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Abstract. Openings are often developed in deep beam to facilitate passage of necessary such
as drinking water, sewage, air conditioning and electricity, internet or decrease the dead load.
This paper investigated experimentally and numerically the shear behavior of reinforced
concrete deep beam with web opening. Firstly, two deep beams without and with square
opening were constructed and tested under three-point bending. Then, the 3D numerical
model was created using the finite element analysis software Cast3M. The behavior of
concrete was simulated using the Mazars 3D damage concrete model. The behavior of
reinforced steel was assumed as a elastic perfectly plastic. The numerical results showed a
good agreement with the experimental results in terms of load — displacement curve, failure
mode. Then, a parametric study was carried out to investigate the effect of opening location,
size, shape on the shear behavior of deep beam. The developed finite element model was
found to be effective in accurately predicting the shear behavior of reinforced concrete deep
beam.
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Tom tit. Céc 16 mo thuong dugc bd tri trong cac dam cao bé tong cdt thép nham bé tri hé
thdng nudc sach, thoat nudc thai, hé thdng didu hoa, dién, internet hodc lam giam tinh tai.
Bai bao nham muc dich trinh bay nghién ciru thuc nghiém va mé phong sé tng xir chiu cat
ctia dam cao c6 16 mé. Trudc tién, nghién ciu thuc nghiém dugc tién hanh trén hai mau
khong c6 va c6 16 mé chiu udn ba diém. Tiép d6, md hinh md phong s6 3D duogc xay dung
trén phan mém phan tir hiru han c6 ma ngudn ma Cast3M. Vit lidu bé tong dugc mod phong
bang mo hinh hu hai Mazars 3D. Cét thép duoc gia thiét cd ung xtr dan déo 1y tuong. Két
qua md phong sé thé hién su twong déng véi két qua thi nghiém vé duong cong luc chuyén
vi, dang pha hoai. Tiép d6, khao sat tham sé duoc tién hanh nham nghién ciru anh huong cua
mot s6 tham sb nhu vi tri, kich thudc, hinh dang 16 mé téi wng xir chiu cit caa dam cao. Mo
hinh phan ti hitu han dé xuat cho thay su hiéu qua trong viéc du béo tng xir chiu cat caa dam
cao bé téng cdt thép c6 16 ma.

Tir khéa: dam cao, 16 mo, phan mém Cast3M, vi tri, kich thudc, hinh dang 16 mo

@ 2023 Truong Dai hoc Giao thdng vdn tai

1. PAT VAN DE

Trong cong trinh nha cao tang, cac hé théng ong thudng dugc bo tri ¢ mét dudi cua dam
dé cung cap dién, nudc, hé théng diéu hoa, dudng cap dién, internet [1,2]. Pé dam bao vé mat
tham my, cac hé thong 6ng nay thuong dugc che lai bang tran gia co chiéu cao khoang 0,5m.
Viéc bd tri hé théng tran gia va cac duong dng nhu vay s& dan toi viée ting chiéu cao tang dé
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dam bao tinh khong thong thury. Dé khic phuc nhuoc diém nay, mot giai phap duoc dua ra la
tao ra cac 16 mé trén dam (hinh vudng, chit nhat, hinh tron) dé cho dwong 6ng chay qua. Dam
cao (deep beam) la dang ciu kién duoc st dung nhiéu trong két cdu nha cao tang do c6 kha
nang chiu cat va chiu tai trong ngang 16n. Tiéu chuan ACI va ECCP [3,4] quy dinh rang dam
dugc coi la dam cao néu chiéu dai nhip khong vuot qué bon lan chiéu cao dam. Trong khi do,

tiéu chuan Eurocode [5] lai quan niém rang dam cao la dam c6 chiéu dai nhip khong vuot qua
ba lan chiéu cao dam Dbi v6i dam c6 16 mo, céc tiéu chuan hién hanh van chua dua ra chi din
vé thiét ké dang cau kién nay. Tiéu chuan AS3600-2018 [6], ACI318-19 [3] c6 cac chuong
riéng biét danh cho viéc chi din thiét ké dam cao biang mé hinh chéng giang. Tuy nhién, cac
chi dan nay chi ap dung cho dam khong c6 16 mé. Su xuét hién cac 16 m trén dam lam Gng x
ctia dam tro nén phic tap hon [7]. Céc khu vuc ¢6 16 mé 1a noi c6 sy thay ddi dot ngot vé mit
hinh hoc, tap trung ang suat- dan dén 1am giam d6 cting téng thé caa dam, giam kha ning chiu
cit. Sy xuat hién cua céc 16 mg trong dam cao lam giam ving bé téng chiu nén va duoc coi 1a
nguyén nhan gay ra cac vét nut do cit [8]. Thém vao dé, d6i véi dam lién tuc, cac 16 mo s& gay
ra sy phan bé lai dang ké vé noi luc [9]. Nham dam bao dam cao c6 16 mé ¢ du kha ning chiu
luc, tly thuoc vao 16 mé dugc thiét ké tir dau hay duoc tao ra trong qua trinh sir dung, nhiéu
bién phép gia cuong dugc sir dung. Dbi véi cac 16 ma dugc bb tri ngay tur thiét ké ban dau, cac
cdt thép gia cuong duoc bé tri xung quanh 15 mé nham tranh sy xuat hién cua cac vét nat [10].

Bai bao nham muc dich trinh bay nghién citu md phong sé tng xir chiu lyc cia dam cao
bé téng cét thép c6 16 md. M6 hinh mé phong sé duoc xay dung trén phan mém Cast3M [11],
day 1a phan mém c6 ma ngudén mé duoc phat trién boi vién nang luong nguyén tir Phép. Nhiéu
nghién ctitu md phong s sir dung cac phan mém thuong mai nhu Ansys, Abaqus da chirng minh
duoc hiéu qua cao trong viéc md phong trng xu chiu luc cua dam cao. Tuy nhién, cac mo hinh
vat liéu cho bé téng trong cac phan mém nay su dung kha nhiéu tham sb. Trong nghién ctu
nay, vat liéu bé tong dugc mo phong bang mé hinh hu hai Mazars 3D véi cac théng sb co ban
ctia bé tong nhu cuong do chiu kéo, cuong do chiu nén, mo dun dan héi. Két qua mo phong sé
dugc kiém chiing véi két qua thuc nghiém duoc thuc hién boi nhém nghién ciru. Trén co sé do,
nghién ctiu tham sb dugc tién hanh nham khao sé&t anh huong cua vi tri, kich thudc, hinh dang
15 t6i tng xir ctia tong thé caa dam. Bd cuc cia bai bao duge trinh bay nhur sau: phan 2 danh
cho viéc md ta thi nghiém xac dinh tng xir chiu luc caa dam cao bé téng cét thép cd 16 mo. Két
qua thi nghiém nhu dudng cong luc- chuyén vi, dang phé hoai 1a co s dé kiém chang mé hinh
md phong s va tién hanh cac khao sat tham sb dugc trinh bay & phan 3. Cubi cing 1a két luan
va kién nghi.

2. THI NGHIEM XAC PINH UNG XU CHIU LUC CUA DAM CAO BE TONG COT
THEP CO LO MO
2.1 Ciu tao miu thi nghiém va bé tri thi nghi¢m

Thi nghiém duoc tién hanh trén hai mau dim cao bang bé tong cét thép. Trong d6, mot
mau dam khong c6 16 mé duoc st dung dé 1am dam ddi chirng va mau dam con lai duoc thiét
ké c6 hai 16 mg hinh vudng c6 kich thuéc 150 mm x150 mm nam chinh gitta trong khu virc
chiu cét caa dam. Cac 16 mé nay duoc bé tri ddi xing qua mat cat giira dam. Hai dam c6 chiéu
dai nhip bang 1300 mm va mat cit ngang hinh chit nhat véi kich thudc 150 mm x500 mm. Cac
mau dam duoc tién hanh thi nghiém theo so d6 chiu uén ba diém véi chiéu dai nhip c6 hiéu
bang 1000 mm. Trong d6, chiéu dai nhip chiu cit bang 500 mm va ty sé chiéu dai nhip chiu
cat/chiéu cao dam c6 hiéu bang 1,07. Mau dam duoc thiét ké dé bi pha hoai do cat khéng ché.
Hinh 1 thé hién kich thudc va cach bé tri cbt thép cua cac mau dam thi nghiém. Bién chiu kéo
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va bién chiu nén caa dam lan luot dugc bé tri ba thanh va hai thanh cét thép @18. Bén canh do,
doc theo chiéu cao dam duoc b tri bén thanh cét thép @14. C6t thép dai chiu cit caa dam sir
dung cét thép @6. Thuc té thi nghiém kéo cdt thép doc va ¢t thép dai cho thiy gidi han kéo
chay cua thép doc va thép dai 1an luot bang 300 va 240 MPa. Tai thoi diém thi nghiém, bé tong
lam dam c6 cudng do chiu nén trung binh x4c dinh trén mau hinh try bing 27 MPa.
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Hinh 2 thé hién so d6 thi nghiém va thuc té bé tri thi nghiém. Cac mau dam duoc tién hanh
thi nghiém chiu udn 3 diém cho dén khi bj phé& hoai theo phuong phap khdng ché chuyén vi véi
téc d6 gia tai bang 0,5mm/phat. Thiét bi gia tai 1a may kéo nén SANS tai truong dai hoc Giao
thong van tai. Trong thi nghiém nay, thiét bi do luc loadcell dugc dat tai diém dat luc va thiét
bi do chuyén vi LVDT duoc gan vao diém giira nhip bén dudi. Céc thiét bi nay dugc dong bo
dir liéu qua bd ghi do ty dong datalogger. Dya trén sé liéu thu duoc tir thiét bi nay, méi quan
hé luc — chuyén vi giira nhip cua mau thi nghiém s& duoc xac dinh. Trong qua trinh thi nghiém,
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2.2 Két qua thi nghiém

Hinh 3 thé hién méi quan hé luc- chuyén vi thang dung tai gitra dam thu dugc tir thi nghiém
trén mau dam ddi chang va dam cé 16 mo 150mm x150mm. Quan sat thay rang sy xuét hién
cta 16 mé 1am giam do ctiing va gia tri luc ti han so véi dam khong c6 16 mo. Gia tri luc 16n
nhét trén dam dbi chang va dam c6 16 mg 150mm x150 mm lan luot bang 593,96 va 403,25
kN, twong tng véi ty & giam 32%. Dang pha hoai cia hai mau dam thi nghiém duogc thé hién
trén hinh 4. Nhan thay rang, ca hai mau déu bi phé hoai do cat vai sy xuat hién cua céc vét nut
nghiéng mao rong tir diém dat luc dén gdi tua. Trong trudng hop ¢6 16 ma, cac vét nat co xu
huéng phét trién bac cau qua 16 ma. O gan thoi diém gia tri luc 16n nht, @ng vai gia tri lyc 500
kN véi mau dam ddi chang, 395 kN véi mau dam c6 16 ma, cac mau dam xuét hién vét nat
thang dung & giira dam.
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Hinh 3. Méi quan hé luc chuyén vi thu duoc tir thi nghiém trén mau dam déi chang va dam ¢ 15
mé 150mm x150mm.

Hinh 4. Dang pha hoai trén cac mau thi nghiém.

3. MO HINH MO PHONG SO XAC PINH UNG XU CHIU LUC CUA DAM BE TONG
COT THEP CO LO MO.
3.1 X4y dung mo hinh

Str dung phuong phap phan tu hitu han (PTHH) thong qua cac phan mém mé phong la
huéng nghién ciru da dugc nhiéu tai liéu dé cap nham danh gia ung xu dam BTCT [12, 13]

Trong phan nay, phan mém phar] ter hitu han co6 méa n‘guon mé Cast3M dugc sir dung dé md
phong 3D tng xtr chiu luc cia dam BTCT da dugc dé cap ¢ nghién cau thuc nghiém. bay la
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phan mém duoc phét trién boi vién nang lugng nguyén tir Phap (CEA), nham giai quyét céc bai
toan mang tinh chat da vat ly.

- C6t thép

-
e
-
r's

Téam dat luc

Tam ké gbi

Hinh 5. M6 hinh hinh hoc cua dam c6 16 mé 150x150mm.

Vit liéu bé tong, tam thép ké gdi va tAm thép dit luc duoc mé phong bang phan ti luc dién
8 nat (CUBS8), mdi nut ¢d 3 bac ty do 1a chuyén vi thang theo 3 phuong Ux, Uy, Uz. Cét thép
dugc md phong bang phan tir thanh tuyén tinh (SEG2), mdi nit ¢6 3 bac ty do la chuyén vi
thang theo 3 phuong Ux, Uy, Uz. Dinh bam gitra bé tdng va cot thép duoc gia thiét 1a dinh bam
tuyét d6i. Hinh 5 thé hién md hinh hoc caa dam c¢6 16 mé 150x150mm. Géi twa bén trai dugc
khdong ché chuyén vi theo 3 phuong (Ux = Uy = Uz = 0), gbi tua bén phai duoc khdng ché
chuyén vj theo 2 phuong (Uy = Uz =0). Piém dat luc duoc gia tai bang chuyén vi theo phuong
z.

Ung xtr cua vat ligu bé tong dugc miéu ta bang mé hinh hu hai Mazars 3D [14], day 1a
md hinh c6 séan trong thu vién vat liéu caa Cast3M. Trong md hinh nay, ang xir hu hai cia bé
tong dugc miéu ta qua dai luong vo hudng d, ki hiéu la hu hai ¢6 hi¢u. Pai lugng vo hudng
nay nhan céc gia tri trong khoang tir 0 dén 1, twong Gng Vi trang thai khong hu hai (d = 0) va
hu hai hoan toan cua vat liéu bé tong (d=1). Bién d cho phép miéu ta su suy giam d6 cung caa
bé tong khi xuat hién hu hai. Goi A lamatran d6 cung cua vat li¢u bé tong ban dau, ma tran do
cting cua vat liéu bi hu hai dugc miéu ta boi phuong trinh sau:

Ag = A1 -d) 1)

Cac tham sb cua md hinh Mazars bao gom: A, B,, A¢, By, €40, k. Trong d6, A, B, 1 céc
tham s6 thé hién &ng xir chiu nén cua bé téng, A,, B, la cac tham sé thé hién tng xur chiu kéo
gan gion (quasi-fragile) cua bé tong. e4, 12 ngudng hu hai, k 12 hé s6 lién quan dén ang xt chiu
cit thuan tdy cua bé tong. Cac tham s trén s& dugc tu dong xac dinh thong qua cac dic trung
co ban caa vat liéu bé tong nhu mé dun dan hdi, cuong d6 chiu nén, cuong d6 chiu kéo, hé sb
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nd ngang, bién dang ung véi cudng d6 chiu nén cua bé tong. Cac gia tri trén dugc x4c dinh
thong qua cuong do chiu nén cua bé tong theo tiéu chuan ACI 318-19 [3]:

E. = 4700,/f; )
& = E, 3)
fr = 0,623,/f! (4)

Trong d6, E, (MPa) 1a mé dun dan hdi cua bé téng, €, bién dang (ng véi cudng d6 chiu nén
cua bé tong, f,.(MPa) cuong do chiu kéo uon cua bé tong, f, cuong d6 chiu nén caa bé tong.

Ung xtr ctia cbt thép duoc miéu ta don gian hda véi md hinh dan déo 1y tudng (hinh 6)
vé6i cac thdng s vat liéu nhu mé dun dan hoi cua thép £,=200000 Mpa, gii han chay caa thép
fy, hé s6 poisson v = 0,3. C4c tam thép dit luc, tm thép ké géi duge dua vao mé hinh nham
phan bd déu lyc tai diém dit luc va diém ké géi. Bén canh do, cac tm thép nay duoc miéu ta
bang wng xir dan hdi tuyén tinh nham tranh viéc phé hoai cia céc cau kién nay.

g sudt

A

bién dang
Hinh 6. Ung xir dan déo 1y twang cho cot thép.
3.2 Két qua md phéng sb
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Hinh 7. Anh huéng cua kich thudc phan tir téi tng xir tong thé caa dam déi ching.
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Trudc tién, anh huong cua kich thudc phan tir dén wng xir tong thé caa dam ddi ching duoc
tién hanh nham lva chon kich thuéc phan tir vira dam bao diéu kién hoi tu ddng thoi thoi gian
tinh toan phl hop. Theo d6, dam di ching duoc chia thanh céc phan tir c6 kich thude khéac
nhau 15, 25, 40, 50 mm. Méi quan hé luc — chuyén vi thu dugc tir md hinh md phong duoc so
sénh véi duong cong thu dugc tir thi nghiém trén mau dam d6i chiing. Két qua cho thay rang,
& giai doan dan hdi, kich thudc phan tir khong anh hudng dén duong cong luc chuyen vi thu
duoc, két qua md phong s6 kha sét voi két qua thi nghiém. O giai doan tng xu phi tuyén, quan
st thay rang, giam kich thudc phan tir s& lam tang d6 chinh xac cua két qua thu dugc tir md
hinh m6 phong s6. Puong cong thu duoc tir kich thugc phan tir 15, 25 mm thé hién su tuong
ddng véi két qua thi nghiém. Cudi ciing, kich thudc phan tir 25 mm dugc lra chon dé tién hanh
toan bo nghién ciru dé vira dam bao tinh chinh xac vira ¢&am bao tich kiém thoi gian tinh toan

may tinh.

Dém doi chung thi nghiém

— % — Dam déi chnng mé phéng

Dém 15 m& 150x150mm_ thi nghiém
= = = Dam 16 mé& 150x150 md phong

10 15 20
Chuyeén vi [mm]

Hinh 8. So sanh dudng cong luc chuyén vi thu duoc tir md hinh md phong va thi nghlem

Hinh 10. So sanh dang pha hoai trén mau dam c6 15 mé tir mé phong va thuc nghiém.

Hinh 8 thé hién su so sanh gita duong cong luc chuyén vi thu duoc tir md hinh mé phong va
két qua thi nghiém trén cac mau dam déi ching va dam c6 16 mé 150x150mm. Nhan thay rang,
két qua sb thé hién sy twong ddng véi két qua thi nghiém ca ¢ giai doan dan hdi va giai doan
ng xir phi tuyén. Dang pha hoai thu duoc trén mau dam dbi ching va dam cé 16 mé nhan duoc
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ta m6 hinh m6 phong dugc trinh bay trén hinh 9 va hinh 10. Tuong tu nhu thi nghi¢m trén dam
dbi ching, két qua so trén hinh 9 cho thay su xuét hién cua hai vét nut nghiéng 16n c6 phuong
tir diém dat lyc toi gm tya. DI v6i mau dam cé 16 mo 150mm x150mm, két qua sb cho thay
sur xuat hién cua cac vét nut c6 phuong tir diém dit luc hoic gbi twa hudng dén céc goc cua 16
mé. Bén canh do, hinh 10 ciing thé hién dugc mot sé vét nit thang goc thu duoc & khu vuc gitra
dam twong tu nhu thi nghiém.

3.3 Anh huéng ciia mét s6 tham so téi ing xir chiu Iwe ciia dim bé tong ¢t thép c6 16 mé

Dya trén sy twong dong vé dudng cong luc — chuyén vi, dang phéa hoai, md hinh s6 duorc
trinh bay & muc 3.2 dugc sir dung dé tien hanh khao sat anh huéng ciia mot so tham so nhur vi
tri 10 ma, kich thuéc 16 ma, hinh dang 16 mo.

3.3.1 Vi tri 16 mé

Y lP 556
o T *
B | /_ 500
' — *
H/2 | Z 150 | *
| iy .
4 PR S A 2 +
0 X = 400 |
H/2 |
| 350
[Dudng truyén luc cdt = 300
, L4 ‘ »
L2 ‘ 00 275 500 25 0 25 S0 75 100

Khoang céch dén ving chiu cit nguy hiém nhat [mm]

a) b)
Hinh 11. Anh huéng cua vi tri 16 mé

N
™ Flr— T ™ T

a)x =-75 mm b) x =75 mm

Hinh 12. Dang ph4 hoai trén mau x = -75 mm va x = 75 mm

O muc nay, anh huéng cua vi tri 16 mé téi gid tri luc 16n nhit duoc tién hanh khao sat. Déi
véi dam cao, cac vét nat do cat thudng c6 xu hudng lan truyén theo dudng ngan nhat tir diém
dat lyc t6i gbi tya (hinh 11a), tao thanh dong luc nén [15]. Do d6, phan dam nam chinh giira
khu vuc tir diém dat luc dén gdi twa duoc coi 1a ving chiu cit nguy hiém nhat. Vi tri nay duoc
ldy 1am tam (Oxy), 16 mo c6 kich thude 150 mm x150 mm duoc dich chuyén theo phuong
ngang sang trai va sang phai. Cac thdng s6 cua vat liéu bé tong, thép, ham luong thép duoc gitr
nguyén. Hinh 11 b thé hién méi quan h¢ gitra gié tri luc 16n nhat (gia tri dinh cia duong cong
lyc chuyén vi) va vi tri 16 mg. Quan sét thay rang khi x =0, gia tri lyc thu dugc 1a nho nhét, gia
tri lyc nay tang 1én khi 16 ma dich chuyén xa dan vi tri nay. Diém twong tu ciing dwoc quan sat
trong nghién cuu thuc nghiém dugc thuc hién boi Yoo va cac cong su [8]. Dang pha hoai trén
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mMAu &g Vvoi Vi tri X = -75 mm, x = 75 mm duoc trinh bay trén hinh 12a, b. Két qua cho thay
rang cac vet nit déu c6 xu hudng truyen tir diem dat luc bac cau qua 16 mo dén diém ké goi.
Ngoai ra, ung véi x = -75mm, hai 16 mé cach xa nhau, nhieu vet nit thang goc xuat hién & vi
tri gitra dam.
3.3.2 Kich thuéc 16 mé

600 w
.
” 7 = \‘
500 M N
A -
400
] 300 -
= -
— . L
200 > -u- D:flm df“)i chirng mo phong
7 ——Dam lo m¢ 100x100 mm mo phong
Dam 16 m¢ 150x150mm thi nghiém
100 - - —Déam 16 m& 150x150 mm mé phong
- # —Dam 16 m& 200x200 mm mo phong
0

0 5 10 15 20
Chuyeén vi [mm]

Hinh 13. Pudng cong luc chuyén vi trén cac dam cé kich thudc 16 mé khac nhau.

a) 16 mo 100x100 mm b) 16 md 200x200 mm

Hinh 14. Dang pha hoai trén cac dam c6 kich thuée 16 mé 100x100 mm va 200x200mm.

Cac 16 ma c6 kich thudc 100 mm x100 mm, 200 mm x200 mm duoc lya chon dé xac dinh
anh huong cua kich thude 16 mé ti ang xir chiu cat cia dam. Cac thdng sé cua vat liéu bé tong,
thép, ham lugng thép dugc gitr nguyén. Hinh 13 thé hién duong cong luc chuyén vi trén cac
dam c6 kich thudc 16 ma khac nhau. Nhan thay rang viéc tang kich thudc 16 ma s& lam giam
d6 cung téng thé cua dam. Tang kich thuéc 16 ma tir 100 mm dén 150 mm, 200 mm s& lam
giam lyc 16n nhat thu dwoc trén dam giam twong @ng 26,5 %, 31,7 % , 47 % so voi mau dam
khong c6 16 mé. L6 mé c6 kich thuéc 200 mm x 200 mm c6 su suy giam dang ké vé do cing
cling nhu kha ning chiu lyc cua dam. Hinh 14 thé hién dang pha hoai trén cac dam c6 kich
thudc 16 mé 100 mm x100 mm va 200 mm x 200 mm. Tong thé, cac vét nirt co xu hudng hudng
tir diém dat luc, bic cau qua 16 ma téi gdi tua. oI véi mau o kich thuéc 200 mm x 200 mm
quan sat thay rang ving nat gan 16 mé 16n hon so v6i mau dam co kich thuéc 100 mm x100
mm va 150 mm x150 mm.
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3.3.3 Hinh dang 16 mé&

500

400 ==
N -~
Z 300 =
) Dém 16 mé 150x150mm thi nghiém
=200

- - - Dém 16 m& 150x150 md phong

100

——Dam 16 m& tron mb phong
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a) Puong cong lyc chuyén vi trén 15 ma hinh tron  b) Dang pha hoai trén dam c6 15 mé hinh tron.
va hinh vudng 150mm x150mm.

Hinh 15. Anh huéng cta hinh dang 16 mé .

Muc nay trinh by anh huéng cua hinh dang 16 mé t6i tng xir chiu cit caa dam. L& mé cé
dang hinh tron, duong kinh 16 bang 169,25 mm dugc xé4c dinh trén co s dién tich 13 tron bang
dién tich cua 16 vudng 150x150mm. Céc thdng sb vat liéu, ham lugng thép duoc giir nguyén
nhu ddm c6 16 mé 150x150mm. Hinh 15a thé hién anh huong caa hinh dang 16 mé téi Gtng xir
chiu cit cua dam. Quan sét thay rang, trong truong hop nay, su thay d6i hinh dang 16 khéng
anh huong nhiéu dén d6 cing caa dam. Tuy nhién, viéc thay d6i tir 16 hinh tron sang 15 hinh
vudng cling dién tich 1am giam gia tri 16n nhat tac dung 1&n dam tir 450,95 kN xuéng con 405,06
KN, &ng véi ty 1& giam 10 %. Hinh 15 b thé hién dang phé hoai caa dam c6 16 mé hinh tron thu
duoc. Quan sét thay rang, dang pha hoai trén mau thu duoc tir md hinh mé phong van thé hién
dang phé hoai do cit, vgi vét nirt nghiéng c6 phuong tir diém dat luc dén gdi tua.

4. KET LUAN

Bai bao da 1am rd anh huong cua 16 mé dén ung xtr dam cao bang BTCT théng qua nghién
ctru thyc nghiém va md hinh mé phong PTHH. Hai mau dam cao BTCT khdng c6 va c6 16 mé
150x150mm duoc tién hanh thi nghiém cho dén khi pha hoai. Mot mé hinh mé phong sb bang
phan mém c6 ma nguon mé Cast3M duoc dé xuat thé hién sy trong dong véi két qua thi nghiém
trén hai mau dam vé dang duong cong luc chuyén vi, dang pha hoai do nit. Trén co s do, khao
sat tham s6 vi tri 16 mo, kich thuge 16 ma, hinh dang 16 ma duogc tién hanh. Mot sé két luan
duoc rat ra nhu sau:

e Tam 15 m& nam trén duong truyén luc cit cho thay kha nang chiu luc nhé nhat, cang xa vi
tri nay thi kha nang chiu luc ciia dim tang.

e Ting kich thudc 16 mo tir 100 mm dén 150 mm, 200 mm s& lam giam lyc 16n nhit thu
duoc trén dam giam tuong tng 26,5 %, 31,7 % , 47 % so voi mau dam khong ¢ 16 ma. L& mo
¢6 kich thudc 200 mm x 200 mm c6 sy suy giam déng ké vé do cimg ciing nhu kha nang chiu
luc cua dam.

e Két qua mod phong trén dam c6 16 ma hinh tron ¢ cuing dién tich véi 16 vudng 150 mm x
150 mm cho thay sy thay d6i hinh dang 16 mé tir tron sang vudng khéng anh huéng dén do
ctiing caia dam. Tuy nhién, gié tri luc 16n nhat giam 10 %.

985



Tap chi Khoa hoc Giao thong van tai, Tap 74, S6 8 (10/2023), 975-986
LOT CAM ON

Nghién ctru nay duoc tai trg boi Bo Gido duc va Pao tao trong dé tai ma sé6 B2023-GHA-07.
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