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Abstract. Currently, prestressed concrete (PC) crossties are widely used to replace wooden
crossties in the Vietnam railway system, and effectively used in urban railroads due to their
advantages in strength, durability, cost, and environmental impact. PC crossties use high
strength steel wires to a create pre-compression state in concrete. For many reasons, the
remaining prestress force is partially lost during fabrication and operation. Therefore, there
is a need for a method to determine the effective remaining force in the crossties. This paper
presents an experimental method to determine the remaining prestress force in a crosstie
through a 4-point bending test. A sample set of 03 crossties was tested until cracks appeared.
By re-loading until the pre-cracks begin to open, the critical force is recorded and the
remaining prestress force in the crosstie is determined. This test method allows to determine
the remaining prestress force, which is used to assess the current status and predict the service
life of a PC crosstie.

Keywords: prestressed concrete crosstie, 4-point bending test, remaining prestress force,
crack.
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Tom tat Hién nay ta vet bé tong du ung luc (TDUL) dugc st dung rong rai thay thé cho ta
vet gb trén duong sat Viét Nam, va ding nhiéu trong duong sit do thi do nhirng wu diém vé
cuong do, do bén, gia thanh, va bao vé€ moi truong tu nhién. Ta vet BTDUL sir dung cac soi
cap cuong do cao nham tao ra luc nén trudc trong BT. Vi nhiéu 1y do, lyc DUL bi mat mat
trong qua trinh ché tao va khai thac. Do d6 can c6 phuong phép xdc dinh lyc DUL c6 hi¢u
con lai trong ta vet & thoi diém ngay sau khi ché tao va & thoi diém nao d6 can danh gia trong
qua trinh khai thac. Bai bao trinh bay mot phuong phap thuc nghiém xac dinh lyc DUL con
lai trong ta vet thong qua thi nghiém udn 4 diém. Mot bo mau gém 03 ta vet khd 1000 mm
duogc thi nghiém udn cho dén khi xuét hién vét nut. Béng viéc gia tai lai cho dén khi vét nut
bat dau mo rong, luc téi han duoc ghi lai va qua d6 tinh toan dugc luec DUL con lai trong ta
vet. Phuong phap thi nghiém nay cho phép xac dinh duoc luc du ung lyc con lai trong ciu
kién ta vet BTDUL nham danh gia hi¢n trang cling nhu dy doan duogc tudi tho con lai cua ta
vet.

Tir khoa: Ta vet bé tong dy @ng luc, thi nghiém udn 4 diém, luc du tng luc con lai, vét nat.
© 2023 Truong Dai hoc Giao théng vdn tdi
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1. Pit van dé

Ta vet bé tong (BT) du tng luc (DUL) ngay cang duoc st dung rong rai va tréd nén quan
trong trong hé thong duong sit & Chau Au, Hoa Ky, Nhét Ban, Trung Qudc... trong bdi canh
giao thong van tai duong sat dang dugc chu trong phat trién [1],[2]. Ta vet BTDUL hién duoc
sir dung c6 hiéu qua trén h¢ thong duong sit Viét Nam ciing nhu trén cac tuyén dudng sit do
thi. Dé ta vet BTDUL lam viéc day du trong subt thoi gian st dung du kién cua chung, luc tng
suét trudc phai duoc dua hoan toan vao ta vet trude khi khai thac dudi tai trong duong sat
[31,[4].[2]. Luc du umg luc phai truyén vao ta vet day du va phan bd hop 1y [1], [5]. Ta vet
thuong co mat cit hinh chir nhat dat duei cac thanh ray. Thanh ray gdi 1én ta vet va gan co dinh
1én ta vet, vai tro cua ta vet 1a truyén ap luc tir thanh ray xubng 16p da ba lat réi xudng nén dat
va ¢b dinh khoang cach giira 2 thanh ray tao thanh kh6 duong ray.

Nhiéu nghién ctru d duoc thuc hién dé thiét 14p anh huong cua cuong do bé tong va cac
tinh chét cta thép DUL dén su phan bd DUL va hiéu qua truyén luc DUL trong ta vet [1, 3, 4,
6]. Ngoai ra, mot sé nghién ctru cho théy tmg suét dinh bam cao giira cac tao cap DUL va BT
c6 thé tao ra cac vét nit tach doc theo cot thép DUL gdy pha huy kha nang chiu tai cua ta vet.
Viéc dinh luong céac thong sd nay s¢€ giup thiét ké t6i uru két cau ta vet BTDUL dé dam bao rang
vat liéu bé tong va thép ung suat trude duge lya chon va két hop theo cach hop 1y nhat, dong
thoi loai bo nhiing rui ro nat v trong bé tong. Hién nay, viéc thiét ké ta vet BTDUL & Viét
Nam déu tuan theo tiéu chuan Quy trinh thir nghiém ta vet bé tong du g luc TCCS02-2010
VNRA [7], va ¢ tham khao Tiéu chuin Chau Au EN 13230:2016 [8] - Ung dung dudng sit —
Puong ray — Ta vet bé tong va dam d. Viéc thir nghiém ta vet theo tiéu chuan Viét Nam chua
xac dinh dugc luc du g lyc c6 hi¢u va phan bd ung suét trudc trong ta vet, cling nhu chua
xé4c dinh duoc mat mat Gmg suat tir thoi diém cat cap DUL dén khi dwa vao sir dung, hodc tinh
dén mot s6 thoi diém cu thé nao d6 trong qua trinh khai thac. Cac tiéu chuan thiét ké cling chua
dé cap cu thé [9], hodc chi dua ra cac cong thie chung dé xac dinh mét mat Gmg suat trong két
céu bé tong DUL [10]. M6t s6 nghién ctru gan day da thuc nghiém xac dinh cac tham s6 vé moi
va tudi tho moi cho ta vet DUL trén duong sit do thi [11].

Nghién ctru ndy tap trung vao viéc xac dinh dy tmg lue c6 hi¢u con lai trong ta vet thdng
qua thi nghiém u6n ta vet. Luc dy ing lyc ¢6 hi€u con lai 1a lyc dy ing luc tong cong sau khi
da xay ra cac mAt mat ing suat (bao gdm co ngan dan hoi ciia BT, co ngdt, tir bién cia BT,
trung cdt thép DUL) Viéc xéc dinh duoc Iyc DUL c¢6 hiéu con lai trong ta vet c6 thé cho phép
danh gia dugc mat mat DUL va kha nang lam viéc hién tai cua ta vet khi so sanh voi cac tri s6
thiét ké, dong thoi cho phép du doan va danh gia tudi tho con lai cia ta vet.

P/2 P/2
Hinh 1. M6 hinh b tri thi nghiém.
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2. Phwong phap nghién ctru

Thi nghiém ubn ta vet duoc thuc hién trén ta vet 1at nguoc lai nhu trong Hinh 1, trong dé
2 vi tri gbi duge dit twong ing voi 2 vi tri ray trén ta vet. Sir dung thi nghiém uén 4 diém dé
tao ra gia tri m6é men déu ¢ khu vurc gitta ddm va loai trir pha hoai do cit & gitra ddm. Khoang
cach gitra 2 gbi d& twong tmg véi cac diém dit ray 1a 1,1 m va khoang cach ciia mdi diém dit
Iiwe dén chinh giira ta vet 1a 0,15 m (ti 1& khoang cach dugc tham khao tir nghién ctru [4]).

Ung suit thé dudi cing cua ta vet tai mat cat gilta dugc tinh theo cong thirc (1). Ung suét
nén trude do lyc DUL tac dung vao ta vet mang ddu am, ung suit kéo do mo men udn gay ra
mang dau duong. Qua trinh thi nghiém duoc thuc hién bang cach ting lyc udn tir tir cho dén
khi xudt hién vét nirt dau tién tai day ta vet & khu vuc gilta nhip, quan sat va danh dau vét nut.
Sau d6 nha tai dé dam bao vét nit khép lai hoan toan, roi gia tai dén gia tri Per dé mo lai vét
nut, khi d6 ing suét ot trong cong thie (1) s& bang 0. Khi di xac dinh duoc luc nén dé mé lai
vét nit dong thoi tmg suét tai diy dam bang 0, dua vao cac dic trung hinh hoc da biét cua ta
vet, ta ¢6 thé tinh toan duogc dy ung luc c6 hi€u con lai trong ta vet.

Mxy, P Pxexy,

— e €
=" A | @)
Trong do:

M :Momen udn do tai gay ra (kN.m);
Vi : Khoang cach tir truc trung hoa dén thé dudi (m);
I : Momen quén tinh cta mit cit ta vet (m*);
Pe : Dy g luc con lai trong ta vet (kN);
A :Dién tich mit cit ta vet (m?);
e : D6 1éch tam cua tong hop luc du 6 ung luc so véi truc trung hoa (m); day 1a gia

tri dai s6, mang dau (+) khi tam nhom Cap nam dudi truc trung hoa va mang dau (-)
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Hinh 2. Mt cét ngang cua ta vet va do 1éch tam e cia téng hop luc DUL.
3. Thi nghi¢m udn ta vet
3.1. Kich thuéc va ciu tao ciia ta vet

Nghién ctru ndy sir dung 3 ta vet ¢6 cing kich thudc va cau tao. Trudc khi ta vet dugc dwa
vao thur tai, tién hanh do cac mau ta vet dé dua ra cac dac trung hinh hoc va phuc vu cho cong
tac tinh toan. Kich thudc cua ta vet dugc do dua trén sy thay doi hinh dang, tir d6 xac cac mat
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cit dac trung dé ¢o thé xac dinh duoc téng thé kich thudc cua ta vet. DSi voi cac ta vet trong
nghién ctru nay, tat ca c6 3 mat cat can dugc xac dinh thé hién trong Hinh 3 va Hinh 4.
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Hinh 3. Hinh chiéu dtng ta vet (don vi: mm).
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Hinh 4. Cac mit cit dién hinh va bd tri DUL trong ta vet (don vi: mm).

3.2. Cac buéc tién hanh thi nghiém

Do chura ¢6 tidu chuan thi nghiém, nén thi nghiém duoc tham khao tir thi nghiém cua Scott
va cong su [4]. Dung cu thi nghiém bao gom 3 miu ta vet dugc dic véi kich thudc va cau tao
gidng nhau, may thir chuyén dung chay ché do tai trong tinh va cac dung cu phu dé do ghi s6
liéu do duoc.

Trudc tién, bd tri mau ta vet tai vi tri thi nghiém, tién hanh danh dau cac diém dat luc va
g0i, chuan bi may va tién hanh thi nghiém. St dung may kéo nén van nang SANS (M) vai luc

101



Tap chi Khoa hoc Giao théng van tai, Tap 74, Sb 2 (02/2023), 97-105
kéo/nén 16n nhét 1a 3000 kN Hinh 5.

Hinh 5. B tri ta vet chuén bj thi nghiém ubn 4 diém.

Dbi véi ta vet nguyén ban dau, gia tai tir tur (hodc theo cip) dén khi vét nut dau tién Xudt
hién, c6 thé ky hi¢u gia tri tai 1a P1. Sau d6 tién hanh nha tai va tang tai lai tur dau véi toe do
tuong tu dén khi quan sat rd vét nurt, giir tai va tién hanh danh dau cac vét nit Hinh 6.

fii;&?u: A%

Hinh 6. Vét nit xuat hién ¢ day dam khu vuc mat cit giira ta vet.

Sau d6, nha tai vé gia tri ¢ nho (cd 2 — 5 KN) dé dam bao cac vét nat da khép lai hoan
toan, roi gia tai voi tdc do nhu ¢t dén khi vét nirt bat diu mo ra, rdi lai tiép tuc nha tai. Qua
trinh d6 duogc lap lai 3 14n dé loai trr hién tuong ma sat trong miéng cac vét nit. Sau khi thuc
hién céc budc tién hanh trén, tién hanh gia tai lai dén khi quan sat théy vét nirt du tién bat dau
mo ra thi ding lai, ghi lai gia tri tai ¢ day la Per.

Céc budc tién hanh thi nghiém trén duoc thuc hién d6i vai timg ta vet. Cac gia tri P1 va Per
cua tung ta vet dugc téng hop lai thanh dir li¢u phuc vu cho cong tac tinh toan luc du tng luc
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con lai trong ta vet thong qua phuong phap nghién ctru da néu & muc 2.

3.3. Két qua thi nghiém

Mot s6 vét nut xuat hién tai day ta vet va tap trung vao khu vuc gitra ta vet, noi c6 gia tri
momen I6n nhat. Bi‘éu d6 mé men uon trong ta vet duoc thé hién trén Hinh 7. Gia tri m6é men
I6n nhat trén biéu do nay dugc tinh theo céng thac (2).

P/2 P/2
300miyg

7 %

1=400mmny.

- L=1100 mm -

T ®

M M

Hinh 7. Bi€éu d6 momen cua ta vet dudi tac dung cta luc nén

M =%|=%(1,1—o,3)/2=%x0,4 (kN.m) @)

Trong d6: 113 khoang cach tir gbi d& dén diém dit lyc dau tién, 1 = 0,4 m.

Sau khi thyc hién cac budc thi nghiém da néu & trén, cc gia tri tai P1 va Per duoc tong hop
lai doi vai tung ta vet va cho trong Bang 1. Gia tri Per 1a gia tri tai dé ma lai vét nit va dugc sur
dung dé phuc vu tinh toan luc dy ung lyc con lai trong ta vet.

Bang 1. Tong hop gi tri lyc nén tac dung vao ta vet trong qué trinh thi nghiém

Ta VE_!t Pl (kN) Pcr (kN)
Tavet 1 103,1 73,1
Ta vet 2 82 64,4
Ta vet 3 99,7 76,2

4. Xac dinh lyc DUL con lai

Do cac vét nit xuat hién tai ving c6 mit cit giira ta vet nén ta str dung cac dic trung hinh
hoc cuia mat cit gitta dé tinh toan. T cac kich thudce hinh hoc cua ta vet da biét, cac thong $6
lién quan dén dic trung hinh hoc cua ta vet (3 ta vet kich thudc gidng nhau) duoc tinh toan va
tong hop lai trong Bang 2. Soi cap DUL dugc st dung 14 loai ¢6 dudng kinh d = 6 mm va tong
cong co 12 soi duoc bd tri nhu da gidi thiéu & muc 2.
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Bang 2. Pic trung hinh hoc mit cit giira nhip cia ta vet

Di¢n tich  Momen tinh daéi Ii?;)fg%ﬁc;célé;w Momen quan tinh D léch caa.

tinh doi voi day ta vet s mit cat tinh doi nhom cap DUL
day ta vet

Ac(mm?) Sc (mm?3) ye (mm) I (mm*) e (mm)

32038,14 2415148,445 75,384 54034535,66 8,384

Ta str dung Per dé tinh toan, trong truong hop nay 14 tai trong ding dé mé lai vét nit tai thd
dudi cua ta vet. Tr d6 ta tinh toan duoc gia tri m6 men theo cong thire (2) va duoc tong hop tai
Bang 3. Tir cong thirc (1), ta biét rang tai thoi diém nit thi ing suat tai thé dudi cia ta vet s&
c6 gia tri bang 0. Tir cac dic trung hinh hoc va gia tri mé men d6i vé6i timg ta vet da duoc tinh
toan & trén, ta co thé tinh duge gia tri luc du ing luc con lai trong ta vet. Cac gia tri1 duoc tong
hop tai Bang 3 dudi day.

Bang 3. Gia tri md men dung dé tinh toén luc DUL con lai

Ta vet Luc dé mé lai vét nirt Momen tinh todn Luwc DUL con lai
) Per (KN) M (kN.m) Pe (kN)
Tavet 1 73,1 14,62 47822
Ta vet 2 64,4 12,88 4213
Té vet 3 76,2 15,24 4985
5. KET LUAN

Trong bai bao nay, phuong phap thi nghiém dé xac dinh luc dy tng luc con lai trong ta vet
bé tong DUL di dugc trinh bay. Ba mau ta vet sir dung cho khd duong sat 1000 mm di dugc
thi nghiém. CAc ta vet duoc gia tai cho dén khi vét nat dau tién xuat hién o khu vuc gitra dam.
Bing cach gia tai 1an sau dé miéng vét nut bat dau ma ra, ta co thé xac dinh dugc luc DUL ¢6
hiéu con lai trong c4c ta vet, lan luot 14 478,2; 421,3 va 498,5 kN.

Viéc xac dinh duoc lyc DUL c¢6 hiéu con lai trong ta vet ¢ thé cho phép danh gia duoc
mét mat DUL va mac ¢ng suét trudc hién tai cta ta vet khi so sanh vai céc tri s thiét ké. Cac
thong tin thu dugc con cho phép du doan va danh gia tudi tho con lai cua ta vet, hoic thiét ké
t6i wu cho ta vet. Phuong phap thi nghiém ciing c6 thé dugc tham khao dé bd sung tiéu chuan
thi nghiém cho ta vet BTDUL.
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