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PHANTICH cAe BHI TIEU KIN Ti - KV THUAT
CUA CONG NGHE DAM BAN BN LAP GHEP TRONG CAU TREN BUGNG 6 Td

NGUYEN TRONG DONG = T6ng cbrg ty DAu tu phat trién dudng cao téc Vigt Nam
BACH THI DlEP PHUONG - Truong Pai hoc Cong ngné Giao thong Van téi
DAO DUY LAM = Truong Pai hoc Giao thong Van téi

Cong nghé thi cong cdu bang phuong phéap 13p ghép va ban 13p ghép xuat hién & nudc ta tu
nam 1960, va cho dén nay nhiéu loai d4m bé téng cot thép du ing lvc (BTCTDUL) 13p ghép va
bén I8p ghép da ra ddi va dugc &ng dung rdng rai trong xay dung cau nhip ngan va nhip trung
(chiéu dai nhip tr 10 d&n 30 m) nhv dam chit 1, ddm ban réng hodc dam chif T ngugc.

Trong khudn khd nghién ciu @#ng dung cong nghé dam béan ban 13p ghép trong xay dung cau
trén duding o to, nhom tac gia da sir dung phuong phap phan ti hitu han dé mé phong, thiét ké
sd bo ddm ban ban 13p ghép cho ba loai chiéu dai nhip khac nhau (20 m, 25 m, 30 m). Tu dé
danh gia, so sanh céc chi tiéu kinh t& - ky thuat vdi cac loai két cau nhip thdng dung hién nay
nhu ddm chit 1, ddm ban rdng, dam chif T ngugec.

Tir khéa: bé tong, ché tao sdan, dam cau, iing suat trudc.

ANALYSING THE ECONOMIC AND
TECHNICAL EFFICIENCY OF PRECAST,
PRESTRESSED SLAB TECHNOLOGY ON
BRIDGE CONSTRUCTION

Summary

Bridge construction technology by prestressed
concrete I, T girders and prestressed concrete voided
slab appeared in Vietnam since 1960. Up to now,
this technology has been popularly applied in the
construction of short and medium spans.

In this research, the authors have used the finite
element method to model and design the bridge with
3 different spans (20 m, 25 m, 30 m) constructed
by precast prestressed slabs, then compared the
economic technical efficiency with the prestressed
concrete I, T girder and prestressed concrete voided
slab.
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TU cudi thé ky XIX, dau thé ky XX, két cau BTCT da dudc
Ung dung mot cach rong rai trong xay du’ng cau G nhiéu
quéc gia trén thé gidi. V6i su phat trién cla khoa hoc va
cong nghé, den nay, nhiéu céng nghe hién dai trong linh vuc
xay dung cau BTCT da ra ddi, nhu cong nghé duc h&ng, duc
ddy, lap hang, cau day ving... gilp cho ket clu BTCT c6
kha nang vuct nhip khong thua kém két ciu thép. Tuy vay,
V@i tiéu chi giém thiu chi phi cling nhu rat ngan thai gian
thi cdng, cac két cau 1p ghép va ban I&p ghép van dugc sl
dung mot cach rong rai. Vi du, tai Cong hoa Phap, cac dam
BTCTDUL mat cét ngang chi |, chtr T van dugc ling dung
phé bién cho xay dung cac cau khau do nhé hoac trung, cau
vugt qua dudng cao toc [1, 2]. 0 trong nuéc, cong nghé thi
cong cau bang phuong phap Iap ghép va ban Iap ghép bat
d4u xudt hién ti ndm 1960, phd bién véi cac dam mat cét
chii T, chi I. Giai doan tii nam 1992 dén _nay, nhiéu cong
nghé tién tién cla thé gidi da dugc chuyen giao vao nudc
ta. DOi VGi cong nghé thi cong cau bang phuong phap lap
ghep va ban Iap ghep, ndi bat nhat la cdng nghé dam ‘Super

T (chuyén giao tif Dy an xay dung cau My Thuan). D&n nay,
cac cau dam Super T v6i nhip 1&n dén 40 m da dugc ling
dung mot cach rong rai trong cac cong trinh cau tai Viét Nam
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va la sy lya chon hang dau khi xay dung cac cong trinh ¢
yéu cau giam thiéu thai gian thi cong cling nhu chi phi xay
l&p. Tuy nhién, chiéu cao k&t cdu cla dam Super T hay
cac dam T, dam | kha I6n [1]. D&i vGi cau nhip ngan va
nhip trung (chiéu dai nhip tii 10 dén 25 m), nhiéu loai dam
ban BTCTDUL I&p ghép va ban 1&p ghép c6 chiéu cao két
céu tuong ddi thdp dugc ting dung rong rai, nhu dam ban
rébng hodc ddm T ngugc. Trong giai doan khai thac, két
cu nhip clia hai loai dam néu trén c6 hinh dang nhu ban
déng nhat nhung néu phan tich s6 do lam viéc clia dam
ban réng va ddm T ngudc thi ta thdy lién két ngang gitia
cac dam chi dugc thyc hién thong qua bé téng clia ban
maét cau. Vi vay, tai trong tac dung Ién két cdu nhip dugc
phan bd xuéng mot nhom dam chi khong phan bé cho ca
hé dam, dan dén khong khai thac hét kha nang lam viéc
clia tat ca cac dam. Bé khéc phuc nhugc diém trén, dam
ban ban 1ap ghép da dugc nghién ctiu bé tri cét thép chd
lién két theo phuong ngang gilip ting kha nang truyén luc
gilia cac dam. Qua do, sau khi bé tdng ban mét cau dat
cuong do thiét k&, két cau nhip sé lam viéc nhu mot dam
ban déng nhét, lam giam chiéu cao két cau nhip [3].

Doi tuong va phuong phap nghién ciiu

Trong khudn khé clia nghién cliu nay, nhém tac gia st
dung phuang phap phan ti hiiu han, thdng qua céac phan
mém phan tich k&t cAu nhu SCIA Engineer hay Sofistik
dé xéac dinh ndi lyc trong cac dam, tu dé thiét k& cac két
c&u nhip ddm ban ban 1&p ghép c6 khdu do vugt nhip
khac nhau. Uu thé cla phuong phap phan ti hiiu han
la c6 thé Gng dung cho bat ky dang két c&u hinh hoc
nao, cling nhu hau hét cac dang tai trong. Phuong phap
phan td hitu han dugc coi 1a phuong phap hiéu qua nhat
hién nay dé gidi cac bai toan co hoc vat rdn méi trudng
lién tuc ndi chung va trong phan tich két cau cong trinh
néi riéng. Cac budc tinh toan két cau bang phuong phap
phan ti hiiu han gém: chia lugi phan t& hiiu han; chon
ham chuyén vi; tinh toan ma tran dé clng phan ti (va
cac ma tran khac lién quan, néu co) trong hé toa do dia
phuadng; thiét lap ma tran do cling cla toan bd két cau
(va cac ma tran khac lién quan, néu co); thiét 1ap ma tran
vécto trong nut; thiét 1ap phuong trinh can bang; x0 Iy
cac diéu kién bién; giai hé phudng trinh; tinh toan ndi luc,
chuyén vi trong céc phan t.

Tu phan tich ndi lyc trong cac dam, két cu nhip cau
dam ban ban lap ghép sé dudc tién hanh thiét ké cho
c4c cau don nhip, chiéu rong cau 12,50 m véi cac khau
dd nhip tuong tng la 20 m, 25 m va 30 m. Mat cat ngang
két cau nhip dugc thé hién & hinh 1. Tai trong tinh toan
la doan xe HL93. K&t c&u nhip gém hai bd phan chinh la
céac dam ban BTCTDUL duc s&n va phan bé tong ban
mat c4u dé tai chd. Khi bé tong ban mat c4u dat cudng
dd tinh toan, két cau nhip 1am viéc nhu mot dam ban dic
doéng nhat [3].
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Hinh 1: mat cdt ngang dién hinh két cdu nhip
Trong giai doan thi céng, Ging suét trudc trong cac
phién dam dugc tinh toan va bé tri dé chiu md men uén
doc gay ra béi tai trong ban than dam ciing nhu tinh tai
clia bé tdng ban mat cau (hinh 2).
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Hinh 2: mé hinh két cdu nhip trong giai doan thi céng

Trong giai doan khai thac, mat cat lam viéc la mat cat
lién hgp gilia d&m béan va bé tong ban mat cAu dé tai cho.
Ung suét trudc tinh cho mat cét lién hop phai di dé chiu
mo6 men udn doc do tai trong ban than, tinh tai va hoat tai
gay ra (hinh 3).
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Hinh 3: mé hinh két cdu nhip trong giai doan khai thac

Céc dai thép chd (ky hiéu s6 1 trong hinh 4) dudc bd
tri trong d&m dé chiu mé men uén ngang. Do c6 lién két
ngang, khi bé tdng ban méat cau dat cudng do két cau
nhip 1am viéc nhu mot ban dong nhéat. Ngoai luc tac dung
lén két cdu nhip dudc truyén cho ca ban méit cau chu
khong cho mot vai dam don 1€, khién cho ndi luc trong cac
dam giam di so véi trudng hgp cac dam chi dugc lién két
ngang thong qua ban mat cau.
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Hinh 4: bé tri c6t thép lién két ngang gida cac dam
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Pé phan tich viéc giam noi IL_Ic‘trong cac dam khi tang
cuong lién két ngang gidia cac dam, ta xay dung hai mo
hinh két c&u nhip:

- M6 hinh thii nhét (hinh 5): cac dam T ngudc dugc lién
két ngang vG6i nhau thong qua ban mat cau. Noi luc trong
cac dam & day dugc xac dinh bang dudng anh hudng,
theo m6 hinh hé thanh.

Hinh 5: mé hinh ddm T nguoc

- Mb hinh thi hai (hinh 6): cac dam ban ban lap ghép
dugc lién két ngang véi nhau khdng chi théng qua ban
mét cAu ma con dudc b tri ting cudng c6t thép chd theo
phuong ngang, gilp tang cudng kha nang chdng uén theo
phudng ngang. Ndi luc trong cac dam & day dugc xac
dinh theo mo hinh ban ké trén cac goi.

1%

Hinh 6: mé hinh ddm ban ban Idp ghép

Tai trong th{ nghiém sé la mét xe tai cia doan xe
HL93 dat tai gilia nhip. Tu dé xac dinh ndi lyc trong cac
dam dudi tac dung cla tai trong nay.

Pé so sanh, danh gia hiéu qua kinh t& gitia ddm ban
ban 1ap ghép v6i mot s6 loai dam khac phd bién trén thi
trudng nhu dam |, ddm ban rdng va dam T ngugc, nhém
tac gia ti€n hanh phan tich bang cach lap gia thanh (dan
gid) du todn clia cac loai dam néu trén tai mot dia phuong
gia dinh. Ap gia cudc van chuyén, bao gia cla dia phudng
vé nhan cong, vé vat liéu vao khdi lugng cac vat liéu nhu
bé téng, cap du (ng luc, neo, 6ng gen, cbt thép thudng,
thép ban (lam vén khudn).. dé c6 dugc gia tri khai toan
suat dau tu cho mdt m? mat cau doi véi méi loai ddm khéc
nhau. TU dé, so sanh gia thanh xay lap gitia cac loai két
cdu nhip.

Két qua va ban luan
Tu két qua phan tich ndi lyc trong cac dam bang
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phuong phap phan ti hiiu han, két cau nhip cau dam ban
ban 1ap ghep sé dugc ti€n hanh thiét k& cho cac cau don
nhip, chiéu rong cau 12,50 m véi céc khdu do nhip tucng
tng 1a 20, 25 va 30 m. Gdc xién cla cau la 90°, I6p bé tdng
nhya mat cau day 70 mm. Tai trong tinh toan 1a doan xe
HL93. DAm ban ché tao san 1a cac ddm BTCTDUL thi cong
béng phudng phap cing trudc. C6t thép du tng luc 1a loai
7 sdi, duong kinh 15,2 mm, cudng dod chiu kéo fp =1.860
MPa, mé dun dan hoéi E, = 197.000 MPa. Cét thép thudng
c6 gidi han chay 420 MPa, m6 dun dan hoi E_ = 200.000
MPa. Bé tong st dung cho dam la bé tong cap 50. B& tong
st dung dé thi cong ban mat cau 1a bé téng cap 30.

Véi mdi chiéu dai k&t cdu nhip, mat cat ngang
cla cac dam va két cdu nhip tuong ting nhu sau:
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Hinh 7: mat cat ngang dién hinh két cu nhijp
(vi du cho khdu dé 20 m)
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Hinh 8: mat cdt ngang cla ddm chi va dam bién

Bang 1: ddc trung hinh hoc cla ddm chd va dam bién

Déc trung hinh hoc ‘ a ‘ b ‘ h ‘ d ‘ ‘ Bs ‘ Bt ‘ Bb
Nhip khdu d6 20 m

Dam chii (mm) 200 | 410 | 610 | 100 1.060 | 660 | 1.060

Dam bién (mm) 150 | 860 | 660 | 860
Nhip khéu do 25 m

Dam chli (mm) 200 | 590 | 790 | 100 1.060 | 660 | 1.060

DAm bién (mm) 150 860 | 660 | oo
Nhip khau d6 30 m

Dam chii (mm) 200 | 900 | 1.100 | 100 1.060 | 660 | 1.060

Dam bién (mm) 150 | 860 | 660 | 860
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100(®) . = @ - Nhip khau dé 30 m:
R - adaas e _ , Matcit | Mitcat
e @ : ] ®\-—l\ E -+ 7 . Cac ddc trung tai mat cat gidia nhip Ky hiéu nduyén lién hop Pon vj
| E | 3 ek j(: . 4] L-jﬁ Dam chd
] C— _} “"* 1 " T j}*‘ Dién tich mét cat ngang dam A 0,7400 | 1,1660 | m?
‘,A,‘E:..:..::‘ _]AP r : = {@'m M6 men quan tinh qua t’ruc trung hoa I 0,0390 | 0,1092 m¢
i w o 1603(5) L) L M6 men tinh clia mat cat thé dudi Sb 0,1460 | 0,2138 m®
»=® Mo men tinh clia méit cét th trén S, 01227 | 02138 | m°
Hinh 9: bd' tri ¢t thép va cdp du ting luc trong dam Bé tong 24,15 m°
, Khéi lugng cét thép thudng 1.282,64 - kg
- Nhjp khau d¢ 20 m: Khdi Iugng c6t thép DUL loai 15,2 mm 1.236,71 - kg
Cac dic trung tai mat cét gidia nhip Ky hiéu rga:;:r: I'i\g?\tr?;:) Don vi Dién fich mat cét ngang dam Dém ble: 0715 0.946 o
Dam chu M men quén tinh qua truc trung hoa | 0,0298 | 10,0583 m*
Dién tich mat cét ngang dam A 0,4826 | 0,7526 m? M men tinh clia mét cat thd dudi S, 0,1280 | 0,1734 | m?
M6 men quén tinh qua tryc trung hoa | 0,0297 | 0,0705 m* M6 men tinh clia mét cat thé trén ) 0,1180 | 0,1734 mé
M men inh clia mét cat th¢ dudi S, 0,0574 | 0,0891 m? Bé tong 23,40 m’
M6 men tinh clia mat cit thé trén S, 0,0459 | 0,0891 me Khéi lugng cdt thép thudng 1.251,79 kg
BG tong 9,63 o Khdi lugng c6t thép DUL loai 15,2 mm 1.072,40 kg
Khai lugng c6t thép thudng 764,388 kg Ty |é tudng quan gilia chiéu cao két c&u nhip (tinh ca ban
Khdi lugng cét thép DUL loai 15,2 mm 551,74 kg mét cu) va chiéu dai vugt nhip cla dadm ban ban 1ap ghép
D4m bién vao khoang h/L = 1/28. Trong khi do, ty 1& néu trén cla cac
Dién tich mét cét ngang dém A 04576 | 06106 | m dam |, ddm ban rdng, ddm T ngugc Ian Iugt vao khoang 1/18,
M men quén tinh qua tryc trung hoa | 0,0204 | 0,0376 m# 1/24 va 1,/23 [4] Nguyén nhan chinh ‘Cﬁa su khéClbiét néy |,é.
MG men tinh clia mat ct thé dusi s, 00494 | 00723 | me do lién ket theo phuing ngang clia dam ban ban lap ghép tot
M6 men tinh clia mat cAt thé trén S, 0,0449 | 0,0723 me hci,n Ca,c daljn if,hac’ ,kh'eA‘n Ch? $0 ,do Lam V'?C 0 giai doan khaA|
2 g v - tr]ac cua ke} cau n[]!p qamA ban,bannlllap ghep }uong tu’nhu mo
- —— hinh ban dong nhat ké trén cac gbi. Két qua phéan tich dudi
Khoi lugng cot thép thudng 703,79 kg déy Sé minh Chl:l'ng ChO dlé‘u néy
Khai ligng c6t thép DUL loai 15,2 mm 497,35 kg N R A .
- Noi lyc trong cac dam T ngudc cua mot cau don nhip,
- Nhip kh&u d6 25 m: rong 12,5 m, khau do 25 m, dudi tac dung tai trong mot xe téi
) ) trong doan xe HL93 dat tai gilia nhip: gia tri md men I6n nhat
Céc dic trung tai mit cat giiia nhip Ky hiéu r::;:r: I’i\gitlfg:) Don vi la Mmax = 432,64 KN.m
Dam chl \
Dién tich mét c&t ngang dém A 06014 | 09434 | m? ==
M men quan tinh qua tryc trung hoa | 0,0340 | 0,0883 m*
M men tinh clia mat cat thg dudi S, 0,0939 | 0,1399 m?
M6 men finh clia méit ct thd trén S, 0,0770 | 0,1399 | m* Hinh 10: néi lc trong két cdu nhjp ddm T ngugc
— dudi tai trong doan xe HL93
Bé tong 15,01 m?
Khdi lugng cdt thép thuéng 990,65 kg - N&i lyc trong cac dam ban ban 1&p ghép clia mot cau
Kh6i lugng c6t thép DUL loai 15,2 mm 840,38 kg don nhip, rong 12,5 m, khdu do 25 m, dudi tac dung tai
Dam bién trong mot xe tai trong doan xe HL93 dat tai gitia nhip: gia
Dién tich mat cat ngang dém A 0,5764 | 10,7654 m? tri md men Ign nhat la Mmax = 295,52 KN.m
Md men quén tinh qua tryc trung hoa | 0,0247 | 0,0472 m#
M6 men tinh clia mat cat thd dudi S, 0,0814 | 0,1135 m3
Mb men tinh clia mat cat thd trén S, 0,0744 | 0,1135 m?
Bé tong 14,39 m? \
Knéi lugng c6t thép thudng 920,00 kg - SE——— . ]
Kndi Iuong o6t thép DUL loai 15,2 mm 754.90 kg Hinh 11: néi luc trong két cdu nhip dam ban ban lap ghép
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K&t qua phan tich cho thdy, véi cing diéu kién vé tai
trong, chiéu rdng cau, chiéu dai vugt nhip, noi luc trong
céc dam T ngugc I6n han khoang 31% so vdi ndi luc trong
céc dam ban ban 1ap ghép. Ngoai cac chi tiéu vé ky thuat
thi chi tiéu kinh t& 1a chi tiéu quan trong dé lya chon loai
két cdu nhip. Do khéng c6 di thdng tin cho tat ca cac
khdu dd nén & day ta chi ti€én hanh so sanh, danh gia
hiéu qua kinh t& clia dam ban ban I1&p ghép véi mot s
loai ddm khac phd bién trén thi tridng nhu dam |, dam
ban réng va dam T ngugc véi mot vai khu do nhat dinh,
thong qua téng khéi lugng bé téng, cét thép, cap du tng
lyc d& xay dung k&t c&u nhip phan trén clia mot cay cau
[5, 6]. TU d6 so sanh sudt dau tu trén mot mét vudng cau
clia ting loai d4m va cho tiing kh&u dé vugt nhip. K&t qua
thé hién & bang 2.

Béng 2: so sanh chi tiéu kinh t& - ky thuét gida cac dam

Vi cdc khdu dé nhip khdc nhau

Chiéu cao [Khi lugng|Khai lugng c6t| Khoi lugng |  Suat dau
Loai ddm kétcdu | béténg | thépthudng | cap DUL tu/m?
nhip (m) | (m?) (kg) (kg) (trigu VND)
Khdu d vugt nhip 20 m
Dé&m ban réng 0,85 225,32 27.274,19 6.189,15 5.893.562
Dam |
T ngugc 0,93 112,72 12.259,82 5.097,95 5.647.196
D&mbanbanldpghép| 071 | 14260 | 11.989.89 | 651214 | 5.732.080
Khau d vugt nhip 25 m
D&m bén rdng - - - - -
Dam | 1,65 159,4 36.599,63 3.941,90 5.339.646
T ngugc 1,08 150,75 15.390,02 7.161,00 5.871.217
D&m ban ban 1&p ghép| 0,89 255,88 15.615,89 9.913,63 7.532.421
Khau d6 vugt nhip 30 m
D&m bén réng - - - - -
Dam | 1,85 215,80 40.455,61 7.390,13 5.701.451
T ngugc 1,28 178,28 19.368,07 9.295,19 6.256.417
Dambanbén lip ghép| 1,20 | 414,00 | 20.37801 | 14.511,87 | 8.032.657

Vi khdu d6 vugt nhip 20 m, khéi lugng bé tong toan
bo k&t c&u nhip phan trén clia ddm ban ban Iap ghép
it hon so v6i ddm ban réng va nhinh hon so véi dam T
ngudc. Tuy nhién, khéi lugng cot thép thudng it hon so
v6i ddm T ngugc. Diéu do dan dén gia thanh cla dam
ban ban Iap ghép, ddm ban rdng va dam T ngugc la xap
xi nhu nhau. Chiéu cao k&t cdu nhip clia dam ban ban 1&p
ghép béng 84% so vGi dam ban rdng va 76% so véi dam
T ngugc.

V6i khdu do vugt nhip 25 va 30 m, khéi lugng bé tong
toan bo k&t c&u nhip phan trén clia dam ban ban 1&p ghép
I6n hon ti 1,7 dén 2,3 lan so v6i dam | va dam T ngudc.
Khoi lugng c6t thép thudng nhinh hon mét it so véi dam
T ngudc nhung chi bang khodng 50% so vé6i dam |. Khdi
lugng cap du Ging luc nhiéu hon tir 1,3 dén 1,5 lan so Vi
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dam T ngudc va tir 2 dén 2,5 lan so véi dam |. Véi khau
dd vugt nhip 25 m, chiéu cao két cdu nhip ctia dam ban
ban 1&p ghép bang 54% so véi dam | va 82% so v6i dam
T ngugc. Cac ty |é tuong tng nay véi khdu dé vugt nhip
30 m la 65 va 94%. Diéu dé cho thay, vdi chiéu dai nhip
cang I6n gia thanh clia dam ban ban lap ghép cang cao
han so vGi cac dam T ngugc va dam |, dong thdi lgi thé vé
sy thanh méanh cla két cdu nhip cling giam di. Tu phan
tich trén, ta thay dam ban ban 1&p ghép phat huy hiéu qua
kinh t€ - ky thuat cao nhat khi chiéu dai két cau nhip tir 20
m trG xuéng.

Két luan
:

Qua phan tich so d6 lam viéc ta thdy rang, k&t c&u nhip
c&u thanh tif cac dam ban ban lap ghép lam viéc nhu mot
ban déng nhét & giai doan khai thac do dugc tang cudng
lién két ngang. Vi vay chiéu cao két cdu nhip cla cong
nghé dam ban ban I&p ghép tuong déng nhu cla cong
nghé ban dé tai chd (ty 1& h/L = 1/28) trong khi thdi gian
thi cdng dudgc rut ngan rat nhiéu, chi tuong duong nhu thai
gian thi cong két cau nhip dam I, ddm ban réng hay dam T
ngudc. Qua do thay rang, loai k&t c&u nhip nay rat phu hgp
VGi cac cong trinh c6 yéu cau khat khe vé tinh khong ciing
nhu tién do thi cong. TU so sanh cac chi tiéu kinh té - ky
thuat clia cong nghé dam ban ban Iap ghép véi cac cong
nghé khac phd bién trén thj trudng nhu dam ban réng,
dam | hay dam T ngugc, ta thdy réng, ddm ban ban lap
ghép c6 kha nang vugt nhip dén 30 m nhung hiéu qua kinh
té - ky thuat phat huy cao nhét khi chiéu dai két cau nhip
xung quanh 20 m. Trong tuong lai, dé tang cudng hon nita
hiéu qua kinh t€ clia cong nghé dam ban ban 1ap ghép,
dinh hudng nghién cliu sé |a giam tai trong ban than dam
bang cach tao cac 16 rong trong than dam «
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