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TGM TAT

Cang trinh cdu Phat Tich bac qua song Budng, tinh Bac Ninh duge
thiet k& dang vom - day cép treo vai két cdu dac biet vom chéo
trén mat béng, nang di hé mat cdu bang bé tang cdt thép du ing
lwc (BTCT DUL). Do yéu céu vé kién tric, my quan nén cac vom
duge thigt k& vai ty |8 chidu cao/chiéu dai nhip rat lon dan tai
nhitng kha khan, phirc tap trong thigt k& va cang nghé xay dung.
(lua trinh trién khai thi cong xay dung céu da phai phan tich so
sanh nhiéu phuong an cang nghé khac nhau dé chon ra phurong an
kha thi, dam bao chi tigu kinh t&-ky thuat va an toan. Bai bao gidi
thieu qué trinh phan tich, lya chon cang nghé va mat sd ni dung
tinh toan chi yéu & budc thigt ke thi cang cho viéc xay dung céu
Phat Tich.

Tir khda: Cau vam - day cép treo; ddm bé tang cat thép dur ing
lc; phén tich lra chon cong nghg xay dung; tinh toan céng trinh
phu tam phyc vy thi cang.

ABSSTRACT

The Phat Tich bridge across the Duong River in Bac Ninh Vietnam is
designed in the form of an arch - hanging cables with a special structure
of diagonal arches on the ground, supporting the bridge deck system with
pre-stressed reinforced concrete (PC). Due to architectural and
aesthetic requirements, the bridge arch was designed with a high height
ratio, leading to difficulties and complications in design and construction
technology. During the bridge construction process, many different
technological options had to be analyzed and compared to choose a
feasible option, ensuring economic-technical and safety criteria. The
article introduces the process of analysis, technology selection and some
main calculation contents in the design and construction step for the
construction of Phat Tich bridge.

Keywords: Arch bridge - suspension cables; prestressed reinforced
concrete beams; analysis and selection of construction technology;
calculation of temporary auxiliary works for construction.

1. GIGI THIEU CHUNG

Cau Phat Tich - Pai Bong Thanh (cdu Phat Tich) bac qua
sdng Puéng, xay dung & tinh Bac Ninh, cau chinh gém 5 nhip
cau vom cé so dé (67,5+90+120+90+67,5)m. Cac vom bdng
thép mat cat hinh hop, t8 hgp han lién két v6i hé mat cau dang
dam hop BTCT DUL chiéu cao 2,5m bang cac day céap treo.
Diém dac biét vé mat két cau cau Phat Tich thé hién & 2 yéu té:

i) cadc vom cau tao dang Elip co6 ty 1é chiéu cao tén vom (H.)
/chiéu dai nhip (L.) 1an lugt 1a: 40/67,5; 51/90 va 67/120; ii) tim
vom trén méi nhip ¢6 ciu tao chéo ti thugng Iuu sang ha luu
so v&i mat bang cda nhip cau (hinh 1); iii) cac day cap treo lién
két vom véi dam mat cdu budc phai bé tri nghiéng va diém neo
han ché& & khu vuc gitta ddm dé dam bao tinh khéng théng xe
trén cau theo Tiéu chuan thiét ké.

Bang 1: Thong s6 ky thuat chl yéu va Tiéu chudn thiét ké cau Phat Tich

Théng s6 ky thuat Pon vi (m) Tiéu chuin thiét ké Ma hiéu
Bé rong toan bé 22,50 Tiéu chuan thiét ké cau TCVN 11823:2017; AASHTO LRFD 2007
Phan dudng xe chay 16,00 Tiéu chuan thiét ké chéng dong dat TCVN 9386:2012
Dai phan cach gitta 2,50
budng ngudi di bd 2x1,75 Tiéu chuan tai trong va cac tac dong TCVN 2737:1995
Lan can 2x0,5
Chiéu cao tinh khéng théng xe 4,75 Tiéu chuin tinh todn co ngét va tu | CEB-FIB Model 1990
trén cau bién
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Hinh 1. So d6 tong thé va mét béng cla cau vom Phat Tich

Vat liéu vom dung loai thép A709M Grade 345; bé téng dam
hép C45; day cap treo dung loai bé sgi song song, dudng kinh sgi
don 7mm theo tiéu chuan Tiéu chuan JSS I1-6. Cac théng s6 ky
thuat chi yéu va cac Tiéu chudn ky thuat chinh ap dung dé thiét ké
cau ghi trong bang 1.

2. PHAN TiCH LUA CHON CONG NGHE THI CONG XAY
DUNG CAU

2.1. Bdc diém cdu tao va dia hinh thi céng

Hinh 1 chiéu cao vom thép tinh dén tim cta nhip chinh L=120
1a 67,00m. Téng chiéu cao tu day séng (vi tri sdu nhat dén dinh
vom udc khodng 104,774 m). Mat bang vi tri cau vugt séng & doan
song that hep, bai séng dia chat yéu, dé sau ctia muc nudc thi
céng 20,591m. C4 thé thdy viéc xay dung cau Phat Tich gap kho
khan 16n vé dia hinh, diéu kién thi cdng két cdu bén dudi va ca ly
do két cau dac biét ctia cong trinh.

2.2. Phan tich lua chon céng nghé thi céng chid dao

V@i trinh d6 cong nghé cau tién tién hién c6 & Viét Nam, 2
dinh hudng cong nghé thi cong chd dao dd dugc dua ra xem
xét, phan tich:

+ Phuong an 1: thi cong vom thép trudc, thi cong dam BTCT
DUL sau (goi tat la phuong an “vom trugc-dam sau”)

+ Phuong an 2: thi cong dam BTCT DUL trudc, thi cong vom
thép sau (goi tat la phuong én “dam truéc-vom sau”)

a. Phuong an thi céng vom thép trudc, thi cong dam BTCT
DUL sau: st dung hé da gido thép va can cau chuyén dung dé thi
cdng cac vom thép cla tat ca cac nhip truéc. Dam BTCT DUL c6
dang mat cit hinh hép 4 sudn, chiéu cao khéng ddi bang 2,5m sé
thi cong bang c6ng nghé duc hang can bang, c6 ho trg try tam ma
rong da gido dé thi cong khdi KO tai cac dinh tru va cac bé cap treo
lién két véi vom thép.

+ Uu diém chinh:

- Khong phai xdy dung tru tam trén song & cac khu vuc gila
cac nhip, gidm tinh phuc tap va chi phi, it can tr& théng thuyén,
dam bao an toan giao théng thay tét.

- Cang kéo cac bo cap treo dé dang, dé diéu chinh dam bao d6
chinh xéc clia cao d6 mat cau theo thiét ké.

+ Nhugc diém chinh:

- Thi cong vom thép c6 chiéu cao I6n (khoang 85m so véi
mat séng), kém 8n dinh do tac déng gi6 va tai trong thi cong.

- Bién phap thi cong duc hang cac dét dam BTCT DUL rat
kho thuc hién do cac bo cap treo cé cau tao xién 2 phuong, sé phat
sinh thanh phan luc ngang, dé lam sai léch vi tri cla cac dot dam
BTCT DUL duc hang.

b. Phuang an thi coéng dam BTCT DUL trudc, thi cdng vom thép
sau: thi cdng dam BTCT DUL mét cat hinh hop trudc bang phuong
phap ban hang, két hgp da gido mé rong tru dé thi cong khai KO va
cac tru tam & gitia cac nhip (moi nhip tir 1 dén 2 tru tam). Sau khi
thi cong xong hé dam BTCT DUL sé lap dung da gido trén dinh
dam dé thi cong cac d6t vom thép.

+ Uu diém chinh:

- Gidm chiéu cao thi cong hé vom thép, tan dung mat bang
ban mat ciu trén dinh dam hop BTCT DUL dé Idp dung va neo da
gido lap vom, tang hé sé an toan thi cong.

- Dé dang kiém soat cao d9, vi tri cac khéi duc dam khi thi cong.

+ Nhugc diém chinh:

- Phai xdy dung 10 tru tam trén séng & cac khu vuc gilta cac
nhip.

- Dam hop BTCT DUL sé phai chiu tai trong cta da gido, thiét bi
thi céng, trong lugng ban than cac dét vom, tai trong gio... nén
can co giai phap tang cudng.

- Cang kéo cac bé cap treo khé khan, khé diéu chinh dam bao
d6 chinh xac cla cao d6 mat cau theo thiét ké hon do dam BTCT
DUL lién tuc c6 dd clng chéng udn I6n.
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Hinh 2. Giai doan thi cong vom thép clia phuong an “dam trudc-vom sau”

Méc du phuong an 1 da dugc dua ra lam phuong 4n chon &
giai doan thiét ké chi tiét nhung phan tich trén cho thay c6 du luan
ctrkhoa hoc va thuc té€ dé lua chon lai phuong an 2 lam phuang an
céng nghé chi dao dé thi cong xay dung ciu Phat Tich.

3. TINH TOAN THIET KE TG CHU'C THI CONG THEO PHUONG
AN CHON: DAM TRUGC-VOM SAU

3.1. Cdc vdn dé can quan tdm dua vao tinh todn phuong dn thi céng

Cac van dé chinh can dugc dac biét quan tam gém:

+ Dam bdo cudng do6 va én dinh cla ddm hop BTCT DUL lién
tuc 5 nhip c6 t6ng chiéu dai 435m, mat cit khong déi chiéu cao
H=2,5m. Yéu cau dam bao moi chi tiéu ky thuat va vi tri hinh hoc
theo thiét ké [1].

+ Tinh toan thiét ké hé tru tam phuc vu thi céng ban hang dam
hop BTCT DUL. Yéu cau dam bao cudng dé chiu luc va én dinh, do
Iin dudi muc quy dinh cda Tiéu chudn thi cong cau hién hanh [2].

+ Tinh toan thiét ké hé da gido lap dat cac vom thép trén mat
cau & dinh dam hop. Yéu cau dam bao tuyét déi chinh xac va an
toan.

+ Thiét ké va tinh toan hang muc cang kéo va diéu chinh néi
luc trong cac bé cap treo lién két gitta vom thép va dam hop BTCT
DUL. Yéu cau dam bao luc cang dung thiét ké déng thai diéu chinh
cao dé hinh hoc ciia mat cau phu hop thiét ké.

3.2. Cdc giai phdp céng nghé cht yéu duoc thuc hién

a) Lap trinh tu cac budc thi cong chi tiét d€ phan tich rd mo
hinh va tai trong tich lay 1én bd phan két cdu chinh va bo phan
két cdu phu tam & méi giai doan thi cong. Vi du phan tich cho
thdy dam hop BTCT DUL sé chiu luc bat Igi & giai doan 1ap dat hé
vom thép.

b) St dung phuong phdp PTHH va phan mém tinh toan
chuyén dung Midas-Civil-2019 d&€ mé hinh héa téng thé hé két cau
nhu trén hinh 3 dé phan tich cac bo phan két cdu cau trong sudt
giai doan thi cdng nham dam bao tinh chinh xéac va do tin cay. Mé
hinh tinh toan bao gém ca cac hang muc két cau tam phuc vu thi
céng, sa d6 tinh toan sé thay déi & thai diém kéo cang cac bé cap
treo dé gidi phong day dam ra khoi tru tam.
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Hinh 3. M6 hinh PTHH dung d€ phan tich két cdu phuong én thi cong cau

b) Dam bao an toan chiu luc cho dam hép BTCT DUL khi cé tai
trong da gido dé ldp dat vom thép trén dinh dam dugc thuc hién
bang céc giai phap:

- Gilt nguyén hé théng tru tam thi cong dam dé tang cudng
cho dam trong giai doan chiu tai trong da gido, thiét bi thi céng
trong lugng ban than cac dét vom thép va tai trong gié. Phan tich
cac théng s6 noi luc cda ting bo phan cda hé & tat ca cac bude thi
cong.

- Tang cudng ban ndp hép clia dam tai cac vi tri chan cot cha
da gido lap vom dam bao kha nang chiu luc cuc bé.

- Neo gilr bé phan vom dang thi céng vao dam hép BTCT DUL
va try tam dé dam bao 6n dinh chéng gid va luc tac déng do tai
trong thi céng cac dét vom.

d) Phan tich néi luc, bién dang cac bo phan cda hé két cau hén
hagp gém céc bé phan két cau chinh cta cau va cac bé phan phu
tam & thai diém kéo cang cac bé cép treo dé nang cao do day dam,
giadi phong tru tam, dua két cau cau vé dang so do thiét ké mét
céach an toan.

4. MO HINH VA TINH TOAN BO PHAN KET CAU CHINH VA
KET CAU PHU TAM G GIAI DOAN THI CONG

4.1. Phan tich va té hop tdi trong tinh todn & giai doan thi céng
4.1.1 Tai trong va hé sé tai trong thi céng: ghi trong bang 2
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Bang 2: Tai trong va hé sé tai trong cho tai trong thi céng

TT Tai trong - ki hiéu Hé s6 tai trong Cach tinh Tieu chudn tham
TTGHCD TTGHSD chiéu
1 Tai trong ban than két cau dam BTCT DUL no 1,10 1,00 Phan mém ty dong | -TCVN 11823:2017
2 Tai trong ban than két cau da gido va tru tam 1,10 1,00 tinh toan -TCVN 11815:2017
3 Tai trong cac dét vom thép 1,10 1,00 -AASHTO LRFD -
4 | Ngudi va thiét bi thi céng n3 1,30 1,00 Theo thuc té 2007
5 Tai trong gié na 1,00 1,00 Theo TC

4.1.2.Tri s6 tai trong thi cong ap dung cho du dn cau Phat Tich

- Tai trong ban than hé da gido dugc tu dong tinh toan bang
phan mém

- Tai trong cac d6t vom thép dugc |y la tai trong dai déu theo
dudng dudi vom (T/m)

- Tai trong ngudi va thiét bi thi cong: gic = 0,2 T/m?

- Tai trong gid

+ Tai trong gié ngang (Tac dung theo phuang ngang cau)

Gi4 tri thanh phan tinh cla tai trong gi6 tiéu chudn gw" tac
dung thang goc vai bé mat tinh toan cla cac congtrinh phu trg thi
céng va dugc tinh theo cong thic tham chiéu Muc 5.16 [2]:

qu = qo.k.c (T/m?) M

Tham chiéu bang 5.7 cuta [2] véi viing B ¢6 tai trong gid tac
dung lén két cau coi nhu la phan bé déu va tinh theo cong thuc:

guw=@. qo.k.c.b (T/m) (2)

Trong dé:

go- ap luc gi6 dong lay theo ving B bang 5.7 TCVN 11815:2017
qge= 0,095 T/m?

k - hé s6 xét dén su thay d6i ap luc gié dong theo chiéu cao,
bang 5.8 [2]

¢ - hé sé khi déng luc 1dy theo bang 5.9 [2]

b - bé rong chan gio tinh toan cda két cau (m)

¢ - hé sé chiét giam

+ Tai trong gié doc (Tac dung theo phuong doc cau)

Luc gi6 doc dugc ldy bang 60% luc gié ngang tuong tng theo
chidan & muc5.17 [2]:

gw' =0,6.9. go.k.c.b (T/m)

4.2. Kiém todn dam BTCT DUL & giai doan thi céng

DéE dam bao an toan, can kiém toan ndi luc trong cac mat cat
bat loi clia dam & tat ca cac budc thi cong va xét tat ca cac yéu to
tadc déng nhu da gido thi cong, tai trong cac dét dam thép, tai
trong ngudi va thiét bj thi céng, tai trong gio, chénh léch nhiét
do...

3)

Bang 3: K&t qua kiém toan dam BTCT DUL & giai doan thi cong vom thép

Tri s6 Gilta nhip Pinh tru Gilta nhip Pinh truy Gilta nhip Pinh try Gilta nhip Pinh try Gilta nhip
Mémen P18-19 19 P19-20 20 P20-21 21 P21-22 22 P22-23
(kN.m)
Mic 68890 -160500 71090 -194444 110045 -194444 716520 - 69700 60849
[Mi] 187600 -488916 201580 -576687 250965 -576687 198750 -488680 186700

Két qua kiém toan gii thiéu trén bang 3, biéu d6 mé men do
tai trong thi cong giai doan hoan thanh 13p dat vom thép gii thiéu
trén hinh 5: gid tri m6 men duong Mmax=110045, 5 kN.m < [M/] =
248000 kN.m va mdé am -Mmax= -194 444 kN.m < [M/]= - 415692

kN.m cho thay két cdu nhip dam BTCT DUL dam bao an toan dudi
tac dung cuda tai trong thi cong I6n nhat véi su hé trg clia cac tru
tam dé lai phuc vu thi cdng cac vom thép.

Hexiwum 1185455

Projeot: PHAT TIOH BRIDOE
FCH 87, 5+90-1 20-00+E7. SH

Puathorr Bamtley Sywtews Mo men wen Lrong dem chu brong giel doan Lhl cong Ho i
Ruwul Les Wi seoordery locsl  normal
FmSet: Mu-STAGE 5t 25-7. Losd casss 1000

ager
Thi cong wem thap 120w Lanm T
(Delaul tSohedul #) Ha~FTROEZS-T

1 cm PFlot = 24751. 3 kbm
I L1

Hinh 4. Biéu d6 md men udn cia dam dam BTCT DUL dui tac dung ctia tai trong ban than va téi trong thi cdng 6 thai diém I3p déit xong hé vom thép (chua théo da gido [3p vom)
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DO tin cay va an toan két cau con dugc cling c6 bang viéc bo tri
céc diém do (ng suit trén mat cit ngang dam BTCT DUL nhu gi6i
thiéu trén hinh 5.
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Exlm 3 tng st F-B1 Ehiden da dng suld F-B Ol 80 i sult B2
Hinh 5. B4 tri diém do ting suat trén mat cit ngang dam BTCT DUL & giai doan thi cong
4.2. Tinh todn try tam va hé da gido Idp vom
Pé dat dugc muc tiéu kién trac da st dung phuong an dam co
chiéu cao mat cat khong déi Ha = 2,5m. Vi ty 1& chiéu cao nhé, &
giai doan khai thac dam sé lam viéc véi so do tua trén cac tru chinh
va nang dé béi cac day cap treo lién két gitia dam va vom thép. O

6 gidi thiéu két qua phan tich chi tiét tai trong tac dong cho cac bd
phan két cau lién quan & giai doan thi cong dét thar 04 cla két cau
vom thép trén nhip 120m.

Kiém toan két cdu hé da gido 13p vom thép cho nhip P20 - P21
(120m):

+ Kiém toan cudng do bo phan két cau da gido theo cong thuc:

max — Mmax + Nmax S [R] (4)
W, F
- Gia trj Uing suat I6n nhat & giai doan thi cong:
— Omax = 1453.44 kg/cm?= 145,34 MPa < [R]= 168 MPa — OK
+ Kiém toan chuyén vi bd phan két cdu da gido theo cong thuc:
Vinax < [Vep] (5)
Bang 4: K&t qua kiém toan chuyén vi da gido I3p dam trén nhip
P20-P21 (120m)

o

giai doan thi cong, khi chua l&p dat cac day cép treo dam sé tua I Kkt i Chu®n v Kim b v, (mem) | Chy?a vj che phip Irgl ()| e tra
trén cac géi trén tru chinh va cac tru tam vi vay can luu y dén kha T ‘ ’T:": m‘_"!m {m.h,':‘.nu "m_"lm e
nang chiu lyc ctia try tam. ) BT T T — 5 | ok
Céc tru tam va hé da gido phuc vu lap cling dugc mé hinh héa
va tinh toan theo phuong phap PTHH bang phan mém Midas Civil
-2019 & tat ca cac giai doan va thai diém thi cong bét Igi. Trén hinh
Bang 5: Chuyén vi clia vom thép va ctia ddm BTCT DUL tai cac diém do sau khi hoan thanh cang kéo cac bé cap treo lan thi nhat.
Lan cang kéo thu nhat- Loat 8
Chuyén vi theo phuang diing ctia vom thép (mm) Chuyén vi theo phuang diing ciladdm  BTCT DUL (mm)
Nhip Diém Ly Thucté | Saisé Biéu d6 Diém |lythuyét | Thucté | Saisé Biéu do
do thuyét do
Vi +4 +7 +3 e+ D1 +1 +1 0
o~ V2 +2 -1 -3 . D2 0 2 2
s §
LIS V3 -28 -27 +1 2 D3 =5 -4 +1
a e V4 2 0 +2 0 D4 -10 13 3
V5 0 +6 +6 fj D5 -2 2 0
V6 +5 +10 +5 D6 -4 0 +4
L - V7 +3 +11 +8 D7 -17 -16 +1
3§ V8 -38 38 0 D8 +2 +2 0
e - V9 +1 +4 +3 D9 -15 -19 -4
V10 +3 +5 +2 D10 -3 -1 +2 o¢
Vi1 +11 +11 0 2 D11 -8 -14 -6 h
§ € V12 +1 -7 -8 D12 -1 -23 -12
8' 8 V13 -59 -60 -1 D13 +29 +12 -17
o6 = V14 +2 -7 -9 D14 -1 -14 -3
V15 +11 +16 +5 D15 -8 -10 -2
V16 +3 +4 +1 D16 -3 +7 +10
N~ V17 -1 +2 +3 D17 -15 -12 +3
; § V18 -42 -45 -3 D18 +1 +10 +9
o V19 0 +5 +5 D19 -16 -14 +2
V20 +4 +9 +5 D20 -4 0 +4
V21 0 0 0 D21 -2 +2 +4
Y £ V22 -1 -16 -15 D22 -10 -9 +1
& a v23 -27 -30 -3 D23 -6 -5 +1
AR V24 +3 -2 -5 D24 0 3 3
V25 +4 +7 +3 D25 +1 0 -1
chuyén vi tinh toan ly thuyét ~ =—#=— chuyén vi do dac thuc té
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Hinh 6. Két qua tinh todn try tam va da gido Iap vom thép nhip 120m theo giai doan thi cing

4.3. Tinh todn kiém sodt néi luc va bién dang cta vom thép & giai
doan thi cong

Giai doan cdng kéo cac cap treo dé truyén luc gitta ddm va vom
thép la budc thi cong cé tinh “nhay cdm” cao. Giap phap céng
nghé ap dung la tinh toan chi tiét ndi luc, chuyén vi clia cac bd
phan két cau lién quan, dac biét la d6i vsi vom thép do luc cang
kéo léch tam c6 thé gay xodn mat cit ngang ctia vom.Trén béang 5
cho thay su so sanh giira két qua tinh toan ly thuyét va do dac thuc
té€ cla céac cao do6, va chuyén vi cGa cac vom thép va dam BTCT
DUL & cac mat cat L/8; L/4 va L/2 vdi sai s6 nhé trong gidi han cho
phép.

4. KET LUAN VA KIEN NGHI

+ Bai toan thiét ké t6 chuic thi cong cau Phat Tich 1a mot dién
hinh vé tinh phuic tap va muc dé kho khan trong trudng hop thi
coéng coéng trinh cau cé dang két cau dac biét-vom thép chéo cé ty
I& chiéu cao vom dac biét I6n. Céng nghé duc hang hién dai da
dugc két hop hai hda véi cdng nghé thi cong trén tru tam dugc ap
dung trong du an nay da thé hién hiéu qua vuot troi d€ dam bao
tinh kha thi, chat lugng, tién do va an toan trong qua trinh thi
cong.

+ Viéc phan tich lya chon ding cong nghé, phuong an thi
céng chi dao, cac giadi phép thi cong chi tiét va ky thuat xay dung
mo hinh phan tich két cau trong giai doan thi cong c6 vai tro quyét
dinh. Kinh nghiém cla du an xay dung cau Phat Tich da cho thay
su can thiét phai tach bach chi tiét cac giai doan thi cong dé c6 co
s& xay dung mé hinh tinh toan thiét ké cac cong trinh phu tam phu
hop, ddm bdo an toan.

+ M6 hinh PTHH va phan mém tinh toan chuyén dung Midas-
Civil - 2019 da thé hién rd kha nang phan tich két ciu chinh xac,
dam bao d6 tin cay, két qua tinh toan va dugc kiém chiing bang
cac két qua do dac tai hién trudng cho thay su phu hgp cao.
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