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So sanh hiéu qua md hinh SARIMA va SARIMAX trong dy bdo lugng hang container tai cdng Busan
('ng dung mé hinh System Dynamics trong mé phéng va danh gia phuang an dau tu xay
dung du an nha phé - chung cu

Nghién ctiu sy van dong cla kiém soat von dau tu cng trong xdy dung ca s& ha tang giao
thong tai Viét Nam

So sdnh cac khung bao cdo ESG va khuyén nghj ddi véi cic doanh nghiép xdy dung Viét Nam
Danh gid mitc 46 quan trong clia cac yéu t6 tac dong dén su phat trién bén vitng nguén nhéan
luc logistics: Tridng hgp tai khu vic Dong Nam Bo

Kinh nghiém ctia Han Qudc va Trung Qudc trong quén 1y, gidm sat va thanh tra tai chinh dy
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(du Gidy van hanh

Nang cao hiéu qua viéc thuc hanh tay nghé thi cong co ban va cong tac san xudt két hgp sinh
vién Khoa (dng trinh - Truong Dai hoc Cong nghé Giao thong van tai

Ung dung ndi suy va bién déi Fourier dé nang cao @ chinh xac tan s6 cong hudng cdm bién
day rung

('ng dung BIM trong quén Iy tién db thi cong xay dung: Mot s6 van dé can luu y
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Ung dung GIS va ngén g lap trinh VBA xdy dung va khai thac co 6 dif liéu gidi phéng mat
bang dutng cao toc TPHCM - Mdc Bai doan qua xa Thai My, TRHCM

Nghién c(tu khao sat mé hinh dong luc hoc clia thiét bi bay st dung dong o 2 tang canh
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IFC5: Ky vong vé cudc cach mang trao déi thdng tin trong xay dung ky thuat s&

M@ phdng ting x( lién két cdt Gng thép nhdi bé tong vdi san phang bé tong ¢t thép khi chiu
md men khdng can bang

Phuong phap duting kinh tuong duong trong md phong coc khoan nhoi phut viia doc thén coc
Gidi php giéng cat dng tdi trong x Iy nén dat yéu va kha ndng ting dung tai Viét Nam
Phén tich anh hudng ctia an mon cap dén stic khdng clia két cdu dam bé tong du tng luc

Anh huéng ham luigng tro bay va phu gia hda hoc dén mot s6 tinh chat bé tong xi ming

Phén tich ngi luc san bé tong Iap ghép theo phuang ngang

Phén tich hiéu qua ky thudt va chi phi vong dai ca bé cha nhom va thép trong moi
trudng bién

Xac dinh hé s6 dan nhiét ngang clia vat liéu composite c6t sgi thy tinh dong phuong nén
epoxy bang phuang phap hoc méy

Thiét ké thuc nghiém bé tong xi méng c6t liéu tdi ché trong xdy dung mat dudng béng
phuong phép Taguchi

Phan tich va khuyén nghi hoan thién tiéu chuan géi cau TCVN 13594-8:2023 cho cau dutng
sdt toc d9 cao cd yéu cau khang chan

Thiét k& diéu khién 6n dinh léch hudng cho 6 to dién st dung mé hinh dong hoc logic hon
hap két hgp vdi diéu kién dy bao m hinh

Phén tich tai nan giao thong lién quan dén ngudi di bd & nudc ta bang Python

Nghién c(u, kién nghi hoan thién mé hinh hoa tiéu hang hai Viét Nam

Nghién c(tu danh gid an toan cong trinh dutng sat trong qua trinh khai thac

Nghién cdu lan truyén 6 nhiém khong khi do hoat dong dong xe tai nit giao Giang V6 -
Lang Ha - Dé LaThanh

Anh huéng ctia phu gia polymer dén mot s tinh chét co hoc clia vita cuing d6 cao cho cong
trinh bién

Nghién ctu thuc trang phat sinh chdt thai tai Vién Huyét hoc - Truyén mau Trung uong

(ng dung phan tich dong vt chat dé xust céc khuyén nghi chinh séch trong trién khai kinh
t€ tudn hoan cho nganh cng nghiép bao bi gidy tai Viét Nam



NGUYEN HOAINGHIA

DO VAN THUAN, NGUYEN LUONG HAI

TRAN TRUNG KIEN

TRINH DINH CUONG, HO THI THU HOA,
NGUYEN THANH DANH

HOANG NGOC SON, BUI THI NHU LOAN

NGUYEN TIEN QUY, NGUYEN VAN KHOA

DO VAN THAI

CAO VAN LAM, LE DINH VIET, HOANG PHUOC DUC
NGUYEN MINH NHAT, NGUYEN QUOC DAT

LEBAO QuUOC

HOANG HUU DUC

TRAN DANG HUY, NGUYEN THI THANH VAN,
NGUYEN HOANG QUAN
NGUYEN VAN QUAN, DANG THI THU HANG

PHAM HUY TUNG, NGUYEN LUONG HAI

TRAN THIMINH THU

NGUYEN MINH TUAN ANH, PHAN VAN HUE,
VO VAN NAM, TRUONG QUANG HAI

LE THANH TRUNG, BACH VU HOANG LAN
NGUYEN THANH TRUONG

TRAN THU MINH, LE HA LINH, TRAN NGOCHOA,
TRAN THE TRUYEN

VUONG THE HUNG, NGUYEN QUOCTRUC,

TRAN HUU BANG, LE VAN BACH

NGUYEN ANH DUNG, NGUYEN DANG KHOI
NGUYEN DINH HOA, NGUYEN NGOCLINH,
NGUYEN NGOCTAN, NGUYEN TRUNG KIEN
NGUYEN THI HUONG GIANG

NGO VAN TINH, LUONG XUAN CHIEU,
NGUYEN THANH SANG
NGUYEN THI TUYET TRINH

DO THAI GIANG, PHAM THANH TUNG

VUONG XUAN CAN, NGUYEN THE ANH
LEVANTHUC

HOANG PHO ANH

NGUYEN LAN ANH, VU PHUONG THAO

NGUYEN SY DUC, DINH NGOCTRUNG, LE HUY VIET,
NGO XUAN HUNG

NGUYEN THI HONG HUONG, LUONG THANH TAM
NGUYEN THETHONG, LAI VAN MANH, NGUYEN MINH KHOA,
NGUYEN CONG THANH, KARLA CERVANTES BAR-RON,
PHAM VAN NAM, TRAN HOAI LE

132

137

140

144

148

151

156

161

168

174
178

182

186

192

196
199

204
208

212

216

221
226

231

234

238

242

246

250

254

258

264

270

274

Application of System Dynamics modeling in simulating and evaluating townhouse -
condominium investment alternatives

A study on the dynamics of public investment capital control in transportation infrastructure
development in Vietnam

Comparison of ESG reporting frameworks and recommendations for Vietnamese construction
enterprises

Assessing the importance of factors affecting the sustainable development of logistics
human resources: The case of the Southeast region

Experiences of Korea and China in financial management, supervision and inspection of
public investment projects and lessons for Vietnam

Study on changes in passengers' travel behavior after the Nhon - Cau Giay urban railway
began operation

Improving practical training and production integration for Civil Engineering Students at the
University of Transport Technology

Application of interpolation and Fourier transform to improve resonant frequency estimation
in vibrating wire sensors

Implementation of building information modeling BIM in construction scheduling: Critical
considerations

Research on the application of D-Box bags for soft soil improvement in Dong Thap province
Applying GIS and VBA programming language to build and explore the database for the Ho Chi
Minh City - Moc Bai expressway clearance, section through thai my commune, Ho Chi Minh City
Dynamic modeling of a coaxial rotor aerial vehicle

Research and design OKS.VN ship-wide monitoring system based on PLC/HMI platform and
advanced signal processing algorithms

Operational efficiency analysis of forklift equipment in container terminal construction
projects in Vietnam

IFC5: Expectations on the information exchange revolution in digital construction
Simulation of the behavior of connections between reinforced concrete flat-plate slab and
concrete-filled steel tube columns subjected to unbalanced moments

Equivalent Diameter Method in Modeling Shaft-Grouted Bored Piles

Geotextile sandbag well solution for soft ground improvement and its potential application
inVietnam

Influence of cable corrosion on the structural capacity of prestressed concrete beams

The effect of fly ash content and chemical admixtures on some properties of cement concrete

Analysis of internal forces of precast concrete floors in horizontal direction

Technical and life-cycle cost analysis of aluminum and steel storage tanks in marine
environments

Determination of the transverse thermal conductivity of unidirectional glass fiber-reinforced
epoxy composites using machine learning

Experimental design of recycled aggregate cement concrete in road construc-tion using
Taguchi method

Analysis and recommendations for improving the TCVN 13594-8:2023 standard on bridge
bearings for high-speed railway bridges considering seismic requirements

Design of yaw stability control for electric vehicles using a mixed logical dynamical model
combined with model predictive control

Analyzing traffic accidents involving pedestrians in Vietnam using Python

Research and Recommendations for the Improvement of the Maritime Pilotage Model in Vietnam
Research on safety assessment of railway structures in operation

Investigation of air pollution diffusion caused by traffic activities at the intersection of
Giang Vo - Lang Ha - De LaThanh

Effect of polymer additives on mechanical properties of high-strength mortar for marine
structures

Research on the current status of waste generation at The national institute of Hematology
and blood transfusion

Applying the material flow analysis to propose policy recommendations for implementing
the circular economy for the paper packaging industry in Vietnam

SCIENTIFIC COMMISSION:
Ass.Prof Pham Minh Ha, Ph.D
(Chairman of the Scientific Council)
Ass.Prof Le Trung Thanh, Ph.D
(Permanent Council)

Ass.Prof Vu Ngoc Anh, Ph.D

Prof. Nguyen Viet Anh, Ph.D

Dr. Le Van Cu

Ass.Prof Pham Xuan Duong, Ph.D
Ass.Prof Hoang Ha, Ph.D

Dr. Nguyen Hong Hai

Dr. Le Quang Hung

Ass.Prof Nguyen Van Hung, Ph.D
Dr. Khuat Viet Hung

Ass.Prof, Architect Hoang Vinh Hung
Prof. Pham Huy Khang, Ph.D

Prof, Dr, Architect Doan Minh Khoi
Prof, Dr, Architect Nguyen To Lang
Ass.Prof Nguyen Ngoc Long, Ph.D
Prof. Phan Quang Minh, Ph.D

Dr. Phan Huu Duy Quoc

Ass.Prof Nguyen Thanh Sang, Ph.D
Prof. Pham Cao Thang, Ph.D

Prof. Trinh Minh Thu, Ph.D

Ass.Prof Nguyen Hong Tien, Ph.D
Ass.Prof Nguyen Thi Tuyet Trinh, Ph.D
Ass.Prof Hoang Tung, Ph.D
Ass.Prof Tong Tran Tung, Ph.D

EDITOR-IN-CHIEF:

Nguyen Thai Binh
DEPUTY-EDITOR-IN-CHIEF:
Nguyen Van Huong
Pham Van Dung

Nguyen Thanh Hoa

Ly Ngoc Thanh



NGHIEN CUU KHOA HOC

ENgay nhan bai: 25/8/2025 BNgay slfa bai: 11/9/2025 BNgay chdp nhan dang: 22/9/2025

Phuong phap duong kinh tuong duong trong mé

phong coc khoan nhéi phut via doc than coc
Equivalent Diameter Method in Modeling Shaft-Grouted Bored Piles

> THS LE THANH TRUNG'", TS BACH VU HOANG LAN?
'Khoa Kién truc Xay dung, Trudng Dai hoc Tha Dau Mét

2Khoa Xay dung, Trudng Dai hoc Kién tric TP.HCM; *Corresponding Author: Email: Ittrung@tdmu.edu.vn

TOM TAT

Coc khoan nhdi ca phut vita doc thén [a gidi phap ngay cang duec st dung dé
nang cao sirc chiu t&i va gidm df lin cia nén mang séu. Tuy nhign, viec ma
phang chinh x&c higu img phyt vira trong phéan tich si van con nhiéu han che
do c&u tao phirc tap va phy thugc vao nhiéu tham sd thic nghiém. Bai bao nay
dé xuat mat phuong phap mai - phuong phap dutmg kinh quy ddi treng dreng
- nham don gidn hoa qué trinh tinh toan.  tuéng co bén 14 thay the doan coc
duge phyt vira bing mét coc tweng duong ca dwdng kinh lén hon, phén énh sy
gia tang dién tich tiép xic va ma sat thanh. Cang thirc quy ddi giira dwang kinh
twong duwong va ham legng vira phyt dugc thigt lap tir dir liéu thue nghigm va
hiéu chinh bng ma phang s v Plaxis 30. K&t qué so sanh vi thi nghigm hign
trutmg trén céc coc thir (BPGO-BPGS0) cho théy phuong phap du bao tét quan
he tai trong-da lan, véi sai s trong pham vi £7.5%. Ung dung phuang phép
van cong trinh thic t€ Friendship Tower (TPHCM) tigp tuc khéng dinh tinh kha
thi, khi ket qua md phang cho coc phut vira (TP2) phit hop chit ché vai dif ligu
thir tai hién trugmg. Nghién ciru ching minh réng phuong phép duing kinh
twong duong 3 mat cong cu don gian, higu qua va cd tiém ndng tng dung ring
rdi trong thiét k& nén mang, gap phan gidm thigu sd lrgng thi nghiém hign
trung tin kém ma van dam bao da tin cdy trong du bao ing xit coc khoan
nhdi phyt vira.

Tir khéa: Phurong phap duang kinh twong dureng, phut vira, coc khoan nhai,
thi nghigm nén tinh, dét cat pha.

ABSTRACT

Bored piles with shaft grouting have increasingly been adopted to enhance
Inad-bearing capacity and reduce settlement of deep foundations. However,
accurately simulating the effect of shaft grouting in numerical analysis
remains challenging due to the complex geometry and dependence on
numerous experimental parameters. This paper introduces a new approach -
the Equivalent Diameter Method-to simplify the analysis process. The core
concept is to replace the grouted section of a pile with an equivalent pile of
larger diameter, thereby capturing the increased contact area and shaft
resistance. A conversion formula between the equivalent diameter and grout
volume was developed based on experimental data and calibrated using
numerical simulations with Plaxis 3D. Comparisons with full-scale static load
tests on trial piles (BPGO-BPGA0) demonstrate that the method accurately
predicts lnad-settlement behavior, with errors within +8.5%. Application to
a real project, the Friendship Tower in Ho Chi Minh City, further confirms its
feasibility, as the predicted performance of the grouted pile (TP2) closely
matches the field load test results. The study shows that the Equivalent
Diameter Method is a simple and effective tool with strong potential for
practical application in foundation design, helping to reduce costly field testing
while maintaining reliable predictions of grouted bored pile behavior.
Keywords: Equivalent Diameter Method, shaft grouting, bored piles,
static |oad test, sandy clay soil.

1.GIGI THIEU

Trong nhiing thap ky gan day, coc khoan nhéi da trg thanh giai
phép nén méng phé bién cho cac cong trinh cao tang va céng trinh ha
tang I6n tai cac dé thi. Tuy nhién, kha nang chiu tai clia coc thudng bi
anh hudng bdi diéu kién dia chat phuic tap cling nhu cac yéu té thicong,
dac biét la su suy gidam ma sat thanh coc do sit dung dung dich gil
thanh, 1an tap chat hodc bién dang trong qua trinh khoan. D& khac phuc
han ché nay, ky thuat phut viia doc than coc da dugc ap dung réng rai
& nhiéu qudc gia nhu My, Hong Kéng, Thai Lan, va gan day la tai Viét
Nam (Littlechild et al. 2000). Cac nghién ctiu thuc nghiém cho thay phut
vira c6 thé lam tang dang ké stic khang thanh, qua dé nang cao stic chiu
tai cuc han va gidm do6 Iin ctia coc (Littlechild et al. 2000; Sze and Chan
2012). Tai Viét Nam, mot s6 nghién ctu thuc dia va phong thi nghiém
da dugc tién hanh nham danh gia hiéu qua clia phut vira (Nguyen and
Nguyen 2021; Nguyen et al. 2019; Tran and Tran 2021). Két qué budc
dau khdng dinh tinh hiéu qua, song cac phuong phap phan tich hién
nay chti yéu dua vao cac mo hinh thuc nghiém hoac phan tich FEM chi
tiét, doi hoéi nhiéu tham s6 dau vao va khéng phai ltc nao ciing thuan
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tién cho thiét ké. Do d6, nhu cau vé mot phuong phap mé phong don
gian, dé ap dung nhung van phan anh chinh xac hiéu ting phut viia la
rat can thiét.

Trong béi canh d6, bai bao dé xuat phuong phéap dudng kinh quy
déi d& mo phong ting xt clia coc khoan nhéi c6 phut vita doc than. Y
tudng ca ban la thay thé doan coc dugc phut vita bang mét coc tuong
duong c6 dudng kinh 16n han, phan anh su gia tang dién tich ti€p xuc
va ma sat thanh do |6p viia tao ra. Phuong phdp dugc xay dung dua
trén dit liéu thi nghiém nén tinh hién trudng, hiéu chinh bang mé hinh
6 vai Plaxis 3D, tur d6 thiét 1ap céng thic quy déi gitia ham lugng viia
va dudng kinh tuong duong.

Bong gop chinh cta nghién ctiu gom: (i) xay dung co s ly thuyét
va cong thuc tinh toan dudng kinh tuong duong; (i) kiém chiing bang
di liéu thi nghiém trén cac coc thr (BPGO-BPG50); (jii) ing dung vao
c6ng trinh thuc té Friendship Tower tai TP.HCM dé danh gia do tin cay.
Két qua nghién ctiu khdng chi gdp phan lam sang té co ché lam viéc
cla coc phut vita ma con cung cap mét cong cu tinh toan hiéu qua, co
thé gidm thiéu s lugng thi nghiém hién trudng tén kém va hé trg cho
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giai doan thiét ké nén méng.

2.PHUONG PHAP BUONG KINH TUONG DUONG

2.1.Co's@ ly thuyét

Ky thuat phut vita doc than coc tao ra mét I6p vat liéu xi mang-dat
bao quanh bé mdt coc, gitip téng dién tich tiép xuc va cai thién ma sat
gilia coc va nén dat (Hinh 1). Thuc chat, hiéu (ing nay c6 thé dugc mé
phéng tuong duong bang cach thay thé doan coc dugc phut vita bang
mét doan coc cé dudng kinh I6n hon so véi dudng kinh ban dau. Y
tudng nay hinh thanh nén phuong phéap duang kinh tuong duong, cho
phép phén énh su'thay déi stic khang thanh ma khéng can mé hinh héa
chi tiét Idp viia trong phan tich s6.

Hinh 1. D4t dinh bam xung quanh than coc khoan nhoi ¢6 phut vifa

2.2, Gia thiét co ban

Phuong phap dugc xay dung dua trén cac gia thiét: (i) Lop vira bam
dinh hoan toan vao than coc, khdng xay ra hién tugng tach I6p, (i) Coc
va I6p vira c6 bién dang dong nhat theo phuang ngang, tuc la cing
tham gia chiu tai bén, (i) Dat nén dugc gia thiét la déng nhat trong
pham vi phut viia, va cac théng s6 co hoc khong thay déi dang ké do
qua trinh thi céng.

2.3. Xac dinh duéng kinh quy déi

M@i quan hé gitta dudng kinh quy déi Dgaq vaham lugng viia phut
IR (lit/m?) dugc thiét 1ap dudi dang ham tuyén tinh hiéu chinh bang mé
phoéng s6. Quan hé nay dugc thé hién qua cong thic (1):

Dga = Do + f(IR) (1)

Trong d6: Dgq va Dy lan luot la dudng kinh quy d6i (m) ctia doan
coc €6 phut via va dudng kinh coc khoan nhéi ban dau (m); IR la ham
lugng viia phut (lit/m?),va f(IR) lahésé hiéu chinhxac dinh tirdirliéu
thuc nghiém.

3. HIEU CHINH THUC NGHIEM

3.1. M6 ta chuong trinh thuc nghiém

Dé kiém chiing va hiéu chinh phuang phap dudng kinh quy déi,
moét chuong trinh thi nghiém nén tinh hién trudng da dugc trién
khai tai khu vuc Binh Duong, nai dia chat dac trung béi I6p cat pha
day, c6 chitiéu ca ly tuong déi déng nhat. Bén coc thit dugc thi cong
vGi cung quy trinh khoan nhoi, dudng kinh danh dinh 400 mm,
chiéu dai coc 3 m.

C4u hinh thi nghiém bao gém (Hinh 2): (i) Coc BPGO (d8i chimng):
khéng &p dung phut viia, dugc sir dung dé xac dinh bo théng s6 nén va
hiéu chinh mé hinh sé ban dau, va (i) Coc BPG20, BPG35 va BPG50: cac
coc dugc phut viia doc than véi ham lugng lan luat |a 20, 35 va 50 I/m>
Pham vi phut tap trung & than coc, noi dong vai tro chinh trong viéc
truyén tai vao nén dat xung quanh. Dung dich viia dugc bom vao qua
hé théng 6ng phut ap luc cao, vai ap sudt duy tri 6n dinh trong khoédng
1,5-3,0 MPa, ty 1& cap phdi xi mang/nudc la 0,66:1.

Céng tac thur tai dugc tién hanh theo ASTM D1143, st dung hé
khung phan luc va dan neo déi xing. Tai trong dugc gia tai theo cap,
méi cap bang 10% tai thiét ké, thdi gian ting tai trong 2 phdt va gili 6n
dinh trong 3 phut dé ghi nhan dé 1tn tuong (ng véi cap tai tac dung,
trudc khi tang cap tiép theo. Thi nghiém dugc duy tri cho dén khi coc
dat d6 1un t6i da 40 mm hodc c6 dau hiéu pha hoai vé stic chiu tai. Trong

qua trinh thi nghiém, hé théng cdm bién dich chuyén va cam bién luc
dugc bé tri d€ ghi nhan quan hé gita tai trong va dé lun thu dugc tu
déng hé do lun dat trén dau coc.
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hgpRinter=[06 ~ 08]

Hinh 3. Quy trinh va két qua hiéu chinh mé hinh coc khong phut (BPG0)

Bai toan FEM dugc thiét lap trong Plaxis 3D, s&t dung mé hinh Mohr-
Coulomb cho dét nén va mé hinh dan héi tuyén tinh cho coc. Qua trinh
hiéu chinh dugc tién hanh theo hai budc: (i) Biéu chinh mé dun bién dang
(E) clia dat nén: giam dan tur gia tri ban dau (3420 kPa) xuéng 1710 kPa dé
dat duogc do khdp t6t nhat gitta mé phong va thi nghiém. Két qua cho
thay tai E = 1710 kPa, hé s6 xac dinh dat R* = 0,97, phan anh su phu hgp
cao. (i) Diéu chinh hé s6 ti€p xUc Rinter: khdo sat cac gia tri tir 0,6-0,8. Két
qua t6t nhat dat tai Rinter = 0,8 véi R* = 0,99. B4 thong s6 hiéu chinh nay
dugc st dung lam co s& cho cac mé hinh coc cé phut vira.

3.3. Xac dinh duéng kinh quy d8i cho coc phut vita

Sau khi thiét 1ap bo théng s6 nén tir BPGO, cac coc BPG20, BPG35 va
BPG50 dugc mo phdng béng cach téng dan dutng kinh quy d6i Dgq
va 50 sanh vdi két qua thi nghiém.

Bang 1.Dudng kinh quy d8i cho céc coc phut vita

Cocthi Ham lugng vita IR (I/m?) Dudng kinh quy diD ;4 (m)
BPG20 20 0.56
BPG35 35 0.71
BPG50 50 0.74
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Méi quan hé tuong quan gilia ham lugng vifa va Dgq dugc trinh
bay trong Hinh 4 va c6 dang tuyén tinh véi céng thiic tuong quan (2)
phu hgp véi dang cong thic (1).

Dgq = —2.1075.(IR)? + 13,6.1073. (IR) + D, ¥)

Trong d6: Dyq (M) _ Budng kinh quy d6i coc phut vita theo ham
lugng vita phut, Dy, (m)_Budng kinh coc khoan nhoi khéng phut
tuong Ung, IR la ham lugng vida phun (lit/m?).

08
D,, = -2105(IR)? + 1,36.10% (IR) + 0.3867 -
Re= 097

—e—DOTHI D~ IR ., = ™

ol (6 THID- %) . W,

Dudng kinh quy ddi,D,, (m)

10 20 3 40
Ham lugng vira phyt, IR (Vm?

50

N0 (®)

Hinh 4. (a) D6 thi quan hé giita duting kinh quy dGi ctia coc phut vita véi ham lugng viia phut
xdc dinh béng phuaing phap s6, (b) Biéu d6 tai - Itin cla coc tuang ting véi dutg kinh quy d6i da
xac dinh truong hgp River=1,0

3.4. So sanh dudng cong tai trong - d6 lun va danh gia dé tin
cdy ctia phuong phap

Két qua so sanh gitia thi nghiém hién trudng va mo phéng bang
phuang phap dudng kinh tuong duong dugc thé hién qua céc dudng
cong tai trong - d6 1un (Hinh 4). Cac dudng cong tir m6 hinh sé nhin
chung cé xu huéng bam sét dt liéu do duogc tai hién truong, dac biét &
giai doan tai trong trung binh va I6n. Sai khac chi yéu xuat hién trong
giai doan dau, khi dé Itn nhé hon 20 mm. Nguyén nhan c6 thé do cac
yéu t6 thi cong, dd khong dong nhat clia dat nén hodc gia thiét mo hinh
chua phan anh day da (ng xu phi tuyén & giai doan dan hoi ban dau.
Tuy vay, su chénh léch nay khéng déng ké va van nam trong gi6i han
cho phép déi véi muc tiéu mé phong suic chiu tai coc.

Phan tich dinh lugng cho thay sai s6 mé phdng so vai thi nghiém hién
trusing dao dong trong khodng +7,5%, véi hé s xac dinh R? > 0,90 cho tat
ca cac trudong hap (BPG20, BPG35 va BPG50). Biéu nay chiing té phuong
phap duang kinh tuong duong khong chi du bao ding quan hé tai - Itn

téng thé ma con phan anh chinh xac xu hudng gia tang stic khang thanh
khi tdng ham lugng vita phut. Hon nifa, su phu hgp clia cdc dudng cong P-
S & giai doan tai trong I6n cho thay phuong phap co kha ndng mo ta tét ting
XU phi tuyén va trang théi gan pha hoai clia coc phut vita.

Tu cac két qud trén, cé thé khéng dinh réng phuong phap dudng
kinh quy d&i la mét cong cu dang tin cay d&€ mé phéng ting xut coc
khoan nhéi phut viia, phu hgp cho ca muc dich nghién ctiu va tng
dung trong thuc hanh thiét ké.

4. UNG DUNG PHUONG PHAP DUONG KiNH TUONG BUONG
VAO CONG TRINH FRIENDSHIP TOWER

4.1. Gi6i thiéu cong trinh

Céng trinh Friendship Tower (31 Lé Duan, TP.HCM) la toa nha cao
tang gém 21 tang néi va 4 tang ham, véi dién tich san khoang 19.000
mZ” Nén méng cong trinh sir dung hé coc khoan nhéi dudng kinh 16n,
trong do6 c6 ap dung ky thuat phut vita doc than nhdm nang cao stic
chiu tai va gidm lun. Bay la cong trinh dién hinh dé kiém chiing tinh kha
thi ctia phuong phap duong kinh tuong duong.

4.2. Dac diém dia chat va coc thi nghiém

Khu vyc xay dung c6 dia tang phtic tap gém 9 I16p dat chinh, tir sét
yéu dén cét chat (Hinh 5). Muc nudc ngadm én dinh & d6 sau khoang -
7,5 m. Hai coc th{f nghiém duogc lua chon la (i) TP1 (khéng phut vita):
duong kinh 1500 mm, chiéu dai 80 m, dong vai trd coc di chiing, va (i)
TP2 (c6 phut vita): dudng kinh 1200 mm, chiéu dai 65 m, phut vita doan
tir-42,2 m dén -64,2 m (22 m gan mui coc), véi ham lugng viia IR = 35
I/m?. C& hai coc dugc thir tai theo TCVN 9393:2012, véi tai trong cuc dai
3000 tan cho TP1 va 3150 tan cho TP2.

4.3. M6 hinh FEM cho coc TP1

Mé hinh sé trong Plaxis 3D dugc xady dung cho coc TP1 véi cac
thoéng s6 dat nén dua trén két qua khao sat hién trudng, hiéu chinh mé
dun bién dang E d& phu hgp véi két qua nén tinh. Hé s6 tiép xuc gida
coc va dat dugc I3y Rinter = 0,8. Cac thong s6 dat nén va coc khi mo
phéng coc khéng phut duoc téng hop trong Bang 2.

Bang 2. Téng hgp cac théng s6 d&t nén va coc khi mé phéng coc khéng phut TP1

— Vi tri phut - " Dungtrongbdo M dunbién Lucdinh Gocma sat PP Hésd tiép
Lop dat/ coc viia Pdsau(m)  Dung trong tunhién hoa dang (kPa) trong (d0) Hé s6 Possion XiCRoe
1.5ét pha 0-10 151 154 27500 60 25 02 08
2.5étpha 10-14 210 213 23000 51 25 02 08
3.Cétpha 14-21 204 20,7 22500 50 25 02 08
4.(3tpha 21-25 200 205 25500 56 30 02 08
5.Cétpha 25-41 19,9 204 25500 56 30 02 08
6.(3t pha 4-55 20,1 2038 60500 126 30 02 08
7.5étpha 55-57 210 213 56000 17 25 02 08
8.56t pha 57-72 204 20,7 43000 91 25 02 08
6.Cét pha X 42.2-55 20,1 208 60500 126 30 02 1,0
7.5ét pha X 55-57 210 213 56000 117 25 02 1,0
8.5étpha X 57-64.2 204 20,7 43000 91 25 02 1,0
9.Cét pha 72-100 20,2 210 43000 91 25 02 08
Cockhoan nhi 30.10° 0,2 08

Két qua so sénh m6 phong va thi nghiém (Hinh 5b cho chu ky 1vaHinh
5¢c cho chu ky 2) cho thdy d6 khdp cao, ddc biét & chu ky tai I6n nhat (200%
tai thiét ké), véi R* = 0,97, khang dinh d6 tin cy ctia b théng sé nén.

4.4. Ung dung céng thiic quy dai cho coc TP2
Déi véi coc TP2, cong thiic (1) dugc 4p dung véi IR = 35 I/m? Két qua
cho thdy doan phut viia c6 dudng kinh quy déi Dgq =1500 mm, thay
thé cho dudng kinh géc D = 1200 mm. Trong md hinh s6, Riner tai cac
I6p dat bao quanh doan phut viia dugc gan bang 1,0, phan anh su gia
tang ma sat va luc dinh (Hinh 6a).

Két qua thirtai nén tinh tai cong trinh Friendship Tower dugc so sanh véi
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m6 phdng s6 bang phuang phap dudng kinh quy di cho hai coc TP1 (khéng
phut vifa) va TP2 (c6 phut viia). Hinh 5b, 5¢ va Hinh 6b, 6¢, va 6d trinh bay su
so sanh chitiét gitia két qua mé phong va thi nghiém cho hai coc thii. Déi véi
coc TP1, duding cong tai trong - dd In (P-S) tirmd phdng gan nhurtriing khdp
v6i két qua thi nghiém, dic biét & giai doan tai trong [6n. Hé s6 xéc dinh dat R?
=0,97 &chuky thirhai, phan anh dé phti hop cao gitia mé hinh va thuc té. Déi
véi coc TP2, phuang phap duding kinh tuong duong cho két qua rat kha quan.
Quan hé P-S trmé hinh s6 bam sat dt liéu hién trudng trong sudt qua trinh
giatai, véi hé s6 xac dinh R=0,89-0,92 &ba chu ky thirtai. Sai khac chii yéu tap
trung & giai doan dau tai, khi d6 1un nhd han 15 mm, nhung nhin chung
khéng anh hudng dén kha nang du béo stic chiu tai tong thé.
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Hinh 5. (a) Chi tiét coc thi nghiém TP1 va TP2 va phan bd dia tng tai cong trinh Friendship
Tower, (b) va (c) mdi quan hé giita d9 ltin va tai trong thu dugt tir thuc nghiém va md phong FEM
tUrPLAXIS3D
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Hinh 6. (a) M phdng coc phut vita TP2, (b), (c) va (d) thé hién mdi quan hé gitia d9 lin va tai
trong thu dugc tit thuc nghiém va md phdng FEM tir PLAXIS 3D ddi vdi coc phut viia TP2

Céc két qua thu dugc khdng dinh tinh kha thi va dé tin ciy clia phucng
phap dudng kinh tuong duong khi ap dung cho cdng trinh thuc té:

® Sais6mo phdngso véithinghiém dao dong trong khodng +10%, nam
trong gidi han chap nhan dugc déi véi bai toan nén tinh coc khoan nhéi.

e Hé séxac dinh R*déu lén hon 0,89, cho thay muic dé phiu hgp rét cao.

e Phuong phap khéng chi mé phdng tot xu hudng tuyén tinh & giai
doan tai trong nhé ma con phan anh dang tng xa phi tuyén va trang
thai gan pha hoai ctia coc phut vira.

Nhu vy, c6 thé két luan réng cong thiic dudng kinh quy d6i (1) kéthop
v6i phan tich FEM trong Plaxis 3D la mét cong cu hitu hiéu dé du béo ting
XU coc khoan nhéi phut viia trong diéu kién céng trinh thuc t€. Phuong
phép nay cé tiém nang ting dung trong thiét k&, gitip giam phu thudc vao
s6 lugng thi nghiém hién trudng vén ton kém chi phi va thdi gian.

5.THAO LUAN

Két qua nghién ctu cho thay phuong phap dudng kinh tuong
duong c6 kha nang du bao kha chinh xéac (ing xtr ctia coc khoan nhéi
phut viia, cd trong thi nghiém hién trudng va ting dung céng trinh thuc
t&. Mét s6 diém can thao luan duoc néu dudi day:

(i) Vé uu diém, phuong phép dé xuat da don gian héa dang ké qua
trinh mé phong. Thay vi phai mé hinh héa chi tiét I6p vira quanh than
coc, ky su chi can thay déi gia tri dudng kinh quy d6i Dyq va hé s6 tiép
XUC Rinter. Diu nay gilip gidm thai gian phan tich va dé dang ap dung

trong cac phan mém phé bién nhu Plaxis 3D. Hon niia, d6 chinh xac cia
phuong phap dugc chiing minh qua két qua so sanh vai thi nghiém, véi
sai s6 nho hon +7,5%.

(ii) V& han ché, cong thic quy déi (1) méi chi dugc xay dung va kiém
chuing trong diéu kién dia chat cat pha, véi ham lugng vita phut IR<50
I/m? va ty |é cap phéi xi ming/nudc N/X = 0,66:1,0. Ngoai pham vi nay,
d6 chinh xac ctia phuong phap chua dugc kiém chiing. Bén canh do,
gia thiét bam dinh tuyét déi gitta I6p viia va than coc c6 thé chua phan
anh day da thuc té thi cong, noi ma cac khuyét tat nhu bong tach hoac
nut gay c6 thé xay ra.

(iii) V& kha nang mé rong, phuong phap dudng kinh tuong duong
6 thé dugc phat trién thém dé ap dung cho nhiéu loai diéu kién khac
nhau. Cac huéng nghién ctu tiép theo c6 thé bao gém: (i) kiém ching
trén nén dat sét yéu, cat rgi hoac dat 1an soi; (i) ma rong cho céc loai tiét
dién khac nhu coc barrette hodc coc chir nhat; (iii) xdy dung cong thuc
hoi quy da bién, xét dén anh hudng dong thadi clia ham lugng via, ty &
cap phdi, chiéu sau phut va diéu kién dia chat.

(iv) Vé y nghia thuc tién, phuong phép dudng kinh tuong duong cé
tiém nang trd thanh mot cong cu ho trg thiét ké nén mong. Phuong
phép cho phép udc lugng nhanh hiéu qua phut vita ma khéng can phai
phu thudc hoan toan vao thi nghiém nén tinh hién trudng, vén tén kém
chi phi va thai gian. Diéu nay dac biét hitu ich trong cac giai doan thiét
ké sa bd hodc khi s6 lugng coc can kiém ching qua I6n dé cé thé tién
hanh thi nghiém toan dién.

6.KET LUAN

Nghién ctiu nay da dé xuét va kiém chiing mét phuong phap mai -
phuang phap dudng kinh tuong duong - nham mo phong ing xdr clia
coc khoan nhéi c6 phut vita doc than. Cac két qua chinh c6 thé tom tét
nhu sau:

1. Phuong phap dudng kinh tuong duong dugc thiét lap dua trén
gia thiét I6p vita bam chat vao than coc, qua dé thay thé doan coc phut
viita bang coc c6 dudng kinh 16n hon. Cong thuc quy déi (1) gitia dudng
kinh tuong duong va ham lugng vita phut dugc dé xuat.

2. Két qua mo phong bang Plaxis 3D cho céc coc thi nghiém (BPGO-
BPG50) cho thdy phuong phap du bao t6t quan hé tai trong-ltn, vdi sai
s6 trong pham vi £7,5%.

3. Khi dp dung cho céng trinh Friendship Tower (TP.HCM), phuong
phap cho két qua phu hgp vdi s6 liéu thir tai coc TP1 va TP2, ké ca & giai
doan tai trong gan gidi han pha hoai.

4. Phuong phap duong kinh tuong duong gitup don gian hoa qua
trinh mé phoéng, giam s6 lugng thi nghiém hién trudng ton kém, déng
thai cung cap mét cong cu hiéu qua cho giai doan thiét ké s bo va
phan tich suc chiu tai clia coc phut vita.

Tuy nhién, phuang phap hién mdi chi dugc kiém chiing trong diéu
kién nén dat cat pha v6i ham lugng vita IR<50 I/m? va cap phéi N/X =
0,66:1,0. Cac nghién ctu ti€p theo can mé rong pham vi dp dung cho
cac loai dat khac nhau, cac dang coc ¢6 tiét dién khac, cling nhu xem
xét tdc ddng clia diéu kién thi cdng dén hiéu qua phut via.

TAILIEU THAM KHAO

[1]. Littlechild, B. D., G. D. Plumbridge, S. ). Hill, and S. C. Lee. 2000. “Shaft Grouting of Deep Foundations
in Hong Kong.” New Technol. Des. Dev. Deep Found., 33-45. Denver, Colorado, United States: American Society
of Civil Engineers.

[2].Nguyen, P.-H.V., and P.-C.Nguyen. 2021. “Effects of Shaft Grouting on the Bearing Behavior of Barrette
Piles: A Case Study in Ho Chi Minh City.” Eng. Technol. Appl. Sci. Res., 11 (5): 7653-7657.

[3]. Nguyen, T.D., V. Q. Lai, D. L. Phung, and T. P. Duong. 2019. “Shaft resistance of shaft-grouted hored
piles and barrettes recently constructed in Ho Chi Minh city.” Geotech. Eng. J. SEAGS AGSSEA, 50 (3): 155-162.

[4]. Sze, ). W. C, and K. M. Chan. 2012. “Application of Shaft Grouting Technique in Deep Foundations -
Hong Kong Experience.” Grouting Deep Mix. 2012, 1085-1094. New Orleans, Louisiana, United States: American
Sodiety of Civil Engineers.

[5]. Tran, T.D., and V. T. Tran. 2021. “Analysis of Increase in Bearing Capacity of Shaft-Grouted Bored Piles
ataProjectin Ho Chi Minh City.” Lect. Notes Civ. Eng., 459-468. Singapore: Springer Singapore.

ISSN 2734-9888 | 10.2025 XAYDUNG |207



04-2025 | ISSN 2734-9888 tapchixaydung.\;l-p

XAY DUNG

TAP CHi CUA BO XAy DUNG




tapchixaydung.vn

MULG LLUC

HOI DONG KHOA HOC:
PGS.TS Pham Minh Ha

(Cha tich Hi dong)

PGS.TS Vit Ngoc Anh

(Thudng truc Hoi dong)

GS.TS Nguyén Viét Anh

TS Lé Van Cu

TS Nguyén Héng Hai

TS Lé Quang Hung
PGS.TS.KTS Hoang Vinh Hung
GS.TS.KTS Doan Minh Khai
GS.TS.KTS Nguyén T6 Lang
GS.TS Phan Quang Minh

TS Phan Hitu Duy Quédc
PGS.TS Lé Trung Thanh
GS.TS Trinh Minh Thu

PGS.TS Nguyén Héng Tién

TONG BIEN TAP:
Nguyén Thai Binh
PHO TONG BIEN TAP:
Nguyén Van Huéng
Pham Van Dung
Nguyén Thanh Hoa
Ly Ngoc Thanh

TOA SOAN:

37 LE DAI HANH, Q.HAI BATRUNG, HA NOI
Ban bién tap (ti€p nhan bai): 024.39740744
Email: banbientaptcxd.bxd@gmail.com

Van phong dai dién TP.HCM:

14 Ky Dong, Quan 3, TRHCM

Gidy phép xuat ban;

S6728/GP-BTTTT ngay 10/11/2021

ISSN: 2734-9888

Tai khoan: 113000001172

Ngan hang Thuong mai (6 phan Cong thuong
Viét Nam Chi nhanh Hai Ba Trung, Ha Noi

Thiét ké: Thac Cutng

In tai: Cong ty TNHH In Quang Minh
Dia chi: S6 27, Ngd 785, Truong Binh, Q Hoang
Mai, TP Ha Noi.

Anh bia 1: Muc tiéu cd nu6c sé c6 hon 3.000
km dutng cao toc dugc dua vao khai thac cudi
ndm 2025 dang dan thanh hién thuc (trong dnh
la Hdm dutng bé (6 Md - mt hang muc thugc
du dn hdm dutng b qua Deéo Cd trén QL1, dogn
gidp ranh hai tinh Phii Yén va Khdnh Hoa).

Gia 75.000 dong

DINH QUANG,THANH VO
KTS PHAM THANH TUNG
GS.TSNGUYEN VIET ANH

HUY LOC, MINH TUNG

) DO THACH

NCS.THS NGUYEN CHI DAT, TS NGUYEN VAN BUC
NCS.THS NGUYEN CHI DAT

MICHAEL HUY THAN, NGUYEN BUC TOAN

HOANG THACH, LOC TUNG

NGUYEN QUANG CHUNG, NGUYEN XUAN DAI
NGUYEN QUANG CHUNG, PHAM BUC HUY,

. TRAN VAN NAM

NGUYEN XUAN DA, PHUNG BA THANG,
NGUYEN THANH BONG

TS BUIDUCHUNG

BAO CHAU

NGUYEN HOANG LINH

_ ANNHIEN
NGUYEN DINH THI

TS NGUYEN VAN TRUNG
TS NGUYEN HOAI THU

THS UNG QUGC TRANG, KS TRAN VAN DAU TS
NGUYEN SYNAM, THS NGUYEN THIEU TRAN DANG
THS NGUYEN NGOC HUONG

NCS DAO NGOC KHANH VY, PGSTS NGUYEN TRUNG
HIEU, PGS.TS DANG VU HIEP, TS NGUYEN CONG
THANG, GS.TS NGUYEN VAN TUAN

TRAN QUGC BAO, NGUYEN DINH THI

DANG VIET DUNG

TRAN TRUNG HIEU, NGUYEN VAN TUAN, PHAM

) XUAN DAT, NGUYEN CONG THANG,
NGUYEN MANH HUNG, NGUYEN TRUNG HIEU, DAO
NGOC KHANH VY

NGUYEN NGOC THANH

LE NAM PHONG, THS DANG VIET LONG, TS VO THI
. HUONGLAN

THS NGUYEN DUY THANH

TRAN THUY DUONG

TS BUI THANH DANH

TS NGO THANH THUY, TS HUYNH XUAN TN
TS CU VIET HUNG

7590 DUY DiNH

TS LE VAN TOAN, THS DOAN TRUNG VIET

THS VO QUANG HUY, TS D[\Ng MINH TAN,

THS NGUYEN CHI CONG

THS VO NGOC PHUQNG, TS LE KKHANH GIANG,

) TSNGUYEN VAN CHINH

TS NGUYEN VAN IRUGNG, NGUYEN THI QUYNH ANH,
NGUYEN NGOC CUONG, DAO MINH TRANG

PGS.TS NGUYEN XUAN TUNG, THS NGUYEN NGOC
LAN, GS.TS NGUYEN NGOC LONG

PGS.TS HOANG HA

TS VUGNG XUAN CAN, THS NGUYEN THE ANH

64

68
70

72

74
75

80

85

20

94

100

104

109

115

119

126

131

137

142

148
152

158

162
166

170

174

178

182

188

QUAN LY NGANH

Hién thuc héa chién lugc ha tang giao thong dong bo

Nra thé ky kién tric Viét Nam sau ngay dat nudc thong nhat: Nhin lai va suy ngam

Gidi phdp bao vé méi trudng nudc va phat trién ha tang xanh cho TP Ha Noi

TU CHINH SACH DEN CUOC SONG

Phat trién cong nghiép duong sat hién dai

Nhan luc cho du an duting st téc do cao: Can mdt chuong trinh dao tao chudn toan dién
Dao tao nhan Iuc va mé hinh hop tac phét trién dudng sat ca Trung Qudc

Mét s6 kinh nghiém dao tao nhén lyc nganh dudng sat tai chau Au

So sanh chién lugc gido duc dudng st va phét trién ngudn nhan lyc ctia Viét Nam va Thuy Dién
TRO CHUYEN VGI CHUYEN GIA

(o hoi“vang” dé duang sét Viét Nam bt pha

DIEN DAN KHOA HOC

Phén loai, vai tro, nguyén Iy hoat dong va quy trinh bdo dugng g6i cau

Phan tich, danh gid hién trang st dung g6i cdu tai Viét Nam

Xu hung phat trién va ting dung g6i cdu chéng dong dét tai Viét Nam

Phat trién kinh t€ s6 & Viét Nam: Thach thic va gii phap

Trudng Dai hoc Hang hai Viét Nam: Noi dao tao hang dau vé kinh t€ bién cla dét nudc
GOCNHIN TU THUCTIEN

Ngudn lyc tu nhan trong qudc ké dan sinh

GIG1 THIEU SACH MGI

Cau bé tong c6t thép trén cac tuyén dudng sat do thi

Mot s6 yéu t6 dnh hudng dén phat trién bén viing kién tric nha & cac dan toc thiéu s6 viing
mién ndi phia Bac

Tang cudng cong tac quan Iy Nha nudc trong xdy dung phat trién ndng thon mdi viing

mién ndi phia Bac theo hudng bén viing

T6 chitc khong gian sinh hoat cong déng ban dan toc San Chay mién ndi phia Bac phuc vu du
lich cong ddng

Nghién cifu ché tao may ép gach d&t khong nung dang tu chén phuc vu phat trién bén viing
khu vuc mién ndi phia Bac

Tinh hinh xdy dung phat trién kién triic nha & cac dan toc thiéu s6 trén thé gidi va bai hoc
kinh nghiém tai Viét Nam

Nghién cttu anh huéng cla khéi lugng thé tich dén cudng dd chiu nén ddi véi gach dat -

xi mang khong nung dung trong xdy dung nha & viing mién ndi phia Bac

Thc trang kién triic nha & cc dan tc thiéu s mién nii phia bac va dinh hung phat trién
bén vitng

Dinh hudng t6 chiic canh quan ban, lang céc dan tdc thiéu s6 ving mién nii Tay Bac phuc vu
phét trién du lich bén viing

Gach d&t khong nung trong xdy dung nha & cho dong bao dan toc thiéu s mién ndi phia Bac

Thuc trang t6 chic khdng gian cu trii céc dan toc thiéu s6 tinh Bac Giang va dinh hudng phét
trién bén viing

Chinh séch phat trién bén vitng nha & dan toc thiéu s mot s6 nudc trén thé gidi va bai hoc tai
viing mién nui phia Bac

Kién triic truting hoc viing ndi phia Bac Viét Nam: Thc trang va dinh hudng phat trién bén viing
Dénh gid kha nang chiu lyc ctia khéi xdy gach dat khong nung duing trong xdy dung nha 6 tai
cac dia ban mién ndi kho khan

NGHIEN CU'U KHOA HOC

Tinh todn, thiét ké két ciu thép cdng truc dang dam hp khau do 46 m, tai trong 80 tan phuc
vu dtic dam bé tong cho céc dy én cau can

('ng dung BIM cho cong téc ché tao ciu kién bé tong cot thép dtic sén

Nghién ctiu ting x{t thuc té cta két cdu dam hop bé tong m& rong ban canh bang thanh
chdng thép thong qua quan trac ting sudt trong qud trinh thi cong va thi nghiém thr tai

Cac yéu t6 anh hugng d&n hanh vi lai xe dap dién/xe may dién nguy hiém ciia hoc sinh trung
hoc phd thdng 6 Viét Nam: Phan tich héi quy theo titng nhém hanh vi

Tu dong hda roi rac hinh hoc vo tau thiy

Dénh gid tdc dong ctia gidi phap han ché toc do tai khu vuc trutng hoc trén dia ban TP Pleiku,
tinh Gia Lai

Nghién c(fu dé xudt quy trinh thanh Iap mé hinh BIM hién trang ha tang kj thugt 6 Viét Nam

Nghién ctiu thuc thi Phu lucV - MARPOL 73/78 tai Viét Nam

Gidi phap gia cudng niit do udn dm cho cau bé tong duic ddy st dung vat liéu UHPC

Phan tich cac diéu kién ap dung va phuong phép xéc dinh hé s6 dong luc do tai trong doan
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Nghién cuu anh hudng caa céng nghé phut
viia doc than coc dén stic chiu tai cua coc

khoan nhéi trong nén dat cat pha

Study on the Effect of Grout Injection Along the Pile Shaft on the Bearing Capacity of Bored
Piles in Sandy Silt Sail

> THS.NCS LE THANH TRUNG", TS BACH VU HOANG LAN?

Vién Dao tao Kién truc xay dung va Giao théng, Trudng DH Tha Dau Mot

2Khoa Xay dung, Trudng DH Kién tric TP. HCM; Email: lan.bachvuhoang@uah.edu.vn
“Corresponding Author: Email: Ittrung@tdmu.edu.vn

TOM TAT

Nghién ciru nay danh gig anh huéng ciia céng nghé phut vira doc than coc dén sic chiu tai coa coc khoan nhdi trong nén dat cat pha. Phiong
phap phut vira (shaft grouting hodc skin grouting) 1a mat ky thuat thi cong tién tién giap céi thien sy lién ket giita bé mat coc va dét xung
quanh. Tir da tang cuing khé ndng chiu téi cia coc. DE danh gig higu qué coa phuong phap nay, nghién ciu da tign hanh thi nghigm nén tink
trén ban coc khoan nhdi ca thigt bi do bign dang dugc 1ap dat tai bai thir nghiém @ Tan Uyén, Binh Drong, Viet Nam. Trong do, mét coc ddi
chitng khang phut vira va ba coc can lai duoc phut vira vai céc mirc khac nhau (20 [/m?2, 35 1/m? va 30 |/m?). Cac két qua thir nghigm vé
quan hé téi trong - chuyén vi, phan bd bién dang doc truc va sirc khang don vi cia coc dd duge phén tich dé danh gia tac dong cia cong
nghé phut vira. K&t qua cho thdy phuong phap nay gidp céi thign dang ke sic khang ma sat thanh coc va sirc khang miii, trong da higu qua
cao nhét duoc ghi nhan tai coc co ham lrgng vira 35 |/m?. Cu thé, sic khang ma sat don vi cla coc phut vira tang tir 1.46 - 217 |an so vai
coc khéing phut vira, trong khi strc khéang mii tang dén 1.78 |an. Nghign cu ciing chi ra réng khi ham lrong vira vugt qué 33 I/m?, mic da
cdi thign khang con dang ké. Ngoai ra, ket qua do bign dang truc cho thay sic khang ma séat duge huy dang tdi da khi chuyén vi ddu coc dat
tir 12.6 mm - 16.8 mm, trong khi sitc khang miii gia ting dang ké @ khoang 16 mm - 18 mm. Cac phét hign tir nghién ctu nay cung cép co sir
khoa hoc cho vigc tdi wu hoa lwgng vira phun trong thigt k& coc khoan nhdi, gap phan néng cao higu qué thi cang nén mang sau trong diéu
kign dét cat pha tai Viet Nam.

Tir khda: Coc khoan nhadi; phut vira; sirc khang ma sét; sirc khang mii; thi nghiém nén tinh; d&t cét pha.

ABSTRACT

This study investigates the effect of grout injection along the pile shaft on the bearing capacity of bored piles in sandy silt soil. Grout
injection (shaft grouting or skin grouting) is an advanced construction technique used to enhance the interface between the pile shaft and
the surrounding sail, thereby increasing |oad-bearing capacity. To evaluate its effectiveness, full-scale static load tests were conducted on
four instrumented bored piles at a test site in Tan Uyen, Binh Duong, Vietnam. The experimental piles included a control pile without grout
injection and three grouted piles with different injection rates (20 |/m?, 33 1/m?, and 30 |/m?). Load-displacement responses, axial strain
distribution, and unit shaft resistance were analyzed to determine the impact of grout injection on pile performance. The results
demonstrate that grout injection significantly improves shaft resistance and end-bearing capacity, with the highest improvements observed
in piles with an injection rate of 33 |/m?. Specifically, the unit shaft resistance of grouted piles increased by 1.46 to 2.17 times compared
to the ungrouted pile, while the end-bearing capacity increased by up to |76 times. The study also highlights the optimal injection rate,
beyond which additional grout does not result in significant performance enhancement. Furthermore, axial strain measurements indicate
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that shaft resistance mobilizes at pile head displacements between 12.6 mm and 6.8 mm, while end-bearing resistance increases
significantly at displacements between |6 mm and 18 mm. These findings provide practical insights into the application of grout injection in
sandy silt soil conditions and offer a scientific basis for optimizing grout quantity in bored pile design. The research contributes to the
advancement of deep foundation construction techniques, particularly in Vietnam, where geotechnical conditions vary widely. Future studies
should explore long-term durability, economic feasibility, and performance in different soil conditions to establish comprehensive design

guidelines for grouted bored piles.

Keywords: Bored piles; grout injection; shaft resistance; end-bearing capacity; static load test; sandy silt soil.

1. GIGI THIEU

Coc khoan nhéi |4 gidi phap méng sau phé bién, dac biét hiéu
qua trong nén dat yéu nha kha nang truyén tai trong xuéng cac
I6p dat cing. Tuy nhién, trong dat cat pha, stic khang ma sat
thanh coc thudng théap, lam gidm kha nang chiu tai va anh hudng
dén hiéu suat lam viéc cta coc (Poulos 2000; Wehnert and
Vermeer 2004).

Pé khic phuc han ché nay, cé6ng nghé phut vira doc than coc
(shaft grouting) da dugc nghién ctu va tng dung nham tang
cudng lién két gitra coc va dat nén. Phuong phap nay bom via xi
mang vao vung ti€p xuc, gitp cai thién dang ké dic tinh ca ly
clia dat xung quanh (Littlechild et al. 2000; Sze and Chan 2012).
Khi vita dugc bom vao véi ap luc cao, né lap day 16 rong trong
dat, tang d6 chat va ap luc ngang, dong thai loai bd I6p bun
bentonite con sét lai sau thi cong, giup nang cao hiéu qua lam
viéc clia coc khoan nhéi (Nonveiller 2013; Njock et al. 2018). Tuy
nhién, tai Viét Nam, viéc trién khai cdng nghé nay con han ché
do thi€u cac tiéu chuén thiét ké va thi cdng chuyén biét (Nguyen
and Nguyen 2021; Nguyen et al. 2019; Tran and Tran 2021). Diéu
kién dia chat dac thu cling dat ra yéu cau can c6 nghién ctru danh
gia muc do cai thién sic khang thanh coc khi ap dung cong nghé
phut vita trong thuc té.

Xudt phat tU thuc tién nay, nghién ctu nham danh gia hiéu
qua cl@ia cong nghé phut viia trong nén dat cét pha tai Viét Nam
théng qua thi nghiém nén tinh trén mé hinh thuc nghiém. Két
qua thu dugc sé gop phan xay dung céng thiic du béo stic khang
ma sat don vi cla coc khoan nhéi c6 phut viia, tao cg sé& khoa
hoc cho thiét ké va thi cong coc khoan nhoi tai Viét Nam.

2. PHUONG PHAP NGHIEN CUU THUC NGHIEM

2.1 Dia diém va sé liéu dia chat

Nghién cttu dugc tién hanh tai bai tdp thao truong Tan Uyén,
thudc Truong Pai hoc Ky thuat Quan su, toa lac tai dudng 748,
phudng Tan My, huyén Bac Tan Uyén, tinh Binh Duong, Viét Nam.
Vi tri nay dugc lua chon do tinh chét dai dién clia nén dat va diéu
kién thi cong thuan Igi cho cac thi nghiém hién trudng.

Khu vuc nghién ctu dugc dac trung béi nén dat cha yéu la
cat pha, trong d6 cé chira mét lugng nho tap chat va séi thach
anh. D3c diém mau sic cta dat bién déi tir xam trdng dén xam
vang, xam hong va xam tro, phan anh su khac biét vé thanh phan
khoang vat va muc do phong hoa. Phan tich thanh phan hat cho
thay dat tai khu vuc nghién ctu co ty & cat chiém uu thé, véi
ham lugng lén dén 85.7%. Bén canh do, ham lugng hat soéi, hat
bui va hat sét lan lugt la 0.9%, 6.6% va 6.8% (Hinh 1 va Bang 1).
Thi nghiém xuyén tiéu chudn (SPT) dugc thuc hién nham danh
gia su thay déi d6 chat chia dat theo chiéu sau. K&t qua cho thdy
chi s6 SPT ¢6 xu hudéng tang theo dé sau, vdi gia tri lan luot la 2,
9va 15 tai cac d6 sdu 0.5 m, 2.5 m va 4.5 m (Hinh 1). Két qua quan
trdc muc nudc ngdm cho thdy muc nudc 8n dinh & d6 sau 0.3 m
so v4i mat dat ty nhién.

Bang 1. Thong s6 nén dat nai tién hanh thuc nghiém

Théng sé Gia tri
Ham lugng hat séi (%) 0.9
Ham lugng hat cat (%) 85.7
Ham lugng hat bui (%) 6.6
Ham lugng hat sét (%) 6.8
D6 am tu nhién (%) 18.11
Dung trong uét (kN/m?3) 20.2
Dung trong khé (kN/m?3) 17.1
Ty trong hat 2.67
D6 bao hoa (%) 36

Do rong 0.56
GO6c ma sat trong (¢°) 23°39’
Luc dinh (kPa) 7.5
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Hinh 1. Dutng cong cap phdi hat clia dat khu vuc tién hanh thuc nghiém

2.2 Thiét ké mé hinh coc

Mé hinh coc thi nghiém dugc thiét ké nham mé phong coc
khoan nhoi thuc t€, déng thai cho phép danh gia anh hudng cua
cong nghé phut vita doc theo than coc. Coc thi nghiém cé dudng
kinh 400 mm va tng chiéu dai 3.3 m, trong d6 3.0 m dugc chén
trong dat va 0.3 m nam trén mat dat. Coc thi nghiém dugc duc tirbé
téng ¢ cudng dé chiu nén tiéu chudn Rn = 0.9 MPa. Hé théng c6t
thép gém 8 thanh thép doc c6 dudng kinh $12 mm véi cudng d6
chiu kéo 400 Mpa (Hinh 2).

DE do bién dang doc truc coc trong qué trinh thi nghiém, céac
cam bién bién dang Geokon 4200 (strain gage) dugc ap dat tai ba
cao trinh khac nhau doc theo than coc (0.5 m, 1.5 m va 2.5 m tinh tu
mat dat tu nhién). Moi cao trinh dugc trang bi hai cdm bién d6i xting,
dam bao thu thap di liéu chinh xac vé tng suat va bién dang phat
sinh trong qua trinh chiu tai. T6ng cdng, mébi coc thi nghiém dugc
|3p dat 6 strain gage (Hinh 4).
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Hinh 2. Vi tri ldp dat hé thong do bién dang va hé thong phut vita trong coc khoan nhoi

Coc neo dugc thiét ké vai kich thudc tuong tu nhu coc thi
nghiém (dudng kinh 400 mm, chiéu dai 3.3 m, chén 3.0 m trong dat).
Tuy nhién, coc neo khdng dugc trang bi hé théng phut vira va thiét
bi do bién dang ma chi déng vai tro lam dgi trong trong qua trinh
thi nghiém nén tinh.

2.3 Quy mo thi nghiém

Thi nghiém nén tinh coc dugc thuc hién trén bon coc véi cac
diéu kién phut vita khac nhau nham danh gia anh hudng ctia ham
lugng vira dén hiéu qua gia c6 coc (Hinh 3). Trong d6, BPGO la coc
d6i chiing khéng phut vira, con BPG20, BPG35, BPG50 lan lugt dugc
phut vita v&i ham lugng 20 I/m?, 35 I/m?, 50 I/m?.

Tat ca cac coc ¢ dudng kinh 400 mm, chiéu dai chén trong dat
3.0 m, dam béo diéu kién thi nghiém déng nhat. Lugng vita phun
qua méi 16 phun dugc kiém soat chat ché, vai cac gia tri lan luot |a
8.37 lit, 14.65 lit va 20.94 lit cho BPG20, BPG35, va BPG50.
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I. Cge khoan nhai thi nghiem 3. Cge nzo
2. Hi kheans dis chit 4, Gigng qiean e mge nende ngins
Hinh 3. Ban vé mat bang b tri coc thi nghiém
2.4 Thi céng coc khoan nhéi, thi céng pha nudc va phut vira
Quy trinh thi cdng coc khoan nhéi dugc thuc hién theo cac budc
tiéu chudn nham dam béo chat lugng va tinh déng nhat cda cac coc
thi nghiém. Sau khi coc dugc thi cong hoan tat, quy trinh phut vita
dugc trién khai nhdm cai thién tinh chat ca hoc clia coc. Giai doan
dau tién 1a pha nudc, dugc tién hanh sau 24 gid ké tirkhi hoan thanh
dé bé téng coc. Tai cac 16 phut viia, st dung tia nudc 4p suat cao dé
loai bé céc I6p bé tong thia hodc bun dat con sét lai. Céng doan
nay gitp dam béo cac 16 phut thong thoang, tao diéu kién thuan lgi
cho qua trinh phun via. Sau khi pha nudc, tién hanh phut vira vao
than coc. Qua trinh nay dugc thuc hién ba ngay sau khi dé bé téng
coc, vai lugng vira phun (Injection Rate - IR) dugc kiém soat theo
thiét ké (Bang 2).
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Bang 2. Théng s6 coc va lugng vita phun cho cac coc thinghiém

. A X > Ky hiéu coc
Cacthongsbctiacoc™N gy BpGgoo  BPG35  BPGSO
Pudng kinh coc (mm) 400 400 400 400
Chiéu dai cocnam trong 3000 3000 3000 3000
dat (mm)
Luong vira phun trén 0 20 35 50

dién tich than coc (I/m?

2.6 Thi nghiém nén tinh coc: Phuong phap va hé théng do dac

Thi nghiém nén tinh coc dugc thuc hién theo phuong phép gia
tai nhanh (ASTM D1143/D1143M-20) dé€ danh gia kha nang chiu tai
doc truc va dnh hudng cda phut vira. Luc nén &p dung tur 200% -
300% tai thiét k&, méi cap tai ~10% tai thiét k&, duy tri 3 phut, va ghi
nhan s6 liéu mbi 5 phat. Thi nghiém két thuc khi coc nén tut hodc
chuyén vi dau coc dat 40 mm.

Hé théng gia tai dung coc neo lam déi trong, kich thay luc 40
tan, va cdm bién tai trong (load cell) do tai thuc té€. D€ dam bao do
chinh xac, hé théng dam chudn han ché sai s6, két hgp chuyén vj ké
0.001 mm ghi nhan chuyén vi diing clia dau coc (Hinh 4).

| i = =
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Hinh 4. Hé th()’ng.thi ng;ﬁiém nén tinh coc

3.KET QUA VA THAO LUAN

3.1Két qua

Két qua thr tai tinh clia bon coc thi nghiém dugc téng hgp trong
Bang 3, cung cap dit liéu chi ti€t vé quan hé gila lyc nén tac dung
va chuyén vi thang ding tai dau coc. Pudng cong tai trong - chuyén
vi tuong Uing cudia tiing coc thi nghiém dugc trinh bay trong Hinh 5.
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Bang 3. K&t qua thi nghiém nén tinh cac loai coc

Tai trong (P) Chuyén vi dau coc (mm)

(kN) BPGO BPG20 BPG35 BPG50

0 0 0 0 0

6 1.72 1.66 0.82 0.79
12 3.79 2.86 1.89 1.76
18 5.96 4.71 3.01 2.82
24 8.88 6.14 4.18 3.95
30 11.93 7.34 5.40 5.10
36 15.30 9.44 7.10 6.51
42 19.48 12.44 8.44 7.85
48 22.85 14.82 10.73 9.39
54 27.97 17.85 12.49 10.89
60 33.50 21.44 13.90 12.96
63 40.00 - - -

66 24.59 15.87 14.68
72 29.03 18.15 16.51
78 32.28 19.78 18.46
84 36.50 22.78 20.49
87 40.00 - -

90 24.84 22.69
96 27.00 24.96
102 29.53 27.32
108 3213 30.16
114 36.20 3343
120 40.00 36.32
126 40.00

Phan tich két qua thi nghiém cho thay cac coc dugc xtr ly bang
phuang phap phut vita than coc c6 kha nang chiu tai cao hon dang ké
s0 v6i coc khéng xtr ly (BPGO). Coc BPG50 (ham lugng viia 50 I/m?) dat
st chiu tai lén nhat, ti€p theo la BPG35 va BPG20. Su khac biét nay phan
anh anh hudng truc ti€p ctia ham lugng vita phun dén suc chiu tai ctia
o, v6i xu hudng tang ham lugng vita dan dén gia tang kha nang chiu
tai. Tai cing mét cp tai, cac coc dugc phun vita ghi nhan do lun thap
hon déng ké so véi coc tran BPGO. Su cdi thién nay chiing minh hiéu qua
clia cong nghé phut viia trong viéc tang cudng kha nang chiu tai cla
coc, déng thai gidm thiéu do lun. Két qué cling cho thdy méi quan hé
ty & thuan gitta ham lugng vira phun va kha nang chdng lun cua coc.

3.2 Ham luong vita va ma sat thanh don vi

Viéc xac dinh stic khang thanh don vi clia coc ¢6 thé dugc thuc
hién dua trén s6 liéu do bién dang doc truc coc thu thap tir strain
gage. Phuong phap nay cho phép tinh toan stic khang thanh théng
qua su suy gidm luc doc theo chiéu sau coc trong qua trinh thi
nghiém nén tinh. Khi téi trong tac dung Ién dau coc tang dan trong
qué trinh thi nghiém nén tinh, coc bat dau chuyén vi xuéng so véi
dat xung quanh. Khi d¢, luc ma sat phat sinh gitta thanh coc va dat
ddng vai tro 1a thanh phan stic khang thanh cta coc. Thanh phan
stic khdng nay c6 huéng ngugc véi chiéu chuyén vi cla coc, do dé
lam giam lyc nén doc theo chiéu sau coc.

Suc khang don vi f; gilia coc va dat c6 thé dugc xac dinh tur s6
lieu do bién dang theo céng thiic sau:

_ Ni=Ni4q
=t 2

Trong d6: N; va Ny;; lan lugt la lyc doc tai vi tri strain gage
théivai+1 trong cing mét cap tai trong, u; lachuvicoc, va [; 1a
chiéu dai doan coc gilia hai vi tri strain gage i va i+1.

Két qua thi nghiém cho thay stic khang thanh don vi clia céc coc
phut vira (BPG20, BPG35 va BPG50) tang nhanh theo su gia tang
chuyén vi coc, dat gia tri cuc dai khi chuyén vi tai ddu coc nam trong
khodng 12.6 mm - 16.8 mm. So véi coc khong xur ly (BPGO), gia tri
cuc dai nay cao hon dang k& (Hinh 6).
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Hinh 6. Biéu d6 quan hé giita sttc khang thanh don vi va chuyén vi dau coc

Sau khi stic khang thanh don vi dat cuc dai, gia tri ma sat don vi
gilra coc va dat duy tri 6n dinh véi muc dao déng khéng dang ké.
Phan tich sé liéu bién dang ti thi nghiém cho thay gia tri trung binh
I6n nhat cta stc khang don vi déi véi coc phut vita dao déng trong
khodng tir 15.2 kPa - 22.6 kPa, cao han tir 1.46 - 2.17 1an so vdi gia tri
10.4 kPa cla coc tran. Diéu nay khdng dinh anh huéng tich cuc cda
phuong phap phut vita trong viéc nang cao suic chiu tai clia coc ma
sat.

Hinh 7 thé hién su bién thién cla gia tri stic khang thanh don vi
I6n nhat theo ham lugng vita phun. C6 thé chia sy thay déi nay
thanh hai giai doan: (i) tang nhanh khi ham lugng v(a IR tang tu 0
dén 35 |/m?, stic khang thanh daon vi ting dang ké; va (i) ting cham
khi IR vugt qua 35 I/m?, t6c dé gia tang stic khang thanh don vi chdm
lai va gan nhu dat trang thai 6n dinh.
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Hinh 7. Biéu d6 quan hé giiia stic khang thanh don vi cia tiing doan coc va ham lugng
vita phun

Trong giai doan IR t&r 0 dén 35 I/m?, stic khang thanh don vi cta
coc phut vifa cé thé dugc udc tinh dua trén gia tri tucng Ung cla
coc tron thong qua phuong trinh ham m:

fIR — fO X eZ/xIR (2)

Trong doé:

e fir va fy lan lugt la gia tri stic khang thanh 16n nhat Ung vai
ham lugng vita phun IR va cla coc tron (IR=0).

e Z'la tham s6 phu thudc vao cao trinh va ham lugng vira phun IR.

Gi4 tri tham s6 Z’ thay d6i theo cao trinh clia coc va dugc xac
dinh béi cdng thuc thuc nghiém:
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Z' =-0,00191.Z + 0,02293 (3)

Trong d6:

e 7' la tham s& phu thudc vao cao trinh khi ham lugng vira phun
IR<351/m?;

e Z la cao trinh nghién ctiu cia coc (cao trinh Z 1ay gid tri am).

K&t qua nghién ctu khdng dinh ham lugng viia phun (IR) c6 tac
déng dang ké dén suic khang thanh don vi clia coc. Khi IR tang, suc
khéng thanh don vi cing gia tdng, tuy nhién muc do cai thién gidam
dan khi IR vugt qué 35 I/m? Cac cong thic thuc nghiém (2) va (3) cé
thé dugc st dung dé du béo suc khang thanh don vi clia coc phut
v{ra dua trén gia tri tuong Ung clia coc tron va cao trinh tinh toan.

3.3 Ham luong viia va stic khang mii

Hinh 8 mé t& m&i quan hé gilia stic khang mii va chuyén vi dau
coc, tir d6 co thé rat ra mét s6 nhan xét quan trong. K&t qua thi
nghiém cho thay rang stic ch6ng mai cta coc ¢é phut vita I6n hon
dang ké so vdi coc tran. Cu thé, gia tri stic ch6ng mii cla cac loai
coc BPGO (coc tron), BPG20, BPG35 va BPG50 lan lugt 1a 22.7 kN, 28.5
kN, 38.6 kN va 40.1 kN. Su gia tang nay chiing t6 rang viéc phut viia
khéng chi cai thién stc chiu tai cia coc ma con lam ting dang ké
suic khang tai mai coc.

50

BPG50

40

30

20

10

-

0 CTRST-O ST
0 -10 -20 -30 -40
Chuyén vi dau coc(mm)

Sitc khang mii coc (kN)

Hinh 8. Bi€u d6 quan hé gitta thanh phan stic khang mii va chuyén vi dau coc

Qua trinh phut vira khéng chi tac dong dén dat xung quanh
than coc ma con cai thién dang k€ diéu kién nén dat tai mai coc.
Diéu nay dugc minh chiing qua vi tri 16 phut gan nhat chi cach mai
coc 0.5 m, cho thdy rang vita c6 khd nang lan truyén va tac dong truc
tiép dén khu vuc mii coc. Nh& do, stic khang mii dugc tang cusng,
giup coc chiju tai t6t hon. Tuy nhién, hiéu qua gia tang stc khang
mi khéng tang tuyén tinh véi lugng vita phut ma dat gia tri t6i uu
tai mot ngudng nhat dinh. Két qua thi nghiém cho thay khi lugng
viia dat IR = 35 I/m? stic khang miii ting dang ké. Tuy nhién, khi
lugng vira ti€p tuc tdng vugt ngudng nay, muc gia tang suc khang
mai khong con dang ké. Diéu nay chiing té rang c6 mét ham lugng
viia t6i uu dé dat dugc su cai thién Idn nhat vé stic khang miii, trong
khi viéc tiép tuc gia tang lugng vira c6 thé khong mang lai hiéu qua
tuong ung.

So véi coc tron, gia tri stiic khang mi cda coc phut vira tang lén
theo ty 1& khac nhau tuy theo ham lugng vira. Cu thé, coc BPG20,
BPG35 va BPG50 c6 stic khang mii I6n han coc tran lan luot 1.2 lan,
1.718n va 1.76 1an. K&t qua nay khdng dinh rang viéc phut vita khéng
chi giup gia tdng ma sat doc than coc ma con ¢é vai tro quan trong
trong viéc nang cao suic khang tai mai coc. Tuy nhién, mic téng dan
thu hep khi ham lugng vifa vugt qua IR = 35 I/m?, cho thay su gi6i
han trong hiéu qua ctia phuong phap nay.

Bén canh do6, su phat trién stic khang mi ca coc cling cd lién
quan mat thiét dén chuyén vi dau coc. Két qua thi nghiém cho thay
khi chuyén vi dau coc dat khoadng 16 - 18 mm, stic khang mai bat
dau gia tang nhanh chdng. Bay la giai doan ma ma sét gitia than coc
va dat da dugc huy dong téi da, dan dén tai trong don xuéng mi
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coc, kich hoat stic khang miii mét cach dang ké. Do dé, trong thuc
té& thiét k&, viéc xem xét m8i quan hé gilra chuyén vi dau coc va huy
déng suic khang miii la rat quan trong dé danh gia ding kha ning
chiu tai clia coc.

4. KET LUAN

Nghién ctu nay da phan tich dnh hudng cta cong nghé phut
viia doc than coc dén stic chiu tai clia coc khoan nhoi trong nén dat
cat pha thong qua thi nghiém nén tinh trén moé hinh thuc nghiém.
Két qua nghién ctiu cho thay rang viéc ap dung phut viia giup cai
thién dang ké stic khdng ma sat thanh coc va stc khang mai, tor dé
nang cao t8ng kha ning chiu tai clia coc so vdi coc khéng xt ly.

Cac két qua chinh c6 thé duoc tom tat nhu sau:

1.Tang cudng sutic khang ma séat thanh coc: Viéc phut vita lam
tang stic khang thanh don vi tr 1.46 - 2.17 1an so vdi coc khong xa
ly. Khi ham lugng vita phun tang lén dén 35 I/m?, stic khang ma sat
ti€p tuc tang, nhung sau ngudng nay, muc do cai thién giam dan.
Diéu nay cho thay c6 mot ham lugng vira téi uu gitp dat hiéu qua
cao nhat ma khong gay lang phi vat liéu.

2. Cai thién suic khang mai: Cong nghé phut vita khéng chi cai
thién ma sat doc than coc ma con giup gia ting dang ké stic khang
tai mai coc. K&t qua thi nghiém cho thay coc phut vita cé stic khang
mui cao hon tir 1.2 - 1.76 lan so vai coc khéng phut vira. Tuy nhién,
khi lugng viia vuot qua 35 I/m? hiéu qua gia ting khong con dang
k&, cho thdy muic d6 lan truyén cua v(fa tai khu vuc mdi coc c6 gidi
han.

3. Tac déng clia chuyén vi dén siic khang coc: Khi chuyén vi dau
coc dat khodng 12.6 - 16.8 mm, stic khang ma sat thanh dat gia tri
t&i da, trong khi stic khang mii bat dau gia tang nhanh khi chuyén
vi dau coc dao déng tir 16 - 18 mm. Diéu nay nhan manh sy can thiét
phai xem xét m&i quan hé gilra chuyén vi va su huy dong suic khang
trong thiét ké coc khoan nhoi cé phut viia.

Nghién ctiu nay da ching minh rang cong nghé phut vira la mot
gidi phép hiéu qua giup tang cudng suic chiu tai ciia coc khoan nhoi
trong nén dat cat pha. K&t qua nghién cuiu cé thé 1a co s& khoa hoc
quan trong cho viéc phat trién cac tiéu chuan thiét ké va thi cong
coc khoan nhoi cé phut viia trong diéu kién thuc té tai Viét Nam.
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M6 hinh sé thi nghiém coc khoan nhéi

phut via than coc

N

Numerical model of static load tests on shaft grouted bored piles
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TGM TAT:

Nhitng ndm gén day, nhiéu céng trinh nha cao tang dugc xay dung
tai TP.HCM, mat thanh phd lan nhét va ndng dong nhét cia Viet
Nam. Phén lén dién tich coa thanh phd ndm doc theo ven séng Sai
Gan va sang Dang Nai, ddc bigc |3 cac quan trung tam. Coc khoan
nhdi ciia mang nha cao tang cén ca kich thuac va chiéu sau lan dé
xuyén qua lop d&t sét yeéu tram tich bao hoa nuac, ca chigu day
| va dam bao do méanh cia coc. Ky thuat phut vira than coc duge
ap dung dé tang strc khang thanh cia coc khoan nhai. Bai bao trinh
bay ma hinh sd theo phuang phap phan tir hiru han, théng sd cia
ma hinh duge xéc dinh tir phirong phap phan tich nguoc ket qué thi
nghigm xuyén tiéu chudn (SPT) cia dat nén va sic khang thanh
cia coc khoan nhdi phut vira than coc. Ma inh nay xac dinh thang
qua thi nghiém nén tinh coc nhim xac dinh stc chiu téi ca coc thi
nghiém cia cang trinh tai Quan 1. K&t qua dy bao cia ma hinh
durge so sanh vai sd ligu quan tréc ngoai hién trudng cho thay |3
dang tin cay. Ket qua tinh toan tr ma hinh cho phép dy bao duge
sirc chiu tai cia coc va cung cdp mat tai lieu tham khéo cho cong
tac thiet ké coc.

Tir khéa: Coc khoan nhdi; phut vita than coc; sic khang thanh, ma
phang coc

ABSTRACT:

In recent years, many high-rise buildings have been built in Ho
Chi Minh city, the largest and most dynamic city in Vietnam. Most
of its area is located along the the Saigon and Dong Nai rivers,
especially the central districts. The bored pile foundation of
high-rise buildings need to have a large size and depth to
penetrate the large thickness soft soil layer which is a water-
saturated deposit clay, and respone slenderness of pile. The
technique of shaft grouting pile is applied to increase the shaft
resistance of bored piles. This paper presents a numerical
model according to the finite element method, the parameters
of the model are determined by the back analysis method of
Standard Penetration Test (SPT) and amobilized shaft resistance
along pile. This model is determined by test to calculate the
bearing capacity of a bored pile at the construction in District 1.
The simulation results of the model are compared with the
observed data in the field that are reliable. Calculation results
from the model allow to predict the bearing capacity of piles and
provide a reference for pile design.

Keywords: Bored piles; shaft grouting pile; shaft resistance;
simulation piles

1.DAT VAN DE

Hién nay, viéc du bao stc chiu tai coc khoan nhéi phut vita
than coc dua vao ly thuyét tinh toan coc khoan nhéi truyén théng
[2], [3]. K&t qua du bao suc chiu tai clia coc ¢6 sai léch 16n so véi
thuc té [6], [7], [8], [9], [10]. Dan dén cong tac du toan kinh phi dau
phai diéu chinh tai nhiéu du &n. Do dé, cong tac thi tai hién
trudng trd nén hét stic quan trong. Thi nghiém thir tai coc la mot

10.2021 | ISSN 2734-9888

céch hiéu qua dé danh gia phuong phap thiét ké coc. Cac loai thi
nghiém thi tai coc bao gém thi nghiém nén tinh, thi nghiém O-
cell, thi nghiém tha déng bién dang 1én (PDA)... Két qua thi
nghiém thir tai coc nhdm xac dinh tai trong coc, bao gém quan hé
gilta tdi trong — chuyén vi, khd ndng chiu tai cuc han, dic tinh
truyén tai va dé bén cta coc. Thi nghiém nén tinh coc dugc xem la
thi nghiém truyén théng, phd bién tai cac du an. Tuy nhién, qua
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trinh th( tai tinh tiéu t6n nhiéu thoi gian d€ hoan thién ho so thiét
ké. Do d0, tac gia dé ra giadi phap st dung phuang phap s6 dé mé
phoéng Uing xU coc dua trén cac théng s6 dia chat, moé hinh dat va
dac tinh coc. K&t qué nghién clu gitp cho viéc trién khai du &n
dugc tién hanh nhanh hon, du toan coéng trinh dugc xac dinh
chinh xac hon & giai doan xac dinh va phé duyét kinh phi dau tu
xay dung coéng trinh.

2. PHUONG PHAP NGHIEN CcUU

S dung phuang phéap phan ti hitu han (Plaxis 3D) két hop vdéi
két qua quan trac ti thi nghiém nén tinh coc tai hién truéng.

2.1. Déi tugng nghién cuu

Coc khoan nhéi dugc stit dung dé mé phdng trong nghién ctu
thudéc du an Friendship Tower, s6 31 dudng Lé Dudn, Quan 1,
TP.HCM. Coc khoan nhéi phut vita TP2 ¢6 kich thuéc dudng kinh D
la 1200 mm, chiéu dai coc L 1a 65 m, phun vira tir -42m dén -64m so
vGi mat dat tu nhién. Coc thi nghiém TP2 dugc thi tai téi da dén
300% tai thiét ké&, tuong Ung la 3150 tin va coc sé khong duoc
dung lai sau khi thi nghiém. Nham thu thap dugc day du cac thong
tin d€ danh gia ung x{r cGla coc trong qua trinh lam viéc, su huy
déng cac thanh phan stic khang tai céc Iop dat, coc thi nghiém
dugc bo tri cac thiét bi cdm bién (strain gauge) doc than coc tai cac
diém ranh gidi cOa I6p dat nham xac dinh ma sat thanh coc, loai
dau do Geokon 4200. Vat liéu vira phut than coc cho coc TP2 thiét
ké theo cap phdi va cac thanh phan pha trén bao gém Xi mang:
100 kg; Nudc: 66.6 lit; Bentonite: 1.5 kg; Bentoryl 186: 150 ml va
Daracem 100 (phu gia siéu hoa déo, giam lugng nudc): 400 ml.

2.2. Diéu kién dia chat

Dia tang cong trinh gém 9 I6p dat. Bac diém dia chat cac 1op
cu thé, LAp 1: Sét gdy pha cat, xam nau, nau dé, xam xanh. Bé day
I6p H=10m, chi s6 SPT trung binh Ia 15. L6p 2: Cat sét, ndu do, xam
xanh, xam vang, bé day I6p H=10m chi s6 SPT trung binh la 12. L6p
3: Cat cap phéi tét 1an bui va séi, xam vang, 16p nay c6 bé day
H=5m, chi s6 SPT trung binh la 14. L&p 4: Cat sét, bui, xam vang,
I6p nay c6 mat hau hét & tat ca cac hé khoan, nam bén dudi I6p 3,
I6p nay c6 bé day H=15 m, chi s6 SPT trung binh la 17. L8p 5: Sét
béo lan cat, nau vang, xam xanh. Bé day trung binh I6p H=14 m,
chi s6 SPT trung binh 1a 19. Lép 6: Sét gay pha cat, xam vang, |6p
nay c6 bé day tuong déi méng nam bén dudi 16p 5, c6 chiéu day
trung binh 2 m, chi s6 SPT trung binh la 40. Lép 7: Cat sét, bui, xam
xanh, xam trang, chiéu day trung binh I6p la 12 m, chi s6 SPT trung
binh la 35. Lop 8: Cat sét, xam xanh, I6p nay tuong d6i méng nam
bén dudi I6p 7, chiéu day trung binh 1&p 1a 3m, chi s6 SPT trung
binh 1a 45. Lép 9: Cat cap phdi tot 1an bui, xdm vang, xam xanh,
chiéu day trung binh 18p 1a 12m, chi s6 SPT trung binh I6p 50. Muc
nudc ngam khao sat ti cac hé khoan nam & do sau -7.5m so véi
mat dat tu nhién.

2.3. Quy trinh thi nghiém coc

Thi nghiém nén tinh véi 3 chu ky lién tuc gia tai va d& tdi tuan
thd theo tiéu chudn hién hanh [1]. Chu ky 1: Tai cap tai trong 100%
tai trong thiét ké (tuong duong 1050 tan), téng do lun dau coc la
10.02 mm. Sau khi gidm tai hoan toan, do ltn du con 3.48 mm. Chu
ky 2: Tai cap tai trong 200% tai trong thiét ké (tuong duong 2100
tan), téng do lun dau coc 1 25.87 mm. Sau khi gidm tai hoan toan,
dé lun du con 10.73 mm. Chu ky 3: Tai cap tai trong 300% tai trong
thiét ké (tuong duang 3150 tan), tdng doé 1un dau coc 1a 42.59 mm.
Sau khi gidam tai hoan toan, dé 1tn du con 18.35mm. K&t qua dé lan
dau coc Ung véi tai trong tac dung, ma sat don vi do duoc tai vi tri
cac |6p dat, tai trong phan b6 doc than coc tai cac chu ky gia tai
dugc thé hién Hinh 2.1, Hinh 2.2. Két qua tinh toan luc khang ma sat
thanh coc dugc huy dong 1én nhat so vai chi s6 Nser (fs/Nspr) theo

d6 sau z thé hién Hinh 2.3, téng hagp tu di liéu do dac cac strain
gause doc than coc thé hién tai Hinh 2.3, tuong tu theo cac nghién
cau [6], [7], [8], [9], [10].
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Hinh 2.1. Biéu do tai trong P va d lin dau coc y tir két qua thit tinh coc TP2 [4]
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Hinh 2.2. Biéu d6 lvc ma sat don vi do duok tai cc doan coc TP2 chu ky 3 [4]
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Hinh 2.3. Gid tri ma sat fy/Nser theo @0 sau z tir két qua thi nghiém

2.4. Mo hinh trong tinh toan mé phdng coc phut viia than
coc

Mé hinh dat nén dugc st dung la mé hinh Hardening Soil dugc
Iua chon d& phan tich két qua thi tinh coc. Day la mé hinh nang
cao, st dung do ciing dé tai Ew phu hgp véi tng xt d& tai khi thdr
tinh coc. Ngoai ra, m6 hinh cé xét dén thanh phan bién dang déo
cla dat. Trong mé hinh dat, 2 théng s6 quan trong nhat la thong
s6 d6 bén (luc dinh ¢, goc ma sat @) va théng sé vé do cing E, cac
théng s nay anh hudng truc ti€p va dang ké dén két qua chuyén
vi va ndi luc coc. Ma sat don vi f; (kN/m?) do dugc tai cac doan coc
khac nhau, chinh la théng s6 khang cat hoac luc dinh gilia coc va
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dat ¢ (kN.m?). Thanh phan géc ma sat ¢ da chuyén toan bd sang
ma sat don vi f; phu thudc vao ap luc ngang, cé thé xem ¢@=0 va
c=fs trong trudng hgp nay. Gia tri f; d6i véi doan coc khéng phun
vlia ndm trong pham vi f;=(2.8-4.3)Nser, trung binh la fi= 3.2Nspr.
Gia tri f; doi v6i doan coc phun vita nam trong pham vi f=(6.7-
7.3)Nspr, trung binh la fs=7.1Nspr. Dua vao chi sé Nspr trung binh cda
doan coc theo d6 sau, ta c6 thé udc lugng duoc gia tri luc dinh ¢
théng qua ma séat don vi fs tinh tir Nspr. Diéu nay xac dinh thong s6
d6 bén cho mé hinh dat nén. Vé thong sé d6 cing E cua cac l6p
dat dugc 1y theo tuong quan vdi gia tri fs, E=500fs. Cac gia tri do
ciing Eced Va Eur 13y theo khuyén cao cda Plaxis. Coc dugc mé hinh
bang phan t&r Embedded pile v6i mé dun dan hoi coc tuang tng
vaGi lat liéu lam coc va ma sat don vi phu thuéc vao I6p dat. Dudng
kinh coc dugc khai bdo la 1200 mm. Khai bdo vat liéu coc trong méd
hinh Plaxis dugc thé hién Hinh 2.4. Trong Axial skin resistance cla
vat liéu coc chon layer dependent tuc la ma sat don vi fs clia coc sé
phu thudc truc ti€p vao théng s6 do bén c cla cac I16p dat. Gia tri
Tmax (kN/m) la stic khang ma sat thanh 1&n nhat theo d6 séu cua
coc. Trong tinh todn ma sat huy dong thi gid tri ma sat huy déng
cla coc khéng vugt qué Tmax. Gid tri nay dugc lay tur két qua do ma
sat fs 16n nhat nhan vaéi chu vi coc. Vé stic khang mai Fmax (kN) la gia
tri lyc 16n nhat huy déng & mii coc. Gia tri nay dugc ldy theo gia tri
I6n nhat stc khang mii fo (kN/m?) do dugc tai mii coc nhan véi
dién tich coc A (m?). Diéu kién bién ctia mé hinh 3D dugc lya chon
sao cho bién ciia m6 hinh I6n hon ving anh hudng clia coc, ving
anh huéng ctia coc dugc ldy bang 3 lan dudng kinh coc. Tac gia lua
chon kich thuéc mé phdéng cia bién la 25mx25mx75m cho coc
dudng kinh 1200mm va chiéu dai 65m. Trong mé hinh Plaxis 3D st
dung ludi phan ti tam giac. Tac gia lua chon ché d6 chia lusi min
(fine) dé xem xét két qud mot cach chinh xac nhat. Cac giai doan
mo phdng, tinh toan két qua thir tinh coc bao gom 3 giai doan
chinh. Giai doan 1: Tinh toan thiét lap diéu kién ban dau, bao gém
ap luc dat va ap luc nudc tai thdi diém trudc khi tién hanh xay
dung (Initial Phase). Giai doan 2: Thi céng coc (kich hoat phan tu
coc Embedded pile). Giai doan 3: Gia tai va d& tai theo trinh tu thi
nghiém da thuc hién.
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Hinh 2.4. Khai bdo vat liéu coc TP2
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3. KET QUA TiNH TOAN MO PHONG 3D VA SO SANH VOI
KET QUA THU TiNH
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Hinh 3.1. Két qua tinh todn coc 6 cap tai I6n nhat cocTP2

Hinh 3.1 thé hién két qua tinh toan bién dang coc va ving
anh huéng cla coc ra xung quanh tai cap tai I6n nhat. Hinh
nay cho thay diéu kién bién da chon la dam bao. Tai cac vi tri
bién khong phat sinh ¢ing suat va bién dang du do viéc gia tai
dau coc gay ra. K&t qua mo phong 3D va két qua thi tai tinh
dugc vé trén cung 1 biéu d6 dé so sanh, Hinh 3.2 cho thdy
rang két qua mé phong bang Plaxis 3D hoan toan trung khép
vGi két quad thi tinh, sai s6 khéng dang ké&. K&t qua nay cho
thdy phuong phap moé phong bang céc théng sé, tac gia lya
chon 1a hgp ly, c6 co s& va can ct dé ap dung cho cac mé
phéng coc bang phan ti Embedded pile. Cu thé, tai cip tai
I6n nhat & chu ky 3, d6 lin dau coc do dugc tur két qua thi
tinh 1a 42.59 mm trong khi d6 gid tri t mé phong la 43.1mm,
su khac biét [a nhé hon 5%. Hinh dang biéu d6 va xu hudng
bién dang clia dau coc khi gia tai va d& tai cia mé phong kha
phu hgp véi thu tinh. Su khac biét gitta mé phdng doan coc
phun vita va khéng phun vira trong coc TP2 la gié tri d6 bén ¢
va d6 cung E cla cac I6p dat. Tai cac doan coc khong phun
vla gia tri c=fs, trong dé giad tri fs trung binh f;=3.2Nspr va
E=500fs. Tai cadc doan coc dugc phun via gia tri fs trung binh
dugc 1ay la fs=7.1Nspr va E=500f,. Su khac biét chi la sy tang do
bén va dé ciing cha dat tai cac doan coc phun vira, dudng
kinh coc gilt nguyén khéng tang. Diéu nay hoan toan phu hop
vi viéc xac dinh chinh xac d6 day doan phun vira & d6 sau I6n
dudi nén dat la rat kho khan va khong biét chinh xac d6 day
I6p phun vira. Ngoai ra, viéc phun v{ta trong dat sét va dat cat
c6 do day I6p vita sé khac nhau khéng dong nhat nén viéc
quy ddi hiéu qua cta phun vita vé sy tang do bén clha dat fs va
do cung E tai I16p phun la mot cach tiép can hop ly va da do
tin cdy so vdi xem xét tang duong kinh coc do I6p vita phun.
Hinh 3.3 so sanh ma sat thanh theo dé sau cua coc tur két qua
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do thuc t€ va mé hinh, cé thé thay rang két qud mé phéng
bang Plaxis 3D trung khdp 90% so vai thuc té. K&t qua nay
cho thay d6 tin cay ctia phuang phap mé phdng ma tac gia da
dé xuat trén.

Fai 1ol ghme B 1

Hinh 3.2. So sanh két qué thi tinh va mé phang quan hé P-y coc TP2

R TR b

15 g 1 S

Eiee

W — i, 130 el

ks Lo=sEey

Hinh 3.3. So sénh ma sat thanh f; gita mo phdng va thi nghiém coc TP2

4. KET LUAN

K&t qua phan tich so sanh, cho thay phuong phap tac gia
st dung dé mdé phoéng cho doan coc phun vita va doan coc
khéng phun vira |a da d6 tin cay. K&t qué da dugc kiém chiing
qua coc thi tinh TP2 dudng kinh 1200 mm, chiéu dai 65m
phun vita tir d6 sau -42m dén -64m. Su khac biét gilta mo
phéng doan coc phun vita va khéong phun via trong coc TP2,
L=65m nay la gia tri d6 bén c va dé cing E cla cac I6p dat. Tai
cac doan coc khéng phun vita gid tri c=f; dua vao mo hinh,
trong dé gia tri fs trung binh la f;=3.2Nspr va E=500f,. Tai cac
doan coc dugc phun vira gia tri fs trung binh dugc lay la
fs=7.1Nspr va E=500f,. Su khac biét chi la su tang dé bén va dé

cing cla dat tai cac doan coc phun vita, dudng kinh coc gitr
nguyén khéng tang.

Phuong phap ti€p can nay, c6 thé 4p dung mé phéng, so
sanh suc chiu tai cuc han clia coc khong phun vira va ¢6 phun
v(ta cung chiéu dai dua trén biu d6 quan hé tai trong P va do
Iin dau coc y tir két qua mo phong.

Phuong phap nay dugc xem la phuong phap thd tinh
trén mo hinh, tuong ty nhu thi tinh hién trudng, két qua la
biéu d6 P-y dugc xac dinh, dua vao biéu d6 nay cé thé xac
dinh suc chiu tai cuc han theo cac phuong phéap khac nhau vé
do lan gidi han.
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Phin tich két qua nén tinh coc khoan n]}éi trén nén dia chat Quin 3
khu viee thanh phé Ha Chi Minh

Lé Thanh Trung®
! Trwomg Blai hoe Thii Dau Mgt
Email: lthung@itdmm eduvn
Tom it Cang trink Horel des Art Saigon vor gui md 13 tdng dwoc xdy dumg o gudn 3, Tp. HCM
drerc thidt k& vod 40 coc Ehoan nkéi Swong Enk 1. 2m va dai 70.7 m. Ddec diém Jia tdng tai ki viee bao
gom lop cart san lap day kheang Im, nam oen lop dar seét pha dén do sau khodang 10.4m, fép thee la
lop car ket trung den 30 sdu khoang 43m, phian dwed la lop sot va sét pha tamg tha cuimg Jén 36 =du
Ehodng 60m va sau cing 1a 1oy cdf min mamg thai char. Coc thic dwee dp 24 srrain gages i 10 cao
trink krde nhau, doc theo than coc. Thi nghiem thi finh coc Jwoec tien hamh sau 35 ngay k& tw ngay thi
COME COC Vi ViGC gin i duwpe thie hign treng hai chu kY. Tai cdp oai lom nhdr (230N, 200% raf thiét
k). do lun Jo dwec igi ddu coc ba 43 mm. Phan tick Bér gua do bign dang coc xac dink Swge mo Jun
ddm héi trung binh cug coc 1a 43GPa. Tri 38 ma sar dom vi 1l ede cao rink gan ddu coc gt gid of Eha
lom cho thay sw pham anh chira Simg Jieu ken dfa chat i 34y

Tiwr khea: Coc Fhoan nkai, nén finh coc, E- mé dun dan hai, phdn tich bién dang coc, .

Amalvsis of static loading test results of a bored pile in geological district 3 at Ho
Chi Minh city

Absiract: The desien of the 18 floors Hotel des Arr Saigen in District 3, Ho Chi Minh city,
included 40 bored piles with 1.2m diameter and 70.7m length. The zoil profile consisied af
sand fill to 1m depth on a depocit af semihard to hard zandy clay reaching the depth af 10 4m,
Jollowsd by a coarse grained, medium sand to the depth of abour 43m, next to a very stjff’
clay layer about 00m unmderground and then a fine, very demze sand layer. The bored pile
was imstalled rotal of 24 strain gages arl® levels along the pile bodv. Swatic load test
experiment was performed giter placing concrets abour 43 days with two cyeles. Ar the
maximum load of pile iz 23MN (200% of working load), measzured settlement at the pile top
about 42.96mm._ The analysiz of strain gages records indicated an average Young s medulus
value of about 43 Gpa. The ultimate shaft resistance of some levels mear the rop pile reached
the maximum value ro show the incorrect reflection of soil conditions at site

Kevwords: Bored pile. ztatic load test. E-moduluz, analysiz of strain-gage records

1. Gidi thién

Céng trinh Hotel des Arts Saigon toa lac tai _,4:1 76 -78 Ngmreu Th Minh Kbz quin 3, Tp Hé Chi
Minh co quv mé gom 3 tmg hdim v 18 tmg néi, chidn cao khoang 75m. Khach san co quv mdé 168 phong
theo tiéu chuin 3 sao, dwee khod céng vao d3u nim 2013 vi chinh thite di vio boat dong tir thang 1072015,

Cang trinh duoc ﬂuet ké tong cong 40 coc khoan nhu:u co dwomg kinh 1.2m vn chien dii coc 70.Tm,
co sire chau tan theo thigt ké 13 11.5M17. Coe thir dwge lap dat mng cong 24 d3m do bifn dang (strain gages)
tai 10 cao trinh khac chau doc theo thin coc, méi cao trinh gin fir 2 d8n 3 strain gages va thi nghiém the
hnhcu-cdlmuen hinh trong 3 ngay tir ngay 3/3/2013 dﬂnnga} 6/3/2013.

Bai bao frinh bay két qui phin tich site chin t3i cda coc, théng qua vide tinh toan sire khing thanh,
sirc khing miii ciia coc, tir két qua cia thi nghiém nén tinh két hop véi do bién dang doc true cia coc khoan
chéi K&t qua phan tich gitp danh gia dwoe kha ning chin tai thue t8 iz coe va ciing cho thay nhge diém
cia phwong phap thir tich s dung hé phan hee vo1 61 trong o6 trong hrong lén ton 28MMN.

1. 50 liéu dia char

Céng tac khoan khao sat dia chit thire hién trong 30 ngay von 5 15 khoan téi d& sdu 90m ke tir mit dat

tir nhién cho T.hav can tme dia mng tai dia diem xdy dung gom 3 lop dit chinh: Dhedi lop cat san lap day

lm, phi lén trén lop sét pha & trang tha.'tmm dén mra cimg, o cheéu day 2 9m; Lop thi 2 1a dit sét pha
lin =61 san latenit trang tha ran dén rat ran, co chién day 6.4m ; Lop thar 3 1a cat hat min dén tung, trang
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thai tir réi dén chit vira, chiéu diy khoang 35.9m; Lép thwt 4 13 sét miu niu ving, 36, trang thai cimg dén
rat cimg, clneudavl4m,10pdatthn$cathatmmdenthomgthmchat Mucmmngamxuathxenux
(Iosau-3ngsovmmatdathznhxen.}ﬁnhld:ehlenmztcat&achatmhokhoan2lahokhoangannhat
o1 Vi frl coc thar.

Doy wmnw g o Lép | B owit pha che, s wia POAM G ORAY & VEO P CHISOSTT (N
%l ey iR e A we Bhn i com "
o e R e R T T ) . N N 1w
X 2 ARty g bﬁl-ﬂuzﬁﬁlmh- ‘ y -
" .}} LT g dun vimig A0 e g -
" ALY 19 81 KNI, Yar™14 91 N "w =
RS " =
- R =
» (52 ‘{{ Lage 7 Cin Sant wvan &5 e wang .~ » B
Ew 3. }. sl chit vims din <8 —
- X(“k Fe= 1843 KN, por 1477 KN —
i " b7%s > ot
i~ 358 =
LhLhy - —
- i EJE
PO Lag 4 B oy i vieg 45 xiee < = —
K g i cdeg : : p——
" Yo 20 21 N gL 7 16 WA ™ H *
i 3 T,
o “ o
» —_—
Lop 3 Cux vt win Sl 0o s - op [m—
. o k. g hin i Sa o —_—
- am em——
& o 19 8 KN | 1 7 08 KNG - s -
Hinh 1. Mat cat dia char, dung trong ne nhién Hinh 2. D6 am (%) - gioi han chay (%) - gici
(%) va dung trong khé (¥an) ciia cac lop dat han déo (%) va chi 56 SPT (N) cuia timg lop dat

Hinh 2 lacac&otlnbneuchen d6 am (W, -%). 101 han chay (W -%), 2161 han déo (Wp-%), va chi
SPT(N)cuahmglapdatdmtonghcpmbaocaodnchat

3. Thi cong coc

Cocduocdobetonghoantat45 ngayumckhhenhanhthxnghumnenunh Bé tong coe cocapdo
bén €35 (theo BS 8110: 1997) 6051ﬂcuabetongd\xocquydmhtrongkboang"0:"mm Cic d3u do bién
dang (strain gage) dwoc c6 dinh vao thép chu cua coc va&uoclapdit. kiém tra trong vong 24h trwde kin
ha long thép do bé tong coe. Vleccodmhcaplmyennnheunrcacﬁauaodenhopthuunhxen&uvc thue
Inenhentnctronggtaxdoanlulongthepvaduocbaowcanthantrongsmtquatnnhﬂncongbetongcoc

COC TRPO2 IVt B8 e it
(BN Y 200 ™

L= B ks +]132%m

GL3 e “|227%m

)
.

i Eg% L= B Y -] 2mAs
B L
= B35 GLs |e *|3355m
GLT* ¢ sjJlasitm
GLS + + 5075
GLY e » wj6issm

Hinh 3. Cac vi i lap dat Strain gages trén coc khoan nhoi

Cac cao trinh duge lap&at'tnmgagedoctheothancuacoctlmthelnentrenHth Coc ducchp
datwngso"%shmngagschowcaotrmhkhacnhzu O 6 cao trinh lién tiép ké tir d3u coc. méi cao trinh
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-i‘uucgan"‘ Fh:me:ge;#cantrmhhepthmcui shmgageachnmmcautm:lh Bld:mgdm:nu:cua
conmhmgcauumhauucunhbmmmmgbmhmz cac shrain gages twrong tmg vion cao trich da.

4. Quy trinh thi nghiém

Thi nghiém nén tinh v do bién danz oia coc khoan nhéi dwee the hide ti ngay 332013 dén ngay
6/3/2013. Coc duoc thi nghigm theo quy trink mia ta tiéu chuan (theo TCVH 9333:2012), vén 2 cbu ky
diroe bidu didn trén dé thi T3 trong - Thoi gian (Hinh 4).

AR TR
- nik 2 ' a N o - :« .--
. - '- .ty
- £ ]' e 1""%.._‘1‘__“ .: :
¥ i E ——
4 R | l i - — '.Am-“I
= T g = =
. [ i ] = . )
wl _— i [T - [ [T - T -
1ML b - —
Hink 4. Ouy mrinh gia tdi ciia coc khoan nhoi Hinh 5. Bidu 0 Tai trong — B¢ lin ciia
TBPG2 coc TBP(O2

Chulr}rgutzul gl:rm-icap tanglalmulcaptaﬂgZi“-‘ﬁ ta1 trong Huetlua duoe g;utmngﬁ[lphut ﬂ:ap
lalll:mn.hatla 115M(1005’utmh‘0ﬂgﬂ:ﬂtkﬂ}gmh‘ong"4gm quamnhg;ammgom4caphwngtu
mmcapdumzmh‘engSl}phut cap ti § dwge g trong 60 ploat.

Chu ky glata.ljgumﬁ-:apmngtal m-:u-c:aph.ngtalﬂmcgmtmngkhaangmﬁﬁlph‘mﬁmgﬂphnt
cho ﬁenlf.'tu tée 46 him cia coe nhe hom 0. lmm/zé, m:apmlu'nnha.tla"]w (ng voi 200% eia i
tmnztluerha) dwrge znt trong vong 24 gis; qua rinh gidm t31 gém 6 cdp trong ime, thén man g G & mai
capla3|}phul_n.engcap1mﬂ&m_:cgluh'angﬁﬂphut

5, Két qua thi nghiém
3.1 Bo rdi trong — rﬁwe:n i

Hinh 5 bieudjﬂ:cacblenliu-quanhegmaTalh‘ung B lim cia coc thiz. Gl:umc:]:mkjrguml img
vl captulcnnhatla 11.5MN (100% size chlutaith:.e‘tke} dd bin dat dege 13 12 9mm.  chu k¥ 2 tng
capmilunnhatla23Rﬂ¢l:"'|}|]“-succhsumtlnetke),Eahmdom-iancnc ghi nhan dweec 13 47 $6mm
5.2. Po bién dang dec fruc coc

Hinh 6 trinh bay edc bida aé guan hé miira b:.eudang oia coc fhromg wmg val hmgcap tang t31 trong
chu k\r 1 1.3 chu ky 2 Blendang lém nhit caa coc do dwoc & d3u coc {GL-1) tng vol edp tax 23MN (2005
ti thist ke}l 13 504 LE (mscro-straim).

FE | i T T

Sins o (L2

. o [ . |
- CFKY 8 s
= f
=
3 = %
E =
B ®
LH E
=
O
CTHUEY 3
-
[+]
o 5 B FTe SED
(LI N EEN LR T ] B S A )
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Hinh 6. Bigu da Bisn dang — Tai mong ciia coc thir rreng giai doan rdng 137 ctia chu ky 1 va chu ky 7

SG_-,aJ:lhblmdanglalcac_-,tramgages tmg o han capul-.':htmgla 5. 70 va 11.5MN (twomg tmg vl
50%% va 100% ta1 tmngﬂ'netke) cua hai chu ky mng ta1, ta thay tn 50 caa bién dang trong hai chu ky la
twong dwong chau (sa1 56 lcrnnhat khoang 6%), didu nay cho 'Lhav blmdzu:lg dur trong coc 1a kha ohd va
quatrmhgumtalf.ﬂmlchattajtheohm-:huky khunglamaﬂhh‘mng&mgkedenketquadublmdaﬂg
doc true eia coc. |
6. Phan tich so lién do
6.1, Phan tich s ﬂu}‘é:i'l fdl frong coc

6.1.1. Do cirng clia coc

Be phan tich dwee s phan phu:u Iy doc theo than coc thong qua cac dir héu thu dwoe i cac strain gages,
a cin bidt thong 56 mé dun din héi cia coc (Ep) hay do ctrng doc true cia coc (EpA). Bé xac dinh théng
<A nay, ta gia thidt Ire tac dung khéng thit thoat gilta din coe va vi tri do cia strain gage diu tidn (GL-
1}, =1z dung cong thire:

P
E A==
L

0y

Trong 36 K - M dun din héi cita coc img vdi eip tii Pi; P, - Luc tic dung vio diu coc; 4 - Dién tich
tiét dién ngang cta coc va €] - Tri 56 bién dang tai GL-1 émg véi cap tai P.
Hinh T thé hién &% cimg doc truc cia eoe (EpA) ng véi bifn dang do dwoe tal strain gage GL 1 u'.ug T.'-:u
gae cap tal trong khae nhan, Eét qua tink t|:|~a.u cho thav gia i 46 cvmg cna coc khéng pl:uu la Iung 53, didu
nay plu.u anh chinh xac sir lam viéc thue té ctia vat héu coe, khong phai 1a vat lién dan hiéi tuyen tink. Ung

Lvlhmdmglunnhat:uamcmcapmla'?ﬂvm dd cimg oia coc giam kha chanh cho thzl}-:u-c{:-nhjen
tuqrng‘mem &Ucap 31 nay.

510

400 %
470 %

460

D orNG DOC TRUC CDC [GN)
-

450
1] a0 180 ri) 360 450 540

BIEN DANG [iE)
Hinh 7. Biéu da B4 cimg — Bién dang coc tinr

6.1.2. Ma st dom vi giita coc vd di

Hinh 8, 9 thé hién biéu d6 phin b5 luc doc theo chigu dii coc tmg Vol tir cdp til tie dung vi ma it
dom vi oia timg doan coc fme vl chuyen vi & A coe.
Tiz kit qua tinh todn ma sat don vi, che ﬂu} cac doan coc & ph.la e ege, ohue: dogn 1 (0-GLI), doan 2
(GL1- GL) va doan 3 (GL2-GL3) thi ma sat dom vi giita coe - it dat ewe da1 khi &6 lin ta din coe trong
khoang tiz 1{mm dén 12mm. Mgwoe lai, cic doan coe tidp theo chue: doan 4 (GL3-GL4), doan 6 (GL3-
GLE), doan 3 (GL7-GLE), doan 3 (GLE-GLY) va doan 10 (GLI-GL10) lue ma sat dom vi gilta coc - it
den dat cwe da1 tmg vol 48 hin & diu coc 13 27.17mm vA cb &l 58 lin heot 1a: 106kPa; 70kPa; 160kPa;
176kPa va 59kPa, didu nay 13 minh chimg cho 'Lhav bién dang dan héi ciia vat hiéu coc la kha lén.
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Hinh 8. Bidu d6 Luwe doc - 3 sdu cua coc & chu ky 1 va 2
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Hinh 9. Biéu do quan hé giita Ma sat dom vi - D6 lun cia coc trong chu ky 2

Riéng doan coc 7 (GL6-GL7) luc ma sit don vi tang vot dat g1a i 1a 321kN/m? vmg vai khi coc dat
&olmho:dala4296mm,msonaylcngap2lanmsomasato&oancoctleptheo - doan 8 (hru ¥ rang
doan coc 7 va 8 déu nam trong lép 56 4 - mmmgthmmgdenntmmg)dmnmychothaysodotm
cic strain gages tai c3o trinh 6 va 7 chwa phan anh dang sw lam viée cuia coc hodc dia ting tai doan coc niy
boac:mathzenlopﬂ:aukmhconnhchatcolythzydm maqnairmhkhaosatdnchatclmaphathlen

Theo Bjerrum- Burland (phwong phap B) (1973) ma sit don vi dwoc tinh theo cong thire:
fi=Bc @

Trongdé:ﬁ-'Masétéonvil'mgv&icaotrinhﬂn'ric&aegc;B-hésésfxckhéngbén;o'=ﬁngmi'te6
hiéu cia cac lop dat ma coc di qua.
Sudungcacgummasatdcnwlannhztmmm&oancoc dehnhnguoclmgnmcuahesoﬁtmg

\mhmgcaomnhlapdztsu'amgage ketquatmhtoan&ehxentszangl Phamvldenghlmaheso[ﬁ]
dugc xac dinh dua vao goc ma sat frong (q))mmngloaldzt{heohnghxcuaFellgnms(.?OOS)
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He_ﬂ:u f =ac dinh ta1 cap trinh GL-1, GL-3 che ketquakhalcrn.f.‘lmtkhul phamw1 Elatn-ie ngha ], nhit
13 ta1 cao trich GL-1. El'leu nay co the do anh hweng ctia khoa déi trong lom dueoc d3t & pham 1 xung quanh
coc, lim thay doi tinh chit cor Iy eia cae lop 43t phia i coe.

Eetquan.uhhe b B chutha'- ]Jauhetml cac cao trinh phia miii coe 13 11 oda f oho hﬂnhﬂa{:{:]:ubang
cin dwo so vol pham v ﬂe nghi B, div ciing 13 d12m minh chimg cho ﬂ:la'- co sir khong binh thiromg cua he
=0 B & cac doan coc gan din coe.

O cao trinh eda GLT gia t1 f=0.6 vuet qua pham v aé ngh [B]=0.2540.5 ;1a tn nav cing cho ﬂ:lé"}' s
thiew chinh xac cua bien dang coc ghi nhan dwee tal straim gage GL-6 va GL-7.

Bing 1. Hé 58 § theo phwomg phdp ctia Bierrum-Burland

Sorain gage Bo Ma zar Ung sudt hitu
sau higu o' (EPa) Hé 5o I87
fm) {kPa)} &
GLI 2.0 42 37 1.14 0.05-0.20
GL2 113 33 188 018 0.05-0.20
GL3 228 61 289 0.22 0.05-0.20
GL4 284 106 348 0.50 0.30-0.90
GL5 36.0 31 429 0.07 0.30-0.90
GL6 4356 70 510 0.4 0.30-0.90
GL7 46.1 321 536 0.60 0.15-0.35
GLS 56.8 160 647 0.2 0.15-0.35
GL9 626 176 707 0.2 0.30-0.90
G110 702 59 786 0.08 0.30-0.90

6.1.3. Sire khdng dom vi & miii coc
Hmh 10 trinh bay cac bidu 46 lidn hé gura sire khang min cua coc wng vou cac za tn khac nhau cua do
lim tz din eoe trong hai ehu kyr 1 va 2, ta thay ed sw ting vot sire khang miii dat té1 ma o 2980k - img

vorl sire khang dem vi la 2640kPa kin -iu lin d3n ege 12 42.96mm. 5.121.1 nay minh chimg cho 'l'lu‘v 1rng ol
stre khing mifii mia coc s& dwoe buy ddng khi bé 56 ma sat gitra coe - it dat gid o1 epe dan.

Theo TCVH 10304:2012 sire khang min don vi cna coc khoan nhéi dwoe xac dinh béng cong thire:
gy = 0.750(0y 7D +ono57,L) @

Tremg d6: O, O, 0, 0, - Cac hé =5 xde dinh bfmg bang fra phu thude vao goc ma sat trong mia nén
it tal il coc; Y, - dung trong cia nén dit dudd mi coc; ¥, - dung trong trung binh cia cac lop it m3
coc d1 qua; I - dwomg kinh coc; L - Chaéu dai coc nim trong dit.

V&l goc ma =it trong =321 cia nén dit cat tal mill coc, ta xac dinh sire khang dom i theo céng thire

(3) la gy = 3970 kPa.
j.p dung céng thire xic dinh sive khing don vi tal mill coc b‘hg chi =é 5PT, theo cdng thire (4} ctia
Decourt (1989 1993), ta c6 zia tri gs = 5630 kPa
g, = &N, )
‘Trong d6: K - Hé 56 xéc dinh bing bing tra phu thude vao loai dit tal mii coe: N, - Chi s6 SPT cia nén
dat ta1 mmm coc.

Tai cip tii 1ém nhit Prupn=23MMN, zia tri sitc khang don vi thu dwge tir két qua thi nghiém 13 2640 kPa,
kha nho kb so sanh von két qua tinh sire khang o xac dinh theo TCVH va theo chi so SPT.
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6.2, Phan tich siec chiu fdi gio han cua coc

Dura trén két qui thi nghidm nén fink coc. tz o6 thé xie dinh sie chin til zidd han oda coc bing cdc
phronz phap sau:
6.2.1 Theo ridu chuin TCVN 10304-2014

Site chin tii zidi han ciia coc o6 chifu dii lén v dwoe cim vao ting dit it bién dang dwoc xic dinh ime
von gla i chuyén vi d3u coc tinh theo cong thive:

PL
S=E8, +p— s
S+ A 3)

Trong do- £ - He_ancl:u}enm-iu-1mg1mhanﬂg&nlm&ndinhcn:kht'hntmh(§=ﬂE:I Sgi - D6 him
zion han eia cong mnoh (S =B{mm): § - hé 5o phu thude vao img suit nén phir ba theo chidu da eoe (=
0.3); 4 - Dién tich tiét dién ngang cua coc; P - Luc nén tac dung vao coc: L - C]ueudan:m:u.f.' Mo dun
-ian]:lmcuaﬁ;l{:

Hinh 10 ﬂ:é]:uen két guid xac dinh sirc chiv 1 gigi han cha coc thee TCVH, 8,=18.5 MN, img v do
lim xac dinh bang cong thire (5) 1a: 5=26.04 mm
6.2.2. Phwrong phap cia Davission (1972)
Sire chin 31 gidt han oia coc dwroc xae dinh tmg vou chuyén v diu coc finh theo cong thare:
PL D
§=—<+0.004+—(m) (6
E4 120

Trong dé: A - Dién tich #iét didn coc; P - Luc nén tic dung véo coc; L - Chieu dii coc; D - Dudmg kinh
coc va E - Mé dun dan ot ctia coc.

W T AN TR AT
r .i-
o L] L] - (L3 » a Ji
® f "
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Hinh 10. Bigu 48 Sive Khang mif coc - Bé hin Hinh 11 5ic chiu vai gied han cia coc xac
cua coc TBPO? rong chu ky I va chu ky 2 dinh thee TCFN 103042014 va phwong phap

cia Deaviszion

Hinh 11 the hién cich xic dinh mitc chin tai giod han eia coc thing qua heéu da Ta trong - B16 hin cia
coc va ciac phrong an xac dinh chuyén vi eiia dan coc theo TCVH va Davission. T két qui cho trén 46 thy,
ta thay dwong quan hé Ta -Lun vE thes phuong phap cna Davission chwa cat voi dwongz Tan - Lum o ket
qua nén finh, do vay chwa xac dinh dwee 23 t ca stre chiu tal gict han ela eoc.va cac phrong dn xac dinh
chuyen vi cia din coc theo TCVH va Davission. Tir két qui cho trén d6 thi, ta thiy dwong quan hs Ta -
Lim vé theo phwong phap cua Davission chua cit vol dwéngz Tal - Lun o ket qua nén tink, do vay chra xac
dinh dwoe Zia o iz sie chiu a1 zuon han enia coc.

6.2.3. Phuwong phap Hansen 30%
B xde dinh site chin tir gié1 han eda coc ta vE 36 thi Hansen 80% - 13 duémg bifu difn quan hé -
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..IH{LS’} / P - B lin oia diu coc va 30 thi quan hé Tai trong - D8 lin rén cime mat bidu 86, Ha duéng
cong ndy sé giac nhan tai diém tng vén chuyen vi din coc Ia (0,255, vE dwong thing  qua cac diém caa dé
thi 4f(8)/ P - D6 lon va xac dich phirong trinh gi3i tich cia deémg thing nav (Hinh 12), sie chiu i gicd
han enia eoe dwoc xac ﬂ.iuhb‘éng cang thive:

1

% =TeC

(i3 fr1 46 lim img von sire chiu 31 @ han (Ow) cha coe diroe xac ﬁﬂhbéﬂg cong thre:

(i
N - (3
0 C, )

M

_ Tromg dé: 0, - Sitc chin tai gign han edz eoe; 5. - B§ hin vmg woi gid i sire chiv 81 2161 han: €, - Hé
= hé 5o poe cia dumg thing v di qua cic diém trén dwong Hansen 80% (= 1.645e-6); ;- Giao diém
cia dwémg thing vor troe fung (C5= 2.14e-4).

6.2.4. Phep ngoar suy cua Chin - Kondner
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Hinh 12 Sic chin rai gicd han cua coc xac dinh Himh 13. Site chiu tai gied han cia coe xde
rheo phwong phap Hanzen §0-% dink theo phwong phap ngoai suy cia Chin —

Fondner

Tweng tw ohor phorong phap cia Hansen dé xac dinh sire chm 31 gidn han cia coc, Chin-Eondner v&
ede duonz cong quan hé gita t 56 otia 46 lin va i trong (5/F) - B9 lim va Tai trong - B§ lin trén cing
mdt bién d6. Nae dinh phireng trink dwemg thing » ciia mét phin dwéng cong quan hé g tf 0 5P - 45
Iin {Hinh 13). Sure chm 21 g101 han cia coc (0L} xac dink bang cong thire:

|
Q= E )
Trong d8: O, - Sire chin t3i gidi kan oia coe; ) - Ha ob bé 56 gée mia duime thing v di qua cie didm
trén duimg 5P - Bé lim (= 3E-5).

6.2.5. Phep ngoar suy cua Decowrr (1993-2008)

 FPhep ngoai suy cua Decowt co nhidu d1em fwong ﬁéng v phireng phap cia Chin-Kondner, Decourt
dé nghi vé duéng quan hé g ty 50 P/S (TF =b guita ta1 trong va 46 lim) - Tai trong, san do xac dinh dwong
thing v di qua cac diém oz dwémgz cong quan hé d3 thiét BHp, plao difm cia dwone thing ¥ vé1 true ndm
ngang (Ta trong) chinh 13 ga tn sie chin ta1 @ han cga coc (Hink 14). K o dung phep ngoal suy cua
Decowt de xac dich sire chin tai gion han, t2 cin dimg hé dom vi do caa My (US. Unif) hee dimg don v -
kips va 86 lin do bing inches).
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6.2.6. Plwrong phdp cia De Beer (1968)

Phuong phip cia DeBesr =it dung edc him logant thip phin 48 bifn difn quan bé log (ti1 tromg) - log
{da lim), sam d6 xac dinh cac dwimg thing xu hromg (v] va v2) che timg doan cia do thi 43 thiét lip. Gia
tri sitc chm zion han ofa coc dwoe xic dinh tad zizo diém oia cac dwong thing xu hwdngz 43 néu trén (Hinh
15).
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Hinh 14 Swc chiu tai gici han cia coc xac dink Hinh 15 Sirc chin fai giod han cua coc
theo phwong phap ngoai suy cia xac dinh thee phwomg phap cua De Beer
Decourt
Bdng 2. Bang tang hop sire chiu tdi cia coe
)y — cna coe xac dmh theo cac phwong phap (M)
TCVHN Davission Hansen Chin-Eondner Decourt DeBeer
185 - 26.6 333 337 185

Bang 2 tong hop ket qua xac dinh sire chin @1 gion han oia coe dwroc xac dinh tir cac phuwong phap
khac nhau, co gia trn bien twen tw 18. 50N den 33.7MN. Trong do. size chiu ta1 g1e1 han cmia coc xac dinh
theo TCVN va phuungp]up cia DeBeer oo gid 1 chura hop Iy v duoe 1.:11. khi 3o lan caa dan coc con kha
nho (Ean. hoot 12 24mm va 22 4mm) néu so v dwong kioh coc thar D=1200mm.

Sire chiu tai gidn han xac dinh theo phwong phip npea suy eda Chin- Eundnﬂ va cua Decourt kha
Mgﬂnnglmnhau1aphuhnp1mtbletke ban&auneu]a‘i hesuantoanFS— 2.5 -:-3. Phuong phap cia
Hansen 80% che kat qua sire chiu t31 g1on han z:i.uun sire chaa t31 thiét ké eria coc, kha sir dung hé 56 an
toan F5=2 - 2.5,

7. Kétlujn

Viee phan tich kat gua pén fink coc khoan nhéi eia cong trinh Hotel des Arts Saigon, cho ﬂ:.a} SITC
chim tax thiét ké ciia ege (Pu=11.5 M) teong dulhcrp Iy =0 vén dwomg kink 1.1-::111:2-11&31 Cla oo, didu nay
the hién kha rd qua do lin dau coc dat gia t 13 42.96mm wmg vor cip 1 lon nhit Pu=23MN (hreng
duong 200%% rwcb:.umﬂ:mtke)ucacketqua phin tich site chiu ti1 gidn han cia coc.

Viée =mde dinh lye phin phéi doc theo coe va ma sit dem vi giita tﬂt'\.‘lt’!atd:m Lha'l.r]:l.e =d ma sat cia
du.ancncpluagandau coc kha lom 5o f.mt.uhmalnzmla.lm::khang don 1 tar oo coc xEe Hm.hb:lne
thi nghiém nho hon so von et qua tinh toan theo cac cong thare 15- thuvet. K&t qua nay phan anh che Lha\-
chiroe didm aia thi nghiém nén tinh =t dung hé phan luc, khoi d6i trong co tmnglmmglu’nda.ttm’cuep
lén mat ﬂatcukhamglamthavﬁmnnhcharcu v car’ap&atphlamliaucuc Enéu nay lam cho sai
1éch sa lidn do bisn dang coc va vi viy khong the phan inh chinh xic s lam viée thire t2 oia coc.
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Abstract This study investigates the effectiveness of shaft
grouting in enhancing the axial bearing capacity of bored
piles under varying grout injection rates in sandy soil con-
ditions at the Thao Truong Tan Uyen site. Bored piles with
dimensions of 400 mm in diameter and 3.3 m in length were
constructed, and grout was injected at three different rates
(IR=20, 35, and 50 L per square meter). Static load tests
were conducted according to ASTM D1143 to evaluate the
effect of grouting on pile performance. The results reveal
that grouting significantly enhances the load-bearing capac-
ity of piles and reduces settlement across all loading condi-
tions. A two-phase response to increasing /R was observed.
In the first phase (JR=0 to 35 I/m?), load capacity increased
sharply, with a 90% improvement compared to non-grouted
piles. In the second phase (/R =35 to 50 1/m?), the rate of
improvement diminished, with only a marginal 5% increase
in capacity. This suggests that an IR of 35 1/m? is optimal
for maximizing pile performance while maintaining cost
efficiency. Visual inspections following the excavation of
surrounding soil showed that grouted piles had significantly
more soil adhesion, enhancing shaft friction and soil-pile
interaction. This finding aligns with previous studies, further
validating the effectiveness of grouting in improving pile
performance, particularly in sandy soil.
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Introduction

Grouting is a widely applied geotechnical technique used to
enhance soil properties or reinforce underground structures
[1-3]. It involves injecting a fluid material, such as cementi-
tious grout, chemical solutions, or polymers, into the soil,
rock, or voids within structures to improve strength, stability,
and impermeability. There are various types of grouting,
such as shaft grouting [4, 5], where the grout penetrates the
soil without disturbing its structure, and compaction grout-
ing [6, 7], which densifies the surrounding soil to increase
load-bearing capacity. Jet grouting is another method that
creates columns or walls of grout to reinforce weak soils
and prevent water seepage [2, 3, 8]. In practical applications,
grouting is commonly used to reinforce pile foundations by
increasing shaft friction and reducing settlement [9, 10], as
well as waterproof tunnels, dams, and other underground
structures. Additionally, it is employed to improve the sta-
bility of soft ground before construction and to repair and
maintain infrastructure by sealing cracks and voids, ensuring
long-term structural integrity [1, 11].

In Vietnam, grouting techniques have been increasingly
applied in various construction projects to address issues
related to weak ground conditions, particularly in urban
areas with soft clay soils and regions prone to water seepage.
Grouting has been utilized in foundation improvement for
high-rise buildings, bridges, and infrastructure, as well as in
the construction of tunnels and water control structures, such
as dams and embankments. Shaft grouting, in particular, has
been employed to increase shaft friction in pile foundations,
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enhancing the load-bearing capacity and reducing settlement
of structures built on soft or loose soils.

Nguyen et al. [12] conducted the bidirectional static load
tests on two shaft-grouted barrette piles constructed for
the Exim Bank Building in Ho Chi Minh City. The tests
were conducted to assess the impact of shaft grouting on
pile performance in soft clay and silty sand soils typical
of the Mekong Delta. The findings demonstrated a signifi-
cant improvement in shaft resistance, with grouted sections
exhibiting higher load-bearing capacity compared to non-
grouted sections.

Nguyen et al. [13] focused on the use of shaft grouting
to enhance the bearing capacity of bored piles and barrettes
in several high-rise building projects in Ho Chi Minh City.
The study analyzed a database of static load tests on both
grouted and non-grouted piles to evaluate the effectiveness
of shaft grouting in increasing shaft resistance. The results
indicated that grouted piles in clayey and sandy soils had
approximately twice the shaft resistance compared to non-
grouted piles. This technique offers a cost-effective solution
for deep foundations in areas with weak alluvial deposits,
commonly found in Ho Chi Minh City.

Moreover, Nguyen and Nguyen [14] investigated the
application of shaft grouting on barrette piles in Ho Chi
Minh City, focusing on two piles at the Eximbank building
site. It used O-cell tests and finite element analysis (FEM)
through Plaxis software to evaluate the increase in pile-
bearing capacity. The study demonstrated that grouting can
enhance lateral resistance by 1.48 times compared to non-
grouted piles, improving safety and efficiency.

More recently, Tran and Tran [15] examined the increase
in bearing capacity of shaft-grouted bored piles in the Lan-
caster Lincoln project. Two piles (one grouted and one non-
grouted) were tested using O-Cell tests and finite element
modeling in Plaxis 2D. Results showed that shaft grouting
increased friction resistance by up to 2 times compared to
non-grouted piles. The study also proposed a formula to esti-
mate friction resistance based on the Standard Penetration
Test (SPT) values.

However, despite its widespread application, research on
grouting techniques in Vietnam is still limited in both scope
and depth. One key limitation is the lack of comprehen-
sive field studies that assess the effectiveness of different
grouting content under varying soil conditions. Most cur-
rent research tends to focus on case studies without detailed
analysis of grouting’s performance in real-world conditions.
Additionally, there is often insufficient data on the optimal
grout content for specific soil types, leading to conservative
design practices that may not fully leverage the potential of
grouting.

To address these gaps, field experiments like the one con-
ducted in this study offer a valuable approach. By imple-
menting shaft grouting at different grout levels around bored

piles and measuring the effects on load-settlement behavior,
this research provides practical insights into how grouting
can enhance shaft friction and overall pile performance.

Methodology
Site Description

The experiment was conducted at a vacant plot located in
the Thao Truong Tan Uyen training ground, under the Uni-
versity of Military Engineering, situated at 748 Street, Ward
Tan My, Bac Tan Uyen District, Binh Duong Province, Viet-
nam (Fig. 1). The geological conditions of the test site were
assessed through three boreholes, each drilled to a depth
of 7.0 m. From each borehole, three soil samples were col-
lected for laboratory testing. The physical and mechanical
properties of the soil at the test site were determined based
on laboratory tests conducted on samples from the boreholes
and the key soil parameters are listed in Table 1. The soil
profile of the area consists mainly of silty sand with occa-
sional inclusions of quartz gravel, displaying colors ranging
from white—gray to yellow-gray, pink-gray, and ash-gray.
The particle size distribution curve of silty sand is shown
in Fig. 2.

The soil at the test site was classified according to the
Unified Soil Classification System (USCS) as SC-SM. The
grain size distribution curve (Fig. 2) was used to determine
the coefficient of uniformity (C,) and the coefficient of cur-
vature (C,) of the soil. The results indicate that the soil has
aC,=18.0and C.=1.13.

Additionally, the modulus of elasticity of the soil, derived
from laboratory tests, was determined to be 3.0 MPa. These
soil properties play a crucial role in understanding the load-
bearing behavior of the piles and the effectiveness of shaft
grouting in enhancing soil-pile interaction.

Additionally, Standard Penetration Tests (SPT) were car-
ried out at three specific depths: 0.5 m, 2.5 m, and 4.5 m
within each borehole. The SPT results were 2, 9, and 15
blows, respectively, indicating increasing soil density with
depth. Furthermore, two groundwater monitoring wells
were installed to monitor the water table throughout the test
period.

Bored Pile Specification

The bored piles used in this experiment have a diameter
of 400 mm and a total length of 3.3 m, with 0.3 m above
ground and 3.0 m embedded in the soil (Fig. 3). The bored
piles were constructed using concrete with 1 X 2 aggregate
and a strength class of B20 (Grade 250, R,=14.5 MPa),
with a slump (SN) of 19+ 1 cm. During pile construction,
cube samples (150 x 150x150 mm) were cast to test the
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Gravel content (%) 0.4 = [
Sand content (%) 82.0 = M L\ -4
Silt content (%) 8.1 &
Clay content (%) 9.5 E H = Ib—-____ =
The coefficient of uniformity (C,) 22723 o filt Sand -
The coefficient of curvature (C,) 4.57 i) frrreer— i |
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Specific gravity 267 ig. article size distribution curve of silty san
Saturation (%) 36
Porosity (%) 0.56 compressive strength of the concrete. The main longitu-
Relative density Loose to dinal reinforcement is 8 bars of ¢12 mm, using steel with
g‘edlum' a yield strength of 280 MPa. The steel reinforcement ratio
Fricti o (0° 230?986 is 0.72%, distributed uniformly along the length of the
nCth.n angle (¢°) pile. All steel bars were tested for tensile strength before
Cohesion (kPa) 6.6 .. . . . . .
o fabrication, ensuring compliance with the required design
The modulus of elasticity (MPa) 3.0
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Fig. 3 Description of the steel cage and grouting pipes in a pile

specifications. The steel cage was fabricated and assem-
bled in the mechanical workshop (Fig. 4).

Experimental Procedure
Figure 5 shows the experimental procedure, including pile

installation, high-pressure water jetting, grouting reinforce-
ment, static load testing, and data recording and processing.

Fig. 4 The steel cage of the
bored piles

e ..
1. Main longitudinal reinforcement
2. Additional reinforcement

. Longitodinnl bars
. Bperal hoops

. Cireular hoops

. Girouting pipe

. Girouting position

ad b

i Aa

Pile Installation

The installation of the bored piles began with precise posi-
tioning of the pile centerlines, using measuring tools and
surveying equipment based on pre-established benchmarks.
A casing with an outer diameter of 420 mm and an inner
diameter of 400 mm was installed to a depth of 3.3 m,
including 0.3 m above the ground and 3.0 m embedded in

3, Grout mjection equipment
4. Grouting tube
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Fig. 5 Experimental procedure | |
¢ P P Pili levitallalon ———— High-Prissing Walsr Jilbmg — Cirmitmg Beislorcimenl |
J l | l
Prarg Bevording sid Mrocgssmg  E— Siple Lomd Tesngg

the soil. The borehole was drilled through the casing using
a drill bit with a diameter of 380 mm. During drilling, the
soil around the borehole loosened, and Bentonite slurry
was pumped continuously to stabilize the borehole walls
and carry the loosened material to the surface. After drilling
was completed, the borehole was cleaned thoroughly using a
Bentonite pump. Once the borehole was prepared, the steel
reinforcement cage was carefully lowered into place using
a tripod and winch. The cage was fixed in position, and its
vertical alignment was verified using a plumb line. Precast
concrete spacers were placed around the cage to ensure the
required concrete cover, and to maintain the cage’s position
during the pouring process. A PVC tremie pipe with an outer
diameter of 144 mm and an inner diameter of 140 mm was
then installed to facilitate concrete pouring. Concrete was
poured from the bottom up, in increments of 500 mm, using
the tremie pipe to ensure proper compaction and uniform
placement of the concrete. Three hours after completing the
concrete pour, the casing was removed, marking the comple-
tion of the bored pile installation.

Figure 6 illustrates the layout of the field test, includ-
ing the non-grouted pile (BPGO) and the piles reinforced
with grout at varying injection rates (BPG20, BPG35, and
BPG50). Additionally, Fig. 7 shows the positions of the
anchor piles used for the static load tests, the boreholes

Fig. 6 The layout of the field

.
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drilled for geological investigation, and the groundwater
monitoring wells.

High-Pressure Water Jetting

Twenty-four hours after the pile construction, high-pressure
water jets were used to penetrate the concrete and the rub-
ber membranes surrounding the grout injection ports. This
process prepared the piles for the subsequent grout injection
phase.

Grouting Reinforcement

The grouting process was carried out three days after the
completion of pile installation. Grout was injected into each
pile with varying volumes depending on the specific pile
type. For piles BPG20, BPG35, and BPG50, the injection
rates (IR) were 20, 35, and 50 L per square meter, respec-
tively. In Vietnam, practical grout injection rates for shaft
grouting typically range from 25 to 35 I/m* [13, 16]. How-
ever, to comprehensively evaluate the influence of different
injection volumes, this study selected three rates: 20, 35,
and 50 1/m*.

The grouting operation was performed through three
grouting pipes, with grout injected at three different heights:

lEm

=

A Yo'
A28

. L g

hi._Hm

test o

& L |.f|'||-'LE_

B

5o @

50 b’
- F BRGSO
-

| The bored piles
2. Borehole
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5. Anchor piles for static load test
4. Groundwater monitoring wells
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Fig. 7 The testing field after
completion of the pile instal-
lation

|, BPH)
2 BRG20

Table 2 The detail of the grout injection volumes, and static load test

Pile ID BPGO  BPG20 BPG35 BPG50
Diameter (mm) 400 400 400 400
Length (mm) 3000 3000 3000 3000
Injection rate (IR-1/m?) 0 20 35 50
Grout volume per port (1) 0 8.27 14.65 20.94
Number of load stages 11 15 20 21
Load increment (kN) 6 6 6 6

—0.5m, 1.5 m, and 2.5 m from the natural ground surface,
ensuring uniform grout distribution (Fig. 4).

The grout volumes used for each pile during this process
are summarized in Table 2 and illustrated in Figs. 8 and
9. To account for potential grout loss during injection, the
total grout volume was closely monitored and recorded using
flow meters. The injection at each port continued until the
required volume of grout was injected, signaling the comple-
tion of the process.

To minimize potential interaction effects between grouted
piles, the center-to-center spacing was maintained at 1.8 m,
equivalent to approximately 4.5D (with D being the pile
diameter). This spacing falls within the commonly recom-
mended range of 3D to 6D to avoid overlapping influence
zones and group interaction effects in pile testing [17, 18].
Post-test excavations revealed that the maximum extent of
grout influence did not exceed 0.3 m from the pile shaft,

1. BPGis
4. BRGSO

3. Anchor piles for siaiic load tes

even at the highest injection rate (BPG50), indicating that
the grout-affected zones remained well within their respec-
tive boundaries (Fig. 14). This layout ensured that the load-
settlement response of each test pile was governed solely by
its assigned grout configuration, without interference from
neighboring piles..

Static Load Testing

The static load test is a critical procedure for evaluating
the axial bearing capacity and settlement characteristics of
the bored piles used in this study. The test was conducted
to determine the load-deformation behavior of both non-
grouted (BPGO) and grouted piles (BPG20, BPG35, and
BPG50), with a focus on understanding the effectiveness of
shaft grouting in enhancing the load-bearing performance.
The static load test method applies a vertical, incremental
static load to the pile head and records the resulting settle-
ment at each load stage. The testing was performed follow-
ing ASTM D1143, ensuring compliance with established
guidelines for static load testing of deep foundations.

In this study, a quick load test method was employed to
simulate typical load conditions experienced by piles in
construction projects. The tests were carried out in the field
under controlled conditions, utilizing a comprehensive set
of instruments to accurately measure load application and
pile displacement.
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Fig. 8 Grouting equipment
setup for test piles

I. Grouwted Test Pile

1. Pre-measured Crroui Container
1. Flow Meter

4, Gipoud Ingection Hose

.{. I[!‘“IPPIL’."\.‘H.III,: F"l,I:II'I|1

3 B, Cirosnd Pressure {i..‘-ugu

T, Gircant Ingection Fipe

Fig. 9 The grouting process
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Fig. 10 Instrumentation setup for the field static load test

The instrumentation setup for the field static load test was
carefully designed to ensure accurate measurements of the
pile’s behavior under applied loads (Fig. 10). The primary
equipment used in the test included a hydraulic jack with a
maximum capacity of 40 tons and a stroke length of 40 mm,
which was used to apply the vertical load to the pile head. A
load cell was placed between the hydraulic jack and the pile
to measure the actual load transmitted to the pile, ensuring
precise control over the loading process.

To monitor the pile settlement, high-precision displace-
ment gauges (dial gauges) with a travel range of 60 mm were
installed on independent reference beams. These gauges
recorded the vertical displacement of the pile at each load
increment, providing crucial data on the pile’s settlement
behavior. A rigid monitoring frame was erected around the
test setup to support the dial gauges, ensuring that the meas-
urements reflected only the pile’s movement and not external
disturbances.

The static load test was conducted following ASTM
D1143 standards, using the quick load method to assess
the bearing capacity of both grouted and non-grouted piles.
Before the test, the pile head was carefully prepared, ensur-
ing a smooth surface to place the hydraulic jack and load
cell. The surrounding area was cleared of debris to prevent
any interference during the test. Reference beams for the dis-
placement gauges were installed at a distance from the pile
to avoid being influenced by the ground settlement. These
beams provided a stable platform for measuring the vertical
movements of the pile head.

The test piles included one non-grouted (BPGO) and
grouted piles (BPG20, BPG35, and BPG50). The loading
sequence followed a stepwise approach, with increments of 6

kN. Each load increment was maintained for 5 min to allow
for settlement measurements. For all piles, the loading con-
tinued until either the pile failed (reached ultimate capacity)
or the hydraulic jack reached its maximum stroke of 40 mm.
Once the test reached its defined endpoint, either through
pile failure or the maximum jack stroke, the load was gradu-
ally released. The unloading phase was done quickly, ensur-
ing the safe recovery of all equipment.

Data Recording and Processing

During each test, data was collected on the load applied
and the corresponding settlement for each load increment.
Table 2 summarizes the number of load stages and the load-
ing increment for each pile type.

Results and Discussion

Testing Results

The static load test results, presented in Table 3, offer
detailed insights into the performance of both non-grouted

Table 3 Results of Static load test

P Vertical Displacement (mm)

(kN) BPGO BPG20 BPG35 BPG50
0 0 0 0 0

6 1.72 1.66 0.82 0.79
12 3.79 2.86 1.89 1.76
18 5.96 4.71 3.01 2.82
24 8.88 6.14 4.18 3.95
30 11.93 7.34 5.40 5.10
36 15.30 9.44 7.10 6.51
42 19.48 12.44 8.44 7.85
48 22.85 14.82 10.73 9.39
54 27.97 17.85 12.49 10.89
60 33.50 21.44 13.90 12.96
63 40.00 - - -

66 24.59 15.87 14.68
72 29.03 18.15 16.51
78 32.28 19.78 18.46
84 36.50 22.78 20.49
87 40.00 - -

90 24.84 22.69
96 27.00 24.96
102 29.53 27.32
108 32.13 30.16
114 36.20 3343
120 40.00 36.32
126 40.00
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and grouted test piles under incremental loading conditions.
The experiment aimed to evaluate the vertical displacement
of the piles, with varying grouting levels, in response to
increasing load. Vertical displacement was recorded at each
load step for all pile types, with load increments ranging
from 6 to 63 kN for BPGO, and up to 87 kN, 120 kN, and
126 kN for BPG20, BPG35, and BPG50, respectively.

Load-Settlement Curves

Figure 11 illustrates the detailed load—displacement behavior
of the test piles under vertical loading, including the BPGO,
BPG20, BPG35, and BPG50). The BPGO pile, representing
the unreinforced condition, exhibited significant displace-
ment under incremental loading. In the initial loading stages,
with load increments up to 18 kN, the BPGO pile showed
moderate settlement, with vertical displacements increas-
ing from 1.72 mm at 6 kN to 5.96 mm at 18 kN. This indi-
cates that the pile experienced early deformation even under
relatively low loads. As the load increased to the mid-range
(18-36 kN), the settlement of BPGO increased substantially,
reaching 15.30 mm at 36 kN. This rapid increase in dis-
placement suggests a loss of stiffness in the pile-soil system,
with the surrounding soil beginning to compress and lose its
resistance. In the final loading stages, as the load reached
63 kN, the vertical displacement of BPGO continued to rise
sharply, peaking at 40 mm. This indicates that the pile had
reached its ultimate capacity, with the soil-pile interaction
breaking down and the pile unable to resist further loading
without large settlements. Overall, BPGO’s behavior dem-
onstrates a limited load-carrying capacity, with significant
deformation under increasing vertical loads, highlighting the
need for grout reinforcement to improve performance under
higher loads.

As observed in Table 3, the settlement response of the
BPGO and BPG20 piles up to 18 kPa is quite similar, with
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Fig. 11 Load-settlement curves of various test piles
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only minor differences. This can be attributed to the fact
that at low applied loads, the full shaft resistance has not
yet been mobilized, and the load is primarily carried by the
pile toe and initial shaft-soil contact. Consequently, at lower
load levels, the influence of shaft grouting, which increases
shaft friction, is not significantly apparent. However, as the
applied load increases, the benefits of shaft grouting become
more pronounced, with increased soil-pile interaction and
reduced settlement. This is clearly illustrated in Fig. 11,
which shows the detailed load—displacement behavior of
the piles under vertical loading, including BPGO, BPG20,
BPG35, and BPG50. At loading stages up to 18 kN, the
BPGO pile exhibited moderate settlement, with vertical dis-
placements increasing from 1.72 mm at 6 kN to 5.96 mm
at 18 kN. In contrast, the grouted piles, including BPG20,
demonstrated a much stiffer response at the same load lev-
els, with settlements of only 1.66 mm at 6 kN and 4.71 mm
at 18 kN. This indicates that the grout reinforcement had a
noticeable effect on reducing settlement even at low load-
ing stages, contributing to a more controlled and stable
soil-pile interaction. As the load continues to increase, the
grouted piles show significantly better performance, with
reduced settlements at each loading stage compared to the
non-grouted pile, demonstrating the effectiveness of grout
reinforcement in improving load-carrying capacity.

In the case of BPG35 (grouted with 35 1/m?), the pile
shows even less settlement, with displacements of only
0.82 mm at 6 kN and 3.01 mm at 18 kN. At the higher load
of 54 kN, the vertical displacement reaches 12.49 mm,
showing that BPG35 is able to carry the load with much
less deformation than BPG20 and BPGO. This improved
performance highlights the increased stiffness provided by
the higher grout quantity, allowing the pile to bear more
load with minimal settlement. Finally, BPG50 (grouted with
50 1/m?) exhibits the stiffest behavior of all piles, showing
minimal settlement throughout the test. At 6 kN, the verti-
cal displacement is only 0.79 mm, and at 18 kN, it remains
low at 1.76 mm. Under the maximum load of 54 kN, BPG50
shows a displacement of just 10.89 mm, which is the lowest
among all the tested piles. This indicates that the highest
level of grout reinforcement provides the greatest improve-
ment in load-carrying capacity and reduces settlement to
the lowest levels.

Effect of Grout Injection Rate on Pile Settlement

As mentioned earlier, grouting around the pile significantly
enhances its load-bearing capacity. To further clarify this,
Fig. 12 details the effect of the grout injection rate (/R) on
the pile settlement under various applied loads of 12, 24, 36,
48, and 60 kN for all piles.

As seen in Fig. 12, the IR has a significant influence on
the settlement behavior of the test piles. At low applied
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Fig.12 Effect of grout injection rate on the vertical displacement of
tested piles under various values of P

loads, such as 12 kN and 24 kN, the settlement reduction is
evident as the IR increases, though the differences between
higher grout contents (IR =35 and 50 1/m?) become less
pronounced. For instance, at 12 kN, the settlement for the
non-grouted pile (BPGO) is 3.79 mm, while the grouted pile
with JR =20 1/m? experiences a settlement of only 2.86 mm,
representing a 25% reduction. Similarly, at 24 kN, the set-
tlement decreases from 8.88 mm for BPGO to just 6.14 mm
for BPG20. This shows that even a moderate grout injection
can significantly enhance the pile stiffness and resistance to
settlement under lighter loads.

However, as the applied load increases, the effectiveness
of the grout injection becomes more prominent. At 48 kN
and 60 kN, the settlement differences between the grouted
piles become more pronounced. For example, at 48 kN, the
settlement of BPGO is 22.85 mm, whereas BPG50, the pile
with the highest IR, settles only 9.39 mm, reflecting an 59%
reduction in settlement. The same trend is observed at 60 kN,
where the non-grouted pile exhibits a settlement of 33.5 mm
compared to just 12.96 mm for the pile with IR =50 1/m>.
This substantial difference in performance demonstrates the
critical role grout content plays in reducing settlement under
higher load conditions, where the pile-soil interaction and
shaft friction are key factors in determining load capacity.

Overall, the results clearly show that increasing the IR
significantly improves the load-bearing capacity of the piles
by reducing settlement across all load levels. The diminish-
ing returns observed between IR =35 and 50 1/m? at lower
loads suggest that beyond a certain point, increasing IR fur-
ther may offer only marginal improvements. Nonetheless, at
higher load levels, the additional grout content continues to
yield substantial benefits, making it a crucial factor in pile
design for heavily loaded structures.

The relationship between settlement (S), applied load
(P), and grout injection rate (IR) is best represented using
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Fig. 13 Effect of IR on the load-bearing capacity of pile

a hyperbolic model, which is commonly used in pile settle-
ment analysis [19, 20]. The proposed equation is given by

p

- cXIR
a+bxP

ey

where S =pile settlement (mm), P=applied load (kN),
IR =grout injection rate (I/mz), and a, b, c =empirical coef-
ficients dependent on IR, determined from experimental
regression analysis.

This indicates a direct correlation between increased IR
and improved load-bearing performance. The greater the
grout volume around the pile, the more effectively the pile
can transfer the load into the surrounding soil, reducing
settlement.

Effect of Grout Injection Rate on Design Load Capacity

When assessing the design load capacity of piles (P), it is
often crucial to limit the maximum settlement to a predeter-
mined level. In this case, a target settlement of 40 mm serves
as a reference point. The relationship between the /R and the
design load capacity of piles is illustrated in Fig. 13.

The results clearly show that the /R has a significant
impact on the design load capacity of the piles. Based on
Fig. 13, as the IR increases from 0 to 20, 35, and 50 L per
square meter, the P correspondingly increases from 63 kN
for the non-grouted pile (/R=0) to 87 kN for the IR =20 pile,
120 kN for the /R =35 pile, and 126 kN for the /R =50 pile.
This progressive increase indicates that grouting enhances
the pile’s ability to resist vertical loads.

The load-settlement behavior of grouted bored piles was
compared with results from previous studies [9, 10, 13]. The
observed 90% increase in load capacity aligns with pub-
lished literature, confirming that shaft grouting significantly
enhances pile performance. Furthermore, the analysis indi-
cates that beyond a certain grout injection rate (/R=351/
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m2), the improvement becomes marginal, which is consist-
ent with previous research on diminishing returns in shaft
grouting. These findings reinforce the practical applicability
of optimizing grouting efficiency for bored piles.

The relationship between the /R and P can be divided into
two distinct phases, reflecting different responses to increas-
ing IR levels. In Phase 1, named Rapid Increase in load
capacity, the load capacity shows a steep rise as IR increases
from 0 to 35 1/m>. The design load capacity jumps from
63 kN for the non-grouted pile to 120 kN for the pile with an
IR of 35 1/m?, which represents a significant improvement of
approximately 90%. This substantial increase suggests that
the initial grout injection effectively enhances soil-pile inter-
action, particularly by increasing shaft friction resistance
along the pile. In Phase 2, called Diminishing Returns, the
rate of increase in load capacity slows considerably. When
IR increases from 35 to 50 1/m?, the load capacity only rises
marginally, from 120 to 126 kN, an increase of just 5%. This
indicates that beyond an IR of 35 1/m?, further increases
in grout injection produce diminishing returns in terms of
load capacity. At this stage, the pile has already achieved

Fig. 14 Comparison of soil
adhesion on grouted and non-
grouted piles after excavation

@ Springer

the majority of its potential load-bearing capacity, and addi-
tional grout volume provides minimal additional benefits.

Based on this analysis, it can be concluded that the opti-
mal /R for maximizing the pile’s load capacity while main-
taining efficiency is around 35 I/m?. Beyond this value, the
benefits of increased grout volume are minimal, and the
additional cost and effort involved in injecting more grout
may not be justified. Therefore, an IR of 35 I/m? can be con-
sidered an optimal level for this type of ground condition
and pile configuration.

Visual inspection of the piles following the excavation of
surrounding soil revealed noticeable differences between the
grouted and non-grouted piles (Fig. 14). The grouted piles
exhibited a significantly higher amount of soil adhering to
their surfaces, particularly in the sections where grout was
applied. This increased soil adhesion is likely due to the
grout filling the voids and cracks in the surrounding soil,
which in turn enhanced the frictional interaction between the
pile and the ground. In contrast, the non-grouted piles dis-
played much less soil adhesion, suggesting lower frictional
resistance along the pile surface. These observations align
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with the experimental results, confirming that grouting not
only improved the load-bearing capacity of the piles but also
strengthened the overall interaction between the pile and the
surrounding soil.

Effect of Grout Injection Rate on Unit Shaft Resistance

Figure 15 illustrates the variation of unit shaft resistance
along the pile depth as a function of pile displacement for
various pile types, including non-grouted piles (BPG0) and
piles with grout injection at rates of 20 I/m* (BPG20), 35 I/
m? (BPG35), and 50 I/m? (BPG50). The strain gauge meas-
urements were taken at three distinct segments of the pile:
from the pile head to the first strain gauge (0-SG/), from
SG1I to SG2, and from SG2 to SG3. This setup allows for
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Fig. 15 The unit shaft resistance versus pile displacement

an in-depth evaluation of the variation in shaft resistance
across different segments of the pile shaft under increasing
displacement.

From the data presented in Fig. 15, it is evident that the
unit shaft resistance increases with pile displacement for
all pile types, with significant differences observed between
grouted and non-grouted piles. For the non-grouted pile
(BPGO), the unit shaft resistance initially increases rap-
idly as the displacement increases, reaching a maximum
value of approximately 10.4 kPa after the pile displacement
reaches around 12 mm. Beyond this point, the shaft resist-
ance stabilizes and fluctuates only slightly around this peak
value, indicating that the friction between the pile and soil
has reached a limit. In contrast, the grouted piles (BPG20,
BPG35, and BPG50) exhibit a more pronounced increase in
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unit shaft resistance. The shaft resistance values for these
piles continue to rise as the pile displacement increases,
reaching peak values significantly higher than those of the
non-grouted pile. Specifically, the peak unit shaft resistance
for BPG20, BPG35, and BPG50 is observed to be 15.2 kPa,
21.4 kPa, and 22.6 kPa, respectively. This represents an
increase in shaft resistance by factors of 1.46, 2.05, and 2.17
compared to the non-grouted pile (BPG0), demonstrating
the beneficial effect of grout injection on pile performance.

Additionally, it is important to note that the unit shaft
resistance does not increase uniformly along the pile depth
for grouted piles. While the resistance increases at a rapid
rate near the pile head, a distinct variation is observed in the
middle segment of the pile (from SG/ to SG2). This segment
shows a higher unit shaft resistance than both the upper and
lower segments of the pile. This phenomenon can be attrib-
uted to the grout injection process, which likely increases the
effective pressure between the pile and surrounding soil, par-
ticularly in the middle section. The grout tends to enhance
bonding at this level, which results in higher frictional resist-
ance at this depth compared to the other segments.

The increase in shaft resistance with grouting can be
attributed to several mechanisms. First, the grout fills the
voids and strengthens the soil around the pile shaft, increas-
ing frictional resistance [21]. This enhanced bonding
between the grout and surrounding soil particles leads to
a more effective transfer of load from the pile to the soil.
Furthermore, the grout injection likely modifies the stress
distribution along the pile, particularly in the zone near
the pile shaft, where shaft friction plays a crucial role in
resisting applied loads [22]. As a result, the pile exhibits
greater resistance to displacement, as seen in the increased
values of unit shaft resistance with higher grout injection
rates. In summary, the results confirm that shaft grouting
improves the shaft-soil interaction, leading to a higher load-
bearing capacity. The effectiveness of the grout injection is
particularly pronounced at higher injection rates (BPG35
and BPG50), which results in a greater increase in shaft
resistance compared to lower injection rates (BPG20). This

suggests that optimizing the grout injection rate is crucial
for enhancing the performance of grouted piles.

Economic Analysis

An economic analysis was conducted to assess the cost-
effectiveness of different grout injection rates (/R) by com-
paring construction cost and ultimate load capacity [23-25].
Cost efficiency was calculated as the cost per unit load
capacity (VND/kN), as summarized in Table 4.

Results show that increasing grout injection rate signifi-
cantly improves load-bearing capacity. However, beyond
IR =35 1/m?, the cost per kN increases, diminishing eco-
nomic returns. BPG35 (IR =35 1/m?) is the most cost-effec-
tive option, offering the highest load-bearing capacity with
the lowest cost per kN (233,333 VND/kN), making it the
optimal choice for both structural efficiency and economic
viability.

Comparison with Previous Studies

The effectiveness of shaft grouting in improving pile per-
formance has been widely documented in recent geotechni-
cal studies. Table 5 presents a comparative summary of key
findings from relevant research, highlighting improvements
in bearing capacity and shaft resistance due to grouting
under different soil conditions and pile types.

The present study aligns with prior research in confirming
the positive impact of shaft grouting on pile performance.
However, it extends the existing knowledge by providing a
detailed analysis of the influence of different grout injection
rates (/R). While studies such as Nguyen and Fellenius [27]
and Nguyen et al. [13] demonstrated general improvements,
this study emphasizes quantitative relationships between IR
and performance, offering a more practical framework for
optimizing grout volume with respect to cost-efficiency and
engineering performance.

Table 4 The detail of the

) . - . Pile Type Grout injection rate  Construction cost Ultimate load Cost effi-
construction cost for each pile (IR) (/m2) (million VND) capacity (kN) ciency (VND/
type kN)

BPGO (Non-grouted) 0 20 63 317,460
BPG20 (IR=201/m2) 20 24 87 275,862
BPG35 (IR=351/m2) 35 28 120 233,333
BPG50 (IR=50 1/m2) 50 32 126 253,968

Construction Cost—The cost of constructing each pile type (in million VND) is considered for each grout
injection rate (/R); Ultimate Load Capacity—The ultimate load-bearing capacity of each pile is obtained
from static load tests; Cost Efficiency—Cost efficiency is calculated as the ratio of construction cost to
ultimate load capacity (VND/kN); This metric indicates how much cost is required to achieve each unit of

load-bearing capacity
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Table 5 Comparison of grouting methods in pile performance enhancement

Research Pile type Grouting method

Soil type

Key findings

Manai [26] Barrette

Shaft and base grouting Silty sand & clay Combined grouting improved capacity: ~5.0-7.0 times

Nguyen and Fellenius [27] Bored pile  Shaft grouting Soft to silty sand  Shaft resistance increased by 30-50%; stiffness improved
by ~20%
Nguyen et al. [12] Barrette Shaft grouting Sand Showed increased shaft resistance in the grouted section
Zhou et al. [9] Bored pile  Shaft and base grouting Jinan, China Combined grouting improved capacity by ~9.82%; base
grouting alone by ~ 15%
Nguyen et al. [13] Bored pile  Shaft grouting Sand & clay Shaft resistance: 1.9 times in sand, 2.2 times in clay
and bar- (based on SPT-N, correlation)
rette
Leetal. [16] Barrette Shaft grouting Silty sand & clay Shaft resistance: ~2.0-2.5 times greater in grouted zones
This study Bored pile  Shaft grouting Sand Bearing capacity increased significantly with higher grout
injection rates (/R =20-50 1/m2)
Conclusion Author Contributions The authors confirm contribution to the paper

This study thoroughly investigated the effects of vary-
ing grout injection rates (IR) on the performance of bored
piles in sandy soils at the Thao Truong Tan Uyen site. The
research involved pile construction, grout injection, and
static load testing. Through careful pile construction, con-
trolled grout injection, and detailed static load testing, the
research assessed the effect of grout injection rates (20, 35,
and 50 1/m?) on the load-bearing capacity and settlement
behavior of the piles. The key findings are summarized as
follows:

+ Grouting significantly reduced settlement and increased
load-bearing capacity across all IR levels. At low applied
loads, even moderate grout injection (/R =20 1/m?) effec-
tively reduced settlement, with reductions of up to 25% com-
pared to non-grouted piles. At higher loads (e.g., 48 kN), the
impact of grouting became more prominent, with the pile
settlement decreasing by up to 59% for IR =50 1/m>.

+ The relationship between IR and pile load capacity can
be divided into two distinct phases. The first phase (/R=0
to 35 1/m?) showed a rapid increase in load capacity, rising
from 63 kN for non-grouted piles to 120 kN for JR=351/
m?, a 90% improvement. The second phase (IR =35 to 50 1/
m?) exhibited diminishing returns, with only a marginal 5%
increase in load capacity beyond /R =35 1/m?. These results
suggest that an IR of 35 1/m? is optimal, as further increases
in grout volume provide limited additional benefits.

+ Visual inspection of the piles after excavation revealed
significantly more soil adhered to the surfaces of grouted
piles, particularly in the grouted sections. This indicates that
grouting improves the soil-pile interaction by filling voids
and increasing shaft friction, leading to enhanced load-bear-
ing capacity. Non-grouted piles, in contrast, showed less soil
adhesion and lower frictional capacity, consistent with their
inferior load performance.
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Bearing Capacity Assessment )
of the Instrumented Shaft Grouting L
Barrette Pile by Conventionally Static

Loading Test

Trung Thanh Le, Lan Vu Hoang Bach, and Hai Minh Nguyen

Abstract A conventionally static loading test program was conducted on the instru-
mented shaft grouting barrette pile to serve the design and construction of the 21-story
office building foundation located in Ho Chi Minh City, Vietnam. The soil condition
at the project site consists of 10-m firm to stiff lean clay (CL), deposited on 40-m
loose to very dense silty sand (SM), followed by 10-m hard lean clay (CL), and
underlain by dense to very dense silty sand. The test pile was constructed to a depth
of 50 m below the existing grade. The strain gages were attached to the test pile at ten
levels to measure the shaft resistances during the pile loading test. A 15-m segment
of the test pile in silty sand (SM) was grouted to consider reducing the designed
pile length. The static loading test results indicate that the unit shaft resistance of
the grouted shaft is about 2.0 and 2.5 times greater than that of the non-grouted
shaft without and with considering the influence of the vertical effective overburden
stresses, respectively.
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Bearing capacity improvement
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1 Introduction

The pile-supported foundation (bored piles or barrette piles) is regarded as one of
the effective settlement-reduced foundation solutions to support high-rise buildings
and heavy-load structures constructed in soft strata.

However, for soft strata, the bearing capacity of the piles depends mainly on the
pile shaft resistance, and the end-bearing resistance is often ignored in design. This
means that the pile circumference (contact area between pile and soil) plays a vital
role in improving the pile shaft resistance and reducing the foundation construction
cost.

Therefore, to improve the bearing capacity of the piles in soft strata, the barrette
pile is often selected because the barrette pile circumference is greater than the bored
pile circumference for a similar cross-section area.

In addition, to improve more bearing capacity of the barrette piles, the shaft
grouting technique has been recommended to increase the contract area between the
pile and surrounding soils in recent years.

The shaft grouting technology for bored piles or barrette piles was studied by
many authors such as [1, 2]. In general, the shaft grouting study results indicate that
the reinforcement-covered concrete layer at the pile shaft surface was significantly
broken and pushed into the soil surrounding piles under grouting pressures.

In addition, the research results also indicate that the shaft grouting increased the
cohesion of the loose soil particles and adhesion between the soil particles with the
pile shaft. Furthermore, the shaft grouting filled voids within the soil surrounding
piles that were caused by the pile construction. This resulted in an increase in the
pile shaft resistance as well as an increase in the pile bearing capacity.

Besides, the study results of [3—10] indicate that the shaft grouting increased the
shaftresistance from 1.5 to 3.0 times for piles installed both cohesive and cohesionless
soils. However, the previously published studies have not considered the effects of
the fine-grained sizes and the permeability coefficients of the soil for the successful
shaft grouting ability.

This paper presents the static load test results on the shaft grouting barrette pile that
was attached with strain gages along the grouted and non-grouted shaft segments.
In addition, the paper also addresses the effects of the fine-grained sizes and the
permeability coefficients of the soil for the successful shaft grouting ability.

2 Soil and Site Conditions

The project site is located at 158 Vo Van Tan Street, District 3, Ho Chi Minh City,
Vietnam. It was planning to construct a new 21-story office building to replace the
existing old building. Based on the designed foundation drawings, the new building
was placed at the old building’s foundation. Thus, the test pile was also installed in
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versus depth of on-site soil

the foundation area of the old building. In general, the site and the vicinity areas are
relatively flat.

To provide recommendations for the building foundation design, a geotechnical
study program was conducted by drilling the borings to a depth of about 75 m below
the existing grade to evaluate the subsoil and groundwater conditions of the project
site. The typical soil profile of the project site obtained from the geotechnical study
program is provided in Fig. 1.

From diagrams in Fig. 1, the soil profile consists of about 10-m firm to stiff
clay, deposited on 40-m loose to very dense sand, followed by 10-m hard clay, and
underlain by dense to very sand. Based on the Unified Soil Classification System,
the clay layers from 0 to 10 m and 52 to 62 m are classified as lean clay (CL).

For sand layers, the fractions of sand and silt are about 82% and 18%, respectively,
and they are classified as silty sand (SM). A typical grain size distribution curve of
the on-site sand at a depth of about 20 below the existing ground surface is presented
in Fig. 2.

The groundwater was encountered at a depth of 3 m below the existing grade
during field exploration. Long-term monitoring of groundwater conditions via
piezometers was not performed for this project. Thus, it is difficult to accurately
predict the magnitude of subsurface water fluctuations that might occur based on
short-term observations. The groundwater level is expected to fluctuate throughout
the years with variations in precipitation.
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3 Test Pile Installation

A barrette pile was installed to serve the test and the building foundation design for
this project. The test pile had an area of 0.8 m by 2.8 m and was constructed to a
depth of about 50 m below the existing ground surface. The twenty-six (26) rebars
with a diameter of 32 mm were used to reinforce this test pile. The eight grouting
pipes in 49 mm diameter were installed to grout the 16-m pile shaft segment at depths
from 14 to 29 m. These grout pipes were perforated with a spacing of about 1 m for
grout release and covered by a tight-fitting rubber sleeve to serve the post-grouting
of the pile shaft. The arrangement of the rebars, grouting pipes, and tremie pipe on
a cross-section area of the test pile is shown in Fig. 3.

Ten (10) strain levels (SG1 to SG10) were attached to the test pile to measure
the shear resistance along the pile shaft as indicated in Fig. 4. Spacing between two

49-mm Diameter 300-mm Diameter ~ 32-mm Diameter

Grouting Pipes Tremie Pipe Rebars
et
© | |
<1
2.8m

Fig. 3 Typical cross-section area of test pile and arrangement of rebars, grouting pipes, and tremie
pipe
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adjacent strain gage levels is about 5 m. For the grouted shaft segment, the four (4)
strain gage levels (SG3 to SG6) are installed. Each strain gage level had installed
four strain gages symmetrically.

Twenty-four hours after placing the concrete completely, the pile reinforcement
concrete cover was cracked by means of pumping water through the grout tubes at
high pressure. Four days after cracking the pile concrete cover, the cement grout was
carried out into the soil surrounding the pile shaft.

The water—cement ratio of the shaft grouting is about 0.63. The specified
maximum grouting pressure is 4 MPa, and the amount of grout was about 35 L
per square meter of pile shaft area.
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Fig. 4 The levels of the installed strain gages and the grouted shaft segment



84

296 T.T. Le et al.

4 Pile Test Equipment and Loading Procedures

4.1 General

The design load for the test pile is 1600 tons, and the maximum test load is about
3200 tons. The conventional pile loading test was conducted in two loading cycles
on 24 through February 27, 2013 by Consultancy for Construction, Geotechnics
and Environment Company, Ltd. (COGECO). During the pile loading test, the pile
shaft strain and movements of the pile heads were measured by strain gages and dial
gages, respectively. Details of the pile equipment and the pile loading procedures are
presented in the following sections.

4.2 Test Equipment

The static loading test equipment used for this project consists of a reaction system,
a loading system, and instruments to measure the movement of pile, imposed loads,
and strains of concrete.

The reaction system includes fifty-four (54) helical anchor piles, concrete blocks,
and test beams. The helical anchor piles were installed at a depth of 6 m below the
existing grade, and the maximum uplift capacity of each helical anchor pile was
estimated to be about 25 tons.

The loading system includes eight hydraulic jacks with a maximum loading
capacity of each jack of about 800 tons and a hydraulic pump system.

The instruments to measure the movement of pile, imposed loads, and strains of
concrete consist of dial gages, pressure gages, and a data logger.

4.3 Loading Procedures

The pile unloading loading procedure was performed in accordance with TCVN
9393-2012 “Pile-Field test method by axial compression load”. The pile loading
was conducted in two cycles (cycles 1 and 2). For the loading cycles 1 and 2, the test
pile was loaded to 2400 tons and 3200 tons, respectively. These test loads correspond
to 150 and 200% of the pile design load, respectively.

Loading cycle 1 consists of six (6) increments and three (3) decrements. Loading
cycle 2 consists of eight (8) increments and four (4) decrements. Each loading
increment and decrement is about 400 tons and 800 tons, respectively. After each
successful loading increment and decrement, it was held for 60 min, and then, the
pile movements were recorded.
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5 Pile Test Results and Analysis

5.1 Measurements of Load and Movement

The loads versus movements were measured during the pile test and are provided
in Fig. 5. The load versus movement curves indicate that the maximum measured
movements of loading cycles 1 and 2 are about 8 and 16 mm for the imposed loads
of 2400 tons and 3200 tons, respectively.

In addition, these curves also reflect that the ultimate capacity of the test piles
has not been mobilized fully, especially for the pile tip resistance. However, these
movements are enough to mobilize fully the soil shear resistance along the pile shaft
so that we can consider the effectiveness of the shaft grouting.

5.2 Measurements of Load and Strain

The strains of concrete along the test pile shaft were recorded during the loads applied
at the pile head and presented in Fig. 6. In general, the load versus strain curves are
relatively linear.

The maximum measured strains measured at the gage level SG1 are about 220
and 300 e at the load increments of 2400 tons and 3200 tons in cycles 1 and 2,
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Fig. 6 Load versus strain 3300
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respectively. It is likely that these strains are enough to evaluate the stiffness of the
test pile.
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5.3 Axial Stiffness Analysis of the Test Pile

In a reinforced concrete structure, the material’s elastic modulus (E) is a function of
stress and strain. If the pile is considered as a column member under axial compres-
sion load, the slope of the load (P) versus strain (¢) curve will represent the axial
stiffness (EA) of the pile during the elastic period. However, a pile in the ground
is not the same as a column member because the pile head load will be gradually
reduced versus depth due to the presence of shaft resistance between the pile and
the soil. Therefore, before the shaft resistance between the pile and the soil is fully
mobilized, the slope of the load versus strain curve will be less than the slope of
the column for the same dimension. In other words, the stiffness (AE) of the pile is
greater than that of the column for the same load and dimension due to the presence
of the soil resistance surrounding the pile. To estimate the load distribution along the
depth of the pile, the following Eq. 1 will be used to estimate the stiffness (AE) of
the pile.

O’iIPi/AIE.Si—>P,'=A.E.8,' (1)

Here, o; and ¢; are normal stress and strain at the ith cross-section of the pile,
respectively; P; is the ith applied load; A is the cross-sectional area of the pile; E is
the elastic modulus of the pile material.

Fellenius [11] proposed a method to determine the elastic stiffness of a pile, which
is called the tangent modulus method or the incremental stiffness method. When the
relative movement between the pile and the soil is large enough to maximize the
shaft friction between the soil and the pile, then the entire additional compressive
load acting on the pile will cause axial strain, the relation between the load and strain
is determined by Eq. (2):

AP =E.AAs > EA=AP/As )

Here, AP is incremental load; Ag is incremental strain.

The strain gage SG1 is installed near the pile head, and the influence of the shaft
resistance of the surrounding soils on the measurement data is not significant. Thus,
the measurement data obtained from this strain gage will be used to estimate the
stiffness (EA) of the pile based on Eq. (2) which is provided in Fig. 7. The stiffness
(AE) of the test pile is estimated to be about 80 GN.

5.4 Axial Shaft Resistance

The average shaft resistance of each pile segment is determined based on the
following Eq. (3).
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Fig. 7 Stiffness versus 50
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Here, f; ;1 is the shaft resistance of the pile segment from level ith to level i + 1th;
P; and P;,; are loads measured at the ith to i + 1th strain gage levels; Py is load
imposed on the pile head; A;.;; is the pile shaft area between the ith and i 4+ 1th
strain gage levels.

The calculation results of the average shaft resistance and the load distribution
along the installed pile depth are shown in Fig. 8. From the slopes of the load
distribution curves in Fig. 8, it can be seen clearly that the shaft resistances of the
grouted pile shaft segment from 14 to 30 m (from SG3 to SG6) are significant.

Figure 9 represents the unit shaft resistance versus pile head movement curves.
As can be seen from the diagrams in Fig. 9, the unit shaft resistance curves from
GS3 to GS4 and from GS4 to GSS5 reflect that the shaft resistances have not been
mobilized fully. As opposed to the shaft resistance from GS3 to GSS5, the shaft curve
from GS5 to GS6 indicates the shaft resistance has been mobilized fully for the
maximum applied load level. For the shaft resistance curves from GS6 to GS10, the
shaft resistances have been mobilized fully.

However, the SPT N-value diagram versus depth in Fig. 1 indicates that the SPT
N-values have changed insignificantly from 10 to 40 m depth; meanwhile, from 40
to 50 m depth, the SPT N-values increased linearly versus depth.

Therefore, it is reasonable to evaluate the effectiveness of the grouted shaft if
comparing the grouted shaft resistance measured from GS5 to GS6 with the non-
grouted shaft resistance measured from the strain gage level SG6 to SGS8. This
comparison indicates that the unit shaft resistance of the grouted shaft is about 2.0
times greater than that of the non-grouted shaft without considering the influence of
the vertical effective overburden stresses.

To consider the influence of the vertical effective overburden stress on the shaft
resistance, the beta-method (8) of Bjerrum—Burland (1973) as indicated in Eq. 4 can
be used.
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Here, f; is unit shaft resistance at the ith gage level; B; is lateral resistance coefficient
at the ith gage level; o/ is vertical effective overburden stress at the ith gage level.
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From the measured shaft resistances and the estimated vertical effective over-
burden stresses, the beta-coefficient (8) along the test pile depth was estimated and
presented in Table 1.

From Table 1, the average coefficient 8 of the grouted shaft (SGS5 to SG6) is about
0.48, which is about 2.5 times greater than that of the non-grouted shaft (SG6 to SG8).
It has become clear that if considering the influence of vertical effective overburden

stresses, the effectiveness of the shaft grouting becomes significantly higher.

Table 1 Estimating the beta-coefficient (8)

Gage level Depth (m) Shaft resistance ( f;, kPa) Effective stress (ai’, , kPa) Bi

SG 0-1 43 412 65 0.64
SG 1-2 9.0 30.5 107 0.28
SG 2-3 14.0 36.1 156 0.23
SG 34 19.0 106.6 205 0.52
SG 4-5 24.0 125.4 254 0.49
SG 5-6 29.0 145.1 303 0.48
SG 6-7 34.0 72.2 352 0.20
SG 7-8 39.0 75.9 401 0.19
SG 8-9 44.0 82.8 450 0.18
SG9-10 49.0 90.3 499 0.18




91

Bearing Capacity Assessment of the Instrumented Shaft Grouting ... 303

As mentioned earlier, the shaft grouting technique is applied to increase the contact
area between the pile and surrounding soils. This depends on the permeability coeffi-
cient of the grouted soil. A “rule of thumb” that has been applied to chemical grouting
is that if the soil grain size is more than 20% passes the 200 sieve, the chance of
successfully permeating the soil with any grout is negligible [12].

From the grain size distribution curve of on-site silty sand (SM) at a depth of
about 20 m in Fig. 2, it can be seen that the percent soil grain size passes the 200
sieve is only 18% (less than 20%) and this allows the grouting slurry to enter the soil
more easily.

In addition, Fig. 2 also indicates that the effective particle size D10 is about
0.02 mm, and this results in a permeability coefficient of on-site silty sand about
10~* cm/s [ 12]. This reflects that the on-site silty sands (SM) are moderately groutable
[13].

It should be noted that the coefficient 8 at SG1 is about 0.64, which is greater
significantly than the coefficient § for pile in clay. The research results indicated that
the coefficient 8 for pile in clay ranged from 0.15 to 0.35 [14]. It is likely that the
high coefficient 8 at SG1 is due to the counterweight loads used for the static loading
testing. These counterweight loads were placed on the ground surrounding the test
piles via two supports and preloaded the clay layer at SG1.

6 Discussion

The static loading test results and analysis of this project indicate that the unit shaft
resistance of the grouted shaft is about 2.0 and 2.5 times greater than that of the
non-grouted shaft without and with considering the influence of the vertical effective
overburden stresses, respectively. The grain size distribution curve analysis of the
on-site silty sand indicates a permeability coefficient of about 10~ cm/s, which is
considered moderately groutable.

Prior work has documented the effectiveness of the shaft grouting in improving
the shaft resistance ranging from 1.5 to 3.0 times greater than the non-grouted shaft
in the same soil conditions. However, these studies have not considered the effects
of the fine-grained sizes and the permeability coefficient of the soil for the shaft
grouting.

As discussed earlier, the shaft grouting to improve the shaft resistance depends
on the fine-grained sizes and the permeability coefficient of the soil for the shaft
grouting. For very low permeability sands, the injection rate at permissible pressures
may be so slow that grouting becomes unfeasible.

In general, soils having permeabilities in the range of 10'~107 cm/s are easily
groutable. Soils showing permeabilities in the range of 10~10~* cm/s are moderately
groutable. When the permeability is from 10~ to 107 cm/s, the soil is usually only
marginally groutable and may be ungroutable from a practical point of view. Soils
with permeabilities above 107 cm/s are considered ungroutable [13].
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A preliminary determination of soil permeability and groutability can be made
by measuring the percentage of fines passing a No. 200 sieve. Soils are initially
classified as groutable if they have less than 12% fines, moderately groutable if they
have from 12 to 20% fines, and only marginally groutable for 20 to 25% fines. Sands
are usually considered ungroutable if they have more than about 25% fines [13].

7 Conclusion

The conventionally static load test results of the instrumented shaft grouting barrette
pile have been presented. The following conclusions are drawn from this study’s
results.

The unit shaft resistance of the grouted shaft is about 2.0 times greater than that
of the non-grouted shaft without considering the influence of the vertical effective
overburden stresses.

The unit shaft resistance of the grouted shaft is about 2.5 times greater than that of
the non-grouted shaft if considering the influence of the vertical effective overburden
stresses using method 8.

The permeability coefficient of on-site silty sand is estimated to be about 10~ cm/
s, which indicates the on-site silty sands are moderately groutable.

Shaft grouting technology will become more effective if the permeability coef-
ficient of the on-site soils is greater than or equal to 10~ cm/s or the percentage of
fines passing a No. 200 sieve is less than 20%.

The test results also show the disadvantage of the conventionally static load test
with axial static compressive load because a too-large counterweight load is placed
directly on the ground in the vicinity of the test pile, and this results in a strain
measurement error of the strain gage near the pile head.
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Abslract. A stalie losging {esl program on PHO ples mestalled in proutcd borcholess was
pecformed  evaluale the bearing capacily of PTIC Pile calculated basing on Standards TCWN
10304-2014, TEVIN [ER2Z3-10.2007, and TOVN TRAR-2014. The saoil prafile consists of siivy
sand deposited on fat elay and undetlain by ailoe sand. The followed sol layers are lean clay
and silty sand. The 8d0-mm-diameter PHC pales were installed inside the grvueed sO0-rmin-
denmeter burcholes into about G0-m depeh below the cxisting grades. 248 days after msalling,
prles, the slativ lpadmyr test were conducted. The pile tesd resulis bave showe ihat the ulitnate

capacities of the eyted PIC piles are about 142 to 184% greater than chose caleulated from
Staindards af TN,

Keywords: I'HE piles, Suic Lozding Test, bearing capacity, dovemests, CGrouted Borchol es.
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1. INTRODUC LN

Pretcomiomed spun high strength coocretz piles (PIC) are prodoced by centnijugal
catadiomn, hivve 4 compressive soength of conercte with a evlindrical test prece {50 % 3] mm
nil bess than B WP [} Because the coneroie 1 pre-soessed, this pile s not deformed o
cracked dorimg transpoertabion, erection sod wie, Due o the use of ngh-strength sonerete and
steel, the retonfovcement croms-saction is reduced | the pile weight 15 Light, it iy mure convenicut
ta transport and test, aspecially the quality of €his restressed centrifugal concrate pile iy hemer
comretled. breanse 1t i marafactured 1005 factory, Wi these mary outstanding advaniages,

41
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Pl ]'|ilE foundation iy currently the mend applied to many different tvpes af consbiushm
ween bz 1ty Vicmam waday,

sceically applying this type af pile, i crder 10 immave the load Lapnclr'-.f 1w addution o
designing 10 inercaze the dameter and prolong e length of the pile, the pile 15 built with
arsuted borehels method o1 crosion then pressed to the design depth. With the lead drlling
lechnigque, during the «dnlhng provess, a cordent of ¢ement i85 puXed o the dnllimg aropul,
pomtribiutmg o the improvement of the bearing capacity of the FHC plle. This has led o the
predighan of the pile load eapacity according fu current standards when the desgo has a large
deviadian valuc compared with the ficld pile compreasion test resalls [2]. 1o this siudy, using
desipn paramcters, ground s0q) and the test Tesults of siatic testing of PHC piles constructed
with grouted borchole methad Fom the actual projuel in Nhon Binh, Cuy MNhon caty, Bioh
Dvimh provinee 1o cooduet accwmulating single pile axial load eapacity according to surment
Vielnamese standards, 2nd at the same 1ime analyezed with static 1esl cesulls of single pile and
pround cotditions, the inital rescarch results serve as a basis for onentaling foc farther
research oo this dssue, in order o lurthes improve (e standard syslem Gor calewletng this
PHO pale foundation in our countey i tha coming tme.

2. THEORETICATL BASIS FOHU FORECASTING 1LOAD CAPACITY OF FHC FILES
CONSTRUCTER BY {CONDUCTIVE DRILLING

The axial load capacity of the pile o generad, PEIC pile m particular is divided e 2
typey, avearding to the marerial and secorling 0 the ground [3]. Similar 0 olher 1ypes al jile
Frmdations, in order to cosure the bearing capacity according o the majenal, the extreme
lozd capacicy will be caleolsted based oo e siength of the pile miterials, specificaliy
sousidering she simullaneous waik. of reintoreement and concrete widy eoethicient of working
cottditions when |hese natanals wouk wnder adverse condilioms. [n tenns of pils load capasity
aecording 1o the pround, designed to cosure the hearing capacity of the bullding ransmitel
dlovwn tarouah the pile ta the ground layers. Curcently, most of the caleulation views ageee £
divide the pile load capacity acenrding o the greund, weleding 2 components. cesistanse do2
g fnetion along ke pile wned compeession resistance al the pile Gp Or w be speatic, the
longitudinal fetion resistance camponet is the jot component of te ground around the pile
body ansing frem past o all of e work load fransmutied along the pile. The pile tip
resistance component -5 e pressure of the ground undar campression at the op of the mle
generated Tey the remeining par of Ihe work Joad transmnited down ta the pile tip.

Tn thas studsy, the main problem i w par malnly oo ebe pule load cepacily aceordimg 1o the
toundation soif sad the e struciwe wa the thooretical basis of [otecasting he mle load
capacicy curently mamly appled according to TCVI 10304-2014, TCWNL1E23 2017 and
TCVTTBRE- 20114,

The extreme load capacity of the pil= inchudes the rtal exteeane shear resistance bobacen
the sl and the pile body on the side of the pile, together wich the extrome sodl support al The
{ip uf the pilc

Qu=u) fohtA43, - (1)
According 1o TOVH FI3H-ZD] 4 15 determined as follows

g = (N e oy ) . 1)

17
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wheres &% Ny for cocthicient of soi1l Towd capacicy vader the pile up; q'p for effechve
pwassure pl eoating at pale tip elavation; ¢ for nore-drainimg cobesion of the sonl (aver at 1he up
of the mle; A Pile ip area.

Avcrage resistance strength on piles can be determined ay follows;

For cobesiee soil, the average smcngth of the resstance an pil2s i ghe 1th laver can be
iletermined by the maethod o, according to the formula:

f-=fwu. 3

wherg.ew, fn non-drainage resistance strength of Thn: " z01l laver; o for cocfficicnt dopends
o the characlenséics af the soil laver on the adhesive L-lj.- ge, tha Prpe of pile and the method of
lowenng the pile, conzabidatiaon of the soil durng consirection and the method of delemmiing
the 01l &y

For loose sol, the averaze strength of the 1esistance on the pile bidy i the " 5ol [aver:
So = ke s ted : (4)

where & Tor coefhivient of sl hoozontal pressure on the prle, depending on che type of pile
(driving, pressng) oo replacement prle (bored pile or bamretel, &% for average vertical
cifeclive normal siress o e "1™ sodl Buyer, & fgr friclion angle heteeen 1he ground and the
pilz.

Mceanwhile at the standard TCWN E1823-10.2017 The pesnissihle loud capacity of the
pides pecording to the zround 13 determined v the fonoula:

The reteal surlace unit resistance 15 detenvaved as follows:
T Locwse Janid

Fi=0001% Ne (MEpa) (3]
For stickoy sotl

dom e e (Mpag raj

L]

where: a fot adlicsion cocfficlent depends on ey value (el Cagual & Kepsel).

{I=|:]'='¢u_|:]u'li]|?-ﬂ'u|2J {?:]

"I'II

My Tor number of harmmer for S west coun ot sod loye
unelramel shear sitzngeh of the “r7 s0il 1asyer along the pile.

aloo the e, ey G averige

The noroanal pule tip unil reyistanc: gpois determiced according to Meyerhof's method:

_O3R4NAE,

= (®)

where Al for number of hanmers i the grplcal 5P test near the op of the pile adosted for

e covverng fayver pressue, [ for width or diameter pile (mmi, n"l-. lor Jength of pile
subumersed in the bearing layer fmm);

48
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Lo addeion, n caleulatrg lhe load capacicy of the pile, the design cogineet needs b
celenlate and cheek the PHC pile siructure according o TEWYIN 7338-2014 as fallows:

The coleuwlaled axial compressive mesislance of che pile (%.) s given o pravide
infirmation o the seleciion of pile matenal load during the design and selecoen of suitzble
srnsliaeton 2quiponent.

The axial compressive iesistance caleulated acenrding 1o the pile matenal 1s calewlated by the
foliowing formuola:

. '-._.l‘_‘__

o

.".:-}

ot _Fay g
i _'{3.5 4]- n (%3

where: K, for calenlawed anal compressive cesistance af he mike, NS lor cooss seeuomal ansa

- ] . . . . . . . .
of the pile, mm- e ot cffecave mlemal siress o The coneiede pile, @ T desizn
compressive srenplh ol conerele,

3. PROJECT STMMARY AND GEOLOGHIAL CONDITHINS

J.L Ceeneral informaton of project

The zocial bousimg project of Mbhon Bmd AYard, Gy Nboo City 15 biult oo 8 ot of land
nearly $4k34 w2 The project wicludes 5 umts of -11 floors, fechmieal infrastuciere,
kinderparten, lovw-nse housing arca. Each house unit iy expuivalent 3 grade TF billing.
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himute L. Lovaties of the projee: ang architeotoral lasdseape of vk,
.1, Bile constructon techoolagy
1.1.1. Warking procedure

‘The first, dooll 1 the design depth with spiral auger, the diameter of borehole shall be
1 oo Jarger than PHO dearetat. The slune 2 the hottom of borchale could not be trealed afler
completion al diilling. ext, pull carth awger, rermove some soil culting, ingecting wi-
hardening ceenent skamy through bollow dnlling eod with praper presswre afzer dnlling to
predeterroned depth. Dhring wgection, he auger shall be lower than e cement milk lovel
from O.5m - 1 (i <ese have undeszround water in ke borchole to aveld mex arowc with
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wisterh, Finally, pull oul the earth auger completely, mseiting ihe PHC ple mbo bovebale widh
its oo weight.
3.2.2. Excavatiug soif
Cxcavahng soil from the greund o designed depih by drilling with air compressir
(Figure 2y Thinng constmction, the excavatiog 501l shall be collected by excavator, Borehale
will be kepl &5 vertical dunoge dnlling,
RE Y s

Fraore 2 Fxeavating soil tn desioned depth by double machine.
3. 2.3 Cement milk grouting

Beloie and alter pile-ioserling ine the hole, hardening comen aniie groulng shall be
fillad respactivaly. After excawvition resch k) the designed depth, the coment milk groutws
shall be wjected wite the baehale. Cament milk grouting wil] be mixed at mixing wachine
based on approved i dessgo. Root onilk gouting pesss throwch drilling mod to bottom of
dnlled hele with designed volume. Freed mulk grouting o Te pumped rom op ol borshole
atler ome day, Cement emlk grouting take a role o srengthening bearule capeity al pile tp and
recovenny & rebounding side focten of pile. Cement milk grouting should Te earmplied with
requirement of JRA cnbe The ime for slurmy we get hard approximately 2-4 hours.

3.2.4 [ustalling pile

Atter the Bllme vp eement rndk geouting i3 completeil the PHC pile shaal be installed
mmediakzly o the borehole to the designed depth. Pile shiall be setiled sliswly b sorvice
crane Two perpeodecular verbeal direction will be contralled by mean of plumb-line and
thecdehles woadjust pesition and dirccoon of piles. The vesticality of pule shall be abserved
by theodolites. Telore insiadling the pile. 1he ground shall be made evenly. The flat warking
aroud shall runimize the displavement of pile After installing pile, the coment will aver floaw
on the ground, at the Lime the cement milk will ow te the guoer bad been excivated When
cement milk over flow on the sround, groud wates ingids the borehale will Tie pushed ont wid
arEvitation of comené milk due to gravitanon of cement malk bexvier than grood water, Using
light bles doving pule head uotl fix to the ground and dien wsiose two dircet whick bave been
locazed al the neardisianee @ check vertical of pile head (Figure 3).
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LRI -

2. Suiry Benclian 3

Avger puling up

TrRIGAL WELDING KT
Figwe 3 Photns of pile consmuction [echanlogy.
11.5 Matenal
Hardening, cemenl milk groweng, compressive strength t2st should he camed ol at

laboratory and site (RIS>=20MPa) Dwing mixing, the CONCITIC (smperdilrc should be
maneged cinseantly Parameter mix desian and raw material for pile in 1" is in Tabbe 1.

Cement 13 ¥hkg
YWiater 2110 L
Compraessive scrength 00 katom®

Tahl= 1. Parameter of semenc milk pouring _ _

5l
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FHC pula shall be manolagiocred an oaecordaénce with 1§39 A 3373 lor e valent
VYicimamese codc) s i Table 2.

Tahie 2. Parameter of PHC pile.

DMimeter Class  Eftectlve Tre-  Thickness
{mm) EtT'ess {ehm ]
(MN/'mm?2)
Rl o L] an

F.ﬂmpre'.-:siv“tt
Strength of
Concrete (Nimmaz)

Rl

Allowable
Axial Foree
{touf)
F55

=, el edalogical conditions

Trorn exploeation and revealing dhe fannation of dat unalysiz, site 73m depth withun the
soopee of the foondalion zoul 15 manly consisred of the sloe powder in the zoil, sand sile and
fine sand. According lo ity scdimentary 3, the differences hewwcen the genetic oypes and its
phyaical and mechamcal propertics can be divided o nine engineering geolopy Javer (1)

Clay mixed with roots of plaoe:; (23 summer sand is mixed with a1it, dust, o7

Ay wray, dark

gracy, potous statey(3} Clay, maed orgonic, sund clamp, gray gray, green pray, flowing w
Masticity {4} Crained sand is small mixed with prit, dust, gray-boown, dark aray, medioem
tighr statei(s) Wixed organic clay, clamshell, sand clamgp, gruy-brown, dark pray, soft w
flavsble stare; " TK 1} Medium grain sand, nuixed with shells, gray gray, medium tiht stace; (&)
Finc to coarse-grained san, gray-gray. vellowish-gray, dark-gray in calur, the state is tight in
somc placcs,(TE2) Clay mixed organie, ey browa, dark gray, feorm harl to sofi plastic
slafe{ TEZ) Mud bag muxed with clay {7) Mediom to coarsc srained sand, veilowish gray,
white gray, very tight state; (i} Pebbles mixed with gravelly sand, vollow gray, white pray, the
slate s very Lghl(d) Strong to mediom fractore westhensd granite, reddish-brown, pray-
wiute, The found=tion of the project 18 designed oo PHC piles with diameter Délidom |
conagucted by the proued borchole method with a bosehode diameler of olomm, m
compliance with the instructions n TCWS 72002005,

d, BTATIC LOAD TEST AND ANALYSIS

4.1. Test pile

The tent pile 15 600nun in diameter, &3 dm Jong with the nonbet of three piles, The
corresponding lest pies are Tis1, T2 and TN3 in horeboles from HEL o 11K4 rcﬁpc-:.;[jw;l:,r_
ic shows i ez 3 The proposcd desizn load is 250 tens, he expedmenral oad is 500 1ons
The sl pales are construgied cxtending up to e natrad soil surfaee and twsted as wotlo
piles throughaut theit lenplh Jrom nalural ground.

Thres rook plle stawe lad tesls are respectively far TNL, TH2, and TS The macimem
lt3eaed bt f threee root plles are canduere] according to che S000KM. 1t 12 prezentsd jo Table 3.

Tahle 3 Ma,hamu.,al parumelers ul borehole,

Hole
ik

TTK1

The
sail
(1)
(2]
Y
(4)
(%)

Thickuess SPT - N Huls Tlickness SPT - N
{mnj valug ni, Thesed [(m) value

0.5 . - TTK3 {1 0.6 -

5 b {2] 3.3 3

305 3 {1 234 3

1 [ {4 ] [

8.5 5 (5] 7.3 §

—— i mm———

32
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(6 312 39 (6] 5.3 25
(T2} | 12 (TKZ) 3% 1)
(6 10 30 (4] 2.4 3z
(7 f3 67 {7 5 53
HK2 (1% 03 - NK4 (1] 0.2 -
(23 43 4 (2] Ay 6
(3y 244 3 {3 242 1
T, fd) 1.0 11 {4 14 4
- (53 437 4 (5] 4.2 7
(TK1) 3 7 e AV 16
(%) 1.3 A {3 9.4 17
(7 14 16 {6] 224 g
(%) 14 =11} {7 0.6 =100
(91 1 =140 {4 1.4 =101
of [P e e e
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Oy T T R T g
B T ST Rl T ; ;_.., i
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.................. == .i J— [ —— ;-.._._...... . LI . _TN3 :._ ...-_-
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Fiwore 4. Layual of Llest piles.
4.2, Test load

The determmalion of the ol capaeiiy ol e pile s done gecording o he Vicmamese
standard TCWMN $3%3.2012, the foading process melodes many levels of load, each ino gise
will b 253% O (5o there will be & = W Jevels of losd) Sedlemesol wil] be recorded st 0
mumutes, 15 minules, 50 oinotes, 43 nuooecs, 1 howr, 1.3 hours, 2 hows, 3 howrs, 4 howes, .
Cmly mneresse Towd Lo the nexl level ol the seltlement of the pils bas been stable (zettloment of
tha pile by ar less than &, Tmm within 30 minrucee far sand, &0 minutas far clay).

According to Yielnarmese regulabions, there are 2 cxpeninental corcles 85 foliows:

Cyele 113 frova zero 10 Quuaigs dowm zero 15 wrendad o elaninate te anomalies in e pile
foundztion. '

Ceele 205 fBorn 2er0 Quesen W0 O down zero o callect data s the moust reliable way
apcorling Lo the Asf developrent and i have a hasis o detenning e,

KT
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The workieg luad ol e lest e estoneted by the design wn 15 aboul 25T, The
maximmn rest Joad applied o the pile 15 200% of the design lead, that 13 00T, The
prperimen! wiwsi owell, onder meairom e 1850 pale sehlement of pile top whigk s less than

G0 mm (1%07, with no obvious oeresse subsidence phenomenan, and the test pule bave no
reash the alrimate bearing srate.

4.3, Test resules and analvsis

. The esults of pile stane Tead 1eet gre shown in Table 2 The -5 copve of TR, TH2,
NG oot pile 15 show im Figure 5,

Table 4 Stanic load test resylts

J, Pile name The maximum fest The maximum fest load of
" lozd/ Ton pile tup sctlementimm
TNI 500 19 24
T2 S0 15.61
TMN3 S0 1084

See rom Treure &, when the maximum load Lest s 500 1oos, which indicawes that the Gest
mle setlemaral i slable aloall Tevels af [nads, the O — 5 corve Tnes gre similer with slow
defirmation and noe obvious bending stzep 12ll, and the seftlernent was lass [hun &0 mm,
namely 3 root pile weats did oot ceach the Lunic state, and the ultimate heating, capacity cin e
thonght not less chan 500 tons, which 1e adopte m s paper, w arder o heer forecast the
load scttiement value of angin software software load - - scotlewcot for polvmomazl fitmoe, and
the {illing result 15 shown 1 Figure 2. Fidiog curve equation is ¥ = ax? — by + ¢, whers, a =
Jeofi, h— (0N £ =10 2014 gpd the resulls show thar B2 = 09914, and 1he fitting is good.

n o M0 X0 40 3 Al o L o4 SR P N BT 1 HI1 )

U _
g 0: {7)
. ﬂ...-%h.iz_l
7 % P
] R
T r ° 0
w THL k
13 ;.
-~k N: B
i | ‘ v o 3E Ot D00SE 1 1.2014
1 -D--iNd

n Al = 09516 0

Flaurs 5. Slatu: Joasd rest Joad - sertlamcl.
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S BEARING CAPACITY CALCULATION, COMPARISON AND ANLYSIS

Bazed on geolegical conditivms wnd structural parameters of the tese ple. We can bawe
calcubated beariog capeiry of T1, THNZ? and TH3. Specifically, e beanng capeity of THI
pile iz culowlaled o harcholes HK1 and HEI. While the beanng capeily of TN2 pile is
calemlated W horsholes RS and TN3 pile 35 calculated to boreheles HIK4. Results of
calenlalios @ predict e heiring capacily al the tast piles arc presenied in Table 5.

Tahle 4. Comparison wnd adalveis results.

R
R TEOVN FCVN TCVN
Inind-2anrs 11322 10 2017 TREH-
‘RN KN 4k
(alculaiion N Test!
method s op e )z Op (1] u kN
HEK1 2256 63980 337236 407133 3EION A48]3) H84T
HK 661,19  T0T2R 136447 23TA0 3TIAY 2REDTY  HA6T
1400 3% 533 ) Adea 50 3705 i
HE] 217155 164334 6B6T 3000
k4 232182 A31.0d4 295224 3TTI15 0 310068 408183 6BoY
The sverape 20427574 &6TSR IT16.31 _3_15_"-.52 6150 3514FF GEAT
Tl rane =1.04 <1,42 < {73

We can see fTom the result of comparisen {1} the Tearing capacity of single pils stabc
test determinetd Avcarling i TOWV 93932002 gave the result S000KN. This value 35 | R4
limes greater than the valoe of the bearing capacily forecasted acenodmg o TOVHN 10304:
214, 1.42 times greater than ¢he walue ol feeecasted beaniup capacity accordirg to TV
11823-2017 bul i % .73 vraes preater than the forocast acconding L TV Taka. 1014, {2]
io bl TOWN LU304-2014 and 11823-10. 207, limnit the lateral vesistance of the porcontage
of th ultmale bearing capacily s wreater then the resistanee ratio of the ullmate end, whicl
shows Lt e enzineering PHC pipe piles for fcion piles mechanically are mainly
connnazed of pile side resisfance. (3} the heaomg, capaciy of pile appreach V3% of the
material bearing capacity af the pile. This ean be cxplamed by (e Tacl 1har when constoceting
the PITC pale with grouted borchole methad, by mixing a guantity ol cement fito the drilling
orowr, the pile bady [riciion wod the pile ty ressstance have been sigoificantly improved. The
drilling flwd mexed with the coment milk increases the conlact belwsen the pile and the
wicrumd, which significantly improves the lead capacicy of the PHIC pile, and it also rainforees
the zoil aromnd the pile. %o, 1t helps vs to better expion the beanng espacity ol the pule
aceanding o the matenial condifion of the PHC pils

f. CONCLUSIONS

The research results of the ulimars bearing capacity of PHC construcied with urouted
hisrehole method ac Mhen Thinh Social TTousing Project, Gy MNhon e, Rinh Db Provinee
show that e actua’ bearng capacity from the pelz staus tes s muel mgher. comparsd with
eatimstes according to eurent TV, fiom 142 to L84 rimes. '
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Under the same eround canditions and desizn load, the FHC axial lnad capacily when
fyrecashing aceording to different comrent Vielamcse standards gives different resalts, the
difference up io 87% 15 very siphificant. )

The results, of this smdy show thar, the cxistence of three interdependenl Viematmese
slandads punding pile Toundalion dozd predichon, especially widh PHC pile foundanon
constructed by grouted barehole method, sl exist dilferences. especially when [orecaslins

- beann g cupacily for design, so i 15 Deeessary to have morc detailed dnd specilie studies w che
S T
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