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Abstract. Cement concrete (CC) is frequently used for highway pavement as well as for
airport runways. Recently, the Falling Weight Deflectometer (FWD) is usually used to access
load bearing capacity of the CC pavement. However, the FWD can determine only static
modulus of elasticity but not flexural strength of concrete. While the tensile bending strength
of cement concrete is an important criteria for the evaluation of cement concrete surface's
quality. Therefore, this paper aims to estimate a relation between the modulus of rupture and
elastic modulus of CC. The result indicates that the flexural strength and the static modulus of
elasticity have a linear relationship with adjusted R quare is 66.0%.

Keywords: cement concrete pavement, static modulus of elasticity, flexural strength of
concrete, Falling Weight Deflectometer.

© 2021 University of Transport and Communications

158


https://doi.org/10.47869/tcsj.72.2.2

Tap chi Khoa hoc Giao thong van tai, Tap72, Sé 2 (02/2021), 158-165

Tap chi Khoa heoc Giao théng van tai

NGHIEN CUU MOI TUONG QUAN THUC NGHIEM GIUA
CUONG PO CHIU KEO KHI UON VA MO PUN PAN HOI
CUA BE TONG XI MANG LAM MAT PUONG

Lwong Xuin Chiéu”, Nguyén Quang Phtc, Chu Tién Diing

B6 mon Buong Bg, Khoa Cong Trinh, Truong Pai hoc Giao théng van tai, S6 3 Cau Giéy, Ha
Noi, Viét Nam

THONG TIN BAI BAO

CHUYEN MUC: Céng trinh khoa hoc
Ngay nhan bai: 6/8/2020

Ngay nhan bai sua: 4/11/2020

Ngay chap nhan dang: 5/11/2020
Ngay xuat ban Online: 15/2/2021
https://doi.org/10.47869/tcs}.72.2.2

* Téc gia lién h¢

Email: chieul256@utc.edu.vn

Tom tat. Mat duong bé tong xi mang (BTXM) 1a loai mit duong cap cao, dugc sir dung khé
pho bién cho giao théng duong bo ciing nhu duong bang san bay. Hién nay, thiét bi FWD
(Falling Weight Deflectometer)thudong dugc ding dé danh gia sic chiu tai caa mat duong
BTXM. Tuy nhién, phuong phap FWD sau khi xir Iy chi xac dinh dugc mé dun dan hoi cua
BTXM ma khong x4c dinh duoc cuong d6 chiu kéo khi uén caa BTXM. Trong khi d6 cudng
d6 chiu kéo khi udn cua BTXM la chi tiéu quan trong dé danh gia chat lugng caa mat bé téng
xi méng. V1 vay, bai bao c6 muc tiéu xay dung mdi twong quan giita cuong do chiu kéo khi
udn vamo dun dan hodicua BTXM nham phuc vy cho cong tac danh gia két cau ao dudng
BTXM. Két qua cho thay, giita cudng do chiu kéo khi uén vamoé dun dan hoi c6 méi quan hé
tuyén tinh va mo hinh ¢am bao su tin cay voi R binh phuwong hiéu chinh 13 66.0%.

Tiur khoa: mit duong bé tong xi mang, mo dun dan hdi, cuong d6 chiu kéo khi uén, FWD.

© 2021 Truong Dai hoc Giao théng vdn tdi

1. PAT VAN DE

Mat duong bé tong xi mang (BTXM) la loai mat duong Cép cao, duoc sir dung kha phd
bién cho giao théng duong bo ciing nhu duong bang san bay. Mit duong BTXM c6 mat trén
tit cd céc cip dudng giao thong duong b bao gom hé thong dudng dia phuong dén dwong
tinh 16 va duong quoc 19, tir duong c6 luu luong xe thap dén (duong do thi, duong cao téc, hay
cac duong ¢ khu vuc c6 thoi tiét khic nghiét nhu mua nhiéu, swong mu va o6 am Ion. Mat
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dudng BTXM c6 nhiéu vu diém va dang c6 xu hudng st dung rong réi trén thé gisi ciing nhu
& Viét Nam. Trong diéu kién Viét Nam, viéc kiém soat chat luong thi cong chua tét, chua
danh gia dung suc chiu tai cua mat duong sau khi thi cong, trong khi lugng xe tai, xe nang va
cac xe vuot tai ngdy cang ting két hop véi cac yéu té moi truong ngay cang khic nghiét 1am
mit duong BTXM nhanh chéng bi xudng cép. Vi vay, viéc nghién ctru tng dung cac phuong
phap danh gia chat lugng cua mat duong BTXM la het stc can thiét. Khi danh gia két cdu mat
duong BTXM, thdng sé md dun dan hoi 1a théng s quan trong trong tinh toan sic chiu tai
mit duong BTXM. Trong khi d6, cudong d¢ chiu kéo khi udn 1a thong sb quan trong trong
viéc kiém toan gisi han, kha nang chiu kéo khi udn cua tim BTXM. Dé danh gia sic chiu tai
ctia mat duong BTXM, trén thé giéi [1, 2] ciing nhu Viét Nam [3, 4] thuong ding thiét bi
FWD (Falling Weight Deflectometer). Tuy nhién, phuong phap FWD sau khi xtr ly chi xac
dinh dugc mé dun dan hdi cia BTXM ma khong xac dinh duoc cudng do chiu kéo khi ubn
cia BTXM. Vi vay, muc tiéu cia bai béo nay 1a xay dung méi twong quan gitta cudng do chiu
kéo khi uén va mé dun dan hoi caa BTXM nham phuc vu cho cong tac danh gia két ciu 4o
dudng BTXM.

2. TUONG QUAN GIUA CUONG PQ CHIU KEO KHI UON VA MO PUN DAN HOI
CUA BTXM

Theo cong thuc thyc nghiém cua Foxworthy (1985) [5], cuong d6 chiu kéo khi udn (Riu)
c6 thé tinh theo m6 dun dan hoi (Ept) nhu sau:

Rk = 43,5%10° *Ep + 488,5 (psi) (1)

Trong d6 Rku VA Ept don vi tinh theo psi (pound-force per square inch). Néu tinh Riy va
Enttheo don vi MPa, cong thirc tuong duong nhu sau:

Riu = 43,5%10°%*Ep,: + 3,368 (MPa) 2)

Cong thirc (1) ciing dugc sir dung trong huéng dan cia AASHTO 1993 dé tinh cudng do
chiu kéo khi uén caa tam BTXM khi thiét ké cai tao mat duong BTXM cii [6]. O Viét Nam,
chua c6 nghién ctu va cong b6 vé cong thic tuong quan nay. Do vay, bai bao nay tién hanh
thir nghiém nhamxac dinh tuong quan gittacuong d6 chiu kéo khi udn va moé dun dan hoi cua
BTXM ddi véi vat liéu va cap phbi thuong su dung tai Viét Nam dé thi céng mat duong
BTXM. Do diéu kién nghién ctru han ché, bai bao chi thir nghiém ddi véi loai bé tong hay sir
dung thi cobng mat duong 1la BTXM c6 cuong d6 chiu nén/kéo trung binh 35/4,5 MPa (BTXM
35/4,5). Ca4c mau bé tong cuing nguodn vat liéu da, cat, xi mang, phu gia.

3. CAC BUOC TIEN HANH THU NGHIEM:

D¢ tién hanh thi nghiém, cip phéi thong thuong hay sir dung thi cdng I6p BTXM mit
duong duoc lya chon nhu thé hién trén bang 1. Trong do, xi mang st dyng la xi mang PC40
Bit Son, da dim dugc sir dung 1 loai d4 14y tir mo Théng Nhat. Mau hén hop BTXM trong
cac ngay thi cong khéac nhau tai tram tron duoc ldy sau d6 dac mau 15x15x60cm theo quy
dinh caa TCVN 3105:1993 [7] dé sir dung thi nghiém xac dinh mé dun dan hoi va tiép theo
thi nghiém cudng do chiu kéo khi uén (hinh 1). Mau dugc bao dudng theo dung quy dinh cua
tiéu chuan hién hanh. Khi miu du 28 ngay tudi thi tién hanh thi nghiém. Téng sé mau thi
nghiém 1a 27 mau.

3.1. Trinh ty thi nghiém xac dinh mé dun dan héi
Thi nghiém x4c dinh mé dun dan hdi tuan thii theo TCVN 5726:1993 [8]. Phuong phap
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thi nghiém theo tiéu chuan nay co ban gidng véi tiéu chuan ASTM C469:02 [9]. Tuy nhién
tiéu chuan TCVN st dung mau hinh ling tru, tiéu chuan ASTM sir dung mau tru tron. Thiét bi
thi nghiém chinh sir dung 1a may nén c6 sai sé + 1% va dong hd thién phan ké voi d6 phan
giai 10-3 mm. Trang thai thir nghiém mau 1a mau dé khd trong nhiét d6 phong, vét mau ra
khoi bé bao dudng trude 1 tuan. Trinh ty thi nghiém nhu sau [8]:

(1) Trén 4 mat dang cua tirng vién mau ké 4 duong trung binh song song vaéi truc doc cua
vién dé dat khoang cach do bién dang. Khoang cach do dugc dat cach déu hai day vién mau.
Khoang cach do duoc chon véi kich thuge téi thiéu: Lén hon 2,5 1an duong kinh ¢ hat 16n
nhat ciia cbt liéu nhung khong nhé hon 100mm va 50mm khi dung cac thiét bi do bién dang
tuong ¢ng 1a khung lap ddng hd va bién dang ké don bay va téi da: Khong 16n hon 2/3 chiéu
cao vién mau. Trong nghién ctu nay, khoang do dugc lya chon 200mm. Dya vao cac duong
ké da gach, ga dung cu do bién dang 1&n 4 mat cua vién mau.

Bang 1. Cap phdi bé tong sir dung thir nghiém (don vi tinh 1md).

STT Vit ligu Pon vi Khéi lwgng
1 Xi mang PC40- But Son kg 390
2 Cat vang kg 771
3 DPadim 5x20 moé Théng Nhit kg 695
4 Padiam 5x40 moé Thong Nhat kg 463
5  Nudc lit 168
6 Phu gia Placc-02A lit 1,17

Hinh 1. Mau thi nghié¢m.

_ (2) D3t ting vién vao mau chinh tam thot dudi cia méay nén. Dt tai tao tng suét ban dau
bang khoang 0,05 MPa 1én mau. Ghi lai gia tri dong ho & ca mat ding caa vién mau.

(3) Tang tai 1én mau vei toc do 0,6 + 0,4 MPa/s cho toi khi dat tng suat thir bang 1/3
cuong do mau lang tru(khodng 10-15 MPa tuy theo to mau). Giit tai ¢ ing suat nay 60 giay va
doc gia tri dong ho ¢ ca 4 mat trong khoang 30 gidy nira.

(4) Tinh bién dang twong d6i & ting mat bang higu s6 2 lan doc dong ho gan trén mat do
chia cho khoang cach, roi tinh gié tri bién dang trung binh cua 4 mat. Luu y rang:
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a) Néu bién dang ¢ cac mét déu khong léch qua 20% so véi bién dang trung binh thi ha
tai vé mirc (tng suat ban dau (s0) véi téc do tuong dwong nhu khi nang tai va sau do tién hanh
thém 2 chu ky nang va ha tai tuong ty nhu budc (3) & lan nang tai cudi cuing, sau khi nang tai
véi g sut thir (s1) Tuu tai 60 gidy thi doc 4 gia tri ddng hd ¢ 4 mit trong thoi gian khoang
30 gidy va coi day la gia tri chinh thuc dung trong tinh toan.

b) Néu bién dang & mot mat cat bat ky léch quéa 20% so vai bién dang trung binh thi ha
tai vé muc 0, dat lai vién mau léch vé phia dong ho chi bién dang nhé rdi 1ap lai qua trinh thir
nhu buéc (3). Cho téi khi dat duoc muc chénh Iéch bién dang gitra cac mit nam dudi muc
cho phép. Sau d6 tién hanh ldy sé do nhu myc a).

=

R
LA
s Tho
% 35 e

w2 T

Hinh 2. So db g4 lap thiét bi do bién dang trén mau BTXM theo [8].

== { e

35 m%m 35

(5) Két thiic do modun dan hdi, nang tai pha hoai mau. Ghi vao bién ban thi nghiém néu
cuong do lang tru thir trén cac vién mau nay léch qua 20% so véi cuong do lang tru.

3.2. Trinh tu thi nghiém xac dinh cwong d chiu kéo khi uén ciia mau BTXM

Thi nghiém xac dinh cuong d6 chiu kéo khi ubén duoc tuan thi theo TCVN 3119:1993
[10]. Phuong phap thi nghiém nay vé co ban khdng c6 sy khac biét so véi AASHTO T97-18
[11]. Trong nghién ciru ndy, thiét bi thi nghiém chinh 1a may udn sai sé + 1%. Vé trang théi
thir nghiém: mau dé khé trong nhiét do phong, mau duoc thi nghiém ngay sau khi thi nghiem
moé dun dan hoi dé xac dinh twong quan. Trinh ty thi nghiém nhu sau [10]:

(1) Po dac kich thudc mau: Po cac kich thuéc tiét dién chiu udn caa mau chinh xéac téi
Imm. Kich thuéc mdi chiéu cua tiét dién duoc tinh bang trung binh sé hoc cua hai duong
trung binh trén hai mat déi dién tao ra chiéu d6. Ga mau sao cho huéng tac dung cua luc song
song véi mit ha cia dam bé tong khi do.

(2) Chon thang lyc uén thich hop dé khi thi, tai trong pha hoai nam trong khoang 20 -
80% tai trong cuc dai ctia may.

(3) Béi véi mau ther udn, dat mau 1én may udn theo so do hinh 1 sao cho huéng tac dung
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clia lyc song song véi mat ho cua vién dam bé tong khi do. Sai léch vi tri dat lyc cac khoang
cach gitra hai goi tya va hai goi truyén tai khong dugc vugt qua 0,5mm. Truc doc cua dam
thép ngang, dam thép phu phai cung nam trén mot mat phang.

(4) Giira cac gdi truyén luc va mat trén cua mau cho phép dit cac tim dém bang gd dan 3
I6p day 4 + Imm, rong 15 + 2mm, dai bang chieu rong mau thir dé luc tac dung dugc truyen
deu Ién mau thu.

(5) U6n mau bing cach tang tai lién tyc trén miu véi toc do khong doi va bang 0,06 +
0,04 MPa/s cho tai khi gdy mau ghi lai luc 16n nhat.

" a. Chudn bi mau thi b. Gia tai va do bién dang thi c. Thi nghiém kéo udn

nghiém mo dun dan hoéi nghiém mo6 dun dan hoéi

Hinh 3. Chuan bi mau va tién hanh thi nghiém mé dun dan hdi va kéo udn.

4. XAY DUNG MO HINH HOI QUY

D& xay dung mé hinh hdi quy, bai bao nay sir dung phan mém MINITAB 19 [12]. Theo
so liéu thi nghiém, ket qua cho thay quan hé gitra Rky va EntcO quan hé tuyen tinh theo cong
thuc sau:

Riu = 30%10°*Ep + 3,683 (MPa) 3)

Biéu do tuong quan cudng dé chiu kéo khi uén va mé dun dan hoéi BTXM
Rku = 3.683 + 0.000030 Ebt

—— Regression
5.2 —_— 95% Cl
- 95% PI
S 0.101891
5.0 R-Sq 67.4%
R-Sq(adj) 66.0%
4.8+
2
o
4.6
4.4
w2 T T T T T
25000 30000 35000 40000 45000

Ebt
Hinh 4. Biéu d6 tuong quan cudng do chiu kéo khi uén va mé dun dan hi BTXM.

163



Transport and Communications Science Journal, Vol 72, Issue 2 (02/2021), 158-165

Két qua trén hinh 4 ciing cho thiy, mé hinh c6 hé s6 R? va R? hiéu chinh lan luot 12
67.4% va 66.0%. Pay 1a két qua c6 thé chap nhan va tin tuong duoc. Ngoai ra, dé kiém tra
xem phan du c6 tuan theo phan phdi chuan hay khéng, bai bao v& biéu d6 P-P plot so séanh
gitta phan phdi tich lity ciia phan du quan sa trén truc hoanh va phan phéi tich lity trén truc
tung nhu trinh bay & hinh 5. Két qua cho thiy cac diém déu nim gan dudng chéo nén phan
phdi phan du duoc coi nhu gan chuan. Ngoai ra, biéu d6 phan bd phan b phan du c6 dang
hinh chuéng déu 2 bén, tri trung binh gan biang 0 va sai s6 chuin gan bang 1. Nhu vy gia
dinh phan du c6 phan phdi chuan khong bi vi pham.
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Hinh 5. Biéu d6 phan du dé xac dinh tinh chét hop Iy.
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Hinh 6. So séanh sai sb giita cong thirc d& xuat va cong thirc cua Foxworthy.

Dé so sanh su khac biét giira cong thuc thuc nghiém (3) véi cong thirc thuc nghiém cua
Foxworthy (cong thire 2), bai béo da tinh toan cudng do chiu kéo khi uon cua bé téng theo md
dun dan hoi. Khoang gid tri xem xét so sanh mé dun dan hoi c6 gia tri trong khoang tir 28056
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dén 43275 MPa tng véi 27 mau thi nghiém (ky hiéu tir M1 dén M27). Két qua thé hién trén
hinh 6. Tir d6 c6 thé thiy, sai s6 nho nhat 1a 1,09% va sai s6 16n nhat 1a 5,15%. Sai sb trung
binh cua 27 mau 1a 3,060% va do léch chuan 1a 1,141%. C6 thé két luan ring, cong thic dé
Xuat tir két qua thuc nghiém trong bai bao nay sai léch két qua so véi cong thac thuc nghiém
cua Foxworthy khong nhiéu (dudi 5,5%). Do vy, c6 thé két luan riang két qua nghién ciu
budc dau co gié tri tham khao dé tinh toan cudng d6 chiu kéo khi udn khi biét mé dun dan hoi
cua bé tong xi mang thong qua thi nghiém FWD.

5. KET LUAN - KIEN NGHI

Bai bao di thyc nghiém xay dung tuong quan giira cudng do chiu kéo khi uén va mé dun
dan hdi cia BTXM 35/4.5 MPa véi m6 hinh dam bao d6 tin cay tng véi R? hiéu chinh 66.0%.
Bai béo ciing di so sanh cong thirc dé& xuat vai cdng thuc thuc nghiém caa Foxworthy. Két
qua so sanh cho thiy mé hinh bai bao dé xuét la chap nhan duoc véi sai s6 dudi 5.5%. Vi vay,
cng thirc dé xuat gitp cho viéc tinh toan, kiém toan Rk khi do dac dugc Ept.

Mic du cac két qua trong bai béo la tin cay dugc. Tuy nhién, nhuoc diém cua két qua nay
la cong thuc chi dugc thuc nghiém véi mot loai BTXM 35/4.5 MPa ang véi mot nguon Xi
mang va da nhat dinh, hé sé do tin cay van con thap. Dé c6 thé tng dung rong rdi hon két qua
nghién ctru vao trong diéu kién Viét Nam, dinh hudng nghién ciru trong tuong lai ctia bai bao
la mo rong ra thi nghiém vai nhiéu loai bé tdng, nhiéu ngudn xi mang, da, cat khac nhau dé
xay dung dugc méi quan hé gitta cudng do chiu kéo khi uén va mé dun dan hdi cia BTXM
mét cach tong quat hon.
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