 8 m 1a 16p sét déo dén it
déo, chat vira, trang thai déo cling dén cung. Muc nudc ngﬁm mua ha 2 m va
mua mua 13 4 m. Hinh dang ctia hd dao thé hién trén lat cit hinh try hd khoan
nhu Hinh 4.19 va chi tiéu co 1y dat nén cua cong trinh nhu Hinh 4.20.

SPT N —~ 0.00 SPT N

0.00 0.00

1.60 [t

a=04m
lp=16m

7.80

8.60 L

1320

12.80 FR=S

20100777

20.00 (/4

30,00 Y222

Dat san lap c6 so1 san sét chat vira

Dat cat hat trung chat vira, mau nau vang

Bun cat chay

Dat cat hat trung chat vira, mau nau vang

A sét déo cung

Hinh 4.19. MGt cdt hinh tru hé khoan ciia cong trinh Bénh vién Da Khoa tinh Binh
Dinh, hang muc Nha Pieu Tri 9 Tdng [2]
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Lép dat vy (kKN/m?) @° ¢ (kPa) , ,
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Hinh 4.20. Chi tiéu co Iy ddt ciia cong trinh Bénh vién Pa Khoa [2]
4.3.3. Két qud thi nghiém thir tdi tinh cho coc ép khoan dén

Hang muc Nha Diéu Tri 9 Tﬁng cua cong trinh Bénh vién PBa Khoa tinh
Binh Dinh nay duogc thi cong bang phuong phap khoan dan tao 15 khoan va ép
coc dén do sau thiét ké. Gigi han cua luan an, chi trinh bay cho coc 84a co tiét
dién 1a 400 mm x 400 mm.

Tién hanh thi nghiém thir tai tinh coc theo TCXDVN 269:2002 [15] tai
Cong trinh Bénh vién Pa Khoa tinh Binh DPinh, hang muc Nha Piéu Tri 9
Tang. Coc vudng bé tong c¢6 canh 400 mm, Mac 300 c6 mod dun dan hodi bé
tong coc E, = 28.5x10° kPa, chiéu dai coc l, = 16 m, duong kinh 16 khoan coc
la 350 mm cho coc 84a. Thoi gian nén tinh coc 1a 28/02/2011 + 03/03/2011
(05 ngay). Strc chiu tai cho phép doc truc cta coc Q, = 800 (kN), tai trong thi
nghiém nén tinh cta coc Qgnt = 2000 kN, sirc khang than cia coc Rynt =
1002 kN, strc khang miii cia coc Ryt = 998 KN, hé sb an toan cua coc 13 2.5,
muc nudc ngdm sau 2.4 m + 3.0 m & thoi diém thi cong. Chu ky gia tai dau
tién (chu ky 1) c6 do lun 3.36 mm tuong tng vai tai trong 1a 800 kN, do lun
dau coc 1a 0.94 mm sau khi d& tai va chu ky gia tai tha 2 ¢6 do lun 12.36 mm
tuong ung vaoi tai trong 1a 2000 kN, do lan dau coc 12 3.69 sau khi d& tai. Can
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clr vao biéu dd tai trong f(QqnT) va do ln S, khi thi nghiém nén tinh cho coc
84a thi coc lun déu sau khi gia ting thém tai trong ciing nhu khi d& tai va
khong c6 hién tuong lun dot bién (Hinh 4.21, Hinh 4.22).

0 20 40 60 80 100
0.0 0

bo lon S, (mm)

\L\

b 336

-4.0

Téi trong Qunr (10xKN)
Hinh 4.21. Biéu do quan hé giita do lin S, Véi tai trong Qg nr cho coc 84a
-chuky 1

0 20 40 60 80 100 120 140 160 180 200 220

0.0
Wl.ﬂ
2.0

' _ -1.49 =342 | 411
1042 Semll
% 6.0 . ——

-8.0 S

(mnm)

:E

= T 958
-10.0 ‘H—\‘w
-12.0 — 1536
-14.0

Tai trong Qg (10xkN)

Hinh 4.22. Biéu do quan hé giita do lin S, Véi tai trong Qg nr cho coc 84a
- chu ky 2

4.3.4. Mé phong va két qud bang phan mém Geostudio 2018
4.3.4.1. Lwa chon moé hinh bai toan
a. Mo hinh d4t nén va coc

Mo hinh vat li¢u dugc chon 1a Equivalent Linear (goi 1a m6 hinh tuyén
tinh twong duong, duoc viét 1a EL) cho 16p dat cat va Linear Elastic (goi 13
mo hinh dan hdi tuyén tinh, dugc viét 1a LE) cho 16p dat con lai. M6 hinh vat
liéu Equivalent Linear va mo hinh Linear Elastic ¢6 tinh dan hdi déo thong
dung, bao gdm nhitng thong sé nhu dung trong ty nhién y,, gbc ma sat trong o,
luc dinh don vi ¢ ctia dit, mo dun cit 16n nhit Gy, hé sb poisson v, ... theo Bang

4.15.
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Coc dugc md phong trong phan nay 1a coc ép bé tong cbt thép (coc

84a) hinh vuong c6 canh a la 400 mm, chiéu dai coc I, 1a 16 m, mod dun dan
héi bé tong coc E, = 28.5x10° kPa.
Bang 4.15. Chi tiéu co ly dat va coc ciia cong trinh Bénh vién Da Khoa tinh Binh

Dinh, hang muc Nha Piéu Tri 9 tdng

) Lop 2 LéD 3 Lop 4 Lop 5
Thong | Ky | Don | Pitsan | Cathat | ~oP° | cCathat | A Sét
% L s . .. | Bun cat - \ Coc
SO hiéu Vi lap trung chat hi trung chat déo
. uu CO \ ,
vira vira cung
Mo hinh Model i Linear | Equivalent | Linear | Equivalent | Linear Linear
vat liéu Elastic Linear Elastic Linear Elastic Elastic
Ung xir Non -
cua vat Type - Drained | Drained | Drained | Drained | Drained
licu porous
Do sau Z m 0+2 2+8 8+12 12+20 | 20+34 -
Dung
trongte | vw |KN/m®| 17.2 17.4 16.8 17.3 18.6 24
nhién
G6c ma A /0
sét trong [0) do () | 32.94 30 54 32 17.4
Luc
dinhdon | o ypy |- 0 12 0 5
Vi cia
dat
He s0 v . 0.2 0.3 0.35 0.3 0.35 0.1
Poisson
He so g - 0.2 0.24 0.25 0.23 0.22
can
Hé so
mo hinh |, - 0.7 0.72 0.7 0.72 0.7
(Seed,
1976b)
Mé dun
cat Gmax | kPa - 50000 11000 55000 27400
I6n nhat

D61 voi bang gia toc nén, bang ghi gia toc st dung cho bai toan dugc

lay tir File Example.acc cta hang Geoslope. Trong phan moé ta bai toan da néi
rrfmg gia tbe cuc dai mong mudn 1a amax/g cho tan s6 f=1 Hz va tin s6 f= 2
Hz. Nhép gia tri ams/g vao hop thoai Modified Peak Acc rdi nhan vao Apply
véi thoi lugng cua ban ghi la 10 s (TCVN 9386:2012 [16]). Toan bd ban ghi
tran dong dat s& duoc thu nho sao cho mirc cao nhét bay gid 1a apmyy tai thoi
diem 2.14 s.

Theo TCVN 9386:2012 [16], vi tri cia cong trinh trén tuong Ung cap
dong dat M,, = 6.5 va gia toc nén theo phuong ngang 16n nhat & bé mat dat
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cho nén loai C 13 apy = 0.0941 g, thoi gian cho bang gia tdc nén 1a 10 s khi
mod phong s cho cong tinh bang phan mém Geostudio 2018.
b. M6 phong sb ctia cong trinh bang phan mém Geostudio

Nén dat va coc cua cong trinh nhu trong Bang 4.15 dugec md phong
bang phan mém Geostudio 2018 véi 880 phan tir (element) va 937 nut (nodes)
nhu Hinh 4.23.

DPong thoi, str dung bo sb liéu tir két qua thi nghiém hoa long twong tng
v6i tan s6 = 1 Hz, tin s £ =2 Hz trong qua trinh phan tich va tinh toan sirc
chiu tai cua coc, suc khang miii cua coc, chuyén vi du coc, chuyén vi mui
coc cho coc 84a.

Dit san lép,
_— day 2 m

1!__ Coc 84a,

a=04m,1,=16m, Pit cat hat trung,

4%
| | t=10s "‘ o chit vira, day 6 m

)

o i |

Bun cat hitu co,,
day 4 m

@

Lt

N

(X

Dit cat hat trung,
chit vira, day 8 m

=)

S T B TS

= BEBAE T i[: < R AT

@, o

A sét, déo cung,
day 14 m

Hinh 4.23. M6 phéng s ciia cong trinh sau khi hoan thanh thi cong coc
4.3.4.2. Két qua dp dung phan mém tinh todn
a. Chuyén vi ding dau coc va miii coc

Chuyén vi dting cua dau coc, chuyén vi dimg ctia mili coc sau khi hoan
thanh giai doan thi cong nhu Hinh 4.24. Trong pham vi nghién ciru, tién hanh
phan tich va danh gia chuyén vi dimg dau coc 16n nhat va mili coc 16n nhét
tuong Gmg véi tan sb £=1 Hz va tan s6 =2 Hz.

Véi tan s6 =1 Hz va tan s6 f =2 Hz tmg véi luc doc dau coc Pg = 800
kN (chu ky 1 cua gia tai nén tinh doc truc cua coc) thi chuyén vi dirng dau coc
S.q va chuyén vi ding miii coc Sy 12 16n nhat theo phuwong phap mé phong
c6 dong dat xét cho mo hinh EL va nho nhat theo phuong phap moé phong
khong c6 dong dat. Gia tri cia chuyén vi dung dau coc Syava chuyén vi ding
mili coc Sy duoc tinh theo phuong phap mo phong co dong dat xét cho md
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hinh LE va mé hinh EL cho tan s6 f = 1 Hz nho hon phuong phap mé phong
c6 dong dat xét cho mo hinh LE va md hinh EL cho tan sé f=2 Hz.
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Hinh 4.24. Chuyén vi theo phwong ding ciia dau coc va miii coc
Bing 4.16. So sanh két qua chuyén vi dirmg dau coc, miii coc voi
tan s6 f = 1 Hz cho lye ddu coc Pg = 800 kN

Pe = 800 kN Vi f = 1Hz Chuyen vi ditng S, (mm)
bau coc Mii1 coc
Luc doc dau coc Pg = 800 KN 3.36 -
Mo phong khong co dong dat 8.20 6.25
Mo phong c6 dong dat xét cho md hinh LE 9.30 7.20
Mo phong c6 dong dat xét cho md hinh EL 11.80 9.80

Bing 4.17. So sénh két qua chuyén vi dimg dau coc, miii coc voi
tan s6 f= 2 Hz cho lic dau coc Pg = 800 kN

P = 800 kN véi f = 2Hz Chuyén vi ding S, (mm)
Pau coc Miii coc
Luc doc dau coc Pg = 800 kN 3.36 -
Mo phong khéng co dong dat 8.20 6.25
Mo phong c6 dong dat xét cho mé hinh LE 9.40 7.30
Mo phong co dong dat xét cho md hinh EL 12.40 10.40

Vi tan s6 f= 1 Hz va tan s6 f =2 Hz ung véi luc doc dau coc Pg =
2000 KN thi chuyén vi dung dau coc Sya va chuyén vi dung miii coc Sy la



124

16n nhat theo phuong phap mo phong c6 dong dat xét cho mé hinh EL va nho
nhat theo phuong phap md phong khong co dong dat.
Bing 4.18. So sanh két qua chuyén vi dimg dau coc, miii coc voi
tan s6 f= 1 Hz cho lyc dau coc Pg = 2000 kN

P = 2000 kN véi f = 1 Hz Crl”yén vi dang Sy (mm)
Pau coc Miii coc
Luc doc dau coc P = 2000 kN 12.36 -
Mo phong khong co dong dat 20.50 15.70
Mo phong co dong dat xét cho md hinh LE 23.40 18.10
Mo phong c6 dong dat xét cho md hinh EL 37.00 32.20

Bing 4.19. So sdanh két qua chuyén vi dimg dau coc, mili coc voi
tan s6 f=2 Hz cho luc dau coc Pg = 2000 kN

Pg = 2000 kN véi f = 2Hz Chuyén vi dimg S, (mm)
Pau coc Miii cocC
Luc doc dau coc Pg = 2000 kN 12.36 -
Mo phong khong co dong dat 20.50 15.70
Mo phong c6 dong dat xét cho md hinh LE 23.40 18.10
Mo phong c6 dong dat xét cho md hinh EL 37.80 33.00
b. Xéac dinh SCT cua coc theo mot s md hinh
., 2500 —LE,daucoe  —LE, mii coe 2500 —LE, diucoe — LE, miii coc
:%: 2000 | EL daucoc  —EL, mii coc % i EL, dhuico EL, mii coc
; 1500 _ ? 1500 \
é i =Ty ; 00 f=2Hz
T:jl 500 f\y _E c00 —
’ O‘I] 2 6 0 ’ Q(In 2 4 6 8 10
Théi gian (s) Théi gian (s)
Hinh 4.25. Quan h¢ giira SCT cua coc  Hinh 4.26. Quan h¢ giza SCT cua coc
véi thoi gian cho tan sé f =1 Hz véi thoi gian cho tan sé f = 2 Hz

Véi luc doc dau coc Pg = 800 kN (chu ky 1) hay Pg = 2000 kN (chu ky
2), tién hanh m6 phong cho cac truong hop khong co dong dat va co dong dat
c6 x€t mo hinh LE hay mé hinh EL déu cho SCT cua coc ¢d gia tri khac nhau.
Gia tri cua SCT ctia coc theo mé phong c6 dong dat cho mé hinh LE 16n hon
gia tri ciia SCT ciia coc theo mo phong cé dong dat cho md hinh EL xét tai
thoi diém t = 0.2 s (twong Gmg diém cao nhét cua d6 thi) (Bang 4.20, Bang
4.21).
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Gia trj ctia SCT cua coc cho tan s6 f =1 Hz 16n hon gia tri SCT ctia coc
cho tan sé f=2 Hz twong tng v6i md phong theo md hinh LE, mo hinh EL.

Véi tan s6 £= 1 Hz va tan s f=2 Hz va lyc doc dau coc Pg = 800 kN
(chu ky 1) hay Pg = 2000 kN (chu ky 2) thi gia tri cia SCT cua coc la nho
nhat theo mé phong c6 dong dat cho mé hinh EL do giam sirc khang than coc
ciia dat nén cat twong ung voi cac théng sb nén twong dwong (Bang 4.20,
Bang 4.21).

Bing 4.20. So sanh SCT ciia coc véi tan sé = 1 Hz

SCT cua coc mo phong bang phan mém

Luc Mo Mo ph(’),ng co Mo p’héng co
d(.)C phong | dong dat (xét | dong dat (xét cho
d 2‘;1 U khong | cho mo hinh mo hinh So sanh
co Linear Elastic | Equivalent Linear
coc Pg N .
dong - dan hol - tuyén tinh tuong
dat tuyén tinh) duong)
(1) (2) 3) (4) (2)/(1) | 3)/(1) | (4)/(1)
Ps =800 kN (chu ky 1)
800 | 752.9 714.3 708.0 0.941 | 0.893 | 0.885
Ps =2000 kN (chu ky 2)
2000 | 1967.1 1785.7 1769.9 0.984 | 0.893 | 0.885
Bing 4.21. So sanh SCT ciia coc véi tan sé f = 2 Hz
SCT cua coc md phong bang phan mém
Luc Mo Mo phé’ng co Mo p’héng co
dc')c phong | dong dat (xét | dong dat (xét cho
dél U khong | cho md hinh mo hinh So sanh
co Linear Elastic | Equivalent Linear
coc Pg N .
dong - dan hol - tuyén tinh tuong
dat tuyén tinh) duong)
(1) (2) (3) (4) (2)/(1) | (3)/(1) | (4)/(1)
Ps =800 kN (chu ky 1)
800 | 752.9 710.3 705.6 0.941 | 0.887 | 0.882
Ps = 2000 kN (chu ky 2)
2000 | 1967.1 1780.7 1766.4 0.984 | 0.890 | 0.883
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D06 chénh 1éch SCT cua coc theo m6 hinh LE va m6 hinh EL so vdi luc
doc dau coc Pg 1a do phan dong dit giy ra twong Gng Véi tan s6 f=1 Hz va
tan s f = 2 Hz.

Do d6, mé hinh tuyén tinh twong dwong (mé hinh EL) 1a mé hinh phu
hop nhét, dugc chon dé nghién ctru phan tich trong luan an nay.

c. Xac dinh SCT cua coc theo mo6 hinh EL

Theo két qua thi nghiém nén tinh cua coc thi Qqnt = 2000 KN ng voi
d6 Ian doc truc dau coc 1a 12.36 mm, do do, tién hanh mé phong theo mo hinh
EL dé xac dinh gia tri cua SCT cua coc sao cho d lun twong duong vaoi do
lan doc truc dau coc theo két qua thi nghiém nén tinh.

Bing 4.22. Chuyén vi ditng va SCT ciia coC véi tan sé f= 1 Hz

7 Stre khang mi
Chuyénvi | SCTRujgcia | o o one

A , A . . | Rijig cua coc mo
Luc doc dau coc | dung dau | coc mo phong co 1 i

STT . hé 5 do
Ps (KN) COC Sy 4 dong dat xét cho ggfnicidong
at xét cho mo
mm 0 hinh EL (kN
(mm) — fmo hinh ELAN) L b B vy
1 990 11.80 883.9 778.5
2 1200 13.50 1071.4 943.7

Bing 4.23. Chuyén vi ditng va SCT ciia coc véi tan s6 f = 2 Hz

, Sure kh3 Ui
Chuyeén vi SCT Ry,iq Cua He Khang mul

N ) \ R¢jiq Cla Coc mo
Luc doc dau coc | ding dau | coc moO phong ¢ 0 i

STT Ps (KN) CoC Sy 4 dong dat xét cho pTong 0 dong
(mm) | mo hinh EL (kN | Satxetehomo
hinh EL (kN)
1 1000 10.70 892.9 804.5
2 1250 12.40 1116.1 983.0

Chon luc doc dau truc Pg lan luot 1a 990 kN va 1200 kN md phong
theo md hinh EL tuwong (ng véi tan sé f= 1 Hz duoc két qua theo Bang 4.22,
1000 kN va 1250 kN mo phong theo md hinh EL twong tng Véi tan s f =2
Hz duogc két qua theo Bang 4.23.

Vi két qua cua Bang 4.22 va Bang 4.23, ta tinh dugc gia tri cia luc
doc dau coc 1a 1060 kN twong Gng Vi tan s6 £ = 1 Hz va 1006 kN tuong Gng
V6i tan s6 f =2 Hz, gia tri ciia SCT cia coc 1a 947.42 kN theo mé hinh EL
tuong GNg Véi tan s6 £ = 1 Hz va 898.14 kN theo md hinh EL tuwong ¢ng Vi
tan sb6 f=2 Hz.
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Sau d6, tién hanh mo phong mé hinh c6 dong dat cho mo hinh EL véi
lue doc dau truc 1a 1060 kN twong ng véi tan sé f = 1 Hz va 1006 kN twong
ng Vvéi tan s6 f = 2 Hz, két qua nhu trong Bang 4.24 va Hinh 4.27, Hinh
4.28.

f=1Hz S, (mm) f=2Hz S, (mm)
‘% 2080 = Ru_]lq — R lig g -Zf, 2000 — R, liq —— R'-\m 0
g Sua — Sym -2 g S.a —i§ 2
5 1500 -4 g 1500 4
3 5 A 3
.2 1000 2 1000
. -8 3 3
2 500 10 E 5 -10
S -12 5 -12
@ 0 -14 @ 0 F 14

0 2 4 6 8 10 0 2 4 6 § 10
Thon gian (s) Thot gian (s)

Hinh 4.27. Quan hé gitta SCT cua Hinh 4.28. Quan hé gitra SCT cua
coc, chuyén vi ditng cua coc Voi thol  coc, chuyén vi dung ciia coc Voi thoi

gian chotansé f =1 Hz gian cho tan sé f = 2 Hz
Bing 4.24. Chuyén vi ditng va SCT ciia coc véi tan sé khdc nhau
Strc kha
SCTRyjqcia | oo ons

miii Ryjigctia | Chuyénvi | Chuyén vj

Tan | Luc doc | coc mo phén . ,
. . ' phong coc moO phong | dung dau dimg miii

A

s6 | daucoc | co dong dat xét " .
(Hz) | P (kN) | chomdhinh | dong dat CoC Syq CoC Sym

xét cho mo (mm) (mm)

EL (kN) hinh EL (kN)
1 1060 947.42 834.43 12.37 10.25
2 1006 898.14 809.28 10.74 8.94

Két qua, SCT Ry lig cua coc mo phong co xét dong dat theo mo hinh EL
la 947.42 kN va suc khang mii Ryjiq cua coC m6 phong co xét dong dat theo
md hinh EL la 834.43 kN twong tng véi tan s6 £ = 1 Hz, SCT Ryiq ctia coc
mo phong co xét dong dat theo mo hinh EL 1a 898.14 kN va sttc khang miii
Ryjig ctia coc mo phéng c6 xét dong dat theo mo hinh EL 1a 809.28 kN twong
g véi tan s6 =2 Hz (xem trong Bang 4.25).

Theo két qua thi nghiém nén tinh thi tai trong doc truc Qqnt = 2000 kN
va stic khang miii coc Rynt = 998 kN. Ta thdy, ty sb giita chiéu day 16p cét
hoa 16ng (1,jig = 10 m) va chiéu dai coc (I, = 16 m) 1a 62.5 % va d¢ chénh léch
suy giam la 52.63 % cho SCT cua coc va 16.39 % cho sttc khang miii ctia coc
tuong tng Vai tan sé £ = 1 Hz, twong tu d6 chénh léch suy giam 1a 55.09 %
cho SCT cua coc va 18.91 % cho strc khang miii cua coc twong tng véi tan sb
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f=2 Hz. Bg suy giam SCT cua coc va sttc khang miii cua coc tuong tng vai
tan s6 f = 1 Hz nho hon d6 suy giam SCT cua coc va sirc khang miii cua coc
tuong Gng véi tan sb f = 2 Hz trong Bang 4.25.

Theo Sinha (2022) [59] va Sinha va nnk (2022) [60] da st dung
phuong phép s6 bang phan mém TzQzliq cho coc 3DPlieM, véi chiéu dai coc
la 15 m va duong kinh coc 1a 0.635 m, miii coc cam vao 16p cat rat chat, suc
chiu tai thiét ké cua coc co xét kha nang hoa 1ong theo phuong phap sb 1a
1280 kN tai thoi diém 2.14 s. Ty s6 giita chiéu day 16p cat hoa long (l,iq = 4.7
m) va chiéu dai coc (I, =15m) 1a 31.3 % va d6 suy giam giira sttc khang cyc
han cta coc co xét kha ning hoa long va sitc khang cuc han ciia coc bang
phuong phap s6 13 14.7 %.

Bdng 4.25. B¢ suy giam va SCT cua coc, suc khang mii cua coc

cho tan sé khdc nhau

Strc khang
B %CT Ru,liq’\ Stie anﬁl Rt,liq A
Taitrong | ctacoc mo ] cua coc mo
, , khang . , An A
Giai doan doc truc phong co miii R phong c6 | Tan so
i QunrCia | dong dat xét T dong dat (Hz)
A Cua CoC . A
coc (KN) | cho mo hinh (kN) xét cho mo
EL (KN) hinh EL
(kN)
Luc doc 2000 947.42 998 834.43
Do suy giam 1
52.36 16.39
(%)
Luc doc 2000 898.14 998 809.28
Do suy giam 2
55.09 18.91
(%)

d. Nhan xét vé két qua ap dung phan mém Geostudio 2018

St dung md hinh dan hoi tuyén tinh (LE), md hinh tuyén tinh twong
duong (EL) trong phan md phong bang phan mém Geostudio véi khoang thoi
gian dao dong t = 10 s dé giai bai toan trén. Két qua 1a chon mé hinh tuyén
tinh twrong duong (md hinh EL).

Két qua, SCT Ru,iig cua coc mo phong c6 xét dong dat theo mé hinh EL
1a 947.42 kN va suc khang miii Ryjijq cua coc m6 phong c6 xét dong dét theo
mo hinh EL 1a 834.43 kN tuong ung Vvéi tan s6 f = 1 Hz, SCT Ry i, clia coc
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mo phong co xét dong dat theo mo hinh EL 1a 898.14 kN va stc khang mili
Riiq cua coc mo phong co xét dong dat theo mo hinh EL 1a 809.28 kN tuong
ing Vi tan s6 £ = 2 Hz. Do chénh 1&ch suy giam 1a 52.63 % cho SCT Ry
cua coc va 16.39 % cho strc khang miii Ryiq cila coc twong trng Voi tan s6 f =
1 Hz, twong tw d6 chénh I¢ch suy giam 1a 55.09 % cho SCT Riq cta coc va
18.91 % cho strc khang miii Ry i cua coc twong ung véi tan s f = 2 Hz.
4.3.5. Xay dung twong quan va ddnh gid két qud cho coc ép khoan dén
4.3.5.1. Bdnh gid hé so khdang héa long FSiiq theo do sdu

Két qua cho duoc gia tri cia hé so khang hoa long theo phuong phap
Benouar va nnk (1992) [28] nho hon gia tri cua hé s6 khang hoa 16ng theo
phuong phép Dixit va nnk (2012) [33] cho M, = 6.5. Ddi véi nén cat nay, gia
tri cia FSjig nho hon 1.0 theo phuong phap Benouar va nnk (1992) cho cap
dong dat My, = 6.5, gia trj ctia FSjiq 16n hon 1.0 khi M,, = 6.5 theo phuong
phép Dixit va nnk (2012).

FE‘»hq
5 6 7

— Benouar vannk (1992), M. =6.5
— Dixit vannk (2012), M, = 6.5
20

Bun cat

z (m)

Hinh 4.29. Quan hé giira FS)iq voi do sdu z
4.3.5.2. Chi 56 trng sudt cat tuan hoan CSR véi Neg

Khi M,, = 6.5, gia tri cia CSR theo phuong phap Benouar va nkk nho
hon gia tr1 cia CSR theo phuong phap Dixit va nnk véi Ngp < 8 va nguoc lai,
gia tri cia CSR theo phuong phap Benouar va nkk 16n hon gia tri cia CSR
theo phuong phap Dixit va nnk v&i 26 > Ngo > 8 (Hinh 4.30).

Theo Hinh 4.30, nhitng diém nam trén dudng chi s CSR 1a nhiing
diém mat 6n dinh hay c6 kha nang hoa 16ng con nhiing diém nam dudi duong
chi s6 CSR 1a nhitng diém 6n dinh hay 1a nhimg diém khéng hoa 1ong twong
ung voi Ngo cho nén cat.

Pé lam rd cach tinh toan & trong pham vi luan 4n ndy, chi xem xét
phuong phap Benouar va nkk (1992) cho M, = 6.5, con phuong phap Dixit va
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nnk (2012) khong xem xét vi hé s6 khang hoa 16ng FSjiq 16n hon 1.0 theo do
sau, tirc 1a khong hoa 16ng khi tinh toan theo phuong phap nay.

0.30 -
0.25 CSR = 0.08041n(Ny) - 0.0268 4
0.20 |
- :
© 0.15 { CSR = 0.0027In(Ng) + 0.1139
0.10 -
1 + Benouar va nnk (1992). M, = 6.5
0.05 Dixit vannk (2012), M,, = 6.5
0.00 ‘ :
0 5 10 15 20 25 30

NGO

Hinh 4.30. Quan hé giira CSR véi Ngg cho M,, = 6.5
4.3.5.3. Chi 50 ap luc nuoc 16 ro’ng thang du r, voi Ngg
Tur két qua thi nghiém 3 truc gia tai ldp thuc hién cho cac mau cét co
kha nang hoa long duogc tinh toan & Chuong 3. Thiét 1ap tuong quan gitia chi
sO ap luc nudce 16 rong thang du ry voi chi s6 Ngg nhu sau:

Chénh léch
e 1, (=1Hz) m 1, (f=2Hz) Ar, (%)
1.2 4 - 20.0
. 1, (YoKXK.2015) e ChénhléchAr,

=|
]
1.0 |
] - 150
08
§
]
£ 0.6 - 10.0
]
04 Ar, = -4.218In(Ngo) + 21.152
1 (26,6.85%) | 5.0
02
]
]
7 N E— - 0.0
0 5 10 15 20 25 30

N60

Hinh 4.31. Quan h¢ giga r, véi Ngo cho tan sé khdc nhau
Phuong trinh twong quan gitta CSR va Ngy theo Hinh 4.31 nhu sau:
CSR =0.0804In(N, )—0.0268 (4.5)



131

Theo Chuong 3 da thiét 1ap duoc mot sb phuong phinh duge thiét 1ap.
Phuong trinh tuong quan giita chi s6 ry, chi s6 CSR va s vong ldp chu ky n
tuong Gng Véi tan s £= 1 Hz. Tir d6 bién d6i, ta duoc phuong trinh sau:

r, =-0.0927In(N,, )+0.9811 cho tan s6 f = 1 Hz (4.6)

Tuong ty, theo Chuong 3 dd c6 mot s phuong phinh duogc thiét 1ap.
Phuong trinh twong quan giita chi s 1, chi sé CSR va s vong lap chu ky n
tuong Gng Véi tan sb £ =2 Hz nhu sau:

r, =-0.1513In(N,,)+1.2220 cho tan s6 f = 2 Hz (4.7)

Két qua duogc gia tri cua chi s ap luc nude 16 rdng thiang du r, trong
g Vi tan sé £ =1 Hz nho hon gi tri cta chi s6 ap luc nude 16 rdng thing
du twong (ng véi tan s6 f=2 Hz voi chi s6 Ngo ting dan.

CSR o 1, (E=1Hz) m 1, (fF2H?) Iy
0.25 , e 12
0.20 R

- 0.8

% 0.15

o

- 0.6
0.10 -
' 0.4
0.05 - CSR = 0.0804n(Ng,)-0.0268 L 02
00 i S ——| L
0 5 10 15 20 25 30

NGG

Hinh 4.32. Quan h¢ giira CSR, ry vdi Ngg

Do chénh 1éch chi sb ap luc nudc 16 rong thing du Ar, giam dan khi chi
s6 Ngo tang (Ngo > 2) cho nén cat hat trung c6 do chit vira, gia trj cta chi sé ap
luc nudc 16 rong thing du r, twong ng voi tan s6 f = 1 Hz nhé hon gia tri caa
chi s 4p luc nuée 16 rdng thing du r, twong tng véi tan sd f = 2 Hz, cu thé
gia tri ciia Ngo 12 26 thi gia tri ciia Ary 4 12 6.85 (%).
4.3.5.4. Surc chiu tai cua coc theo cac phwong phap

Tir két qua cia Chuong 3 cho thay, gi4 tri ciia chi s6 ing suat cat tuan
hoan CSR tuong ung véi tan sé 1 Hz 16n hon gia tri cta chi sd Gng suét cit
tuan hoan CSR tuong mg voi tan s6 2 Hz, va gia tri ciia 4p luc nudc 16 rdng
thing du r, twong tmg véi tan sé 1 Hz nho hon gia tri cta ap luc nudce 16 réng
thang du r, twong tng v&i tan s6 2 Hz.
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Gi4 tr1 cua stre chiu tai cyc han doc truc Ryjiq cia coc ¢6 xét kha nang
hoa long vé6i cdp dong dat (M, = 6.5) tinh theo mot sé phuong phap nhu
phuong phap Boulanger va nnk (2004), phuong phap Fellenius va nnk (2008),
Muhunthan va nnk (2017), PP4, phuong phap Geostudio 2018 va phuong
phap Chi tiéu cuong do cuia dat nén cho trong TCVN 10304:2014 c6 xét dong
dat (goi 1a phuong phap TCVN 10304:2014) thi phuwong phap Fellenius va
nnk (2008) cho gia tri 16n nhat, gia tri cua suc chiu tai cyc han doc truc Ry ig
cua PP4 nho hon gia tr1 cua sttc chiu tai cyc han doc truc Ryjiq cua phuong
phap TCVN 10304:2014, & day PP4 1a phuong phap tinh toan dé xuat theo r,
ctia két qua thi nghiém ba truc gia tai lip c6 xét hoa long cho dat cat, con
phuong phap Geostudio 2018 cho gia tri nhd nhat twong tng Voi tan sd £ =2
Hz. D¢ chénh léch gifra gia tri cua strc chiu tai cuc han doc truc Ry iq cua PP4
va gia tri cua suc chiu tai cuc han doc truc Ry i cua phuong phap Geostudio
2018 1a 10.18 % tuwong ting V4i tan s6 f= 1 Hz va 13.61 % tuwong ung V4i tan
s0 f=2 Hz.

Bang 4.26. Surc chiu tai cuc han doc truc cua coc va hé sO khang cua coc

Phuong phap Strc khang than | Strc khadng miii | Stc chiu tai cyc han
Rs,qu (kN) ks Rt,qu (kN) kt Ru,qu (kN) ku
Boulanger va nnk (2004) 50.9 | 0.05 1379.9 | 1.38 1430.8 | 0.72
Fellenius va nnk (2008) 57.9 | 0.06 1862.8 | 1.87 1920.7 | 0.96
Muhunthan va nnk (2017) 38.7 1 0.04 1838.4 | 1.84 1877.1| 0.94
PP4,f=1Hz 24.4 1 0.02 1028.1 | 1.03 1052.5| 0.53
PP4,f=2Hz 11.6 | 0.01 1028.1 | 1.03 1039.7 | 0.52
Geostudio 2018, f=1 Hz 113.0 | 0.11 834.4 | 0.84 947.4 | 0.47
Geostudio 2018, f=2 Hz 88.9 | 0.09 809.3 | 0.81 898.1 | 0.45
TCVN 10304:2014 55.8 | 0.06 1028.1 | 1.03 1083.9 | 0.54

Gi4 tr1 cua suc chiu tai cye han doc truc Ry iq cua coc theo cac phuong
phap déu nho hon gia tri cta tai trong thi nghiém nén tinh coc Qqgnr. Hé s0
strc khang than (k) ctia coc 1a rat nho theo cac phuwong phap vi coc ha xuyén
qua 16p dat cat anh hudng héa long, trong d6 hé so ks 1a 0.02 twong ung véi
tan s =1 Hz va 0.01 twong tng Vvdi tan sé =2 Hz tinh theo PP4 va hé s
ks bang 0.11 1a 16n nhat theo phuong phap Geostudio 2018 twong tng voi tan
s6 =1 Hz. Hé sd khang mili (k) cua coc bang 0.81 1a nho nhét theo phuong
phap Geostudio 2018 tuwong ung véi tan s6 f =2 Hz va 1.87 1a 16n nhat tinh
theo phuong phéap Fellenius va nnk (2008), vi mili coc cam vao 16p dat cat c6
x¢ét kha nang hoa 1ong (Bang 4.26).
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Pbi véi hé sd khang tong (k) cta coc duoc tinh toan theo cac phuong
phap khi coc duge ha xuyén qua 1p dat cat co xét kha ning hoa long va miii
coc cam trong 10p dét cat hat trung, trong d6 hé sb k, bang 0.45 1a nho nhat
theo phuong phap Geostudio 2018 twong tng V&i tan sb £ =2 Hz va hé sb k,
bang 0.96 1a 16n nhat theo phwong phap Fellenius va nnk (2008), con hé sé k,
bang 0.53 twong (g vai tan sd f= 1 Hz va 0.52 twong (ng voi tan sé f=2 Hz
theo PP4, hé s k, bang 0.55 theo phwong phap TCVN 10304:2014, ¢ day ks,
ki, Ky - ty s0 giita strc khang than ctia coc theo cac phuong phép va stc khang
than cua coc theo thi nghiém nén tinh, ty sd giita strc khang miii ctia coc theo
cac phuong phap va stc khang mili cia coc theo thi nghiém nén tinh, ty s
gilta strc chiu tai cuc han cua coc theo cac phuong phap va tai trong thi
nghiém cua coc theo thi nghi€ém nén tinh véi tai trong thi nghiém nén tinh cua
coc Qgnt = 2000 kN, strc khang than ctua coc Rgnt = 1002 kN, strc khang miii
ctia coc Rynt =998 kN.

Theo mdt s6 tac gia da nghién ctru nhu Muhunthan va nnk (2017), ty s6
gita chiéu day 16p cat hoa long (l,iq = 15.2 m) va chiéu dai coc (1, = 22.8 m)
1a 66,7 % va do suy giam gifra sttc khang cuc han cua coc c6 xét kha nang hoa
long va stre khang cuc han cta coc 13 30,9 % véi truong hop mili coc cam vao
16p dat cat va cap dong dat M,, = 8.8. Nguyén Vin Phong va nnk (2020) da
tinh toan cho dy an tuabin dién gid khu vuc duyén hai Soc Trang véi chiéu
dai coc 1a 53.5 m va duong kinh coc ngoai la 0.6 m, miii coc cam vao 16p cat
hat nho, rat chit. Ty sé gitra chiéu day 16p cat hoa long (1piq = 11 m) va chiéu
dai coc (I, = 53.5 m) 1a 20.5 % va d¢ suy giam gilra suc khang cuc han cua
coc ¢o xet kha nang hoa 1ong va suic khang cuc han cua coc 1a 19.5 %. Con,
Phi Hong Thinh va nnk (2024) di tinh toan cho du 4n thap dién gié khu vuc
ven bién tinh Quang Binh vdi chiéu dai coc 12 15 m va duong kinh coc ngoai
14 0.6 m, mili coc cam vao 16p cat hat nho, chit vira. Ty s6 giita chiéu day 16p
cat hoa long (lp)iq = 5 m) va chiéu dai coc (I, = 15 m) la 33.3 % va do suy
giam gilta strc khang cuc han cua coc c6 xét kha ndng hoa 1dng va suc khang
cuc han cua coc l1a 14.3 %.

Péi v6i cong trinh Bénh Vién Pa Khoa tinh Binh Dinh nay, ty so gitta
chiéu day 16p cat hoa 16ng (lig = 10 m) va chiéu dai coc (I, = 16 m) 12 62.5 %
va do suy giam gitra stc khang cuc han cua coc c¢6 xét kha nang hoéa léng va
strc khang cuc han cua coc 1a 47 % twong tng véi tan s6 1 Hz va 48 % tuong
g véi tan s6 2 Hz theo phuong phap 4. Su suy giam giita strc khang cuc han
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cua coc c6 x€t kha nang héa long va strc khang cuc han cua coc khac nhau véi
nhiéu 1y do nhu ty 1¢ giira chiéu day 16p cat hoa 16ng (I,iq) va chidu dai coc
(Ip); cap dong dat My; chi sb ap luc nudc 16 rdng thing du (r,); mot s6 hé sb
khang cho than coc va miii coc dugc tinh theo phuong phap Boulanger va nnk
(2004), phuong phap Fellenius va nnk (2008) va phuong phép 4.

Bang 4.27. Svc chiu tai cuc han doc truc cua coc va do suy giam cua coc

Phurong phép Strc khang than cua coc | Stre chiu tai cuc han doc truc cua coc
Rsjig (KN) | ARgjigas (%) | Ruiig (KN) ARy jig.4-5 (%0)
PP4,f=1Hz 24.4 56.27 1054.8 2.68
PP4,f=2Hz 11.6 79.21 1039.7 4.07
TCVN 10304:2014 55.8 - 1083.9 -

Vi coc ¢6 chiéu dai 1a 16 m ha xuyén qua 2 16p dat cat c6 tong chiéu
dai 1a 10 m c6 xét kha nang hoa long con lai 4 m goém tong 16p dét san lap va
16p dat bun yéu, nén khi xét dén kha nang hoa long cho 16p dat cat thi st
khang than Ry iq cua coc theo PP4 twong ung voi tan s6 1 Hz va tan s6 2 Hz
cho két qua suy giam rat 16n, trong khi d6 theo TCVN 10304:2014 thi khi
thiét ké mong coc trong ving dong dat khong xét dén sic khang cua dat trén
than coc dén do sdu hy = 6 m (tic 1a fiq = 0), d6 sau hy nay nho hon téng
chiéu day 16p dat ma coc ha xuyén qua c6 kha ning héa long lpjig =10 m, cu
thé do suy gidm ARgjig4-5 cua coc la 56.27 % twong ung véi tan s6 f=1 Hz va
79.21 % twong ng Vi tan s6 £=2 Hz, & day AR g4 1 ty s6 giita stic khang
than cia coc tinh theo PP4 va strc khang than cua coc tinh theo phuwong phap
TCVN 10304:2014 (phuong phap 5).

Kéo theo do suy gidm ARy jig4-5s cua coc nho vi mili coc nam trong 16p
dét cat hat trung. Cu thé, do suy gidm ARy jig4-5 cua coc 1a 2.68 % tuong trng
V6i tan s6 = 1 Hz va 4.07 % tuong Gng véi tan so £ = 2 Hz, & ddy ARyjiqas 12
ty sb giita strc chiu tai cuc han doc truc cta coc tinh theo PP4 va stic chiu tai
cuc han doc tryc cua coc tinh theo phuong phap TCVN 10304:2014 (phuong
phap 5).
4.3.5.5. Strc chiu tai cua coc theo thoi gian

Khi xét bang gia tdc nén tuong Gng véi tan s6 £ =1 Hz va f =2 Hz cho
khoang thoi gian dao dong t = 10 s ctia phan mém Geostudio 2018, ta nhan
thay két qua vé SCT cuia coc thay d6i trong khoang thoi gian t tir 0 s dén 2.14
s va SCT ciia coc khong thay doi trong khoang thoi gian t tir 2.14 s dén 10 s,
cu thé SCT cua coc tir 1046.4 kN (t = 0.2s) dén 947.4 kN (t = 2.14 s), sau do
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SCT cuia coc 12 947.4 kN khong doi trong khoang thoi gian t 14 2.14 s dén 10
s trong tng véi tan sb6 f= 1 Hz.

f=1Hz f=2Hz

2 ——Boulanger. 2004 ——Fellenius. 2008 2 ——Boulanger. 2004 ——Fellenmus. 2008

5 Muhunthan, 2017 —PP4, f~1Hz 8 Mulunthan, 2017 —PP4, f=2Hz

g 2500 = —Geo, =1Hz § 2500 | —Geo, f=2Hz

g 2000 g 2000 -

A S

%é 1500 %é 1500 ;

2 7 1000 o= = 2 1000 Hyem—m————————————

Z 500 2 500

g s . : ; ; 2 51 _

v 0 2 4 6 8 10 2 0 2 4 6 8 10

Thoi gian (s) Thoi gian (s)
Hinh 4.33. Quan hé siec chiu tai doc ~ Hinh 4.34. Quan hé surc chiu tai doc
truc cua coc Voi thoi gian truc ciia coc Voi thoi gian

chotansof=1Hz chotansof=2Hz

Tuong tu, két qua vé SCT cuia coc thay ddi trong khoang thoi gian t tir
0 s dén 2.14 s va SCT cila coc khong thay do6i trong khoang thoi gian tir 2.14 s
dén 10 s, cu thé SCT cua coc tir 1046.4 kN tai thoi diém t = 0.2s (tuong Umg
diém cao nhét cua db thi) dén 898.1 kN (t = 2.14 s), sau d6 SCT cua coc 13
898.1 kN khong d6i trong khoang thoi gian t 12 2.14 s dén 10 s twong tmg voi
tan s6 f=2 Hz.

Véi tan s6 f = 1 Hz (Hinh 4.33), gié tri ciia SCT cua coc theo phuong
phap Geostudio 2018 so sanh v&i gia tri cua stc chiu tai cuc han doc truc cua
coc theo cac phuwong phap khac 13 nho nhat, ty sb gié tri ctia SCT cua coc theo
phuong phap Geostudio 2018 so sdnh véi gia tri trung binh cua stc chiu tai
cuc han doc truc ctia coc theo cac phuong phap khoang (0.62 + 0.66).

Véi tan s6 f = 2 Hz (Hinh 4.34), gié tri ciia SCT cua coc theo phuong
phap Geostudio 2018 so sanh v&i gia tri ciia stc chiu tai cuc han doc truc cua
coc theo cac phuwong phap khac 13 nho nhat, ty sb gié tri ctia SCT cua coc theo
phuong phap Geostudio 2018 so sdnh véi gid tri trung binh cua stc chiu tai
cuc han doc truc ctia coc theo cac phuong phap khoang (0.60 + 0.62).
4.3.5.6. Bdnh gid chi s6 dé tin cdy fr

Theo két qua cua Bang 4.28, gia tri cta Pr tinh theo phuong phap
Geostudio twong (mg v&i tan s6 £ = 1 Hz 1a nho nhat va PP4 tuong tng voi
tan s6 £ =2 Hz 14 16n nhét. Gi4 tri caa By tinh toan theo PP4 tuong tmg vai tan
sé6 f = 1 Hz va phuong phap Boulanger va nnk (2004), Fellenius va nnk
(2008), Muhunthan va nnk (2017) xap xi bang nhau.
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Theo PP4, gia tri ctia Pr = 1.704 twong mg véi tan s6 f = 1 Hz nho hon
gia trj ciia Pr = 1.707 twong ung véi tan s6 f = 2 Hz.
Bing 4.28. Chi sé dg tin cdy S theo cdc phiwong phdp

Az = - -
= | E | E =5 |8
Ph h cZ| 28 % S| §I| §Z| ef|gk
uon a < Qa— | oo S| 5N
& phap 2| 28 %8 Ty Cu| 3w 3

© [5) S Y— Y— N Y= N Y=
> e = o o
o [<5) S [<b] [<b]

Chi sb do tin cay Bt | 1.694 | 1.689 | 1.700 | 1.704 | 1.707 | 1.641 | 1.665

4.4. Nhan xét chwong 4

- Chi sb ing suét cat tuan hoan CSR tiang va chi s6 4p luc nudc 15 rong
thang du r, giam phi tuyén khi chi sé Ngo ting cho 16p dat cat hat trung c6 do
chit vira, gia tri cta chi ung sudt cat tuan hoan CSR duoc xac dinh trong
khoang theo ham: CSR =0.0779In(N,,)-0.0251 + CSR = 0.0804In(N,,)—0.0268.

- Chi s6 ap luc nudc 16 rong thing du r, véi chi ) xuyén tiéu chuan Ng,
1a giam phi tuyén, gid tri chi cua s ap luc nudc 16 réng thing du r, duge xac
dinh  trong  khoang theo  ham:  r, =-0.0927In(Ny)+1.2220
r, =-0.0156In(N,,)+0.8973 (f = 1 Hz) va r =-0.1513In(N,)+1.2220 -

r, =-0.0756In(N,, )+1.1582 (f = 2 Hz).

- Tur két qua phan tich cho théy, tinh toan strc chiu tai nén doc truc coc
c6 xét kha ning hoa 1ong ctia nén cat tir cac phuwong phap cia Boulanger va
nnk (2004), Fellenius va nnk (2008), Munhunthan va nnk (2017), Geostudio
2018 va phuong phap dé xuat I twong ddng voi nhau, nhung ¢ chénh léch so
v6i phuong phap tinh theo Tiéu chuan Viét Nam TCVN 10304:2014.

- Su suy giam gitra sttc khang cuc han cua coc co xét kha nang hoa
long va stic khang cuc han ciia coc khac nhau véi nhiéu 1y do nhu ty 1¢ gitta
chiéu day 16p cat hoa 1ong (1,,iq) va chiéu dai coc (1,); cap dong dat My; chi s6
ap luc nudc 16 rSng thang du (r,); mot sb hé sb khang cho than coc va miii coc
dugc tinh theo phuong phidp Boulanger va nnk (2004), phuong phap
Fellenius va nnk (2008) va phuong phap 4. Cu thé, d6i v6i cong trinh Khach
San Nam Thu, ty s6 gitra chiéu day 16p cat héa long (I,iq = 14 m) va chiéu dai
coc (I, =24 m) 1a 58.3 % va do suy giam gitra strc khang cyc han cua coc co
x€t kha nang hoa long va strc khang cuc han cua coc 1a 74 % tuong Gng véi
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tan s6 1 Hz va 75 % twong Ung voi tan s6 2 Hz theo phuwong phép 4 véi
truong hop mili coc cam vao 16p dat sét. Dbi voi cong trinh Bénh Vién Da
Khoa tinh Binh Dinh, ty s giita chiéu day 16p cat hoa long (lyiq = 10 m) va
chiéu dai coc (I, = 16 m) 1a 62.5 % va do suy giam gitra strc khang cuc han
cua coc co x€t kha nang héa long va stic khang cuc han cua coc 1a 47 % tuong
g voi tan s6 1 Hz va 48 % tuong tng véi tan s6 2 Hz theo phwong phép 4
v6i truong hop mili coc cam vao 16p dat cat.

- Chiéu dai cua coc xuyén qua cac 10p cat hat trung va cac 10p cat nay
c6 xét kha nang héa 1ong, do d6 chi s6 ap luc nuéc 16 rdng thing du r, ting
tuong tmg vai tan s6 £ =1 Hz va tan s6 f =2 Hz, nén do suy giam strc khang
than caa coc 16n, cu thé, do suy gidm ARgjigs5 cila than coc 1a 56.27 % ~+
69.80 % tuong (mg vai tan s6 =1 Hz va 75.70 % + 79.21 % tuong ung voi
tan s6 =2 Hz.

- Khi mili coc cdm vao 16p 4 sét thi do suy giam strc chiu tai cua coc
16n va khi mili coc cdm vao 16p cat thi d suy giam surc chiu tai cua coc nho,
cu thé do suy giam ARy jig.4a-5 cua coc 1a 13.40 % tuong Uing voi tan s6 f=1 Hz
va 14.60 % tuong Gmg véi tan sd £ =2 Hz dbi v6i miii coc cam vao 10p 4 sét,
con do suy giam ARy jiq4-5 cua coc 1a 2.68 % twong Ung voi tan s6 f=1 Hz va
4.07 % tuong tng voi tan sb £ =2 Hz d6i véi mili coc cam vao 10p cat.

- Bang gia toc nén tuong tng voi tan s f = 1 Hz va f = 2 Hz trong
khoang thoi gian dao dong t = 10 s ctia phan mém Geostudio 2018, két qua vé
luc doc dau coc thay dbi tir thoi gian t tir 0 s dén 2.14 s va sau thoi gian t tir
2.14 s @én 10 s thi SCT cua coc khong thay doi, dong thoi SCT 16n nhat cua
coc tai thoi diém t = 0.2 s, trong khi d6 gia toc dinh tai thoi diém 2.14 s. Cu
thé, cong trinh khach san Nam Thu thi thoi diém t = 0.2 s ¢6 gia tri cia SCT
16n nhét cua coc 13 840.9 kN twong tmg voi tan s6 f=1 Hz va 831.4 kN tuong
g véi tan s6 f = 2 Hz, khoang thoi gian t tir 2.14 s dén 10 s c6 gia tri cua
SCT nho nhét cua coc 1a 714.1 kN twong tmg véi tan s6 f= 1 Hz va 706.7 kN
tuong Gng voi tan s6 f = 2 Hz, con cong trinh Bénh vién Pa Khoa thi thoi
diémt = 0.214 s co gia tri cia SCT 16n nhit cia coc la 1046.4 kN tuong tmg
v6i tan s6 £ =1 Hz va 1014.9 kN tuong ung véi tan s6 f = 2 Hz, khoang thoi
gian t tir 2.14 s dén 10 s co gia tri caa SCT nho nhat cua coc 1a 947.4 kN
tuong ung voi tan s6 f =1 Hz va 898.1 kN twong mg véi tan s6 f = 2 Hz.

- Gi4 trj cia chi s6 do tin cay Br xap xi bang nhau theo PP4 twong tng
v6i tan s6 f = 1 Hz, phuong phap Boulanger va nnk (2004), phuong phap
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Fellenius va nnk (2008) va phuong phap Muhunthan va nnk (2017), con gia
tri ctia chi sé do tin cay Br 1a nho nhat theo phwong phap Geostudio 2018
tuong Gmg véi tan s f = 1 Hz.

- Theo PP4 @& xuét, gia trj cua chi sé do tin cay Br 1a 2.533 twong mg
voi £=1 Hz va 2.534 tuong ung véi f = 2 Hz cho cong trinh khach san Nam
Thu va gia tri cia chi s6 do tin cay pr = 1.704 twong tGng véi tan sb f = 1 Hz
nho hon gia tri cua chi s6 do tin cay pr = 1.707 twong g véi tan s6 f = 2 Hz
cho cong trinh Bénh vién Pa Khoa, cac gia tri cua chi s6 d6 tin cay pr déu
thugc (0.5 + 3.5).
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KET LUAN VA KIEN NGHI

1. Két luin

1). Str dung md hinh Kanai (1957), da thiét 1ap duoc bang gia tdc nén
nhan tao theo thoi gian T = 10 s tuwong Ung véi dac diém dia chét khu vuc
nghién ctru dé 1am co s xac lap cac thong $6 dong luc hoc phuc vu cho thi
nghi¢ém va mé phdng tinh todn. Cu thé, két qua thu duoc bién do tan s6 dao
dong thich hop la f=1 Hz + 2 Hz tuong tng véi thoi gian T = 10 s.

2). Thi nghiém ba truc gia tai lap chu ky theo cac 1§ trinh tng sut
(CTC, CTC-RTE, RTE) mo ta duoc trang thai (mg suét thuc ctia dat nén xung
quanh coc ¢ xét kha nang hoa 16ng khi dong dat cho nén cat hat trung c6 do
chat vira, tir d6 thiét 1ap duoc cac thong s6 bén dong dic trung hoa long theo
s6 vong lip chu ky n twong tng v6i tan s6 £ =1 Hz va tan s6 f=2 Hz.

- Tong hop s6 lidu tir cac mau cat dugc thi nghiém bang thiét bi ba truc
gia tai lap chu ky, trong d6 c6 mau cat tuong Gng véi tan so f= 1 Hz va mau
cat twong tng voi tan s6 £ =2 Hz, tir d6 thiét 1ap dugc chi sd tng suat cat tuan
hoan CSR, chi sb ap luc nuéc 16 rdng thiang du r, va sb6 vong lap chuky n (n =
1 vong dén 20 vong) voi cac mau cat cé xét kha ning hoa long tuong tng voi
tan s6 £=1 Hz va tan s6 f =2 Hz nhu sau:

CSR=-0.064In(n) +0.3868 cho f=1 Hz
CSR=-0.034In(n)+0.2309 cho f=2 Hz
r, =0.0978In(n) +0.6079 cho f = 1 Hz
r, =0.0767In(n) +0.7108 cho f = 2 Hz

- Gia trj cta r, twong tng véi tan s f = 1 Hz nhé hon gia tri cua ry
tuong ng voi tan s6 £ =2 Hz cho cing sd vong 1ap chu ky n.

- Vi 86 vong lip chu ky n tir 1 vong dén 20 vong, quan hé giita chi s6
r, va chi sé CSR la phi tuyén, gia tri cia CSR giam khi gia tri cua r, tang
tuong Gmg véi tan s6 f= 1 Hz va tan s6 f = 2 Hz, thiét 1ap twong quan giita chi
s6 I, v6i chi s6 CSR: r, =-0.8660CSR +0.8702 twong mg véi tan s6 f = 1 Hz,
r, =—2.255CSR+1.1616 tuong ung voi tan sb = 2 Hz.

- V6i s6 vong lap chu ky n tir 1 vong dén 20 vong, gié tri ctia hé s suy
thoai k cang nho khi sé vong 1ip chu ky n cang 16n tuong Gng véi tan sb £= 1
Hz va tan s6 f =2 Hz véi k 1a ty sb tge’/tge, thiét 1ap duge mdi quan hé nhu
sau: k=-0.098In(n)+0.3921 twong uUng voi tan s6 f = 1 Hz
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k =-0.0767In(n) +0.2892 tuong tng voi tan sd f = 2 Hz. Dya theo két qua nay
c6 thé bo sung dy doan goc ma sat trong cia cat suy giam khi xay ra hoa 1ong
va so sanh vd1 TCVN 10304:2014.

3). Két qua thu dugc tir viée ap dung tinh toan cho hai cong trinh

- Chi s6 tng suat cat tudn hoan CSR ting phi tuyén va chi sd ap luc
nuéc 16 rdng thing du r, giam phi tuyén khi chi sb Ngo ting cho 16p dat cat hat
trung c6 d6 chat vira, gia tri cta chi Gmg suét cét tudn hoan CSR va gia tri chi
ctia 86 ap lue nudc 16 rdng thing du r, duoc xac dinh trong khoang theo ham:

CSR =0.0779In(N,,)—0.0251 + CSR = 0.0804In(N,, ) —0.0268.

r, =-0.0927In(N,,)+1.2220 + r, = -0.0156In(N,, )+ 0.8973 (f = 1 Hz).
r, =-0.1513In(Ng, )+1.2220 + r, =-0.0756In(N,, )+1.1582 (f = 2 Hz).

- Bo chénh I¢ch gia tri cua chi s6 ap luc nudce 16 r5ng thang du Ary,,
giam dan khi chi sb Ngg tang cho nén cat hat trung c6 do chat vira, gia tri cua
chi sb ap luc nude 16 rdng thing du r, tuong tmg véi tan sé f= 1 Hz nho hon
gia tri ciia chi sb ap luc nude 16 rong thing du r, twong ng voi tan s6 f =2
Hz, gia tri ciia Ary,.; 12 6.39 % + 6.85 %, ¢ day Ary 4 laty sb chénh léch gitra
gia tri ciia chi sb ap luc nude 16 rong thiang du r, twong tng voi tan s6 f = 2
Hz va gia tri caa chi sd ap luc nude 16 rong thing du r, tuong Gng voi tan sb £
=1Hz.

- Su suy giam gitra sttc khang cuc han cta coc c¢6 xét kha nang hoa
16ng va stc khang cyc han ctia coc phu thudc vao ty sb giira chiéu day 16p cat
hoa long (1pig) Va chiéu dai coc (I,) hodc miii coc cam vao 16p dét cat hay dat
sét. Su suy gidm gilra strc khang cuc han cta coc ¢ xét kha nang hoa long va
stc khang cuc han cua coc cang 16n khi miii coc cam vao 16p dét sét va nguoc
lai sy suy gidm gitra sttc khang cuc han ctia coc c6 xét kha nang hoa long va
strc khang cyc han ciia coc cang nho khi mili coc cam vao 16p dat cat tuong
g véi tan sb 1 Hz va tan s 2 Hz.

- Gi4 trj cua chi s ap luc nudc 16 rong thang du r, ting twong ung véi
tan s6 f= 1 Hz va tan s f=2 Hz khi chiéu dai cia coc xuyén qua cac 1op cat
hat trung va cac 16p cat nay c6 xét kha nang hoa 1éng, nén do suy giam suc
khang than AR jiq 4.5 cua coc 16n, cu thé do suy giam AR jig 4.5 cia coc la 56.27
% + 69.80 % tuong (mg vai tan s6 f=1 Hz va 75.70 % + 79.21 % tuong tng
vé6i tan sb f=2 Hz.
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- D) suy gidm stc chiu tai ARy jig4-5 cua coc 1a 13.40 % tuwong ng véi
tan sb f=1 Hz va 14.60 % tuong tng véi tan sb £ = 2 Hz d6i v6i mili coc cam
vao 16p 4 sét, con do suy gidm surc chiu tai ARy jiq4-5 cua coc la 2.68 % tuong
g voi tan sé f= 1 Hz va 4.07 % tuong tng vé6i tan s6 £ =2 Hz d6i v6i mili
coc cam vao 16p cat.

- Gi4 tri ctia chi s6 r, twong Ung véi tan s6 £ = 1 Hz nho hon gia tri cia
chi s6 r, twong tmg vai tan s6 f=2 Hz cho cac 16p dat cat co xét kha ning hoa
léng nén gid tri cua Ryiq twong tmg véi tan s6 f = 1 Hz 1én hon gia tri clia
Ry liq trong tmg voi tan sé £ =2 Hz theo PP4.

- Pé xuét cong thirc tinh strc khang than Rsjiq cua coc theo dat nén c6
cai tién (c6 tinh dén chi sb ap luc nudc 16 rong thing du ry) cho nén dat cat
khu vyc TP. Quy Nhon, tinh Gia Lai c6 xét dén hién twong héa 16ng ctia nén
cat khi c6 dong dat (M,, = 6.5) twong g véi tan sé 1 Hz va tan s 2 Hz.

2. Kién nghi

Theo tac gia ciia luan an, trong thoi gian ti c6 thé tiép tuc nghién ctru
nhimg van dé sau:

- X4c dinh chi s6 4p luc nudc 16 rdng thing du r, véi tan sb f khac nhau
cho dit cat theo do sau, tir d6 thiét 1ap cac ham s tinh toan twong quan giita
chi s6 ap luc nudce 16 rong thing du r, véi chi s6 Ngo c6 xét dén ham luong hat
min FC (%) ctia nén cat co xét kha ning hoa 16ng. Ngoai ra con phai nghién
ctru thém cho trudng hop nén dat sét, sét pha.

- Nghién ctru stre chiu tai cuc han doc truc ctia coc c6 xét kha nang hoa
16ng cho nén cét twong Gmg voi tan sd dao dong f thay d6i cho timg 16p dat cat
ma coc ha xuyén qua.

- Nghién ctru suc chiu tai cuc han doc truc cua nhom coc co xét kha
nang hoa 16ng cho nén cat twong tng voi tan sé dao dong f thay do6i cho ting
16p dat cat ma coc ha xuyén qua, khi chiu déng thoi tai doc truc va tai ngang
cua nhém coc.
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PHU LUC A

KET QUA THI NGHIEM BA TRUC CHU KY



A.l. Vi tri khu vuc nghién ciru

Trong ludn 4n nay, tac gia da ldy mau tir 3 hd khoan sau dén 25 m khu
vuc Nguyén Thi Pinh - TP. Quy Nhon, 1a khu vyc c6 16p dat cat twong ddi
day va dong nhat dé phan tich va thi nghiém (c6 16p thdu kinh 1 m =2 m &
giita). Két qua thi nghiém trong phong xac dinh duoc duong cong phan b ¢
hat ctia mau cat thi nghiém theo Hinh A.1 va mot sb thong sb vat 1y dac trung

152

khu vuc TP. Quy Nhon (Bang A.1).

@« Vi i thi nghiém - KV. Nguyen Thi Dinh
Dy din: KS, Nam Thu

Hoa long
(Tsuchida, 1970)

Phan tram hat min (%)

0.001

——KS. Nam Thu /
I

Ranh

Ranh gidi

dat tiém nang

hoa long

2idn

dat hoa long

i
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Tiém nang hoa long
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Hinh A.1. Puong cong phin bé ¢é hat ciia dia chdt dién hinh cho vi tri nghién ciru

Bing A.1. Mét sé théng s6 vt Iy dic triung khu viee TP. Quy Nhon va 6 trinh vmg

sudt trong thi nghiém ba truc gia tdi ldp chu ky

i nI;u Mau MinHé,\S,lz)r(éng eTN (kr\nvm% T(%zsjé Cr}:Jérmgé
1 | 12m | c1 |os6|0760| 0696 | 1720 | 1 cTC
> | 12m | c2 |os6|0760| 0684 | 1720 | 1 cTC
3 | 12m | c3 |os56|0760| 0676 | 1720 | 1 | cTC-RTE
4 | 12m | c31 |o56]0760| 0677 | 1720 | 1 | cTCRTE
5 | 12m | c33 |056|0760| 0.665 | 1720 | 2 | CTC-RTE
6 | 12m | C5 |056|0.760] 0698 | 1720 | 2 RTE
7 | 24m | cc1 |o0s6|0760] 0726 | 1720 | 2 | cTC-RTE
8 | 2-4m | cci1|o056|0760| 0.725 | 1720 | 1 | CTC-RTE
o | 24m | cc2 |o0s6]0760| 0690 | 1720 | 2 | cTCRTE
10 | 2-4m | cc2-2 [056|0.760| 0690 | 1720 | 1 | cTC-RTE
11 | 2-4m | cc3 |o56|0760| 0711 | 1720 | 2 RTE
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2 Hé¢ s rong e An s6 & d6
T | i | M vin | Max : | (i) T(all—r;zs)0 Cr}fﬁgo
12 2-4m | CC3-3 | 0.56 | 0.760 | 0.713 17.20 1 RTE
13 2-4m CC4 | 0.56 |0.760 | 0.713 17.20 2 CTC-RTE
14 2-4m CC4-4 | 0.56 | 0.760 | 0.716 17.20 1 CTC-RTE
15 4-6m CS1 | 056 |0.760 | 0.719 17.40 1 CTC-RTE
16 4-6m CS2 0.56 | 0.760 | 0.719 17.40 1 CTC-RTE
17 4-6m CS2-1 | 0.56 | 0.760 | 0.718 17.40 2 CTC-RTE
18 4-6m CS3 | 0.56 |0.760 | 0.715 17.40 1 CTC-RTE
19 4-6m CS5 | 056 |0.760 | 0.703 17.40 5 CTC-RTE
20 4-6m CS7 |0.56 |0.760 | 0.732 17.40 2 CTC-RTE

A.2. Miu thi nghiém
Ché bi mau

- Véi dat roi: mau duoc ché bi bang phuong phap rot cat kho va dam
(theo d§ chit tuong dbi D,, mdi 16p cat tr 2 cm + 2.5 cm, dam chit t6i da 20
cai / 1 16p phén to cat) trong bo dung cu ché bi mau (70 mm x 140 mm).

- Sau khi ché bi miu xong, dung dao gat bo 16p cat du trén miéng hop
cell, hut khi & gitra mang cao su va thanh vach khuén miu ché bi.
Bdio hoa mau

Tuy theo muc dich nghién ctru, mau c¢6 thé dugc bio hoa va ¢ két hoic
dé ¢ trang thai tu nhién truéc khi gia tai lap. Truong hop mau dugc thi
nghiém o trang thai bio hoa thi qua trinh bao hoa dugc thuc hién bang ap luc
nguoc voi do chénh ap luc budng (o) - ap luc nguoc (opae) bang 10 kPa, &
day cac tri SO Geell, Oback dugc tang dan theo tung cép vO1 bién
d6 ting mdi cap bang tir 10 kPa + 20 kPa, cho dén khi d6 béo hoa S, dat
trén 90%, tirc 1a B =Au, /A, 209 V6i B - hé sb Skempton, Aug - su thay doi
cua ap luc nudce 16 rong thang du trong budng vat miu, Acs - Sy thay doi cua
g suat c6 hiéu theo phuong ngang cua mau vat cat thi nghiém. Theo Holtz
et al. (2011), gia tri B duoc dé nghi xac dinh: B = 0.913 (cat chat - chat vira,
d6 bao hoa S, = 100%). Thong thuong, tri ) ap luc nguoc G can dat trén 70
kPa d6i v6i cat min, do bdo hoa ciia mau méi dat yéu cau.

D6 voi dat cat bio hoa nuée, hé sé B co thé xac dinh nhu sau:
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B= ! ” = f(u,S,)

AR
1+e) k 1+e/u+ py,

w

Trong do: e - hé $6 rong, S, - 46 bio hoa, k - md dun khoi lugng cua dat loai
cat, ky, - mo dun khoi luong cua nudc, u - &p luc nuée 16 rong thing du, pan -
ap luc thuy tinh, lay e = 1.72, S, = 0.9 = 1.0, k. = 108.10° Pa, k,, = 2000.10°
Pa va pym =10132 Pa.

Co két mau

Mau duoc cd két nhod ting ap luc budng. Ap luc cb két (¢°¢) 1a hiéu
gitra ap luc buéng (Ocenn) va ap luc nguoc (Opack)-

Qua trinh c6 két két thiic khi do ¢ két ko 16n hon 90 % (hoic khi xac
dinh nudc 16 rong khong con thoat ra). Trong sudt qué trinh bdo hoa va c¢b
két, cac thay doi vé bién dang va thé tich mau (thé tich nudc vao - ra) dugc
ghi lai.

Pé dam bao mo phong diéu kién thuc té tot nhat, ap luc budng o
duoc ting dén tri s6 twong tng voi ap luc dia tang, con ap lyc ngUOC Gpack

bang ap luc nude 16 rdng thy dudi dat).

- ——

| Ténsé oy 2 — o (=7 .: . = e ) s 1
= 8= g Sl =
=== = B
| || === g -
: m— of oe= = ’ =
. Téang ap luc \ '
[ | | theo thoi :
i | € Tangép lyc | | | 8130 |
B = ! theo thoi = T ——

~ gian INESE :
e — o o T

Hinh A.2. Xt [y bdo hoa va cé két mau cdt cho tan sé khdc nhau
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A.3. Quy trinh chuin bi miu cat va thi nghiém miu cat cho thi nghiém ba truc gia tai
1ap chu ky

Vi tri khoan thi nghiém xuyén tiéu chuin SPT

h 4

Panh gid duong cong cip phdi
thanh phan hat thoa diéu kién
hoa long cua Tsuchida (1970)

|

Xac dinh thoéng sb co Iy dat
nén: v, 0, ¢, FC, N

V

Ché b1 mau cat

Gia ta1 ldp chu ky twong tng
tan s6 1 Hz, 2 Hz (So d6 A)

Keét qua dat duoc:
- Quan he¢ giita tmg suat truc vo1 s6 vong lap n
- Quan he¢ gitra chi s6 CSR, r, v61 s0 vong ldp n

Ghi cht: St dung phuong phap thi nghiém ba truc gia tai 1ap chu ky
trén thiét bi Tritech 100 kN cia hang Controls-Group (thudc Phong thi
nghiém Pia k¥ thuat cong trinh, Truong Pai hoc M6 - Dia chét)
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e e —— A

/ XD\T\RUOI\G PAI HOC MO PJA CHAT
b THENGHIEM DIA KS THUAT CONG TRINH - 1.AS 928

TONG HQP KET QUA THI NGHIFM
XAC DINH PAC TINH HOA LONG VA
THONG SO BONG HQC CUA CAT

DI AN - QUY NHON - BINH BINH
DlA PIEM  : TINH BiNH DINH

~HA NOI 2019 -

DTS U Vy————
'
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/;;.‘H\BANG TONG HOP KHOI LUQONG THI NGHIEM

TT | RKIE=). Logi dat NGi dung thi nghiém Tiéu chuin thi
_é ‘_‘_T:;> nghiém
M\,EEE‘E#&;FM hat vira | Xée dinh khi néng hoa long | ASTM D3311
2 V Cit hat vira | Xac djnh khi ning héa long | ASTMDS311
(3 | Céthatvim | Xe dinh kha ning hoa ling | ASTM D53l
4 C3-1 Cit hat vira_| Xac dinh khi néing héa long | ASTM DS311
5 C3-3 Cit hat vira | Xae dinh khé niing hda léng | ASTM D3311 |
K3 Cs Cal hat vira_ | Xdc dinh khé ning héa long | ASTM D3311
7 CcCl Cht hat vira | Xac dinh khi nding hoa long | ASTM DS311 |
8 cC2 Cat hat vira | Xac dinh kha niing hoa long | ASTM D311
9 CC3 Cat hat vira | X&c djnh khi ning hoa long | ASTM D3311
10 CC4 Cét hat vira_| Xéc dinh kha nang hoa long | ASTM D3311
Cat hat vira | Xac dinh kha nang hda lang | ASTM D5311
11 CSl liin it san _
Cat hat vi)a | Xdc dinh khé ning hoa long ASTM 15311
12 Cs2 liin it san
Cat hat vire | Xae dinh kha ning hoa long | ASTM D331
13 C83 Idin it san |
Cat hat vira Xac dinh khi ning hia long | ASTM D3311
14 85 1An it san
Cathat virm | Xée dinh kha nang hoa long | ASTM D5311
15 CS7 |in it san
Cat hat virn | e dinh mé dun, hé s0 giam | ASTM D3999
16 | C2-D3999 )  chiin
C3-D3999 | Cithat vira | Xac dinh md dun, hé s0 giam | ASTM D3999
17 chan
C81-D3999 | Cathat vim | Xac dinh mo dun, hé sb giam | ASTM D3999
I8 1in it sgn _ chin
C82-3999 | Cat hat vira | Xée dinh md dun, hé 56 giam | ASTM D3999
19 liin it sgn chiin )
CS5.D3999 | Cat hatvira | Xac dinh mb dun, hé s6 gidm | ASTM D3999
20 liin it san chiin
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¥
= E{IT QA THI WNGHIEM DA TR.L{C D'I:Il_HG
s XAC DINH PO BEN BONG CUA DAT
lic inl Test for qua Determination of Cyelic Strength of Soil)
eo tidu chudn (According to) ASTM D 5311
|y dn (Profecs); (Juy Nhon - Binh Dijnh
Fija didm (Location): (uy Nhon - Binh Bjnh
Test No. C1 Hé khoan (Borehale Mo
B siiu (Depthy: 1-2m Medy thi nghidm (Date): 107102019

Fguipmeny: Tritech 1O (Comirols-Group lalia)
1. M) TA BAT (Soil Description):

Cdr wira

Dy (mmi) | Dyg (mm) | Dy (mm) A v, (glem™
2.66 1.568

Thinh phiin hat (Particles)

1. CHUAN Bl MAU (Specimen preparation):
- Phuong phip ché bi (Method): Bém ot im {Moist Vibration Method)
. Kich thifre va khéi Irgng miu (Dimensions and Weight):
&r, 13, (mii _H‘@E-: T, H, {mm) Dty Weight, G, (g) | Waier weight, Gw (g)
k) 141 82100 1642

111 BAC HOA (Saturation): )
Phuong phap bio hia (Saturation Method): Bin ap Iye nguoc {Back Pressure)
F st — A il Tpgai = 10 kla |
P} hio hia dat duge [Degree Sat) B= (.96
- San khi bio hia (after Saturation): :
Diameter, D, {mm) Height, H, (mm} Sample Weight, G, (g) | Volume Change, AV (ml}
60,156 142,40 1027.26 206

1v. [‘0 KE’['.{C"uusnil.dltinn]:
. Aplyc od ket {Consolidation Pressurel:
ot = 28 kPa]oryes = 15 kPa[U = 15 kPajo', = 13 kPa
= Sau khi co k&t (after Consolidation):
Diameter, D, (mim) Height, H, (mm)  [Sample Volume, V, {mly Dry Dengity, 7. {gh:m:‘}
60146 143004 53699 [.520
D= .10

V. G1A TAI BONG (Testing):  CTC
. Phuong phap thi nghigm (Test Method): A; Khing thadt mrde (Undrained)
- Cie thang 56 thi nghiém (Test Parameters):

sy 1L

; Siress in . B Mlax strain | - amplitude
I. =
requency, { (Hz) iﬁ?ﬂ ext, (kPa) Numbers of Cyelie, M % %)
I 15 (1] 3] 11.041 13
Ngaréri thi nghigm Mguii kiém tra

)

AR
Thé. Phing Himu Hid . WpuyEn Vin Fhing




1

59

BANG KET QUA THI NGHIEM
Fable of Dynamic Triaxial Strength Results

1 Ap lge bubng (Cell Pressure): 28 kP'a
1 Hr Ap lee npnge { Back 15 kPa
(SR 0,24 Clhuw ki pha Ity (N 2
TWable | NG | Pore Tomble [ Cvelic |
Amp. | Excess |pressure Amp, | Stress
Axial siress (kPa) | Stress | pore An| Ratio | Axialstrain (%) | Strain Ratio
Cvele 12 Exl. (kPa) | (kPa) | Ra (%) [Comp. Exi (%) SR
1 29 15.2 138 124 10000 3,065 0,004 3. 026
21 A 171 13 127 GRO5 4 486 102 1A 0,25
i WA 165 1348 118 084 5416 4,041 1.am 027
q .7 16.1 136 26l G618 8235 478 1857 026
5 9.5 162 13.3 127 U695 7150 L] 158M] 025
B Fat 16.2 128 127 96.95 B.oa2 643 15780 0.4
I 6.1 127 ool T | oaz]  72e] 1587 0.4
5 2849 16.2 127 128 9847 9,652 8407 1.545] 0.24
9 249 153 127 129 S847 10ATE 8448 1552 0.24
10 7 163 10.7 128 9R47 11.0E8 0.EE4 1349 020
11] 34 167 (¥ 13 A 11066 05T 0.459 13
13 25 174 A4 128 9547 11.008 piit-c 0.104) Ol
| I 19 4 129 9547 1105 11006 o3 D06
I A 2 126) 06.18 aml 1020 ooel .04
15 28 .7 11 128] 9771 1ol 1140 omi] 002
18] N7 2.3 E 128 98547 11.040{ 11.035 a4 0.1
7] Ma 294 0z 128 v 11,040 14038 Q001 00
1 #5 Ha 0 12| 97.71 T R aned| 0.0
g M3 A 0.2 128l 97.71 11.040 11,055 pood| Ol
T 22 0.1 128 97.71 1ol 1103 poot| 000
M M3 211 0.2 128{ El’.' | 11041 11059 pad?| 000
2 1.3 2.2 (1] 1248 QT.I 11041 1105 0oa2] 000
23 2113 .2 IR 28] 9.7 110401 103 0004 Q.00
20 M3 fal| [ 128] 9971 11041 11,03 Q.40d] 0.0
I IE] [i¥] 12p] 9771 1r0ap]  toan 00| 000
T 21 0,1 128 ©7.71 T R 0001|000
M MA 214 0.2 128 OR47 11,0400 11,038 .0 [}.LTI_'
Il #1.2 204 0.3 128 9771 11,040 11068 gt ol
@ Nz 21 0.z 126] 96,18 TR podz] D
M N3 214 02 128F 97.71 11041 11003 noazl 000
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KET . QUA THI NGHIEM BA TRUC BONG
XAC DINH B0 BEN BONG CUA DAT

A
@ .. il Test for the Determination of Cyclic Strength of Sail)
,L_ ; tién chudn (According o) ASTM D 5311

Ctuy Nhon - Binh Binh

Bia difm (Location): Quy Nhon - Binh Dinh
Test No, C2 Hé khoan (Borchole No.):
B shu (Depth): 1-2m Ngdy thi nghiém (Date): 10/10/2019

Equipment: Tritech 100 (Controls-CGroup Tredial
1. M) TA AT (Soil Deseription):

Cid vira

Digy (mm) | Dag (mm) | Dy fmm) | - A e (len)

Thémh phdn hat (Particles) ' e 57

11, CHUAN B] MAU (Specimen preparation);

Phuemg phip ché bj (Method); Bim cét im (Moist Vibration Method)

. Kich thuée va khéi lwong miu (Dimensions and Weight):

Diameter, ¥, (numj) Height, I, (mmj oy Weight, G, (2] Waler wolghl, LW (g}
1] 140 85100 17.02

11, BAOQ HOA (Saturation): _
- Phuong phip bio hoa (Saturation Method): Bin dp Iy n {Back Pressure)
N oell — P Thack ] kfa |
- Pébo hoa dat duge (Degree Sat.): B = 0.7
Sau khi bdo hoa {after Saturation):
Diameter, D, (mm) Height, H, (mm) | Sample Weight, G, (g) Volume Change, AY (ml)
TO.068 1406440 [363.29 212

V. €0 KET (Consolidation):
- Ap hwe b két (Consolidation Pressure):
T = 61 kPa|Tu = 28 kPalll = 24 kP o= 33 kPa
Sau khi of két (after Consolidation):
[Mameler, [, (mm) Height, H, (mm)  [Sample Volume, ¥, {fml}y Dry Density, 1 [_g."i:.m]]
T0.053 14ip. 400 341.15 1.573
D= 134

V. GIA TAI PONG (Testing): CTC
- Phuang phip thi nghigém (Test Method): A; Khong thoat mrée (Undrained)
- Che thing i thi nghifm {Test Paramelers):

Stress in | Stness in hdax strain hf‘la:-: Douhle
Freguency, f(Hz) | comp. | ext (iPa) | Numbers of Cyclic, ¥ (%) amplitude
1 20 i SO0 027 || 02
Netrdi thi nghidm Nguai kiém 3

/2-’;/____ =

ThS. Phimng Hins Hai TS, Nguykn Wan Phéng
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BANG KET QUA THI NGHIEM

able of Dynamic Triaxial Strength Results

. C2 Ap lye bubng (Cell Pressure): 61 kPa
Th nevh, F 1 Hz Ap e nguge {Back 25 kPa
T b dnitgt sude ban diu (SR): N E Chu b phed bty (Ma: S0
Touble | Flas, Tore Double | Cyelic ]
Amp, | Excess |pressure Amp. | Siress
Axial stress (kPa) | Stress | pore Au | Ratio Axial strain (%) | Strain | Rotio
Cvele [{Comp. Ext. (kPa) | (kPa) | Ru (%) [Comp. LExi. (3] SR
1| 554 318 2148 BE| 180 0224 pood]l  ozud| 016
1 5AE 32E 2 nel 180 0,35 0122 01| 0.16
A 336 M o7 214 0738 [.145 opaa| 018
4| Ed4 34 # ] R 0:238| 0156 poas] e
5| 5.3 333 Fal arl 2.0 0230 0.158 nogdf 0.6
& =45 37 A [ T 0:240 a.160 posll 006
— 7| 547 338 WA 08| . 24D 0202 0,162 nogdl (.16
Bl 548 24 2.4 7| 210 1243 0,164 0a78] 0.16
ol 546 FEN 2040 DE| 240 0243 1168 0877|016
o] 4.4 FELE FI na| 240 244 0187 00T 016
1| 543 35 nE ol 240 244 0166 aoma 01s
12] 542 313 mna 048] 240 0244 0,166 nora] o6
13| 544 77 m7 06| 240 0245 0,163 nord| .16
| 4T 315 A g 240 .25 0,169 ool 016
15| s4E 3 208 pel 240 .745 1.168 ]
1B 5.9 3 200 nal 240 0248 [153 0477 .14
HEEY g 200 nal 240 0248 R a0 s
18] 543 334 0T aal 240 0247 oAl 0.o77| D.16
MR 334 mna 04] 24D 0247 0,180 porE| 0.6
w 5.3 315 A 0.8 240 0,248 0,470 noral .16
1 8 318 207 pe| 240 0,245 0470 naral 0.6
22| BAT 335 A g3 270 .49 0171 048] 0,16
=R 335 208 pe] 240 0.251 1.173 0078 0.4
] 48 1%y 208 pol 270 0251 [TREE] 04ve] 016
E 337 P pal 270 0251 0174 0nrT| 016
% 544 335 FE] aal 270 [FF nA7s Lov| Q.6
27| s43 315 i aa] 270 0.252 0474 po7E| 006
se| 542 333 204 08] z.40 0252 a.175 porrl 0.6
pal G456 317 2048 ng| 270 0252 1175 parf| 0.6
wl 547 3ig 208 e 270 01,253 oaval  oorr| 0.6
3| H44 34 FIi 0a 2T 1,253 0.175] anra| 0.16
2] 54 341 2.6 ngf 270 L2755 017 a0 s
33| 548 234 204 ngl 270 [255 oATT i AT
1| 54f a7 204 nal 270 0258 TR [ AT
35 544 336 FE] aal 270 0,255 Rkxi i PR
3] 543 335 204 08l 270 0254 RIC oo7E 006
] 4.2 332 # 08 270 0,254 0T oo77] 0.6 |
al 544 30 A ps| 270 0.254 0177 oafd] 016
| =45 357 TN pel 270 0.255 0,178 aome| 0.6
0] Ba7 239 2.5 pal 270 [ [REL] 0.0m8| (ld
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RET QUA THI NGHIEM BA TRUJC BONG

X AC DINH PO BEN BONG CUA DAT
lic Triaxial Test for the Determination of Cyclic Strength of Soil)
}(Di Theo tiga chuin (According to) ASTM D 5311

e

[r i Quy Nhon - Binh Binh
Din didm (Losgtipe): Quy Nhom - Binh Binh
Test Mo 3 H# khoan (Borehole Mo

iy s (Depth): 1-2m Ny thi nghiém (Date): 107102019
Equipment: Tritech 100 fComirals-Group Italia)
. MO TA DAT (Soil Description):

| e wira

I Dy (mm) | Dy (mm) | Dy (mm) A T (hem’)
766 1587

Thanh phén hat (Particles)

I1. CHUAN Bl MAU {Specimen preparation):
. Phuong phap ché bi (Method): Brim cat fim (Moist Vibration Method)

. FKich thurire vit khoi |.LI'I:I"I'JE ML FDimcnzi-:ms and Weightl:
TTameier, 13, (mm) elpgnt, H, (mm [iry WElEEI, O, 12} Water Woight, L (2}

[l [EL] B3 1.060 16.62

11 BAQ HOA (Saturation):

Phuong phip bio hoa (Saturation Method): Bang ap liye nguoe ‘Back Pressure)
[Feen = I EFa kFa [ Toacts ™ Eé kFa  kPa |

- D bio hia dat duge (Degree Sat.): B = 047

- Sau khi bo hoa (after Saturation):

Diameter, D, (mm) Height, H, (mm) | Sample Weight, G, (g) Volume Change, AV (mi)
60,068 140,640 1035.76 205

v, Crlf:) KET {Conselidation):

Ap lye cb két (Consolidation Pressurch:
O = 61 kPa T = 28 kPalU = 2kPa [0~ 33 kPa
- Sau khi oo ket {after Consolidation]):

Diametar, D, (mm) Height, H, (mm) iEiu'n[:ulv.: Volume, V, (ml} Dry Density. ¥, {g.-'cm]j

69053 140,400 52381 1.580
Dr= (.42

V. GIA TAI BONG (Testing): CTC-RTE
Phuimg phap thi nghi¢m (Test Method): A; Khing thedt made (Undrained)
_ Ciic théng si thi nghidm (Test Parameters):

Siress in | Stressin Max strain | Max Double
Frequency, T{1z) comp. | ext. (kPa) Mumbers of Cyclic, M {5 rnplitude
1 14 14 93 0.18 011
gl thi nghigm Nguwini kigm tra

e .
ThS. Phing Hiu Hai 15. Nguyén Vian Phéng




163

BANG KET QUA THI NGHIEM
of Dynamic Triaxial Strength Results
tlfiu o1 Ap lye buding (Cell Pressure): 61 kP'a
[ 36 {1 110 Ap lue ngwre (Back I8 kPa
T§ sb i sudtGan diu (SR 0.21 Chu ki phi by (Mg 92
Tiauble | MI&L | FPorc TTauble | C¥elic |
Amp | Excess |pressare Amp, | Stress
Axial stress (Pa) | Stress | pore Au | Ratio Axial train (%) | Strain | Batio
Cycle|Comp. Lt (kPa) | (kPa) | Ru (%) |Comp. | Ext (%) SR
)| 48 19.8 8.1 08| 242 oDs2] o3 com| 021
2l 488 [ m 0g 273 po7al  -0aat niod] 0oEE
b T 108 m HEEE noas|  -0.026 [.i08] 022
4| 4e8 188 ] ] 303 ooss|  -op2e] noop] 0.23
5| a7 1.7 o] 1] 333 0,081 one] oam| 022
gl 487 198 784 14] 333 e R TE TR
R 198 2.1 120 3.64 0l -l 0.108] 0.2 |
T 195 Mt 13 364 p107] 00 niml 032
gl 488 1968 2.1 12 364 o1z 0402 o.ii0] 0.22
0| 488 [EE] 0 12} 3.4 o147 0,105 g2l 022
1] 434 20 e E 0421 0.0 o] 0.22
12 484 198 2 T 0124 os|  oq0g] 0.32
13] 489 o 209 1.3 3 0,125 oo 007 022
| ams 108 01 03] 3.94 0131 0,321 niig] 022
15[ 485 184 ) e EEE 013 0022 0193 0,22
16 484 194 = 13f 304 0133 0.026 0| 022
7] 484 19.8 pe 130 354 0434 D028 o.i08] 022
1A] 6 18,8 284 1.3 394 0137 ooz o0 022
18] B8 18,8 78 13 394 0.137 e bis] E:
| m| 488 [LE n 13 304 £.139 0033 0.i0s] 022
2| 488 m g 13 3.94 TRLE onal  naa7] 0232
2| 487 198 84 14] 424 oidg|  on36]  0.106] 0.22
| 1| 487 19.8 85 14] 4.24 0144 poag|  0anT 032
w488 116 i 14 424 01,147 058 nie] 032
ss[  a8B 107 HA 13 304 £.147 (40 o] 2z
o I 107 0 B [ 148 004 o7 22
77| 4a7 o7 ) 13] 3.4 .15 noas]  0.a08] 022
24| 4B8 0.9 # 14] 424 0154  GDaB]  0.108) 033 |
2 43 9.5 ] fa] 4.4 0,454 0,047 0.407] 022
| aen 18,9 24 14] 424 0,155 i M8 TR
71| 4an 198 29,1 1.4 424 1158 0080 nios| 022
i 109 20 14| 4.24 0150 0,051 niosl 022
FREELE 15,4 m 14] 4.4 0160 0,54 0107 0.22
Wl 4BT 19.8 ma 14] 424 0,161 0,053 0.108] 0.23
5] 49 19.8 .2 14l 424 0,162 11054 0508 022
i ECE 19.8 . 14]  4.24 0,163 s D R
IR 198 24 14 424 0.764] [T o7 (32
[ 480 108 0.9 1.4] 424 0165 0054 oi07] 022 |
@ 4880 164 .9 14 424 0,158 0254 0407y 0,22
# 49 19.4 Fi | 14 4324 0,148 0080 .16 ﬂ.‘aucl__
W] 49 19.8 F 14] 4.24 0,187 1061 oioe] 022
42 488 13.6 =1 14 424 0967 0061 [0 ]
13| 488 19.8 .t 14 4™ 0167 n0E1 n10sf 0.22
44] a9 EE] I 14 4.2 158 0053 0105 0232
45| 480 t04 20 14] 4.24 0,158 [ 0104 0.22
a5 4R9 EE 0 14] 4.4 0,165 0,083 oA 022
a7 49 19.8 ol 14] 424 pifm| 0065 0408 0.3 |
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KET QUA 1 T NGHIEM BA TRUC BONG
XAC DINH DO BEN BONG CUA DAT

Triaxial Test for the Determination of Cyclic Strength of Soil)
Theo tiéu chudn (According to) ASTM D 5311

Quy Nhom - Binh Pinh

Bia diém :Lmﬁsmn]: Quy Nhom - Binh Dinh
Test Mo 31 Hé khoan (Borehole No.j:
B siu {Depthy: I-2m Ngay thi nghiém (Date): 12/10/2018
Equipment: Tritech 100 (Ch potroly-Groigp Italia)
1. MO TA BAT (Soil Description):
Cét vira
: D (mm) | Dy {mm) | Dyg {mm) | & e (glem’)
Thinh phiin hat {Particl = : 3
uhighhs (Partinien) 7 66 1567

Il CHUAN B] MAU (Specimen preparatio
Phurony phip chié bi (Method): Bdm cat
Kich thude va khéi hreme miu (Dime

nsiong and ‘i.l.ieiF:n}:
ry weieh, &, (2]

my:

&m (Moist Vibration Method)

Water weight, ow (2]

Diameier, LY, (mm} Hesght, H, (mim
il 140 Ri0.60 16.61
1. BAQ HOA (Saturation): .
Phurom hilo hia {Saturation Method); Bang dp he (Dack Pressure)
Dol ™ 2 i Thack — a

D& bio hoa dat duge (Degree Sat): B= 0.97
Sau khi biio hia (after Saturation);

Diameter, D, (mmy) | Height, H, (mm) | Sample Weight, G, (g) [Velume Change, AV {ml)f
G076 140800 1035.5] 205
1v. O KET (Consolidation):
- Ap L e kit (Consolidation Pressure):
G ™ 61 kPa|oyet = 28 kPaflLl - BkPa |0°.= 33 kPa
[ Sau khi oo két (after Consolidation):
Diameter, D, {mm) | Height, H, (mm) _[Sample Volume, ¥, (ml] Dry Density, v, [glem’)
69068 140.640 526,92 1.574
D= (L363
V. GIA TAl DONG (Testing): CTC-RTE
- Phuong phap thi nghiém (Test Method): A; Khing thodt mrde (Undrained)
- Céc thong 6 thi nghifm (Test Parametess): |
Stress in | Stressin Tl siran | Max Double
| Frequency, f (Hz) comp. | ext. (kPa) [ Mumbers of Cyelic, M (%) amplituds
i 18 13 500 4l .17

Nguwéri thi nghiém

= -
Thi. Phiing Hitu Hai

Mgl kigm Lra

\‘éﬁ;’ﬂn Phéng
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BANG KET QUA THI NGHIEM
¢ of Dynamic Triaxial Strength Results

M utﬂﬁﬂzﬂ C3-1 Ap by budag {Cell Pressure): 61 kPa
Tin 56 1 Hx Ap fyre npuege {Back 28 kPa
T4 s g s f b (SR 0.27 Chu ki ph hizy (Mg 00
Double | Max, | Pore Diouble TTvelic]
Amp. | Excess |pressure Amp. | Stress
Axial stress (kPa) | Stress | pore Au | Ratio | Axial strain (%) Strain | Raiin
Cyele [Comp. k. (kPay | (kPa) | Ru (%) [Comp. Ext. (%) SR
1| &L 164 ¥4 o] -1.22 0163 0006 0.1e8| 0.28
| B 161 3.6 gl 0.0 0179 .01 0,188 1,28
al 5r4 16.1 363 gl 091 0131 [ 0.166] 0.28
4| 524 6.2 3682 p4] 122 0211 {037 bie4] 0.28
5| 523 E2 36 08 152 0z 00sd 03] 027
Bl 526 162 0.4 08 1.82 0,243 {050 0174 028
I 15.2 63 a7] 213 01,052 {2,080 017 028
B ez 16.2 54 0el 243 0,282 poat] 07| 028
a] 524 16.1 5.3 08 243 01,255 pogs| | 028
] 525 14.2 . nel 274 276 o7 o6 028
11] 525 14,2 ¥3 | 304 b.282) 0113 0,168 0.28
ta| 524 16.2 o 1| 304 0284 o1a] 01| 0.28
EEED 152 2 1] 334 ) 284 0123 0188 028
| M| 825 [ 36,3 R EE 0280 128 62| 028
15 523 162 36,1 11] 3.34 0295 b.131 pisd| 027
16| 525 16.3 67 1.1 365 0.302 0138 nisal (.28
17| 525 16. 1532 13 363 0,205 013 01560 (.28
18] 525 16.2 5.3 1.2]  3.65 0208 0444 nted] 0.28
9] 525 164 %2 12l 3.65 0308]  0M6|  0.62] 0.28
| 52a 18,3 38 = EEE 0.312f 0148 a8 027
M| 523 16.2 4.4 13 395 03513 0150 0483l 0,27
72| 524 16.3 3.1 13 395 D5l oss2] 0.83] 027
e ] 16.2 36 14] 426 0316 0454 nie2] 027
M| 522 16.2 36 14] 4.28 natal  otes| 0182 027
Fo R 162 6.1 14] 426 0as 04s8 n.9es| 027
Fe 162 3632 14] 426 oA 081 nEEl (L28
] 16.3 361 18] 4.56 aan {182 0465|027
| 28] 528 162 364 LE[ 456 0.329 185 oisd| 3R
|2 s26 16.4 3.2 18] .56 033  nier] 0465 028
W 525 16,3 2 1.5]  4.36 0333 0185 048] (.28
] 15.3 352 15| 4.56 0,333 0167 0188 0.28
13| 524 15.1 #A 16 4.86 e IR 0487 0.27
1l srd 15.1 #A 1.6 4.86 0.3 0470 0,188 0.27
M| H2a 1.1 3.2 16]  4.86 0.3 0N 0185 0.28%
| E23 16.2 381 16] 4.86 e RS &183] 0.27
a6 624 16.2 6.2 18] 4.86 0.3%] 0178 rie0] D28
i 162 952 11 517 p30] 047 0.165] 0.28
@ 23 163 E 180 547 0341 0ams g8l 027
w23 163 3] 111 5.17 0343 4.4 _Dues) 037
qof &3 162 351 1.1 517 .34 DA77 0185 027
W] 624 163 1 A 0,343 0174 n.164] 0.27
2| 522 16.1 .1 18] 547 0343 0460  0963] 027 |
3] 523 16.2 .1 18] 5.47 0343 oaed] 062 027
M| Ezd 16,1 M1 18] 547 [ CATE .60 0,27
a5 524 16.3 .1 18] 547 o] oaer|  oae3] 0.27
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- KET QUA THI NGHIEM BA TRUC BONG
;’f’“wx XAC DINH DO BEN DONG CUA DAT
/ﬁﬁi wiaxinl Test for the Determination of Cyelic Strength of Soil)

T en tiéu chudn (According to) ASTM D 5311
< LAS928 ety
Dy din fﬂ - /' Quy Nhom - Binh Bjnh

Pria diem (Location): Quy Nhom - Rinh Bjnh
Test Nao. 3.3 ~ Ha khoan {Borchole MNo.):
D s (Depthl: I-Zm Mgay thi nghiém (Date): 12102019

FEquipment: Tritech 100 (Controls-Group itafia)
I MO TA BAT (Soil Description):

Ciir vira

D (rm) | Dy (mm) [ Do (o) [ & | e eom)

Thanh phén hat (Pamicles) T e

Il. CHUAN Bl MAU (Specimen preparation):

. Phuong phip ché bi (Method): Bém et &m (Moist Vibration Method)
Kich thude va khii Jugng mau (Dimensions and Weight):
Dhameter, 11, () ['I_e@g\t, H, Tmm] Dty Weight, L, By | water weight, L (g)
[ 140 B36.40 16,73

111 BAO HOA (Saturation): _

- Phuong phip bio haa (Saturation Method): Béng dp lye nguwoec (Back Pressure)
Foall = & ek a

B biio hoa dat dugre (Degree SaL): B = 0.97

- Sau khi bo kba (after Saluration):

Diameter, D, (mm}) Height, H, {rmm) Sample Weight, G, (g) | Volume Change, AV {ml)
600760 140300 F039.1% 203

IV, CO KET (Consolidation):
- Aplwe ci két (Consolidation Pressure):
P 61 kPalmus = 28 kPa|Ul ~ 28 kP |0l = 13 kPa
= San khi od ké (after Consolidation):
Diameter, [, (mm} Height, H, (mm)  [Sample Volume, V, imly Dy Density, 1. tg-f-.:m"!l
68073 139,895 522,49 1600
D= 0458

V. GIA TAIl DONG (Testing): CTC-RTE
- Phuong phap thi nghigm (Test Method): A; Khing thodt mc (Undrained)
. Che thong s6 thi nghiém (Test Parameters):

Stress in | Stress in §ax strain | Max Double
Frequenuy, T (Hz) comp, ext. (kPa) | Numbers of Cyelic, N i) amplitnde
2 30 30 207 -0.23 0.28
Micwelri thi nghiém M kigm tra
ey

ﬁ___

IThS. Fhiang Hiu Hai { 8. Nguyén Vin Phing
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b . :
XD BANG KET QUA THI NGHIEM
e e ble of Dynamie Triaxial Strength Resulis
1 C3-3 Ap lizc budag (Cell Pressure): 61 kPa
Tﬂ.n‘b;.\{\l‘&squ:n 2Hz A tue nguoe (Back 28 LPa
Ty sb g pdiHan ddu (SR) 0.45  Chuky pha hiy (Ne: 2006
Doubic a FPore au Tyelic
Amp, | Excess |pressure Amp. | Stress
Anial stress (WPa) | Stress | pore Au Ratio | Axial strain{%) [ Strain | Ratio
Cyele [Comp. Ex1. (kPa) | (kPu) | Bu (%) |[Comp. Ext. (Wl SR
1| 6.6 .5 547 14 44 I 0.0 041
2l 6 8.5 563 15 4.55 pooE] BT Da7e| 0.42
R B4 853 16 483 oged| 0478 nare] 042
4| BT ¥ 5.5 17 515 opoz| 0478 |
gl a7 4 £5.3 17 415 e L a.am] 042
6 M7 63 B4 18] 543 005 0.8 g0 042
1 618 [ 54 18 545 n0ER]  0UE naea| 042
Bl @ .2 555 1.4 576 noe7r] 048 nam| 042
gl E1E 8.7 5.4 7| 606 00esl 484 07| 042
R (X £5.3 2l 606 pos4| BIEE ¥
1 EiS B2 53 i ROG e AL nam| 042
12| G145 §.d 552 b L 0082 A.187 [ S
13 615 A1 554 21| 636 [ A 0. 042
14] B8 fd 55.2 zil 636 poaal 0788 0.270] 0,42 |
5 AT fid .2 R EER nges] 0484 naea] 042
16 A6 6.4 5.4 ] CET T EAE [ERES
[ 17| 618 .4 55, 21 636 posn] .88 0.268 042
TIEE B5 [ ¥ I pora] L9l naTn| 0.42
1w 618 B4 £52 il 687 S R DT 042
Wl 615 A5 55 12| 667 oore|  agga] oamo) 042
2] 616 [X] 554 22| 667 porr} 0482 o.060] 0.42
2| B15 B4 §5.1 22| 667 porr|  DE paes| 042
| 618 BS B5.1 2] 6.67 oo7e| 193 nieal 042
#| B1E 8.4 5.1 ral w97 afTel 0193 nza| 042
| 25| 618 6.4 55.2 23| o487 oo7a|  0.484]  0268] 0.42
T GEL [E] 55.3 23] 697 poral 0405 paga 042
| B1E fid BE.1 4] 127 oaral D97 071 042
| GRS 6.3 553 il 727 e AL 0z 042
2 BiE [ 55,2 | .27 oora| 0407 0270] D2
0 R 7] 55,1 z4] .17 nora] 0406 1.26%| 0.42
| B8 [ ] 24 7.77 noral  -magT naea| 0.42
R 6.4 851 24| 7.1 i R EL owaal 042
3 6LE 8.6 55 28| 758 0072 0,187 0268 042
| W] E15 £5 5§ z4f 727 noma|  poEE n26e 042 |
FHAGE ES 3 25 758 pori]  0ae0 pavo] 042
REE 84 55 25] 7.58 oosa| 019 naEal 047
37| &5 5.5 55 25 7.58 oges| 013 nz6a] 042
| BIE b5 554 z5| 758 ooesl 0200 0288 0.42
wl  #18 £5 55,1 25 758 = 0288 042
an| @15 fid 55.1 28] 7.58 0.06s .30 0268 (.42
M BB .4 5.2 28] 7.58 a0ea| 0.0 naGH| D42
42 B4 .4 A5 PR 0067 -Dem 02580 042
eI 4 554 ZBl 788 0OEF|  .203 0z 047
Ml B1s ES ] 26] 7.8% i 1| 042
45 B1E E4 £E 28] 788 ] n2ra| 04l
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= KET QLA THI NGHIEM BA TRLJC DONG
/’“h XAC DINH DO BEN DONG CUA PAT
a e aviol Test for the Determination of Cyclic Strength of Soil)
Pheo tiéu chufin {According to) ASTM D 5311

. LAS 9
D din { Proi Q; Quy Nhon - Binh Binh
|E¥ja diém (Location): {uy Nhon - Binh DPijnh
Test No C5 Hé khoan (Borehale o)
B sdn (Depth): 1-2m Mgay thi nghigm (Date}: 141002019

Eguipment; Tritech J00 fContrals-Group all)
L MO TA BAT (Soil Deseription):

i v

D () | Dy (mm) | Dy {mm) A ve (fem’)
.06 1566

Thinh phin hat (Particles)

1L CHUAN B} MAU (Specimen preparation):
5 Phueng phép ché bi (Method): Bim cat éim (Moist Vibration Method)

- Kich thudc vi khoi | miu (Dimensions and Weiﬁltj!.%:
[hameier, LY, (mim} HCIEE, ., T Ty wenzht, i1, Weler Weizhi, Lw (g)

= i T40 #2000 [6.40

111, BAQ HOA {Saturation):
- Pluong phap bao hia (Saturstion Method): Bans ap lue nguge (Back Pressure)
et a a ack = i
. D@ ho hoa dgt duoe (Degree Sar), B= |
_ Sau khi Ko hoa (after Saturation);
Diameter, [, (mm) Height, H, (mm) | Sample Weight, G, (g) Volume Change, &Y (ml}
69008 140.010 1035.23 215

———

1V, €O KET {Consolidation):
- Aplie cb két {Consolidation Pressure): :
o™ 61 kPa| i = 43 kPa|U = A3kPa o' = 18 kPa
= Sau khi oo ket {afier Consolidation):
Diameter, O, (mm) | Height, H, (mm) _|Sample Volume, V; (ml) Dry Density, v, (g/em’)

69,024 1400080 224 16 1.504
Dr= 0298

V. GIA TAI PONG (Testing): RTE
- Phuong phap thi nghiém {Test Method): Ay Khéing thodt nude {Undrained)

C4c thong 56 thl nghiém (Test Parameters):
Siressin | Stressin Blax stram | Max Double
Frequency, [ (Hz) comp. | ext. (kPa} Mumbers of Cyvelie, ™ (%) amphiede
2 8] 44 191 -1.24 444
M puisi thi nghigém Mg kiem tra
e |
ThS. Phing Hin: Hai S. Nguyén Viin Phing

|
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P .
- BANG KT QUA THI NGHIEM
; le of Dynamic Triaxial Strength Results
s Ap hre buling (Cell Pressure): 61 IPa
: I Hx Ap lyre nguge (Baek 43 kPa
T4 5 g an diu (SR 056  Chu ky pha hiy (Mg): 3
Tiguble | ML Pore Toublc | Cyelc |
Amp. | Excess |pressure Amp. | Stress
Aind etrees (kPn) | Stress | pore An | Ratio Acxial straln (%) | Strain | Ratio
Cyele |Comp. xl, {kPa) | (kPa) | Ru (%} Comp. Exi, (%) SR
i m2 24 211 47 2611 000 440 4492 029
[ 4.1 BS o4 55.00 K] a0 012
i 15 a7 73 125 6944 2an7|  Gqm3]  anés) (L0
N -3.1 5.3 125 6044 2p0| 595 anost 007
O EE: 3.4 51 11.8] 6556 e R soasl 007
i 16 35 5.1 115 Gd4d 585 51 2a73] 0.07 |
7l 16 3.2 48 122 67.78 ara|  Gee4]  2054] 007
] 1.4 -1.1 45 12.2] &7.78 3,402 870 2878 006
I K 43 12| R6.6T7 2064 0i7 s
] 12 34 43 118 6611 R A Zaz8l 006
1] 1.3 24 4.2 121] 67.23 4,285 T8 2307 0.06
12l 1.2 2. 4 121] 67.22 4344 7.2 2878 006
1Bl 12 20 4 118 &6.11 430 -1 2881 006
"l 13 27 4 12| 6h67 4842 -1.219) ZRTT] G
15 13 26 15 121 67.22 4025 -7.200] 2872l 005
6B 1.4 T 15 12.i] 67.22 437 LA S
17 1.3 28 10 121] 67.22 FEE R 2888] 005 |
| 1.3 -2 a0 121 &7.22 4384 TEE 7a72] 005
EEE 25 a8 121 €11 L35 1 s.aea| 0.0s
o EE 34 3.7 122] 67.78 FET IR 2E40] 05
il 15 24 48 1221 6778 A TN aEat] 005
2 15 23 ) 121] 67,22 4295 7008 2860 0.03
) R 2 x4 12.4] 67.22 4203  -T.0684 2861 0.05
Ml 15 i 18 123 6778 ETE IR TE A TE
25 14 -23 a7 122 6778 amal -reEl pizal 008
0 13 23 9.8 122 67.78 A0 T 877 005
o 13 23 15 122] 6798 e 2502|005
w13 21 T4 1221 67.78 -4200]  -7062 A58 0,05
m 14 2 14 123 68.33 4158] 706 2828 005
14 -2.2 i 123 6833 4tan] 60l 2.865] (.05
14 -1 38 124] 0548 4112 -A.980 ZEEE] 005
2] 14 23 18 123 6832 4400 699 zi98| D05
al 13 23 35 123] 6833 e T o] D05
T 23 id 1240 6833 A4 0 2a83| 0.05
Bl 13 21 54 123 GB.33 4.138 704 aave| 005
W 12 - 3l 12.3| 6833 4138 sesa]  2Es0) D4
w13 i 3.3 123 6833 406  eosa] 2858) (W05
w14 e 1.1 123) 68331 Ans2|  -Bax aEat] 005
w13 14 12 124] 6858 4045 -RAiT 2873 004
w13 ] 13 124] 6859 Andd]  -BR4E T
41 | -2 3 123 6833 4084 K067 2aE3] DM
gl 1 -2 3d 12.3] 6R.13 T TG 1Rse] 0.4
] 1 -2 3 12.3] 68.33 L0z -3978 Fa7a] U
44 11 -8 3 124] 6389 4,052 -A.938 2R 004
HKE 13 X il 6eEy | 4D -6om0|  24%6] 0.04
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RET QUA THI NGHIEM BA TRUC PONG
KAC DINH DO BEN PONG CUA PAT
tiaxial Test for the Determination af Cyelic Srength of Soil)

“1.15_ g' EB Fheo tidu chudn {According to) ASTM D 5311
D dn (Projeet); (uy Nhm - Binh Binh

Pin diém (Location): Quy Whom - Binh Binh
Teat Mo. CCl Hi khoan {Borehale Mo.):
By s (Depih): 2-4m Ngdy thi nghidm {Date): 15/ 10/2010

Equipment; Tritech 100 (Controls-Group ftafial
1. MO TA DAT (Soil Description):

£t virar

- al :I_|
Thanh phéin hat (Particles) Dy (mm) | Dyg (mm) | Dy (mm) Ee;? .r]u_;:;:}

1. CHUAN B] MAU {Specimen preparation):

. Phuomg phap ché bj (Method): Dém cit fm (Moist Vibration Method)
. Kich thade va khdi hrong mdu (Dimensions and Weight): :
Tiiamcter. 1, (mm) | HﬂﬁEt. T, (mmm) Oy W::gEt, o, (5] Water Weight, Uw (2]

] 140 B10.00 1620

1L BAD HOA {Saturation):

- Phuong phip bio haa (Saturation Method): B lre ngueoe (Back Pressure)
F—-ﬁTEI'aT:r“. = kFa [Ohact =HL'E.‘EFE &Pz |

- D biio hoa dgt dhege (Degree Saty: B= |
- Sgu khi bdo hoa (after Saturationk:
Dismeter, [, (mm) Height, H, {mmm} Sample Weight, G, (g) Volume Change, AV (ml}
#9027 L 40, 100 1030.13 220

V. OO KET (Consolidation):

- Ap lye cb kit (Consalidation Pressure}:

Tl ™ 61 kPa|Tp, = 23 kPa|U = 23 kPa
Sant khi co ket (after Consolidation):

Diameter, D, (mm) | Height, H, (mm)  [Sample Volume, V. {ml} Dry Density, 7. (erem’)

69.000 140,000 57350 154
Dr=0.172

o= 3R kPa

V. GIA TAI DONG (Testing): CTC-RTE
- Phuremg phap thi nghigm {Test Method); A; Khong thodt nude (Undrained)
. Céc théng st thi nghiém (Test Paramelers):

Stress in | Stress in Bdax strain | Max Double
Frequency, f(Hz} comp. | ext. (kPa) | Nurnbers of Cyelic, N (a) amplimude
2 13 13 g2 457 1.58
I—
JNglfi‘:ri thi nghigm Mg kiém tra
-

/é{__ e

ThS, Phing Hiru Hai T’g Nouyin Vin Phing
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BANG KET QUA THI NGHIEM

le of Dynamic Triaxial Strength Results

M cCl Ap hye buling {Cell Pressure): 61 kPa
Téin 21H=z Ap lie ngwpe (Back 13 kPa
Ty 50 img 016 Chos ke phi ki (M z

Doulle | Was. | Fore Toubte | Cyvclic
Amp, | Excess |pressure Amp. | Stress
Axial stress (kPa) | Stress | pore Au | Ratio | Axial strain | %) Strain | Ratio
Cyele|Comp. Exl, (kPa) | (kPa) | Bu (%) |Comp Ext. (%) SR
i| 417 36 1.7 7| 8079 0.355 -1.074 1433 008
A 8.2 14 5| 9342 n4sp] 080 183 0
FEE] 82 11 3] 10000 nean] 005 1.577 0
R E=F 1.3 35| 96,05 0Bge|  -LEhD 1554 0un
AEL W2 14 54| 93,16 1405 0364 1.550] (O
AEET =i 1.5 53] 9353 1486 0064 1552 0.01
I 35,1 14 6.7 96,58 1,751 0,248 1543 0uol
Bl 307 38,2 1.5 w2l 9536 2.1 0,562 1530] 0.
o] 4 38.3 1.3 a6 04.74 T4zal  omey, 154t QU0
EEEE W3 16 3] 9553 FE 1227 1508] .01
1 40 13 1.7 3] 9553 017 1,53 1478 0.01
12] a3 34 19 w2 95.26 A28 B8 1452 0.01
1340 384 18 :Ea;tgﬁ.zﬁ 5476 o0s7]  1419] 0.0
1] 401 385 14 Al 9553 3684 zzd] 402 001
15 401 5 18 33| 95.53 A.767 ead] 1386 00
AR i 1B #.3] 9553 1011 2526  1:38s] oMl
17l 40.2 384 1.8 35.3] 9553 4040 7545] 1.305] 001
B 4.2 ErR 18 1.3 0553 4188 a1 13000 001
19 403 0.3 14 2| 95.26 4,140 2477 1.368] 0.01
| A0 38,4 16 g3l B553 4,754 2043 1,356] 0.01
Fal BT 3.4 18 3] 9553 4,55 2004 1334 0.00
2| 40 3.4 146 33| 95.53 4312 3 08 1327 0.0
rE E 8.4 14 A 9553 E D 1.337 0.0
M| ;B 84 145 w3l 9553 42030 LEE2 1331 0
7 T 4 1.5 w3 9553 e S 348 0
4] 40 34 1.8 33 9553 e s T
Fri =5 15 363 %553 4,353 moarl 16| 0.0l
b 3.5 15 3.3 95.53 4,358 kT FL| 13l 001
2o 0 305 15 3.3 @557 4,361 a0ey 13308 ot
wf 40 305 14 3.3 0553 ] 3004 1336 01
3| 40 35 15 6.3 05.53 41 2907 134] 001
Y 35 16 .3 0553 4304 28T 1.330] 0.0l
Al 40 3.5 15 3] 6553 M P 1243 0.0l
M o 5 15 Al U553 2343 2o 1248 {01
3 A0 8.5 15 2] 05326 4281 10E [ E
36 4 ] 14 F) 95.53 43T 2053 1,341 0.0
3 dD 8.4 16 F20 95260 azml  anE 1,343] 001
| ma e 1.4 =i 9526 4345] 3008 1,340 0L
T X 1.8 ;A 9533 4374 2004 1.3 001
e Ha 1,6 ;.3 9553 4314 2853 1am| 0.0
4| 339 L) 1.5 a3 9533 4321 zo75] 13| 0.0]
42l 199 .4 15 6.3 95.53 4.353 300 1352 001
BT HE 13 2| D528 4381 303 1.347] 0.01
44 o7 3.4 13 gz 0508 4 400 3060 1.048] 001
I M5 13 0z 9526 4405 3068 1.344] 0,01
6 #|9 W5 14 g 9526 430 3,030 1342 0.0
HEET] a4 15 3] 9553 4,361 3,025 (=
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RET QUA THI NGHIEM BA TRUC DONG
YAC PINH BO BEN BONG CUA DAT
ial Test for the Determination of Cyelic Strength of Soil)

o ticw chudn { Acconding to) ASTM D 5311
Dy éin {uy Nhom - Binh Dinh
Bria didm (Location): Quy Nhon - Binh Binh
Test N iy} Hé khoan { Borehole Mok
B sdu (Depth): 2-4m Npay thi nghiém (Date): 13102019

Equipment; Tritech 100 (€ ontrols-Groug falia)
L. MO TA DAT (Soil Description):

it vira

[ (mim) | Dyg (mm) | Dyg (i) A ¥, (2lem’)
267 1.580

Thinh phéin hat (Particles)

II. CHUAN Bl MAU (Specimen preparation):

Phuomg phap chi bi (Method): Dam cét fm (Moist Vibration Method)

S Kich thude va khdi lugmg méu (Dimensions and Weight):

Diiarmneicr, D, (i} Teight, H, (mm) Thy Weight, G, (2] Waker woighl, bw (g)
09,5 Ta0 R36.00 16,78

11, BAD HOA (Saturation): _
Phu hap biio hoa (Saturation Method): Bang dp lye g (Back Pressure)
% TIkPa KPa [Track = hikPa  kPa |
P bio hoa dat duge (Degree Sat): B = |
- %y khi bio hoa {after Saturation):
Diameter, D (o} Height, H, (mm) Sample Weight, G, (g) [ Volume Change, AV (ml}
b9 468 139,860 105588 217

V. CO KET (Consolidation):
Ap lye cf kit (Consolidation Pressure):
Goell = 95 kPa|ouw = 63 kPallU = 63kPa o', = 32 kPa
~ Sau khi oo két (after Consolidation): -
Diameter, D, (mm) |  Height, H, (mm}  [Sample Volume, V, (ml} Dry Density, ¥. {glem’)
60459 139.770 529,62 1,584
Dr = 1373

V., GIA TAL PONG (Testing): CTC-RTE
- Phucng phap thi aghigm (Test Method): A: Khéng thodt nude (Undrained)
Cac théng s¢ thi nghiém (Test Parameters):

Styess in 1 Siress in Tlax strain | Max Double
Prequency, F{Hz) | comp. | ext (kPa) | Numbers of Cyelic, N (%) amplitude
2 5 | 25 S0 - -4.98 4.15
Murin thi nghiém Mgrtri ]{iE:l'!_Lm

ﬁ e

ThS. Phing Hira Hai TS, Nguyén Vin Phong
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BANG KET QUA THI NGHIEM
mTahIc of D}rnamm Triaxial Strength Results
Ap hye bubng (Cell Pressire): 95 kPa

1 Hz Ap Dz nzunge (Back 63 lil'a
1,34 Chu ki pha hily (Nok 13

Double | Max. | Fore Thaihle [Cyelc]

Amp, | Excess |pressure Amp. | Stress

Axial stress (kPa) | Stress | pore Au| Ratio | Axial strain (%} Struin | Ratio
Cyele |Comp, Ext. (kPa) | (kPa) | Ru (%) [Comp. | Ext. (%) EH
i 594 204 - -24] 750 ] 1138 €31
IR 13 444 27l &M 0454 -1.088 ngad| 035
il a1d 158 415 48 1531 negy|  -1688 oggal 032
g 554 145 48 BE 21.25 o R R
563 14,7 408 T q445]  -2131 nee7| 032

Bl 4.2 15.4 0.8 14| 3563 A4 -2573 150 030
R 15.5 it 137 4281 A48 -2l 143] 0.29
I 16 362 158 4038 S5m0 -ae 170 0,28
o 512 165 HA 18] 36.25 6Tl ane|  2mEl 027
1w 5.2 178 324 2.3 6344 Al 432 2304 0.23
1l 492 185 Eik] 726 7063 A3 45kn] 273 O
12] ars 147 28,1 228 77.50 Agah| 4068 agm] o
1] 4B 0.0 25,7 .0 B3LTS R R s 0
] A48 2.1 15 R EEEE 2017 408 20gd] (U1K
15 428 2319 197 w5 w219 -2 088 -4 681 283 0.3
B 42 ] 18 4l 9500 207 408 peogs| 0,14
17 411 .7 164 a1l 9719 apTE] 408 a0 013
| 18] 402 %3 144 14| 94.13 20m8] 4981 2005 0.12
11| |5 54 137 35 9844 EXi Y 2914 11
o i 13 AR KRS 2l 40 2838 010
M| 386 8.3 123 b R -2.005 4 B8 2878 010
2 8.3 2.6 1.7 HT 906 -1.058 4 B ER I
FE EE 6.8 114 22| 10000 A0 s 3081 009
HEE i 1.2 =| 10000 Aand] 458 107 0.0
HIEE T 11 318 0960 Err | IEE 307 009
o R TE 1 317 9904 K T aE] 009
ol T4 104 BEEELRE 4566 480 ad4is] 0.08
7 L 75 10.2 316 98.75 EEE IS s8] .08
2| TR P 10,2 1.5 9844 1,401 4481 3400) (08
1 275 10.5 315 9844 <1431 4081 asa0| 0.8
it are T 1.2 ad] @813 A373] 488 ag0a| 008
72| a8 iR 105 L e IELE 3602 (il
13| =|a 7.7 14 a3l 9781 A006]  an8 3776 008 |
wl @7 ITE 10.8 33| YKL -1.188 4551 3753 0AF |
w5 wy 104 13| 97.81 SR -4 581 apey 008
@ 4 78 108 4| 9813 BN I a7 .08
7 3 FTE] 103 3.4l 9781 B IEEL 5933 0,08
= 3m2 TE 104 3.3 97.81 A7 408t a038] DO
T P 105 3.3 97.81 s A083) 008
| 40] 386 278 10,8 1.3 9T.81 - R a0z 008
I #] .3 e 10,4 it 978 e 4060] D08
FECE a3t 10,4 113 7.8 LA15] -LATA T
I EE 375 14 313 9781 L7ET] A3 4063 .08
TG ) 0y 3.2 8750 agam| dem aez| O
45 A T 105 33 9750 a7as|  avEs 4041 0B
T R P 105 3] 97.8] a7 -47am 4r6al 0.08
47| ara 7 g5 #Ha 9750 Q882 4 VeH 4114] 0.07
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_ ~FET QUA THI NGHIEM BA TRUC BONG
™ SAC PINH PO BEN BPONG CUA PAT
il Test for the Determination of Cyclic Strength of Soil)
o fiéu chudn (According to) ASTM D 5311

Quy Nhon - Binh Pinh

Bia diém {Location): Quy Nhom - Binh Drinls
Test Mo. CC3 Hi+ khoan {Borchele Mo ):
P siu (Depthh 2-4m Mgay thi nghigm {Date): T61Z0TY

Equipment: Tritech 100 {Controls-Group lalia)
1. MO TA DAT (Soil Deseription):

Ot witw

Dy (mm) | Dy (mm) | Dyg {mm} & e ig."cm]'_l
267 1.561

Thitnh phén hat (Particles)

11 CHUAN BI MAU (Specimen preparation):
Phucmg phip ché bj (Method): Dim cat #m (Moist Vibration Method)

. Kich thude vi khéi hryng miu (Dimengions and W:Lght%:
ThHameler, LI, (mm] Hepht, T v welght, L, ater Weight, w8
H% 14 BI7.00 16,34

111, BAQ HOA (Saturation): _
. Phoromg phip bdo hoa (Saturaion Method): Bing dp lue nguge (Back Pressunz)
gl = a i Tk kPa  kFa
- P bao hoa dyt duge {Degree Sai. ) B= 1]
- Saukhi bio hoa (afler Saturation):
Dhiameter, 1, {mm) Height, H; (mm) Sample Weight, G, (g) Volume Change, AW (ml)
GE.073 13%.900 1034.51 218

v, CO KET (Consolidation):
- Ap lue cb kit (Consolidation Pressure):
el = 28 kPajop = 17 kPajU = 17kPa [0 = 11 kPa
— Sau khi co ket {after Consolidation):
Dijarmneter, 1 (mo} Height, H, (mm)  [Sample Volume, V, (ml} Dry Density, ¥, {g."cm1j
68.923 139,170 519.23 1.573
Dr= 0316

V., GIA TAI BONG (Testing):  RTE
Phuromg, phip thi nghiém (Test Method): Ar Khing thodt nude (Undrained)
- Ciic théng 56 thi nghigm (Test Parameters}:

Stress in | Siressin Riax strain | Max Double
Frequency, f {1z} comp. | ext. (kPa) Numbers of Cyelie, M (4] amplitude
2 0 13 261 -3.52 1.97
Ngwin thi nghigm Ngwiri kiém tra

o

The. Phimg Hitu Hai §, Ngvén Vin Phong
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BANG KET QUA THI NGHIEM
»f able of Dynamic Triaxial Strength Results
Mi CC3 Ap Iy budng (Cell Pressure): 28 kPa
£ 150 ' I Hz Ap lyre njpeos (Back 17 kP
(SR 034 Chu ki pha hay (Mg S
Touble | Max. | Fore TFeuble | Cyehi |
Amp. | Excess |predsore Amp. | Stress
Axial stress (kPa) | Stress |pore Au| Ratio | Axial strain (%) | Strain Ratio
Cyele [Comp. Eat. | (kPaj | (kPa) | Ru{%) [Comp. Exl, %) 5R
1] {54 ] 10 17 1545 e R 1474] 0.23
| 78 27 54 35| 31.82 A3 2453 n7iol 0.12
al 93 25 B8 55 30,00 ansl 254 o543 .15
4 &5 a7 R R 2o7s]  -emesl  0751] 0.3
5 o 38 Ed 7.3 6636 EPARE -2EY 0.643] 0.1
Bl 94 i1 65 g2l 7455 EET T psag| 0.3
7| a& 44 532 BE| 20.00 2 405 047 hEdz] 012
Bl 34 48 ] n7| 864 2457 aq11s]  0EsE| 0,10
a 9.4 45 a5 95 8636 250 atedl e300
wl 83 E1 i2 ag] 8908 s ] s AL
1] ol 53 44 MERED 25m| AN 08| 008
12] &5 B4 41 100 0273 253 i 067 0.0%
1] o4 ] 1B 103 9364 2545  -3.227 0682 000
W a4 57 3y 10.3] 93,64 T EEE 058 008
EEY 57 a7 104 04,55 2560 -A@edf  0ADE) OOR
G EE R 8 sl 0636 2518 2303 nsR7| Lo
I EEE ] 15 105 9345 2642 3T nERs| 0.08
F R BT 14 106 9636 <2, EE 3,344 )
I 58 34 108 9636 M| 3353 673 08
w 82 54 34 10.8] 96.36 ZETAf -7 0678 008
IR 64 ES 10.6] D636 2E78] 3386 0678 008
F E 54 Y] 7] 9727 687 -3.38 p.a7E| .08
= EE] 5.5 34 o7 9727 2ra2l  -Lars 0.673] 008
K 5.0 £ w9727 273 3406] 6875 0.07
I EE 5.9 32 wr] 9727 2 TH0 3415 ness| 007
I ER 59 3.2 0.0 9727 BRI padd| 0.07
R 50 1 100 97.27 2708 3437 oedz| 007
m| b2 & ¥ 10.8] 818 a2l 34w 0641 007
| &2 i 1z 10.8] 98.18 e TR R
EE g 39 10.8] 9H1R e L 048] 007
] 84 & 3 inE| RIS -2EEl -1453 fE47)  0.07
2 a4 59 32 inal o818 2833 347 0642 (.07
I f 3 inaEl 9818 Sadl 3494 BE42] 007
M oAb 57 EX] 10al o818 SRG1] -3800 nadz] 007
3a 81 £ 3l 108] 9818 2875 A5 pga) 007
3| a2 3 3.7 104 9518 -2.B85 3407 0623 007
i X B 31 108 95.18 2,851 3481 agm| 0407
| o £ i 3 108 9909 2BE0|  -3.400 a6 007
I i 3 108 908 2T 3485 aEM| 007
am a3 i 24 we .09 T 0e0d] 0o7
4 g i 3 e N 2oie] -3E2 pEoal 007
dab  BO i 24 nal 0900 a0 35S nsa3) 0.07
40 RO B 2.8 e T a2 3514 nses| 0,07
7 F.2 2B 04l G9.00 2010 1498 osee| 006
45 Bd E3 ] 108 99,09 2a0 23408 o5e7] 0.06 |
T 67 16 108 99.08 2002 3402 a5 008
7] & [ Z8 108 e 2008 -94M e
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KET QUA THI NGHIEM BA TRUC DONG
XAC BINH DO BEN PONG CUA PAT

}(@c jaxial Test for the Determination of Cyelic Strength of Soil)
EB ~Theo tiéu chudin (According fo) ASTM D 5311
s an%%t} Quy Nhon - Binh Bjnh
Bia diem (Location): Quy Nhon - Binh Bjnh
Test Ma. CCq Hé khean (Borehole No )
B& siu (Depth): 2-4m Ngay thi nghigm (Date): 16/1072019

Equipmens. Tritech 100 (Controls-Group fralia)
I MO TA DAT (Soil Description):

Cilt vt

|

Dy (mm) | Dyy{mm) | Dy (mm) A ¥, (glem)
267 1.559

Thinh phén hat (Particles)

I1. CHUAN B] MAU (Specimen preparation):
- Phuong phap ché bj (Method): Dém cit &m (Moist Vibration Meihod)

. Kich thude v khdi rome miu (Dimensions and Weight):
Chameter, I, {ntm) Height, H, tl T ) iy Wc E%E O, (R) Water welght, Lw (g)
Ho 141k 1600 ER

111, BAO HOA (Saturation):
- Phuong phép hio hba (Satration Method): Bing &p e n}g_lg]‘c {Ha-:k Presgure)
Dol = A a Chpck ~ |
DB biio hoa dat duge (Degree Sat ) B = 1
- Sau khi bdo hoa (after Samraion):
DMameter, D, (mm) Height, H, (mm} Sample Weight, G, (g) | Volume Change, AV {ml)
68973 139,900 1033.88 218

IV, CO KET (Consolidation):
Ap Iy cb két (Consolidation Pressure):
et = 35 kPalouaa = 17 kPalU = \7kPa |o = 18 kPa
Sau khi cb ket (after Consolidation):
Diameter, D, (mm}) Height, H, (mm)  Sample Volume, V. {ml]‘ Diry Drensity, v, {g..‘nm‘*}
68928 139,270 31908 1.574
Dr= 0298

V. GIA TAI PONG {Testing: CTC-RTE
- Phuong phap thi nghigm (Test Method): A; Khing thoit ninde (Undreined)
- (% théng 86 thi nghigm (Test Paremeters):

Stress in | Btress in Pdan strain | Max Double
Frequeney, £ {1Hz) comp. | ext. (kPa) | Mumbers of Cyelic, N %) amplitude
2 15 13 131 .05 1.80
Mgt thi nghiém Nguéi kidm ra

e —— 17
ThS. Phimg Hir Hai m Van Phong
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BANG KET QUA THI NGHIEM
ARD ble of Dynamic Triaxial Strength Results

Wi o i o4 Ap lye budng (Cell Pressure): 35 kiPa
Tén m} 2 He Ap lyre ngwpe (Back 17 kPa
T4 o6 (g st b Bau (SR): 042 Chuky phi hiy (Mg 13
Sy

TFoublc A, Fore Double | Cyclic |
Amp. | Exeess | pressare Amp. | Stress
Axial stress (kPa) | Stress |pore Au| Ratio | Axial strain (%) Strain | Ratio
Cyele [Comp, Exl. {kPa) | (kPa) | Ru(%) [Comp. | Ext (%) SH
ad 134 FEL) ag] 21.67 00s4]  ggs3l 1087 0.33 |
AEE] 124 224 740 39.44 0004 0975 para] 031
T 115 54 102 56.67 RE D 0605 0.32
i T8 124 21 18] 6556 D148 -1080] 0934 029
] 13 2 128] 71.11 oo -1osd]  1mE| 028
B 3T 13 147 139 71.22 0003 1045 1.2 027
| 33 i34 188 el EBL1) ogm| 109 1.085] 0.26
Bl 318 18 178 151] E3EM 06 1008 11g2| 025
gl nAd 141 17 154] 85.56 g3l 0867 177 oM
i T 143 63 158] 8774 T440] 0854 134 013
NEET 144 152 15| E5.89 5 AL 1.355] 0.23
2] a0 145 154 162 9000 nyza|  -BBSY 1368 022
13 ap2 14.7 154 165 9167 oa78| 0545 tan| o022
M| awea 148 15.4 186 92.22 T028] D4 14468 021
16| 96 148 148 87| 9278 1472 D 1486] (121
R 144 14,6 68| 93.33 1318 D186 1478] 0.20
17| a4 15 144 159] 9389 e 1484] O30
R 154 144 160] 43R0 1515 eia] 1497 0.20
] 285 15.1 144 17 944 1.768 naTal 1, 0.20
T EE 15.1 141 17.1] 95.00 1412 0422 1.4%0] 020
7 #ed 15.2 142 17.1] 9500 2053 0557 1.48] 0.20
FIEEE 165.2 14,1 171 95.00 ZABT 070 1484 020
Fe R [E] 138 171 9500 2.4 0,750 1515 .19
] 28 153 138 72| 9556 2.442 .94 1510 .19
5] 154 137 172] 9556 2.567 1.063 1514 09
R 155 136 172l 9556 2680 1,168 1522) .19 |
77| 283 15.5 138 173 9all 2EIT 1314 1503 019
7B 203 15,5 1348 17.3] %6l 2935 1425 1510] 0,19
o 203 155 1348 17.3] 96.11 3051 1545 +.506) 0.19
| EEE] 155 138 11.3] 86.11 3157 1547 15400 0.9
=R 155 138 1.3 9611 3257 178 154] 019
FEE 166 137 174] 9667 3,360 1,83 1524 0.19
3| 2o 155 135 73] 9611 3461 15400 1521 0.9
I 154 136 74l 9667 3.561 200 152 0,19
35| 204 156 138 1740 9667 3665 A0 1518] 0.19
R 15,1 147 14| 96.67 4761 223 1.524] 0.19
7| 294 15,1 137 174] 9667 ass3] ranaf  153] 0.9
m| 794 157 137 174] #6.67 2040 2409 1537|019
i 16T 135 17.4] 9667 4.020 24N 1547 (10
] a3 157 138 114] 8667 4088 2543 e A
[ 4] 283 157 136 ir5| 97.22 4,180 281 1563 019
&3] P07 154 134 175 97.22 4280 2,706 1564 Q.19
gl 205 154 135 174] 0667 4,248 2B 15¢6] 0.19
T 15,8 134 i74] 96.67 4,427 1580 1547 1o
45[ 7o 15,8 134 17.4] 96.67 4 5011 F04R 1553 o
=T 15, 138 174 9867 4577 a0 e RN
=R 15.8 134 175 47.22 4530 3082 i
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KET QUA T NGHIEM BA TRUC DONG

XAC PINH PO BEN PONG CUA DAT

Triaxial Test for the Derermination of Cyelic Strength of 5oil)
3 hea tign chidn {According to) ASTM D 5311

Chyr 4n 1 (roy Mhom - Binh Bjnk

Erja diém (Location): Quy Nhom - Binh Binh
Test Mo, sl Hi khoan {Borehole Moy
B séu (Depth); d-6m Mighy thi nghiém {Date}: 17/10:2019

Equipment: Tritech 100 (Controls-Group Iralial
I MO TA DAT (Soil Description):

Il:'ﬂ"f wiki, fin £8 sgn

Thinh phin hat (Particles) D (mm) | Dy {mm) | Dy (mm) 225 nﬁ:l:}

1. CHUAN BI MAU (Specimen preparation):

- Phuong phip ché bj (Method): Bim et im (Moist Vibration Method)

- Kich thirée va khéi lwomg miu {Dimensions and Weight}:

“Thameter, O, (mm) Height, H, {mm) Dy Weaght, G, (2} Water Weight, L (g)
ho T40 B 00 16.14

M. BAO HOA (Saturation): ,
- Phuemg phép bdo hoa (Saturation Method): Bing ép luc ngugc (Back Pressure)
gy = JikFa  KPfa ]ﬂ'h.[k = 23 E‘rﬂ kFa i
- Bd bdo hoa dygt uoge (Degree Sal): B = ]
- Saw khi bEo hoa (after Saturation):
Diameter, T (mm) Height, H, (mm) | Sample Weight, G, (g) | Volume Change, AV (ml)|
68.951 139,930 1025.97 219

IV, CO KET {Consolidation):
- Ap lue co két (Consolidation Pressure):
Olgest = 36 KPa|Opac = 23 kPafU = 23%Pa |o' = 13 kPa
- Sau khi cf ket [after Consolidation):
Diameter, I, (mm) Height, H, (mm)  {Sample Yolume, V; (ml} Dry Density, ¥, I'_g-"cm‘,'l

8. 062 139,800 52218 1.545
Dr=03226

V., GIA TAI DONG (Testing): CTC-RTE
- Phureng phap thi nghiém (Test Method): A; Khdng thedt mede {Undrxined)
- Cac théng =6 thi nghigrm (Test Parameters):

Stressin | Stress in blax sirain | Max Double
Freguency, ' (Hz) comp. | ext {kPa) | Numnbers of Cyelic, N (%) amplitude
1 8 ] 42 -(04 008
Mgudi thi nghiém Mguli kiém tra

M 7
ThS, Phiing Hiru Hii S. Nguvén Van Phong
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LT BANG KET QUA THI NGHIEM
Table of Dynamic Triaxial Strength Results
51 Ap lyc bisbng (Cell Pressure): 36 kPa
1 Hx Ap lre ngiege {Back 23 kPa
diin (SR} 0.31 Chas ke pha hiy (N MA

Double | M. | Fore Iiouble [ Tyelic]
Amp, | Excess |pressurg Amp. | Stress
Axial stress (kPa) | Stress | pore A Ratio | Axial strain (%) | Strain | Batio
Cycle|Comp, Ext. (kPw) | (kPa) | Ru (%) [Comp. Ext. {"a) SR
NI il 165 [ noaz| 0062 noed| 032
1 7z il 145 03] 231 aon7] 0053 noe| 0.3
R [ 168 [ EEES 00da] 0080 posa] 032
4| g B.5 [H] p7l 534 05| s noal] 032
B E5 6.7 ngl 6.9 T ] n0sa] 052
8] 233 {3 16.7 ng| 692 O 0087 032
7| =2 B 16.6 1 7.69 aoia|  -ooe2]  nese] 0332
| 8] 232 6.5 15.7 11| 846 omd] 00 noss| 0.32
o] .z [ T 2] 933 o3| 0.0 pos3) 0.22
] 233 B 167 13| 10,00 poid] 008 0o5s] 0,32
1| 234 BT 6.0 14l 1017 noid|  bosal 045 032
12| 23 EA 16,6 1a] 1077 noid|  -po3s) 0058 033
v a2 65 18,6 14| w07 noia| -ogae]  oos] 032
W] 232 [ 16,6 1.5 1154 e Los| 032
I EE [ 166 18] 1154 oma] 0087 nost] 032
16| 232 f.6 164 18] 1231 pof4] a7 aost] 0,52
7 233 fifi 16.7 16] 1231 pote] 003 n0s2| 032
T [T 15.4 1.7 13.08 nome| 0038 0081 032
i@ 24z 8 160 17| 1308 G ros1| 0.32
m| 3 6.0 167 3] 13.08 amyf  00M nos] 0z
7| =3 £ 166 17| 1308 poia] 0.03s nosa) 0032
77| 237 £ 185 18] 13.83 poia]  onE] 000 052
i ) ] 164 18] 1235 pofe]  -p0az 0051 032
4| 233 ] 16.1 16| 1383 oginl  -ooap 0051 032
w 2aa A1 [ 18] 13385 om0l 003 poei| 0.32
=R [N 166 18] 1389 i I nost| 0.32
Zl 233 .6 16.7 19 14.62 .02 .50 post] (.32
] 232 b6 168 2 1538 pozz]  popel 0w05i) 032
T IEEE: 5 16.7 18] 1462 noza| D07 ] EEE
T EER B.7 185 7| 1538 s = onen] .32
| a3z 6 16,8 1 EEE ngzz| 0007 poal 032
7 EEN 6.5 185 2| 1538 anE| o0R nos| 0.3z
3] za2 . 18 2l 1528 Q0850 0086 posl 0.32
34| zaz £.6 166 21] 1613 o0z 0% nost| 032
35| 232 BY 165 24l 1615 no2s| 0025 a050] 0,32
T EEE] 6.7 16,5 21] 1615 0025 -002s Q080 0.32
7| 232 B.1 18,5 4| 1615 nom|  -000s 0.081] 032
= a2 8,7 16,5 2l 1615 e .50 0.7
W 212 [T 10 23| 1692 s nosa| 0.7
| 40] 233 BG 167 21| 16.15 o nosd 0.3z
| aif 232 BT 165 23| 1642 R 0050 0.32
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: RET QUA THI NGHIEM BA TRUC PONG
2 “xt XAC DINH BO BEN DONG CUA DAT

" ML _hth saxcial Test for the Determination of Cyclic Strength of Boil)

—_ hea tiéu chudn (According to) ASTM I 5311

(uy Nhom - Binh Dinh

B digm { Location): Quy Nhon - Binh Binh
Test Mo. 82 Hé khoan (Borehole No.):
D sau (Depth): 4-6m Ngiy thi nghiém (Date): 18/10/2019

Equipmeni; Tritech 100 (Controls-Group Tralfa)
L. MO TA AT (Soil Description):

| it viva, fin it sgn

Dy (mm) | Dy (mm) | Dy (mm) A 7. (glem)
.65 1.542

Thanh phin hat (Particles)

Il CHUAN Bl MAU (Specimen preparation):
. Phuong phip ché b (Method): Piém cit &m (Moist Vibration Method)

. Kich thirde va khdi lugng méo (Dimensions and “'%J' 1)
[hameier, 1, (i) HL‘.I:%L H, {mm) cight, Lx, (2] Water weight, L (g}

4] 140 &07.00 16.14

-

1L BAO HOA (Saturation):
- Phuong phip bio hoa (Saturation Method): Pang 4p hue n
el = i el =
i) ko hia dat duge (Degree Sat): B =1
- Sau khi bio hoa (afier Saturation):
Diameter, 13, {mm) Height, H, {mm}) Sample Weight, G, () Volume Change, AV {m_ljr
68073 130,000 102597 219

(Back Pressure)

1V, CO KET {Conselidation):
- Aplye cd két (Consolidation Pressure):
Tea = D 23 kPajll = 23 kPa |o.= 13 kPa
Tan khi oo ket (after Consolidation):
Diameter, D, {mm) Height, H, (mm)  [Sample Volume, W, (mly Dry Density, y. I'Lgl'cm-i}
68.973 135900 522,72 1.544
Dr= (0218

V. G1A TAI BONG (Testing): CTC-RTE
- Phuong phap thi nghigm (Test Method): A Khing thodt made (Undrained)
Ctie thong sb thi nghigm (Test Parameters):

Stress in | Stress in ax strain | Max Double
Frequency, f(Hz) comp. | ext. (kPa) Numbers of Cyelic, N i) amplitude
1 15 15 4+ §.76 242
Nguin thi nghiém Nt kidm tra

S
Ths, Phiing Hinr Hai f%: Vian Fhong
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////;ﬂ\\\i. BANG KET QUA THI NGHIEM

“Table of Dynamie Triaxial Strength Results
" Cs2 Ap lyre buding (Cell Pressure): 36 kPa

1 Hz Ap heo nguys {Back 13 k'a
ddu (SR 058 Chu ki phd Ty (Mg 20

Thenble ax, | Fare Taalle [Tyl |

Amp. | Excess |pressure Amp. | Siress

Axial siress (kPa) | Stress | pore Au Ratic | Axial strain (%) | Strain | Ratio
Cyele [Comp. Ext (kPa) | (kPa) | Ru (%} [ Comip. Ext. (%) SR
1| and F] 4.4 91 692 0047|0546 nEaa| 055
TR 15 206 18] 12.3] g4z -1408 1:288] (.55
I ] 4.3 53] 40.77 a5 -TH 1.511] 051
4 2848 3 255 78 w0V 4185 1B 1.8t 040
I 3z ] B7| 7462 popa A7 1.7 048
A 36 5 el 8154 nzeg| 1593  687H| 047
R 4.4 238 1] 8462 aG24] 1409 zom| 046
L &1 5 113 Be02 ngeal 1083 2oE] 043
ol 775 43 202 11.5] BE.44 e R 240 043
w| w3 45 228 116 85923 1718 Bd49i 28] 044
1| w2 47 725 1170 9000 2072 0183 2.735| 0.43
FEEE [T 725 1.4 90,77 243 01206 22| 0.43
13f I &0 222 1 %037 217 0545 el (043
Wy 0.1 210 17| 9231 3104 .82 223 042
B B2 Ha 17| @231 3430 1,142 2208 042
18 2 53 nr 12| 9231 a75e 1478 23| 042
17| 4 51 4 12| 92.31 4066 1.784 275 0.4
NI 51 214 12.4] 93.08 4 368 2064 2| 041
I 5.2 213 122 23485 4,663 234 23m| 041
T Bk M3 fr2| 0345 4,057 2648]  2.308] 041
| %5 54 1 123 9462 E 230 zafg] 2| D4l
7 54 2 124] 9538 & 510 41581 pasz| 0,40
| 266 5.7 2.5 124] 9538 D T D
| 766 5B 20,6 12.5] @615 Y ENET 2952) 40
I 5B 208 125 615 5316 1.857 23500 (.40
i 5.8 i 126 9692 B.571 1171 2a00] 0,40
7| 265 54 w7 126 9692 BA30 4424 2.40e] 0,40
w265 88 2.7 127] 9760 .08 4. 706 ragal 040
@ 264 51 2.1 128] of.4a 758 L9567 2| 040
G 5.7 T 128 9846 7.5 5,206 zafal Q0

P IEE ] 4 126| 0846 7.8 5483 2411] 0.39 |
| 267 i " 420l 0023 REL 5,808 2383 040

w o [F] 0.0 13l 100.00 B4A0 B 125 2.385] 0.40 |
M| 264 fi.3 201 i2al 99.23 &7 BA406 zapE| 0.9
R . 15.2 3] 100.00 &.745 541 1828 029
17 .7 10.3 120] 9923 8.1 7.7 naxal 020
77| 128 T8 & 128 9546 B.7E0 8.70F 053] 0.0
w114 i 39 127 uTeD B.7a1 B.T38] 023 006
@ 104 X 1 127 976G B.r51 E750 001|004
4 114 10,4 1 1211 97.69 a.781 & 756 poos) 002
41 1.2 0.7 5 127 9764 8,761 A.THE oooel ool
2 " i 1.2 127 4769 8,162 8,760 oomRl 000
FE L {IE] [F] 127 8765 8767 B.760 oop2]| Q00
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= KET QUA THI NGHIEM BA TRUC BONG

f,-fj-f"w“:\ : % :
A XAC DINH DO BEN PONG CUA DAT

o yeli ial Test for the Determination of Cyclic Strength of Soil)

LAS 928 > Theo tigu chuin (Accarding to) ASTMD 5311
-

e Am (Proy yuy Mhom - Binh Binh
Bia ditm {Location): Quy Nhon - Binh Dinh
Test Mo, 53 Hi khoan {Borehole Mo.):
PG siu (Depth): 4-6m Ngdy thi nghiém (Date): 19/10/2019

i Equipment: Tritech 108 (Contrals-Group 1 red il
I, MO TA DAT (Soil Description):

it vira, litn £f sgee

Dy (mm) | Dyg (mm) | Dyg (mm) A e (Rlem’)

Thinh phan hat (Particles) = T

IL CHUAN BI MAU (Specimen preparation):
- Phuong phap ché bi (Method): Bdm et 4m (Moist Vibration Method)
Kich thirdc vi khii leong mﬂlﬂ_ﬂim:nsiﬂns and Weight):
Diameier, L, () Height, TT, {mmm) Tiry W e, LT, () WiaTer Woight, Ow (&)
69 144 80900 16,18

LI BACQ HOA (Saturation):
Phiromg phip biio hia (Saturation Method); Bing ip e nguoe (Back Pressure)
1'5“" = o kPa  KPa [Feack = Efa kI'a _l
- B bio hoa dut duge (Degree Sat.p B 1
- Sau khi béio hia (after Saturation):

Diameter, D, (mm) Height, H, (mm) | Sample Weight, G, (g) | Volume Change, AY {ml)
68,904 39,820 102722 218

V. cO KET{{CIunauIidnﬂun]:
- Ap lye cb ket (Consolidation Pressure):
et = 61 kPalou = 45 kPa|U = 45kPa [0 = 16 kPa
Say khi coh ket (after Conzolidation):
Diameter, T (mim) Height, I, (mm)  |Sample Yolume, V; (ml} Dry Density, v, (gfem’)
68959 139,760 521.57 1.350

Dr= 0251
V., GIA TAI DPONG (Testing): CTC-RTE
Phuromg phidp thi nghiém (Test Method): A; Khing thodt nude (Undrained)
Cac thing 6 thi nghiém (Test Parameters):

Strezsin | Stressin Max strann | Max Douhble
Frequency, F(Hz) | comp. | ext. (kPa) | Numbers of Cyelic, N (¥a) amplitude
1 B 8 159 -3.64 197
I g thi nghigm Nguin kiém tra
fi" T ;L_,.-p-""
ThS. Phing Him Hai S, Wauyén Van Phong
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j”r‘h BANG KET QUA THI NGHIEM
able of Dynamic Triaxial Strength Results
C53 Ap lue buding {Cell Pressure): 61 kPa
el R 1 Hz r'\.p Tnre npguepe {Back 45 KPa
st bafi-dGu (SR): 0.25 Chu ki pha by (M7 4
TGable | Wi | Fore Diguble [ Uyelic]
Amp. | Excess |pressure Amp. | Stress
Acxial stress (kPa) | Stress | pore A Ratin | Axial strain (%) |* Strain Ratin
Cycle [Comp. Ext. (kPa) | (kPg) | Ru (%) |[Comp. | Ext (%) SR
1| 283 154 132 A6 10,00 0,043 A503 1a72] 021
3| 244 134 2.1 3 BEERE! RET 2T 1.445] 0,20
G 134 107 g5 5313 ERE 128 0.7
a] 24 14.7 87 wt] 6313 1768|3533 1748 13
5 217 15.2 &5 124] 7563 ) T IE]
AR 15.5 732 1ra] =000 4,043 3635 1602 011
71 2 116 f.4 731] ®1.88 A8 At 173 .10
8 A 8.9 59 13.1] E1.58 -1. 102 -1.448) 1044 0D
NI 71 57 137 &2.50 A5T4| 3320 174E) Q.09
ET 113 54 12.2| 82.50 -5.410 3181 1171 0.0%
R 174 56 1a7] B350 A28 2886 1.748] D.0%
1] A 174 ] 1a1] #1.28 BRI f.745] 0.08
] 27 174 53 134] BLA# « 08 -2.44) 1758 0.08
W By 115 52 121] E1.RR e A 1.773] 008
15] 2.7 175 52 ixi] R1.ESE LA 2640 1.788] 008
1] 228 174 ] 31| 2184 neC EEE 1.755] 008
W 7B 175 51 13| B1.BB s I 1737 008
| 7 175 5. 121 81.88 a7l -LE 1.742] Q.08
al 227 176 54 121l B1.88 Dy04] -2asB 1.754] OL0M
27 174 5.3 11| REAE oEER|  24m 1774l 008
H| 24 174 E 13.3] ®2.50 o860 -24M 1784 0.0
7 7.5 414 13.1] #1.88 Jemg| -hamd i784| 0.08
zaf 2E 17,6 5 131] ®1.88 L5  -12E 1377 0.0
24| 225 {75 § 134] #1.58 482 BT temal 008
95| 2% 175 48 134] BLES n4m] =23 1807] 008
I EEE 175 48 128 8250 444] a2 1.708] 00
@l 22T 1706 51 faal 83.12 4,371 2184 1843 0.0
2 225 175 5 133 #3143 1340 AT 18320 .08
m| rel 177 15 12.2] B250 o33l -xar2 1R8] 047
ap| 228 1.7 48 123 8250 szl e 1.706] (.08
H[ 225 1.7 4y 12zl ®2s0 T R 1420 D08
[ m| s 1714 &0 123] 8250 2237 -A078 14| 008
s3] #2i 175 4B 433] 8315 N T w.827] 008
| 224 176 4.8 133 R3.13 aatal  20ss 1840) 008
ag| 225 17.8 47 133 8313 a4 e 1843 .07
3| 225 17,6 49 123] 8313 4,113 181 1.808] 0,08
T A 177 4.4 133 %343 o142 1882 18400 0.07
| 223 177 A5 174] 83.75 LAl - EE 1858 0.7
38| 225 177 18 7.3 83.13 0047 804 1a57] 0.08
4] 24 177 4.7 123 83.13 9031 1808 1arr| 007
i) 177 ] 133] 8313 T L 1.88s5| 0.07
4] 223 174 45 133] B13 D005 -1ATA 1ET1| 007
qa 224 174 47 13.3] B3.13 oodz] LB 1861 0,08
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KET QUA THI NGHIEM BA TRUC BONG

e XAC DINH DO BEN DONG CUA DAT
s . Triaxial Test for the Determination of Cyclic Strength of Seil)
; .ff’_ e =Thea Tigu chudn (According to) ASTM D 5311
1 2
I[:-u in L,&‘:St}gzﬁ/) Quy Nhon - Binh Binh
i
Fra diém (Location): Quy Nhom - Binh Binh
Test No. 85 Hé khoan (Borehole No.):
b6 sau (Depthy:  4-6m Nghy thi nghiém (Date): 20/10/2019

Fquipment: Tritech 100 {Controls-Groug ftalia)
L MO TA BAT (Seil Description):

it viva, ldn f xpn

Dy (mm) | Dag (mm) | Dy (mm) A ¥, (glem’)
265 1.356

Thinh phéin hat (Particles)

Il, CHUAN BI MAU (Specimen preparation):
. Phuong phap ché bj (Method): Dam cdt im (Moist Vibration Method)
. Kich thute va khéi hogng méiu (Dimensions and Weight):

Thameier, Ir, {mim) Height, F, {mm) Doy Weight, O, (2] TWater weight, U [g)

69 139 CRER ] 1618

111, BAQ HOA (Saturntion):

hap biio hoa (Saturation Method):
e 4 K

. DO bio hoa dat dupe (Degree Sat.): B= 1.00

. Sau khi bo hoa (afier Sateration):

le npuge {Back Pressure]

Diameter, [, (mm) | Height, Hy (mm) Sample Weight, G, (g) | Volume Change, AV {ml}

68,976 138.920 1023.48 214

_—

1V. CO KET (Consolidation):
Ap Iye cb két (Consolidation Pressure):
ol = 67 kPa| O = 33 kPa|l = 33 kPa |0 = 34 kPu

— Sau khi ci ket (afler Consolidation):

Diameter, D, (mm) Height, H, (mm)  [Sample Volume, V, {ml} Dry Density, ¥, (gfem’)
HR.525 138.220 515.72 [.509

Dr = 0333
V. GLA TAI DPONG (Testing): CTC-RTE
- Phuong phép thi nghiém (Test Method): AS K hang thodat nude {Undrained)
. Che thong sb thi nghifm {Test Parameters):

Seress in | Stress in last slrain | M Double

| Froqueney, £(Fiz) | comp | ext. (Pu) Numbers of Cyelic, N | (%) | amplitude
5

14 14 41 -{3.11 .09

Mgurivi thi nghiém Nt kidm tra
-

£
T V
Th&. Phing Hiu Héi 5, WguyEn Viin Phing
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BANG KET QUA THI NGHIEM
ble of Dynamic Triaxial Strength Results

M CH3 Ap lye budng (Cell Pressure): 67 kPa
Tiin SHz Ap e ngupe (Back 33 kP
T4 50 1m . 21 Claia & pha by (M) MA
Tonble | Mas. | Fore Troufile | Cyelic]
Amp. | Excess |pressure Amp, | Streas
Axial siress (kPa) | Streds | pore Au | Ratio Axlal strain (%) | Strain | Ratio
Cycle[Comp. | Ext_ | (kPa) | (kPa) | Ru (%) Comp. | Exi. (%) | SR
1| w2 738 4.4 [ anxal 40063 Eoss| .18
oS3 78,1 3.2 o 000 a0  o0od  D.oe7| 017
3 55 25 F ni 059 4050 490 nosel (.18
4 518 26,1 238 nsl 147 a6z B103 Dot 018
5| 521 264 3.7 ngl .76 a0es] 00 oear] 017
6l 524 265 3.9 nal 235 A067]  Da0E 0038 .18
I 65 719 03l 285 i ooar] 0,18
L Tk A 1| 294 = [ I
o] s2d T w7 ti] 3.4 oofa]  Dand]  God] 017
1] 524 0.7 7 [HEET ooml 03] ooda) 17
1] 524 287 7 14] 3.4 oora]  0qos] oos| 0.7
E T 06 238 12 3.53 Q0] A 003 004
EEE 186 FER] 12] 353 407y po0s]  Dom| 047
W 523 P N 13} 282 4077 008 003 017
EIE 75 738 13] 3180 B0t 00| 0033 018
16 523 284 FRE] 1.3] 382 073 0105 [ AL
i7] 512 25,5 2t 14 4.12 G073 0 00z 0,17
B 521 28.3 Fal] 14 412 0073 A0 0ok 018
1] &1 203 234 14] 412 o074 0107 no33 0oLB
| s 22 250 14 412 0473 a7 e
#| 52 28.1 238 14| 412 0ars]  0407] 0032 0.8 |
H B 20 215 16 441 0078 L oo32] .08 |
3 610 % FEN] 15 4.l L0780 -n0e 0.033] 0.8
ul 517 # 217 18] 4.71 oom8]  0ooel 003z 017
5 L ] 1l 15 .4l Q078 108 a0 017
26| 518 24 234 16 471 i AL 00230 017
|l 57 FiE] 54 15 471 ool ot 0083 018
[ 5.6 ) 27 171 5.0 0T 4,408 [P N
ml AT 7.8 348 17| 500 e oy 018
@l T i 718 17 5.00 oor7]  Doaoa] 0032 OGIR
| T & 2.1 17| 500 ooy 008 ooaR) 0o
@ 517 3.9 238 L7l 500 Lo7i]  an ool 008
33 84 e 115 17 500 007e] 0108 o33 0.8
M 514 ] 219 17 5.00 0077 0400 003 008
] .1 230 17] 500 0476 -0.108 0033 0.8
S 71 139 17] 500 agre|  -oiel,  0033] 0.8
i R . o 17] 500 Q477 0408 naz| 0.18
R 2.2 330 14 529 Q07 0108 0033 (18
w521 282 F39 18] 529 4077 000 Lose| 0.18
qof 521 83 734 1.0 5.29 4077 04m pozz] (.18
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g

!_,.-’_:,- -,
208

‘Bia digm (Location):
Test MNa.
B siu (Depthk

1. MO TA BAT (Soil Description):

KET QUa THI NGHIEM BA TRUC BONG

XAC DINH DO BEN BONG CUA AT
xjal Test for the Determination of Cyclic Strength of Soil)
tiey chudn (According to) ASTM D 5311

oy

Quy Nhon - Binh Pinh

Juy Whom - Binh Bijnh

C57 Hé khoan {Borehole MNo.j:
4-6m MNgay thi nghigm (Date): 21209

Eguipment: Tritech [00 (Conprols-Group Italia)

Cit view, lin ft sgn

. , Dy (mm) | Dy (mm} | Dyp (mm) | A ¥, (gfem’)
Thinh phéin hat {Particies) 5E% 590
Il CHUAN B] MAU (Specimen preparation):
- Phuong phipché bi (Method): Dam edt 4m (Moist Vibration Method)
. Kich thudc vh khdi lugng miu (Dimensions and Weight):
[Tarneier, LY, mm) eipnt, H, ) Dy weeight, 07, (8] T aier W ElRh, Gw (8]
(2] 140 50100 16.02

Do ™

[il. BAO HOA [Saturation):
Phuromg phip bio héa (Salu

A

ration Method): Bing ap luc nguge (Back Pressure)
B Tt — i

D5 biio hoa dat duge (Degree Sat): B= 1 L0
Sau khi bao hoa (afier Saturation):

Diameter, D, (mm) | Beight, H, (mm) | Sample Weight, G, (8) Volume Change, AV (ml)
68,979 139.940 1022.24 221
V. E:l:l KET {Consalidation):
- Ap lyc cé két (Consolidation Pressure):
et = 67 kPa|ou = 33 kPafll = 1 kPa o' = 34 kPa

- San khi co ket (af

ter Consolidation):

[Hameter, [, {mm})

Height, H, (mm) Diry Density, ¥, (gfem’)

Sampie Volume, ¥, (ml)

ThS, Phing Hiru Hai

68947 139,600 521,20 1.537
Dr=0.178

v, GIA TAl PONG (Testingy: CTC-RTE
- Pluromy phép thi nghi¢m (Test Method): A; Khing thodt nude (Undrained)

O thang s thi nghidm (Test Parameters):

Sressin | Siressin Pla sirain | oy Double
Frequency, f(Hz) | comp. | ext (kPa) Mummbers of Cyolic, N (%) amplitde
7 30 a0 SO0 .21 .14

N thi nghigm Ngubi kiém tra

o

{.‘S. Mguyin Vin Phong
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P BANG KET QUA THI NGHIEM
,«;,”r_:[{_ﬂ Eﬁ‘;’l:the of Dynamic Triaxial Strength Results
LW Cs7 Ap hyc budng (Cell Pressure); 67 kPa
16y 2 Hz Ap B nguge (Back 35 KPa
Ty s i aed diu (SR): 044 Cho ky phi hity (Mg: NA
Thoulle | Max. | Pore Thaulile [ Cyelic |
Amp. | Excess |pressure Amp. | Siress
Axial stress (kPa) | Stress | pore Au | Ratio Axial sirain (56} | Sirnin | Hatio
Cycle[Comp. | Ext. | (WPa) | (kPa) | Ru (%) JComp. Bt | (%) | SR
1| s 12.3 582 18] 529 i 0135 0.43
2] 8.5 12 515 19] 559 noz4]  ooaf]  04m| 042
Al E2d 12 Bl 2 S.ER n0ie 0089 0.118] 042
A 649 114 a7 21 BB amz] A 0.114) 0.42
5| 687 115 51.2 23] 647 g00e] 008 04| 042
6 6.7 s B3 22[ 647 pogs] Dl 0413 042
7| G 11.3 BT 5 23| 674 0.003 D08 0191 0.43
I 113 474 4] 7.06 opt|  oqs0]  dace] 043 |
5| &6.8 1.3 g5 24 7.06 oo01|  wanl  etiof 0.42
T 1.3 515 G EEEE oo ane] oo D42
1] E&7 11.4 57.3 26| 7.63 e R E A L
12 687 11.5 572 6| 7.65 on0E] o4 od0g| 042
ERE 114 673 28] 7.63 oonr] oiiE 0108 0
14| 6a7 1.3 A7 4 21 7.4 e A 0108 042
1B &8T 113 574 28] 8524 e R R Dl (A2
16| ERA 11.3 51.5 28] B.24 T I KA o7 .42
17| B0 11.3 5.7 29 BS53 001 0,117 0407 042
18] Gad 1.1 TE] 20] #.53 oy o 0106|043
W 69 [ 58 23] 853 ami 008 nao7| (43
m| 8O 11.2 7.7 o E AL 0105) 0.2
2] 887 11 57.7 3| .82 4.014] 0118 oA0d] .42
22| gad 111 515 3l a2 T E AL 0.105] 0.42
2 GBA 11.2 514 31l 512 oot O8] 0] 042
M| 6BE 11 1.5 ERIEET oo one] oam| 042
o D 11 578 17 9.4l 0014 0448 0.104] 042 |
2| Ay 1.1 576 37| 9.4l A0 017 oi0a] 0.42
27| BT 11 LT 3z 441 o] niiE]  napd] 042
I 164 &7 33l 9.7l i 4117 0403 0.43
5 R 104 57.8 33l 971 ogid] 0417 0403 043
3| eay 108 55 14| 1000 a4 Al 0.903] 043
3| mag 10.8 5 34 10.00 amal  anr r104] 0.43
32| BRT 10.9 578 34] 1000 D014) a7 0103 043
Y i1 E77 asl 1029 i I REE 0102 042
T IR 11.1 878 35] 1009 0013 nig 0,106 a2
%[ a7 11:2 575 3.5 10.29 oy ansl  gone] 042
T 1.2 516 a6 10.59 o] ais] o4 042
W s 11,1 578 36| 10.59 R 0103 043
| GBS 1.1 578 36 1059 1611 A 116 0108 0.43
3| G&9 111 BT a6l 1059 R E AL o0z 043
IR 11 574 _37] 1088 -0t ot13]  040E 043
4| Gl 11 58 ] TR a0t oona) A0 043
$2f  Bad 11 54,1 a7 1088 s A L X
43 &b 10,8 50,1 a7 10.88 ama] 02 0132 043
&) GRS 11 B7.0 38 1018 ama] a2 nA0a 043
45| G689 10.8 B agl 1118 o R o0 0.43
a8 a7 1.1 b7 & 39] 1147 ST R 00| 042
Q| &84 111 7.5 38l 11.47 T IEREN 0.402] (.4
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CYCLIC TRIAXIAL TEST FOR THE DETERMINATION OF

ﬂ 1E MODULUS AND DAMPING PROPERTIES OF SOILS

Drainage solenkod

L

Clesed ﬁi/

Profest Qtﬁﬁ i Finh Test Mo, C2_D3%F Borehole Mo
[acationEH) x> Hinh Binh Depth (my  1-2m Test time 30102019
Operater PLH. Hai
|SPECIMEN INFORMA
Tdentification Cdit vira Wet Density y (T/m3} 1.94
Dirmensions | Peaimt 1 Point 7 |Point 3 |Point 4 |Point 5 |Point6  [Average  |Sud Dew.
Diameter {mm) i o0
Height (mm] 144 1400
Cross-eactional anéa (mm?) 349
Vedume (e 538
Sample diameter caloulation Estimated frean volume change unit
Consolidation method Isoiropic
MP 10NS NEO TIO
Diameter {mm) 6.3
Height (mm) 140.%
Ares {mmt) iTTa
Wolwmee (ool 530
CLIC TAR TEST I' ME =
Test method ASTM D 3999 { Displacemnent Contrelied Modulus and Damping Test]
Contred mode Stress
Dirainage congition Undrained
Strain in compression (%) 20 1 ALU
Srrain in extension (%) 1] Deviator strzss (kPa) 0.5
Peak 1o peak amplitude (%) (2 Axial siress (kPa) GE9
Loading perlod (msec) ] H] Mean novrnal stress (KPa) G
Test frequency (M) 1 Avernge stress (KPa) G691
Maximum test cycles 00 Shear siress (kPa) 0.2
Cyclic axial strain Yimit (%) S0 Laoad (W) 1.8
Operated by
{CYCLIC SHEAR TEST A - ,ﬁ,————
Elapsed rime {sec) 5001 Mz Phing Hitu Hai
Tatal cycles 30 Checked by

Ph.Dd, Wguyviin Viin Phing
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CYCLIC TRIAXIAL TEST FOR THE DETERMINATION OF
“THE MODULLUS AND DAMPING PROPERTIES OF SOILS
Prafelt (3 Amﬁa' Bifink Test Mo C3_D3ss Borehole No.
Lacatidnstiu i+ Binh Binh Depthim)  1-2m Test time  29/10/2019
Operator P, H. Hai
JQ‘FEE!E'EN INFORMATION
Identificution Cat vim Wet Density 7 {Timd) 1.93
Dimensbons Point 1 |Point2  [Point3  |Poimd  |Point3 [Point6 JAverage Std Diev,
Diameter (mem} 0 70.0
Heighi (rem) 1408 14400
Cross-zactional ama (min') 384T
Volume {co) 339
Sampie dinmeter caleulation Estimated from volume change unil
Conselidation method Isotrogic
S A 1M TONS AFT Jukid AT
Dhmmetes (mm) 710
Height {mm) 1354
Area (mm®) 354
Wolume (ech 534
CYCLIC S T y
Test method ASTM D 3594 (Displacement Controlled Modislus apd Damping Test)
Conirol moids Sirean
Dirainage condition Llndrained
Sirain in compression (%) I8 [MNITTAL VALUES
Strain in extension (%) 18 Treviator stress {kKPa) 0.8
Peak o peak amplitude (% 02 Axial stress (kPa) a7
Loading period (msec) ] hiean normal stress (kPa) 64,2
Test frequency (1) 1 Avernge strees (KPa) 65,3
Muaximum lest cyeles SO0 Shear siresa (kPa) (4
Cyelic axial strain Hmit (%) 500 Load (M) 3.2
Operated by
YCLIC SHEAR ' i) /éﬁ___ -
Elnpsed time (sec) S s Phing Hifu Hii
Total eycles 500 Checked by:
Drninage solenmod Chosed W
A
Ph.D. Nguyfn Viin Phing
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CYCLIC TRIAXIAL TEST FOR THE DETERMINATION OF
MODULUS AND DAMPING PROPERTIES OF S0ILS

Proje .,..l\ ] ainils Test No.  CS1_D3H4S Baorahale Mo

Locntion: T nh Fuh Depth {m}  4-6m Test time 28102019
Cperasor P H. Hai

SF FORMATION
[dentification it wirn, n it san Wet Density ¥ (Tim3) 1,80
Dimensions Point | |Point2  [Point3  [Point 4 Pointd  |Poim 6 |Average  |Std Dev
Diameter (mim} T 0.0

Helght (mm} W 140.0
Cresg-sectional anea (mm?) 3H40
Yolume (o) 530
Sample dismeter calculation Estimated from volume change unit
Conzolidation method [setropic

MPLE DIMEMSIO! ER NE ATLON

Diameter {mim) T

Height (mm} (EI0N |
Area {mm®} IR4T

Wolume {ce} 539

: 1C SHEAR P
Test method ASTM D 3999 ( Displacement Controlied Modulus aned Damping Test)
Contrel mode Stress

Drvaipge condition Undrained
Stratni in compression {%) 3 [NITIAL VALUES
Sirain inexiension {5 3 [leviator stress (kPa) 0
Peak to peak amplitude (5] 0.2 Axinl stress (kPa) 452
Leding pertod (msec) 100 Mean normal siress (KPa) 43,2
Test frequency (Hz) 1 Averape stress (KPa) 452
Wlaximum test cyeles 500 Shear stress (kPa) 4]
Cyehic axinl strain limit (%) 500 Load (1) 03

[Operated by:
AR TEST DAT /_2«"-’____ ~
| Elapaed time (sech 42 s Phiing Hitu HAi
Total cycles 4 Chiecked by
Dirpinage solepbod Closed
Fh. D, Mguyen Vin Phing
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CYCLIC TRIAXIAL TEST FOR THE DETERMINATION OF
E MODULUS AND DAMPING PROPERTIES OF S0ILS

profect: QUG i Test No.  C52_D3999 Borehale No.
Locitidn - Binh Binh Depth (m)  4-6m Testtime 29102019
Orperator P, Hai
SPECIMEN INFORMATION
Identification Cét vira, Win it san Wet Density ¥ (Tim3) 190
Diimens1003 Point | |Point2  [Point3 |Point 3 Point 5 |Pointé  |Average |Std Dev.
Dizmeter {mm} T 70,0
Height {mm) 140 L4
Cross-secliongl area (mm®) 3849
Volume (o) EEL
Sample diameter calculation Estimated from volume changs unit
Conaolidation method Isotropic
SAM 4 S0 FL O™ IDA
Digmetes {mm} 701
Hesght {rmm) 130.8
Area (mm’) 3854
Wolume (e 530
LIC SHEAR P MET
Test method ASTM D 3999 (Displacement Controlled Maedulus and Damping Test)
Control mods Siress
Drninage condithon Undraised
Strain in eompression (%) B INITIAL ¥ 5
Sirain in exteasion %) b Dievistos stress (kPa) {16
Peak to penk amplitude ) 0.2 Axisl stress (KPa) [
Loading period (msec) 10600 Mean normel stress (k) L
Test frequency (Hzl I Moverage stress (kPa) Lip ]
Maximum test cycles 500 Sleear stress (kPa) Rk
Cyelic axial strain limit (%) 500 load (M) -2.3
Operated by:
Y HEAR [EST D 7
Elapsed tims (s=c) [5% W= Phiting Hin Hai
Total cycles 154 Checked by:
Drainage soleniod Closed Pg
II - -
Ph.b. Meuyén Vin Phing
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YCLIC TRIAXIAL TEST FOR THE DETERMINATION OF

E MODULUS AND DAMPING PROPERTIES OF SOILS

Praoj inh Binh Tesi Mo, OS5 DR Borehole Mo

Location: fi - Bink Bjnh Ciepth () £-6m Test time  2810/201%
Operator P H. Hii

SPECIMEN INFORMAT 10N

Wet Density 7 (Tfm3) 1.5

Tebentification it wira, 18n it san

DAamenaions [Paint 1 Point 2 |Point 3 Point 4 |Point 5 [Poini 6 Average Sid Dev.

[Mameter {rum) T0 TLD

Height {mm} 140 140,50

Cmss-sectiona] area [m) 3849

“aolume (o) 539

Somphe dinmeter caleulnzion Estimated from volume ehangs unit

Consedidation methosd Isotropic

e PLIE DI (NS AFT COMSOLID ™

Diameter Cmm) 70,0

Height (mmm} 1349

Aren [mm?¥} 1548

Wolume (ooh 538

!"I'I_:'ﬂjiﬂ SHEAR TEST FAE&HETE ES

Test method ASTM D 2950 (Displacement Controlled Modulus and Danmping Test)

Control mode Stress

Dirainage condition Undrained

Strain in compression {5 14 INITIAL VALLUES

Strain in cxtension {5 14 Drewvaator stress (kKPa) 0.2

Peak to peak amplitude (%) 02 Axial stress (kPa) 15

Loading perind {mses) 200 Mean normal stress (kFa) 749

Test frequency {Hz) 5 Average stress (kPa) 45

Mnximuam test cycles 50 Shear stress (kPa) 0.1

Cyclic axind strain Timmit (%) SO0 Laoad (N} IR
'DPEHE‘I‘:I:' by

CYCLIC SHEAR TEST DAT ,;é;,f——— *

Elapsed time (3sc) 83 Ms.Phimg Hiru Hai

Total eveles 41 Checked by:

-

Diainape aolenind Closed ’
o

Ph.D. NguyEn Vin Phing
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PHU LUC B

KET QUA THI NGHIEM BA TRUC CHU KY (BO SUNG)
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SANG TONG HOP KHO1 LUQONG THI NGHIEM
SLAS 928 2

TT W Loai dit N§i dung thi nghigm Tiéu chufin thi |
u nghiém
1 CCl-1 Cit hat vira e dinh kha ndng hda Il.’mg ASTM 5311
2 CC2-2 Cit hat vira Hiae dinh kha nang hoa ldng ASTM 5311
3| _€c33 Céthat vira | Xéc djnh khd ning héa ling | ASTM DS311
4 | CC4-4 Cét hat vira | Xdc dinh kha nang héa ling | ASTM DS5311
_ Cat hat vira, | Xdc dinh kha ndng héa ling | ASTM D3311
5 | €821 lin it san -




201

KET QUA THI NGHIEM BA TRUC BONG

C BINH DO BEN BONG CUA BAT

— % Tyigial Test for the Determination of Cyclic Strength of Soil)
¢o tidu chudn (According to) ASTM D 5311

[ én (Profeits Quy Nhon - Binh £inh
Bria ditm (Location): Quy Mhom - Binh Binh
Test Mo. CCl_1 H# khoan (Borehole No.):
[E sdu (Depth): 2-4m Mty thi nghiém {Date): 301272019

i Equipment: Tritech 100 (Controls-Group falial
1. MO TA BAT (Soil Description):

Cdt vira,

D {mum) | Dy (mm) | Dyg (mum) A ¥ '[El"ﬂms]'

Thénh phin hat (Particles) 5o T390

1l. CHUAN Bl MAU (Specimen preparation):
. Phuong phip ché bj (Method): Bém eit m (Moist Vibration Method)

- Kich thuirc vi khii | miu (Dimensions and Weight):
Tiameter, O, {mm) ﬂes;gt, P {mm) | Ly weight, O, (g) WRICT WEight, 5w (2]
69.53 137.5 BOE.00 16.16

Il BAO HOA (Satoration):
hép bao héa (Saturation Method): Bi
= i Fhack —
- D3 bio hoa dat duge (Degree Sal); B= 1.00
- Sau khi bdo hia (after Safuration):
Diamecter, D, (mm) | Height, H, (mm) | Sample Weight, G, (g) | Volume Change, AV {ml)
09500 [37.440 1018.68 211

ap Iyc n {Back Pressure)

V. CO KET (Consolidution):
Ap le o két (Consolidation Pressure):
6 e = 61 kPa| Oy = 23 kPa|U = 23 kPa o', = 38 kPa
- Sau khi ed kit {after Consolidation): .
Diarneter, D, (mm) Height, H, (mm) |Sample Volume, ¥, {ml} Dry Density, 7. (Efcm]‘)
69,530 137.300 57208 1,548

¥, GIA TAI DONG (Testing): CTC-RTE
- Phuong phap thi nghiém (Test Method): A; Khidng thodt mudc (Undrained)
- Cae thing 56 thi nghiém {Test Parameters):

Stressin | Stressin Max strain | Max Double
Frequency, f(Hz) comp. | ext. (kPa) | Numbers of Cyclic, N i) amplitude
1 125 12.5 108 72 1.62
M pelri thi nghigm Wt kidm tra

A,
M W
ThS. Phiing, Hiru Hai - S. Nguyén Viin Phéng
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BANG KET QUA THI NGHIEM
ble of Dynamic Triaxial Strength Resulis

Méu cCl_l Ap lye bubng (Cell Pressure): 61 kPa
Tir s 1 Hx Ap lve nge (Back 13 kPu
T§ sh 0065 Chis bk phd hiy (M 12

Touble | e, Fare Tiaukle | Cvelic |
Amp. | Excess pressure Amp. | Stress
Axial stress (kPa) | Stress | pore An| Ratio | Axial strain (%) | Strain | Ratio
Cycle [Comp. Ext (kPw) | (kPa) | Bu (%) |[Comp Ext (%al SR
1| 4r8 6.0 211 123] 3254 R 2836 0.14
A IE 24 215 182] 4815 Apo7|  2@es|  0ses| 014
EETE] 23 256 K] BN B T pr 017
NEETE 2.3 ] HA| 5383 R R 0z 017
5 47 2.2 25.7 He| 5767 a8z 2im| o3z 017
6] 478 ] 250 24l 5926 a2 2a02] 0o 017
7| 482 18 26.4 7| GRS AB0E 23 0.488) 0.17
8| 4az2 He 23 e s2%6 Ap0e]  2ms|  osed| 047
a] 485 221 6.4 38 6561 B4 2518 o] 017
0] 48 2 i s8] 6825 SB3E 2TR M| 0.17
11 475 123 563 il 716D LEsE[ - 3T 1152 0.17
12] 474 ) 245 6| 7366 487 -3.268 1372 0.6
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KET QUA THI NGHIEM BA TRULC BONG

XAC BINH PO BEN BONG CUA DAT

aginl Test for the Determination of Cyclic Strength of Soil)
eo tiéu chuiin (According to) ASTM 5311

Dy dn (Profeit); Cuy Nhon - Binh Bjnh
Bia didm (Location): Quy Nhom - Binh Binh
Test No. CC2 2 Hé khoan (Borehole No,):
¥ sdu (Depth):  2-4m Megdy thi nghiém (Date): 31/12/2019

Equipment; Tritach 100 (Confrals-Growg Nalin)
I. MO TA DAT (Soil Description):

e virm,
. g Do (mm) | Dyg (mm) | Dy (mm) A o LB/
Thanh phin hat (Particles) 577 ~TEn
1L CHUAN BI MAU (Specimen pmplrallon}
- Phuong phip ché bi (Meﬂmd] Pim cét fim (Moist Vibeution BMethod)
Eolch thurde va khii 1 midiu (Dimenstons and Weight):
Chameter, IF, [mmt] Hei H., (mm} Dy Wenght, 05, (g) Waler Welght, Lrw (g}
&0.6 1354 B3840 L6.76
11 BAO HOA (Saturation):
- Ph hiio hia (Satration Method): Bang dp hge !'l?l..!‘l;!‘ﬂ {Back Pressurc)
[ e fikFa EFa [ Funcke = kFa  kPa ]
Bé biio hoa dat dwge {Degree Sat): B = 100
- Sau khi bio hia (after Saturation):
Driameter, [, {mm) Height, H, (mm) | Sample Weight, G, (g) | Volume Change, AY (ml)
6%.573 132,300 1045.84 208

IV. CO KET (Consolidation):
Ap lue ci két (Consolidation Pressuse):

O et = 96 kPa|Gpger = 63 kPa|U = 63 kPa |o'.= 33kPa

- Bau khi cd ket (after Consolidation):

Diameter, D, (mm) Height, H, (mm}  [Sampie Volume, ¥V, (ml) Dy Density, v, [g"-cm}]

69,557 139,360 329.95 1.581

V. GIA TAI PONG (Testing): CTC-RTE

Phuromg plu:g thi nghiém (Test Method): A; Khing thodt nwde (Undrained)

Céc thing 55 thi nghim {Test Parameters):
Stressin | Stress in Max strain | Max Double
Frequency, f(Hz) COMmp. ext, (kPa) | Mumbers of Cyclic, N (%o} amplitude
1 250 2510 g 036 5.84
Ngurén thi nghiém Mg kigm tra

s

ThS. Phing. Hifu Ha 'S, Nguyin Van Phing
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BANG KET QUA THI NGHIEM
‘able of Dynamic Triaxial Strengih Results
ce22 Ap Iy budng (Cell Pressure): 9% kPa
1 i Ap lyre ngecee (Back 63 kPa
0380 Cha ki pha iy (M) 33

Double | MEL | Fore L] yelic
Amp, | Excess |pressure Amp. | Stress
Axial stress (kPa) | Stress | pore Au | Ratio | Axial strain (%) | Strain | Ratio
Cyele [Comp. Fxt. | (kPa) | (kPa) | Ru (%) [Comp. Ext. (%) SR
1] E535 g 465 4] 739 o010 -3osa| 30| O35
2] Es 107 428 R T .42 3482 2umd| 035
T 4.1 44 17| 51.67 A 465 3482 137 033
4] 53 g1 439 FIE| 6365 A 465]  -3462 137 0,33
5 528 104 422 6] TT.EI 8] <34l 2pe8 032
6 &2 119 40.1 mz 8371 1080 -3462 2183 030
7l 513 13 w3 208 Q.58 -1.084 =3 482 2368) 029
8] 808 1.2 364 - ang| 9362 0087 3482 25350 028
A 14§ 361 17l 9635 0,574]  -3482 Z538| 037
10| 506 164 3.3 318] 969G 065 3462 aarf 027
11| 504 154 34 321) 97.57 048] 3462 3510 0.26
iz 504 158 .4 ) 97.26 0387 3462 5| 0.26
13} . 50.3 1549 344 3ol 965 073 3482 4198 0.26
T 16,1 ] 31.;' 06,35 1082|3462 4544] 026
15)  4B6 16,1 =T .| 9635 t426)  -3462( 48R 025 |
6] 482 16.2 n 318] 96.05 1,773 -1462 5238 025
T 16.5 33 315] 95.74 2i40]  -3462]  5602[ 025
18] 403 16.8 327 31.5] 95.74 2sa0] -3Me| 57380 0.2
19] 481 16 f .5 31.5] 95.74 zoio] 23] Se03[ 0.25
2] #. 1.0 a2 T a4 2516 SA3f| 024
2] 495 158 36 38] 9574 assEl 243 5752 0.25
fal 495 16.8 327 3.5 9574 4005 -1.74d 5753] 0.25 |
x| IR 16.8 125 3.56] 9574 4381 -1.384 5785 .24
24 4as 18.8 327 3.8 96.03 47| -z 57EA[ 0.25
25| 494 16.7 T 35| 95.74 g181] 4057 57E0l 0.25
| 495 16.7 328 35| 457 o R g730] 0.25
[ 4as 16.2 327 #HT| 9635 B 12 0.097 i3] 0,25
sl 433 6.5 324 318 0606 [ Fisd [ 5774|025
| 2] 40 16.8 23 3B 9666 ELH 1,162 s8] 0,25
awol 487 171 115 6| 666 752 1,73 B0l 0.24
| 485 164 WE I 315 ©6.06 7332 FRED 740} 025
s2|  4ud 163 L] G H605 gdm|  2eER ET4d4l 0.25
33l 50 17 354 G IR B.0d4 1309 5743 025
Ml 440 17 74 321] 9757 9,344 3745 B54H 021
S 184 1 36| 9.09 0363 4.351 5012] 0.14
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KET QUA THI NGHIEM BA TR!,_TE‘THT}N{‘;
XAC DINH BO BEN BPONG CUA BAT
riaxial Test for the Determination of Cyelic Strength of Soil)

f/ o tidu chudn (According to)} ASTM D 5311
= LAS 528
D i (PEypect): Quy Nhon - Binh Bjnh
ey
Bia difém {Location): Quy Nhion - Binh Bjnh
Test Mo. CC3 3 Hé khoan (Borehole No.):
B sl (Depth): 2-dm Ngay thi nghiém (Date); 02/01/2020

Fauipment: Tritech 100 (Controls-Groug fralta)
I. MO TA BAT (Soil Deseription):

Cudt veea,

Dgg (mam) | Dig (mm) | Dy (mm) A Ye {fem’)

Thanh phin hat (Particles) 367 1.558

IL. CHUAN B] MAU (Specimen preparation):
- Phuong phap ché bi {Method): Pam cit 2m (Moist Vibration Method)
5 Eich tharde va khoi luomg min (Dimensions and Weight):
THameter, 13, (mm) Height, H, (mm} Diry Weight, 15, (g] Waier Weight, Uw (g)
69,3 139.5 20,00 16,40

I BAO HOA (Saturation): \
- Phuong phip biio hia (Sateration Method): Bing ép lyc ngge (Back Pressure)
[Feen = 28 kPa EPa [Tk = 18kFa  kPa |
- D& bdo hoa dat duge (Degree Sat.): B = 1.00
- Sau khi Bio hia (after Sataration):
Diameter, [, {mm) Height, H, (mm) Sample Weight, G, (g) | Velume Change, AV (ml)
69.273 139,400 T030.30 310

IV, CO KET { Consolidation):
- Ap lye ed két (Consolidation Pressure):
ocll = 29 kPa| T = 18 kPa|U = 15kPa o, = 11 kPa
- Sau khi cb két (after Consolidation):
Digmeter, D, (mm) | Height, H, (mm)}  |Sample Volume, V, (ml) Dry Density, 1, (gfom’)
69262 139.300 524.85 1.562

V. GIA TAI BONG (Testing): RTE
Phuromg phﬁ:r-u thi nghiém (Test Methed): A; Khing theat medic (Undeained)
- Cac thing s6 thi nghiém (Test Parameters):

Stressin | Streszin Max stram | Max Double
Frequency, f (Hz) comp. | ext. (kPe) | Numbers of Cyelic, M {0} ampliftude
1 0.0 150 234 -850 4.37
Magudn thi nghiém I g kian_t_tra

.ThS. Phing Him Hai 'S, Nguyén Van Phong
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KET QUA THI NGHIENM BA TRUC BONG

XAC BINH PO BEN BONG CUA BAT

ial Test for the Determination of Cyvelic Strength of Soil)
tiéu chudn {According to) ASTM D 5311

L : "~
Dy dn (P Ltf!lS gZ8

Bia diém (Locaticn}: Quy Nhon - Binh Dinh

Test No. CCd 4 H# khoan (Borehale No.):

E3 s (Depth): 2-4m Mgay thi nghiém (Date): 030172020
Fequipment: Tritech [0 (Controls-Grouyp falia)

L MO TA DAT (Soil Description):

Quy Nhom - Binh Binh

{Cdr wira,

Thich phin hat (Particles) | 260 () | Dso(mm) | Diomm) | & | o (glem

2.47 1.556

1L CHUAN B MAU (Specimen preparation):
- Phuromg phiip ché bj (Method): Bim it dm (Motst Vibration Method)

- Kich thuée v khidi hagng min (Dimensions and "E'-"ei.Eht]:
Lharmeter, D)) {rmim ) Heaght, T3 elght, L, (2] water Weaghl, Lw ()
693 1382 81700 1634

111, BAD HOA (Saturation):

- Phuomg phip béo hda (Saturation Method): Bing dp lye ngwge {(Back Pressure)
Doali = kPa |U'u|.:k Tr ]E EEFH ks |
EM) b0 hoa dat duge (Degree Sat): B= 100

- Sau khi bdo héa (afier Saturation);
Diameter, D, {mm) Height, H, (mm) Sample Weight, G, (g) | Volume Change, AY (ml)
69.273 139,100 1027.29 210

IV. CO KET (Consolidation):
Ap lye ob két (Consolidation Pressure):
Ceia ™ 35 kPa|Gyp = 18 kPafU = 18kPa o = 17 kPa
Sau khi oo két (after Consolidation):
Diameter, D, (mm) | Height, H, (mm)  [Sample Volume, V, (mi} Dry Density, 1, (glem’)
659,254 138900 333 1.562

V. GLA TAI DPONG (Testing): CTC-RTE
- Phweng phdp thi nghigm (Test Method): A; Khéng thodt mrée (Undrained)
Cée thdng 56 thi nghigm (Test Parameters):

Stress it | Stress in Max sirain | Max Double
Frequency, f (Hz) comp. | ext, (kPa) | Mumbers of Cyelie, M [¥a) amplitude
1 15.0 15.0) 46 6.71 3.25
Mgt thi nghiém Nguiri kiém tra

=

Th3. Phing Hiu Hai

.
. Nguydn Vin Phing
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BANG KET OUA THI NGHIEM

Table of Dynamic Triaxial Strength Results

Mol (T Cod 4 Ap e budng {Cell Pressurc): 35 kPa
Tt 50 1Hz Ap lye ngwoe (Back 18 kF'a
T¥ st 0444 Chu ko phi by (M) 42
[ S miﬁlﬂ—mr." —Fore Dioabie [ Cyehic |
Amp. | Excess |pressure) Amp. | Siress
Axial stress (kPa)| Stress | pore Aun Butio | Axial strain (%) | Strain | Ratio
Cyele [Comp. Exi. | (kPa) | (kPa) | Ru (%) [Comp. [ Ext (0] SR
1| 334 i 255 49| 28.09 afenR]  -237 2468 0138
21 2 6.3 255 18] ©9.82 43,505 -2 588| 2403 (38
] 85 BS ME 135] 7988 4414 2400 2475 035
4] ma 65 ] 14,3 B4.62 g2 2am 2535 0,32
Bl 201 [ #17 148 87.57 ETE BN 2757 031
Bl 27 Ti 08 45] R24.76 nreal  -2RES 2801 0.30
T i 1.3 14,7 1523 3994 0442 -3 BEG nogal 029 |
! i [ 13.5 154] 91.12 04683 <333 sl 029
o] 68 T 182 158 0172 o3l 2108 apis] 028
m| 287 ] 181 156 0231 1440 813 305)) Q28
11| 264 |- 748 186 157] 9290 1.351 1,718 1080 .28
12| 264 7.0 188 158] 9231 1572 4518|3087 037
18] 5 & 185 157] 9290 1ho0] -1ass a0saf 027
14l 285 ] 185 158 9349 PRl -1 052 apeaj 0.7
15] 265 X 184 150 0408 zoid] 40,885 agm] 027
18] 265 B 185 150 0408 241l 0687 34080 0.27
17 w7 B 188 16| S4.67 2614] LT3 087 0.28
B/ 2%t 3 157 5.4 9527 2008 0300 2a] 028
18] 65 ai 18.4 1wl o467 s8] 0183 18] 0.7
2] ;S [E 18.2 e 95,27 1162 0000 2] 0.27 |
7| 286 B2 184 w1 9327 33 048 3.a8] 0.27
22| 285 E1 18.4 18] Q46T 3.556 03 1.88] 027
23] M5 [H 133 152 9586 ERE 0558 114 027
4| %5 8.3 162 162 9536 1915 0741 1188) 027
m| e B3 18.E 16:2] 9536 4405 {580 3145] (.28
o T [E] 185 15.2] 9586 4280 1128 3152 0.27
Frl [ 184 8.2 5.0 £.438 1255 14| 027
20| 64 83 -] 183 162 0386 4,601 1.330 o) 027
m e B3 10.8 e 9704 4,770 1.588 3132] 0.28
W T B2 105 GA| ST 4907 1748 3188] 0.27
31| 265 2.3 &3 164 9704 £0R0 1854 12m| 027
| 264 8.5 184 14 o7 5247 208 22| 027
33 27 1.4 188 165 97.63 5411 2.230 181 028
Y B3 18 165 97.63 [l 2478 3193 0.2%
D B3 186 185 97.63 5007 2477 3.230) 024
I &1 184 156 98.22 5054 ZEET 1377|027
i 84 13,1 s 9763 B.017 2818 za01] 0.2%
= B3 18,7 5 G763 B 182 2080 32| 028
o [ 18 164] 97.04 £.245 1046 a240] 0.28
= B4 184 158 5763 5430 ) D
FIEEE 84 18,4 16E| o871 BA7d 3,386 ai2a] 0.28 |
R S 18.8 166 9822 B.ETE 3,408 afm] 028
a3 E B v 14| 0822 [X=H a7iz|  a.080] 0.25
&) 733 a7 141 15.3] 100,00 G702 4113 25891 021
aE[ 2id 103 104 188 100,00 8,704, 4 Al o5 016
|
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KET QUA THI NGHIEM BA TRUC PONG
XAC BINH BO BEN BONG CUA DAT
jc Triaxial Test for the Determination of Cyclic Strength of Soil)
Theo tidu chudn {According to) ASTM D 5311

Quy Nhon - Binh Binh

Eria diérn (1 on: Quy Nhom - Binh Dinh
Test No. Cs2 1 H# khoan (Barehole Mo.):
D siu (Depth): ~ 4-6m Ny thi nghiém (Date): 04/01/2020

Equipment: Tritech 100 (Controls-Group ltalia)
L MO TA DAT (Soil Description):

Cit virw, lin it san

Do (mm) | D (mm) | Dy () A v, (glem’)

Thanh phin hgt (Particl
w hee Patimen) 2.67 1.554

IL CHUAN BI MAU (Specimen preparation):

- Phuong phip ché bi (Method): Bém cat im (Maoist Vibration Method)

: Eich thirde va khdi legng miu (Dimensions and Weight):

Thameter, I, (imm) Heighi, H, (mm} Dty Weeght, G, (2] Water Weight, Grer (5]
L] 1385 EO5.00 16.10

111 BAQ HOA (Saturation): _
- biio haa (Saturation Methed): Bing &p hee nguge (Back Pressure)
ol = i3 kFa  kba |EF|“¢ 7 23 kFa &
- Do biio hba fat dirge (Degree Sat): B= 1.00
- Sau khi bfo hoe (after Saturation):
Diameter, D, (mm) Height, H, {mm) Sample Weight, G, (g) | Velume Change, AV (ml)
65 000 138.500 1002.74 208

IV. €O KET (Consolidation):
Ap lue ed két (Consolidation Pressure).
Geep = 37 kPa|Ghgek = 23 kPalU = 3 kPa [o'.= 14 kPa
Sau khi o két (after Consolidation):
[Hameter, D, (mm} Height, H, {(mm)  {Sample Volume, V, (ml} Dry Density, 1, {g.ﬂ:m"}
&3, 958 138480 517.64 1.555

V. GIA TAI BONG (Testing): CTC-RTE
Pharomg phip thi nghiém (Test Method): A; Khing thodt muecee (Undrained}

- Cée théng s thi nghig¢m (Test Parameters).

Stress in | Stress in Miax serem | Max Double
Frequency, f{Hz) | comp. | ext. (kPa) | Numbers of Cyclic, N {%4) amplitude
i 15.0 15.0 143 E.15 2407
Mgt thi nghigm Mgt kiE_n:L_ tra

1

Al
ThS. Phing Hitu Hai TS, Mguyén Vin Phong
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BANG KET QUA THI NGHIEM
Table of Dynamic Triaxial Strength Results
(a7 | Ap lye bisbng (Cell Pressure): 37 kPa
I Hz Ap hye ngiege {Back 231 kPa
0,536 Chu i pha hiy (N 5

ThEGle | Fiak- Fire Touble [CyeliE]
Amp. | Exeess |pressure Amp. | Streas
Acxlal stress (kPa) | Stress |pore Au| Ratio | Axial strain (%) | Strain | Ratio
Cyels {Lomp. Ext. (kPa) | (kFa) | Ru (%) |Comp, Ext. (%) SR
1| wa& 8.7 iia 28] 20.71 namz] 1463 1.665] 0.34
A Hs 5.9 17 7H 53.57 01300 1687 187 021
k] 1.5 115 114 8143 .00 -1 587 1637 0.21
4] 4 [ 1 134] 05.71 ooil]  -1860 1848 0.20 |
AEEE 10.3 FF] 14] 100 p2oa| 1832 1741 0,18
B 184 104 75 138] 9857 n47s|  -1.358 1.835] 0.13
[ Y 11,2 72 134] 9571 . 48 1091 187 0.13
gl 1a7 11.3 74 133 95.00 1047 1751 1848 013
g 13 1.4 14 135 96.43 1385 0840 1634| 0,14
I ] 11.3 7.7 137] 9786 1546 0184 1em| 014
1] 1% 14 7.5 137] 9786 1472 0,460 1813 013
12| 8.7 11.3 i 137] 9786 P 0.247 182 013
13] 184 114 7.5 136 97.14 2070 043 151 013
13 o 114 15 137 0786 2472 183 1437 0.13
15 181 114 7.7 137] 07.86 2672 0B 1552 0.14
18]  19.2 114 7.8 137] 7.8 2.856 1.025 1531] 014
17 19 114 1.7 137 9788 1,030 1,148 1832 (.14
EREE 114 T4 137] 97.86 19m3f 138 1.834] (14
[EIEEE 115 T4 130 97.86 =1 ) I AT
m| 180 11.5 T 138 9257 1453 1A t.8a2] 0,13
] 188 114 15 138 28357 1570 17 TTHIEEE
2] 1156 1.5 138] 9857 I6g4] 1850 138 013
x| 88 118 1.3 13.8] 9557 EFL 1.050 1857 0.13
24| 104 11,5 78 138] 9857 34057 2102 1850 .14
230 188 16 73 138] 9%.57 4058 213 183 013
R 5 75 28] 98.57 4173 2a38  183s| 0.13
el LT 115 1.4 157] 9786 4274 2440 154 013
| Ey 115 7.2 137] 97.86 4 351 1506 14480 0.13
T T 115 71 137 97.86 4,435 2.562 1853 0.13
af a7 11.5 [ 138] 95.57 4,514 P 1.850] 0.13
M| 188 1148 72 138 9857 4.801 2.743) 1.858) 0.13
2] 10 118 74 138 9857 450y ZEAT LAY 0.13
3] 188 118 72 13.5| 98.57 47 2935 1846 0.13
Ml 18R 1.8 ! 137] 97.86 4,650 A0 §.850] 0.13
a5l ey 11,6 7.1 137] 9786 49280 00 1845 0.13
#| 185 116 8.4 137] 97.86 [0 R 1856 0.12
37| 185 116 7 127] 97.86 5047 3,186 1856 0.13
38| wa 118 7 137 9786 5103 3:248 1855 013
| wE 116 7 138] 98.57 5 167 1305  ies Oul3
40 184 117 71 136 9857 5248 3,368 1.858] 0,13
41 188 17 i1 137] Q784 5,342 3454] 18580 Q.13
2 1848 11.7 7.1 137] 97.36 5317 3518)  1.850) ©.13 |
a3l 138 117 ) 138] 9857 5433 3573  ieep] 0.12 |
) TS 1.7 [ 138] 0857 5465 3628 1880 012
45f b4 118 G 135] 08.57 £.532 3664 128 012
6] 184 1.6 6.8 138] 98.57 5576 4708 1268 o2
47l 185 11.8 (K 139] 98.57 5oan|  ame| 18l 0.2 |
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48 188 1.8 7 128] 0857 5 704 3.8 1876l 0.13
I 118 7 138] DE.57 5702 3e8al 1873 0.13
] f.9 138] 0857 5912 3.8 1.873] 0.12
= i T 138] U8.57 T 1472] 0.12

T TS 138 98.57 5 b 4,003 1879] 0.12

53] 383 - [ 138] 98.57 515 4051 1884] 012
] R AT B 138] 98.57 5gaf] 4|  1283] 012
5] 182 | 17 £5 138 58.57 A T 1g:3] 012
g8| 188 115 7 11.8] o857 6014]  4.139) 1&75) 013
sf 184 115 6.4 13.8] 9857 goga]  443]  1s83 012
58 18 114 Fi.4 138 9857 goes]  a44s51]  15%8) 0.11
5| 187 11.5 T2 138] OR.ST7 giod] 42 18w 0.13
6] 184 1156 A.9 138] 08357 £.118 a2z 1hoa] €13
TR 115 6.0 138] 9857 fi. 144 4241 1003] 042
g2l 185 115 T 1348] 9857 f.175 4272 1008] 0.13
Bl 184 115 5.8 138] 9857 6.215 4,308 1| 0.12
B4l 188 1.7 T2 138] 9929 6,275 4,364 10z 012
g 188 1.7 71 138] %8.57 8,313 4413 1.005] 0.13
Ba| 186 118 7 138] 9857 B3] 444 1800] 0.13
g7 1BA 115 7.1 128l D557 Ba74]  A.da0 1514f 0.13
Al 1231 115 a7 138f DR.ST BATE] 4450 1518 .12
gal  18.3 115 8.6 138F 9857 BdOd] 4478 1925 0.12
| a4 116 8.8 13.8] 98.57 BA3E 4512 1604] (012
71 184 117 7 13.8] 9857 B4 4.548 1] 02
i G 17 E 13.8] 98.57 6.525 4 500 1435 012
T3l 1EA 1" 6.4 138] 98.57 .56 4 542 ja6] 0.2
T4l 184 1.8 a8 138| 9857 a6 4ETT 1927 012
76l 185 iy L (38| 9857 ge3m| 4T 1925 012
TH]  18.3 K [ 138] 0857 GESIl 473 193] 0,12
T 183 1.7 [X5 138] 9837 f 644 4743 14936 (12
el 182 17 B.5 138] 99.20 arizl 4767 185 012
i I 114 &7 | 138 98357 6740 A7 18] 012
E I 1"z £.4 138] 9857 6732 4 B 1948 012
Rl 187 11,8 T4 138 28.57 6433 o B 1343 013
me| 1&7 1156 71 138 99.29 [ 4833 1335 0.3
nal 18E 1] 7 138 9857 004 4545 1045] 0.13
B 183 17 BB 132a] 9939 Bo0d|  4.560 16l 012
gsl. 184 17 B.7 138 9929 .52 4,075 1054] 012
gl 183 115 Bt 138] 99.249 .56 £.002 1o84] 012
#7| 183 115 B 138 99.20 £ 983 5430 1953 012
[ 1.7 64 138 99.29 fITES 6070 1983 012
g 188 1 e 128 G857 7062 5.108) 1054] 0.12
T RS " [ 138 98.37 7065 5179 togal 0.2
gl 184 17 a7 138 9857 7111 S5 1.985] 0.12
gl 18 117 £.3 1348] 98.57 7118 5150 198a] 0.11
a| 18 1.7 ] 134] 9929 7136 5143 1957 011
7 L 1.7 £ 133] 9229 [RLT) 5,184 1955 0.1
95 182 1.7 [ 128 9857 7173 5.2H 1arz| 0.12
W] 186 118 .8 13.9] 9929 7.018 5.241 17| 0.12
o] 185 118 8.1 13.8] 99.29 7282]  Ges1|  1am| 012
ga| 18.5 118 67 138 o929 7268 ) 10650 (.12
g9 184 113 .6 138] 98.57 731 5344 1.957] n1T |
T 17 [ 138 98.57 7317 5380 14a73] 0.1l
o EE! 115 B4 13.8] 98.57 736  S5M3] 1983 O.11 ]
| 182 1, i 135 9929 7354 5 387 1887 0.12
[ 1. [ 13.8] 98.57 7.380 5307 1588 0.12 |
[ 1| 186 "nr 5.3 138 99.29 Ta4|  G4zsl 1008 0.12
E] 186 16 7 139] 9939 7.454 sa73] 188t 043




212

PHU LUC C

KET QUA THI NGHIEM THU TAI PDA CQC KHOAN NHOI



213

TRUNG TAM NGHIEN cU OrNGEATh
54 Mguydn Luomng S
BT (0511) 245

VAN KY THUAT NEN MONG CONG TRINH.
n Chidu - Thanh Phd B4 Ning
257, Fax: 84.511.841297.

Cetificene Begislration
P, -8 100 BE1ES |50 HHIL 2008

BAO CAO KET QUA
THi NGIEM THU? TAI PDA COC KHOAN NHOI

(THEO: ASTM D4945-00)

CONG TRINH: KHACH SAN NAM THU

BIA BIEM: SO 07 - PUONG NGUYEN THI BINH -
P.NGUYEN VAN CU - TP. QUY NHON

e h’fﬂg, thng 14 mdme 2007




214

. raasam

Bio cio két qui thi nghidm cpe khoan nhai

BAL HOC BA NANG CONG HOA XA B CHO NOREAVIET HAM
TRUMG TAM NGHIEN COU UG DENG & B lp — Ty o — Hgak Phic
TU VAN B THIUAT MEN MONG - CONG TRINH e e

Crrtficaie Regislraton
W o JKD GRAATS S0 OISR

~ BAOCAO
KET QUA THi NGHIEM PDA COC KHOAN NHOI

CONG TRINH: KHACH SAN NAM THU

DIA BIEM: SO 07 —‘NEUYEN THI BINH - P.NGUYEN
VAN C(F - TP. QUY NHON

1. Can cir phdap 1§ thipe hign va Hp bio clo:

- Cn cir B cuong thi nghiém thir tai va kiém tra chit hromg coc khoan nhéi Cong trinh
Khich san Wim Thu ngiy 26 thing 10 niEm 2017,

- Cain ¢t khéi lwgmg cong viée chudn bj va thye hién thi nghiém coc tir ngiy 26/10/2017
dén nghy 27/10/2017 tai cing tnrimg.
2. S lwrgre Pie diém cong trinh xiy dyng:

Céng trinh Khich san Nim Thu duge trién khai xdy dung 07- Nguyén Thi Binh - P.
Mguyén Yin Cit - TP.Quy Nhon,

Khu dit =iy dimg céng trinh nim trong khu e d3 quy hoach, dja hinh hién tai cing
trurtmg kié bing phing. ranh gigi khu dit én dinh, ha ting k§ thudt xung quanh tuong ddi
hoan chinh.

Céng trinh 1 két cdu nha din dyng cao ting phuc vy cong ning dich vu khich san.
Giai phip nén mong sir dyng méng coc khoan nhéi DE00mm chiu 11 trong twomg déi lom.
Do viiy chng tic khio sit dia chit va tr viin kiém dinh Nén Méng di hdi phéi ticn hanh
theo dimg cdc quy trinh quy pham ciia nha nude nhiim nang cao tinh dam bao an toan cla
efing trinh trong qué trinh khai thic =0 dgng.
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3. Pie diém hign trimg thi nghigm:

Céc coc khoan nhdi DE00mm 43 thi cong xong, bé ting cpe duge d6 ndi dai dén
ngang cao trinh mit bing, d43m bio ¢é thuc hién cing thc chufin bi vi thi nghi¢m PDA.
4, Pc diém dia chiit ciia khu vire xiy dyng cing trinh vi tai dja diém thi nghigm:

Kt qué khoan khio sit duge mé 1 chi tiét trong hé so khoan khao sit dja chit.
5. Pjic diém dia chit thuy vin:

Bric ditm dja chit thity van duge mé th chi tiét trong hi so khoan khao sat dja chit,
mye nude ngim dao dong theo mia.
6. Sé lrgng vi so @6 b tri coe:

S liremg coe thi nghigm do Chin diu tw vh Bon vi thidt ké quy dinh tiy theo mirc 43
guan trong cia cong trinh v mirc d phirc Llap cia dia chét tai kho vire xdy dung. Theo yéu
e ciia hé 5o thiét ké thye hién thi nghiém déng PDA cho 02 cpe khoan nhéi D600mm.

7. Bjic diém cge thi nghifm:
7.4 Thiér bj vi phteomg phép thi edng eoc:

Coc dunre thi cing theo phwomg khoan nhbi biing giu khoan vi gitt thinh hé khoan
hing dung dich Bentonite, sau khi kkoan tao 13 tién hanh vé sinh hi khoan, dit 1ng thép v
48 bé ting coc.

7.2 86 higu, vi tri coc thi nghién:

Tén cpe Cpe CTN1-T4 Coc CTNZ-TT
Durémg kink fillmim B00mm
Chiu dii i 30m _ Zdm
Téi trong thiét ké diu coc 140 tiin 140 tin

7.3 Ching logi coc -

Theo hét so thiét ké cho thiy méng cia cong trinh dang mong coc khoun nhbi bing
Bé Tong Cot Thép dudmg kinh D600mm. Sie chiu thi cia coc € do ma sfit xung guanh coe
v phén hre cus dit nén tai miii coe,

* Cpe phue vy il nghiém

Coc khoan nhéi thi nghigm DE00mm dat yéu ciu vit chit lrong, vi td 38 tin dung
sau khi thi nghiém.

* Cao df doc i nghigm:

o v 80 Trumg tdm nghidn cou g dyeg va TWKT nén méng cong frink
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Cao a0 dinh coc thi nghiém duge My theo cao @5 thye 1€ san khi thi cing coc, diu
cpe thubmg duge gia of boc ngodi bing ton thép 6mm.

Hién tewimg Joc thire higa thi nghiém, du coc i dwye dio r dén eb cao trinh phin
Casing gia cutmg din coc ngang cao 4 mit &it, thudn loi cho cing viée gan din do thye
hién thi nghigm.

7.4 Diic Mém cot thép:

Cope duge thidt ké sit dung cét thép chiu lye kéo dai tir it thép thin coc 12n, i kha
néng chju dirge 4p hye nén trén bé mit trong qua trinh thi nghi¢m ding. Neodi ra trong phin
Casing ciing dge gia cuimg & ching phé hoai eye bo.

7.5 Cirmg dé mdu Bé ting dic cpe dipe kidm tra bing mdy nén trén mdu ép.

Theo thiét ké. Két qui kifm tra cuimg di miu BE tong - Xem két qua thi nghifm bé

idng.
7.6 Logi coc thi nphiém:
Téi ca céc coc thi nghim & kifm tra sirc chiju thi cia coc theo dit nén.
7.7 Téi trong thiét ke ciwa coc:
Theo hd so thiét ké thi thi trong tinh 10dn va t&i trong thi nghifm cia coc H:
Coc DE00mm: Pusé i = 140tAn, Pasngigm = 280tan (FS=2,0);

8. Phwong phap va quy trinh thi nghigm:

8.1 Neuyén I cita phieong phdp PDA

Phuong phip thi nghiém dya trén nguyén 1¥ truyén séng fmg sudt trén thanh dén hidi.
Séng (me sudt do fe tie dfng ciia bia lén diu coc v Jan truyén tir diu cqe xuing mili cpc
bién dé vii vén the lan truyén ciia stng img sult (Song nén) phy thube vao ning lugng cia
biia vi e diic trung co 1§ ciia vat li sir dung lim coe vi du mit 4§ khoi, cutmg 80 cla bé
ting dic coc.

Bing cach do, phiin tich truyén song img suit trong moi trrimg bé tong, mii quan hé
giitn hé coe - nén.

Quia 86 x4c dinh sire chiu 14 ciia coc bing phirong phip CAFWAP,

- Banh gid mive 4 b hong, tinh todn ven cia thin coc nén oo,
8.2, Thiet bi thi nghifm

Bom v gee Tring tm nglidn cin img dung va TVKT nién mdng chng trinh
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Mdy PDA cta hang PDI Thiét bi do gan trén coc
Céng tic do dac thu thip sb liéu tai hién tnrémg dugc tye hién bai thiét b chuyén
diing v déng bd PDA — cia hing PDI - Made in USA thiét bi bao gém:
Bd didu khién trung tim bao gdm chirc niing thu nhn céc tin truyén ning lugng va
truyén song trong thin coc;
Luu gifr céc théng tin chung vé hién trudmg va ché 46 1am viéc ¢ia méy, ghi nhin va
lru gily ¢ée tin higu iruy:’.‘n sang trong thin coe;
Nhén va hru giit efie tin hiéu du do ghi dugc nhu gia tde, vin téc truyén séng nén
trong thin coc;
Chuyén tin hiéu qua méy tinh dé phén tich cic 56 liéu thu thip dugc tir hign trudmg;
Phin mém CAPWAP phuc vu phin tich sirc chin tii cho cpe;
Chu tao biia: Ba gdm cic thot bing thép dic hinh tra tron: duomg kinh D=0.5m,

chidu cao 1,2m, trong lugng 1.5 tin;

- Dé bia biing thép, kich thudc 0.8m*0.8m day S0mm, trén dé ¢b thanh din hudng cao

8.3 Tiéu chudn dp dung:
Céng tac thir nghiém bién dang 16n duge 4p dung theo céc tide chudn sau:

- Tiéu chuln thit déng coc tmg suft Ion ASTM - D4945 (USA);

P —— ————— 4

Som vi ldp: Trung tim nghién cieu dmg dyng va TVKT nén mong céng trinh
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- Tiéu chudn chi din thidt ké méng coc
TOVN 10304:2012 (VN — tham klido.

- TCWH 9395.20M2 (W) Coc Khoan
nhéi- Tiéu chuan thi céing va nghiém thu,

8.4 Pharomg phip dédnh gid két qud:

Theo phrong phap thi nghigm ding
bién dang 1ém PDA, vigc tinh todn sic chiu tai
chia ¢ theo 3 ma hinh:

- MG hinh coi coe nhu vit thé cimg.

Phuong phip CASE.

- Phmmg phip CAPWAP, trong thi
nghiém sir dung phuong phip nay dé phin
tich, dinh gia sire chiu thi ela coc. CAPWAP
la mit chirong trinh phén tich dua trén cde 56
liu do ciia lue v vin the thi mé hink hod coc
nhur 13 mit chudi cic doan nhd de tinh todn
sirc khing cia dat nén sung quanh doc theo
thin cgc va tai mili coe, CAP WAP ciing cho
phép tinh chinh xdc hé s6 gidm chiin Je gidp
tho viée hiéa chinh két qua thi nghiem PDA
theo CASE. Ngoai ra chummp irinh cin cho
phép xby dung bifu 48 hrong quan Lye - Bién
dang gidng nhu biéu @5 nén tinh.

Phéin mém nay, dimg phwong phap phin (i
hitu hen @& gidd bii todn bia - coc - 84, coc
duge chia 1am nhitu phin doan, sire chn dit
mir dyung md hinh cta Smith nar hinh rén,

CAY COC

DCOoEIn00g
f

Kife khding
st

= hin it hia

W HINH CoC

Ehtaz

__.-'-"'_P-_-\-\_"'\-\.

"

’ e
—— - Sdog phil byp?

"

T, .
i 23
r- ]

—

Tirhs i o s edudis thb

“Tir i ligu thu thip dwee tir phiin mém PDAPLOT, trén co s phuong phap phin tich tin
higu phis hop, tién hanh chay phin meém va thufit todn cla qud trinh phin tich hinh bén:

- Trong thi nghifm cho cong trinh nidy si dung phiromg phip niy,

—_— 5

B v (8p: Tramg tim nghidn ciw dng dung vi TVKT nén méng cdng trink
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9. Trinh tw Lip diit thiét bj do va céng tie chuiin bj:
* Chudn bi mat bdng thir djng!
- Piu coe phin thi nghiém bé tong dam bao chét hrong va duge ndi dii dén cao 4§ thi
nghiém, casing du coc;
- Pinh ¢ge dge lam phing dé tao bé mat va cham;
* Chuén bi biia déng coc:!

- Lip djt 4é biia va thanh din hudng vao, ding cée thanh thép D16mm dé han dé bia
clmg vao thin coc, dim bio én dinh cho bia trong qua trinh thi nghi¢m;

- Lép dat bita vao vi tri thi nghiém qua hé théng thanh din huéng, kiém tra d§ tiép
giap bing phiing gira ddy biia va dé bita.

* Chudn bi xe cdu tha biia thi nghiém:

- Viéc thuc hién thi bia bing xe céu 15 thn c6 chire ning th roi ty do, xe ciu dimg
&n dinh teén nén c6 16t ton gia cudng.

* Gan dau do 1én cpe:

- Témg cp dhu do gia tde va img suit duoe gin én 2 mit d6i dién cia coc i vi tr
phia dudi cach ddu coc - noi tryre tiép nhin ning hrong xung kich cla bia 1,5D.
* Phwcong phdp gén dau do:

Khoan cc 16 @10mm trén cic mit ddi dién cia bé téng coc céch diu coe
1,5*D=0,9m cho coc D600, Lién két ddu do vao coc bing cic bu 1ong va dc nér qua cée 16
khoan trén dau coc.

* Céng tde chudn bi tai mdy chi:
- Hai dbu do tng sufit va hai diu do gia tée duge pén lén diu coc;
- Céc tin hiéu tir dhu do dugc truyén t6i thiét bi phin tich 4éng coc;
- Nang ligng truyén 16m nhit 1én coc ciia bita (EXM);Lyc nén Ion nhit (FMX);
- Sire khang lém nhit cta coc (RMX).
Tét ca s& dwge quan sat ghi nhén trong qud trinh thi nghiém
10, Tién hanh va két qué thi nghi¢m:
101, Tién hanh thi nghiém.

- Sau khi kiém tra viéc Vip dat thiét bj, cic diu do, cong téc chudn bi tai miy chi,
bita vt xe cau, cic bén cing thdng nhit thyc hién thi nghiém déng PDA cic coc. Vige tha
bia thi nghiém tao néing hrong tuong ng nhu sav:

Bom vj [Ep: Trung tim nghién clu (mg dung vd TVKT nén méng cdng trinh
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STT  Tincpe Chiéu cao roi ty do H Ngay thi nghifm
i Coe CTN1-T4 2,0m 27/10/2007
2 Coc CTNZ-T7 2,0m 27/10/2017

- Kiém tra két qui tin higu so bd dat yéu ciu;

- K2t thise thi nghigm hign tnrong, gial phing thidt bi;

- “Tir dif igu thu thip duec, lya chon tin hiéu thy dwge ot nhét tién hinh chay phin
mém CAP'W AP phén tich xfc dinh sitc chiu tii efa cge.

102, Bidw didn két qud thi nghiém:

10.2.1.86 ligw dau vio:

L. Chidn dai coc tir dudi dhu do tdi mii coe (m)
5P Trong hrgng riéng cia coc (T/m?)

EM Maodulus dan hdi epe (EM=T/can”)

AR [ién tich mit ¢it ngang coc {AR=em?)

ws Tihe dé truyén =ing clia coc (WS=m/s)

10.2.2- Két qud PDA irén hién fridmg:

BIX Sire chiv thi hién tneimg

FMX Lare tac dung 18n diu coc do duge 1dm nhil
EMX Nang Iwgng 16m ahit truyén qua dio do

STE Chifu cao roi bia

BTA Hé s npuvén dang cia coc (100% cho eoc nguyén dang)

K&t qué thi nghiém PDA tir phiin mém CAPWAP dugre thé hién bing cée bidu db
quan hé gitfa lyc v vin toe, bitu d8 md phong nén finh va phin b sitc khing trong coc, the

hién nhur & trang sau:

BANG TONG HOP KET QUA THIU TAI

Coe CTNZ-T7

Sii hiéu coc Domvj | Coe CTNI-T4
| Téing sire chju ti ciia coc Tén 288 265

+ Ma sit bén Rs Téin 208 192

+ Sire khing mii Rb Tin | 80 73
Chiryén vi mo phimg nén tinh mm | 14.0 121

16 nguyén dang ciia coe % 98.8 99.7

edem o 7
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11. Panh gia két qui thi nghigm PDA:
_Tir két qua thi nghiém PDA fhye hién theo quy trinh ASTM D4945-00 (USA) nhu
trén, hé 50 an todn cla cic cpe FS nhir sau: '

Cye S6 Ptk | P PDA (Tin) D hin (mm) H sb FS
(Thn) o
Coe CTN1-T4 140 2188 14,0 205
Cype CTN2-T7 140 o 265 12,1 1.89

12. Két luiin va khuyén nghi:

Trén diy 13 Bao cao két qud thi nghiém thir dong bién dang lém PDA opc khoan nhéi
chng trinh Khéch san Nam Thu — dwge xdy dimg 13i 07- NguyEn Thi Binh — P. Nguyén Vin
Cir - TP.Cray Nhom — tinh Binh Binh, $irc chiu i tir thi nghiém PDA dat yéu céu so véi ho so
thiét ké. Kinh chuyén chi diu tr, don vj thiét ke vi cdc co quan hira quan xem xét,

P Ning,_ngay 30 thing 10 wim 2007

Trup@T ik Nghign Cirn Ung Dung &
T n mang-Ciing Trinh

Ngwii lip Bao cio  Trinipd Pagng thi nghim
—
. .

K5. Bd Hira Ta

e R

= am———
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PHU LUC |
KET QUA PHAN TiCH CAPWAP

......

[0
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K8 HAM THU; Pile: CTH2-TV Paxk: 2T-D0ab-2007 14:03:
1; Blew: 1 CAFHAR (IR Z006-3
Bridge and Road Enginaring Fucmal by-00T OEs: HEIDAD
cAFy JRERRY RESULTS
Total CAFHALR Cag ty! I65.0; aleng Ekaft 182. 0 at Tos T30 Ekons
Fasl [ TS i Dapth R Fasen L1 imd & Toit Bmith
et Binlow Nalow in File af Basist. Remizk, Trarityge 1)
Wa, [~ Grade B iDepthl [AE=al Fackor
n = tans toms tead tons/m tons/n? afm
FES5.0
1 2.9 2.4 a.0 28T, B.0 .60 2.1% .00
2 4,0 4.0 il.0 F46.0 1.0 5,540 2.52 o.oed
3 &.0 6.4 120 F34.0 Jl.0 E.0D 3.18
4 L] 8.0 134 ¥21.0 44.0 £.50 3.45
5 1a.0 ia,q 15.0 Z06.19 S9.0 T.50 1.5
& 1z.4 iz.0 I6.0 190,10 T75.0 W, o0 4.35
T 14.0 1.4 7.0 173,40 2x.0 B, 50 d4.51
1] 16.0 16.0 in, o i1s5.0 11,8 %00 4.78
2 1h.4 i8.40 15.0 136, .0 123.0 2,50 £, 04
10 200 29.0 .0 1i6. 0 14%.0 10,00 5.3
11 22.0 220 F1.0 88.0 170.0 10, 850 5,57
i 24.0 4.0 32,0 T3.0 i8z.0 1100 5.84
Porg. Ehafl 15.0 8.0 4,25
Thivias T2.0 ZE4.32
Bedl Hodel Par a/Ex barng 1ans Shaft Tow
Tuamkon ) 1.54&0 0.4a3n
Casa Dasping Faoctox 0.G0L 0. 00t
'F.Q,I_u..'l:l.'uig Tasval (% wf M) 100 oo
CAFMAP mabch quality - 15,72 [(Wave Up Match] ; BER = O
Oboarved: final set =  5.000 mm; blaw counk = 200 bfm
Computad: fipal oot = 0.100 mm) blow ooant - 9398 bim
wax, Top Comp. Stress - B.072 tensi/omt (T= 43,3 mn, maes 1.002 @ ToEl
mam. Corg, Strazs = 3,092 toomfen® (f= 2.0m, T= 4&1.% mx)
smx, Tans, Strass = =0,052 tonafon® (B= 2.0 m, T= 204.% ms)
wa . Energy (XME) - 8. 43 bonoe-@: max. Measured Top Daspl. {DMI=14,07 mm

Fagw 1 Analysin: 20=0ar-Z0L7
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Tast: 2T-0ok-201T 14:03:

1; Blow: 1 CAFHRF (R 2008-3
Bridge mnd Hosd Engindering Faoalty-DOT OF: HIFIDED
—i — -
= Film ek, WK mini, “ll.'l:. b . TAK L
Bgmni B Lo Fotce Pozoa Comp . Dang . reoefd, Vmloe. Diapd.
¥ He . Cagas Htiress St Enargy
L = ‘tans tone tonafes® tons/ond Eonne-®m mia mn
1 1.0 202.5 -148.4 0.072 -, 052 O. 43 o7
2 z.0 203,90 -145.% ] 0. 052 o.d2 a.6
a 4.0 197,49 =§37.6 0. 079 =0, 048 0.38 a.6
& [ 187.7 ~L26.T &, 068 0. 045 0.38 0.g
7 7.0 1777 =114, T [T | =0l 0.3 a.6
E B.4a 177.4 -114.T 0,083 =0._041 G, 52 0.8
@ 5.0 166, 8 =101.T o.08s =0, 03E 0.29 0.8
in 14,0 LE%.3 -163 .6 a.05% -0 0Es 0.29 0.5
11 11.0 16,2 =B6.6 o.a5d =0, 3L o.27 0.8
12 id.0 1571 ~BG. 6 a.054 -0.631 0. 26 6.5
13 13.0 1497 -71.2 [ LB =0.025 o.24 .6
14 14.0 1505 =T1.2 0n.053 -0, 025 D.24 &
15 1%.0 48,1 -57.6 0053 -0.020 n.22 B.5
16 16.0 148.9 5.6 0.05% -0,028 .22 0.6
17 17.0 146.3 ~4d_8 n.082 =0, 016 0. 20 0.6
e} 18,0 147.1 =440 B.052 -a.918 0. 20 o6
1] 13.0 144.3 -3z.3 o, 051 =0 _0%1 1] 0.6
. 0 20.0 144.9 -32.3 .e51 -0.011 0,18 a6
21 21.0 132.1 -20.% o.047 =0.007 018 a.?
I 22 22.0 117.2 =20, 2 0.041 -0. 007 .15 a9
: 23 23.0 100.3 -9:1 0,035 -p.003 2.1% a.8
24 4.0 8.8 =8,1 0,034 | 0.0 0.12 a.8
Rbecluts 2.0 o.a12 iT = 415 me)
2.0 m L LE iT= 204.5 ma)

Analy=miz: Z9-0ot-2007T
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Taak: 2T-O0ob-2017 14:00;

K3 MEM THU; Pila: CTH2=TT
- GAPEAR [It]  Z008-3

1; Blow: 1
Dridge and Road Enginesrang Paomaliy-DOT OF: HUDAD
CASE METHOO i
o = o.o 0.1 o, 0.3 .4 [ | a.8 a.7 0.8 (- ]
P 16,7 4.3 0.0 n.o o0 o.0 a.0 a.a oo oo
RE 2L .0 11.6 1.2 0.0 oL =]~} 0.9 0.4 0.0 .0
RO is. 7 4.3 0.0 0.0 6,0 o0 o.o 0.0 0.0 (=N
RAD = 25.5 [Lons) | RA2 = 25.7 (tona)
Cursant CAPWARF Bu = 265.0 (tsae) i Corsesponding < [(REl= 0,00 oJ[HX) = 0.00
W TF VTLAE Frl R o nrs SET EBE a bl
nfa e tons tons toms E ] i mn Eonnem koo
052 29,34 1308 ] 28,7  3IL.086 4, 86d 5,000 1. ] 21.8
FILE FROFILE AMD PlLE HODEL
Depkh ATon E=Modulisn Spain. Weight HB
m - cn’ tons /o’ tensfn! n
o,an 2835_00 20,0 Z.450 S 125
24 .00 2mzd. 00 320.0 &, 450 1.
Tom Aok . ZR3 e
Top Segment Length 1.00 m, Top Impedanoe 252,68 Lsasfn/a

File Camping 2.0 %, Tima Incr 0,279 me, Wave Spesd 3578.5 mfe. #Tfo 13.4 ne

Faga | Rnalysim: Z9-0cE-2017
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PHU LUC D

KET QUA THI NGHIEM THU TAI NEN TINH CQOC VUONG
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Tap chi khoa hoe Truong Dai hgpe Quy Nhom - 86 3, Tgp VII ndm 2013

'PACTRUNG PO LUN, SUC CHIU TA1CQC BTCT w
PHUGNG PHAP TINH TOAN HIEN HANH VA KET QUA
THI NGHIEM NEN TINH NGOAT HIEN TRUONG

HUYNH XUAN SU, NGUYEN VAN TIN'

1. PAT VAN PE

Ngiy cing nhiéu cdng trinh nhi cao tdng & thanh phd Quy Nhan, tinh Binh Bjnh
xiiy dung trén nén dit 651 bling phifdng én méng coc BTCT. Hé méng coc BTCT chi
y€u tinh todn sdc chiu thi coc theo phudag phép coc chiu ma sdt trén cd 58 k€t qua gid
tri thi nghiém cdc tinh chit co 1y ciia ditnén khu vuc dit mong cdng trinh, do 46 ¢dn
xéc dinh thit chinh xdc 46 ldn S va sic chiu tii ctia coc don A€ ddm bdo én dinh cda
cOng trinh theo thai gian. Budc diu, tir két qua thi nghiém cdc tinh chdt ca Iy cda dit
nén d€ dy bio 49 Jén, sdc chiu @i céa coc, k€t qua niy cho thiy khéc so véi 46 Hin,
sifc chiu tdi coc thue t&€ ngodi hién trudng sau khi thi cdng xong phin coc bing thi
nghiém nén tinh.

Vi vdy xily dung wong quan 4§ lin, sirc chju tai coc don nir két qud hién trudng
vA quy trinh tinh toén hién hanh 13 hét sifc cin thiét. Tir 46, gitip cho ngudi thit k& c6
th€ dya vio k€t qui thi nghiém trong phong d€ didu chinh va tinh todn @8 lin, sic
chju tdi coc don cua nén méng cong trinh duge chinh xdc va phi hop vdi thue 1€ cong
trinh 3 hién trudng.

2. CO SO THUYET MINH THi NGH[EM NEN TINH
VA MOT 8O PHUONG PHAP TINH SUC CHIU TAI COC

2.1. anhwmoénﬂnh
2L M&ﬁl&tagﬁfmmmrh

Thi€t bi t30 Iyc ép & kich thily lyyc 200 tin, hé din chinh 1A | hé oz dim lhép.:
1650 gia cydng hop v dGi trong biing cdc khdi bé tong, mbi khoi bé tﬁng c&'uhép diic
sin ¢6 trong luong 6 @n/khéi vi duge xEp thinh khdi trén hé ddm, o6 t%g trong
Itgng trén 200 tin, chuyén vi ddu coc due do bing cip ddng hé do diuyén Vi ¢6 hanh
tinh hoat ddng 150 mm, déng hé do dp lyc 0 - 60 MPa.
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Mg A Wt e o g . A7 51
e W 8 B 0T e Vg

iy S i B e ) wae
o S S

Hinh I, So di bo 1ri Hinh 2. Kich thiy luc Hinh 3. Bifu d6 quan hé
thi nghigm va déng hé do lin § = f(P) cida coc don

il

2.1.2. Phuamg phdp thi nghipm

Diing A8i trong tinh ép doc truc coc sao cho dudi tic dyng clia e €p, coc ldn séu
thém vio dit nén. Tii trong tic dung 1én diu coc dugc thic hién bing kich thiy luc
véi hé phin lyc 13 din chift tdi, k&t qud thy duge 14 mdi quan h¢ gilta 1di wong va
chuy@n vi clia coc trong 44t nén. ,
2.1.3. Quy trinh thi nghiém nén tink

Thi nghiém nén tinh doc tryc coc déng BTCT dude thyc hién theo 2 cha ky
(khong thir thdi gian thif 46 lién k&t thi€t bi), mdi cdp @i dugic tinh biing 25% tai
trong thi€t k€. Chu k¥ 1 chilt 6i twong dng 100% tdi wong thi€t k& trong tong thoi
sian 390 phiit, chu ky 2 chit tdi rong (ng 200% i trong thiét k€ wong ting thoi gian
2040 phiit. Coc sau khi ha phdi duge nghi mot thai gian trude khi thi aghiém: coc nhéi
= 21 ngdy; coc déng 2 7 ngdy.

2.1.4. Két qua thi nghiém nén tinh

Ciin cd vao quy trinh nén tinh coc trén, ta suy ra duge chu k¥ nén coc theo thai -
gian, bi€u dién m&i quan hé S = 1 (P) cho coc don theo ting chu ky nén dnh.

2.2. L§ thuy@&t dif bdo d6 lin coc don
2.2.1. Piéu kién dé lin coc don theo TCXDVN 269:2002
S, 50,La (h
S, 46 ldn gidi han clia cgc, bé rOng canh coc.
2.2.2. Du bdo df lin cpc dom

DG lin clia coc don theo [3) ¢6 cong thic: S, = §, + S, +§, (2)

S - @ liin clia mot coc lam viéc riéng 1€; S, - 4 co ctia vit li¢u lam co¢; S, - a0
bté'n dang nén ciia 4t nén dudi mii coc; S, - 38 chuyén vj diing do ma sét gilta 4t va
mdt béa coc. (@ VECOL) L

T ACE (3)

S,
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Q o lue nén & hai ddu coc; Q,, - Iwe ma sat xung quanh coc; £ - hé 58 pha thude
vio hinh dang phin b luc ma sdvf, giifa coc va datdoc thin coc (€ = 0.67 khi f_phin
bé tuyén tinh theo chiéu siu); E - modun dtm hoi vatliéu coc; A, - Gt dién ngang coc.

q
2 ‘?E'o‘ "(l l‘e)*u ®

q,,=QfA, -dplyclén ddt nén & mili coc; Q, phin tdi tic dfng lén mii coc
hodc sftc chiu i an todn cila d5ed ‘dudi mii coc; E uo modul bién dang va hé s&
poisson ciia dit nén dudi mii coc: a - e@nh coc; o - hé s& phu thuGc hinh dang i€t dién
ngang miii coc trong phadng phép tinh Jiin theo nén dan hdi (coc vudng o = 0,88),
a
Si= (%’L) sa*“ w2l (5)
Q- phiin (di tde ddng 1én mit bén coc hodc sitc chiu tdi an todn cia ma sdt dit
vt coc; u - chu vi Gétdién ngang coc; I - hé 56 Anh hudng d6 manh clia coc, theo Vesic
&é nghi: I =2+ 0,35.(L/a)"” S

2.3. Ly thuy&t tinh todn sic chiu tii coc o
2.3.1. Sitc chiu (i cila coc theo TXCDVN 205:1998
2.3.1.1. Sifc chiu tii cda coe theo chi tiéu co Iy cia dit nén
m(m,.qPJl, +u.?; ”'.’.'J’.“'I‘J {6)
| 0, - N L )
m, m,, m,_ - hé 58 diéu kién lam viéc; q, - cu‘E)ng dﬁ g161 hgn clia dt nén'tai mii

coey A - uét dién ngang ddu coc: u - chu vi coc, m; f;‘ “luc ma sdt gldl han ,,n'ra dat
coe; 1. - ” chidu dai clia cdc 18p 44t ma coc di qua, m; FS - hé 56 tin cdy, 14y biing 1,4,

2.3.1.2. Stic chiu tdi clia coc theo chi tiéu cudng do cda tﬁmén
Q[ Q’
= EN. 7
O =Fs ' Fs, &) s
Q. - sifc chiu tai cuc han do ma sit; Q, - stic chiu ti1 cc han do khing mii; BS
- hé s& an toan cho thanh phin ma sét, iy FS = 2; FS bé s an todn cho khéng mﬁ:,.; )
la'yFS 3. PR

Q =u X 3 I 09 A 9, : !

u'- chu vi i€t dién coc; £, - lyc ma sit don vi & giika 16p ast thl? =t _ung lén

coe; 1, - chiéu dai cia 1dp ¢ thit i ma coe di qua; A_ - dién tich ué't dléh ngang clia
mili coc; g, - cuding 4o dit nén dudi mii coc. SR :

Theo Terzaghi thi q_dugc tinh nhy sau:
g,= 13cN +N.o + oL d.N,
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5_39, A Mj!hmuﬁuvlr{m

i NG N, - b #6 site chiu tdi phu thude vio gde ma sdt trong cda &t dudi mi
ﬁcm hé 56 phe thubc viio hinh daog coc (coc ving & = 0.4), d - canh coc vadng;
o .mgwigmh.eummpbm:h&ngmgmmmmawocdommu-
th&ndl’t

23.2. Slcdpﬁi cia coc tinh theo cong thitc cua Schmertmann

D3i vdi 83t ani:
06NA, 1R2NA

a7 T @
Ddi vai a4t dinh:
; 2N{10-N) 4
Q= E?.NjA{ “__1.8..6___ %)
355, ES,

N - chi 56 SPT duic hiéu chinb; A_- dién tich €t didn mdi coc; A, - dién tich
miit bén coo; FS‘-llésﬁ'antoinchodﬁabph&nmsit.l‘yFS,:Z:FS'-hc 50 an todn
cho khing mii, iy FS_ =2,

2.3.3. Sie chiu tdl eiia cpc tink theo cing thic cia Nhit Bin
as e, 4, + u.(O.i.N,.L, N “0

N, - chi 83 SPT cdia 85t dudi mli coc; N, - ¢hi 55 SPT ciia 18p dit o9i bén thin
coc; N, - chi s8 SPT ca Mp dit dink bén thin coc; L, - chiéu ddi doan coe nim trong
A5t o, L - chide d4i dogn coc nilm trong 8t dinh; u - chu vi cla €t dién coc; o - bé
8 phu thude viio phitong phip thi cOng, 455 vdi coc BTCT thi cOng bling phuting phip
déng 1dy blng 30.

3. KET QUA THI NGHIEM VA XAY DUNG MOI TUONG QUAN

Tién hanh thi nghiém tai 2 céng trinh thudc dia ban thinh pbd Quy Nhan tinh
Binh Dinh.

- Coag tinh tru 5& ngan hing TMCP Ngow Thdag Vigt Nam, chi nhdch Phi
Tai - 36'7'9Ad€n87a,"lAdﬁnBAkhuquybomhdlacdphﬂngTr‘anngDneu
thanh phd Quy Nhon, tinh Bink Dinh. Coc mong BTCT ¢ tiét dién 300x300; Mic 300
c6 B = 2.85.16° T/n’, thi nghiém 02 coc, coc PT 106 vi coc PT 129 vai tdi trong tinh
todn thigt k€ cho mdi coc don P, = 90 tin, @i trong thi nghiém cho mdi coc din
P, = 180 tin, a8} v coc PT 129 ta clip ti rong 157,5 tdn thi ngung vi 40 Kin &
.4;.8$mm.mqnaa¢mcbophép.mgianmwmammmudénosmmu

‘ = Cong trinh Bénh vién da khoa tinh Binh Pinh, hyng muc Nh @éu tri 9 tdng -
s0 106 Nguyén Hué thinh phi Quy Nhan tinh Bish Dich. Coc mdag BTCT of tiét
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131

dign 350350 {epc 105), Mic 300 cd BE=2.9.10° T/m’, td1 trong thi€t k€ mdi cpc don
67 tdn va tii trong thi nghiém mi coe don 170 tin, cd e dién 400x400 (coc 84a; coo
123a), Mic 300 ¢d B = 2,85 10° T/m?, tdi trong thi€L k€ mii coc don 80 tdn va 131 trong
thi nghig¢m mdi coc ddn 200 tin, thii gian thi nghigm coc 105, coc 84a iy 28027201 1
dén 030372011, coe 123a tir D4/06/2011 dén 06/06/2011.

3.1, Tinh todin kit qua trong phins

qué thi nghiém ciia timg céng trinh duge Wing hgp trong cdc Bdng 1, 2.

Thige hién thi nghiém nén o k€L va cic chi tiéw cd 1§ dit nén wong phong, Két

. Bing 1. Kt qud thi nghigm cde chi tiéu co [y ddt nén - Cong trink trie sdb
ngdn fdrg TMOP Npogi Thiceng Viet Nawm, ofi nhdnh Pl Ti

Lip h SPT | 1 P [ Poission E, e
@i | m | Ny [(Tmd)| @@) |(tmd | g | (e | Tesidat
| = 3 2,14 I8 L 0,32 500 | A cdt, déo
2 + 4 |210| 135 208 | 039 500 | 8ét, mém
3 B+13 15 | 2,26 | 17,9 191 (L33 1500 A sér,
) nifa cifng
4 13+16,7 13 1,92 18 2EG 0,35 1000 | Set, déo
5 16,7 + 20 26 | 2,06 18,3 1,92 0,33 2500 A sét,
| : nifa cdng
fi =20 =50 | 2,57 - - - 10000 | Granite, cing
Mufe mude ngdm céng trinh 1i - 1.4 m
Bdng 2. Kt qud thi nghigm cdc chi tiéuce [j ddt nén - Céng trinh
Bénh vién da khoa tink Binh Bink, hang muc Nha diéu tri 9 tdng
Lip h SPT | ¥, 1] i Poission e L. < ﬂﬁ, ;
it | my | N, [FmY)| @9) [(Dmd) | g | (T | Doatdat
I 0:8 18 | 192 80l 0,31 1200 [Cit hat trung
2 8 +13 2 | L67T| 4 | 10 D4 150 | Bin by cd
3 13220 42 | 17 | 306 | 04 0,31 2000 |Cdt hat rung
4 >20 |25 [185| 16 | 22 | 035 ogp | Sétpha
Mue nide ngdm céng trinh 14 - 2.4 m
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% Bdng 3. Két qud di bdo dg hin cda'c‘ocﬁwa cde cng thie
B T e e
e Ao . TCXDVN =
(m?) (m thifc theo (1
| ¥ | ormemniiuicong | S0 e thee (1)
PT 106 | 300x300 148 30 39,99
PT 129 | 300x300 14,0 30 38,97
105 350x350 14,25 35 29,19
84a 400x400 15,5 40 34,39
123a | 400x400 13,5 40 31,71
Béng 4. Két qud rinh 1odn site chju tdi cita coc theo cdc cing thitc
Siic chju tdi ciia coc theo cdc cich tinh, Q *
Tiét dién | Chidu dai (tdn)
Tén coe coc coc TCXDVN 205:1998 i
@) | o ew | Cuing ap | Schmertmann | M4
cd ly ait
PT 106 | 300x300 | 148 118,80 118,60 367,07 171,18
PT 129 | 300x300 | 140 11362 | 11495 349,27 150,90
105 150x350 | 1425 | 18125 97,65 867,53 207,27
84a A00x 400 15.5 235.21 123,55 1184,68 296,48
123a 400x406) 13,5 208,48 116,04 1050,05 250,56
3.2. K&t gui thi nghi¢m

Thuec hiéa thi nghiém theo TCXDVN 269:2002, K&t qud thi nghiém nén tinh
thdng qua cdc cip dp Ivc va 83 lin wiong ing. M3i cdng trinh déu dudc trinh bay ket

qué thi nghiém d cdc Bdng 5, 6.
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Bang 5. Tong hap két qui thi nghiém nén tink cho chu ky 1

| | Sie chiju ~ |Porn

Ten | Chi€u | Thiigian |Taitrong ‘ﬁiguﬂ HE 56 an| Do lin | gidi
daicoe | thinghiém | thi€t ke | toan FS |S_(mm)| ha

coc i e n

(m) nén coc P (tfn) (té’n? (mm)

PT106 | 148 | 05/07/2011 90 90 1 992 | 30
PT129| 140 | 040072011 | 90 9 1 822 | .30
105 | 1425 | 280272011 6 | 67 1 612 | 35
84a 155 | 01/03/2011 | 80 80 1 336 | 40
1238 | 13,5 | 04/06/2011 80 80 1 455 | 40

: I

o rabeah e b 3 0 s v

va“lzsdnenm.h'chukyl

Téng 6 Iin cia cdc coc sau khx néu tinh hién wﬁngd cip 1
k€& clia chu k¥ 1 déu théa man TCVN 269:2002, (tdc 1a dﬁ lﬁ_

canh coc).
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Bdng 6. Tong hop kit qud thi nghiém nén tink cho chu ky 2

S ) Sife chin Do lin
it | Bnehin | tu1ag | S T e Dh e 8
€ | m) | néncoc [P, (tdn) '}:}, e

PT106 | 148 5461711 90 180 2 3693 | 30
PTI120| 140 517 90 157,5 1,75 | 4185 | 30
105 1425 | 2:3/03/11 67 170 2,5 14,18 | 35
R4a 155 | 2:3/03/11 80 200 2,5 1236 | 40
1233 | 135 | 5:6/06/11 80 200 25 | 22,4 | 40

By th qun o) 5o ) e PT I o 06 quen 1 8 41 ogo #1129

—_—
By
b

Ahkesssen

00 s (e
bk bkBadoo

Eake O3 quis v § 7 1P G 4
3 ~ o T bl S
-~
I o 3
” - 1-
dpmee - -
’ a8 B et -
: ) St e e s s
., b o 4
T g 0
s 05 geae ) 3 * 1P 500 b
e —
e T I g
L] Sy Lo = . =
apgm i A s et R 1O
o g2t
i B i e o B S Je
: et STy SoSeTH S 3 i
. A Ll Tk 2 F B
4 (it 11§ 1 TS SME Trhtie [ 1.
- et [priceier@leis
TS e Ve o 1 2RI NS s
5 enit (TS TRHES SRR STIER e SR St
Ty ri

Hinh 5. Biéu d6 quan hé S = fiP) ciia coc PT 106, PT 129, 105, 84a va
123a nén tinh chu kp 2
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Tiép e ting timg cip tii trong, tdng 40 lin cla cde coc sau khi nén tTnh hién
trwing & cip 250% tdi rong thiét k& cia cho ki 2 théa man TCVN 269:2002 (nic 1i
d lin S < 0, 1.a vdi a canh eoc) 13 coc 105 (S, = 12,36 mm), coc #4a.(5, = 12,36 mm),
coc 123a (5 = 27,14 mm) vdi hé 55 an todn FS = 2,5 con cde coc PT 106 (S, =136,93
mm > 30 mm), coc PT 129(S_= 41,85 mm > 30 mm) c6 d§ in vugt gid i cho phép,
xay ra hign tuigng coc lin A5t ngde khi ting tdi, hé s& an todn FS = 1,75 = 2: hic nay
lién hinh gidm 1di.

Theo TCXDWVN 2602002 thi S”h"_-f 0.1.a nén tr 38 thi tinh dudgce Sm = 30mm thi
P, = 166 tin (coc PT 106) va P =149 tin (coc PT 129).

3.3. Xiiy ding tuing quan giifta phung phap tinh todn biing cong thite véi kit qua
thi nghié¢m nén tinh hién truing

Xdc dinh 45 Iin, sic chju 141 coc ddn clha cing trinh ddi hés 46 chinh xdc cao bdi
6 liin, sifc chiu tii clia coc dnh hudng dén 49 on dinh cda cong tinh, Chinh vi thé
phii ti€n hdnh xiy dyng mdi twong qfan 44 Tin, sde chiu t3i coc dan tinh todn 1§
thuy€t biing nhidu phitong phip so véi dé lin, sic chiu tdi coc thifc nghiém, m, = j—f‘--,

M L]

m, = % tir 6 xdc dinh d§ Lin, site chiu i coc thire 8 céng minh mét cich chinh
xdc hor'due tinh & Bing 7, 8.

Bing 7. Tuwmg quan m, cia coc don

Tén coe o Gia tdi coe chu ki 2
Eﬂ)ﬂ:? Cdng thitc cia [3]
| PT 106 L81 1,08
- PT129 07l 0,93
= 105 246 i & 2,05
Bda 323 2,78
123a | 1,47 21516

~Ta thiy tfong quan 45 lin cla coc PT 106 (m, = 0,81 < 1) va PT 129 (m, = 0,71
< 1) 14 ¢hc coc bi lin At ngdt khi gia tdi & cip c6-h¢ 50 an todn FS = 1.5 + 2, khéng
thia theo TCXDVN 2692002, Ngodi ra, qud trinh tinh todn 1§ thuy&t v& dé lin §, th
cdc coc PT 106, PT 129 khing thoe diéu kién (S, £ 0,1.4 = 300 mum) nhung vin tién
hianh cho thir tdi, k€t qud 14 coc b in dit ngot.

Cén cde coc 105, coc B4a va coe 123a déu 6 m, =1 thoa didu kién TCXDVN
269:2002,
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b , Bdug;‘_& Tutong quan my, cia coe don
o P S ‘ Gia tai cge chu ky 2
[ Temcoe|  TCXDVN 205:1998
; ‘mm — Schmertmann | Nhét Bdn
> - Chi tiéu co Iy Cuding 49 dat -]
PT 106 071 0,71 2,21 1,03
PT 129 0,76 0,77 2,34 101
105 1,06 0,57 510 1,21
84a 1,17 0.61 592 1,48
123a 1.04 0.58 5.25 1,25

Vi coc PT 106, PT 129 thi phuang phip TCXDVN 205:1998 (m, =071 = (,77)
la khéng thda con phifag phidp Schmertmann vi Nhit Bin (m,, 21) thi thda. Vai coc
105, coc 84a, coc 1234 thi cic phuong phap ¢6 (m, > 1) déu thda, PSi vdi phuong phip
Schmertmann (m, > 5) ¢ hé s an toan qué 16n vi ddu coc cim vio ting 44t cdt hat
trung ¢6 chi s6 SPT N, > 35.

3.4. So sinh k&t qua d¢ lin, sifc chiu tai ciia coc gifa phudng phap tinh todn bing
cong thiic v6i két qui thi nghiém nén tinh hi¢n truimg

Tirkét qua thi nghiém nén Gnh theo TCVN 269:2002, ta thiy 43 lin, st chiu i gidi
han sai khéc so vi k€t qui tinh todn bling 1y thuy&t. DO chénh 1éch gilta d5 lin, stic chiu tii
gidi han so véi k€t qui tinh todn bing 1§ thuy€t duge thé hi¢n & Bang 9, Bing 10.

Bing 9. D§ chénh lgch gita S, vdi S

Tén d(;m Lép tya coc Do lin | DG hin B0 chf:sm S
¢ | (m) S, (mm) | Syfmm) T g

105 | 1425 |Céthatwung, @=30"| 14,18 | 2919 | 1501 | 20585
84a | 155 |Caithatwung, @=30"| 1236 | 3439 | 2203 | 27823
123a | 135 |Cathattung, o =30°| 27,14 | 31,71 4,57 116,83
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Bing 10. B chénh lgch gida Q" vdi P

D chénh gida Q" vii B | Siic

.| Chiéu P l chi
Tén| ,.. . Ju ta
diii coc Lipt Chi tiéu Nhit gidi nl
e | TS i Iy % Bin % p l.‘.a
[1{[” uﬂ'ﬂ} HEI]}
105 14,25 | Ut hat trung, ¢ = 07| 181,25 | 10661 | 20727 | 121,92 170

B4a | 155 | Cithatwung, @=30"| 235,21 | 117,60 | 29648 | 14824 | 200
123a| 135 | Cithsttng ¢ =30°| 208,48 | 104,24 | 25056 | 125,28 | 200

4. KET LUAN

- Ung véi quy trinh tinh todn 1% thuyét bing nhiéw phudng phap khic nhaw so vii
thi nghié¢im nén fAnh coc don thi k&t qud,vé hé =& wng quan m,, i, khic nhau. HE s
Ifdng quan m,, m, cang lén khi chi s& SPT Nau cling 1dn vi ddu coe duge cdm hodn
todn vio Idp dat 1,

- Tir k&t qud thi nghi#m nén tinh theo TCVN 2692002, ta thiy dj hin chénh
I¢ch so v 4 lin tinh todn 1¥ thuyét oy 116,83% (coc 123a) dén 278,23% (coc B4a);
céin side chiu t3i gidi han chénh léch so véi sife chiu tdi tinh todn 1§ thuy&t i 104,24%
(coo 123a) d&n 117,60 (coc 84a) ddi vdi phuing phip chi téu ed 1§ - TCVN 205: 1998
vi 121 92% (coc 105) d€n 148,24% (coc Bda) theo phudng phip Nhit Bin.

- Cin neghién cie sifc chiv t3i cla coc don trong nén cit pha, sét pha bio hoa
ouide sau thin gian thi cong.
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By ; SUMMARY

DEFORMATION SETTLEMENTS, CAPACITY OF PILE FROM
CURRENT METHODS OF CALCULATION AND RESULTS
OF STATIC LOAD TEST ON SITES

Huynh Xuan Su, Nguyen Van Tin

Results of the settlement calculation, and the load capacity of single pile in theory
are much more different than the static pile compression experiment on the construction
sites. Therefore, it is essential to set up the scttlement relations, bearing capacity of single
pile in theory, experiments of SPT and experimental methods such as compression of static
piles. As a result, this article helps the designer to adjust the calculation results of the
settlement and bearing capacity in accordance with the process of theory, which is suitable

for works on construction sites,

“Trwiing Dai hoe Quang Trung

*Sad Xiy dyng tinh Binh Dinh

“Sinh vién Khoa Xiy dyng - Trudng Bai hoc Quang Trung
Ngay nhin bai: 17/10/2012; Ngiy nhiin ding: 26/12/2012.
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XA C DINH HE 86 KHANG BEN M, €UA €OC TUKET QUA
THENGHIEM EP COC CO KHOAN DANNGOAI IHIEN TRUGNG CHO
MOT SO LOAIDAT PIEN HINH CUA DIA CHA'T TINH BINH DINH

NGUYEN VAN TIN®

1. DAT VAN PR

D bdo sife chiu tdi doc truc ciia coc theo hé s&ﬂﬁnh phﬁndé liné’lkc nén mong
cong trinh xiy dyng, theo trang thi gidi han 4 dwge dita vio tiéu chudn cia mot s§
nude nht Lién X6, Pan Mach va Tiy Au tiY ahitg ndem 1950 & Hoa Ky, nim 1970
mdi bit diu c6 nhifng nghién cdu vé khi ndng dp dung nguyen ﬁc thiét k€ hé s
thinh phén hay va cho tdi 2010, sau 4 lindi bin (ndm 1977, 1988, 1999 va 2010), &
chifc AASHTO chinh thic da vio dp dung téu chudn thice k& hé 53 thinh phén
(AASHTO LFRD) theo hé 50 tdi trong va sife khing thay cho vige dp dgng hé 55 an
todn tdng thé wén todn lién bang.

Tai Viét Nam cing tic thi€t k€ (TCXD 205-1998; dich tir tiéu chudn cda Lién
X6) v thi cdng (TCXD 286-2003) méng coc theo hé s& thanh phin, dic biet 1 méng
coc ép 6 khoan diin chifa nhiéu, ddc bi¢t 12 d8i vdi cong winh xdy dyng din dyng cao
tdng trén nén c6 18p 4t y&u t4i Quy Nhan-Binh Dinh cdn quk ft. Mdt & vin a& xdc
dinh h¢ s6 sic khing thinh phin theo cOng thife tinh todn dy bio, sic chiju ti_;ccht_m
cho truding hotp €p coc ¢b khoan din trong TCXDVN 205-1998 “Méng coc-tiéu chudn
thi€t k€" cin phai dugc higu chinh, d€ phi hop vai nlhgdléuluendu chél, ing xit it
nén, didu kién thi cong va cng nghé thi cong, ddm bio chit Ing va hi¢u qua kinh t&
cho cong trinh.

Theo AASHTO-2010, thi hé 56 sirc khing mili coc m, va thianh béa m, cho coc
ché tao sén, [8] dwge xdc dinh theo bing sau:

~ Bdng 1. H¢ 6 sitc khdng miii coc my, va thanh bén m,

Loai ¢4t H¢ 56 didu ki¢n lam viéc thinh bén coc m,
* "Hat dinh 0,85
Hat roi 09

Theo TCXD 205-1998, thi h¢ s sitc khing mili coc m, vi thhnhbénm,chocqc'
ché o sdn, khoan din [6] dugc xdc dinh theo bing sau:
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Bing 2. ¢ 38 sie khidng mii coe m, v thanh bén m,
= ‘ Hé 50 didu ki€n Am viée
Pbm#phacoc ; ._,e., - B
D moi coc Thaah bén coc m,

cvcblg;dch ddns yio 18 khoan mdi vii
doliunﬂ;c&ckb&ngnhéhm 1 m dudi ddy
& khoan. khi dudng kinh 18 khoan mdi:

b Nhé hon cgnh cge vedag 5 cm 1 06

Gidi han cda bi vi€t 1A chi tinh todn va trinh bay k&t qui adc dinh gif tri hé s&
khdng thinh bén m, cho timg loai 44t dién hiah, 6 cée 58 liéu hién trnsing khi thi cOng
ép coc c6 khoan din 461 véi cic cdag trnh cia TP. Quy Nhan-tinh Binh Bish.

2. LY THUYET TINH TOAN SUC CHIU TAI COC BON
: THEO TCXDVN 205:1998
2.1, MOt 56 gid thift cd sit o€ tinh todn
- Khong xét dén 1dp dit ddu tén (85 day phin 10p A5t ahd hon § m) vi 56 li€u
aqcsdmaéngbﬁpunwpm ndy khbng chinh xic.

- Hé sthlngmﬁchm.-lcbomolﬂndocsﬁMuuﬁndﬁoghﬁ gid tri sic
mnmlndamcbiunhuntamwdnnbomnwm msvo.mwcw'

- Hé 56 khing thinh bén trung binh 7, cia ting 1dp 41 wén duge ding
aé unh cho stc chiu tdi khing bén Q'M cda Idp dft k€ 1i€p. Vdi

m,, = (",u*ﬂm* m,), mnsdﬁnnsﬁﬂndocddogMunMndlldp :
'dKan.cbnm m,”,_hbes&'sﬂclhinglhhhb&ndalhdocmlinl.lﬁn2dé'n

13n n cia kdp At the 1.
2.2. Siic chin tii cyfc hgn cia coc theo chi tiéu cd Iy cia dit nén

Q =‘(M"4'-A'+UAZM.-"J,] (!)

=
M - bé 58 dicu ki¢n Jam viéc; m_ - bé 58 lim viée tai ddu mii coc véi di; m -
hesd'llmvuckhlngbendathlnoocvoida’tnéncocxuyeaqua;q,-cwngdo.gw
hin cia dit nén tgi mai coc; A_- dién tich LéL di¢n ngang cla mii coc Vi A, = d° -
tﬂ,’M(m;dé d li canh coc vudng, d, 1 dudng kinh 1 khoan); u - chu vi coc; f_ -
¢ ma 6 gidi han gidla At coc; 1 - chidu dai clia chc 1ap 48t ma coc di qua.
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2.3. Siic chiu tai cyfe han eda coc theo clﬂ tiéu cuding d§ cia dat nén :

Q=0+ Q ( ) : o
Q, - sie chiu i cyc han do ma sét* Q 25 clnu tdi cyc han do khéng miti.
Qs sl !l Qp m

u - chu vi ti€t dién coc; m_ - hé s§ lam viée ;gl dau_mﬁi coe véi dit; m, - hé s6
1am viée khiing bén clia thin coc véi ddt nén coc xuyén qua; | - chi¢u dai cila Idép dat
thif i ma coc di qua; £, - Iyc ma sdt ddn vi & gita ldp dat thit i tic dung lén coc. .

f,=14.(1 - sing).c,’ igp + ¢ <

A, - dién tich tiét dién ngang cla mili coc véi A, = d* - 1.d, 4 (twong d6: ,-{1 I
canh coc vudng, d, 1 duing kinh 15 khoan); q, - cuting 46 dat -n'én dudi mii coe.

ThcoTcrzaghnhiq,duqounhnhusauq' cN +N o' +de

N N N, -hé¢ sG sttc chiu tdi phy lhu(;c vio géc ma sdt trong cﬂa dit dudn mii
coc; o - hé 56 phu thudc vio hinh dang coc, d - canh coc vudng; 6, - ing sudt hita hi¢u
theo phudng thing ditng tai dd siu mili coc do trong lugng bin thin dit.

3. KET QUA THI NGHIEM VA XAY DUNG MOI TUONG QUAN
Thi nghié¢mtai 2 cong trinh dméc dia ban TP. Quy Nhon-tinh Binh Pinh.

- Cong trinh Bénh vién Da khoa tinh Binh Binh, hang muc Nha Diéu Tri 300
givding [1]; s6 106 Nguyén Hué thanh phé Quy Nhdn tinh Binh Pinh. Coc méng BTCT
cé i€t dién 350x350 (coc 105), Mac 300 ¢6 E = 2,9.10¢ T/m?, tdi trong thi€t k&€ mdi
coc don 67 tin va i trong thi nghiém m&i coe don 170 tén, c6 tét dién 400 x 400 (coc
84 a; coc 115 a), Méc 300 ¢6 E = 2,85.10° T/, tdi trong thiét k&€ m@i coc don 80 tin
vi t4i ong thi nghiém mdi coc ddn 200 tin. Chiéu sdu khoan din 16 m. Pudng kinh
15 khoan 13 300 mm (coc 105) va 350 mm {coc 84 a; coc 123 a). Muc nudc ngim siu
2.4 mét

Bdng 3. Két qud thi nghiém cdc chi tiéu co Iy ddt nén - Cong trink Bénh vién
Pa khoa tinh Binh Binh, hang myc: Nha Piéu Tr 300 giuomg

D h SPT ¢ )
oar| | N, || @n | o oa o
1| 029 8:20 | 1.8 | 29 0,0 | Cathat cung
2 10+ 14 2 1,67 4 1,0 | Bincdtpha hitu cd
3 1520 | 16+40 | 1,90 30 04 | 'C&thattrung
4 >20 15 1,85 16 22 | Setpha

3
i

§
e
.'l\'y
i1
5]
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- Cing tinh Trding Cao ding Binh Diab, hang myc nhi Ky tic x4 8 6 (5 tng)
(2} dubng Hing Vitdng, thinh phis Quy Nhoa tinh Bink Dinh. Coc mbag BTCT cf ut
dlenmxw()(cvcl-tcoc9ooc6)Mic300068-2.9!0‘TMﬁlnvngdn&k€
mdi cow & 60 1n vA ti trong thi nghi¢m mbi coc dun 150 o, Chido siu khoan din
19 m. Dudteg kinh 15 kboan 1 250 mm. Myc mude ngdm siu 2 mét,

Bdng 4. Kér qud thi rghigm cde okl tiéu co Iy ddt nén-cong irinh

Truing Cao ddng Binh Dinh, hang muc nké K¥ tic xd 506 (S wng)

h SPT 7. © ¢
ol @ | N || @n | ow Leiat
1-| 245 10524 | 193 1% 16 | Cit thach anh xém den
2 614 2 1,56 | 372 108 | Bin sét pha bitu cd
3 1415 | 13915 | 204 | 1872 | 1,55 |Sétpha soi, nifa cfng
4 >16 | 2028 | 2,15 | 1975 | 133 |Cét pha ndng, déo cldng
‘l’hooké’tqnlﬂmmépmwmamwwuidm.ﬁc‘k&qdc6
mit 85 }dn 12 50 coc. T 46, tic gid chon mbt 56 coc dic tung: ogc 115 a; coc 54 &;
co¢ 105 cho (3] va oot 14; coc 9: coc 6 cho [4] 4€ tién binh tinh todn hé 55 khing bén
m, cho mbt 5§ logi dit dién hinh cla dja chit tinh Binh Dinh:
3.1, Cong trinh Bénh vién Da khos tinh Binh Dinh; hang mgc: Nha Didu tri 300 givong
Béng 5. Xc dinh hé 56 khdng thanh bén m_cho coc 115 a, chiu dai coe 16 m

: H¢ 50 khing thanh bén m
Ll e ?(:)“ Ny | QM T qyen | Cinen | Lowidst
o Iy cudng 85
2 0
4 20
3 1| 45 0.83 0,89
6 13 | 70 075 096  |Cathat trung
? 5 | % 0,98 0,99
8 18 | 100 0,93 0.91
iy 9 |20 | 100 0,76 0.84
0 |2 | @ 0.36 0,48
N T T % 0,38 031 | Bon cdt pha
12 2 | 4 037 031 bifucg.
3 | 2 | 4 0,36 032 (B=11
14 | 2 | 40 0,36 0,35
5 | 16 | 86 0.75 0,82
155 |18 | 110 0,82 096 | Cat hyt trung
16 | 2 | 1w 0,85 0,94
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Béng 6. Xdc dinh hé si khing thanh bén m,.cho coc 84 a, chiéu da: coc I6'm
| Hé sd khing thanh bénm |
Tén coc 36::;' Neo [QM | cpides | chiden | Loai ast
‘egly cudong 46
2 0
4 15
5 1| 50 0,84 0,91
6 13 | 70 0,75 099  |Cst hat trung
7 15 | 80 0,98 0,99 4
8 18 | 100 093 0,91
84 a 9 201 105 0,77 0,80
(400 x 400y | 10 2 | 60 0,36 0,48 :
1 2 | 40 0,38 031 | Bdncitpha
2 | 2 | 4 0,37 031 : ;‘2’ {“;)
13 2 70 0,44 0,40 (
14 2 40 0,36 0,35
15 16 | 80 0,74 0,81
155 18 110 0,82 0,96 Cit hat trung
16 2t | 180 085 034
Bdng 7. Xdc dinh hé 56 anthdnh bén m, cho coc 105, chi?u dai cge 16m
| Hg¢ 5§ khing thanh bén m,
Tén coc 'Zo(:)“ No [QM | cpien | Chiuew | Loaiddt
cd Iy cudng do
2 0
4 20
5 8 45 0,83 0,89
7 0| 73 0,95 099
s 8 |15 | 85 0,90 0,88
(350x350) 9 | 18 | 100 0,76 0,84
10 2 80 0,39 0,50 )
11 2 | 45 0,38 0,31 Biln cit pha
12 2 50 0,37 031 hitu co
13 2 | 40 0,36 032 (B=11)
14 2 | 50 0,36 035
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120
i 15° | 20 [ 139 081 | 09 78
% 55 | 22 | 165 084 B | Arnst lng
RO oA 23 | 185 0,85 0,95
120 we
o . > E 51
e - VA% 1060 .
¥ : . R208n c i o //”i;:‘uu
g " § = ’ Kasaen
x
P o -
0 2 s i ] w 0 5 1¢ » = ]
Covdes e o () 22 200 e 3w Mo (BOaT0Erm) - M 5 LiF Som 54 Boe
Hinh 1. Quan hé giita chiéu sdu vii Hinh 2. Quan hé giita Ngo voi hec
hee ép coc tic S m dén 9 m ép coc tie S m dén 9 m
o .
- W Ma—_—
i ! foof veummeon )
o B e (=l f 0
H :: PRy t.'
Fam ' e s 1 - ~ -
3 n.‘ua-:au-:--&:. . » &W*wud‘-
Hinh 3. Quan hé giita N véi hé s khdng bén my
= »m
e A . Z : e- .
! : / g e /
s y = 80067 - 11I2Y S
A - aeEm ! -
() T R
148 " 5 R "ws a s » ) = =
Civdu sha coz fof o Vomobn dem M st M bl sl @0 10 By S
Hinh 4. Quan hé gitka chiéu sdu véi Hinh 5. Quan hé giiva Ny, véi lye
lue ép coc tic 15 m dén 16 m ép coc tir 15 m dén 16 m
3 =
555 @ %:: @ r0sw Eﬁ
¥ ' o
wm o
0 ’ Y - = » 1 s LJ - - »
Wy Palncaiand e e 1 Vi dlw 16 W B indcile vy W e din e

Hinh 6. Quan hé giita Ngg v&i hé 36 khdng bén my
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Bing 8. Xde dinh hé siflih__d_z_ggib,_é!l_ trung binh m, va thiét lgp tong quan k
cho titng ldp ddt, vai m3®; mi" la hé 56 khdng bén theo phmg phdp
chi tidu cmg ds dm nén, phitong phdp chi tiéu co I)’: _
Cat hat trung d& sau Bhn cdt pha hitu cd Ciit hat tnmg do sdau
g WSmdén9m |ddsiutr10madén 14m o 15 m dén 16m
Chi tiéu | Chi tiéu | Chi tiéu | Chi téu | Chi tién | Chi tiéu
. coly |cubmgdd| cdly |cudngdd | coly | cudng do
1152 (400x400)| 0852 | 0919 | 0367 | 0353 | 0804 | 0904
R4a (400x400) | 0856 | 0920 | 0381 | 0369 | 0802 0,918
105 (350x 350) | 0838 | 0919 | 0372 | 0358 | 0835 0,945
T'rung binh i, 0,848 | <0919 | 0373 | 0360 | 0814 | 0916
Tuvng quan ¥ s
me 1080 ok 0,960 1,120

Bing 9. So sdnh két qud hé 56 Huing bén trung binh m, tit phiong phdp tinh
siéc chiu tdi ciia coc theo chi tiéu ca Iy va cuong dq dét nén vai
hé s& khdng bén theo. TCXD 205; 1993 va AASHTO-2010

Cét hgt tmng do siu tir 5 m dén 9 m
: 1§ 16 (%) giita
Chi Chi .} i Cd 1§ va Cuding 46
gey | B8V | TCXD' | AASHTO| v6i TCXD 205:1998
U | ammg | 205:1998 | -2010

COlf | gy | sl Ch.f tiéu | Chitéu
T cdl§ | cudng dé

Trung binh 7%, | 0,848 | 0.919 06 | 09 141,33 | 153,66
TV 1€ (%) gilta Co Iy va Cuong 4§ 04.22 102,11

vdi AASHTO - 2010 ' s

4

Bhncétphahﬂuoodo siutir 10 m dén 14 m

T 1§ (%) gitta Co 1§ va
Co | Cuwong | TCXD | Cudng df véi TCXD 205:1998
I§ do 205:1998 | Chitién | Chitiéu
caly cudmg 4
Trung binh 7, | 0,373 | 0,360 06 62.21 60,00
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Cathat trung 40 53w tf 15 m 0¢a 16 m

=l Ty 1 (%) gitta
Coly vi Cuding 65

Cudmg | TCXD | AASHTO! véi TCXD 205:1998

L

Colf | a5 | 20s:1998 | -2010
Chi téu | Chi téu
cdI¥ | cudng 0
Trung binh OTI; 0814 | 0916 0.6 09 135,66 152,66
T§ 1 (%) gifta Co Iy va Cioog 40 o044 | 10177
vdi AASHTO - 2010

3.2. Céng trinh: Trdifng Cao ding Binh Dinh; hang myc: Nhi K¢ tic xd 6 6
(5 téng)
Béng 10. xdchmpadwngmum,mm 14, chidu ddi coc 196 m

DS siu Hé 56 khing thinh béa m,
Tencoe | 2 | Mo || chien | Chides | Losioft
' ca ly cuimg 46
100 | | 1884
200 [ | 4396 ¢ thach anh
3.00 69,08 i
4.00 69,08
5,00 853 | 069 071
600 | 2 | 1884 | 054 0.57
700 | 2 | 1993 055 0.53
N N N s e
(300x300) (506 T2 | 1884 | 042 038 -
B=11

100 | 2 | 184 | 038 035
1200 | 2 | 1884 | 037 031
1300 | 2 | 1884 | 035 028
14,00 13 | 2512 0,62 0.69 Sét pha sdi. nity
1500 | 15 | 5024 | 070 096 | cimg (B=02)
1600 | 20 | 7536 | 074 0.87
17,00 | 24 | 9420 | 083 0,95
1800 | 24 10048 | 0,73 0.87 c‘;":‘ d‘:‘“"
1900 | 26 |12560] 085 0,95 i
1960 | 28 | 14484 | 0,85 0.94
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123
Badng 11. Xdc dinh hé s& khdng think bén m cho coc 9, cluéu d&a coc 19,6 m
% D6 siu = (T) ‘Hé s6 khéng thhnh bén | m‘ "
«hepe z, (m) L Q' Chi tiéu Chl tléll i Loai dat
cd 1y cm‘lng dé it
1,00 25,12 g
2,00 43,96 TEY e,
: ~_|Ct thach anh
4,(” 62,80 « ‘ 1
5,00 37,68 0,69 070
6,00 2 18,84 0,54 0,57
T7.00 2 25,12 | 0,57 0,55
§ 8,00 2 | 18,34 | 0,§6, 0,47 Bin sét pha
9,00 2 18,84 0,42 0,42
hitu ¢
1,00 [ 2 | 18,84 0,38 0,35
1200 | 2 | 18384 0,37 0,31
13,00 2 18,84 0,35 0,28
1400 | 13 | 37,68 0,63 0,71 Sét pha sdi,
nifa ciing
15,00 17 | 50,34 0,72 0,97 {(B=02)
16,00 20 | 74,36 0,74 083
1700 | 22 [ 119,32 0,83 087 ' |Cat pha niing,
1800 | 22 |12555 | 084 089" .| - déoctng
19,00 | 26 | 131,88 0,86 095 (B=03)
1960 | 30 |15444 | 087 | 097
Bdng 12, Xdc dinh hé 56 khdng thanh bén m, chq coc 6, chi?ic dai coc 19.6 m
DY siu H¢ & khing thank bén m, _
Tencoe | ) my | N [ Q@ | chigen | chivieu | Loaidit
100 [ 5 | 1884}
G 200 | 10 | 3440 Cit thach anh
@o0x300) |20 | 15 | 62,80 xam den
4.00 18 | 62,80
5,00 24 | 4396 0,66 0,69
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| iﬂ;{:ﬁ ";“' ~ e e WVANW
B 600 | 2 | 2502 0856} 035
7,00 2 |.2512 0,55 0,54
8,00 2 | 1884 0,46 047 Ban sét pha
900 2 18,84 0,42 042 hitu co
1000 | 2 | 1884 042 0,38 (B=1,1)
1100 | 2 | 1884 0,38 0,35
1200 | 2 | 18,84 0,37 0.31
1300 | 2 | 1884 0,35 0,28
1400 | 13 | 2512 0,63 0,69 Sét pha s6i,
nifa cdng
1600 | 20 | 62,80 0,79 0.86
1700 | 22 75,36 0,81 0,94 Cét pha ndng,
1800 | 22 | 9420 | 077 0.87 déo ciing
1900 | 26 111304 | 085 | 093 S (B=03
1960 | 30 |14605 0,85 095
g: '/:m- f: ":’.-'::.‘ /
s . ' W e ’ J
i» i
* ﬁl‘:ﬂmﬂ.“‘.ﬁ- - " » :Mo ;&.‘L&: o ;s
Hinh 7. Quan hé gitta chiéu sdu véi Hinh 8. Quan hé giita Ngy véi hec
tec ép coc tic 14 m dén 15 m ép coc tie 14 m dén 15 m
e (>
; :: ¥ DR O3 ; :‘ '/
;“ Wesus Eﬁq ; om B
;u- ;:: T
[ a >
: s "” - o < " a 2] - 1% - T »
W Pdaitany wnha wbs 0 Nan dha i M e B« s s W Ly e e

Hinh 9. lehégiﬁaN“\&ihésékhdgxgbénm,
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0 ,' S —
bl X P S 3 "” v v A
E; v-m;;q: N 1 iw ; //
L it ) 3=
i o B i o
it - . L] (15550 s '
a4 1 " PRI T e | e v GEH Wl o o @
ol o 0 Y Ty G Rt ke e 14 30 Y

Hinh 10. Quan hé gitia chiéu sdu véi
hec ép coc tic 16 m dén 19,6 m

Hinh 11, Quan b gitta N v e

- ép coc it 16 mdén 19.6m

; E . rl':inuw 3 % ;: _‘
o 054 1 k. ”, o R &
it / = iz P
i F e
‘mm ” noon » =2 O B » “e g v . »n A » W ’u:
T M a2 b e Ve (o gl 90500 Ly wa.:bﬁ..h
Hinh 12. Quan hé gitra Ny; véi hé s6 khdng bén my
Bdng 13. Xdc dinh hé 56 khdng bén trung binh m, va thiét l@p tiong quan k
che titmg 1dp ddt, vai m("; m[" & hé 56 khdng bén theo phiong phdp
chi tiéu cudng 4§ dat nén, phiomg phdp chi tiéu co Iy
Bin sét pha hitu ¢d | Sét pha séi, nita cing| Cit pha ning, déo
d6 siu tr 6 m d6 sduty 14 m | cling 46 shu r 16 m
Coc dén 13 m dén 15 m . dén 19,6 m
Coly [Cudngdd| Coly |[Cudngdd| Coly |Cudngdd
14 0437 | 0413 | 0660 | 0821 | 0800 [ 0915
9 0439 | 0415 0676 | 0839 | 0829 0,901
.6 | 0440 | 0411 0660 | 0817 | 0812 | 0908 |
Trung binh m, 0,439 S),‘4l3 0665 | 0826 | 0 13 '0,90& ‘o
0,942 T ol
S".

B
FEAE

[
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- Bang 14. So sdnh két qua kﬁ:ﬁ&lﬂngb@nlmm m, tit phuong phdp tink
't‘r", siéc chiu tdi cia coc theo chi tidu cdljvdcﬂngda&f: nén voi hé sd
khdng bén theo TCXD 205:1998 va AASHTO-2010

Biln sét pha hitu cof 46 sdu tr 6 m dén 13 m
TV 1é (%) gitta Ca Iy va
Coe Co | Cung | Texp | Cudng d0 voi TCXD 2051998
1 a6 :
¥ 205:1998 B T
Trung binh 7, | 0439 | 0413 [ 06 73,16 68,83
Sét pha s6i, nlfa ciing 30 sdu tir 14 m dén 15 m
| T§ 16 (%) gitta
Coc Co |Cuwmg| TCXD |AAsHTO| Cdlf va Cudng 40
ly ” 205:1998 i mlo Vo‘ TCXD 205:1”8
Coly | Cudngdd
Trung binh 7, | 0,665 | 0,826 | 06 085 11083 | 13766
TY 1 (%) giita Cd 1§ va Cudng aQ 78.23 97,17
vdi AASHTO-2010
Cét pha ndng, déo ciing 49 sdu ti 16 m dén 19.6 m
Ty ¢ (%) gitta
e Co |Cung| TCXD |AASHTO| Cl§ va Cudng dd
Coly Cudng 46
Trung binh 7, | 0813 | 0908 | 06 0,85 13833 | 15133
Chénh léch (%) gifta Cd 1§ va Cuding 46 95,64 106,82
véi AASHTO - 2010
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Tir ket qud 8 Liéu thi nghi¢m €p cov ngodi hién rudng, tién hanh tinh todn co
st dung phin mém Excel d€ hd tro v& a5 thi va tim hé s g quan R, ching t8i c6
miit s nhiin xét sau;

a. Quan hé sic chiv @i cue han Qv gia tnp N, (bda/30cm) (gid i €p coc
xuyén qua tifng hiép trén mit ménchiu siu) 13 quan hé wyén tnh, khi N, cang ldn
thi gid trj Q, cang ¢ ddi vdi ldp dit i, theo Hinh 2, Hinh 5 (cdt hat mung) c6 gid tr
tidng quan R = 1,924 + 0,976, mifc & wigng quan 1i rdt chdt vi Hinh £, Hiah 11 (g6t
pha, cdt pha) e gid tri twong quan R = 0,836 = 0,841 cilng c6 mifc dd twong guan 1i rit
chiit; con dit y&u dang bin hitu o thi gid i N,, nhd, Q. nhd, ddng thifi thii gian va
vin tic xuyén qua Idp dit il wén 1 mét 16n hon thif gian vi vin (6c xuyén qua mot
mét dii vai 16p dit y€u, Tai ldp phin & ddt chuyén tir I9p A&t 161 qua Lip 4t y&u hay
ngeite lai thi phiin dit 16t i diu mili coe viin chua bi phin tin hét hay bi héa ldng, dp
I nuidie 18 réing ting 1én, Ivc lién kéi phin nf giita cdc hat dit bi yéu di, ufc 1i gid tr
khing miii g tai diu mii coc o gid trgin bling gid uj khing mii g, ela Ip dit st
hay Q, Idn nén Q, 18n. Theo thi nghiém ép coc thi 14y tai vi tri 14 1 mét xuyén diy
tién hay 1 mét xuyén cudi cha ldp dit yéu, thong thuiing 1y cho | mét xuyén diu tién
thi gid tri m tinh theo phidng phip chi tiéu cd I§ hay chi tidu cuding 46 4t nén déu cb
gif tri 18n hon gid tr trung bink cla titng Idp 44t y&u va gid ] niy khong the lim gid
iri dai dién trung hinh cho lop ddt y&u do.

b. Tit két qud tinh todn gid tri hé 5& khdng bén m, hay gid tri hé sd khing trung
binh m cho coe 115 a (400 x 400): coc 84 a (400 x 400) vi coc 105 (350 x 350) tidng
tng tifng 4 siu khic nhau theo Bang 8. Ta thiy coc 105 (350 x 350) c6 gid trj hé =6
khing bén m, hay gii tri hé 56 khing trung binh {m = 1,280) déu nhd hon gid tri hé s5
khfing bén m, hay gid irj b¢ s khing trung binh m, coc 115 a (400 x 400); coc 84 a
(400 x 400) ¥ng vdi nimg 49 siu tr 5 m d€n 9 m cia ldp cit hat trung theo phudng phép
chi tiéu cor 1y (phuong phip chi tiéu euding di dit nén thi ngugc lai) v nhd hon gid i
trung hinh ﬁ; idng thé theo cde phudng phép; con ing vdi dd sdu tir 15 m dén 16 m cia
idp cdt hat trung hodc sdu hon nita thi gid wi bé s8 khing bén trén ngudc lai. i vdi
a6 siu tif 10 m d€n 14 m 13 1p b cit pha hite cd thi coc 105 (350 x 350) ¢ 'gid i hé
50 khdng bén m hay gid tri hé s6 khidag trung binh m nhd bt gid 10 tong binh m
ting Thé theo cdc phetdng phip. ;

C. K;E;.' dung quan hé giifa hé s khﬁng bén trung binh m m<" thea phudng phip chi

tiéu cof 1Y va hé 50 khing bén trung binh .ﬂiJr theo phing phép chi tiéu cudng dG dir
nén cho tifng loai dit, d6i vdi ddt hat i fi (N, i 10 d&n 30) va dit dinh (N, 1if 13 dén 17)

thi gid tri hé s6 khing bén trung binh m " tinh theo phung phdp chi ti&u e 1§ nhé hon

gid i hé 50 khdng trung binh M} tinh theo phl.rﬁug phip chi tiéu cuting 40 ddt nén,
con d&t bin hitu cdt (N, =2 d€n 4) thi gid tri hé 56 khdng bén rung binh 13 nguge lai.
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~,r.,.

1 “mg hién qua gid tri k 44 duge thi€t 1§p & Bang 8, Bang 13. Cu thé: cdt hat trung
, 1080(4@ssu|u5mde’n9m)vu120(@;5umsma€nlsmhoacsanhm:m)

-sétpha san s0i k = 1,241; cét pha ning, déo cdng k = 1,115; con bdn cit pha hivtu co
k = 0,960, bixn sét hitu co k = 0,942,

d. Quan h¢ giita hé s& khang bén trung binh m " theo phudng phdp chi tiéu c 1y,
hé & khdng bén trung bink m”" theo phudng phip chi tiéu cwing 40 dit nén vai
TCXDVN 205:1998 vi AASHTO-2010 cho titng loai dit. Theo két qud tinh todn cho
trong TCXDVN 205:1998 € tinh hé 6 khéng bén m, theo cdc phitdng phdp, thi gid tn
(g quan R 6 0,696 dén 0,976 13 niife tuong quan chit vifa d€n rit chit cho cdc loai
dit. T 46 so sdnh tf I¢ giita cdc phudng phip, theo Bing 9 va Bing 14. Cu thé, mifc
tf 1é hé 58 khng trung binh m_dude 1ip & bing sau:

Béng 15. T3 1¢ (%) hé 56 khdng bén trung binh m,

TV & (%) hé s§ khingbén [ T 16 (%) hé 56 khing bén
) trung binh m gilta phuong | trung binh m m, gilfa phudng phép
Loai 88t | ohgy tinh todin Iy thuyét vai | tinh todn 1§ thuyét vai

TCXDVN 205:1998 AASHTO-2010

Caly Cudng 46 Caly Cudng
Buncdtphabhituca] 62,21 60,00 - -
Binsétphahitucal 73,16 | 6883 Ao -
Sétphasdinitacing| 110,83 13766 | 7823 97,17
Cét hat trung 136,49 150,16 92,33 101,94
Cart pha ndng,

138.3 151,33 95,64 106,82
g 33 1 5 06,8

Nhin chung, ty 1& (%) hé s6 khidng bén trung binh trén cho thiy tinh todn thiét k&
theo TCXDVN 205: 1998 ¢6 @5 an toan (FS = 1,10 + 1,38; phudng phép chi tiéu cd 1§
va FS = 1,37 = 1,51; phucg phép chi tiéu cultng 40 d3t nén) cdn theo AASHTO-2010
a0 an wan (FS = 0,78 = 0,95; phuagag phap chi téu cd Iy va FS = 0,97 = 1,06; phiuong
phép chi tiéu cudng 46 ddt nén). Nhu vy, tinh todn thi€t k€ theo TCXDVN 205:1998
qud an toda, cdn theo AASHTO-2010 thi gid trj trén gin voi gid trj thyc €.

4. KET LUAN

- Coc ép c6 khoan din xuyén qua céc loai ddt c6 thinh phin thach hoc khéc
nhau thi hé 56 khing bén m_khic nhau. Cu thé:
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Phudng phip Bin cdt | Ban sét  [Sét pha sdi, C{u pba nﬁng, C4t hat

" H¢ sd khing bén m,

pha hitu ¢a pha hifu cd | nifa cing déocﬁi'lg trung

Chi tiéu cd Iy 0,373 0.439 0,665 0813 0,848

Chi tiéu cudng 46 : 0,360 0,413 0,826 0,908 0,919

- Sifc chiu tdi eve han cia coc khi ép ¢6 khoan din cang Idn thi gid ui N, cang

16n, vi ngudc lai. Khi coc xuyén qua 16p dat y&u thi gid m N, vi stfc clnu lél CUC
han gidm.

- Ti€p tyc khoan din vé¥ c:ic Mng kinh khdc nhau cho cdc loai dit khic nhau.

trén dja ban, d€ thiét 1ap he sﬁ' khéng bén m, chinh xdc han cho ting loai A4t

(1

(2]

i3]

(41

i3]
(61

(71
18]

Y
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 SUMMARY

LA DETERMINATING RESISTANCE FACTOR M, OF PILES FROM
" EXPERIMENT RESULTS OF PRESSING PILES HAVING DRILLING
"IN AREAS FOR SOME TYPICAL KINDS OF SOIL OF GEOLOGICAL
CONDITION IN BINH DINH PROVINCE

Nguyen Van Tin

From experiment results of pressing piles having drilling and some methods of
calculating the bearing capacity of piles, resistance factors m, are computed. The value of
resistance coefficient for one type of soil is different from that for the others. However,
the resistance factors of piles in Vietnamese Design Standards of Civil Engineering
(TCXDVN 205:1998) have not shown this diference. This paper presents the resistance
factors for some typical types of soil of geological condition in Binh Dinh province. Thereby,
we have additional knowledge to calculate designs for more sensible results.

““Truting Pai Hoc Quang Trung
Ngay nhin bai: 25/7/2013; Ngay nhin ddng: 24/10:2013.
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PHU LUCE

QUY TRINH TINH TOAN SUC CHIU TAI DOC TRUC CUA COQC CO

XET KHA NANG HOA LONG CUA NEN CAT

- Ta1 cong trinh

- Vi trf khoan thi nghiém xuyén tiéu chudn SPT

h 4

- Xay dung bang gia toc
nén theo phuwong phap
Kanai tuong ung vdi

tan s6 1 Hz va 2 Hz

A 4 A 4

- Thi nghiém ba truc gia tai
lap chu ky

- Xac dinh r, = f(n) va CSR =
f(n) véin - s6 vong chu ky

h 4

_ Xac dinhr, = f (CSR)

- Panh gid dudng cong cip
phéi thanh phan hat thoa
didu kién héa léng cua
Tsuchida (1970)

- X4c dinh thong sb co 1y dat
nén: Yw G @, €, FC, N

Vv

- Panh gia hé s6 khang hoa
léng FS;, = CSR / CRR <1

A 4

A 4

- Xac dinh CSR = f (Ng,)

\ 4
- Xac dinh r, = £ (Ng,)

Y
- Xac dll’]h Rg = Rgo - Rsu

!

A 4

y

- Xdc dinh R,y = R, + R,
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KET QUA TINH TOAN SUC CHIU TAI DQC TRUC CUA CQC
CO XET KHA NANG HOA LONG CUA NEN CAT
THEO CAC PHUGNG PHAP
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F.1. Cong trinh Khach San Nam Thu
Két qua tinh toan strc chiu tai doc truc ctia coc ¢ xét kha nang héda long cua

nén cat theo cac phuong phap
F.1.1. Phuwong phap Boulanger et al. (2004) - (PP1)

Coc CTN2-T7
Chiéu dai coc 24 (m) Chu vi coc 1.884 (m)
Puong kinh coc 0.6 (M) Dién tich coc 0.282 (m°)

, ' Nspt
Lovdit | | my |y | @ | ow | GPe | | 0 O
1(2m) 2 2 17.2 | 3294 | 344 | 144 | 0.97 | 0.0941 8

2 4 17.3 30 346 | 146 | 0.94 | 0.0941 15
2 (6m) 2 6 17.4 30 348 | 148 | 0.91 | 0.0941 18
2 8 17.2 30 344 | 144 | 0.88 | 0.0941 20
3 (2m) 2 10 16.7 4 334 | 134 | 0.85 | 0.0941 2
2 12 17.6 30 352 | 152 | 0.82 | 0.0941 16
4 8m) 2 14 17.6 30 35.2 | 152 | 0.79 | 0.0941 20
2 16 17.8 30 35.6 | 156 | 0.76 | 0.0941 20
2 18 17.8 30 35.6 | 156 | 0.73 | 0.0941 15
2 20 18.9 18 378 | 178 | 0.7 | 0.0941 16
5 (6m) 2 22 18.9 18 37.8 | 17.8 | 0.67 | 0.0941 30
2 24 18.9 18 37.8 | 17.8 | 0.64 | 0.0941 30
Tong (m) 24
Lép dét (n\]jgz) (I) DAF L R FS (IZEZ) A
1(2m) 186.3554 | 0.04293 | 1.69064 | 0.36865 | 0.12053 |  0.32696 | 0.5922247 | 0.921514
227.0201 | 0.03524 | 1.62574 | 0.25378 | 0.18243 | 0.7188347 | 0.2751359 | 0.6904474
2 (6m) 240.396 | 0.03328 | 1.60808 | 0.24906 | 0.20344 | 0.8168184 | 0.1985497 | 0.560371
248.4821 | 0.0322 | 1.5981 | 0.25147 | 0.21964 | 0.8734009 | 0.1590269 | 0.4669101
3 (2m) 120.5855 | 0.06634 | 1.85857 | 0.30515 | 0.03733 | 0.122338 | 1.317111 | 0.913057
231.6677 | 0.03453 | 1.61943 | 0.24703 | 0.18678 | 0.7561203 | 0.2469352 0.6486
4 8m) 248.4821 | 0.0322 | 1.5981 | 0.24378 | 0.21473 | 0.8808582 | 0.1590269 | 0.4669101
248.4821 | 0.0322 | 1.5981 | 0.24022 | 0.21238 | 0.884085 | 0.1590269 | 0.4669101
227.0201 | 0.03524 | 1.62574 | 0.24438 | 0.17723 | 0.7252149 | 0.2751359 | 0.6904474
231.6677 | 0.03453 | 1.61943 | 0.22653 | 0.17403 | 0.7682428 | 0.2469352 0.6486
5 (6m) 282.22 | 0.02835 | 1.56122 | 0.21838 | 0.25676 | 1.1757379 | 0.0464871 | -0.057064
282.22 | 0.02835 | 1.56122 | 0.21838 | 0.25676 | 1.1757379 | 0.0464871 | -0.057064
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Lop dat B e T R s R T N O s
1(2m) -0.00773 | 0.59222 | 0.75477 | 1.31023 | 4.94 | 45.2548 0 0
0.488972 | 0.27514 | 0.57722 | 2.01365 | 7.59 | 61.9677 0 0
2(6m) | 0.0709917 | 0.19855 | 0.50167 | 2.40602 | 9.07 | 67.8823 0 0
0.0517115 | 0.15903 | 0.45026 | 3.19735 | 12.05 | 71.5542 0 0
3(2m) | -0.007226 | 1.31711 | 0.93989 | 0.03941 | 0.15 | 22.6274 0 0
0.1422846 | 0.24694 | 0.55218 | 2.22059 | 8.37 64 0 0
4 8m) 0.0504438 | 0.05044 | 0.18433 | 4.0446 | 15.24 | 71.5542 0 0
0.0499093 | 0.04991 | 0.18187 | 5.15489 | 19.42 | 71.5542 0 0
0.3972516 | 0.39725 | 0.66229 | 1.71865 | 6.48 | 61.9677 0 0
0.1266217 | 0.24694 0287511 | 10.83 64 0 0
5(6m) | 0.0247367 | 0.02474 0|2.87511 | 10.83 | 87.6356 0 0
0.0247367 | 0.02474 0| 2.87511 | 10.83 | 87.6356 | 1710.09 | 483.27
115.79 483.27 | 599.07
F.1.2. Phuwong phap Fellenius et al. (2008) - (PP2)
Coc CTN2-T7
Chiéu dai coc 24 (m) Chu vi coc 1.884 (m)
Puong kinh coc 0.6 (M) Dién tich coc 0.282 (m°)
o 3k Z w c'vo B op i R: uli
Lopdit | h(m) | oy | i) | () (oay | (<PR) | | Lo W | |
12m) | 2 2 172 | 3294 | 344 | 144 | 03 | 432
2 4 17.3 30 | 346 | 146 | 0.32 | 4.672
2(6m) | 2 | 6 | 174 | 30 | 348 | 148 | 034 | 5.032
2 8 17.2 30 | 344 | 144 | 025 | 36
3(2m) | 2 | 10| 167 4 334 | 134 | 025 | 3.35
2 | 12| 176 30 | 352 | 152 | 0.32 | 4.864
4 (8m) 2 | 14| 176 30 | 352 | 152 | 0.34 | 5.168
2 |16 | 178 30 | 356 | 156 | 0.34 | 5.304
2 | 18| 178 30 | 356 | 156 | 0.32 | 4.992
2 | 20| 189 18 | 378 | 178 | 0.32 | 5.696
5(06m) | 2 | 22| 189 18 | 37.8 | 17.8 | 0.32 | 5.696
2 | 24| 189 18 | 378 | 178 | 0.32 | 5.696
24 Téng | 426.6 | 186.6 | Ry= | 110.01 | 2346.31 | 663.07 | 773.07
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F.1.3. Phuwong phap Muhunthan et al. (2017) - (PP3)

Coc CTN2-T7
Chiéu dai coc 24 (m) Chu vi coc 1.884 (m)
Puong kinh coc 0.6 (m) Dién tich coc 0.282 (m?)
z Yo ® c o'\vo Neo 0's ,
m) | kNm%) | (do) (kPa) | (kPa) (ngfo (d0) owlPs
2 17.2 32.94 34.4 14.4 8 35.81 1.64
4 17.3 30 34.6 14.6 15 38.32 2.39
6 17.4 30 34.8 14.8 18 39.05 2.66
8 17.2 30 34.4 14.4 20 32.00 2.84
10 16.7 4 33.4 13.4 2 32.00 0.82
12 17.6 30 35.2 15.2 16 38.58 2.48
14 17.6 30 35.2 15.2 20 39.47 2.84
16 17.8 30 35.6 15.6 20 39.47 2.84
18 17.8 30 35.6 15.6 15 38.32 2.39
20 18.9 18 37.8 17.8 16 38.58 7.52
22 18.9 18 37.8 17.8 30 41.09 14.10
24 18.9 18 37.8 17.8 30 41.09 14.10
Tong 426.6 | 186.6
o 3k r R r R ;
Lép dat P KPa) | (kN) | (Pa) | (N) (%r'\'i;
1(2m) 0.21 3.02 5.68 5.68
0.16 2.29 431 431
2 (6m) 0.14 2.02 3.80 3.80
0.43 6.26 | 11.79 11.79
3 (2m) 0.23 3.13 5.90 5.90
0.15 2.22 4.19 4.19
4 8m) 0.12 1.87 3.52 3.52
0.12 1.88 3.55 3.55
0.15 2.34 4.42 4.42
0.26 4.71 8.88 8.88
5 (6m) 0.17 3.01 5.67 5.67
0.17 3.01 5.67 | 1720.8 | 486.30 | 491.97
67.38 486.30 | 553.68
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F.1.4. Phwong phdp PP4 (phwong phdp dé xudt)

Coc CTN2-T7
Chiéu dai coc 24 (m) Chu vi coc 1.884 (m)
Puong kinh coc 0.6 (m) Dién tich coc 0.282 (m?)
Lép h Z Yw [0) o o'vo
dét (m) m) | (kN/m% | (d0) | (kPa) | (kPa) | amex/g
1(2m) 2 2 17.2 3294 | 344 14.4 | 097 0.0941
2 4 17.3 30 34.6 14.6 0.94 0.0941
2 (6m) 2 6 17.4 30 34.8 14.8 0.91 0.0941
2 8 17.2 30 34.4 14.4 | 0.88 0.0941
3 (2m) 2 10 16.7 4 33.4 13.4 | 0.85 0.0941
2 12 17.6 30 35.2 15.2 0.82 0.0941
4 (8m) 2 14 17.6 30 35.2 15.2 0.79 0.0941
2 16 17.8 30 35.6 15.6 0.76 0.0941
2 18 17.8 30 35.6 15.6 0.73 0.0941
2 20 18.9 18 37.8 17.8 0.7 0.0941
5 (6m) 2 22 18.9 18 37.8 17.8 0.67 0.0941
2 24 18.9 18 37.8 17.8 0.64 0.0941
24 Tong 426.6 | 186.6 3
Y . Vsi T
Lopdat | . /Nspé cm) (m/22> (s) DAF 1L R FS | Tu (klga)
1(2m) 8 186.36 | 0.04 | 1.69 0.37 001| 0.04| 0.86 0
15 227.02 | 0.04 | 1.63 0.25 0.04| 015| 0.86 0
2 (6m) 18 24040 | 0.03 | 1.61 0.25 0.05| 0.18]| 0.85 0
20 248.48 | 0.03 | 1.60 0.25 0.05| 020]| 0.85 0
3 (2m) 2 12059 | 0.07 | 1.86 031| -0.02| -0.05| 0.89 10
16 231.67 | 0.03 | 1.62 0.25 004| 0.16| 0.85 0
4 8m) 20 248.48 | 0.03 | 1.60 0.24 0.05| 020]| 0.85 0
20 24848 | 0.03 | 1.60 0.24 0.05| 020]| 0.85 0
15 227.02 | 0.04 | 1.63 0.24 0.03| 0.14| 0.86 0
16 231.67 | 0.03 | 1.62 0.23 0.03| 1.00 0 0
5 (6m) 30 282.22 | 0.03 | 1.56 0.22 0.06 | 0.29 0 0
30 282.22 | 0.03 | 1.56 0.22 0.06| 0.29 0 0
o aX s AR -ro)Kofl; R R :
Lép dat (kII;a) (kL}m) (1(krr\?/kr$1f)| (k|\8|) (k(g;;a) (kl\tl) 85\'{3'
1(2m) 4.26 8.51 0.81 1.52
2 (6m) 4.21 8.43 0.86 1.61
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4.27 8.54 0.88 1.67
4.16 8.31 0.87 1.64
3 (2m) 1.87 3.74 0.30 0.56
4.39 8.77 0.90 1.69
4 8m) 4.39 8.77 0.92 1.73
4.50 9.01 0.94 1.77
4.50 9.01 0.91 1.72
4.00 7.99 5.59 10.54
5 (6m) 4.00 7.99 5.59 10.54
4.00 7.99 5.59 10.54
S3fsli= 97.07 24.16 4552
—u.Emfxfs.li= 182.88 4552 4552 | 224392 | 634.13| 679.65
Lép h z Yw o) c o'vo
gt | m | m | nmd | @) | kPa) | Pa) | M amaxlg
1(2m) 2 2 17.2 32.94 34.4 14.4 0.97 0.0941
2 4 17.3 30 34.6 14.6 0.94 0.0941
2 (6m) 2 6 17.4 30 34.8 14.8 0.91 0.0941
2 8 17.2 30 34.4 14.4 0.88 0.0941
3 (2m) 2 10 16.7 4 33.4 13.4 0.85 0.0941
2 12 17.6 30 35.2 15.2 0.82 0.0941
4 (8m) 2 14 17.6 30 35.2 15.2 0.79 0.0941
2 16 17.8 30 35.6 15.6 0.76 0.0941
2 18 17.8 30 35.6 15.6 0.73 0.0941
2 20 18.9 18 37.8 17.8 0.7 0.0941
5 (6m) 2 22 18.9 18 37.8 17.8 0.67 0.0941
2 24 18.9 18 37.8 17.8 0.64 0.0941
24 Tong 426.6 186.6
Lopdat |, e om) (rr\1//§2) (I) DAF L | R PFS | fe |
1(2m) 8 186.36 | 0.04 1.69 | 037| 001| 004| 099 0
15 227.02 | 0.04 1.63| 025| 004| 015| 095 0
2 (6m) 18 240.40 | 0.03 1.61| 025| 0.05| 0.18]| 094 0
20 248.48 | 0.03 1.60 | 025| 0.05| 020| 093 0
3 (2m) 2 120.59 | 0.07 1.86 | 031| -0.02| -0.05| 0.00 10
16 231.67 | 0.03 1.62| 025| 0.04| 016| 095 0
4 8m) 20 248.48 | 0.03 1.60 | 024 005| 020| 093 0
20 248.48 | 0.03 1.60 | 024| 0.05| 0.20| 093 0
15 227.02 | 0.04 1.63| 024 003| 014| 095 0
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16 231.67 | 0.03 162 | 023| 0.03| 1.00 0| 177
5 (6m) 30 282.22 | 0.03 156 | 0.22| 0.06| 0.29 0| 18.0
30 282.22 | 0.03 156 | 0.22| 006 0.29 0| 194
Lop dit fs fdl; (L-ry)kofsl; Rs Qe Rt Quyliq
(kPa) | (kN/m) (kN/m) (kN) | (kPa) (kN) (kN)
1(2m) 4.26 8.51 0.06 0.11
4.21 8.43 0.27 0.52
2 (6m) 4.27 8.54 0.36 0.68
4.26 8.51 0.41 0.77
3 (2m) 0.97 1.94 1.36 0.00
4.39 8.77 0.32 0.59
4 8m) 4.39 8.77 0.42 0.79
4,50 9.01 0.43 0.81
4.50 9.01 0.29 0.55
4.00 7.99 5.59 10.54
5 (6m) 4.00 7.99 5.59 10.54
4.00 7.99 5.59 10.54
S3fl= 95.47 20.70 | 39.00
—uImexf = 179.86 39.00 | 36.44 | 224392 | 634.13| 67057
F.1.5. Phuwong phap TCVN 10304:2014 - (PP5)
Coc CTN2-T7
Chiéu dai coc 24 (m) Chu vi coc 1.884 (m)
Puong kinh coc 0.6 (M) Dién tich coc 0.282 (m?)
hg < 3/a, 4 (m) Véi hé s6 ty 16 k = 19000 kN/m*
Lop dat (r?l) (ri]) wmd | @) (kga) kPa) | (kPa) (k]I;Sa)
1(2m) 2 2 17.2 32.94 0| 344 14.4 -
2 4 17.3 30 0| 346 14.6 -
2 (6m) 2 6 17.4 30 0| 348 148 | 4.27
2 8 17.2 30 0| 344 144 | 4.16
3 (2m) 2 10 16.7 4 10| 334 13.4 1.87
2 12 17.6 30 0| 352 152 | 4.39
4 8m) 2 14 17.6 30 0| 352 152 | 4.39
2 16 17.8 30 0| 356 156 | 450
2 18 17.8 30 0| 356 156 | 450
5 (6m) 2 20 18.9 18 17.7| 37.8 17.8 4.00
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2 22 18.9 18 180 | 378 178 | 4.00
2 24 18.9 18 19.4 | 378 178 | 4.00
24 Tong 426.6 | 186.6
Lép dat (kltlS;Im) (Eﬁ) (k%a) (kRI\tl) Elgd\llg
1(2m) - -
2 (6m) 8.54 16.10
8.31 15.66
3 (2m) 3.74 7.05
8.77 16.53
4 8m) 8.77 16.53
9.01 16.97
9.01 16.97
7.99 15.05
5 (6m) 7.99 15.05
7.99 15.05
151.10 224392 | 634.13 | 785.13
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F.2. Cong trinh Bénh Vién Da Khoa tinh Binh Dinh
Két qua tinh toan strc chiu tai doc truc ctia coc c6 xét kha nang hoa long cia
nén cat theo cac phuong phap

F.2.1. Phuwong phap Boulanger et al. (2004) - (PP1)

Coc 84a
Chiéu dai coc 16 (m) Chu vi coc 1.6 (M)
Canh coc 0.4 (m) Dién tich coc 0.16 (M)
Lop h z Yw o o c'vo ] a9 Nspt
dait | (m) | (m) | (kN/m®) | (d6) | (kPa) | (kPa) | ¢ | ©ma (btia / 30 cm)
1(2m) 2 2 17.2 30 | 344 14.4 | 0.97 | 0.0941 8
2 17.4 30 | 348 14.8 | 0.94 | 0.0941 10
2 (6m) 2 17.4 30 34.8 14.8 | 0.91 | 0.0941 18
2 17.3 30 | 34.6 14.6 | 0.88 | 0.0941 20
3 (4m) 2 10 16.7 33.4 13.4 | 0.85| 0.0941
2 12 16.8 5 33.6 13.6 | 0.82 | 0.0941
4 (4m) 2 14 17.9 32 | 358 15.8 | 0.79 | 0.0941 20
2 16 17.9 32 | 358 15.8 | 0.76 | 0.0941 20
16
Lop Vsi T Yiim
gt | msd) | ) | PAF L R FS (kPa) A
1(2m) | 186.3554 | 0.04293 | 1.690642 | 0.368645 | 0.014199 | 0.03851542 | 0.59222469 | 0.9215
199.8811 | 0.04002 | 1.666865 | 0.25817 | 0.020844 | 0.08073732 | 0.47318216 | 0.8695
2(6m) | 240.396 | 0.03328 | 1.608079 | 0.249065 | 0.045047 | 0.18086498 | 0.19854973 | 0.5603
248.4821 | 0.0322 | 1.598103 | 0.249469 | 0.050841 | 0.20379793 | 0.15902691 | 0.4669
3 (4m) 120.5855 | 0.06634 | 1.858571 | 0.305147 | -0.01678 | -0.0549964 | 1.31711097 | 0.9130
120.5855 | 0.06634 | 1.858571 | 0.302459 | -0.01702 | -0.0562557 | 1.31711097 | 0.9130
4 (4m) 248.4821 | 0.0322 | 1.598103 | 0.238517 | 0.047105 | 0.19749159 | 0.15902691 | 0.4669
248.4821 | 0.0322 | 1.598103 | 0.238517 | 0.047105 | 0.19749159 | 0.15902691 | 0.4669
L(';’p B Ymax r fsi Rs D Qci Rt Qulig
dat (kPa) u (kPa) (kN) r (kPa) (kN) (kN)
1(2m) | -0.00610 | 0.59222 | 0.75477 1.152 | 3.69 | 45.25
2(6m) | -0.01110 | 0.47318 | 0.7028 | 1.434931 | 4.59 | 50.60
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-0.07375 | 0.1985 | 0.50166 | 2.406022 | 7.70 | 67.88
-0.12737 | 0.15902 | 0.45026 | 3.241756 | 10.37 | 71.55
3 (4m) -0.00645 | 1.31711 | 0.93989 | 0.039406 | 0.13 | 22.63
-0.00645 | 1.31711 | 0.93989 | 0.050038 | 0.16 | 22.63
4 (4m) -0.12482 | 0.15902 | 0.45026 | 3.796881 | 12.15 | 71.55
-0.12482 | 0.15902 | 0.45026 | 3.796881 | 12.15 | 71.55 | 8624.24 | 1379.88
50.94 1379.88 | 1430.82
F.2.2. Phuwong phap Fellenius et al. (2008) - (PP2)
Coc 84a
Chiéu dai coc 16 (m) Chu vi coc 1.6 (M)
Canh coc 0.4 (m) Dién tich coc 0.16 (M)
Lop h z Yw (0] c G'vo B cfl’fn Ot lig R Qu,lig
dit | (m) | (m) | (kN/m® | (d6) | (kPa) | (kPa) | chon (kPa) (kPa) (kN) (kN)
1@m)y| 2 | 2 17.2 30 | 344 | 144 | 03 | 4.32
2 | 4 17.4 30 | 34.8 | 148 | 0.32 | 4736
206m)| 2 | 6 17.4 30 | 34.8 | 148 | 0.34 | 5032
2 | 8 17.3 30 | 346 | 146 | 0.25 | 3.65
3 (4m) 2 |10 | 167 334 | 134 | 025 | 3.35
2 | 12| 168 5 | 336 | 13.6 | 0.32 | 4.352
4 (4m) 2 | 14| 179 32 | 358 | 158 | 0.34 | 5372
2 | 16 | 179 32 | 358 | 158 | 0.34 | 5372
16 Téng | 277.2 | 117.2 | Ry= | 57.89 | 11642.40 | 1862.78 | 1920.68
F.2.3. Phuwong phap Muhunthan et al. (2017) - (PP3)
Coc 84a
Chiéu dai coc 16 (m) Chu vi coc 1.6 (M)
Canh coc 0.4 (m) Dién tich coc 0.16 (m?)
Lepdic | 0m) | o | oiiney | dy | Pe) | (Pa) | Mo @) | o
(bua/ 30 cm)
1(2m) | 2 2 17.2 30 34.4 | 14.4 8 35.81 1.64
2 4 17.4 30 348 | 148 10 36.70 1.87
2(6m) | 2 6 17.4 30 348 | 148 18 39.05 2.66
2 8 17.3 30 346 | 14.6 20 32.00 2.84
3 (4m) 2 10 16.7 4 334 | 134 32.00 0.71
2 12 16.8 5 336 | 136 30.27 0.71




267

4 (4m) 14 17.9 32 358 | 158 20 39.47 2.84
16 17.9 32 358 | 158 20 39.47 2.84
16
ek I Rs It Ry Quyiig
Lop dat P kPa) | (kN) | (kPa) | (kN) | (kN)
1(2m) 0.21 3.02 4.83
0.19 2.82 452
2 (6m) 0.14 2.02 3.23
0.43 6.30 | 10.07
3 (4m) 0.22 2.91 4.65
0.24 3.31 5.29
4 (4m) 0.12 1.89 3.03
0.12 1.89 3.03| 11490 | 1838.4
38.66 1838.4 | 1877.06
F.2.4. Phwong phdp PP4 (phwong phdp dé xudt)
Coc 84a
Chiéu dai coc 16 (m) Chu vi coc 1.6 (m)
Canh coc 0.4 (m) Dién tich coc 0.16 (M)
Lop h z Yw ¢ o G'vo r amax/Q
dat | (m) | (m) (KN/m°) | (do) (kPa) (kPa) d max
1(2m) | 2 2 17.2 30 34.4 14.4 0.97 | 0.0941
2 4 17.4 30 34.8 14.8 0.94 | 0.0941
2(6m) | 2 6 17.4 30 34.8 14.8 0.91 0.0941
2 8 17.3 30 34.6 14.6 0.88 | 0.0941
2 10 16.7 33.4 13.4 0.85 | 0.0941
3 (4m)
2 12 16.8 5 33.6 13.6 0.82 | 0.0941
2 14 17.9 32 35.8 15.8 0.79 | 0.0941
4 (4m)
2 16 17.9 32 35.8 15.8 0.76 | 0.0941
16 Tong 277.2 117.2
4 A Nspt Vsi T c
Lop dat | pua /30 cm) mis®) | (9) DAF | L R FS 1 fa | (kpa)
1 (2m) 8 186.36 | 0.04 1.69| 0.37| 0.01| 0.04]| 079 0
2 (6m) 10 199.88 | 0.04 1.67 | 0.26| 0.02| 008]| 0.77 0
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18 240.40 | 0.03 1.61] 025| 0.05| 0.18| 071 0
20 248.48 | 0.03 1.60 | 0.25| 0.05| 0.20| 0.70 0
3 (4m) 120.59 | 0.07 1.86 | 0.31| -0.02| -0.05| 0.92 12
120.59 | 0.07 1.86 | 0.30 | -0.02| -0.06| 0.92 12
4 (4m) 20 248.48 | 0.03 1.60 | 0.24| 0.05| 020| 0.70 0
20 248.48 | 0.03 1.60 | 024| 0.05| 0.20]| 0.70 0
Lé’p déf[ fs fsli (1'ru)k0fs|i RS QC Rt Qu,liq
(kPa) (kN/m) (kN/m) (kN) (kPa) (kN) (kN)
1(2m) 4.16 8.31 1.76 2.82
4.27 8.54 1.99 3.18
2 (6m) 4.27 8.54 2.45 3.92
5.21 10.43 3.09 4,95
3 (4m) 1.87 3.74 0.31 0.50
1.09 2.17 0.18 0.29
4 (4m) 4.64 9.28 2.75 4.40
4.64 9.28 2.75 4.40
S3fs.li= 60.30 15.29 | 24.46
—u.Emfxfs.li= 96.49 2446 | 24.46 | 642550 | 1028.08 | 1052.54
Lop h z Yw o) c c'vo ] a0
dat m) | (m) | (kN/m® | (do) (kPa) (kPa) d max
1(2m) 2 2 17.2 30 34.4 14.4 0.97 | 0.0941
2 (6m) 2 4 17.4 30 34.8 14.8 0.94 | 0.0941
2 6 17.4 30 34.8 14.8 0.91 | 0.0941
2 8 17.3 30 34.6 14.6 0.88 | 0.0941
3 (6m) 2 10 16.7 4 33.4 13.4 0.85 | 0.0941
2 12 16.8 5 33.6 13.6 0.82 | 0.0941
2 14 17.9 32 35.8 15.8 0.79 | 0.0941
4 (8m) 2 16 17.9 32 35.8 15.8 0.76 | 0.0941
16 Tong 277.2 117.2
4 A Nspt Vsi T C
Lopdat | pga/30emy | misy) | ) | PAF| L | R S | (Pa)
1(2m) 8 186.36 | 0.04 | 1.69| 037 | 0.01 0.04| 091 0
2 (6m) 10 199.88 | 0.04 | 167 | 0.26| 0.02 0.08| 0.87 0
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18 240.40 | 0.03 | 1.61| 0.25| 0.05 0.18| 0.78 0
20 24848 | 003 | 160| 0.25| 0.05 020 | 077 0
3 (4m) 120.59 | 0.07 | 1.86| 0.31| -0.02 -0.05 | 1.00 12
120.59 | 0.07 | 1.86| 0.30 | -0.02 -0.06 | 1.00 12
4 (4m) 20 248.48 | 0.03 | 1.60| 0.24| 0.05 020 | 0.77 0
20 24848 | 0.03 | 1.60| 0.24| 0.05 020 | 077 0
Lép d4t fs fl; (L-ry)kofsli Rs Qe Rt Qulig
(kPa) (kN/m) (kKN/m) (kN) (kPa) (kN) (kN)
1(2m) 4.16 8.31 0.54 0.86
4.27 8.54 0.76 1.21
2 (6m) 4.27 8.54 1.29 2.06
5.21 10.43 1.69 2.70
3 (4m) 1.87 3.74 0.00 0.00
1.09 2.17 0.00 0.00
4 (4m) 4.64 9.28 1.50 2.40
4.64 9.28 1.50 2.40
= 60.30 7.28| 1164
—u.Imxf. = 96.49 11.64 | 11.64 | 642550 | 1028.08 | 1039.72
F.2.5. Phuwong phap TCVN 10304:2014 - (PP5)
Coc 84a
Chiéu dai coc 16 (m) Chu vi coc 1.6 (M)
Canh coc 0.4 (m) Dién tich coc 0.16 (m?)
hg < 3/a, 4.5 (m) Véi hé s6 ty 16 k = 18000 kN/m*
Lop h z Yw [0) c c c'vo fs
dat (m) (m) | (kN/m3) |  (d9) (kPa) | (kPa) | (kPa) | (kPa)
1(2m) 2 2 17.2 30 0| 344 14.4 -
2.5 4 17.4 30 0| 348 14.8 -
2 (6m) 1.5 6 17.4 30 0| 348 14.8 3.20
2 8 17.3 30 0| 346 14.6 5.21
3 (4m) 2 10 16.7 4 12| 334 13.4 1.87
2 12 16.8 5 12| 336 13.6 1.09
4 (4m) 2 14 17.9 32 0| 358 15.8 4.64
2 16 17.9 32 0| 358 15.8 4.64
16 Tong 277.2 | 117.2
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L(}’p fsli Rs qc Rt Qu,liq
dat | (kN/m) (kN) (kPa) (kN) (kN)
1(2m) - -
2 (6m) - -
10.42802 | 16.68483332
142492 987986734
3 (4m) 3 9 5.98798673
2.171286 | 3.474057305
4 (4m) 9.281045 | 14.84967268
9.281045 | 14.84967268
55.8022200 6425.50 | 1028.08 | 1083.91
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G.1. Cong trinh Khach San Nam Thu
G.1.1. Két qua tinh todn strc chiu tdi doc truc ciia coc c6 xét khd ning héa

Iong ciia nén cdt theo phwong phdp sé bang phin mém Geostudio 2018

twong teng vdi tin so 1 Hz
G1.1.1. Xac dinh Gpay

L(’;’p h y4 Yw [0) 19 c'\vo " Al
dat (m) (m) | (kN/m® | (o) (kPa) | (kPa) d max
2 (6m) 2 4 17.3 30 34.6 14.6 0.94 0.0941
cat 2 6 17.4 30 34.8 14.8 0.91 0.0941
2 8 17.2 30 34.4 14.4 0.88 0.0941
2 12 17.6 30 35.2 15.2 0.82 0.0941
4 (8m) 2 14 17.6 30 35.2 15.2 0.79 0.0941
cat 2 16 17.8 30 35.6 15.6 0.76 0.0941
2 18 17.8 30 35.6 15.6 0.73 0.0941
, A Nspt VSi T
Lépdat | 4 /30 cm) mis?) | (s) DAF | L R FS fu
2 (6m) 15 227.02 | 0.04 1.63| 025| 0.04 0.15 0.86
cat 18 240.40 | 0.03 161| 025| 0.5 0.18 0.85
20 248.48 | 0.03 160| 025| 0.05 0.20 0.85
16 23167 | 0.03 1.62| 025| 0.04 0.16 0.85
4 (8m) 20 248.48 | 0.03 1.60| 024| 0.05 0.20 0.85
cat 20 248.48 | 0.03 1.60| 0.24| 0.5 0.20 0.85
15 227.02 | 0.04 1.63| 024| 003 0.14 0.86
L sk ' c' Grnax
Lopdit | rams | (g5 | wpay | K (kPa)
2 (6m)
- 0.85261 | 4.421688 | 0.922943 | 20.77496 | 40 40110.0115
ca
4 (8m) 0.852559 | 4.423236 | 0.922916 | 21.9129 40 41193.87153
ot . . . . .
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Ru.iq (KN) twong img tin s6 1 Hz

D0 sau z (m)

t(s) 2.0000 3.2249 4.4367 5.6367 6.8244 9.3333 | 10.6667 12.0000 13.3333 14.6666
0.0 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.2 |602.1755 | 614.7438 | 627.3120 | 639.8803 | 652.4486 |665.0168 | 677.5851 | 690.1533 | 702.7216 | 715.2898
0.4 | 440.8434 | 454.2245 | 467.6056 | 480.9867 | 494.3678 |507.7490 | 521.1301 | 534.5112 | 547.8923 | 561.2735
0.6 | 534.0620 | 546.4274 | 558.7927 | 571.1581 | 583.5234 |595.8888 | 608.2541 | 620.6195 | 632.9848 | 645.3502
0.8 |496.6381 | 509.3846 | 522.1312 | 534.8777 | 547.6243 |560.3708 | 573.1173 | 585.8639 | 598.6104 | 611.3570
1.0 |509.9697 | 522.5790 | 535.1882 | 547.7975 | 560.4068 |573.0160 |585.6253 | 598.2346 | 610.8438 | 623.4531
1.2 |507.8218 | 520.4530 | 533.0843 | 545.7155 | 558.3467 |570.9780 | 583.6092 | 596.2405 | 608.8717 | 621.5030
1.4 |506.0311 | 518.6808 | 531.3306 | 543.9804 | 556.6302 |569.2800 |581.9297 | 594.5795 | 607.2293 | 619.8791
1.6 | 508.5356 | 521.1595 | 533.7833 | 546.4071 | 559.0310 |571.6548 |584.2787 | 596.9025 | 609.5263 | 622.1502
1.7 |508.9525 | 521.5722 | 534.1918 | 546.8115 | 559.4312 |572.0508 | 584.6705 | 597.2901 | 609.9098 | 622.5294
1.7 |508.6798 | 521.3023 | 533.9248 | 546.5474 | 559.1699 |571.7924 | 584.4150 | 597.0375 | 609.6600 | 622.2825
1.7 | 508.3099 | 520.9362 | 533.5625 | 546.1888 | 558.8151 |571.4415 | 584.0678 | 596.6941 | 609.3204 | 621.9467
1.8 | 506.7266 | 519.3693 | 532.0121 | 544.6549 | 557.2977 |569.9404 | 582.5832 | 595.2260 | 607.8688 | 620.5115
2.0 |506.0804 | 518.7294 | 531.3785 | 544.0275 | 556.6766 |569.3256 | 581.9747 | 594.6237 | 607.2728 | 619.9218
2.0 |506.1175 | 518.7661 | 531.4148 | 544.0634 | 556.7121 |569.3608 | 582.0094 | 594.6581 | 607.3067 | 619.9554
2.1 |506.1474 | 518.7957 | 531.4441 | 544.0924 | 556.7408 |569.3891 | 582.0375 | 594.6858 | 607.3341 | 619.9825
2.1 |506.1996 | 518.8474 | 531.4952 | 544.1430 | 556.7908 |569.4386 |582.0864 | 594.7342 | 607.3819 | 620.0297
2.1 |506.2905 | 518.9374 | 531.5844 | 544.2313 | 556.8782 |569.5252 | 582.1721 | 594.8191 | 607.4660 | 620.1130
2.1 |506.4249 | 519.0704 | 531.7160 | 544.3615 | 557.0070 |569.6525 | 582.2981 | 594.9436 | 607.5891 | 620.2347
2.1 | 506.6181 | 519.2617 | 531.9053 | 544.5489 | 557.1925 |569.8361 | 582.4797 | 595.1233 | 607.7669 | 620.4105
2.2 | 506.8732 | 519.5141 | 532.1550 | 544.7959 | 557.4368 |570.0777 | 582.7187 | 595.3596 | 608.0005 | 620.6414
2.2 | 507.1981 | 519.8357 | 532.4733 | 545.1109 | 557.7485 |570.3861 | 583.0237 | 595.6613 | 608.2989 | 620.9365
2.2 | 507.5850 | 520.2186 | 532.8522 | 545.4859 | 558.1195 |570.7531 | 583.3868 | 596.0204 | 608.6540 | 621.2877
2.2 | 508.0382 | 520.6672 | 533.2962 | 545.9251 | 558.5541 |571.1831 |583.8120 | 596.4410 | 609.0700 | 621.6989
2.4 | 508.4074 | 521.0329 | 533.6584 | 546.2839 | 558.9094 |571.5349 | 584.1604 | 596.7859 | 609.4114 | 622.0369
2.5 |507.4167 | 520.0520 | 532.6873 | 545.3226 | 557.9579 |570.5932 | 583.2285 | 595.8638 | 608.4991 | 621.1344
2.6 | 506.8907 | 519.5317 | 532.1726 | 544.8135 | 557.4545 |570.0954 | 582.7364 | 595.3773 | 608.0182 | 620.6592
2.8 | 505.4618 | 518.1173 | 530.7727 | 543.4282 | 556.0836 |568.7391 | 581.3946 | 594.0500 | 606.7055 | 619.3609
3.0 |506.9838 | 519.6239 | 532.2640 | 544.9040 | 557.5441 |570.1842 | 582.8242 | 595.4643 | 608.1044 | 620.7444
3.2 | 507.8035 | 520.4349 | 533.0664 | 545.6978 | 558.3292 |570.9607 |583.5921 | 596.2235 | 608.8550 | 621.4864
3.3 | 507.9407 | 520.5708 | 533.2009 | 545.8310 | 558.4611 |571.0912 |583.7213 | 596.3514 | 608.9815 | 621.6116
3.4 | 507.9290 | 520.5593 | 533.1895 | 545.8197 | 558.4499 |571.0801 | 583.7104 | 596.3406 | 608.9708 | 621.6010
3.6 | 506.7827 | 519.4247 | 532.0666 | 544.7086 | 557.3506 |569.9926 |582.6345 | 595.2765 | 607.9185 | 620.5604
3.8 | 506.2748 | 518.9219 | 531.5690 | 544.2161 | 556.8632 |569.5103 | 582.1574 | 594.8045 | 607.4516 | 620.0987
4.0 |507.3906 | 520.0262 | 532.6619 | 545.2976 | 557.9333 [570.5690 | 583.2046 | 595.8403 | 608.4760 | 621.1117
4.2 |508.1077 | 520.7361 | 533.3646 | 545.9930 | 558.6215 |571.2499 | 583.8784 | 596.5068 | 609.1352 | 621.7637
4.3 |507.5470 | 520.1810 | 532.8150 | 545.4491 | 558.0831 |570.7171 | 583.3512 | 595.9852 | 608.6192 | 621.2532
4.4 |507.7538 | 520.3857 | 533.0175 | 545.6494 | 558.2812 |570.9131 | 583.5450 | 596.1768 | 608.8087 | 621.4405
4.5 |507.8569 | 520.4880 | 533.1191 | 545.7502 | 558.3813 |571.0123 | 583.6434 | 596.2745 | 608.9056 | 621.5367
4.5 |507.7407 | 520.3730 | 533.0053 | 545.6376 | 558.2699 |570.9022 | 583.5345 | 596.1668 | 608.7991 | 621.4314
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4.6 | 506.7366 | 519.3792 | 532.0217 | 544.6643 | 557.3068 |569.9494 | 582.5920 | 595.2345 | 607.8771 | 620.5196
4.8 |506.4051 | 519.0508 | 531.6965 | 544.3423 | 556.9880 |569.6337 |582.2795 | 594.9252 | 607.5709 | 620.2167
4.8 |506.8224 | 519.4639 | 532.1055 | 544.7471 | 557.3886 |570.0302 | 582.6717 | 595.3133 | 607.9548 | 620.5964
5.0 |507.9537 | 520.5836 | 533.2136 | 545.8436 | 558.4735 |571.1035 |583.7334 | 596.3634 | 608.9934 | 621.6233
5.2 | 506.6500 | 519.2934 | 531.9367 | 544.5801 | 557.2235 |569.8668 |582.5102 | 595.1536 | 607.7969 | 620.4403
5.4 | 506.1487 | 518.7972 | 531.4458 | 544.0943 | 556.7429 |569.3914 |582.0399 | 594.6885 | 607.3370 | 619.9856
5.6 | 507.1005 | 519.7391 | 532.3777 | 545.0163 | 557.6550 [570.2936 |582.9322 | 595.5708 | 608.2095 | 620.8481
5.8 |508.3731 | 520.9988 | 533.6244 | 546.2501 | 558.8757 |571.5014 |584.1270 | 596.7527 | 609.3783 | 622.0040
6.0 |507.4170 | 520.0525 | 532.6880 | 545.3235 | 557.9590 |570.5945 |583.2300 | 595.8655 | 608.5010 | 621.1365
6.2 |506.6299 | 519.2735 | 531.9171 | 544.5607 | 557.2042 |569.8478 |582.4914 | 595.1350 | 607.7786 | 620.4221
6.4 |506.9508 | 519.5910 | 532.2312 | 544.8714 | 557.5116 |570.1518 |582.7920 | 595.4322 | 608.0724 | 620.7126
6.6 | 507.3869 | 520.0227 | 532.6585 | 545.2943 | 557.9302 |570.5660 |583.2018 | 595.8376 | 608.4735 | 621.1093
6.8 |507.1804 | 519.8183 | 532.4562 | 545.0941 | 557.7320 |570.3699 |583.0078 | 595.6457 | 608.2836 | 620.9214
7.0 |507.1591 | 519.7972 | 532.4354 | 545.0735 | 557.7116 |570.3497 |582.9878 | 595.6259 | 608.2640 | 620.9022
7.2 | 507.0331 | 519.6726 | 532.3120 | 544.9515 | 557.5909 [570.2303 |582.8698 | 595.5092 | 608.1487 | 620.7881
7.4 |507.1611 | 519.7991 | 532.4372 | 545.0753 | 557.7134 |570.3515 | 582.9896 | 595.6277 | 608.2658 | 620.9039
7.6 | 507.2927 | 519.9294 | 532.5661 | 545.2028 | 557.8395 |570.4762 |583.1130 | 595.7497 | 608.3864 | 621.0231
7.8 | 507.3227 | 519.9591 | 532.5955 | 545.2319 | 557.8683 [570.5047 |583.1411 | 595.7774 | 608.4138 | 621.0502
8.0 |507.2816 | 519.9185 | 532.5554 | 545.1924 | 557.8293 |570.4662 |583.1031 | 595.7401 | 608.3770 | 621.0139
8.2 |506.7819 | 519.4239 | 532.0658 | 544.7078 | 557.3498 [569.9918 |582.6338 | 595.2757 | 607.9177 | 620.5597
8.4 |506.8620 | 519.5031 | 532.1442 | 544.7854 | 557.4265 |570.0677 |582.7088 | 595.3499 | 607.9911 | 620.6322
8.6 | 507.5763 | 520.2101 | 532.8440 | 545.4778 | 558.1116 |570.7455 |583.3793 | 596.0131 | 608.6469 | 621.2808
8.8 | 506.6069 | 519.2506 | 531.8944 | 544.5381 | 557.1818 |569.8255 |582.4692 | 595.1129 | 607.7567 | 620.4004
9.0 |506.9933 | 519.6331 | 532.2730 | 544.9128 | 557.5527 |570.1926 |582.8324 | 595.4723 | 608.1121 | 620.7520
9.2 |507.4852 | 520.1200 | 532.7548 | 545.3896 | 558.0243 |570.6591 |583.2939 | 595.9287 | 608.5635 | 621.1983
9.4 |507.4852 | 520.1200 | 532.7548 | 545.3896 | 558.0243 |570.6591 |583.2939 | 595.9287 | 608.5635 | 621.1983
9.6 |507.4852 | 520.1200 | 532.7548 | 545.3896 | 558.0243 |570.6591 |583.2939 | 595.9287 | 608.5635 | 621.1983
9.8 |507.4852 | 520.1200 | 532.7548 | 545.3896 | 558.0243 |570.6591 |583.2939 | 595.9287 | 608.5635 | 621.1983
10.0 | 507.4852 | 520.1200 | 532.7548 | 545.3896 | 558.0243 |570.6591 |583.2939 | 595.9287 | 608.5635 | 621.1983
Ruig (KN) twong (g tin s6 1 Hz (tiép theo)
P9 sdu z (m)
t(s) | 16.6666 | 17.3333 | 19.0000 | 20.0000 | 21.0000 | 22.0000 | 23.5000 | 24.6530 | 25.3197 | 26.0000
0.0 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 0.0000 0.0000
0.2 | 727.8581 | 740.4264 | 752.9946 | 765.5629 | 778.1311 | 790.6994 | 803.2677 | 815.8359 | 828.4042 | 840.9724
0.4 | 574.6546 | 588.0357 | 601.4168 | 614.7979 | 628.1791 | 641.5602 | 654.9413 | 668.3224 | 681.7036 | 695.0847
0.6 | 657.7155 | 670.0808 | 682.4462 | 694.8115 | 707.1769 | 719.5422 | 731.9076 | 744.2729 | 756.6383 | 769.0036
0.8 | 624.1035 | 636.8501 | 649.5966 | 662.3432 | 675.0897 | 687.8363 | 700.5828 | 713.3294 | 726.0759 | 738.8225
1.0 | 636.0624 | 648.6716 | 661.2809 | 673.8902 | 686.4994 | 699.1087 | 711.7180 | 724.3272 | 736.9365 | 749.5458
1.2 | 634.1342 | 646.7655 | 659.3967 | 672.0279 | 684.6592 | 697.2904 | 709.9217 | 722.5529 | 735.1842 | 747.8154
1.4 | 632.5289 | 645.1786 | 657.8284 | 670.4782 | 683.1280 | 695.7777 | 708.4275 | 721.0773 | 733.7271 | 746.3769
1.6 | 634.7740 | 647.3978 | 660.0217 | 672.6455 | 685.2693 | 697.8932 | 710.5170 | 723.1408 | 735.7647 | 748.3885
1.7 | 635.1491 | 647.7688 | 660.3884 | 673.0081 | 685.6277 | 698.2474 | 710.8671 | 723.4867 | 736.1064 | 748.7260
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1.7 634.9051 | 647.5276 | 660.1501 | 672.7727 | 685.3952 | 698.0177 | 710.6402 | 723.2628 | 735.8853 | 748.5078
1.7 634.5730 | 647.1994 | 659.8257 | 672.4520 | 685.0783 | 697.7046 | 710.3309 | 722.9573 | 735.5836 | 748.2099
1.8 633.1543 | 645.7971 | 658.4398 | 671.0826 | 683.7254 | 696.3682 | 709.0109 | 721.6537 | 734.2965 | 746.9393
2.0 | 632.5708 | 645.2199 | 657.8689 | 670.5180 | 683.1670 | 695.8161 | 708.4651 | 721.1142 | 733.7632 | 746.4123
2.0 | 632.6040 | 645.2527 | 657.9014 | 670.5500 | 683.1987 | 695.8473 | 708.4960 | 721.1447 | 733.7933 | 746.4420
2.1 632.6308 | 645.2792 | 657.9275 | 670.5759 | 683.2242 | 695.8725 | 708.5209 | 721.1692 | 733.8176 | 746.4659
2.1 632.6775 | 645.3253 | 657.9731 | 670.6209 | 683.2687 | 695.9165 | 708.5643 | 721.2121 | 733.8599 | 746.5077
2.1 632.7599 | 645.4068 | 658.0538 | 670.7007 | 683.3477 | 695.9946 | 708.6416 | 721.2885 | 733.9354 | 746.5824
2.1 632.8802 | 645.5257 | 658.1712 | 670.8168 | 683.4623 | 696.1078 | 708.7533 | 721.3989 | 734.0444 | 746.6899
2.1 633.0541 | 645.6977 | 658.3413 | 670.9849 | 683.6285 | 696.2721 | 708.9157 | 721.5593 | 734.2029 | 746.8465
2.2 633.2823 | 645.9232 | 658.5641 | 671.2051 | 683.8460 | 696.4869 | 709.1278 | 721.7687 | 734.4096 | 747.0505
2.2 633.5741 | 646.2117 | 658.8493 | 671.4869 | 684.1245 | 696.7621 | 709.3997 | 722.0373 | 734.6749 | 747.3125
2.2 633.9213 | 646.5549 | 659.1886 | 671.8222 | 684.4558 | 697.0894 | 709.7231 | 722.3567 | 734.9903 | 747.6240
2.2 634.3279 | 646.9569 | 659.5858 | 672.2148 | 684.8438 | 697.4727 | 710.1017 | 722.7307 | 735.3596 | 747.9886
2.4 | 634.6624 | 647.2879 | 659.9134 | 672.5389 | 685.1644 | 697.7899 | 710.4154 | 723.0409 | 735.6664 | 748.2919
25 633.7697 | 646.4050 | 659.0403 | 671.6756 | 684.3109 | 696.9462 | 709.5815 | 722.2168 | 734.8521 | 747.4874
2.6 633.3001 | 645.9411 | 658.5820 | 671.2229 | 683.8639 | 696.5048 | 709.1458 | 721.7867 | 734.4276 | 747.0686
2.8 632.0164 | 644.6718 | 657.3273 | 669.9827 | 682.6382 | 695.2936 | 707.9491 | 720.6046 | 733.2600 | 745.9155
3.0 | 633.3845 | 646.0246 | 658.6646 | 671.3047 | 683.9447 | 696.5848 | 709.2249 | 721.8649 | 734.5050 | 747.1451
3.2 634.1179 | 646.7493 | 659.3807 | 672.0122 | 684.6436 | 697.2750 | 709.9065 | 722.5379 | 735.1693 | 747.8008
3.3 634.2417 | 646.8718 | 659.5019 | 672.1320 | 684.7621 | 697.3922 | 710.0223 | 722.6524 | 735.2825 | 747.9126
3.4 | 634.2312 | 646.8615 | 659.4917 | 672.1219 | 684.7521 | 697.3823 | 710.0126 | 722.6428 | 735.2730 | 747.9032
3.6 633.2024 | 645.8444 | 658.4864 | 671.1283 | 683.7703 | 696.4123 | 709.0542 | 721.6962 | 734.3382 | 746.9802
3.8 632.7458 | 645.3929 | 658.0400 | 670.6872 | 683.3343 | 695.9814 | 708.6285 | 721.2756 | 733.9227 | 746.5698
4.0 | 633.7474 | 646.3830 | 659.0187 | 671.6544 | 684.2901 | 696.9257 | 709.5614 | 722.1971 | 734.8328 | 747.4685
4.2 634.3921 | 647.0206 | 659.6490 | 672.2775 | 684.9059 | 697.5344 | 710.1628 | 722.7913 | 735.4197 | 748.0481
43 633.8873 | 646.5213 | 659.1553 | 671.7894 | 684.4234 | 697.0574 | 709.6915 | 722.3255 | 734.9595 | 747.5936
4.4 | 634.0724 | 646.7042 | 659.3361 | 671.9679 | 684.5998 | 697.2316 | 709.8635 | 722.4954 | 735.1272 | 747.7591
4.5 634.1678 | 646.7988 | 659.4299 | 672.0610 | 684.6921 | 697.3232 | 709.9543 | 722.5854 | 735.2164 | 747.8475
45 634.0638 | 646.6961 | 659.3284 | 671.9607 | 684.5930 | 697.2253 | 709.8576 | 722.4899 | 735.1222 | 747.7545
4.6 633.1622 | 645.8048 | 658.4473 | 671.0899 | 683.7325 | 696.3750 | 709.0176 | 721.6601 | 734.3027 | 746.9453
4.8 632.8624 | 645.5082 | 658.1539 | 670.7996 | 683.4454 | 696.0911 | 708.7368 | 721.3826 | 734.0283 | 746.6740
4.8 633.2379 | 645.8795 | 658.5210 | 671.1626 | 683.8041 | 696.4457 | 709.0873 | 721.7288 | 734.3704 | 747.0119
5.0 | 634.2533 | 646.8833 | 659.5132 | 672.1432 | 684.7731 | 697.4031 | 710.0331 | 722.6630 | 735.2930 | 747.9229
5.2 633.0837 | 645.7270 | 658.3704 | 671.0138 | 683.6571 | 696.3005 | 708.9439 | 721.5873 | 734.2306 | 746.8740
54 | 632.6341 | 645.2826 | 657.9312 | 670.5797 | 683.2283 | 695.8768 | 708.5253 | 721.1739 | 733.8224 | 746.4710
5.6 633.4867 | 646.1253 | 658.7640 | 671.4026 | 684.0412 | 696.6799 | 709.3185 | 721.9571 | 734.5957 | 747.2344
5.8 634.6296 | 647.2553 | 659.8809 | 672.5066 | 685.1322 | 697.7579 | 710.3836 | 723.0092 | 735.6349 | 748.2605
6.0 | 633.7720 | 646.4075 | 659.0430 | 671.6785 | 684.3140 | 696.9496 | 709.5851 | 722.2206 | 734.8561 | 747.4916
6.2 633.0657 | 645.7093 | 658.3529 | 670.9965 | 683.6400 | 696.2836 | 708.9272 | 721.5708 | 734.2144 | 746.8579
6.4 | 633.3528 | 645.9930 | 658.6332 | 671.2734 | 683.9136 | 696.5538 | 709.1941 | 721.8343 | 734.4745 | 747.1147
6.6 633.7451 | 646.3809 | 659.0167 | 671.6526 | 684.2884 | 696.9242 | 709.5600 | 722.1959 | 734.8317 | 747.4675
6.8 633.5593 | 646.1972 | 658.8351 | 671.4730 | 684.1109 | 696.7488 | 709.3867 | 722.0246 | 734.6625 | 747.3003
7.0 | 633.5403 | 646.1784 | 658.8165 | 671.4546 | 684.0927 | 696.7308 | 709.3690 | 722.0071 | 734.6452 | 747.2833




276

7.2 633.4275 | 646.0670 | 658.7064 | 671.3459 | 683.9853 | 696.6247 | 709.2642 | 721.9036 | 734.5431 | 747.1825
7.4 | 633.5420 | 646.1801 | 658.8182 | 671.4563 | 684.0944 | 696.7325 | 709.3706 | 722.0087 | 734.6467 | 747.2848
7.6 633.6598 | 646.2965 | 658.9332 | 671.5699 | 684.2066 | 696.8433 | 709.4800 | 722.1167 | 734.7535 | 747.3902
7.8 633.6866 | 646.3230 | 658.9594 | 671.5958 | 684.2322 | 696.8686 | 709.5050 | 722.1414 | 734.7778 | 747.4142
8.0 | 633.6509 | 646.2878 | 658.9247 | 671.5617 | 684.1986 | 696.8355 | 709.4725 | 722.1094 | 734.7463 | 747.3832
8.2 633.2017 | 645.8437 | 658.4856 | 671.1276 | 683.7696 | 696.4116 | 709.0536 | 721.6955 | 734.3375 | 746.9795
8.4 | 633.2733 | 645.9145 | 658.5556 | 671.1968 | 683.8379 | 696.4790 | 709.1202 | 721.7613 | 734.4024 | 747.0436
8.6 633.9146 | 646.5484 | 659.1823 | 671.8161 | 684.4499 | 697.0837 | 709.7176 | 722.3514 | 734.9852 | 747.6191
8.8 633.0441 | 645.6878 | 658.3315 | 670.9752 | 683.6190 | 696.2627 | 708.9064 | 721.5501 | 734.1938 | 746.8375
9.0 | 633.3919 | 646.0317 | 658.6716 | 671.3114 | 683.9513 | 696.5912 | 709.2310 | 721.8709 | 734.5107 | 747.1506
9.2 633.8331 | 646.4679 | 659.1026 | 671.7374 | 684.3722 | 697.0070 | 709.6418 | 722.2766 | 734.9114 | 747.5462
9.4 | 633.8331 | 646.4679 | 659.1026 | 671.7374 | 684.3722 | 697.0070 | 709.6418 | 722.2766 | 734.9114 | 747.5462
9.6 633.8331 | 646.4679 | 659.1026 | 671.7374 | 684.3722 | 697.0070 | 709.6418 | 722.2766 | 734.9114 | 747.5462
9.8 633.8331 | 646.4679 | 659.1026 | 671.7374 | 684.3722 | 697.0070 | 709.6418 | 722.2766 | 734.9114 | 747.5462
10.0 | 633.8331 | 646.4679 | 659.1026 | 671.7374 | 684.3722 | 697.0070 | 709.6418 | 722.2766 | 734.9114 | 747.5462
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G.1.2. Két qud tinh todn sikc chiu tdi doc truc ciia coc c6 xét khd ning héa

long ciia nén cdt theo phwong phdp sé bang phin mém Geostudio 2018

twong teng vdi tin so 2 Hz
G.1.2.1. Xac dinh Gmay

L('?p h Z Yw [0) c o'vo r amaxld
dat (m) (m) | (kN/m® | (do) (kPa) | (kPa) d max
2 (6m) 2 4 17.3 30 34.6 14.6 0.94 0.0941
ot 2 6 17.4 30 34.8 14.8 0.91 0.0941
2 8 17.2 30 34.4 14.4 0.88 0.0941
2 12 17.6 30 35.2 15.2 0.82 0.0941
4 (8m) 2 14 17.6 30 35.2 15.2 0.79 0.0941
cat 2 16 17.8 30 35.6 15.6 0.76 0.0941
2 18 17.8 30 35.6 15.6 0.73 0.0941
, A Nspt VSi T
Lép dat (biia/ 30 cm) | (/<) ©) DAF L R FS M2
2 (6m) 15 227.02 | 0.04 163 | 025| 0.04 0.15 0.95
it 18 240.40 | 0.03 161| 025| 0.05 0.18 0.94
20 248.48 | 0.03 160| 025| 0.05 0.20 0.93
16 231.67 | 0.03 162 | 025| 0.04 0.16 0.95
4 (8m) 20 248.48 | 0.03 160| 024| 0.05 0.20 0.93
cat 20 248.48 | 0.03 1.60| 0.24| 0.05 0.20 0.93
15 227.02 | 0.04 1.63| 0.24| 0.03 0.14 0.95
’ A (P' va Gmax
LOp dat lw2 (TB) (dé) ko (kPa) K (kPa)
2 (6
((;;) 0.94 | 1.751181 | 0.969456 | 21.45406 35 35665.26886
452?‘) 0.94 | 1.758683 | 0.969326 | 22.62761 35 36627.73841




G.].Z.Z. XdC d,il’lh Ru,liq

278

Ruiq (KN) twong img tin s6 2 Hz

D sau z (m)

t(s) 2.0000 3.2249 4.4367 5.6367 6.8244 9.3333 | 10.6667 | 12.0000 | 13.3333 | 14.6666
0.0 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.2 | 605.1981 | 617.1021 | 629.0061 | 640.9101 | 652.8142 | 664.7182 | 676.6222 | 688.5262 | 700.4302 | 712.3342
0.4 | 445.1459 | 457.8241 | 470.5023 | 483.1806 | 495.8588 | 508.5370 | 521.2152 | 533.8934 | 546.5716 | 559.2498
0.6 | 541.3458 | 553.0201 | 564.6944 | 576.3688 | 588.0431 | 599.7175 | 611.3918 | 623.0662 | 634.7405 | 646.4148
0.8 | 498.7006 | 510.7922 | 522.8839 | 534.9756 | 547.0673 | 559.1590 | 571.2507 | 583.3424 | 595.4341 | 607.5258
1.0 | 516.5290 | 528.4446 | 540.3603 | 552.2759 | 564.1915 | 576.1072 | 588.0228 | 599.9385 | 611.8541 | 623.7697
1.2 | 511.1455 | 523.1141 | 535.0828 | 547.0514 | 559.0201 | 570.9887 | 582.9574 | 594.9261 | 606.8947 | 618.8634
1.4 | 511.2496 | 523.2174 | 535.1852 | 547.1530 | 559.1208 | 571.0886 | 583.0564 | 595.0242 | 606.9920 | 618.9598
1.6 | 512.8206 | 524.7727 | 536.7248 | 548.6768 | 560.6289 | 572.5810 | 584.5330 | 596.4851 | 608.4372 | 620.3893
1.7 | 514.0460 | 525.9861 | 537.9263 | 549.8664 | 561.8065 | 573.7466 | 585.6867 | 597.6268 | 609.5669 | 621.5070
1.7 | 513.8874 | 525.8291 | 537.7708 | 549.7125 | 561.6542 | 573.5959 | 585.5375 | 597.4792 | 609.4209 | 621.3626
1.7 | 513.5648 | 525.5097 | 537.4546 | 549.3995 | 561.3443 | 573.2892 | 585.2341 | 597.1790 | 609.1239 | 621.0687
1.8 | 511.5231 | 523.4884 | 535.4536 | 547.4189 | 559.3841 | 571.3494 | 583.3146 | 595.2798 | 607.2451 | 619.2103
2.0 | 509.4238 | 521.4095 | 533.3952 | 545.3809 | 557.3666 | 569.3524 | 581.3381 | 593.3238 | 605.3095 | 617.2952
2.0 | 509.6626 | 521.6459 | 533.6292 | 545.6125 | 557.5958 | 569.5791 | 581.5625 | 593.5458 | 605.5291 | 617.5124
2.1 | 509.8194 | 521.8011 | 533.7828 | 545.7646 | 557.7463 | 569.7281 | 581.7098 | 593.6916 | 605.6733 | 617.6550
2.1 | 510.0067 | 521.9866 | 533.9665 | 545.9464 | 557.9262 | 569.9061 | 581.8860 | 593.8659 | 605.8457 | 617.8256
2.1 | 510.2398 | 522.2174 | 534.1950 | 546.1725 | 558.1501 | 570.1276 | 582.1052 | 594.0828 | 606.0603 | 618.0379
2.1 | 510.5208 | 522.4956 | 534.4704 | 546.4451 | 558.4199 | 570.3947 | 582.3695 | 594.3442 | 606.3190 | 618.2938
2.1 | 510.8698 | 522.8411 | 534.8124 | 546.7837 | 558.7550 | 570.7263 | 582.6977 | 594.6690 | 606.6403 | 618.6116
2.2 | 511.2925 | 523.2596 | 535.2267 | 547.1938 | 559.1610 | 571.1281 | 583.0952 | 595.0623 | 607.0294 | 618.9966
2.2 | 511.8037 | 523.7657 | 535.7278 | 547.6898 | 559.6519 | 571.6139 | 583.5760 | 595.5380 | 607.5001 | 619.4621
2.2 | 512.3966 | 524.3528 | 536.3089 | 548.2651 | 560.2212 | 572.1774 | 584.1336 | 596.0897 | 608.0459 | 620.0020
2.2 | 513.0823 | 525.0317 | 536.9810 | 548.9304 | 560.8797 | 572.8291 | 584.7784 | 596.7278 | 608.6771 | 620.6265
2.4 | 513.6381 | 525.5826 | 537.5270 | 549.4715 | 561.4159 | 573.3604 | 585.3048 | 597.2493 | 609.1938 | 621.1382
2.5 | 512.0539 | 524.0135 | 535.9731 | 547.9327 | 559.8923 | 571.8519 | 583.8115 | 595.7710 | 607.7306 | 619.6902
2.6 | 511.3904 | 523.3569 | 535.3234 | 547.2899 | 559.2564 | 571.2229 | 583.1894 | 595.1559 | 607.1224 | 619.0889
2.8 | 508.6122 | 520.6059 | 532.5997 | 544.5934 | 556.5872 | 568.5809 | 580.5747 | 592.5684 | 604.5622 | 616.5559
3.0 | 511.1902 | 523.1588 | 535.1273 | 547.0958 | 559.0643 | 571.0329 | 583.0014 | 594.9699 | 606.9385 | 618.9070
3.2 | 512.6875 | 524.6409 | 536.5943 | 548.5477 | 560.5011 | 572.4545 | 584.4078 | 596.3612 | 608.3146 | 620.2680
3.3 | 513.0268 | 524.9770 | 536.9271 | 548.8773 | 560.8274 | 572.7776 | 584.7278 | 596.6779 | 608.6281 | 620.5782
3.4 | 512.9607 | 524.9115 | 536.8622 | 548.8130 | 560.7638 | 572.7146 | 584.6653 | 596.6161 | 608.5669 | 620.5177
3.6 | 511.0068 | 522.9770 | 534.9473 | 546.9175 | 558.8877 | 570.8579 | 582.8281 | 594.7984 | 606.7686 | 618.7388
3.8 | 510.0305 | 522.0103 | 533.9900 | 545.9697 | 557.9495 | 569.9292 | 581.9089 | 593.8887 | 605.8684 | 617.8481
4.0 | 511.8940 | 523.8553 | 535.8167 | 547.7780 | 559.7394 | 571.7008 | 583.6621 | 595.6235 | 607.5848 | 619.5462
4.2 | 513.2655 | 525.2134 | 537.1612 | 549.1091 | 561.0570 | 573.0049 | 584.9528 | 596.9007 | 608.8486 | 620.7965
4.3 | 512.3110 | 524.2681 | 536.2252 | 548.1823 | 560.1394 | 572.0965 | 584.0536 | 596.0107 | 607.9678 | 619.9249
4.4 | 512.6767 | 524.6300 | 536.5834 | 548.5367 | 560.4900 | 572.4434 | 584.3967 | 596.3501 | 608.3034 | 620.2568
45 | 512.8687 | 524.8206 | 536.7725 | 548.7244 | 560.6762 | 572.6281 | 584.5800 | 596.5319 | 608.4837 | 620.4356
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4.5 | 512.6507 | 524.6049 | 536.5590 | 548.5131 | 560.4672 | 572.4214 | 584.3755 | 596.3296 | 608.2837 | 620.2379
4.6 | 510.8453 | 522.8174 | 534.7894 | 546.7614 | 558.7335 | 570.7055 | 582.6775 | 594.6495 | 606.6216 | 618.5936
4.8 | 510.3127 | 522.2894 | 534.2661 | 546.2429 | 558.2196 | 570.1964 | 582.1731 | 594.1498 | 606.1266 | 618.1033
4.8 | 511.0399 | 523.0097 | 534.9795 | 546.9493 | 558.9191 | 570.8889 | 582.8586 | 594.8284 | 606.7982 | 618.7680
5.0 | 512.7922 | 524.7447 | 536.6972 | 548.6497 | 560.6022 | 572.5547 | 584.5072 | 596.4597 | 608.4122 | 620.3647
5.2 | 510.8027 | 522.7749 | 534.7471 | 546.7193 | 558.6914 | 570.6636 | 582.6358 | 594.6080 | 606.5802 | 618.5524
5.4 | 509.8882 | 521.8694 | 533.8507 | 545.8320 | 557.8132 | 569.7945 | 581.7758 | 593.7570 | 605.7383 | 617.7196
5.6 | 511.4107 | 523.3767 | 535.3427 | 547.3087 | 559.2746 | 571.2406 | 583.2066 | 595.1726 | 607.1385 | 619.1045
5.8 | 513.5966 | 525.5410 | 537.4855 | 549.4299 | 561.3743 | 573.3188 | 585.2632 | 597.2076 | 609.1521 | 621.0965
6.0 | 512.1249 | 524.0840 | 536.0431 | 548.0022 | 559.9614 | 571.9205 | 583.8796 | 595.8387 | 607.7978 | 619.7569
6.2 | 510.7473 | 522.7200 | 534.6927 | 546.6654 | 558.6382 | 570.6109 | 582.5836 | 594.5564 | 606.5291 | 618.5018
6.4 | 511.1437 | 523.1124 | 535.0812 | 547.0499 | 559.0187 | 570.9874 | 582.9561 | 594.9249 | 606.8936 | 618.8624
6.6 | 511.9295 | 523.8906 | 535.8516 | 547.8126 | 559.7736 | 571.7347 | 583.6957 | 595.6567 | 607.6178 | 619.5788
6.8 | 511.6733 | 523.6368 | 535.6003 | 547.5638 | 559.5273 | 571.4908 | 583.4544 | 595.4179 | 607.3814 | 619.3449
7.0 | 511.6031 | 523.5672 | 535.5314 | 547.4956 | 559.4598 | 571.4240 | 583.3881 | 595.3523 | 607.3165 | 619.2807
7.2 | 511.3425 | 523.3094 | 535.2762 | 547.2430 | 559.2098 | 571.1767 | 583.1435 | 595.1103 | 607.0772 | 619.0440
7.4 | 511.5865 | 523.5509 | 535.5154 | 547.4798 | 559.4443 | 571.4087 | 583.3731 | 595.3376 | 607.3020 | 619.2665
7.6 | 511.8174 | 523.7794 | 535.7415 | 547.7035 | 559.6656 | 571.6276 | 583.5897 | 595.5518 | 607.5138 | 619.4759
7.8 | 511.8683 | 523.8299 | 535.7914 | 547.7530 | 559.7145 | 571.6761 | 583.6376 | 595.5992 | 607.5608 | 619.5223
8.0 | 511.8129 | 523.7752 | 535.7374 | 547.6997 | 559.6620 | 571.6242 | 583.5865 | 595.5488 | 607.5110 | 619.4733
8.2 | 510.9541 | 522.9247 | 534.8954 | 546.8660 | 558.8366 | 570.8073 | 582.7779 | 594.7485 | 606.7192 | 618.6898
8.4 | 511.0422 | 523.0120 | 534.9817 | 546.9515 | 558.9213 | 570.8910 | 582.8608 | 594.8306 | 606.8004 | 618.7701
8.6 | 512.2847 | 524.2422 | 536.1997 | 548.1572 | 560.1147 | 572.0722 | 584.0298 | 595.9873 | 607.9448 | 619.9023
8.8 | 510.6498 | 522.6234 | 534.5970 | 546.5706 | 558.5442 | 570.5179 | 582.4915 | 594.4651 | 606.4387 | 618.4123
9.0 | 511.3191 | 523.2861 | 535.2532 | 547.2202 | 559.1873 | 571.1543 | 583.1214 | 595.0885 | 607.0555 | 619.0226
9.2 | 512.1183 | 524.0776 | 536.0368 | 547.9961 | 559.9554 | 571.9146 | 583.8739 | 595.8331 | 607.7924 | 619.7517
9.4 | 512.1183 | 524.0776 | 536.0368 | 547.9961 | 559.9554 | 571.9146 | 583.8739 | 595.8331 | 607.7924 | 619.7517
9.6 | 512.1183 | 524.0776 | 536.0368 | 547.9961 | 559.9554 | 571.9146 | 583.8739 | 595.8331 | 607.7924 | 619.7517
9.8 | 512.1183 | 524.0776 | 536.0368 | 547.9961 | 559.9554 | 571.9146 | 583.8739 | 595.8331 | 607.7924 | 619.7517
10.0 | 512.1183 | 524.0776 | 536.0368 | 547.9961 | 559.9554 | 571.9146 | 583.8739 | 595.8331 | 607.7924 | 619.7517
Ruig (KN) twong img tin sé 2 Hz (tiép theo)
D¢ séu z (m)

t(s) 16.6666 | 17.3333 | 19.0000 | 20.0000 | 21.0000 | 22.0000 | 23.5000 | 24.6530 | 25.3197 | 26.0000
0.0 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.2 | 724.2382 | 736.1422 | 748.0462 | 759.9502 | 771.8542 | 783.7583 | 795.6623 | 807.5663 | 819.4703 | 831.3743
0.4 | 571.9281 | 584.6063 | 597.2845 | 609.9627 | 622.6409 | 635.3191 | 647.9973 | 660.6755 | 673.3538 | 686.0320
0.6 | 658.0892 | 669.7635 | 681.4379 | 693.1122 | 704.7865 | 716.4609 | 728.1352 | 739.8096 | 751.4839 | 763.1582
0.8 | 619.6174 | 631.7091 | 643.8008 | 655.8925 | 667.9842 | 680.0759 | 692.1676 | 704.2593 | 716.3510 | 728.4427
1.0 | 635.6854 | 647.6010 | 659.5167 | 671.4323 | 683.3479 | 695.2636 | 707.1792 | 719.0949 | 731.0105 | 742.9261
1.2 | 630.8320 | 642.8007 | 654.7694 | 666.7380 | 678.7067 | 690.6753 | 702.6440 | 714.6127 | 726.5813 | 738.5500
1.4 | 630.9275 | 642.8953 | 654.8631 | 666.8309 | 678.7987 | 690.7665 | 702.7343 | 714.7021 | 726.6699 | 738.6377
1.6 | 632.3413 | 644.2934 | 656.2455 | 668.1975 | 680.1496 | 692.1017 | 704.0538 | 716.0058 | 727.9579 | 739.9100
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1.7

633.4471

645.3873

657.3274

669.2675

681.2076

693.1477

705.0878

717.0279

728.9680

740.9081

1.7

633.3043

645.2460

657.1876

669.1293

681.0710

693.0127

704.9544

716.8961

728.8377

740.7794

1.7

633.0136

644.9585

656.9034

668.8483

680.7931

692.7380

704.6829

716.6278

728.5727

740.5175

1.8

631.1756

643.1408

655.1061

667.0713

679.0366

691.0018

702.9671

714.9323

726.8976

738.8628

2.0

629.2810

641.2667

653.2524

665.2381

677.2238

689.2096

701.1953

713.1810

725.1667

737.1524

2.0

629.4957

641.4790

653.4623

665.4456

677.4290

689.4123

701.3956

713.3789

725.3622

737.3455

2.1

629.6368

641.6185

653.6003

665.5820

677.5638

689.5455

701.5272

713.5090

725.4907

737.4725

2.1

629.8055

641.7854

653.7652

665.7451

677.7250

689.7049

701.6847

713.6646

725.6445

737.6244

2.1

630.0154

641.9930

653.9706

665.9481

677.9257

689.9032

701.8808

713.8583

725.8359

737.8135

2.1

630.2686

642.2433

654.2181

666.1929

678.1676

690.1424

702.1172

714.0920

726.0667

738.0415

2.1

630.5829

642.5542

654.5255

666.4968

678.4682

690.4395

702.4108

714.3821

726.3534

738.3247

2.2

630.9637

642.9308

654.8979

666.8650

678.8322

690.7993

702.7664

714.7335

726.7006

738.6678

2.2

631.4241

643.3862

655.3482

667.3103

679.2723

691.2344

703.1964

715.1585

727.1205

739.0826

2.2

631.9582

643.9144

655.8705

667.8267

679.7828

691.7390

703.6952

715.6513

727.6075

739.5636

2.2

632.5758

644.5252

656.4745

668.4239

680.3732

692.3226

704.2720

716.2213

728.1707

740.1200

2.4

633.0827

645.0271

656.9716

668.9160

680.8605

692.8049

704.7494

716.6938

728.6383

740.5827

2.5

631.6498

643.6094

655.5690

667.5286

679.4882

691.4478

703.4074

715.3670

727.3266

739.2862

2.6

631.0554

643.0219

654.9884

666.9549

678.9214

690.8879

702.8544

714.8209

726.7874

738.7539

2.8

628.5497

640.5434

652.5372

664.5309

676.5247

688.5184

700.5122

712.5059

724.4997

736.4934

3.0

630.8755

642.8440

654.8126

666.7811

678.7496

690.7181

702.6867

714.6552

726.6237

738.5923

3.2

632.2214

644.1748

656.1282

668.0816

680.0349

691.9883

703.9417

715.8951

727.8485

739.8019

3.3

632.5284

644.4786

656.4287

668.3789

680.3290

692.2792

704.2294

716.1795

728.1297

740.0798

3.4

632.4684

644.4192

656.3700

668.3208

680.2715

692.2223

704.1731

716.1238

728.0746

740.0254

3.6

630.7090

642.6792

654.6495

666.6197

678.5899

690.5601

702.5303

714.5006

726.4708

738.4410

3.8

629.8279

641.8076

653.7873

665.7671

677.7468

689.7265

701.7062

713.6860

725.6657

737.6454

4.0

631.5076

643.4689

655.4303

667.3916

679.3530

691.3144

703.2757

715.2371

727.1985

739.1598

4.2

632.7443

644.6922

656.6401

668.5880

680.5359

692.4838

704.4317

716.3795

728.3274

740.2753

4.3

631.8820

643.8392

655.7963

667.7534

679.7105

691.6676

703.6247

715.5818

727.5389

739.4960

4.4

632.2101

644.1634

656.1168

668.0701

680.0235

691.9768

703.9302

715.8835

727.8369

739.7902

4.5

632.3875

644.3394

656.2913

668.2431

680.1950

692.1469

704.0988

716.0506

728.0025

739.9544

45

632.1920

644.1461

656.1003

668.0544

680.0085

691.9626

703.9168

715.8709

727.8250

739.7791

4.6

630.5656

642.5377

654.5097

666.4817

678.4537

690.4258

702.3978

714.3698

726.3419

738.3139

4.8

630.0801

642.0568

654.0335

666.0103

677.9870

689.9637

701.9405

713.9172

725.8940

737.8707

4.8

630.7378

642.7076

654.6774

666.6472

678.6170

690.5868

702.5565

714.5263

726.4961

738.4659

5.0

632.3172

644.2697

656.2222

668.1747

680.1272

692.0797

704.0322

715.9847

727.9372

739.8897

5.2

630.5246

642.4967

654.4689

666.4411

678.4133

690.3855

702.3577

714.3298

726.3020

738.2742

5.4

629.7008

641.6821

653.6634

665.6447

677.6259

689.6072

701.5885

713.5697

725.5510

737.5323

5.6

631.0705

643.0365

655.0025

666.9684

678.9344

690.9004

702.8664

714.8324

726.7983

738.7643

5.8

633.0410

644.9854

656.9298

668.8743

680.8187

692.7631

704.7076

716.6520

728.5964

740.5409

6.0

631.7161

643.6752

655.6343

667.5934

679.5525

691.5116

703.4708

715.4299

727.3890

739.3481

6.2

630.4745

642.4473

654.4200

666.3927

678.3655

690.3382

702.3109

714.2836

726.2564

738.2291

6.4

630.8311

642.7998

654.7686

666.7373

678.7061

690.6748

702.6435

714.6123

726.5810

738.5497

6.6

631.5398

643.5008

655.4619

667.4229

679.3839

691.3450

703.3060

715.2670

727.2281

739.1891

6.8

631.3084

643.2719

655.2354

667.1989

679.1625

691.1260

703.0895

715.0530

727.0165

738.9800




7.0

631.2449

643.2090

655.1732

667.1374
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679.1016

691.0658

703.0299

714.9941

726.9583

738.9225

7.2

631.0108

642.9776

654.9445

666.9113

678.8781

690.8450

702.8118

714.7786

726.7454

738.7123

7.4

631.2309

643.1954

655.1598

667.1242

679.0887

691.0531

703.0176

714.9820

726.9464

738.9109

7.6

631.4379

643.4000

655.3620

667.3241

679.2862

691.2482

703.2103

715.1723

727.1344

739.0964

7.8

631.4839

643.4454

655.4070

667.3685

679.3301

691.2916

703.2532

715.2147

727.1763

739.1379

8.0

631.4355

643.3978

655.3601

667.3223

679.2846

691.2469

703.2091

715.1714

727.1337

739.0959

8.2

630.6604

642.6311

654.6017

666.5723

678.5430

690.5136

702.4842

714.4549

726.4255

738.3961

8.4

630.7399

642.7097

654.6794

666.6492

678.6190

690.5887

702.5585

714.5283

726.4980

738.4678

8.6

631.8598

643.8173

655.7748

667.7324

679.6899

691.6474

703.6049

715.5624

727.5199

739.4775

8.8

630.3860

642.3596

654.3332

666.3068

678.2804

690.2541

702.2277

714.2013

726.1749

738.1485

9.0

630.9896

642.9567

654.9237

666.8908

678.8578

690.8249

702.7920

714.7590

726.7261

738.6931

9.2

631.7109

643.6702

655.6294

667.5887

679.5480

691.5072

703.4665

715.4257

727.3850

739.3443

9.4

631.7109

643.6702

655.6294

667.5887

679.5480

691.5072

703.4665

715.4257

727.3850

739.3443

9.6

631.7109

643.6702

655.6294

667.5887

679.5480

691.5072

703.4665

715.4257

727.3850

739.3443

9.8

631.7109

643.6702

655.6294

667.5887

679.5480

691.5072

703.4665

715.4257

727.3850

739.3443

10.0

631.7109

643.6702

655.6294

667.5887

679.5480

691.5072

703.4665

715.4257

727.3850

739.3443
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G.2. Cong trinh Bénh Vién Da Khoa tinh Binh Pinh

G.2.1. Két qua tinh todn svrc chiu tdi doc truc ciia coc cé xét khd ning héa
Iong ciia nén cdt theo phwong phdp sé bang phin mém Geostudio 2018
twong teng vdi tin so 1 Hz

G.2.1.1. Xac dinh Gpax

L(’;’p h y4 Yw [0) 19 c'\vo " Al
dt | m) | m) | «nimd) | (do) (kPa) (kPa) d max
» omy 2 4 174 30 34.8 148 | 094 | 00941
o 2 174 30 34.8 148 | 091 | 00941
2 8 173 30 34.6 146 | 088 | 00941
4¢m) | 2 14 | 179 32 35.8 158 | 079 | 00941
cat 2 16 | 17.9 32 35.8 158 | 076 | 00941
, A Nspt VSi T
Lopdat | pia/30emy | i) | () | PAF| b R FS fu
2 6m 10 10988 | 004 | 167 | 026 | 002 | o008 | 077
o 18 24040 | 003 | 161 | 025 | 005 | 018 | 071
20 24348 | 003 | 160 | 025 | 005 | 020 | 070
4 (4m) 20 24848 | 003 | 160 | 024 | 005 | 020 | 070
cat 20 24848 | 003 | 160 | 024 | 005 | 020 | 070
7 A (P' G'm GmaX
LO’p dat lu1 (TB) (dﬁ) ko (kPa) K (kPa)
2 ((g’t“) 0.72807 | 8.157915 | 0.85817 | 20.01037 | 40 | 39364.99
4 E‘;“) 0.703396 | 9.49134 | 0.835184 | 21.00591 | 40 | 40418.65
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Rujiq (KN) twong tmg tan s6 1 Hz

Do sdu z (m)

t(s) 10.0000 11.0303 12.0404 13.0303 15.0000 16.0000 17.0000
0.0 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.2 953.2693 | 974.0313 | 994.7934 | 1015.5555 | 1036.3176 | 1057.0797 | 1077.8417
0.4 703.4786 | 717.7188 | 731.9591 746.1993 760.4395 774.6797 788.9199
0.6 834.8838 | 852.5096 | 870.1353 887.7611 905.3868 923.0125 940.6383
0.8 769.4076 | 785.3443 | 801.2810 817.2178 833.1545 849.0912 865.0279
1.0 798.3291 | 815.0117 | 831.6944 848.3771 865.0598 881.7425 898.4252
1.2 786.8269 | 803.2129 | 819.5989 835.9849 852.3709 868.7569 885.1429
1.4 790.3667 | 806.8440 | 823.3213 839.7986 856.2759 872.7533 889.2306
1.6 790.0403 | 806.5091 | 822.9780 839.4469 855.9158 872.3846 888.8535
1.7 787.9857 | 804.4016 | 820.8175 837.2334 853.6492 870.0651 886.4810
1.7 787.9725 | 804.3880 | 820.8035 837.2190 853.6346 870.0501 886.4656
1.7 788.1425 | 804.5624 | 820.9823 837.4022 853.8222 870.2421 886.6620
1.8 789.6633 | 806.1224 | 822.5816 839.0408 855.4999 871.9591 888.4183
2.0 788.0098 | 804.4264 | 820.8430 837.2596 853.6762 870.0927 886.5093
2.0 787.4928 | 803.8960 | 820.2993 836.7025 853.1058 869.5090 885.9122
2.1 787.4022 | 803.8031 | 820.2040 836.6049 853.0058 869.4067 885.8076
2.1 787.4390 | 803.8408 | 820.2427 836.6445 853.0463 869.4482 885.8500
2.1 787.6037 | 804.0098 | 820.4159 836.8220 853.2281 869.6341 886.0402
2.1 787.8904 | 804.3038 | 820.7173 837.1308 853.5442 869.9577 886.3712
2.1 788.2871 | 804.7108 | 821.1345 837.5582 853.9819 870.4056 886.8293
2.2 788.7774 | 805.2137 | 821.6500 838.0863 854.5227 870.9590 887.3953
2.2 789.3396 | 805.7904 | 822.2412 838.6920 855.1428 871.5936 888.0444
2.2 789.9473 | 806.4137 | 822.8802 839.3467 855.8131 872.2796 888.7460
2.2 790.5686 | 807.0510 | 823.5335 840.0160 856.4984 872.9809 889.4634
2.4 791.5464 | 808.0541 | 824.5618 841.0695 857.5772 874.0849 890.5926
2.5 790.1108 | 806.5815 | 823.0521 839.5228 855.9935 872.4642 888.9349
2.6 789.0784 | 805.5225 | 821.9666 838.4107 854.8548 871.2989 887.7430
2.8 787.5385 | 803.9429 | 820.3474 836.7518 853.1562 869.5607 885.9651
3.0 789.1129 | 805.5579 | 822.0029 838.4478 854.8928 871.3378 887.7828
3.2 790.3580 | 806.8351 | 823.3122 839.7892 856.2663 872.7433 889.2204
3.3 790.6987 | 807.1846 | 823.6704 840.1563 856.6421 873.1279 889.6138
3.4 790.6335 | 807.1177 | 823.6018 840.0860 856.5702 873.0543 889.5385
3.6 789.2442 | 805.6926 | 822.1410 838.5894 855.0378 871.4861 887.9345
3.8 788.3130 | 804.7374 | 821.1617 837.5861 854.0105 870.4349 886.8593
4.0 789.8198 | 806.2830 | 822.7462 839.2094 855.6726 872.1358 888.5990
4.2 790.8224 | 807.3114 | 823.8005 840.2895 856.7785 873.2676 889.7566
4.3 790.2750 | 806.7499 | 823.2248 839.6997 856.1746 872.6495 889.1245
4.4 790.2873 | 806.7625 | 823.2377 839.7129 856.1882 872.6634 889.1386
45 790.4639 | 806.9437 | 823.4235 839.9033 856.3831 872.8629 889.3427
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4.5 790.3528 | 806.8298 | 823.3067 839.7837 856.2606 872.7375 889.2145
4.6 789.2950 | 805.7447 | 822.1944 838.6441 855.0938 871.5435 887.9932
4.8 788.2638 | 804.6870 | 821.1101 837.5332 853.9563 870.3794 886.8025
4.8 788.8616 | 805.3001 | 821.7386 838.1772 854.6157 871.0542 887.4927
5.0 790.6009 | 807.0843 | 823.5676 840.0509 856.5342 873.0176 889.5009
5.2 789.0296 | 805.4725 | 821.9153 838.3582 854.8010 871.2439 887.6867
5.4 788.3326 | 804.7575 | 821.1824 837.6073 854.0322 870.4571 886.8820
5.6 789.3301 | 805.7807 | 822.2312 838.6818 855.1324 871.5830 888.0336
5.8 791.0751 | 807.5706 | 824.0661 840.5617 857.0572 873.5527 890.0482
6.0 790.1123 | 806.5830 | 823.0538 839.5245 855.9952 872.4660 888.9367
6.2 788.9206 | 805.3606 | 821.8006 838.2407 854.6807 871.1208 887.5608
6.4 789.1976 | 805.6448 | 822.0920 838.5391 854.9863 871.4335 887.8807
6.6 789.8045 | 806.2673 | 822.7301 839.1929 855.6557 872.1186 888.5814
6.8 789.6444 | 806.1031 | 822.5617 839.0204 855.4791 871.9378 888.3965
7.0 789.5913 | 806.0486 | 822.5059 838.9632 855.4205 871.8778 888.3351
7.2 789.4419 | 805.8954 | 822.3489 838.8023 855.2558 871.7093 888.1627
7.4 789.5330 | 805.9889 | 822.4447 838.9005 855.3563 871.8121 888.2679
7.6 789.7067 | 806.1670 | 822.6272 839.0875 855.5478 872.0081 888.4684
7.8 789.8145 | 806.2776 | 822.7406 839.2037 855.6667 872.1298 888.5929
8.0 789.7787 | 806.2409 | 822.7030 839.1652 855.6273 872.0894 888.5516
8.2 789.0450 | 805.4883 | 821.9315 838.3748 854.8180 871.2613 887.7045
8.4 789.1868 | 805.6337 | 822.0805 838.5274 854.9743 871.4212 887.8681
8.6 790.0101 | 806.4782 | 822.9463 839.4144 855.8825 872.3506 888.8187
8.8 788.9665 | 805.4077 | 821.8489 838.2902 854.7314 871.1726 887.6138
9.0 789.3422 | 805.7931 | 822.2440 838.6949 855.1458 871.5967 888.0476
9.2 790.0062 | 806.4742 | 822.9422 839.4102 855.8782 872.3462 888.8142
9.4 790.0062 | 806.4742 | 822.9422 839.4102 855.8782 872.3462 888.8142
9.6 790.0062 | 806.4742 | 822.9422 839.4102 855.8782 872.3462 888.8142
9.8 790.0062 | 806.4742 | 822.9422 839.4102 855.8782 872.3462 888.8142
10.0 | 790.0062 | 806.4742 | 822.9422 839.4102 855.8782 872.3462 888.8142
Rujig (kN) tuong ting tan s6 1 Hz (tiép theo)
D3 sdu z (m)

t (s) 19.2500 20.5000 21.7500 23.5000 24.9697 26.0000

0.0 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

0.2 1098.6038 | 1119.3659 | 1140.1280 | 1160.8900 | 1181.6521 | 1202.4142

0.4 803.1602 817.4004 831.6406 845.8808 860.1211 874.3613

0.6 958.2640 975.8897 993.5155 | 1011.1412 | 1028.7670 | 1046.3927

0.8 880.9647 896.9014 912.8381 928.7748 944.7116 960.6483

1.0 915.1079 931.7906 948.4732 965.1559 981.8386 998.5213

1.2 901.5289 917.9149 934.3009 950.6869 967.0729 983.4589

1.4 905.7079 922.1852 938.6625 955.1398 971.6171 988.0944

1.6 905.3224 921.7913 938.2602 954.7290 971.1979 987.6668
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1.7 902.8969 919.3127 935.7286 952.1445 968.5604 984.9762
1.7 902.8812 919.2967 935.7122 952.1278 968.5433 984.9588
1.7 903.0819 919.5018 935.9217 952.3416 968.7616 985.1815
1.8 904.8774 921.3366 937.7958 954.2549 970.7141 987.1733
2.0 902.9259 919.3425 935.7591 952.1757 968.5923 985.0089
2.0 902.3155 918.7187 935.1220 951.5252 967.9285 984.3317
2.1 902.2086 918.6095 935.0104 951.4113 967.8122 984.2131
2.1 902.2519 918.6537 935.0556 951.4574 967.8593 984.2611
2.1 902.4463 918.8524 935.2585 951.6646 968.0707 984.4768
2.1 902.7846 919.1981 935.6116 952.0250 968.4385 984.8520
2.1 903.2530 919.6766 936.1003 952.5240 968.9477 985.3714
2.2 903.8316 920.2679 936.7043 953.1406 969.5769 986.0132
2.2 904.4952 920.9460 937.3968 953.8476 970.2984 986.7492
2.2 905.2125 921.6790 938.1454 954.6119 971.0783 987.5448
2.2 905.9458 922.4283 938.9108 955.3932 971.8757 988.3582
2.4 907.1003 923.6079 940.1156 956.6233 973.1310 989.6387
2.5 905.4056 921.8763 938.3470 954.8176 971.2883 987.7590
2.6 904.1871 920.6312 937.0753 953.5195 969.9636 986.4077
2.8 902.3696 918.7740 935.1785 951.5829 967.9874 984.3918
3.0 904.2278 920.6728 937.1178 953.5628 970.0078 986.4528
3.2 905.6975 922.1745 938.6516 955.1287 971.6057 988.0828
3.3 906.0996 922.5854 939.0713 955.5571 972.0429 988.5288
3.4 906.0226 922.5068 938.9909 955.4751 971.9593 988.4434
3.6 904.3829 920.8313 937.2797 953.7280 970.1764 986.6248
3.8 903.2837 919.7081 936.1325 952.5568 968.9812 985.4056
4.0 905.0622 921.5254 937.9886 954.4518 970.9150 987.3782
4.2 906.2456 922.7346 939.2237 955.7127 972.2017 988.6907
4.3 905.5994 922.0743 938.5492 955.0241 971.4991 987.9740
4.4 905.6139 922.0891 938.5643 955.0395 971.5148 987.9900
4.5 905.8225 922.3023 938.7821 955.2619 971.7417 988.2215
45 905.6914 922.1684 938.6453 955.1222 971.5992 988.0761
4.6 904.4429 920.8926 937.3423 953.7920 970.2417 986.6914
4.8 903.2256 919.6487 936.0718 952.4950 968.9181 985.3412
4.8 903.9312 920.3697 936.8083 953.2468 969.6853 986.1238
5.0 905.9842 922.4676 938.9509 955.4342 971.9175 988.4009
5.2 904.1296 920.5724 937.0153 953.4581 969.9010 986.3438
5.4 903.3069 919.7318 936.1567 952.5816 969.0065 985.4314
5.6 904.4841 920.9347 037.3853 953.8359 970.2865 986.7371
5.8 906.5438 923.0393 939.5348 956.0304 972.5259 989.0214
6.0 905.4074 921.8782 938.3489 954.8196 971.2904 987.7611
6.2 904.0008 920.4409 936.8809 953.3210 969.7610 986.2010
6.4 904.3278 920.7750 937.2222 953.6694 970.1165 986.5637
6.6 905.0442 921.5070 937.9698 954.4326 970.8954 987.3582
6.8 904.8552 921.3138 937.7725 954.2312 970.6899 987.1486
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7.0 904.7925 921.2498 937.7071 954.1644 970.6217 987.0790
7.2 904.6162 921.0697 937.5231 953.9766 970.4301 986.8835
7.4 904.7237 921.1796 937.6354 954.0912 970.5470 987.0028
7.6 904.9287 921.3890 937.8492 954.3095 970.7698 987.2301
7.8 905.0559 921.5190 937.9820 954.4451 970.9082 987.3712
8.0 905.0137 921.4759 937.9380 954.4002 970.8623 987.3245
8.2 904.1477 920.5910 937.0342 953.4775 969.9207 986.3640
8.4 904.3150 920.7619 937.2088 953.6557 970.1026 986.5495
8.6 905.2868 921.7549 938.2230 954.6911 971.1592 987.6273
8.8 904.0551 920.4963 936.9375 953.3787 969.8199 986.2612
9.0 904.4985 920.9494 937.4003 953.8512 970.3021 986.7529
9.2 905.2822 921.7502 938.2182 954.6863 971.1543 987.6223
9.4 905.2822 921.7502 938.2182 954.6861 971.1541 987.6221
9.6 905.2822 921.7502 938.2183 954.6863 971.1543 987.6223
9.8 905.2822 921.7502 938.2182 954.6862 971.1542 987.6223
10.0 905.2822 921.7502 938.2182 954.6862 971.1542 987.6222




287

G.2.2. Két qud tinh todn sikc chiu tdi doc truc ciia coc c6 xét khd ning héa
long ciia nén cdt theo phwong phdp sé bang phin mém Geostudio 2018
twong teng vdi tin so 2 Hz

G.2.2.1. Xac dinh Gmay

L('?p h Z Tw [0) o o'vo " amaxld
dat (m) | m) | (kN/m® | (do) (kPa) | (kPa) d max
2 (6m) 2 4 17.4 30 34.8 14.8 0.94 0.0941
cat 2 6 174 30 34.8 14.8 0.91 0.0941
2 8 17.3 30 34.6 14.6 0.88 0.0941
4 (4m) 2 14 17.9 32 35.8 15.8 0.79 0.0941
cat 2 16 17.9 32 35.8 15.8 0.76 0.0941
[ A Nspt VSI T
Lopdat | 4o /30 em) md | © DAF | L R FS o
2 (6m) 10 199.88 0.04 1.67 0.26 0.02 0.08 0.87
cat 18 240.40 0.03 1.61 0.25 0.05 0.18 0.78
20 248.48 0.03 1.60 0.25 0.05 0.20 0.77
4 (4m) 20 248.48 0.03 1.60 0.24 0.05 0.20 0.77
cat 20 248.48 0.03 1.60 0.24 0.05 0.20 0.77
’ A (P' va GmaX
LO]D dat 1 (TB) (dﬁ) ko (kPa) K (kPa)
2 (6m) 0.809017 | 5.729487 | 0.900219 | 20.62989 35 34973.5
4 (4m) 0.768746 | 7.400137 | 0.871267 | 21.66602 35 35841.01
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Rujiq (KN) twong tmg tan s6 2 Hz

Do sdu z (m)

t(s) 10.0000 11.0303 12.0404 13.0303 15.0000 16.0000 17.0000
0.0 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.2 |1030.4220 | 1046.8229 | 1063.2238 | 1079.6247 | 1096.0256 | 1112.4265 | 1128.8273
0.4 754.9957 | 767.0127 | 779.0297 791.0468 | 803.0638 815.0808 827.0978
0.6 898.1945 | 912.4908 | 926.7870 941.0833 955.3796 969.6758 983.9721
0.8 827.9723 | 841.1509 | 854.3294 | 867.5080 | 880.6865 893.8651 907.0436
1.0 853.9725 | 867.5649 | 881.1573 894.7497 908.3421 921.9345 935.5269
1.2 847.8038 | 861.2980 | 874.7922 888.2865 901.7807 915.2749 928.7691
1.4 845.7496 | 859.2111 | 872.6726 886.1341 899.5956 913.0572 926.5187
1.6 850.3854 | 863.9207 | 877.4560 890.9913 904.5266 918.0619 931.5972
1.7 845.6455 | 859.1054 | 872.5653 886.0251 899.4850 912.9448 926.4047
1.7 845.0648 | 858.5154 | 871.9660 885.4167 898.8673 912.3179 925.7685
1.7 844.8034 | 858.2499 | 871.6964 | 885.1428 | 898.5893 912.0357 925.4822
1.8 846.3143 | 859.7848 | 873.2553 886.7258 900.1963 913.6668 927.1373
2.0 846.0905 | 859.5574 | 873.0244 | 886.4913 | 899.9582 913.4252 926.8921
2.0 845.1147 | 858.5661 | 872.0176 885.4690 | 898.9204 912.3718 925.8232
2.1 844.7929 | 858.2391 | 871.6854 | 885.1317 898.5780 912.0243 925.4706
2.1 844.6311 | 858.0748 | 871.5185 884.9622 898.4059 911.8496 925.2933
2.1 844.6490 | 858.0929 | 871.5369 884.9809 898.4249 911.8689 925.3129
2.1 844.8545 | 858.3018 | 871.7490 885.1963 | 898.6436 912.0908 925.5381
2.1 845.2471 | 858.7006 | 872.1541 885.6076 | 899.0611 912.5146 925.9682
2.2 845.8176 | 859.2802 | 872.7428 886.2054 | 899.6680 913.1306 926.5932
2.2 846.5469 | 860.0211 | 873.4953 886.9695 900.4437 913.9179 927.3921
2.2 847.4025 | 860.8903 | 874.3781 887.8659 901.3538 914.8416 928.3294
2.2 848.3365 | 861.8392 | 875.3419 888.8445 902.3472 915.8499 929.3526
2.4 851.1568 | 864.7043 | 878.2519 891.7995 905.3471 918.8947 932.4422
2.5 848.7063 | 862.2149 | 875.7235 889.2321 902.7406 916.2492 929.7578
2.6 846.8879 | 860.3675 | 873.8471 887.3268 900.8064 914.2860 927.7657
2.8 844.3858 | 857.8256 | 871.2654 | 884.7052 898.1450 911.5848 925.0247
3.0 846.7272 | 860.2042 | 873.6813 887.1584 900.6355 914.1125 927.5896
3.2 848.6545 | 862.1622 | 875.6700 889.1777 902.6855 916.1932 929.7010
3.3 849.4775 | 862.9984 | 876.5192 890.0401 903.5609 917.0818 930.6026
3.4 849.3649 | 862.8839 | 876.4030 889.9220 903.4411 916.9601 930.4792
3.6 847.1540 | 860.6379 | 874.1218 887.6056 901.0895 914.5734 928.0572
3.8 845.5660 | 859.0246 | 872.4832 885.9418 | 899.4004 912.8590 926.3176
4.0 847.8269 | 861.3214 | 874.8160 888.3106 901.8052 915.2998 928.7943
4.2 849.5868 | 863.1094 | 876.6320 890.1546 903.6772 917.1998 930.7224
4.3 848.7444 | 862.2536 | 875.7628 889.2720 902.7811 916.2903 929.7995
4.4 848.7093 | 862.2179 | 875.7265 889.2351 902.7438 916.2524 929.7610
45 849.1397 | 862.6552 | 876.1707 889.6861 903.2016 916.7171 930.2326
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4.5 849.0048 | 862.5181 | 876.0314 889.5448 903.0581 916.5714 930.0847
4.6 847.2725 | 860.7582 | 874.2440 887.7297 901.2155 914.7012 928.1870
4.8 845.3817 | 858.8373 | 872.2930 885.7486 899.2043 912.6599 926.1156
4.8 846.4285 | 859.9009 | 873.3732 886.8455 900.3178 913.7902 927.2625
5.0 848.9557 | 862.4682 | 875.9808 889.4933 903.0058 916.5184 930.0309
5.2 846.8393 | 860.3182 | 873.7970 887.2759 900.7547 914.2336 927.7124
5.4 845.7215 | 859.1825 | 872.6436 886.1047 899.5657 913.0268 926.4879
5.6 847.0123 | 860.4939 | 873.9755 887.4571 900.9388 914.4204 927.9020
5.8 849.7965 | 863.3224 | 876.8483 890.3743 903.9002 917.4261 930.9520
6.0 848.5463 | 862.0523 | 875.5583 889.0643 902.5704 916.0764 929.5824
6.2 846.6844 | 860.1608 | 873.6372 887.1136 900.5900 914.0664 927.5428
6.4 846.8610 | 860.3402 | 873.8194 887.2986 900.7778 914.2570 927.7362
6.6 847.8601 | 861.3552 | 874.8503 888.3454 901.8405 915.3357 928.8308
6.8 847.7016 | 861.1942 | 874.6868 888.1793 901.6719 915.1645 928.6571
7.0 847.6177 | 861.1090 | 874.6002 888.0915 901.5827 915.0740 928.5652
7.2 847.3698 | 860.8571 | 874.3444 887.8317 901.3190 914.8063 928.2936
7.4 847.5193 | 861.0090 | 874.4987 887.9884 901.4780 914.9677 928.4574
7.6 847.7361 | 861.2292 | 874.7224 888.2155 901.7086 915.2018 928.6949
7.8 847.9457 | 861.4422 | 874.9387 888.4351 901.9316 915.4281 928.9245
8.0 847.9556 | 861.4522 | 874.9488 888.4455 901.9421 915.4387 928.9353
8.2 846.7436 | 860.2209 | 873.6982 887.1756 900.6529 914.1303 927.6076
8.4 846.9243 | 860.4046 | 873.8848 887.3650 900.8452 914.3254 927.8056
8.6 848.2247 | 861.7256 | 875.2265 888.7275 902.2284 915.7293 929.2302
8.8 846.6339 | 860.1095 | 873.5851 887.0606 900.5362 914.0118 027.4874
9.0 847.2722 | 860.7579 | 874.2437 887.7294 901.2152 914.7009 928.1867
9.2 848.2325 | 861.7336 | 875.2346 888.7356 902.2367 915.7377 929.2387
9.4 848.2325 | 861.7336 | 875.2346 888.7356 902.2367 915.7377 929.2387
9.6 848.2325 | 861.7336 | 875.2346 888.7356 902.2367 915.7377 929.2387
9.8 848.2325 | 861.7336 | 875.2346 888.7356 902.2367 915.7377 929.2387
10.0 | 848.2325 | 861.7336 | 875.2346 888.7356 902.2367 915.7377 929.2387
Rujig (kN) tuong ting tan s6 2 Hz (tiép theo)
D) sdu z (m)

t(s) 19.2500 20.5000 21.7500 23.5000 24.9697 26.0000

0.0 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

0.2 1145.2282 | 1161.6291 | 1178.0300 | 1194.4309 | 1210.8318 | 1227.2327

0.4 839.1148 851.1318 863.1489 875.1659 887.1829 899.1999

0.6 998.2683 | 1012.5646 | 1026.8609 | 1041.1571 | 1055.4534 | 1069.7497

0.8 920.2222 933.4008 946.5793 959.7579 972.9364 986.1150

1.0 949.1193 962.7117 976.3041 989.8965 | 1003.4889 | 1017.0813

1.2 942.2633 955.7575 969.2517 982.7459 996.2401 | 1009.7344

1.4 939.9802 953.4417 966.9032 980.3647 993.8262 | 1007.2878

1.6 945.1325 958.6678 972.2031 985.7384 999.2737 | 1012.8090
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1.7 939.8646 953.3244 966.7843 980.2441 993.7040 | 1007.1639
1.7 939.2191 952.6697 966.1204 979.5710 993.0216 | 1006.4722
1.7 938.9286 952.3751 965.8215 979.2680 992.7144 | 1006.1609
1.8 940.6078 954.0783 967.5488 981.0193 994.4898 | 1007.9603
2.0 940.3591 953.8260 967.2929 980.7599 994.2268 | 1007.6938
2.0 939.2746 952.7260 966.1774 979.6288 993.0802 | 1006.5317
2.1 938.9169 952.3632 965.8094 979.2557 992.7020 | 1006.1483
2.1 938.7370 952.1808 965.6245 979.0682 992.5119 | 1005.9556
2.1 938.7569 952.2009 965.6449 979.0889 992.5329 | 1005.9769
2.1 938.9854 952.4326 965.8799 979.3272 992.7744 | 1006.2217
2.1 939.4217 952.8752 966.3287 979.7822 993.2357 | 1006.6893
2.2 940.0558 953.5184 966.9810 980.4436 993.9062 | 1007.3688
2.2 940.8663 954.3405 967.8147 981.2889 994.7631 | 1008.2373
2.2 941.8172 955.3051 968.7929 982.2807 995.7685 | 1009.2564
2.2 942.8553 956.3580 969.8607 983.3634 996.8661 | 1010.3688
2.4 945.9898 959.5374 973.0850 986.6325 | 1000.1801 | 1013.7277
2.5 943.2664 956.7749 970.2835 983.7921 997.3007 | 1010.8093
2.6 941.2453 954.7249 968.2046 981.6842 995.1638 | 1008.6435
2.8 938.4645 951.9043 965.3441 978.7839 992.2237 | 1005.6635
3.0 941.0667 954.5438 968.0208 981.4979 994.9750 | 1008.4521
3.2 943.2087 956.7165 970.2242 983.7320 997.2397 | 1010.7475
3.3 944.1235 957.6443 971.1652 984.6860 998.2069 | 1011.7278
3.4 943.9983 957.5173 971.0364 984.5554 998.0745 | 1011.5936
3.6 941.5411 955.0250 968.5088 981.9927 995.4766 | 1008.9605
3.8 939.7762 953.2348 966.6934 980.1520 993.6106 | 1007.0692
4.0 942.2889 955.7835 969.2781 982.7726 996.2672 | 1009.7618
4.2 944.2449 957.7675 971.2901 984.8127 998.3353 | 1011.8579
4.3 943.3087 956.8179 970.3271 983.8362 997.3454 | 1010.8546
4.4 943.2696 956.7783 970.2869 983.7955 997.3041 | 1010.8128
4.5 943.7480 957.2635 970.7790 984.2945 997.8099 | 1011.3254
45 943.5981 957.1114 970.6247 984.1380 997.6514 | 1011.1647
4.6 941.6727 955.1585 968.6442 982.1300 995.6157 | 1009.1015
4.8 939.5713 953.0269 966.4826 979.9382 993.3939 | 1006.8496
4.8 940.7348 954.2071 967.6794 981.1518 994.6241 | 1008.0964
5.0 943.5435 957.0560 970.5686 984.0811 997.5937 | 1011.1062
5.2 941.1913 954.6702 968.1490 981.6279 995.1067 | 1008.5856
5.4 939.9489 953.4100 966.8711 980.3321 993.7932 | 1007.2543
5.6 941.3836 954.8652 968.3468 081.8284 995.3100 | 1008.7917
5.8 944.4780 958.0039 971.5298 985.0557 998.5817 | 1012.1076
6.0 943.0885 956.5945 970.1005 983.6065 997.1126 | 1010.6186
6.2 941.0192 954.4956 967.9720 081.4484 994.9248 | 1008.4012
6.4 941.2154 954.6946 968.1738 981.6530 995.1322 | 1008.6115
6.6 942.3259 955.8210 969.3161 982.8112 996.3063 | 1009.8014
6.8 942.1497 955.6423 969.1348 982.6274 996.1200 | 1009.6126
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7.0 942.0565 955.5477 969.0390 982.5302 996.0215 | 1009.5127
7.2 941.7809 955.2682 968.7555 982.2428 995.7301 | 1009.2174
7.4 941.9471 955.4368 968.9265 982.4161 995.9058 | 1009.3955
7.6 942.1880 955.6812 969.1743 982.6674 996.1606 | 1009.6537
7.8 942.4210 955.9175 969.4139 982.9104 996.4069 | 1009.9034
8.0 942.4320 955.9286 969.4252 982.9218 996.4185 | 1009.9151
8.2 941.0849 954.5623 968.0396 981.5169 994.9943 | 1008.4716
8.4 941.2858 954.7660 968.2463 981.7265 995.2067 | 1008.6869
8.6 942.7311 956.2320 969.7329 983.2338 996.7347 | 1010.2357
8.8 940.9630 954.4386 967.9142 981.3898 994.8654 | 1008.3410
9.0 941.6724 955.1582 968.6439 982.1297 995.6154 | 1009.1012
9.2 942.7398 956.2408 969.7418 983.2429 996.7439 | 1010.2450
9.4 942.7398 956.2408 969.7418 983.2429 996.7439 | 1010.2450
9.6 942.7398 956.2408 969.7418 983.2429 996.7439 | 1010.2450
9.8 942.7398 956.2408 969.7418 983.2429 996.7439 | 1010.2450
10.0 942.7398 956.2408 969.7418 983.2429 996.7439 | 1010.2450




