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Tom tit:

Ban lién tuc nhiét 1a mot phan cua ban mat cau ding dé ndi cac dam co nhip gian don. Trong thuc té thiét ké,
ban lién tyc nhiét thong thudong dugc mod phong 1a két cdu dam don vai lién két hai diu ngam cuing nhip tinh
toan la chiéu dai phan ban khong dinh bam véi ¢au dam bén dudi. Phuong phap tinh nay c6 thé lam sai léch
moment trong ban lién tuc nhiét dudi tac dung cua hoat tai do @6 léch tam gitra ban mat cau va dam doc, ciing
nhu do twong tac ciia ban lién tuc nhiét 1én dau dam théng qua Iép dém ngan dinh bam ban lién tuc nhiét va
dau dam. Bai bao s& dua ra cac hé s6 diéu chinh moment khi ding so d6 dam don dé xét céc yéu t6 trén thong
qua md hinh phan tit hitu han. Tt d6 gitip k¥ su thiét ké ban lién tuc nhiét chinh x4c hon.

Tir khoa: Ban lién tuc nhiét ; phan tir hiru han; phan ban khéng dinh bam; tuong tac dam va ban lién tuc nhiét;
moment udn.

Abstract:

Link slab is the portion of bridge deck that connects two adjacent simply-supported girders. In the practical
design of link slabs, the determination of their internal forces is based on the single-beam model in which the
clear span is the length of deboned link slab on top of beams. It can lead to detune moments of link slabs due
to the eccentricity of link slab and girders, and the interaction between link slab and girders through the
deboned layer. In this paper, a numerical analysis model is established based on finite element method to
investigate moment performance of link slabs. Then, moment modification factors for link slab with single
beam models are suggested to allow engineers to make better decisions on the detailing of link slabs.

Keywords: Link slab; finite element method; deboned slab; slab link-girder interation; bending moment.

1. Gigi thiéu ngang lién khdi va lién tuc ban mat cau bé tong cdt
thép hay con goi la lién tuc nhiét. Trong do, viéc sur
dung khe co gidn c6 nhiéu nhuoc diém: Céc khe co
gian thuong bi bong bat trong qua trinh khai théc,
tao ra nhitng xung kich lén khi xe ¢o Iuu thong tai
Ccéc vi tri nay. Trong qua trinh khai thac nudc ro ri
gay hu hong két cau bén dudi. Do vay, vé mat lau
dai phuong an dung khe co gian lam ting chi phi
duy tu bao dudng ciing nhu chat lugng khai thac,
tudi tho cong trinh cau. Giai phap sir dung ban lién
tuc nhiét duoc nhiéu nudce ap dung vi ¢6 nhiing hiéu
qué sau: Bam bao lién tuc két ciu o duong, tao ém
thuan cho phuong tién Iuu thong; bao vé két cau

Viéc s dung nhiing cdu kién duc sin trong cac
cong trinh xay dung ngay cang duoc phd bién boi
chding ¢6 nhiéu wu diém ndi bat nhu dam bao chat
lwong bé tong céc cau kién Ip ghép, san xuat hang
loat theo module dé giam gia thanh va dic biét la thi
cong nhanh. D6 14 1y do cac cong nghé thi cong lap
ghép duoc phat trién lién tuc va pham vi ang dung
luén dugc maé rong trong cdng trinh cau. Vai cau
nhiéu nhip duoc 1am tir cac dam bé tong cét thép
ché tao trudce, khu vie dinh tru 6 thé ding cac hinh
thirc lién két nhu str dung khe co gidn, lién tuc dam
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phan dudi tranh bj hu hong do nudéc ro ri; thi cong
dé dang va nhanh chong, giam chi phi duy tu bao
dudng. Tuy nhién, tir tinh toan ly thuyét dén thuc
thyc té sir dung, cho thay ban lién tuc nhiét chiu lyc
kéo udn rat 16n do nhiéu tic nhan giy ra nhu xoay
dau dam boi hoat tai trén két ciu nhip, thay di nhiét
do, cac anh huong tha cap vi co ngét, tir bién. .. tao
nén mot hé két ciu 1am viéc kha phuc tap va kho
kiém soét. Mot trong cac nghién ctru dau tién vé loai
két cau duoc tién hanh boi Gido su Caner [1], tac
gia thyc hién céc thir nghiém trén mau thi nghiém
dé diéu traing xur ciia ban lién tuc nhiét dung dé noi
hai nhip dam gian don lién ké nhau va dé xuat mot
phuong phéap don gian dé tinh toan két cau ban lién
tuc nhiét. Tac gia minh hoa ba vi du tinh toan trong
bai bao, qua d6 két luan rang ban lién tuc nhiét bi
udn cong va tng xir nhu mot phan tir dim hon 1a
phan ttr chiu kéo, nén. Duéi tai thi nghiém, ban lién
tuc nhiét bi pha hoai do udn dong thoi véi cac vét
nit von xuat hién & mat trén va nén va mat dudi.

Wing va Kowalsky [2] cting da nghién ctru hiéu
qua ctia cau co sir dung ban lién tuc nhiét dau tién &
North Carolina théng qua viéc st dung cac thiét bi
do tir xa ciing véi hang loat cac phuong phap kiém
tra va phan tich. Két qua quan sat chi ra rang cac vét
nit trong ban lién tuc nhiét vuot qua cac tiéu chi
thiét ké. Cudi cling, tac gia dé& xuat mot trang thai
gi6i han ma ham luong ¢t thép (duong kinh va sb
luong) duoc thiét ké dua trén goc quay va bé rong
vét nut.

Nhin chung, trong hau hét tinh toén ban lién tyuc
nhiét, so d0 tinh ctia né dugc xem nhu dai ban lam
viéc theo phuong doc cau, va c6 thé cat mot don vi
chiéu dai theo phuong ngang cau dé tinh toan. Xem
dai ban nay nhu mét dam Iam viéc theo so do hai
dau ngam c6 chiéu dai tinh toan bang chiéu dai ban
lién tuc nhiét. Pay la phuong phap dang dugc su
dung phd bién hién nay.
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Phuong phap tinh toan ban lién tuc nhiét duéi tac
dung caa hoat tai nhu trén thuong phai xem dam va
san 1a hai cu kién doc lap dé truyén. Bo qua sy
twong tac gitta dau dam va ban lién tuc nhiét. Trong
trudng hop tai trong dit trén két cau nhip s& lam
vong dam chinh, qua do phat sinh goc xoay dau
dam. Chuyén vi xoay cua dau dam bj ngn can boi
ban lién tuc nhiét, vira 1am giam Gng suat phat sinh
tai mat cat ngam, vira lam phét sinh wng suat cuc b
tai vi tri dau dam bi ngan bai ban lién tuc nhiét.

Viéc don gian hda gilp cho viéc tinh toan nhanh
hon phl hop véi ki su lam thiét ké trong thuc té.
Tuy nhién két qua tinh toan chwra phan anh dang sy
lam viéc cua ban lién tuc nhiét. Van dé dit ra ¢ day
1a can nghién ctu xay dung mot hé sb diéu chinh
ndi lee don gian nhat dé két qua tinh toan dién ta
dung thyc té 1am viéc cua ban lién tyc nhiét dudi tac
dung cua hoat tai. Bai bao dua ra mé hinh mé phong
céc phan tir dam chinh, ban mat cau, ban lién tuc
nhiét va tim cao su ban lién tuc nhiét, trong mé hinh
6 xét dén dic tinh vat lidu cu thé (vat lidu bé tong
cbt thép, cao su). Md phong céc lién két rang budc,
lién két tiép x(ic gitra cac phan tir phui hop theo thuc
té 1am viéc ciia két cdu. Thay doi cac thong sé dau
vao md hinh dé khao sét sy anh huong cua chiing
dén quéa trinh 1am viéc cua ban lién tuc nhiét. So
sanh két qua md hinh véi md hinh dam don. Cubi
cling xay dung hé sé diéu chinh noi luc do hoat tai
dat trén két cau nhip.

2. Tinh toan ni luc trong ban lién tuc nhiét
theo phwong phap dam don dwéi tac dung caa
hoat tai trén két ciu nhip

Trong trudng hop dat tai trong 18n két cau nhip thi
ban lién tuc nhiét s& c6 cac chuyén vi cudng buc tai
mat cat tiép néi gitra ban lién tuc nhiét va ban dam,
c6 nghia 1a: Bé qua twong tac cua cac dam Ién ban
lién tuc nhiét va xem goc xoay & dau dam chinh 1a
tai mat cat ngam cua ban lién tuc nhiét. So do tinh
dugc thé hién nhu hinh 1.
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Hinh 1. So @6 tong quat tinh ban lién tuc nhiét dudi tac dung cua tai trong dat trén két cau nhip.

Lis: Chiéu dai ban lién tuc nhiét;

Ers: Module dan hoi ban lién tuc nhiét;

Jis: Moment quén tinh caa ban lién tuc nhiét;

Cq: Khoang ho giita hai dau dam.
Khi d6, goc xoay tai dau dam bén trai va bén phai
caa ban lién tuc nhiét dugc xac dinh nhu sau [3]:
P xL} P xL M

b, =—"— i PP —
" 16xE, xJ, 16x E, x J,

R =
Chuyén vi thang dung tai mat cat ngam coa ban

lién tuc nhiét:
-C

LS

Y:

L

g xg; Y, =

Tir 46, moment tai Vi tri mat cat ngam trai duoc
xac dinh nhu sau:

- BB )
LLS LLS

Moment tai vi tri mat cit ngam phai:
M, = 2x 0t {MYR W 2ugra | @

LLS LLS i
Moment tai vi tri gitra nhip:
E.xJ s X J
M M ( ¢R > x ¢|_ (5)
I‘LS LLS
Trong do:

PL: Tai trong hoat tai tuong dwong trén dam
chinh;

Lg: Chiéu dai tinh toan dam chinh;
Es: Module dan hdi ciia dam chinh;

Js: Moment quan tinh ctia dam chinh;
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Dua vao céc cong thic tir (1) dén (5), cac noi luc
trong ban lién tuc nhiét dudi tAc dung cua hoat tai
trén két cau nhip ¢ thé duoc xac dinh.

3. Tinh toan ngi luc trong ban lién tuc nhiét
theo phwong phap phan tir hitu han

Str dung phan mém Abaqus d& md phong, phan tich
su lam viéc cua ban lién tuc nhiét trong do co su
dung phan tt tiép xac dé mod phong lién két gitra 16p
ngan cach vai ban lién tuc nhiét va dau dam. Mo
hinh ma sat Coulomb 12 md hinh ma sét pho bién
duoc sir dung dé mo ta tuong tac giita cac mat tiép
xuc [4]. Khai niém cia md hinh Coulomb co ban la
méi quan hé giira (g suat ma sét (cat) I6n nhét cho
phép thdng qua mat lién kiét véi ap luc giira cac bo
phan tiép xuc. Trong mo hinh co ban ciia md hinh
ma sat Coulomb, hai mit tiép xdc c6 thé truyén @ng
suat cit 1&n nhau véi do 16n nhit dinh trudc khi
chiing truot twong ddi v6i nhau, trang thai nay la
trang thai dinh bam. M6 hinh ma sat Coulomb dinh
nghia mién gidi han tng suat cat, tai d6 cac mat bat
dau truot nhu hinh 2, trong d6: 1, ova 7 lan luot 12
hé s6 ma sét, tng suat phap va Gng suit tiép tai mat
tiép x(c.
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Hinh 2. Vung dinh bdm trong mé hinh ma sat
Coulomb co ban.
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Hinh 3. M6 hinh md phong hoan chinh két cau ban lién tuc nhiét.

Mo hinh dugc phan tich theo dim don va lién hop
gitra ban mat cau voi dam doc dudi tc dung cua
hoat tai nhur hinh 3. M@ hinh phan tir hitu han trén
cling da duoc danh gia do chinh xéac so vai két qua
thuc nghiém trong [5].

4. Xay dwng cac mé hinh tinh toan dé xac dinh
hé sé hiéu chinh moment do hoat tai

Bai ¢6 su khac nhau vé noi luc gitra md hinh dam
don va md hinh phan tir hitu han nén bai bao dua ra
hé sb diéu chinh | duoc dinh nghia nhu sau:

S M

33,FEM 33,FEM
S M

33,sIB 33,s1B

(6)

Trong d6: Sssrem VA Masrem lan luot 14 Gmg suat
va moment dugc xac dinh tir mé hinh phan tir hiru
han; Ssssie V& Massis lan luot 1a ung sudt va
moment duoc xac dinh tir md hinh dam don.

Dua vao cac phuong trinh tir (1) d&én (5) c6 thé
thdy rang: Ba yéu té chinh anh huong dén noi lyc
trong ban lién tuc nhiét dudi tac dung caa hoat tai la
kich thudc dam chinh; khoang céch tir tim géi dén
dau dam va chiéu dai ban lién tuc nhiét.

Nham mé ta quy luat bién thién day da cua noi
lyc trong ban lién tuc nhiét theo cac truong hop phd
bién & thiét ké, bai bao chia thanh ba nhém mé hinh,
v6i mdi nhom gitr khoang cach tir tim gbi dén dau
dam khong d6i va thay doi hai tham sé chiéu dai
ban lién tuc nhiét va loai dim chinh. Ba nhém mé
hinh dugc phan tich cu thé nhu sau:
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Nhém moé hinh 1 (MH1)

e Khoang cach tir gbi dén dau dam Ag = 150
mm;

e Chiéu dai ban lién tyc nhiét thay ddi Lis= [
2.0; 2.2; 2.4] (m);

e Loai dam chinh khao sat: [11 2.50 m; 11 5.20
m; 11 8.60 m; 12 1.40 m; 12 4.54 m; 12 7.40 m; 13
0.50 m; 13 6.60 m];

Nhém moé hinh 2 (MH2)

e Khoang cach tir gbi dén dau dam Ag = 250
mm;

e Chiéu dai ban lién tyc nhiét thay ddi Lis= [
2.0; 2.2; 2.4] (m);

e Loai dam chinh khao sét: [I1 2.50 m; 11 5.20
m; 11 8.60 m; 12 1.40 m; 12 4.54 m; 12 7.40 m; 13
0.50 m; 13 6.60 m].

Nhém mé hinh 3 (MH 3)

e Khoang cach tir gbi dén dau dam Ag = 300
mm;

e Chiéu dai ban lién tuc nhiét thay doi Lis= [
2.0; 2.2; 2.4] (m);

e Loai dim chinh khao sét: [I1 2.50 m; 11 5.20
m; 11 8.60 m; 12 1.40 m; 12 4.54 m; 12 7.40 m; 13
0.50 m; 13 6.60 m].

Do 16n cua gia tri tai trong dat trén két ciu nhip
khong anh huong nhiéu dén hé s6 diéu chinh va dé
thién vé an toan bai bao sir dung Pmax (Gid tri luc ma
chuyén vi ciia ddm chinh dat L/800) dé tinh toén va
mo phong. Két qua phan tich cac trudng hop trén
dugc thé hién nhu hinh 4 dén hinh 15. Trén mai
hinh gom cd: Truc tung thé hién hé s6 K, truc hoanh
2 cac loai dam khao sét va bang gia tri hé s K tir
cbng thuc (6).
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Hinh 7. Biéu db hé s6 K tai mit cit gitra nhip cho MH1 véi truong hop tai tinh toan dit trén ca hai nhip
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Hinh 9. Biéu db hé s6 K tai mat cét giita nhip cho MH2 véi truong hop tai tinh toan dit tai nhip tréi.
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270 -
230 1 /'..I}\ \\.. . .A§.;:/.// s\\\._./'/"
e // \\\ lf \{/ \‘/

Hé S

2.10 1 Y
_./.// \\'\,/ ///
1.90 - J.l/ \'\:/
170 - i/ )

/

i
1.50

112.50 | 115.20 | I18.60 | 121.40 | 124.54 | 127.40 | 130.50 | I133.00 | I36.60
—k =L=2.0m| 1.62 2.33 1.70 2.38 2.13 2.38 2.35 2.16 | 2.37
—8 - [=22m| 1.72 2.49 1.81 2.40 2.24 2.49 2.46 226 | 2.46
— - [=2.4m| 1.83 2.59 1.91 2.62 2.34 2.60 2.56 2.36 | 2.56

Hinh 11. Biéu d6 hé sé K tai mat cit giira nhip cho MH2 véi truong hop tai tinh toan dat trén ca hai nhip.
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112.50 | 115.20 | 118.60 | 121.40 | 124.54 | 127.40 | 130.50 | 133.00 | 136.60
— -L=2.0m| -12.76 | -16.93 | -14.01 | -25.23 | -16.75 | -19.10 | -19.38 | -17.81 | -19.05
—m - 1=22m| 2.83 | 435 | 2.62 | -6.69 | 3.60 | -5.00 | 5.03 | 458 | 4.98
— - 1=24m| 211 | -2.72 | -2.05 | -3.18 | -2.76 | -3.21 | -326 | -3.14 | -3.24

Hinh 12. Biéu d6 hé sb K tai mat cit ngam cho MH3 véi truong hop tai tinh toan dit tai nhip trai.
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— -L=2.0m| 2.01 | 2.96 | 2.17 | 3.07 | 2.75 | 3.03 | 3.01 | 2.74 | 2.99
—m - L=22m| 212 | 313 | 230 | 322 | 2.88 | 3.17 | 3.15 | 2.88 | 3.13
—e - L=2.4m| 2.25 | 3.26 | 241 | 3.36 | 2.99 | 330 | 328 | 3.01 | 3.27

Hinh 13. Biéu d6 hé sb K tai mat cét giita nhip cho MH3 véi trudng hop tai tinh toan dit tai nhip tréi.
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%0 112,50 [ 115.20 | 118.60 | 121.40 | 124.54 | 127.40 | 130.50 | 133.00 | 136.60
— -L=2.0m| 010 | -027 | -0.11 | -036 | -0.19 | -0.28 | -0.27 | -0.19 [ -0.27
—& - L=22m| -0.17 | -0.29 | -0.12 | -0.41 | -0.18 | -0.33 | -0.31 | -0.24 | -0.31
—+ - L=2.4m| -0.21 | -0.38 | -0.19 | -0.45 | -0.29 | -0.39 | -0.38 | -0.29 | -0.37

Hinh 14. Biéu d6 hé sb K tai mat cat ngam cho MH3 véi truong hop tai tinh toan dit tai trén ca hai nhip.

2.80 -
260 -
I f,'\ / SR A
A N\ NN
2.40 1\ yi \ ‘, /_.__\\' P
= | ! \ // \ = N 7/
% 220 l/ / \ B \‘/ N/
= S\
1! s
2.00 - / N
i ¥
1.80 + ¢ \u/
d/ X
o0 44
140 1750 [ 115.20 | 118.60 | 12140 | 124.54 | 127.40 | 130.50 | 133.00 | 136.60
—a -1=2.0m| 1.61 | 2.33 | 1.70 | 2.45 | 2.12 | 238 | 2.35 | 2.14 | 2.35
—m - 1=22m| 170 | 2.47 | 181 | 2.58 | 2.24 | 250 | 2.46 | 2.26 | 2.46
—e - L=2.4m| 1.82 | 2.59 | 191 | 270 | 2.33 | 2.60 | 2.56 | 2.36 | 2.56

Hinh 15. Biéu d6 hé sb K tai mat cit giira nhip cho MH3 véi truong hop tai tinh toan dt trén ca hai nhip.
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Hé sb didu chinh moment trong tinh toén ban lién tuc nhiét theo so d6 ddm don

Nhin chung, gié tri K thay d6i khé I6n theo chiéu dai
nhip dim chinh va chiéu dai ban lién tuc nhiét. Cac
biéu do tai mat cat ngam, két qua ung suat tir hai
phuong phéap nguoc diu nén gié tri hé s6 K mang
diu “-”. Piéu nay c6 ¥ nghia, hé s6 K tai mat cit
ngam sé& chiét giam noi luc tinh toén trong té hop.

Céc biéu do tai mat cat gitra nhip, két qua tng
Suat tir hai phuong phap cung dau nén gié tri hé sé
K mang dau “+”, cong vai gi tri K luén 16n hon 1.
Piéu ndy co y nghia, K tai mit cit giira nhip s&
khuéch dai noi luc tinh toan. Do 16n gia tri K ting
dan theo chiéu dai ban lién tuc nhiét.

5. Két luan

Nghién ctru da cho thay c6 su khac biét vé noi luc
gitta so' dd tinh ban lién tuc nhiét theo so dd dam
don va mod hinh phan tir hitu han c6 xét sy tuong tac
gitra dam va ban lién tuc nhiét, ciing nhu sy tiép x(ic
qua lép khodng dinh bam gitra ching. Céc gia tri noi
lyc do hoat tai trén két ciu nhip tir cac biéu dd, cho
thay c6 su thay d6i kha Ion gitta mé hinh dam don
va md hinh phan tir hitu han khi thay doi cac tham
sd: Khoang céch hai tim dam, chiéu dai lop dém
ngan cach va loai dam chinh. Tuy nhién, c4c gié tri
ndi luc trong ban lién tuc nhiét do hoat tai trén két
cau nhip dang xét ciing chi la mot trong nhiéu loai
tai trong khac gay ra trong ban lién tuc nhiét nhu
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nhiét do, co ngot, tir bién, hoat tai cuc bo trén ban
lién tuc nhiét... va moment do hoat tai trén két ciu
nhip dang xét chiém khoang 30 - 40% tong moment
trong hau hét cac t6 hop.

Két qua su khac nhau vé noi luc do hoat tai giita
c4c md hinh da dugc xay dung thanh cac biéu db
theo hé sb hiéu chinh K d gitp viéc thiét ké thuc té
tinh toan mét cach don gian va d& st dung khi kiém
toan két cAu ban lién tuc nhiét.
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