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Abstract. Cracking phenomena in the reinforced concrete structures of bridge and culvert
components occur commonly. While current Vietnamese bridge design standards allow for
the presence of cracks, they do not provide quantitative limits on the permissible crack width
directly. This research analysises the crack formation mechanism of reinforced concrete
structures under the influence of shrinkage and temperature loading by using “tension-chord”
model. The research findings demonstrate that despite the steel reinforcement being
adequately arranged to resist shrinkage and temperature as per current bridge design
standards, cracking can easily occur with crack widths exceeding the allowable limits
specified in the existing regulations. The main reason for this is inadequate control of
concrete construction temperature. Furthermore, using smaller diameter reinforcement can
significantly reduce the crack width compared to using larger diameter reinforcement with
the same steel ratio. Increasing the amount of reinforcement can reduce the crack width, but
it also increases the susceptibility to cracking. Cracking typically does not occur immediately
after the completion of maintenance but rather after a period ranging from several days to
several months.
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Tom tit. Hién tuong nat trong két cau bé tong cbt thép & cac bo phan cdng trinh cau cong
xay ra pho bién. Trong khi tiéu chuan thiét ké cau Viét Nam hién nay tuy cho phép vét nut
xuat hién nhung lai khong dinh lugng vé bé rong vét nit cho phép. Noi dung nghién cau nay
phan tich co cau hinh thanh vét nit theo mé hinh thanh chiu kéo trong két cau bé téng cot
thép dudi tac dong cua tai trong co ngot va nhigt do. Két qua nghién ciru cho thay, mac du b
tri thép dam bao theo yéu cau chéng co ngot va nhiét do theo tiéu chuan thiét ké cau hién tai,
hién twong nat c6 thé dé dang xay ra voi két cau bé tong va bé rong vét nit 16n hon bé rong
& quy dinh hién hanh cho phép. Ly do chinh la néu viéc kiém soat nhiét d6 thi cong bé téng
khong tét. Viéc bd tri thép cé duong kinh nho s& 1am giam do mo rong vét nit dang ké hon
1a thép duong kinh 16n hon ma c6 cting ham lugng thép. Viéc bd tri nhiéu thép cd thé lam vét
nirt ¢6 bé rong nho nhung két cu lai dé nit hon. Thoi diém vét nit thuong khong xuat hién
ngay sau khi két thiic bao dudng ma sau dé khoang tir vai ngay dén vai thang.

Tir khoa: nut bé tong, két cau bé tong cét thép, md hinh thanh chiu kéo, bé rong vét nut, tinh
bén cua két cau bé tong, kiém soat nut.

@2023 Truong Pai hoc Giao théng van tai

1. PAT VAN DE

1.1. Giéi thiéu chung
Cac két cdu bé tdng dang mé cau, tuong chan, cong hop va mot sé tru cau thuong co kich
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thudc bé rong 16n. Trén thuc té cac vét nut thudng xuyén duoc phat hién ra vai bé rong tuong
dbi 16n dén 0,5mm. Vi tri cac vét niit nay thuong c6 dang phd bién nhét 1a thang ding va xuat
hién kha thuong xuyén tai cac két cau bé téng c6 bé rong 16n nhu vi dy tai Hinh 1. Hién twong
nay khdng chi phé bién tai Viét Nam ma con duoc su quan tam trén thé gisi [1]. Nhiéu nghién
ctru ciing di su vao phan tich sy hinh thanh vét nat nay nham giam thiéu sy xuat hién vét nut
khi cdng trinh mai duoc thi cong xong va maéi dua vao khai thac [2][3].

(a) Vi tri va chiéu dai vét nurt (b) bé rong vet
nut mo cau

(c) nitt doc theo swon dam hop va ban ndp (d) Nut ngang
tai ham chui

Hinh 1. Cac vét nirt xuat hién & cac két cau cau dién hinh.

Khi cac vét nut xuat hién, két cau bé tong cot thép thuong s& duoc coi 1a 12 ¢ van dé vé
mat cudng do hodc do bén. Mat khac, d6i véi két cau bé tdng cét thép trong cac ly thuyét thiét
ké lai cho phép nut duoc xay ra. Sy xuat hién vét nit ciing dua ra mot canh béo vé “stc khoe”
cong trinh va can ra soat, diéu tra kha nang chiu luyc cua két cau. Tuy nhién, viéc danh gia két
cau lai chi cd thé dya trén cc théng sé do duoc 1a bé rong, hudng va chiéu dai vét nit trén bé
mat bé tdng. Sy xuat hién vét nat tuy 1am ting cac lo ngai vé tinh trang sirc khoe két cdu nhung
tiéu chuan thiét ké ¢ Viét Nam hién nay lai khdng néu rd mic d6 cho phép la bao nhiéu [5-6].
Hon nira, cac vét nit khao sat dugc pho bién 1a cac vét nut tinh ma khong chiu tai ¢ té hop tai
trong thiét ké. Néu c6 thé xac dinh dugc bé rong nay theo ly thuyét va twong dong véi thuc té
thi & mot sé vi tri va huéng vét nat khdng nguy hiém, két cau co thé danh gia 1a binh thuong.

Anh huéng cua vét nit dén két cau cong trinh & mire @ nao 1a mot van dé kho danh gia va
gay tranh cdi lau nay. Mot s6 quan diém cho rang, néu vét nat da nho thi khdng anh hudng gi
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dén két cAu va tidu chuan thiét ké cho phép bé tong dugc nit khi chiu lec. Khdng cd méi lién
hé rd rang gitra bé rong vét nit dén qua trinh an mon ¢t thép [4-5]. Mot s6 quan diém khac lai
cho rang, sy xuat hién caa vét nut lam ting toc do 3 an mon cua thép va bé tong do tang do tham
thau cua 6 xi, cloride, sulfate va nudc vao trong cau trlc cua bé tong va lam giam do cing va
cuong do cua két cau. Anh huong cua vét nat toi ket cau bé téng 1a viéc tang tbc do an mon
hoa hoc, giam tudi tho két cdu nhu thé ndo 1a mot van phu thudc va nhiéu yéu té nhu chit luong
bé tong, bé day bé tdng bao phi, méi trudng tiép xtc, dic diém chiu lyc. Nhitng anh hudng nay
hién nay chua duoc nghién ctiru day du va khdng nam trong ndi dung nghién ctu caa bai béo
nay.

1.2. Kiém soat nit két cAu bé tong trong cac tiéu chuin thiét ké

Ra soét lai tiéu chuan thiét ké cau Viét Nam [5][6] cho thay khong c6 quy dinh cu thé bé
rong vét nit cho phép 1a bao nhiéu. Van dé vét nit cua mot cau kién chiu uén c6 chiéu cao (h)
dugc kiém soat thdng qua khoang cach téi da giita cac thanh cét thép (d) nhu sau:

dg%_z(a+gj Vi 4 g, (a+4.12) o)
B 2 © T 07[h—(a+4,/2)]

Trong d6: ye 12 hé s6 phoi 16 bé mat; a la bé day I16p bé tong bao vé tinh ti mép ct thép
ngoai ciing; fss 12 tmg suét kéo xuat hién trong cét thép thuong & trang thai gici han st dung, ¢
la duong kinh thanh cot thép.

Bé rong vét nitt tuy khong dugce dé cap truc tiép trong thiét ké nhung trong tiéu chuan si
dung gia tri kha I6n. Tiéu chuan da st dung hé sé 7 6 cong thuc (1) dé d1eu chinh anh huéng
cua cot thép voi diéu kién tlep xtc moi truong cua két ciu bé tong. Thong s6 nay ciing chinh 13
thong sé dé cap dén tong bé rong vét nit cho phép. Vi du, bé rong nit cho phép (Wmax) 1a
0,43mm twong tng Véi hé sb %=1,00 va 0,325mm twong &ng voi hé s6 %=0,75 [5]. Viéc thiét
ké céc két cau bé tdng chiu co ngét va nhiét do ciing can phai tuan thi dam bao ham lugng cét
thép tdi thiéu (goi la cbt thép cau tao trudc day). Ham luong cot thép ndy xac dinh theo cong
thirc (2).

P, > _07bh o (0,233< p, <1,270) )
2(b+h)f,
Trong d6: ps (MM?/mm) la ham lugng cot thép toi thicu phan bo trén bé mét cho anh huong
cua co ngot va nhiét do; b va h tuong tng 1a bé rong va chiéu day cua két cau 16 ra ngoai khong
khi.

Néu thiét ké dap tmg dugc yéu cau néu trén, két cau bé tong cdt thép dugc coi nhu khong bi
nit dudi tc dung cua cac yéu to két hop gom nhiét do thay doi, co ngét cua bé tong. Tuy vay,
trén thyc t&, hién tuong nat van xay ra pho bién nhu Hinh 1 va ¢ cac cong trinh nghién ctu
khac [7, 8] cho du két cdu duoc coi 1a dap tmg duoc yéu cau chong nut theo tiéu chuan thiét ke
Trén thé gioi, hién tugng nay dwoc quan tdm nhiéu gan day va nguyén nhan niit duoc cho rang
do tac dong cua co ngo6t bé tdng va nhiét do chénh léch, dac biét 1a 1ic bé tdng con non tudi khi
cac hiéu (ng n6i trén phat trién manh nhat [9-18].

1.3. N¢i dung bai bao

Noi dung bai béo nay phén tich co ché hinh thanh vét niit ctia dudi tic dong ciia co ngét va
nhiét do thay doi theo cac tiéu chuan fib MODEL CODE 2010 cua Chau Au [19] va AASHTO
LRFD 2007 cta Mi [5] (ctng la Tiéu chuan thiet ké cau Viét nam TCVN 11823:2017 [6]). Cac
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tinh toan khao sét trén céc loai két cau cong trinh cau noi co xuat hién cac vét nut dic trung do
tai trong co ngdt va nhiét do thay ddi 1a chinh. Tai céc vi tri két cAu nay, cét thép dong vai trd
chinh 1a chju co ngdt va nhiét d. Cac két cau dién hinh nhu mé, tru, hdm chui, dim hop véi
cac vét nut dién hinh nhu tai Hinh 1. Cac khao sat danh gia sy anh huéng cua viéc bd tri cét
thép va nhiét do chénh Iéch anh huong thé nao téi sy hinh thanh va phat trién vét nut. Két qua
phan tich va tinh toan nay nham cai thién chat lugng cong tac thlet ké va quan ly chat luong thi
cong. Két qua cua tinh toan bé rong vét nut trén bé mit ciing 1a sb liéu dé tham khao phuc vu
cho cdng tac bao tri va danh gia sic khoe két cau.

2. PHAN TiCH SU HINH THANH VET NUT TRONG KET CAU BE TONG

2.1. Co cAu hinh thanh vét nirt

Ngay tir khi bé tong bat dau duoc bao dudng, cac hiéu img nhu co ngét, tir bién va thay doi
nhiét d6 da xuét hién va tao ra bién dang giita bé tong va thép. Cac bién dang do hiéu tng nay
s& bi cbt thép thuong kiém ché va lam bién dang cua bé tong khong vuot qua mic cho phép va
do d6 hién tugng nut khdng xay ra. Trong qua trinh khai thac, dudi mot tac dong luc nao do Ién
két cAu bé tong, thuong 1a dudi sy xuat hién caa hoat tai hoic tai trong nhiét do thay doi 16n,
{rng suét trong bé téng co thé vuot quéa kha nang chiu kéo cua bé tdng va vét nat xuat hién. Khi
vét nit xuat hién, tly theo tinh hinh b tri ¢t thép va hinh dang, kich thuéc két cau ma cac bién
dang liy ké tir trudc d6 s& anh hudng dén bé rong vét nit. Tly theo sy tich liy bién dang trong
két cau bé tong cot thép ma tir d6 bé rong vét nit co thé twong tng thay doi theo va khong khép
lai khi tai trong hoat tai khong hién hitu. Anh huong caa tir bién c6 tinh chat thuan nghich va
thuong nho hon so véi cac anh hudng caa co ng6t va nhiét do va co thé bo qua ddi véi cac doi
tuwgng cua nghién cau nay [4].

Vimg khdng iién fure

I+aL B mat bé ting

Hinh 2. M hinh thanh chiju kéo tong quét.

Céc ly thuyét vé tng xir cua bé tong cét thép khi vét nat hinh thanh ciing tré nén dac thu
nhu md hinh “tension chord” di duoc dua vao tiéu chuan Chau Au va ciing dugc st dung trong
nghién ctru nay dé phan tich vé vét nat. M6 hinh thanh chiu kéo (Tension Chord) [20-21] duoc
dua vao tiéu chuén Chau Au vé bé tong nam 2010 [19]. M6 hinh nay ciing duoc sir dung dé
phan tich co cau pha hoai cua dam tang cuong cua tac gia [22-23]. Noi dung cua mo hinh dé
xuét cho két ciu bé tong da xuat hién vét niit. Khi két cau bé tong xuét hién vét nat, md hinh
thanh chiu kéo xuat hién nhu Hinh 2 va 3(a) [19-21].

Tai vi tri vét nut, c6t thép chiu hoan toan luc kéo va ng suat trong bé tong duoc giai phong.
Ung suit trong cbt thép dat gia tri 16n nhit (ox2) va giam dan dén gié tri nho nhét (oze) tai cudi
khu vuc anh huong caa vét nit (Hinh 3.b). Ung suat trong bé tong (ow) tir gid tri bang khéng
tai vét nut ting dan dén giGi han chiu kéo cua bé tong (oe="fem) (Hinh 3.c). Ung suit truot gitta
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thép va bé tong 1a mot dai lwong kho xac dinh, tuy nhién & trang thai vét nit xuat hién, nhiéu
nghién ciru cho rang ng suat nay dat gia tri 16n nhat (zms) va khong thay doi doc theo chiéu
dai c6t thép & pham Vi lsmax (Hinh 3.d)[19][24][25]. Dua trén nguyén Iy can bang luc caa thanh
chiu kéo, tng suit trong cbt thép tai vi tri vét nat ¢ thoi diém nay cd thé xac dinh theo cong
thirc (3) [19].

= tam (g 3)
Oy ,DS . ( +aeps ef )

Trong do, fom 12 giGi han chiu kéo cta bé tong, pser 1a ham lwong cot thép cia thanh chiu
kéo, e Ia ti 1é md dun dan hoi cua thép/bé tong. Twong (ing véi (ing suét trong ct thép ¢ cong
thac (3), bién dang binh quén (ca trong bé tong va thép trudc khi bat dau nat) xac dinh bang
cong thuec (4).

ST ST TE

S

Trong d6, 14 hé s6 xét t6i gia tri phan b binh quan caa bién dang thép doc theo pham Vi Is max.
Néu két cau bé tdng cé bién dang vuot qua mac nay (smax), VEt nit s& xuat hién.

Thanh  chiv kol
frersion chord)

@ = L
(Figg ladng lidn f;c 20y, ]
|||||||||IIII|||||||""||"|”|"""""||||||||IIIII||||||||||
®) (Mg swdf frong oot thép
(c} : g sudf fromg bé téng
_ CCEELECRRERNRRL, =
@ ot WLIEDERIRERIY

(Mg sudt fruet gifka bé tong va thép
Hinh 3. Phan bé tng suat khi vét nit hinh thanh va n dinh.
Theo nhu 1y thuyet vé thanh chiu kéo (tension chord), khu vurc ma c6 sy truot gitra bé tong

va thép (Ismax) c6 thé xac dinh dugc dua trén nguyén ly: tong gia tri lyc truot bang tong gia tri
luc kéo. Dua trén biéu do tai Hinh 3.c.d.e, chiéu dai lsmax c6 thé xac dinh theo Cong thic (5).

fom &5 (5)

1
| =a+-—.
4 Z-bms ps,ef

s,max
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Trong d6: mms 13 (mg sut truot binh quan gitta thép va bé tong trong pham vi lsmax; psef 12
ham luong ¢t thép cua thanh chiu kéo (tension chord). Cong thire (5) cho thdy pham vi truot
giira thép va bé tong (pham vi khoang cach giira hai vét nit nho nhat) 1a mot dai luong khong
phu thudc vao tai trong ma chi phu thudc vao cudng do bé tong va su bd tri cdt thép (ham luong
c6t thép trong thanh chiu kéo, duong kinh ¢t thép va bé day bé tong bao phir).

Sau khi vét nirt hinh thanh, néu tai trong tiép tuc tang, tai khu vuc xuét hién vét nit (trong
pham vi lsmax), tng suét trong thép tiép tuc ting. Gia tri bién dang binh quén ctia cdt thép goi la
&m. Ung suét trong bé tong bang khong tai vi tri vét nut va ting dan 1én gii han chiu kéo nhu
& Hinh 4.d va gia tri bién dang binh quén 13 &m. Céac gié tri co ngét va nhiét do liy ké trong cbt
thép ciing s& don vao pham vi lsmax va k¥ hiéu 13 &s va er. Luc ndy, c6 thé xac dinh dugc bé
rong vét nit nhu cong thie (6).

w = le,max(gsm —&m—Ecs — ET) (6)

Trong d6, &m, &m la bién dang binh quan ctia thép va bé tong tuong tng trong pham vi
s max; &s 14 bién dang cua bé tong do co ngdt va er 1a bién dang cuia bé tong do nhiét d6. Gia tri
(&sm-&em) 14 bién dang tong hop binh quéan cta thép va bé tong khi vét niit xuat hién va c6 thé
xac dinh theo cong thure (7).

05— ﬂ Oy (7)
E

S

(gsm - gcm) =

Trong d6 o 1 Gng suat binh quéan trong thép khi vét nit da xuat hién. o 1 ing xudt xac
dinh theo cong thirc (3) ¢ trén.

2.2. Xac dinh bién dang do co ngét ciia bé tong

Theo [19], bién dang co ngét tong cong, &s(t,ts), cua bé tong la mot ham s6 phu thudc vao
thoi gian, dac tinh vat liéu bé tbng va cau tao hinh hoc cua bé tdng. Theo thoi gian, bién dang
€0 ngot ngay cang lon va dugc chia lam hai giai doan: Giai doan 1 1a co ngdt co ban, &s(t), Khi
bé tong dang dugc bao dudng va coi nhu khong ¢ sy mat nudc xay ra. Giai doan 2 1a co ngot
khd, két thic qua trinh bao dudng va nudc trong bé tong bét dau thoat ra ngoai va lam bé téng
co lai, &as(t,ts). Tong bién dang do co ngodt tai thoi gian ts (ngay) bat ky sau thoi gian t bao
dudng dugc xac dinh theo cong thc (8).

gcs (t’ts) = gcbs (t) cds (t t ) (8)

Bién dang co ngot co ban 1a mot dai lwong phu thude vao cudng do thyc té cua bé tong va
t6ng thoi gian bao dudng t (ngay). Bién dang co ng6t khd 1a mot dai luong phu thugce vao co
ngot co ban cua bé tong, geaso(fem); d6 4m moi trudng Frr(RH) va thoi gian ké tir khi bao dudng
két thic Bus(t-ts). Gia tri co ng6t kho caa bé tong & thoi diém (t) 1a mot dai lwong phu thudc vao
thoi gian va dic trung vat liéu bé tdng. Chi tiét va cac hé sd dé xac dinh tong gia tri co ng6t
theo thoi gian c6 thé wéc tinh duoc theo cac chi dan cua tiéu chuan Chau Au tai Fib MODEL
CODE muyc 5.1.9.4.4 [19].
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Ham lugng cot thép (pes) 1a ham lwgng ctia cot thép cua thanh chiu kéo khi két ciu da nut.
C6 thé tinh ham lugng nay bang cach xac dinh ti I€ gitra dién tich 1 thanh thép (As, gia thiét st
dung mét loai duong kinh) véi 2.5 lan dién tich tir tim thanh ct thép téi mép bé tong (a+¢s/2)
trong pham vi gitra hai thanh cot thép (d) theo cng thic (9).

psef = A% = & (9)
o A 2,5(a+%jd

_ Ham luong cét thép bé mat (ps) néu trong cong thirc (2) 1a dién tich cét thép phan bd trén
bé mat (mm2/mm) va co thé xac dinh theo cong thic (10).

= 10
=y (10)

2.3. Xac dinh bién dang do nhiét d9 thay doi

Bién dang do nhiét d6 bang chénh léch nhiet do gitra thép va bé tong (cling 1a nhiét do moi
truong thay d6i) va dugc xéac dinh bang tich hé sé gidn no nhiét vai chénh léch nhiét 6. D6 mo
rong vét nit s& duogc xac dinh bang tich khoang cach anh huéng vét nat vai bién dang do nhiét
thay d6i theo cong thic (11).

W, = Is,maxaTAT (11)
Trong d6, AT chénh léch nhiét do gitra thép va bé tdng ¢ khu vuc bé mat. Nhiét d6 nay la
su chénh léch cta bé tong va thép va lam tang sy truot gitta thép va bé tong trong pham vi Is max.
Nhiét do chénh léch ciing 12 mot yéu té quan trong anh wong téi su hinh thanh vét nat khi bé
tong non tudi [4][7][8][14][16]. Nhiét d6 nay c6 thé la do nhiét thuy hda bé tong hay nhiét do
chénh léch ngoai troi [4][16][17][18][26]. B4i véi nhiét thiy hda bé tong, nhiét do duoc trong
phong thi nghiém hay trén céng trinh thuc té ddi voi cac kich thudc két cdu twong ddi 16n co
thé dat t6i 90°C [7][8][15][16][27]1[28][29][30][31]. Nhiét nay s& theo cac thanh cbt thép ngang,
xuyén I8i bé tong truyén ngay lap tirc dén cét thép gan bé mit bé tong trude khi phan tan ra
ngoai va do do6 tao nén sy chénh léch nhiét do giita thép va bé tong. Doi véi nhiét thay doi do
moi truong thi nguoc lai, nhiét thay d6i do méi trudng, dac biét 1a khi c6 ning chiéu tryc tiép
vao bé mat két cau bé tong lam nhiét do c6 thé ting cao 1én t6i 55°C [5][6][39]. Nhiét nay truyén
truc tiép vao bé tong trudc khi lan téi thép phia bén trong va ciing tao ra sy chénh léch nhiét do
gitra bé tong va thép.

3. PANH GIA CAC DANG VET NUT PIEN HINH KET CAU CAU

3.1. Phan tich nguyén nhin nirt va xac dinh bé rong vét nit

Khao sat mé cau va dam hop minh hoa nhu trong Hinh 1 véi céc thdng s6 dau vao dé xéac
dinh gia tri nhu sau.

Ta c6 thé thay, theo cac sb liéu tai Bang 1, cac két cau duoc thiét ké kha dién hinh va pho
bién hién nay nhu cac thong sb tir hang 1 dén hang 3. Cét thép bé tri thoa mén theo tiéu chuan
hién hanh yéu cau vé chiu luc tai trong co ng6t va nhiét do nhu tinh toan ¢ hang 4, d6i voi mb
cau, cbt thép ngang con duoc coi la kha nhiéu so véi yéu cau cua tiéu chuan. Nhiét do chénh
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léch gia dinh ¢ hang 5 1a con sb binh quan phd bién nhu mot s6 nghién cau vé nhiét thiry hoa
bé tdng hay nhiét chénh léch moéi truong [5][6][32][33][34][35]. Tuy vay két ciu van nut kiém
tra theo diéu kién bién dang cho phép & cong thuc (4). S6 liéu tinh todn cho mé cau (Hinh 1.a)
vé bé rong vét nat 12 0,62 mm rat phi hop véi bé rong vét nit do duoc (Hinh 1.b). Sé liéu tinh
toan ¢ Bang 1, hang 6 ciing cho thdy anh huéng cua chénh léch nhiét do 1a dang ké so véi co
ngot bé téng.

Bang 1. Két qua tinh todn mot sé dang két cau dién hinh va bé rong vét nut.

STT | Thong s6 (k¥ hiéu) Ponvi | GidtrichoMdcau¢ | Gid tri cho thiét ké
Hinh 1 dién hinh suon dam
hop
p | Cuwong do betong (fo) /ewong | o 30/ 400 45/ 400
do thép (f,)
p | Duong kinh thép ngang (¢) /| 16/150 16/150
buéc thép (mm)
3 | Berong (b)/beéday (hy/chicu| o, 17.000 / 1.500 / 50 4.000/ 450/ 35
day bé téng bao phu (c)
Ham luong cét thép thuc té xac
dinh theo cdng thirc (10) / ham 2 1,34 /1,33 /ham
4 luong cét thép tdi thiéu cong mm/mm luong thép Ion. 0,38/1,34 / bat.
thire (2)/ danh gia.
5 Chénh léch nhigt d6 du kién °C 60 45
Tong bién dang do co ngdt + | ... _ _
6 chénh lech nhict o, 10 4,13+6,48=10,61 3,61+4,86=8,47
Bién dang gisi han (&ma) kiém 9,92 8,68
7 tra diéu kién nat theo cong thiec | *10* o o
(4) va danh gia nut Két cau bi nirt Két cau khéng bi nut
Chléu dél Vﬁng tIu’O'[ Isymax Xé.C
8 dinh theo cong thirc (5) mm 290 1875
Bé rong vét nut tong cong xéac
9| dinh theo cong thiic (6) mm 0,62 0,23

Ngoai ra, quan sat thuc té cho thy, khi vét nut da xay ra du lau, céc bién dang kiém ché giira
bé tong va thép duoc giai phong mot phan thi s& khdng xuat hién thém vét nat nita, dong thoi,
bé rong vét nut ciing khong phat trién thém. Do d6, néu tram hay bit vét nat lai thi yéu cau
chbng xam thuc cho bé téng cét thép van duoc dam bao.

3.2. Quan hé giira dwong kinh c6t thép va bé rong vét nirt

Hinh 4 minh hoa cho két qua d4nh gid mot ban mat cau dam hop nap trén duoc khao sat nhur sb
liéu trong Bang 1. Buong kinh cbt thép thay doi tir D22 xudng D10 thi budc thép ciing giam
tuong Gmg dé dam bao ham luong thép khong thay ddi. Két qua cho thay, bé rong vét nit xéac
dinh duoc giam gan mot nira khi sir dung thép c6 dudng kinh nho va budc ¢t thép day hon.
D6 1a 1y do tiéu chuan thiét ké cau hién tai [6], dua ra cong thuc (1) véi uu tién cho viéc sir
dung cac thanh thép nho va khoang cach nho hon 1a cac thanh thép dudng kinh Ién nhung b
tri thwa hon dé dam bao twong ddng ham luong cét thép.
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Hinh 4. B& rong vét nirt va budc cbt thép khi thay doi duong kinh cbt thép ma gitr nguyén ham
luong thép.
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o T - A= B2 rdngv&t nirt 0,35 .
1,96E-03« ohks " ~. =
N & L 030 £
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50604 /:39E04 7,15E-04 & --_§ 010
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5,21-Wos
0,0E+00 | Budng kinh thép (mm)
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Hinh 5. Su thay ddi ham luong cdt thép, giéi han niit va bé rong vét nit.
3.3. B tri nhiéu thép ting kha ning nit do co ngét va nhiét do
Dé khao sat ham lugng thép va phuong phap b tri anh huong toi viéc hinh thanh vét nat nhu
thé nao, tiép tuc vi du minh hoa vé ban mat cau dam hop cé bo tri thép vai budce thép 1a 150mm
v6i cac thong so nhu da tinh toan ¢ Bang 1. Tién hanh thay doi cot thép ta D10 1én D22 ma gitr
nguyén budc cot thép, tirc 1a tang dan ham luong cot thép chong nat. Ta thay, bieén dang gidi
han ctia ngudng xuat hién vét niat giam dan khi tang duong kinh thép 1én. Nghia 1a khi thép bo
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tri cang day thi két ciu bé tong cang dé nut mac du khi nat thi bé rong vét nit c6 thé nho hon.
Vi du tai Hinh 5, ddi véi swon dam hop vai thong sé nhu ¢ Bang 1, néu ta ting dan dudng kinh
tir D10 bude 150 1én thanh duong kinh D22 bude 150mm (ham lwong gap 4,13 lan), thi ngudng
bién dang hinh thanh nit lai giam twong wng xubng 3,77 lan. Vi thong s6 dau vao 1a kich thudc
nhu tai Bang 1 thi khi sir dung dudng kinh 18mm tré 18n, s& xuat hién vét nit. Ham lugng thép
nho hon thi lai khong nut.

3.4. Thoi diém xuit hién vét nit

Nghién ctru cling tién hanh tinh toan bién dang do co ngot theo thoi gian véi chénh léch
nhiét 6 c¢b dinh 12 45°C va céc thong sé nhu & mé cau ¢ Bang 1. Bién dang caa bé tong dudi
tac dung cua co ngét duoc xac dinh theo cong thirc (8) va cac chi dan chi tiét khac néu trong
[19]. Trong giai doan bao dudng, & déy tinh 1a 3 ngay cho dén khi thao d& van khudn la co ngot
kho bat dau xay ra. Sy phat trién bién dang co ngét kha nhanh chéng trong ba thang dau va gan
nhu két thic sau mot nam. Két qua tinh toan cho thay, sau khi thao khuén dwoc 16 ngay thi su
phét trién cia co ng6t kho 1am vét nat bat dau xuat hién. Bé rong vét nit luc nay chua 16n va
s& tiép tuc phat trién theo thoi gian cho dén khi co ngdt dat gia tri téi da. Vi du vé sy phat trién
bién dang co ngdt theo thoi gian va thoi diém xuat hién vét nit dugc xac dinh nhu tai Hinh 6.

9,0E-04 0,30
8,5E-04 0,28 _
0,28 - -
028 _o-"% L 0,28
8,0E-04 02/ e
027 _®
-
5504 026 - 7 ap.0d5E08
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& £
© 7,004 E
@ 668E08 &2
@ - 1 0,24
6,5E-04,68£-04 » & !
’ >
0o
&
6,0E-04 Gidi han bién dang xuat hién vét nirt bt
RE 0,22
—+— Bién dang do co ngdt va nhiét d6 @ !
5,5E-04 0" - ® - Bérong vét nirt
Thoi gian (Ngay)
5,0E-04 ! L 0,20
3 13 23 33 43 53

Hinh 6. Thoi diém hinh thanh vét niit va phat trién bé rong vét nit theo thoi gian.
3.5. Anh hwéng nhiét d9 chénh 1¢ch dén sy xuét hién va bé rong vét mirt twrong \ng

Bién thién su thay d6i nhiét d6 va tinh toan kha ning nit vai cac théng sb cia mé cau &
Hinh 1(a) va tai Bang 1 (cot 1) véi thoi diém khao sét 1a 365 ngay, két qua cho thy, néu chénh
léch nhiét do gitra thép va bé tong Ion hon 52°C thi du bd tri cét thép thoa mén theo yéu cau
tiéu chuan & cong thuc (2), két ciu van bi niit nhu tai Hinh 7. Truong hop nay bé rong vét nut
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s& kha 16n, vuot qua céc yu cau bé rong tdi thieu theo tiéu chuan yéu cau ¢ nhiéu mire do khac
nhau, toi da 1a 0,3mm [19][36][37].

LAE03 —— Ngu&ng bién dang nit
offa
13F-03 | —— Biéndang cha bé tdng do co ngét va nhiét dd 0,71 ¥ 0,75
’ - A 128803
— @ — D6 ma rong vét nirt sau 365 ngay s
1,2E-03
0,65
1,1E-03
F 0,55
a0 1,0E-03
T ~
2 9,0E-04 €
@ Ef oss
“ 8,004 £
£
-
3
7,0E-04 > - 0,35
0,30 )
4 c
L 4 <E-
6,0E-04 0
o L 0,25
5,0E-04
Nhiét do chénh léch (°C)
4,0E-04 L 0,15
10 20 30 40 50 60 70 80

Hinh 7. Anh hudng ciia nhiét d6 ti viéc hinh thanh vét nit va do mé rong vét nit.
3.6. Nhan xét
Tir céc khao sat va danh gia néu trén cho thay:

- Anh huong caa co ng6t va nhiét do 1én bién dang tich lity trong bé tong 1a dang ké va
lam dé& xuat hién vét nut trong két cau bé tong cot thép thuong. Khi co ngét dat gié tri tdi da thi
su ma rong vét nat sé dung lai va khong xuat hién thém vét nat nira. Do vay, néu c6 bién phap
stra chira phi hop ciing s& khdng 1am ma rong lai vét nit va anh hudng dén tudi tho cong trinh.

- Viéc bd tri thép theo cong thirc (9) day hon tuy c6 1am cho bé rong vét nit nho di nhung
viéc xuat hién vét nut cang dé xay ra. Cung mot ham lugng cot thep thi bo tri thép co duong
kinh nho va day hon s& chong nit tot hon.

- C6 theé bo tri cot thép thoa man yéu cau cot thép chong co ngot va nhiét do theo tiéu
chuan tai _cong thuc (2). Du déap g dugc yéu cau nay thi duéi tac dong cua co ngét va nhiét
d6, nut van cd thé xay ra. Bé chdng nat, diéu quan trong 1a phai kiém soat nhiét o bé tong khi
thi cong.

- Anh huong caa nhiét dé chénh lIéch 1a mot yéu td quan trong trong viéc hinh thanh va
d6 ma rong vét nat. Thuce té, day 1a yéu td c6 thé kiém soat duoc trong thi cong. Céc chi dan
hién nay yéu cau chénh léch nhiét do khdng quéa 20°C ddi vai bé tong khéi 16n [40] 1a kho dam
bao va twong ddi chat ch&. Khi do, can phai co cac giai phap giam gradient nhiét va cac thiét bi
véan khudn thép phé bién hién nay can phai c6 céc giai phap cach nhiét cho pht hop.
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- Nhiét thiy hoa bé tong ddi véi cac két cau bé tong co kich thudc 1on thuong sé cao va
lam ting kha nang két cAu bi nit nhat do bé tong non tudi. Néu kiém soat nhiét do bé tong khi
thi cdng khong tét, nut véi bé rong kha Ion hoan toan c6 thé xay ra di két ciu bé tong duoc bd
tri cbt thép day du. Thoi diém xuat hién vét nut c6 thé 1a vai ngay dén vai thang sau khi thao d&
van khuon.

- Néu xuit hién cac vét nit dién hinh do co ng6t va nhiét 6 déi voi cac cong trinh nhu &
Hinh 1 véi bé rong khong qua 0,25mm [19][37][38] thi ciing 1 van d& binh thuong, khdng qué
nghiém trong va cap bach, khéng phai 1a cac vét nit do chiu luc qué tai gay ra cho du s6 luong
vét nit ¢ I6n. Cac vét nixt dién hinh bao gom: nut doc theo dam hop ¢ gitra swon va ban nap,
nat ngang trén noc ham va vudng goc Vi truc ham, nut thang dang o mo cau hay tuong chan
bé tong cot thép. Tuy nhién, van dé chéng xam thyc thi can phai giai quyét ngay dé tranh viéc
Xuat hién vét nirt 1am ting toc d6 dn mon 1én bé tong va thép, dac biét tai cac khu vue an mon
gan bién.

4. KET LUAN

Noi dung bai béo di tién hanh phan tich mdi twong quan giita viéc bd tri cbt thép, anh
hudng cta co ngot va nhiét do toi sy hinh thanh vét nirt va xac dinh bé rong vét nat. Anh huong
ctia nhiét do thi cong 1a dang luu ¥ va can duogc klem soat tot trong thi cong de dam bao két cau
khong bi nit ngay khi bé tong con non tudi. Cac vét nut dién hinh cua két cau cau nhu nat doc
mo, tuong chan sau khi thi cong mot thoi gian co thé rong nhung khong phai 1a van dé do chiu
luc qua tai. Anh huong cua co ngot va nhiét do thay d6i co thé tao ra cac vét niit c6 bé rong co
thé vugt mirc tiéu chuan cho phép d6i véi két cau bé tong.

TAI LIEU THAM KHAO

[1]. M. Herbers, S. Marx, Experimental Investigations on the Load-Bearing Behavior of Monolithically
Connected Bridge Piers, in : A. Ilki, D. Cavunt, Y. S. Cavunt (Eds.), Building for the Future: Durable,
Sustainable, Resilient, Fib Symposium 2023, Lecture Notes in Civil Engineering, Vol 349. Springer,
pp. 1325-1334. https://doi.org/10.1007/978-3-031-32519-9_134

[2]. M. M. Leonardo, V. Jaime, R. Fabian, Minimum longitudinal reinforcement in rectangular and
flanged reinforced concrete walls, Structures, 55 (2023) 1342-1353.
https://doi.org/10.1016/j.istruc.2023.06.104

[3]. G. Guo, P. Yang, C. Wang, J. Zhang, Z. Zeng, Experimental study on the full-scale test of sidewalls
in casting of concrete with magnesium anti-cracking agent, New Building Materials/Xinxing Jianzhu
Cailiao, 6 (2023) 147-151.

[4]. P. B Bamfort, Early-age thermal crack control in concrete, CIRIA C660, London, 2007, Chapter 2,
pp. 26.

[5]. American Assossiation of State Highway and Transportation Officials, AASHTO LRFD Bridge
Design Specifications. SI Units, 8th Edition (2017), Section 5, Concrete structures, C5.7.3.4, pp. 45,
2017.

[6]. Tiéu chuan quéc gia: Thiét ké cau duong b, TCVN 11823:2017, Tap 5, 7.3.4, pp.46-47.

[7]. C.G. Berrocal, I. Fernandez, 1. Lofgren, E. Nordstrom, R. Rempling, Strain and Temperature
Monitoring in Early-Age Concrete by Distributed Optical Fiber Sensing, RILEM Bookseries, Springer,
43 (2023). https://doi.org/10.1007/978-3-031-33211-1 82

[8]. A. M. L. Machado, L. F. A. L. Babadopulos, A. E. B. Cabral, Casting plan for a mass concrete
foundation of a high-rise building for avoiding DEF and shrinkage cracking, J Build Rehabil 8 (2023),
49. https://doi.org/10.1007/s41024-023-00294-2

1060


https://doi.org/10.1007/978-3-031-32519-9_134
https://doi.org/10.1007/978-3-031-32519-9_134
https://doi.org/10.1016/j.istruc.2023.06.104
https://doi.org/10.1007/978-3-031-33211-1_82
https://doi.org/10.1007/s41024-023-00294-2

Tap chi Khoa hoc Giao thong van tai, Tap 74, S6 09 (12/2023), 1048-1062

[9]. J. Dahlberg, B. M. Phares, Z. Liu, Evaluation of the Performance of Expanded Polystyrene Block
on the Reduction of the Deck Cracking in Wide Integral Abutment Bridge. Transportation Research
Record, 2677 (2023) 700-712. https://doi.org/10.1177/03611981231160160

[10]. A. Abudushalamu, M. Ippei, V. Matthieu, Thermal Expansion of Cement Paste at VVarious Relative
Humidities after Long-term Drying: Experiments and Modeling, Journal of Advanced Concrete
Technology, 21 (2023) 151-165. https://doi.org/10.3151/jact.21.151

[11]. H. W. Park, J. H. Lee, J. H. Jeong, Finite Element Analysis of Continuously Reinforced Bonded
Concrete Overlay Pavements Using the Concrete Damaged Plasticity Model. Sustainability, 15 (2023)
48009. https://doi.org/10.3390/su15064809

[12]. Z. Yating, R. Jeffery, D. Sachindra, Predicting transverse crack properties in continuously
reinforced concrete pavement, Construction and Building Materials, 364 (2023) 129842.
https://doi.org/10.1016/j.conbuildmat.2022.129842.

[13]. P. Liu, Z. Xu, D. Zhang, C. Guo, B. Wang, Y. Liu, Research on application of crack control
technology for mass concrete slab structure, New Building Materials/Xinxing Jianzhu Cailiao, 9 (2022)
35-43.

[14]. C. Chang, T. Huiqi, W. Tao, L. Jiyun, C. Zhao, L. Fuhai, S. Qian, L. Rui, Long-term shrinkage
performance and anti-cracking technology of concrete under dry-cold environment with large
temperature  differences, Construction and Building Materials, 349 (2022) 128730.
https://doi.org/10.1016/j.conbuildmat.2022.128730.

[15]. L. Xiaoda, Y. Zhipeng, C. Kexin, D. Chunlin, Y. Fang, Investigation of temperature development
and cracking control strategies of mass concrete: A field monitoring case study, Case Studies in
Construction Materials, 18 (2023) 02144. https://doi.org/10.1016/j.cscm.2023.e02144

[16]. M. Meyer, V. Z. Juandré, R. Combrinck, The influence of temperature on the cracking of plastic
concrete, MATEC Web of Conferences; Les Ulis, 364 (2022).
https://doi.org/10.1051/matecconf/202236402018

[17]. D. Shen, Cracking Resistance of Internally Cured Concrete Under Uniaxial Restrained Condition
at Early-Age, in: Cracking Control on Early-Age Concrete Through Internal Curing, Springer,
Singapore, (2023) 269-243. https://doi.org/10.1007/978-981-19-8398-6_6

[18]. D. Wen, Q. Li, S. Zeng, Y. Chang, Investigation of temperature crack control technology in the
process of concrete pouring, New Building Materials / Xinxing Jianzhu Cailiao, 10 (2022) 55-58.

[19]. Joost Walraven, Agnieszka Bigaj-van Vliet, fib Model Code for Concrete Structures, Structural &
Building Engineering, (2010).

[20]. P. Marti, M. Alvarez, W. Kaufmann, V. Sigrist, Tension Chord Model for Structural Concrete,
Structural Engineering International, 8 (1998) 287-298, https://doi.org/10.2749/101686698780488875
[21]. R. I. Gilbert, Control of Flexural Cracking in Reinforced Concrete, ACI Structural Journal, 105-
S29 (2008) 301-307.

[22]. V. H. Nguyen, Study of Rupture Mechanism in Concrete Girder Strengthened by External Fiber
Reinforced Polymer Using Crack Analysis, IOP Conference Series: Materials Science and Engineering:
Materials Science and Engineering, 869 (2020) 072069. https://iopscience.iop.org/article/10.1088/1757-
899X/869/7/072049

[23]. V. H. Nguyen, T. T. Bui, V. P. Pham, N. L. Nguyen, An experimental study and a proposed
theoretical solution for the prediction of the ductile/brittle failure modes of reinforced concrete beams
strengthened with external steel plates, Frattura ed Integrita Strutturale, 16 (2022) 198-213.
https://doi.org/10.3221/IGF-ESIS.61.13

[24]. Y. Hachem, E. Ezzedine, M. Dandachy, J. M. Khatib, Physical, Mechanical and Transfer
Properties at the Steel-Concrete |Interface: A Review, Buildings, 13 (2023) 886.
https://doi.org/10.3390/buildings13040886

[25]. J. Nan, L. Yang, W. Da, L. Naiwei, Y. Feng, Investigation of Bond Behavior between Steel Bar
and Concrete under Coupled Effect of Fatigue Loading and Corrosion, Journal of Materials in Civil
Engineering, 35 (2023) 10. https://doi.org/10.1061/JMCEE7.MTENG-16113

1061


https://doi.org/10.1177/03611981231160160
https://doi.org/10.3151/jact.21.151
https://doi.org/10.3390/su15064809
https://doi.org/10.1016/j.conbuildmat.2022.129842
https://doi.org/10.1016/j.conbuildmat.2022.128730
https://doi.org/10.1016/j.cscm.2023.e02144
https://doi.org/10.1007/978-981-19-8398-6_6
https://doi.org/10.2749/101686698780488875
https://iopscience.iop.org/article/10.1088/1757-899X/869/7/072049
https://iopscience.iop.org/article/10.1088/1757-899X/869/7/072049
https://doi.org/10.3390/buildings13040886

Transport and Communications Science Journal, Vol 74, Issue 9 (12/2023), 1048-1062

[26]. W. Hao, L. Yuanpeng, H. Zhangli, L. Hua, Y. Ting, L. Jiaping, Influencing aspects and
mechanisms of steel bar reinforcement on shrinkage and cracking of cement-based materials: A review,
Journal of Building Engineering, 77 (2023). https://doi.org/10.1016/j.jobe.2023.107476.

[27]. M. Enzo, A. B. K. Eduardus, C. Antonio, A numerical recipe for modelling hydration and heat
flow in hardening Concrete, Cement & Concrete Composites, 40 (2013) 48-58.

[28]. Tran Vin Mién, Nguyén Lé Thi, Nghién ctru ddc trung nhiét cua bétdng sir dung ham luong tro
bay Ién, Tap chi Khoa hoc Cong nghé Xay dyng, s6 3+4/2013.

[29]. M. H. Lee, S. C. Young, S. K. Bae, D. Y. Hyun, Influence of Casting Temperature on the Heat of
Hydration in Mass Concrete Foundation with Ternary Cements, Applied Mechanics and Materials, 525
(2014) 478-481.

[30]. Y. Sherif, L. Taha, H. Mohamed, H. Mohammad, Monitoring of strain induced by heat of
hydration, cyclic and dynamic loads in concrete structures using fiber-optics sensors, Measurement 52
(2014) 33-46.

[31]. H. Guangdong, G. Changsheng, C. Ji, Thermal stress numerical simulation on concrete hydration
heat of giant floor in deep foundation pit, Advanced Materials Research, 535-537 (2012) 1961-1964.
[32]. H. Shi, L. Yongjian, L. Yi, L. Jiang, Z. Ning, Numerical simulation investigation on hydration heat
temperature and early cracking risk of concrete box girder in cold regions, Journal of Traffic and
Transportation Engineering, 10 (2023) 697-720. https://doi.org/10.1016/].jtte.2023.05.002

[33]. P. W. Zou, Z. Fei, Z. Zhe, C. Zhuo, L. Yuliang, M. B. Zhong-Da, Effect of Steam Curing Scheme
on the Early-Age Temperature Field of a Prefabricated Concrete T-Beam, (2023) 34.
http://dx.doi.org/10.2139/ssrn.4484851

[34]. Z. Xinping, B. Laurent, V. Matthieu, J. Zhengwu, Scaling of nanoscale elastic and tensile failure
properties of cementitious calcium-silicate-hydrate materials at cryogenic temperatures: A molecular
simulation study, Cement and Concrete Research, 172 (2023).
https://doi.org/10.1016/j.cemconres.2023.107242

[35]. H. Wu, J. Liu, Investigations of the Temperature Field and Cracking Risk in Early Age Massive
Concrete in the Segment of a Box Girder Bridge. KSCE J Civ Eng, 27 (2023) 3971-3989.
https://doi.org/10.1007/s12205-023-2050-4

[36]. Tiéu Chuan Qudc Gia, TCVN 9343:2012 két ciu bé tong va bé téng ct thép - huéng dan cong tac
bao tri, 2012.

[37]. Tiéu Chuan qudc gia, TCVN 5574:2012 vé Két cau bé tong va bé tong cot thép - Tiéu chuén thiét
ke, 2012.

[38]. B6 Giao Théng Van Tai, Tiéu Chuan Nganh, 22TCN 18:1979 vé quy trinh thiét ké cau cdng theo
trang thai gigi han, 1979.

[39]. Bo Giao Théng Van Tai, Tiéu Chuan Nganh, 22TCN 272 :2005 Tiéu chuan thiét ké cau, 2005.
[40]. Bo Xay Dung, Tiéu Chuan Xay Dung Viét Nam, Bé téng khéi 16n — Quy pham thi cdng va nghiém
thu, TCXDVN 305-2004.

1062


https://doi.org/10.1016/j.jobe.2023.107476
https://doi.org/10.1016/j.jtte.2023.05.002
http://dx.doi.org/10.2139/ssrn.4484851
https://doi.org/10.1016/j.cemconres.2023.107242
https://doi.org/10.1007/s12205-023-2050-4

