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Abstract. Damage occurring at the ends of steel beams in bridge structures is a prevalent
issue that has received significant research attention, focusing on understanding its causes and
proposing appropriate repair and strengthening solutions. In recent times, the use of ultra-
high-performance concrete (UHPC) has become popular and widely applied, prompting
studies on utilizing UHPC to enhance the shear capacity of steel beam ends. However, there is
a scarcity of comprehensive quantitative analyses that evaluate the effectiveness of this
strengthening approach. In this study, the authors present a technical solution that utilizes
UHPC for the repair and strengthening of the shear capacity at the steel beam ends in bridge
structures. Furthermore, the effectiveness of this solution is assessed through the application
of a non-linear analysis method. By investigating the potential of UHPC in addressing this
issue, this research contributes to the existing body of knowledge in the field of bridge
engineering and provides valuable insights for future design and rehabilitation endeavors.
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Tom tat. Hu hong tai dau dam chiju cit trong cau dam thép 1a hu hong rat phd bién va da thu
hat rat nhiéu nghién ciu vé nguyén nhan xuét hién va dé xuat cac giai phap sua chira, ting
cuong phu hop. Trong thoi gian gan day, cing véi viéc xuat hién va &p dung phé bién cua vat
liéu bé tong siéu tinh niang (UHPC), c4c nghién ciu sir dung UHPC dé ting cuong dau dam
thép chiu cat da dwoc quan tam, tuy nhién chwa c6 nhiéu cac nghién ctiu phan tich mot cach
dinh lugng hiéu qua cua giai phap ting cuong. Trong bai bao nay, nhom tac gia dé xuét giai
phap ki thuat sir dung UHPC dé sta chira, tang cuong kha ning khang cit tai dau dam thép
cua cong trinh cau. Bdng thoi, phan tich 1am rd hiéu qua caa giai phap bang phuong phap
phan tich phi tuyén bang sd.

Tur khoa: bé tong siéu tinh nang (UHPC), dam cau thép, sira chira ting cuong kha nang chiu
cat.

© 2023 Truong Dai hoc Giao théng vdn tdi

1. TONG QUAN VE CAC HU HONG VA GIAl PHAP TRUYEN THONG
SUA CHUA, TANG CUONG VUNG CHIU CAT TRONG DAM CAU THEP

Trong két cdu nhip cau dam thép hoac dam thép lién hop, vi tri suon dam & dau nhip (Voi
nhip gian don) va vi tri swon dam trén cac gdi trung gian 1a cac vi tri phai chiu luc cat 16n va
tiém an kha ning bi pha hoai do mot trong hai dang pha hoai chinh 1a phéa hoai vt liéu do
chiu luc cit hoic do mat 6n dinh suon chiu luc cit. Pha hoai do cat dat dugc khi luc cét 1én
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sudn dam vuot qué luc cét gidi han tinh theo cong thic:
V,, =¢C[0,58F,Dt, | (1)

V6i Fy la gioi han chay cia thép 1am suon dam, D Ia chiéu cao swon dam, tw 12 bé day
cua suon dam va C la ti so gitra luc cat gay mat 6n dinh va luc cat gay chay vat liéu thep
suon. Theo tiéu chuan thiét ké cau TCVN 11823-2017 (xem [1]), hé s6 C dugc xac dinh nhu

Sau.
C=1,0 khi —<112 /IE:k (2a)
:—2 kh 1,12 —<—<14o
D (2b)
t,

1,57 Ek
> >140 Ek

(D] F, tw I:y (2c)
t

Vé6i E 1a md-dun dan hoi cua thép suon dam, k = 5 + 5/(do/D)? véi do 1a budc
(khoang céch) gitra hai sudn ting cuong ding. Cong thuc (1) va (2) thé hién co ché phé hoai
ctia sudn dam khi chiu luc cét chiu anh huéng cua tai trong. Bong thoi cho thay anh huong
ctia @6 manh, thé hién thong qua ti s6 D/tw dén luc cat pha hoai cia suon.

Thuc té khi thiét ké, kich thuéc va chat lugng vat liéu thép (thé hién thdng qua gigi han
chay va mo-dun dan hoi) da duoc lua chon dé suon dam dam bao kha nang chiu lyc cit dudi
tac dung cua tai trong. Tuy nhién, van dé xay ra la theo thoi gian khai thac, do tac dung caa
xam thue, kich thudc dam bi suy giam dan dén tiém an nguy co bi pha hoai do lyc cat. Cac
hu hong nay dugc mo ta ¢ hinh 1.

Hu hong do gi

dau dam thép

.’w’n

Hinh 1. Hu hong cuc bo tai ddu dam trén cac gbi trong dam cau thép (NCHRP Report 333 [2]).

Dé sta chira va ting cuong dau dam thép, giai phép sir dung pho qblen la tay sach 9i, ha}n
hoac tap thém ban thép bang dinh tan hoac bu-long cuong d6 cao dé khéi phuc lai két cau
(xem hinh 2).
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Hinh 2. Tang cudng bang thép goc hozc tam thép.

Giai phap stra chira, ting cudng nay da dwoc sir dung rat phd bién, tuy nhién khong ap
dung dugc cho trudng hop bé day con lai cia ban thép mong, khong du dam bao chat lugng
duong han hay lién két biang bu- 16ng. Ngoai ra, gidi phap han, dan thém ban thép téng cuong
dugc kha nang chiu cat cia két cu, nhung khong ting cuong duoc dang ké do cung — va
thong qua do 1a 6n dinh cta suon dam (xem hinh 3).

Hinh 3. Phé hoai do mat 6n dinh suon dam thép khi chiu cat.

Giai phap sira chira nay ciing yéu cau phai ¢6 bién phap ké, chong tam thoi cho dam trong
qua trinh thi cong, dac biét khi can phai cat phan suon dam da bi gi dé han tap. Thuc té cho
thay viéc stra chira theo giai phap truyén théng thuong la tam thoi do khu vie dau dam rat dé
bi gi tro lai dudi tic dong cua xam thuc. Bén canh d6, phan thép co ban khi khéng duoc xt ly
gi mot cach dut diém sé tiép tuc phat trién gi (xem hinh 4), gay suy giam kha ning chiu luc
ctia suon dam ving chiu cat trong khi gay kho khin cho cong tac bao tri.

Vung gi
tiép tuc
phat trién

Hinh 4. Gi tiép tuc phat trién bén trong vi tri dim di duoc tang cuong bang ban thép.
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Trong nhimg nam gan déy, cung voi sy phét trién cua vat liéu bé tong siéu tinh ning, bén
canh giai phéap truyén théng 1a tdp ban thép, nhiéu nhém nghién ciru da phat trién céc giai
phap str dung bé tong siéu tinh ning dé ting cudng kha ning chiu cit caa dam ca vé cuong do
va 6n dinh (xem [10]). Tuy nhién chua c6 nhiéu cic phén tich danh gia bang s6 hiéu qua cua
gial php tang cuong nay, trong bai bao nay, nhom tac gia tién hanh phan tich bang phuong
phap phan tir hiru han dé kiém chirng mue d6 tang cuong cua dam thép bang giai phéap bd
sung bé téng siéu tinh ning tai dau dam, dong thoi véi mot s6 phan tich 1am rd hiéu qua cua

giai phap.

2. MO TA GIAI PHAP TANG CUONG DAM THEP CHIU CAT BANG BE TONG
SIEU TINH NANG

Ké thira triét 1y tang cuong vé siic khang va on dinh dwoc chi ra & cac cong thic (1) va
(2), ¢6 thé thiy rang: d¢ tang cuong sirc khang cat cho dim can phai tang bé day cua suon
dam (tw) hoac giam khodng cach budc cua suon tang cuong (do). Cac giai phap nay déu
hudng dén 2 myc tiéu la tang cuong gia tri cho Ver (luc cit cuc han) hoic ting hé s6 6n dinh
C (trong cdng thirc 2). Bé dat duoc muc tiéu nay, ngoai viéc bd sung sudn ting cuong ding
va ting bé day thép thong qua ban tap, co thé sir dung vat lidu gia cuong bang bé tong lién
hop voi suon thép. Giai phap nhu vay duoc thé hién ¢ hinh 5.

Hinh 5. Giai phap sita chira, ting cuong bang bé téng siéu tinh ning.

Theo @6, vung suon dam chiu hrc cat cuc b (khoang chiéu dai bang D tir gbi) duoc ting
cudng bang bé téng siéu tinh ning co lién hop véi suon dam théng qua neo chéng cit. Do
pham vi hep cua khu vuc ndy, nén viéc bé tri thém céc cbt thép ciu tao Ia khéng thuc su kha
thi, ddng thoi nhu cau tai khu vuc nay 1a vat lidu gia cuong phai c6 kha nang chiu kéo tét, bén
canh kha nang chiu nén cuc bd nén giai phap phu hop nhét 1a sir dung bé tong siéu tinh ning
(bé tdng cbt lieu nho co gia cudong thém soi thép). Cap phdi va tinh chat co hoc caa bé tong
nay da dwoc nghién ctu rat rong rai (xem [3], [4], [5], [6], [7], [8]). Khi d6 giai phép gia
cudng co thé duoc tom tit qua cac budc nhu sau:

- chuén bi bé mat: phun cét 1am sach bé mit dén chi sb Sa2.5;

- _han dat neo vi tri han dinh dugc danh dau, khoang céch giira cac neo 150 mm, cach
mép dam toi thiéu 1a 75 mm, neo chong cat dugc han bang cong nghé plasma;

- lap dat van khuon do bé tong siéu tinh ning dén pham vi tir 1,0 dén 1,25 D tir dau dam
theo phuong ngang, hét chiéu cao suon dam theo phuong ding.

Dé kiém chung hiéu qua cua giai phap tang cuong dam thép lién hop bang bé téng siéu
tinh ning d& xuat ¢ trén, tién hanh phan tich sic khang cat ciia dam lién hop co kich thudc
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nhu & hinh 6 va hinh 7. Cac kich thuéc cu thé nhu sau: ddm c6 chiéu dai 2m, chiéu cao phan
dam thép 1a 225mm (trong d6 sudn dam cao 203mm, ban ddy dudi day 12mm, ban cénh trén
day 10mm), lién hop véi ban BTCT day 55mm, tai vi tri goi c6 suon ting cudng day 8mm
cao hét chiéu cao cuaa suon.

500
55
10 1 I
280
203
12
59 13 59
-
130

Hinh 6. Mat cat ngang dam thép lién hop

65| 935 1 935 |65
2000

Hinh 7. Chiéu dai dam thép lién hop theo phwong doc.

Thép su dung la loai thép cuong do cao, co cuong do chay F, =418MPa, cuong do keo
dut F, =540MPa, bién dang kéo dit &, =0.2, bién dang chay ¢, =0.02 nhu hinh 8. Bé tong
ban mat cau su dung bé tong C40, c6 cudng do chiu nén F. =40MPa, cuong do chiu kéo
3,16MPa.

Eng. stress-strain
True stress-strain

0 0,1 0,2 0,3
.
Hinh 8. Quan hé ung suit bién dang cua vat liéu thép dam.
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Dé tang cuong kha ning chiu cat caa dam, tién hanh gia cudng bang bé tong siéu tinh
nang lién hop véi suon dam thong qua 9 neo lién hop (3x3) trong pham vi hét chiéu cao suon,
chiéu rong theo phuong doc dam bang chiéu cao suon dim (203mm). Bé tong siéu tinh ning
st dung loai c6 cuong d§ f,, =150MPa, cuong do chiu kéo fy = 7MPa.

Hinh 9. M hinh héa két ciu trude va sau khi ting cuong biang UHPC.

Pé xac dinh lyc cit toi han cia dam, tién hanh dit chuyén vi cudng bac tai cac vi tri trén
dinh ban BTCT lién hop, cach dau dam mdi bén 600mm (hinh 10) dé tao ra luc cit cuc bo tai
sudn dam tai vi tri goi cau. Gia tri chuyén vi cudng buc ting dan dén khi dam bi pha hoai, toc
d6 tang chuyén vi theo thoi gian rat nho dé khong gay ra hiéu tmg dong trén dam.

Hinh 10. M6 hinh héa két cAu trudc (a) va sau (b) khi ting cuong bang UHPC.

Dam thép, ban bé tdng cét thép va phan bé tong siéu tinh ning dugc md hinh bang phan
tar khéi tdm nat (brick)[11] nhu hinh 11. Lién két gitra ban bé tong mat cau véi dam thép, lién
két giira bé téng siéu tinh ning va dam thép duoc gia thiét 1a dinh bam tuyét doi. Déi vai vat
liéu bé tong, bé tong siéu tinh nang va thép, mo hinh vat liéu 1a md hinh phi tuyén.

Ung suét twong duong duoc st dung dé phan tich phi tuyén cho vat liéu thép 1a ung suat
v6 hudong Von Mises, theo cdng thire nhu sau:
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Hinh 11. Chia phan tir duoc st dung trong md hinh sé.

Két qua phan b tng suit trong dam thép bing phan tir hitu han dbi trong truong hop cé
va khong c6 tng cuong tai cac chuyen vi cudng bac bang 1mm, 2mm, 4mm, 6mm va 8mm
dugc thé hién & cac hinh v& tir 12 dén 18. Trong dé mau xam tring thé hién nhitng khu vuc
vat liéu thép bi chay déo.

Hinh 12: Phan bd @ng suit tai dau dam thép trudc va sau ting cudng (chuyén vi cudng bic bang
1mm).

Hinh 13. Phan bd g suat tai dau dam thép trudc va sau ting cuong (chuyén vi cudng birc bang
2mm).
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4mm)
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Hinh 15. Phan bé ng suét tai dau dim thép trudc va sau khi ting cudng (chuyén vi cudng birc bang
6mm)

3

|_—‘L e e o [ e s e e L

Hinh 16. Phan bd ng suat tai vi tri gdi trudc va sau khi tang cuong tai thoi diém pha hoai (chuyén vi
cudng buic bang 7,8mm).
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17. Phan bd ng suét trong dam thép trude va sau khi tang cuong tai thoi diém pha hoai (chuyén
vi cudng birc bang 7,8mm).

Hinh 18: Phan bd &g suat trong ban mat cau BTCT trude va sau khi ting cuong tai thoi diém pha
hoai (chuyén vi cudng birc bang 7,8mm).

Két qua phan tich cho thay:

O chuyén vi cudng birc Imm: toan b dam van 1am viéc trong giai doan dan hoi tuy
nhién tai xung quanh vi tri gbi trong truong hop khong ting cuong da xuat hién ing
Xuat cuc bo 1on (xap xi gid han chay), trong khi ¢ng suat cuc bo khong xuét hién tai vi
tri goi khi suon dim da duoc ting cuong. Gia tri tng suat dat khoang 400MPa trong
khi v&i dim twawng cuong ang suét 16n nhét chi bang 279MPa.

O chuyén vi cudng birc 2mm: bén phai gdi cau trong dam chua ting cuong xuat hién
khu vuc vat liéu bi chay déo, tuy nhién méi lai viing cuc bo. Gia tri tng suét Ién nhét
trén dam dat 421 MPa 16n hon gia tri tng suat I6n nhat bang 383 MPa trong truong
hop tang cuong.

O chuyén vi cudng biic 4mm: ving thép chay déo bén phai gdi cau phat trién rong, gia
tri @ng suat chay déo I6n nhat dat 427 MPa, so véi ving chay déo nhé hon nim ngay
trén gdi cau va gié tru ang suat 16n nhét bang 423MPa. Tuy nhién nhu sé& thdy ¢ hinh
19, tuy déu da xuit hién viing chay déo cuc bg, dim van chua dat dén tai trong cuc
han & ca 2 truong hop.

O chuyén vi cudng bizrc 6mm va 8mm: ving chay déo cua 2 truong hop ting dan vé
dién tich. Trong khi véi dim chua ting cudng, ving chay deo tiép tuc phat trién rong
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tir vi tri goi va phaét trién 1én trén thi véi dam thép sau khi di ting cuong, ving thep
nam dudi bé tong siéu tinh ning ting cuong khdng chay déo, viing chay déo xuit hién
& phan suon dam thép khong ting cuong sat canh phan ting cuong bang bé tong siéu
tinh nang. Mot didu thd vi 1 ¢ trang thai pha hoai, viing chay déo tai dam chua ting
cudng Xuat hién ¢ ca ving chiu cat (dau dam) va ving md-men uén 16n (day dam &
mit cit gitra), trong khi véi dam di ting cudng ddy dam & vi tri md-men duong l6n
chua bj chay déo. O ca hai truong hop ting cudng va khong ting cudng, ban bé tong
cot thép déu chua dat dén giGi han pha hoai, ngoai trir 1 s6 hu hong cuc bo tai vj tri sét
gan diém dit chuyén vi cudng buc.

Sy phat trién @ng suat Von-Mises tuong duong theo su ting dan cua chuyén vi cudng
birc tai vi tri cach mép goi bén phai 200mm theo phuong doc, 200mm theo phuong ding cua
dam duoc thé hién ¢ hinh 19. Su phat trién ¢ng suit nay cho thay do anh huéng cua bé tong
siéu tinh ndng tdng cudng: tng suat trong dam khong ting cuong dat dén gigi han chay rat
som (¢ chuyén vi bang 15mm) so véi dam ting cuong (35mm), ddng thoi bi dat (pha hoai) &
chuyén vi cudng birc nhé hon nhiéu so voi trudng hop dam ting cuong.

4 4Ung sut (x108Pa) _ ..eowooece

35 et o 7

3 |

25[

2 | 4

1,5 ~Khong tang cyong bang UHPC
Ll ~Tang cuong bang UHPC

057 Chuyén vi cudng bic (mm)
0 1T 2 3 2 5 6 7 8 9 0

Hinh 19. Ung su4t Von-Mises tai phan té cach gbi 200mm theo phwong doc, 200mm theo phwong doc
theo chuyén vi cudng bic.

Xét trén binh dién stc chiu luc tong thé, pha hoai dam ting cudng xay ra & tai trong 16n
hon déng ké so -v6i dam khong ting cuong (72kN so véi 43kN — xem hinh 20). Bong thoi &
cung mat tai trong tac dong, chuyén vi thang dung (d6 vong) cua dam tang cuong nho hon
hon nhiéu so voi dam khong tang cuong, diéu nay cho thay viéc ting cudng dam bang bé téng
si€u tinh néng tuy chi hudng dén tang cuong kha nang chiu cit nhitng trén thyc té cling giup
phan phdi lai tng suat, 1am ting cuong d6 cung cua dam. Diéu nay ciing phu hop voi két qua
phan tich & hinh 17, theo d6 viéc ting cuong bé tong siéu tinh ning & dau dam gép phan lam
giam ung suat kéo ¢ ving md-men duong giita dam so véi truong hop khong ting cuong.
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N x10*

-- Chua gia cuong
-Gia cuong bang UHPC i

0 1 2 3 4 5 6 7 8 9
Displacement (m) x107

Hinh 20. Quan hé giira tai trong va chuyén vi truéc va sau khi ting cuong chéng cit bang UHPC.

3. KET LUAN

Két qua phan tich bang sé cho mét vi du dam cau thép ting cudng bang vat liéu bé tong
siéu tinh nang cho thay hiéu qua rat rd rang vé mat ting cudng sic chiu luc cia dam thép khi
chiu cit. Sic chiu tai pha hoai ciia dam ting 67% (72kN so véi 43kN), d6 cimng chung tong
thé cua dam ting 1én dang ké, dic biét 1a & cac gia tri chuyén vi Ion. Bén canh hiéu qua ting
cudng vé mat tai trong, giai phap ting cudng bang vat liéu bé tong siéu tinh ning ciing cho
thdy hiéu qua lau dai cua giai phap ting cudng, theo d6 ban than bé tong siéu tinh ning 1a 16p
bao vé rat tét cho dau dam khoi cac tic nhan in mon.

Bai bao nay ciing dat ra mot s6 ndi dung can tiép tuc nghién ctu sau hon vé giai phép
tong thé. V& mit cau tao: viéc tinh toan sé luong dinh neo chiu cit can thiét dé dam bao pha
hoai cia dinh neo xay ra sau khi bé tong siéu tinh nang hoic dam thép bi phé4 hoai vé mat vat
liéu can c6 nhimg phan tich sdu hon vé nguyén 1y, thém vao d6 1a pham vi ting cuong bé tong
siéu tinh ning theo chiéu dai cua dim dén dau 1a hop Iy vé mat chiu luc. Ngoai ra, viéc xay
dung mot cong thie 1y thuyét tinh toan mie d6 ting cuong cua dam thép vé chiu cét ciing 1a
can thiét dé co thé ap dung giai phap nay trong thuc té. Pay ciing 1a cac ndi dung s& duoc
nhom tac gia dé cap trong céac cong bo tiép sau.
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