MUC LUC

DANH MUC CAC CHU VIET TAT ... iv
PHAN MO DAU.......cooiiiiiiiiiiiisiies it 1
1. TIN CAp thidt clA TUAN AN ...e.veeceeeeee ettt 1
2. Muc tiéu nghién clru cla TUAN AN....c.oiviiiiiicee s 2
3. DT tHONEG NGNIBN CULL ...ttt sttt ettt s e 2
4. Pham VI NGNIEN CULL ...ttt n et 2
5. Phuong Phap NONIEN CUUL ...ttt 2
6. Y nghia khoa hoc VA thurc tidn ctia TUAN &N .......cevveeeececeeceeee s 3
7. CAUTIUC CTUA LUAN AN oottt et et ee e e eese et et et ee s seeeeeseeeee et et eseneseeseeeseaeees 3
CHUONG 1: TONG QUAN NGHIEN CUU VE XEP HANG TAI TRONG CONG
TRINH CAU ..ottt ettt ettt sttt 4
1.1 Tong quan tinh hinh nghién ciru danh gia kha ning chiu tii ciia cong trinh ciu
EreN the QIO ........ocooeee s 5
1.1.1 Céc cdng trinh nghién ctru xép hang tai ctia cau theo tai liéu tham khao ngoai
1010 (0GP PR TSP 6
1.1.2 Xép hang tai va phan tich cau bang qui trinh thir nghiém tai trong .............cov.ev.e... 6
1.1.3 Xép hang tai cho cAu bAng thil A CAU.......c.eeeveeeeeeeeeeee s 8
1.1.4 Xép hang tai cho ciu bang phuong phap phan hdi dOng........c..ceevvevvvvrrrerrerrenenn, 15
1.1.5 Xép hang tai cho cau theo phuong phap thong ké xac suét - chi s6 do tin cdy.....18
1.1.6 Xép hang tai cho ciu bang thudt toan sur dung hé thdng giam sat strc khoe két cau
(SHM) va dir li¢u giao thong ngau nhi€n (WIM) ..., 21
1.1.7 Xép hang tai cho cau khi khong con ho so thiét ké ban dau ..........cc.coceverenreneeee, 23
1.1.8 Xép hang tai cho cu bang cach s dung mang no-ron nhan tao .............c........... 24
1.1.9 Xép hang tai cho cau bang thuat toan THieNg ...........ccceveeeveeveereererenreeseereeseseeseenens, 26
1.2 Tong quan tinh hinh nghién ciru xép hang tii cong trinh ciu ¢ trong nuéc......... 27
1.3 Thong ké phin tich tong quan xép hang tai ciu va khoang trong nghién citu .....30
1.3.1 Théng ké phén tich tong quan dé liwa chon phuong phap xép hang tai cau .......... 30
1.3.2 Tinh khoa hoc viéc ng dung ANN trong danh gia xép hang tai cau ................... 35
1.3.3 Khoang trong trong nghién ctru xép hang tai cau tir tai liéu tong quan ................ 35
| S LT | PP 36
CHUONG 2 CO SO LY THUYET VA ANN TRONG PANH GIA XEP HANG TAI
CHO CAU......c ettt et ettt et e ae e 37
2.1 Co s& ly thuyét trong danh gia xép hang tii cho cAu..............cocovevvveieiiieein, 37
2.1.1 Khai niém xép hang tai Cho CAU ......co.vvvvcerceceeeeeeeee e, 37
2.1.2 Xép hang tai trong cho d4nh gia CAU ........ceeveevieeeeeeeeeeeee e 38
2.1.3 Pénh gia xép hang tai trong khai thac cau duong bd TCVN 12882:2020: ........... 38
2.1.4 Danh gia xép hang tai trong theo triét Iy LRFR (MBE-2011) ......c.ccccocvvvvirrvrnnnn. 39
2.1.5 Trinh ty danh gia xép hang cac tai trong theo TCVN 12882:2020 va LRFR ....... 40



2.1.6 Péanh gia xép hang cau theo phuong phap tich hgp hién dai........c.cooevverenerirnnee, 41
2.2 Tai trong xe va hiéu ing hoat tai dung danh gia xép hang tii cho cau ................. 43
2.2.1 Tai trong xe tai trong danh gia xép hang tai theo TCVN 12882:2020.................. 43
2.2.2 Hiu tng hoat tai trong danh gia xép hang tai cau (xac dinh bz‘}mg phuong phap
dudng anh huong theo gia thiét mat cat phang trén mo hinh dam Bernoulli) ...... 44
2.3 Cac ly thuyét co hoc két cau phuc vu danh gia xép hang tai cAu ...............ocoo........ 45
2.3.1 Ly thuyét dung dit liéu do vong (tht tai tinh) dé xép hang tai cau dam I DUL....46
2.3.2 Ly thuyét dung dif liéu tan s6 (thir tai dong) dé xép hang tai cau dam I DUL......47
2.4 Co sé ly thuyét mang no-ron nhén tao cho danh gia xép hang tii cho cau........... 50
2.4.1 ANN trong ung dung vao cong trinh khoa hoc va Xa hoi .......cccccevvvviiiiiiiinnnn, 50

242Cosoly thuyét va kinh nghiém xay dung mang no-ron nhan tao trong danh gia
XEP NANG tA1 CHO CAUL ..ottt sttt o1

2.4.3 Thiét 1ap mo hinh mang no-ron dé danh gia xép hang tai cho cau trong luan an .60

Kt TUAN CRUWOMIE 2 ..ottt 63
CHUONG 3 XAY DUNG ANN TRONG PANH GIA XEP HANG TAI CHO CAU ....64
3.1 Qui trinh thiét 1ap miu hé théng dim I dé dao tao ANN xép hang tii cau (RF)..64
3.1.1 Thiét 1ap dir liéu mau hé théng dam I DUL dung ddo tao ANN ......ccccevevveeceene. 64

3.1.2 Thuat ngit va cong thie chi tiét dung tao hé théng dam I dung dao tao ANN......66

3.1.3 Qui trinh tinh toan tao mau hé thong dam I DUL lién hop dung dao tao ANN....66

3.2 Xy dung mang no-ron nhén tao cho danh gia xép hang tai cAu dim I DUL ......73

3.2.1 Xay dung mang no-ron nhan tao cho dao tao h¢ théng dAm I DUL .oovvvevernne. 73
3.3 So sanh hi¢u S}lﬁt du dodn clia mang no-ron nhén tao véi phwong trinh hdi quy
da bien cho xép hang tdi cau dam I DUL.............ccooooiiiiiinii e 81
3.3.1 Biéu thirc phuong trinh hdi quy tuyén tinh da bién.........ccovvvvveeeieeeeeeee e, 81
3.3.2 Xay dyung phuong trinh hdi quy da bién cho ndi luc hé thong dam I DUL .......... 81

3.3.3 So sanh hiéu suat mé phong du doan ctia mang no-ron nhan tao véi phuwong trinh
hoi quy da bién cho xép hang tai cau dam I DUL...........cccooiiiiiiiiiiicciiccin 82

3.4 Xay dung phwong phap xép hang tai RF bang ANN cho cic ciu dim BTCT khac

3.4.1 Xay dyng chuong trinh chuan hoa bang Excel dung tinh toan sirc khang va hi¢u
{ng tai cho cac dam bé tong cbt thép DUL (hodc bé tong ¢t thép thuong)......... 86

3.4.2 Xay dung ANN riéng biét vé strc khang va hiéu mg tai cho cic dam bé tong cdt

thép DUL (hodc bé tong c6t thép thuONE).......ccvveeveeereeieeiresieeeeeeseseseseessesenens 89

K IUAN CRUOMIE 3 ...t 91
CHUONG 4 UNG DUNG MANG NO-RON NHAN TAO CHO PANH GIA XEP

HANG TAI CHO CAU ... 92

4.1 Kiém chirng 1 - Ung dung ANN dé danh gia xép hang tii cAu dim I [21] khong c6

trong dir li€u mang dA0 t20...............coooiiiiiiii 92

4.1.1 S6 liéu kiém dinh cau Ninh Chir tom tat dung dénh gia xép hang tai RF ............. 93

4.1.2 Ung dung ANN (ing dung 1) dé dénh gi4 xép hang tai cau dam I DUL ............. 94

4.1.3 Ung dung ANN (img dung 2) két hop dir liéu do do vong A (tir thur tai tinh) dé
danh gid xép hang tai cAu dAm I DUL .......cocovvveveieeeeeeeeeeseeeeeeee s 95



4.1.4 Ung dung ANN ({mg dung 3) ket hop dit liéu do dao dong (thir tai dong) dé danh
gid xép hang tai cau dam I DUL........cccocviiiiiiiiicis e 99
4.1.5 So sanh két qua dung 03 tng dung ANN danh gia xép hang tai ciu ddm I DUL

4.2.3 Xép hang tai ciu NC thuc té [21] theo phuong phap phan tir hitu han (Midas) 103
4.2.4 So sanh xép hang tai ciu Ninh Chir thuc té [21] bang ANN véi phuong phép tinh

tay truc tiép, thuat toan hdi quy da bién va phan tir hitu han. .........cccoeeevvennenns 105

4.3 Kiém ching 2 - Panh gia xép hang tai cAu dam [7] thue té b:“lng ANN.........oe 108

4.3.1 Panh gia xép hang tai cau dam [7] thuc té theo TCVN 12882:2020................... 108

4.3.2 So sanh xép hang tai RF ciu dim [7] bang ANN véi tinh tay VA FE................. 110

4.4 Panh gia ing dung ANN cho xép hang tai cAu dadm I thwe tién ..............cco.o........ 112

4.5 Phan tich d9 nhay cho danh gia xép hang tai RF cAu dam [21] bang ANN .......113

4.6 Hiéu qua hoc sdu dao tao ANN (02 — 03) 16p xép hang tai RF cau dim1 ........... 119
4.7 Théo luin danh gia phwong phap nghién ciu luin an xép hang tii RF cau dim I

.................................................................................................................................... 125

KOt TUAN CRUOTIZ 4 ...ttt 132

5. KET LUAN VA KIEN NGHLI........c.ooiiiiieiieeeeeesee et 134

DANH MUC CAC CONG TRINH DA CONG BO CUA TAC GIA .......cccooovvevveevrsrene, 136

TATLIEU THAM KHAO ..ottt et en e en s et en e e en s sees s eesenan, 137
PHU LUC ... -1-

1535 L1 515 G OO -2-

1 2d 5 L6 51 6 @ PO -12-

PHU LUC 3. oottt eeeee st ses st ss s s ssssass s ssnsssssssss s s s snssssnssesensssssassanes - 28 -

1 2d 5 L6 51 6 G ST -37-

PHU LUC 5.. 1ottt eeeee et see s s ssss s s s s s s nsnssnssesensesssansanes - 46 -



DANH MUC CAC CHU VIET TAT
AASHTO : American Association of State Highway and Transportation Officials - (Hi€p hoi

cac vién chuc va van tai duong by Hoa Ky)

AAT : Automated Ambient Traffic — (Giao thong xung quanh tu dong)
ANN : Artificial Neural Network — (Mang no-ron nhan tao)

ASR : Allowable Stress Rating — (Panh gia theo tng suét cho phép)
BDI : Bridge Diagnostics Incorporated — (Hé thong chan doan cau)
BP : Back Propagation — (Lan truyén nguoc)

BTCT : Bé tong cdt thép
BTCT DUL: Bé tong c6t thép du ting luc
Cross_Validation + Early Stopping: Xac thyc chéo — Dung sém

DFA : Distribution Factor Analysis — (Phén tich hé s6 phan phdi)

DL : Dead Load — (Tinh tai)

DUL : Dy ung luc

Eout : LAi sai s6 ctia mau Test (sai s6 ngoai mau)

FE : Finite Element — (Phan tir hiru han)

FEA : Finite Element Analysis — (Phan tich phan tt hitu han)

FEM : Finite Element Model — (M6 hinh phén tir hitu han)

GDM : Gradient Descent Marquardt - (Thuat toan ha Gradient Marquardt)

LFR : Load Factor Rating — (Panh gia theo hé sb tai trong)

LL : Live Load — (Hoat tai)

LM : Levenberg - Marquardt

LRFR : Load and Resistance Factor Rating — (Danh gia theo hé s strc khang va hé s6 tai
trong)

MAE : Mean Absolute Error — (Sai s6 tuyét ddi trung binh)

MBE : Manual for Bridge Evaluation — (Huéng dan danh gia cau)

MCE : Manual for Condition Evaluation - (Huéng dan danh gia tinh trang)

MSE : Mean Square Error — (Sai s6 binh phuong trung binh)

NCHRP : National Cooperative Highway Research Program — (Chuong trinh nghién ctu
hop tac duong cao toc Qudc gia)

RF : Rating Factor — (Hé s6 danh gid)

RMSE : Root Mean Square Error — (Cén bac hai sai s6 binh phuong trung binh)

SHM : Structural Health Monitoring — (Giam sat strc khoe két cdu)

TCVN  :Tiéu chuan Viét Nam



TKT : Traditional Known Truck — (Xe tai truyén thong da biét)

Training, Validation, Test : Huén luyén, Xac thuc, Kiém tra

Ung dung (2): Ung dung ANN loai 2

VBA Excel: Visual Basic for Applications Excel — (Visual Basic danh cho Ung dung Excel)
WIM : Weigh-In-Motion — (Can dong/Can xe tu dong khi dang chay)

(2.8) : (chuong 2. cong thire theo tht ty sd 8 trong chuong 2)

(5-m-1) : (s6 tham sb dau vao mang — m s6 no-ron 16p 4n— s6 dau ra cliia mang)
(5-m-m-1): (s6 tham sb dau vao mang — m s6 no-ron 16p an (1, 2)— s dau ra ciia mang)
(5-15-15-1): (s6 tham sb dau vao mang — s6 no-ron 16p anl (m) — sé no-ron 16p an2 (m) —

s0 dau ra ciia mang).
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PHAN MO DAU
1. Tinh cip thiét ciia luin an

Trong hon hai thip nién gan day, hé thong cau dudng bo tai Viét Nam phat trién nhanh
ca vé s6 luong va quy mé, trong d6 cau dam bé tong du tng luc dang chir I va Super-T
duoc st dung rong rai. Cung véi qua trinh khai thac 1au dai va gia tang tai trong giao thong,
viéc yéu cau danh gia kha ning chiu tai va xép hang khai thac dbi v6i cau hién hiru ngay
cang tré' nén cap thiét nham bao dam an toan va hiéu qua van hanh.

Theo quy dinh hién hanh, viéc danh gia xép hang tai cau duoc thuc hién theo TCVN
12882:2020 trén co so két hop do dac thyc nghiém va tinh toan 1y thuyét. Mic du phuong
phap nay c6 co s khoa hoc chit ché, song trong thuc tién ap dung con ton tai nhitng han
ché nhu khéi luong tinh toan 16n, nhiéu tham sé dau vao, yéu cau thoi gian va chi phi ddng
ké, ddc biét trong trudng hop danh gia dong loat nhiéu cau hodc khi thiéu ho so thiét ké
ban dau. Piéu nay dit ra nhu cau nghién ctru cac phuong phap hd trg ¢6 tinh linh hoat cao
hon nhung van bao dam tuan thii tiéu chuan k¥ thuat.

Xép hang tai trong theo TCVN 12882:2020 va phuong phap hé sb sirc khang va hé s6
tai trong (LRFR) ¢6 hai nhém tham s6 chinh: nhém thtr nhat 13 nhirg tham s6 anh huéng
dén kha ning stc khang cua két ciu, nhom thtr hai lién quan dén hiéu tng luc trong két
cau. Dé gia tri xép hang tai trong sat véi thyc té ctia két cdu bén canh viéc két hop cong tac
khao sat, do dac cac tham s6 tir thuc té ctia két cdu va cling can phai co cac phuong phap dé
phan doan tir cac s6 liéu thuc té va khai quat mang tinh hé thong.

Su phat trién cua tri tué nhan tao, dic biét 1a mang no-ron nhan tao (ANN), cho phép
xay dung cac mo hinh du doan c6 kha ning xir Iy quan hé phi tuyén phitc tap va hoc tir dix
lidu. Tuy nhién, viéc ung dung ANN mdt cach hé thong dé danh gia hé sé strc khang va
xép hang tai cau bé tong cbt thép theo tiéu chuan Viét Nam van con han ché. Trén thé gioi
nhiéu tac gia da sir dung mang no-ron nhan tao dé hd tro trong viéc xac dinh strc khang cia
mit cat nhu cac nghién ctru ctia Abdollah Bagheri va cac cong su [30] , [31], nhu nghién
ctru cua Oguzhan Hasangebi, Taha Dumlupinar [69], [70] . Nhin chung céc nghién ctru ctia
cac tac gia nhu trén chil yéu tap trung vao dang két cau cau bé tong ct thép thudng va can
c¢6 nhitng nghién ciru cho dang két cau khic thong dung trong thyuc té hon cu thé 1a cau
dam I DUL ma luan 4n s& nghién ctru.

Vi vay, nghién ctru tng dung mang no-ron nhan tao trong xép hang tai trong ctia két cau

nhip cau bé tong cdt thép du tng luc 14 can thiét ca vé phuong dién khoa hoc va thuc tién,



g6p phan nang cao hiéu qua cong tac kiém dinh, danh gia va quan 1y khai thac cau hién
htru tai Viét Nam.
2. Muc tiéu nghién ciru cia luan an

(i) Muc tiéu tong quat:

X4y dung va phat trién mot phuong phap danh gia xép hang tai cong trinh cau bé tong
cbt thép dua trén ing dung mang no-ron nhan tao (ANN), bao dam tuén thu tiéu chuan
TCVN 12882:2020 va c6 kha ning ap dung trong diéu kién cau hién hiru tai Viét Nam.

(ii) Muc tiéu cu thé:

1/ Xay dyng hé théng dit liéu mau c6 kich thude 16n, phan 4nh mdi quan hé giira cac
tham s6 hinh hoc, co 1y va hi¢u trng tai trong, nham xéc dinh strc khang mat cit va cac dai
lwong noi luc phuc vu tinh toan xép hang tai.

2/ Thiét 1ap va dao tao cac mo hinh mang no-ron nhin tao (ANN) md phong riéng biét
stc khang va hiéu Ung tai trong, trén co s& bo dit liéu mau da xay dung.

3/ Ung dung md hinh ANN di duoc huin luyén dé xac dinh hé s xép hang tai (Rating
Factor — RF) cho cau ddm I DUL theo TCVN 12882:2020.

4/ Kiém chung va dénh gia do tin cay ciia phuong phap dé xuat thong qua ap dung cho
céc két cAu nhip cdu dam I DUL thyc té, so sanh véi phuong phép tinh toan truyén thong
va cac phuong phap phan tich khéc.

3. Poi twong nghién ciru:

Hé thdng két ciu nhip cta cong trinh cau dam I bé tong cdt thép DUL cing sau (dit liéu
cu thé nghién ctru).

4. Pham vi nghién ciru:

Dang cau dam I lién hop DUL cing sau theo TCVN 11823:2017 va TCVN 12882:2020.
Céc cong trinh cau cii (ddm | lién hgp DUL cing sau) theo CAc tiéu chuan da timg ap dung
tai Viét Nam. Véi dang cau khéc, trén nén tang khung phuong phép cia luan an sé tng
dung nghién ctru van hiéu qua khi ¢6 du dir li¢u mau dang cu do dé dao tao.

5. Phuong phap nghién ciru:

Luan an thuc hién dya vao mot s6 phuong phap nghién ciru:

(1) Phuong phap 1y thuyét: Xay dung hé thong di liéu miu cua cau theo 1y thuyét.

(2) Phuong phap mé hinh: Xay dung mé hinh mang no-ron nhan tao tir h¢ thong dir liéu
mAu cta cau di xay dung.

(3) Phuong phap nghién ciru thyc nghiém: Kiém ching mé hinh ANN véi sb lidu tir

cong trinh cau thuc té theo TCVN 12882:2020.
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(4) Phuong phéap phan tich: So sanh hi¢u qua ctia mé hinh nghién ctru voi phuong phép
truyén thong thong qua sb liéu cdu dam I DUL thyc té.
6. Y nghia khoa hoc va thue tién ciia luin an
Y nghia khoa hoc ciia lugn dn:

- Luan an xay dung dugc mdt khung phuong phap trng dung mang no-ron nhan tao
(ANN) trong md hinh héa mdi quan hé phi tuyén gitta cac tham sb hinh hoc, co 1y va hiéu
g tai trong cta két cau nhip cau bé tong cot thép DUL, qua d6 phuc vu danh gia hé sd
xép hang tai trong cho két cau nhip dam chit I BTCT DUL.

- B dit liéu mau c6 kich thude 16n duge thiét 1ap c6 hé thdng theo tiéu chuan thiét ké
va danh gid hién hanh, tao co sé khoa hoc cho viéc dao tao, tdi wu hoa va khai quat hoa mo
hinh ANN, gép phan mo rong hudng nghién ciru tng dung hoc may trong linh vuc co hoc
va kiém dinh cong trinh cau.

- Luan 4n dé xuat cach tiép can tich hop gitta mo phong sd, dit liéu thir tai va hoc may
trong danh gia xép hang tai, bd sung co so 1y luan cho viéc chuyén doi tir phwong phap
tinh toan truyén théng sang cac moO hinh du doédn dya trén dir ligu.

Y nghia thuec tién ciia ludn dn:

- Phuong phap dé xuat cho phép hd tro danh gia xép hang tai ciu ddm I DUL theo TCVN
12882:2020 voi do chinh xac cao, giam khdi lugng tinh toan Iap lai va nang cao hiéu qua
trién khai trong diéu kién thuc té tai Viét Nam.

- M6 hinh ANN sau khi dugc dao tao c¢6 kha ning ap dung cho cac cau ngoai tap dir
liu huan luyén nhung c6 dic trung twong dong, gop phan hd tro danh gia nhanh céc cau
hién hitu trong khai théc.

- Phuong phap c6 tiém ning tng dung trong truong hop thiéu hoic that lac ho so thiét
ké, thong qua viéc st dung cac tham sé do dac hién truong két hop mé hinh hoc may, qua
d6 nang cao hiéu qua cong tac kiém dinh va quan 1y cau.

7. Cau triic ctia Luén an

Gom phan mo dau, 4 chuong ndi dung va két luan cé cau tric sau:

Chuong 1: Téng quan nghién ctru vé xép hang tai trong cong trinh cau.

Chuong 2: Co sd 1y thuyét va ANN trong danh gid xép hang tai cho cau.

Chuong 3: Xay dung ANN trong dénh gia xép hang tai cho cau.

Chuong 4: Ung dung mang No-ron nhén tao cho danh gia xép hang tai cho ciu.

Két luan va kién nghi



CHUONG 1: TONG QUAN NGHIEN CUU VE XEP HANG TAI TRONG
CONG TRINH CAU

Bai toan xép hang tai trong va danh gia kha nang chiu tai cua cong trinh ngay cang co y
nghia to 16n vé kinh té va k¥ thuat. Trong thyc té, khi xép hang tai trong va danh gia kha
nang chiu tai cong trinh nguoi ta thuong can cir vao kha nang hay thuong dung la suc
khang cua két ciu va cac hiéu Gmg do tai trong gay ra. Kha ning cua két cau khong phai 1a
hang sb ma s& thay ddi theo thoi gian phu thudc rat nhiéu tir tic dong bén ngoai nhu diéu
kién tu nhién, ché d6 bao dudng va khai thac. Ngoai ra, tai trong giao théng tac dong l1én
cong trinh ciing thay di theo thoi gian gop phan 1am cho hé sb xép hang cua tai trong s&
thay doi theo thoi gian. Do d6 bai toan xép hang tai trong va danh gia kha ning chiu tai
clia cong trinh thu hiit duoc nhiéu sy quan tim ciia cac nha khoa hoc trong va ngoai nudec.
Céc nghién ciru trong nudc va ngoai nudce ciing cho thdy déu theo xu hudng 1am sao cai
thién duoc két qua chinh xéc nhét, 6 chinh 1a phan anh sat véi sy lam vi¢c thuc té ctia két
ciu. Diéu khé khan gip phai khi x4c dinh chinh x4c kha ning chiu luc cua két ciu 13 khi
khong 16 tinh trang suy thodi ciia vat liéu cling nhu thiéu cc thong tin cua thiét ké ban dau
clia cong trinh va su thay doi cia tai trong so voi thiét ké ban dau cling gay ra mot sd kho
khin cho cong tac danh gia xép hang tai.

Thong qua viéc quan sat va cac két qua do duoc (nhu 12 bién dang va dao dong) cac mo
hinh phén tir hitu han dung cho phan tich két cau cong trinh cau duoc cap nhat sat voi sy
1am viéc ngoai thuc té. Két qua tir mo hinh phan tich két cau di duogc cap nhat s& st dung
dé thyc hién cac tinh toan xép hang tai va so sanh voi cac tinh toan xép hang truyén thong.
Céc mo hinh tinh todn ngay cang hoan thién va day du két hop cac mé hinh phuy thudc thoi
gian nhu 13 ¢6 xem xét sy phat trién cta hoat tai va su suy giam sirc khang. Do hé s6 xép
hang khong thé phan 4nh sy an toan thuc té ciia cdy cau trong sudt vong doi ciia nd cho
nén can c¢6 chu ky danh gia dé kip thoi phat hién ra sy xudng cip cta cong trinh tir 46 dua
ra cac bién phap xu 1y kip thoi.

Vay viéc xép hang tai trong hay ddnh gia kha nang chiu tai cia cong trinh cau la can dugc
nghién cru madt cach lién tuc, nén cap nhat nhirng thanh tyu madi cua khoa hoc k¥ thuat dé
ludn thyc sy hitu ich cling nhu dé dang van hanh cho cong tic quan 1y cau. La muc tiéu
chinh ma tong quan s& mo ta chi rd voi nhidu phuong phap xép hang tai cau khic nhau
duoc so sanh dé théiy dugc hudng nghién ctru cua luan an thyc sy dung dén va hitu ich.

Giai quyét cac kho khan trén phuong phap da dugc dé xuat nhu: két hop thir tai kiém tra,



cdp nhdt lai mé hinh tir két qud do tai céng trinh thwc va vng dung mang no ron nhan tao
dé xép hang tdi trong cho cau.
1.1 Tong quan tinh hinh nghién citu d4nh gia kha ning chiju tii ciia cong trinh ciu
trén thé gioi

Cong trinh cau sau mot thoi gian khai thac chiu rat nhiéu nhiing tic dong bat loi khac
nhau (nhu do qua tai trong, tai nan xay ra voi cong trinh va sy suy gidm cua cuong do vat
liéu theo thoi gian) do d6 khong tranh duoc cac hién tuong xudng cp cua cong trinh va
khi mot hé thong cong trinh giao thong bi xudng cap s& can mot ngudn luc rat 1on dé nang
cap hé thong day 1a yéu td birc thiét trong cong tac quan Iy danh gia xép hang tai cho cau.

Paénh gia chinh x4c kha ning chiu tai ctia cau dang van hanh 14 rat quan trong, gitp viéc
quan 1y va khai thac ctia cac co quan chuyén trach giao thong hiéu duoc kha ning thich
ung gitra tai trong xe hién co6 va strc khang cua cau, nhim thyuc hién cc viéc van hanh duy
tu bao dudng can thiét. Thé gidi hién nay cé nhiéu phuong phap nghién ciru dé danh gia
hoat dong hién tai cua cau theo truyén théng, tich hop thuat toan va cong nghé hién dai.

bé théy duoc su xép hang tai trong cAu mot cach siu rong va da dién hon, chuong nay
s& trinh bay khai quat mot loat cac nghién ctru ciia nhiéu tac gia trén thé gidi trong linh vuc
xép hang tai cau theo tai liéu tham khao cung v&i cac ddc trung chinh, véi cac chu dé sau:

Qui trinh xép hang tai va phan tich cau bang thir nghiém tai trong AASHTO;

Xép hang tai cau bang Thir tai cau;

+ Xép hang tai bang Thu tai chan doan (hé théng BDI bién dang ban tinh);
+ Xép hang tai bang Thu tai bang ching;

Xép hang tai cho cau bang phuong phap Phan hdi dong;

Xép hang tai cho cau theo Théng ké xac suat - Chi sb d0 tin cy;

Xép hang tai cho cau bang Thuat toan két hop hé thdng giam sat stc khoe két cdu (SHM)
va dit liéu Giao thong ngiu nhién (WIM);

Xép hang tai cho cau khi khong con Ho so thiét ké ban dau;

Xép hang tai cho cau bang ing dung mang No-ron Nhan tao;

Xép hang tai cho cau bang Thuat toan khac;
Va hinh 1.1 s& cho thdy duogc sy liét ké va phéan loai cac phuong phap danh gia kha niang
chiu tai / xép hang tai cho cau nhu trén theo tai liéu tham khao cua Luan an.

Qua trinh nghién ctru cac tai liéu tham khao trén theo sau sé& cho thiy nét dic trung wu
viét cuing sy gidi han tir cc phuong phap xép hang tai trong cau trén thé gidi (tir 1998 dén

2021), va khoang tréng con phai nghién ctru ciia linh vuc xép hang tai nay duoc chi rd.
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1.1.1 Céc cong trinh nghién civu xép hang tdi ciia cau theo tai liéu tham khdo ngodi nuéce

Tdng quan nghién ciru danh gis kha ning chiu tii ciia céng trinh ciu tir cac
Tai liéu tham khao & ngoai nwéc

l l | I ! I I |

4 ™
Qui trinh ) Xép hang tai cho céu (Xép hang | Xéphang \f—xép hang tai\rXép hz_mg\fXép hz_mg\ ( Xép )
xép hang L bang Thir tai nghiém tai | taicho tai cho cho ciu tai cho tai cho hang
tai va phdn |~ " " =] caubang cau theo bi’mg Thuit cau khi cau bang tai cho
tich ciu Xéphang [ Xeéphang phirong Théngké | toan két hop khéng Ung chu
bing Thr tai bing tal bﬁng phap XAc suat Hé théng con hé so dung bing
nghiém tai thr tai thr tai Phanhéi | vaDétin | gidm sdtsic Thiét ké mang Thuit
trong Chan Bang dong ciy khoeé kétcau ban diu No-ron todn
doan BDI chirng . vy cat SHM v nhén tao méi
S ~en - AN /
Dit liéu giao | |
‘ ‘ thong ngau
nhién WIM
./
[33][41] [29][34] [38] [44] [32] [48]1[54] [42] [49] [30] [69] [35]
[66] [67] [37] [63] [45] [62] [39] [53] [78] [79] [56] [57] [31] [70] [74]
[72] [73][76] [77] [61][65] [82] [50] [71]

[80]

Hinh 1. 1 Cé4c nghién ctru xép hang tai ctia cAu theo tai liéu tham khdo & ngoai nudc

1.1.2 Xép hang tdi va phén tich cau bang qui trinh thir nghiém tdi trong

Xép hang tai theo qui trinh ASSHTO huéng dan duge trich dén bao gom [33, 66, 67].

Ban huéng din danh gia cau dau tién ciia My xuat ban 1a MBE. First Edition (2008), The
Manual for Bridge Evaluation, [33] . dugc coi nhu 1a mot tai li€u chi tiét cho viéc danh gia
cau. Trong tai liéu ndy c6 hudng dan chi tiét cho timg cong viéc nhu hé thong quan 1y cau,
cong tac kiém tra, thi nghiém vat li¢u, xép hang tai trong, danh gia moi cho cau thép, thi
nghiém tai trong khong pha huy va cac vi du minh hoa. Cling véi sy phat trién cia tiéu
chuan thiét ké thi tai liéu hudng dan danh gia cau cling c6 cac ban cap nhat cho lan xuét
ban thtr hai (2011) va tht ba (2018).

Céc thi nghiém khong pha hiy dugc sir dung chinh nhu 14 cong cu cung cip sy hiéu biét
t6t hon vé tai trong va su phan bd tai trong theo NCHRP Research Results Digest. 234.
(1998), Manual for Bridge Rating through Load Testing, [66] . Thu nghiém chinh la thu
nghiém chan doan va thir nghiém bang ching:

« Thir nghiém tai chan doan: RFr = RFc *K; K = 1 + Ka * Kb.
Véi: RFr: hé s6 xép hang tdi hiéu chinh tir két qud thir tai. _ RFc: hé s xép hang tinh todn
theo két qua thir nghiém. K: hé sé diéu chinh tir gid tri do véi mé hinh phan tich.

Strc khang — Hiéu (rng tinh tai = hé sé tinh tai

RFc = -
¢ Hiéu rng hoat tai  hé so6 hoat tai * (1 + xung kich)

+ Ka: hiéu qua thu dwoc tir thir tai thuc té, néu cé, va xem xét yéu 16 mat cadt ché'ng lai tai
trong thir nghiém tac dung, xdc dinh theo [66].
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+ Kb: thé hién suw hiéu biét vé két qua thir tdi khi so sanh véi: « két qua dw dodn theo Iy
thuyét tinh todn * logi va tan sudt kiém tra tié}) theo va * sw co hodac vcfng mat cua cdc tinh
ndang ddc biét nhw khong dw thiva va cdc chi tiét dé bi méi, xdc dinh theo [66).

+ Khéng 6 thir tdi, K = 1. Két qua thir tdi diing véi 1y thuyét thi K = 1. Sau khi thir tdi, néu
K > I thi phan ing ciia cdau thudn loi hon so véi dw dodn ciia 1y thuyét va kha ndng chiu
tdi ciia cdu c6 thé dwoc ndng cao. Nguwoc lai, néu K <1 thi phdan vmg thiee ciia cdu sé nghiém
trong hon so véi dw dodn va kha nang chiu tdi Iy thuyét ciia cdu cé thé phdi gidm xudng.

« Thtr nghiém tai bang chtng: 13 cau phai chiu tai trong cu thé va quan sat xem cau
mang cac tai nay dé khong bi hu hong. Tai trong thir duoc gia ting sb va cau dugc giam
sat dé canh bao sém vé su ¢ c6 thé xdy ra hodc két cau cau lam viéc o trang thai khong
dan hoi tuyén tinh. M4t tai trong 16n hon tai trong di dong ma cay cau du kién s& chiu duoc
dit 1én ciu, s& cung cap bién do6 an toan & trudng hop qua tai trong qua trinh van hanh cua
cau. Tai trong tac dung 16n nhat 13 gii han vé kha ning chiu tai clia cau, nang lyc nay cia
cau can duoc diéu chinh béng hé sd an toan dé dat duoc murc khai thac cho kha nang chiu
tai ctia cau. Heé sd hoat tai muc tiéu Xpy, tai trong béng chtirng muc tiéu L7, xép hang, kha
ning mang tai mirc van hanh va kiém ké theo [66] .

Cung nim 2001, NCHRP cong bd bao cao s6 28 Huong din danh gia tinh trang va xép
hang tai trong cau dudng cao toc sir dung triét Iy hé s6 stc khang va tai trong 1a NCHRP
Project 12-46, Final Report (2001), [67] . Thoi diém d6 Huéng dan AASHTO (Manual for
Condition Evaluation-MCE) dugc dung dé danh gia tinh trang cau quy dinh cho cic
phuong phap tng suét cho phép va hé sd tai trong. Trong bao cio phan tich chi tiét sy khac
biét gitta phuong phap danh gia LRFR va LFR. Su cép thiét can sb tay danh gia méi toan

dién nhat quan ve€ triét 1y, cach ti€ép can va cong nghe.

1.8¢

LFR V&n hanh (H520) |
16 ! -
S14 i : . |
5 12l e T _ | LRFRV&nhanh(HL93)
e ) .
E 10 pull LFR Kiém ké (HS20) | ' —a . _
e 1 L
Tos Mp=00132 Masao (1+1) L ! ‘
8o R=217Mas2(1+D+ 1.3 Mp ! LRFR Kigm ké (HL93) g
£os SRy=R ®c=10 P$5=10 ! ‘
o Tuwong te DF
Loa yr=175Kiémké
yr =135 Vinhanh , ‘
0.2 RE — Pe®:sPRy — 125Mp .
ViMozoa Chiéu dai nhip (FT)
%0 40 60 80 100 120 140

Hinh 1.2 So sanh LFR(HS20) va LRFR(HL93) v&i gia thiét phan b hoat tai trong duong



1.1.3 Xép hang tdi cho cdu bang thir tdi cau
a/ Xép hang tai cau bang thtr tai chan doan (BDI)

Bang thir tai chan doan, xép hang tai cau theo cac tai liéu nhu [76, 73, 34, 37, 29, 80, 63].

Béo cdo ciia Truong dai hoc bang IOWA vé Phat trién qui trinh thir tai ciu dé danh gia
tai trong cua T.J. Wipf va cong su, (2003), [76] . HE théng Chan doan cau (Bridge
Diagnostics, Inc-BDI) dung danh gia tai trong theo hé sd tai trong. Cac thi nghiém tai chan
doan cho théy cac dac tinh cuong do va kha nang phuc vu vugt qua cac tham sb dugce tiéu
chuén du doan, din dén xép hang tai trong chinh x4ac hon va cac hé sb xép hang ting so
v6i viée tinh toan thong thudng. So sanh xép hang momen udn (BDI véi LFD), 02 cau dam
thép san gd xép hang > 47% (trung binh), 03 cdy cau dam thép san bé tong xép hang >
57% (trung binh), 02 cau ban bé tong xép hang >117% (trung binh). Khéc biét & cc gia tri
xép hang 05 ciu dim thép la do tdng dQ cling cua dam bién béi sy hién dién cua lan can bé
tong cot thép va xuat hién tac dong lién hop ngoai y mudn. Tang gia tri xép hang cho hai

cau ban bé tong 1a d€ phan tich chinh xac hon vé két cau tam.

Hé s6 xép hang xe HS20 H20 Type-3
thiét ké - theo LFD Momen uon Lwc cat Momenuon Luwecat Momenuon Luc cat
(a) Cong tac Kké Vhanh Kké Vhanh Kké Vhanh Kké Vhianh Kké Vhanh Kké Vhanh
Ban mit céu 077 129 2.10 351 079 132 273 456 088 147 276 4.6l
Hé s6 xép hang xe HS20 H20 Type-3
thiét ké - theoBDI Momenuon Lwccat Momenuon Lwccat Momenuon Luyec cat

(b) Cong tac Kké Vhanh Kké Vhanh Kké Vhanh Kké VhanhKké Vhanh Kké Vhanh

Ban mét cau 157 262 195 326 1.61 269 231 386 194 324 276 461
% sai so LFD-BDI HS20 H20 Type-3

(¢) Cong tac Momen uon Lye cat Momen uon Lue cait Momen uon Lue cat
Ban mjt cau 103.9 -1.1 103.8 -15.4 120.5 0.0

Hinh 1. 3 Cac xép hang xe tai thiét ké (a) LFD, (b) BDI va so sanh (c) cau s6 7 [76]

Nghién ctru mdi lién hé giita thir tai va xép hang cau, Research Project 655, (2005),
[73] . Pé kiém tra va phan tich hiéu qua hai hodc nhiéu cdy cau mdi thang, mot chuong
trinh dé “m6 hinh héa, phan tich va xép hang tai trong” da don gian héa hién hitu dé kiém
tra va phan tich hiéu qua. Cau S-1021 nam & Anderson, cau dam thép khong lién hop, mot
nhip, 9 dim dai 42feet + 6in cach nhau 3feet dugc nghién ctru. Cau duoc xép hang tai trong
trén co so ing suat cho phép tir loi ich bd sung cua thir tai chan doan, RFr = K*RFc, véi

RFc xép hang thuc té va K hé sé diéu chinh, cap nhat mé hinh c6 quan tAm.
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Hinh 1. 4 Vi tri thiét bi tai mit cit ngang cdu S-1021-Xép hang tai RF1, RFo tirhé sd K [73] .

Paénh gia hiéu suét va xép hang cau théng qua thir tai khong pha huy, Andrew Jeffrey va
cong su, (2009), [34] . Hai cay cdu minh ching cho phan tich 1y thuyét, qui trinh két qua.

« Cau Royalton 3 nhip cii (ndm 1920) gdi gian don, 06 dam bé tong cdt thép/nhip, 02 1an
xe tai (Royalton, Vermont). Thong tin két cau thiéu; bé tong bi bong troc va ¢t thép bi dn
mon sd noi cta cau. Thir nghiém 05 chi tiéu, dong gop lan can vao 1am viéc tong thé cau,
phéan b momen theo phuong ngang, sy truyén tai luc qua cac dam, sy chuyén momen qua
cac tru bén trong, tai trong phan bd 1én mat cau. Gom 33 cip dau do nhu hinh 1.5 (trén).

« Cau Weathersfield, cau dam thép lién tuc 3 nhip tir 1965, mat cu bé tong khong lién
hop, 02 lan dudng (Weathersfield, Vermont). Han ché tai trong véi xe qué tai do cuong do
moémen am tai cac géi dd bén trong tru cAu. Mot s6 dAm chinh bi hu do va cham xe duéi
cau. Thtr nghiém tai trong dé biét vé gia dinh khong lién hop gitta ban mét cau véi cac dam
trong thiét ké va danh gia cau dé kiém tra sy phan bé mémen ngang cho cac dam, tinh toan
moémen am gﬁn cac géi tua va diéu tra bat loi hu hong mat cau do xe tai va cham. Thiét bi
thir nghiém b tri tai nhip gitra nhu hinh 1.5 (dudi).

U'dc tinh xép hang tai hai cau nay phul hop véi cac phép do hién truong thir nghiém tai.
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Mat cat 1 2 3 4 5 6 mm Cip dau do dam
! I lymy -
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Hinh 1. 5 Két qua md men cau Royalton (trai) cau Weathersfield (phai) Vi tri 1an tai So
do dau do thir nghiém cau Royalton (trén), Weathersfield (dudi) [34] .

Nghién ctru tai Pai hoc bang Iowa vé xép hang tai trong ciu thong qua thi nghiém ngoai
hién trudng st dung hé thong BDI Brent M. Phares va cong su, (2003), [37] . Cau & bic Boone
County # 11, IA, dim thép composite, nhip don gian v6i mit cau bang gb dién hinh trong bay
cay cau thudc nghién ctru hién tai dugc trang bi 40 dau do bién dang va duoc thir nghiém voi
céc tai trong d3 biét bang hé théng BDI. Thir nghiém hién trudng cia cau cho thiy cac dam
hoat dong khong lién hop, it su ngam cing g6i & md cau va xuat hién sy ciing canh. Panh gia
hé s6 xép hang quan trong > 42% bang phuong phap BDI. Xép hang tai cau > phan tich Iy
thuyét, hinh 1.6.

=
I
[*]

L1

. L5

HS20 H 20 Type3 | L 3 — = - LB
Momen udn Lurc cdt Momen udn Ly'c cit Momen udn Luc cét| Iﬁ M Thiét bi do If 1-‘12 L'l's
Kké Vha Kké Vha Kk& Vha Kké Vha Kké Vha Kké Vha | | 13 et 113 117

Phwong phap LFD Dam trong ' |- L-s L-H L-IE B

0,92 1.533.04 6.57 1.16 1.94 5.76 9.62 1.17 1.95 5.32 8.87|F—W—=t % u [ ] [ B

1.00 1.67 4.22 7.04 1.27 2.12 6.41 10.7 1.27 2.13 5.91 9.87 |, EF' : il—__] L
4 i ai MGE Nam Lo 2-10.6" Y1 Lio

Phwrong phap BDI Ddam ngoat ; : : = -5 » -

1.31 2.184.787.97 1.58 2.64 6.09 10.16 1.75 2.92 6.63 11.06 | . M& Bac )
1.54 2,57 7.6112.7 1.97 3.29 11.56 19.29 1.99 3.33 10.37 1?.31_ O | Lo | 120

42.4 213 362 574 9.6 246 N u P

54.0 80.3 55.1 80.3 56.7 755 | == 197-57 ol 9-55T 91157 T T

Hinh 1. 6 (Trai) Mit bang dam b tri thiét bi do va dudng tai trong. (Phai) So sanh hé s6
xép hang tai va % gia tang xép hang [37] .

Theo hudng xép hang tai MBE c6 xét dén su 1am viée thuc té ciia cong trinh qua cac hé sb
diéu chinh trén ba cay cau dam thép 13 A. Peiris va I. Harik. (2016), [29] . Cac hé thong do bién
dang nhu tinh toan va may do 13 dién trd dugc st dung ciing nhau dé kiém tra ciu dam thép
Lewis County Bridge, dit liéu hai hé théng duoc so sanh co bién dang tuong tu nhu nhau, hinh
1.7. May do bién dang tir truong, dong ho do bién dang va thu thap dit liéu khong day, da nhanh
chong thir tai va cai tién xép hang tai trong cau.

Hé s6 K: RFr=RFc *K; K =1 + Ka*Kb; Ka = (eC/e1)-1; Kb = Kb;*Kb>*Kbs.

N Xe tai thuc hién Phan tich AASHTO Thir nghiém tai
Cau . A A A A A A
Loai H¢ s6 xép hang H¢ s6 xép hang
KY 1068 - Hat Lewis KY Loai 3 0.48 0.70
KY 220 - Hat Hardin KY Loai 3 0.62 1.25
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Hinh 1. 7 Mt bang thiét bi do dim hién truong — Xe HS20 va bang xép hang tai [29] .
Yaohua Deng, Brent M. Phares va cong su (2016), [80] trinh bay cach tiép cin giao thong
xung quanh ty dong (Automated Ambient Traffic-AAT) xép hang tai trong cau theo hé sb tai
trong, sir dung bién dang méi truong xung quanh xe tai. Phuong phap AAT duoc phat trién
bang cach tich hop cac thuat toan khac nhau dé doc lap viéc phat hién xe tai, hiéu chudn mé
hinh cau va xép hang ti trong cau. Mot cau dam thép I-80 ba nhip, 5 dim va mit ciu bé tong
2 1an xe duoc str dung. Két qua xép hang tai trong va hiéu chuan ctia cau I-80 str dung phuong

phap AAT véi 03 chién luge léy mau khac (A, B, C), so sanh véi cac két qua thu dugc khi su

|

dung phuong phép xe tai dugc biét truyén thong (Traditional Known Truck -TKT).
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Hinh 1. 8 So' d0 cu (d6-1 dau do bién dang day dam; vang-02 dau do bién dang dinh day
dam; chir thap dé-dau do trén mat cau) [80] .

100 e -
Sir kién lan Nam 1 100 Swr kién lan Bic — D3_BF - D liéu thu
s0 — D1 BF - D& lidu thu . = D3_BF - Két qua FE
. - D1_BF -KétquaFE | 80 ——D4_BF - Dir liéu thu
2 —— D1_BF - Dix liéu thu & = D4 _BF - Két qua FE
60| = - + D2 BF KétquaFE | 60|32 ~——D5_BF - Di¥ hiéu thu
a \ o - DS BF - KétquaFE
40| -F N 10| &
8 . (a) ®au do = (b) Dau do D3,
=2 D1_BF & D2_BF ] D4 & DS_BF
2008/ ALeeal TN — — 20|5 -
o .t l/l-“"“ o
200 240 240
20 -20
W1 tri lum thong (ft Vi tri lum thong (ft
_40 1 g (ft) a0 1 e (ft)

Hinh 1. 9 So sanh lich st bién dang thoi gian gitra dir liéu thu thap va két qua FE bang
phuong phép ti€p can AAT - Lan nam mat cat D [80] .
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b/ Xép hang tai cau bang thir tai bing ching

Thir tai bang chimg, xép hang tai cau theo cac tai liéu nhu [62, 45, 44, 38, 77].

Niam 2015, Maria M. Szerszen [62] dé ¢6 bao céo vé phuong thirc danh gid va xép hang cau
hién c6. Cac két qua thir nghiém tai trong cho thdy kha ning thuc té ctia mot cay cau cii, xudng
cép va bj &n mon, cao hon nhiéu so véi du doan vé mat phan tich, c6 d§ an toan thuc sy, dac
biét 1a nhimg cdy cau cii hon. Cu thé thir tai biang chimg trén cu Penny phia déng trong tinh
trang x4u, dam thép bi an mon mét 30% d6 day ban canh dim va mit cau bé tong da bi nit.
Xép hang tai cudi cing boi NDOR (xe tai Loai 3) xép hang kiém ké thap 13 0,31 va xép hang
van hanh 0,52. Cau duoc dé nghi dang tai thém 17 tAn va tai gidy phép 1a 22,2 tan. Két qua
kiém tra, tong bién dang dim chiu tai 16n nhat (tinh + hoat tai, s6 5) 12 360* 10 bang 30% bién
dang chay ctia dam (1138*10°), tong bién dang dam < 50% bién dang chay. Tai trong thir tbi
da 102,24 kips (hai xe tai song song) > 2,3 lan so v&i 44.4 kips tai cho phép (LFR), khong c6

déo trong dam.

lﬂmﬁ: Moment -ft Moment

~—@—Momen ubn tir

et

—m— Momen ubn tir

mo hinh m®6 hinh
——Momen tir 2 Xe tai
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3 4 5 6 1 2 3 4 5 6

5t Moment

—m— Tbng Momen o
—
’ v\
T ‘\‘\.

Téng Momen cac dam

1 2 3 4 5 6

Hinh 1. 10 Két qua thtr tai bang chimg va gia tri tong momen ¢ dam thir nghiém [62] .

Trinh bay thi nghiém tai trong kiém chimg cau dé chimg minh bang thyc nghiém cau nhat
dinh c6 thé chiu hoat tai theo quy dinh boi Eva O.L. Lantsoght va cong su. (2017), [45] . Thong
qua viéc thir tai kiém chimg ctia mot cau ban bé tong cot thép, cac khuyén nghi cho viéc chuan
bi, thuc hién va xtr Iy hau kiém thtr tai bang chimg duoc tom tit trong bai viét ndy. Tinh méi
clia cac khuyén nghi 1a thir nghiém tai bang chimg cho lyuc cat dugc nghién ctru va dé xuat vé
tiéu chi dung cho luc cit va md men udn duoc dua ra.
kslab = 1,2 véi cau ban c6 goi d& dwong va tinh todn tric tiép, va 1,0 véi ban cé goi dé roi
hodic diing mé hinh phan ti hitu han; hé sé k la hiéu vimg kich thude; p1 la rong cét thép doc; fe,m la

cuong do bé tong nén hinh tru; fym la cuwong do chay cua thép;, Vmin la gioi han
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duwoi lyc cat vR,c; d; la chiéu cao co hi¢u cua cot thép.

Chu k¥ tai
Vge = 0.15. kgapk. (100p fe,n)*3 [ 77— r 1 /\\
= Umin ooo b _Cép do tai
200mm SRS NN SO S— A -
kE=1+ =20 ugoe ta
; Buoetar |t BN AL
Vinin = 1.13. kgap- k372 Jem ) / AN WL
y.m

0 v
0 ~5___10~ 15 20 25 30 3 40 45

Hinh 1. 11 Luec cit t&i han - Bude tai, chu ky tai, murc tai cho thir tai bang chtng [45] .

Mot cong b khac ciia Eva O.L. Lantsoght va cong su. (2017), [44] xt Iy thi nghiém tai
chén doan va bang ching:
« Thir tai chan doan xéac dinh cac tham sd: x4c dinh phan bd uén ngang bang do bién dang trén
cau tir két qua kiém tra thuc dia; danh gia d6 cimg bang do d6 vong dé so sanh do cimg phan
tich v6i d ctmg thuc té clia cau va anh hudng suy thoai vat liéu dén hiéu suét két cau, xét cac
yéu t6 phi két cau, go chan lan can, gop phan vao do cimg tong thé cua cay cau; thir nghiém tai
trude khi thong cau, theo thoi gian va sau khi phuc hoi.
« Thi nghiém tai bang chimg: tai trong bang chimg muc tiéu 1a phai gip doi tai trong tdi da cho
phép; cac phuong tién dic biét nhu xe ting quan sy hodc cac phuong phap tai khac 1a hé thong
kich thuy luc yéu cau dé kiém tra tai bang chimg; dic biét hitu ich cho cac két ciu c6 d6 khong

xac dinh 16n, chang han nhu cau khong c6 thiét ke va cau b1 xudng cap.

\
. ; Tk A

Hinh 1. 12 (Trai) Xe thir tai cia BELFA trén cau can Vlijmen-Oost- (Phai) H¢ thong kich
thuy luc thtr tai bang ching cau can Zijlweg [44] .

Cameron D. Murray va cong su. (2019), [38] st dung thir nghiém pha hoai va mé hinh hoa
may tinh cho cau dam I ung sut truée mo hinh thuc, dé nghién ctru chi tiét sy 1am viéc t6i han
clia ciy cau, dic biét tap trung vao hé sb phan phéi tai trong sau khi niit va dong gop ctia dam
ngang dau cau cho kha nang két cAu. Mot tai trong tap trung dat tai 1/4 nhip cau trén mot dam
bén trong, khi gia tai dén pha hoai, ddm ngang dau cau bi nit. M6 men xoan da duoc quan sat
dé gay ra niit & dim bén ngoai va dim ngang dau cau quay ra khoi cdy cau khi mit cau bi bién

dang. Mot pha hoai cit da két thiic thir nghiém, tuy nhién pha hoai cho thy sy lam viéc trugt
13



hai chiéu d& dugc quan sat trong mét cau. Pha hoai nay cho thdy, dim ngang d4u cau cho phép
phan phéi lai mbé men trong mit cau va ¢ tiém ning ting kha ning chiu tai trong. Thir nghiém

& pham vi dan hdi so pht hop d6 vong va hé sé phan bé cat tir mé hinh luéi dam, FE 2D-3D.
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Hinh 1. 13 Quan h¢ tai trong va d¢ vong cua mo hinh may tinh va cau quy cach chiu tai
tai dam trong B(trdi)- dam ngoai A(phai) [38] .

1.0
Hé s8 phan phéi ngang ¢ = ) Hé s& phan phdi ngang . &
06 1 »]'w- 1 1 . |
A A B e & los|™
N . -
0.5 Y = c D
ame T R -
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04 4 \ _\ 0.68~ _m-. M5 hinh luéi
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03 // —e— Thur ta1 W o ﬁ o~ o PTHEL 3.D
7" |-m- Mo hinh luci \ ' .. \_|=e=AASHTO DF
02 -+-- PTHH 2-D RN \
--&- PTHH 3-D 02 | . - C
01 —s— AASHTO DF _ BTN D
A B A B N
0 20 __- =

Hinh 1. 14 DFs cac md hinh va thir nghiém cau dim ngoai (trai)-dam trong (phai) [38] .
Trinh bay thir nghiém vat liéu va hién truong ctia cau dam hop T bé tong tmg sudt trudc sau
khi chay, Xuzheng Liu va cac cong su. (2019), [77] . Kiém tra chi tiét do Itra pha huy thdy: mau
bé tong thay doi véi bd hong, hdng va xam trang & khu vuc phat sinh Itra; Bé tong bi bong troc,
mét 16p phu & mat dudi va suon dam, cot try; Nt mat dam va cot tru; Cac thanh ¢t thép 16 ra
trén mat cau. Dam hop sau chay duoc do dac va mé hinh phéan tir hiru han (phian mém Midas)
phan tich két cau theo hinh 1.16.
« Do vong do tir thir tai bang chimg tinh, d6 cimg nhip 1 giam 23% sau khi chay va khong
dap tmg yéu cau thiét ké. Sau chay, két qua do vong thé hién tot hon két qua bién dang.
« Phan hoi dong, tin s6 co ban do ctia nhip 1 xap xi 97% so vai tan s6 co ban gdc va tan s6
co ban 1y thuyét, c6 anh hudng it dén tan sd ctia két ciu bé tong sau khi chay. Mot thir nghiém

tai trong tai hién truong sau khi stra chita dugc thuc hién dé xac dinh hi¢u qua tang cuong va
chirg minh vi¢c sua chira 1a hi¢u qua.
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Hinh 1. 15 Ty 1é (sau-trudc) chdy Do vong giam 23% va Tan s6 xap xi 97% [77] .

1.1.4 Xép hang tdi cho cau bang phirong phdp phdan héi déng

Theo phuong phap dong co céc tai liéu tham khao [53, 32, 65, 61, 39].

Phép do dong ctia cau duge ding dé thu dit liéu phan hoi theo modal da lién két vdi cac
mo hinh FE nhim xéc dinh d ctng va ude tinh kha ning chiu tai cau trén dudng cao tdc
va di by, James M W Brownjohn va cong su. (2001), [53] . Dung cdp nhat mo hinh FE xéc
thuc trude va xac thuc sau. Xac thuc trudce, st dung kiém tra do rung cua két cau ban dau,
mo hinh FE tham chiéu thu duogc, chi yéu diéu chinh cac diéu kién bién (gdi déo) va mo
dun bé tong. Xac thuc sau — cho tai trong tac dong, dung dir li¢u kiém tra do rung sau khi
két cau bi hu hong do tai trong pha huy va gia st cac diéu kién bién va mé dun bé tong
khong thay dbi, mo hinh FE dai dién cho su pha huy két cdu duoc thanh lap. MOomen quéan
tinh tiét dién niit xuyén subt do dai duoc tinh cho tinh trang pha hily. Tir m6 men quan tinh

tiét dién, tinh ty I¢ thép, ro1 udc tinh momen toi da va kha nang chiu tai con lai cua két cau.

f = S000

h=250
A.=26
J. N Canh dim

Dim bé téng cét thép thwe nghiém

b=150 b
Két cau chwa bi phéa hoai K&t cau bi pha hoai

So Ja Jfe Af AMAC Ja Je Af MAC
(Hz) (Hz) (€] (%) (Hz) (H=z) (%e) (%)
1) 2) 3 “D &) s )] &) ®
1 133 12.9 3.20 O8.8 10.0 10.0 -0.40 99.7
2 31.3 33.0 =512 97.6 32.0 32.2 -0.76 99.0
3 445 42.6 4.40 97.3 41.1 40.8 0.69 97.7
4 74.1 T0.6 4.99 96.6 70.2 68.8 1.98 932
5 T8.2 81.4 -3.95 08.2 78.6 T8.5 0.13 97.6

Af = (fa - jfe ) fe x 100%

Hinh 1. 16 M6 hinh-Twong quan modal thyc nghiém va phén tich FE dam BTCT [53] .

fa tan sb do két cau thuc — fe tan s6 FE tham chiéu — MAC tiéu chi bao dam phuong thc.
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AKM Anwarul Islam va cong su (2014), [32] . Cau PSBB nhip don ngam c¢6 dinh hai
dau, dai 85feet, rong 36feet, chin dam hop du tmg luc lién ké, (48x42) in/1dam, 02 lan duong
(12 + 2*6)feet. M6 hinh cau FEA dugc xac nhan bang thir nghiém hién trudng va phén tich
s6. So sanh vé dap tmg dong gilta cdu méi nhat béi FE 5,45 Hz va cau hién tai do thir
nghiém 3,44 Hz, ti 18 1a 3,44/5,45 = 0,63, cho thy giam 37% tan s tht nhat ctia cau trong
25 nam tudi tho. Giam tan sb nay duogc lién két v6i giam trong danh gid hién trang cta ciy
cau hién hitu. Dya trén dir liéu phan tich dong luc hoc két chu va céc thong s6 hinh hoc,
nghién ciru tién hanh tinh toan do cimg trong qué trinh khai thac va danh gia kha ning chiu
tai ciia cong trinh. Két qua danh gia xép hang tai trong dugc so sanh trong hinh 1.19.

Chiéu dai dam = 85°
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Hinh 1. 17 Mat bang cau Ashtabula [32] .
OHIO LEGAL LOADS . Y i
~ ) R Téng trong Kha ning cua cau (Tan)
Tai chi dinh Cau hinh ta1 trong Juong xe Trong Van
M v luong | tOcXe | Kha ning | KhiningT. .
S 12 =2 . xe tai tal | trung binh | binh theo vin Heé s6
15 Tén (Tan) | (mph) | cjascam | téctrong | x8p hang
10° bién) | lwong xetai
Phén mém VIRTIS Phin mém BARS M ]
.- |X hang tai| Heso - [ hang tai| Hes0 15 70,680
Hoat ta1 ) i Hoat ta1 ) i g 2 : e -
¥ (Tén) Xép hang g (T4n) Xép hang 16.15 m Al 66.977 4.147
OH-2F1| 70.63 | 4708 |OH-2F1| 73 4.867 % 6880

Hinh 1.18 Xép hang tai trong ctia nghién ctru tuong dong phan mém VIRTIS-BARS [32] .

Mostafiz R. Chowdhury va cong su. (2003), [65] mé ta quy trinh thir tai cAu st dung
phan g gia toc ké va so sanh voi két qua thu dugc bang cach sir dung dir liéu do bién
dang truyén théng. Két qua chi ra, gia toc ké c6 thé trich xuat DF (hé s6 phan b lyc dan
hoi) thuan loi cho xép hang tai trong cau. Khi dung thiét bi do bién dang trén mot dam bé
tong bi nut co thé cung cp thong tin sai léch trir khi chiéu dai thiét bi do dai hon dugc
dung dé tinh gan dung bién dang trung binh.

DF 14 sy phan bd tai trong xe cho dam chiu tai tham gia ctia cau, DF cho dam thr i
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trong n dam chiu tai trong tinh nhu phuong trinh dudi.

DLFA thu duoc tir dit liéu gia tdc ké phan anh t6t hon su twong tac dong giira xe va
cau do cac phuong tién dang di chuyén. Dit lidu gia téc duge thu thap cho tde do di chuyén
(~ 8 km/h) va tbc d6 nhanh (24-97 km/h) dugc st dung dé xac dinh DLFA dua trén so sanh

céc mirc phan hoi gia tinh va dong nhu phwong trinh duéi.

5 ot M . ;
DF;(t) = le( ) DF; = — DLFA = —?ff““( )
n (i) (6 Mrotar Vstow (1)
ji=i\7; Yj
030 __ ! ' ‘ '
0.28
_Q 0.26
(=1
& 0.24
a
g 022
T 0.20

Théi gian (QiﬁY)
|

018 |

0 1 2 3 4 5 6

Hinh 1. 19 DF phan tai dung phan trng dong do phuong tién gay ra [65] .

Trinh bay mot nghién ctru dién hinh giam sat stc khoe két cau ciia mot cau
dang van hanh, Marco Gatti. (2019), [61] . Mot cau dam BTCT hinh hop chit nhat bxh
(740%x84) cm, 03 nhip gian don, L=5500cm di so sanh céc phan ung két cau, hiéu suat va
chi phi cua cac thir nghiém tai trong tinh va dong. Tai thir nghi¢ém tai trong tinh, dugc s
dung dé do d6 vong cua ban mit cau do 04 xe tai ning khoang 36 tan giy ra. Thir nghiém
tai trong dong, cac may do gia toc dit trén dam chinh dugc dung dé do tan sé rung dong
sau mdt xung lyc do mot xe tai 2 tan tao ra. Dt liéu tir cong tac thur tai dong dugc sir dung
dé cap nhat mo hinh phan tir hitu han ctia cau. Nhin chung, thtr tai dong khong chi bo sung
cho thir tai tinh khi nghiém thu cdu méi, ma con 13 mot phuong an kha thi dé theo ddi strc

khode két cau doi voi cac cau dang trong qua trinh khai thac.

Do vdng 16n nhat d (mm)
Thir tai cau 1960s 8.95
Phan tir hitu han tho 18.0
Phan tir hitu han tinh chinh = thir tai dong 9.8
Thir tai tinh 10.0
Dang rung dong thir nhat f(Hz)
Phan tir hitu han tho 8.07
Phan tir hitu han tinh chinh = tht tai dong 5.23
Thu téi dong 5.2

Hinh 1. 20 So sanh d6 vong-tan s6 co ban & giira nhip tir phan tng tinh-dong [61] .
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Cac nghién ctru gan day, Chuanzhi Dong va cong su. (2020), [39] di thtr nghiém tai
ciu dé xac dinh hé s6 phan phdi tai trong hoat tai (DF), hé sé xép hang tai trong (RF), kha
ning va phan tng dong. Két qua thtr tai tinh duoc sir dung dé x4c dinh hé sé phan b ngang,
hé sb danh gia strc chiu tai ciing nhu kiém toan trang thai giéi han st dung théng qua do
vong. Trong khi d6, cac dic trung dao dong — bao gom tan sé dao dong riéng, dang dao
dong (mode shape) va hé s6 xung kich (IM) — duoc xac dinh thong qua két hop mé hinh
phﬁn ti hiru han (FEM) va dir liéu thur tai dong dudi cac kich ban tai trong va van tdc khac
nhau. Két qua so sanh cho thy, viéc tinh toan hé s phan phdi tai trong hoat tai va sirc chiu
tai theo tiéu chuan AASHTO cho ra céc gia trj thién vé an toan hon so v&i phuong phap
thuc nghiém va mé hinh FE. Dong thoi, hé s6 xung kich (IM) thyc té thu duge trong cac
truong hop tai trong déu nho hon dang ké so véi mirc quy dinh 33% ciia AASHTO. Céc
dac trung dao dong thu thap duoc phan anh rd hiéu ing ctia d6 cling va diéu kién bién thuc
té cua cong trinh, cung cép co s¢ dir liu tin cay dé hiéu chinh mé hinh FE (FEMU). Dua
trén mo hinh FE d3 duoc hiéu chinh, c6 thé két luan réing st chiu tai cia cau sau khi stra
chita da dap (mg yéu cau khai thac.

1.1.5 Xép hang tdi cho cdu theo phwrong phdp thong ké xdc sudt - chi s6 dé tin cdy

Theo phuong phap nay cé céc tai liéu tham khao sau [54, 48, 79, 78].

John M. Samuels va cong su. (2001), NCHRP Report 454 [54] . Hiéu chuan hé s6 tai trong
cho danh gi4 cau theo LRFR 1a chon céc hé s6 tai trong va strc khang twong Gng véi mot chi s6
d6 tin ciy thong nhat. Him trang thai gidi han: g(R, D, L) = R — D - L = 0 va bién ngau nhién
la strc khang, R, hi€u ing tinh tai, D, va hiéu trng hoat tai, L, dugc xac dinh. Sau do, dit liéu stic
khéang va tai duoc thu thap cho qua trinh hi¢u chuan. O muc tdi thiéu, mdi bién nén c6 mot hé
sO bién thién (COV), md ta “su phan tan ctia bién” va mot hé s6 Bias, 14 ty 1¢ giita gia tri trung
binh va gia tri thiét ké danh nghia. Sau cung, chi s6 d0 tin cay muc tiéu dugc chon va cac hé )
tai trong va stc khang cé thé duoc xac dinh. S muc ti€u van hanh 1a 2,5 duoc dung thay vi 3,5
cho murc kiém ké. Hé s6 an toan tung phén dugc xac dinh tir cac ty s6 hoat tai / tinh tai thudc
(0,5+2). Hé sd hoat tai dé nghi thudc (1,65+1,77) cho chi s6 do tin ciy (mg véi déanh gia mirc
d6 kiém ké. Panh gia mirc d6 van hanh, hé s6 hoat tai thudc (1,28+1,35). Hé s hoat tai van
hanh than trong la 1,35.

Truong hop Bias | COV Phén phdi
Tinh tai 1,04 8% Thong thuong
Hoat tai 1,00 18% L.Thong thuong
Strc khang 1,12 10% Thong thuong

Hinh 1. 21 Thong ké tinh toan chi s6 an toan [54] .

Tuong tac phu thudc thoi gian gitta hé s6 xép hang tai va do tin cdy cho xép hang tai
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trong 1a mot bién phap quan trong dé quan 1y cau, Ferhat Akgul va Dan M. Frangopol.
(2004), [48] . Mic du xép hang tai dai dién cho thyc tién hién tai trong danh gia cdu, phuong
phap do tin cay co x¢ét su tang hoat tai va cdc mo hinh suy giam vét li¢u, thuong dugc su

dung dé danh gid vong doi cau. Hé s6 xép hang van hanh déi voi dd uon cua dam trong

g Ciu:E16-MU
Q| 6 dam g suat truge _ ADTT : 810
25 E Tisr = LN[46.63, 2.13] Tip = LN[56.38, 2.69] yr
2|4 feorr,sr = LN[3, 0.9] mils/ys Tcorr,p= LN[2.25, 0.675] mils/ys
g l;h Ini Dam, Momen udn 1565
15 <§— " ”
50 60
5
A
& 1th AT et 0983|
- _ ) 0 4 s 7 > 0.65
0.5 "3 Ban, Momer ud ) 60 ﬁn;
e I S ) 3
i Chiso d6 tin cdy p(t) 41 3-73{RF(”bﬂdze'ﬁ(t)m}l.fil 095
0l . I I BT B I R B [T P

75 7 65 6 55 5 45 4 35 3 25 2 15 1 05 0
Hinh 1.22 Xép hang van hanh phu thudc thoi gian so chi s6 d6 tin cay cau E16-M[48]

thot gian tdn tai cia cau E-16-MU (hinh 1.23) giam 37% (tor 1,565 — 0,983), nguoc lai
chi s6 d6 tin cdy cuia hé théng giam 51% (tir 3,73 — 1,81). Giam cua xép hang tai nhé hon
so voi do tin cay. P61 v6i cac ban, nhu ban E-16-MU, muc giam 16n hon dang ké so véi
d6 tin cay, nhu 25% véi xép hang tir (1— 0,75) va 93% dbi voi do tin cay tir (4,1 — 0,25).
Vi chi s d6 tin cdy danh gia mtrc do an toan thuc té két cAu, hé s6 xép hang chi phan 4nh
kha ndng chiu tai trong truc tiép, nén viéc gidm manh mirc d§ an toan thyc té cua két cAu
dang dugc quan tdm hon so voi viéc giam kha nang chiu tai trong truc tiép. Vay, ¢6 thé
thich hop hon dé danh gia tudi tho cau dya trén chi sd do tin cay hon la xép hang tai.

Mot danh gia an toan ciia cau dam thép tdm chiu tai trong quin sy (Military Load
Classification -MLC), Yail J. Kim (2012), [79] . Cac m hinh phan tr hitu han ba chiéu dugc
phat trién dé du doan phan tmg cau, gdm ba do dai nhip khac nhau (L=12m, 24m va 36m). Cac
phuong phap danh gia duoc dung & dy 14 tiép cin trong s6 va xép hang tai trong theo (mg suit
cho phép (ASR), xép hang tai theo hé s tai (LFR), va hé sb stic khang- tai trong (LRFR). Chi

s6 an toan 14 2,5 duoc khuyén nghi dé danh gia cac cay cau chiu tai cta xe tai MLC.

Xe tai Dam L=12m L=24m IL.=36m

Tai Dimngoai Dim trong | Didm ngoi| Dim trong | Dim ngoi| Dim trong
MLC20( 1 lan 6.80 6.94 5.88 5.97 4.89 4.89

2 lan 6.60 6.64 5.62 5.65 4.62 4.57
MLCS50| 1 lan 6.15 6.59 4.85 5.45 3.85 4.34

2 lan 5.70 5.98 4.25 4.66 3.22 3.58
MLCS80| 1 lan 6.33 6.69 4.22 4.96 3.18 3.83

2 lan 6.07 6.16 3.62 4.26 2.53 2.90
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Hinh 1. 23 (trén) Chi s6 an toan; (dudi) Biéu do cong thic dé xuat MLC(20:50;80) [79] .
* Trong lugng tGi han cua xe tai MLC c6 tt FEA: Wer = Wn™*(0uvait / 0w) trong do Wn la trong
lwong danh nghia xe tai MLC va oy, la ung sudt Iém nhat tai thé chiu kéo cue han ciia dam chiu
tac dung Wn. Gavair timg sudt kha dung.
= Trong luong tir cong thie dé xuat: Wer = CiExp(CaL) * Wn, trong dé C; va Cs hang so thuec
nghiém. Theo héi quy, C; = 7,7487 va C> = 0,03133 chiéu dai cau L <40 m, tdi lén dén MLC80.

Trinh bay phan tich dit liéu 16n vé danh gia tinh trang cau & Hoa Ky, Yail J. Kim. (2017),
Leticia B. Queiroz. [78] . Mot bo dit li¢u 16n bao gém 1.002.172 ban mat cau va két cau bén
trén duge xay dung (tir Kiém ké Cau Qudc gia NBI). Dit liéu phan tich cdu NBI, hinh 1.26. D
liu ciia NBI ting nhiéu theo thoi gian, cip nhat thong tin k¥ thuat thuong xuyén (5-10)
nam/lan, va ding nghién ctru dé xuat cho phép co quan giao théng vén tai thuc hién chuong

trinh quan 1y cau hién dai.

Nam thanhtra Ving

1 2 3 4

Bang A Bang B Bang C Bang D BangE BangF Bang G
2010 33.557 9551 30.157 16.031 15908 1216 1250
2011 33678 9612 30473 16.058 16.004 1213 1269
2012 34.062 9688 30.611 16.064 16.034 1212 1286
2013 24 955 8612 26.621 13.137 12.070 1125 1196
2014 25401 8668 26.588 12.961 12.137 1137 1544
Tﬁng theo bang 151.653 46.131 144.450 74.251 72.153 5903 6545
Tong4 vimg  501.086 (Nzhién ciu tdt cd cdc phdn ti két cdu thieong tdng va mdt cdu =1.002.172)

g5 Giam gidtrii 107 Viing 1 107 2 Viing 1(ke trén)
2 guain ‘6| Trung binh -B-Vbng l(m caw) § 6| Trung binh B
_E“ o \ 4 160 k- Ving 2(m ciu) Ié lcrn -k Viing 2(ke trén)
08 1€ % Noutne xé I g B4 340 s Ving 3(m ciu) s 54237 59 - Ving 3(ke trén)
& . Euongxep | © .@. Viing 4(m ciu) [ e .@- Vitng 4(ke trén)
g hang (R7H) | =32 |=2
061:® —_—» g 0.66 & [
s AT 640 615
N AN o A (ol i bl L
0.4 . Phin phoi xdc suat \ | \"imgl‘.-'img2\-'img,3\-"img4ﬂ [ 7 VinglVimg) Vg3 Vingd
N D B WA ¥ A
02 Mién hiéu sudt suy | : (a)
1 gam |\ 5] B .
E— i\ 1 oo 8
0 N\ ¥
~ L —~ .“.“._ ---....._‘
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Xép hang m.ciu (kiém tra 2014:B) 1900 1920 1940 1960 1980 2000 2020 1900 1920 1940 1960 1980 2000 2020

Hinh 1. 24 (trén) Di¥ liéu cau dung phén tich ¢ 04 ving Hoa Ky théng ké 2014. (du6i)
U'Gc tinh mién suy giam (Trai) - He s6 suy giam cua cac khu vyc riéng (Phai): (a) Ban
mat cau; (b) Két cau nhip [78] .
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1.1.6 Xép hang tdi cho cau bang thudt todn sic dung hé thong gidm sdt sirc khée két cdu
(SHM) va dir liéu giao théng ngdau nhién (WIM)

Theo SHM va dir li¢u (WIM) c6 tai liéu tham khao [56, 57, 42, 45].

Junwon Seo va cdng su. (2013), [56] . Mot cdy cau dam thép lién hop bé tong ba nhip
lién tuc (29,7 - 38,1 - 29,7)m & lowa va cac dac diém xe tai xung quanh, st dung dir li¢u

WIM tir [owa DOT chon dé nghién ctru. Hé thong SHM cung cip 05 bo dit liéu bién dang

PEleO.(Z(Sf_ga)z) pSE:wO_(M> CC:/ 2 - ) ea—) |

— % max] e | \z m (¢a —@2/

2
X(¢r)
Hinh 1. 25 Cac cong thire hdi quy binh phurong nho nhét [56] .
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Hinh 1. 26 Bo phan phdi xép hang tai trong cho (1) (2) (3) (4) (5) bién dang (1 2 3 4 5).

thoi gian thyc ctia cau tir moi trudng xung quanh cla xe tai nam truc. Cac md hinh phan
tir htru han duoc tao va duogc hiéu chinh béng cach su dung xe tdai WIM tr hai tinh huéng,
Iira chon dic tinh xe tai da biét va chua biét. Qua trinh hiéu chuan nhiéu vong lap va phan
tich hdi quy binh phuong min dé giam thiéu sai sb trung binh gitra cic phan hdi tai hién
truong va phan tich, cong thirc hinh 1.26. Cac md hinh két hop xe tai HS-20 dugc st dung
dé tinh toan phan bd xép hang cho ca hai tinh hudng. Xép hang trung binh cho cac xe tai
da biét khoang (1,29 - 1,47), xép hang cac xe tai khong xac dinh thay doi (1,26 -1,54) khac
khong nhiéu hé s6 bién thién hinh 1.27.

M5 hinh héi quy xép hang tai trong pht hop nhét cho phép danh gia kha nang két cu theo
thoi gian thuc chinh xac va hiéu qua nhét ddi véi cac cau thép phtic tap chiu cac xe tai bat ky,
Junwon Seo va cong su. (2015), [57] . St dung 05 bd bién dang (SHM) va dir liéu tram can
dong (WIM), 04 mé hinh héi quy duge tao ¢6 (04 khoang cach va 05 trong luong) truc dé dy
doan 500 xép hang tai thong thuong:
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Mo hinh héi quy 1, ding cac dic tinh ciia xe tai thir 351 tir 175.392 xe tai nam tryc WIM
thong qua xép hang tai hoat dong do bo bién dang 1. M6 hinh hdi quy 2, dung céc dic tinh cua
Xe tai trich xuat ngéu nhién cua 175.392 xe tai ndm truc WIM thong qua xép hang tai hoat dong
do b bién dang 1. M6 hinh héi quy 3, st dung dit liéu xe tai thu dugc qua cac khoang dung sai
nhan dang xe tai. Vi dy, dit li¢u xe tai 6933 dugc trich xuét cho cac khoang dung sai cua bg
bién dang 1 va tir bd dit liéu 500 xe tai da duoc chon ngau nhién dé sur dung tao mo6 hinh hoi
quy. M6 hinh hdi quy 4, str dung dit liéu két hop tir mé hinh héi quy 3 véi tat ca dir liéu xép
hang do tit ca ndm bo bién dang dé tao ra md hinh hdi quy. Bén mé hinh hdi quy s& dugce so
sanh bang dd hoa va théng ké bang str dung ham phan phéi tich lily (Cumulative Distribution
Function - CDF). Ding mé hinh hdi quy pht hop nhat, phén tich do nhay dwoc thyuc hién dé

tim xem mdi thong sd dic tinh ciia xe tai anh hudng dén xép hang du doan murc nao hinh 1.29.

1 : ] .
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Hinh 1. 27 Anh huong tham s6 dic tinh coa xe tai dén xép hang tai: (1) bién dang 1; (2)
bién dang 2; (3) bién dang 3; (4) bién dang 4; va (5) bién dang 5 [57] .

Qua cong cu giam sét stc khoe két cdu (SHM) cho phép viée quan sat va ghi lai nhiéu dir
liéu khéc nhau trong mot khoang thoi gian dé ude tinh tinh trang hién tai va theo dai nhiing
thay doi cudi ciing trong su 1am viéc cua ciu, Dominik Skokandic va cong su. (2017), [42] .
Céc phép do can dong cau B-WIM, nhu mot phan cia viéc gidm sat tinh trang két cau ciia cac

cdy cau hién c6, cung cap cac thong tin chi tiét vé khdi lugng va trong lugng giao thong, dong
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thoti theo doi phan ung két cAu trén cAu. Cac mo hinh tai trong cu thé tai vi trf kiém tra trén cau

c6 thé duogc phat trién tir dit liéu giao théng thu thap, ding cac phép ngoai suy khac nhau.

3.0%

— Ly thuyét
= Sodo

2.5%
2.0%

Dit liéu WIM
— Xapxi

1.5%]
1.0%

Tén sb twong dbi
Puong anh huéng

0.5%
0%

=T S Y A - |

Momen udn (kNm) Nhip (m)
0 200 400 600 800 1000 1200 140016001800 0 2 4 6 8 10 12 14 16 18 20 22 24

Dam 1 Dam 2 Dam 3 Dam 4 Dam 5

Mgry/Meq-theo tiu 1.046 0.992 1.022 1.124 1.390
chuan

Mry/Me-theo PP 2.036 1.965 1.894 2.042 2.797
dé xuat

Hinh 1. 28 (trén) Cac ham mat d¢ xac suét- duong anh huong truong hop mémen ubn
(WIM). (dudi) Bang phan tich két qua xép hang tai cau (Skokandi¢ 2016) [42] .

Déi véi viee ap dung rong rai hé thong giam sat sirc khoe két cau (SHM) trong cac ciy
cau, Hadi T. Al-Khateeb va cong su. (2018), [45] chimg minh gid tri gia ting ctia hé thong
SHM trong viéc béo tri va van hanh cay cau déi v6i chi s¢ hiru. Stir dung hé théng va dir liéu
SHM dé cung cap xép hang tai trong hoat tai chinh xac, thudng xuyén va thyc té hon cia cay
cau, vi xép hang tai trong duoc chip nhan rong rii 1a diéu gin nhat ma chi sé hitu ciu ¢ hién
nay, d6i vai "strc khoe" chi s6 ctia két cau. Dé giai quyét nhu cau ndy, mot phuong phap da duoc
phat trién str dung dit liéu tir hé théng SHM két hop véi cac phuong trinh danh gia tai trong
thong thuong, dé tinh toan cac hé sé danh gi tai lién tuc trong sudt vong doi ciia cau. Xép hang
bﬁng SHM c6 tinh dén cac thay d6i chdm khéac nhau do hiéu ung nhi¢t va su suy giam chat
luong, ciing nhur phan ting trong khai thac thyc té do hoat tai.

1.1.7 Xép hang tdi cho cau khi khéng con hé so thiét ké ban dau

Xép hang theo phuong phap nay c6 tai liéu tham khao [30, 31].

Péi v6i cac truong hop két cau khong co ho so thiét ké, Abdollah Bagheri va cong su.
(2018), [30] d& xuit phuong phap sir dung mot loat cac phan tich phan tir hitu han da
duoc thuc hién dé mé ta cac thudc tinh modal ciia mot nhom 16n cau véi cac dic diém hinh
hoc khéc nhau. Cac két qua va dau vao hinh hoc sau d6 da duoc st dung dé phat trién mo
hinh mang no-ron nhén tao dy dodn do cimg udn cia cau dua trén tan sé modal do c6 duoc
tir thir nghiém dao dong. Cac phuong phap khong pha huy duoc trinh bay dé c6 duge kich
thudc mit cit cua cau ciing nhu mo dun dan hodi va cuong d6 nén cua bé tong. Va, dién tich
mit cat ngang clia c6t thép bén trong dugc udc tinh théng qua thir nghiém tai trong ban tinh két
hop véi phuong phap ti wu hoa. Céc tinh chit vat liéu va két cau ndy sau d6 dugce sir dung dé
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xac dinh hi¢u ung tai va cudi cung la kha nang chiu tai trong cta cau.

Strain Data

Dir liéu bién dang

| =y

! Paic tinh hinh h

‘ — ’ = Ung
O O M6 hinh sé Iwrc

Thit nghiém k pha huy Slab H BRRE ‘[_1;? 1]))vcv
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Hinh 1. 29 Khung phuong phap dé xuat xép hang tai cau ma thiéu hé so [30] .
Abdollah Bagheri va cong su. (2019), [31] . D& xuit mot phwong phép két hop, st dung thir
nghiém rung dong va tai trong truc tiép ciing voi cac ki thuat moé phong sé va cap nhat mo
hinh, dé tap trung vao uoc tinh cac thong s6 két cau chua biét. Cac dic tinh vat liéu cua cau va
lwong cdt thép dé tinh toan kha ning chiu ubn cta cau duoc xac dinh thong qua két qua cap

nhat mé hinh va phuong phép tiép can khong pha huy.

4 Bridge Testing

4
Dir liéu Mode ®, ® Thit nghiém tinh
¥ A '

[ C4ip nhiat mé hinh ] 3
> [ T6i thiéu hoa dién tich As ]—»

Dui trinh téi wu hoa _>

_ [ Hiéu vmg tai trong ]

Hinh 1. 30 Luu db phwong phap dé xuat xép hang tai ciu han ché tai liéu [31] .

Mo hinh cap nhat sau d6 duoc str dung dé xac dinh cac hiéu ting tai trong dé tinh cac hé sd xép
hang tai va cac két qua nay duoc két hop véi két qua thir nghiém tai trong hoat tai cho ra kha
ning chiu tai ctia cAu va xép hang tai trong cau.

1.1.8 Xép hang tdi cho cau bang cdch sir dung mang no-ron nhén tao

Str dung mang no-ron nhan tao Xép hang tai c¢ tai liéu tham khao nhu [69, 70]

Theo hudng Umg dung tri tu¢ nhan tao, Oguzhan Hasangebi, Taha Dumlupinar (2013),
[69] trinh bay mot quy trinh phén tich xép hang tai trong chi tiét dé danh gia tinh trang cta cau
théng qua cac mo hinh phan tir hiru han (Finite Element-FE) phi tuyén va mang no-ron nhan
tao (Artificial Neural Network - ANN). Mot phén tich thong ké duogc thyc hién dau tién, trong
do6 tinh phé bién cua cac tham s thiét ké va mirc do phu thudc gitra cac dac tinh két cau va hinh
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hoc cua cac ciy cau dugc nghién ctru dé xac dinh sau tham sé cau doc 1ap chi phdi phan tich
xép hang tai trong ctia cau: chiéu dai nhip (L), chiéu cao dam (d), s6 lwong dam T (nb), géc

chéo (o), hién dién dam ngang cuoi va lan can RC.

105 — . :
g T . Sai s6 kiém tra max - momen LR
Nhip déi O i r_,_.:‘a-_: A Pan . ~
Gde xién 3O // -— . J
Dém cao O i e y
S6 dém O X ls Y _
Lan can O L & RN — - J
Ddm bién ) Oo—6-(m)-1 —
W / - 6-(m-m)-1
\87 + Ho—6-tm>-2 P o
Momen LR \O 3 | E—6-Gm-m)-2 S0 Irong nit 4n

3 4 5 6 7 8 9 10 11 12

Hinh 1. 31 (trai) Kién tric ‘mang cudi (a) 6-10-1 monen LR va (b) 6-9-1 luc cit LR.
(phai) Ldi kiém tra tdi da theo s luong nut 16p an ctia momen LR [69] .

R& rang, kich thude ciia co s¢ dir lidu can thiét cho ddo tao mang s& tang 1én véi s6 luong
tham s6 cdu ting 1én. Mot mang duoc dio tao diing cach, xép hang tai trong cho tt ca cac cay
cau pho bién dugc thyc hién trong cac van dé chi trong vai gidy bat ké kich thudc cau. Do do,
so voi FE tiéu chuan dua trén dénh gia xép hang tai trong, phuong phap dé xuat cho phép nhiéu
1énh giam cudng do trong thoi gian tinh toan va nd luc trong viée danh gia tinh trang cua cau
pho bién mot cach dang tin cdy va chinh xac.

Theo hudng g dung tri tué nhan tao, Oguzhan Hasangebi, Taha Dumlupinar. (2013), [70]
str dung céac két qua thu dugc tir cac phan tich dong va tinh duogc tong hop dé tao ra 150 bo dit
liéu cau cho phat trién cac mang no-ron dugc dio tao dira trén cac phén tich phan hdi tuyén tinh
va phi tuyén tinh ciia cau riéng biét. Trong ca hai tap dit liéu, gdm 150 mau cau huan luyén
duoc dao nguoc dé, 06 thanh phan phan hoi 14 (£, £5, £, di, do, ds) 13 cac tan s6 riéng va dd vong
clia mau cau duoc phan tich tir mo6 hinh FE, 1a dau vao va 05 tham sb cau la do cing, modun
dan hoi (tic 18, kv, kt, ki, E va t,) duéi dang két qua dau ra. Cac phan hdi moé phong thu dugce
ttr cdc mo hinh FE da hi¢u chinh dugc so sanh véi céc phan hdi do tai hién truong cua cau dé

xéc dinh do chinh x4c cia udc tinh tham sb va sy thanh cong ctia qué trinh cap nhat mo hinh.

2!
22—
7—COER

Lép dau vao _ 06 "C\fij— / ,"
tham s6 noron
L6p 4n _ 09 noron xir Iy ]
Hinh 1. 32 Kién tric ANN dung cap nhat mé hinh FE tuyén tinh va phi tuyén [70] .
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1.1.9 Xép hang tdi cho cau bang thudt todn riéng

Bang thuit toan riéng xép hang tai c6 tai liéu tham khao [35, 74].

Nam 2020, Andrew P. Schanck, William G. Davids, [35] trinh bay k¥ thuat phan tich
phan tir hitu han Gy nhiém phi tuyén (nonlinear Proxy Finite Element Analysis - PFEA)
méi dugce phat trién cho phép du doan hiéu qua tinh todn ctia phan tng cau dén pha
hoai trong khi tinh toan d6 déo ctiia dAm va phan phdi lai tai trong trong két ciu ba chiéu.
PFEA str dung thuat toan di truyén dé ti vu hoa cac tham sé cu thanh va hinh hoc dugc gan
cho sy 101 rac phan tir vo clia mdi ddm c6 dép tng dd cong-mé men twong duwong véi cac mit

cat dam bé tong cot thép, tir hai biéu thirc dudi va mat cét ty thac theo hinh 1.35.

R H
fcmiAz[Zﬂjf_:yt]+_ﬂA5=D foydz’l—Mﬁ[Eﬁ.jijt]+f3As_';§—M=0
j=1 ) Jj=1

va
MS:“ Ciit ﬂll.l’c Mﬁ:lt “5, thac
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Hinh 1. 33 Cau 3776 mit cit thyc va mit cit oty thac [35] .
LOp tip c6 mddun dan hoi Eytheo huéng ngang. Tong dé citng uon ngang ciia cd hai I6p ban

v A A s A A , v, A LR p 3 [12E.]
canh dam = do cimg uon thuc té ciia ban mat cau, biéu thirc trpy = = ’% — loor,
f

top 16 @6 day ciia I6p ban canh dam trén cing, Ec la d6 dan hoi thuec té mé dun cia bé téng,
va Ic la mémen quan tinh khong nut trén mot don vi.

K¥ thuit PFEA du doan chinh xac cac cau thuc té phan mg tai trong doc va tai ngang,
va két hop ca do déo cua dam va phan phéi lai tai trong khi cling c6 thé danh gia cac cau
v6i hinh hoc khong ddng nhét.

2Sunci*&ili

g .
Zi:l Sunci*&iTi

Hé s6 lan dam suy ra tir thir tdi hién truong, GLFi =

VOi: Sunci la modun tiet dién khong kéo cua dam thw i, € la bién dang do dwoc o dam thu
i, ri la hé so nut mat cat trong dam thir i sé duoc xac dinh sau do; va ng la tong so dam,

02, 6 tit 6 ciia GLFi la cd hai lan xe ciia cau déu dwoc chiu tdi trong qud trinh thir nghiém.
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Girder Bridge 3776 Girder Bridge 3307
GLF Number comparison GLF Number comparison
Method | ¢y G2 63 G4 Gs | Method | i G2 G3 G4 Gs
PFFA 0,238 | 0,389 | 0,510 | 0,487 | 0,376 PFFA 0,343 | 0,435 | 0,480 | 0,427 | 0,316
Teslt’or = 10,225 0,545 | 0,464 | 0,434 | 0,332 Teslt’or = 10,298 | 0,427 | 0,558 | 0,458 | 0,260
% Error, r - - % Error, r - -
- 1.0 -5,83 | 40,09 | -8,91 10,84 | 11,65 1,0 13,45 -1,80 | 16,42 | 7,36 17,77
Test, r = Test, r =
0,643 0,249 | 0,388 | 0,514 | 0,481 | 0,368 0,779 0,354 | 0,395 | 0,517 | 0,424 | 0,309
% Error, r % Error, r
— 0,643 4,28 -0,15 0,90 -1,25 | -2,15 = 0,779 2,99 -9,01 7,87 -0,51 | -2,15
. Bridge 3356 comparison
Girder Number
GLF Method of GLF
G1 G2 G3 G4 G5 G1
PFFA 0,105 0,223 0,376 | 0,506 0,576 0,215
Test, r=1,0 0,105 0,199 0,419 | 0,494 0,458 0,325
() =
% Erlrgr’ '= 1006 | -10,67 | 11,31 | 225 | -20,54 | -51,67
Test, r =
0.796& 0,583 0,118 0,224 0,375 | 0,556 0,514 0,213
% Error, r =
0.643&0.583 12,56 0,44 -0,39 9,92 -10,66 -0,67

Hinh 1. 34 So sanh hé s6 lan dam GLF theo PFEA va suy tur thir tai chan doan [35] .

1.2 Tong quan tinh hinh nghién ctru xép hang tii cong trinh ciu & trong nuéc

O Viét Nam bai toan danh gia cau cii chira dyng nhiéu yéu t6 khong chic chian hon bai
toan thiét ké, boi qui luat suy thoai vat li€u, tinh bién dong cua tai trong khai thac hién tai.
Bén canh nhimg khé khin do chira dung nhidu yéu t6 khéng chic chin, ¢ Viét
Nam c6 mot khdi lugng 16n céc cong trinh da duoc kiém dinh, gan hé thdng quan tric, cac
hé théng nay cung cép mot khoi luong khéng 16 cac sb liéu phan anh sy lam viéc thuc té
cta két cAu ma chua duoc phan tich chi tiét theo hudng tri tué nhan tao. Do do, viéc xay dung
mdt phuong phip tng dung c6 tinh ké thira nhimg thanh qua nghién ciu di
trude va cac sd liéu thu nhan duoc tir cong viéc da lam cho cong trinh cau 1a rat can thiét.
Bén canh céc tai liéu sach khoa hoc cua cac Vién nghién ctru va cac Truong Pai hoc nhu [8],
[17], [20] c6 mot s6 nghién ciru dién hinh nhu sau:

* ThS. Bui Xuan Hoc (2012). “Nghién ctru co s& qui dinh bién bao han ché tai trong xe
co gi6i trén cau dudng bd Viét Nam™ [4] . Dé tai ma s6: DT114057 da hé thong lai cac
ndi dung: han ché tai trong khai thac cu duong bd trén thé gidi va Viét Nam hién hanh;
co s& phuong phap danh gid ciu theo tiéu chuan 22TCN 243-98, 22TCN 180-
78 va tiéu chudn danh gid cau ctia Hoa ky LRFR-2003.

* ThS. Bui Xuan Trudng, GS. Nguyén Viét Trung. Tap hop va phan tich so sanh phuong

phép cam bién gidi han hi¢n tai & Viét Nam va Hoa Ky, kién nghi thuc hién cac nghién ciu vé
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Iwu hanh tai trong nang ciing nhu thém bién béo gidi han tai trong theo loai xe [5] .

* TS. Hoang Thanh Nam (2023), “Chan doan két ciu cau dwa trén chudi dit liéu do dao
dong theo thoi gian két hop sir dung mang hoc sdu tich chap”, Luan an Tién sy [9].

Str dung mang hoc sau vai dir li¢u dong thu duoc theo thoi gian dé chan doan hu hong
trong két cAu. Mang hoc sau két hop mang 1DCNN (mang no-ron tich chap mot chiéu) va
LSTM (bd nhé ngin dai han), theo d6 mang 1DCNN duoc xtr dung dé xir 1y dit lidu gbc,
loc ra mot sb thong tin khong quan trong, lién két cac dir liéu vé mat khong gian, sau do
mang LSTM duoc sir dung dé hoc va phan loai cac dit liéu. Phuong phap SAX va MDWD
cling duoc 4p dung cai thién dir liéu tho va ting do chinh x4ac cia mé hinh. Két qua danh
gia cho thay phuong phap SAX-MDWD-1DCNN-LSTM dat d6 chinh xac lan lugt 14 83%
va 95% trén tap dir lidu cau thuc té Z24 va dam trong phong thi nghiém. Mo hinh nay thé
hién hiéu ning vu viét hon hin so véi cac phuong phap hoc sau thong thuong (IDCNN,
IDCNN-LSTM).

* TS. HO Khic Hanh (2021), “Chan doan dim cau bang phwong phép phan tich dao dong
trén mo hinh s6 hoa két cau duoc cap nhat st dung thuat toan t61 wu hod bﬁy dan két hop
mang no-ron nhan tao”, Luan an Tién sy k¥ thuat [10]. Dé xuit sir dung thuat toan ANN
lam viéc song song v&i PSO (Particle Swarm Optimization - Thuat toan t6i wu hoa bay
dan) dé xac dinh hu hong cho cac két cau dya trén phuong phap danh gia théng qua tan sd
dao dong. ANN-PSO st dung tdc do hoi tu nhanh cua céc ky thuat GD cua ANN va kha
ning tim kiém toan cuc cua PSO dé xac dinh cac hu hong trong két cau. Vi PSO duoc st
dung dé 1am viéc song song v6i ANN trong qua trinh ddo tao mang, diéu ndy dam bao ring
mang c6 thé xac dinh giai phap t6i wu mot cach nhanh chéng va tranh bi mac ket trong cac
tdi wu cuc bo. Thuat toan két hop gitra PSO va ANN co6 thé phat hién khong chi chinh xac
vi tri ma con xéac dinh chinh xac muc do cia cac hu hong xay ra trong két ciu trong bai
toan mo hinh s6. Pdi voi cac mo hinh thyc té dudi anh hudng cia cac yéu té moi trudng
nhu nhiéu, thuét toan dé xuét van co thé phat hién chinh xac dugc khu vuc va udce tinh gém
dung muc d6 hu hong trong két cau.

* TS. Nguyén Lan (2014). “Nghién ctru danh gia va xac dinh tii trong cho phép qua
cau trén co so két qua kiém dinh cau” Luan an TSKT [13] . Ly thuyét xac suat thong ké ding
cac ham trang thai gidi han (TTGH) phan tich bién dir liéu va thiét 1ap mo hinh ding danh gia
cau (théng qua chi s d6 tin cay B). Ding ham g(R,0)= R-0O, ham xéc suat pha hoai két cau, Py
= P(R-0<0)= P(g<0), véi R, O, P(R-Q) 13 cac bién ngau nhién lién tyc va c6 ham mat do xac

suat. Him biéu dién dang g(x1, Xa...Xn), X; 1 cc tham sb strc khang R, hiéu Gmg tai Q.
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Ludn 4n st dung dir liéu can dong (WIM) trong giao thong ngiu nhién két hgp phwong phap

bo tin cay, g = , R, Ho VA g op 1a ky vong va phuong sai ciia bién R, Q.

thong ké xéac suat dé dua ra chi s do tin cy cho tai trong giao thong qua cau. Nghién ctru phu
hop voi thuc té giao thong hi¢n tai va cho céc cau tai gﬁn khu vuc ¢6 vi tri tram can dong hién
hiru, x4c dinh dugc tng luc nhiéu mé hinh xe hop phap véi luu luong thue té.

* PGS.TS. Téng Tran Tung. Cac nghién ctru va binh ludn cho ring phuong phép xac
dinh ndi dung cdm bién han ché tai trong cAu hién tai con mot sd tdn tai, viéc dung so dd
tai va tai trong xe thiét ké nhu trong cac tiéu chuan thiét ké cau déu mang tinh chat 1y thuyét
va don gian hoa trong thiét ké. Va cau phai dam bao luu thong cho tit ca cac loai xe duoc
san xuét 1am nhiém vy van tai duong bo. Cac gia trj tai trong xe (30, 25, 20, 18, 13, 10) tdn
trong tiéu chuan thiét ké cau theo qui trinh 79 duoc ding qui dinh tai trong khai thac va
cam bién han ché cho cau ¢ Viét Nam 1a khong dting [25] .

* GS.TS. Tran Pic Nhiém. C6 mot sb két qua nghién ciru lién quan dén xe chd qua
tai (10; 20; 30 va 95)% giam tudi tho ciia ciy cau ting 1én (1,5; 2,0; 2,7 va 12,42) 1an [26] .

* TS. Trinh Van Toan (2009). “Nghién ciru tic dong cta xe tai ning dén cac bd phan
két cAu nhip cau va xac lap ché d6 khai thac thich hop cho hé thong khai thac cau
duong bd” Luan an Tién si ki thuat [27] , dd nghién ctru cic van dé: tong quan vé hé thong
cau duong bd Viét nam; thuc trang qua tai trén cac tuyén Quéc 16 tir co sd thu thap phan
tich cac dir liu dém xe tai cac tram can tinh nim 1997-1998; hién trang hu hong cac bd
phan két cu nhip céc cAu trén Quéc 16 1; phan tich hu hong mot s6 b phan két cu nhip
cau do tac dong cta xe tai ning, co tinh toan cau BTDUL gian don gay hu hong méi, theo
Iy thuyét ton thwong moi tuyén tinh ciia Palgerm-Miner cho céac loai xe tai tir 2-6 truc sau
d6 khuyén nghi mot s giai phap quan 1y kiém soat xe tai ning dang khai thac.

Tong quan trong nudée di c6 nhiéu nghién ciru vé dnh hudng ciia xe tdi ning tac dong dén
cac bo phan két cau nhip cting nhu tuéi tho cau, xdc lap ché dp thich hop cho khai thac cau va
chi s6 dg tin cdy cia tdi trong giao théng qua cau. Cdc nghién civu vé chan dodn hw hong
trong két cau bang phiong phdp phan tich dao déng cé sir dung mang 1D-CNN hodc ANN
c6 thé phat hién chinh xdc vi tri va mitc @6 ciia cdc hw héng xdy ra trong két cdu.

Do vay v6i mo hinh hoc may hién nay;, diéu kién vé nghién clru Xép hang tai trong cau béng
g dung ANN rat thuan loi va phu hop. Va tiéu chuan Viét Nam vé “Dénh gia tai trong khai
thac cau dudng bd” TCVN 12882: 2020 [1] da dugc ban hanh theo tai liéu ciia MBE nhu gidi
thi¢u ¢ trén, nén nghién ctru cu thé rat can thiét. Tam quan trong va tinh cép bach néu ra ¢ trén,
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xép hang tai cho két cAu nhip cau hién hitu v6i phuong phap tmg dung tri tué nhan tao trén co
s& cac dit liéu thong ké c6 nhiéu vu diém hon ca va luin 4n Iya chon phwong phép nay dé tmg
dung xép hang tai trong cho két ciu nhip cau bé tong cdt thép duy tng luc.

1.3 Thong ké phan tich tdng quan xép hang tai cau va khoang trong nghién ciru

1.3.1 Thong ké phan tich tong quan dé lwa chon phwong phdp xép hang tdi cau

Mang no-ron nhan tao (ANN) trong ky nguyén dir li€u 16n, viéc phan tich xu 1y thong
tin nhanh chong va chinh xac 1a cuc ky quan trong. ANN da chiing minh dugc kha nang
t6i ru hoa quy trinh ra quyét dinh nhan dién hinh anh, phén tich giong noi va chan doan
xap xi ham ... str dung chinh trong hoc sau (Deep Learning) 1a mot nhanh con ctia hoc may
(Machine Learning). Hoc may thudc linh vuec tri tu¢ nhan tao (Artificial Intelligence - Al),
tap trung xdy dung cac thuat toan cho phép may tinh tu hoc hoi dé nhan dién khudén miu
va dua ra du doén/quyét dinh tur dir 1i¢u, khong can duoc 1ap trinh cy thé cho tung tac vu,
xt ly lugng dir li€u 16n va ty dong hod céc quy trinh phtrc tap.

Muc tiéu ctia luan an 13 tng dung ANN dé danh gia xép hang tai RF trong bo dit liéu du
16n cua hé théng cau dam I DUL duoc xay dyng riéng. Nhiam nhin manh tinh wu viét cta
ANN, ludn an trinh bay tom gon kha nang cta céac thuat toan manh khac trong hoc may va
so sanh v&1 ANN cho sy lya chon m6 hinh danh gia xép hang tai cau dam I DUL. Nguén

thong tin vé mé hinh hoc may & Phu Luc 5.
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Bang 1. 1 Théng ké va so sanh dic trung cac cong trinh nghién ctru xép hang tai cau

Phu’(’rng Cong trinh nghién ctru ngoai nudéc Cau Dic diém va so sanh l}iéu qua cic phuong
phap phap
LFR - Huéng dan danh gia tinh trang va xép hang tai trong cau dudng cao toc st dung « Tinh toan 1y thuyét va st dung thiét bi do
LRFR | triét 1y hé sb stc khang va tai trong (2001) [67] . cho tht tai.
* Phat triénq qui trinh thu tai cau dé dénh gia tai trong (2003) [76] . I;f{m + Thir ngi¢m dung nhiéu thiét bi do cam bién va
an | Thir tai dé danh gid va xép hang cau (2005) [73]. tg;f thudt todn t5i uu hoa. Can ¢ phuong phéap don
Thir tai | ° Da:lnh gia hiu suat c‘:éu va x¢&p hang cau qua thir tai khong pha huy (2009) [34] . (@ gian hon trong‘dénh gia cau [34], [76] . .
chén * Xép hang tai trong cau thong qua thi nghiém ngoai hién truong (2003) [37]. bé’ * Su d}mg nh1é171. d%u do ,(40 EDI), ’tén (ihl Phi
doan | * Thu tai cau cho xép hang tai (2016) [29] . ’ tong) | o™ Xép hang tdi bang cach tinh todn thu cong
* X¢&p hang tai trong cau theo h¢ so tai trong, st dung bién dang moi trudng xung quanh truyén thong [37].
xe tai (2016) [80].
« Phuong thtrc danh gia va xép hang cau hién c6 (2015) [62] . Dam
0 | e ettt o o o o b g o0 4], | BT |Gl theo G chit b8 v kibm g
Thi i | + Thi nghiem phi hogi va mo hinh hda mdy tinh cho ciu dim I (mg suit ruge quy | DUL | "Ene one (i nehiéms (on va ihof gan. Vice
bing [ u nghiém phé hoai va md hinh héa my tinh cho céu dam ung suat trudc quy Bin chF: Ch?n 1im fiu?ng va / ?oac d(,)ng cdu hqan
. cach thi nghiém (2019) [38] . toan c6 thé la can thiét, anh hudng dén giao
chimg |,y nghiém vt liéu va thir nghiém hién trudng cau dam hop T bé tong tmg suat trudc BI’)TQSHT thong di lai. [44] , [45] , [62] .
sau khi chay (2019) [77] . BTCT
* Panh gia tinh trang két cau cau duya trén két qua do dong (2001) [53] . Dam | = St dung thiét bi va cong nghé trong k¥ thuat
(B) » Péanh gia tinh trang cAu va xép hang tai trong boi dung phan tmg dong (2014) [32] . | BTCT | SHM [61].
Phian | * Thir tai cdu sir dung phan ting gia toc ké (2003) [65] . Dam | = Kho gidi quyét cac bién doi nho vé tan s0 ngay
hoi » Giam sat strc khoe két cdu cia mot cau van hanh (2019) [61]. hop | ca cac hiéu img mdi truong c6 thé duge bu trur
dong * Thr nghiém tai cau dé xac dinh hé s6 phan phdi tai trong hoat tai (DF), hé sé xép | BT | [53].
hang tai trong (RF), kha nang va phan tmg dong (2020) [39]. DUL
(©) » Hiéu chuan hé s tai trong cho d4nh gi4 cdu theo LRFR (2001) [54] . Déim- | = Thu thap va st dung s0 liu Ion vé thong ké
T. ké, * Tuong tac phu thudc thoi gian, hé ) Xép hang tai va dg tin cdy (2004) [48] . Ban | X€p hang ciu nhi€u V}‘mg 151‘nh thd va nam xay
X.suat | « Panh gig an toan ctia ciu dim thép tAm chiu tai trong quén sy (2012) [79] BTCT | dung [78], ti€u chuan nhiéu loai xe quan sy
Do T.cly | « Dit licu 16n vé danh gid tinh trang cAu (2017) [78] . khac nhau [79] .
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* Giao thirc danh gia cau sir dung xe tai xung quanh thong qua hé thdng giam sat
strc khoe két cdu (2013) [56] .

= Str dung thiét bi do, quan‘tréc kha nhiéu, thu
thap dir licu ttr WIM — nhicu chi phi; thoi gian

G (D) ., | * Mo hinh héi quy da bién két hop hé thing giam sit sirc khoe két chu va dé xdc dinh I;a,m kha dai; dung cho danh gi4 cau phire tap, chi
e he | xép hangtai cho cAu thép (2015) [57]. th <> | ph hop cho cong trinh cau do; ngoai suy cau
A A » Ung dung can chuyén dong cua cau cac phép do trong danh gia cdu duong hién co . | dong dang khé chap nhén. .

két cau hop bé 2 DR , . n
) = Khung lam viéc gidi han ¢ loai cau thuc hién;
SHM) | (017)[42]. tong | ohung lam viée gidi han 6 loai cau thuc hién;
» Tinh toan hé s6 danh gia tai trong lién tuc cho cau st dung dit liéu gidm sat tinh trang dyng dir ligu WIM gan cau 1a can thiét d€ thyc

két chu (2018) [45]. hién thanh cong nghién ctru nay.

(E) « Phuong phép khong pha hily dé d4nh gi tai trong ciia cdu khong co dic tinh két cdu | Dam | = Str dung nhiéu thiét bi cong nghé hién dai va
Thiéu va so do (2018) [30]. ban | thudt toan trén mdy tinh (ANN) cho cau Bin
ho so | « Mot phuong phép tiep can thuc nghi¢m-s6 lai cho tai trong clia cau bé tong cot thép | rong | rong BTCT thuong khong con nhicu tai Vi€t

thiet ke khong du déc tinh ket cau (2019) [31]. BTCT | Nam: [30], [31].

(F) * Phén tich xép hang tii trong chi tiét dé danh gia tinh trang ciia cau théng qua cic mo DA = Khong thiét bj va cong nghé hién dai (BDI).
Mang hinh phén tir hiru han phi tuyén va mang no-ron nhan tao (2013) [69] . BTaCr?r"lF * Ngh. ctru diér} hinh, dir liéu mau dao tao nho.
noroen |« Cap nhit md hinh tuyén tinh va phi tuyén ctia ciu dam chit T bé tong c6t thép sir chit T | Nghién ctru cau dam T bé tong cot thép it phd

nhin tao | dung mang ludi than kinh nhan tao (2013) [70]. bién tai Viét Nam [69] , [70] .
_ Lo . 3 , N = X4 at cat dam uy nhiém va phan tich

G) * Danh gia nang lyc cia cac cau dam T cii bang phan tich phan tir hitu han proxy phi | Dam Ady dung mat 'caA’t.dam Uy finem ve phan tqlc

n X d¢ cong-momen; toi uu hoa tir GA dé mo phong
Thuat | tuyén (2020) [35]. BTCT NN , , .
todn riéng chit T | % lam viéc phi tuyén tinh phirc tap cua RC tir

cac mo hinh cau tao déo dan hoi don gian.

Lua chon phwong phip danh gia ciu

Thong ké dic trung chinh cua cac phwong phap

Cac phuong phéap khac ngoai ANN
(Al), (A2), (B), (C), (D), (E), (G)

= Thir nghiém chan doan can dung nhiéu thiét bi do cam bién va thudt toan — nhiéu chi phi

= Thu thap va str dung s6 lidu 16n vé thong ké xép hang cau ctia nhiéu ving lanh thd va niam xay dung,
ciing nhu tiéu chuan nhiéu loai xe tai khac nhau (thong ké xac suat — do tin cay).

= Quan trac kha nhiéu khi ding SHM, ciing nhu thu thap dit liéu tir WIM — nhiéu chi phi; thoi gian
khé dai; xir 1y s6 liéu dé dung cho d4nh gia ciu phtrc tap va chi phtt hop cho cong trinh cau do; phép
ngoai suy cho cac cau dong dang khac kho chap nhan.

* Cap nhat mo6 hinh FEM sur dung dit li€u rung chi chinh xéc vai di liéu rung va tai trong binh thuong.

Mang no-ron nhan tao (ANN)
(E), (F)

= Qua trinh danh gia cau nhanh chong hiéu qua, it chi phi.

» V61 bd dir liéu dao tao cho xép hang tai cAu du 16n, ANN kha nang hoc va khai quat hoa tbt dé du
doan chinh xac cao nhu [30]. ANN uu viét hon voi cac thudt toan hoc may khac nhu bang 1.2

= Chi xép hang cho cau bé tong cbt thép thuong chit T.
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Bang 1. 2 So sanh cac md hinh hoc may va tinh wu viét cia ANN tng dung cho danh gia xép hang tai cdu dam I DUL.

Mo hinh hgc may/Tiéu chi lua chon Dir li¢u D¢ phirc tap Loai bai toan Ung dung Két luan
B6 ditlidu ft - trung Phan loai tinh trang | Bai toan phén loai
. . inh. Hié Hoat d6 . .. Am cac muc (tot hodc du bao dya
- & - Rimg blnq 1§:u r oat Ad(_)ng' duaﬂ Phan loai trang thai darr‘l cac rA’nuc ( 0~, 0ac du bao du
o ® o o d - & ® x qua nhat | trén viéc chia nho \ < . T.binh, xau) tr dir trén dir liéu bang,
e ®o® weo ®o® ®» o ®e o DgAU i di lie dit licu th ; hu héng hoac du bao lidu kidm dinh cA L &0 dinh. 1
oS, o —® & ® phien | VO dulidu U liéu theo cac nhanh dua trén dit i¢u kiém dinh cau. vi On dinh, it
Kétqua 1 Két'qua 2 Kétqua3 RF cO cau tric | quy tac "néu-thi" lid ‘bén Xac dinh thong so (overfitting) qua
- Pa s/ trungbinh - bang don gian. * baflg. vat Iy cu anh hudng | khép va khong can
Két qua chung Excel nhat dén suc tai cau. | tinh chinh nhiéu.
— x On dinh véi tap dur
3 = A . .
RBF K ISVR H o , 2 o ‘A x iAo as £ 1s ~ oA
i = I’:;‘F“g.ik e tr:))’ Hoat dong | St dung "Kernel | Chan doan céc trang | li€u nhd. Kiém dinh | Neéu dung dir li¢u
h 5i cuc ky trick" dé xtir ly dit | thai hu hdng cu thé | cau, thu thdp dit liéu | thuc nghiém it, tir
1 : u hiéu qua | liéu phi tuyén tinh | nhu vung nirt hodc thir tai thuc thuong | vai lan thur tai thuc
0 (‘lléz voi tap dir nhung cau tric du doén tdi trong 6n | ton kém va it mau, | té, su dung SVR sé
o to liéu nhé, | mo hinh don gian dinh dan hoi cua SVR gitp du doan | 1a lya chon an toan
- . SVR | frung binh hon. dam. chinh Xég, khong can | va hiéu qua hon
=2 =1 0 1 - 2 qué nhiéu dau vao.

o _HE'u' quiqua trinh G—aus-I.;ion b dit liéu K nhidu h(}ii 5 . Dﬁ' lléu hAlél'l:l th]i ' AC}I:R cung Cé.p sO . Dit héu thi nghlém
e F(x)=xsin(x) _ u Hicu qud Tang theo ham nghiém vat ly-hdéa | liéu "tinh trang thuc (vat 1Y, héa hoc) it
5ol i vy D | voi s | mikhdi(cubic | hoc. Canbiétdotin | ciadim (tiétdign | o RROY
25 " 95%Khoang t(l!inh h‘é‘E— complexity) cua cay cua két qua du cap an mon). Bau cia két ’u 4 dub ég
004 ) tn c3y Gauss nm A s0 mau, kho m¢ | bao hoac can ndi suy vao chinh dé cap hodic né(i:lsu éhinh
2 o] - ian via rong khi dir liéu chinh x4ac trong nhat mo hinh tinh, <4c tron illam vi
751 - GPR ' qua 16m. pham vi dit liéu da x€p hang tai phan i liéug d% bidt
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o ' Léprétndias N.O' g Dt licu dun ‘;’T‘r on  oid n;g cac dac trung nhay bién (vibrations, bién tan so, bién

Ll dtn xsy Lap gop [} e {ng trong glal cam voi hu hong tir | dynamic strain) hoac | dang dong hoac
Lo oleNe ron dang ludi | sat stc khoe két LA A 1o \ o1 3 .
[_ o ® e ich nhu 4nh chu (SHM) dé tin hiéu tho. Xac hinh anh va hinh anh va

— IIF , — 0 0 0.8 A LA \ dinh chinh x4c vi tri | muodn phat hién hw | muon phét hién hu
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o NN tu { fieu phan hang tai cau. CNN. dung CNN.
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Véi dir

Xép hang tai cau

Vuot troi hon cac

Chan doén xé&p

B& ditliéu Ting | liéu 16n vé | ddm I DUL. ANN | md hinh khac ¢ phan | Chan doan tinh trang Lo A
: - X R 3 A X ST hang tai cau I dul.
cwon | kiem dinh | v3 XGBoost déu loai mtrc d¢ xuong thuc t€ cua dam I \
P & - A : L % . N ANN va XGBoost
g cau | manh mé& dé thay | ©ap va x&p hang tai. DUL dua vao mé déu tme dun
SO NSO —® S ® ) |“Thongsd | 1 hosc hd ro | Dung SHAP déxac | hinh tinh toén xép h ma SV
® ©o® 20 o0 o ® o0 ® . : : . A N - manh még, thay the
Cay QD1 Cay QD2 Cay,QD3 doc hinh hoc céc md hinh FEA dinh yéu t6 nao (do hang tai trong hodic hd tro cde md
1 cuc dam, A LA £ vong, an mon thép) Dy doan hé so xép N ’ A
» : truyén thong, tiét | , \ \ < - . hinh FEA truyén
Kitqua  €Aa0 luuluong a . anh hudng 16n nhat | hang tai trong RF tir X FRTIA
@ ®—> i ® @ —» ~Fl] . kiém thoi gian , o A A Te o A thong, tiét kiém
o o6 0o od » cubi XG xe tai, hu nh kha nang chiu tai cua | cac thong so ky thuat thoi gian va lru
Ciy QP i Ciyv Qbm Boost hoéng” mnh. dam. va so liéu do dac cau , .
lugng tinh toan.
. ANN dung nhu md Co dir licu thiét ké
Yéu cau hinh hoi quy dé du z A theo 1y thuyét, mo
A 1~ e CTTA A A Huan luyén xong, AR
tap dur Hoc duoc cac moi | doan HE so xEp hang L 1R . phdng tir phan
Mang | ..., AP - _ ANN c6 thé du doan X . .
liéu 16n (> | quan h¢ phi tuyeén | tai trong RF tur cac A . mém (Midas Civil,
No- 5 . e A L1 e Ap A RF gan nhu tirc o X
a*10 tinh cuc ky phttc | thong so k¥ thuat va ) C Al A Ansys) voi sO
ron X 2 T2 PEA - thi cho cac cay cau X 1,
A mau) dé | tap turcaclép an. | so liéu do dac tinh. L Ao lugng mau 16n,
nhan n PR , PR €O cau truc tuong tu, ,
dat hiéu va khai quat hoa Xu 1y céc bai toan . . phtc tap.
tao TN , P , N giip quan 1y mang L A X .
suat tot va chung de gidi phtrc tap nhu nhan X NI Du bao hé so tai
ANN A 1 L A A N . ludi cau quy mo 16n N
do chinh quyét van dé dang hinh anh, ngon Cn ; RF tu dir 1i€u thiet
j - o hiéu qua hon. 4 A
Xac cao. ngtr ty nhién. ké do dac/mo
phong.
Dénh gia lya chon mo hinh hoc may cho xép hang tai cau dam I DUL: Ham hé thong phirc tap, phi tuyén cao. Kich thuéc mau di Ién ~ ( 2*¥10°) mau
Tiéu chi/M6 hinh RF SVR GPR CNN XG Boost ANN
Dit liéu dao tao It phu hop It phui hop It phui hop Phu hop Phu hop Phu hop
Do phire tap It phu hop It phii hop It phii hop Phu hop Phu hop Phu hop
Loai bai todn It phu hop It phu hop It phu hop It phu hop Phu hop Phu hop
Ung dung It phu hop Phu hgp It phu hop It phu hop Phu hop Phu hop
Xu 1y mo6 hinh Phrc tap Don gian Don gidn Phtrc tap Phirc tap Don gian

M6 hinh ANN qua danh gia 1a “uu viét” hon cac m6 hinh hoc may khac cho Xép hang tai cau dam I DUL cua lun an
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1.3.2 Tinh khoa hoc viéc tmg dung ANN trong ddnh gid xép hang tdi cau

Viéc ung dung tri tu¢ nhan tao khong nhiing giip cap nhat lai mé hinh sat véi sy 1am viéc
ngoai thyc té, bén canh d6 gop phan khéi phuc nhitng dit liéu khong duoc ghi chép mot cach
chi tiét nhur trong nghién ctru cia Og uzhan Hasangebi va Taha Dumlupmar [69] , [70] ;

Ttr ing dung trf tué nhan tao trong xép hang tai trong cau thiéu cac dit liéu dau vao, két hop
céc phuong phap khéng phd huy va tri tué nhan tao dé khéi phuc cac dit lidu thiéu sau d6 hoan
thién trong mo hinh. Nghién ctru cua Abdollah Bagheri va cac cong sy [30] , [31] ;

1.3.3 Khodng trong trong nghién ciru xép hang tdi cau tir tai lidu tong quan

Téng quan cho thay, cac nghién ciru gan dy cua tac gia trén thé gidi vé xép hang tai trong
két cau nhip cau rat da dang. Trong d6, viéc str dung phuong phap hoc may cu thé 14 ap dung
ANN @ danh gia xép hang tai cau 1a xu huéng nhung chua thanh nét dic trung hién nay trén
thé giéi va nhiéu dang cau khac (ngoai phan tong quan trinh bay) ciing nhu phd bién tai Viét
Nam (nhu cau dam I lién hop DUL ...) van con chua duoc khai thac. Muc nay, véi trinh bay
téng quan ¢ phan trude va chi tiét bang 1.1, luan an nghién ctru chi 16 “Khoang trong trong
danh gia xép hang tai cau” nhu sau:

a/ May hoc (Machine Learning) cu thé 14 tmg dung ANN chua thuc su théng dung dé dénh
gia x&p hang tai cho cau, cu thé nhur:

 Hién dang la xu hudng chua thong dung.

« ANN thure hién da phan & loai hinh két cau cau bé tong cdt thép thuong (bang 1.1), do do
nhiéu loai hinh cau khéc can dugc nghién ctru danh gia nham phu hop thuc trang giao thong
hién tai Viét Nam (nhu cdu dm gian don chit I DUL).

« S& 1a nhu cau m6 hinh dy bao nhanh gitp cac nha quan 1y nhanh chéng ra dugc quyét dinh
cho cong trinh cau véi cac thong tin dira vao don gian va nhanh chéng.

b/ Can mdt phuong phap hd tro linh hoat hon cho danh gia cdu nhuw ANN it ton phi va thoi
gian danh gia, tinh toan hiéu qua va van hanh don gian, nham thoa man:

« Panh gi4 cau hién nay sir dung nhiéu thiét bi hién dai va cong nghé tién tién (BDI, SHM
két hgp WIM), chi phit hop cac loai hinh cau 16n nhu cdu Day ving, cau Extradosed, cau Dam
lién tuc nhiéu nhip. Tuy hiéu qua nhung chi phi rat ton kém va thoi gian theo ddi dai han.

* V6i loai hinh cau dam gian don bé tong DUL chit I lién hop rat thong dung & Viét Nam
hién nay nén rat can mot phuong phap hd trg danh gia méi phut hop hon nhuw ANN.

¢/ Céc cong trinh nghién ctru khoa hoc cho danh gia xép hang tai ctia cong trinh cau ¢ Viét

Nam dic biét 1a linh vire x4c dinh hé s6 xép hang tai cau van chua duoc nghién ctru nhiéu.
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Tir “Khoang trong trong d4nh gia xép hang tai trong cau” trén, mot phuong phap nghién ctru
nhu st dung phwong phéap hoc méy 14 tmg dung mang no-ron nhan tao két hop véi thir tai chan
doan cau thong dung hién nay ¢ Viét Nam 1a rat can thiét dung dé hd trg danh gia xép hang tai
cau thuc té trén co s kiém ching bang 1y thuyét va m6 hinh phén ttr hitu han (Midas, Sap2000).

Ttr nghién ctru trén s€ cho théiy viéc s dung mo hinh phén tur hiru han dugc cap nhat tir cac
s6 lidu do ngoai thuc té cho két qua dang tin cay la cong cu tao cac bd dit licu huén luyén ANN.

Vi tinh cap thiét da trinh bay nhu trén dé tai chon hudéng di xay dung ANN trén co sé bd
dir liéu hé théng cau dam I duoc tinh toan trén co s¢ tiéu chudn Viét Nam TCVN 11823:2017,
két qua duogc so sanh véi két qua phan tich cta cac nghién ctru trude cling nhu két qua phan
tich thong qua tmg dung phan mém PTHH va tinh toan tryc tiép theo huéng dan ciia MBE.
Két luan

Nghién ctru tong quan cho thiy danh gia xép hang tai trong cau 13 rit quan trong va dugc
quan tim hang dau nham dam bao cho ciu ludn an toan trong van hanh khai thac. Vi vay, mic
di ¢ co s6 1y thuyét tinh toan truyén théng (TCVN 12882:2020, MBE - Hoa Ky) nhung ciing
c6 rat nhiéu nghién ctru trén thé gidi sir dung nhiéu phuong phéap khac nhau duge mo ta ¢ tong
quan. Trong do, cac nghién ctru dénh gia xép hang tai cong trinh cau thong qua cong tac thir tai
hau nhu chiém mét vu thé 16n, cong tac nay doi hoi can nhiéu thiét bi do dac cam bién chuyén
dung, thao tac str dung thiét bj phtrc tap, xir 1y s6 liéu tinh vi nhiéu ric rdi va thoi gian dai.

Ap dung ANN dé danh gi4 kha ning chiu tai két ciu va xac dinh hé sb xép hang tai trong
nhip cau la xu hudng ctia thé gioi hién nay, nghién ctru ndy c6 thé gitp cac nha quan 1y nhanh
chong ra duoc quyét dinh cho cong trinh cau voi cac thong tin dua vao don gian va nhanh
chong. Van dé quan trong khi ap dung ANN d6 chinh 13 Iyra chon céc théng sé dau vao sao cho
phat huy duoc su vu viét khi tirng dung ANN.

Tur day hudng nghién ctru cta ludn an 1a di xay dung mo6 hinh ANN trén co s& bo dit ligu
cau dam I DUL duoc kiém chung va tao theo TCVN 11823:2017, theo d6 khi danh gia cac
thong s6 dam I d& dang xac dinh tai hién trudng hodc trudng hop cau mat ho so lwu trit. ANN
c6 kha niang hoc mau va khai quét hod tot thanh “x4p xi ham trong mo hinh” dé dy doan két
qué strc khang va hiéu tmg tai trong qua d6 xac dinh hé sb xép hang tai trong c6 do chinh xac
cao va kha ning danh gia xép hang tai déng loat nhiéu cau dong dang, nhanh chong tién loi it
t6n chi phi va van hanh moé hinh ANN cho danh gia cau twong ddi dé dang.

ANN di duoc huin luyén co thé dung phan tich d6 nhay tham s két cAu anh hudng dén strc

chiu tai cua cau, day ciing 1a van dé cot 16i cua cong viée x€p hang tai va quan ly van hanh cau.
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CHUONG 2 CO SO LY THUYET VA ANN TRONG PANH GIA XEP HANG TAI
CHO CAU

Chuong 1, tong quan, luan 4n dd mo ta mot birc tranh tong thé vé kha nang nghién ciru
danh gia xép hang tai trong cho cong trinh cau véi nhiéu phuong phap va thuat toan khac
nhau. Bang thong ké phén tich logic, nhirng nét dic trung cta cac phwong phap nghién ciru
xép hang tai trong cau duoc thiy rd. Vi tinh cap thiét cia luan an va khoang tréng trong
nghién clru xép hang tai nay, mo hinh hoc may dédc bi€t la mang no-ron nhan tao dugc danh
gia ¢6 tinh wu viét, kha ning tng dung ciing nhu két hop véi thir tai chan doan cu thong
dung hién nay & Viét Nam 1a rat can thiét dung dé hd trg danh gia xép hang tai cau thuc té tuan
thit TCVN 12882:2020. Chuong 2 ctia ludn 4n, v6i ndi dung vé 1y thuyét co hoc tinh toan xép
hang tai trong cau va dic biét 1y thuyét xay dung dao tao mang no-ron nhan tao, 13 nén tang
khoa hoc minh chimg nghién ctru img dung ANN trong xép hang tai trong cau.

2.1 Co s& 1y thuyét trong danh gia xép hang tai cho ciu
2.1.1 Khdi niém xép hang tdi cho cau

Xép hang tai cho cau 1a mét hoat dong trong cong tac kiém dinh cau, 1a mot to hop hoat
dong khoa hoc dugc két hop tir co s¢ 1y thuyét va khoa hoc thuc nghiém cho thir nghiém
cau tai hién truong theo mét qui trinh cho phép, nham so sanh kha ning mang tai hién hitu
clia cau véi kha niang luu théng ciia hoat tai dé danh gid xép hang phuc vu cong tic van
hanh khai théc an toan cho cau. Viéc xép hang tai cho cau phai bao gdm céc cong viéc:
Thir nghiém cau chinh 1a thyc hién cac thi nghiém tai hién truong, ding may moc thiét
bi dé do dac cac tham s6 co hoc cua két cu cong trinh (ng suit, do vong, chu ky dao dong,
v.v...) va dic trung vat liéu dé 1am co so so sanh gitta su lam viée theo 1y thuyét voi sé do
thyc té ctia két cau cong trinh.

Thir tai cAu 13 cong tac thir nghiém cau dudi tac dung cua tai trong thir tinh va tai trong
thir dong dé xac dinh cac phan Gmg cta két cau biéu thi bang cac s liéu do dac duoc ghi
lai bang cac thiét bi trong thir nghiém cau. Thir tai cau c6 hai phuong phap 1a thir tai chan
dodn va thir tai bang chimg.

Kiém tra chat luong cong trinh cau 1a qua trinh danh gi4 va xac dinh muac do dap Gmg cta
san pham, hang muc hodc toan b cong trinh so véi yéu cau thiét ké, quy chuan va tiéu chuin
ky thuat hién hanh. Hoat dong nay dugc thuc hién thong qua viéc két hop kiém tra truc quan,
quan trac hién trang, thi nghiém vat liéu va tinh toan phan tich cAu kién.

Xép hang tai phai d4nh gia nang luc chiu tai cong trinh cau thong qua cong tac thir tai
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va kiém tra chat luong két cdu cta ciu. Trong danh gid xép hang cin xac dinh:
Hé s6 danh gia RF 1 ty sb giita kha ning chiu hoat tai cia bd phan danh gia véi hidu
ung cua hoat tai danh gia lén bo phan do.

Miirc Thiét ké (Inventory Rating) IR: Viéc danh gia & mirc ndy thudng str dung tai trong thiét
ké (vi du: HL-93) dé dam bao do tin cdy tuong duong véi cdu moi.

Mirc Khai thac (Operation Rating) OR: V&i mirc tai trong ti da tuyét d6i ma cu c6 thé chiu
dung an toan. Khai thac cau thudng xuyén ¢ muc tai trong nay ¢ thé lam giam tudi tho cia
cong trinh.

Mirc cim bién (Posting Rating): V&i mirc tai trong an toan cho phép phuong tién luu théng
thuong xuyén qua cau, duoc xac dinh dua trén cac xe tai tiéu chuéan.

2.1.2 Xép hang tdi trong cho ddnh gid cau

Xép hang tai trong duogc sir dung dé danh gia kha nang chiu tai ctia cau va dugc biéu thi
bang cac hé s6 danh gia (RF). La ty 1 kha ning chiu hoat tai ctia cay cau (nghia Ia tong sirc
khang bi giam do tai trong tinh thudng xuyén) voi hiéu Gng hoat tai yéu cau do tai
trong phuong tién giao thong tao ra. Hé s6 danh gia chinh xac bang 1 khi kha ning chiu tai
bﬁng v6i nhu cau hoat tai, 16n hon 1 khi cau c6 kha nang chiu tai cao hon nhu cau hoat tai va
nho hon 1 1a nguoc lai. Xép hang tai thong thuong dugc thuc hién ¢ hai mue do Xép hang: murc
Thiét ké va mirc Khai thac. Kha ning mirc thiét ké mo ta gidi han dudi ciia kha nang chiu tai
an toan cua cau, c6 thé duoc 4p dung vo thoi han va tuong tng vai chi sé d6 tin cdy 1a phu
hop vé6i yéu cau thiét ké hién hanh. Kha ning murc khai thiac mo td mic kha nang chiu tai
t6i da ma mot cau tric co thé chiu duge mot cach an toan trén danh nghia, tuong tng voi
chi sd d6 tin cdy thdp hon so véi chi s6 duge st dung trong thiét ké dién hinh ngay nay.
Cau voi RF hoat dong nho hon 1 s& dugc dénh gia thém bang cach sir dung tai trong hop phap,
thuong 1a mot bd ciu hinh xe tai va co thé khac nhau tiy theo yéu ciu riéng. Cau c6 RF
phap 1y nho hon bang 0,3 phai cim bién canh bao va han ché cac phuong tién qua cau.

Xép hang tai trong cho cau thuong 13 xép hang cho két ciu nhip ctia ciu gdm nhiéu bd
phan, modi bd phan cau dugc Xép hang béng mot hé sd xép hang. H¢ ) xép hang cua két
cAu nhip 1a hé ) Xép hang nho nhét cta cac bod phan két cu nhip d6. H¢ ) Xép hang ctia
bd phan cau 1a ty s6 gitra kha nang chiu hoat tai ctia n6 voi hi€u ing cua hoat tai ma cau
phai chiu.

2.1.3 Pdnh gid xép hang tdi trong khai théc cau dwong b TCVN 12882:2020:

C-DL _ HL

RF = =
LL LL

2.1)
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O day:

RF _H¢ s6 déanh gid ciia két cdu can ddnh gid;

C_ Kha nang chiu lc ciia két cdu can danh gid;

LL Hiéu ting ciia hoat tdi trén két cau can danh gid;

DL Hiéu img ciia tdi trong tinh trén két cau can danh gid;

HL = C - DL — Kha ndng chiu hoat tdi két cau can danh gid.

Trong truong hop RF >= 1: nang luc chiu hoat tai 16n hon hay béng hi€u ing cua hoat tai, két
cAu danh gia khai thac dugc voi hoat tai xét dén. Khi RF < 1: nang lyc chiu hoat tai nho hon
hi€u tng cua hoat tai, két cAu duoc danh gia s€ khong khai thac duoc voi hoat tai xét dén.
2.1.4 Pdnh gid xép hang tdi trong theo triét Iy LRFR (MBE-2011)

Céc phuong phép xép hang tai duoc duya trén cac phuong phap thiét ké két cdu bé tong cot
thép 1a thiét ké theo ung suét cho phép, thiét ké theo hé sb tai trong va thiét ké theo hé
sO strc khang va hé s6 tai trong. Nhu cac thiét ké, cac phuong phap xép hang tai phu thudc
vao kha ning phan tich két cdu ciing nhu vao kha ning kiém soét cic hiéu ing cua tai trong
va suc khang cua vat liéu. Trude day, cac hé s6 an toan dinh ra trong thiét ké duoc dua trén
kinh nghiém, dugc diéu chinh cho phi hop véi nhiing kinh nghiém va kién thirc méi tich
Ity duogc tir cac su cd xay ra tai thyc dia cling nhu tir cac thi nghiém trong phong.

Su phat trién manh mé cac phuong phap dénh giad két cau bé tong cdt thép bang phan
tich va thuc nghiém, viéc ap dung ly thuyét xéac suat ddi véi viec mo phéng trang thai lam
viéc ctia két cau va viéc phat trién cac cong cu tinh toan s cho phép phan tich nhanh chong
murc do an toan va do tin cay cua két cAu.

Trong Luan 4n trinh bay mot danh gia xép hang tai dugc sir dung rong rai hién nay trén
thé gidi 1a danh gia xép hang tai theo triét Iy hé sb sitc khang va hé so tai trong (LRFR).
Trong d6 R, 1a strc khang danh dinh 13 stic khang duoc xac dinh véi gia thiét 13 cac thong
sO cta vat lidu va két cau déu phu hop véi cac diéu kién thiét ké. Hé sb stc khang @ dbi
vo1 mot trang thai gidi han cu thé duge st dung dé xét dén tinh ngﬁu nhién cua cac dac
trung vt liéu, cac phuong trinh xac dinh sic khéng, tay nghé cong nhan, viéc kiém soat
chét luong va hau qua cta vige két cAu bi phé hoai. H¢ sO tai trong yi dbi véi mot loai tai
trong cu thé dugc sir dung dé xét dén tinh ngiu nhién cta cuong do tai trong, su phan bd
(vi tri) tai trong va céc t6 hop tai trong co thé xdy ra.

Uu diém cua danh gia theo LRFR:

- Xét dén muirc do bién thién cua ca suc khang va tai trong,
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- Pat dugc mirc do an toan tuong dbi déng déu ddi véi cac trang thai gidi han va céc loai
két cAu khac nhau ma khong phai tién hanh phan tich vé mat xac suét thong ké phc tap.
- Pua ra mot phuong phap hop 1y va nhat quan.

Cong thirc xép hang:

C—-ypcDC—ypwDW+ypP
YLLLL(1+IM)

- Pbi v6i TTGH cuong do: C = ¢*Dc*gs*Rn.

RF = 2.2)

Trong d6 cac mirc gi6i han thip hon sau day duoc ap dung: @c*gs >= 0,85.

- Péi v6i TTGH sir dung: C = fr.

O day: cac dai luong trong cong thirc trén tuan theo TCVN 12882:2020.

2.1.5 Trinh tw danh gid xép hang cdc tdi trong theo TCVN 12882:2020 va LRFR

- Cau duong bd duge danh gia theo 3 mirc tng sut khac nhau, d6 13 mic Thiét ké, muc
Khai thac va mirc Cam bién.

- Phuong phap néu trén danh gia cau tai 3 trang thai gidi han: trang thai giéi han cudng do
(TTGHCD), trang thai gidi han sit dung (TTGHSD) va trang thai gidi han moi (TTGHM).
TTGHCDP 1a co ban cho van d& an toan két cau cong trinh cau va 13 yéu td x4c dinh ndi dung
cdm bién trén cong trinh ciu do, hay ding dé cim thong xe qua cau va trong khi stra chira cu.
TTGHSD va TTGHM sé dugc 4p dung chon loc cho ting loai cong trinh cau.

- Theo phuong phap néu trén, cdu dugc danh gia theo mot quy trinh s& bao gdm ba budc cho
timg trang thai giéi han noéi trén, nhu mé ta trén so d6 ¢ hinh 2.1.

+Panh gid theo tai trong xe thiét ké (xe HL-93): 1a d4nh gi4 cong trinh cAu ¢ murc dau tién, trén
co s téi trong xe thiét ké HL93 theo MBE-2011 va TCVN 12882:2020. Trudc tién la danh gia
theo TTGHCD, theo sau d6 danh gia theo TTGHSD. Khi cong trinh cau duoc danh gia co hé
sd danh gia theo muc thiét ké RF >1, thi két luan 14 cong trinh cAu nay sé& thoa man cho tt ca
cac muc tai trong hop phap.

+ Pénh gia theo tai trong xe hop phap: s& duoc danh gia & cip 2 cung cap kha ning chiju tai an
toan don chiéc (cho céc loai hinh loai xe tai da cho). Cac hé s tai trong dugc lya chon theo
diéu kién khai thac & hién truong. Cudng d6 1a TTGH dau tién dé danh gia tai trong. TTGHSD
duoc 4p dung c6 lya chon.

+ Panh gia theo tai trong xe cip phép: Panh gia theo tai trong xe cip phép dung dé kiém tra
tinh an toan va tinh phuc vu khi soét lai viéc cip phép qua ciu cho loai xe vuot trén giéi han

trong luong hop phéap da xac lap.
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2.1.6 Pdnh gid xép hang cau theo phwong phdp tich hop hién dai
a/ Xac dinh hé sé phan bd ngang

Dir liéu bién dang do hoat tai thir nghiém co thé xac dinh duogc hé sd phan bd tai cho
dam (GDF) va hé sb xung kich. Ghosn (1986) gia sir hé s6 phan bd tai cho dam bang ty sd
gifta bién dang tinh 16n nhat cua dam d6 vdi tong bién dang tinh cac dam. Stallings and
Yoo (1993) sir dung bién dang c6 trong sb dé ké dén su khac nhau vé md dun tiét dién gitra
cac dam.

Ji
M; El: ; 1. €i € W3
GDFI _ i Jigi 1 _ iWj

— vkpm, T vk e Ji T vk o
XMy X, Eljg 2};1#]- Y1 &Wj

(2.3)

Trong d6: Mi_ mémen uoén cia dam i; E médun dan hoi; Ji Momen qudn tinh dam i;

JL_Mé men quadn tinh dam trong dién hinh; €i_ bién dang tinh Ién nhat ddy dam i; wi_ ty

s6 ciia médun tiét dién dam i voi dam trong dién hinh; k_sé lrong dam.

Heé s6 phan bd ngang tai trong cho cac dim ciing c6 thé tinh toan tir két qua do do vong ¢
S

qua trinh thtr tai hién truong: DF; = TR (2.4)

Trong d6: DF; Hé s6 phdn bé tdi trong ciia dam thit i; & B vong tinh 1om nhdt cia dam thit i.

Khi cau BTCT bi nut, s6 liéu do bién dang s& sai s6 16n (trir khi kéo dai chiéu dai dau do
dé tinh gi4 tri trung binh) c6 thé sir dung sb lidu do gia téc dé xac dinh hé s6 phan bd ngang
tai trong va hé sb xung kich [19].

DF;(t) = —289 __ ; pF; =2 ; DLFA =1

. . 2.5)
Z7=1<I_]l)y1(t) Mrotai Vstow(t)

Trong dé: yi~ gia toc cia dami; Ii_ momen qudn tinh cdt ngang dam i; Mi  momen ciia
dam thit i; My _tong mémen ciia cac dam.

Hé s6 phan bd tai trong c6 thé duoc tinh toan bang mo hinh FE, so sanh vai két qua do
thuc nghi¢ém va tinh theo tiéu chuén thiét ké AASHTO LRFD.
b/ Xac dinh hé s6 xung kich

Heé s xung kich lién quan dén viéc gia ting cac hiéu Gng tinh do hiéu tmg tai trong dong, c6
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Xép hang HL-93 RF>1.0

Kiém ké IR v
¢ RF< 1.0 Ifhéng céfp bién tai trong,
X x€p hang tai trong hop phap
Xép hang HL-93 Y
Van hanh OR
4n han RF > 1.0
v RF<10 - PR
Xép hang tai RF>1.0 & tr(flng Cifl.lt 1en
hob dhé x€p hang tai trong
trong hop phap hop phép
RF<1.0

Stra chira khin
cap hoic dimg |——— RF=>0.3

khai thac Khong
thoa man Thoa mén

Tinh tai trong cim bién 2,
khong xép hang cap phép

Hinh 2. 1 So d6 xép hang tai theo TCVN 12882:2020 [1] .
nhiéu tham s6 anh huong dén hé s6 xung kich nhu: tan s6 dao dong riéng clia cau, tinh lién tuc
cAu, tan sb dao dong cua xe, tinh chét nhip xe, cAu hinh truc xe va trong lugng, tde do xe, tric
doc va do g6 ghé mit cau, sy tham gia d0 ciing cua cac két cau phu nhu lan can va go chan
banh. Trong nghién ctru thuc nghiém, hé sé xung kich thudng xac dinh biang bién dang (hoic
d6 vong) ctia dong 16n nhat chia cho tinh 16n nhat.

DLF =24» (2.6)

Esta
Trong do: Eam, Esa _bién dang dong, tinh lon nhat do téc do xe binh thuwong va rat chdm

hodc bién dang tinh tuwong dwong sau khi loc thanh phcfn bién dang dong.

50 1 1
o b 3]
20 F '
10 F
0 ' ”*._ ’._ .;'5“:'._:_ CEEY ROYY. NP
10 R EEEE

Estat

Bién dang (ug)

0 1 2 , 3 4 5 6
Hinh 2. 2 Bién dang tinh va dong cua xe tai & tbc do binh thuong trén dudng 6 to.
¢/ Hiéu chinh diéu kién bién cia mo hinh FE cho cau
Diéu kién bién mé hinh cau dung trong d4nh gia kha niang chiu tai nhu tinh chat cac lién
két gbi cau (ngam cb dinh, gbi di dong, hay gbi ¢b dinh) hodc cac tham sb do cimg gbi dan

hoi (Kx, Ky, Kz, Rx, Ry, Rz) c6 thé duoc cap nhat nhd cac sb liéu thu duoc tir két qua thir
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tai chan doan trong d6 co bd tri cac cam bién tai khu vuc gbi cau va truc tiép quan tric cac
chuyén vl cua gé)i cau do thtr tai. Céac dir liéu do dac duge s& 1a cin ct cho qua trinh cép
nhat mo hinh FE dé danh gia [70] .
d/ Cap nhat mé hinh FE cho cau tir két qua thir tai chan doan

K¥ thuat cap nhat moé hinh FE cua cau dua trén cac két qua do dac hién truong va thir
tai chan doan dd dugc phat trién. Nguyén 1y phuong phap nay 1a sir dung dir lidu thir tai
chan doan dé thay d6i cac tham s6 mé hinh FE.
2.2 Tai trong xe va hi¢u ng hoat tai dung danh gia xép hang tii cho ciu
2.2.1 Tai trong xe tdi trong dénh gid xép hang tdi theo TCVN 12882:2020

Bao gom Tii trong xe Thiét ké, Tai trong xe hop phap, Tai trong xe cip phép.

Tai trong xe thiét ké: hién hanh 1a HL-93, 13 t6 hop cuia xe tai thiét ké (xe ba truc) hoac
xe hai truc thiét ké va Tai trong 1an 9,3 kN/m subt chiéu dai nhip dam.

P=110kN P=110kN
T - T ,.f,-f,-‘,.-',.*'f,-',.-‘,.-',.-',-f,-f,.-’,.-',.f,-'J-‘,.-',.f,-!,-',.-‘,.-',e |
35 KN 145 KN 145 KN P 1800mm
| 4300mm | 4300mm 161 9000mm | 11m o
Tai trong xe hop phap: Xe tai [3] (xe 03 truc) theo TCVN 12882:2020.
sl |
L R =222.5kN
= i 1.049m
O o=oull 1
4.572m 1.219m_ . .
P=712 kN P=T5.65kN P=T5_65kM ! 4.572m J.—— 1.215m J.
Téi trong xe hop phap: xe tai [3-S2] (xe 05 truc) theo TCVN 12882:2020.
WO ey =N (=) "
_____________ : A AT T T
T T
P,=68.975kN P,=68.975kN P —68.975kNP,=68.975kN
R =320 4KkN
o 2.252m __‘:
By P, ll’s 1. Py Ps
t ! ¢ i i i
l 3.353m | 1.218m | 6.706m [ 1.219m |
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Tai trong xe hop phap: xe tai [3-3] (xe 06 truc), bang tinh momen hoat tai va so d6 tinh
momen hoat tai theo TCVN 12882:2020 duogc trinh bay ¢ Phu luc 1.
Tai trong xe cap phép: xe cip phép 1a xe 03 truc theo thuc té tai Viét Nam.

j R-=235.5KN
k 1 1.049m
e N — P, 5 P
PP ) l I i- l
L 365m _}_’1.35::[_" 1
' ! .
P1=57.64kN P=88.68KN P,=88.68kN | 3.65m | 1.35m |

Hinh 2. 3 Xe tai thiét ké HL93 Xe tai [3] 03 truc_ Xe cip phép Xe tai [3-S2] 05 truc
theo TCVN 12882:2020 va TCVN 11823:2017.
2.2.2 Hiéu vmg hoat tdi trong ddnh gid xép hang tdi cau (xdc dinh bang phirong phdp dwong
danh huéng theo gid thiét mdt cdt phang trén mé hinh dam Bernoulli)

Bang 2. 1 Bang tinh momen hoat tai va dai tai trong cua xe thiét ké HL-93; xe hop phap
[3] va [3-S2]; xe cap phép 03 truc.

Tung d6 va momen tai xe Thiét ké HL-93 Phan
Nhip |Tung do yi (m) M, [M,=yi*Pi M, |My g LRFR (KNm) bo
L(m) |yl y2 v3 9.3 145 35|EMp; |2 Lan |3 Lan |4 Lan | ngang
32.4 | 5950 8.100|5.950| 1220| 2037 208 2246|14095(17971(18324
26,4 [5.200] 7.350|5.200| 1005 1820 182| 2002|12275({15650|15957 |[nhan g
23.94(3.835|5.985(3.835| 666| 1424| 134| 1558 9149|11665|11893
19.4 |2.700| 4.850)|2.700| 438| 1095 95| 1189| 6734 8§586| 8755
17.4 [2.200]| 4.350|2.200| 352 950 T7| 1027 5724| T7298| 7441

Tung do va momen tai xe hop phap [3] 03 trye Phan
Nhip |Tungdd vi (m) M, =¥i*Pi  |Mg,. [Mge: IRFR(KNm) | bo
L(m) |yl y2 3 4 ys 6 75.6( 71.2|EMpy (2Lan [3Lan |4 Lan |ngang

324 | 2.205| 2.814(5.100| 8.100| 7.491| 5.205| 1558 734| 2292|10026|12784| 13034
29.4 | 1.455| 2.064|4.350| 7.350| 6.741| 4.455| 1331| 627| 1958| 8567|10923| 11137(nbin g
23.94|0.090| 0.699(2.985| 5.985| 5.376| 3.090| 918| 433| 1351| 5910 7536 7684

194 1.850] 4.850| 4.241| 1.955| 687 271| 0958| 4192 5345 5449
17.4 1.350{4.350| 3.741| 1.455| 612| 200| 811| 3550| 4526| 4614
Tung do va momen fai frong xe hop phap [3-82] 05 true Phan
Nhip |Tungdéyi (m) M= Vi*Pi My, [Mgo IRFR (Nm) | b6

Lim) [y1 |v2 [v3 |@ |v5 |v6 |v7 68.98| 44.5/EMg |2Lan |3Lan (4 Lan |ngang
324 |2461] 4138|4.747| 8.100| 7.491| 4.491) 2.814| 1882| 309) 2192| 9588|12225|12465
204 | 1.711] 3.388|3.997| 7.350| 6.741| 3.741| 2.064| 1624| 243| 1866| 8165| 10410|10614 nhan g
2394|0346 2.023|2.632| 5.985| 5376| 2.376) 0.699| 1153| 121| 1274| 5574| 7106 7246
19.4 0.888|1.497|4.850] 4.241| 1.241 791 55| 847 3704| 4723| 4816

174 0.388|0.997|4.350] 3.741| 0.740 654 33| 686| 3003| 3829 3504
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Tung d6 va momen tai xe cap phép 03 truc Phén
Nhip |Tung d6 y1 (m) M= yi*Pi My, |Meggs LRFR (iNm) | bd
L{m) |v1 v2 v3 v4 5 6 88.68| 57.64|EMg |2 Lan |3 Lan |4 Lan | ngang
324 | 2.600(3.275|5.100| 8.100| 7425| 5.600( 1898 617| 2515/11001|14026( 14301
204 | 1.850| 2.525(4.350| 7.350| 6.675| 4.850| 1632| 530| 2162| 9459|12060| 12296 |nhin g
23.94| 0485( 1.160|2.985| 5.985| 5.310| 3.485| 1148 373| 1520| 6652| 8481| 8648
194 0.025|1.850|4.850| 4.175| 2.350| 803| 242| 1045| 4570| 5827 5941
174 1.350(4.350| 3.675(1.850| 712| 184| 896| 3920| 4999| 5097

P,=145kN P,=145kN  P3=35kN . dlan=9.3kN/m
S 0 S 0 e 0 S S
yo=L/4

y1=Yo*(L/2-4.3)/(L/2) Y3 = Yo*(L/2-4.3)/(L/2)

L
Tinh momen dwéng ddm cho xe thiét ké HL-93

75.6kN 75.6kN  71.2kN
{219 | 4572 ] 6.0

> >
N

A

A
L
75.6kN 75.6kN  71.2kN
1.21d 4.572 ‘l
A ®
‘ |

V4= L/4

A

y A y y

Y1=Y4*(L/2-11.791)/(L/2)
Yo=Y4*(L/2-10.572)/(L/2)

P V3=y,*(L/2-6.0)/(L/2) L

" Tinh momen dwdng ddm cho xe hop phap [3] TCVN 12882:2020

Yo = Ya*(L/2-5.791)/(L/2)
Vs = ya*(L/2-1.219)/(L/2)

»
>

P,68,975 P 44,5kN  Ps 68,975kN P, 68,95kN P368,975kN P, 68,975 P 44,5kN
3353] 6.0  [1219] 6.706]1.21 3.353 _

A N N N

v N y y

A ®

y4=L/4
Y7=Y4*(L/2-10.572)/(L/2)
Ye=Ya*(L/2-7.219)/(L/2) Vo= Y, *(L/2-7.925)/(L/2)
B Ys=Y,*(L/2-1.219)/(L/2) L V3= Y4*(L/2-6.706)/(L/2) |
"Tinh momen duwdng dadm cho xe hop phap [3-S2] TCVN 12882:20207‘

yi= ya*(L/2-11.278)/(L/2)

P,=88,68kN P,=88,68KN P;=57,64kN P;=88,68kN P,=88,68kN P,=57,64kN
1‘1.35 - 3.65,], 6.0 1.35]_ 3.60

yi=ya*(L/2-11.0)/(L/2)
yo=ya*(L/2-9.65)/(L/2)
ya=ya*(L/2-6.0)/(L/2) L

<

>

A
Ya=L/4
V6= Y4 (L/2-5.0)/(L/2)
yvs= ya*(L/2-1.35)/(L/2)

I
>

Tinh momen dudng ddm cho xe cip phép tai Viét Nam

Hinh 2. 4 Phuong phép tinh momen hoat tai bang phuong phap duong anh hudng theo

gia thiét mat cat phang trén mo hinh dim Bernoulli.

2.3 Ciac ly thuyét co hoc két cau phuc vu danh gia xép hang tii cau

C0 hai thong s6 c6 thé d& dang thu nhan duoc tir qua trinh kiém dinh thir tai cong trinh

toan strc khang ctia mit cét (cudng do bé tong dam f7c).
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2.3.1 Ly thuyét ding dit liéu do vong (thir tdi tinh) dé xép hang tai cau dam I DUL
Quan h¢ chuyén vi A va tai trong P trong co hoc dugc xac dinh theo biéu thirc:

EI 1PL3

A=< va K=a5 - A= -— 2.7)
Véi: A la chuyén vi ciia két cdu; P la tdi trong tdc dung 1én két cau tir bén ngodi; K la d¢
cing hiéu dung cia két cau hé dam gian don véi biéu thirc nhie trén.

Theo cong thirc 2.7, 46 vong A thuc do trong qua trinh thir tai cau c6 mit cit ngang phan bd
trén toan bé rong cau. Pé ude tinh Xép hang tai cua cau, thi do ctng hi¢u dung K cua cau trong
diéu kién hién truong thuc té can dugc xéc dinh theo tai trong P thuc nghi¢ém va do vong A thuc
do trong thuc nghiém. Tir day cuong do bé tong fc clia két cdu duoc tinh ton tir gia tri module
dan hoi £ va momen quén tinh 7 ctia mét cat ngang toan bé rong cau theo cong thire 2.9.

Chuyén vi dtmg tai giita két cAu toan bé rong nhip cau duoc xac dinh theo so d6 xép tai dung
tAm (gid str) v6i cac gia tri momen tai trong xe va momen quan tinh toan cau tinh todn sau.

Biéu d6 momen do tai trong xe thir tai cAp phép 03 tryc tac dung trén hinh 2.5 va cac gia tri
momen Mi dugc xac dinh thé hién & bang 2.2.

P1 P2 P3 P1 P2 P3

| ®
Ra L ‘ -. ‘ RE

O ,.-v'l'\ :f'?{f fl“n.
al a2 a3 a4 a5 a6 ar
/2 ; /2
== -
So db xEp tai dung tAdm (2 1an) trén nhip gian don N1, N2, N12, N13

[ ]

_______

L]

Bi€u db momen Mpi do tai trong xe Pi trén cac nhip gian don
¥yl y2 y3 ¥4 VER L= ¥7
i
LA

Biéu d8 momen MK vdi P=1 tai L/2

Hinh 2. 5 So d6 tai va momen tai trong xe thir tai trén két cau nhip gian don.

Thuyc hién phuong phap nhan biéu d6 Veresaghin trong co hoc két cau & hinh 2.5, chuyén
vi ding A tai gitta nhip hé dam duoc xac dinh 1a:
1 ~ (T
A= — (Mpi)(Mk) (2.8)
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Bang 2. 2 Gié tri momen do tai trong xe cAp phép 03 truc khi thir tai tinh theo hinh 2.5.

Khoang cach ciia cc tai trong tryc xe (ai) trén dim gian don cho thir tai tinh (m)
L a a, as Ay as dg a7
32.40| 5.20 1.35 3.65 6.00 1.35 3.65 11.20
Gia tri momen (kNm) do tai trong xe thir tinh dung tinh chuyén vi dung tai L/2
M1 |(0.430P; + 0.403P, + 0.331P3)*L | M4 |(1.000P, + 0.958P, + 0.846P3)*L
M2 |(0.500P; + 0.508P, + 0.417P3)*L | M5 |(0.605P, + 0.682P, + 0.776P3)*L
M3 |(0.689P, + 0.678P, + 0.649P3)*L | M6 |(0.457P, + 0.514P, + 0.670P3)*L

Biéu thirc d6 vong A cia cong thirc Veresaghin duoc xac dinh tir hinh 2.5 & cong thirc 2.9.

1 (171.8+Py+175.6%P,+179.1P3)+L3
T 23248 EI

(2.9)

Cac két qua tinh todn xé4c dinh momen tai Mi, modun dan héi £i va momen quan tinh /i cia

cac nhip dam I DUL duoc trinh bay chi tiét trong Phu Luc 4.

2.3.2 Ly thuyét ding dir liéu tan s6 (thir tai dong) dé xép hang tai cau dam I DUL
a/ Phan tich két cAu & diéu kién dao dong

Phan tich dao dong cho phép xac dinh cac dic trung dong luc hoc cbt 16i cua két cau dudi
tac dung ctia dao dong co ban cta két cau, bao gdom tan so riéng, ty sd can va dang dao dong.
Trong khi khdi lvgng ctia cong trinh cau gan nhu khong dbi theo thoi gian, d6 cimg két ciu lai
bi suy giam do qua trinh xudng cap vt liéu hay do bi niit né. Do tan sé dao dong riéng ty 1&
thuén v6i can bac hai ciia do cimg, su suy giam do ctng s& dan dén su dich chuyén vé tan s,
dong thoi 1am giam sire chiu tai ctia két cau. Dua trén nguyén Iy nay, viéc quan tric bién thién
tan sd dao dong gitra trang thai ban dau va hién tai 13 co s quan trong dé danh gia muc do
Xuéng céip va nang lyc chiu tai thuc té cua cong trinh cau.

Do vy, thong qua viéc theo ddi va so sanh sy thay doi tan sb dao dong ctia cong trinh cau
gitta cac thoi diém khac nhau, c¢6 thé danh gia mirc d§ hu héng va chan doan tinh trang chiu
luc hién hitu cua két cau cau.

Ly thuyét dong luc hoc két cau, phuong trinh chuyén dong ciia bat ky hé dan hoi tuyén
tinh ndo chiu tic dung ctia lrc dong ngoai c6 thé duge mo ta bang phuong trinh 2.10.

[MI{x} + [CI{x} + [K{x} = {f(t)} (2.10)
O ddy: [M]_ma trgn khéi lwong tong thé, [C]_ma trdn cdn tong thé, [K] ma trdn do ciing

tong the, {f (1)} vecto lwc miit, {x}_vecto chuyén vi, {x}_vecto vin toc, {X}_vecto gia toc.
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Trong truong hop rung dong khong co luc, {f(2)} = 0 va phuong trinh 2.10 tr¢ thanh phuong
trinh 2.11.
[M]{x} + [C]{x} + [K]{x} =0 (2.11)
Giai phuong trinh vi phan 2.11 va mot s tinh toan, tan sé goc tu nhién (w) cta hé
thong c6 thé duge biéu thi bang biéu thic 2.12.

w= |< (2.12)

m
Tir dong luc hoc két cau, tan sd phuong thirc, £, cia mot hé théng bang tan s6 goc w,
chia cho 27 va dugc tinh bang phwong trinh 2.13.

k

1
f= pynll o (2.13)
f tan s6 dao déng ciia mét chu ky dao déng; k, m_do cieng va khéi heong toan hé thong.
b/ Phén tich dong cta hé thong dam cau gian don
Viée ly tuong hdéa mot két cu thuc phure tap thanh mot hé théng két cdu don gian la mot
phan thiét yéu trong 1y thuyét vé ki thuat két cdu. Mot hé thdng lién tuc voi khéi luong phan
tan ¢6 sb bac tu do khong gidi han va mot loat cac mau bién dang khong xéac dinh. Phan tich
mot hé théng véi sy phtrc tap nhu vay la khong thuan tién trong thue té. Luan an phan tich cau
dam I DUL duoc Iy tudng hda nhur mot ddm don gian nhu trong hinh 2.6, v6i khdi lugng phan

b, d6 climg ctia hé théng va diéu kién bién 14 gbi cd dinh va di dong dé phan tich dong luc hoc.

El, m, ngam 2 dau El, m, ngam 1 dau El, m, d3u tw do
L D D L ® A L ®
mL/2 mL/2 5/8mL 3/8mL mL/2 mL/2

Hinh 2. 6 M6 hinh cau ly tuong 1a mot dam don dé phén tich dong.

Chuyén vi dimg ctia dim xac dinh theo khoang cach va thoi gian, phuong trinh 2.14:
y(x, t) = p(x) * f(t) (2.14)
Trong d6: x_ khodng cdch doc theo chiéu dai ciia dam; y chuyén vi dimg; t  thoi gian,
(Y ham cua thoi gian; o(x)_ham hinh dang chuyén déng ciia dam.
= Dung phuong phap tich phan momen trong Stic bén Vit liéu cho cac phuong trinh goc
xoay A(x) va chuyén vi v(x), ham dang hé dam xac dinh bang phuong trinh 2.15:
@z—fr—;dz+6;ﬁ=ffr—;dzdz+Cz+D (2.15)

Trong d6 C, D la nhitng hang s6 tich phan theo cdc diéu kién bién.
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D6 thi cac ham dang ddm don dugc thé hién theo hinh 2.7.

0.32
0.28
0.24
0.20
0.16
0.12
0.08
0.04
0.00 =

0 2 4 6
Dam gian don
2x%  x*

X
= _—
fp(“r) Yo (L L3 L4

t-vo

8 10

12 14 16 18
——D3m ngam 01 dau
1.5x% 2.5x% «x*

) M:%(‘?*?—E

() = x? 2x3+x“
) P} =Yo 12 13 %

20 22 24

26 28 30 32
D3Em ngam 02 d3u

Trong d6: yo _hé s6 rung dong; L chiéu dai dam don.

Hinh 2. 7 Ham dang dam don dé phén tich dong.

= Str dung phuong phép ning luong Céng thirc Rayleigh va ham hinh dang ¢(x), khéi

luong hiéu dung Me va do cimg hiéu qua Ke duoc tinh bang cac phuong trinh (2.16; 2.17):

M, = [} m{p(x)}?dx

K, =

[} El{g" (x)}2dx

(2.16)

(2.17)

Tan s phuong thirc ctia ddm don, dugc xac dinh theo biéu thirc trong hinh 2.8.

EL, m, ngam 2 dau L EL, m, ngam 1 dau El, m, 2 dau tu do
® | A @)
1 5 19 5 31 5
M, = @mtyo M, = ﬁmtyo M, = @thO
4EI 108EI 48EI |
K, = =73 Y0 K, = T5 3% K, = EWREL
= 3.573 £l = 2.459 El = 1.572 £l
fi =2.273 x f3 f1 = 1.564 * f3 =13

Hinh 2. 8 Tan sb co ban dam don dé phan tich dong.

Do cting dong hiéu qua EI cua dam hai dau gbi tu do, duge xac dinh phuong trinh 2.18:

El =

fZ*n.Z *mt*L3

24.3871

(2.18)

Cuong do fc ciia két cau duoc tinh toan tir gia tri module dan hdi E theo cong thirc 2.18.
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2.4 Co sé 1y thuyét mang no-ron nhén tao cho danh gia xép hang tai cho ciu
2.4.1 ANN trong ung dung vao cong trinh khoa hoc va xa hoi

Mang noron nhan tao, Artificial Neural Network (ANN) thuong dugc goi tit 1 mang noron
nhan tao, 1a mdt mé hinh xur Iy thong tin phdng theo cach thirc xur Iy thong tin ctia cac hé no-
ron sinh hgc. Mang no-ron nhan tao dugc cAu thanh tir mot hé théng 16n cac phén tu xtr 1y (no-
ron) két nbi v6i nhau théng qua céc trong sb lién két, hoat dong dong bo dé giai quyét cac bai
toan phirc tap. Mang dugc tinh chinh cho timg tmg dung dic thu — nhu nhan dang mau hay
phén loai dit liéu — thong qua qué trinh huan luyén trén tap dir liéu mau. V& ban chat, qué trinh
hoc ctia mang chinh 1a sy t6i wu hoa va cap nhat lién tyc cac trong s6 lién két nay. Strc manh
tinh toan ciia ANN khong nim & timg no-ron riéng 1é, ma bat ngudn tir sy phéi hop da chidu
trong mot kién trac théng nhat. V& mit toan hoc, mot mo hinh mang no-ron dugc dac trung boi
ba yéu tb cbt 16i: dic tinh ctia no-ron (déng vai trd 1a cac nat xir 1y7), cdu trac két ndi (kién trac
mang), va thuat toan huén luyén.

ANN dugc chimg minh 13 diic biét phi hop cho cac bai toan (két hop sai, khong day du
hodc mo dit liéu) ma khong thé xir Iy d& dang bang cac phuong phap cb dién. Kha ning
ANN hoc hoi tir kinh nghiém va sau d6 khai quat hoa viéc hoc nay dé giai quyét cac van dé
méi va 1am ching tré thanh mot céng cu phd bién, duy nhit dé moé hinh héa mét s6 van
dé k¥ thuat day thach thirc gip phai trong nhiéu linh vuc nhu Pién tir, Vién théng, Tu dong
hoa, Y hoc Sinh hoc, Ky thuat Két cau, ... cling nhu phan tmg gan dung két cau sy vat va
nhan dang hé théng.

ANN duoc 4p dung dé nhidn dang ciing nhu xdp xi ham hé théng
trong nhiéu linh vuc theo [11], [12], [14], [16], [18],[22],[36], [40] , [43], [46] , [52] , [58]
,[591, 1601, [64], [71],[75] .

Céc tai liéu khoa hoc vé linh vuc cong trinh cau giao théng [69] , [70] , [30], [31] , [47]
da duoc trinh bay trong chuong Tong quan.

Phan giéi thiéu cho thiy ing dung mang no-ron nhan tao c6 thé nhan dang, danh gia
viée du bao két qua cua mot h¢ théng trong rat nhidu linh vuc nhu dd mé ta, ma khong co
mdt phuong phép toan hoc nao thyc hién chinh x4c dén hién nay boi tinh phi tuyén cta hé
thong dang can giai quyét. Bai toan “Ung dung mang no-ron nhin tao dé danh gia xép hang tai

cho cong trinh cau” duoc xay dung hoan chinh trong chuong ctia Ludn n.
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2.4.2 Co s6 Iy thuyét va kinh nghiém xdy dung mang no-ron nhén tao trong danh gid xép
hang tdi cho cau.

Ly thuyét va kinh nghiém xay dung mang no-ron nhan tao theo [3], [15], [28], [81] .
a/ Thuat toan lan truyén nguoc BP (Back-Propagation) trong ANN

Thuét toan lan truyén nguoc ap dung trong ANN str dung mét tap hop cac gié tri dau vao va
dAu ra dé tim ra mang no-ron nhan tao ma ngudi sir dung mong muédn. Tir mdt tip hop dau vao
duoc ngudi st dung dua vao mot hé théng gia dinh trude d6 dé tinh ra gia tri dau ra, sau d6 gia
tri dau ra ndy duoc so sanh véi gia tri mong mudn. Trong trudng hop khong c6 su khac biét
nao, thi s& khéng can thuc hién mot qua trinh kiém tra ndo, trong truong hop nguoc lai cac
trong s s& duoc tinh toan dé thay doi trong qua trinh lan truyén nguoc trong mang no-ron dé
giam sy sai khac d6. Thuat toan lan truyén nguoc c6 thé xem 14 dang tong quat cua thuat toan
trung binh binh phuong tdi thiéu (Least Means Square). Thudt toan nay thudc dang thuat toan
Xép xi dé tim cac diém ma tai d6 hiéu nang cua mang la t61 wru. Cac chi s6 tdi wu dugce xac dinh

bdi mot ham s6 cia ma tran trong s6 va cac dau vao nao d6 dugce dua vao trong mang.

Piu vao L&p noron Sigmoid LGp noron tuyén tinh

[ 1T 1

1

e P e

1

mw
b3 f
- nlx1
1
4’

(m ) =1 ]

y!=Logsig 1p + bl ¥?>=Purelin v1+ b2
3 g

|

Hinh 2. 9 Mang noron truyén thang nhiéu 16p sir dung thuat hoc BP.

Thoéng thuong Mang lan truyén ngugc cd mot hodc nhiéu 16p 4n véi cac no-ron dang sigmoid
va 16p ra 1a cac no-ron v6i ham truyén dang tuyén tinh. Trong khi d6 mang nhiéu 16p thuong
st dung thuat hoc lan truyén nguoc. Luat hoc lan truyén nguoc dugc phat trién tir luét hoc delta.
Ciling nhu luat hoc delta, luat hoc lan truyén nguoc la xép xi cta thuat toan giam do dbc nhét,
trong d6 ham chat lwong 13 sai s6 binh phwong trung binh. Su khac nhau rd rét nhét giita luat
hoc delta va luat hoc lan truyén nguoc chi la cach thic léy dao ham.

B6 qua su phtc tap vé mit toan hoc, thuit toan phat biéu don gian nhu sau:

i/ Lan truyén xudi cac tinh toan trong mang truyén thiang (Budcl)

= Céc no-ron trong 16p dau vao nhan cac tin hiéu tir bén ngoai (v6i p chinh 14 diém bét dau cua
mang ¢ hinh 2.9: a=p (2.19)

= Khi d6, dau ra cta 16p dau vao trd thanh dau vao cta 16p an tht nhit trong mang thong

qua ham két hop: Ainj = NEE Wji) + b; (2.20)
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Sau d6, ham kich hoat (ham truyén) s& dugc sir dung dé chuyén gia tri dwoc nhan thanh
gid tri dlu ra cta 16p an tht nhat. a; = f;(a;) (2.21)
= Gia tri d4u ra cua 16p 4n thtr nhat thanh dau vao cua 16p an thi hai trong mang:

Ainke = j::l(aj * ij) + by (2.22)
ham kich hoat s€ dugc sur dung dé chuyén gia tri dugc nhan thanh gia tri dau ra cua 16p an
thir hai trong mang;: a, = fi(Aini) (2.23)
= Diu ra cua 16p an tht hai thanh dau vao cua 16p dau ra ciia mang: am = ak
Ainge = Zj::l(aj * ij) + by, : (M la s6 thir tir 16p cudi ciia mang) — (2.24)
= Khi dau ra ctia mang chi c6 mot két qua tie k = 1, thi aw = fw(ainm) 1a:
Ainy = Lk=1(ax * W) + by (2.25)
Giai doan lan truyén thiang dén ddy két thuc, va chuyén dén giai doan lan truyén nguoc.
ii/ Lan truyén 15i (hay d6 nhay cam) nguoc lai qua mang (Budc2)

Phuong phap luyén mang no-ron bang thi tuc lan truyén nguoc két hop véi bude hoc
dé tim nghiém tdi uu toan cuc. Sir dung phuong phap giam nhanh do doc nhét dé cap nhat
trong s6 ctia mang, ta can cac thong tin lién quan dén dao ham riéng cta ham 13i lay trén
ting trong s va thudt toan cap nhat trong sb trong cac 16p an va 16p ra.

Véi mot tap mau cho trude, dao ham ham sai s6 bang cach ldy tong dao ham ham 15i
trén timg mau trong tap d6. Phan tich va tinh dao ham nay dua trén “qui tac chudi”. o dbc
cta tiép tuyén v4i dudng cong sai sd trong mit cat theo truc W goi 13 dao ham riéng
ctia ham 131 J 14y theo trong s6 d6, ky hiéu 1a 6J/ 6w, dung quy tic chudi ta cé:

9 _ 9 9w, Own (2.26)

ow ow, 0w, ow

Thuat toan lan truyén nguoc st dung chi sb hiéu ning 1a trung binh binh phuong 13i ctia
dau ra so véi gia tri dich twong tng. Pau vio cia thuat toan chinh 1a tap cic cip mo ta sd
liéu dau vao va gia tri dich thuc té ciia nd. T d6, vai mdi bo s6 liéu tinh duoc tung sai sb
dau ra twong g, gia tri nay dugc goi 1a ham mat mat (Cost Function - J).

J == Thoy B (tpi — yer)? (2.27)
Trong dé: tei_ mot dau vao; yei_ dau ra mong muon twong vng; i_sé no-ron dau ra.

iii/ Cap nhat lai cac trong sb va do léch twong g (Budc 3)

9] _0oj oz v

« Diéu chinh trong sd 16p ra: = )
ng op OWout 0z 0v Owgoyut

(2.28)

Goi: wout. trong 5o 10p ra; z: dau ra cua noron Iop ra; t: gia tri dich mong muon, yj:
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ddu ra cia noron trong 16p an; v: tong trong hoa, v = Y witty; nén dv/ow/ M=y

(bo qua cac chi so cua cac no-ron lop ddu ra).

Dung ham muctiéu  J=0.5 % (z - t)% nén 9J/0z = (z - t) (2.29)
Ham kich hoat no-ron 16p ra la sigmoid, z = g(v),

Véi 0zI0v =1z * (1 - 2) (2.30)

z= (1_1ev) nén dz/ov =z * (1 - 2) (2.31)

Ta co: o] _9,9%, =(z—-t)xzx(1—2)*y (2.32)

Wour 0z v awout
Tir d6 ta c6 cong thirc cap nhat trong sb 16p ra nhu sau (b6 qua cac chi sd):
Ay =@ —t)*xzx(1—2)*y (2.33)
« Diéu chinh trong s6 16p an:
L6p an ty ching khong gay ra 16i nhung né gop phan tac dong vao sai sb cta 16p ra.
Pao ham ham muc ti€u cia mang ddi voi mot trong sb 16p an duoc tinh theo qui tac chudi

ttr (dao ham dau ra cua no-ron 16p ra dén dau ra cua no-ron 16p an)*(dao ham dau ra cta

roo R A A1 A 0 5} 3}
no-ron 16p an dén trong so 16p an), nhu sau: o Y (2.34)
owin dy 0win
2 ga 6] 6] az v \ aj dy du
: —*— V == x 2.
Oday dy oz 8v dy a owin ou Owiy ( 35)

Goi_ Win: trong sé 16p dn; y: dau ra cua mét noron trong 16p an; xi: vecto vdo cua 16p

\ R z = [ A 0 > A ” 4
Vao; u: téng trong hoa u = YNt wi™x;, nén awi" = x;; k: chi so cua cdc noron trong
l
lop ra.
) d 2
Ta co: = k=1L, 0% , OVk (2.36)

k= Oazk 6vk dy

Chi xét cho mét no-ron 16p 4n nén chi sb caa 16p an duoc luge bo cho don gian. Dén

A A A 0 d A X 1s A , A pe 3
day nhén thay luong (a—i) * (ﬁ) duoc lan truyén ngugc vé 16p an, chi so k néi rang:

a]
(62) (av) = (z, — t) * z, * (1 — z,) , no-ron tht k 6 16p ra (2.37)

~ 1A . \ LR . A v L1 A v (O out
Nhu da biét thi v 1a tong trong hoa, nén (@) = Wy VOI chi s0 k thi (E) = w™.

d —
o = ZEob(ae — 1) * 2% (1= z) » w (2.38)

trong céng thirc nay da lwoc bé chi sé ciia no-ron 16p an, cdi ma dwoce gan véi y (viét day
dula( ) véij=0...M-1).

a . 0 5} 0z
gy 2,0
owin dy dz OJv

Dén day, s6 hang dau tién ciia * Z—; hoan thanh. (2.39)
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ov

Tiép theo, xét s6 hang thir hai ( 5 ) la sy bién doi cua dau ra cia mot no-ron thudc

Win

16p an theo tong trong héa cac thanh phan vecto dau vao ciia 16p vao.
1 ~ ov
o en () =y« ()

s [0 N - £ Re A , N A oo A . A A
va (a ? ) la su bién doi cta dau ra ctia noron 16p an theo trong so lop an. Vi u la tong

Win

Moi quan hé giita y va u theo ham kich hoat no-ron, y =

ov

in

trong hoa cua cc thanh phan vecto dau vao, nén u = Y¥5 wix; va ¢ ngay = x;.
Tom lai, ta c6 dao ham ham muyc ti€u theo mot trong sb cua 16p an:

oF _ Ytz —t) xzi e * (L —z) * wi* =y * (1 — y) = x; (2.40)

in —

Tir day di dén cong thuc diéu chinh trong sé cho 16p an:
A" =aYklz, —t ) xze x (1 —z) * W™ xy« (1—y) xx;  (2.41)
Trong cong thitc Aw!™, chi s6 i biéu thi tham so thir i ciia [6p vdo, chi s6 k biéu thi no-ron
thiv k I6p ra; trong cong thirc chiing ta dd khéng biéu thi chi sé j, biéu thi no-ron I6p dn.
« Thuat toan s& diéu chinh cac tham s6 clia mang bang cach t6i thiéu hda ham J, tir ham
J vira tim dugc, tinh dao ham ciia ham nay theo trong s gitra 16p an/lép ra va trong sb

giita 16p nhap/16p an.

aj N aj
Awkl = m va AW]l = (242)

owj;

(.o 0] s \ . A , \ 9] \ L , \
Voi: # la Dao ham riéng cua ham J theo Wi, # la Dao ham riéng cua ham J theo wiji
kL ji

d/ Gia tri trong s6 lién két giita 16p an/16p ra ciing nhu gia tri trong so lién két gitta 16p

nhap/16p an dugc hiéu chinh lai dong thoi.
Wii(new) = Wii(old) T 00 * AWji; Wki(new) = Wki(old) + & * Awki (2.43)

Whew_ trong s6 dd dwoc cdp nhat; wold _ trong s6 chua dwoc cdp nhat; o_ téc dé hoc.
b/ Nhan dang hé théng danh gia xép hang tai cau (RF) bang mang no-ron
» Nhan dang d6i twong kha ning sir dung mang no-ron

Xét truong hop ddi twong phi tuyén co d6 phire tap cao, néu sir dung phuwong phap giai
tich thong thuong dé nhan dang s¢€ rat kho khan, thidm chi khong thuc hién dugc do sy hiéu
biét nghéo vé ddi twong. Vi vay cac nha khoa hoc di dua ra y tuong 1 sir dung cong cu
tinh toan mém nhu hé mo, mang noron, dai ) gia tu dé xép xi - chinh 1a nhan dang dbi
tuong. Nhiéu tai liéu chi ra rr:?mg, mang noron la mét trong nhiing cong cu hitu hiéu dé nhan
dang mé hinh d6i tuong, tuy khong biét duwgc mé hinh toan thyuc sy cua dbi twong nhung
hoan toan cé thé dung két qua xap xi dé thay thé d6i twong. Ham kich hoat phi tuyén trong
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cic mang no-ron dugc dung dé mo ta cac hé théng phi tuyén phuc tap. ANN 1a mot
trong nhirng cong cu nhan dang t6t nhit vi cac dic trung nhu: kha ning hoc tir kinh nghiém;
kha nang khai quat hoa cho cac dau vao khong duogc huin luyén. Twr viéc hoc mang co thé
s& dy doan déu ra tir dau vao khong biét trude.

» Nhan dang hé théng sir dung mang noron

Hé thdng & day 1a hé thdng miu dao tao, chinh 1a quy luat tuyét di dé lién két tir gia tri
dau vao dén gia tri dau ra cia tt ca mau trong hé thong trén co sé toan hoc chic chin.
Nhan dang hé théng can hai giai doan, la Iya chon mo hinh va t8i wu tham sd mé hinh.
» Lya chon md hinh: d6i v6i ANN lya chon sb ndt an, sb 16p an (kién triic cua mang)
tuong duwong voi mé hinh lwa chon. ANN ¢6 thé dugc huan luyén kiéu giam sat véi k¥
thuat lan truyén nguoc, dua vao luat hoc sai s6 hiéu chinh, tin hiéu sai s6 dugc lan truyén
nguoc qua mang.
= T6i uu tham sb: K¥ thuat lan truyén nguoc da st dung phuong phap giam gradient dé xac
dinh céac trong s cua mang vdy twong duong voi tdi wu tham s6. Mang no-ron dugc
huan luyén dé xap xi méi quan hé giita cac bién.

Qua trinh huén luyén mang no-ron vé ban chét 13 viée cuc tiéu hoa ham sai sb, thuong
1a sai s6 toan phuong gitta dau ra du doan ctia mang va dir liéu muyc tiéu. Trong bai toan
nhan dang mo6 hinh nguoc, dit liéu muc ti€u chinh la tin hiéu dau vao cuia hé théng thuc té.
Khi mang duogc huin luyén hoi ty, dAu ra ctia n6 s& bam sat tin hiéu dau vao nay, déng
nghia vé6i viéc mang da dic trung thanh cong ham truyén nguoc ciia hé thong. Nguoc lai,
ddi vai bai toan nhan dang mo6 hinh thuan, muyc tiéu la lam cho dau ra cla mang hdi tu vé
dau ra cta hé thong thuc té, qua d6 mang dong vai tro biéu dién ham truyén thuan.

Gia thiét ring cac ham phi tuyén mé ta hé thong thudc mot 16p ham xac dinh trong mién
khéo sat, ciu trac ciia mo hinh nhan dang can duoc thiét ké tuong thich véi hé théng thue
té. Néu ton tai mot bd ma tran trong ) Iy tudng cung cac diéu kién ban dau phu hop, mé
hinh mang no-ron c6 thé tai tao chinh xac tin hiéu dau ra cta hé théng ddi véi bat ky kich
thich dau vao nao.
¢/ X4y dung mé hinh mang no-ron cho xép hang tai cau theo [81] (b6 gia thiét H)

» Xac dinh bac ty do trong hé thong cong thirc xép hang tai (RF) cho cau

RF, 1a ham phuc da bién c6 bacl hodc bac >1 trong khong gian da chiéu, c6 rit nhiéu
tham sd (an s6) biéu thi bang cong thuc sau:

C—yYpc*DC—yYpw*DW +yp*P

RF =
]/LLLL(1+1M)

(2.44)
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Bang 2. 3 Xép xi cac tham s6 tu do cta (g € H) mo hinh mang no-ron tir cong thirc (RF)

Momen tinh tai ~ N4 4n sé ( bac 1 hodc >1) Ansb | Dién tich don vi Adw, Ap >2
Chiéu dai dam L 1 | Momen do thép dul Mpeg = Pi*ePeg | >1
Trong lugng riéng bé tong yc 1 Momen do dam nguyén | Mcg = qeg*L¥8 | >1
Trong lugng riéng thép vS 1 Momen do ban MsL = gsL*¥L¥8 | >1
Luc cang thép dul Pi= n*Aps*(0.78*Pu-APT) | >1 Momen do 16p phu Mdw = qdw*L?%/8 | >1
Trong luong don vi dcg, qSL, qdw, qp >4*] | Momen do tai khac MP = qp*L%/8 >1
Pic trung hinh hoc ~ N1 4n sb (bac 1 hodc >1) An s | Mét mat DUL ~ N2 4n s (bac 1 hodc >1) | An s
Chiéu cao dam Hg 1 | Tutneo AfpA >1
Chiéu rong dam Bg 1 | Ma sat AfpF = fpi*[1-e-(Kx+pa)] | >1
Chiéu cao ban Hsl 1 | Co ngin dan hdi AfpES | (N-1)/2N*Ep/Eci*fegp | >1
Chiéu rong ban Bsl 1 | .Luckéo thép dul F= | (fpj-AfpA-AfpF)*Aps | >1
Dién tich thép dul Aps >1 | . US tai tam dul fegp= | F/Ag+F.epe’/le-Mcg*epg/le
Chiéu cao trong tam thép dul Ap= (Cai*Apsi)/Aps | >1 | . Momen D. nguyén Mcg = ch*Lz/ 8 >1
Dién tich dim Ag = Bg*Hg+Aps >1 | Co ngot AfpSR=93-0.85*H | >1
Dién tich ban Asl = BsI*Hsl >1 | Tirbién AfpCR=2.fegp-7.Afedp | >1
M tinh D.nguyén, lién hop Sg, Sc >1 | . Afedp Mcd.€pg/Ig+ Mcp.€pc/lc >1
Chiéu cao mién bé tong Yol Yo, Vb Ye® | >1 | Tu chung AfpR1=[log24t/40]*[fpi/fpy-0.55]*fpj | >1
Momen quén tinh D. nguyén Ig= Bg*Hg3/ 12 >1 | . fpj=0.74*fpu- AfpA- AfpF- AfpES >1
Momen quan tinh doi dam I’'g= Ag*Yg2 >1 | . pR2=0.3*(138-0.3* AfpF-0.4* AfpES-0.2*( AfpSR
Momen quén tinh doi ban I’sl = AsI*Ysl? >1 +AfCR) | >1
Sire khang ~ N3 4n s6 (bac 1 hodc >1) Ansé | Chiéu cao bé tong nén \ a/2 = B1*C/2 >1
Cuong d6 nén bé tong fc 1 | Hésd Bl ‘ B1=0.85-0.05*(f’c-28)7 >1
Cuong do kéo thép dul fou 1 | Ung suét thép dul fps=fpu*(1-k*C/dp) >1
C =(Aps + Asfs - A’sfs)/(0.85.B1.f¢c.b + k. Aps.fpu/dp) >1 | Stc khang két cdu Mr=Aps*fps*(dp-a/2) | >1
Momen hoat tii ~ N5 an s6 (bac 1 hodc >1) Ansé | Khoang cach tim dam/ban | Eg=(H-Ygb)+hs/2 | >1
Tai trong truc xe (3 truc) Pi 3 Do cling dam I lién hop Kg=n*(I+Ag*eg?) | >1
Khoang cach gdi-truc xe Li 5 | Hé s6 ngang gin = 0,075+(5/2900)"*(S/L)*?*(Kg/Lt)"!
Chiéu cao tung d6 DAH Yi 5 | Hé sé ngang gout = gin*(Bout-0.5Bin-500)/2800 | >1
S 1an hoat tai (1,2,3,4) lan 4 | Phan lyc gbi Ri >1
S6 1an bo hanh (0.5,1,1.5,2,25,3) | 6 | Momen hoat tai MLL = 2*YPi*Yi | >1
Téi trong lan glan 1 Momen b hanh MBH = qbh*L?/8 | >1
Tai trong bo hanh gbh 1 Momen do lan téi Mian = qlan*L%/8 | >1
Hé s6 lan hoat tai, 1,2,3) 3 MLL.LRFR =1.75*((1.25M3truc+Mgqlan)*lan*f+Mbh)*gin
Hé¢ s6 ngang don biy ginLL,ginPL,goutLL,goutPL | >4*1 | Mdb.LRFR = 1.75%(1.25M3truct+Mgqlan)*ginPL >1
Tong tham s6 tw do ‘ Ni1+N2+N3+N4+Ns Do vong A= 5*q*LY/(384*E*I) >1

Xép xi cac tham s tu do (an s6 ude tinh) trong hé thong dam I, sé luong an sb trong
biéu thirc toan hoc cua sirc khang, hiéu Gng tinh tai, hiéu Gng hoat tai c6 kha ning twong
duong (200, 40, 100) an s6, twong Gng.

» Xéc dinh bo gia thiét H cho mé hinh mang no-ron (The VC Dimension)
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Ham dich chwra biét i ‘ . e
fx—oy Xac suat pAhan phoi
1 Ptrén X

B miu dao tao

(x1yl), ... (xn,yn) Luat hoc Gia thiét
> Thuat chung cufc
: toan 5 g~f
B gia thiet H

Hinh 2. 10 Luu dd tao ham gia thiét g € H cho mé hinh_ (Vapnik-Chervonenkis).

(ngudn California Institute of Technology Yaser S Abu-Mostafa _The VC Dimension)
Theo lwu d6 hinh 2.10, ham dich f 13 ham da bién (bac 1 hodc >1) tao tir s lvong 4n sb
cua suc khang, momen tinh tai, momen hoat tai dugc xép xi ¢ trén. V&i mang no-ron thi
mot perceptron dai dién cho mot ham tuyén tinh bac nhat y = aws + wo (W1, Wo 1a trong sd
va bias) twong tng 02 tham sb ty do trong mé hinh mang no-ron. Cac bo gia thiét H cta

m6 hinh c6 thé duoc tao tir cac perceptron dé xap xi ham f v6i luong bac ty do dd udce tinh.

Wi, ¢ B!
Wir Wiz W3 Wi 4 Wi B'1
W21 W2z W23 W24 o War B2
Wi 1 W32 W33 Wi 4 v Wi B'3
Wa, 1 Wa, 2 Wa,3 Wa 4 .. War Bl4
Wi, 1 Wi 2 W3 Wid4 .. Wir Bl
Wm-1,1 Wm-1,2Wm-1,3 Wm-1,4 ... Wm-1,r Blm-1
Wm, 1 Wm, 2 Wm, 3 Wm4 ... Wir Blm
Winm= B?
Wi.1 W2 Wi Wis .o Wim Bl
W2, 1 W22 W23 W24 s W2,om B2
Wi 1 W32 Wi3d Wid4 ... Wim B3
Wa,1 Wa, 2 Wa 3 Waae .. Wiam B4
Wil Wiz Wii Wis4 . Wim B4
Wm-1,1 Wm-1.2Wm-1,3 Wm-1,4 ... Wm.1,m| | B?m-1
Wm,1 Wm,2 Wm, 3 Wm4 .. Wmm B*m

Mang 02 16p Lép én 1 Lép én2 W3 =[W1 W2 W3 W4 ... Wi Wm-1 Wm]

. Im ™= 2 -
Ny Mang 03 16p "

Hinh 2. 11 (trai) M6 hinh mang no-ron 02 16p va 03 16p xap xi ham (RF) — (phai)
Gia dinh bg gia thiét H cho mo6 hinh mang no-ron tai hinh 2.11.

» Xac dinh Input (r dau vao) - Hiden layers (m sé 16p an) - Outputs (16p dau ra)

Tham s6 hiéu qua mé hinh (Wi, Bi) dugc chon sao cho tuong quan véi s6 lugng an s6
ctia ham dich f (ham RF). Mang c6 s6 lugng tham s6 dau vao r 16n thi thong tin nhiéu, hoc
nhanh va khai quat hoa t6t nhung van hanh mang s& nhiéu thoi gian va tén ning luong
may. Dy kién tham s6 dau vao r va s6 lwong no-ron 16p an m cho md hinh ANN:
= Input (dau vao): tham sé dau vao r = (3+6) du kién cho ANN cua (RF).
= Hiden layers (S6 16p an): 16p an c6 s6 lugng no-ron m = (5+35).
= Outputs (I6p dau ra) = 01 (tham s chinh xép hang tai (RF): sitc khang, hiéu ung tai).

d/ Xay dung m6 hinh mang no-ron tir kinh nghiém nghién ctru khoa hoc
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Theo N.T. T. Nga, Luan an TSKT [19] .

Xéc dinh ciu hinh 16p 4n t6i vu 13 mot thach thire thiét ké dang ké, do cac bai toan phirc
tap thudng yéu cau kién tric da 16p an dé dam bao do chinh xac. Tuy nhién, 1y thuyét xap
xi van nang da chiing minh nang luc cia mang MLP: mdt mang 2 16p v6i ham kich hoat
sigmoid hoan toan c6 thé biéu dién bat ky ham Boolean nao. Mé rong hon, mét mang MLP
2 16p du kha ning x4p xi moi ham lién tuc véi sai s6 nho tuy ¥. Dbi v6i cac ham toan hoc
bat ky & mirc do phtic tap cao hon, kién tric mang MLP 3 16p véi co ché kich hoat tuwong
tu dugc chiing minh 1a cAu trac can thiét va da dé thuc hién qua trinh Xé,p Xi.

Trong trudng hop dit liéu hudn luyén ndm phan tan va khong chtra cac dic tinh chung,
s6 luong no-ron c6 thé gan bang véi s luong cac miu huin luyén dé mang c6 thé hoi ty.
Nhiéu nha nghién ciru dé nghi viéc chon sb lugng no-ron 16p an h trong mot mang MLP,
h >(p-1)/(n+2), trong d6 p 12 s6 lwong mau huin luyén va n 14 s6 lugng dau vao ctia mang.
Cang nhiéu no-ron an trong mang, thi cang nhiéu dac tinh ciia dir liéu huan luyén s& duoc
mang nam bat, nhung thoi gian hoc s& cang ting.

e/ Xac dinh kich thudc mau cho dao tao ANN

Kich thudc tap dir liéu huin luyén ty I¢ thudn véi hai yéu td: su phtrc tap cua hé théng
can mo phong va muc do nhiéu cua dit liéu do dac. Doi véi mang no-ron truyén thflng, do
chinh x4c ctia mé hinh bi giéi han boi mot ngudng tiém can 1y thuyét, doi hoi luong dir
liéu vo han dé dat duoc sai s6 tdi thiéu. Qua trinh gia tang $6 lugng mau sé gitp cai thién
d6 chinh xac theo quy luat tiém can: ting vot ¢ giai doan dau va cham dan khi mé hinh bdo
hoa. Mdi quan h¢ gilra sy sut giam sai sb va kich thude tap dir liéu dugc dac trung boi

duodng cong hoc tap cia mo hinh.

Sai sO

B chinh xac

100 1=01 102 1=::-3 104 105 10° 1=o? " Kich thuée méu
Hinh 2. 12 Méi lién hé giira sai s6 va kich thuéc mau
Theo Yaser Abu-Mostafa (2012), Learning from Data, Hameetman auditorium,
Caltech. [81] , v6i quy tic ngon tay cai, sb lwong mau duge xac dinh 1a:
N = 10*(dVC + 1); (2.45)

dvc la kich thudc VC chinh la bdc tw do cia gid thiét mé hinh.
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Kich thuéc mau can dao tao cho ANN cua RF 1a: (500 + 1000).
f/ Thuét toan huin luyén mang no-ron trong Luan an

Huén luyén mang 13 qua trinh thay doi cac trong s6 két ndi cling nhu cdu tric cia mang
sao cho phu hop véi cac mau hoc. V&i 3 ki thuat hoc phan biét, 1a hoc co giam sat
(supervised learning), hoc khong gidm sat (unsupervised learning) va hoc tang cuong
(reinforcement learning). O mdi k¥ thuat hoc c6 nhiéu giai thuat huan luyén khac nhau.
Trong Luan an, dung luédt hoc c6 gidm sat va gioi thiéu cac thuat toan chinh phuc vu cho
viéc tinh todn hé s6 RE_ xép hang tai cho cau.

» Thuit toan Giam d6 ddc véi bong luong (Gradient Descent with Momentum)

Giam do doc bang dong hrong

Hinh 2. 13 Biéu thi toc d hoc cta thuét toan GDM vé muc tiéu cuc tiéu

= Theo phuong dung: toc d6 hoc tip cham va dao dong trung binh tién vé gia tri khong
* Theo phuong ngang: tdc dd hoc tdp nhanh, c6 van tde, gia tdc hd trg cho dao ham bién
Tién hanh: khai tao Vdw = 0; Vdb = 0. Tai mdi vong lip t: tinh dw, db & b dir lidu
— Vdw = pr*Vaw + (1-By)*dW ; Vdw vin toc ; (1-p1)*dW _ gia toc (2.46)
— Vdb = p1*Vdb + (1-p1)*db (2.47)
W =W —a* Vdw; b = b —a* Vdb; 02 tham s6 la a,; p1 (b1 = 0.9) (2.48)
» Thuat toan Levenberg - Marquardt dao tao mo hinh ANN ludn an
Thuat toan Levenberg - Marquardt 6n dinh va c6 téc d6 hoi tu nhanh nhat d6i véi ung
dung nhan dang mé hinh. Goi W;i(n) 13 trong s6 két ndi tir neuron thir i dén neuron thtr j &
thoi ky huan luyén (epoch) thir (n). Giai thuat Levenberg - Marquardt cap nhat trong s6
nay & thoi ky huan luyén th (n+1) nhu sau:
Wii(n+1) = Wi;i(n) - [JTJ + mu*1]-1*JTe (2.49)
Ji=Ix*jx;je=jx*E; dX=-(j+ Imu) \ je (2.50)
1 I ma trdn don vi; mu la mét hé sé ¢6 gia tri nho duoc thay doi trong qud trinh hudn
luyén; J' la ma trdn chuyén vi ctia Jva J la ma trdn Jacobian chira cdc dao ham béc nhat
ciia ham 16i e theo trong sé két ndi (Se/dwj).

C6 tdp dir liéu hudn luyén 1a {p1,t}, {p2.t2}, ..., {pn,ing. Vi pi€ p la dau vao ciia mang,
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ti€ ¢ la dau ra mong mudn twong iing. Khi moi mau dir liéu dwa vao mang, vécto dau ra
thie té a (mang tinh toan) dwoc so sanh voi t dé xac dinh 16i: ei = ti - ai.

Léi cia hudn luyén mang dwoce danh gid dwa trén ham muc tiéu MSE (Mean Square
Error). Véi N mau hudn luyén duwoc dira vao mang, MSE = Y el
2.4.3 Thiét Idp mé hinh mang no-ron dé danh gid xép hang tdi cho cau trong ludn dn
a/ Kién tric mang no-ron duoc xay dung dung danh gia xép hang tai cau
» Kién trac cho mang no-ron s€¢ dugc lap nhu tiéu muc ¢/ muc 2.4.2 thé hién & hinh 2.11

M6 hinh mang no-ron dugc xay dung theo 2 16p va 3 16p:

ANN 02 16p »
a2
ANN 03 16p =
Y —) Y
DPau ra Pau ra
ai+j
Lop an 1 Lop an 2 Lop an 1 Lop an 2

Hinh 2. 14 M6 hinh dao tao ANN (2 + 3) 16p theo s6 no-ron 16p an vé muc tiéu cuc tiéu

» Dao tao mo6 hinh mang theo s6 lugng no-ron 16p an

Khoi diém dao tao & s6 luong no-ron nhd nhét tht i, tiép tuc dén s luong no-ron cao
nhat thir m sao cho gia tri ham 16i (sai s6 ciia mau Test) dat dugc nho nhat, & hinh 2.14.
» Sau do, thiét 1ap biéu d6 quan hé 18i kiém tra mim / s6 lugng no-ron trong (cac) 16p an,
dé chon mang t6i wu, thé hién ¢ hinh 2.15.
» M6 hinh mang ti wu sau d6 chon dé mé phong danh gia xép hang tai cho ciu trong luan

an 1a mang c6 16i kiém tra min nhd nhat

60



ey S ~ = = o ra ~
BIEU DO QUAN HE LOI * MAU TEST_SO NO-RON LOP AN "
ei =@=ANN véi gia thiét (r-m-1)
7]
2
=
ttE ei+2
e ei+j _Cwc tiéu
o
w ej+1 em
0
w
;ﬁ
S8 no-ron (m) trong |&p an
i i+l i+2 i+3 . e s . o . . o m3m2m-Im
7 Hiéu suit xac thue tdtnhit1a2 8315e-07 2 Hiéu suit xac thie t6t nhit 12 5.5309e-07
2 100 tai vong lip 1200 g10° tai vong lip 1000
— . bt P,
2 mang ANN thit i 2 mang ANN thi (i+1)
E 102 — Diotzo 2102 — Béotao
'EL J— Xa:cthuc 'EL —— Xacthuee
—— Kiémtra —— EKiemtra
;-g —— Totnhat E — Tétnhét
_a 104 _a 104
8 8
g g |
— 6 -
£ 109 — o g1o — —_—
?‘ta ?.ta
= 0 200 400 600 800 1000 1200 ~= 0 100 200 300 400 500600 700 800 9001000
Vong lip 1200 Vong lip 1000
T Hiéu suit xac thee ttnhit 3 9.664e-09 T Hiéu sudt xac thuc t6t nhét (a2 4256e-07
2100 tai vong lap 1000 &t tai véng lap 850
-
Eu mang ANN thit (i+j) Eﬂ mang ANN thit m
102 — Daotae E10? R D{aotgo
= — Xacthue a, —— Xdcthye
: = =
; _ Tétnhd : — T&
o 104 Tétnhat =] 104
4 E
=] =
=11] =11]
8 100 5 106 =
E 8 = — D)
i}a r}a
= 0 100 200 300 400 500600 700 800 9001000 ~ 0 100 200 300 400 500 600 700 800

Vong 1ip 1000 Ving lap 850
Hinh 2. 15 Sai s6 E% dao tao ANN theo sb no-ron 16p an vé muc tiéu cuc tiéu.

b/ Tdi wru hoa tham sb ky thuat mang no-ron dung trong Luén an

e Thuat toan dao tao: Trainlm va Luat hoc: Learngd.

e Ham sai s6 myc tiéu: MSE va MAE (Sai s6 trung binh binh phuong va tuyét d6i).

e Céc tham sd k¥ thuat dao tao: Chon lgc trong thuét toan dé tbi wu hoa toan cuc.

e Phuong phap dao tao: Cross_Validation + Early Stopping.

= Chia b6 dit liéu tong 12 100% dung dé tao md hinh 1am 02 phan 14 bg dit liéu dung dao
tao TrainingS ~ (80+85) % va bo dit liéu dung kiém tra Test ~ (15+20) %.

= Dién hinh, chia tiép bd TrainingS gap lai 1am 10 phan, 1ay 08 phan 1a bo dit liéu dung

dao tao chinh thirc Training va 02 phﬁn lam bo dir li¢u dung dé xac thuc Validation.
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= Cross_Validation: Thuc hién viéc phan chia bd TrainingS 1am nhiéu tip con, K tap

con, mang tinh ngau nhién va rai déu trén sudt chiéu dai s6 luong mau. S6 lugng cac tap

con nay cang 16n thi kha nang xac thyc cang nhiéu va t61 wu hoa ham muc ti€u cang cao.

TrainingS =)  (Training+Validation)i i € K, tdp con thwr i trong K.

114n Lip lai
2 lin Lip lai
3 14n Lap lai

K lin Lip lai

Bo dao tao: 8 phz:in

Bé kiém tra:2 phfiu|

Huin luyénl nép 25;]1

Xic thye

R

L

. N[ .

.

| =t Sai 56 K

bt S0 50 17
Pt Sai 50 2
=t Sais0 3

_1lyx
- E =Y E

Hinh 2. 16 Phuong phéap chon cross — validation trén tap dir 1iéu moé hinh.

= Early Stopping: Thyuc hién dao tao mang trén céc tap con thude K tap la cac (Training

va Validation) i. Viéc dimng dao tao trén timg tip con nay khi gia tri ham sai s trén bd

Validation bat du tang 1én so v&i vong lap trude d6. Trung binh trong s (W) va bias (b)

tat ca cua tap K 1a ma tran trung binh chinh la ma tran can tim mang t61 wu hoa.

e Gia tri MSE ctia m6 hinh mang dao tao dugc chon t6i vu 1a MSE cuta bo xac thuc,

Validation (xanh 14). La diéu kién dé qua trinh dao tao tranh dugc hién tuong Overfitting.

1000 vong lap

2 Hiéu suat xac thuc tSt nhit la 0.0047011 tai vong l3p 152
8 10! Bao tao
Bo — Xac thue
E ——— Kiém tra
£ 107 —— Tétnhit
= I I
g - \\ — - = - ——
= 102 N\
= . —
'E 1 \ ———
= —
20104, h -
‘= i
b=
5= |
21050 . . . .
fz 0 100 200 300 400 500 600 700 800 900

1000

Hinh 2. 17 Minh hoa Validation trén tap dit licu mé hinh.
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Két luin Chuwong 2

Chuong 2 d3 trinh bay co s& 1y thuyét cho danh gia kha ning chiu tai hay xac dinh hé
s6 Xép hang tai trong cho cong trinh ciu, trong d6 1y thuyét dung tinh toan két cau cau la
theo TCVN 11823:2017, MBE:2011 (AASHTO), cc quy trinh d4nh gia cdu theo TCVN
12882:2020 va Triét Iy xép hang tai theo hé sd strc khang va hé sé tai trong (LRFR).

Chuong 2 d trinh bay cac 1y thuyét tinh toan co hoc mé rong mdi twong quan gitra “Do
climg dén chuyén vi dimg va tan sb dao dong ctia dAm” trong két cdu dé lam co sé danh gia
xép hang tai cho cau trong chuong 4 clia Lun 4n.

Chuong 2 ciing d3 trinh bay co s6 1y thuyét mang no-ron nhan tao (ANN) ciing nhu cach
xay dung kién trac ANN trong bai toan xép hang tai trong két cAu nhip dam chir I bé tong
cbt thép du ung luc. Trong d6, mang no-ron nhan tao la mét thuat toan mém c6 kha
nang tinh todn manh mé&, mot trong nhimg coéng cu hitu hiéu dé nhan dang mo hinh ddi
tuong, c6 kha nang dy doan tdt cho mot hay nhiéu su kién su vat trong rat nhiéu linh vuc.

Céc co so 1y thuyét tir chuong 2 s& duoc luan 4n trién khai theo hudng nguyén Iy khoa
hoc dé tao ra bd dir liéu mau hé théng cau dam I dy ung luc va cac ANN riéng biét vé stic
khang va hiéu ng tai nham muc tiéu xac dinh xép hang tai cho cong trinh ciu theo hudng

luan &an nghién ctru. Noi dung nay s€ dugc thé hién rd trong chuong 3 cta luan an.
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CHUONG 3 XAY DUNG ANN TRONG PANH GIA XEP HANG TAI CHO CAU
Chuong 3 luan an theo nguyén 1y khoa hoc s& tao ra bo dit liéu mau hé théng ciu dam I
du g luc trén co s¢ TCVN 11823:2017. Tur b dir ligu mau nay, ANN duoc huin luyén
dao tao dé hinh thanh cac ANN riéng biét vé stc khang va hiéu ung tai nham muc tiéu xac
dinh xép hang tai cho cong trinh cau tuan thii theo TCVN 12882:2022 cua luan 4n nghién
ctru. Tién trinh, quy trinh thiét 14p mau hé théng dam I dwoc trinh bay chi tiét sau.
3.1 Qui trinh thiét 1ap mAu hé théng dim I dé dao tao ANN xép hang tai ciu (RF)
Mau dung cho viéc dao tao mang no-ron nhan tao ctia Luén an la h¢ théng thuong tﬁng
cau dam gian don bé tong du ung luc chit I duc sdn lién hop véi ban mit cau, duoc thiét
ké boi cac co quan thiét ké cau giao thong ¢ Viét Nam la Cong Ty C6 Phan Tu Van Thiét
Ké Giao Thong Van Tai Phia Nam -TEDI SOUTH [6] ... Thuc té cho thay nhiéu cong
trinh cau loai ndy duoc khai thac, phuc vu va tdn tai trong hon hai thap ky nay dé ching to
su 6n dinh va an toan trong giao thong. Vi vay mau dugc xay dung ding dao tao ANN cua
Luan an 13 thuc tién va c6 do tin cay cao. Mau dim chit I bé tong DUL dugc thu thap co
thong sb ¢d dinh cua mau 1a Tiét dién hinh hoc bé téng va Dién tich cdp DUL 1a dic trung
ctia loai ddm. Cac tham sb tao hé théng mau thé hién & muc 3.1.1 duogc trinh bay sau.
3.1.1 Thiét ldp dir liéu mdu hé théng dam I DUL dimg ddo tao ANN
a/ So d6 khoi thiét 1ap dit liéu mau hé théng dam I DUL (hinh 3.1)

Tiéu chuin Thiét ké Cau _4 Tham sé cau _Gia tri mau ‘_.( MAu ANN dim I ‘
TCVN 11823:2017 _ - J

Thidt k& Ciu dim I ‘ Chiéu cao 18_21_ ‘ | St Khing DAm .

dién hinh Viét nam Dam I | 24.5_30_33 80.640 mau

Chiéu day < Momen DC-DW
. 18 25 -
g l M ‘ Bm céu (18_25)cm (560+560) mau
- N 4

Sirc Khiang ~— ) .
Dam I f'c (33 56)MPa ‘ Momen xe H}QS
) 242.060 mau

— Dam I

Tinh tai . _
Dam I VBA Excel ‘ f'c (25 36)MPa Momen xe [3]

— Bm cau | 242.060 mau |

Hoat tai — - z

| Dim1 | Khoang céch |55 >50)mm | Momenxe[3-52] |
. _ Dam I | | 242.060 miu |
So db tao miu ANN dim I ‘ Solan |5 4)an Momen xe Cap phép
Xe tai — 242.060 mau

Hinh 3. 1 So d6 khi thiét 1ap miu hé théng dam I dung dao tao ANN
Dinh nghia cac loai tai trong trong hinh 3.1
- DC: tinh tai ban than két cAu va phu tro.

- DW: tinh ti 16p phii mit cau va tién ich.
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- HL-93: Tai trong hoat tai.

b/ Phuong phép tao dir liéu mau cho hé théng dam I DUL dao tao ANN

» C4c mit cit ngang chuén hoa dim I DUL: Dién tich va trong tdm cap DUL ¢ dinh.

b (240
(240) [ K1 l__
| 24 hsl | K2 |
A — \ : — ] I3
12 65 DamI | Toaddcép dén | Trong tim cdp dén | Dién tich
11 nguyén | Pay dam (cm) Péy dam (cm) cap (cm2)
& N 33 9,9,9,21,33 16.2 59.220
1651 89 30 9.9.9.21 12.0 41.376 _
ol I 245 | 9.9.9,21.33 162 44415 K4
120 | 44 n 21 9,9,9,21 12.0 35.352
110 | 34 18 8.5,8.5,85,20 11.375 27.637
20 -, | \
G ! * (s K2
25 000 12 25 0060 12
9 9 , K6
Cap DUL 133, 124.5 Cap DUL 130,121, 118 Cac khoi Ki

Hinh 3. 2 Cac mit cit ngang chuin hod mau hé théng dam I dung dao tao ANN.

» Tinh noi lyc dam I

Strc khang dam; tinh tai DC va DW; hoat tai dam cua “cac xe thiét ké HL-93, xe hop
phap [3], xe hop phap [3-S2], xe cAp phép 03 truc” theo TCVN 12882:2020 duoc xac dinh
tir cong thirc tiéu chuan thiét ké cau TCVN 11823:2017, trén co sé tai liéu thiét ké chuan

hod cta cac co quan thiét ké cAu trong muc 3.1 va muc 3.1.1 mit cit ngang chuin ho4.

» Xay dung kich thudc dir liéu mau caa “bién tham sé cau dau vao - dai luong dau ra”

cho hé théng dam | dung dau vao va dau ra cuaa ANN

Bang 3. 1 Kich thudc dir liéu mau cta “bién tham sb cau dau vao - dai luong dau ra” cho
hé thong dam I dung dao tao ANN.

Béng tham so v thang chon kich fhwréc dimg tao mau dit liéu hé thong ddm IDUL 13m ddu vao cho dao tao ANN
Tham s0 cau Bivi Budc thang chon kich thwde dit lidu Cép sb
Chién cao dém em |110] 120 | 145 |160(165 5
Chién day ban mat cau em | 18| 19 | 20 |21 (2223 |24 25 8
Cuong do fc dim Mpa 33 (35537540 (42 (44|46 48 | 50| 52| 34| 36 12
Cuing 49 /¢ banmat ciu Mpa[25] 26 [ 27 | 28|29 (30313 33 | 34|35 36 12
Khoéngcédlcécd&n cm |185( 190 | 195 |200(205(210|215(220 | 225|230 235 | 240 | 245 | 250 14
86 lanxeta trong lan | 2| 3 4 3
Kich thwde ditliéu mau hé thdng dim I dwoc tao diing lam diu ra cho dio tao ANN
Dai lwone va tham sé ciu tinh Chiéu | Chiéu | Cwbng |Cwong d5 | Khoang | S6 lan Kich |Ngudn
’ -x £ hang t3i RE Divi |cao dim| davban | d6fc | fe ban |céch cdc| xeta thirde xdc
® ) s mit chu | dim mit ciu dim trong mbu dinh
Ste khéng dam miu 5 8 12 12 14 80640
Tinh tai dam DC miu 3 8 14 560 | Tieu
Tinh tai ddm DW méu 5 8 14 560 | chuin
Hoat tai xe thiét ké HL-93 min 5 8 12 12 14 3 241920 | TCVN
Hoat tai xe hop phép [3] mAu 5 8 12 12 14 3 241920 ]11823:
Hoat tai xe hop phdp [3-S2] | méau 5 8 12 12 14 3 |241920] 2017
Hoat tai xe ciap phép 03 truc min 5 8 12 12 14 3 241920
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» Su phu hop chon bién tham sd cau cho cac dai lugng cua noi luc dam I

- St khang: “chiéu cao dim, chiéu day ban mit cau, f’c dam, f’c ban mit cau, khoang
cach dam” 1a cac tham s6 dung tinh toan x4c dinh momen danh dinh ctua dam (Mn).

- Tinh tai DC, DW: “chiéu cao dam, chiéu day ban mat cau, khoang cach dam” 1a cac
tham sé dung tinh toan xac dinh momen tinh cta dam.

- Hoat tai: “chiéu cao dam, chiéu day ban mit cau, f’c dim, f’c ban mit cau, khoang
cach dam, s6 1an tai trong” 13 cac tham sé dung tinh toan xac dinh momen hoat tai dam.
3.1.2 Thudt ngir va cong thirc chi tiét ding tao hé thong dam I ding dao tao ANN

Trinh bay ¢ Phu Luc 1.

3.1.3 Qui trinh tinh todn tao mau hé théng dam I DUL lién hop dimg ddo tao ANN

Lu4n 4an tinh toan thiét 1ap dir liéu mau hé théng dam I DUL trén co s& nhu muc 3.1.1
d3 trinh bay. Bang cach thiét 1ap “cac bang tinh trén nén Excel” va lap trinh bang ngdn ngir
VBA dé tu dong tinh toan tao hang loat cdc mau trong hé théng dam I DUL theo cac so d6
qui trinh tao dit liéu mau duoc trinh bay tiép theo. “cac bang tinh trén nén Excel” bao gdm:

Bang Pic trung hinh hoc ctia hé dam I DUL lién hop ding dao tao ANN.

Bang Thong s6 va dic tinh co 1y vat li€u cua hé dam | DUL.

Céc bang tinh Tong mat mat Gmg suat ctia hé dam I DUL (TCVN 11823:2017).

-Tinh hé s6 co ngét va tir bién; Tinh gia tri mAt mét tng suat do tut neo; Tinh gia tri
mat mat (mg suat do ma sét; Tinh mat mat tmg suat do co ngan dan hoi; Tinh mat mat ung
suat theo thoi gian ctia hé dAm cta hé dam I DUL (TCVN 11823:2017).

Béng tinh chiéu cao tryc trung hoa ¢ ciia hé dam I DUL lién hop (TCVN 11823:2017).

Bang tinh momen tinh tai (DC va DW) va momen hoat tai ctia ddm I DUL.

a/ So d6 qui trinh tinh tao dit liéu mau Strc khang (tir cong thirc tidu chuan)

vy

2 ) n A - Bang
Dam I DUL He sotr Dic tinh Bé
118 — 133 bién co ngot - 5 =
tong cot thép

/4_\
PHU LUC 1 MAat méat
- Hé sb tir bién co ngo6t rng suat
« MAt mat tng suit
» Truc trung hoa Y
. Truc
‘ Lap trinh bing ‘ \ trung hoa )
ngon ngir VBA l

trén nén Excel i . z
Bang Sitc khang
— -
(Momen Mn)

Hinh 3. 3 So d qui trinh tao mau sirc khang hé théng dam I dung dao tao ANN
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b/ So dd qui trinh tinh tao dit liéu mau momen hoat tai (tir cong thirc tiéu chuin)

Dim I DUL
118 — 133

« Hé s6 phan b6 ngang
« Duong anh hwong

- Cau hinh tai - xe tai
¢ Bang Momen hoat tai

Lap trinh bang ngodn ngit
VBA trén nén Excel

Hé s6 phan bb

ngang

!

—_—

Puong anh hudng
momen lhrc

!

Bang Momen

hoat tai

Bang
Pictinh Bé

téng cot thép

Hinh 3. 4 So d6 qui trinh tao mau momen hoat tai hé théng dam I dao tao ANN.

Nhu tiéu muc b/ muc 3.1.1 trinh bay, dit liéu mau hé théng dam I DUL dugc thiét 1ap

c0 s0 luong 16n, can nhi€u bang tinh dugc thiét 1ap trén Excel. Nhitng muc sau, luan an sé&

trinh bay phuong cach tinh toan bé“mg cac bang tinh va s6 liéu dic trung dién hinh, cu thé

13 nhitng bang tinh Excel va s6 liéu tinh cho dam 133 DUL. Nhiing bang tinh Excel va s

liéu tinh cho cdc dam I DUL khac cua luan 4n duoc dua vao Phu Luc theo tung nd1 dung

phu hop.

¢/ Pac trung hinh hoc cua h¢ dam I DUL dung dao tao ANN

Bang 3. 2 Dac trung hinh hoc ctia h¢ dam 133 DUL truéc va sau lién hop mat cau.

DimI33| Licm) | Hz Cic thing so hinh hoc bé téng dim 133 DUL Kich thwic dim

3240 165 bé&n | Ag a Si | Yeb | Yeba |4(eb-a/2[b3¥12] Ie | Réng | Cao

Ehéi |Tididign | (em) fem) {em2) fem) | f(em3) | fem) fem) femd) femd) femd) | biem) | hsl
K1 Go dinh 8 65 520 161 | 83720 154 3273604 2773 185 18
K2 Go trén 2 835 1020 151 | 154020 654 4913264 | 12240 190 19
K3 Vit frén 11 325 3575 1413 | 50527 59.7 127575% 3605 200 20
K4 Sudn 20 20 2400 85 | 204000 34 27811 2880000 205 i
K5 | Vit dudi 20 25 450 31T | 14250 459 1121819 | 15000 210 n
K6 |Biuduwai 25 65 1625 125 [ 20313 69.1 7758152 34635 215 23
cipDUL [5*12%0.987%EpEc) 5207 3084 162 | 4995 654 1318732 177 220 24
K8 |Trlé cap|3*3.14*3 62 -203.5 162 | -3296 654 -870174 -659 225 25

| 6477 528528 | 8160 18823966 | 2997771 [21821737 230{ has
Cic thing sb hinh hoc bé tong dam 33 DUL sau lién hop 235 s
b hsl n Asl |hdd/24¥m | sl Ag Ae Degsl Feb Tet 240 [
feml feml {em2) fem) fem3) | {em2) | fem2] fem) fem) fem) 245 7
250 25 0.802 5011 9550 | 4803%0| 6477 | 11489 | 418 1234 66.6 250 8
Isl Ie I'sl Ig It 9
fend) | f(cnd) femd) {emd) {emd) 4. be | 11.844) 11844 11.844] 11844 11844] 0.12 10
260997 |21821737|14651486( 1133493 8| 48069158 Sg 350852 248724 106.596| 106.596| 106.596] 939.36 11
Cic thong so hinh hoc cap DUL dam I33 nguvén |Trong tam (edp-dav dim), L2 a, 162 2

Cipsé 1 2 3 4 5| Trong tdm (¢ dp-ddm nguyén), L2 e =Ieb-a 65.40
ToaddCip| 33 21 9 9 9| Tromg tdm {cdp-ddm lién hgp), L/2 e =Teb-a, 107.23

Céc bang dic trung hinh hoc ciia hé¢ dam | (18+33) DUL & Phy Luc 1. Khéi Ki hinh 3.2.

d/ Bang Thong s6 va dic tinh co 1y vat li€u cua hé dam I DUL.
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Bang 3. 3 Thong s6 co 1y cia hé dam I DUL trudc va sau lién hop mit cau

Thép DUL va thép thuwong

Modun dan hdi thép DUL Ep MPa 197000

Cuong do bén thép DUL fpu MPa 1860

Cuong d6 chay thép DUL fpy =0.9*fpu |MPa 1674

Cuong d6 kich thép DUL fpj=0.74*fpu |MPa 1376

Cudng dd chay thép thudng fs MPa 400

Bé tong cac loai

Trong lugng riéng asphalt ya kG/m3 2350

Trong lugng riéng bé tdng ycC kG/m3 2400 33 25

Cudng d6 nén bé tong dim f''c MPa 56 35.5 26

Cuong dd nén bé tong ban f''cd MPa 36 37.5 27

Modun dan hdi bé tong ddm  |Ecg=0.043* yc 1° *fc' °° 37834 40 28

Modun dan hdi bé tong dAm tai |Eci=0.043* yc 1° *(0.9*fc') °° 35892 42 29

Iic cang lyc DUL 44 30

Modun dan hdi bé tong ban Ed=0.043* yc ° *fcd' °° 30334 46 31

Heé s6 khoi trng suit bé tong khi f''c <=7 OMPa, ol= 0.85 48 32
khi f'c >70MPa, al=0.85-0.02*%(c-70)/5= 0.83 50 33

Cuong do nén bé tong cao [frc [MPa 75 52 34

Hé s6 khdi trng suit bé tong khi f'c <=2 8MPa, BI= 0.85 54 35
khi f'c >70MPa, B1=0.85-0.05*Fc-28)/7= 0.792857 56, 36

e/ Tinh Strc khang cho cac dam I DUL
Véi khéi lugng tinh toan 16n 80.640 mau strc khang cau dam I DUL, luan an chi trinh
bay bang tinh Excel dién hinh véi lap trinh VBA Excel cho dam 133 DUL, c4c bang tinh
Excel khéc trinh bay trong Phu Luc 2.
Bang 3. 4 Gia tri strc khang dién hinh dam 133 DUL lap trinh theo VBA.

Tinh strc khang ddm DUL chit I lién hop ban mit ciu

M, =4,.% . d ,-al2)+4 Y Md -a2)-a’ ' Hd' -a/2)+ ol *fe*(b-bw)*hf¥a/2-hfi2)
Gia thiét bo qua cbt thép thudomg va tiét dién tinh toan la chi¥ nhat (bw = b). thi Mn = Aps *fps*(dp-
Bang céc théng 6 hinh hoc va toa d6 cap DUL dim I33 DUL nguyén

dp Bl |BI*C ol fe | b-bw | hsl Mn C dp
MPa | mm mm_| mm MPa | mm | mm | KNm | mm | mm
1812 | 1738 |0.836 (1259 630 | 0.85 | 36 [I&50 | 250 |17978[158.8] 1738
Bang gia tri Stre Khang cua cau dam 133 DUL fou

feg | b | bl SK MPa

56 | 250 | 25 Gin 1860

25 fcs 16

185 | 190 | 195 225
17664|17705[17743 17941
1764717688 17727 179264
17635117676 17715 17915
17621)|17663[17702 17902
17611117653[17692 17893
17602)17643[ 17683 17884
175931176351 17674 17877
1758517627 17667 17869
17577|17619[17659 17862
17570)17612(17652 17856

17850
17844

10

Aps | jps al?

mm2

5922

Jos
MPa
1812
fov K
MPa
1674

fcs
36

0.28

hsl
fcg b
33

200
17780
17764
17752
17739
17729
17720
17712
17704
17697
17690

205
17815
17799
17788
17775
17765
17756
17748
17740
17733
17726

210
17849
17833
17822
17809
17799
17791
17782
17775
17768
17761

215
17881
17865
17854
17841
17832
17823
17815
17808
17801
17794

220
17911
17896
17885
17872
17863
17855
17847
17830
17832
17826

230
17969
17954
17943
17931
17922
17913
17905
17898
17891
17885
17879
17873

11

235
17996
17981
17970
17958
17940
17941
17933
17926
17919
17913
17907
17901

12

240
18022
18007
17996
17984
17975
17967
17959
17952
17946
17939
17934
17928

13

245
18047
18032
18021
18009
18001
17992
17985
17978
17971
17965

250
18070
18036
18046
18034
18025
18017
18009
18002
17996
17990
1795917984
1795417978

14 15

[
n
¥ ]

[#%]
1
¥ ]

17564(17606]|17646(17684| 17720{ 17755/ 1778817820
1755817600/ 17640 17678| 17714 17749|17782|17814
1 2 3 4 5 6 7 8 9
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Cac cong thire tinh toan trong bang Excel nay dugc lién két voi cac bang tinh Excel khac
trong hé théng nhu muc 3.1.3 trinh bay.
f/ Tinh toan hi¢u trng hoat tai theo TCVN 12882:2020 cho dam I DUL dao tao ANN

Véi khéi luong tinh toan 16n 242.060 mau momen hoat tai cho ting loai xe tai (theo
TCVN 12882:2020). Luén 4n chi trinh bay bang tinh Excel 1ap trinh VBA dién hinh cho
dam 133 DUL v6i 02 lan xe tai ciia xe HL-93 va tat ca bang tinh Excel khac dwoc thé hién
trong Phu luc 2.
» Tinh hiéu Gmg hoat tai cia ddm I DUL véi mit cdu < 800cm, 3 dim (Pon bay)
» Tinh hiéu Gmg hoat tai ciia dam I DUL theo céc xe tai cho mit ciu rong >= 800cm va >3
dam chu.

Cac cong thire tinh toan trong bang Excel nay dugc lién két voi cac bang tinh Excel khac
trong hé théng nhu muc 3.1.3 trinh bay.

Bang 3. 5 Tinh momen hoat tai theo xe thiét ké HL-93 cho dam I33 DUL véi 2 lan tai.

Pi=145kN P;=145kN  P;=35kN glan=9.3kN/m n g Ag |Ygb [Hg
430 430 - cmd cm2 [cm  |cm
o by L L] Tosoz] 21731341 | 64| 8143] 1648
A 0 Kg S6 qui d6i do cimg |eg
ALt 3L = y,=L/4 L) cmé4 Kg= n*(|+Ag*egz) cm
0 b s AR 5 LR e 62610899 |eg=(H-Ygb)+hsl/2 | 93.372
) - Bang tinh h¢ s6 phan phdi ngang
Nhip [Tungddyi (m)  |Mp=yi*Pi (kNmM) (M. MG S ts [S/2900 S/L |KglLts®
L(m) [yl |y2 |y3 145 145  35|ZMp; 9.3 mm |mm - - -
32.4| 5.95[ 81| 595| 863| 1175 208| 2246| 1220 2500{ 200| 0.862| 0.077| 2.4155
M,y g3 LRFR g_in |H¢ s6 Lan tai, f Oian
fcg | b | hsl | fcs 2 Lan [3Lan |4 Lan - |2Lan|3Lan |4 Lan |kN/m
56 | 250 | 20 36 5425| 6917| 7053 0.674| 1.0] 0.85| 0.65 9.3

hsl | 20 | fecs | 36 2
f'cg S| 185 190| 195 200| 205| 210| 215 220| 225 230| 235 240| 245 250
33| 4506| 4590( 4674| 4757 4840| 4923| 5005| 5086| 5168| 5249 5329| 5409| 5489| 5569
35.5| 4490( 4574| 4657| 4740| 4823| 4905| 4987| 5068| 5149| 5230| 5310| 5390| 5469| 5549 oLan
HTai

37.5| 4478| 4562| 4645| 4728| 4810| 4892| 4973| 5054| 5135| 5215| 5295| 5375| 5454| 5534
40| 4464| 4548| 4630| 4713| 4795| 4876| 4957| 5038| 5119| 5199| 5279| 5358| 5437| 5516
42| 4454| 4537| 4619| 4702| 4783| 4865| 4946| 5026| 5106| 5186| 5266| 5345| 5424| 5502
44| 4444| 4527| 4609| 4691| 4773| 4854| 4934| 5015| 5095| 5175 5254| 5333| 5411| 5490
46| 4434 4517| 4599| 4681| 4762| 4843| 4924| 5004| 5084| 5163| 5242| 5321| 5400| 5478
48| 4425| 4508| 4590| 4671| 4753| 4833| 4914| 4994| 5073| 5153| 5231| 5310| 5388| 5466
50| 4417| 4499| 4581| 4662| 4743| 4824| 4904| 4984| 5063| 5142| 5221| 5299| 5378| 5455
52| 4409| 4491| 4572| 4653| 4734| 4815| 4895| 4974| 5054| 5132| 5211| 5289| 5367| 5445
54| 4401| 4483| 4564| 4645| 4726| 4806| 4886 4965| 5044| 5123| 5201| 5280| 5357| 5435
56| 4393| 4475| 4556| 4637| 4717| 4797| 4877| 4956| 5035 5114| 5192| 5270| 5348| 5425
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g/ Tinh hiéu tng tinh tai cia ddm I DUL dung dao tao ANN

Hi¢u ung tinh tai dam I DUL duoc xac dinh cho tat ca cac loai ddm I DUL muc 3.1.3.
Trong luan 4n ciling chi trinh by bang tinh Excel 1ap trinh VBA cho dam (118 dén 133)
DUL dugc thé hién trong Phy luc 2.
h/ Biéu d6 gié tri noi lyc dir liéu mau hé théng dam I DUL dao tao ANN

4350
4150
3850
3750
3550

/
M
M
. ———

2950
2750
2550
2350
2150
1950
1750
1550
1350 — - —
1150 T
950 = ————— — =0
750

185 190 195 200 205 210 215 220 225 230 235 240 245 250

Khodng cach cac dam | DUL (cm)

(56 mdu thiét Iap = 05 loai dém*14 khodng cdch dam *08 chiéu day bén mét cGu = 560 mdu)

Momen tinh tdi DC (kNm)

1400
1320
1240 D&
T 1160
1080
1000
920 S
840 I
760
680 ///
o ’/
520 M
260 w
360 /

—— = i
280 Bonri=18—

Momen tinh tai DW (kN

200
185 190 195 200 205 210 215 220 225 230 235 240 245 250
Khoang céch cac dam | DUL (cm)

(S6 mau thiét IGp = 05 loai dam*14 khodng cdch dam *08 chiéu day Idp phi = 560 méu)

Hinh 3. 5 Biéu d0 gia tri Momen tinh tai DC (trén) va DW (duéi) ctia hé thong dam I
DUL dung dao tao ANN.

Tuong tu cac bang tinh Excel l1ap trinh VBA cho noi luc cua hé théng dam I DUL, luan
an ciing chi trinh bay dic trung dién hinh ciia cac biéu dd noi lyc dam 133 DUL. Cac biéu

dd ndi luc cua céac loai dAm I DUL khéc dugc thé hién trong Phu luc 2.
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5555
5460
5365 4990
5270
5175
5080 4
4985
4890
4795
4700
4605
4510
4415
4320

MOMEN DO XE HL-93_ 02 LAN TAI_DAM 1-33_MAT CAU DAY 20CM
s080 =2

4900

4720

Momen hoat tai (kNm)

185 190 195 200 205 210 215 220 225 230 235 240 245 250
Khoang cach cac dam | DUL (cm)

{ 56 méu thiét lap = 01 logi dam 133 * 01 chiéu day mét cdu 20cm * 12 loqi f'c dam *
12 logi f'c ban médit cdu * 14 khodng cdch cdc dém | DUL * 01 lén tdi = 2016 méu )

Hinh 3. 6 Biéu do gia tri Momen hoat tai do xe HL-93_02 lan tai cho dam I33 va ban mit
cau day 20cm dung dao tao ANN.

MOMEN DO XE [3] _ 02 LAN TAI_DAM 1-33_MAT CAU DAY 20CM
3625
3580
3535
3490 ==
3445 @
3400

3960
3890
3820

Momen hoat tai (kNm)
W oW w W wWwWwiWw
= NW B U OO N
o oW o N B PP W
[«lsNslNelelellelellel

3120
3050

185 190 195 200 205 210 215 220 225 230 235 240 245 250
Khoang cach cac dam | DUL (cm)
( S6 mdéu thiét lap = 01 logi dam 133 * 01 chiéu day mdt cau 20cm * 12 logi f'c dam *
12 logi f'c bén mét cGu * 14 khodng cdch cdc dam | DUL * 01 lan téi = 2016 mdu )

Hinh 3. 7 Biéu d6 gié trj Momen hoat téi xe hop phap [3] 02 lan tai cho dam I33 va ban
madt cau day 20cm dung dao tao ANN.

MOMEN DO XE [3-52] _ 02 LAN TAl_DAM 1-33_MAT CAU DAY 20CM
3790 ;
3740 | 3450
3690
3640 3390
3590
3540 3339
3490
3440
S 3200
3340
3290
3240
3190
3140
3090
3040
2990
2940

3210

Momen hoat tai (kNm)

185 190 195 200 205 210 215 220 225 2320 235 240 245 250
Khoang cach cac dam | DUL (cm)
( 56 méu thiét Iap = 01 loai d&m 133 * 01 chiéu day mdt cdu 20cm * 12 loai f'c dam *
12 logi f'c ban mdt céu * 14 khodng cdch cdc dam | DUL * 01 lan tgi = 2016 méu )

Hinh 3. 8 Biéu do gié tri Momen hoat tai xe hop phap [3-S2] 02 lan tai cho dam 133 va
ban mat cau day 20cm dung dao tao ANN.
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MOMEN DO XE CAP PHEP _ 02 LAN TAI_DAM 1-33_MAT CAU DAY 20CM
4350

4280
4210
— 4140

185 190 195 200 205 210 215 220 225 230 235 240 245 250
Khoang cach cac dam I DUL (cm)
( 56 méu thiét Iap = 01 logi dém 133 * 01 chidu day mdt cdu 20cm * 12 loai f'c dam *
12 logi f'c ban mdt céu * 14 khodng cdch cdc dém | DUL * 01 lan téi = 2016 méu )

Hinh 3. 9 Biéu d6 gi4 tri Momen hoat tai xe cap phép 02 lan tai cho dam I33 va ban mit
cau day 20cm dung dao tao ANN.

17600 SU’'C KHANG CUA DAM 1-33 DUL VO1 MAT CAU DAY 20 CM

17500
17400
17300
17200
17100
17000
16900
16800
16700
16600
16500
16400
16300
16200
16100
16000
15900
15800
15700

Strc khéng dam 1-33 dul (kNm)

185 190 195 200 205 210 215 220 225 230 235 240 245 250
Khoang cach cac dam I-33 DUL (cm)

( S méu thiét 1ap = 01 loai dédm 133 * 01 chidu day mdt cdu 20cm * 12 loai f'c dam
* 12 logi f'c bdn mdt cGu * 14 khodng cdch dém | DUL = 2.016 mé&u )

Hinh 3. 10 Biéu dd cac mau gia tri Strc khang ddm I33 DUL va ban mit cau day 20cm
dung dao tao ANN.
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3.2 Xay dwng mang no-ron nhin tao cho danh gia xép hang tai cAu dam I DUL

Ung dung mang no-ron nhan tao cho danh gia xép hang tai trong cho cong trinh cau
trong luan an 13 Xép hang tai cdu dim chit I DUL lién hop ban mit cau bang hé thong miu
cau dam I DUL d3 duogc chuong 3 xay dung. Viéc danh gia xép hang tai s& duoc xac dinh
theo tirng nhoém tham ) trong RF nghia la ing dung mang no-ron nhan tao dé xac dinh
cho nhém strc khang va hiéu tng tai riéng biét, sau d6 dung cong thic xac dinh hé s RF
tlr cac két qua riéng dugc tao tir mang no-ron nhan tao ctia nhom suc khang va hiéu ung
tai do.

So dd khdi theo hinh 3.11 cho thiy hinh thirc va tién trinh xay dung ANN tdi vu cho ndi
luc trong hé thong dam I DUL 1a ANN stc khang ddm, ANN momen DC-DW va ANN
momen hoat tai cac xe tai (HL-93, hop phép [3], hop phép [3-S2], cap phép 03 truc).
Mang ANN dao tao

,| Mang ANN Téi wu |\

‘ Méu ANN dim I | e thone dam 1 Sirc khing Dam
( (5-21-1)
Sirc Khéing J\ xe HL93 \ d
80.640 242.060 Momen DC/DW
b (3-10/20-1)
DC xe [3] T 3
560 ‘ ‘ 247060 Momen HI.93
\ | 6241 |
DW xe [3-52] Momen xe [3]
560 242.060 (6-19-1)
-
xe CAp phép ‘ Momen xe [3-52] ‘
242.060 . (6301 |
o \‘ Momen xe cap phép ‘/
So db tao mang ANN t6i wu dim I (6-27-1)

.

Hinh 3. 11 So d6 khéi dao tao ANN t6i vu dung xép hang tai hé théng dam I DUL

3.2.1 Xay dung mang no-ron nhan tao cho dao tao hé théng dam I DUL

Mang no-ron nhan tao dugc xay dung c6 kién trac mang tiry thudc vao sy phuc tap cia
hé théng mau cho strc khang va hiéu tng tai. Trong Luan an nay, ANN dugc dao tao bang
cong cu “nntool” Toolbox Matlab [64].
a/ Xay dung ANN bing “nntool” Toolbox Matlab dao tao hé théng dam I
» Lap dir liéu vao ANN

Dit liéu vao ANN 1a cic bd vec-to cho cac phan tir diu vao va cc phan tir ddu ra mang.
ANN dio tao hé thong dam I trong luan 4n gom cac mang cé dit liéu vao mang nhu:

ANN dao tao surc khang: dit 1iéu vao mang c6 80.640 bd vec-to, mdi vec-to vao mang
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gdm c6 05 phan tir dau vao va 01 muc tiéu dau ra.

ANN ddo tao momen DC va DW: dir liéu vao mang c6 560 bd vec-to, mdi vec-to vao
mang gdm c6 03 phan tir dau vao va 01 muc tiéu dau ra.

ANN ddo tao momen hoat tdi: dit liéu vao mang c6 242.060 bd vec-to, mdi vec-to vao
mang gdm ¢6 06 phan tir dau vao va 01 muc tiéu dau ra.
» Tién xtr Iy dit liéu [68] cac gia tri tham s trong hé théng miu dam I vao ANN

Dit liéu mau khi dua vao mang can duoc tién xur 1y cac s6 liéu dé chuan hoa gia tri trong

mot pham vi [0.2+0.8] nham khéng gdy anh huéng boi cac tham s 14n nhau nhu bang 3.6.

Bang 3. 6 Tién xir 1y dir liéu vao ANN dao tao hé théng dam I DUL.

Gi4 tri tham s cau Max | Min Cong thirc Tién xir Iy tham sb cau
S0 lan tdi (lan) 4 2 ((Xi-2)/(4-2)*(0,8-0,2)+0,2
Cao dam (cm) 165 110 ((Xi-110)/(165-110)*(0,8-0,2)+0,2
Day bin mdt ciu (cm) 25 18 ((Xi-18)/(25-18)*(0,8-0,2)+0,2
fc ban mdt cau (Mpa) 36 25 ((Xi-25)/(36-25)*(0,8-0,2)+0,2
fcdim (Mpa) 56 33 ((Xi-33)/(56-33)*(0,8-0,2)+0,2
Khodng cich dim (cm) 250 185 ((Xi-185)/(250-185)*(0,8-0,2)+0,2

Bang 3. 7 Cac b vec-to dir liéu vao ANN dao tao h¢ théng dam I DUL.

S6 lwgng méu 1| 2| 3| 4| 5. | | |560)0 | | | 80640 |... [.n |.. |242060

Chiéu cao dim

Tham

& Day ban mdt cdu

Khodng cdch d
Lép odng cdch dim

fau f'cdam

f'c bdn mét chu

Véa A g e
50 lan xe tai

Momen DC
Tham|Momen DW
$6 |Stc khdng dam
Lé&p |Momen xe HL-93
dau |Momen xe hop phdp [3]
ra |Momen xe hop phdp [3-52]

Momen xe cdp phép 3 truc

» Dua dir liéu vao ANN va dao tao _ nhdp 'nntool’ trén Command window
S4 liéu hinh & Phy Luc 5, minh hoa qua trinh dao tao ANN béng “nntool” Matlab.
Ky hiéu ANN 2 16p (5-m-1): 5 1 tham s6 vao, m 14 s6 no-ron 16p an, 1 1 dau ra. Mang
3 16p (5-m-m-1), biéu thi ANN c¢6 hai 16p 4n m-m.
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b/ Két qua xdy dung ANN cho hiéu tng tinh tai (DC-DW) dam I
Mang dugc dao tao theo thuat toan Levenberg - Marquardt. Kién trac va biéu d6 hiéu

sudt ANN (2 & 3) 16p ctia momen tinh tai duoc thé hién ¢ hinh 3.12.

. . Chiéu cao dim
Chiéu cao dam

\ " 7 % r:; Chiéu day phil
Chiéu day PR mit cdin
I16p phi W ' )

< _ Kh. cdchdém

Lép 4n
Hiéu sudt xac thire t6tnhdt 13 1.3898 e-09 tai vong lap 654 Hiéu sudt xic thure tét nhat 1a 1.8118 e-09 tai vong lap 583
T 100 5 100
% Bao tao E Dio tao
oo — Xic thye = X thue
g 10?2 —— Kifmtm & 107 Kiém tra
_E- Tt nhét _g Tét nhét
5104 ] B % 104 £ cnn 2 ,
‘E Sai so “dao tao-kiem tra-xac thye” £ Sai so “dao tao-kiem tra-xac thye”
-E 104 mang toi wu (3-10-1) theo MSE 104 mang toi wu (3-20-1) theo MSE
B =3
=1
E 10% g10s
2 D
w1010 glg-m
0 100 200 300 400 500 600 0 200 400 600 800 1000 1200
Hiéu suit xdc thwc t6t nhit 1a 1.0631e-09 tai vong lip 100 __ Hidu sudt xac thie t6t nhét 1a 1.4395e-09 tai vong lap 20
3 3 —
2 ———— Daotao k) Dao tao
w102 Xac thue w12 [ Xac thue
g — Kifmtra § _ K@ém tra
TP L N Tét nhét E‘lﬂ“ e Tét nhat
| =]
= =
2 e Kooy . X < - A G < X .
= 10 ai so “dao tao-kiém tra-xac L1906 | Saiso “dao tadckiém tra-xac
a8 Ko = A
w huc” mang toi wu (3-8-8-1) o thuc” mang toi uty (3-12-12-1)
g10t | Eos |
3 o ¥
& 10-10 o 10-10
0 10 20 30 40 50 GO 70 80 90100 o 2 4 6 8 10 12 14 16 18 20

Hinh 3. 12 (trén) Kién trac mang DC (3-8-8-1); (3-10-1) & DW (3-12-12-1) ;(3-20-1).
(dudi) Sai s6 t61 wru Momen tinh tadi DC, DW cho cac mang trén.
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B dir li€u dung dao tao mang no-ron hi¢u trng tinh tai tr muc 3.1.1 va g/ muc 3.1.3:
- 85% bo dit liéu 12 476 miu dung lam bd huin luyén ANN (Trains).
- 15% bd dit liéu 12 84 mau lam b kiém tra (Tests) hiéu suat bo huin luyén ANN.
Két qua dao tao ANN tbi wu cho momen tinh tai DC_DW & biéu d6 hinh 3.13.
Két qua dao tao mang, ma tran trong $6 weight va bias mang t8i wu tai Phu Luc 4.
Tinh tai DC: ANN 02 16p, t6i uu (3-10-1) va 15i sai s6 mau tests, Eout = 0,00396%; ANN
03 16p toi wu (3-8-8-1) va Ldi sai s6 mau tests, Eout = 0,004255 %.
Tinh tai DW: ANN 02 16p, t6i vu (3-20-1) va 15i sai s mau tests, Eout = 0,00604%; ANN
03 16p tbi wu (3-12-12-1) va 15i sai s6 mau tests, Eout = 0,004968 %.

ANN TiNH TAI DC VA DW - BO 560 MAU CO 85% TRAINS_ 15% TESTS

* NN 2 I&p DC- gia thiét (3-m-1) —E=—ANN 2 |&p DW - gia thiét (3-m-1)
=x==\ANN 3 I&p DC - giad thi€t (3-m-m-1) ===ANN 3 I&p DW - gia thi&t (3-m-m-1)

w 0.008

s0 % trung binh tuyét déi
o
S
co

4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26
S& no-ron (m) trong lé'p an

Hinh 3. 13 Biéu do dao tao ANN t4i uu cho momen tinh tai DC_DW dam I DUL.

MG hinh dao tao mang (3-m-1) cia tinh tai (DC, DW) c6 s6 no-ron m tiv (5+25). Mang
no-ron (3-10-1) & (3-20-1) dat gid tri 16i % MAE la (0,004 & 0,006)%, 16i % RMSE la
(0,0037 & 0,0043)%.

MG hinh ddo tao mang (3-m-m-1) ciia tinh tai (DC, DW) ¢6 s6 no-ron m tir (5-20). ANN
(3-8-8-1) & (3-12-12-1) dat gid tri 16i % MAE la (0,0043 & 0,005)%, 16i % RMSE la
(0,0033 & 0,0038)%.

Ham géc momen tinh tdi do phirc tap khéng cao, tinh phi tuyén ciia mang 3 I6p chi thé
hién giam s6 no-ron 16p an (tir 10 dén 8) DC, (tir 20 dén 12) DW. Cd hai ANN (02 I6p va
03 I6p) hiéu sudt va dé héi tu cao twong dong nhw nhau.
¢/ Xay dung ANN cho hiéu tng hoat tai xe tai theo TCVN 12882:2020 dam I

Mang duogc dao tao theo thuat toan Levenberg - Marquardt. Bo dir li¢u dung dao tao
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ANN hiéu ung hoat tai cac xe tai tr myc 3.1.1 va f/ muc 3.1.3.
Kién truc va tham sé ddu vao mang nhu hinh 3.14 dén hinh 3.17; d4u ra mang 1a gia tri
momen hoat tai cac xe tai.
Bo dir liéu dao tao 1a 242.060 mau cho mang momen hoat tai cac xe tai. Dit liéu chia:
- 80% bo dit lidu 1a 193.648 mau dung 1am bo huin luyén ANN (Trains).
- 20% bo dit liéu 1a 48.412 mau 1am bo kiém tra (Tests) hi¢u suét huin luyén ANN.
Két qua dao tao mang, ma tran trong $6 weight va bias mang t8i wu: tai Phu Luc 4.
Xe thiét ké HL-93: « ANN tbi wu 2 16p (6-24-1) - sai s6 mau tests, Eout = 0,009549 %.
« ANN t6i vu 3 16p (6-21-21-1) - sai s6 mau tests, Eout = 0,002081 %.
Xe hop phap [3]: ANN tdi vu 12 (6-19-1) va sai s mau tests, Eout = 0,008762 %.
Xe hop phap [3-S2]: ANN t6i vu (6-30-1) va sai s mau tests, Eout = 0,009673 %.
Xe cap phép 03 truc: ANN t6i wu (6-27-1) va sai s6 mau tests, Eout = 0,008508 %.
Kién trac, biéu dd hiéu sudt ANN momen hoat tai xe thiét ké HL-93 & hinh 3.14.

S0 lanxe tdi

Chiéu cao dim

Chiéu day ban mdt cau
[’c ban mdt cdu

Je dim

Khodng cdch dam

Lép éan 1 Lop dn2
Hiéu sudt xac thyc t3tnhat la 9.664 e-09 tai vong lip 1000 Hiéu suit xdc thue t6t nhat 1a 2.8243e-09 vong lap 361
10° —— Pio tao 100 s
- Xic thye — Daotao
——— Kiém tra — Xac thyc
102 Tét nhat 102 Kiem tra
Tot nhat

Sai s6 “dao tao-kiém tra-xic thwe”

s A A A S 2 L]
mang t5i wu (6-24-1) theo MSE 104 Saiso “dao tao_kiémtra_xacthwc

ang ti wu (6-21-21-1) theo MSE
10

Sai 50 trung binh binh phuong (mse)

D 108

0 100 200 300 400 500 600 700 800 900 1000 50 100 150 200 250 300 350

Hinh 3. 14 Kién trac mang (6-24-1)&(6-21-21-1) - Sai s6 t0i wu momen hoat tai xe thiét
ké HL-93 cua mang 216p va 316p, tuong tng.

Kién trac va biéu do hiéu suadt ANN ciua momen hoat tai cac xe hop phéap [3], [3-S2] va

xe cap phép 3 truc & hinh 3.15.
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Chiéu diy bdn mt cdu

= - A
e ban mdt cau

Ldp in Lép in Lép dn
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E — Xis thux —— N thye
= — Kim — Kimm
= 5 : Y-
5 g2 104 il | T —— Toeah |
- - - - - = A = - A -
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Hinh 3. 15 Kién trac mang (6-19-1), (6-30-1), (6-27-1) & Sai s6 t0i vu momen hoat tai xe
hop phap [3], [3-S2] va cap phép 3truc, tuong Gng.

Két qua dao tao ANN tbi uu cho momen hoat tai cic xe tai theo TCVN 12882:2020 ciia
dam I DUL trinh bay & biéu d6 hinh 3.16 va hinh 3.17.

Nhén xét qua trinh dao tao:

Mang 2 16p: M6 hinh mang (6-m-1) ciia momen hoat tdi dam I DUL cho cdc xe tdi theo
TCVN 12882:2020 ¢6 s6 no-ron I6p dan m tir (14+35). Cdc kién triic ANN (6-24-1), (6-19-
1), (6-30-1), (6-27-1) va 16i % MAE nhé nhat la 0,0095 %, 0,0088 %, 0,0097 %, 0,0085 %
cho cdc xe thiét ké HL-93, xe hop phdp [3], xe hop phdp [3-S2], xe cdp phép 03 truc, twong
ing. Béi ¢é ciing ham goc va mé hinh mang nhir nhau nén 04 ANN hoat tdi c6 dg chinh
xac twong do”‘ng, hiéu sudt rat tot, dé héi tu cao.

Mang 3 16p: Momen hoat tdi la biéu thirc phikc tap c6 bién tham sé vé xe tdi luu théng,
hinh hoc va do cing lién hop dam. Sir dung ANN 3 16p c6 kha ndng hoc sdu té hop phi
tuyén cao hon, thé hién & két qua dao tao ANN momen hoat tai xe HL-93:

+ Loi % MAE nhé nhat la, mang 3 16p 0,0021 % < 0,0095 % mang 2 16p. Loi % RMSE
nhé nhdt la, mang 3 16p 0,0053 % < 0,0098 % mang 2 I6p.

+ 86 no-ron téi wu trong I6p an la, mang 3 16p 21 no-ron < 24 no-ron mang 2 Iop.

Chitng 16 d¢ chinh xdc ciia mang 3 16p hon mang 2 I6p béi kha ning phi tuyén manb.
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ANN HOAT TAI XE TCVN 12822:2020_ 242060 MAU (80 TRAINS, 20 TESTS)%

—&— ANN xe HLO93_ gi thi&t (6-m-1)
& = H = ANN xe hop phap [3]_ gia thiét (6-m-1)
=== ANN xe hgp phdp [3-52]_ gia thi&t (6-m-1)
s s e e ANN xe cadp phép_ gia thiét (6-m-1)

F‘ ANN xe cap phép
(6-27-1)

ANN xe [3]
(6-19-1)

ANN xe [3-52]

0.0088  ANN xe HL93
0.0095 g ogs 00097 (6307

(6-24-1)

13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36

S8 no-ron (m) trong I&p &n

Hinh 3. 16 Biéu d6 dao tao ANN tdi wu cho momen hoat tai xe cac loai_dém L.

Sai s6 % trung binh tuyét dai

ANN HOAT TAI XE HL93 _ 2 & 3 LOP_ 242060 MAU (80TRAINS, 20TESTS)%

—S—ANN xe HL93_ 2 I6p_ gia thiét (6-24-1)
—e=ANN xe HL93_ 3 I6p_gia thi&t (6-21-21-1)

ANN 3 I&p
(6-21-21-1)

13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
S8 no-ron (m) trong I&p an

Hinh 3. 17 Biéu d6 dao tao ANN t6i wu (2 & 3) 16p cho momen xe HL93.

d/ Két qua xay dung ANN cho strc khang dam I DUL

Mang duogc dao tao theo thuat toan Levenberg - Marquardt. Bo dir li¢u dung dao tao

ANN sutc khang tir muc 3.1.1 va e/ muc 3.1.3.

Kién tric va tham sd dau vao mang nhu hinh 3.18, duogc dao tao béng mang 01 16p an

va 02 16p an, nhim thay hiéu suat phi tuyén cia mang. Dau ra mang 13 gia tri sirc khdng.

B0 dir lidu dao tao 1a 80.640 mau cho ANN sirc khang. Dir liéu dao tao duoc chia:

- 80% bo dir liéu 1a 64.512 mau dung 1am bo huin luyén ANN (Trains).
- 20% bo dit liéu 1a 16.128 mau 1am bo kiém tra (Tests) hiéu suat bo huan luyén ANN.
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Két qua dao tao mang, ma tran trong s6 weight va bias mang t8i wu: tai Phu luc 4.

Ste khang: ANN 02 16p t6i wu 13 (5-21-1) va 15i sai s6 mAu tests, Eout=0,02058%; ANN
03 16p toi wu 14 (5-15-15-1) va 131 sai s6 mau tests, Eout = 0,010788 %.

Biéu dd hiéu suat ANN cua sirc khang duoc trinh bay & hinh 3.18.

Chiéu cao dam Chiéu cao dém

Chiéu day ban mdt Chiéu day ban mét cdu

: fc ban mét ca
cauf’c banmit ciu i

fc ddm

Khodng céch ddm

Lopén1 Lop én 2

Hi€u suat xdc thurc t6t nhat 1a 2.8432e-07 tai vong lap 1591 Higu sudt xac thyrc t5t nhat 13 5.08896-08 tai vong lip 868

— 10° Fl
E Pao tao E 100 ——— Bao tao
o — Xic thuc £ = Xac thye
E 102 —— Kitmtn E — Kitmtma
= Tét nhat 8102 Tét nhét
2 - E :
Z o] Snisé®dao tao_kiém tra_xic thyc” Zip+| Saisé“dao tao_kiém tra_xdic thuc”
E mang toi wvu (5-21-1) theo MSE £ mang toi wu (5-15-15-1) theo MSE
(- -]
3 s106{__

0 200 400 600 EOO 1000 1200 1400 1600 0 100 200 300 400 300 600 700 800

Hinh 3. 18 Kién trac mang (5-21-1), (5-15-15-1) va sai s6 t6i vu mang strc khang dam.

ANN SU'C KHANG _ BO 80640 MAU CO 80% TRAINS_ 20% TESTS

~—ANN 2 16p - gia thiét (5-m-1)
<==ANN 3 ¢p - gia thiét (5-m-m-1)

0

o 0.052
= 0.047
5‘0.042
= 0.037
a 0.032
oo 0.027
S 0.022
© 0.017
0 0.012
vy

= 0.007
N 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

S6 no-ron (m) trong I&p &n

ANN (5-21-1)

n

ANN (5-15-15-1)

trun

Hinh 3. 19 Biéu dd dao tao ANN t6i uu cho strc khang dam I DUL.
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Két qua dao tao ANN tdi uu strc khang caa dam I DUL trinh bay ¢ biéu d6 hinh 3.19.

Mb6 hinh mang no-ron 01 I6p dn (5-21-1) va 02 16p an (5-15-15-1) cho sirc khdng dam
déu cé s6 no-ron 16p an tir (9+25). Sir dung ANN 3 16p ¢6 kha ndng hoc sdu té hop phi
tuyén cao hon, thé hién ¢ két qud dao tao ANN sirc khdng nhw sau:

+ Loi % MAE nhé nhdt la, mang 3 16p 0,0108 % < 0,0206 % mang 2 16p. Loi % RMSE
nhé nhdt la, mang 3 16p 0,0225 % < 0,0533 % mang 2 I6p.

+ 86 no-ron téi wu trong I6p an la, mang 3 16p 15 no-ron < 2Ino-ron mang 2 16p.

Chitng 16 d¢ chinh xdc ciia mang 3 16p hon mang 2 I6p béi kha néing phi tuyén manb.
3.3 So sanh hi¢u suat du do4n ciia mang no-ron nhén tao v6i phwong trinh hdi quy
da bién cho xép hang tii cAu dam I DUL
3.3.1 Biéu thirc phwong trinh hoi quy tuyén tinh da bién

Y=ap+axx; +axx>+ ax... ap.-1x,-; + a,x,,. (3.1)

Véi: - ai (i= 0+n) la cdc hé sé ciia phirong trinh tuyén tinh da bién.

- xi (i= 1+n) la cdc bién sé ciia phiong trinh tuyén tinh da bién.
- Y la gid tri ciia phwong trinh tuyén tinh da bién.

Cho mot nhom c6 s6 lugng 1 m mau véi mdi mau thoéa man mot ham tuyén tinh y cé n
bién, thi phuong trinh hdi quy tuyén tinh ¥ ¢ n bién sé& 1a biéu thi dac trung cho nhém mau
d6, sao cho gia tri phuong sai ctia tong cac phan tir trong nhém m mau 1a nhé nhat. Xac
dinh phuong trinh hdi quy da bién 1a xac dinh cac hé s6 ai (i= 0+n) tir nhém m mau do.
Cong thirc xac dinh cac hé sd ai (i= 0+n):

B=XX)'XY (3.2)
Véi: B la ma trdn cot cdc hé sé ciia phwong trinh héi quy tuyén tinh da bién.
X _la ma trdn cdc bién sé vao ciia phirong trinh tuyén tinh n bién ciia nhém mau.
X' la ma tran chuyén Vi cua ma tran X.
(X'X)"!_la ma tran nghich ddo cua ma tran (X'X).
Y la ma tran cot cua cac gia tri dau ra ciia nhém mau.
3.3.2 Xay dung phwong trinh héi quy da bién cho ndi lyc hé thong dam I DUL
a/ X4y dung phuong trinh hdi quy da bién momen tinh tai DC, DW dam I

Dit liéu dung dé xdy dung phuong trinh hdi quy da bién 13 bo dit lidu dao tao ANN cho
hiéu tng tinh tai dim (Trains): 476 mau (85% ctia bd dit liéu dao tao momen tinh tai).

Phuong trinh hoi quy tuyén tinh 03 bién cho momen tinh tai DC dam I:

y =-0.03105 + 0.7506188*x; + 0.076893*x, + 0.069784*xs.
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Phuong trinh héi quy tuyén tinh 03 bién cho momen tinh tai DW dam I:

y =-0.05462 + 0.5303863*x; + 0.223155*x,> + 0.147835*Xa.
b/ Xay dyng phuong trinh hdi quy da bién cho momen hoat tai xe tai dam I

Dit liéu dung dé xdy dung phuong trinh hdi quy da bién 13 bo dit liéu dao tao mang no-
ron cho hiéu tng hoat tai dAm ctia cic xe tai (Trains): 193.648 mau (80% cua bo dir liéu
dao tao momen hoat tai dim cua céac xe tai).

Phuong trinh hi quy tuyén tinh 06 bién cho momen hoat tai xe thiét ké HL-93 dam I:

y = 0.1461 + 0.154654147*x1 + 0.451364*X2 - 0.04892*x3 + 0.010312*x4 - 0.01463*Xs
+ 0.129069*Xe.

Phuong trinh hdi quy tuyén tinh 06 bién cho momen hoat tai xe hop phap [3] dam I:

y = 0.057927 +0.144075*x1 + 0.495965*X2 - 0.04696*x3 + 0.008839*X4 - 0.01489*Xs
+ 0.120925*Xs.

Phuong trinh hdi quy tuyén tinh 06 bién cho momen hoat tai xe hop phép [3-S2] dam I:

y = 0.049831 + 0.1373347*x1 + 0.519885*x. - 0.04435*x3 + 0.008751*xs -
0.01434*xs+ 0.115409*XGs.

Phuong trinh hdi quy tuyén tinh 6 bién cho momen hoat tai xe cap phép 03 truc dam I:

y = 0.0582 + 0.1454214*x1 + 0.497404*x2 - 0.04697*x3 + 0.008803*x4 - 0.01471*xs +
0.122147*Xs.
¢/ Xay dung phuong trinh hdi quy da bién cho strc khang dam I

Dit liéu dung dé xay dung phuong trinh hoi quy da bién 1a bo dit liéu ddo tao mang no-
ron cho strc khang dam (Trains): 64.512 mau (80% cta b dit lidu ddo tao strc khang dam).

Phuong trinh hoi quy tuyén tinh 05 bién cho stc khang dam I:

y=0.007811+0.8024242*x1+0.046705*x2+0.024537*X3- 0.00479*x4 + 0.024238*Xs.
3.3.3 So sanh hiéu sudt mé phong dw dodn ciia mang no-ron nhan tao voi phwong trinh héi quy
da bién cho xép hang tdi cau dam I DUL

Hiéu suit phéln tram va do chinh xéc cta gia tri du doan bﬁng ANN duoc so sanh voi
hdi quy da bién ciing tir cac bd mau duoc thiét lap trén, ding bo dir liéu “Trains” dé xay

dung va bd dit liéu ngoai “Tests” dé mo phong du doan hiéu suit cua phuong phap.
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Hinh 3. 20 Biéu db 13i sai s6 % “ANN & hdi quy” momen tinh tai DC_DW dam I DUL
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Hinh 3. 21 Biéu d6 13i sai s6 % “ANN & hdi quy” strc khang dam I DUL
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Hinh 3. 22 Biéu d0 15i sai s6 % “ANN & hoi quy” momen hoat tai cac xe tai theo TCVN
12882:2020 cho dam I DUL.

So sanh theo hiéu suat phan trim: thé hién bang cac biéu d6 dudng gia tri 16i % cua cac

gia tri momen hoat tai, momen tinh tai va stc khang.

Thiét 1ap hé s6 Tuong quan » két qua dy doan cho bé mau ngoai_Test ctia hai phuong

phap mang no-ron va phuong trinh hoi quy da bién.

Cong thirc hé s6 Tuong quan r theo Pearson:

pxy=Cov(x,y)ox*ay

(3.3)

Cov(x,y): Hiép phwong sai ciia hai bién x, y ; ox, oy: Bé léch chudn cia hai bién x,y.

i (xXi=%)(yi—¥)

Tx

xi_la cdc gia tri cua bién x (mau ngoai_Test).

- \[Z?=1(xi—f)2 \[Z?:l(yi_y)z

yi_la cde gid tri ciia bién y (mang no-ron hodc hoi quy da bién.)

n_la so luong gia tri cua bién x, bién y.

x,y la gid tri trung binh ciia bién x, bién y.

(3.4)

Bang 3. 8 So sanh Lbi sai s6 % va hé sd twong quan r cia ANN-hdi quy da bién.

Li sai s6 % ciia Eout _ Bd dir liéu miu ngoai (Test)

Phuong | Strc khang | Tinh tai DC| Tinh tai DW| Xe HL-93 | Xe HP [3] | Xe HP [3-S2] | Xe cép phép
phap |Trung binh| Trung binh | Trung binh | Trung binh| Trung binh| Trung binh | Trung binh
ANN | 0.0206 | 0.00396 0.00605 0.0095 | 0.00876 0.00967 0.00851

Hoi quy| 6.160 10.596 8.846 5.664 7.822 7.613 7.381
Ty 1€ 1/299 1/2676 1/1642 1/596 1/893 1/787 1/867
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Cong thirc twong quan r |Strc khang| Mbc | Mbw | MHL-93 | Mxe [3] |Mxe [3-S2]| Mxe CP
T X Vest™ (Vi <Y Inoiqui | 584.740 | 2.863 | 1.449 | 649.549 | 753.289 | 805.477 | 762.872

(KX tost T Vi) noig )" | 597.186 | 2.980 | 1.525 | 676.625 | 789.868 | 839.541 | 795.509
r_(hoi qui) 0.9792 |0.9606|0.9501 | 0.9600 | 0.9537 | 0.9594 | 0.9590

TXH X Yest*(Vi-Y Jann | 609.900 | 3.111| 1.722 |703.294 | 826.045 | 872.864 | 828.320

(T (Xi-X) et * T (Vi-y") ann)*>| 609.902 | 3.111 | 1.722 | 703.294 | 826.046 | 872.864 | 828.322
r_(ANN) 1.0000 |1.0000(1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000

Két qua thong ké tai bang 3.8 cho thiy d6 chinh x4ac chan doan cia ANN:

- Hiéu suit du doan tir md hinh ANN dat rat cao. Ldi sai s6 % chan doan cho bo dit liéu
mau Tests (mAu ngoai mang) ciia ANN nho hon rat nhiéu va chi bang tir 1/299 dén 1/2676
so véi hoi quy da bién.

- Hé s6 twong quan r ciia ANN chan doan so v&i muc tiéu 13 1.0. Va hoi quy da bién dy
doan so véi muyc tiéu tir 0.95 dén 0,979.

3.4 Xay dung phuwong phap xép hang tai RF bang ANN cho cac ciu dam BTCT khac

Theo muc tiéu nghién ctru ctia luan an, cac muc (3.1 dén 3.3) chuong 3 cia ludn an da
tap trung xay dung phwong phap nghién ctru tmg dung ANN trong xép hang tai RF cho ciu
dam bé tong c6t thép DUL. Nhung véi tinh cap thiét, luan an di chon ddi twong nghién
ctru 1a dam bé tong cdt thép chit I DUL dé nghién ctru bang viéc xay dung mot hé thong
dit liéu miu dam I DUL cang sau, sau do tién hanh dao tao ANN trén hé théng dit liéu mau
dam nay dé tim mang t6i uu riéng biét cho strc khang va hiéu Gng tai va cudi cung 1a xép
hang tai RF cho dam.

Thuec té, thuc hién nghién ctru ing dung ANN trong xép hang tai RF dam I DUL cia
luan an c6 khoi lugng rat 16n vé xay dung hé théng dir 1iéu mau va dao tao ANN. Ciing
trén cd so ctia phuong phap nghién cru dugc trinh bay minh bach tir muc (3.1 dén 3.3) va
cling theo muyc ti€u nghién ctru cta luan an, muc 3.4 nay s¢€ trinh bay mot hinh thic chung
dé tmg dung ANN trong xép hang tai RF cho cdc cau dam bé tong cbt thép khac (ngoai
dam I DUL cing sau).

3.4.1 Xay dung chwong trinh chudn hod bang Excel ding tinh todn sitc khang va hiéu img tdi
cho cdc dam bé téng cét thép DUL (hodc bé tong cot thép thuong)

Céc dam bé tong cbt thép DUL dugce liét ké vi du lam dién hinh trong muc nay 1a dam
bé tong cbt thép DUL chit I cing trude, dam ban rdng bé tong cbt thép DUL cing trude,
dam superT theo hinh 3.23 dang thong dung trong cac cu giao thong dudng bo hién nay.
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Hinh 3. 23 Mt cét chi tiét cac ddm BTCT DUL khéc dién hinh.

a/ Diéu chinh kich thudc hinh hoc cac dim khéc theo khuon maiu dam I DUL cing sau

Thong s6 hinh hoc nhu bé rong (B, b1, b2, b3, b4) va chiéu cao (H, hl, h2, h3, h4, hS5,
h6) ting véi loai dam khac (hinh 3.23), st dung ban Excel “Ddac trung hinh hoc cua h¢ dam
I DUL truéce va sau lién hgp mat cau” dé tinh toan hoc dic trung hinh cho dam khac, vi du

bang 3.2 dugc rat gon & bang 3.9.
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Bang 3. 9 Lap thong s hinh hoc chuan cho cac dim BTCT theo phuong phéap luan 4n

DémI33| Liem) | He Cic thing s6 hinh hoc bé tong dim I33 DUL
M0 165 bén Az a §i Tgh Tgb-at [ 4F°(Wgh-a)2[BY12 | g
Khéi |Tiét dign | (cm) fem) {em2) fem) | fem3) | (em) fem) fem4) fend) | (cmd)
Ki | Gadinh § (i3] 520 161 | 83720 794 | 3278604 | 2773
K2 | Gotdn 2 83 1020 151 | 154020 694 | 4913264 | 12240
K3 | Vittén | 11 323 3575 | 1413 ] 50327 9.7 275759 | 3605
K4 Suirn 120 20 2400 83 | 204000 i4 27811 | 2880000
K5 | Vitdudi | 20 05 450 LT | 14250 499 1121819 | 15000
K6 |Biuduwsi| 25 (i3] 1625 | 125 | 20313 9.1 7758152 | 84633
capDUL |5*12%0.987%EpEc) 5207 | 3084 | 162 | 4993 634 1318732 177
K8 |Trirld cipl3*3.14%3.6°2 2035 ) 142 | -325G 434 | -B70174 [ -63%
| 6477 328328 | 8160 18823966 |2997771|21821737

Chi tiét c6t thép du ung luc loai dam khac tir (hinh 3.23) thay thé vao bang 3.10, dung
xac dinh trong tam cap DUL cua mat cat dam khac.

Béng 3. 10 Lap chi tiét cap DUL cho cac dam BTCT theo phuong phap luan an

A bo | 11844 11344 1L844] 11844 11844 3922
S¢ 390832 M8724)  106.396| 106596 106.396| 939.36

Cic thong 5o hinh hoe cap DUL dim I3 Dguven  (Trong tdm (cdp-day dam), L/ a, 162
Cipsb 1 2 3 4| 5|Tromg tdm (cap-dim ngwén), L2 e =lgh-a_ 65.40
ToaddCip 1 i 9 9 9\ Trang tdm (cp-dam lién hap), L/2 e, =lth-a, 107.3

b/ Diéu chinh méat mat ing suét ctia dim khac theo khuén mau dam I DUL cang sau
Tinh tong mét mat Gng suat truéc ciia hé dam I DUL (TCVN 11823:2017).
Heé sb co ngot va tir bién ciia hé dam I DUL (TCVN 11823:2017).
M4t mat tng sut do co ngan dan hoi hé dam I DUL (TCVN 11823:2017).
Mit mét Gmg suat do tu chung cap truyén lyc hé ddm I DUL (TCVN 11823:2017).
Mat mat tng sudt do co ngdt hé dam I DUL (TCVN 11823:2017).
MAét mat ing suét do tir bién hé dam I DUL (TCVN 11823:2017).
Mit mat tng suét theo thoi gian ctiia hé dam I (TCVN 11823:2017).

(mét mat ing suét cang trudc hodc cang sau dugc tinh lai theo cac bang Excel & Phy
Luc 1)

¢/ Diéu chinh tryc trong hoa theo DUL cing trudc

d/ Xay dung hé théng dir liéu mau dung dao tao ANN cho cac dim bé tong ¢t thép khéc

Viéc tao mau dir liéu hé thong dam bé tong cbt thép khac cho dao tao ANN, dugc thuc
hién nhu d6i voi ddm I DUL cing sau tai muc (3.1 dén 3.3). Dam can danh gi4 sau khi tip

hop céc mau dién hinh trong san suét thuc té, duoc nhap kich thudc thyc cua dam vao bang
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“Pjc trung hinh hoc ctia hé didm I DUL trudc va sau lién hop mit cau” dé tinh dic trung

hinh hoc. Ti€p theo tién hanh tinh mat mat (rng suat ctia loai dam nay, cuoi cung strc khang

va momen hoat tai dugc xac dinh theo bang (3.24 va 3.25).

Bang

Hé so

Dam BTCT kha Bang '
am ac Piac trirng tir bién Pic tinh
Dim I DUL hinh; hoc co ngot B’é tong
cang trudc goc v cot thép
- - o Mat mat
Dam Dam rng suét
Ban Super
= v
rong T
Truc <
trung hoa
« Hé so6 tir bién co ngbt 1
« MAt mat (tng suit
e \ Bang Swc khang
* Truc trung hoa G )
tai PHU LUC 1

Théng s6 hinh hoc Cap DUL
Matmat US _Truc trung hoa

Lap trinh ngén ngir

VBA trén Excel

Thay dbi
B [ y

Hinh 3. 24 So d6 qui trinh tao mAu sirc khang hé théng dam bé tong c6t thép khac

P
Dam BTCT khac Bang He sb phén bd Bang
: Dic trung n Dic tinh Bé
A - gang .
Dam T DUL hinh hoc tong ct thép
cang truoc X l
goc
Dam Dam Puong anh huong
Ban Super momen lirc
rong T l
o J ™ A \
( - - Bang Momen Cf’?" hinh
+ Hé s0 phéan bo ngang hoat tai < Tai trong
* Buong anh hwong J xe tai
« Cau hinh tai - xe tai _ - \
& Bang Momen hoat tai | Lép trinhngén ngt | Thay ¢4 120ng 86 hinh hoc_
VBA trén Excel e} H¢ s6 phén b6 ngang

A

Hinh 3. 25 So d6 qui trinh tao mAu momen hoat tai hé thong dam bé téng cbt thép khac
3.4.2 Xdy dung ANN riéng biét vé sirc khdng va hiéu vmg tdi cho cdc dam bé téng cot thép DUL

(hodic bé tong cot thép thiong).
a/ Xay dung s6 luong mau dir liéu hé théng dam dung dao tao ANN

Dir liéu mau hé thong dam bé tong cot thép khac thay doi tuy thude vao kich thude dam
dinh hinh duoc san suit thue té va kiéu lién hop cua dam v&i mat cau. Ludn an chon sb

kich thuéc theo tuong dong véi ddm I DUL cing sau, tai bang 3.11:
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Bang 3. 11 Tham sb dau vao va s6 kich thudc dio tao ANN cho ddm BTCT khac.

Dam
BTCT Tham s6 ciu dau vao va sé kich thwée dao tao ANN
khac
Dim 1 cacohggm (Zgzbﬁgy f'c ban MC fcdam Khodng cich dam
DUL | (om) (Mpa) (Mpa) (cm)
cang | 33;24.5; | 18;19; 20; | 25;26;27;28; | 33;35.5;37.5; | 185;190; 195; 200; 205;
trudc 18.6; 21;22;23; | 29;30;31;32; | 40;42; 44,48, | 210; 215; 220, 225, 230;
12.5 24; 25 33;34;35;36 | 50;52; 54; 56 235; 240; 245; 250
cglz;;;[m CZZ;L;‘;'ZJ/ f'c ban MC fcdam Dién tich cap DUL
Ban 175 4.20; [12; 13; 14; | 25; 26; 27; 28; | 33;35.5;37.5; | =+ 1 tao cap cho moi
TORS | 20, 18; | 15,1617 | 29;30;31;32; | 40;42;44;48; | dién tich cap/mat cét
15;12.5 33;34;35;36 | 50;52;54; 56 dam
Cszlla%lm CZZ?;\Z?/ f'e ban MC f'c dam Dién tich cap DUL
Dam (Mpa) (Mpa) (cm2)
Super (m) (cm)
T 18; 19; 20; | 25;26;27;28; | 33;35.5;37.5; | +2 tao cap cho dién
38.2 21;22;23; | 29;30; 31;32; | 40;42;44;48; | tich cap/mat cat dam
24; 25 33;34;35;36 | 50;52;54; 56

Vi dir liéu cho momen hoat tai, tham s6 cau dau vao c6 thém so lan tai trong.

b/ Pao tao ANN tbi wu riéng biét stitc khang va hiéu tng tai cho cac dam bé tong cot

thép khac

Qua trinh dao tao va danh gia hiéu qua ANN cho cac dir liéu hé théng dam bé tong cot

thép khac nhu muc 3.4 mé ta twong ty nhu dao tao va danh gia hiéu qua ANN dam I DUL

cang sau, theo muc 3.2.

Két qua ddo tao cac ANN tbi vu riéng biét vé sirc khang va hiéu tng tai ciia hé thong

dam I DUL cing sau & muc 3.2 di thu duoc cac bd trong sd (w, b) cho ANN (2 16p va 3

16p) c¢6 hiéu qua thyc té, c6 thé dung tham khao dé viéc dao tao cac ANN cho cac dam bé

tong cbt thép khac dugce nhanh chong hon.
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Két luin Chwong 3

Chuong nay di xdy dung mot hé thong mau két cau nhip ciu dam I DUL lién hop mit
cau, sau do dung hé théng mau cau dé dao tao mang no-ron nhan tao tr¢ thanh mot Phuong
phdp ho tro chuyén déanh giG xép hang tdi (RF) cho két cdu nhip cau dam I DUL lién hop
thuee té, sau hoan thanh dwa vao khai thac hodc can danh gia lai cau da khai thac nhiéu nam.

Chuong 3 d3 x4y dung mo hinh ANN dé dy doan stc khang va hiéu tng tai trong cho
hé théng mau cau dam I két qua cho thidy mo hinh ANN t6i wu dat duogc véi:

« Hiéu tng tinh tai DC, DW ¢6 mé hinh toan (cong thirc) it phirc tap. ANN t6i uu (02
16p/03 16p) ¢6 s6 no-ron 16p an 10/8 (DC) va 20/12 (DW), khong 1éch nhiéu. Sai sé mau
Test theo MAE tuong dong nhau 0,004% / 0,0043% (DC) va 0,006% / 0,005% (DW). Sai
s6 mau Test theo RMSE 0,0033% / 0,0037% (DC) va 0,0043% / 0.0038% (DW). Hiéu suat
dao tao theo MAE va RMSE tuong dong nhau.

« Strc khang c¢6 mo hinh toan phirc tap hon. ANN téi wu 03 16p c6 kha nang nhan dang
phi tuyén cao hon bai lap lai 02 1an ham kich hoat Logsig, s6 no-ron 16p an ctia ANN t6i
ru 03 16p duoc t6i vu hon ANN téi wu 02 16p 14 (15/21). ANN t6i wu 03 16p c6 sai s6 miu
Test theo MAE t6t hon ANN t6i uu 02 16p 14 “0,0108% < 0,0206%”. Sai s6 mau Test theo
RMSE 14 0,0225% < 0,0533%. Hiéu suit dao tao theo MAE hiéu qua hon RMSE.

« Hiéu tmg md men do hoat tai xe HL93, ANN 03 16p du doan tot hon ANN 02 16p voi
sd no-ron toi wu 16p an 1a “21 < 24” no-ron va sai sé6 mau Test theo MAE 1a “0,0021% <
0,0095%”. Sai s6 mau Test theo RMSE 1a 0,0053% < 0,0098%. Hiéu suat dao tao theo
MAE hiéu qua hon RMSE.

Mang no-ron nhan tao duogc xay dung va irng dung trong nghién ctru luan an da duogc so
sanh véi phuong phap héi quy da bién, két qua c6 do chinh xac cao hon nhiéu 1a ti 18 sai
s mau tests ctia ca hai tir (1/300 dén 1/2700) va hé sb trong quan r 1a 1/(0,95 — 0,97).

Cubi chuong 3 trén co sd ciia muc (3.1 va 3.2) da trinh bay mot hinh thtrc chung dé xay
dung tng dung ANN trong xép hang tai RF cho cac ciu dim bé tong c6t thép khac (dam I
DUL cing trude, dam ban rdng, dam superT). Diéu nay cho thiy phuong phap nghién ctru
luan 4n c6 thé ap dung cho cac loai dim bé tong cdt thép khac trong xép hang tai RF dam
bang tng dung ANN

Két qua kiém chung dugc thyuc hién trong chuong 4.
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CHUONG 4 UNG DUNG MANG NO-RON NHAN TAO CHO PANH GIA
XEP HANG TAI CHO CAU

Chuong 4 cua luan 4n v6i muc tidu kiém ching danh gia két qua nghién ctru hoan chinh
& chuong 3. Dé thiy duoc tinh minh bach va su hiéu quéa cua phuong phap nghién ctru ludn
an, viéc kiém chimg danh gia dugc thuc hién bang xép hang tai theo tiéu chuan hién hanh
Viét Nam 1a TCVN 12882:2022 va duge kiém chirng xac thuc béng cac cau dam [ du ung
lyc thyc té dang khai thac. Cudi ciing 13 so sanh hiéu qua ciia phurong phép nghién ciru véi
cac phuong phap truyén thdng khac hién nay ciing nhu phan tich do nhay anh hudng coa
cac tham s6 dén két qua xép hang tai cau.
4.1 Kiém chirng 1 - Ung dung ANN dé danh gia xép hang tai cAu dam I [21] khong c6
trong dir liéu mang dao tao

So db khéi danh gia xép hang tai cau dim I DUL bang ANN cua ludn an hinh 4.1.

g ~ Mang AN dao tao hé thong dam I
Mau ANN

dim T
Sirc Khang
DC, DW
Hoat tai xe
TCVIN
- 12882:2020
| Mang ANN tdi vru Xép hang tai Cau |
Sirc N Momen ‘ Momen ‘ Momen Momen Momen
Khing DC_DW HI -93 Xe [3] Xe [3-52] ‘ Xe 3 truc h
Ty ‘
i | s (o)
hang
tai
RF _E ‘
= xe cAp phep xe hop xe hop xe thiet ke |
e 03 truc lphap [31 J\phap [3-52] HI.-93
dam I
thue Panh gia xép hang tiai RF theo TCVIN 12882:2020

s

te

theo _’L Tinh tay H “tinh Tay truyén thong / ANN>

e truyén théng so sanh RF
prhwo

ng _’( Phin tir hiru “Phan tir hitu han / ANN”
phap han so sanh RF

So db khéi Panh gia xép hang tii cAu dim I DUL bing mang ANN
Hinh 4. 1 So d6 khdi danh gia xép hang tai cho cau ddm I DUL bang ANN.

Su phu hop va hiéu qua ctia nghién ctru Ludn 4n s& dugc minh ching dénh gia bang ing
dung mang no-ron 02 16p dé xép hang tai cau dim I DUL ma khéng c6 trong dit liéu dao
tao. TUr “Béo cdo két qua kiém dinh cau Ninh Chit” huyén Ninh Hai tinh Ninh Thuan do
Phong thi nghiém trong diém dudng bo III - Vién khoa hoc cong nghé GTVT (2014) [21]
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thuc hién dugc dung kiém chung. Luén an s¢€ trinh bay 03 cach ung dung ANN 02 16p tur
co s¢ thu thap s6 liéu dau vao mang va két hop véi s6 liéu thir tai thuc té dé Xép hang tai
cau dam I DUL.

4.1.1 86 liéu kiém dinh cau Ninh ChiF tém tdt ding ddnh gid xép hang tdi RF

» Tham sd két cau nhip: S6 lugng dam chu 133 = 05; Khoang cach dam = 2,4m; Chiéu day
ban mit ciu = 20cm; (bé rong clu = 12m). S6 liéu chi tiét hinh hoc dam theo [21].

= Tham s6 Lan hoat tai = 02 lan, Lan bd hanh = 2*1,5m. Sé li¢u kiém dinh ¢ Phu luc 4.

= Tham s6 dau vao cudng do fc, chidu cao ddm va tan sé nhip cdu Ninh Chit, bang 4.1.

Bang 4. 1 f’c va cao dam, f’c mit cau, tan s6 nhip (1, 2, 12, 13) cdu Ninh Chit [21] .

Dam Nhip 1 Nhip 2 Nhip 12 Nhip 13
DA fe Cao dam fc Cao dam fc Cao dam fc Cao dém
(MPa) (cm) (MPa) (cm) (MPa) (cm) (MPa) (cm)
D1 436 165.0 454 1651 441 164 .9 43.0 165.1
D2 44 4 164.8 456 164.8 456 165.1 413 164.8
D3 452 164 9 423 164 .8 456 164.8 454 164.9
D4 44 1 164.8 443 165.2 436 164 .9 47 164.8
D5 456 165.2 411 164.9 46 1 165.2 459 164.8
Mat cau (Mpa) 37.05 35.85 35.65 36.25
Tén s6 (Hz) 365 3.83 3.81 3.84

= Tham s6 dau vao cu hinh xe thir tai va d6 vong nhip cdu Ninh Chit theo bang 4.2.

Bang 4. 2 Xe tai thir tai, do vong do nhip (1, 2, 12, 13)-cau Ninh Chit (ngudn [21]).

R Trong lwong truc xe Pi (T) Téng tai
Stt Tén xe — .
P1 truc sau |P2 truc gilvra |P3 truc trwéc [trong (T)
04 Xe trung binh nhip 12, 13 10.72 11.26 6.12 A4*%28.1
04 Xe trung binh nhip 1, 2 14.09 14.32 6.10 4*34.5
Khoang cach truc xe (dﬁu—gi&a)| 1.35m Khoang cach truc xe (gilra-sau) 3.65m
Vi tri tai trong Gia tri do v&ng nhip (mm) tai mit cit L/2 :
F1 F2 F3 FA F5 SrFi
Chinh tam 7.12 7.7 8.1 7.92 7.05 37.89
Nhip 1 Léch trai 14.01 10.91 7.6 5.0 1.9 39.42
Léch phai 1.50 4.80 7.40 11.20 11.06 35.96
Chinh tam 7.0 7.87 7.90 7.40 7.40 37.97
Nhip 2 Léch trai 13.65 12.05 7.92 4.85 1.75 40.22
Léch phai 1.15 3.55 7.70 11.00 11.45 34.85
Chinh tdm 5.00 6.10 6.60 5.70 5.60 29.00
Nhip 12 | Léch trai 10.70 9.80 6.90 3.90 1.40 32.70
Lé&ch phai 0.90 3.40 4.90 7.90 8.80 25.90
Chinh tam 5.30 6.20 6.61 5.75 5.00 28.86
Nhip 13 | Léch trai 10.40 7.69 5.88 3.81 1.56 29.34
Léch phai 1.30 4.00 6.05 8.30 9.51 29.16
1100
| 305 I 190 | 110 ] 190 305 i

T 1]
NN N N N N T S S

Hinh 4. 2 Mit cat ngang cau dung thir tai cau dam I DUL [21].
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4.1.2 Ung dung ANN (itng dung 1) dé danh gid xép hang tai cau dam I DUL
Ung dung ANN 02 16p (UD 1) sir dung miu dir liéu ddu vao ANN 1a cac tham sd hinh
hoc cau va di lidu kiém tra cudng d6 f’c ctia két cAu nhip cau bang stng bat nay.
Mau sd liéu tham sb thuc do hién truong la dau vao ANN duoc tién xtr 1y trong
doan [0,2+0,8][68] . S6 liéu gdm chung sitc khang-tinh tai-hoat tai trinh bay ¢ bang 4.3.
Strc khang dam: dung mang 02 16p (5-21-1).
Momen Tinh tai: dung mang 02 16p (3-10-1) cho DC va mang (3-20-1) cho DW.
Momen Hoat tai: dung mang 02 16p (6- 24-1), (6- 19-1), (6- 30-1), (6- 27-1) twong ung
xe HL93, xe hop phap [3], xe hop phép [3-S2], xe cip phép 03 truc.

Bang 4. 3 Mau dau vao mang stc khang-tinh tai-hoat tai duoc tién xtr 1y [0.2+0.8].

Nhip 86 | Cao | Day | Day | fc fe |Crly| 86 | Cao | Day | Day f'e fe | Culy
Qi [ln tai dim |ban mc|16p phii|bin mc| dim | dim [lan tai] ddm |bin mc |lép phi | binme| dim | dim
S6 lidu tham s6 Thire do hién trwomg S6 lién tham s6 Tién xit Iy ANN
N1-D1 | 2 (1650 200 | 70 | 37.05 4360 240 | 02 0.8000 0.3714: 03714 0.8573 | 0.4765 i 0.7077
N1-D2 | 2 1648 200 | 70 | 37.05 4440 240 | 02 i0.7978 0.3714 03714 0.8573 | 0.4974 i 0.7077
NI-D3 | 2 1649 200 | 70 ;37.05 4520 240 | 02 i0.7989; 0.3714 03714 0.8573 ; 0.5183 i 0.7077
N1-D4 | 2 1648 200 | 70 ;37.05 4410 240 | 02 i0.7978; 0.3714 03714 0.8573 | 0.4896 i 0.7077
NI-D5 | 2 1652 200 | 70 | 37.05 4560 240 | 02 :0.8022) 0.3714: 03714 0.8573 | 0.5287 ; 0.7077
N2-D1 | 2 1651 200 | 70 3585 4540 240 | 02 :0.8011} 0.3714: 03714 0.7918 | 0.5235 i 0.7077
N2-D2 | 2 1648 200 | 70 3585 4560 240 | 02 i0.7978 0.3714: 03714 0.7918 | 0.5287 i 0.7077
N2-D3 | 2 1648 200 i 70 3585 4230 240 | 02 0.7978 0.3714: 03714 0.7918 | 0.4426 i 0.7077
N2-D4 | 2 1652 200 | 70 3585 4430 240 | 02 [0.8022 0.3714} 03714 0.7918 | 0.4948 i 0.7077
N2-D5 | 2 1649 200 | 70 3585 4110 240 | 02 0.7989 0.3714} 03714 0.7918 | 0.4113 i 0.7077
NI2-DL| 2 1649 200 | 70 3565 4410 240 | 02 10.7989} 0.3714 | 0.3714  0.7809 ; 0.4896 | 0.7077
NI2-D2| 2 1651 200 | 70 3565 4560 240 | 02 10.8011}0.3714 | 0.3714  0.7809 ; 0.5287 | 0.7077
NI2-D3| 2 1648 200 | 70 3565 4560 240 | 0.2 10.7978} 0.3714 | 0.3714  0.7809 : 0.5287 | 0.7077
NI2-D4| 2 1649 200 | 70 3565 43.60 240 | 0.2 10.7989}0.3714 | 0.3714 | 0.7809 ; 0.4765 | 0.7077
NI2-D5| 2 11652 200 | 70 3565 46.10 240 | 0.2 0.8022}0.3714 | 0.3714 0.7809 ; 0.5417 | 0.7077
NI3-DL| 2 1651 200 | 70 3625 43.00 240 | 02 :0.8011}0.3714 : 0.3714 | 0.8136 : 0.4609 : 0.7077
NI3-D2| 2 1648 200 | 70 3625 4130 240 | 0.2 :0.7978!0.3714 1 0.3714 | 0.8136  0.4165 : 0.7077
NI3-D3| 2 1649 200 | 70 3625 4540 240 | 0.2 10.7989; 0.3714 | 0.3714  0.8136 ; 0.5235 | 0.7077
NI3-D4| 2 1648 200 | 70 3625 4470 240 | 0.2 10.7978:0.3714 | 0.3714  0.8136  0.5052 | 0.7077
NI3-D5| 2 1648 200 | 70 3625 4590 240 | 0.2 10.797810.3714 0.3714  0.8136 | 0.5365 | 0.7077

Két qua tinh xép hang tai RF theo phan bb ngang ASSHTO cua cac Nhip dam (1, 2, 12,

13) tir cac s6 liéu do hinh hoc va kiém tra cuong do bé tong f'c, thé hién hinh 4.3.

PANH GIA XEP HANG TAI RF - UNG DUNG ANN (1) THEO F'C
1.79 1742 L1743 1745 1741 1737 1735 1738 1741 1737 1736 1.741 1741
1.69 1.705 1.705 1.704 1.700 1.704 1.702 1.702 1.708
1.59 1.663 1.6651.662 1.662 1.658 1.662 1.663 1.662 1.660 1.657 1.663 1.662 _
. 1.631 1.634 1.631 1.625 1.628 1.632 1.629 1.631
‘m 1.49
*‘;'“ —8— e thiét k& HL-93 Xe hop phap [3] =—=—Xe hop phap [3-52] = Xe 3 truc thdr tai
£ 1.39
= p . 1.263 1.268 1.266
% 1.29 1241 1.268 1.2661.265, /4 1.242 . 1.243
> 1.19 1182 1179 3183 1. 1.182
1.09 1.160 B 1.161 1.159 1.160
0.99 1.01 2015 e : 1008 Phéan b6 ngang ASSHTO
(D1 D2 D3 D4 D5)?%D1D2 D3 D4 D5)3(D1 D2 D3 D4 D5)¥3¥D1D2D3 D4 D5)

Hinh 4. 3 Biéu d0 danh gia xép hang tai RF c4c nhip dim bing ANN theo tng dung 1.
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Bang 4. 4 Két qua danh gia xép hang tai RF theo TCVN 12882:2020 bang tng dung (1) ANN.

Gia tr1 mo phong cua mang ANN cho dam I DUL thyc té Gia tri Noi luc cia dam I DUL theo mang ANN | RF-TCVN 12882:2020| Hz s6 RF
Nhip | g | Thh | Timho ) Hop ) Hop C’jjp S | b Tih) .| Hop) Hop Cff'p Txé | Hop| Hopjvuottai) xe3
dam Khéne tai tai HL.-93 phap | phap | phép Khne tal | tai HL-93 phap | phap | phép H1.-93 phéap | phap |xe3truc| truc

| DC | DW [3] | [382] | 3tme | DC | DW [3] |[382] |3 truc [3] | [382] | thirtai | thik tai
N1-D1 | 0.7699:0.7221} 0.5970/0.6116 0.55810.5635: 0.5577| 17439 | 3857 1036 5341 3800 3634 4169 | 1.160 1.631 1.705| 1.4685 | 1.012
N1-D2 | 0.7636: 0.7163] 0.5935/0.6087 0.5550;0.5595: 0.5547| 17308 | 3823 1029 : 5308 3776 3604 4143 | 1.183 1.663 1.742 | 1.4685 | 1.032
N1-D3 | 0.7666: 0.7192] 0.595310.6095 0.5559:0.5609 | 0.5556] 17370 | 3840 1032 5318 3783 3614 4151 1.184 1.665 1.743 | 1.4685 | 1.033
N1-D4 | 0.7637: 0.7163] 0.5935/0.6088  0.5551{0.5597: 0.5549] 17309 | 3823 1029 5310 3777 3605 4144 |1.182 1.662 1.742 | 1.4685 | 1.032
N1-D5 | 0.7754:0.7280; 0.6005{0.6131 0.5597:0.5661 | 0.5592] 17554 1 3892 1043 5358 3813 3655 4183 | 1.163 1.634 1.705 | 1.4685 | 1.015
N2-D1 | 0.7709:0.7251} 0.5987:0.6112 0.5577{0.5637| 0.5573]| 17460 | 3874 1040 5337 3798 3636 4166 | 1.161 1.631 1.704 | 1.4685 | 1.013
N2-D2 | 0.7620: 0.7163] 0.5935:0.6074 0.5536:0.5583 | 0.5534] 17273 1 3823 1029 5294 3765 3594 4131 ]1.182 1.662 1.741 | 1.4685 | 1.031
N2-D3 | 0.7626: 0.7163] 0.5935/0.6091 1 0.555410.5600 0.5551| 17285 | 3823 1029 5314 3779 3607 4147 | 1.179 1.658 8 1.737 | 1.4685 | 1.029
N2-D4 | 0.7739:0.7280] 0.6005/0.6131:0.55970.5660 0.5592] 17523 | 3892 1043 : 5358 3813 3655 4182 )1.183 1.662 1.735] 1.4685 | 1.032
N2-D5 | 0.7658:0.7192] 0.595310.6111 0.557410.5624: 0.5571| 17354 | 3840 1032 5335 3795 3626 4164 | 1.156 1.625 1.700 | 1.4685 | 1.008
N12-D1]0.76507 0.7192{ 0.595310.60930.5556:0.5606 0.5553] 17336 | 3840 1032 5315 : 3781 3612 4148 | 1.158 1.628 | 1.704 | 1.1957 | 1.241
N12-D2] 0.7706: 0.7251} 0.59870.611010.5575:0.5634 0.5571| 17453 1 3874 1040 5335 3796 3634 4164 |1.184 1.663: 1.738 | 1.1957 | 1.268
N12-D3 ] 0.7617: 0.7163} 0.5935:0.607310.5535:0.5581 | 0.5533] 17268 | 3823 1029 5293 ' 3764 3593 4130 |1.182 1.662: 1.741 | 1.1957 | 1.266
N12-D4]0.76511 0.7192} 0.595310.60960.5559:0.5609 0.5556] 17338 1 3840 1032 5318 : 3783 3614 4151 |1.181 1.660 1.737 | 1.1957 | 1.265
N12-D5] 0.773310.7280: 0.6005:0.6120:0.5586:0.5650 0.5582] 17510 3892 1043 5346 3805 3646 4173 |1.161 1.632: 1.702 | 1.1957 | 1.244
N13-D1]0.7719:0.7251 0.5987.0.6128:0.5593:0.5651 0.5588| 17481 ' 3874 1040 5354 3810 3647 4179 | 1.159 1.629: 1.702 | 1.1957 | 1.242
N13-D2] 0.7632:0.71631 0.5935 0.60990.5562:0.5607 0.5559] 17300 : 3823 1029 5322 3785 3613 4154 | 1.179  1.657 ! 1.736 | 1.1957 | 1.263
N13-D3 ] 0.7655:0.7192! 0.5953 0.6089:0.5553:0.5603 0.5550| 17348 ' 3840 1032 5312 3778 3610 4146 | 1.183 1.663: 1.741 | 1.1957 | 1.268
N13-D4]0.7626: 0.71631 0.5935 0.6081:0.5543:0.5589 0.5541} 17286 : 3823 1029 5302 3771 3599 4138 | 1.182 1.662: 1.741 | 1.1957 | 1.266
N13-D5[0.7624: 0.7163 0.5935 0.6074:0.5537:0.5583 0.5535] 17282 3823 1029 5295 3766 3594 4132 |1.160 1.631: 1.708 | 1.1957 | 1.243

4.1.3 Ung dung ANN (itng dung 2) két hop dit liéu do d vong A (tir thir tdi tinh) dé danh gid xép hang tdi cau dam I DUL
Ung dung ANN 02 16p (UD 2) st dung mau dit liéu dau vao ANN 1a cac tham s hinh hoc cau va dir liéu do do vong A thir tai tinh.
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Muc dich: bang phuong phép giai tich, cudng do fc cua két cdu nhip cau duoc xac dinh tir

qua trinh thir tinh nhu d6 vong A, thong sd xe tai thir nghiém, mé hinh va tham sd cau.

Theo Iy thuyét ctia myc 2.3.7 trong lun an nay, cuong do bé tong f’c ctia két ciu duoc tinh

toan tir gia tri modun dan hdi Ei va momen quén tinh Ji theo cong thic (2.9), va lam dau

vao cho ANN cho Ung dung 2 ctia ANN trong ludn an.

Co ché va trinh tir tinh toan dé dén két qua f’c ctia két ciu nhip nhu sau:

Ty 1€ modun dan hoi1 gitra dam 7 va mat cau dugc xac dinh tinh momen quan tinh /i.

Bang 4. 5 Bang ty 16 modun dan hdi giita dim 7 va mit cau theo do thuc té.

Dé&m Nhip 1 Nhip 2 Nhip 12 Nhip 13
Di Ei He s6 ni Cao dém| Ei He <6 ni Cao dam| Ei Ha s6 ni Cao dédm| Ei He <6 ni Cao dam
(MPa)| (cm) |(MPa)| (cm) |(MPa)| (cm) |(MPa)| - (cm)
D1 |33383| 0.9218 | 165.0 |[33574| 0.9016 | 165.1 |33574| 0.8991 | 164.9 |33153| 0.9182 | 165.1
D2 |33688| 0.9135 | 164.8 |[34140| 0.8867 | 164.8 |34140| 0.8842 | 165.1 |32491| 0.9369 | 164.8
D3 |33990| 0.9054 | 164.9 |[32882| 0.9206 | 164.8 |34140| 0.8842 | 164.8 |34065| 0.8936 | 164.9
D4 |33574| 0.9166 | 164.8 [33650| 0.8996 | 1652 |33383| 0.9042 | 164.9 |33802| 0.9005 | 164.8
D5 |34140| 0.9014 | 1652 |[32412| 0.9340 | 164.9 |34327| 0.8794 | 165.2 |34252| 0.8887 | 164.8
Mat cdu | 30774 (Mpa) 30271 (Mpa) 30187 (Mpa) 30440 (Mpa)

Momen quén tinh /i tai vi tri gitra cac nhip toan mat cat ngang cau xac dinh bang 4.6.

Bang 4. 6 Momen quan tinh /i tai giita cic nhip toan mit cit ngang cau theo do thyc té.

Momen |DamI33 | Banmit | Bétong| Béténg |Bé tong | Thép Doc | Thép Dam |Gia Cwéng | Onggel |Vira chén| Daml lién
quén tinh | nguyén cdu | Lancan |VanKhuén | Asphalt | banmc | chi & dai L/2 capDUL | capDUL | hop (mm4)
Ky hiéu (cmd) Ig Imc llc Ivk las It It Ige It Ive It
N1D1 32079393 | 14237119 | 8721483 | 4198157 |1328890| 967170 | 1960306 | 7568840 | 2617988 | 1237557 | 749647049008
N1D2 31664787 | 14110677 | 8644949| 4161964 |1317311| 958757 | 1936610 | 7506748 | 2583423 | 1221217 | 741543801514
N1D3 31707202 | 14149624 |8617284| 4161951 |1314787| 957226 | 1912362 | 7453232 | 2551129 | 1205952 | 740766251146
N1D4 31782316 | 14175317 |8672869| 4175018 |1321516| 961809 | 1941818 | 7509133 | 2592615 | 1225563 | 744042349761
N1D5 31561098 | 14080814 | 8598028| 4157675 |1312487| 955667 | 1914201 | 7508537 | 2549513 | 1205188 | 738946299646
N2D1 31597526 | 14107579 | 8604478| 4161926 |1335420| 972392 | 1941955 | 7472594 | 2586172 | 1222517 | 740529429593
N2D2 31422046 | 14087472 8510342 | 4129504 |1322502| 963291 | 1887183 | 7305090 | 2513994 | 1188398 | 733733794848
N2D3 32064396 | 14306241 |8723872| 4203078 |1351805| 983936 | 1978045 | 7487676 | 2643341 | 1249542 | 750356398094
N2D4 31784255 | 14186064 | 8614187| 4174486 |1337942| 974411 | 1933547 | 7452529 | 2576789 | 1218082 | 743004866448
N2D5 32076675 | 14229146 |8779876| 4211105 |1358030| 988024 | 2028242 | 7632506 | 2707966 | 1280091 | 753425830209
N12D1 31500889 | 14119856 | 8585097 | 4153805 |1336307| 973067 | 1932277 | 7407358 | 2574621 | 1217057 | 738472069106
N12D2 31481906 | 14097682 | 8515120| 4139511 |1327945| 967435 | 1893605 | 7342342 | 2520542 | 1191493 | 735241523464
N12D3 31341363 | 14067109 | 8495059| 4124373 |1324120| 964523 | 1886186 | 7290920 | 2511499 | 1187218 | 732362759214
N12D4 31796686 | 14175550 |8622167| 4168507 |1341658| 976888 | 1944609 | 7427309 | 2592901 | 1225698 | 743180478485
N12D5 31395299 | 14053664 | 8487294 | 4130954 |1324247| 964858 | 1884688 | 7339636 | 2506363 | 1184791 | 733201109202
N13D1 31861504 | 14200262 | 8704764 | 4194966 |1341523| 976477 | 1976388 | 7567967 | 2636035 | 1246088 | 747564885898
N13D2 32252987 | 14355610 | 8812628 | 4228250 |1355739| 986391 | 2014101 | 7594456 | 2694533 | 1273741 | 756136175838
N13D3 31652260 | 14140883 | 8559057 4148450 |1322111| 962898 | 1897576 | 7362445 | 2529620 | 1195784 | 738152407206
N13D4 | 31667735|14163472|8593811| 4156694 |1326376| 965805 | 1914439 | 7386977 | 2553687 | 1207161 | 739799131732
N13D5 31339746 | 14068214 | 8515431 | 4128144 |1315480| 958088 | 1884149 | 7328816 | 2509924 | 1186474 | 732788267758
Ky higu Ei Eg Emc Elc Evk Eas Eth Ecd Egc Egl Evc Etc
gia tri (Mpa) Eg Emc Elc 22610 | 4000 | 197000 | 197000 Eg 197000 | 39162 Etc

Biéu do Pah nhip do xe cép phép 3 truc tao, dé xac dinh momen lyc Mi theo hinh 2.5.

Céc gia tri Mi dugc xac dinh dung tinh nang lugng thir tai (3ai*Pi)*L3 & bang 4.7.
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Bang 4. 7 Gia tri Mi nhip dam (1, 2, 12, 13) dung tinh ning luong thir tai (Y ai*Pi)*L>.

Gia tri momen Mi (KNm) do tai trong xe thir tinh ding tinh chuyén vi dvmg tai L/2 - Nhip (1 va 2)

ML ((0.43P, + 0.403P, + 0.331P;)L 4487.6 M4 |(1.0P, + 0.958P, + 0.846P;)L 10682.9
M2 |(0.5P; + 0.508P, + 0.417P;)L 5462.5 M5  |(0.605P; + 0.682P, + 0.776P;)L| 7460.6
M3 |((0.689P, + 0.678P, + 0.649P;)L| 7575.5 M6 |(0.457P; + 0.514P, + 0.67P;)L 57948
Gia tri momen Mi (kNm) do tai trong xe tlnk tinh ding tinh chuyén vi dieng tai L/2 - Nhip (12 va 13)

M1 (0.43P, + 0.403P, + 0.331P;)L 3620.5 M4 (1.0P, + 0.958P, + 0.846P;)L 8646.4
M2 |(0.5P; + 0.508P, + 0.417P;)L 4415.8 M5 (0.605P, + 0.682P, + 0.776P;)L| 6128.6
M3 |(0.689P, + 0.678P, + 0.649P;)L | 6154.8 M6 (0.457P, + 0.514P, + 0.67P;)L 4790.7

Ttr biéu thire chuyén vi dimg A (2.9), momen quan tinh li tai bang 4.6, cac gia trj Pi_

d6 vong A thuc do ¢ bang 4.2, Mi ¢ bang 4.7. Theo d6 gia tri nhu nang luong thir tinh tai

(> ai*Pi)*L® duoc xac dinh bang phan phdi ngang cau theo d6 vong thuc do. Va modun

dan hoi Ei dugc tinh toan, sau d6 cudng do f’c dam xac dinh theo biéu thic f'c =
[E/(0.043*2400%%)]% va két qua cudng d6 f’c ciia két cdu nhip dam trinh bay ¢ bang 4.8.
Béng 4. 8 Cuong d6 f’c nhip dam 133 (1, 2, 12, 13) xac dinh theo d6 vdng Ai do thuc té.

Két cAu nhip (1, 2, 12, 13) 1 2 3 4 5 Nhip
Momen quén tinh nhip 1 (mm®*) 7.496E+11|7.415E+11|7.408E+11| 7.440E+11 | 7.389E+11 |3.715E+12
Momen quén tinh nhip 2 (mm®) 7.405E+11|7.337E+11|7.504E+11| 7.430E+11 | 7.534E+11|3.721E+12

DS vong thuc do nhip 1 7.12 7.70 8.10 7.92 7.05 37.89

A (mm) nhip 2 7.40 7.87 7.90 7.40 7.40 37.97
Nang luong thir tai nhip 1 1.657E+17|1.792E+17|1.885E+17 | 1.844E+17 |1.641E+17 6.810E+17
(zai*Pi)L® (N.mm?) nhip 2 1.719E+17|1.828E+17|1.835E+17| 1.719E+17 [1.719E+17|

nhip 1 31050 31389 31422 31284 31500 31329
nhip 2 30985 31323 31356 31218 31433 31263
Module dan hdi dam nhip 1 31538 31936 32021 31809 32126 31886
E (N/mm?) dam nhip 2 31598 32039 31857 31849 31852 31839
banmc nhip 1 | 29073 29173 28991 29156 28958 29070
banmc nhip 2 | 28490 28408 29328 28651 29748 28925
dam nhip 1 38.9 39.9 40.1 39.6 40.4 39.8
Cudng do bé tong |  dam nhip 2 39.1 40.2 39.7 39.7 39.7 39.7
f'c (N/mm?) ban mc nhip 1 33.1 33.3 32.9 33.3 32.8 33.1
ban mc nhip 2 31.8 31.6 33.6 32.1 34.6 32.7
Momen quén tinh nhip 12 (mm“) 7.385E+11|7.352E+11|7.324E+11| 7.432E+11 | 7.332E+11|3.682E+12
Momen quan tinh nhip 13 (mm”) 7.476E+11|7.561E+11|7.382E+11| 7.398E+11 | 7.328E+11 |3.714E+12
Do vong thuc do nhip 12 5.00 6.10 6.60 5.70 5.60 29.00
A (mm) nhip 13 5.30 6.20 6.61 5.75 5.00 28.86
Nang luong thir nhip 12 1.240E+17|1.513E+17|1.637E+17 | 1.413E+17 |1.389E+17 7 1o1E+17
(zai*Pi)L® (N.mm?) nhip 13 1.321E+17|1.545E+17|1.647E+17| 1.433E+17 [1.246E+17| ’
nhip 12 33580 33728 33861 33368 33822 33672
nhip 13 33333 32955 33758 33683 34005 33547
Module dan hdi dam nhip 12 34263 34516 34652 34010 34646 34417
E (N/mm?) dam nhip 13 33883 33375 34482 34357 34769 34173
ban mc nhip 12| 30806 30519 30639 30753 30467 30637
ban me nhip 13| 31110 31268 30812 30940 30899 31006
dim nhip 12 45.9 46.6 47.0 45.3 47.0 46.3
Cuong do bé tong | dam nhip 13 44.9 43.6 46.5 46.2 47.3 457
f'c (N/mm?) ban mc nhip 12|  37.1 36.4 36.7 37.0 36.3 36.7
ban mc nhip 13 37.9 38.2 37.1 37.5 37.4 37.6

Tuong tu nhu muyc 4.1.2, cac gia tri f’c & bang 4.3 thay bang cac f’c trong bang 4.8 dé tré

97



thanh miu dau vao cho tng dung ANN (2). Cac két qua tinh toan cho momen luyc Mi,
momen quan tinh li, ning luong thir tai (3 ai*Pi)*L3 duoc trinh bay ¢ Phu Luc 4.

Strc khang, momen tinh tai DC_DW, momen hoat tai xe cip phép dung thir tai c6 két
qua du doan bang ANN theo tmg dung (2) va duoc danh gia xép hang tai RF cac nhip dim
theo TCVN 12882:2020 (kNm) trinh bay & bang 4.9.

Bang 4. 9 Két qua xép hang tai RF theo xe 03 truc cip phép bang tng dung (2) ANN.

M6 phong ANN dam I thue té Noi lwe dam I theo ANN Heé sd RF
Nhip Sire Tinh | Tinh Cap Stre Tinh | Tinh | Cap |vuottai| xe 3
dam Khéne tai tai phép Khéng tai tai | phép [xe 3 truc| truc
| DC DW | 3tmc S| DC | DW |3 truc | thirtai | thi tai
N1-D1 0.7221 0.5970 0.5580| 17343 3857 1036 4171|| 1.4685 | 1.003
N1-D2 0.7163 0.5935:0.5549| 17225 3823 : 1029 4145| 1.4685 1.024
N1-D3 0.7192 0.5953:0.5558| 17272 3840 ; 1032 4153| 1.4685 1.024
N1-D4 0.7163 0.5935 0.5551| 17225 3823 1 1029 4146| 1.4685 1.023
N1-D5 07280 0.6005:0.5595] 17442 3892 : 1043 4185| 1.4685 1.004
N2-D1 0.7251 0.5987 0.5583| 17356 3874 : 1040 4174| 1.4685 1.001
N2-D2 0.7163 0.5935/0.,5537| 17170} 3823 : 1029 4134| 1.4685 1.021
N2-D3 0.7163 0.5935:0.5553| 172361 3823 : 1029 4148| 1.4685 1.024
N2-D4 0. 7280 0.6005!0.,5594| 17421 3892 : 1043 4184| 1.4685 1.022
N2-D5 0.7192: 0.5953:0.5572| 17326 3840 : 1032 4164| 1.4685 1.006
N12-D1 0.7192 0.5953:0.5553| 17369 3840 : 1032 4148| 1.1957 1.245
N12-D2 0.7251 0.5987 0.5571| 17472 3874 1040 4164 1.1957 | 1.271
N12-D3 0.7163° 0.5935:0.5532| 17291 3823 ; 1029 4130| 1.1957 1.269
N12-D4 0.7192 0.5953 0.5555| 17368 3840 : 1032 4150| 1.1957 | 1.269
N12-D5 0.7280 0.6005:0.5581| 17527 3892 1043 4173| 1.1957 1.246
N13-D1 0.7251 0.5987 0.5588| 17518 3874 : 1040 4178| 1.1957 | 1.246
N13-D2 0.7163. 0.5935:0.5558| 17340 3823 1 1029 4153|| 1.1957 1.268
N13-D3 0.7192 0.5953:0.5550| 17367 3840 : 1032 4145| 1.1957 | 1.270
N13-D4 0.7163: 0.5935:0.5540| 17312 3823 1 1029 4137| 1.1957 1.269
N13-D5 0.7163 0.5935:0.5534| 17305 3823 : 1029 4132| 1.1957 1.245
1280 XEP HANG TAI RF - UNG DUNG ANN (2) - PO VONG - XE 3 TRUC THU TAI
1.250 Phan bé ngang ASSHTO
1.220
& 1.190
‘8 1.160
2 1.130
£ 1100
2
@ 1.070
1.040
1.010 Xe 3 truc thir tai
0.980
YD1 D2 D3 D4 D5)%D1D2 D3 D4 D5)'?(D1 D2 D3 D4 D5)3(D1 D2 D3 D4 D5)

Hinh 4. 4 Biéu d6 danh gia xép hang tai RF cac nhip dam bang ANN theo ung dung (2).

Két qua tinh xép hang tai RF theo phan bd ngang ASSHTO cua cac nhip dam (1, 2, 12,
13) cua xe 03 truc cip phép theo tmg dung (2) ANN tir cac sb liéu do hinh hoc, cuong do
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bé tong f’c va dir liéu do do vong thyc té thé hién hinh 4.3.
4.1.4 Ung dung ANN (iing dung 3) két hop dit liéu do dao dong (thvr tai dong) dé
ddanh gid xép hang ti cau dam I DUL

Ung dung ANN 02 16p (UD 3) sir dung miu dir liéu ddu vao ANN 1a cac tham s6 hinh
hoc cau va dir lidu do tan sé dao dong fi tir két qua thir tai dong.
Muc dich: bang phwong phap giai tich, cuong do f’c ciia két cau nhip cau dugc xac dinh tir
qua trinh thir d6ng nhu tdn s6 dao déng riéng, tong khoi lwong mt tac dung 1én toan bd mat
cit ngang nhip cAu va momen qudn tinh Ii trén toan mit cit ngang két ciu nhip theo thuc
té (ing dung 2)” va lam dau vao cho ANN cho tng dung ciia ANN.

Co ché va trinh tir tinh toan dé dén két qua f’c ctia két cau nhip nhu sau:

. Khdi lugng mt gdm ca 16p bé tong phu asphalt va bé tong tdm 16t theo bang 4.10.

Bang 4. 10 Khéi luong toan cau mt dugc xac dinh cho thir tai rung dong (tan sb rung).

Thanh phan S6 | Dai | Rong | Cao | Thé tich TLriéng, y | Trong lugng
Két cdu lugng| cm | cm | cm cm3 daN/cm3 P (daN)
Dam 33 5 0.975*24100000 | 117487500 0.0024 281970.0
Ban mit cau 5 |3220| 240 |20.85| 80564400 0.0023 185298.1
Dam ngang giita 12 28742.5 20 6898200 0.0023 15865.9
Dam ngang gbi 8 | 175 132 | 20 | 3696000 0.0023 8500.8
Lan can ciu 2 |3220 2475 15939000 0.00225 35862.8
B¢ tong Tam 16t 4 |13220| 175 8 18032000 0.00225 40572.0
Bé tong Asphalt 1 |3220| 1100 | 7 24794000 0.00225 55786.5
Trong luong toan cau, P(daN) 623856.0
Gia tc trong truong, g (cnv's’) | 981 |Khdi luong toan ciu, mt = P/g (daN.s¥cm) |  635.9

. Momen quén tinh 7 tai giita nhip toan mit cit ngang cau theo do thyc té, & bang 4.6.
Tir co s6 tinh toan 1y thuyét ciia Muc 2.3.2 “Si dung dit liéu tan sé riéng (thik tdi dong) dé
xép hang tdi cau dam IDUL”. Trong d6, sir dung cong thirc (2.18) va cac gia tri momen quan
tinh Ii & bang 4.6 va két qua khdi luong trén mit cat ngang toan két cau nhip cau mt & bang
4.10, sau d6 cuong do bé téng f'c két cau nhip cau tinh theo do thyc té tan s6 dao dong riéng fi
Bang 4. 11 f’c két cAu nhip cau xac dinh theo thir tai rung dong (tin sb rung thuc té).

Kétcdu | TAnsérung | S6 | Khdi lugng | Chiéu dai nhip | Momen quén tinh | Module dan| Cudng d bé tong
thir tai | do dao dong| Pi toan cau, tinh toan, ngang cau [/2, | hdi nhip, DamI, | Mit ciu,
dong tai L/2, (daN.s?/ecm)|  (cm3) (cm4) (MPa) | (MPa) | (MPa)
Nhip f2 ig mt L Itc E fic fic
N1 145161 |9.8596 | 635.939 | 33386248000 | 371494575.1 33541.3 45.6 37.9
N22 147456 |9.8596 | 635.939 | 33386248000 | 372105031.9 34015.7 46.9 38.7
N12 13.3225 [9.8596 | 635.939 | 33386248000 | 368245793.9 31054.9 394 31.2
N13 14.6689 |9.8596 | 635.939 | 33386248000 | 371444086.8 33898.9 46.6 38.4
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s& duoc tinh toan x4c dinh trinh bay tai bang 4.11. Cac chi tiét tinh toan ¢ Phy Luc 4.

Tuong tr nhu muc 4.1.2, cac gi tri f’c & bang 4.3 thay bang c4c f’c trong bang 4.11 dé
tr& thanh mau dau vao cho tmg dung ANN (3).

Strc khang, momen tinh tai DC_DW, momen hoat tai xe cAp phép dung thtr tai c6 két
qua du doan bang ANN theo tmg dung (3) va dugc danh gia xép hang tai RF cac nhip dim
theo TCVN 12882:2020 (KNm) trinh bay & bang 4.12.

Két qua tinh xép hang tai RF theo phan bd ngang ASSHTO ctia cac nhip dam (1, 2, 12,
13) theo trng dung (3) ANN tir cac sb liéu do hinh hoc, cuong do bé tong f'c va dit lidu do
tan s6 rung dong thuc té thé hién hinh 4.4.

XEP HANG TAI RF - UNG DUNG ANN (3)-TAN SO-XE 3 TRUC THU TAI

1.285
1.265 Phan bé ngang ASSHTO

1.245

1.225

1.205

1.185

1.165

1.145

1.125

1.105

1.085

1.065

%832 Xe 3 truc thir tai

1.005

Xé&p hang tai RF

(D1 D2 D3 D4 D5)}D1D2 D3 D4 D5)?(D1D2 D3 D4 D5)13(D1D2 D3 D4 D5)

Hinh 4. 5 Biéu d6 danh gia xép hang tai RF cac nhip dim bang ANN theo tng dung (3).

Bang 4. 12 Péanh gia xép hang tai RF theo xe 03 truc cip phép bang ung dung (3) ANN.

Mé phong ANN dam I thue t& Noi lue dam I theo ANN He sd RF

Nhip Sie Tinh Tinh Cap Stre Tinh | Tinh | Cép | vuottai | xe 3

dam khéne tai tai phép khéne tai tai phép |xe 3 truc | truc
- DC DW 3 truc - DC DW | 3 truc | thitai | thik tai
N1-D1 0.7221: 0.5970: 0.5572] 17454: 3857 : 1036 4164 1. 4685 1.015
N1-D2 0.7163: 0.5935: 0.5546] 17324 3823 | 1029 4142 1 4685 1.034
N1-D3 0.7192: 0.5953: 0.5559] 17390 3840 : 1032 4153 1.4685 1.034
N1-D4 0.7163: 0.5935:0.5546 | 17324 3823 | 1029 4142 1.4685 1.034
N1-D5 0.7280: 0.6005:0.5597 | 17578 3892 : 1043 4187 1.4685 1.016
N2-D1 0.7251: 0.5987:0.5582 | 17535! 3874 : 1040 4174 1.4685 1.017
N2-D2 0.7163: 0.5935: 0.5544) 17340 3823 : 1029 : 4140 1.4685 1.036
N2-D3 0.7163: 0.5935: 0.5544) 17340 3823 : 1029 : 4140 1.4685 1.036
N2-D4 0.7280: 0.6005: 0.5595] 17597 3892 : 1043 : 4185 1.4685 1.038
N2-D5 0.7192: 0.5953: 0.5557] 17406} 3840 : 1032 : 4151 1.4685 1.016
N12-D1 071927 0.5953! 0.5552( 17222} 3840 : 1032 4147 1.1957 1.228
N12-D2 0.7251: 0.5987: 0.5577| 17336: 3874 : 1040 4170 1.1957 1.253
N12-D3 0.7163: 0.5935: 0.5539] 17163: 3823 | 1029 4136 1.1957 1.253
N12-D4 0.7192: 0.5953: 0.5552] 17222 3840 : 1032 4147 1.1957 1.253
N12-D5 0.7280: 0.6005: 0.5590] 17390 3892 : 1043 : 4181 1.1957 1.228
N13-D1 0.7251: 0.5987: 0.5582| 17527 3874 : 1040 : 4174 1.1957 1.249
N13-D2 0.7163: 0.5935: 0.5544) 17333! 3823 | 1029 4140 1.1957 1.271
N13-D3 0.7192: 0.5953: 0.5556| 17399: 3840 : 1032 : 4151 1.1957 1.272
N13-D4 0.7163: 0.5935: 0.5544) 17333 3823 : 1029 : 4140 1.1957 1.271
N13-D5 0.7163. 0.5935: 0.5544| 17333 3823 : 1029 4140 1.1957 1.246

100



4.1.5 So sanh két qua ding 03 g dung ANN ddnh gid xép hang tdi cau dam I DUL

Tir cac danh gia xép hang tai cdu dim I DUL theo TCVN 12882:2020 va MBE bang
phuong phap dung tmg dung ANN (1), (2), (3) da dugc trinh bay tai cac muc 4.1.2, 4.1.3,
4.1.4. Tai myc nay, két qua RF tur cac Ung dung ANN cho hoat tai xe 03 truc thir tai duogc
so sanh ciing nhau s& cho thay hiéu qua, su chinh xé4c ciing nhu sy twong ddng cia cac ng

dung ANN bang biéu d6 tong thé ¢ hinh 4.6, dwgc nhan xét va danh gia nhu sau:

1.275 SO SANH XEP HANG TAI RF - 03 UNG DUNG ANN - XE 03 TRUC THU TAI

1.270
1.265

1.240 —=—RF - f'c 1.244
1.235 —e—RF - b6 vong
1.230 ——RF - Tan s6 1.228

RF - 03 PP ANN
=
N
[
(@)

1.038
1.028 Sai s % max RF

1.022
1.023 \ f'c - DO véng : 1.1% N1D5, N2D1
1.017 f'c-tinsé :1.3% N12D5

1.013 1.015 / -
1.008 \_‘/ 1.013 D6 vong - Tan s6 : 1.6% N2D1D4

1.004
1.001

RF - 03 PP ANN
=
o
=
[0}

(D1 D2 D3 D4 D5) (D1 D2 D3 D4 D5) (D1 D2 D3 D4 D5) (D1 D2 D3 D4 D5)
N1 N2 N12 N13

Hinh 4. 6 Biéu d0 so sanh danh gia xép hang tai RF dam I theo 03 tng dung ANN.

. Véi phuong phap luan an, 03 tmg dung ANN (1), (2), (3) dung dénh gia xép hang tai cau
dam I DUL [21] hoan toan pht hop TCVN 12882:2020 va MBE (Hoa Ky) cho tat ca cac
loai xe tai theo qui dinh, trong d6 c6 xe thir tai 03 truc cip phép theo bang 4.2 1a loai xe
duoc cap phép luu thong dugce dung thir tai cAu thé hién ¢ hinh 4.6.

. Hiéu qua va sy chinh xac ctia phuong phap: trong cong thirc xép hang tai khi gia tri hoat
tai cac xe dung danh gia 16n thi hé sé RF s& nho va nguogc lai. Muc 2.2.2 va hinh 4.2 cho
théy — momen hoat tai xe HL-93 > momen hoat tai xe cdp phép 03 truc > Momen hoat tai xe hop phap
(37 > momen hoat tai xe hop phap [3-s2] thi két qua gi tri xép hang tai s& nguoc lai — RFxe nr-o3
< RF xe cép phép 03 tryc < RF xe hop phap [3] < RF xe hop phap [3-52]-

. Su twong dong ciia phwong phép trong danh gia xép hang tai cdu ddm I DUL: Cuong d6
bé tong f’c dau vao ANN duoc xac dinh bién ddi theo cic phép do tir thir tai thuc té nhu
“sung bat ndy; phép do chuyén vi ding (d6 vong); phép do dao dong (tan sb riéng)”. Két
qua & hinh 4.5 cho thiy, gi4 tri RF tir 03 ing dung ANN c6 sai s6 max: f’c-Do vong <=
1.1% N1D5, N2D1; f'¢-Tan s6 <= 1.3% N12D5; D6 vong-Tan s6 <= 1.6% N2D1D4.
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4.2 So sanh xép hang tii RF cau dim [21] thue tién bing phwong phap ANN véi tinh
tay truc tiép truyén thong, thuat toan hdi quy da bién va FE

Ung dung ANN ciia luén 4n dugc danh gia rd nét sau sic hon bang phép so sanh véi
phuong phap tinh tay truyén thong, thuit toan hdi quy da bién va phan tir hitu han.

4.2.1 Xép hang tdi cau NC thuc té [21] theo phwong phdp truyén thong tinh tay truc tiép

Tir s6 liéu kiém dinh cAu Ninh chit tom tit dung danh gia xép hang tai RF dugc md ta
trong muc 4.1.1 va xe tai dung thir tai thuc t& c6 thong sé & bang 4.2.

Strc khang, momen tinh tai va momen hoat tai cho xe thiét ké HL-93 duoc xac dinh tinh
toan theo chuwong 3, s liéu tinh toan xép hang tai RF dwgc trinh bay trong Phu luc 4 Két
qua xép hang tai RF theo tinh tay truyén théng duoc 14p thanh bang 4.13.

Bang 4. 13 Két qua xép hang tai RF cac nhip dam [21] theo tinh tay truyén thong.

Gia tri Noi luc va RF ciia ddm I DUL bang phuong phap tinh Tay truyén thong
Nhip | Suc khang tir phép do | Tinh | Tinh | Momen hoat tai xe Xép hang tai RF xe thiét
dam thir tai tai | tai thiét ké HL-93 ké HL-93

fc |Povdng|Tan sd DC | DW | f¢ Povong|Tansd| fc  [Po vong Tan sb
N1-D1 17438 17342 174533860 814 | 5345 5348 | 5339 |1.19401.1832 1.1969
N1-D2 [17415: 17325 | 174333853 814 |5336 5339 | 5335 |1.2184 | 1.2081 | 1.2207
N1-D3 | 17422 17320 |17442]3856| 814 |5334| 5337 | 5337 [1.2192| 1.2075 | 1.2207
N1-D4 17416 17324 174323865, 814 | 5340 5343 | 5337 |1.2160] 1.2056 | 1.2185
N1-D5 [|17455; 17351 | 174773856, 814 |5330, 5334 | 5336 |1.1995|1.1879 | 1.2006
N2-D1 17412 17310 {17482]3854 | 814 |5324| 5334 | 5333 [1.1969 1.1837 | 1.2021
N2-D2 17377 17264 17448] 3863 | 814 5324 5328 | 5335 [1.2156| 1.2027 | 1.2208
N2-D3 17388 17334 | 174473869 814 |5346; 5348 | 5337 [1.2110|1.2049 /1.2194
N2-D4 17425 17329 [ 174923871 814 | 5334 5337 | 5337 [1.2176| 1.2066 | 1.2240
N2-D5 [ 17406 17377 {17460( 3853 814 |5349| 5350 | 5333 |1.1907|1.1875 |1.2000
N12-D1|17389: 17423 |17268| 3858 814 5330 5329 | 5329 [1.1924|1.1962 |1.1800
N12-D2 | 17404 17423 | 172883864 814 | 5324 | 5323 | 5331 |1.2186 1.2207 | 1.2045
N12-D3 | 17372 17397 | 172553852 814 |5322 5321 | 5329 |1.2171|1.2200 ;1.2030
N12-D4 |17389: 17420 | 17265| 3858 814 5335 5334 | 5330 |1.2152|1.2187 |1.2030
N12-D5 (17414 17429 [ 172993854 814 5320 5320 | 5330 [11.1979]1.1996 1.1836
N13-D1 17431 17466 |17474|3843| 814 |5341 | 5339 | 5333 [1.1965 1.2004 |1.1982
N13-D2 | 17404 17447 {17440 3870 814 |5355| 5353 | 5336 1.2107|1.2156 {1.2188
N13-D3|17399: 17419 |17451| 3865, 814 [5330: 5329 | 5336 |1.2166| 1.2189 | 1.2207
N13-D4 17391 17418 | 17441| 3862 814 5333 5332 | 5335 |1.2154|1.2185 | 1.2202
N13-D5 17388 17413 {17442 3856 814 | 5324 5323 | 5333 |1.19401.1968 |1.1975

4.2.2 Xép hang tdi cau NC thuc té [21] theo phwong phdp thudt todn héi quy da bién

Muc 3.3.2 d4 trinh bay cac phuong trinh hdi quy da bién cho noi lyc hé thong dam I 1a:
Momen Tinh tai DC: y = -0.03105 + 0.7506188%*x1 + 0.076893*x, + 0.069784*xs.
Momen Tinh tai DW: y = -0.05462 + 0.5303863*x1 + 0.223155*x, + 0.147835*XGs.
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Momen hoat tai xe thiét ké HL-93: y = 0.1461 + 0.154654147*x; + 0.451364*x, -
0.04892*x3 + 0.010312*x4 - 0.01463*xs5 + 0.129069*XG.
Stc khang dam I: y = 0.007811 + 0.8024242*x; + 0.046705*x, + 0.024537*xs -
0.00479*x4 + 0.024238*Xs.
S liéu hinh hoc cdu Ninh Chit, xe thi tai thuc té c6 thong s6 & bang (4.1 va 4.2) va cac
gia trj cudng do f'c két cAu nhip dam xac dinh tir két qua thir tai tinh va déng ¢ muc 4.1.
Két qua xép hang tai RF theo thuat toan hdi quy da bién duoc 1ap thanh bang 4.14.
Bang 4. 14 Két qua xép hang tai RF cac nhip dam [21] theo thuat toan hoi quy da bién.

Gi4 tri Noi luc va RF cta dim I DUL bing phuong phap thuat toan Hoi qui da bién
Nhip | Strc khéng theo phép do | Tinh | Tinh | Momen hoat tai xe thiét| Xép hang tai RF xe thiét
dam thir tai ti | tai ké HL-93 ké HL-93

fc |Povong|Tansé| DC | DW | fc |pgvong| TAnsd | fc  |Do vong| Tnsd
N1-D1 | 16037} 15937 | 16055 | 3419 | 952 | 5358 | 5353 | 5355 | 1.0806| 1.0712 | 1.0832
N1-D2 | 15998 15904 | 16019 | 3409 | 949 | 5344 | 5340 | 5344 |1.1027 | 1.0936 |1.1049
N1-D3 | 16014} 15910 : 16037 | 3414 | 951 | 5346 | 5342 | 5350 | 1.1032| 1.0930 | 1.1049
N1-D4 | 15999 15904 | 16019 | 3409 i 949 | 5345 | 5341 | 5344 |1.1025| 1.0934 11.1049
N1-D5 | 16068 15963 | 16092 | 3428 | 954 | 5361 | 5356 | 5366 | 1.0818| 1.0716 | 1.0832
N2-D1 | 16017} 15918 '@ 16094 | 3423 | 953 | 5349 | 5350 | 5360 | 1.0796| 1.0794 | 1.0773
N2-D2 | 15961 15855 | 16039 | 3409 | 949 | 5331 | 5328 | 5344 |1.1014| 1.0908 |1.1071
N2-D3 | 15970; 15915 16039 | 3409 | 949 | 5345 | 5343 | 5344 [1.0994| 1.0941 | 1.1071
N2-D4 | 16038} 15945 : 16112 | 3428 | 954 | 5359 | 5355 | 5366 | 1.1006 1.0915 ;1.1071
N2-D5 | 15991 15960 : 16057 | 3414 | 951 | 5356 | 5354 | 5349 | 1.0772| 1.0743 | 1.0854
N12-D1| 15978; 16014 : 15866 | 3414 | 951 | 5342 | 5343 | 5334 [1.0786| 1.0783 |1.0801
N12-D2| 16010; 16030 : 15903 | 3423 | 953 | 5347 | 5347 | 5345 [1.1010| 1.1030 :1.0898
N12-D3| 15955 15982 : 15848 | 3409 | 949 | 5330 | 5331 | 5329 [1.1010| 1.1037 |1.0898
N12-D4| 15979, 16013 : 15866 | 3414 | 951 | 5344 | 5346 | 5334 [1.0998| 1.1031 |1.0898
N12-D5| 16028; 16044 : 15921 | 3428 | 954 | 5350 | 5350 | 5351 |1.0797| 1.0813 |1.0684
N13-D1| 16034, 16074 : 16085 | 3423 | 953 | 5361 | 5363 | 5359 [1.0789| 1.0785 | 1.0793
N13-D2 | 15984; 16034 : 16030 | 3409 | 949 | 5352 | 5355 | 5343 [1.0995| 1.1043 |1.1064
N13-D3| 15991, 16013 : 16049 | 3414 | 951 | 5340 | 5341 | 5349 |1.1019| 1.1041 |1.1064
N13-D4 | 15975, 16004 : 16030 | 3409 | 949 | 5338 | 5339 | 5343 |1.1015| 1.1045 |1.1064
N13-D5| 15971, 15999 : 16030 | 3409 | 949 | 5333 | 5334 | 5343 [1.0806| 1.0833 | 1.0847

4.2.3 Xép hang tdi cau Ninh Chit thiee té [21] theo phirong phdp phdn tir hitu han (Midas)

Cin ct tir s6 liéu kiém dinh cau Ninh Chir tém tit dung danh gia xép hang tai RF duoc
mo ta trong muc 4.7.1. Phuong phap phan tir hitu han dugc dung dé mo hinh hod két ciu
bang phan mém Midas nhidm tinh toan hiéu tmg luc va két hop 1y thuyét xac dinh stc khang
ctia toan bo két cdu nhip cau Ninh Chir.

Dé mo hinh hod, cac sb lidu theo s6 do thuc té vé hinh hoc va cac dic trung co ly cua
cau da da duogc thiét 1ap theo s6 liéu trung binh cho ting nhip N1, N2, N12, N13 thé hién
tai bang 4.15 theo sau. M6 hinh hoa va két qua hiéu tmg tai dién hinh trinh bay ¢ hinh 4.7.
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Bang 4. 15 S6 liéu hinh hoc va co 1y két cdu dé mo hinh hoa cau bang PTHH (Midas).

Nhip Vi tri Kich thuwéc mdt cit ngang dién hinh dam 133 cau Ninh Chit (cm)

Dim  |mdt cit H H1 H2 H3 B1 B2 B3 B4
N1 T.binh | L/2 164.9 20.02 11.0 88.9 20.0 84.9 65.0 64.9
N2 T.binh | L/2 165.0 20.12 11.0 88.9 20.1 85.1 65.0 64.9

N12 T.binh| L/2 165.0 19.93 11.0 89.0 20.0 85.0 64.9 65.0
N13 T.binh| L/2 164.9 19.88 11.0 89.1 20.1 85.0 65.0 65.0

Modun dan hoi cdic nhip ciau Ninh Chii theo phwong phdp do (MPa) | Trong luwong don vi dam

Nhip Sung bat ndy Do vong thir tai tinh| Tén s riéng do dong |Ban than | Lop pha| Lancan

Dim | Daml |Binmciu| DamI |Banmcau| DiamI |Banmcau| kN/m | kN/m | kN/m
N1 T.binh | 33755 | 30774 | 31886 | 29070 34137 31124
N2 T.binh | 33332 | 30271 | 31839 | 28925 34642 31472

29.387 | 3.900 | 2.400
N12 T.binh| 33913 | 30187 | 34417 | 30637 31742 28258
N13 T.binh| 33553 | 30440 | 34173 | 31006 34530 31338
a e — - =
b ~ 2 Lnces -""":‘ ’ 3 = \¢ ¢ "
- PEEeS ™ . > s.Im
S o \ 8.Im
= . > 8.Im
S.Im
C =33 E“Er-
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Hinh 4. 7 (a, b)_ M0 hinh hoa va (c, d, e) Hiéu tng tai két cau nhip N1 cau [21] theo fc.
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Két qua hiéu tng tai voi hé sé phan bd ngang theo ASSHTO va két qua xép hang tai RF
bang phan tr hitu han (Midas) cac nhip ciu Ninh Chit trinh bay cu thé tai bang 4.16 va
bang 4.17.

Bang 4. 16 Két qua hiéu tmg lyc HL-93 cau [21] phan tich bing PTHH (Midas).

Hiéu tng tai HL-93 nhip cau NC phan tir hitu han Midas | Momen c6 Phan b6 ngang g | Phan ngang g ASSHTO

Momen | Momen | Momen | Momen | Momen | Momen| Momen | Momen heo g theo
finhtai | finhtai | xe HL- |xe HL-93|xe HL-93| xe HL- |xe HL-93|xe HL-93 g(fc) (do
DC/dam|DW/dam| 93 (fc) |(d6 vong) | (tan's6) |93 (fc) |[(d6 vong)| (tin sb) vong)

kNm kNm kNm kNm KNm | kNm | kNm kNm
N1 | 3856.5| 826.7 |8551.5| 8552.4 | 8552.4 | 5667 | 5670 5667 | 0.663 | 0.663 | 0.663
N2 | 3856.5| 826.7 |8551.4| 8551.3 | 8551.6 | 5665 | 5669 5664 | 0.662 | 0.663 | 0.662
N12 | 3856.5 | 826.7 | 8553.1 | 8552.6 | 8553.1 | 5656 | 5655 5660 |0.661 | 0.661 | 0.662
N13 | 3856.5 | 826.7 | 8552.2 | 8552.2 | 8552.2 | 5666 | 5665 5665 | 0.663 | 0.662 | 0.662

Nhip
dim

g theo
(tAn sd)

Bang 4. 17 Két qua xép hang tai RF cac nhip dim [21] bang phan tir hiru han (Midas).

Gi4 tri Noi lyc va RF cta ddm I DUL bang phuong phap PTHH (phin mém MIDAS) + Ly thuyét
Nhip Stre khang tir phép do | Tinh | Tinh Moqlen hoat tai xe | Xép hang tai RF xe thiét
dﬁfn thir tai (kNm)‘ ’ tai DC |tai DW| thiét ké HL-93 (kI‘\Im), ke HL-93 _
fc |Dovong|Tanso|(KNm)|(kNm)| fc |DPovong|Tanso| fc |D9 vong| Tanso
N1-D1| 17438 | 17342 117453 | 3857 | 827 |5667 | 5670 | 5667 | 1.1248| 1.1145| 1.1262
N1-D2 | 17415 17325 117433 | 3857 | 827 |5667 | 5670 | 5667 | 1.1449| 1.1351| 1.1467
N1-D3 | 17422 | 17320 (17442 | 3857 | 827 |5667 | 5670 | 5667 | 1.1456| 1.1345| 1.1477
N1-D4 | 17416 | 17324 117432 | 3857 | 827 |5667 | 5670 | 5667 | 1.1450| 1.1350| 1.1467
N1-D5| 17455 17351 17477 | 3857 | 827 |5667 | 5670 | 5667 | 1.1265| 1.1154| 1.1286
N2-D1| 17412 | 17310 /17482 | 3857 | 827 |5665| 5669 | 5664 | 1.1225| 1.1116| 1.1296
N2-D2 | 17377 | 17264 (17448 | 3857 | 827 |5665| 5669 | 5664 | 1.1415| 1.1292| 1.1487
N2-D3 | 17388 | 17334 |17447| 3857 | 827 |5665| 5669 | 5664 | 1.1426| 1.1363| 1.1486
N2-D4 | 17425 | 17329 117492 | 3857 | 827 |5665| 5669 | 5664 | 1.1464| 1.1358| 1.1531
N2-D5 | 17406 | 17377 {17460| 3857 | 827 |5665| 5669 | 5664 | 1.1220| 1.1183| 1.1274
N12-D1j 17389 . 17423 17268| 3857 | 827 | 5656 | 5655 | 5660 | 1.1220| 1.1256| 1.1092
N12-D2| 17404 . 17423 17288| 3857 | 827 | 5656 | 5655 | 5660 | 1.1460| 1.1481| 1.1335
N12-D3| 17372 . 17397 (17255| 3857 | 827 | 5656 | 5655 | 5660 | 1.1427| 1.1454| 1.1302
N12-D4| 17389 | 17420 (17265| 3857 | 827 | 5656 | 5655 | 5660 | 1.1444| 1.1478| 1.1312
N12-D5| 17414 . 17429 17299| 3857 | 827 | 5656 | 5655 | 5660 | 1.1245| 1.1262| 1.1124
N13-D1| 17431 ' 17466 ' 17474| 3857 | 827 | 5666 | 5665 | 5665 | 1.1242| 1.1279| 1.1288
N13-D2| 17404 @ 17447 17440| 3857 | 827 | 5666 | 5665 | 5665 | 1.1439| 1.1484| 1.1479
N13-D3| 17399 17419 17451| 3857 | 827 | 5666 | 5665 | 5665 | 1.1434| 1.1457| 1.1490
N13-D4| 17391 17418 17441| 3857 | 827 | 5666 | 5665 | 5665 | 1.1426| 1.1455| 1.1479
N13-D5| 17388 | 17413 17442| 3857 | 827 | 5666 | 5665 | 5665 | 1.1199| 1.1225| 1.1255

4.2.4 So sanh xép hang tdi cau Ninh Chit thuc té [21] bang ANN véi phwong phdp tinh tay trc
tiép, thudt todn héi quy da bién va phan tir hitu han.

Céc két qua xép hang tai RF tir xe thiét ké HL-93 ctia ANN duoc trich tir cac bang (4.4,
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4.9, 4.12); cua phuong phép tinh tay truc tiép, thuat toan hdi quy da bién va phan tir hitu
han dugc trich tir cac bang (4.13, 4.14, 4.17). Biéu dd hinh 4.8 va bang 4.18 s& cho thiy
tong quan kha ning xép hang tai RF cau Ninh Chir thuc té bang ANN so v&i phuong phap
tinh tay truc tiép, thuat toan hoi quy da bién va phan tir hiru han.

Bang 4. 18 % sai s6 RF cau [21] giita ANN_tinh tay hdi quy da bién_phan tir hitu han.

% ty I¢ sai s0 RF giita "mang ANN - phong phap tinh Tay trre tiép" theo hoat tii xe thiét ké HL-93
Phépdo | D1 | D2 | D3 | DA | D5 D1 |D2|D3|D4|D5 DL|D2|D3|D4|D5 DI |D2|D3|D4| D5
f'c 28112941286 277,303 303276264 283 295|288 286291 283|306 311|265|274 277|287
D{ving|2.84 1291 1286 2.74 1313 307 2711262 290 295287 2851291 283|3.05 3.08|265|273 277 288
Tinso | 280 294 285 2771300296277 265 2741293 286291 2.84 1281 |3.15 270|266 272|277 | 287
% ty I¢ sai s0 RF giira "thuat toan Hoi qui da bién - phwong phap tinh Tay tryc tiép" theo xe thiét ké HL-93
f'c  |1049110.49:10.5210.29/10.89 10.8610.38:10.1510.63:10.54/10.56/10.68/10.54/10.49/10.94/10.89|10.11/10.41|10.34/10.49
D ving|10.45 10.47:10.47:10.26,10.85 10.66/10.26:10.1210.54:10.54{10.61 10.67,10.54/10.48/10.94110.96/10.08|10.40/10.32{10.47
Tén s |10.50 10.48,10.48/10.29/10.84/10.90/10.27/10.14/10.56/10.56/10.43/10.52/10.39/10.39|10.78 11.01/10.16/10.33|10.28| 10.40
% tj I¢ sai s6 RF giira "mang ANN - phwong phap Phan tit hiru han (phan mém Midas)" theo xe thiét ké HL-93
f'c 307319327 316,316 3283431309 311 291|312 3.18331/308|3.161302|295|3.37 /332|343
D{ ving|3.06 3.23 1328 320307 311 350315 3.05 2.96(312 3.19/330308|3.17 306|295|3.37 /331|342
Tinso [320 321 3221322/309/3.17/323 /324313322323 3,08 331 3.252.96 3.18|3.24|3.24 324|323

So sanh RF phuwong phap " Mang ANN _ Tinh TAY _ H6i Qui _ PTHH " xe thiét ké HL-93

1.233
1.225
1.217
1.209
1.201
1.193
1.185
1.177
1.169
1.161
1.153
1.145
1.137
1.129
1.121
1.113
1.105
1.097
1.089
1.081
1.073
1.065

Phan bé ngang theo ASSHTO

Xép hang tai RF theo cac phwong phép tinh

1(D1 D2 D3 D4 D5)2(D1D2 D3 D4 D5) 2'(D1D2 D3 D4 D5) 3'(D1D2D3 D4 D5)

~—=— theo tinh Tay_ f'c —eo— theo ANN_ f'c ~—+— theo PTHH_f'c —a— theo Hbi qui_f'c

—=u— theo tinh Tay_ D8 véng —e— theo ANN_Dé véng — — theo PTHH_D® véng —4— theo H&i qui_ D& vdng

««.m-+ theo tinh Tay_ tinsé& ssse+s theo ANN_TAnsd +--*-- theoPTHH_T&nsé  -:-s-- theo H&i qui_tan sd

Hinh 4. 8 Biéu do so sanh xep hang tai RF cau [21] bang tng dung ANN vo6i phuong
phap tinh tay truc tiép, thuit toan hdi quy da bién va phan tir hiru han.

Nhan xét: Tir hinh (4.8, 4.9), bang 4.18 va s6 liéu kiém dinh cau [21] cho thdy: phuong
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phap tinh tay truc tiép truyén thong 1a dya trén co s& co hoc 1y thuyét co ban theo TCVN
11827:2017 va TCVN 12882:2020 ciing nhu cia MBE (Hoa ky) duoc dung dé tinh toan
noi luc két cau va xac dinh xép hang tai RF cho cau. Theo d6, thuat toan hoi quy da bién
va phuong phap phan tir hitu han (Midas) ciing dugc sir dung dé xép hang tai RF cho ciu

[21] thyc té. Két qua so sanh ty 1é sai sé RF nhu sau:

SS sai s6 RF phwong phap " mang ANN _ tinh TAY _ PTHH " xe thiét ké HL-93

1(D1 D2 D3 D4 D5)2(D1D2 D3 D4 D5) 2'(D1D2D3 D4 D5) 3'(D1D2D3 D4 D5)
—&— % sai s0 RF "ANN _ tinh TAY" theo f'c —&— % sai s& RF "ANN _ PTHH" theo f'c
-+-@++ % sai s6 RF "ANN _ tinh TAY" theo dé vBng  ---B-+- % sai s6 RF "ANN _ PTHH" theo dé véng
—e— % sai s6 RF "ANN _ tinh TAY" theo tin s6 —&— % sai s6 RF "ANN _ PTHH" theo t3n s&

Hinh 4. 9 Biéu dd so sanh % sai s6 xép hang tai RF c?u} [21] bang Gmg dung ANN véi
phuong phap tinh tay truc ti€p va phan tr hiru han.
ANN _ tinh tay truc tiép truyén thong: (2.62 + 3.15)%.
ANN _ phan tir hitu han: (2.91 + 3.50)%.
Hbi quy da bién _ tinh tay tryc tiép truyén théng: (10.08 = 11.01)%.
Phan tich binh luin vé xép hang cau RF cho 3 tmg dung ANN, phuong phap truyén
théng, phuong phap hdi quy da bién va phuong phap PTHH.
« Bai toan thyc té ding theo md hinh gdc ctia phuong phap
- Phuong phap truyén théng dung nhat boi tinh theo cong thirc ham toan hoc.
- ANN thtr hai theo luan dn nghién ctru chi 0.
- Phuong phép PTHH la thtr ba dugc luan an trinh bay.
- Phuong phép hdi quy da bién c6 do chinh xac cudi cung.
« Bai toan thyc té can su linh hoat cia m6 hinh ctia phwong phéap dé phu hop, néu co
- ANN s& ¢ d6 chinh x4c cao hon nita néu c6 sy tham gia ctia nhiéu tham sé cu c6 anh
huong dén danh gia xép hang tai nhu: cac tham sb diéu kién bién, co 1y vat liéu cho sy suy
thoai két cau hodc thém nhiéu tham sb hinh hoc khac.

Diéu nay s& lam cho ANN chan doan chinh x4c hon bgi thém thong tin hoc tir dau vao.

107



Nhung mang s& van hanh ton nhiéu tai nguyén va mat nhiéu thoi gian béi dir liéu mau 16n
nén khéi luong tinh toan xir 1y 16n.
- Phuwong phap PTHH 1a thtr hai, khi c6 su cap nhat lai mo hinh két ciu theo diing thyc té
1am viéc cta két cau cau. Nhung ciing chi pht hop cho mé hinh c4p nhat riéng biét do.
- Phuong phéap hoi quy da bién néu dya trén bo dit liéu mau trains cia ANN, nghia 13 ¢c6
thém bién s6 phu hop thi phuong trinh chan doan ciing tiém cin muc tiéu hon.
- Kha nang phuong phap truyén thong tinh toan trén mo hinh chuan nén do chinh xac s&
khong cao khi diéu kién thuc té cta két ciu thay ddi.

Nhan xét:

Vi phan tich binh luan cho hai truong hgp néu trén thi ANN véi bo dir ligu mau hé
thong dam I c6: di cac tham sb cau c6 kha ning anh huong dén kha nang 1am viée thuc té
cau; dai gia tri do cac tham s6 cau du rong dé mé ta duoc suc khang va hi¢u Ung tai c6 thé
xay ra trong thuc t&; ANN sé& chan doan chinh x4c nhat cho bai toan thuc té.

Két qua phuong phap nghién ctiru tng dung ANN dung xép hang tai RF cho cau trong
thuc tién 13 hiéu qua va muc chinh x4c cao.

4.3 Kiém chirng 2 - Panh gia xép hang tai cAu dim [7] thue té bang ANN
4.3.1 Pdnh gid xép hang tdi cau dam [7] thuc té theo TCVN 12882:2020

Cau Pai Pong xdy dung nam 2007 huyén Tt ky tinh Hai Duong véi s6 liéu tir Bao céo
két qua Kiém dinh _ Thur tai [7] do Céng ty CP Tu Van Kiém dinh XD Nam A thuc hién
thang 12 nam 2023 duoc st dung nham dé danh gia xép hang tai ciia cau bang phuong
phap tng dung ANN ciia luan 4n. Cau Dai Pong duoc mo ta tom tit nhu sau:

. Két cau 01 nhip: sb luong dam chu 133 = 05; bé rong ciu = 12m. Lan hoat tai = 02 lan.
. Tham sb cuong dd fc, chiéu cao dam va tan s6 nhip cau Pai Pong theo bang 4.19.

Bang 4. 19 Cudng do f’c dam va mit ciu, tan sb nhip N1, cao didm cau PP (ngudn [7] ).

Két céu nhip Dam Ban mit cAu Nhip N
Thong 6 do fc 1\/1‘0.dun dan| fc Mgdun dan | Tansd |Cao dam|K.cich dam| Day ban me
(MPa) | hoi (MPa) | (MPa) | hoi (MPa) | (Hz) (cm) (cm) (cm)
Vil | 571> | 99220 | 3537 | 30068 | 4087 | 1650 | 2400 20.0
Vi tri 2 55.41 37634 36.39 30498
Trung binh | 56.28 37927 35.88 30283 4.082 | 165.0 240.0 20.0

Str dung cac co sé tinh toan trong ung dung (1) va Ung dung (3) ctia muc (4.1.2, 4.1.4),
momen quan tinh mit cat ngang cau Itc dugc xac dinh, theo d6 cuong do f’c ciia két cau

nhip ciing duoc xac dinh theo tan s riéng f cia cau tir do thuc té tai bang (4.20 va 4.21).
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Béang 4. 20 Momen quan tinh /i tai L/2 mat cat ngang ciu [7] theo do thuc té.

Momen | DimI33 | Binmit | Batong | B&tong |BE tong| Thép Doc|Thép Dim (Gia Cuing| Onggel |Vikachén| Dimllién
quintinh | nguyén | cdu | lancan |VénKhuon|Asphalt| banmc |chi&dai| L/2 | capDUL | capDUL| hop (mmd)
Ky hiéu (cmd) | Ig Ime llc Ivk las It It lge It Ive Itc
N1 30117419 | 13597225 | 7968620 | 3949833 |1248511| 911334 | 1652094 | 6817868 | 2184138 | 1032470 | 695201032956
Ky hiéu Ei Eg Emc Elc Evk Eas Eth Ecd Ege Egl Eve Etc
gidtri(Mpa) | Eg Emc Elc 22610 | 4000 | 197000 | 197000 Eg | 197000 | 39162 Etc

Bang 4. 21 f’c két ciu nhip cau [7] dugc xac dinh theo két qua thi tai dong thuc té.

Kétcdu|Tansorung| S6 | Khoilwong | Chicudai [Momen quan tinh Module dan| Cudng do bé tong
thir tai |do dao dong| Pi fodn ciu, nhip tinh todn, | ngang caul/2, | hoi nhip, | Nhip Dém L,| Mt cau,
dong | tils2, | I (daN.szlcm) (cm3) (cmd) (MPa) |(MPa)|(MPa)| (MPa)
Nhip f2 G mt L® ltc E fc | fc | fc
N1 |16.66272419.8596| 635.939 |33386248000| 347600516 41148 | 62.27|67.56| 43.07

Gia tri dau vao ANN dung xép hang tai RF cau [7] duoc thanh lap theo bang 4.22.

Bang 4. 22 Pau vao mang stc khang-tinh tai-hoat tai tién xir Iy [0.2+0.8] cau [7] .

S6 | Cao | Day | Day | fc | fc |Cwly] S6 | Cao | Day | Day | fc | fc | Culy

Nhip N1 |Ian tai| dim |ban me|Ip phibinme| dim | dAm |lan tai| dAm |banme |16p phii|binme | dim | dim
S0 liéu tham s0 Thue do hién truwdng S0 liéu tham s Tién xir Iy ANN

o f 1650 200 | 70 | 3588 |56.28 | 240 | 0.2 {0.8000(0.3714 | 0.3714|0.7935 | 0.8073 | 0.7077

Tansodo| 2 11650 200 @ 70 | 4307 | 6756 240 | 0.2 |0.8000| 0.3714 | 0.3714 | 1.1859 | 1.1017 | 0.7077

Két qua mo phong ANN, tinh toan ndi luc va xép hang tai RF theo bang 4.23.

Béng 4. 23 Gia tri md phong ANN-ndi lyc-danh gia xép hang tai RF cau [7] .

Nhip Phuong | Sirc Tinh

Tinh

Capphé

p
N1 phéap do | khang | tai DC | tai DW | 3 truc
Mo phong| Pofc | 0.7664| 0.7221| 0.5970| 0.5511
ANN |Tansb do| 0.7737| 0.7221| 0.5970| 0.5507
Giatri | DPofec | 17366 3857 | 1036 4112
Noi lwe |Tansd do| 17519 3857 1036 4108
Danh gia xép hang tai RF Po fc Dam 1.5274
theo TCVN 12882:2020 cho |—xoug | 1.4974
cau DD bang mang ANN Tan s6 Dam. 1.5502
) ) do ngoai | 1.5198

Biéu d6 danh gia xép hang tai RF cau [7] bang xe cAp phép TCVN12882:2020, & hinh 4.10.

Két qua mo phong & hinh 4.10 cho thiy gia tri RF tir 02 tng dung ANN c6 sai s6 <= 1.5%.
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Xép hang tii RF - xe cﬁp phép 03 truc_ phép do e va Tan sb riéng
1.56
Phan bé ngang 1.550 1.550 1.550
1.55 ASSHTO
[V
& 1.54
8
E} 1.53
1.520
_E’ 1.52 1.520
wa1.51
> RF Xe cap phép - f'c
1.50
L.ag7 === RF xe cip phép - Tén s 1.497
1.49
D1 D2 D3 D4 D5

Hinh 4. 10 Biéu do két qua xép hang tai RF theo xe cip phép 03 truc cau [7] .
4.3.2 So sanh xép hang tai RF cau dam [7] bang ANN véi tinh tay va FE
Hiéu tng tai tir xe thiét ké HL-93 bang PTHH (Midas) cau [7] thé hién bang 4.24,
Béng 4. 24 Hiéu tng tai tir xe thiét ké HL-93 bang phan tir hitu han cau [7] .

Hiéu tng tai HL-93 cau DD theo PTHH Midas Mormen c6 Phin bd ngang g ASSHTO

Momen | Momen | Momen | Momen | Momen | Momen
finhtai | tinhtai [xe HL-93|xe HL-93| xe HL- |xe HL-93 (F0)
DC/dam | DW/dam | (Fc) | (tansd) | 93 (fc) | (tan sd)

kNm kNm kNm kNm kNm kNm
N1 3857 827 8558 8558 5599 5595 | 0.6543 | 0.6537

Nhip
dam

gtheo | gtheo
(tan s0)

Két qua xép hang tai va ty 18 sai sb % RF cau [7] biang ANN, phuong phép tinh tay truc
tiép, phan tir hitu han dugc tinh toan tai bang 4.25 va biéu do so sanh két qua xép hang tai
RF ciu [7] giita cac phuong phap trinh bay & hinh 4.10.

Bang 4. 25 Sai s6 % RF xe HL-93 gitra ANN - tinh tay - phan tir hitu han cau [7] .

I o g Ty 16 sai s0 %

Phurong Strc khing tr | Tinh | Tinh | MomenHT xe| RF xe thiétké| RF- mang ANN RFANN tifh
ip ti ip dim | phépdo thir téi | tai | i | thiétké HL- HL- iétké HL- -

phap tinh | Nhip dam | phép dothirtai | i | tai | thietkeé HL-93 93 |xethiétké HL-93 Tayva PTHH"

RF 1 r DC DW 1 4 \ r 1 4 1 r

fc |Tanso fc |Tanso| fc |Tanso| fc |Tanso| fc |Tanso

tinh Tay |Damtrong| 17366 | 17519 | 3857 | 814 |5268 | 5263 |1.228211.2461] 1.1921 | 1.2100| 2.94 | 2.90
truyén thong| Dam ngoai | 17366 | 17519 | 3857 | 814 | 5268 | 5263 [1.2041(1.2216] 1.1688 | 1.1862| 2.94 | 2.90
Phantir |Damtrong| 17366 | 17519 | 3857 | 826.7 | 5599 | 5595 |1.1538/1.1703] 1.1921 | 1.2100| 3.21 | 3.27
hiruhan |Damngoai| 17366 | 17519 | 3857 | 826.7 | 5599 | 5595 | 1.1312)1.1474| 1.1688 | 1.1862| 3.21 | 3.27

Nhan xét: Két qua tir hinh (4.11, 4.12), bang 4.25 va s6 liéu kiém dinh cau [7] cho thiy

tuong tu nhu trong so sanh cau [21] , ty 18 sai s RF nhu sau:

ANN _ tinh tay truc tiép truyén thong: (2.90 = 2.94)%.
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ANN _ phan ttr hitu han: (3.21 + 3.27)%.

RF - mang ANN - tinh TAY - PTHH - xe HL-93 cho (f'c & Tan sd)

s <124 1228 1228 1228 1.246 1.246 1.2
E-EEY) 1.222
L = 1204 1210 1210 1210
5@ 1.20 1192 1192 1192 1185 L186
oo 2118 1163 1.169 1170 1170 _1.170
S & 1.154 ¢
&£ 1.16 1154 1154 1154 114 1147
a3 ,
& 2114 11 Phan bé ngang ASSHTO
X 2112
(D1 D2 D3 D4 D5) (D1 D2 D3 D4  D5)
Phép do f'c truc tiép Phép do Tan sé riéng
—=&— tinh Tay o—mang ANN —4—Phan tlir HH

Hinh 4. 11 Biéu d6 so sanh RF tir xe HL-93 theo ANN - tinh tay - PTHH cau [7] .

% LOi RF - mang ANN _ tinh TAY _ PTHH - xe HL-93 cho (f'c &T4n sd)

3.34
¥ 328 | 3505 3215 3215 3215 3215 6@ 68
o 3.22 ° ° ° ° o~ 3275 3275 3.275 3275 3.275
@ 316
3 g-(l)g —=—9% sai 56 RF - ANN - tinh Tay — % sai s& RF - ANN - PTHH
X 208 2036 2936 2936 2936 2936
@ 992 " . = I——I\2-§9_7_iﬁ97 2.297 2.297 2'297
2 2.86 | Phan b ngang ASSHTO

2.80

(D1 D2 D3 D4 D5) (D1 D2 D3 D4 D5)
Phép do f'c truc tiép Phép do Tan s riéng

Hinh 4. 12 Biéu dd % sai s6 RF tir xe HL-93 theo ANN - tinh tay - PTHH céu [7] .

Hinh 4. 13 Thir tai dong trén mit cat ngang cau Pai Pong [7] .

Thém mot so sanh xép hang tai RF cho cau dam [7] trong thuc té khac, ¢ thé noi ing

dung ANN xép hang tai RF cho cau trong thuc tién 1 hiéu qua va chinh x4c cao.
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4.4 Panh gia tng dung ANN cho xép hang tai cAu dim I thyec tién

ANN dugc xay dung trong chuong 3 ciia luan 4n di thuc hién viéc danh gia xép hang
tai RF cho cau Ninh Chir thue té tai muc 4.2 1a loai mau ciu ddm [ DUL déng dang voi hé
thdng mau nhung khong thudc trong bd mau cau ding huin luyén. Tir cac biéu d6 hinh
(4.8,4.9,4.11,4.12) cho théy ANN cua nghién ctru ludn an da danh gia tdt cac cau dam I
c6 trong thuc tidn. Cac cau [21] va [7] dwoc danh gia co tham sb cau lam dau vao ngau
nhién va cu thé trong do dac va thir tai két ciu nhip cau.

Cau [21] va[7] 1a cac cau dam I DUL trong thyc tién giao thong & Viét nam chwa duoc
xéc dinh kha ning két cdu va thoi gian hoat dong ciia cau. Qua trinh danh gia xép hang tai
cau theo diing tiéu chuan TCVN 12882:2020 va MBE (Hoa ky), viéc tht tai cau da sir dung
xe tai thuc té dugc cap phép dé thir tai kiém dinh.

Pénh gia xép hang tai cho cau [21] va[7] dang tinh chit mo6 phong ctia ANN cho céc

cau dam I ngoai hé thong hudn luyén, hoan toan pht hop yéu cau thyc té kinh té x4 hoi.

Hinh 4. 14 Cau Ninh Chit [21] _ xép xe 3 truc thuc té dé thir tai ding tAm trén ciu
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Hinh 4. 15 Cau Pai Pong [7] _ xép xe 3 truc thyuc té dé thir tai dng tAm trén cu

4.5 Phan tich d9 nhay cho danh gia xép hang tai RF ciu dam [21] bing ANN

Bai toan phan tich d§ nhay sé& lugng ho4 dugc sy anh huong cta tirng bién tham sd cau
t61 két qua xép hang RF, cac bién tham sb c6 mirc do anh huong nhiéu nhét ti an toan cia
két cAu duge xéac dinh, cac tham sb khong anh hudng cling dugce xac dinh va xem nhu 1a
nhirng yéu td xac dinh. Va do nhay cua cac tham sb s& phu thudc vao muac do bat dinh
(uncertainty) cta bién tham sé do.

a/ Phan tich d0 nhay anh hudng cta cac tham )

Luan an s€ phan tich do nhay toan cuc theo phuong phdp phuong sai (phuong phap
Sobol) ctia cac bién tham s6 hinh hoc va do cing két cau cho xép hang tai cau dam I véi
mo hinh thay thé (Surrogate) danh gia bang mé phong ANN.

Phwong phap Monte Carlo — Saltelli (Sobol)

Phuong phép nay tao mot chudi cac diém phan bd ngiu nhién trong khong gian don vi
d chiéu (chudi gia ngiu nhién), thudng thay bang cac chudi c6 d6 1éch thap dé dat hiéu qua
cua céac uodc lugng, 1a phuong phap Monte Carlo gia dinh. Cac budc tinh:

Tao ma tran mau Saltelli c6 kich thudc (N x d), (N >20.000 mau) trong siéu khong gian
d chiéu c6 phan phdi xac suét bién dau vao. Chon N = 10° = 100.000 mau; d = (X1, X2, X,
X4, X5) 05 bién tham s cau theo hinh 4.16, gia tri bién d6i lién tuc xoay quanh gia tri tham

s6 gdc dam 133 DUL [21] va gia tri duoc mé rong nhiéu ¢& dam I lién hop mat cau.
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Tham s Cao dim | Day bme | febme | f'cdim | KC dim | |Tham sb | Cao dim|Déy bme| fc bme | fodam [KC dim| |Tham 6 |Cao dém| Day bme|fe bme| fc dam KC dam
Bén | X ol X o X | X% bén | X | X | X3 | XM XS bign | XI | X2 | X3 | X4 | X5
1 1645 | 145 b £yl 2395 1 138 | 185 | 295 | 395 190 1 138 185 27 37 190
1 1646 | 196 B £ 2396 2 141 19 296 | 396 195 2 141 19 28 38 195
] 1647 | 197 b} b 197 3 144 | 195 | 297 | 397 | 200 3 144 195 | 29 39 | 200
4 1048 | 198 30 4 2158 4 147 20 298 | 398 | 205 4 147 20 30 40 | 205
5 1049 | 199 3 41 2389 5 150 | 2035 29 399 1 210 3 150 20.5 31 41 210
b 1050 | 200 3 Ty) 200 6 153 21 30 40 215 6 153 21 32 42 1 215
7 1651 | 01 B LA 101 7 15 | 215 | 300 | 400 | 220 7 156 215 33 43 220
§ 1052 | 02 k) 44 202 8 159 22 302 | 402 | 223 8 159 22 34 44 1 225
9 1653 | 203 35 45 203 9 162 | 225 | 303 | 403 | 230 9 162 225 35 45 1 230
10 | 16854 | 204 36 45 204 10 165 23 304 | 404 | 200 10 165 23 36 46 | 240

Hinh 4,. 16 Dit liéu bién lién tuc tao ma tran - Ma tran Saltelli va ANN,mé phong RF—
Déam I ¢6 dinh hinh hoc, m¢ rong f’c (trai) - Dam I mé rong hinh hoc, ¢6 dinh f°c (gitra) -
Dam I hinh hoc mé rong, mé rong f°c (phai).

Thanh 13p ma tran A va ma tran B déu 14 hai ma tran doc 1ap (Saltelli) sao cho cac hang
& ma tran (A & B) c6 cac bién tham sb déu doc 14p v6i nhau. Tao d ma tran (N x d), A,
voii=(1,2,..., d), sao cho cot thir i cia Ap' 12 cot thir i cuia B, va cic cdt con lai l[a tir A .

Pénh gia mé hinh cac ma tran Saltelli bang Surrgate (md phong ANN).

Danh gia mo hinh theo RF cho cac ma tran A, B, va Ag', As?, As®, Ag*, Ap® bang mo
phong ANN 13 ham thay thé (Surrogate). Cac ANN 4p dung 13 sirc khang (5-21-1), tinh tai
DC-DW (3-10/20-1), hoat tai HL-93 (6-24-1).

Biéu do phén tan céc gia tri RF cho cac ma trin A, B, Ag!, As?, Ag?®, As?, Ap® trinh bay
tai cac hinh 4.17 cho dam 133 DUL nhu [21].
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Hinh 4. 17 Biéu do phan tan gia tri RF cac ma tran SALTELLI.

Tinh toan cac chi sb Sobol _ Cong thire Saltelli (2002).
Chi sb thtr nhat:

1 .
N N_l B); ALY — f(A);
Si = Vary,(Ex_(Y|X) = w2 /@) ), ~f@);)

Var(f ()
Chi s6 tong thé:
b (e gy L IR, AR’
i = Ex_(Vary, (Y1X) = )

Trong d6 Var (f (X)) dwoc wée lwong tir tat ca mau.
b/ Két qua phan tich do nhay thé hién ¢ bang 4.26 va hinh 4.18
Do nhay cac bién tham s cau tuong tac nhau trong mé hinh xép hang tai RF cho thy:

« Cho loai ddm I DUL lién hop ¢ dinh (I33, mat cau 20cm), cuong do £ ¢ mo rong:

+ Tham sb do cung “f’c ban mat cAu” ¢6 anh hudng cao nhat dén momen dam I, d6 nhay
dat (78—79)/100, vuot trdi so voi tham sd dd cing “f’c dam” lién ké (12—14)/100. Tham s6
hinh hoc (chu yéu 12 ban mit cau) c6 anh hudng nhung d6 nhay nhé < 5/100.

+ Tang kha nang chiu lyc cua dam I lién hop ¢6 dinh (dAm dinh hinh) trong két cAu nhip
thi “f’c ban mit cau” c6 tdm anh huong cao nhét hon “f’c ddm”, 1a tham sb can ti wu nhat
trong linh vuc thiét ké, thi cong, van hanh bao tri cau.

« Cho loai ddm I DUL lién hop mo rong kich thudce hinh hoc, cuong d6 f'c ¢b dinh:
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+ Tham sd hinh hoc “chiéu cao dAm” c6 anh huong cao nhéat dén momen dam 1, d6 nhay
dat (~ 56)/100, ké dén 1a tham sé hinh hoc “khoang cach dim” d6 nhay dat (~ 42)/100,
tham s6 d6 cimg “f’c dAm” va “f’c ban mit cau” khong c6 anh huong. Tham s hinh hoc
chiéu day ban mit ciu c6 anh hudng nhé ~ 1/100.

+ Kha ning chiu lyc cia dam I lién hop trong két cau nhip thi tham s6 hinh hoc “chiéu
cao dim” can toi vu nhét, ké dén tham sb “khoang cach dam”, tham sé “chiéu day ban mat
cau” c¢6 anh hudng rat nho, cho trong linh vuc thiét ké cau.

« Cho loai ddm I DUL lién hop mé rong kich thude hinh hoc, cuong d6 £ ¢ mo rong:

+ Tham s6 hinh hoc “chiéu cao ddm” c¢6 anh hudng cao nhét dén momen dam I, do nhay
dat (~ 54)/100, ké dén 13 tham s hinh hoc “khoang cach dam” d¢ nhay dat (42-43)/100,
vuot troi so v6i tham sé do cung “f’c dam”, “f’c ban mat cau” chi co do nhay (~1/100).
Tham sé hinh hoc chiéu day ban mit ciu c6 anh hudng nhé (~ 1/100).

+ Piéu nay chimg to, kha niang chéng uén ciia dam bé tong ¢t thép chinh 1 nho vao
chiéu cao dam nguyén, thé hién qua cong thirc momen chdng uén c6 tham sb chiéu cao
binh phuong va day 1a tham s can t6i wu nhat trong linh vuc thiét ké cau liic ban dau.
¢/ Xéac dinh dd nhay toan cuc theo phuong phép Phuong sai (phuong phédp Monte carlo)
v6i hd tro ANN mé phong ¢6 vu diém:

- Po nhay tinh theo phuong sai két qua tot va tong chi sé do nhay theo (Si va Sti) déu < 1.
Phan anh sy m6 phong cua ANN c6 d6 chinh xac cao.

- ANN dung 14 ham thay thé (Surrgate) danh gia wu viét hon cac ham hoi quy tuyén tinh
va phi tuyén thuong dung. Tinh nhanh va xir 1y khéi luong 16n.

- ANN két hop phuong phap Monte Carlo — Saltelli d& phan tich d6 nhay mét cach hiéu
qua, nhanh chong véi dir lidu du 16n dé c6 kha ning két luan mirc 6 anh huéng cta cac

tham s0 cau tac dong dén kha nang chiu tai ctia cong trinh cau.
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Bang 4. 26 Phan tich d6 nhay toan cuc theo Monte Carlo - tham sO cau thir ty cao hon-
Dam I ¢6 dinh hinh hoc, mé rong f’c (trén) - Dam I mo rong hinh hoc, ¢6 dinh f’c (gitra)-
Dam I hinh hoc mé rong, mé rong f’c (dudi).

Bién 50 X, X, X, X, X; Tong
[f(A) & f(B)]tb 11700 | 11700 | 1.1700 | 11700 | 1.1700
Var (fA) & f(B)) 527E-05| 5.27E-05| 5.27E-05| 5.27E-05| 5.27E-05
f(Bn) * (RAYg ) - flam) -6.30E-06| 1.94E-06| 3.69F-05| 6.49E-06| 1.39E-06

1o ;
__ﬁ2j=1f(B}j(f(AIB)]‘_ﬂ:A)j) -0.11968 | 0.03688 | 0.70085 | 0.12328 | 0.02640 | 0.88741
b Var(f(A)&f(B))
S, - Do nhay (%)
(fran) - A5 )y 1.60E-06 | 1.83E-06 | 4.22E-05 | 6.62E-06 | 1.58E-06

0.00 4.16 78.98 13.89 2.98 100.00

L on M)’
_ﬁxi=l(f(An}_r(ABn) 0.03033 | 0.03469 | 0.80073 | 0.12579 | 0.03005 | 1.02159

Sri = Var(f(A)&f(B))

St; - PO nhay (%) 2.97 3.40 78.38 | 1231 2.94 | 100.00
Bién 50 X1 X2 X3 X4 X5 | Tong
[f(A) & f(B)]tb 1.1637 | 1.1637 | 1.1637 | 1.1637 | 1.1637 | 1.1637
Var(f(A) & f(B)) 0.0094 | 0.0094 | 0.0094 | 0.0094 | 0.0094 |0.0094

fBn) * (AY;,) - f(An)) 0.003600 | 0.000078 |0.000003| 0.000000 |0.002699
,=%E?=1f(3)i(f(Al‘3)i_f(A)i) 0.3840 | 0.0083 | 0.0003 | 0.0000 | 0.2878 | 0.6804

' Var(f(A)&f(B))

Si - P nhay (%) 56.43 1.23 0.05 | -0.01 | 4230 | 100
(f(An) - fAVg))2 0.003661 | 8.648E-05 |0.000001| 3.1E-08 |0.002765
S,:%Ziil(fm)i_f( 'Bn))z 0.3905 | 0.0092 | 0.0001 | 0.0000 | 0.2948 |0.6947

! Var(f(A)&f(B))
STi - Do nhay (%) 56.21 1.33 0.02 | 000 | 42.44 | 100
Bién 56 X1 X2 X3 X4 X5 | Tong
[f(A) & f(B)]tb 1.1637 | 1.1637 | 1.1637 | 1.1637 | 1.1637 | 1.1637
Vai(f(A) & f(B)) 0.0094 | 0.0094 | 0.0094 | 0.0094 | 0.0094 | 0.0094
f(Bn) * (A",) - f(An) 0.003552 | 0.000046 |0.0000590.000009 |0.002830
SF%E}L f(B);(fAB); — f(A);) 0.3788 | 0.0049 | 0.0063 | 0.0010 | 0.3019 |0.6928
Var(f(A)&f(B))
Si - Do nhay (%) 54.68 0.70 090 | 0.14 | 4357 | 100
(f(An) - fAY5 )2 0.003625 | 9.026E-05 [0.000080| 3.6E-06 |0.002852
%ziNﬂ(f(A)i_f( iﬂn))z 0.3866 | 0.0096 | 0.0085 | 0.0004 | 0.3042 |0.7093
5 = : : : : : :
! Var(f(A)&f(B))
STi - D6 nhay (%) 54.51 1.36 120 | 005 | 42.89 | 100
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PO NHAY THAM SO CAU THEO PP. SOBOL BANG MO PHONG "ANN DAM |

€O DINH HINH HOC - MO RONG F'C
100.00

[l Dd nhay tham sé theo chi sé Sobol Si B Pd nhay tham s8 theo chi s8 Sobol STi

Do nhay %
[=2]
o
o
[=]

' 40.00
20.00 13.89 1231
0.00 297 4.16 3.40 . . 2.98 2.94
0.00 ’ — N e —
Cao dam Day ban MC f'c ban MC f'cdam K. cach dam

Céac tham s dau vao ANN x&p hang tai cho cau

PO NHAY THAM SO CAU THEO PP SOBOL - MO PHONG ANN
DAM | MO RONG HINH HOC - €O PINH F'C

60.00 ——sgas

sc.21 D& nhay tham sé theo chi sé Sobol Si
50.00 B P& nhay tham s& theo chi s& Sobol STi
42.30 42.44

3 40.00
>
£ 30.00
c
Q-
@ 20.00

10.00

1.23 1.33 0.050.02 0.00
0.00 E— -0.864— —

Caodim Daybidn MC f'c bAn MC flcdam K. cdch dam

-10.00
Céc tham s8 dau vao ANN x&p hang tai cho cau
PO NHAY THAM SO CAU THEO PP SOBOL - MO PHONG ANN
£0.00 DAM | MO RONG HINH HOC VA F'C

54.68 l D6 nhay tham s& theo chi sé Sobol Si

50.00 54.51  mPs nhay tham sd theo chi sé Sobol STi -
S 43.57
X 40,00
=
c 30.00
Q-
@ 20.00

10.00

0.70 1.36 0.901.20 0.14 0.05
0.00 — —

Caodam Dayban MC f'c ban MC f'edam K. cdch dam
Cac tham s dau vao ANN xép hang tai cho cau

Hinh 4. 18 Biéu d6 Sié nhay toan cuc — Monte, Carlo Saltelli - Dérp I ¢6 dinh hinh hoc, mé
rong ¢ (trén) - Dam [ m& rdng hinh hoc, c6 dinh ¢ (gitra) - Dam I hinh hoc mé rong,
mo rong ¢ (dudi).
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4.6 Hiéu qua hoc siu dao tao ANN (02 — 03) 16p xép hang tiai RF chu dim I

ANN voi két ndi day du 02 16p, tuy dao tao va md phong cic nhém tham sb chinh cho RF
cau thé hién hiéu suét tot, du doan dau ra mang chinh xac nhu chuong 3 va chuong 4 trinh
bay. Nhung dé ting hiéu suit dao tao cia ANN, hiéu qué hoc sdu trong huin luyén cia ANN
duoc phan tich tudng minh trong muc nay. ANN 03 16p voi hon mét tang 4n so ANN 02 16p,
c6 s6 lwong bac ty do trong md hinh cao 1a yéu t6 vuot troi trong kha ning dé hoc t6 hop
phi tuyén sdu cta hé thong mau khi cac ham dich cua hé thong nay c6 d phirc tap va tinh
phi tuyén cao. Uu viét hon khi bo kich thuéc mau dung huan luyén khong 16n, kha ning
hoc sau phi tuyén cua ANN 03 16p cang thé hién t6i wu hon. Nhung v6i hé thdng mau va
ham dich don gian, m6 hinh ANN 03 16p kha nang khong hiéu qua hon so ANN 02 16p, co
thé xay ra hién tugng hoc qua khép (Overfitting).

Pé chimg minh cho hiéu qua hoc sdu trong ddo tao mang cia ANN 3 16p so voi ANN 2
16p cho xép hang tai RF, theo cac hinh (3.12, 3.13, 3.14, 3.17, 3.18, 3.19), céac tiéu chi,
tham s6 mang va tham s6 k¥ thudt dao tao dugc xem xét va danh gia nhu:

o Kién triic mé hinh ANN:

« 86 lwong no-ron trong Iop dan;

o Gid tri t6i wu ham sai sé6 muc tiéu;

« 86 vong ldp dao tao t6i wu;

« Kiém chitng mé phong xép hang tdi RF cho cau Ninh Chit.

a/ Kién triic mé hinh ANN

Kién traic ANN ANN 2 16p ANN 3 16p
|||||||1 lllllllll 1T “ll!i'"lllllllllll lllllllll {1 lllu»»lllllllllll lllllllll

Ham kich hoat Sigmoid _‘A | _A | __A

Hinh 4. 19 Ham kich hoat Sigmoid cua ANN riéng biét (2 va 3) 16p

Ham kich hoat Sigmoid c6 chirc ning chuyén hoa dit liéu mang tir dang tuyén tinh sang
phi tuyén. Vi mang c6 hai 1an sir dung ham Sigmoid, kha ning nhan dang tinh phi tuyén
sau hon so v&i dung mdt ham Sigmoid, hinh 4.19.

b/ S6 lwong no-ron trong I6p dn

Sb luwong no-ron trong 16p an 1a thé hién qué trinh dao tao ANN sao cho mang dat dén

muc ti€u cuc ti€u toan cau.
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Bang 4. 27 S6 luong no-ron trong 16p 4n cia ANN riéng biét (2 va 3) 1ép

Tham s6 mang ANN riéng biét ANN 2 16p ANN 3 16p
Strc khang 24 21
S6 lugng no-ron | Momen tinh tai DC 10 8
trong 16p an Momen tinh tdi DW 20 12
Momen HL-93 21 15

O bang 4.27, theo cac mo6 hinh mang sirc khang, momen tinh tai DC-DW, momen hoat

tai HL-93 nhan thiy, s6 lwong no-ron trong 16p 4n cia mang 3 16p déu it hon so v6i mang

2 16p. Chung to ANN 316p kha nang hoi tu nhanh hon va hoc sau hon ANN 216p.

¢/ Gia tri ham sai sO muc tiéu toi vu

Bang 4. 28 Gia tri ham sai s6 muc tiéu cia ANN riéng biét (2 va 3) 16p

Tham s6 e MAE % RMSE %
o ANN riéng biét - - ; :
ky thuat ANN 2 16p | ANN316p | ANN 2 16p | ANN 3 16p
Giatri | Strc khang 0,0206 0,0108 0,0533 0,0225
ham sai | Momen tinh tai DC 0,0040 0,0043 0,0037 0,0033
sd muc | Momen tinh tai DW 0,0060 0,0050 0,0043 0,0038
tiéu Momen HL-93 0,0095 0,0021 0,0098 0,0053

O bang 4.28, theo cac mo hinh mang sitc khang, momen hoat tai HL-93, nhan thay, gia
trj ham sai s muc tiéu ctia mang 3 16p déu nho hon so véi mang 2 16p. Piéu nay ching to
ANN 3 16p kha nang dao tao c6 do chinh xac cao hon hon ANN 2 16p. Véi cac mé hinh
mang momen tinh tai DC-DW, ANN 2 16p c¢6 do chinh xac twong dong ANN 3 16p.

d/ S6 vong lap ddo tao t6i wu

Bang 4. 29 S vong lap dao tao tdi uu ctia ANN riéng biét (2 va 3) 16p

Tham s6 ky thuat ANN riéng biét ANN 2 16p ANN 3 16p
Strc khéang 1591 868
S6 vong lip dao tao | Momen tinh tai DC 654 100
t6i wu Momen tinh tai DW 583 20
Momen HL-93 1000 361

Ciing ¢ bang 4.29, theo cac mo6 hinh mang strc khdng, momen tinh tdi DC-DW, momen
hoat tai HL-93, nhan théy, s6 vong 1ap dao tao tdi wu cua mang 3 16p déu nho hon so véi
mang 2 16p. Diéu nay ching to ANN 3 16p kha ning dao tao hoi tu nhanh hon va hoc sau
hon ANN 2 16p.

e/ Két qua mé phéng boi ANN 02 16p va 03 I6p va tinh Tay cho cau Ninh chi sau:
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ANN (02 — 03) 16p tbi wu thu duge sau dao tao tai chuong 3, dung mo phong strc khang,
hiéu tng tai trong, va so sanh hiéu suit v6i phuong phép tinh tay cho cau [21]

Bang 4. 30 M6 phong stc khang- hiéu tmg tai theo ANN (02-03) 16p va tinh tay cau [21]

_ tinh Tay truyén théng ANN 2layer ANN 3layer
ﬁ:}f Stre | T.tai | T.tai| Htai | Stee | T.tai | Totai | Hitai | Swee | Totai | T.tai | Ho.tai
khang | DC | DW |HL93 |khang | DC | DW |HL93 | khang | DC | DW [HL93
N1-D1 | 17438 3860 : 814 | 5345 [17439: 3857 1036 | 5341 | 17439 3857 | 1036 ; 5342
N1-D2 | 17415] 3853 | 814 | 5336 (17308 3823 1029 5308 | 17353 3824 | 1029 : 5312
N1-D3 | 17422 3856 : 814 | 5334 (17370 3840 1032 ; 5318 | 17392 3841 | 1032 : 5320
N1-D4 | 17416 3865 ¢ 814 | 5340 [17300: 3823 . 1029 . 5310 | 17355 3824 { 1029 | 5313
N1-D5 | 17455] 3856 © 814 | 5330 (17554 3892 | 1043 | 5358 | 17507 3890 | 1043 : 5356
N2-D1 | 17412 3854 : 814 | 5324 [17460: 3874 . 1040 : 5337 | 17438 3873 | 1040 : 5337
N2-D2 | 17377 3863 | 814 | 5324 (17273 3823 : 1029 : 5204 | 17316 3824 | 1029 : 5207
N2-D3 | 17388 | 3869 ;| 814 | 5346 (17285 3823 : 1029 : 5314 | 17329 3824 : 1029 ; 5317
N2-D4 | 17425] 3871 ; 814 | 5334 (17523 3892 | 1043 | 5358 | 17480 3890 | 1043 ; 5356
N2-D5 | 17406 3853 ; 814 | 5349 (17354 3840 : 1032 | 5335 | 17377, 3841 | 1032 ; 5337
N12-D1 || 17389 | 3858 . 814 | 5330 [17336: 3840 | 1032 | 5315 | 17358 3841 | 1032 ; 5317
N12-D2 | 17404 | 3864 . 814 | 5324 (17453 3874 | 1040 | 5335 | 17431 3873 | 1040 ; 5334
N12-D3 || 17372 | 3852 . B14 | 5322 [17268: 3823 1029 5203 | 17310 3824 : 1029 : 5296
N12-D4 || 17389 | 3858 : B14 | 5335 [17338: 3840 ; 1032 5318 | 17360 3841 | 1032 : 5320
N12-D5|| 17414 | 3854 ¢ B14 | 5320 [17510: 3892 ; 1043 ; 5346 | 17467 @ 3800 ; 1043 : 5344
N13-D1 || 17431 | 3843 | 814 | 5341 |17481: 3874 | 1040 5354 | 17459 3873 1040 : 5353
N13-D2 || 17404 | 3870 : 814 | 5355 [17300: 3823 : 1029 . 5322 | 17345 3824 : 1029 | 5325
N13-D3 || 17399 | 3865 . 814 | 5330 [17348; 3840 : 1032 : 5312 [ 17370 3841 : 1032 | 5313
N13-D4 17391 | 3862 . 814 | 5333 [17286; 3823 { 1029 : 5302 | 17330, 3824 | 1029 | 5305
N13-D5 || 17388 3856 ; 814 | 5324 [17282; 3823 | 1029 5205 | 17326 3824 | 1029 ; 5208
SO SANH SU'C KHANG THEO ANN "2 LOP - 3 LOP" / TINH TAY
17580
17530
E 17480
<
% 17430
2 17380
-
& 17330
v
17280
17230
1(D1 D2 D3 D4 D5)2(D1D2 D3 D4 D5)12(D1 D2 D3 D4 D5)!3(D1 D2 D3 D4 D5)
—e—tinh Tay ——ANN2I6p —8—ANN 3 lop

Hinh 4. 20 Biéu d6 mé phong strc khang theo ANN (02-03) 16p va tinh tay cau [21] .
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SO SANH MOMEN HL93 THEO ANN "2 LOP - 3 LOP" / TINH TAY
5370

5360

5350
5340
5330
5320
5310

Momen xe HL93 (kNm)

5300

5290

5280

1(D1 D2 D3 D4 D5)’(D1 D2 D3 D4 D5)'?(D1 D2 D3 D4 D5)'3(D1 D2 D3 D4 D5)
—e—tinh Tay —&—ANN 2Il&dp —8—ANN 3 lop

Hinh 4. 21 M6 phéng momen hoat tai HL-93 theo ANN (02-03) 16p va tinh tay cau [21] .

SO SANH TINH TAI DC THEO ANN "2 LOP-3 LOP" / TiNH TAY

(D1 D2 D3 D4 D5)?(D1 D2 D3 D4 D5)3(D1 D2 D3 D4 D5)'3(D1 D2 D3 D4 D5)

—e—tinh Tay ——ANN2Idp —8—ANN 3lop

Hinh 4. 22 M6 phong momen tinh tai DC theo ANN (02-03) 16p va tinh tay cau [21] .

SO SANH TINH TAl DW THEO ANN "2 LOP-3 LOP" / TINH TAY
1050 - - .

— 1000
5
=
= 950
=
[mn]
S 900
£
o
= 3s0

800

1(p1 D2 D3 D4 DS)3(D1 D2 D3 D4 D5)2(D1 D2 D3 D4 D5)'3(D1 D2 D3 D4 D5)
—e—tinh Tay o ANN 2 lédp ——ANN 3 lop

Hinh 4. 23 M6 phéng momen tinh tai DW theo ANN (02-03) 16p va tinh tay cau [21] .
» Dai lugng stic khang:
- Ham dich phirc tap, tinh phi tuyén cao, udc tinh an s6 ctia cac tham s6 ~ 100. Ham dich
c6 bac ham an cao > 2 va cac an twong tac nhau.

- Kién triic mang c6 5 dau vao, kich thudc 80.640 mau. Két qua dio tao tir hinh 3.18 thay:
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+ ANN tdi rru: (5-21-1) 2 16p va (5-15-15-1) 3 16p.

+ Bac tu do ciia mo hinh:

(5x21+214+21+1) = 148 (2 16p) va (5x15+15+15x15+15+15+1) = 346 (3 16p).

- M6 phdng gié tri Stc khang:

Trén biéu d6 hinh 4.20, duong ANN 3 16p gan duong tinh tay hon so v6i duong ANN

02 16p. Chénh I¢ch gia tri m6é phéng cia ANN (02 - 03) 16p ~ 50 kNm.
Danh gia:

Tir mo phong & hinh 4.20, dudng gia tri strc khang ANN 03 16p (xanh réu) lién ké duong
gia tri strc khang tinh Tay (d6) hon so véi duong gia tri sttc khang ANN 02 16p (xanh ma).
Diéu nay cho thiy, m6 hinh ANN 03 16p d3 hoc sau hon, biéu thi tinh phi tuyén, nim bat
dugc cac mdi lién hé phic tap cta cac tham sb cau trong mau dao tao nén khai quat hoa
mo hinh t6t hon va mé phong c6 do chinh xac cao hon ANN 02 16p.

Vay v6i ham dich phtrc tap va kich thuéc mau nhu trén (80.060 mau). M6 hinh ANN 03
16p c6 05 dau vao, sd bac tu do 346, thuc su phu hop dé hoc sau va kha nang nhan dang
phi tuyén cao trong mé hinh.

» Dai luong tinh tai DC, DW:

- Ham dich khong phirc tap, tinh phi tuyén thap, wéc tinh an s ciia cac tham s ~ 40. Ham
dich c6 bac ham an 13 2 va cic 4n tuong téc it.

- Kién triic mang c6 03 dau vao, kich thudc 560 mau. Két qua dao tao tir hinh 3.12 thay:

+ ANN t6i uu:

2 lop: DC (3-10-1) va DW (3-20-1) va 3 16p: DC (3-8-8-1) va DW (3-12-12-1).

+ Bac tu do ctiia mo hinh:

2 16p: DC (3x10+10+10+1) = 51 va DW (3x20+20+20+1) = 101.
3 16p: DC (3x8+8x8+8+8+1) =105 va DW (3x12+ 12x12+12+12+1) = 205.
- M6 phong gid tri momen tinh tai:

Trén biéu do hinh 4.22 va hinh 4.23, dudng ANN 03 16p tring dudng ANN 02 16p, theo
tinh t&i DW va sét nhau, theo tinh tai DC, c¢6 chénh I¢ch mo6 phong gia tri ~ 1 kNm.

banh gia:

Tir mo phong nhu hinh (4.22, 4.23) chi 1d ANN 02 16p du kha ning hoc dé khai quat
hoa mé hinh va mé phong do chinh xac twong dong véi ANN 03 16p.

Véi ham dich khong phtec tap, phi tuyén khong cao, kich thuéc miu dao tao nho (560
mau) thi cAn mo hinh ANN 02 16p don gian ciing c6 kha nang khéi quat hoa mé hinh. Do
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vay, m6 hinh ANN 03 16p tuy ) lugng bac tu do cao hon nhung hi¢u suat mo phdng cling
khong hi¢u qua hon.

» Dai luong Hoat tai HL-93:

- Ham dich phtec tap, tinh phi tuyén cao, wéc tinh an sb cta cac tham sb ~ 200. Ham dich
c¢6 bac ham an cao >2 va cac an tvong tac nhau nhiéu.

- Kién trac mang c6 6 dau vao, kich thudc 242.060 mau. Két qua dao tao tir hinh 3.14 thay:

+ ANN t6i wu: (6-24-1)2 16p va (6-21-21-1)3 16p,

+ Bac tu do cia mo hinh: (6x24+24+24+1) =193 va (6x21+21+21x21+21+21+1) =631
- M6 phéng gia tri momen HL-93:

Trén biéu d6 hinh 4.21, duong ANN 03 16p gan duong tinh tay hon so véi duong ANN
02 16p, nhung gia tri chénh léch mo6 phong cia ANN (02 - 03) 16p bé ~ 3 kNm.

banh gia:

Két qua mo phong & hinh 4.21 cho thdy, m6 hinh ANN 03 16p c¢6 khai quat hoa nhung
thé hién quan hé phi tuyén khong cao hon va chénh 1éch gia tri mé phong momen hoat tai
HL-93 14 rat nhé.

Véi dau vao 06 tham sd, kich thuéc miu ddo tao rat 16n (242.060 mau), ANN 02 16p c6
s6 bac tu do 193 thé hién kha nang hoc sau va khai quat tot dé mo phong dau ra ¢6 do chinh
xéac cao gan nhu voi ANN 03 16p. Diéu nay cho thay, v6i s6 lugng dau vao kha du va kich
thudc mau huin luyén 16n, mdt ANN 02 16p s& du kha ndng hoc sau, nam bat duge quan
hé phi tuyén va khai quat t6t cho mé hinh mang.

17 So sanh xép hang tdi RF cho cau [21] theo ANN (02 — 03) I6p va tinh tay
Céc két qua mo phong suc khang va hiéu tng tai tir cac ANN (02 — 03) 16p va tinh Tay
theo bang 4.30 dugc tinh dé xac dinh RF cau [21], va thé hién bang biéu do hinh 4.24.

SO SANH XEP HANG TAI RF THEO "ANN 2 LOP & 3 LOP - TINH TAY"
1.23
1.22
121
&
b 1.20
2119
s
<=
g 118
=
117
116
1.15
i(p1 D2 D3 D4 D5)2(D1 D2 D3 D4 D5)2(D1 D2 D3 D4 D5)3(D1 D2 D3 D4 DS5)
—e—ANN 3layer —=—ANN 2layer —e—tinh Tay

Hinh 4. 24 Biéu d6 xép hang tai RF theo ANN (02-03) 16p va tinh tay cau [21] .
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Biéu d6 ¢ hinh 4.24 cho thay ANN 03 va 02 16p rat tuong dong chan doan, do chinh xac
mang ctia ANN 03 16p t6t hon ANN 02 16p nhung khéng nhiéu (ty 18 RF ~ 0.0035 %).

Gia tri RF tuy khong dugc dao tao truc tiép bang ANN. Nhung thong qua cac dai lugng
sttc khang va hiéu tmg tai duoc mo phong, ANN 3 16p di thé hién hiéu qua tbt trong hoc
sau, khai quat t6t hon, cudi cung xac dinh xép hang tai RF chinh xac hon ANN 02 16p.

DANH GIA CHUNG:

Tu cac két qua dugc trinh bay va phan tich trong cac tiéu muc (a/, b/, ¢/, d/, e/) cia muc
4.6 nay, nhan dinh dua dén két luan sau:

- ANN c6 thé ndm bit duogc tinh chit phi tuyén phirc tap cao trong cic mo hinh nhu strc
khang va momen hoat tai. Cu thé, ANN 3 16p véi loi thé nhiéu hon mot 16p an, dir liéu
mang khi dao tao s& dugc chuyén hoa hai 1an khi két hop ham kich hoat sigmoid trong mdi
16p an. O 16p an 1, dir liéu vao tuyén tinh s& chuyén thanh phi tuyén qua ham kich hoat
sigmoid 1. O 16p an 2, dif lidu vao phi tuyén s& chuyén thanh phi tuyén cao hon qua ham
kich hoat sigmoid 2.

- Téc d6 hoi tu cia ANN 3 16p nhanh hon ANN 2 16p trong qué trinh ddo tao mang. Piéu
nay thé hién cu thé & cac tham sb mang va tham ) k¥ thuat dao tao mang nhu: ) luong
no-ron trong 16p 4n nho hon; sd lugng vong 1ap sau dao tao it hon (sé liéu & céac tiéu muc
b/, d/).

- P9 chinh x4c cho chin doan dau ra theo dit liéu dao tao mang cua ANN 3 16p cao hon
ANN 2 16p duoc thé hién qua cac gia tri ham sai s6 muc tiéu t6i wu 1a nho hon nhu tiéu
muc ¢/ trinh bay.

- Kiém chimng bang mo phong gia tri thyuc té cho cau Ninh Chit [21] theo tiéu muc e/ cho
thay ANN 3 16p da chan doan gia tri strc khang va momen hoat tai duoc so sanh véi phuong
phap tinh tay truyén thong, co sai sé nho hon so véi ANN 2 16p. Véi chan doan gia tri
momen tinh tai DC-DW, ANN 3 16p c6 sai s6 twong dong ANN 2 19p.

Cubi cung co thé két luan ca hai ANN (02 — 03) 16p déu c6 kha ning chan doan xép
hang tai RF cau dam I DUL rat chinh xac va hiéu qua. ANN 3 16p véi loi thé vé kién trac
mang (3 16p so 2 16p) kha ning hiéu qua cao hon nita trong danh gia xép hang tai RF cau
dam I DUL, 1a su wu viét cua viéc ung dung mo hinh ANN trong luan an.

4.7 Thao luin danh gia phwong phap nghién ctu luin 4n xép hang tii RF ciu dam I

Phuong phap nghién ctru cta luén an dugce trinh bay trong cdc muc cta chuong 3 va

chuong 4 da duoc kiém chimg xép hang tai cho hai cau dam I thuc té. Muc thao luan danh
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gia phuong phap nghién ctru ludn an dé thdy duoc nhiing ton tai han ché cling nhu anh
huong 1o nét hon cua viéc hinh thanh dir liéu mau hé théng, chon tham s6 cau dau vao,
xac dinh bién do gia tri cua dir liéu, hudn luyén dao tao dir lieu mang va danh gia hiéu
qud, khd ndng mé phéng dit liéu thuc té ngoai mang ... Trén quan diém gop y khoa hoc va
thuce tién, cac van dé cot 16i ctia phuong phap nghién ctru luan an dugc nhin rd, hiéu chinh
bd sung cac yéu tb tich cuc mang tinh khoa hoc s& gitip phat huy hiéu qua hon trong danh
gia ciu cta phuong phap nghién ciru trong trong lai.
i./ Hinh thanh dir liéu mdu hé thong dam I DUL theo TCVN 11823:2017
TON TAI HAN CHE:
- H¢ théng mau dit liéu ddm I DUL cua luan an chua c6 dit liéu mau tir thuc nghiém thi
tai cau. Bai thuc trang danh gia cau & Viét Nam méi duge cht trong gﬁn day nén dir liéu
thyc nghi¢m thu thap khong nhiéu va d@)ng bo.
- 6 chinh x4c chan doan ciia cac ANN riéng biét (stirc khang va hiéu img tai) phu thudc
do chinh xac cua cong thirc TCVN 11823:2017.
- Cong trinh cau dugc thiét ké theo tiéu chuan khac véi tiéu chuan TCVN 11823:2017 s&
khong duoc danh gia chinh xac bang nghién ctru nay. Can diéu chinh twong dong giita hai
tiéu chuan bang mot hé sé nhét dinh sau khi mé phong ANN cac dai lugng stc khang va
hiéu trng tai.
SUA POI DU LIEU MAU HE THONG:

- Dit liéu thuc nghiém tir kiém dinh cau s& duoc thu thiap dé bd sung vao bd dir liéu mau
hé théng dam khi phuong phap nghién ctru ludn an duoc ap dung cho cong tac quan 1y cau.
- Truong hop hai cau diam Ninh Chit va Dai Dong sau khi kiém chimg, dit liéu dau vao va
két qua mo phong s& duoc bd sung vao hé thong dit liéu mau dam I DUL cua lun an.
ii./ Tham s6 cau dau vao cho bé dir liéu mau hé Zhéng dam I

Co s& dau tién va quyét dinh cho viéc xdy dung mot ANN. La nhiing thong tin “can”
dé mang hoc, ndm bt tinh phi tuyén, tim hiéu quy luat mo hinh toan sy vat, khai quat hoa
mo hinh mang dé mé phong muc tiéu c6 d chinh xAc.

» Vi du cu thé cho strc khang:

- Cong thitc tiéu chudn: M,, = Apqfps (d, —2) + 0.85£ (b — b, )i by (2 — L)

2 2
- ANN khong 1a mot ban chat vat Iy nhung chan doan nhu 1a mot xap xi ham. V&i phép
anh xa hoan toan theo cong thirc tiéu chuan, thi ham an f{xi) dugc gia dinh nhu sau:

My, = flfa féamer fpsr by bw, ha, by dp, Aps, a, L]
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- Phuong phép nghién ctru ludn én chon:
M, = flhq, hf'fd"fc,.BMC' b]
(chiéu cao dam (hy); chiéu day bme (Af); f’c bme; f’c dam; khoang cach dam (b))

PHU HOP:
- Tham s6 cau dau vao duoc luan an lya chon phu hop hoan toan véi cong thure tiéu chuan
ctia strc khang va doc 1ap nhau, dé dang x4c dinh trong qua trinh do dac thir tai cau.
- Céc tham sb cau khong dugc chon (tru bé rong suon dam 1, b,,) phu thudc vao tham sb
chiéu cao dam (hq), khong phut hop dé tinh toan dai lwong dau ra cho thiét 1ap h¢ thong dir
liéu mau dam.
- (hg: hf> b) 12 nhitng tham s6 hinh hoc chinh va cc tham sb hinh hoc phu khéc, s& dai dién
cho su bién d6i vé tiét dién cua két cau thuc té (sai l¢ch thi cong hoac khiém khuyét).
- (f’c ban mdt cdu; f'c dam) 1a nhitg tham sb co 1y vat liéu, s& dai dién cho sy bién ddi vé
cudng do cua két cau (sai léch thi cong hodc suy giam cuong do theo thoi gian hodc do
moi truong tac dong).

TON TAI HAN CHE:
- Khong thé hién hét ban chat vat 1y thuc ciia sirc khang trong ANN. Nhiéu tham sd mang
tinh chét vat 1y rd nét trong cong thirc ciia sirc khang nhung khong chon lam tham sé dau
vao, nhu:

Cuong do chiu keo cap DUL (fys);

Dién tich cap DUL (4);

Bé rong suon dam I (b,,);

Chiéu cao ngau lyc momen uén (dp);

Chiéu cao khdi tng tmg chiu nén cua bé tong dam (a) ...

— vi vy kho biéu thi hét cac dic tinh cua strc khang nhu: niit bé tong, bién dang ... néu
xét vé linh vuc co hoc.
- Piéu kién bién (d6 cting lién két gbi) ciing 1a thong sé anh hudng hiéu g hoat tai (nhat
1a tan s rung) khong 13 tham s dau vao.
— tham s6 nay tuy khong tryc tiép anh huong dén sirc khang nhung tric tiép tac dong

dén momen hoat tai vi mo hinh két ciu thay doi, vi vay hé s6 RF s& bj anh huong.
- Tham s6 cau dau vao it mang s€ it c6 thong tin hoc:

+ Kha nang khai quat hoa khong cao, hoi tu kho dat cyc tiéu toan cau.
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+ Mang khé hoc sau dugc quan hé phi tuyén giita cac tham s, do chinh xac ctia mo
phong kém.

» Truong hop cho momen hoat tai, xem xét tuong tu nhu strc khang
iii./ Bién do gia tri tham $6 cau dau vao cho bé dir liéu mau hé théng dam

Bién d¢ gia tri cuia cac tham sb cau dau vao duoc thiét lap nham tao nén sb luong mau
cho hé théng mau dit liéu dam 1, co s6 hinh thanh nén su khai quat hoa ctia mo hinh va do
chinh x4c mé phong chan doan ctia ANN.,

DPam bao kha ning bao phu dé cin danh gia xép hang cho tat ca tiét dién dam trong thuc
té tir md hinh ANN duoc xay dung, theo bang 3.1.

PHU HOP:
- V6i gia tri dir liéu hé thong mAu kha ning bao pha 16n, ANN sé it danh gia kha ning
"ngoai suy" (dit liéu danh gia nam ngoai gia tri khung dit liéu hé thong mau) va danh gia
kha nang "ndi suy" chinh xac hon.

Theo trén 1a wu diém cho thuc té danh gia cAu. Nhung véi luan an, goc do nghién ctru,
phuong phap nghién ctru s€ c6 tai nguyén dir li€u 16n, kho khan van hanh may tinh trong
dao tao ANN. Vi¢c nay thuc sy phu hop khi phuong phép nghién ciru dugce 4p dung cho
cong tac quan 1y cau.

TON TAI HAN CHE:
- Khung gia tri ctia cic tham sd dau vao v6i budce sb con rong, tham sé hinh hoc 13 1cm,
cudng do bé tong 13 2 MPa. Thuc té trong kiém dinh, sai s6 do hinh hoc trong tiét dién dam
la Imm va cudng do bé tong 1a 0,1 Mpa.

— Piéu ndy lam mang s& md phong chan doan "ndi suy" c6 sai sé nhiéu hon.

- Do bao phu ciia khung gia tri tham s6 cau van con thiéu so cong trinh cau thuc té.

Pa phén cau thuc té ¢6 chiéu day ban mat cAu < max 25¢m. Hodc chiéu day ban mat cu
1a 16cm < (18-25) cm; khoang cach dam 1a 160cm < (185-250)cm. Hoidc f'c cia két cau
trong thuc té ché tao thi cong co sai s so thiét ké rat 1on (5-10)%.

— Truong hgp nay mang s& mo phong chan doan qua "ngoai suy", kha ning sai s6 16n
néu tinh khai quat hoa khong cao.

iv./ Pao tao ANN cho xép hang tdi RF cau va ddnh gid hiéu qua

Luén an da trinh bay hoan tat viéc dao tao mo hinh ANN 2 16p va 3 16p cho dit liéu mau

hé théng dam I DUL, thu duoc ANN tdi uu riéng biét vé strc khang va hiéu tng tai dé xép

hang tai RF cau. Két qua clia mang sau ddo tao:
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PHU HOP:
- Pdng loat, nhanh trong vai gidy mé phong chan doan cho dir liéu mau ngoai mang (tests):
16.128 mau cia stc khang va 48.412 miu ctia momen hoat tai.
- D6 chinh xac mo phong dit liéu ngoai mang (tests) duge so sanh véi thuat toan hoi quy
da bién, ty 16 ANN/hoi quy: 1/299 theo strc khang, 1/(1642; 2676) theo tinh tai va 1/(596 —
893) theo hoat tai.
— ANN c6 d6 chinh xac vuot trdi so v6i hoi quy da bién.
TON TAI HAN CHE:
- Chua dugc so sanh v6i cac mo hinh hoc may khac nhu bang 1.2 chuong Téng quan céc
phuong phap nghién ciru xép hang tai cau trén thé gidi gisi thicu.
Nguyén do: dé tai luan an dugc c6 y tudng vao cac nam (2018 dén 2020), tai thoi diém
nay cac mo hinh hoc may khac chua phat trién manh.
- ANN 12 “hop den” (black box) s& khong cho giai thich 1d két qua dau ra tir gia tri dau vao.
Va chua dugce tiéu chuén hoa.
- D6 tin cay va an toan cia ANN phu thudc hoan toan vao sy chinh x4c cta dit liéu mau
dao tao (it hodc khong nhiéu) va qua trinh huan luyén mang dé dat cuc tiéu mong mudn.
v./ Khd ndng mé phéng dix liéu thiee té ngoai mang hudn luyén dao tao
Luan 4n d trinh bay kiém chimg xép hang tai cho hai cau dam I thyc té (Ninh Chir va
Dai Pong), di so sanh véi cic phuong phap truyén théng (Iy thuyét, phan tir hiru han, hoi
quy). Nhan dinh danh gid sy mé phdng nay cua phuong phap nghién ctru sau:
PHU HOP:
- Panh gia cau thyc té hoan thanh bang moé phong chan doan cho céac dir liéu mau ngoai
mang co gia tri “ndi suy” va “ngoai suy’’.
- P6 chinh x4c cua phuong phap nghién ctru so véi cac phuong phap truyén thong khac
la nhé hon 3,5%.
THAO LUAN THEM VE TON TAI:
» Suy giam kha ning chiu luc hodc bién d6i mé hinh két ciu theo thoi gian (ké ca sai pham
trong thi cong) cua cAu, s& tao nén cac tham sd ciu co gia tri dot bién kho xé4c dinh, s& c6
hoic khong cé trong pho gia tri mau hé théng dao tao.

Vi du, dit liéu mau thudc cau thyc té (Ninh Chir) ¢6 gia tri tham sd nhu bang dudi 1a:
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Nhip Sé Cao | Day | Day | fe fe |Cyly
d:’l“r.n lan tai d:’l:m ban me lo’p phi| bin mc| dam | dam
S0 liéu tham s0 Thyre do hién trwong

N1-D1 2 165.0 : 200 70 37.05 : 43.60 | 240
N1-D2 2 164.8 1 200 70 37.05 : 4440 ¢ 240
N1-D3 2 164.9 : 200 70 37.05 : 4520 ¢ 240
N1-D4 2 164.8 : 200 70 37.05 : 4410 ¢ 240
N1-D5 2 165.2 : 200 70 37.05 : 45.60 : 240

Hodc dit liéu mau thudc cau thuc té (Pai Déng) cO gia tri tham s6 nhu bang dudi la:

S6 | Cao | Day | Day | fc | fc |Culy
NhipN1 {lan tai| dim |bén me|l6p phi| banme| ddm | dim
S0 liéu tham s6 Thire do hién trwdng
Pofc | 2 11650 200 | 70 @ 3588 | 56.28 | 240
Tansodo| 2 1650 200 70 | 4307 | 67.56 | 240

Theo nhu cic bang trén minh ching, cac tham s6 gid tri s6 1é 12 khong thudc dir liéu hé
théng mau dao tao (“ndi suy” hodc “ngoai suy”).

Céc gid tri theo bang nhu: 165,2cm > (110-165)cm ; (37,05 va 43,07)MPa > (25-36)MPa
: (56,28 va 67,56)Mpa > (33-56)MPa theo nghia bong 13 “ngoai suy” déu 13 nhiing gia tri
nam ngoai bién dg gia tri h¢ théng dir liéu mau dao tao mang.

— mang da chan doan hoan thanh dau ra bang su khai quat hoa ctia mé hinh.

» Truong hop két cau xudt hién céac dang hu héng cuc bd phuc tap hodc cac kich ban td
hop tai trong bat 1oi ma chua duoc dua vao tap mau huin luyén ban dau, c6 thé ung dung
linh hoat tuy céc truong hop sau:

» Khiém khuyét vé hinh hoc:

Hién twong nay s& lam momen quan tinh toan ciu giam va thir tai tinh s& c6 d6 vong 16n
hon. f’c xac dinh theo tng dung 1 va (2 hoidc 3) s& khong twong dong, 1éch nhau 5. Kho
xéc dinh tan s6 cho trudong hop nay.

. Tai mit cit L/2: do kich thudc hinh hoc, tinh momen quén tinh mat cat L/2, do do
vong bang tht tai tinh.

— sir dung tmg dung ANN 2 dé x4c dinh tham s6 cdu dau vao va xép hang.

. Khong tai mat cat L/2: thuc hién nhu tai mat cat L/2 va noi khiém khuyét. Danh gia
anh huong su khiém khuyét dén d6 vong va momen quan tinh toan cau theo giai tich.

— sir dung tmg dung ANN 2 dé xac dinh tham s6 cau dau vao va xép hang.

= Suy giam vé cuong do két cau:

. Suy gidm lyc cang cap (an mon hodc tut neo ...): hi¢n twong nay khong suy giam

f’c két cau (kiém tra bang sung bat nay), kiém tra do vong tang 1én thay rd, nghia 1a lam
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momen udn giam (strc khang giam). f’c xac dinh theo ing dung 1 va (2 hoic 3) s& khong
turong dong, 1éch nhau 3.

— SUr dung ung dung ANN (2 hodc 3) dé xac dinh tham s6 cau dau vao va xép hang
tai theo d6 déu kha dung.

. Suy giam cudng do do tir bién hodc méi trudng tac dong: hién twong nay lam suy
giam f’c két cdu (kiém tra bang sing bat ndy), kiém tra d6 vdng ting 1én thiy rd. f’c xac
dinh theo tmg dung 1 va (2 hoic 3) s& twong déng nhau.

— Sir dung céc tmg dung ANN (1, hodc 2 hodc 3) dé x4c dinh tham sé cdu du vao
va xép hang tai theo d6 déu kha dung.

a Thay d6i vé diéu kién bién:

La nhiing hién twong ma dé citng goi dé, lién két dau dam (ngam ctng mot phan hay
toan b lién két) thay doi. O day, hinh hoc tiét dién dam va co 1y vat lidu khong anh hudng,
momen hoat tai s& bién d6i 16n nén xép hang tai RF thay d6i.

Trudng hop nay, khong cé dir lidu dau vao dé tng dung phuong phap nghién ciru cua
luan 4n. Pé giai quyét van dé nay can phai xay dung bo sung thém dit liéu hé théng miu
dam theo nhitng tham s6 cau cho van dé nay.

= Thay ddi t6 hop tai trong bét loi:

O day s& c6 hai van dé thao luan, phuong phap nghién ctru xép hang tai RF cho cau dam
BTCT theo TCVN 12882:2020 va xe cap phép 3 truc. Vi vay, v6i cac loai xe tai khac dé
danh gia cau can phai co sy bo sung va diéu chinh trong dit liéu hé théng mau dam.

. Xe tai khong theo TCVN12882:2020:

Xay dung dir 1iéu hé théng mau dam theo tai trong truc xe va momen hoat tai cho xe tai
nay va bo sung vao dit liéu hé thong mau. Panh gia cau bang phuong phap nghién ciru luan
an véi dir liéu hé thong mau dim bd sung cho loai xe tai méi nay.

. Xe tai nhu TCVN 12882:2020 va xe cap phép 3 truc nhung tai trong truc khac nhau,
bt loi hon:

Pénh gia cau voi dit liéu hé thong mau dam theo TCVN 12882:2020 va xe cap phép 3
tryc bang phuong phap nghién ctru lusn an. Diéu chinh chénh 1&ch 1a ty sb giita tong tai
trong cua xe tai thuc va xe tai theo TCVN 12882:2020 thanh mot hé sb. Hé sb nay sau do

dieu chinh vao céc gia tri mo phong ciia ANN riéng biét.
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Két luin Chuong 4

Chuong nay da sir dung ANN tré thanh mét phuong phap méi dé danh gia xép hang tai
RF cho cau dam I DUL.

Phuong phap nghién ctiru Ludn 4n c6 thé ing dung t6t cho danh gia xép hang tai cac cau
dam I DUL trong thuc té, cu thé danh gia xép hang tai nhip N1, N, Ni2, Ni3 cau Ninh Chir
[21] va nhip Ni cdu Pai Pong [7] . Két qua xép hang tai RF cia cac tng dung ANN c6 do
chinh xac t&t va hon phuwong phap hodi quy da bién dugc 1ap tir bd mau huan luyén ANN.
So sanh (mg dung ANN vé&i phuong phap tinh toan truyén théng c6 két qua sai s6 (2,62 +
3,15)% va (2,90 = 2,94)% ; voi phuong phap phan tir hiru han ¢ két qua sai s6 (2,92 =
3,50)% va (3,21 = 3,27)%. Ty 1 sai s6 RF tuong dong theo cic phuwong phép tinh va déu
nho hon 3,5%, c6 thé n6i ANN di danh gia xép hang cau dam I ¢6 trong thuc tién rat chinh
x4c.

Hiéu qua cua phuong phap nghién ctru luan an trong danh gia xép hang tai cac cau khi
duoc két hop v&1 mot hodc ca hai cong tac thir tai cau sé nang cao do chinh xéc: do d§ vong
ngang toan nhip cau (chi cin do d6 vdng) hodc, va do tin so riéng dao dong nhip cau. Voi
cau dam I DUL lién hop thét lac ho so, két hop dit liéu do thr tinh hozc thir dong voi mo
hinh thuc té ctia ciu va xac dinh momen quan tinh tai L/2 toan két cau nhip theo tat ca cac
két cau vat liéu thuc ton tai trong mat cat ngang ctia n6 ciing nhu cac két ciu vat liéu nay
¢6 kich thuée hinh hoc va trong luong cing tham gia vao dao dong riéng cua nhip ciu.
ANN hoan toan danh gia chinh xac hé s6 xép hang tai (RF) cho cau.

Chuong 4 ciing cho thiy hiéu qua ciia ANN trong viéc phan tich do nhay cac bién tham
s6 cau dam I DUL lién hop c6 anh huéng tdi wu trong xac dinh hé s6 xép hang tai (RF) cau
dam I DUL duoc chinh x4c va rd nét. Luan an dang xét d6 nhay cho ba truong hop téng
quat vé su thay d6i hai nhém tham sb cau chinh 13 “tham hinh hoc ¢b dinh — tham s6 co 1y
vét liéu thay d6i” - “tham hinh hoc thay doi — tham s co 1y vat liéu ¢ dinh” - “tham hinh
hoc va tham s6 co 1y vat liéu déu thay d6i”. Két qua phan tich thiy rd kha ning chiu tai cta
cau bi anh hudng 16n nhét boi tham s6 “chiéu cao dam”, khoang (54-56/100) va ké tiép 1a
“khodng cach dim” khoang (42-43/100). Khi d6 tham s6 “f’c ban mit cau va f’c dam” hau
nhu khong c6 mirc anh hudng, khoang (1/100). Truong hgp khi da chon xong kich thude
dam I lién hop thi “f’c ban mit cau” c¢6 anh hudng 16n hon “f’c dAm” trong kha niang chiu
tai cta cau.

Mot so sanh vé hiéu qua hoc sau trong dao tao mang no-ron nhan tao 02 va 03 16p duoc
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phan tich tudng minh cho kha nang hoc t6 hop phi tuyén trong dao tao mang dé mo phong
chén doan chinh xac dau ra cia phuong phap nghién ctru luan an. Két qua ciing cho thay
ANN 3 16p c6 kha ning dao tao hiéu qua sdu hon ANN 2 16p nho kién tric mang tinh vi
sau rong hon.

Xép hang tai cac cau theo phuong phap nghién ctru luan an két hop sir dung két qua
thir tai chan doan sé it tn kém chi phi va giam thiéu rui ro hon so véi cac phuwong phap

xép hang tai khac.
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5. KET LUAN VA KIEN NGHI

5.1 KET LUAN

- Luén an d4 xay dung duoc hé théng co s& dit liéu mau phong phu cho cau dam I cing
sau lién hop, bao gém cac thong sb hinh hoc, co 1y vat liéu, stc khang két ciu va hiéu tng
tai trong theo cac tiéu chuan TCVN 11823:2017, TCVN 12882:2020 va MBE (Hoa Ky).
B dir li¢u nay duoc st dung dé huan luyén, kiém tra va danh gid mo hinh mang no-ron
nhan tao, tao nén tang khoa hoc cho viéc ing dung tri tu¢ nhan tao trong linh vuc danh gia
kha nang chiu tai cau ¢ Viét Nam.

- Luén 4n da thiét lap va t6i wu hoa thanh cong cac mod hinh mang no-ron nhan tao 02
16p va 03 16p nham du doan strc khang va hiéu Gmg tai trong ctia cau dam I. Két qua huin
luyén cho théy:

+ Sai s6 du bao dbi voi moment tinh tai DC va DW dat khoang (0,0040 + 0,0060)% ddi
v6i tap kiém tra (Test);

+ Sai s6 du bao strc khang két ciu ctia mo hinh ANN 03 16p dat khoang 0,0108% nho
hon dang ké so véi mo hinh ANN 02 16p (khoang 0,0206%);

+ Sai s6 du bao moment hoat tai HL-93 ctia m6 hinh ANN 03 16p dat khoang 0,0021%,
thip hon so v6i md hinh ANN 02 16p (khoang 0,0095%).

Céc két qua nay chtng to mo hinh ANN dugc xay dung c6 d chinh x4c cao va kha ning
khai quat hoa t6t ddi véi dir liéu ngoai tap huin luyén.

- Luan 4n dd ching minh dugc hiéu qua cta phuong phap ANN trong danh gia hé sb
xép hang tai trong (RF) thong qua viéc so sanh véi cac phuong phap truyén théng. Két qua
cho thay:

+ Sai s6 RF khi so sanh v&i phuong phap tinh toan truyén théng dao dong trong khoang
2,62% =+ 3,15%;

+ Sai s6 RF khi so sanh v6i phuong phap phan tir hitu han dao dong trong khoang 2,92%
+3,50%;

+ Sai s RF gitra cac phuong phap déu nhé hon 3,5%.

Diéu nay cho thdy phuong phap ANN cho két qua twong duong véi cic phuong phap
phan tich truyén théng, dong thoi ¢ wu thé vé toe do tinh toan va kha nang xu 1y dit lidu
16n.

- P 1am 13 mbi quan hé dinh luong giita cic tham sd két ciu (m6 dun dan hoi, mé men

quan tinh, chiéu cao dam, do cing lién hop), tham s6 tai trong va két qua xép hang tai trong
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thong qua phan tich d6 nhay Monte Carlo - Saltelli. Két qua phan tich di xac dinh dugc
cac tham sb anh huong chu yéu dén RE, qua d6 gop phan nang cao co s& khoa hoc cho viée
lra chon thong sé dau vao trong mo hinh danh gia cau.

- Ba d& xuat duoc mot quy trinh danh gia xép hang tai trong cau dim I DUL céng sau
lién hop dya trén ANN phu hop v6i hé thong tiéu chuan hién hanh cua Viét Nam va qubc
té. Quy trinh nay cho phép tich hop dit liéu do dac thyc té (46 vong, tan sé dao dong) voi
mo hinh trf tué nhan tao, gop phan nang cao do tin ciy cia két qua danh gia trong diéu kién
khai thac thyc té.

- Két qua nghién ctru cua luin 4n d3 dugc kiém chung théng qua hai vi du thuc té tai
cac cau NC, PD. Két qua xép hang tai trong thu duoc tir mé hinh ANN phu hop véi két
qua thir tai caa don vi tu van thuc hién va két qua phan tich bang phan tir hitu han, khang
dinh tinh 6n dinh va d9 tin cdy cta phuong phap dé xuit.

Tir cac két qua trén co thé khang dinh rang, luan an da dong gop nhiing két qua moi co
gia tr1 khoa hoc trong viéc trng dung tri tu¢ nhan tao vao danh gia kha nang chiu tai cau,
g6p phan phat trién huéng nghién ctru két hop giita co hoc két ciu, tiéu chuan thiét ké va
khoa hoc dir li¢u trong linh vyc cong trinh giao thong.

5.2 KIEN NGHI

Lu4n 4n méi nghién ctru trong pham vi cau dam I DUL lién hop. Thong qua phuong
phap thuc hién nhu da trinh bay trong luan an, phuong phap nghién ctru cua luén an c6 kha
nang ap dung cho cac dang két cau nhip, dang cau khac khi co du hé thong co so dit lidu
mau dugc xay dung theo dang két cu nhip va dang cau do.

HUONG CAC NGHIEN CUU TIEP THEO

= Xay dung hoan chinh mét phuong phap danh gia xép hang tai cho cau bang chuong
trinh lién két Ung dung ANN két hop thir tai cdu nhanh gon, it chi phi.

= Phat trién sau rong hon kha ning ctia mé hinh ANN trong viéc xur 1y cac sai khac, hu
hong, hodc cac yéu té bat thuong trong thyc té thi cong cau ma dit 1iéu mau chua co.

= M6 rong nghién ctru danh gia xép hang tai cho cac dang cau khac dang t6n tai thuc té

Viét Nam.
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PHU LUC 1

1/ Bang tinh dic trung hinh hoc ciia hé dam I DUL

Bang Dic trung hinh hoc ctia hé dam 118 DUL trudc va sau lién hop mit cau

Dim118| L(cm) | Hg |Cac thong so hinh hoc bé tong dim 118 DUL Kich thwéc dim co bin Kich thwéc dim
1740 110 | b&n Ag a Si Ygb Ygb-a ji*(vgb-a)"2|bh"3/12| g Rong | Cao
Khéi | Tiétdien | (cm) | (m) | (m2) | (cm) | m3) | (cm) (cm) (cm4) | (cm4) | (cm4) | bem) | hsl
K1 Go dinh 8 60 480 106 | 50880 50.0 1197877 | 2560 185 18
K2 Go trén 12 80 960 96 92160 40.0 1532604 | 11520 190 19
K3 Vit trén 11 30 330 86.3 | 28490 30.3 302752 | 3328 200 20
K4 Suon 65 20 1300 575 | 74750 15 2755 | 457708 205 21
K5 | Vatduéi| 20 20 400 31.7 | 12667 24.4 237707 | 13333 210 22
K6 |Biudusi| 25 60 1500 12.5 | 18750 43.5 2844152 | 78125 215 23
cap DUL |4*7*0.987*(Ep/Ec) 5.207 1439 | 11.375| 1637 447 287130 177 220 24
K8  |Trir 16 cap|4*3.14*3.6"2 -162.8 | 11.375 | -1852 447 -324797 | -659 225 25
| 4951 277482 | 56.04 6080180 | 566092 | 6646271 230| has
Cic thong sb hinh hoc bé tong dim 118 DUL sau lién hop 235 5
b hsl n Asl | hsl/2+Ygt | Ssl Ag Ac Dgsl Ycb Yet 240 6
(cm) (cm) (cm2) (cm) (cm3) | (cm2) | (cm2) (cm) (cm) (cm) 245 7
250 25 0.802 | 5011 66.46 |333020| 4951 | 9962 334 89.5 45.5 250 8
Is| Ig I's| I'g Ic 9
cmd) | emd) | cmd) | cmd) | (cmd) A b6 | 6909 6909  6.909| 6.909 0| 27.636 10
260997 | 6646271 |5466296|5532567 | 17906132 Sg 138.18| 58.7265| 58.7265| 58.727 0| 314.36 11
Ciéc thong s6 hinh hoc cap DUL dam I18 nguyén |Trong tam (cdp-ddy dim), L/2 a4 11.375 12
Cép s6 1 2 3 4 5|Trong tam (cdp-dam nguyén), L/2 € 5y =Ygh-a 44,67
Toaddcap| 20 8.5 8.5 8.5 0 |Trong tam (cap-dam lién hop), L/2 € =Yeh-a, 78.10

Bang Dac trung hinh hoc cua h¢ dam 121 DUL truéc va sau lién hop mat cau

DimI21| L(cm) | Hg |Cac thong sb hinh hoc bé tong dam 121 DUL Kich thwéc dim co ban Kich thuéc dam
2040 120 | b&n Ag a Si Ygb Ygb-a |ai*(vgb-ay2|bh"3/12| g Rong | Cao
Khéi | Tiétdién | (cm) | (cm) | (m2) | (cm) | (cm3) | (cm) | (cm) cmd4) | (cmd) | (cm4) | bem) | hsl
KI | Godinh| 8 60 480 116 | 55680 55.4 | 1473054 | 2560 185 18
K2 Gotrén | 12 80 960 106 | 101760 454 | 1978480 | 11520 190 19
K3 | Vittén| 11 30 330 96.3 | 31790 35.7 | 421304 | 3328 200 20
K4 Suon 75 20 1500 62.5 | 93750 19 5400 | 703125 205 21
K5 [Vatdusi| 20 20 400 317 | 12667 28.9 334917 | 13333 210 22
K6 |Baudusi| 25 60 1500 12.5 | 18750 48.1 | 3470802 | 78125 215 23
cép DUL 4*9*0.987*(Ep/Ec) 5.207 | 185.0 12 2220 486 | 437046 | 177 220 24
K8  |Trir 16 cap|4*3.14*3.6"2 -162.8 12 | -1953 486 | -384517 | -659 225 25
| 5192 314664 | 60.60 7736486 | 811508 | 8547995 230] has
Cic thdng s hinh hoc bé tong dim 121 DUL sau lién hop 235 5
b hsl n Asl  |hsli2+Ygt | Ssl Ag Ac Dgsl Ych Yet 240 6
(cm) (cm) (cm2) (cm) (cm3) | (cm2) | (cm2) | (cm) (cm) (cm) 245 7
250 25 0.802 | 5011 | 71.90 [360288| 5192 | 10203 | 35.3 95.9 49.1 250 8
Is| Ig I'sl I'g Ic 9
(cmd) | (cm4) | (cmd) | (cmd) | (cmd) Agp b0 8.883 8.883 8.883| 8.883 0] 35532 10
260997 | 8547995 |6707846|6473897| 21990735 Sg 186.543]  79.947)  79.947| 79.947 0] 426.384 1
Cac thong s hinh hoc cap DUL dam 121 nguyén |Trong tam (cp-ddy dim), L/2 apg 12 12
Cap s6 1 2 3 4 5| Trong tdm (cdp-dam nguyén), L/2 € =Ygh-2 48.60
Toadgcap| 21 9 9 9 0 |Trong tam (cap-dam lién hop), L/2 € pc =YCh-3 8391

Bang Dac trung hinh hoc cua h¢ dam 124.5 DUL trudce va sau lién hop mat ciu




Dim124.5) L{cm) | Hg |Céc thong sb hinh hoc bé tong ddm I 24.5 DUL Kich thuc dim co ban Kich thuéc dim
2374 145| bé&n Ag a Si Ygb Ygb-a pi*(Ygb-a)2| bh"3/12 Ig Rong | Cao

Khoi |Tietdien| (cm) | (em) | (m2) | (m) | m3) | (m) | (m) | (m4) | (cm4) | (cm4) | biem) | hsl
K1 | Godinh 8 60 480 141 | 67680 68.4 | 2247382 | 2560 185 18
K2 GO trén 12 80 960 131 | 125760 584 | 3276995 | 11520 190 19
K3 Vit trén 11 30 330 121.3 | 40040 48.8 | 784549 | 3328 200 20
K4 Sudn 100 20 2000 75 | 150000 24 11766 | 1666667 205 21
K5 | Vit dudi 20 20 400 317 | 12667 409 | 669381 | 13333 210 22
K6 |Biududi| 25 60 1500 12.5 | 18750 60.1 | 5413422 | 78125 215 23
cdp DUL |5*9*0.987*(Ep/Ec)  5.207 | 2313 16.2 | 3747 56.4 | 734991 | 177 220 24
K8  |Trir10 cap|5*3.14*3.6"2 -171.0 | 162 | -2770 564 | -543367 | -659 225 25

| 5730 415873 | 72.57 125951201 1775050 | 14370170 230| has
Cic thong sb hinh hoc bé tong dAm 124.5 DUL sau lién hop 235 5
b hsl n Asl  |hsl/2+Ygt| Ssl Ag Ac Dgsl Ych Yet 240 6
(cm) (cm) (cm2) | (cm) | (cm3) | (em2) | (cm2) | (cm) (cm) (cm) 245 7
250 25 0.802 | 5011 84.93 [425574| 5730 | 10741 | 396 112.2 57.8 250 8
Il Ig I'sl I'g Ic 9
emd) | Ccmd) | ©emd) | cmd) | (cmd) Ap b6 | 8883| 8883 8883 8.883| 8883 44415 10
260997 |14370170]10285893]|8995022| 33912081 Sg 293.139] 186.543| 79.947| 79.947| 79.947| 719.523 11
Céc thong s hinh hoc cap DUL dam 124.5 nguyén | Trong tdm (cdp-dy dim), L/2 A, 162 12

Cép sb 1 2 3 4 5|Trong tdm (cdp-dam nguyén), L/2 € ,,=Ygb-a 56.37
Toadgcap 33 21 9 9 9\Trong tam (cap-dam lién hop), L/2 €, =YCh-a,, 95.99

Bang Pic trung hinh hoc ctia hé dam 130 DUL trude va sau lién hop mat cau

Dim130| L(cm) | Hg Cic thong s hinh hoc bé tong dim 130 DUL Kich thuéc dim
2940 160 h&n Ay a Si Ygb Ygb-a pi*(Ygh-a)'2 hh"3/12 Ig Rong | Cao
Khoi | Tiétdien| (cm) | (cm) | (m2) | (cm) | (cm3) | (em) | (cm) | (cm4) | (cm4) | (cm4) | b(em) | hsl
Kl | Go dinh 8 65 520 156 | 81120 76.7 | 3058659 | 2773 185 18
K2 GO trén 12 85 1020 146 | 148920 66.7 | 4537111 | 12240 190 19
K3 | Vittrén 11 32.5 3575 | 136.3 | 48739 57.0 | 1162650 | 3605 200 20
K4 Suon 115 20 2300 82.5 |189750 3.2 23470 | 2534792 205 21
K5 | Vit dudi 20 225 450 317 | 14250 476 | 1021259 | 15000 210 22
K6 |Biudusi| 25 65 1625 12.5 | 20313 66.8 | 7252347 | 84635 215 23
cap DUL [4*12%0.987%(Ep/Ec) 5207 | 2467 | 12 | 2960 67.3 | 1117499 | 177 200 24
K8  |Trir 16 cap|4*3.14*3.6"2 -162.8 12 | -1953 67.3 | -737389 | -659 225 25
| 6356 504099 | 79.31 17435607 | 2652563 | 20088169 230| has
Cic thong s hinh hoc bé tong dim 130 DUL sau lién hop 235 5
b hsl n Asl  |hsl/2+Ygt | Ssl Ag Ac Dgsl Ych Yct 240 6
(cm) (cm) (em2) | (m) | (m3) | (cm2) | (em2) | (cm) (cm) (cm) 245 7
250 21 0.707 | 3712 91.19 |338542| 6356 | 10069 | 33.6 112.9 68.1 250 8
Isl Ig I'sl I'y Ic 9
emd) | cmd) | md) | emd) | Cmd) A b6 | 11844 11844 11.844| 11844 0| 47376 10
136427 |20088169|12304279|7186024| 39714900 Sg 248.724| 106.596| 106.596| 106.596 0| 568.512 11
Céc thong sb hinh hoc cip DUL dam I30 nguyén |Trong tdm (cdp-ddy dim), L2 Ay 12 12
Cép 56 1 2 3 4 5|Trong tdm (cdp-dam nguyén), L/2 €5y =Y0h-a 67.31
ToadoCap 21 9 9 9 0|Trong tdm (cdp-dam lién hop), L/2 €5 =YCh-a, 100.93

Bang Dac trung hinh hoc cua hé dam 133 DUL truéc va sau lién hop mat ciu




Dim133| L(cm) | Hg Cac thong s hinh hoc bé tong dim 133 DUL Kich thuéc dAm
3240 165| hé&n Ag a Si Ygb | Ygb-a |A*(Ygh-a)"2| bh"3/12 | g Rong | Cao
Khoi | Tiét dién | (cm) em | m2) | @m) | (m3) | (m) | (cm) cmd) | cmd) | (cmd) |b(em) | hsl
K1 | Godinh 8 65 520 161 | 83720 79.4 3278604 | 2773 185 18
K2 | Gotrén | 12 85 1020 | 151 |154020 69.4 | 4913264 | 12240 190 19
K3 | Vittén | 11 325 3575 | 1413 | 50527 59.7 | 1275759 | 3605 2000 20
K4 Suon 120 20 2400 85 | 204000 34 27811 | 2880000 205 21
K5 | Vitdwsi| 20 22.5 450 | 3L7 | 14250 499 | 1121819 | 15000 2000 22
K6 |Bauduoi| 25 65 1625 | 125 | 20313 69.1 | 7758152 | 84635 25 28
cap DUL [5*12*0.987*(Ep/Ec)  5.207 308.4 16.2 | 499 65.4 1318732 177 220 24
K8  |Trir 16 cép|5*3.14*3.6"2 -2035 | 162 | -329 654 | -870174 | -659 25 25
| 6477 528528 | 81.60 18823966 |2997771|21821737|  230| has
Cic thong so hinh hoe bé tong dim 133 DUL sau lién hop 2% 5
h hsl n Asl  |hsl2+Ygt | Sl Ag Ac Dyl Ych Yct 240 6
(cm) (cm) (cm2) cm) | (m3) | (m2) | (cm2) | (cm) (cm) (cm) 245 7
250 25 0802 | 5011 | 9590 [480590| 6477 | 11489 | 418 1234 66.6 250 8
Isl lg I'sl I'y Ic 9
emd) | cmd) | (md) | (md) | (cmd) Aps b0 | 11844 11844]  11.844| 11.844| 11.844| 59.22| 10
260997 |21821737|14651486| 11334938 | 48069158 Sg 390.852| 248.724|  106.596| 106.596| 106596 959.36| 11
Cic thong s0 hinh hoe cap DUL dim 133 nguyén |Trong tdm (cdp-déy dim), L/2 8y 162 12
Cap s6 1 2 3 4 5{Trong tam (cdp-dam nguyén), L/2 € =Y0h-a 65.40
FoaddCap 33 21 9 9 9\Trong tam (cap-dim lién hop), L/?2 € =Yeh-a 107.23

Béng thong s6 co 1y ctia hé ddm I DUL trude va sau lién hop mit cau

Thép DUL va thép thuong

Modun dan hdi thép DUL Ep MPa 197000

Cudng do bén thép DUL fpu MPa 1860

Cuong d6 chay thép DUL fpy =0.9*fpu |MPa 1674

Cuong dog kich thép DUL fpj=0.74*fpu |MPa 1376

Cuong d6 chdy thép thuong fs MPa 400

Bé tong cac loai

Trong lugng riéng asphalt ya kG/m3 2350 - -

Trong lugng riéng bé tong yC kG/m3 2400 33 25

Cudng do nén bé tong dam f'c MPa 56 35.5 26

Cuong do nén bé tong ban f''cd MPa 36 37.5 27

Modun dan hdi bé tong ddm  |Ecg=0.043* yc 1° *fc' ° 37834 40 28

Modun dan hdi bé tong ddm tai |Eci=0.043* yc ° *(0.9*fc’) °° 35892 42 29

luc cang luc DUL 44 30

Modun dan hdi bé tongban  |Ed=0.043*yc > *fcd' °° 30334 46 31

Heé sb khdi g suat bé tong khi f'c <=7 OMPa, ol= 0.85 48 32
khi f'c >70MPa,  al= 0.85-0.02*(c-70)/5= 0.83 50 33

Cudng do nén bé tong cao lf'c |MPa 75 52 34

Hé sb khoi tmg suit bé tong khi f''c <=2 8MPa, BI= 0.85 54 35
khi f'c >70MPa,  BI=0.85-0.05%(f'c-28)/7= | 0.792857 56 36




2/ Tinh tong mit mat &ng suit ciia hé dim I DUL (TCVN 11823:2017)
2.1 Tinh hé s6 co ngoét va tir bién ciia hé dam I DUL (TCVN 11823:2017)

Bang cong thirc va tinh gia tri dién hinh hé sb co ngdt- tir bién cho dam I DUL va f'c

ktd=t / [12%((100-0,58fci)/(0,145fci+20))+t] | khe = 1,56-0,008*H;: (H = 80)
ks = 1,45-0,0051%V/S) |  khs= 2,00-0.014¥H | kf=35/(7+fci) ; (fci =0.9%40)
W(t,1i) = 1,9%ks*khe*kf*ktd*ti*-0,118 |€sh= 1.2%ks*khs*kf*ktd*0.48*10"-3
t, t (ngay) 3| 100]10000
e (MPa) 33| 355| 375 40 42 44 46 48 50 52 54 50
s 18 21 24 245 30 33

t 1 fe /s ks khe kf khs Frd  (t)|'Ppe, ti)| Esh

10000 3 50 18| 1.358| 0092| 0010| 0858|0007 1208 |4E-04

100 3 0703 097
10000 100 0007 0.838

- Hé s6 co ngot- tir bién hé dam I DUL trudc va sau lién hop tinh trong luan an phu hop:
Loai dam I DUL (V/S) va cuong d6 chiu nén ciia bé tong dam (f’c) va hé s6 khac

Trong dé: (1, ti) Hé sé tir bién bé tong phu thudc thoi gian t, ti tic dung; Esh_ Hé sé co
ngot bé tong phu thudc dé cieng va dién tich mat két cau,; ktd Hé sé dé ciing két cau theo
thoi gian; kf Hé s6 do citng két cau,; ks Hé so 1y 1é thé tich / dién tich tiép xiic khéng khi
ciia két cau (V/S); khs va khe  Hé s6 phu thuéc dé am co ngét va dé am cho tir bién.

2.2 Tinh gié tr1 méat mat ung suét do tut neo ctia hé ddm I DUL

Bang Gi4 tri mit mat Gng suat do tut neo ctia hé dam I DUL

Loai dam B6 cap DUL 1 2 3 4 5| Trungbinh
A - chiéu dai tut neo (mm) 9 9 9 9 0 8
118 DUL Ep - modul dan hoi thep DUL | 197000f 197000 197000] 197000] 197000 197000
Ae - chiéu dadi th b6 DUL (mm) 17684] 17657 17623 17605 1 17642
AfP 4= L(A*Ep/Ltb)/5 (MPa) 100.3 100.4 100.6 100.7 0.0 100.5
A - chiéu dai tut neo (mm) 10 10 10 10 0 10
1 DUL Ep - modul dan hoi thep DUL | 197000 197000 197000] 197000] 197000 197000
Ae - chiéu dai tb bé DUL (mm)| 20870| 20850 20820 20810 1 20837.5
AfP 4= L(A*Ep/Lth)/5 (MPa) 94.4 94.5 94.6 04.7 0.0 94.5
A -chiéu dai tut neo (mm) 10 10 10 10 10 10
D4 SDUL Ep - modul ddn hoi thép DUL 197000 197000 197000 197000 197000 197000
- Ae - chiéu dai th b6 DUL (mnt) 24242 24256 24282 24302 24325 24281.4
AP 4= E(A*Ep/Ltb)/5 (MPa) 81.3 g81.2 g81.1 g1.1 §1.0 81.1
A - chiéu dai tut neo (mm) 10 10 10 10 0 10
Ep - modul dan hoi thép DUL 197000 197000 197000 197000 197000 197000
30 DUL Ae - chiéu dai tb bé DUL (mm) 29844 29792 20842 29704 1 29795.5
AfPA= S(A*Ep/Ltb)/5 (MPa) 66.0 66.1 66.0 66.3 0.0 66.1
A - chiéu dai tut neo (mm) 10 10 10 10 10 10
133 DUL Ep - modul ddn hoi thép DUL 197000 197000 197000 197000 197000 197000
Ae - chiéu dai th b6 DUL (mnt) 32705 32715 32740 32760 32780 32730
AfPA= Z(A*Ep/Lth)/5 (MPa) 60.2 60.2 60.2 60.1 60.1 60.2
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2.3 Tinh gi4 tri mat mat ung suat do ma sat ciia h¢ dam I DUL

Bang Gi4 tri mat mat ing suit do ma sat ciia hé dam I DUL

Loai dim Hé sé lic K= 6.6*10"7(111111] Hé s6 ma sat p =02 Jpi= 1074(MPa) |Afp F(MPa)
) Bé cap 5 4 3 2 1| tnmg binh
a (d6) ol o094 3.10 6.68 8.17
a (Radian) ol o0.02 0.05 0.12 0.14
2*x (chidu dai cap duoc cing) 0] 17605 17623 17657| 17684
118 DUL [gy + juax of oo1] o0.02] o003 o003] 3685
[1-e Y g of o0.01 0.02 0.03 0.03
Af r=rfof *[1-e 1Y ] ol 15.15| 27.62| 48.08] 56.53
a (do) ofl 1.4s5 3.98 6.45 7.77
a (Radian) ol o0.03 0.07 0.11 0.14
2#x (chiéu dai cap duoc cing) 0l 20810 20820 20850| 20870
21 DUL gy + ya ol o0.012] 0.021| o0.029] 0034 3968
[1-e-"THY g ol o0.012 0.021] 0.029] 0.033
Af 5= foj *[1-e- 4 ] o| 19.85| 34.40| 4849| 55.97
a (do) 8.25]  7.05 5.83 3.58 1.32
a (Radian) 0.14] 0.12 0.10 0.06 0.02
2#x (chiéu dai cap duoge cing) 24325 24302 24282 24256 24242
124.5DUL Ky + jian 0.04] o0.03] o003 o0.02] o0.01] 4320
[1-e- " #Y g 0.04| 0.03 0.03 0.02 0.01
Af 7= foj *[1-e- 4 ] 60.52| 53.74| 46.81| 33.97| 20.97
 (do) 0 1.4 37 5.9 7.4
a (Radian) 0 0.0 0.1 0.1 0.1
2*x (chieu dai cap duoc ciing) 0] 29704] 29842 29792 29844
BODUL (i e o[ 0015 0.023] 0031 0036 4420
[1-e- "+ ua) 7 o| 0.014] 0.022] 0.030] 0.035
Af = foj *[1-e- 1Y ] 0| 24.237| 37.390| 50.336| 58.392
a (do) 6.63] 5.63] 462 2.80 1.00
a (Radian) 0.12] 0.10] 0.08] 0.05 0.02
2*x (chiéu dai cap dugc cing) 32780| 32760| 32740| 32705 32705
B3 DUL gy + pex 0.03] 0.03] 003 002 o001] 4520
[1-g- 1 g 0.03 0.03 0.03 0.02 0.01
Af pr = foj *[1-e- 709 ] 55.90| 50.23| 44.48| 34.08] 23.74

2.4 Mat mat ing suat do co ngan dan hdi hé dam I DUL (TCVN 11823:2017)
Cong thuc: AfpES = (N-1)/2N*Ep/Eci*fcgp
Trong do: fcgp = F/Ag + F*e2pg/lg - Mcg*epg/lg ; F = (fpj - AfpA - AfpF)*Aps ;
Mcg = gqcg*L2/8 va qcg= 1.088*Ag*yc

Gi4 tri mat mat tmg sut do co ngin dan hoi hé dam I DUL thé hién bang sau:

Bang Gia tri mat mat ing suét ciia hé dim I DUL do co ngan dan hoi (dién hinh)

Ag ye gcg L M, i Afps |Afpr | Aps F
cm? |kG/cm3 | kG/cm cm kGcem MPa MPa | MPa | mm2 N
49511 0.0024 | 12.93 1740 48902742 1376 100.5 | 36.8 | 2764 |342426
1s Fildg € pg Iz F*e ng Ag | M, *e o /g | fegp N | Ep/Eci | Af pEs
kG/cm2 cm cmed kG/cm2 kG/em2 kG/em?2 | bécap (MPa)
69.2 42.7 16649568 93.7 31.4 131.5 4 5.489 27.1




Ag ye qcg L Mg Nz Afpa |Afpr | Aps F
cm? |kG/em3 |kG/em| c©m kGem MPa MPa | MPa | mm2 N
D1 5192]10.0024 | 13.78 | 2040 716?539 1376 94.5 39.7 | 3553 |441371

F/4, €pe Ig Fre™ ,.Ig | M Ye,. g | fegp N | Ep/Eci | Af pEs
kG/cm2 cm cméd kG/cm2 kG/em2 kG/cm2 | bécap (MPa)
85.0 46.1 |8542729 109.9 38.7 156.2 4 5.489 321
Ag ¥ gcg L M, JBJ Afps |Afpr | Aps F
cm? [kG/cm3 [kG/om cm kGan MPa MPa | MPa | mm2 N
I |5730[0.0024(15.35 2374 10817289 1376 81.132| 432 | 4442 |556104
245 Fidg €., Ig |F*e” ,,Ig|M, %, Jg| fegp | N |Ep/Eci|Af,gs
kG/em2 cm cn4d kG/an2 kG/em2  |kG/cm2|bocap (MP3a)
97.0 53.5 |143509057 1109 4023 167.6 5 5489 | 36.8
Ag yc gcg L M, T Afps |Afor | Aps F
cm?2 |kG/em3 |[kG/am cm kGem MPa MPa | MPa | mm2 N
130|6356| 0.0024 | 172 2940 18584218 1376 66118]| 426 | 4738 |600582
Fidg €,. Ig F%e :fg Ig | M,, “e,, /Ig | fcgp N | EpEci [ Af g
kG/cm2 cm cm4 kG/cm2 kG/em2?2 |[kG/cm2|bocdp (MPa)
945 64.8 200604495 1259 60.1 1603 4 5489 [ 33.0
Ag | yc gcg L M, )z Afps |Afpr | Aps F
cm? | kG/em3 | kGiem cm kGem MPa MPa | MPa | mm2 N
6477 0.0024 | 17.75 3240 23285575 1376 60.171 | 41.7 | 5922 |754786
B3 Fidg €pg Iz F*e‘)pgxﬂ'g M Yepg /g | feep N | Ep/Ect | Af pes
kG/em2 cm e kG/cm2 kG/cm2 kG/cm2 | bocap (MPa)
116.5 62.5 |21782822 135.5 66.9 185.2 5 5.489 40.7

2.5 Tinh mat mat ing suat theo thoi gian ciia hé dam I (TCVN 11823:2017)

- AfpSD Mt US do co ngét bé tong dam khi d6 bé tong ban dén 10000 ngay
AfpSD= Ebdf*Ep *Kdf
Kdf = 1/(1+(Ep/Eci)*(Aps/Ac) *(1+(Ac* epc™2)/Ic) *(1+0,7wb (tf, ti)))
- AfpCD_Mit US do tir bién bé tong dam khi d6 bé tong ban dén 10000 ngay
AfpCD = (Ep/Eci) *fcgp *(wb(tf, ti )-wb(td, ti)) *Kdf + (Ep/Ec) *Afcd*wb(tf, tdi) *Kdf (Mpa)
Afed = Mcd*epc/Ic
- ApR2 Mat US do tu chung cta cap DUL khi d6 bé tong ban dén 10000 ngay
ApR2 = (fpt/KL)*(fpt/fpy - 0,55)Mpa
1ot = 0.74*fpu- AfpA- AfpF- AfpES

- AfpSS Mit US do co ngdt bé tong ban khi d6 bé tong ban dén 10000 ngay
AfpSS = (Ep/Eci) *Afed *Kdf*(1+0, 7 *yb(tf, td))
Kdf = ((eddf*Ad*Ecdeck)/(1+0,7*wb(tf, td))) *(1/Ac - (epc*ed)/Ic)
- AfpLT Tong mét (mg suat theo thoi gian khi cing sau
APLT = AfpSD+AfpCD+ApR?2 -AfpSS



a/ Tinh mat Gmg suat do co ngdt bé tong dam trong khi bé tong ban dén 10000 ngay

Bang Mat mat ing suit do co ngét bé tong dam trong khi bé tong ban 10000 ngay

Loai Ep Eci | Aps Ae € pe Ic e | Kar & var |AfpsD
Dim MPa MPa | cm2 cm?2 cm cimd MPa
I18 197000|37834| 27.64| 8611| 69.8| 15380745 1.268| 0.895]|0.00042| 73.8
121 197000|37834| 35.53| 8852| 74.8|18999653 1.253]| 0.876]|0.00041| 71.4
124.5 197000|37834| 44.42|] 9390| 85.6|29634824 1.237| 0.868|0.00041| 69.8
130 197000|37834| 47.38| 10016 98.0/39272081 1.211| 0.864|0.00040| 68.1
133 197000|37834| 50.22| 10137| 96.2|42285613 1.196| 0.847]|0.00039| 65.9

b/ Tinh mat Gng suit do tir bién bé tong dam trong khi bé tong ban dén 10000 ngay

Bang M4t mat Gmg suat do tir bién bé tong dam trong khi bé tong ban 10000 ngay

Loai | Asl |Aes | Aas |Apara | gsl | ges | qas |gpara| L Msl Mes Mas |Mpara| Med

Dim |em?2 |em2|em2 | em? |kGrem |[kGrem|kGlem| kGiem | em | kGem kGem | kGem | kGem | kGem
I18  [5000] 750 |1750] 3105 12 1.8 | 4.1 7.5 |1740] 4541400 | 667018 |1556376 6764794
121 5000] 750 |1750] 3105 12 1.8 | 4.1 7.5 |2040] 6242400 |916852.5 2139323 9298575
124.5 [5000] 750 |1750] 3105 12 1.8 | 4.1 7.5 |2374] 8453814 | 1241654 |2897193 12592660
130 5000( 750 ]1750] 3105 12 1.8 | 4.1 7.5 |2940]12965400| 1904293 |4443351 19313044
133 [5000] 750 |1750] 3105 12 18 | 4.1 7.5 |3240]15746400] 2312753 |5396423 23455575
Loai | Ep | Ec | Ec Mcd  |ep Ie & S egr ¥ bar il vid, aff vag )] Kar |Af pep
Dim | MPa | MPa | MPa | kGem | cm cod  |MPa|MPa MPa
118 197000] 37834| 37834 6764794| 69.8] 15380745| 3.1] 13.1| 1.268] 0.970f 0.838| 0.895] 30.2
121 197000] 37834| 37834 9298575| 74.8| 18999653 3.7] 15.6] 1.253] 0.959( 0.829| 0.876] 34.8
124.5 | 197000) 37834 37834] 12592660] 85.6] 29634824| 3.6] 16.8| 1.237| 0.946| 0.818] 0.868] 35.4
130 197000] 37834| 37834] 19313044| 98.0] 39272081 4.8] 16.0 1.211] 0.926( 0.800| 0.864| 37.9
133 197000] 37834| 37834) 23455575] 96.2| 42285613 5.3] 18.5| 1.196] 0.915( 0.791| 0.847| 41.6

¢/ Tinh mat (mg suat do tu ching cap DUL dam trong khi bé tong ban 10000 ngay

Bang Mat mat ing suit do tu chung cap DUL dam trong khi bé tong ban 10000 ngay

Loai | Af,, Af pF Af pEs Jpu K Sy Jpt A pr2

Dam MPa MPa MPa MPa MPa MPa MPa
I18 100.5 36.8 27.1 1860 30 1860 1212.0 4.10
121 94.5 39.7 32.1 1860 30 1860 1210.0 4.06
124.5 81.1 43.2 36.8 1860 30 1860 1215.3 4.19
I30 66.1 42.6 33.0 1860 30 1860 1234.7 4.68
I33 60.2 41.7 40.7 1860 30 1860 12339 4.66

d/ Tinh mat tng suit do co ngot bé tong ban dam trong khi bé tong ban 10000 ngay

Bang Mat mét (mg suat do co ng6t bé tong ban dam trong khi bé tong ban 10000 ngay

Loai | Ep | Eci | Ec |E o Hd (AsD| Ac | ey | ep le Afer| €aar [P Kar |Afpss
Dim MPa | MPa|MPa| MPa | mm2 | nm?2 | mm | mm cmd  [MPa MPa
[18 197000 |37834|37834] 27691 | 500000 861075 [367.8]698.5]15380745] 3.1 |0.00042| 0.838 |-1.858] -47.2
121 197000 |37834|37834| 27691 | 500000] 885186 (407.01748.0118999653| 3.7 |0.00041] 0.829 [-1.714] -51.6
[24.5 | 197000 |37834]37834] 27691 | 500000| 938992 |502.8]|856.2129634824| 3.6 [0.00041| 0.818 |-1.394] -41.5
130 197000 |37834)37834] 27691 | 50000011001603|575.4]979.6]39272081| 4.8 |0.00040| 0.800 |-1.549] -60.6
133 197000 |37834)|37834] 27691 | 50000011013701(596.5]962.5]42285613| 5.3 |0.00039| 0.791 |-1.307] -56.4
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e/ Téng Mat g suat theo thoi gian cang sau (dién hinh) cho hé dam I DUL

Bang Tong Mt mét tmg suét cing sau theo thoi gian (dién hinh) ctiia hé dam I DUL

Dim Afpsp | Afpep A g Af pss Af i1 Dim | Afpsp | Afpep | Afpro Afpss Afprr
Trong | MPa MPa MPa MPa Mpa [Ngoai| MPa MPa MPa MPa MPa
s 738 302 a1 472 1553 |18 73.7 340 41 -59.9 1717
D1 4 348 a1 516 o192l 714 39.7 41 -69.7 1849
1245 | 698 354 42 415 1509 (1245 | 696 41.1 4.2 -61.0 176.0
130 68.1 379 4.7 -60.6 171.2 (130 68.1 44.6 4.7 -85.1 202.4
133 65.9 41.6 4.7 564 | 1686 [133 65.9 438 47 -79.2 198.6

2.6 Tong Mat mat Gng suét cang sau (dién hinh) cho hé dam I DUL

Bang Tong Mt mat g suét cing sau (dién hinh) cua hé ddm I DUL cing sau

Dim | Tut Ma Congin | Thoi | Tongmit |Dim Tut Ma Congin | Thoi | Toéng it

Ngodi | neo sét dinhdi | gan | tngsuit [|Trong | neo sat danhéi | gian | mgsudt
Afps | Afpr Afpes | Afprr Afpr Afps | Afpr Afpes | Aforr Afpr

118 100.5| 36.8 271 | 171.7 336.1  [118 100.5 | 36.8 27.1 155.3 319.7
21 945 | 397 321 | 1849 351.2 |21 945 | 397 32.1 161.9 328.2
245 | 811 ] 432 375 | 176.0 3378 |45 | s11] 432 36.8 150.9 312.1
130 661 | 426 330 | 2024 344.1 |130 661 | 426 330 [1712 312.9
133 602 | 41.7 40.7 | 198.6 3411 133 60.2 | 41.7 40.7 | 168.6 311.1

3/ Tinh chiéu cao truc trung hoa C ciia h¢ dam I DUL lién hop (TCVN 11823:2017)
- Gia dinh tryuc Trung hoa qua canh, f1*C < hslvabw = b

+ Cap DUL céang sau va khong dinh bam:

C1 = Aps*(fpexAe+6300xdp) /Ae*al*fc’*,b’l*b+Aps*6300

- Khi truc Trung hoa qua suon, f1*C > hsl va bw < b

+ Céap DUL cang sau va khong dinh bam:

C2 = Aps*(fpexAe+6300xdp) - Ae*O.SS*fc’*ﬁl*(b-bw)*hsl/ Aexal*fc’xflxbw+

+ Cép DUL cang sau va dinh bam:

+Aps*6300

C=Aps*fps+tAs*fs-A’sxfs’- 0.85*fc’*,81*(b-bw)*hf/ alxfc’xBlxbw

Bang tinh dién hinh gia tri truc trung hoa ctia hé dam I DUL thé hién & bang sau:

Bang Tong Mt mét tmg suét cing sau (dién hinh) cia hé ddm I DUL cing sau

Dam |Hg |hsl| ap | dp S | A1 | e Ade |ap | By | Sfe |bw| b |dps| CI C2 BI*CIl|BI*C2
Trong |cm|cm| cm | cm |MPa| MPa| MPa | mm MPajmm| mm mm2| mm | mm | mm | mm
[18 |110] 20| 13.4| 116.6/1674|319.7| 1354.3|17642| 0.85|0.836| 30| 600|2500{2764| 90.2|-232.6| 754 |-1944
121 120| 20| 14.5| 125.5/1674|328.2| 1345.8|20838| 0.85/0.836| 30| 600|2500{3553( 112.8|-142.0| 943 |-118.7
1245 | 145 20| 19.1] 1459(1674|312.1| 1361.9|24281| 0.85|0.836| 30| 600|2500{4442( 142.0| -264| 118.7| -22.0
130 |160| 20| 145| 165.5(1674|312.9| 1361.1|129796| 0.85|0.836| 30| 650|{2500(4738| 1493| 149/ 1248 124
133 165 20| 19.1| 1659(1674|311.1| 1362.9|32730| 0.85| 0.84| 30|650|2500(5922| 183.1] 138.5|153.0| 1158

4/ Thuét ngir va cong thire chi tiét hé théng dam I DUL dung dao tao ANN
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Bang thuat ngir va cong thirc chi tiét hé théng dam I DUL dung dao tao ANN

Thong sb diic tinh bé tong va cap DUL

Thong s6 hinh hoc tiét dién dim va cip DUL

Ep Modun dan hoi cia cap DUL L Chiéu dai nhip

fpu Ung sudt bén ciia cap DUL Hg Chiéu cao dam nguyén

foy Ung sut chay ctia cap DUL bi Chiéu rong cac khi trong tiét dién dim
foj Ung sudt ngay khi kich cia cap DUL n=Ep/Ec ti 1¢ modun cap DUL va bé tong

fpt Ung sut cap ngay khi cang lyc ¢o trir mit mit 2Ai=Ag Dién tich cac khi trong tiét dién dim
fps= fou*(1-k*C/dp_Ung sudt trung binh thép DUL ai Culy gitta (tim Ai -d4y dam)
\fpe=fpj- Mp+ Ung suat c6 higu thép DUL 4 trir mt mat SSi=XAi*ai=Sg  |Momen tinh cac khoi trong tiét dién dam, Sg
Ec Modun dan hdi bé tong dam Ygh=Sg/Ag Trong tim dam nguyén dudi

Eci Modun dan hoi bé tong dim lc cing luc Ygb-ai Cu ly doi truc Ai

Ed Modun dan hoi bé tong bin mit ciu Ai*(Ygh-a)"2 Momen quan tinh cac khoi Ki doi truc
fic Cuong do nén bé tong dim bh3/12 Mormen quén tinh cac khdi Ki

f'cd Cudng d9 nén bé tong ban mét cau lg Monmen quan tinh dim nguyén

yC Trong lugng riéng bé tong dm, ban mit cdu b Ban mit ciu 1ong

ya Trong lugng riéng bé tong asphalt hsl Chiéu cao ban mit cau

al, pl Hg 50 khdi tmg sut bé tong n=Esl/ Eg ti 1¢ modun bé tong ban mét cau va dam
Thdng sb tir bién va co ngét ciia bé tong Asl Dién tich ban mit cau qdoi

ti, t thoi gian trong tlr bién hsl/2+Ygt Khoang cach tm ciia (ban-dam)

VIS thé tich & dién tich dam Ssl Momen tinh ban mét ciu

ks hé s6 vé V/S Ag Dién tich dim nguyén

khe hé s6 vé do 4m A Dién tich ddm lién hop voi ban mit cau
kf hé 6 vé cudng do bé tong Aps Dién tich cap DUL

khs hé s6 vé d am Dgsl P§ doi truc tim ddm do ban mit ciu
ktd_ (1) hé s6 theo thoi gian Yeb=(Dgsl+Ygh) | Trong tim dam dudi sau lién hop

b 4 1y Hé 50 tir bién bé tong ban sau lién hop Yet=Hg+hsl-Ycb | Trong tim dam trén Yet sau lién hop
Ph(td, ti) Hé 50 tir bién bé tong ban sau lién hop IsI=bhsI"3/12 Mormen quén tinh ban mit ciu

Yh(if, td) Hé 50 tir bién bé tong ban sau lién hop Ig Mormen quén tinh ddm nguyén

K Hé s6 tir bién vé cuong do I'sl= AsI*(Yct-h/2) |Momen quan tinh ban doi truc

Epat Hé 56 co ngot bé tong ban sau lién hop I'g=Ag*Dgsl"2 | Momen quén tinh dam doi truc

Thong s mAt mét (g suét lc=lg+1'g+Isl+I'sl [Momen quan tinh dam lién hop

Ae Chiéu dai trung binh céc b6 cap DUL Thong s0 diic tinh e va img suit co ngan dan hoi

AfpA Mt (g suit do tut neo N 50 bo cép l

AfpF Mat tmg sudt do ma sét fcgp Ung suét tai tim cap trir trong luong dim
AfpES Mat tmg suat do co ngin dan hoi M oes Mat tmg suat do co ngin dan hoi

AfpSS Mt tmg sut co ngot bé tong ban sau lién hop FIAg Ung suat do luc cang giy ra

ApR2 Mat US tir chiing cap DUL khi d6 bé tong ban €g Cu ly giita tim (cap-dim) nguyén

K. He s6 tu chung cua cap DUL theo thoi gian Fre? bg /g Ung sudt do momen tir lyc cang

ApT Tong mét g sudt theo thoi gian Mcg*e ,, /1 Ung suét do trong luong dim gy ra
Thong s hinh hoc va diic tinh bé tng theo thoi gian F Luc cang cép trir mat mat tirc thoi

Acs Dién tich 16p bé tong tao dbc M o Ung suat thay doi tai trong tam cap sau lién hop
Aas Dién tich 16p bé tong asphalt fc of Ung sudt tai trong tm cap trude lién hop
Apara Dién tich bé tong lancan k=2*(1.04-fpy/fpu) | Hé s6 anh huong ctia cip DUL
gsl=Asl*yc Trong luong don vi ban mit cau Thong s6 Sirc khing dim

qes=Acs*ya Trong lugng don vi 6p bé tong tao doc dp=hg+hsl-ap |Chiéu cao c6 hiéu thép DUL
qas=Aas*ya Trong lugng don vi 16p bé tong asphalt a/2=p1*C/2 1/2 Chiéu cao khdi tmg suit trong duong
(para Trong lugng don vi bé tong lancan bw B rong suon tinh toan dam T

Mcd Momen tong tinh tai dam lién hop b B rong cénh tinh toan dam T
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C<=hslthiC=C1

Msl=gsI*L 218 Momen do ban mit cau gy ra C1 (bw=b)
Mcs=qcs*L2/8 Momen do 16p bé tong tao dbc giy ra C2 (bw<b) C>hslthi C=C2
Mas=gas*L */8 Momen do 16p bé tong asphalt gy ra C Chiéu cao tryc trung hoa dam lién hop
Mpara= gpara*L */8_Momen do lancan gay ra Mn Strc khang danh dinh dam lién hop
Mcd = (Msl+Mcs+Mas) Momen do tong tinh tai ap Cu ly gitta tim (cap-day dim)
sau lién hop gay ra epc D6 léch giira tAm (cap-dam) dim lién hop

Mcg=qcg*L?/8  [Momen do trong lugng dam g4=Yot-05*hf  |Cu ly giita tim ctia (ban-ddm) dam lién hop

Ag*ye Trong lugng don vi dam qeg

Thong s hoat tai xe HL93 va lan b hanh Kg=n*(I+Ag*eg”) |Hé s6 qui ddi do ciing quan tinh dim lién hop
Mp;=yi*Pi (kN)  |Momen do tai trong truc xe eg=(H-Ygh)+hsl/2 |Cy ly tim giita dim nguyén va ban mit ciu

M ;e =ZM p; Momen do hoat tai xe f Hé s6 1an xe tai

M gian =9.3*L°/8  |Momen do tai trong lan xe ti lan Lan xe téil

M oo =T 6o *.2/8)/2|Momen do ti trong b hianh Obo = 3*L o Tai trong lan b hanh tinh toan

M hes LRFR Momen do hoat tai xe HL93 theo LRFR O1an =9.3KN/3m |Tai trong lan xe tai tinh todn

M s LFR Momen do hoat tai xe HL93 theo LFR Lo bé rong tinh toan lan bd hanh

M LRFR Momen do ( xe HL93 +1an b¢ ) theo LRFR de = (Bout-0.5*Bin-500)/2800 Cu ly tinh § dam ngoai

5/ Tinh momen dwong dim cho xe hop phap [3-3] TCVN 12882:2020

4.877Tm
P53.4 kN P, 534KN P;53.4 kN P=T1.Z kN Ps623KN  Pg—62.3 kN
R =356k

| 1,189m
B

B P, P H | ¥ F; Py
1

| 4.572m [ 1.219m | 4.572m i 4877m { 1.219m |

P762,3kN P8 62,3 P; 53,4kN P,53,4kN P353,4kN P,71,2 P562,3kN P5 62,3kN
1.219 6.0 4.57211.219 | 4.572 4.877 [1.219

v v v v

= yo*(L/2-10.67)/(L/2)

y7=y*(L/2-3.19)/(L/2)
Va=ys*(L/2-4.400)/(L/2) ﬂ*(uz-g.mg)/(m)

ylzyg*(u2-5.791)/(L72)\/W: ya*(L/2-4.572)/(L/2)
L y2=y3*(L/2-1219)/(L/2) L
X g
"Tinh momen duwdng dam cho xe hop phap [3-3] TCVN 12882:2020

L Il
v

v

\ 4 v
AT

V3= L/4

Tung d6 va momen ti trong xe hop phap [3-3] 06 truc theo nguyén 1y duong dam Phan
Nhip |Tung do yi (m) M= yi*Pi My [Myss LRFR (KNm) | bd
Lim (yl |y2 Y3 |y4 Y5 [y6 |y7 |y8 534| 71.2| 62.3|]ZMy |2Lan (3Lan |4Lan | ngang
32.4 |5.205| 7.491/8.100(5.814| 3.376| 2.765| 2.205| 1.595| 1110| 414| 619| 2144| 9379| 11958| 12192
29.4 | 4.455] 6.741|7.350|5.064| 2.626| 2.015| 1.455] 0.845| 990| 361 432| 1783| 7802| 9947| 10142|nhang
23.9413.090| 5.376{5.985|3.699| 1.261| 0.650| 0.09 772| 263| 125 1160| 5073| 6469| 6595
19.4 | 1.955| 4.241|4.850| 2.564| 0.126 590| 183| 8| 780| 3413| 4352| 4437
17.4 | 1.455| 3.741|4.350| 2.064 510| 147| 0| 657| 2873| 3663| 3735
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PHU LUC 2
1/ Sitc khang ciia dim I DUL theo TCVN 11823:2017 bang lap trinh VBA trén nén
Excel

Bang gia tri St khang cua dam 118 DUL

Béng cac thong sd hinh hoc va toa do cap DUL dam 118 DUL nguyén
Aps | fps dp pl | pI1*C | al2 al f'c |b-bw | hsl | Mn C dp | fps

mm2 | MPa | mm mm | mm MPa | mm | mm | kNm | mm | mm | MPa
2764 | 1827 | 1236 | 0.836| 62.9 | 31.4 | 0.85 | 36 |1900 | 250 | 6082 | 79.3 | 1236 | 1827
Bang gia tri Suc Khang cua cau dam 18 DUL fpu | fpy k
fcg b hsl | fcs SK MPa | MPa
56 250 25 36 G_in 1860 | 1674 | 0.28

hsl 25 fcs 36
f'cg bl 185 | 190 | 195 | 200 | 205 | 210 | 215 | 220 | 225 | 230 | 235 | 240 | 245 | 250
33 | 6,006| 6,015| 6,024 6,033| 6,041| 6,048| 6,056| 6,063| 6,070| 6,076| 6,082| 6,088| 6,094| 6,099
35.5 | 6,002| 6,012| 6,021| 6,029| 6,038| 6,045| 6,053| 6,060| 6,067| 6,073| 6,079 6,085| 6,091| 6,097
37.5 | 6,000| 6,010| 6,019| 6,027| 6,035| 6,043| 6,051| 6,058| 6,065| 6,071| 6,077 6,083| 6,089| 6,095
40 | 5,997| 6,007| 6,016( 6,025| 6,033| 6,041| 6,048| 6,055| 6,062( 6,069 6,075| 6,081| 6,087| 6,092
42 | 5,995| 6,005| 6,014| 6,023| 6,031| 6,039| 6,046| 6,053| 6,060( 6,067 6,073| 6,079| 6,085| 6,091
44 | 5,994| 6,003| 6,012( 6,021| 6,029| 6,037| 6,045| 6,052| 6,059( 6,065| 6,072| 6,078| 6,084| 6,089
46 | 5,992| 6,001| 6,011| 6,019 6,028| 6,036| 6,043| 6,050| 6,057| 6,064 | 6,070| 6,076| 6,082| 6,088
48 | 5,990| 6,000| 6,009( 6,018 6,026| 6,034| 6,042| 6,049| 6,056( 6,062 6,069| 6,075| 6,081| 6,086
50 | 5,989| 5,998 6,008 6,016| 6,025| 6,033| 6,040| 6,048| 6,054| 6,061| 6,068| 6,074| 6,080| 6,085
52 | 5,987| 5,997| 6,006( 6,015| 6,023| 6,031| 6,039| 6,046| 6,053| 6,060| 6,066| 6,072| 6,078| 6,084
54 | 5,986| 5,996| 6,005| 6,014| 6,022| 6,030| 6,038| 6,045| 6,052| 6,059| 6,065| 6,071| 6,077| 6,083
56 | 5,985| 5,995| 6,004| 6,013| 6,021| 6,029| 6,037| 6,044| 6,051| 6,058| 6,064| 6,070( 6,076 6,082

Bang gia tri Stc khang cua dam 121 DUL

Bang céc thong s6 hinh hoc va toa dd cap DUL dam 121 DUL nguyén
Aps | fps dp pl |pI1*C | al2 al fc |[b-bw | hsl | Mn C dp | fps

mm2 | MPa | mm mm | mm MPa | mm | mm | KkNm | mm | mm | MPa
3553|1821 | 1330 |0.836| 78.2 | 39.1 | 0.85 | 36 |1900 | 250 | 8354 | 98.7 | 1330 | 1821
Bang gié tri Strc Khang cua cdu ddm 21 DUL fpu | fpy k
fcg b hsl | fcs MPa | MPa
56 | 250 | 25 36 GS }?n 1860 | 1674 | 0.28
hsl | 25 fcs 36 =

fcg bl 185 | 190 | 195 | 200 | 205 | 210 | 215 | 220 | 225 | 230 | 235 | 240 | 245 | 250
33 | 8235| 8250| 8264| 8278| 8291| 8303| 8315| 8326| 8337| 8347| 8357| 8367| 8376| 8385
35.5| 8229| 8244| 8259| 8272| 8285| 8298| 8310| 8321| 8332| 8342| 8352| 8362| 8371| 8380
37.5| 8225| 8240| 8255| 8268| 8281| 8294| 8306| 8317| 8328| 8339| 8349| 8358| 8368| 8377
40 | 8220| 8235| 8250| 8264| 8277| 8290| 8302| 8313| 8324| 8335| 8345| 8354| 8364| 8373
42 | 8217| 8232| 8247| 8260| 8274| 8286| 8298| 8310| 8321| 8331| 8342| 8351| 8361| 8370
44 | 8213| 8229| 8243| 8257| 8271| 8283| 8295| 8307| 8318| 8329| 8339| 8349| 8358| 8367
46 | 8210| 8226| 8241| 8255| 8268| 8281| 8293| 8304| 8315| 8326| 8336| 8346 8355| 8364
48 | 8208| 8223| 8238| 8252| 8265| 8278| 8290| 8302| 8313| 8324| 8334| 8344| 8353| 8362
50 | 8205| 8221| 8235| 8249| 8263| 8276| 8288| 8299| 8311| 8321| 8331| 8341| 8351| 8360
52 | 8203| 8218| 8233| 8247| 8260| 8273| 8286| 8297| 8308| 8319| 8329| 8339| 8349| 8358
54 | 8200| 8216| 8231| 8245| 8258| 8271| 8283| 8295| 8306| 8317| 8327| 8337| 8347| 8356
56 | 8198| 8214| 8229| 8243| 8256| 8269| 8281| 8293| 8304| 8315| 8326| 8335| 8345| 8354
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Bang gia tri Stc khang cua dam 124.5 DUL

Bang céc thong sb hinh hoc va toa d6 cap DUL dam 124.5 DUL nguyén

fps

dp

Sl

BI*C

al2

ol

f'c

b-bw

hsl

Mn

C

dp

fps

mm2

MPa

mm

mm

mm

MPa

mm

mm

kNm

mm

mm

MPa

4442

1818

1538

0.836

98.6

49.3

0.85

36

1900

250

12020

124.3

1538

1818

Bang gia trj Strc Khang ciia cau dam 124.5 DUL

fpu

fpy

fcg

b

hsl

fcs

56

250

25

36

hsl

25

fcs

36

SK
G_in

MPa

MPa

1860

1674

0.28

fcg_ b

185

190

195

200

205

210

215

220

225

230

235

240

245

250

33

11832

11856

11878

11899

11919

11939

11957

11975

11992

12008

12023

12038

12052

12066

35.5

11823

11847

11869

11891

11911

11931

11949

11967

11984

12000

12016

12031

12045

12059

37.5

11817

11841

11863

11885

11905

11925

11943

11961

11978

11995

12010

12025

12040

12054

40

11810

11834

11857

11878

11899

11918

11937

11955

11972

11988

12004

12019

12034

12048

42

11805

11829

11851

11873

11894

11913

11932

11950

11967

11984

12000

12015

12029

12043

44

11800

11824

11847

11869

11889

11909

11928

11946

11963

11980

11995

12011

12025

12039

46

11796

11820

11843

11864

11885

11905

11924

11942

11959

11976

11991

12007

12021

12035

48

11791

11816

11838

11860

11881

11901

11920

11938

11955

11972

11988

12003

12018

12032

50

11788

11812

11835

11857

11877

11897

11916

11934

11952

11969

11984

12000

12015

12029

52

11784

11808

11831

11853

11874

11894

11913

11931

11949

11965

11981

11997

12011

12026

54

11781

11805

11828

11850

11871

11891

11910

11928

11946

11962

11978

11994

12009

12023

56

11777

11802

11825

11847

11868

11888

11907

11925

11943

11960

11976

11991

12006

12020

Béng gia tri Strc khang ctia dam 130 DUL

Bang cac thong sb hinh hoc va toa d6 cap DUL dam 130 DUL nguyén

fps

dp

81

BI*C

al2

ol

f'c

b-bw

hsl

Mn

C

dp

fps

mm2

MPa

mm

mm

mm

MPa

mm

mm

kNm

mm

mm

MPa

4738

1812

1690

0.836

1324

66.2

0.85

28

1850

210

13940

155.7

1690

1812

Bang

i4 tri Strc Khang ctia cau dam 130 DUL

fcg

hsl

fcs

56

250

21

28

SK G_in

fpu

fpy

MPa

MPa

1860

1674

0.28

hsl

21

fcs

28

fc b

185

190

195

200

205

210

215

220

225

230

235

240

245

250

13679

13712

13743

13773

13802

13829

13855

13880

13904

13926

13948

13969

13990

14009

35.5

13666

13700

13731

13761

13790

13817

13843

13868

13892

13915

13937

13958

13979

13998

37.5

13657

13691

13722

13752

13781

13809

13835

13860

13884

13907

13929

13950

13971

13990

40

13647

13680

13712

13742

13771

13799

13825

13850

13874

13898

13920

13941

13961

13981

42

13639

13673

13705

13735

13764

13792

13818

13843

13868

13891

13913

13934

13955

13975

44

13632

13666

13698

13728

13757

13785

13812

13837

13861

13884

13907

13928

13949

13968

46

13626

13659

13692

13722

13751

13779

13806

13831

13855

13879

13901

13922

13943

13963

48

13620

13653

13686

13716

13745

13773

13800

13825

13850

13873

13896

13917

13938

13958

50

13614

13648

13680

13711

13740

13768

13795

13820

13845

13868

13890

13912

13933

13953

52

13609

13643

13675

13706

13735

13763

13790

13815

13840

13863

13886

13907

13928

13948

54

13604

13638

13670

13701

13730

13758

13785

13811

13835

13859

13881

13903

13924

13944

56

13599

13633

13666

13697

13726

13754

13781

13807

13831

13855

13877

13899

13920

13940

Béng gia tri Stic khang ctia dam 133 DUL
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Tinh strc khang dam DUL chir I lién hop ban mit cau
M o =A s *Fps*(d p-a/2)+A *f *(d s-al2)-a' *f' *(d' s-a/2)+ al *fc*(b-bw)*hf*(a/2-hf2)
Gia thiét bo qua cbt thép thudng va tiét dién tinh toan 1 chit nhat (bw = b), thi Mn = Aps*fps*(dp-
Bang cac thong so hinh hoc va toa dd cap DUL dam 133 DUL nguyén
Aps | fps | dp | pI |pI*C| a2 al f'c | b-bw | hsl | Mn C dp | fps

mm2 | MPa | mm mm | mm MPa | mm | mm | kNm | mm | mm | MPa
5922|1812 | 1738 | 0.836|125.9| 63.0 | 0.85 | 36 |1850 | 250 |17978|158.8| 1738 | 1812
Bang gia tri Strc Khang cua cau dam 133 DUL fpu | fpy k
fcg b hsl | fcs SK MPa | MPa
56 | 250 | 25 36 el 1860 | 1674 | 0.28

hsl | 25 fcs 36
fcg b| 185 | 190 | 195 | 200 | 205 | 210 | 215 | 220 | 225 | 230 | 235 | 240 | 245 | 250
33 [17664|17705|17743|17780|17815|17849(17881|17911(17941|17969|17996|18022|18047|18070
35.5(17647(17688|17727|17764|17799|17833|17865(17896|17926|17954|17981|18007|18032|18056
37.5(17635(17676|17715|17752|17788|17822|17854|17885(17915|17943|17970|17996|18021 | 18046
40 [17621|17663|17702|17739|17775(17809(17841|17872|17902|17931|17958|17984|18009|18034
42 117611|17653|17692(17729(17765|17799|17832|17863|17893(17922|17949|17975|18001|18025
44 117602|17643|17683(17720(17756|17791|17823|17855(17884(17913|17941|17967|17992|18017
46 [17593|17635|17674|17712|17748(17782(17815|17847|17877|17905|17933|17959(17985| 18009
48 [17585|17627|17667|17704|17740({17775(17808|17839|17869|17898|17926(17952(17978|18002
50 [17577(17619|17659|17697|17733|17768|17801|17832(17862|17891|17919|17946|17971|17996
52 [17570(17612|17652|17690|17726|17761|17794|17826(17856|17885|17913|17939|17965|17990
54 |17564|17606|17646|17684|17720|17755|17788|17820(17850|17879|17907|17934|17959|17984
56 |17558(17600(17640|17678|17714|17749|17782(17814|17844|17873|17901|17928|17954|17978
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

2/ Tinh tii ciia dim I DUL theo TCVN 11823:2017 bang lap trinh VBA trén nén Excel
Bang gia tri Momen Tinh tai ciia ddm 118 DUL

Bing gia tri Hi€u ung tinh tii cua dim trong 118 DUL lién hop
Asl |Aparal gsl [gpara|] L Mcg | Msl |Mpara|Momen DC

cm2 [ cm2 |IN/mmIN/mm| cm | KNm| kNm| kNm | kKNm hUtt
6250|3105| 15 7.5 11740 491 | 568 1059 LRFR
b 250 hsl 25
hsl 25|cm

b 185| 190 195| 200| 205| 210| 215 220 225 230 235| 240| 245| 250
911| 923 934| 945| 957 968| 979| 990.7| 1002 1013| 1025|1036 1047| 1059
hsl 18[cm
b 185 190| 195| 200 205| 210| 215 220| 225 230 235| 240| 245| 250
794| 802| 810 818| 826| 834| 843| 850.8| 859| 867.1| 875.3| 883| 892| 900
hsl 19[(cm
b 185 190| 195| 200 205| 210| 215 220| 225 230 235| 240| 245| 250
810| 819 828| 836| 845| 854| 862| 870.8| 879 888| 896.6| 905| 914| 923
hsl 20|cm
b 185 190| 195| 200 205| 210| 215 220| 225 230 235| 240| 245| 250
827| 836| 845| 854| 863| 873| 882| 890.7| 900( 908.9 918| 927| 936| 945
hsl 21|cm
b 185 190| 195| 200 205| 210| 215 220| 225 230 235| 240| 245| 250
844| 854 863| 873| 882 892| 901| 910.7| 920| 929.8| 939.3| 949| 958| 968
hsl 22|cm
b 185 190| 195| 200 205| 210| 215 220| 225 230 235 240| 245| 250
861| 871 881 891| 901| 911| 921) 930.7| 941| 950.7| 960.7| 971| 981| 991
hsl 23|cm
b 185 190| 195| 200 205| 210| 215 220| 225 230 235 240| 245| 250
878| 888 898| 909| 919| 930| 940| 950.7| 961 971.6 982| 992| 1003|1013
hsl 24|cm
b 185| 190 195| 200| 205| 210| 215 220 225 230 235| 240| 245| 250
894| 905( 916| 927| 938| 949| 960| 970.7| 982| 992.5| 1003|1014 1025|1036
hsl 25|cm
b 185 190| 195| 200 205| 210| 215 220| 225 230 235| 240| 245| 250
911| 923 934| 945| 957| 968| 979| 990.7| 1002 1013| 1025|1036|1047| 1059
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Bang gia tri Hiéu vrng tinh tii cua dim trong 118 DUL lién hop

Acs [ Aas | qcs | gas L Mcs | Mas [Momen DW/| b has
cm2 | cm2 [N/mm|N/mm| cm | KNm| KNm | KNm cm cm
b | 250 1750)3000|4.11 | 7.1 |1740| 156 | 267 | 422 250 12
has| 12
b | 185| 190| 195 200| 205| 210| 215| 220| 225 230 235 240| 245| 250
313| 321]| 330| 338| 346| 355| 363 372 380| 389| 397.1| 406| 414| 422
has 5
b | 185] 190| 195| 200 205| 210| 215| 220 225| 230 235 240| 245| 250
197| 203| 208 213| 219| 224| 229| 235| 240| 245| 250.8| 256| 261| 267
has 6
b | 185| 190| 195 200| 205| 210| 215| 220| 225 230 235 240| 245| 250
214 220| 225| 231| 237 243| 249| 254| 260| 266| 271.7| 277 283 289
has 7
b | 185] 190| 195| 200 205| 210| 215| 220 225| 230 235 240| 245| 250
230| 237| 243| 249| 255 261| 268| 274| 280| 286| 292.6] 299| 305| 311
has 8
b | 185 190| 195 200| 205| 210| 215| 220| 225 230 235 240| 245| 250
247 253| 260| 267 273] 280| 287| 293| 300| 307| 313.5| 320 327| 334
has 9
b | 185| 190| 195 200| 205| 210| 215| 220| 225 230 235 240| 245| 250
263 270| 277 285| 292| 299| 306| 313| 320| 327| 334.4| 342 349| 356
has 10
b | 185] 190| 195| 200 205| 210| 215| 220 225| 230 235 240| 245| 250
280 287| 295| 302| 310 318| 325| 333| 340( 348| 355.3] 363| 370 378
has 11
b | 185| 190| 195 200| 205| 210| 215| 220| 225 230 235 240| 245| 250
296 304| 312| 320 328) 336| 344| 352| 360| 368| 376.2| 384 392| 400
has 12
b | 185| 190| 195 200| 205| 210| 215| 220| 225 230 235| 240| 245 250
313| 321| 330| 338| 346| 355| 363| 372| 380| 389| 397.1| 406| 414| 422
Bang gia tri Momen Tinh tai cia dam 121 DUL
Bang gia tri Hiéu wng tinh tii cia didm trong 121 DUL lién hop
Asl |Aparal gsl |gpara] L [ Mcg| Msl [Mpara|[Momen DC
cm2 | cm2 |[N/mmIN/mm| cm | KNm| kNm| kNm | KNm hutt
6250 [3105| 15 7.5 2040 718 | 780 1499 LRFR
b 250| hsl 25
hsl 25|cm
b 185| 190 195 200 205| 210| 215 220| 225| 230| 235 240( 245| 250
1296| 1311| 1327| 1343]| 1358| 1374| 1390 1405| 1421| 1436 1452| 1468| 1483]| 1499
hsl 18[cm
b 185| 190| 195 200{ 205| 210| 215 220| 225| 230| 235| 240[ 245| 250
1134|1145|1157| 1168( 1179| 1190| 1202| 1213|1224| 1235(1247| 1258( 1269| 1280
hsl 19(cm
b 185| 190| 195 200( 205| 210| 215 220| 225| 230| 235| 240( 245| 250
1157| 1169| 1181) 1193] 1205| 1217|1228 1240| 1252| 1264| 1276| 1288) 1300| 1311
hsl 20|cm
b 185| 190| 195 200 205| 210| 215 220| 225| 230| 235 240( 245| 250
1180| 1193| 1205| 1218] 1230| 1243| 1255 1268| 1280| 1293| 1305| 1318) 1330] 1343
hsl 21licm
b 185| 190| 195 200{ 205| 210| 215 220| 225| 230| 235| 240( 245| 250
1203| 1217| 1230| 1243] 1256| 1269| 1282 1295|1308| 1321 1335| 1348| 1361| 1374
hsl 22|cm
b 185| 190| 195 200{ 205| 210| 215 220| 225| 230| 235| 240( 245| 250
1227| 1240| 1254| 1268] 1282| 1295[ 1309| 1323] 1336| 1350 1364| 1378] 1391| 1405
hsl 23|cm
b 185| 190| 195 200 205| 210| 215 220| 225| 230| 235 240( 245| 250
1250| 1264| 1278] 1293]| 1307| 1321|1336 1350| 1365| 1379 1393| 1408| 1422| 1436
hsl 24|cm
b 185| 190| 195 200 205| 210| 215 220| 225| 230| 235| 240[ 245| 250
1273| 1288| 1303) 1318] 1333| 1348| 1363| 1378] 1393| 1408 1423| 1438| 1453] 1468
hsl 25|cm
b 185| 190| 195 200( 205| 210| 215 220| 225| 230| 235| 240( 245| 250
1296| 1311| 1327) 1343]| 1358| 1374| 1390 1405| 1421| 1436 1452| 1468| 1483] 1499
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Bang gia tri Hiéu Gng tinh tii ciia ddm trong 121 DUL lién hop
Acs | Aas | qcs | gas L Mcs | Mas |[Momen DW b has
cm2 | cm2 [IN/mmN/mm|[ cm | KNm | KNm | KNm cm cm
b 250 1750(3000| 4.2 | 7.2 |2040]| 218 | 375 | 593 250 12
has 12
b 185| 190 195| 200| 205 210| 215| 220| 225| 230 235 240| 245| 250
439| 451 463| 474| 486| 498| 510| 522| 534| 546| 557.4| 569| 581| 593
has 5
b 185| 190| 195| 200| 205| 210| 215| 220( 225 230 235| 240| 245| 250
277 285| 292| 300| 307| 315| 322| 330| 337| 345| 352.1| 360| 367| 375
has 6
b 185| 190| 195| 200( 205| 210 215| 220 225| 230 235| 240 245| 250
300 308| 316| 325| 333| 341| 349| 357| 365| 373| 381.4| 390| 398| 406
has 7
b 185| 190| 195| 200( 205| 210 215| 220 225| 230 235| 240 245| 250
323 332| 341| 350 358]| 367| 376 385| 393| 402| 410.7| 419| 428| 437
has 8
b 185| 190| 195| 200( 205| 210 215| 220 225| 230 235| 240 245| 250
346 356| 365| 375| 384| 393| 403| 412| 421 431| 440.1| 449| 459| 468
has 9
b 185| 190| 195| 200| 205| 210| 215| 220 225 230 235| 240| 245| 250
370( 380| 390| 400| 410| 419| 429 439| 449| 459 469.4| 479| 489| 499
has 10
b 185| 190| 195| 200| 205| 210| 215| 220| 225 230 235| 240| 245]| 250
393| 403| 414| 424| 435| 446| 456| 467| 478| 488| 498.8] 509| 520| 531
has 11
b 185| 190| 195| 200| 205| 210| 215| 220| 225 230 235| 240| 245]| 250
416| 427 438 449 461| 472 483 494| 506| 517| 528.1| 539| 551| 562
has 12
b 185| 190| 195| 200| 205| 210| 215| 220| 225 230 235| 240| 245]| 250
439| 451| 463| 474| 486| 498| 510 522| 534| 546| 557.4| 569| 581 593
Béang gié tri Momen Tinh tai cua dam 124.5 DUL
Bang gia tri Hiéu wng tinh tii cia dim trong 124.5 DUL lién hop
Asl |Aparal gsl |gpara|] L [ Mcg| Msl |Mpara|Momen DC
cm2 | cm2 [N/mm|iN/mm| cm [ KNm|[ KNm| kNm | KNm
6250 [3105| 15 7.5 [2374]1084|1057 2141
b 250 hsl 25
hsl 25|cm
b 185 190| 195| 200| 205| 210| 215| 220| 225 230 235| 240[ 245| 250
1866| 1887| 1909]| 1930 1951( 1972[ 1993| 2014| 2035| 2056| 2078| 2099( 2120 2141
hsl 18|cm
b 185| 190| 195 200| 205| 210| 215| 220| 225 230[ 235| 240| 245]| 250
1647| 1663| 1678| 1693| 1708| 1723|1739 1754[1769| 1784| 1799| 1815| 1830| 1845
hsl 19|cm
b 185 190| 195| 200| 205| 210| 215| 220| 225 230 235| 240[ 245| 250
1679| 1695( 1711|1727| 1743| 1759|1775 1791| 1807| 1823| 1839| 1855| 1871| 1887
hsl 20[cm
b 185| 190| 195 200| 205| 210| 215| 220| 225 230 235| 240| 245| 250
1710| 1727|1744 1761|1777 1794| 1811| 1828| 1845| 1862|1879 1896| 1913| 1930
hsl 21{cm
b 185 190| 195| 200| 205| 210| 215| 220| 225 230 235| 240[ 245| 250
1741)| 1759( 1777]|1794| 1812| 1830| 1848 1865| 1883| 1901| 1919]| 1936| 1954| 1972
hsl 22|cm
b 185 190| 195| 200| 205| 210| 215| 220| 225 230 235| 240[ 245| 250
17721 1791] 1810| 1828| 1847( 1865| 1884| 1903] 1921| 1940| 1958 1977[ 1996| 2014
hsl 23[cm
b 185| 190| 195| 200| 205| 210| 215| 220| 225 230[ 235| 240| 245]| 250
1804| 1823( 1843|1862 1881| 1901| 1920( 1940| 1959| 1979| 1998| 2018| 2037| 2056
hsl 24|cm
b 185 190| 195| 200| 205| 210| 215| 220| 225 230 235| 240[ 245| 250
1835| 1855| 1876| 1896| 1916 1936| 1957| 1977| 1997| 2018| 2038| 2058 2078| 2099
hsl 25|cm
b 185| 190| 195 200| 205| 210| 215| 220| 225 230 235| 240| 245| 250
1866| 1887( 1909| 1930 1951| 1972| 1993| 2014| 2035| 2056| 2078| 2099| 2120| 2141
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Bing gia tri Hi¢u irng tinh tii cua dam trong 124.5 DUL lién hop

Acs | Aas | gcs | gas L Mcs | Mas |Momen DW b has
cm2 | cm2 |[N/mmiN/mm| cm [ KNm | KNm | kNm cm cm
b [ 250 1750 [3000| 4.2 7.2 |2374| 296 | 507 | 803 250 12
has| 12
b | 185 190 195| 200| 205| 210( 215| 220| 225| 230 235 240| 245| 250
594| 610| 626| 642| 659| 675| 691 707| 723| 739| 754.9| 771| 787 803
has 5
b [185]| 190 195 200| 205| 210| 215 220 225| 230 235| 240| 245 250
375| 385 396| 406| 416| 426| 436| 446| 457| 467| 476.8| 487 497 507
has 6
b | 185 190 195| 200| 205| 210( 215| 220| 225| 230 235 240| 245| 250
407| 418| 429 440| 451 462 473 484| 495| 506| 516.5| 528| 539 549
has 7
b [185| 190 195 200| 205| 210| 215 220 225| 230 235| 240| 245 250
438| 450| 462| 473| 485| 497| 509| 521 533 544| 556.3| 568| 580| 592
has 8
b [185| 190| 195| 200| 205| 210( 215 220| 225| 230 235| 240| 245 250
469| 482 495 507| 520| 533| 545 558 571| 583 596( 609| 621| 634
has 9
b [ 185| 190 195 200| 205| 210| 215 220 225| 230 235| 240| 245 250
500| 514| 528| 541| 555| 568| 582 595| 609| 622| 635.7| 649 663 676
has 10
b [185| 190| 195| 200| 205| 210( 215 220| 225| 230 235| 240| 245 250
532 546| 560| 575| 589 604| 618| 632| 647| 661 675.5| 690 704| 719
has 11
b | 185 190 195| 200| 205| 210( 215| 220| 225| 230 235 240| 245| 250
563| 578 593 609| 624| 639| 654 670 685| 700| 715.2| 730 746( 761
has 12
b [ 185 190| 195| 200| 205| 210| 215 220| 225| 230 235| 240| 245 250
594 610| 626| 642| 659 675| 691| 707| 723| 739| 754.9| 771| 787| 803
Béang gié tri Momen Tinh tai cua dam 130 DUL
Bang gia tri Hi€u wng tinh tii cia dAm trong I30 DUL lién hop
Asl |Aparal gsl |gpara| L Mcg | Msl |Mpara|Momen DC
cm2 | cm2 [IN/mmiN/mm| cm | KNm | kNm| kNm | KNm hUtt
6250|3105 15 7.5 1294018581621 3479 LRFR
b 250 hsl 25
hsl 25|cm
b 185| 190| 195| 200| 205| 210| 215 220| 225| 230 235| 240 245 250
3058| 3090| 3123| 3155 3187| 3220| 3252| 3285| 3317| 3349| 3382| 3414| 3447| 3479
hsl 18(cm
b 185| 190| 195| 200| 205| 210| 215 220 225| 230| 235| 240| 245 250
2722| 2745| 2769| 2792| 2815| 2839| 2862| 2885| 2909| 2932| 2955| 2979( 3002| 3025
hsl 19|cm
b 185| 190| 195| 200| 205| 210| 215 220| 225| 230 235 240 245 250
2770| 2795| 2819| 2844 | 2868| 2893| 2918| 2942| 2967 2992| 3016| 3041| 3066| 3090
hsl 20(cm
b 185| 190 195| 200| 205| 210| 215 220 225| 230| 235| 240| 245| 250
2818| 2844 | 2870| 2896| 2922| 2948| 2973| 2999| 3025| 3051| 3077| 3103| 3129 3155
hsl 21|(cm
b 185| 190| 195| 200| 205| 210| 215 220| 225| 230 235 240 245 250
2866| 2893| 2920| 2948| 2975| 3002| 3029| 3056| 3084| 3111|3138| 3165| 3193 3220
hsl 22|cm
b 185| 190 195| 200| 205| 210| 215 220 225| 230| 235| 240| 245 250
2914 2942| 2971| 2999| 3028| 3056| 3085| 3113| 3142| 3171|3199 3228 3256| 3285
hsl 23[cm
b 185| 190| 195| 200| 205| 210| 215 220| 225| 230 235 240 245 250
2962| 2992( 3021| 3051| 3081| 3111| 3141| 3171| 3200| 3230 3260(| 3290( 3320| 3349
hsl 24|cm
b 185| 190 195| 200| 205| 210| 215 220 225| 230| 235| 240| 245 250
3010| 3041| 3072 3103| 3134| 3165| 3196| 3228| 3259 3290| 3321| 3352| 3383| 3414
hsl 25(cm
b 185| 190| 195| 200| 205| 210| 215 220| 225| 230 235 240 245 250
3058| 3090( 3123| 3155| 3187| 3220| 3252| 3285| 3317| 3349|3382 3414 3447| 3479
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» tinh tai ca dAm tron

Bang gia tri Hi€u n 130 DUL lién hop
Acs | Aas | gcs | gas L Mcs | Mas |[Momen DW | b has
cm2 | cm2 [N/mmN/mm| cm | KNm [ KNm| kNm cm cm
b 250 1750|3000 4.2 7.2 12940 454 | 778 | 1232 250 12
has 12
b 185| 190 195| 200 205| 210| 215 220| 225 230 235| 240| 245| 250
911| 936 961| 985| 1010 1035|1059 1084 1109| 1133| 1158|1182 1207| 1232
has 5
b 185| 190 195| 200 205| 210| 215 220| 225 230 235| 240| 245| 250
576 591| 607| 622| 638| 653| 669| 684.6| 700| 716|731.2| 747| 762| 778
has 6
b 185| 190 195| 200 205| 210| 215 220| 225 230 235| 240| 245| 250
624| 640 657| 674| 691 708| 725| 741.6| 758 775| 792.2| 809 826| 843
has 7
b 185| 190 195| 200 205| 210| 215 220| 225 230 235| 240| 245| 250
672 690 708| 726| 744| 762| 781| 798.7| 817| 835|853.1| 871| 889| 908
has 8
b 185| 190 195| 200 205| 210| 215 220| 225 230 235| 240| 245| 250
720 739| 758| 778| 797| 817| 836| 855.7| 875 895| 914.1| 934 953| 972
has 9
b 185| 190 195| 200 205| 210| 215 220| 225 230 235| 240| 245| 250
768 788| 809| 830| 851| 871| 892| 912.8| 934| 954 975| 996|1016| 1037
has 10
b 185| 190 195| 200 205| 210| 215 220| 225 230 235| 240| 245| 250
816| 838 860| 882 904| 926| 948| 969.8| 992| 1014| 1036| 1058| 1080| 1102
has 11
b 185| 190 195| 200 205| 210| 215 220| 225 230 235| 240| 245| 250
863| 887 910| 934| 957 980| 1004 1027|1050| 1074| 1097| 1120( 1144|1167
has 12
b 185| 190 195| 200 205| 210| 215 220| 225 230 235| 240| 245| 250
911| 936 961| 985| 1010 1035| 1059| 1084 1109| 1133| 1158|1182 1207|1232
Béng gid tri Momen Tinh tai cua dam 130 DUL
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Bing gia tri Hiéu tng tinh tii cia dAm trong 133 DUL lién hop
Asl |Aparal gsl |gparal L Mcg | Msl |Mpara|Momen DC
cm2 | cm2 |[N/mmN/mm| cm KNm | kNm | KNm | kKNm
6250(3105( 15 | 7.5 | 3240 | 2346 | 1968 4314
b 250| hsl 25
hsl 25[(cm
b 185 190 195| 200 205 210| 215 220| 225| 230| 235 240| 245| 250
3802| 3842 3881| 3920| 3960| 3999| 4038| 4078|4117| 4157| 4196| 4235| 4275| 4314
hsl 18[cm
b 185 190 195 200 205 210 215 220| 225 230 235| 240| 245 250
3394| 3423| 3451| 3479| 3508| 3536| 3564| 3593| 3621| 3650 3678| 3706| 3735| 3763
hsl 19(cm
b 185 190 195| 200 205 210| 215 220| 225| 230| 235 240| 245| 250
3453 3483 3513| 3542| 3572| 3602| 3632 3662| 3692| 3722| 3752| 3782| 3812| 3842
hsl 20|cm
b 185| 190 195| 200 205 210 215 220| 225 230| 235 240| 245 250
3511| 3542| 3574| 3605| 3637| 3668 3700| 3731| 3763| 3794| 3826| 3857| 3889| 3920
hsl 21|(cm
b 185 190 195| 200 205 210| 215 220| 225| 230| 235 240| 245| 250
3569| 3602| 3635| 3668| 3701| 3735 3768| 3801| 3834| 3867| 3900| 3933| 3966| 3999
hsl 22|cm
b 185| 190 195| 200 205 210 215 220| 225 230| 235 240| 245 250
3627| 3662| 3697| 3731| 3766| 3801| 3835 3870| 3905| 3939| 3974| 4009| 4043| 4078
hsl 23[cm
b 185 190 195| 200 205 210| 215 220| 225| 230| 235 240| 245| 250
3686| 3722| 3758( 3794 3831| 3867| 3903| 3939|3975 4012| 4048| 4084| 4120| 4157
hsl 24|cm
b 185| 190 195| 200 205 210 215 220| 225 230| 235 240| 245 250
3744 | 3782( 3820| 3857| 3895| 3933| 3971| 4009| 4046| 4084| 4122| 4160| 4197| 4235
hsl 25(cm
b 185 190 195 200 205 210 215 220| 225 230 235| 240| 245 250
3802| 3842| 3881| 3920 3960| 3999| 4038| 4078|4117| 4157| 4196| 4235| 4275| 4314
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Bing gia tri Hidu tng tinh tii ciia dAm trong 133 DUL lién hop
Acs | Aas | qcs gas L Mcs | Mas [Momen DW/| b has
cm2 [ cm2 | N/mm| N/mm| cm | KNm | KNm| kNm cm | cm
b 250 750 |3000| 1.8 7.1 | 3240 | 231 | 925 | 1156 250 | 12
has 12
b 185 190| 195| 200 205 210| 215| 220| 225| 230 235| 240| 245| 250
1084(1113|1142|1172| 1201| 1230| 1260| 1289 1318| 1348| 1377| 1406| 1435| 1465
has 5
b 185 190| 195| 200 205 210| 215| 220| 225| 230 235| 240| 245| 250
685| 703| 722| 740( 758.6| 777.1| 795.6| 814.1| 833| 851| 869.6] 888| 907| 925
has 6
b 185 190| 195| 200 205 210| 215| 220| 225| 230 235| 240| 245| 250
742| 762 782| 802 821.8| 841.8| 861.9( 881.9| 902| 922|942.1| 962 982| 1002
has 7
b 185| 190| 195| 200| 205| 210 215 220 225| 230 235| 240| 245 250
799| 820 842| 863 885| 906.6| 928.2| 949.8| 971| 993| 1015| 1036( 1058| 1079
has 8
b 185| 190| 195| 200| 205| 210 215 220 225| 230 235| 240| 245 250
856| 879 902| 925| 948.2| 971.4| 994.5| 1018| 1041| 1064| 1087|1110| 1133| 1156
has 9
b 185| 190| 195| 200| 205| 210 215 220 225| 230 235| 240| 245 250
913| 937 962| 987 1011| 1036 1061| 1085|1110( 1135| 1159 1184|1209 1233
has 10
b 185| 190| 195| 200| 205| 210 215 220 225| 230 235| 240| 245 250
970| 996|1022| 1048| 1075 1101| 1127| 1153|1180| 1206| 1232|1258| 1284|1311
has 11
b 185| 190| 195| 200| 205| 210 215 220 225| 230 235| 240| 245 250
1027(1055| 1082| 1110| 1138| 1166| 1193| 1221|1249|1277| 1304| 1332| 1360| 1388
has 12
b 185| 190| 195| 200| 205| 210 215( 220 225| 230 235| 240| 245 250
1084(1113|1142|1172| 1201| 1230| 1260| 1289 1318| 1348| 1377| 1406| 1435| 1465

3/ Hoat tai ciia dim I DUL theo TCVN 11823:2017 bang lap trinh VBA trén nén Excel
3.1 Momen Hoat tai ciia ddm I DUL theo xe thiét ké HL-93
3.1.1 Momen Hoat tai ctia dam 118 DUL

Bang gia tri Momen Hoat tai cia dam 118 DUL theo PP Pon bay

P,=145kN/2 P,=145kN/2 P;=35kN/2 . qlan=9.3kN/m
L 430 430 / |
‘ i l v g i A 4 v '& v I v ‘
y,=L/4
Vo*(L/2-2*4.3)/(L/2) =y, V3= Y,*(L/2-4.3)/(L/2)
L

A
4

Pudng anh hudéng momen cho Dam chu tai gitra nhip L/2

Dim |[Nhip |Tungdé yi (m) MPi=yi*Pi (kNM)  [Myne |Mgin
Lm [y1 [y2  y3 72.5] 72.5] 175|=MpPi| 9.3

17.4 2.2 4.35 2.2 160| 315.4| 38.5| 513.4 352
Dim Trong | My gL RFR=1.75*(1.25* M, *0in , +Mgjan*Ginpr)
Dam Ngoai My sl RFR=1.75*(1.25* Mgt *gouty +Mgian*Goutrr)

Hiéu trng hoat tai My, o3 tinh theo Pon biy véi sb luong dam chu <=3

B_in 185 190| 195] 200] 205| 210 215| 220| 225| 230| 235 240 245| 250
Ming o3 1119| 1169| 1216| 1261| 1305| 1346| 1386| 1425| 1462| 1497| 1532| 1565 1571| 1577
B_out 185| 190 195 200| 205| 210 215| 220| 225| 230( 235| 240| 245| 250
Mouty o3 762| 829 893| 953| 1011| 1067| 1120| 1172| 1221| 1268| 1314| 1358 1400| 1441
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Bang gia tri Momen Hoat tai cia ddm 118 DUL theo > 03 Dam

P=145kN P,=145kN P, =35kN glan=9.3kN/m n Ig Ag  |Ygb |Hg
430 430 " - cmd cm2 |em  [cm
| A T A R A A A A | [os02] 6646271 | 4951] 56.0 | 110
'y ¥ |Kg Qui d6i do cimg eg
y=L/4 cmd Kg = n*(I+Ag*eg’) [cm
¥2*(L/2-4.3)/(L12) = vy ¥3 = ¥ M (L/2-4.3)(L/2) 20860657 |eg=(H-Ygb)+hsl/2 | 66.46
L
b > Bang tinh hé sb phan phdi ngang
Nhip |Tungdd yi(m) Mpi=yi*Pi Msirue |Mian S ts S/2900 S/L |KyLt
(m |yl y2 y3 145 145 35|=Mp; |q*L7/8] mm |mm - - -
17.40 2.2| 4.35 22| 319| 631 77| 1027 352 2500( 250| 0.862| 0.144| 0.841
MHL93 LRFR (kNm) g_in Hé Sé lan tai, £ Jian
fcg b hsl | fcs 2Lan [3Lan [4Lan - 2 3 4|kN/m
56 | 250 | 25 36 2240| 2856| 2912 0.685 1.0/ 0.85| 0.65 9.3
hsl | 25 | fcs | 36 2
ffcg_§ 185 190 195| 200 205| 210| 215 220| 225 230| 235 240| 245| 250 oLan
33| 1858 1893| 1928| 1962| 1996| 2030| 2064| 2098| 2132| 2165| 2198| 2232| 2265| 2298 HTai
35.5| 1852| 1887| 1921| 1955( 1989| 2023| 2057| 2091| 2124| 2158| 2191| 2224| 2257 2289
37.5| 1847 1882 1916( 1950| 1984| 2018| 2052| 2085| 2119| 2152| 2185| 2218 2251| 2283
40| 1842| 1876| 1910| 1944| 1978| 2012| 2046| 2079( 2112| 2145| 2178| 2211| 2244| 2276
42| 1837| 1872| 1906| 1940| 1974| 2007| 2041| 2074| 2107| 2140( 2173| 2206| 2239| 2271
44| 1833| 1868| 1902| 1936| 1969| 2003| 2036 2070 2103| 2136| 2168| 2201| 2234| 2266
46| 1830| 1864| 1898| 1932| 1965| 1999| 2032 2065 2098| 2131| 2164| 2196| 2229| 2261
48| 1826| 1860| 1894| 1928| 1961| 1995| 2028| 2061| 2094| 2127| 2160| 2192| 2224| 2257
50( 1823 1857 1891| 1924| 1958| 1991| 2024| 2057| 2090| 2123| 2155 2188 2220( 2252
52| 1819 1853| 1887| 1921| 1954| 1987| 2020| 2053| 2086| 2119| 2151| 2184 2216| 2248
54| 1816| 1850( 1884| 1917| 1951| 1984 2017| 2050| 2083| 2115| 2148| 2180| 2212| 2244
56( 1813 1847| 1881| 1914| 1947| 1981| 2013| 2046| 2079| 2112| 2144| 2176| 2208| 2240
3.1.2 Momen Hoat tai cia dam 121 DUL
Bang gi4 tri Momen Hoat tai ciia dam 121 DUL theo PP Pon bay
P,;=145kN/2 P,=145kN/2  P;=35kN/2 . glan=9.3kN/m
430 430 2
2 i i l A A 4 A i i// Y l ik
A
y,=L/4
y,*(L/2-2*4.3)/(L/2) =y, Vs = Yo, (L/2-4.3)/(L/2)
P L
Pudng anh huéng momen cho Dam chu tai giira nhip L/2 ]
Dim [Nhip |Tungdd yi (m) MPi=yi*Pi (kNm) Miie |Mgian
L(m) |yl y2 y3 725 725| 17.5|XMPi 9.3
20.4| 2.95| 5.1 295| 214| 369.8| 51.63| 635.3| 483.8
DamTrong  |My LRFR=1.75%(1.25*Ma,.*gi N +Mgjan *GineD)
Dam Ngoai My 03LRFR=1.75%(1.25*Mg,.*gout, ; +Mgyjan*Jouter)
Hiéu tng hoat tai My 3 tinh theo Pon bay véi s6 lwong dam cha <=3
B_in 185 190| 195| 200f 205| 210] 215 220 225| 230| 235 240| 245| 250
Ming g | 1414 1477| 1536 1593| 1648| 1700 1750| 1799| 1845| 1890( 1933| 1975| 1983| 1991
B_out 185| 190| 195 200 205/ 210 215 220f 225| 230[ 235| 240| 245| 250
Mouty o3| 966| 1049| 1129| 1205| 1278| 1347| 1414| 1478| 1540 1600| 1657| 1712| 1766| 1818
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Bang gia tri Momen Hoat tai cia ddm 121 DUL theo > 03 Dam

P,=145kN P,=145kN P,=35kN qlan=9.3kN/m n g Ag |Yob |Hg
430 430 " cmé cm2 |cm |em
Vol L L L [os02] 8547995 | s102] 60.6] 120
A O kg Quidéido cing  |eg
L4 cmd Kg=n*(I+Ag*eg’) |cm
W LANL2) = v 3 ¥s = v (L/2-4.3)/(L/2) 28373388 |eg=(H-Ygb)+hsl/2 | 71.897
h - Bang tinh hé ) phan phéi ngang
Nhip |Tungdd yi(m) Mp=yi*Pi Miirge | MGan | S ts  |S/2900 S/L |KyLts
m) |y1 [y2 |y3 145| 145  35|=Mp |9.3L%8 mm  |mm - - -
20.4| 2.95] 51| 295/ 428] 740 103| 1271| 484 2500| 250/ 0.862| 0.123 0.8901
Mgz LRFR (KNm) g_in |Hé sb lan tai, f Qlan
fcg b hsl | fcs 2Lan |3Lan |4Lan - 2 3 4|kN/m
56 | 250 | 25 | 36 2773| 3536| 3605 0.669] 1.0/ 0.85| 0.65 9.3
hsl | 25 | fcs 36 2
fcg S| 185 190 195 200 205| 210] 215] 220[ 225| 230[ 235| 240| 245 250
33| 2302| 2345| 2388| 2430| 2473| 2515 2557| 2508| 2640| 2681| 2722| 2763| 2804 2845 oLan
35.5| 2294| 2337| 2380| 2422| 2464| 2506| 2548| 2580 2631| 2672| 2713| 2754| 2794| 2835 HTai
37.5| 2288| 2331| 2374| 2416| 2458| 2500| 2541| 2583| 2624| 2665| 2706| 2746| 2787| 2827
40| 2282| 2324| 2366| 2408| 2450| 2492| 2533| 2575| 2616| 2656| 2697| 2738| 2778| 2818
42| 2276| 2319| 2361| 2403| 2445| 2486| 2527| 2569| 2609| 2650| 2691| 2731| 2772| 2812
44| 2271| 2314| 2356| 2398| 2439| 2481| 2522| 2563| 2604| 2644| 2685| 2725| 2765| 2805
46| 2267| 2309| 2351| 2392| 2434| 2475| 2516 2557| 2598| 2639| 2679| 2719| 2759| 2799
48| 2262| 2304| 2346| 2388| 2429| 2470| 2511| 2552| 2593| 2633| 2674| 2714| 2754| 2794
50| 2258| 2300| 2342| 2383| 2424| 2466| 2507| 2547| 2588| 2628| 2668| 2709| 2748| 2788
52| 2254| 2296| 2337| 2379| 2420| 2461| 2502| 2543| 2583| 2623| 2664| 2703| 2743| 2783
54| 2250| 2292| 2333| 2375| 2416| 2457| 2497| 2538| 2578| 2619| 2659| 2699| 2738| 2778
56| 2246| 2288| 2329| 2370| 2412| 2452| 2493| 2534| 2574| 2614| 2654| 2694| 2734| 2773

3.1.3 Momen Hoat tai ctia dam 124.5 DUL
Béng gia tri Momen Hoat tai ciia dam 124.5 DUL theo PP Pon bay

P,=145kN/2 P,=145kN/2  P;=35kN/2 glan=9.3kN/m
430 | 430 _ Il
S S A S S S S S T S é
A
y,=L/4
v, *(L/2-2*%4.3)/(L/2) =y, V3= Y, (L/2-4.3)/(L/2)
L L
) Pudng anh huéng momen cho Dam chu tai gitta nhip L/2 g
Dam [Nhip |Tungdd yi (m) MPi=yi*Pi (kNm)  |Ms. |Mgian
L(m) |yl y2 y3 72.5| 72.5| 17.5|XMPi 9.3
23.74| 3.785| 5.935| 3.785| 274| 430.3| 66.24| 770.9| 655.2
Dam Trong My 3L RFR=1.75*(1.25*Mg;, . *0in  +Mgjan “Qiner)
Dam Ngoai My osLRFR=1.75%(1.25*Mg . *gout, | +Mgjan*Qoute)
Hiéu trng hoat tai M, g3 tinh theo Pon béy voi sb luong dam cha <=3
B_in| 185| 190 195 200f 205| 210] 215] 220| 225/ 230f 235| 240| 245] 250
Ming[ 1758 1835 1908| 1979| 2046| 2111| 2173| 2233| 2290| 2346| 2400| 2451| 2462| 2473
B oul 185/ 190 195| 200{ 205| 210f 215/ 220f 225| 230| 235| 240| 245/ 250
Mout{ 1204 1306| 1404| 1498| 1587 1673| 1755| 1835 1911| 1984| 2055| 2124| 2190| 2254

Bang gia tri Momen Hoat tai cia dam 124.5 DUL theo > 03 Dam
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P=145kN P,=145kN  P;=35kN qlan=9 3kN'm [, Iy Ag |Ygb |Hg
430 430 - cmé cm2 |ecm  |cm
oo Db D L | Toso2| 14370170 | 5730] 726 145
A 0 lkg Quiddido cimg  |eg
LA =s v=L/4 LA L) cm4 Kg:n*(|+Ag*egz) cm
= . 232 s 44658546 |eg=(H-Ygb)+hsl/2 | 84.93
o - Bang tinh hé sb phén phéi ngang
Nhip |Tung do yi (m) Mpi=yi*Pi(kNm)  [Mse [MQian S |ts  [S/290d S/L |Kg/Lts®
L(m) |yl |y2 |y3 145| 145  35|=Mp; |qLY/8 mm  |[mm - - -
23.74| 3.785| 5.935| 3.785| 549| 861| 132| 1542| 655 2500 250 0.862| 0.105| 1.204
MpyLoz LRFR g_in [Hé sb Lan tai, f Qian
fcg b hsl | fcs 2Lan [3Lan |4Lan - |2Lan |3Lan |4Lan [KN/m
56 | 250 | 25 | 36 3456| 4406| 4493 0.669| 1.0/ 0.85| 0.65| 9.3
hsl | 25 | fcs | 36 4
fcg § 185| 190 195 200| 205/ 210| 215| 220 225| 230| 235 240| 245| 250 e
33| 3731| 3800| 3870| 3939| 4007| 4075| 4143| 4211| 4278| 4345| 4412| 4478| 4544| 4610 HTai
35.5| 3718| 3787| 3856| 3925| 3993| 4061| 4129| 4196| 4263| 4329| 4396| 4462| 4528 4593
37.5| 3708| 3777| 3846| 3914| 3983| 4050| 4118| 4185| 4251| 4318| 4384| 4450| 4516| 4581
40| 3697| 3766| 3834| 3902| 3970| 4038| 4105| 4172| 4238| 4304| 4370| 4436| 4502| 4567
42| 3688| 3757| 3825| 3893| 3961| 4028| 4095| 4162| 4228| 4294| 4360| 4426| 4491| 4556
44| 3680| 3749| 3817| 3885| 3952| 4019| 4086| 4153| 4219| 4285| 4350| 4416| 4481| 4546
46| 3673| 3741| 3809| 3877| 3944| 4011| 4077| 4144| 4210| 4276| 4341| 4406| 4471| 4536
48| 3665| 3733| 3801| 3869| 3936| 4003| 4069| 4135| 4201| 4267| 4332| 4397| 4462| 4526
50| 3658| 3726 3794| 3861| 3928| 3995| 4061| 4127| 4193| 4258| 4324| 4388| 4453| 4517
52| 3652| 3719 3787| 3854| 3921| 3987| 4054| 4120| 4185| 4250| 4315| 4380| 4445| 4509
54| 3645| 3713| 3780| 3847| 3914| 3980| 4046| 4112| 4178| 4243| 4308| 4372| 4437| 4501
56| 3639| 3706| 3774| 3841| 3907| 3973| 4039| 4105| 4170| 4235| 4300| 4365| 4429| 4493

3.1.4 Momen Hoat tai cia dam 130 DUL
Bang gia tri Momen Hoat tai cia dam 130 DUL theo PP Pon bay

P,=145kN/2 P,=145kN/2

P,=35kN/2

&

430

430

/

/

glan=9.3kN/m
»

!

]

>
>

¥

P

A

Y (L2-2*4.3)/(LU2) =y,

y,=L/4

L

li%

¥3= ¥2*(L/2-4.3)/(L/2)

Puong anh hudng momen cho Dam chi tai giita nhip L/2

\
A

Dam (Nhip [Tungdd yi (m) MPi=yi*Pi (KNm) Miie [ Mgian
L(m) |yl y2 y3 72.5| 725| 17.5|XMPi 9.3
29.4| 5.2| 7.35| 5.2| 377|532.9 91| 1001] 1005
Dam Trong | My sLRFR=1.75*(1.25*Ma,, . *gi N +Myian*Ginel)
DamNgodi | My sLRFR=1.75*(1.25*Mg;,.*go Uty | +Mgian*Qouter)
Hiéu tng hoat tai My, g5 tinh theo Pon biy véi s6 luong dam cha <= 3
B in 185 190 195| 200 205| 210[ 215] 220| 225| 230| 235 240| 245] 250
Ming s | 2378| 2480| 2578| 2672| 2762| 2848| 2931| 3012| 3089| 3164| 3236| 3306 3323| 3340
B_out 185| 190 195| 200 205| 210f 215] 220| 225| 230| 235| 240| 245] 250
Mouty, 3| 1635| 1771 1900 2025| 2144| 2258| 2368| 2473| 2575| 2673| 2768| 2860 2949| 3035
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Bang gia tri Momen Hoat tai cia ddm 130 DUL theo > 03 Dam

P=145kN P,=145kN  P,;=35kN

430

430

glan=9% 3kN/m

>

lg

Ag

Ygb

Hg

cm4

cm2

cm

cm

'

v l

L l L ]

:

'

0.802

20088169

6356

79.31

160

v *(L243WLID =¥,

yL4

¥3 =y (L2-4.3)/(L/2)

ot

F Y

Nhip

Tung d9 yi (m)

Mp=yi*Pi (KNm)

MBtmc

|vlqlan

L(m)

yl

y2

y3

145

145 35|ZMp;

9.3

29.4

5.2

7.35

5.2

754

1066| 182] 2002

1005

fcg

b

hsl

fcs

56

250

22

36

hsl

22

fcs

36

2

Myq5 LRFR

2 Lan

3 Lan

4 Lan

4701| 5994

6112

Kg

Qui ddi d¢ clmg

€9

cméd

Kg = m*(I+Ag*eg’)

o

m

58956784

eg=(H-Ygb)+hsl/2

91.694

Bang tinh hé sb phan phdin

gang

S

ts

S$/290(

S/L

mm

mm

Ky/Lts®

2500

220

0.862

0.085

1.8833

g_in

Hé so

Lan tai,

f

Oian

2 Lan

3 Lan

4 Lan

kN/m

0.670

1.0

0.85

0.65

9.3

f'cg S

185

190

195

200

205

210] 215] 220

225

230

235

240

245

250

33

3904

3977

4049

4122

4193

4265| 4336| 4406

4477

4547

4617

4686

4755

4824

35.5

3891

3963

4035

4107

4178

4250| 4320| 4391

4461

4531

4600

4669

4738

4807

2Lan
HTal

37.5

3880

3953

4025

4096

4167

4238| 4309| 4379

4449

4519

4588

4657

4726

4794

40

3868

3941

4012

4084

4155

4225| 4295| 4365

4435

4504

4573

4642

4711

4779

42

3860

3931

4003

4074

4145

4215| 4285| 4355

4425

4494

4563

4631

4700

4768

44

3851

3923

3994

4065

4136

4206| 4276| 4345

4415

4484

4552

4621

4689

4757

46

3843

3915

3986

4056

4127

4197| 4267| 4336

4405

4474

4543

4611

4679

4746

48

3835

3907

3978

4048

4119

4188| 4258| 4327

4396

4465

4533

4601

4669

4737

50

3828

3899

3970

4040

4111

4180| 4250| 4319

4388

4456

4524

4592

4660

4727

52

3821

3892

3963

4033

4103

4173| 4242| 4311

4379

4448

4516

4584

4651

4718

54

3814

3885

3956

4026

4096

4165| 4234| 4303

4372

4440

4508

4575

4643

4710

56

3808

3878

3949

4019

4089

4158| 4227| 4296

4364

4432

4500

4567

4635

4701

3.1.5 Momen Hoat tai ctia dam 133 DUL
Bang gi4 tri Momen Hoat tai cia dam 133 DUL theo PP Pon bay

Dam

Nhip

Tung d yi (m)

MPi=yi*Pi (kNm)

Iqulan

L(m)

yl

2. 1y3

72.5

72.5

175

M3truc
>MPi

9.3

32.4

595 81

5.95

431

587.3

104.1

1123

1220

Dim Trong

MyosLRFR=1.75%(1.25* M, *0in,, +Mgian*inpr)

Dam Ngoai

MHLQSLRFR:]--75*(1-25*M3truc*QOUtLL+Mqlan*goutPL)

Hiéu tmg hoat tii My g5 tinh theo Pon bay véi s6 lwong dam chi <=3

B in

185

190

195

200

205

210

215

220

225

230

235

240

245

250

Minigs

2725

2841

2952

3059

3162

3260

3355

3447

3535

3620

3703

3783

3803

3824

B_out

185

190

195

200

205

210

215

220

225

230

235

240

245

250

1878

2032

2179

2320

2455

2585

2710

2830

2946

3058

3166

3270

3372

3470
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P=145kN  P,=145KN

P;=35kN glan=9_3kN/m
>

430

430

v 4 4 v

v

Ig

Ag Ygb

cm4

cm2 [cm

0.802

21731341

6464( 81.43

W L2-43)(L2) =y,

v 1 4
[ ]

¥3 = ¥2*(L/2-4.3)/(L/2)

¥

Nhip |Tung dd yi (m)

Mei=yi*Pi (kNmM)  |Msiyc |MGian

L(m) |yl Jy2  |y3

145

145

35| XMp; 9.3

324 595 81

5.95

863

1175

208| 2246| 1220

fcg b hsl

fcs

56 [ 250 | 25

36

hsl

25 fcs 36

My g5 LRFR

2 Lan |3 Lan |4 Lan

5130| 6541| 6669

Kg

S6 qui ddi d6 clmg

cmé

Kg = m(I+Ag*eg’)

65063036

eg=(H-Ygb)+hsl/2

95.872

Bang tinh hé s phan phdi ngang

S

ts

S/2900 S/L

Kg/Lts®

mm

mm

2500

250

0.862| 0.077

1.2852

g_in

Hé sb Lan tai, f

lan

2 Lan

3 Lan |4 Lan

KN/m

0.637

1.0

0.85[ 0.65

9.3

f'cg_S|

185 190| 195

200

205

210

215] 220| 225 230| 235

240

245

250

33

5548| 5650| 5753

5854

5955

6056

6156| 6256| 6355| 6454 6552

6650

6748

6845

35.5

5528| 5631| 5732

5833

5934

6034

6134| 6233| 6332| 6431 6529

6626

6723

6820

SIS,

5514| 5616| 5717

5818

5918

6018

6118| 6217| 6315/ 6413 6511

6608

6705

6802

40

5497| 5598 5699

5800

5900

6000

6099| 6197 6295| 6393 6490

6587

6684

6780

42

5484| 5585| 5686

5786

5886

5985

6084| 6183| 6280| 6378| 6475

6572

6668

6764

44

5472| 5573| 5673

5773

5873

5972

6071| 6169| 6266| 6363| 6460

6557

6653

6748

46

5460| 5561| 5661

5761

5860

5959

6057| 6155| 6253| 6350| 6446

6542

6638

6734

48

5449| 5550| 5650

5749

5848

5947

6045| 6143| 6240 6337 6433

6529

6624

6720

50

5439| 5539 5639

5738

5837

5935

6033| 6131| 6228| 6324 6420

6516

6611

6706

52

5429| 5529| 5628

5728

5826

5924

6022| 6119| 6216| 6312 6408

6504

6599

6693

54

5419| 5519| 5618

5717

5816

5914

6011| 6108 6205| 6301 6396

6492

6587

6681

56

5410| 5510| 5609

5707

5806

5903

6001) 6097| 6194| 6290 6385

6480

6575

6669

2Lan
HTai

hsl

25 | fcs 36

f'cg_S|

185 190| 195

200

205

210

215| 220| 225| 230 235

240

245

250

33

5441| 5542| 5642

5742

5841

5940

6038| 6136| 6233| 6330 6426

6522

6618

6713

8515

5422| 5522| 5622

5721

5820

5918

6016| 6114| 6210| 6307 6403

6499

6594

6689

37.5

5408| 5508 5607

5706

5805

5903

6000/ 6097| 6194| 6290 6386

6481

6576

6671

40

5391| 5491| 5590

5688

5786

5884

5981| 6078| 6174| 6270 6366

6461

6555

6650

42

5378| 5478 5577

5675

5773

5870

5967| 6064 6160| 6255 6350

6445

6540

6634

44

5367| 5466| 5564

5662

5760

5857

5954| 6050| 6146| 6241| 6336

6431

6525

6618

46

5355| 5454| 5552

5650

5748

5845

5941| 6037| 6133| 6228 6322

6417

6511

6604

48

5344| 5443( 5541

5639

5736

5833

5929| 6025| 6120 6215 6309

6403

6497

6590

50

5334| 5433| 5530

5628

5725

5821

5917| 6013| 6108| 6203| 6297

6391

6484

6577

52

5324| 5423( 5520

5617

5714

5810

5906| 6001 6096| 6191| 6285

6379

6472

6565

54

5315| 5413| 5510

5607

5704

5800

5895| 5991| 6085| 6180 6273

6367

6460

6553

56

5306] 5404| 5501

5598

5694

5790

5885| 5980| 6075| 6169| 6262

6356

6449

6541

hsl

25 | fcs 36

2

f'cg_S

185 190 195

200

205

210

215] 220| 225| 230| 235

240

245

250

33

4267| 4346| 4425

4503

4581

4658

4735| 4812| 4889| 4964 5040

5116

5191

5265

35!5

4252| 4331| 4409

4487

4565

4642

4719( 4795| 4871| 4947| 5022

5097

5172

5246

37.5

4241| 4320( 4398

4475

4553

4629

4706| 4782| 4858| 4933| 5008

5083

5158

5232

40

4228| 4306| 4384

4461

4538

4615

4691| 4767| 4843| 4918| 4993

5067

5141

5215

42

4218| 4296| 4374

4451

4528

4604

4680| 4756| 4831| 4906( 4981

5055

5129

5203

44

4209| 4287| 4364

4441

4518

4594

4670| 4745| 4820| 4895( 4969

5044

5117

5191

46

4200| 4278| 4355

4432

4508

4584

4660| 4735| 4810| 4884| 4959

5033

5106

5180

48

4192| 4269| 4346

4423

4499

4575

4650( 4725| 4800| 4874| 4948

5022

5096

5169

50

4184| 4261| 4338

4414

4490

4566

4641| 4716| 4790| 4865| 4939

5012

5086

5159

52

4176| 4253| 4330

4406

4482

4557

4632| 4707| 4781 4856( 4929

5003

5076

5149

54

4169| 4245| 4322

4398

4474

4549

4624| 4698| 4773| 4847( 4920

4994

5067

5139

56

4161| 4238| 4314

4390

4466

4541

4616| 4690 4764 4838| 4912

4985

5058

5130

3.2 Momen Hoat tai ctia ddm I DUL theo xe thiét ké hop phap [3]
3.2.1 Momen Hoat tai ctia dam 133 DUL
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Bang gi4 tri Momen Hoat tai ctia ddm 133 DUL theo PP Pon bay

T5.6kN 75.6kN  71.2kN

4.572

1219

6.0

75.6kN 75 6kN  T71.2kN

1219

A

-+

A

r r

L

k4

L2

v

.

A

4572 >l
r

yi=ys (L2-11.791)/(L/2)

¥r=ys*(L/2-10.572)/(L/2)
vi=¥5*(L/2-6.0)/(L/2)

-

v.=L/4

¥s = ¥*(L/2-5.791)/(L/2)
¥s = y<*(L/2-1.219)/(L/2)

Puong anh hudng momen cho DAm chu tai giira nhip L/2

Nhip | Tungdd yi(m) Mpi=yi*Pi Mstrye
(m) yl y2 y3 y4 y5 y6 75.6| 71.2|XMp;
32.40| 2.205| 2.814 51 8.10f 7.49| 5.20| 1558 734| 2292
Dam Trong  |MzLRFR=1.25*My,,.*gin,
Dam Ngoai | M5LRFR=1.25*Mg,, . *gout, |
Hiéu ting hoat tdi M5 tinh theo Don béy v6i s6 luong dim chi <=3
B _in 185| 190 195 200| 205| 210 215 220 225| 230| 235 240( 245| 250
Ming, 4026| 4222| 4407| 4583| 4751 4911| 5063| 5208| 5347| 5480 5607| 5729| 5729 5729
B out 185| 190 195( 200| 205| 210 215 220 225| 230| 235 240( 245| 250
Mouty 2671| 2940| 3195| 3438| 3668| 3888| 4097| 4297| 4488| 4671| 4846| 5013| 5174| 5328
Béng gid tri Momen Hoat tai ctia dam 133 DUL theo > 03 Dam
75.6kN 75.6kN _ 71.2kN 75.6kN 75.6kN _71.2kN n g A9 |Yab |Hg
1219 ) 4372 e 6.0 ) 1]..‘-19 _ 4512 N cmé em2 lem  lem
p A4 hJ A4 hd A ¥ - 0.802 217313,41 ?464 81.43| 164.8
= Kg SO qui 461 dd cing |eg
P QELBLL) y=L/4 Vo= vAL2-S TO1V(L)  |Cmé Kg = n*(I+Ag*eg’) |cm
¥y (L2-10572)(L12) §a= v LA-1219)(L2) 65063036 | eg=(H-Ygb)+hsl/2 | 95.872
¥yt L2260y 0 7
) i Bang tinh hé s6 phan phdi ngang
Nhip |Tungdd yi(m) Mpi=yi*Pi Mirye S ts S/2904 S/L Kg/Lts3
(m) |yl y2 y3 y4 y5 y6 75.6| 71.2|ZMp; mm  [mm - - -
32.40( 2.205| 2.814| 5.1| 8.10| 7.49| 5.20[ 1558 734| 2292 2500 250( 0.862| 0.077| 1.2852
Myes LRFR g_in |He 6 Lan tai, f Oian
fcg b hsl | fcs 2Lan [3Llan |4Lan - |2 Lan |3 Lan |4 Lan [KN/m
56 | 250 | 25 36 3649| 4653|4744.1 0.637 1.0 0.85| 0.65 9.3
hsl | 25 | fcs | 36 4
f'cg S| 185 190| 195 200| 205| 210f 215| 220| 225 230| 235 240| 245| 250
33| 3946| 4019| 4092| 4164| 4236| 4308| 4379 4450| 4520 4591| 4661| 4730 4800| 4869 2Lan
35.5| 3932( 4005| 4077| 4149| 4221| 4292| 4363| 4434| 4504| 4574| 4644| 4713| 4782| 4851 HTai
37.5| 3922 3995| 4067| 4138| 4210| 4281| 4352 4422| 4492| 4562| 4631 4701| 4770| 4838
40| 3910| 3982| 4054| 4126| 4197| 4268| 4338| 4408| 4478| 4548| 4617 4686| 4754| 4823
42| 3901| 3973| 4045| 4116| 4187| 4258| 4328| 4398| 4467| 4537| 4606| 4675 4743| 4811
44| 3892| 3964| 4036| 4107| 4178| 4248| 4318| 4388| 4457| 4526| 4595 4664| 4732| 4800
46| 3884| 3956| 4027| 4098| 4169| 4239| 4309| 4378| 4448| 4517| 4585| 4654| 4722 4790
48| 3876| 3948| 4019| 4090| 4160| 4230| 4300 4369| 4439| 4507| 4576| 4644 4712| 4780
50| 3869| 3940| 4011| 4082| 4152| 4222| 4292| 4361| 4430 4499 4567| 4635| 4703| 4770
52| 3862| 3933| 4004| 4074| 4144| 4214| 4284| 4353 4421| 4490| 4558| 4626| 4694| 4761
54| 3855| 3926| 3996| 4067| 4137| 4206| 4276| 4345| 4413| 4482 4550 4618| 4685 4752
56| 3848| 3919| 3990| 4060| 4130| 4199| 4268| 4337| 4406| 4474| 4542| 4610| 4677| 4744
1 2 3 4 5 6 7 8 9 100 11 12 13 14 15

3.3 Momen Hoat tai cia ddm I DUL theo xe thiét ké hop phéap [3-S2]
3.3.1 Momen Hoat tai cia dam 133 DUL
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Bang gi4 tri Momen Hoat tai ctia ddm 133 DUL theo PP Pon bay

P, 08975 P 445k P, 68.975kN P, 08.93kN P; 68.975kN P, 68,975 P, 44,5k

3.353 6.0 1219 6706 [1.219 3_353’1
=T T ®
Y=y (L/2-T0:572) y.=L/4 =y (L/2-11 278)(L/2)
¥e=ya (L/2-7 219)(LA2) Vo= v *(LI2-7 925)/(L/2)
YEYSL LA y5= v4*(L12-6.706)/(L/2)
Pudng anh hudng momen cho Dam chil tai gitra nhip L/2
Nhip |Tungd¢ yi (m) Mpi= Yi*Pi  [Mspe
L(m) |yl y2 y3 y4 y5 y6 y7 68.98| 44.5|ZMp;
32.4| 2.461| 4.138]| 4.75| 8.1| 7.491| 4.491| 2.814| 1882 309| 2192
Dam Trong  |MzsyLRFR=1.25*Mj,.*gin,
DamNgodi  |MzsyLRFR=1.25*Mj,,,.*gout,
Hiéu trng hoat tdi Mg, tinh theo Pon bay véi s6 lugng dam chi <=3
B_in 185/ 190 195 200| 205| 210/ 215| 220| 225| 230 235| 240| 245| 250
Mings, | 3850| 4037| 4215 4383| 4544| 4696| 4842| 4981| 5114| 5241| 5362| 5479| 5479| 5479
B_out 185| 190 195 200{ 205| 210 215| 220 225| 230| 235| 240| 245 250
Mouty,s, | 2554| 2812| 3056| 3287| 3508| 3718| 3918| 4109| 4292| 4467| 4634| 4794| 4948| 5095
Bang gia tri Momen Hoat tai cia dim 133 DUL theo > 03 Dam
P, 68975 P;44 5kN P, 68.975kN P, 68.95kN P; 68.975kN P, 68.975 P, 44.5kN
n [¢} Ag |Ygb |Hg
3353 [ 60  ]1219] 6706 r1_219"3_353’l o em2 lem  lom
v v Y ¥ L 0.802| 21731341 | 6464 81.43| 164.8
f'y | *(L”mg).&?) Kg Sb qui dbi do cimg |eg
Y=, S2-10570) F=1/ Y= ¥ [2-11.2 {2
T metaramen| [ g R L Kg = r(i+Agreg) jom
Sy L2/ o 9 (L12-6.706)(L/2) 65063036 |eg=(H-Ygh)+hsl/2 | 95.872
~ T Bang tinh h¢ sb phéan phéi ngang
Nhip |Tung dé yi (m) Mpi= yi*Pi My S ts  [S/290q S/L |Kg/Lts®
L(m) |yl y2 y3 y4 y5 y6 y7 68.98| 44.5(ZMp; mm  |mm - - -
32.4| 2.461| 4.138| 4.75| 8.1 7.491| 4.491| 2.814| 1882| 309| 2192 2500 250| 0.862| 0.077| 1.2852
My.es LRFR g_in |Hé sé Lan tai, f Qian
fcg b hsl | fcs 2Lan |3 Lan |4 Lan - |2 Lan |3 Lan |4 Lan |kN/m
56 | 250 | 25 | 36 3490| 4450| 4537 0.637| 1.0/ 0.85| 0.65| 9.3
hsl | 25 | fcs | 36 4
fcg S| 185 190| 195| 200| 205/ 210/ 215 220| 225| 230| 235| 240| 245| 250
33| 3774| 3844| 3913| 3982| 4051| 4120| 4188| 4255| 4323| 4390| 4457| 4524| 4590| 4656 oLan
35.5| 3761| 3830| 3899| 3968| 4037| 4105| 4173| 4240| 4307| 4374| 4441| 4507| 4574| 4639 HTai
37.5| 3751| 3820| 3889| 3958| 4026| 4094| 4162| 4229| 4296| 4363| 4429| 4495| 4561| 4627
40| 3739| 3808| 3877| 3945| 4013| 4081| 4149| 4216| 4282| 4349| 4415| 4481| 4547| 4612
42| 3730| 3799| 3868| 3936| 4004| 4072| 4139| 4206| 4272| 4339| 4405| 4470| 4536 4601
44| 3722| 3791| 3859| 3927| 3995| 4062| 4129| 4196| 4263| 4329| 4395| 4460| 4525| 4590
46| 3714| 3783| 3851| 3919 3987| 4054| 4121| 4187| 4253| 4319| 4385| 4450| 4516| 4581
48| 3707| 3775| 3843| 3911| 3978| 4045| 4112| 4179| 4245| 4310| 4376 4441| 4506 4571
50| 3700| 3768| 3836 3903| 3971| 4038| 4104| 4170| 4236| 4302| 4367| 4432| 4497| 4562
52| 3693| 3761| 3829| 3896| 3963| 4030| 4096| 4162| 4228| 4294| 4359| 4424| 4489| 4553
54| 3686| 3754| 3822| 3889| 3956| 4023| 4089| 4155| 4221| 4286| 4351| 4416| 4481| 4545
56| 3680| 3748| 3815 3882| 3949| 4016| 4082| 4148| 4213| 4279| 4344| 4408| 4473| 4537

3.3 Momen Hoat tai cia ddm I DUL theo xe thiét ké cap phép 03 truc

3.3.1 Momen Hoat tai cia dam 133 DUL
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Bang gi4 tri Momen Hoat tai ctia ddm 133 DUL theo PP Pon bay

A

8868k 88.68KkN S7.604kN 88 68k 88.08KkN S7.64kN
1.350 3.650 6.0 1.330] 3.650
r 1 gy + ¥ -
=y (L2-1T.004(L/2) vaL/4 . A
Y=y H(L/2-9.65)/(L/2) ¥o=¥4(L/2-5.0L/2)
vy A0y g Y@l

f

Puong anh huéng momen cho Dam chu tai giira nhip L/2

Nhip | Tungdd yi(m) Mei=yi*Pi Mitrye
(m) yl y2 y3 y4 y5 y6 88.68| 57.64|XMp;
32.40| 26| 3275/ 51| 8.10| 7.43| 560 1898 617| 2515
Dam Trong  |M,LRFR=1.25*My,.*gin
Dam Ngoai  |M,,LRFR=1.25*Ma,.*gout,,
Hiéu ting hoat tdi M, tinh theo Pon béy véi sb lugng dam chi <= 3
B in 185| 190 195| 200| 205 210| 215( 220| 225| 230 235| 240( 245| 250
Minges | 4417| 4632| 4836| 5029| 5213| 5388| 5555 5715| 5867| 6013| 6153| 6286| 6286| 6286
B_out 185 190 195/ 200{ 205| 210/ 215| 220| 225| 230 235| 240| 245| 250
Mouty o3 | 2931| 3226| 3506| 3772| 4025| 4266| 4495| 4715| 4924| 5125| 5317| 5500| 5677| 5846
Bang gia tri Momen Hoat tai cia ddm I33 DUL theo > 03 Dam
88.68kN 88.68kN 57.64kN  88.68kN 88.68kN 57.64kN
1350] 3.650 6.0 1350 3630 n Ig Ag |Ygb [Hg
L 4 llr1 :!‘ :: :: -—w cmé4 cm2 [cm cm
A [ 0.802| 21731341 | 6464| 81.43| 164.8
y=yH(L/2-1T0)(L/2) vl Kg S qui d6i do cimg |eg
s RET LG GV ) Vs = ¥a (L/2-5.00(L/2) 4 Kg = n*(1+A *ez cm
¥y *(L/2-9.65)/(L/2) cm g=n*(I+Ag*eg)
L6 0L) g VLI 65063036 |eg=(H-Ygb)+hsl/2 | 95.872
* - Bang tinh h¢ sb phén phéi ngang
Nhip |Tungd® yi(m) Mpi=yi*Pi Msirge S s [S/2900 SIL |Ky/Lts®
(my |yl (y2 |y3 |y4 |y5 |y6 88.68| 57.64|ZMp; mm [mm - - -
32.40| 2.6|3275| 51| 810| 7.43| 560 1898 617| 2515 2500 250| 0.862| 0.077| 1.2852
M,qs LRFR g_in |Hesb Lantai, £ |Qpap
fcg | b | hsl | fcs 2Lan [3Lan |4 Lan - |2Lan|3Lan |4 Lan |kN/m
56 | 250 | 25 | 36 4004| 5105|5205.3 0.637| 1.0/ 0.85| 065 9.3
hsl | 25 | fcs | 36 4
f'cg S| 185| 190| 195| 200| 205 210{ 215 220 225 230| 235| 240| 245| 250
33| 4330| 4410| 4490| 4569| 4648| 4726| 4805| 4882|4959.9| 5037| 5114| 5190| 5266| 5342 oLan
35.5| 4315| 4394| 4474| 4553| 4631| 4710| 4788| 4865|4942.1| 5019| 5095| 5172| 5247| 5323 HTai
37.5| 4303| 4383| 4462| 4541| 4619| 4697| 4775| 4852|4928.9| 5005| 5082| 5158| 5233| 5308
40| 4290| 4369| 4448| 4527| 4605| 4682| 4760| 4837|4913.4| 4990 5066| 5141| 5217| 5292
42| 4280| 4359| 4438| 4516 4594| 4671| 4749| 4825|4901.7| 4978| 5054| 5129| 5204| 5279
44| 4271| 4349| 4428| 4506 4584| 4661| 4738| 4814|4890.6| 4967| 5042| 5117| 5192| 5267
46| 4262| 4340| 4419| 4496 4574| 4651| 4728| 4804|4880.1| 4956| 5031| 5106| 5181| 5255
48| 4253| 4331| 4410| 4487| 4565| 4641| 4718| 4794|4870.1| 4946 5021| 5096| 5170| 5244
50| 4245| 4323| 4401| 4479| 4556| 4632| 4709| 4785|4860.5| 4936| 5011| 5086| 5160| 5234
52| 4237| 4315| 4393| 4470| 4547| 4624| 4700| 4776|4851.3| 4926| 5001| 5076| 5150| 5224
54| 4229| 4307| 4385| 4462| 4539| 4615| 4691| 4767|4842.5| 4918| 4992| 5067| 5141| 5214
56| 4222| 4300| 4377| 4454| 4531| 4607| 4683| 4759|4834.1| 4909| 4983| 5058| 5132| 5205

-27-




4/ Biéu d6 ndi lwc tinh xép hang tii RF ciia dam I DUL theo TCVN 11823:2017

4.1 Biéu dd Strc Khang tinh xép hang tai RF cua dam I DUL
Biéu dd Strc Khang tinh xép hang tai RF ctia dam 118 DUL

5,900

Sirc khdng 118 DUL_ M3t cdu 18cm

5,850
5800
5750
5700

5,650

5,600

5,550
' Sitc khing 118 DUL_ Mt ciu 19cm Sitc khing 118 DUL_ Mt ciu 20cm Sifc khang 118 DUL_ M3t c3u 21cm

5,500
6,100

- Sirc khang 118 DUL_ M3t cau 22cm Sir khdng 118 DUL_ Mat cau 23cm Sirc khang 118 DUL_ M3t cau 24cm

6,000
5,950

5,900

5,850

5,800

5,750

Sifc khang 118 DUL_ M3t ciu 25cm
185190195200205210215220225230235 240245250 185 190195 200205210215 220225230235 240245250185 190195200205.210215 220225230235 240245 250 165190195 200205 210215220 25 230235 240245 250

Biéu d6 Sirc Khang tinh xép hang tai RF ciia dam 121 DUL

5,700

8100
8050  Strckhang 121 DUL_M3t Cau 18cm
8000
7950
7900
7850
7800
7750 -
o T

7650
7600
7550

7500
8400

8350 Sirckhang 121 DUL_ M3t ciu 22cm Sirc khang 121 DUL_ M3t ciu 23cm Sitc khang 121 DUL_ M3t ciu 24cm

8300 '
8250
8200
8150
8100
8050
8000
7950
7900
7850
7800

Sic khang 121 DUL_ Mt cau 19cm Sirc khang 121 DUL_Mit ciu 20cm Sic khang 121 DUL_ Mt cau 21cm

Sirc khang 121 DUL_ M3t cau 25cm
185190195200205210215220225230235240 245250 185190195200 205210215 220225230235 240245250185 190 195200 205 210 215 220 225 230 235 240 245 250 185 190 195 200 205 210 215 220225 230 235 240 245 250
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Biéu do Strc Khang tinh xép hang tai RF ctia dim 124.5 DUL

11700

Sirc khang 124.5 DUL_ M3t cau 18cm

11600
11500
11400
11300
11200
11100
11000
10900
10800
10700

10600
12100

Sirc khang 124.5 DUL_ Mt cau 19cm

Sirc khang 124.5 DUL_ Mt cau 20cm

Strc khang 124.5 DUL_ M3t cau 21cm

pogp  Strckhang 24,5 DUL_M3t Cau 22cm

11900
1800
11700
11600
11500
1400 =
11300
1200

Strc khang 124.5 DUL_ M3t cau 23cm

Sirc khang 124.5 DUL_ Mt Giu 24em ’

Sitc khang 124.5 DUL_M3t ciu 25cm

185190195200205210215220225230235240245250 185190195200205210215220225230235240245250185 190195200 205 210215220225 230 235 240245250 185 190 195 200 205 210 215 220 225 230 235 240 245 250

Biéu do Strc Khang tinh xép hang tai RF ctia dam 130 DUL

14200

14100
14000
13900
13800
13700
13600
13500
13400
13300
13200
13100
13000

12900
14600

Strc khang 130 DUL_ M3t cau 18cm

sifc khang 130 DUL_ Mt ciu 19cm

sasio |- 52 khang 130 DUL_ Mt cau 22cm

14400
14300
14200
14100
14000
13900
13800
13700
13600

Sirc khang 130 DUL_ Mt cau 23cm

Sitc khang 130 DUL_ M3t cau 20cm

Sirc khang 130 DUL_ Mt cau 24cm
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Sifc khang 130 DUL_ Mt cu 21cm

Sirc khang 130 DUL_ Mat cau 25cm
185190195200205210215220225230235240245250185190195200205210215220225230235240245250185 190 195 200 205 210 215 220 225 230 235 240 245 250 185 190 195 200 205 210 215220 225 230 235 240 245 250




Biéu d6 Strc Khang tinh xép hang tai RF cta dam 133 DUL

17600
17400
17200
17000
16800
16600
16400
16200
16000
15800
15600
15400
18000
17800
17600
17400
17200
17000 |
16800
16600
16400
16200
16000

Strc khang 133 DUL_ Mt cau 18cm ‘

sirc khéng 133 DUL_ M3t cau 19cm sirc khéng 133 DUL_ M3t cau 20cm sirc khdng 133 DUL_ M3t cau 21cm

Strc khang 133 DUL_ Mat cau 22cm Strc khang 133 DUL_ Mat cau 23cm Strc khang 133 DUL_ M3t cau 24cm Strc khang 133 DUL_ M3t cau 25cm

185190195200205210215220225230235240245250185 190 195 200 205 210 215 220 225 230 235 240 245 250185 190 195 200 205 210 215 220 225 230 235 240 245 250 185 190 195 200 205 210 215 220 225 230 235 240 245 250
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4.2 Biéu ¢6 Momen hoat tai tinh xép hang tai RF ctia ddm I DUL

4.2.1 Biéu 6 Momen hoat tai tinh xép hang tai RF cua xe thiét ké HL-93
Biéu d6 Momen hoat tai cta xe thiét ké HL-93 cho dam 118 DUL

3220 3000
310 Momen HL93_l18 Momen HL93_I18 Momen HL93_|18 ‘ Momen HL93_I18 \ 3020 Momen HL93_|18 Momen HL93_|18 Momen HL93_I18 Momen HL93_|18
Ban 18cm_04 Lan Ban 19cm_04 Lan Ban 20cm_04 Lan Ban 21cm_04 Lan 2050 | Ban 22cm_04 Lin Ban 23cm_04 Lan Ban 24¢m_04 Lan Ban 25cm_04 Lan
3020 2880
2920 2810
2740
2820
2670
2720 2600
2620 2530
2460
2520 5300
2820 2320
60 ' | 3000 | | "Momen HL93_i18
Momen HL93_118 Momen HLS3_118 Momen HL93_I18 | || Momen HL93_I18 Jogp | Momen HL93_18 Momen HL93_I18 Momen HL93_|18 { q L
3050 Ban 18cm_03 Lan Ban 19cm_03 Lan Ban20cm_03lin 4 | Ban2lcm 03Llan Jes0 | Bén 22cm_03 Lan Ban 23cm_03 Lin Ban 24cm_03 Lan Ban 25cm_03 Lan
2960 2820
2860 2760
2700
2760 2640
2660 2580
2520
2560 2460
2460 2400
2340
2360 2280
2490 2380 |
»ap0  MomenHL93_|18 Momen HL93_I18 Momen HL93_|18 Momen HL93_I18 Momen HL93_I18 Momen HL93_I18 -+ Momen HL93_|18 Momen HL93_|18
Ban 18cm 02 Lan Ban 19¢m_02 Lan Ban 20cm 02 Lin Ban 21cm_02 Lan 2280 | Ban22em_02 Lan Ban 23cm 02 Lan Ban 24cm_02 Lan Ban 25¢cm_02 Lan
2350 - = -
2280 2130
2210
2080
2140
2070 1980
2000
1830
1930
1860 1780
185 195 205 215 225 235 245 (185 105 205 215 225 235 245 185 195 205 215 225 235 245 85 195 205 215 225 235 245 185 195 205 215 225 235 245|185 195 205 215 225 235 245 (185 195 205 215 225 235 245 (185 195 205 215 225 235 245
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Biéu d6 Momen hoat tai cta xe thiét ké HL-93 cho dam 121 DUL

4000

3000  Momen HL93_|21

Momen HL93_I21

13820

Momen HL83_|21

Momen HL93_I21

3725 | Momen HLS3_|21

Momen HL93_|21

Momen HL93_I21

Momen HL93_I21
Ban 25¢cm_04 Lan

sa00 | BaN18cm_04 Lin Ban 19cm_04 Lan B&n 20cm_04 Ban 21cm_04 Lan 1ea0 | Ban22cm_04Lan Ban 23cm_04 Lin Ban 24cm_04 Lin

3700 Lan 3535

3600 3440

3500 3345

3400 3250

3300 3155

3200 3060

3100 2965

3000 2870

2900 | 3780 | |

3320 Momen HL93_121 MomenHL93_121 | | Momen HL93_I21 Momen HL93_I21 3700 MomenHL93_21 . | MomenHL93 21 Momen HL93_I21 Momen HL93_I21

4700 B8N 18cm_03 Lin Ban 19cm_03 Lan Ban 20cm_03 Lin Ban 21cm_03 Lin 3620 Ban22em_03 Lan Ban 23cm_03 Lan Ban 24cm_03 Lan Ban 25cm_03 Lan
3540

3640 1160

3540 3380

2440 3300

3340 3220

3240 3140
3060

3140 2980

3040 2900

2940 2820

3085 ‘ Y |

3020  Momen HL93_I21 Momen HL93_I21 Momen HL93_|21 Momen HL93_I21 5o | Momen HL93_121 Momen HL93_[21 - | MomenHL93_[21 Momen HL93_|21

2055 | Ban18cm 02 Lan Ban 19cm_02 Lan Ban 20cm_02 Lan Ban 21em_02 Lan Ban 22cm_02 Ban 23cm_02 Lan Ban 24cm_02 Lan Ban 25¢m_02 Lan

2890 0

2825 2600

2760 610

2695

2630 2530

2565 2450

2500 70

2435

2370 2290

2305 2210

185 195 205 215 225 235 245

185 195 205 215 225 235 245

185 195 205 215 225 235 245

185 195 205 215 225 235 245

185 195 205 215 225 235 245

185 195 205 215 225 235 245

185 195 205 215 225 235 245

185 195 205 215 225 235 245
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Biéu d6 Momen hoat tai cta xe thiét ké HL-93 cho dam 124.5 DUL

5000 14750
4910 | Momen HL93_I24.5 Momen HL93_I24.5 | Momen HL33_I24.5 Momen HL93_I24.5 4560 Momen HL93_|24.5 Momen HL93_I24.5 l Mormen HL93_[24.5 Momen HL93_|24.5
:ggg Ban 18cm 04 Lin Ban 19cm_04 Lan Ban 20cm_04 Lan Ban 21cm_04 Lan 4570 Ban 22cm 04 Ban 23em_04 Lan Ban 24cm_04 Lan Ban 25cm_04 Lan
. gy .
la
::.;g g
14300
4460
1370 14210
4280 14120
4190 14030
4100 3940
4010 3850
3020 3760
3830 3670
3740 3580
4910 | 4670 |
4785 Momen HL93_124.5 MomenHL93 1245 | | Momen HL93_245 MomenHS3 1245 | | Momen HLo3 1245 MomenHL93_245 | MomenHL93 1245 Momen HL93._124.5
1660 | Ban 18cm_03 Lan Ban 19cm_03 Lan Bin 20cm_03 Lan Ban 21cm_03 Lan Ban 22cm_03 Lin Ban 23cm_03 Lan Ban 24cm_03 Lin Ban 25cm_03 Lan
14380
4535
4410 14235
4285 14090
4160 2045
4035
3800
3010
3785 3655
3660 3510
3850 | 3650 ‘
3780  Momen HL93 124.5 Momen HLS3_I245 ./ Momen HL93_|24.5 Momen HL93_|24.5 3560 Momen HL93_I24.5 Momen HL93_I24.5 Momen HL93_I24.5 Momen HL93_124.5
igg Ban 18cm 02 Lan Ban 19cm_02 Lan Ban 20cm_02 Ban 21cm_02 Lan 2170 Ban 22em_02 Ban 23cm_02 Lan Ban 24cm_02 Lan Ban 25¢m_02 Lan
3570 Lan bao | "
3500
2130 3290
3360 3200
3290
0 3110
3150 3020
3080 2930
3010
ha10 2840
2870 2750

185 195 205 215 225 235 245

185 195 205 215 225 235 245

185 195 205 215 225 235 245

185 195 205 215 225 235 245

185 195 205 215 225 235 245

185 195 205 215 225 235 245

185 195 205 215 225 235 245

185 195 205 215 225 235 245
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Biéu d6 Momen hoat tai cta xe thiét ké HL-93 cho dam I30 DUL

6595 6270
6210 MomenHLI3_I130 MomenHL93 30 | Momen HL93, 130 Momen HL93_I30 6170  Momen HL93_I30 Mormen HL93_I30 Momen HL93_I30 Momen HL93_I30
Bén 18cm_04 Lin Ban 19cm_04 Lin Ban 20cm_04 Ban 21cm_04 Lin ooy | Ban22cm 04 Ban 23cm_04 Ban 24cm_04 Lin Ban 24cm_04
6225 Lan cg7o | Lan Lin Lan
6040 5770
5670
5855 5570
5670 5470
5370
5485 5270
5170
5300 5070
5115 4970
4870
4930 4770
6480 | 6150
6370 Momen HL93_I30 Momen HL93_I30 Momen HL93_I30 Momen HL93_I30 6045  Momen HL93_I30 Momen HL93_I30 Momen HL93_130 |
gigg Bén 18cm_03 Lan Ban 19¢cm_03 Lan Ban 20cm_03 Lan Ban 21cm_03 Lan gg:g Ban 22cm_03 Lan Ban 23cm_03 Lan Ban 24cm_03
6040 5730 Lan
gggg 5625
5710 5520
5600 5415
5490 5310
5380 5205
5270 5100
5160 4995
5050 4890
4940 4785
4830 4680
5070 4825 |
Momen HL93 130 Momen HL93_I30 Mamen HL93_I30 Momen HL93_I30 Momen HL93_I30 Momen HL93_I30 " | | Momen HLS3 130 Momen HLS3 130
| 18am @ Lan Ban 19am_02 Lin Ban 20cm_02 Bin 21cm_02 4660 | Ban 29em_02 Ban 23cm_02 Lin Ban 24cm_02 Lin Ban 24cm_02 Lan
4750 Lan Lin ERREL
4590
4330
4430
4165
4270
4110 4000
3950 3835
3790 3670

185 195 205 215 225 235 245

[185 195 205 215 225 235 245

185 195 205 215 225 235 245

185 195 205 215 225 235 245

185 195 205 215 225 235 245

185 195 205 215 225 235 245

185 195 205 215 225 235 245

185 195 205 215 225 235 245
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Biéu d6 Momen hoat tai cta xe thiét ké HL-93 cho dam I33 DUL

7420 7090 !
7250  Momen HL93_I33 MomenHl93 33 | | MomenHL93B3 | | MomenHL3 33 o MomenHI%313 | MomenH9333 | | MomenHls3 i3 Mormen HL93_33
7080 | Ban 18cm_04 Lan Ban 19cm_04 Lan Ban 20cm_04 Lan Ban 21cm_04 Lan 6770  Ban22cm_04Lan Ban 23¢m_04 Lan Ban 24cm_04 Lan Ban 25cm_04 Lan
6910 6610
6740 6450
6570 6200
6400 6130
6230 5970
6060 5810
5890 5650
5720 5490
5550 5330
7300 | 6930
7115 Momen HL93_I33 Momen HL93_I33 | | MomenHL93_I33 Momen HL93_I33 67  Momen HL93_133 Momen HL93_I33 Momen HL93_I33 | Momen HL93_I33
630  Ban 18cm_03 Lan Ban 19cm_03 Lan Ban 20cm_03 Lin Ban 21em_03 Lin co Ban 22cm_03 Lan Ban 23em_03 Lan Ban 24cm_03 Lin Ban 25cm_03 Lin
6745 6360
6560
6170
6375
5980
6190
6005 5790
5820 5600
5635 5410
5450 5220
5720 | 5430 |
sc75  Momen HL93 133 MomenHL93 133 . | MomenHL93_I33 Momen HL93_33 Mormen HL93_133 Momen HL93_133 Momen HL93 133 Mormen HL93_133
sa0  Ban 18cm_02-Lén Ban 13cm_02 Lan Ban 20cm_02 Lan Ban 21cm_02 Lan 5200 Ban 22em_02Lin Ban 23cm_02 Lan Ban 24cm_02 Lan Ban 25cm_02 Lan
5285 5050
2140 4860
4995
4850 4670
4705 4480
4560
s 4200
4270 4100
185 195 205 215 225 235 245 185 195 205 215 225 235 245 (185 195 205 215 225 235 245 {185 195 205 215 225 235 245 185 195 205 215 225 235 245 185 195 205 215 225 235 245 185 195 205 215 225 235 245 |85 195 205 215 225 235 245

27




PHU LUC 3

1/ Ma tran trong so6 weight va bias ciia mang no-ron Strc Khing
1.1/ Ma trén trong sé weight va bias ciia mang t6i wu (5-21-1), Eout = 0.0206 %
Iw{l,1}

[28.483 -7.5032 -8.013 1.3867 -6.8284;

-1.6947 0.31526 0.46074 -0.10345 0.65202;

-3.6999 1.0149 0.84777 -0.17504 0.43262;

-12.5142 -0.025575 0.12596 -0.011309 0.063614;
1.1051 -0.22979 -0.32669 0.43859 -0.4004;

-5.1277 1.7063 1.8125 -0.33754 1.6804;

-18.47 7.4189 7.9374 -1.3695 6.7625;

17.6617 -8.2017 -8.7763 1.5108 -7.4813;

14.4666 -4.1179 -4.331 0.77956 -3.7239;

5.5216 0.051617 -0.027001 -0.017564 0.24047;
-0.6653 -0.49466 0.55262 4.2075 -1.3891;

-5.4653 0.044034 0.0061048 -0.030775 0.36515;
-4.1913 -0.072847 0.010741 0.0049718 -0.026548;
-2.3532 0.63834 0.77406 -0.14522 0.84333;

-2.9088 -0.04653 -0.0030568 0.0021774 -0.0063401;
-0.74449 0.095975 0.83125 -0.10865 0.23603;
-0.94466 -0.84884 0.045942 -4.3244 -1.2562;

2.5343 -0.37311 -0.34144 0.071993 -0.2091;

5.1156 -0.10352 -0.041875 0.012031 -0.019657;
22.3593 -7.0937 -7.5833 1.3111 -6.4606;
-2.15320.53842 0.67295 -0.12733 0.76173]

Lwi{2,1}

[3.0641 4.1304 -0.503 -1.1407 1.6805 0.5797 -7.0415 -2.5216 0.08986 -0.74059 0.00062748
0.37584 -2.0904 3.6683 -1.9462 1.4226 0.00068233 -4.8768 -0.60772 -7.5965 -7.4439]

B{l}

[-38.8193; 3.5091; 5.1728; 11.5234; -5.2998; 8.1015; 30.0793; -31.0514; -18.4836; -1.8966;
0.18425; 0.84663; 0.94595; 3.1893; -2.8734; 4.8234; -3.7271; -4.7579; 2.5548; -32.7351;
3.3395]

B{2}:[8.1291]
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1.2/ Ma trén trong sé weight va bias ciia mang t6i wu (5-23-23-1), Eout = 0.0087 %
w{l,1}

[-13.109 -0.090007 -0.12322 0.039919 -0.16771;
17.4484 1.6776 2.4974 -0.41684 -3.632;

6.1529 0.64151 0.7022 -0.2593 0.5849;

14.9472 1.808 2.2466 -4.0374 2.4067;

17.5368 15.2954 16.6921 -2.5571 14.6308;
-14.8448 -4.7984 0.214 0.70598 -4.1842;
-2.2144 -0.92017 -1.082 -0.29621 -0.87188;
17.6211 -2.2606 3.4478 -0.99633 3.6726;
-4.0165 2.4874 2.7924 -0.26119 2.2427,;
-0.54631 -0.078336 0.64878 -0.06423 0.7507,
-3.0454 -0.1287 -0.084319 0.022793 -0.15124;
-7.1499 5.1507 5.6465 -0.9056 4.9343;

0.82644 2.4418 2.716 -0.51183 2.3891;

7.1372 0.77427 0.8725 -0.093953 0.89013;
16.3019 -9.7958 -10.6981 1.6135 -9.3637;
-5.9245 0.15668 0.22852 0.019555 0.19324;
4.4966 0.0031605 -0.082259 -0.2367 -0.00392;
-4.5801 0.71875 0.75403 -0.39737 0.75676;
-0.60714 -0.067334 0.25579 -0.047858 0.39861;
-3.5514 8.1263 8.8665 -1.4408 7.7133;

0.4693 -0.041813 -0.59311 0.013377 0.037695;
7.1121 0.1187 0.085717 0.03126 0.11396;
-3.0937 -0.15695 -0.11383 0.0077613 -0.17468]
Lwi2,1}

[-1.4141 0.71572 -2.074 -0.10641 -2.6499 -0.35275 1.5072 0.29219 -0.27709 0.48757 -0.50536
-0.097536 -1.3099 0.7113 0.97451 3.2151 -1.299 -2.169 -1.3186 2.1843 0.98072 2.2486
0.81184;

0.97889 1.2257 -0.55854 -1.514 -2.0902 -2.0718 0.0057511 2.0881 -1.1665 -0.16337 0.25719
0.98928 1.0106 0.92778 5.8285 -0.57098 0.55177 0.3634 -0.7347 3.7936 0.16719 1.8911
24117,
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-0.69865 -0.69144 -0.75125 0.26004 -0.59931 0.55102 0.52322 -0.55175 0.44383 -0.35599 -
1.1533 1.1425 0.49884 -0.65953 -2.228 0.3678 -0.27417 -2.4271 -1.0575 2.0393 -1.6499 -3.145
-1.7565;

2.0006 -0.24129 1.7404 -1.2955 1.7553 0.3755 0.23432 -0.054797 1.9248 -0.14317 3.5702
1.468 -1.0485 -0.58456 -0.01792 -1.019 2.8879 2.2483 0.46153 -2.4494 1.6561 -0.043535
1.7475;

-1.51152.2215 3.0434 -2.9318 -3.7362 -3.2081 1.8134 3.3868 -1.5982 0.32119 -0.059938 -
3.3416 2.0389 -4.1496 3.5097 2.3115 -3.7972 -0.69909 0.58304 0.2712 0.26869 -1.9968 1.7377;

5.8163 -0.62941 -1.9446 0.42533 0.54784 0.84534 -0.86435 -0.97868 -0.46788 0.63011 -3.3551
-2.8024 0.52986 -0.14963 8.7365 3.2027 -0.1325 1.4873 0.60277 -0.69165 -0.096517 -4.2954
2.0699;

-0.82495 -0.69846 -0.045763 0.36361 -0.38208 0.63269 -0.099506 -0.7313 0.75736 -0.28609
1.002 -1.6052 0.27344 -0.46786 1.0591 -0.085089 2.3337 -1.3111 -0.059934 -1.6938 -0.85371 -
0.72185 -2.1094;

-3.4606 -0.28432 -0.53069 0.62061 0.20743 0.73318 0.35719 -0.77002 -0.53325 -0.26809 -
0.4583 -0.39971 -0.18337 0.30868 0.67342 4.795 -1.4291 -0.79162 0.58117 -3.6468 -1.239
0.94948 0.57523;

1.5268 -0.10826 -0.85477 -0.017854 -0.035722 0.073943 -0.49625 -0.075083 0.16089 -0.28712
-3.5072 -0.85834 0.23835 -1.0396 0.76009 -0.15426 -0.097972 0.68329 -2.7416 -0.044102 -
2.3304 0.78211 0.021902;

-4.0309 2.68 1.7719 -3.4734 -0.97952 -3.7503 2.6964 3.9935 -2.0156 0.62367 0.39977 -2.6594
-1.8753 -3.5676 9.4892 -0.34877 0.5468 -0.75235 -1.8198 -1.2424 0.47867 1.4047 0.90171;

-1.7717 -0.65668 0.34459 1.6499 0.34302 2.0575 -0.47082 -1.9913 0.50709 0.62732 -0.73435 -
1.6567 -0.25988 1.2665 1.1627 0.03453 1.8672 -0.02454 0.53763 1 1.0401 2.6688 -0.83194;

0.69957 0.77225 -0.37672 1.5023 -0.93057 1.0177 -0.96362 -1.1285 -0.85461 0.14406 2.8418
1.9115 -1.6897 -1.8855 4.7536 2.2168 -2.4737 -2.1059 1.214 0.63321 1.0694 0.83261 2.1835;

-8.644 12.9893 2.4879 -15.7042 -20.9804 -17.4186 8.3436 18.735 -5.7811 0.32632 4.7042 -
2.2849 -1.7666 -4.8291 21.481 3.8538 -0.55605 0.23719 0.49655 5.4794 2.905 0.58707 -1.4181;

-0.9317 -1.1781 -1.6928 -0.43208 -0.64841 0.71809 0.77934 -0.2276 0.76364 -1.1842 -0.30143
0.35846 0.61828 -2.9136 0.9744 -1.6082 -1.6978 -1.4028 -0.31209 -2.1751 -0.025257 -3.6454
1.3023;

3.4014 -0.31208 -1.6831 0.39345 -1.7449 0.46408 -2.0922 -0.53353 -2.3658 -0.12133 1.7576
6.2792 -2.1513 -2.468 -0.2868 -2.2396 -2.3638 1.9671 0.12974 2.4314 -1.5485 1.0811 -2.0294;

3.1829-0.019895 -0.90601 0.025882 -2.3135 0.018554 -0.14933 -0.019918 -0.043934 0.10953
2.0425 0.14935 -0.79853 -0.69706 -2.0222 -1.2168 0.81895 0.9682 1.6249 0.93283 0.92741 -
1.1491 2.1531;

-2.947 0.33917 1.568 -0.061782 5.4356 -0.028693 2.1743 -3.1436e-05 -4.1664 0.041183 -1.228
-0.37171 1.0532 4.5586 -2.0996 -1.831 5.3762 -4.8254 0.36252 -11.1278 1.1613 3.3946
0.23888;
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-0.45779 5.7843 -1.328 -6.9328 -3.9157 -7.7798 2.1706 8.3268 -6.2483 0.4078 1.8317 -0.14429
2.0241 -2.364 18.3828 7.1936 -4.0344 0.24964 0.76227 1.0804 -0.28753 -3.6227 0.6216;

0.075936 0.056565 1.6419 0.10733 0.26985 -0.019126 0.966 0.013095 -1.2889 0.172 -0.45837
0.76506 0.054167 -2.0361 -3.6617 0.78684 2.1195 0.713 0.086095 0.84006 1.078 0.083006 -
1.1858;

4.0767 0.10077 1.2139 -0.48523 -5.1962 -0.67557 -1.1671 0.70012 0.94057 0.078787 0.24317
0.94872 -1.1839 -2.9654 -3.0865 2.2038 0.83139 1.648 0.73837 5.8364 0.18399 -0.97425 -
0.40692;

-1.7203 -0.83512 -2.0585 0.051268 -0.012848 0.13958 0.0041961 -0.17982 -0.01939 -0.19384
2.9993 -0.60634 0.58571 -3.1437 -3.988 4.1063 0.84886 3.6517 0.40958 -6.2858 2.4894 -1.6031
2.6354;

1.7355-0.21037 -0.17701 -0.84165 -0.87749 0.10428 -1.7309 -0.0044475 2.4021 -1.7797 -
2.8577 -1.9871 1.5008 1.229 -0.27921 -0.69926 -0.48803 -1.5397 0.47212 -0.92862 -1.6964 -
1.1412 1.4359;

-0.5034 0.88018 0.41945 0.62521 0.25493 -2.1225 0.3386 -0.32365 -0.27318 1.3601 -0.41604
0.23428 0.072514 -3.6349 -2.5062 2.302 -1.8615 -1.6755 0.57407 0.54749 -0.59712 -2.5969 -
0.10764]

Lw{3,2}

[0.10404 0.16994 0.82025 -0.015435 -0.20758 -0.23735 -0.303 0.85787 1.0191 0.10406 1.0934
-0.067147 -0.14046 -0.44037 1.5907 -2.1872 -0.12216 0.19423 1.1677 0.41153 -0.59038
0.14699 -0.39747]

B{l}

[12.0101; -19.4042; -4.2966; -14.0746; 4.4717; 12.6543; 2.0452; -17.186; 8.1195; 0.55524;
1.8548; 13.637; 4.4833; -0.35655; -30.2519; 1.3596; 1.4559; 5.5734; -2.6159; 24.2349; -3.8315;
3.2967; -3.448]

B{2}

[3.1324; -10.1733; 0.10457; -9.0383; 8.9368; -3.6524; 0.76419; 3.1865; 1.2164; 3.9418; 1.4591;
-0.82284; 5.0818; 6.0063; 6.6575; 2.2975; -1.4295; 5.7593; -5.5701; 2.0759; 3.259; 7.5122; -
1.7965]

B{3}
[-1.3758]

2/ Ma trin trong s6 weight va bias ciia mang no-ron Momen Tinh tai

2.1/ Ma trin trong s6 weight va bias ciia mang no-ron Momen Tinh tii DC
2.1.1/ Ma tréin trong s6 weight va bias ciia mang ti wu (3-10-1), Eout = 0.004 %
Iw{l,1}

[-4.4359 -0.18079 0.067341;

-1.3776 -2.7487 -3.3195;
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4.6844 -0.13576 0.25693;

-1.4196 5.7327 -0.32519;

-3.7714 -0.12804 -0.12409;

-0.26531 0.23736 -0.22783;

0.0054569 0.16435 0.15309;

-0.24939 -0.25012 0.2278;

2.7191 -0.10429 -0.094437;

-4.4761 -4.3273 -1.466]

wi{l,1}

[-0.53997 -0.0002486 0.31227 -4.2886¢-05 -4.5897 -1.0239 2.0633 -1.0171 2.2719 0.00031943 ]
b{l}

[3.605; 3.6879; -3.6749; 0.89037; 5.821; -0.45032; -1.0822; -0.50273; 4.6425; -4.9725]
b{2}

[2.6063]

2.1.2/ Ma tran trong s6 weight va bias ciia mang tdi wu (3-8-8-1), Eout = 0.0043 %
Iw{l,1}

[-3.2285 0.05489 0.034795;

-2.3512-0.31338 -0.48196;

0.5831 -0.29464 -3.7324;

-0.082092 0.23088 0.43436;

-0.084774 -0.27914 0.39587;

0.67564 0.22805 0.41846;

-0.58298 0.29205 3.7345;

4.5596 -0.026873 0.064304]
Iwi{2,1}
[2.3662 -2.6884 2.7396 -2.8377 -0.9811 -3.6043 2.3146 -2.6462;
3.5249 -0.34606 -0.54804 2.3139 -4.8234 -1.4284 -0.76007 -2.6965;
-2.3855 3.104 0.83936 -3.7424 1.7208 -1.2138 -1.9923 -3.8954;
-0.99611 0.7115 2.0394 -0.72968 -2.9241 -0.19028 2.4142 5.0995;
2.8695 4.492 -0.43176 1.5283 1.4977 1.0889 -0.45238 0.30568;
-3.6367 1.0989 -0.58808 2.1943 -0.78867 2.3295 -0.58294 2.5056;
0.3082 -4.9435 -2.0803 -0.7847 -0.86533 2.1601 -2.0645 1.229;
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-1.766 3.1713 -2.0433 -4.8225 -2.5492 -0.29641 -1.6726 -1.8471]

w{3,2}

[0.032827 -0.093743 0.0052854 0.085528 -1.6133 1.3742 1.2833 -0.53739]
b{l}

[2.8693; 4.0302; -2.7848; -0.35325; -1.3303; 1.195; 2.7834; 5.2844]

b{2}

[-0.17768; 0.6448; 5.9204; -2.4203; -6.0095; -3.8399; 4.7967; 0.87011]
b{3}

[-0.047865]

2.2/ Ma tran trong s6 weight va bias ciia mang no-ron Momen Tinh tai DW
2.2.1/ Ma tran trong s6 weight va bias ciia mang tdi wu (3-20-1), Eout = 0.006 %
Iw{l,1}

[3.9571 -0.60269 0.63193;
-5.4944 -0.44315 -0.65036;
3.7144 0.25732 0.47155;
-5.0861 -2.4261 -3.4304;
-5.0098 -0.1144 0.52461;
-0.74206 0.34951 -2.2089;
1.2507 -0.39288 0.42116;
-0.24799 -3.9807 2.0694;
1.2706 -0.0059198 0.9873;
4.9283 0.22212 -5.0897,
-0.62187 -0.22253 -0.22227;
-4.5839 0.078382 -4.1788;
-0.83657 -3.8313 -5.0988;
3.3576 -0.040726 2.3559;
3.3829 4.4474 3.9239;
-6.6146 0.068721 0.23498;
7.6524 -0.53708 0.30277;
3.4931 -5.3144 -3.6399;
4.8534 1.2982 -0.91973;
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-4.5224 -1.3262 -1.0686]
wil,1}

[-0.71405 -1.4376 0.91851 -0.00023596 -0.094732 -0.040468 -0.80505 -0.000478 0.15551
0.0004709 -2.5463 -0.0018432 1.5122¢-05 0.016061 0.0012008 -1.247 -0.17245 -0.00090711
0.012698 -0.034239]

bil}

[-6.3112; 7.6466; -3.5598; 2.3448; 3.0481; -3.3061; -1.6218; 1.8645; -0.36655; -0.29809;
0.80433; -0.95288; -2.9848; 3.3008; 4.527; -8.3939; 4.6728; 5.7074; 4.8759; -6.7701]

b{2}

[2.9468]

2.2.2/ Ma trén trong so6 weight va bias ciia mang t6i wu (3-12-12-1), Eout = 0.005 %
Iw{l,1}

[-0.24915 -0.58964 -0.41245;
2.2163 0.38512 -2.2931;
1.6215 -0.081577 0.21756;
-0.36038 -0.52042 -0.028315;
-2.1363 1.4189 -0.06575;
1.15850.19106 -1.7918;
1.3359 1.1518 0.20079;
2.0317 -0.46577 -0.90519;
6.8023 -1.3797 0.243;

-2.259 -0.1851 -0.84157;
-7.0833 -0.14458 -0.27344;
-4.8322 -0.62265 -1.0173]

w{2,1}

[-2.1795 -1.9887 -0.56795 3.0537 1.0459 -0.80305 2.7891 -0.21796 1.3697 -0.53567 2.7097 -
2.736;

-2.7952 -0.84677 0.01022 2.4615 -3.1365 0.56044 -0.86401 1.1388 0.32499 0.36765 -2.1787
1.4448;

-1.3427 -0.26063 -2.3235 3.4881 0.86372 -0.3354 -1.3128 -0.67405 0.26009 2.9747 -0.86344
2.379;

3.073 2.0227 -2.6624 0.50553 2.2057 -3.0076 1.0242 0.04504 2.7681 0.047692 0.50812 1.187;

1.6399 -1.0089 1.6925 0.79822 2.575 0.81246 -3.1546 -0.79346 1.5206 -2.5972 3.8872 -
0.72228;
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-3.3004 1.3581 0.91516 1.0369 0.9218 1.0423 -1.3807 1.63 2.2301 -0.66011 0.37019 0.037933;

3.4164 -1.1126 1.0909 3.9939 0.12345 0.52622 -1.4963 2.6782 -1.1961 1.9347 0.45395 -
2.9074;

-1.0625 -0.52597 -2.8235 -1.9424 -3.4764 -0.18611 -0.9362 -2.1745 -0.97004 1.1018 3.6106
1.1597;

1.9595 -0.014956 -4.1517 3.6975 -0.080921 -0.089937 -1.4632 -0.95567 0.45973 3.8181
2.2637 -1.087;

3.0811 0.92293 -1.2721 -0.84607 0.88722 -0.74099 -1.7643 2.1119 2.1981 -1.5504 3.3051 3.63;

-2.3475 0.073136 -0.38306 -2.0166 0.1987 -0.3848 1.275 -0.83726 0.74816 0.5184 -1.1067 -
0.5101;

-1.3925 -2.0412 1.2812 0.65658 -1.4482 -0.81008 -1.5921 1.7902 -1.3286 0.86968 -4.6092 -
1.9132]

wi3,2}

[2.4436 -0.069022 -0.38406 -0.037626 0.063471 -0.20617 -0.13996 -0.24838 -5.1484 -0.38887
0.72996 -0.043013]

b{l}

[2.8268; -3.8087; -1.3533; -0.70444; 0.99624; -0.31494; 2.0508; 1.1322; 2.8756; -1.8237; -
5.1728; -5.911]

b{2}

[4.8332; 5.5737; 2.2546; -6.2801; -2.2825; -0.23454; -2.3018; 2.9294; 3.1606; -0.94294; 1.1715;
2.6269]

b{3}
[2.8312]

3/ Ma tran trong s6 weight va bias ciia mang no-ron Momen Hoat tai
3.1 Ma tran trong s6 weight va bias ctia mang no-ron Momen hoat tai xe thiét ké HL-93
Ma tran trong s6 weight va bias cia mang t6i wu (6-24-1), Eout = 0.0095%
w{l,1}

[0.22641 -1.2515 1.7855 2.2539 -2.6941 2.1657,

-0.34553 -2.5286 0.051328 -0.0084194 0.018795 -0.051939;

-3.5644 0.55772 -1.4834 -0.23357 2.9933 -0.10786;

-0.16922 6.1108 0.041721 0.0016809 0.012113 0.0048992;

-39.6313 0.4375 -0.0071323 0.0030068 -0.0052844 -0.036908;

-2.3279 2.1451 -1.4986 -1.2638 -0.79862 -1.6213;

1.1035 -1.9477 0.064175 0.0054421 0.023778 0.19424;
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17.9367 0.60339 -0.017962 -0.00073847 -0.0044907 0.0087459;
-0.84436 0.15656 -0.31219 0.014206 -0.031939 0.16578;
0.91215 1.8657 1.4716 0.32932 2.6445 2.4606;

-0.36231 -1.4171 0.74248 -2.5992 0.31512 0.73693;

0.13006 -3.0282 -0.019488 0.0029028 -0.0049106 0.039352;
-1.8205 -1.2699 0.037999 0.0044734 0.011975 0.1383;
-8.4743 0.54086 -0.015906 0.0032423 -0.0058661 0.011192;
-7.0061 -2.661 0.074969 0.0015649 0.02681 0.23422;
-4.3803 -0.64462 0.025101 -0.0055145 0.0072424 -0.033604;
-0.11276 -1.5008 0.012546 0.004616 0.0036555 0.070936;
0.70224 -2.8762 -0.96036 1.7958 -2.2401 -1.548;

-2.1825 3.6564 -0.11034 -0.021943 -0.040935 -0.35135;
-9.4067 -2.6827 0.076062 0.0010178 0.0271 0.23201;
0.79432 2.7694 2.4466 1.2083 -2.8145 0.47703;

-0.045998 -0.19649 -0.11783 0.7203 -0.066212 -0.41756;
0.068551 0.53256 -0.58717 0.032341 -0.019775 0.14593;
0.13162 0.44363 -0.042352 0.036804 -0.7235 0.11587]
Lw{2,1}

[2.4435e-06 -9.0186 -0.00033582 1.0966 27.3598 -0.00036228 3.332 14.0373 0.27264 -
0.00029665 -0.0012518 -1.3168 -1.9714 13.4968 8.2678 -6.3597 5.6078 -2.616e-05 0.32936 -
7.8932 0.0001348 -0.04039 1.3554 0.3218]

B{1}

[-4.7796; 5.4437; 3.4693; 6.7039; -42.1208; 2.1074; 2.4636; 16.0221; -1.0739; -0.89207; -
0.07591; -0.19164; -0.15598; -1.3224; -1.4623; 4.8698; -0.7563; 2.2377; -3.5971; -1.5317;
2.9172;-1.0123; -3.9843; -3.6392]

B{2}
[-6.4183]
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PHU LUC 4
1/ Céc sb liéu kiém dinh thir tdi caa cac cau [21] va [9]

1.1 Két qua do kich thudc hinh hoc cac nhip N1, N2, N12, N13 ciu Ninh Chit [21]

i

Nhip Vi tri Kich thwdc mdt cit ngang dién hinh dam I33 ciu Ninh Chit (cm)

Dim matcat | 1 2 6 7 8 9 10 11 12 13 14 | 15 16 17

NIDim 1 | Giita dam | 165.0 | 89.1 [ 12.20| 8.0 | 85.0 | 65.2 | 10.2 | 10.1 | 65.0 | 59.8 | 2.6 | 19.9 | 22.3 | 22.7

NIDim?2 | Giita ddm | 164.8 | 88.8 | 12.00| 7.9 | 849 | 65.1 | 10.1 | 9.9 | 649 | 59.9 | 2.6 | 20.0 | 22.4 | 225

N1Dam3 | Giitadim | 164.9 | 89.1 | 11.90 | 8.1 | 84.9 | 649 | 10.2 | 100 | 64.9 | 59.9 | 2.7 | 20.0 | 22.7 | 223

NIDdm4 | Giitadam | 164.8 | 88.8 [ 12.20| 7.8 | 85.0 | 649 | 9.9 | 102 | 649 | 59.9 | 2.4 | 202 | 225 | 226

NIDim5 | Giita ddm | 165.2 | 88.8 | 12.10| 7.9 | 849 | 65.1 | 10.0 | 9.9 | 65.0 | 60.1 | 2.7 | 20.0 | 22.7 | 22.4

N2Dam 1 | Giita ddm | 165.1 | 89.0 | 12.00| 7.9 | 85.1 | 65.1 | 9.9 | 100 | 64.8 | 59.8 | 2.4 | 20.0 | 22.3 | 226

N2Dim?2 | Giira dam | 164.8 | 88.8 | 12.00| 8.1 | 85.1 | 64.8 | 10.0 | 10.0 | 65.1 | 60.0 | 25 | 20.1 | 22.6 | 226

N2Dim3 | Giira ddm | 164.8 | 89.1 | 12.10| 8.0 | 84.9 | 65.0 | 10.1 | 10.2 | 65.0 | 60.0 | 2.4 | 20.2 | 22.4 | 223

N2Dim 4 | Giita dim | 165.2 | 88.9 | 12.20| 8.2 | 851 | 649 | 9.8 | 100 | 64.9 | 60.1 | 26 | 20.1 | 225 | 223

N2Ddm 5 | Giira dAm | 164.9 | 88.8 | 12.10| 8.0 | 84.9 | 65.1 | 9.9 | 10.1 | 64.8 | 60.1 | 2.6 | 19.9 | 22.6 | 223

N12Dam 1 | Gitra dim | 164.9 | 88.9 | 11.90| 7.9 | 848 | 650 | 10.1 | 9.9 | 64.9 | 600 | 2.3 | 20.2 | 22.7 | 22.4

N12Ddm 2 | Giita ddm | 165.1 | 89.1 [ 12.20| 7.8 | 851 | 649 | 9.8 | 10.0 | 65.0 | 60.1 | 2.6 | 20.1 | 22.4 | 225

N12Ddm 3 | Giira ddm | 164.8 | 89.1 | 11.80| 7.9 | 852 | 64.9 | 10.1 | 10.2 | 65.2 | 60.0 | 2.3 | 20.0 | 22.6 | 22.3

N12Dam 4 | Gitra dim | 164.9 | 89.0 | 12.10| 8.1 | 84.9 | 65.0 | 10.1 | 10.2 | 65.0 | 59.9 | 2.5 | 19.9 | 22.4 | 22.6

N12Dém 5 | Giita ddm | 165.2 | 89.1 | 11.90 | 8.2 | 85.0 | 64.8 | 9.8 98 | 649 | 60.2 | 26 | 199 | 22.7 | 22.6

N13Dém 1 | Giita ddm | 165.1 | 89.2 | 11.90| 7.8 | 84.8 | 650 | 102 | 9.9 | 652 | 59.8 | 25 | 19.8 | 22.7 | 22.7

N13Dam 2 | Gitra dim | 164.8 | 89.0 | 12.20| 7.8 | 85.1 | 65.1 | 9.9 | 10.2 | 65.2 | 60.2 | 2.3 | 20.2 | 22.4 | 22.4

N13Ddm 3 | Giita ddm | 164.9 | 89.2 [ 12.20| 7.9 | 84.9 | 65.0 | 10.0 | 10.2 | 64.8 | 60.2 | 2.6 | 20.1 | 22.7 | 224

N13Dim4 | Giira dam | 164.8 | 89.1 | 11.90| 8.0 | 852 | 65,2 | 9.8 9.8 | 651 | 60.0 | 26 | 20.1 | 225 | 22.6

N13Dam 5 | Gitra dim | 164.8 | 89.1 | 11.80| 7.9 | 85.0 | 649 | 9.9 99 | 648 | 60.0 | 25 | 20.2 | 223 | 22.6

1.2 Két qua do dao dong cac nhip N1, N2, N12, N13 cau Ninh Chit [21]
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CEE 't AR R e R R R R B

' i e 'RRL R RERE
s 0 2e 0 sr e e 0 .o a0 0 s 0 2 0 *s 0 e 0 "0 e 0 ar o s 0 w0 «0 obec
Spectrum Analyse
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Wavetorm Gragh 3 3 CHMANNELS VIBRATION ANALYSIS Biédu 43 dao déng nhip 2

Cw
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Soentrum Analyner
-n
o - .' .o .. 'c '. .. .v .. .o v'o e
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Waverorm Grapn 1 3 CHANNELS VIBRATION ANALYSIS Biéu 48 dao Aéng nhip 13

C
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1.3 Céc s6 liéu kiém dinh thtr tai ciu Pai Dong [9]

a/ Két qua do cuong d6 bé tong két cdu nhip N1 Ban mit cau va Dam 133

CONG TY €O PHAN T VAN KIENM DINH XAY DUNG NAM A
FPHONG THI NGHIEM VAT LIEU XAY DUNG LAS - XD S35
B B 4E - Do wd T - KD Nam Loom - Fhoadng A e - Quwie Bl Tae - TR N
Bt shegls CErI cmecwn A
PHIEU THU NGHIEM KIEM TRA CUONG DO CUA BE TONG
BANG PHUONG PHAP BAN SUNG BAT NAY
g e Do bing sting bit nay Cudng A3
A T‘;::ni ] i ':r:uém Gée bin i Ntbi "h(’;'g:f" e
1 ) 42
= ) a1
=] ) a1
2 | ) 42
% BA(I:\‘AI\GAT D z :; 41,10 3537
= | ) 40
s | ) a2
[ o | o a2
10 o 40
1 0 43
L]
2 o 42
[ 5 | o a2
=3 ) 41
: BA(‘\:: A‘\G“?‘T vT2) g :z 21,60 36,39
7 ) 40
8 o 41
5 | ) 42
[ 10 | ) a1
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CONG TY CO PHAN TU VAN KIEM DINH XAY DUNG NAM A
PHONG THI NGHIEM VAT LIEU XAY DUNG LAS - XD S35

e
C:&'L':/' D/C: S& 44 - Dudae b 7 - KDC Nam Lons - Phudms An Lyc - Quin Binh Tan - TF.I30CM
s - o s Didn thogi: ON22.4N0.635 Fax: OS37.523.108

PHIEU THU NGHIEM KIEM TRA CUONG PQ CUA BE TONG
BANG PHUONG PHAP BAN SUNG BAT NAY

Géi thiu : Kiém dinh ciu Xe. ciu Dai Déng. ciu virgt Lai Cach, ciu Di Linh, cdu Nzo.
Céng trinh : Ciu Dai Péng.

Hang muc : Kiém dinh chét lugng cdng trinh

Dia diém : Km9+700 trén DT.391, x& Dai Son, huyén Tir K¥. tinh Hai Duong.

Yéu ciu thi nghiém : Xéc dinh cudng d$ ciia bé tdng béng siing bat ndy.

Ngudi thi nghiém : Gi& Minh Than, Nguy&n Ngoc Hoai Luin, Nguyén Thanh Toan...

Tiéu chuidn thi nghiém : TCVN 9334 - 2012

Thiét bj thi nghiém : Sting bén bt nay. may mai cim tay, gidy nham, . ..

Tén cdu | Vi tri ki Po bing siing bit nay Cudng dd

: £ :
kién tra Géc bin Ni Ntbi k"&'ug,:) = b

48
47
50
47
50
46
48
50
50
51

48,70 57,15

TR

w

(5[E]]8

(=3

47
47
49
50
48
48
49
46
47
47

DAM (VT2)

47.80 55,41

Clo|o|o|o|o|o|o|e|o|o|o|o|o|o|o|o|o|o|O

b/ Két qua do dao dong két cau nhip N1_ Ban mit cdu va Dam 133

Bién d6 | Bién dd ‘

dao dao
déng 16n | déng Hé sb
Téng nhit nho nhat | Hé sé xung
Hang Phuong |[s6F Chu k¥ | Amax Amin xung kich theo
muc do (Hz) T (giy) | (mm) (mm) kich do | quy trinh |

Ding 4,082 0,245 7.623 5.932 1.125 1.158

Nhip N1 | Ngang | 4.464 | 0224 | 0,624 0.495 1115 1.158

Doc 5,376 0,186 0,432 0,345

1,112 | 1.158

BIEU PO DAO PONG KET CAU NHIP THEO PHUONG THANG DUNG NHIP N1

so00

200

-200

-400

-600

) A 1ﬂn[\
Ay U

2s

VT n\.Jvu b
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2/ Két qua tinh momen quan tinh Ifc ; modun dan hoi Ei va cwong dd bé tong f7c ciia

dim nhip céu theo s6 do Thir tai

\ . -
a/ Cau Ninh chir [21]
\ . \ L2
Bang tinh momen quan tinh /zc cua dam D1 nhip N1 cau [21] (dién hinh)
Dam 133 L (cm) Hg Cac théng s6 hinh hoc bé tong dam 133 DUL Ig (cm4) | 22135800.3
3240 165.0 b&n Ag a Si Ygb Ygb-a Ai*(Ygb-a)*2|bh”3/12
Kh&i Tiét dién  |(cm) (cm) (cm2) (cm) (cm3) (cm) (cm) (cm4) (cm4)
K1 Go dinh 8.0 65.2 521.6 161| 83977.6 79.8347| 3324458.6| 2781.86667
K2 GO trén 12.2 85 1037 150.9| 156483.3 69.7347 5042856| 12862.2567
K3 Vut trén 11 32.5 357.5| 141.133333| 50455.17 59.96803| 1285628.8| 3604.79167
K4 Suon 120.1 19.9 2389.99 84.75| 202551.7 3.584695| 30711.466| 2872769.97
K5 Vit dudi 20 22.5 450( 31.3666667 14115 49.79864 1115957 15000
K6 Bau dudi 25 65 1625 12.2 19825 68.9653| 7728846.6| 84635.4167
cap DUL 5*12*0.987*(Ep/Ec) 5.901163715| 349.4669152 16.2| 5661.364 64.9653| 1474921.9| 176.643774
K8 Trir 16 cdp |5*3.14*%3.6/2 -203.472 16.2| -3296.25 64.9653| -858751.71| -659.24928
6527.084915 529772.8 81.165 19144629| 2991171.7
Céc thdng s6 hinh hoc bé tdng dam 133 DUL sau lién hop
b hsl n Asl hsl/2+Ygt Ssl Ag Ac Dgsl Ycb Yct
(cm) (cm) (cm2) (cm) (cm3) (cm2) (cm2) (cm) (cm) (cm)
240 20.85| 0.921830051| 4612.837573| 94.25969517| 434804.664| 6527.085 11139.922| 39.03121| 120.19652| 65.6534843
Isl Ig I'sl I'g Ic
(cm4) (cm4) (cm4) (cm4) (cm4)
167108.6902| 22135800| 14070010.19| 9943592.353 46316512
Lancan cau
b hpara n Apara trong tam tr.tam+Yct |Spara Ipara(i) Ypara I'para(i)
(cm) (cm) (cm2) (cm) (cm) (cm3) (cm4) (cm) (cm4)
50 17| 0.921830051| 1567.111086 8.5| 74.1534843| 116206.7 37741.259| 76.22501| 9105310.3
25 50| 0.921830051| 2304.575127 42| 107.653484( 248095.5| 480119.818| 109.725| 27746111
25 30( 0.921830051| 691.372538 27| 92.6534843| 64058.07 34568.627| 94.72501| 6203566.4
sum| 4563.058751 sum| 428360.4| 552429.704 43054988
Bé tong XM van khudén
b hwf n Awf trong tam tr.tam+Yct |Spara Iwf Ywf I'wf
(cm) (cm) (cm2) (cm) (cm) (cm3) (cm4) (cm) (cm4)
175 8| 0.921830051| 5162.248283 4| 61.6534843| 318270.6| 27531.991| 63.72501| 20963254
Bé tong asphalt
b hwf n Awf trong tam tr.tam+Yct |Spara Iwf Ywf I'wf
(cm) (cm) (cm2) (cm) (cm) (cm3) (cm4) (cm) (cm4)
240 7] 0.119820583| 1006.492898 13.5| 79.1534843| 79667.42 4109.846| 81.22501 6640339
C68t thép ban mat cau
Dwf (120) Pi n Adwf trong tam tr.tdm+Yct  |Sdwf ldwf Ydwf I'dwf
(cm) (cm2) (cm) (cm) (cm3) (cm4) (cm) (cm4)
1.2 3.14| 5.901163715| 800.4810556 10| 75.6534843| 60559.18 77.72501 4835848
C6t thép chi clia dam |
Ds (30) Pi n Ads trong tam tr.tdm+Yct  |Sds Ids Yds I'ds
(cm) (cm2) (cm) (cm) (cm3) (cm4) (cm) (cm4)
2 3.14| 5.901163715| 555.889622 3.4| -116.79652 -64926 -118.868 7854504
Cé&t thép dai cha dam |
Dc Pi n Adc trong tam tr.tdm+Yct |Sdc Idc Ydc I'dc
(cm) (cm) (cm2) (cm) (cm) (cm3) (cm4) (cm) (cm4)
1.4 3.14| 5.901163715| 907.9530492 -48.379303( -43926.1 -46.3078 1947024
Gia cwong L/2
b hgt n Agt trong tam tr.tam+Yct |Spara Iwf Ywf I'wf
(cm) (cm) (cm2) (cm) (cm) (cm3) (cm4) (cm) (cm4)
22.5 11 1 1237.5| 137.6666667 17.470151| 21619.3 4159.4( 19.54168 472572.9
22.5 89 1 20025 89.5| -30.696516| -614698 6609084.4| -28.625| 16408287
22.5 20 1 2250( 38.33333333| -81.863182| -184192 25000.0| -79.7917| 14325094
23512.5 -777271| 6638243.8 31205954
Ong gel boc cap bom vira
Agel Apsi n A(gel-psi) trong tam tr.tam+Yct |S(gel-psi) |I(gel-psi) Y(gel-psi) |I'(gel-psi)
(cm2) (cm?2) (cm2) (cm) (cm) (cm3) (cm4) (cm) (cm4)
160.768 59.22| 1.173092831| 595.6261538 16.2| -103.99652 -61943 -101.925| 6187783.7
203.472 160.768| 5.901163715| 1260.016476 16.2| -103.99652| -131037 -101.925| 13089938
-192980 19277722
Atc St Sb Dt Db Dtc I'tc Itc Ic.dam
(cm2) (cm3) (cm3) (cm) (cm) (cm) (cm4) (cm4) (cmé4)

92803.86 886857.6| -1079103.0| 9.556257| -11.62778| -2.0715| 239018.985| 3.7E+08| 7.496E+11

Momen qt || DAm 133 | Ban m.cdu | B.Lancan |[B.VanKhudn| Asphalt | Th.ban| Th.Dam [G.CgL/2| Onggel Vira
N1D1 32079393 | 14237119 8721483 4198157 1328890 | 967170 1960306 |[7568840| 2617988 | 1237557
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Bang tinh momen quan tinh J#c ctia cac dim nhip cau [21] theo sé do Do vdng

Momen | D3m 133 |Binmit | Batong | B&tong |Bé tong | Thép Doc |Thép Dam|Gia Cwirng| Onggel |Virachén| Dimlién
quéntinh | nguydn | cdu | Lancan |VénKhudn|Asphalt| banmc |chi&dai| L/2 | capDUL | capDUL | hop (mmd)
Ky hiéu (cmd) Ig Imc llc Ivk las It It lgc It Ive Itc
NIDI | 32079393 |14237119| 8721483 | 4198157 |1328890| 967170 | 1960306 | 7568840 | 2617988 | 1237557 | 749647049008
Tinh NID2 | 31664787 | 14110677 | 8644949 | 4161964 |1317311| 958757 | 1936610 | 7506748 | 2583423 | 1221217 | 741543801514
mormen N1D3 31707202 | 14149624 | 8617284 | 4161951 |1314787( 957226 | 1912362 | 7453232 | 2551129 | 1205952 | 740766251146
udn NID4 | 31782316 |14175317| 8672869 | 4175018 |1321516 961809 | 1941818 | 7509133 | 2592615 | 1225563 | 744042349761
i NID5 | 31561098 | 14080814 | 8598028 | 4157675 |1312487| 955667 | 1914201 | 7508537 | 2549513 | 1205188 | 738946299646
i N2D1 | 31597526 | 14107579 | 8604478 | 4161926 |1335420| 972392 | 1941955 | 7472594 | 2586172 | 1222517 | 740529429593
Kt N2D2 31422046 | 14087472 | 8510342 | 4129504 1322502 963291 | 1887183 | 7305090 | 2513994 | 1188398 | 733733794848
o N2D3 32064396 (14306241 | 8723872 | 4203078 [1351805| 983936 | 1978045 | 7487676 | 2643341 | 1249542 | 750356398094
ohip N2D4 | 31784255 | 14186064 | 8614187 | 4174486 |1337942| 974411 | 1933547 | 7452529 | 2576789 | 1218082 | 743004866448
dim N2D5 | 32076675 | 14229146 | 8779876 | 4211105 |1358030 988024 | 2028242 | 7632506 | 2707966 | 1280091 | 753425830209
theo N12D1 31500889 | 14119856 | 8585097 | 4153805 |1336307( 973067 | 1932277 | 7407358 | 2574621 | 1217057 | 738472069106
i N12D2 31481906 | 14097682 | 8515120 | 4139511 |1327945( 967435 | 1893605 | 7342342 | 2520542 | 1191493 | 735241523464
vﬁrllg N12D3 31341363 14067109 | 8495059 | 4124373 [1324120| 964523 | 1886186 | 7290920 | 2511499 | 1187218 | 732362759214
A N12D4 31796686 | 14175550 | 8622167 | 4168507 [1341658| 976888 | 1944609 | 7427309 | 2592901 | 1225698 | 743180478485
1o N12D5 | 31395299 | 14053664 | 8487294 | 4130954 |1324247| 964858 | 1884688 | 7339636 | 2506363 | 1184791 | 733201109202
thire N13D1 31861504 | 14200262 | 8704764 | 4194966 |1341523( 976477 | 1976388 | 7567967 | 2636035 | 1246088 | 747564885898
té’ N13D2 32252987 | 14355610 | 8812628 | 4228250 |1355739( 986391 | 2014101 | 7594456 | 2694533 | 1273741 | 756136175838
N13D3 31652260 (14140883 | 8559057 | 4148450 [1322111| 962898 | 1897576 | 7362445 | 2529620 | 1195784 | 738152407206
N13D4 | 31667735 | 14163472 | 8593811 | 4156694 |1326376| 965805 | 1914439 | 7386977 | 2553687 | 1207161 | 739799131732
N13D5 | 31339746 | 14068214 | 8515431 | 4128144 (1315480| 958088 | 1884149 | 7328816 | 2509924 | 1186474 | 732788267758
Ky hiéu Ei 4 Emc Elc Evk Eas Etb Ecd Egc Egl Evc Etc
gia tri (Mpa) 4 Emc Elc 22610 | 4000 | 197000 | 197000 kg 197000 | 39162 Etc
Bang tinh modun dan hdi va f’c cua cac dam nhip cau [21] theo sé do Do vong
Nhip dim Edi Ebi fedi | fchi nme nvk nas ned nve Etc
Tinh N1D1 31538 ¢ 29073 | 3891 33.07 092183 067729, 011982 5.90116| 1.17309; 31050
N1D2 31936 | 29173 | 3990 | 3330 0913488] 0.67116] 0.11874] 5.84776| 1.16248] 31389
modun T bs | st | 2set | 401 | 3288 0.905367] 0.6651901] 0.1176808| 5.795777| 1.15214] 31422
di? N1D4 31809 ¢ 29156 | 39.59 33.26 0916589, 0.673435} 0.1191394; 5.867615| 1.16642; 31284
h?l N1D5 32126 | 28958 | 4038 3281 0.901388| 0.6622662| 0.1171635} 5.770301| 1.14708; 31500
9 N2D1 31598 | 28490 | 39.06 | 3175 0.901624| 0.673435} 0.1191394; 5.867615| 1.16642] 30985
vla N2D2 32039 | 28408 | 40.16 31,57 0.88667| 0.6622662; 0.1171635} 5.770301| 1.14708; 31323
ff N2D3 31857 § 29328 | 39.70 | 33.65 0920607 0.6876142} 0.1216479} 5.991157| 1.19098; 31356
kft N2D4 31849 | 28651 | 39.69 212 0899586/ 06719131 01188701 5.854355| 1.16379; 31218
I ECEE N ECRET) 0.93395| 0.6975801] 0123411 6.07799| 120824 31433
nb!p N12D1 34263 |+ 30806 | 45.93 31.13 0899105 0.673435/0.1191394; 5.867615| 1.16642; 33580
dam N12D2 34516 | 30519 | 46,61 36.44 08841941 0.6622662} 0.1171635} 5.770301| 1.14708; 33728
th?o N12D3 34652 | 30639 | 4698 | 36.73 0884194/ 0.6622662; 0.1171635} 5.770301| 1.14708; 33861
ET(,J N1204 34010 | 30753 | 45.25 37.00 0.904246/ 0.6772855; 0.1198206; 5.901164; 1.17309 33368
U T Nis | ued6 | 30467 | 4696 | 3631 0.879386| 0.6586649] 0.1165264) 5.738924| 114084 33622
A N13D1 33883 | 31110 | 4491 37.86 0.918163 0.6819943} 0.1206536] 5.942192] 1.18125 33333
do N13D2 33375 | 31268 | 4358 | 3825 0.936869| 0.695889; 0.1231118; 6.063256| 1.20532; 32955
thfc N13D3 34482 1 30812 | 46.52 37.14 0.893565| 06637233} 0.1174213| 5.782997| 1.149; 3378
te N13D4 34357 1 30940 | 46.18 | 3745 0.900534/ 0.6689001} 0.1183371} 5.828102| 1.15857} 33683
N13D5 34769 1 30899 | 4730 | 3735 0.888685| 0.6600984;  0.11678; 5.751413| 1.14332; 34005
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Béng tinh momen quan tinh /zc cua cdc dam nhip cau theo s6 do Tan so riéng

Momen
qudn tinh

Dam 133
nguyén

Ban mét
cau

Bé tong
Lancan

Bé tong
VanKhuon

Bé tong
Asphalt

Thép Doc
ban mc

Thép Dim

chi & dai

Gia Cwong

/2

6ng gel
capDUL

Vita chen
capDUL

Dam |l lién
hop (mmd)

Ky hiéu (cmd)

Ig

Ime

llc

Ivk

[as

It

It

lge

It

Ive

It

M/c ngang N1

15879479%

70753551

43254614

20854765

6594990

4300629

966529

37546489

12894663

6095477

3714945751075

M/c ngang N2

158944897

70916501

43232755

20880099

6705699

4382053

9768972

37350395

13028262

6158629

3721050319192

M/c ngang N12

157516143

70513861

42704737

20717150

6654276

4346771

9541365

36807565

12705927

6006257

3682457939471

M/c ngang N13

158774233

10928441

43185690

20856504

6661230

4349658

9686653

37240662

12923799

6109248

3714440868432

Bang tinh modun dan hoi1 va fc cua cac dam nhip cau theo s6 do Tan so riéng

Tinh Ei
theo
Tén 56
fi thue
tf

Nhip

Edi Ebi

fedi

fehi

nmc

nvk

nas

ned

nve

Etc

M/c ngang N1

34137

31124

456

379

0911732

0.669867

0.118508

5.836523

1.160243

335413

M/cngang N2

34642

31472

4.9

38.7

0.908487

0.678562

0.120046

5912284

1175303

34015.7

M/c ngang N12

31742

28258

394

31.2

0.890225

0.666784

0.11793

5.809661

1.154903

31054.9

M/cngang N13

34530

31338

46.6

384

0.907563

0.674121

0.119261

5.873592

1.167612

338989

b/ Cau Pai Pong [9]

Béang tinh momen quan tinh /#c ciia dam nhip cau theo s6 do Téan s riéng

Tinh Ei
tir Tan
0 f
thyrc té
ciu Dai
Pong

Momen
quan tinh

Dém 133
nguyén

Ban mét
A
ciu

Bé tong
Lancan

Bé tong
VanKhudn

Bé tong
Asphalt

Thép Doc
bén me

Thép Dam
chl & dai

/2

Gia Cwong

6ng gel
capDUL

Vita chen
capDUL

Dam | lién
hop (mmd)

Ky hiéu (cmd)

lg Imc

lle

Ivk

[as It

It

lge

It

Ive

Ite

N1

30117419

13597225

7968620

3949833

1248511

911334

1652094

6817868

2184138

1032470

695201032956

Ky hiéu £

Eg Emc

Elc

Evk

Eas Eth

Ecd

Ege

Egl

Eve

Etc

gid tri (Mpa)

Emc

kg

Elc

22610

4000

197000

197000

Eg

197000

39162

Etc

Bang tinh modun dan hoi va f’c cua dam nhip cau theo s6 do Tan so6 riéng

Nhip

Edi

Ebi

fedi

febi

nmc

nvk

nas

ned

nve

Etc

M/c ngang N1

42863

34224

676

431

0.798456

0.596144

0.105466

5.194178

1.032551

41148
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3/ Xay dung phwong trinh momen lc ciia nhip ciu theo sé do Thir tai tir cAc xe tai

dung thir tii gdy ra (cAu Ninh Chir [21])

a/ Két qua tinh tong momen luc cta nhip cau theo sé do Thir tai tir cac xe tai dung thir tai

Bang thiét 14p cac thong sb cho momen lyc nhip N1, N2 ciu [21]

Ky higu tryc xe tai x1 X2 X3 x4 X5 X6 X7 L

Cu ly truc xe tai (m) | 5.20 1.35 3.65 6.00 1.35 3.65 11.2 324

L/xi = 6.2308 | 24.0000 | 8.8767 | 5.4000 [24.000| 8.8767 | 2.8929 1
L/6.2308 | L/24 |L/8.8767| L/5.4 | L/24 | L/8.8767 | L/2.8929 L

oXi X1+x2 I X1+x2+X3| X2+x3 | X2+Xx3+x4| x3+x4 | X6+X7

L/in 49466 | 3.1765 | 6.4800 | 2.9455 |3.3575| 2.1818

Trong luong P1(kN) | 1409 | 732.68 4565.2

Trong luong P2(kN) | 143.2 | 744.64 | 193.32 4639.7

Trong lugng P3(kN) |  61.0 317.20 | 82.35 | 222.65 1976.4

P = 4(P1+P2+P3) 1380.4| (kN)

Phuong trinh momen luc Mi ctia nhip N1, N2 cau [21]

Gia tri momen Mi (kNm) do tai trong xe thit tinh ding tinh chuyén vi dmg tai L/2 - Nhip (1 va 2)
M1 |(0.43P,+0.403P,+0331P,)L | 4487.6 | M4 |(1.0P,+0.958P,+0.846P,)L | 10682.9
M2 |(0.5P,+0.508P,+ 0.417P,)L | 5462.5 | M5 |(0.605P,+0.682P,+0.776P;)L| 7460.6
M3 |(0.689P, + 0.678P, + 0.649P,)L| 7575.5 | M6 |(0.457P,+0.514P,+0.67P,)L | 5794.8

Bang xac dinh cac hé sb ai cho phuong trinh momen Iyc Mi nhip N1, N2 cau [21]

Thong s6 Luc *P1 *P2 *P3 Phan lyc R
RgL = 2(L/2+x,) [2(L/2+(x1+x2+x5)  |2(L/2+(X1+X2+X3+X5+X6))
Rg = 2(L/2+x;)IL | 2(L/2+(x1+x2+x5)/L | 2(L/2+(x1+x2+x3+x5+x6))/L
hé s Pi clia Rg 1.32099 1.48765 1.93827
Rg = 1.321*P1 1.4877*P2 1.9383*P3 517.3938
Ra=P-Rg 4-(L+2x1)/L|4-(L+2(X1+x2+x5)/L |4-(L+2(X1+X2+x3+X5+x6))/L
hé 56 Pi ctia Ry 2.67901 2.51235 2.06173
Ra = 2.679*P1 2.5123*P2 2.0617*P3 863.0062
Cac momen Mi al *P1*L o2*P2*L 03*P3*L
hé s6 a1*Pi cia M1 | 0.42996 0.4032 0.3309 Mi =
hé s6 oal*Pi ctia M2 | 0.49992 0.5079 0.4168 (ol *P1+02*
hé s6 oa1*Pi ctia M3 | 0.68907 0.6783 0.6491 P2+o3*P3)*
hé s6 oa1*Pi ctia M4 | 1.00000 0.9583 0.8457 L
hé 56 al*Pi ciia M5 | 0.60545 0.6818 0.7757
hé s6 a1*Pi cia M6 | 0.45664 0.5143 0.6700
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4/ Xay dung phwong trinh chuyén vi ciia nhip ciu theo sé6 do Thir tii tir cac xe tai

dung thir tii gdy ra (cAu Ninh Chir [21])

Bang xac dinh tong ning lugng gay chuyén vi do xe tai duoc thir tai tao ra trén N1N2

Viing momen tdi trén DAH 1 2 3 4 5 6 7
Cy ly ti ai trén nhip al a2 a3 a4 a9 b al L
Gid tri ai () 520 135 365 600 135 365 WEREY
Gid tr i theo L U62308 | LM | LBAW 54 L4 UsgTe | Lo | L
Ty I Liai 62308 | 240000 | 88767 54000 24,0000 88767 2009 | 1
Momen ti Mi trén (Mpi) M1 M2 M3 M4 M5 M6 L2 16.2
Gié tr Mi (kN.m) uglE | S5 | oS 106829 74606 57948 L4 81
Dién tich i trén (Mp) (3) | UZMPU6230| ML24 | MAUBSTET | ML MA24 | MPLBSTET |MLI(272.8929)
Gidtridiéntch Mi(Nrd) | 1166784 | 605830 | 1993804 | 4545200 | LOTL8B | 21506 | 345084
T§ 1t Li(a) () 415 | 240000 | 88767 54000 24,0000 88767 57857

o 235 24(LA)! |(5.2+1.35/2)¥| (5.2+1.35+3.65/2 | (5.2+1.65+3.65+6 (16,2 16213 2312
T iin O )| )uz( ) ((IJ4)/|J2) ( VLAY (/2)*(|J4)/IJ2 (1.35/2)*(IJ4)/IJ2 g.65/2)*(|J4)/L/2 /2( )
Gi tr ykitrén (MK)(2) 1138 | 295 | 41875 6.6000 77625 65125 37333
T§ 16 Liyki 18693 | 11028 | 77373 49091 41739 49750 86786
Ning lvong tao chuyénvi ()| 20243 | 17793 | 834905 299989.1 781829 197763 | 1211502 | 756500
Dién tich M trén (Vi) (b) (M (Vs (e (MMJ*L(2°24) (M
' MRLI(224) M) LI 2*8.876) My PLI(2%5.4) MHU(288761)
i tr ién tich Mi (kN.n) 6802 | 385624 932231 217503 3040.15
T§ I Liai 180 178 108 180 1775342

o 5241350 |(5.241.35+3.6572 (5.2+1.35+3.65+6 | 16.2- 162-035-
Tung d ykitrén (MK) () (3)*(IJ4)/|J2 53)*(IJ4)/IJ2 £2/3)*(L/4)/IJ2 (1.35/3)*(IJ4)/IJ2 g.65/3)*(IJ4)/IJ2
Gif i yki trén (MK)(b) 300 | 44917 71000 78750 68167
T§ 1 L) () 10630 | 7213 45634 41143 47531
Ning lugng tao chuyén vi () 0000 | 17309 661884 171284 TR 123368
Téng néing hwong (kN.m') 8819480  [8.81048E+17|  (N.nmd)
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Bang xac dinh biéu thtrc chuyén vi A do xe tai duoc thir tai tao ra trén N1N2

Xic dinh Biéu thirc P vong A cho toan nhip cau theo két qua thir tai

Dién tich momen| Truc xe |HE s Iyc Pi| Hé 6 dién | Hé s0 tung | Hé s0 Pitheo | HEsOPi | GiatriPi | (Hé s6
hre trén (Mpi) | thi tai Pi | theo momen| tichMi | dd Yki | chuyénviA | toancau | toancau | Pi)*Pi
P1 0.42996 12.46154 | 18.69231 0.00185 0.07391 140.9) 10.4133
1 P2 0.40322 12.46154 | 18.69231 0.00173 0.07553 143.2) 10.8163
P3 0.33089 12.46154 | 18.69231 0.00142 0.07706 61| 4.7008
P1 0.42996 24.0 11.02979 0.00162 25.9303
2@a) P2 0.40322 240 | 11.02079 | 0.00152 Chiéu dai nhip L (m)
P3 0.33089 24.0 11.02979 0.00125 324
P1 0.06996 480 | 1062205 | 0.00014 |Téng ning hrong toan ciu (kKNms3)
2 (b) P2 0.10468 480 | 10.62295 | 0.00021 881948
P3 0.08591 48.0 10.62295 0.00017 Biéu thite do vong A toan cau
P1 0.49992 8.87671 7.73731 0.00728 A=(0.07391P; + 0.07553P,
3 (a) P2 0.50790 8.87671 7.73731 0.00739 + 0.07706P3)L3/ El
P3 0.41680 8.87671 7.73731 0.00607 A=(171.8P1 + 175.6P2
P1 0.18915 17.75342 7.21336 0.00148 +179.1P3)L3/ 2324.6E1
3(b) P2 0.17037 17.75342 7.21336 0.00133
P3 0.23226 17.75342 7.21336 0.00181
P1 0.68907 54 4,90909 0.02599
4 (a) P2 0.67827 54 4,90909 0.02559
P3 0.64906 54 490909 0.02448
P1 0.31093 10.8 4,56338 0.00631
4 (b) P2 0.28006 10.8 4,56338 0.00568
P3 0.19662 108 | 456338 | 0.00399
P1 0.60545 24.0 4,17391 0.00604
5(a) P2 0.68184 24.0 4.17391 0.00681
P3 0.77572 24.0 4,17391 0.00774
P1 0.39455 48.0 4,11429 0.00200 1.00000
5(b) P2 0.27649 48.0 4.11429 0.00140 0.95833
P3 0.06996 48.0 4.11429 0.00035 0.84568
P1 0.45664 8.87671 4.97505 0.01034
6 (a) P2 0.51425 8.87671 4.97505 0.01164
P3 0.67002 8.87671 497505 0.01517
P1 0.14881 17.75342 4,75306 0.00176
6 (b) P2 0.16759 17.75342 4,75306 0.00199
P3 0.10570 17.75342 4,75306 0.00125
P1 0.45664 5.78571 8.67857 0.00909
7 P2 0.51425 5.78571 8.67857 0.01024
P3 0.67002 5.78571 8.67857 0.01334
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PHU LUC 5
1/ Thiét 1ap ANN bing cong cu “nntool” Toolbox matlab

Tao mang: nhap New (Mdi) trén Neural Network/Data Manager (Mang no-ron/Quan 1y

dir lieu) va thiét ldp mang trén cua s6 Create Network or Data (Tao mang hoac dir liéu).

4 \ang noron/Quén Iy dft lidu (nntocl) Tao mang hode dit ligu
¥ Dif lifu vio ® Mang 4 Ditlifura Bzns@HiTilen
i Tén
Bian vao
Wi nzodi
Cdc tinh chét mang
Eiéu mang
@ Dif lifn mur tidy 3 D Lidu sai & Dok Ligu vao : Biu vaa
Nfuc tidn D Liéu muc tidu : Mfuc tidu
’ Him déao tac TRAMLM >
Him hoc thich img : LEARMNGDM >
Ham hiéu sudt - MESE >
S0 lop trong mang ; 2
2 Trang thii tré diu vio 5 Trang thii b tri tré Dictinhcja; Lov!
50 hrone ne ron: 2
Ham chuyen- LOGSIG =
1 Nhin W Lip lad mic dinh
L Nhiap Micn Bcr % Muat M Xoa D Ginp D Bang P CGiop Tao O Dong

Cira s6 Neural Network/Data Manager ’(nntool) nhap dit liéu vao mang va Ctra s6 Create
Network or Data thiét 1ap ANN dao tao. Create: Ok

Kiéu mang (Net work Type): Lan truyén nguoc (Feed-forward backprop);
Dit liéu vao, muc tiéu (Input, target data): chon (i, t);
Ham dao tao (Training function): chon TRAINLM (thudt todan Levenberg Marquet),
Ham hoc (Adaption Learning function): LEARNGDM (giam d¢ doc véi momentum);
Ham hiéu sudt (Performance funtion): MSE (sai s6 trung binh binh phwong);
S6 16p dn trong mang (Number of layers): (1=2) Iép an, 1 I6p ra;
S6 no-ron 16p an m (Number of neurons): (r-m-1); (r-m-m-1) nhu muc 2.4.3.3 mo ta
Ham truyén (Transfer function): (Logsig ; Purelin). View: hinh trang mang

g(x)

g2(x)
sesssssscssssscsccceh
1 I
X
’ X -/l 1
-6 -4 -2 0 2 4 6 -1

Ham kich hoat Logsig va Purelin cho 16p an va 16p dau ra

4 Mang noron/Quén Iy dit ligu (mtool)

Khai tao mang mdi X
W D lidu vao ¥ Nang 4 Dir lifura
Bia vio i Goi mang mai “mang 17 dwoe dea vao Mang! Quan Iy di liéu
Wi nzodi _-/
| @ o
@ Dit lifu e tidn M D lidu s=i =B L
Muc tién Mang Mang 21
Méi Daotzo Mbphong Thich img it lai trong 56 Nhin/sfratrong 56

- Trang thai tra du vao 5 Trang thii b i ok Lép in Lop diin ra

Dinvio| | - : ;

LR E:la ﬂ ; & ﬁ Paura
ol
18 2] ; j J 1
& Nhip M G % Xudt & Xod v Giap QBong n 1

Hinh trang thiét 1ap ANN dao tao
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T Mang mang 21 - 0O
Nhin Bao tac Mo plu?ug Thich émg Kh&i tzo lai trong =5 Whin/sis trong 56
Vac daotac  Tham & d3c 2o

Dt lién d30 tao K&t qua dao tao
Bn vio Béura
e HiEn Saisd

Tinh trang tré ki tao din vio
Tinh trang tré kh tao lop

Tinh trang tré ki tzo diu vio
trang tré khan tao lop

% Bio tgo mang

T Manz mang 21 - O

Whin Baoc tac Ma plu?n,g Thich tmz Khdi tao lzi trong 56 Whin'sia trong 56
Vio dio tac  Tham 35 ddo tao

Trinhbdy Window  Biing m 0.001
Trinhbay dénglénh  Sal mu_giim 01
Trinh béy 23 mu_ting 10
Véng lip 1000 mu_lén nhit le+10
Théi gisn inf

Muc tigu 0

Do doc nhd nhét le-07

Thétbai lén nhit 40

% Bio tgo mang

Cira s6 Network mang dung diéu chinh tham sb dao tao ANN

Show: (s6 lan mang trinh bay);
Time (Thoi gian dao tao),
Min-grad: (do doc min);

Ir: (téc do hoc tap),

Trong qué trinh ddo tao mang co thé thay doi cac tham sb k¥ thuat mang dé mang dat t6i

muc tiéu cyc tiéu. Sau d6 nhip Train network va mang tién hanh dao tao & hinh 3.13.

4\ D30 tao mang tri tué nhan tao = X

Mang tri tué nhan tao
Lévp &n Lép dau ra

Bayvio | | ( | Baurs
=1 ! i
L T--@H‘%/ -
21 1
Thuat toan

Phén chia dif liu:  Ngau nhién | chia ra)

Bao tao: Levenberg-Marguardt { trailm)
Higu sust: Sai 50 trung binh binh phutomng {mse)
Tinh toan: MEX
Tién trinh
Véng I3p: ol 1 iterations ] 1
Thai gian: 0:00:00
Hiéu sudt: 222207 2.22e-07 0.00
B dic: 17805 63Be0] | 1.00e07
Mu: 0.00100 0.000100 1.00e+10
Kiém tra xac thuc ol 1 40
Pb thi
Higu suft Db thi hidu sust
Tinh trang dao 130 B0 thi tinh trang daotao
HGi qui 5 thi hidi qui
Khodng vé: ' 1 véng lip
" Tign hanh d5 thi h&i qui
@ Dirng daotao @ Huy bo

Epochs: (Ky nguyén dao tqo);
Goal (Muc tiéu dao tao),
Min-fail: ( s6 lan xdc thuc);

mu. (hé $6 thudt todn).

+ Higu sust dac tac mang ANN | d5 thi hiéu suat), vong 1#p ISn nhdt 1 -

o x
Tai ligu S Mhin Thém Céng cu Man hinh cira 58 Gidp
-4 Hiu sudt xac thure tot nhat 13 2.5579e-07 tai vong 13p 0
g D0 @o
= iz thue
-E —_ Kiem tra
-
£E= B
=
g
=
B 0 01 0z 03 04 05 06 07 08 03 1
1 wong lap
+ Higu sudt dao tao mang ANN [ £6 thi hdi guil, vong lip datlgnnhdtl — o x
Tailigu 5= Mhin Thém Céngcu MEn hinh olfa 58 Gilp
Photao R=1 Kac thure R=1
i %8| Ditlitu
= 07 Ft
+ F
E' 06 Y=T
1%
r
T 04
Ea.s
02
02 04 08 08
Kiémtra R=1

g":l: 03 04 05 0§ 07

Cira s6 Neural Network Training_Két qua dao tao mau Trains ANN

Két qua hudn luyén sau Epochs (vong lap).
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Thoi gian dao tgo (Time):
Hiéu sudt mang (Performance MSE):
bé déc (Gradient):
Xdc thue (validation checks)): kiém tra chéo trong qud trinh dao tao.
Biéu do hiéu sudt ddo tao (Plots Performance):
Puwong mau xanh 1d: két qua xdc thiee ciia mdu ngodi dir liéu mang (Validation)
Puong mau do: két qua kiém tra ciia mau ngodi dit liéu mang (Test)
Puwong mau xanh dwong: két qua dao tao ciia mau trong dit liéu mang (Train)
Biéu dé hé s6 twong quan (Plots Regression): cho (training, validation, test)
Sau két qua dao tao mau Trains va xac thuc mau Validation nhu hinh 3.13, ANN s& mo
phong miu Tests dé danh gia hiéu suit ciia qua trinh dao tao mang. Nhap Simulate trong

Network21 va chon Sample, mang s& md phong gia tri mau Tests nhu hinh 3.14

7 Mang mang 21 = U X+ Mengnoron/Quan Ly dit lidu (nntocl)
Mhin Bao tac Mb phéng Thich img Kh&i tao lai trong 56 Nhin'sia trong 56 » D Hin vie ® Mg, A Do
B T Py Diiu va Meng 21 Mang 21_daura
Di lifu mé phéng Két qui mi phéng hI;n::;n':i e e
B;:i}u-.in Sample Bé.p.m Dt dodn 21
Tré khéni tao ddu wdo Tré khen tao d3u wado
Tek khéitao lép Tl khitac Jop @ Dif B o s 2 Dif i sai o6
Cung eip muc tidu Miuc tign Manz 21_ =ai 38
Muc tifu Muc tifu
+ Trgmg thii wé dau vie o Traps thii bé wi el
Mo phang mang & Nhip Méi @ EME  SXult M Xoa P Gitp ODéng

Cira s6 Network 21 diung M6 phong dir liéu ngoai mang (Test)

PR OATr G Users » HP XG0 » b
pre2l
o 1%16128 double

1 2 3 4 5 6 7 3 9 10 11 12 13 14 15 16 17 18 19 0 21
1 07300 07410 04994 02093 05000 03130 02155 Q5870 (4437 03138 03143 07497 02127 02009 04760 03230 04331 02216 04934 04508 03259

2
3

T i hig i Q) i b b
2643125 matlab.mat (MAT-file) » % mntool

Mo tic nghisp ¥ .

Tén Giti Weiza =

[invio 564512 double 284530 -75032  -2.0130 13867 63284
WD i | 1476125 double 16947 03153 04607 01035 0.6520
[ hr 516198 dousie 26999 10149 02478 01750 04326
HiMoc iy 1x64512 double 425182 -0.0256 01260 00113 00636
i 11051 -0.2288  -0.3267 04336 -0.4004
51277 17063 18125 03375 1.6804

484700 74189 78374 13685 676G

176617 -8.2017  -2.7763 15108 -7.4813

144666 -4.1179  -4.3310 07786 -3.7239

5526 00516 -00270 00176 0.2405

0EES3T  -0.4947 05526 42075 13881

54653 0.0440 00061 00308 03651

21913 00728 0.0107 00050 -D.0265

23537 06383 07741 01452 08433

25088  -D.0466  -0.0031 00022 -D.0063

07445 0.0960 08313 01035 02360

05447 -0.843% 00458 43244 -12562

25343 0371 03414 00720 -0.2081

i 51156 -0.1035  -0.0419 00120 -0.0187

Két qua mo phong dir liéu ngoai mang (Test) trén Workspace
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Cudi cung, xuat két qua mo phong mau Tests sang Workspace (Noi tac nghiép) ¢ hinh
3.15 va dung két qua nay dé danh gia hiéu suit cia ANN bang ham muc tiéu “L3i sai s6
trung binh tuyét d6i”. Dung biéu d6 so sanh hiéu suat ciia cic ANN nhu muyc 2.4.4.1 da

trinh bay dé xac dinh ANN tdi vu.

2/ Dudng dan thong tinh vé CAu trac va Nguyén tic hoat dong clia cac mo hinh hoc may
Random Forest — Rirng ngau nhién

https://www.analvticsvidhva.com/blog/2021/06/understanding-random-forest/#h-what-is-

random-forest

Suport Vector Regression - HO tro hdi quy vécto SVR

https://www.geeksforgeeks.org/machine-learning/vector-autoregression-var-for-

multivariate-time-series/

Gaussian Processes Regression - hdi quy qua trinh Gaussian

https://www.geeksforgeeks.org/machine-learning/gaussian-process-regression-gpr/

Convolution Neural Networks - Mang No-ron tich chap

https://stanford.edu/~shervine/l/vi/teaching/cs-230/cheatsheet-convolutional-neural-networks/

Extreme Gradient Boost- Ting cudng d6 doc cuc cao

https://towardsdatascience.com/xgboost-the-definitive-guide-part-1-cc24d2dcd&7a/
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