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TOM TAT

Tién hanh danh gia két qua do d6 vdng mat duong bing hai thi nghiém khac nhau, do 1a thi nghiém do vong
bé“mg can do vdng BKM (Benkelman) va thi nghiém do vong dong FWD (Falling Weight Deflectometor) theo
tiéu chuan hién hanh trong diéu kién nhiét d6 mat duong tuong ty nhau. Chon nhiing s6 liéu do c6 cung vi tri 1y
trinh do & ca hai thi nghiém dé xét mbi twong quan. Phan tich s liéu do va chuyén dbi sb liéu do vé cing don
vi, ciing diéu kién ap luc do, ding phuong phéap théng ké toan hoc, bing viéc sir dung phdn mém Minitab thiét
lap dugc phuong trinh twong quan do vong, sau khi da loai bo nhimng diém bat thuong.Bai béo trinh bay vé mbi
tuong quan sb liéu do do vong, khi do bang BKMva d6 vdng tai sensor 0 do bang FWD khi do modun dan hdi
trongbdo tri va phuc hdi mit duong mém. Bai bdo thiét 1ap dugc phwong trinh twong quan mdéi, gitta do do
vong bang BKM va FWD dua vao sb liéu do trén duong HO Chi Minh (HCM), bd sung vao quy tich cac

phuong trinh twong quan da dugc thiét 1ap & Viét Nam va thé gisi.
Tir khéa: Bao tri, BKM, FWD, mit dudng mém, phuc hdi, twong quan d§ vong.

1. PAT VAN PE

O nuéc ta mit duong nhua duoc dung phd
bién trén moi loai cdp duong. Do d6 chat
lugong mat duong nhya dong vai tro dac biét
quan trong, c6 ¥ nghia kinh té k¥ thuat ratlon
d6i voi nganh giao théng vén tai va dbi voi su
phat trién kinh té cua dit nuéc. Hién tuong hu
hong mit duong nhwa mdi khi c6 su thay d6i
vé khi hau, thoi tiét, tai trong xe, luu lugng xe
dién ra kha trAm trong trén moi cung dudng.

Nam 1982 - 1983 dua trén dir li€u chua
duogc cong bd do Phong thi nghiém vat li¢u
DOT cua tiéu bang Washington thu thap da
dua ra phuong trinh twong quan d¢ vong gitra
FWD va BKM (Kay, RK. et al., 1993). Nam
1981 dua trén sb lieu cia Hoffman va
Thompson, cling da dua ra dugc phuong trinh
twong quan giita FWD va BKM. Hoi nghi qubc
té GeoShanghai (2010) ciing di dua ra mbi
turong quan gitta FWD va BKM va tin rang mo
dun tinh toan nguoc tir cac két qua do FWD c6
thé duge st dung nhu mot moé dun do cung
trong x4y dung mit duong méi ¢ Trung Qubc
(Liang Zhou, 2010). Vi vdy c6 thé thay thé
FWD trong viéc xac dinh mé dun dan hoi cta
mit duong mém dé danh gia chat luong, ning
lyc phuc vu ciia mat duong trong cong tac bao
tri va quan 1y chat lugng mat dudng.

Xac dinh modun dan hdi mat duong 1a mét
trong nhiing yéu ciu can thiét dé lap ké hoach

chién luge quan 1y chat luong, bao tri va sira
chita dudong bod. Thi nghiém do vong bang
BKM va FWD dé xac dinh m6 dun dan hoi ctia
mat duong la hai thi nghiém dang duogc st
dung phd bién tai Viét Nam. Tuy vao diéu kién
do, diéu kién thiét bi, cép duong ma nguoi ta
lua chon BKM hoic FWD dé do. Trong diéu
kién hién nay ¢ Viét Nam, vi¢c do béng FWD
con han ché boi thiét bi nén cin c6 nhiing
nghién ctru xdy dung phuong trinh héi quy
gitra két qua do d6 vong BKM voi FWD.
2. PHUONG PHAP NGHIEN CUU
2.1. Poi twgng va pham vi nghién ciru
Nghién ctru dugc thyc hién voi hai loai thiét
bi: thiét bi do vong BKM, FWD va trén tuyén
duong HCM, doan tor Km447+700 dén
Km448.
2.2. Phuong phap nghién ctru
Nghién curu duoc thuc hién béng viéc xu ly
két qua do dac, dung phuong phap phén tich
thong ké toan hoc dé dua ra cac phuong trinh
tvong quan. S dung Minitabla phéan
mém théng ké ing dung duogc phat trién ¢ Pai
hoc Pennsylvania bdi  Barbara F. Ryan,
Thomas A. Ryan, Jr. va Brian L. Joiner
nam 1972.
3.KET QUA VA THAO LUAN
3.1. Thuwc nghiém tinh toan tir sé liéu
Benkelman
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Thi nghiém do vdng bang can  trai tuyén, khoang cach cac diém do 1a 30
Benkelman x4c dinh dugc mo6 dun dan hdi  m. Ap luc do 1a 0,62 Mpa v6i d6 chinh xac
ciia két cdu 4o duong Ep. Trinh ty thi  do1a 0,01 mm. Hinh anh va két qua vé qua
nghiém duoc tién hanh theo tiéu chuan trinh do vong bang BKM duoc thé hién &
TCVN8867 — 2011. Tién hanh do d6 vdng  hinh 1 va bang 1.

20 diém, tai mdi vi tri do ca hai bén phai va

Hinh 1. Cong tic do vong bing BKM tai hién truomg

Bang 1. Két qua thi nghiém do véng bang BKM

T Ly trinh :;it Paa (%Il;im) K, (o/oLlill;cIn) "f: K (%I;Ii;tnl) (Nllglt’ta)
| Kmd47+970  Trai 0,536 880 1,3 684 40 0896 79,07 162
2 Km447+940  Trai 0,523 840 13 63,7 40 0896 7548 169
3 Km447+910  Trai 0,503 760 1,4 554 40 0896 6829 187
4 Kmd447+880  Trai 0487 960 14 678 40 0896 8626 148
5 Km447+850  Trai 0471 1080 1,5 73,7 40 0896 97,04 132
6  Km4d7+820  Trai 0496 2400 14 1726 40 0896 21565 59
7 Km447+790  Trai 0516 1040 13 778 40 0896 9345 137
8  Km4d7+760  Trii 0,528 960 13 735 40 0896 8626 148
9 Km447+730  Trai 0,526 80,0 13 61,0 40 0896 71,88 178
10 Kmdd7+700  Trai 0,52 640 1,3 482 40 0,896 57,51 222
11 Kmdd7+700  Phai 0,563 1200 12 979 40 0,896 107,83 119
12 Kmd47+730  Phai 0,523 1080 1,3 81,9 40 0,896 97,04 132
13 Kmd47+760  Phai 0,532 880 1,3 679 40 089 7907 162
14 Kmd47+790  Phai 0484 1160 14 814 40 0,896 10423 123
15  Kmd447+820  Phai 053 680 13 522 40 089 61,00 209
16 Kmd47+850  Phai 0,529 920 13 70,5 40 0,896 82,67 155
17 Kmd447+880  Phai 0,541 920 13 72,1 40 0,896 82,67 155
18  Kmd47+910  Phai 0,534 840 13 650 40 0,896 7548 169

19 Km447+940 Phai 0,532 72,0 1,3 55,5 40 0,896 64,70 198

Ghi chu: Pyq: dp luc quy doi; Li: Do vong dan hoi; Kq: Hé so hiéu chinh theo thong s6; Lihc: DY vong
sau hiéu chinh; T: Nhiét do mat duong; Kt: Hé 56 hiéu chinh nhiét do; Ltt: Do vong da hiéu chinh, Ett: Mo
dun dan héi tieng vi tri.
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3.2. Thuc nghiém tinh toin tir s liéu do
FWD

Thi nghiém FWD xac dinh mé dun dan hoi
ctia két cdu 4o duong Ep va mo dun dan hoi
hitu hiéu cta nén duong Mg. Thi nghiém FWD
6 ban kinh tAm ép 15 cm, 7 sensor Dy, Dy, Dy,
D3, D4, Ds, Dg v6i khoang cach dén tAm tAm ép

mm. Trinh ty thi nghiém theo tiéu chuan
22TCN335-06 (Bo Giao thong van tai, 2006).
Tién hanh do 20 diém, khoang cach cac diém
do 12 30 m. Nhiét d6 khong khi 32°C, nhiét do
mat duong tir 42,5°C. Hinh anh va két qua vé
qué trinh do vong bang FWD dugc thé hién ¢
hinh 2 va bang 2.

lan luot 1a 0, 200, 300, 600, 900, 1200, 1500

=

3 . A B

. -
Hinh 2. Céng tic do vong bang FWD tai hién truong
Bang 2. Két qua thi nghiém do véng bang FWD
P lan (mm*10~)tai cac cam bién Do
TT/No  Mébc/milestone /Deflection (mm*10~-3) at censors
kPa 1 2 3 4 5 6 7
330 815 551 385 168 96
+
! Km 447+700 563 1297 958 731 350 193 98 59
309 958 580 394 178 98
+
2 Km 447+730 523 1484 1014 766 370 192 101 63
311 825 550 386 158 84
+
3 Km 447+760 532 1299 940 713 322 166 90 59
283 1194 612 411 196 114
+
4 Km 447790 484 1847 1105 795 379 214 122 83
311 1184 689 416 179 102
+
. Km 447+820 530 1692 1060 715 329 192 124 84
301 879 556 380 148 74
+
6 Km 4474850 529 1203 856 615 266 138 83 63
310 834 494 330 129 70
+
7 Km 447+880 541 1133 754 527 235 128 83 58
g Kim 4474910 308 784 519 351 123 61

534 1160 821 592 237 120 78 61
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P lan (mm*10~)tai cic cam bién Po

TT/No  Mobc/milestone /Deflection (mm*10#-3) at censors
kPa 1 2 3 4 5 6 7
304 553 393 289 115 56
+
? Km 447940 532 876 643 495 220 110 65 49
303 602 425 315 122 54
+
10 Km 447970 528 935 695 536 235 111 67 55
308 685 487 348 141 73
+
1 Km 448+000 354 1059 794 613 282 140 79 58
310 638 439 315 116 56
+
12 Km 447970 536 988 716 452 228 108 62 49
302 589 417 313 122 59
+
13 Km 4474940 523 933 696 546 242 117 67 51
286 927 520 320 116 54
+
14 Km 4474910 503 1325 816 543 231 109 60 41
282 1092 485 290 118 65
+
15 Km 447+880 487 1549 806 513 225 115 66 46
279 1206 725 490 175 82
+
16 Km 447+850 471 1845 1257 904 353 157 75 57
289 831 579 428 178 87
+
17 Km 447+820 496 1274 938 725 330 167 86 60
296 739 495 360 146 70
+
18 Km 447+790 516 1135 809 601 266 131 79 58
303 660 430 304 122 63
1 Km 447+
? 74760 528 1001 692 518 230 121 70 52
304 589 406 288 127 68
+
20 Km 447+730 526 919 661 500 239 133 91 67
302 613 438 323 138 76
+
2 Km 4474700 520 961 719 560 269 152 97 74
2 Km447+715 313 1015 570 350 160 98
(Phai tuyén) 528 1498 1024 823 371 199 112 79
73 Km447+956 310 635 450 336 140 65
(Phai tuyén) 525 930 701 542 230 119 81 65
24 Km447+800 320 799 542 405 160 88
(Trai tuyén) 524 1152 826 615 271 137 83 66
3.3. Méi twong quan dd vong khi do bing ap luc K.
BKM va FW’D‘ . _p,(D)” 0
Duya vao s6 liéu do do vong tai banh xe do a = (D)
bang can BKM véi ap luc q = 0,62 Mpa va )
dudng kinh vét banh xe 32,36 cm véi 6 liu Trong d6
do d6 vong tai sensor 0 do bang FWD véi ap Py: ap lyc do trong thi nghiém BKM;
lwc q; tai mdi vi tri do va duong kinh tdm ép do Dy: duong kinh vét banh xe trong thi

30 cm tai cung mot vi tri do cung diéu‘ kién  pghiém BKM;
nhi¢t d0 moi truong trén doan duong HO Chi
Minh 1y trinh tir Km447+700 dén Km448+00.
Cach quy ddi do vong tai mdi vi tri vé ciing
ap luc dua vao hé sb diéu chinh theo thong sb

P: 4p luc do trong thi nghiém FWD;
D: duong kinh tim ép do trong thi nghiém
FWD.
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D6 vong BKM sau quy d6i duge xac dinh Trong d¢: .
) Li: d6 vong dan hoi trong thi nghiém BKM;
nhu sau: O x
L Kg: hé s6 hi¢u chinh theo thong so ap luc.
Lihc Kq (2)
Bing 3. Bang quy doi do vong tai mdi vi tri vé ciing mot ap luc
Do vong theo BKM Do vong theo FWD

TT Ly trinh Vét do ¢ V?mfn* le(‘)’_3) ¢ V?m?n*le(;)'s) W

1 Km447+970 TT 684 988

2 Km447+940 TT 637 933

4 Km447+880 TT 678 1549

5 Km447+850 TT 737 1845

7 Km447+790 TT 778 1135

8 Km447+760 TT 735 1001

10 Km447+700 TT 482 961

11 Km447+700 PT 979 1297

12 Km447+730 PT 819 1484

13 Km447+760 PT 679 1299

14 Km447+790 PT 814 1847

16 Km447+850 PT 705 1203

17 Km447+880 PT 721 1133

18 Km447+910 PT 650 1160

19 Kmd447+940 PT 555 876

Dung phan mén théng ké Minitab theo

phuong phap phén tich hdi quy sau khi di loai FWD =447,9 + 0,9610 BKM

b6 diém bat thuongxay dung dugc mbi tuong

quan gitta FWD va BKM duoc thé hién ¢

FWD

PHUONG TRINH VA DPUONG TUONG QUAN
FWD = 447,9 + 0,9610 BKM

1500 P s 139,275
R-Sq 45,5%
R-Sq(adj) 401%
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Hinh 3. Puong thing va phwong trinh twong quan giira FWD va BKM
(Trong do: FWD la d¢ vong tai sensor 0, um;, BKM la do vong tai tam banh xe, um)
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3)

Vi hé s6 xé4c dinh diéu chinh R%;.= 0,4.

phuong trinh trong quan (3) va do thi hinh 3.
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4. KET LUAN

Bai bao di thiét 1ap duoc phwong trinh
tuong quan mdi trong diéu kién do dac (khi
hau Viét Nam, mdt duong HCM) bd sung vao
quy tich cac duong twong quan da thiét 1ap.

Su tuong quan gitta cic thiét bi do phai
dugc st dung mot cach than trong. Thong
thuong, mot mbi twong quan duge phét trién
thong qua mot tap hop cac diéu kién cu thé co
thé khong c6 gidi thiéu dbi véi nhitng nguoi st
dung méi twong quan.
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QUALITY MANAGEMENT, MAINTENANCE AND REHABILITATION OF
SOFTROAD SURFACE BASED ON DEFLECTION CORRELATION

Duong Van Tai, Dang Thi Hong, Dang Van Thanh, Pham Van Tinh, Nguyen Thi Van Hoa

Vietnam National University of Forestry

SUMMARY

Measure the deflection of the road surface with two different experiments, which is the test of deflection by
measuring the Benkelman (BKM) and the experiment of measuring the deflection of FWD (Falling Weight
Deflectometer) according to the current standard in the temperature conditions, the in pavement is similar,
select measurements with the same position in both experiments to consider the correlation. Analyzing
measurement data and converting measurement data to the same unit, same measurement pressure conditions,
using mathematical statistical methods, by using Minitab software to set up the equation relative to deflection,
after has removed unexpected points. The paper presents the correlation between deflection measurements
when measured with BKM and deflection at Sendo 0 measured by FWD in elastic module measurement in
pavement maintenance and restoration. The paper established a new correlation equation, between deflection
with BKM and FWD based on measurements on the Ho Chi Minh (HCM) highway, added to the area of the
correlation equations established in Vietnam and the world.

Keywords: BKM, deflection correlation, FWD, maintenance, pavement, rehabilitation.
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