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nghién cau trong luan an 1a trung thuc va chua timg dugc ai cong bd trong bat ky
cbng trinh nao khac.
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LOI CAM ON
Nghién ciru sinh xin dugc trdn trong cam on cac nha khoa hoc trong va
ngoai Vién da dong vién, khuyén khich, trao d6i kién thic chuyén mén va cung
cap thong tin khoa hoc trong suét thoi gian nghién ctu sinh thyc hién luan én.

Xin tran trong cam on ban lanh dao Vién khoa hoc cdng nghé xay dung,
Vién chuyén nganh két ciu cong trinh xay dung da tao moi diéu kién va giap d&
dé nghién ctu sinh ¢6 thé hoan thanh dugc nhiém vu hoc tap va nghién ctu cua
minh.

Nghién ctu sinh xin chan thanh cam on hai thay huéng dan PGS.TS
Nguyén Xuan Chinh, TS Cao Duy Khéi, dic biét, xin duoc bay té 16ng biét on
chan thanh va sau sic tgi PGS.TS Nguyén Xuan Chinh thay giao huéng dan chinh,
nguoi da tan tinh hudng dan, gitp d& va cho nhiéu chi dan khoa hoc gitp nghién
ctu sinh hoan thanh luan an, cling nhu nang cao nang luc nghién ctu khoa hoc.

Cubi cuing, tac gia xin bay to 1ong cam on ddi véi nhitng nguoi than trong
gia dinh, ban bé, d6ng nghiép, nhitng ngudi da dong vién, chia sé nhimg khé khin
trong sudt thoi gian nghién ctu sinh thuc hién luan an.
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DANH MUC CAC KY HIEU, CAC CHU VIET TAT
1. Danh muc cac ky hiéu
A: Dién tich toan bo tiét dién ngang cua bé tong;
As: Dién tich tiét dién cuaa cot thép S;
A; : Dién tich tiét dién cua ct thép S';
Asy: Dién tich tiét dién ct thép dai nam trong mot mat phang vudng goc véi truc
doc céu kién, cit qua tiét dién nghiéng;
M: M6 men udn;
N: Luc doc;
Q: Luc cat;
P: X&c suat;
Ps: X4c suat an toan;
P;: X&c suit xay ra su ¢d;

Rpb, Rot: Cuong d6 chiu nén, chiu kéo doc truc tinh todn cua bé tong ddi véi cac
trang thai gisi han thir nhat;

Rs, Rse: Cuong do chiu kéo tinh, chiu nén toan caa cdt thép d6i véi cac trang thai
gidi han thir nhat;

SRb , SRbt : D léch chuan cia cuong d6 chiu nén, chiu kéo doc truc tinh toan cua bé
tong;

Se.. Sg.. : D6 léch chuan cua cuong do chiu kéo, chiu nén tinh toan cua cot thép;
S,.S, : D¢ lech chuan cua be rong ciia khoang cach tir hop luc trong cét thép S,
S’ dén bién gan nhat cua tiét dién;

Sx:S, Sk, : DO léch chuan caa dién tich cét thép doc S, S' va dién tich cét dai;
S, : D0 léch chuan cua chiéu cao lam viéc cua tiét dién;

S, : Do léch chuan cua bé rong cua tiét dién;

S’ : D6 léch chuan cua ndi lyc do anh huong cua chieu cao lam viée cua tiét dign;



xii

S',: Do léch chuan cua ngi luc do anh husng bé rong cua tiét dign;

S'Rb,S'Rbt : Do léch chuan cua ndi luc do anh hudng cua cudng do chiu nén, chiu
kéo doc truc tinh toan cua bé téng;

S'RS,S'Rsc : Do léch chuan cua ndi lyc do anh hudng cua cuong do chiu kéo, chiu
nén tinh toan cua cot thép:

S',.S', : Do léch chuan cta noi lyc do anh huong cua bé rong cua khoang cach tir
hop luc trong cbt thép S, S’ dén bién gan nhat cua tiét dién;

S5 S, Do léch chuan caa ndi luc do anh huéng caa dién tich cot thép S, S'
va dién tich cot dai;

a: Khoang céch tir hop luc trong cot thép S dén bién gan nhat cua tiét dién;

a': Khoang céch tir hop luc trong cot thép 1dén bién gan nhat cua tiét dién;

b: Chiéu rong cua tiét dién chix nhat;

e: Khoang céch tir diém dit luc doc N dén hop luc trong cot thép S;

e': Khoang céch tir diém dit luc doc N dén hop luc trong cét thép S';

h: Chiéu cao tiét dién chit nhat;

ho: Chiéu cao lam viéc cua tiét dién, bang h - a;

h(; : Chiéu cao lam viéc cua tiét dién, bang h - a’;

I: Nhip cau kién:

sw. Khoang cach cot thép dai, do theo chiéu dai cau kién;

t: thoi gian.

2. Danh muc céc chir viét tat

DTC: DJ tin cay;

EN: Tiéu chuan Chau Au;

ISO: T6 chirc tiéu chuan quéc té;

NCS: Nghién cuu sinh;

TCVN: Tiéu chuan Viét Nam.



MO PAU
1. Sw cén thiét ciia dé tai nghién ciru

Trong qué trinh khai thac st dung, dudi tic dong cua tai trong va moi
truong, cng trinh xay dung khong thé tranh khoi xudng cap va hu hong. Cau hoi
dit ra 1a: Sy xudng cip va hu hong trong qué trinh sir dung anh hudng nhu thé
nao dén an toan va tudi tho cua cong trinh? Panh gia mirc d6 nguy hiém cta hu
hong nhu thé ndo, thoi gian sir dung caa cong trinh con lai 12 bao nhiéu? Nhim
tra 101 cac cau hoi néi trén, viéc danh gia mirc d6 an toan va tudi tho con lai cua
cong trinh xay dung 1a van dé dang duoc quan tdm nghién ctiru & ca trong va ngoai
nudc.

Cac tac dong lén két cau xay dung la cac qua trinh ngau nhién. Su khong
dong déu vé chat luong cua tinh chat vat liéu trong cac cau kién va bo phan két
C4u, cling nhu céac tinh chat ciia chling c6 thé thay doi mot cach ngau nhién dudi
tac dung cua tai trong, tic dong va méi truong. Kinh nghiém trong thuc té xay
dung va khai thac sir dung céng trinh cho thay, ngay ca cac cdng trinh gidéng nhau
duogc xay dung va sir dung trong diéu kién nhu nhau nhung hu hong va su ¢ ddi
véi cac cau kién, bo phan két cau hoidc ca cong trinh lai xay ra & nhiing thoi diém
khac nhau.

M6t trong nhiing nguy@n nhan gay ra su ¢ cong trinh xay dung la mat kha
nang chiu luc cta ciu kién, bo phan két cau hay hé théng két cau trong qué trinh
str dung. Su suy giam kha nang chiu lyc caa cdng trinh cha yéu 1a do tich lity hu
hong. Panh gia tudi tho con lai ciia cong trinh xay dung lién quan dén bai toan k¥
thuat - kinh té, c6 ¥ nghia ca vé khoa hoc va thuc tién.

Khai niém vé tudi tho con lai caa nha va cong trinh bao ham cac thanh t6
sau day: cac dac trung co 1y con lai, gia thanh va gia tri st dung con lai caa ching.
Tudi tho con lai cua nha tai thoi diém xem xét dugc xac dinh bang cac yéu té: do
tin cay ban dau khi cong trinh bat dau dua vao st dung, thoi gian sir dung, tai
trong va tac dong Ién nd, cac hu hong va hao mon vat ly trong qua trinh sir dung.

Do yéu cau thuc té vé quan Iy quy nha ¢ va cac cong trinh xay dung nén
hau hét cac nude déu dit ra yéu cau danh gia tinh trang k¥ thuét ciing nhu dy bao
thoi gian stir dung con lai caa nha va cong trinh xay dung dang khai thac. Tuy vay



cho dén nay rat it cac qudc gia co du cac tiéu chuan va hudng dan ki thuat dé
danh gia tudi tho con lai caa cdng trinh xay dung.

Do d6 dé tai luan &n: “Nghién ciu xdc dinh tudi the con lgi cia két cdu
cong trinh bé tdng cét thép cé xét dén anh hwéng cia khuyét tdt, hw héng” co
¥ nghia khoa hoc va thyc tién.

2. Doi twgng va pham vi nghién ctru ctia luin an

a) Déi twong nghién ctru: Nha khung bé téng cdt thép;

b) Pham vi nghién ciu: cac dang hu hong phé bién dudi tac dung cua tai
trong va tac dong thong thuong: nat, vong, suy giam cudng vat liéu bé téng, cot
thép, mtrc 46 an mon cbt thép, khuyét tat vé thay doi kich thudc tiét dién.

3. Muc dich nghién ciru

- Pé xuat phuong phép tinh toan tudi tho con lai cua két cau nha khung bé
téng cbt thép khi xét dén khuyét tat, hu hong theo tiéu chuan Viét Nam;

- Lya chon phuong phap danh gia do tin cay cua cac cau kién bé tong cot
thép trén co sd b lieu khao sét, thi nghiém trong phong va hién truong;

- Xay dung quy trinh tinh toan xac dinh tudi tho con lai caa nha khung bé
téng cbt thép khi xét téi khuyét tat, hu hong.

4. Nhiém vu nghién ctru

- Nghién ctru phuong phap xtr Iy s6 liéu khao sat va xac dinh cac tham sé
dau vao dé xac dinh mirc d6 hu hong (do tin cay tuong ddi);

- Nghién ciru tinh toan do tin cay cua cau kién, két cau nha khung bé tong
cot thép khi xét dén khuyét tat, hu hong;

- Nghién ctru phuong phép tinh toan xac dinh tu6i tho con lai caa nha khung
bé téng cbt thép khi xét téi anh huong cua khuyét tat, hu hong theo TCVN.

5. Phuwong phap nghién ciru

Str dung phuong phap nghién cau ly thuyét thuc hién cac nhiém vu nghién
ctu va dat dugc muc tiéu dat ra caa luan an, trong do:

- Nghién cuau, &p dung ly thuyét xac suat thong ké, ly thuyét do tin cay dé
danh gia d6 tin cay cua cau kién, két cdu nha khung bé téng cot thép khi xét t6i
anh huong caa khuyét tat, hung hong theo TCVN;



- Nghién ctu &p dung va bo sung mot sb thuat toan dé xir Iy sé liéu va xéc
dinh céc tham s cho viéc danh gia tudi tho con lai cua két cdu nha khung bé tong
cot thép.

6. Y nghia khoa hgc va thue tién ciia ludn an

- Ap dung ly thuyét d6 tin cay dé danh gia do tin cay cua két ciu nha va
cong trinh do anh hudng cua hu hong la mot trong nhirng xu hudng hién dai dang
dugc mot s nude phat trién ap dung;

- Nghién cuu lya chon phuong phap va xay dung quy trinh danh gia cung
véi nhitng dé xuat cua dé tai luan &n c6 thé ap dung dé bo sung hoic bién soan
huéng dan ki thuat danh gia mace do tin cay va tudi tho con lai caa nha khung bé
téng cbt thép.

7. Cac két qua méi cia luin an

- Pé xuat duoc phuong phap tinh toan xac dinh tudi tho con lai caa cong
trinh nham khic phuc nhitng han ché caa phuong phéap néu trén;

- Tinh toan d6 tin cdy cua cac cu kién két ciu bé tdng cbt thép theo tiéu
chuan TCVN hién hanh bang cac phan mém théng dung;

- Xay dung duoc quy trinh tinh toan tudi tho con lai cua cong trinh theo hai
phuong phap: phuong phap hién hanh cua lién bang Nga va theo phuong phap dé
xuét. C6 tinh toan, so sanh va nhan xét.

8. Bo cuc cia luian an

- Luan 4n gém phan mé dau, bén chuong va phan két luan chung, tai liéu
tham khao va phu luc.

Phan mé dau

Trinh bay su can thiét cua dé tai luan an, d6i twong, pham vi nghién ctu,
muc dich nghién ctru, nhiém vu nghién ctru, phuong phap nghién ctru, y nghia
khoa hoc va cac két qua méi caa luan én.

Chuong 1. Tong quan vé van dé nghién cieu

Trinh bay tong quan vé hu hong cua két cau bé tong cot thép va nha khung
bé téng cét thép, trinh tu khao sat ki thuat dé xac dinh hién trang cong trinh. Céc
két qua nghién ciru ¢ trong va ngoai nudc vé xac dinh tudi tho cua céng trinh khi



xét dén anh huong cua khuyét tat, hu hong tir d6 rat ra cac van dé con ton tai va
dat ra nhiém vu cho luan an.

Chuwong 2. Xac dinh d tin cay cia ciu kién két cau bé tong cét thép
sir dung ly thuyét xac suat thong ké va dé tin cay

Trinh bay mot sé noi dung trong ly thuyét xac suat thong ké phuc vu cong
tac xtr ly sé lieu khao sat, mot sé phuong phap tinh d6 tin cay, danh gia va lua
chon phuong phap tinh d6 tin cay ap dung trong luan an va lugng hoéa do tin cay
trong danh gia do tin cay cua cau kién, két ciu xay dung.

Chuong 3. Co sé khoa hoc va phwong phap tinh toan xac dinh tudi tho
con lai ciia cdng trinh c6 xét dén khuyét tat, huw héng

Trinh bay co s Iy luan cia cac phuong phap xac dinh tudi tho con lai, xac
dinh tudi tho con lai theo ham dic trung 14 DTC va cac bién thé tir d6 rdt ra nhitng
ton tai dé dé xuat phuong phap tinh toan. Bé xuat phuong phap xac dinh tudi tho
con lai theo tinh toan DTC va phuong phéap xac dinh trong sé caa nhém cau kién
ma trong nghién ciru trude d6 chua dé cap cach xac dinh. Xay dung quy trinh tinh
toan xac dinh tudi tho con lai theo hai phuong phéap: phuong phap danh gid mirc
d6 hu hong dua theo dau hiéu bén ngoai caa lién bang Nga va phuong phap dé
Xuét theo tinh toan DTC cua cau kién, két cau.

Chuong 4. Khao sat, danh gia xac dinh tudi the con lai cia cong trinh
xay dwng

Trinh bay tinh toan xac dinh tudi tho con lai cua cong trinh cu thé theo hai
phuong phap: phuong phap xac dinh tudi tho con lai theo danh gia mic do hu
hong dya theo du hiéu bén ngoai cua lién bang Nga va phuong phap dé xuat xac
dinh tudi tho con lai theo tinh toan DTC cua ciu kién, két ciu. Phan tich, danh gia
két qua tinh toan theo hai phuong phap tir d6 rit ra cic nhan xét danh gia.

Két luan va kién nghi. Néu 1én nhiing két qua thu dugc, nhitg dong gop
méi caa luan &n. Cac kién nghi va hudng phat trién cua dé tai luan an

Tai liéu tham khao. Tai liéu tham khao trong luan &n bao gom 84 tai liéu
trong d6 co6 23 tai liéu trong nudc va 61 tai liéu nude ngoai

CA4c cdng trinh khoa hoc di cong bé. Bao gom 05 cong trinh d3 cong bd
trong d6 c6 04 cong trinh dang ¢ tap chi chuyén nganh va 01 cong trinh dang &
hoi nghi khoa hoc toan quéc.



CHUONG 1. TONG QUAN VE VAN PE CAN NGHIEN CUU

Trong thiét ké, thi cong va khai thac, sir dung di c6 nhiéu giai phéap k¥ thuat
cling nhu giai phap cdng nghé dé han ché cac hu hong va su ¢b cdng trinh, song
thuc té hu hong va su ¢ cdng trinh xay dung van xay ra. Xac dinh anh huéng caa
hu hong dén do an toan sir dung va danh gia kha ning dap tng yéu cau st dung
ctia nha va cong trinh 1a yéu cau khong chi caa cac cap quan Iy ma caa ca nguoi
str dung. Nham danh gié tinh trang k¥ thuat, thoi gian khai thac an toan con lai va
dua ra quyét dinh dung, can phai tién hanh khao sat ki thuat, tién hanh tinh toan,
phan tich, danh gia mét cach hé thong khoa hoc. Bé thyuc hién dugc cac budc néu
trén, can hiéu ban chat va dic trung caa hu hong ddi voi cac loai két cau, cac budc
khao sat va phwong phap xac dinh tudi tho con lai caa két cdu cong trinh khi xét
dén anh huong caa khuyét tat, hu hong.

1.1. Khuyét tat, hw héng két cau bé tong cot thép
1.1.1. Khai niém vé khuyét tdt va hw héng trong két cdu xay dung

Khuyét tat: 1a sy sai khac vuot qué sai s6 cho phép so vai tiéu chuan qui
dinh. Vi du: sai khac vé chat luong bé téng, chiéu day I6p bé tong bao vé, kich
thudc hinh hoc caa két cau va cac méi lién két, wv...

Khuyét tat xuat hién trong qua trinh san xuat va thi cong xay lap.

Huw héng: 1a sy vuot qua gii han cho phép cua tiéu chuan. Vi du su xuét
hién vét nut & nhirng vi tri khdng cho phép, vét nat hodc do vang Ion hon qui dinh
cua tiéu chuan, su suy giam cuong do bé tong, hay I su giam yéu kich thudc tiét
dién ngang cua cau kién hoac két cau.

Trén thuc té, trong qué trinh str dung ton tai ca khuyét tat va hu hong. Vi
vay, trong nhiéu truong hop c6 thé sir dung chung mot thuat ngir “Hw héng” cho
hai khai niém néi trén.

1.1.2. Hw héng dic trung ciia Két cdu bé tong va bé tong cét thép

Két cau bé tong va bé tong cdt thép chiém ty trong chii yéu trong cac cong
trinh xay dung hién nay. Hu hong ciia chiing khé da dang, tuy vay cd thé nhan dang
va phan loai hu hong theo dang két cau va céc loai tac dong Ién cac két cau do.

Thuc té cho thay: cac dang khuyét tat va hu hong két cau bé téng cbt thép
phu thudc rat nhiéu yéu té va chu yéu 1a [48], [54], [57], [66]:



- Pic trung co 1y cta bé tong cot thép phu thudce vao loai thép va bé tong;

- Dang tac dong (luc, chat an mon dang nudc va gas, ché do nhiét am, nhiét

do cao...);

- Dang, hudng va hinh thirc tdc dong (tinh, dong, tap trung hodc phan bo...):;

- Su phu hop gitra tai trong, tdc dong thuc té va thiét ké;

- Su phu hop gitra so do tinh toan thyc té va thiét ké;

- So dd két cdu cia nha va cong trinh (Iap ghép, ban lip ghép, toan khéi...);

- Cong ngh¢ ché tao, van chuyén, lép dung...;

- Sai s6t do thiét ké;

- Tac dong co hoc.

Bang 1.1. Hu héng dic trung ciia két cAu bé tong cot thép, nguyén nhén va giai
phap khic phuc [48], [54], [57], [66]

toc xuat hién trén beé
mat khi ché tao.

bé tong, tinh chat vat lidu.
Khao sat kiém tra

TT | Dang khuyét tit va Nguyén nhén cé thé va Hau qua ¢6 ,thé va giai
hw héng phwong phap phap xac dinh phap khac phuc
O O @
1 | Vét niit nho nhu sgi | Do co ng6t, thanh phan hon hgp | Khong anh hudng dén kha

nang chiu lyc. Co thé giam
do bén lau.

Khic phuc vét nat bang
vira.

Vét nit nhé nhu soi
toc doc theo cdt thép,
lac dac co vét gi trén
mdt bé tong.

Cot thép bi gi (16p gi dén 0,5
mm) khi 16p bé tong bao v¢ bi
hong (nhu khi bi carbonat hoa).
Bé tong tach khoi cbt thép.
Khdo sat chi tiét

Kha nang chiu lgc giam
dén 5%. C6 thé giam do
bén lau. Mirc d6 suy giam
phu thudc vao nhiéu yéu td,
vi vy can c6 danh gia tong
hop.

Khoi phuc 16p bao vé néu
can thi gia cudng.

Bé tong bi vo.

Do tac dong co hoc.
Khao sat kiém tra

Néu ¢ vung chiu nén ctia bé
tong s€ lam giam kha nang
chiu luc do giam tiét dién.
Néu ¢ vung chiu kéo thi
khong anh hudng kha nang
chiu luc nhung lam gidm
d6 ctmg cau kién.

Stra chita chd hur hong bang
bé tong cot lidu nho.

Bé tong bi dau md.

Do dau m& k¥ thuat chay ra.
Khao sat chi tiét.

Gidam kha nang chiu luc do
giam cudng do bé tong dén
30%.

Khic phuc nguyén nhén
chay dau. Béc bo 16p bé




TT

Dang khuyét tat va
hu héng

Nguyén nhan cé thé va
phwong phap phap xac dinh

Hau qua c6 thé va giai
phap khac phuc

tong bi dau, 1am 16p bé tong
mdi can thict thi gia cuong
thém 16p ludi thép.

Vét nut rong dén 3 mm
doc theo cot thép. Nhin
rd vet gi cua cot thép.

Phat trién tir nhimg vét nit nho
nhu so1 toc.
Khao sat chi tiét.

Gidam kha nang chiu lyc do
giam tiét dién cbt thép.
Giam kha nang chiu lyc
cua tiét dién thang goc dén
20% do mét lién két gifra bé
tong va cot thép. Néu xay
ra ¢ khu vyc goi tua thi két
cAu 6 tinh trang nguy hiém.
Can gia cuong va khoi
phuc 16p bao v¢.

Lop bé tong bao v¢ bi
tach.

C6t thép bi gi nhiéu.
Khao sat chi tiét.

Giam kha nang chiu luc do
giam tiét dién cot thép.
Giam kha nang chiu luc
cua tiét dién thang goc dén
30% do mat lién két giira bé
tong va cbt thép. Giam do
clmg cta cau kién. Néu xay
ra & khu vuc géi tua thi két
céu & tinh trang nguy hiém.
Can gia cuong va khoi
phuc 16p bao v¢.

Vét nit thang goc
trong két cau chiu uon
va & cac cau kién chiu
kéo v6i bé rong vét nirt
dbi voi cac loai thép
nhu sau: Al - 16n hon
0,5 mm; All, Alll,
AlV 16n hon 0,4 mm;
cac loai con lai hon 16n
hon 0,3 mm. (Al, All,
Alll, AIV dugc quy
dinh trong phu luc C
cua TCVN [20])

Két cau bi qua tai. Cot thép chiu
kéo khong dung vi tri. Dbi voi
két cdu ung luc trude - khong
du luc kéo trude.
Khao sat chi tiét.

Giam kha nang chiu lyc va
do6 bén lau.

Giam tai va gia cuong theo
tinh toan.

Ciling nhu trén (muc
7), nhung co vét nut
phan nhanh & hai dau
ciu kién két ciu.

Két cau bi qua tai do cuong do
bé tong giam hodc mit bam
dinh giira bé tong va cbt thép.
Khao sét chi tiét.

C6 thé két ciu & tinh trang
nguy hiém.

Giam tai khan cp va thuc
hién gia cuong.

Vét nut xién cung voi
dich chuyén cac doan
dam va vét nut xién cat
qua ct thép.

Két cdu bi qua tai. Neo cot thép
bi hong.
Khao sat chi tiét.

Két cdu ¢ tinh trang nguy
hiém.

Giam tai khan cp va thuc
hién gia cuong.




TT | Dang khuyét tat va Nguyén nhin cé thé va Hau qua cé thé va giai

hu héng phwong phap phap xac dinh phap khic phuc

10 | D6 vong twong ddi | Két cau bi qua tai. Mtrc d6 nguy hiém phu
vuot do vong gisi han | Khao sat chi tiét. thudc vao cac ddu hiéu hu
theo tiéu chuén. hong khac (vi du hu héng

theo muc 7 trong bang-
trang thai nguy hiém)
Gidm tai va gia cuong.

11 | Hu hong cbt thép va | Tac dong co hoc, an mon cbt | Giam kha ning chiu luc ty

céac chi tiét dat sin. thép. 1¢ voi sy giam tiét dién.
Khao sat chi tiét. Gia cuong theo tinh toan.

12 | C6t thép chiu nén bi | Két cau bi qua tai. Két cau & tinh trang nguy
phinh, vét nit doc & | Khao sat chi tiét. hiém.
vung nén, bé téng Giam tai khan cap va thyc
vung nén bi bong troc. hién gia cuong.

13 | Giam dién tich gbi twa | Do 13i ché tao va lap dung. Gidam kha nang chiu lyec.
ctia két cdu so véi thiét | Khao sat chi tiét. Gia cuong theo tinh toan.
ké.

14 | Cot dai bi dat hodc bi | Két cau bj qua tai. Két cdu ¢ tinh trang nguy
xé dich trong ving vét | Khao sat chi tiét. hiém.
nat xién. Giam tai khan cdp va thuc

hién gia cuong.

15 | Pt neo thép khoi ban | Xuét hién tac dong ma thiét ké | Két cau & tinh trang nguy
ma, cau kién lién két bi | chua tinh dén. hiém.
bién dang, mbi ndi bi | Khao sat chi tiét. Giam tai khan cép va thuc
tach roi. hién gia cuong.

16 | Vét nat, sut v& va 16 | Hu hong co hoc khi duc 16 1am | Giam kha nang chiu lyc.
cot thép trong ving | dit va 1o cot thép, bi rung dong. | khic phuc nguyén nhén.
duong ong ky thuat di | Khao sat chi tiét. Can thiét thi gia cuong.
qua tuong, san, mai.

17 | Vét nut, vét 16m, tach | Do rung dong cua thiét bi, diu | Két cdu & tinh trang gﬁn
ctia mong dudi thiét bi, | md do ri, giam cuong do bé | nguy hiém. Khac phuc rung
dut bu long neo. tong. dong.

Khao sat chi tiét. Khoi phuc méng vé trang
thai binh thuong.

18 | Tu mudi trén bé mat bé | Tac dong cua moéi truong an | Gidm kha nang chiu luc do
tong. mon, st dung phu gia khong | bé tong va cbt thép bi an

hop ly. mon.
Khao sat chi tiét. Khoi phuc 16p bao vé. Can
thiét thi gia cudng.

19 | C6 dau vét mudi than, | Do tac dong cuia ngudn chay. Giam kha nang chiu lyc.
bong troc mot vai chd | Khao sat truc quan Khéi phuc bé mat bi chay.
trén mat bé tong, sut
v& khong 16n.

20 | Bé mit bé tong bi phui | Do tac dong chay ¢ muc d6 | Giam kha ning chiu luc va

mudi than, bé tong bi
sat v& va 16 vét cdt
thép & goc, 10 vét ludi
thép trén céu kién

trung binh.
Khao sat chi tiét.

dd cling cua ket cau.
Gia cuong theo tinh toan.




TT | Dang khuyét tat va Nguyén nhin cé thé va Hau qua cé thé va giai
hu héng phwong phap phap xac dinh phap khic phuc

phang dén 10%, vét

nit dén 0,5 mm, bé

tong bi tdch nhung

khong v& vun.

21 | Bé tong c6 mau vang, | Do tac dong chiay ¢ muc d6 | Két cau o tinh trang nguy

sttt v& dén 30%, 16 vét | manh. hiém.

thép dén 50%, vét nit | Khao sat chi tiét. Gia cuong theo tinh toan

dén 1,0 mm cuing véi viée tang tiét dién
bé téng va cot thép, dit bd
sung try do.

1.1.3. Huw héng dic trung ciia nha khung bé tong cét thép

Thong thuong két cau khung bé téng cbt thép dugc sir dung trong nha dan
dung va cong nghiép mat tang hoic nhiéu tang.

So d6 két cau cua nha khung bé tong cbt thép phd bién 1a [48], [54], [57],
[66]:

- Khung chiu luc;

- Khung va tuong gach chiu luc;

- Khung va tuong la cac tim panel nhe.

CAac nguyén nhan hu hong chi yéu caa két cau nha khung la:

- Bién dong diéu kién dia chat thiy vin trong nén méng céng trinh;

- Lun khong déu;

- Vat liéu cua két cau chiu luc va bao che bi an mon;

- Sur dung khong ding quy dinh;

- Qua tai;

- Tac dong cua nhiét do cao;

- Lyc quan tinh vugt qué tinh toan do dong dat va cac su ¢d ky thuat - cong
nghé¢;

- L&i thiét ké;

- Vi pham cdng nghé ché tao va lip dung.

Ngoai nhitng khuyét tat va hu hong dic trung cua két cau bé tong cét thép
noi chung, két cau nha khung bé tdng cbt thép co cac hu hong dic trung riéng sau
day:

- Lién két c4c c4u kién duc sin cia nha khung véi nhau va véi tudng ngin
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- Lién két caa tudng - vach ctimg va vach ngan véi cac cau kién khac cua
Khung;
- Y&u cau chit luong d6i véi dat cbt thép va db bé tdng mdi ndi;

- Diac diém cua giai phap két cau vé 16ng cau thang va lién két ching voi

cac két cau chiu luc khac, ciing nhu cac khe bién dang va khang chan.

Bang 1.2. Hu hong dic trung ciia nha khung bé tong cot thép, nguyén nhén va
giai phap Khic phuc [48], [54], [S7], [66]

tong ¢ cong son va
dau cot, 10 va phinh
cot thép. Gbi twa
cia dam va vi kéo
bi xé dich so véi
cOt.

déu va qua tai, do lyc ngang
dong dat va cau truc gay ra.
Khao sat chi tiét.

TT | Dang khuyét tat Nguyén nhan cé thé va Hau qua c6 thé va giai phap
va hu hong phuwong phap phap xac dinh Khic phuc
€] ) @) (4)
Nha khung ¢6 tuong chiu lyc va tudong ty mang

1 | Vét nuat xién, dung | Lun khong déu cia nén mong, | Giam kha ning chiu luc cia
va ngang trong | qua tai & cac ving gbi tya cta | tuong va do cimg khong gian,
tuong gach. dam; dich chuyén cta khung giam do bén lau.

do tai trong dong va tai cia | Khic phuc nguyén nhan gay hu
cau truyc. hong, xir Iy vét niat. Can thiét thi
Khao sat chi tiét. gia cuong.
2 | Tuong ngang va | Hu hdng neo cua tuong do lin | Giam kha nadng chiu luc, do
doc dau hdi bi tach | khong déu ciia méng; khung | cing khong gian va tinh chat sir
khoi khung. bi dich chuyén qué tai va tai | dung cua nha.
clia cau tryc. Khic phyuc nguyén nhan: Gia
Khao sat chi tiét. cuong theo tinh toan dit thém
giang va khoi phuc neo. Xir 1y
vét nit,
3 | Vét nuat trong tam Bi qua tai, hu hong do lun | Gidm kha nadng chiu luc, do
san va mai, dich | khong déu cua moéng; Khung | cting khong gian va tinh chit sir
chuyén tidm theo | bi dich chuyén qua tai va tai | dung ciia nha.
mdi ndi. clia cau truc. Khic phuc nguyén nhan: Giam
Khao sat chi tiét. tai, gia cuong theo tinh toan dat
thém giang va khoi phyc neo.

X 1y vét nut.

4 | Vét ntt va bé tong | Cot bi dich chuyén do lun | Giam kha nang chiu luc, do
bi v& chan ¢t 16 va | khong déu va qua tai, do luc | cumg khong gian va tinh chat str
phinh c6t thép. ngang dong dat va cau truc | dung cua nha.

gay ra. Khic phuc nguyén nhan: Giam
Khao sat chi tiét. tai, gia cuong theo tinh toan dat
thém giang va khoi phuc neo.
Xt 1y vét nit.
5 | Vét nit va vd bé | Cot dich chuyén do lin khong | Gidm kha nang chiu lyc, do

ctimg khong gian va tinh chat sir
dung cua nha.
Khic phuc nguyén nhan: Giam
tai, gia cuong theo tinh todn dat
thém gidng va khoi phuc neo.
X ly vét nut.
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TT | Dang khuyét tat Nguyén nhin c6 thé va Hau qua cé thé va giai phap
va hw héng phwong phap phap xac dinh khic phuc

6 | Vét nut, vd bé tong | Bi qua tai, doan gdi tua bi xé | Giam kha ning chiu luc, do
& doan gdi twa va | dich va giam dién tich gdi; do | cing khong gian va tinh chat sir
nhip cua dam, xa, | sai sot lac lép dung; mbi ndi bi dung cta nha.
dam cau truc, thép | an mon va hu hong. Khic phuc nguyén nhan: Giam
bi 10 va phinh. Khao sat chi tiét. tai, gia cuong theo tinh toan dat

thém giang va khoi phuc neo.
Xir Iy vét nit

7 | Khoi xdy vung goi | Bi qua tai, thiéu dém goi tua, | Giam kha nang chiu lyc.
clia cac tAm san va | cic cAu kién bé tong cdt thép | Khic phuc nguyén nhan:
méi bi hu hong. bi xé dich khoi dém gdi twa. | Giam tai va khoi phuc dém gdi

Khao sat chi tiét. tua va khoi xay.
Can thiét thi gia cuong.

8 |Vach ngin tach | Lin khoéng déu ciia moéng, | Giam kha nang chiu luc va tinh
khoi khung, vét niit | khung bi dich chuyén, khong | ning st dung.
va st vo. ¢0 neo hoac neo bi dut. Khic phuc nguyén nhéan:

Khao sat chi tiét. Khoi phuc neo va khdi xay.
9 | Neo, mdi han, bu Mong bi lan khong déu, cac | Giam kha nang chiu lyc va do
l6ng bi dut. cau kién ctia khung bi xé dich, | cing khong gian.
qué tai, thép bi an mon va lap | Khic phuc nguyén nhan:
dung sai. Giam tai va khoi phuc lién két.
Khao sat chi tiét. Can thiét thi gia cudng theo tinh
toan.
Nha khung c6 tudng panel treo va tudng chén gach

10 | Khéi xay bi hu | Méng lun khong déu, cac cau | Giam tinh ning sir dung.
hong va sut v tach | kién khung bi x€ dich, qué tai, | Gidm kha nang chiu luc va do
khoi mit phang | neo bi an mon va hu hong. cung khong gian.
khung. Khao sat chi tiét. Khic phuc nguyén nhan: Giam

tai, khoi phuc khdi xay va neo.

11 | Vét nut trong cac | Méng lin khong déu, cac cau | Giam kha nang chiu luyc va do
cau kién khung va | kién khung bi xé& dich, qué tai. | cng khong gian.
cac panel tuong & | Khao sat chi tiét. Khic phuc nguyén nhan: Xtr Iy
gan céc chi tiét dat vét nit. Gia cuong theo tinh
san. toan.

12 | Mdi ndi cac panel | Mong lun khong déu, cac cau | Giam tinh ning sir dung.
va panel bi ntrt, mbi | kién khung bi x€ dich, qua tai. | Gidm kha nang chiu lyc va do
nbi ngang va dimg | Khao sat chi tiét. ctmg khong gian.
bi tach. Khic phuc nguyén nhan: Giam

tai, xir Iy vét nirt va mdi ndi.

13 | Vét nit va vd bé | Mong lan khong déu, cac cdu | Lam giam do ctmg khong gian.
tong & ving moi ndi | kién khung bi xé dich, qua tai, | Giam kha nang chiu lyc va do
giita khung va vach | dn mon thép & mdi ndi, 16i do cimg khong gian.
cung. thi cong. Khic phuc nguyén nhan: Giam

Khao sat chi tiét. tai, kh6i phuc moi nbi, xir 1y vét
nut. Can thiét thi gia cuong theo
tinh toan.

14 | Vét nut dfrng V’E‘l Mong lun khong déu, cc cau | Giam kha nang chiu lyc va do

xién ¢ vung moi noi

kién khung bi x¢& dich, qua tai,

ctrng khong gian.
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TT | Dang khuyét tat Nguyén nhin c6 thé va Hau qua cé thé va giai phap
va hw héng phwong phap phap xac dinh khic phuc
cac cau kién khung, | an mon thép & mbi ndi, 16i do | Khic phuc nguyén nhan: Giam
tudng, vach va gdi | thi cong. tai, xir Iy vét nat. Gia cuong
twa cia dam cau | Khao sat chi tiét. theo tinh toan.
truc, san, mai.
Cot cua khung
15 | Vét ntt doc cot trén | Qua tai khi cot chiu nén dung | Cudng do va kha nang chiu luc
ca tiét dién. tam. giam.
Khao sat chi tiét Khic phuc nguyén nhan:
Giam tai, gia cuong theo tinh
toan.

16 | Vét nat doc & vung | Qua tai khi ct chiu nén I¢ch | Gidm kha nang chiu luc do
nén. tam bé. cuong do bé tong giam va an

Khao sat chi tiét. mon cbt thép.
Khic phuc nguyén nhén:
Giam tai, gia cuong theo tinh
toan.

17 | Vét nit vuong goc | Qua tai khi cdt chiu 1éch tdm | Gidm kha nang chiu luc do
¢ vung chiu kéo va | 16n. cuong do bé tong gidam va an
vét nut doc trong | Khao sat chi tiét. mon cdt thép.
vung chiu nén. Khic phuc nguyén nhan:

Giam tai, gia cuong theo tinh
toan.

18 | Vét nit vudng goc Bién dang do luu gilt, van | Gidm khé nang chiu luc, c6 thé
trén ca tiét dién. chuyén va lap dyng. Tac dong | dan téi tinh trang nguy hiém.

ctia Iyc doc khi c6 d6 manh | Khic phuc nguyén nhan:
16n ngoai mit phang. Bién | Gia cudng theo tinh toan.
dang nhiét am ciia bé tong.

Khao sét chi tiét.

19 | Vét nat  vudng | Quatai va do léch tim tang khi | Cuong do bé tong giam va cot

goc trong conson. | chiu tai. thép bi an mon.
Khao sat chi tiét. Khic phuc nguyén nhén:
Giam tai, gia cuong conson
theo tinh toan.

20 | Vét niit ngdn trong | Nén cuc bo khi qua tai hodc do | Cudng d6 bé tong giam.
ving gbi ciia dam | thiéu c6t xién. Khic phuc nguyén nhan:
1€n cat. Khao sat chi tiét. Gia cuong theo tinh toan.

21 | Chi tiét dat sin bi | Qua tai va tic dong cia cau | Giam kha ning chiu lyuc, c6 thé
bung, cbt thép bi 16 | truc, qué tai ciia cac xa ngang. | dan téi tinh trang nguy hiém.
ra Khao sat chi tiét. Khic phuc nguyén nhén:

Giam tai, khoi phuc chi tiét dat
san va cot thép bi 10 ra.

22 | Bé tong trong mbi Quaé tai, cac cot bi léch truc, | Giam kha nang chiu luc va do

noi bi nat va hu
hong.

chat lwong mdi han kém, thi
cong bé tong mdi ndi khong
tot.

Khao sat chi tiét.

6n dinh. C6 thé din dén tinh
trang nguy hiém.

Khic phuc nguyén nhén:

Giam tai, xir Iy mdi ndi va gia
cuong theo tinh toan.
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TT | Dang khuyét tat Nguyén nhin c6 thé va Hau qua cé thé va giai phap
va hw héng phwong phap phap xac dinh khic phuc
23 | Bé tong vung lién | Qua tai do ndi luc, khuyét tat | Giam kha ning chiu lyc va do
két cac cot v6i vach | thi cong mdi ndi. 6n dinh.
ctng, c6 vét nut va | Khao sat chi tiét. Khic phuc nguyén nhan:
bj hu hong. Chi tiét Xtr Iy mdi ndi va gia cudng theo
dat sdn bi nho, cac tinh toan.
ban md hodc mbi
han bi tach.
Dam va xa cua khung
24 | Vét nut vudbng goc | Tac dong ctia md men udn khi Giam kha nang chiu luc va do
trong vung chiu kéo | bi qua tai. 6n dinh.
ciia dim va xa lién | Khao sat chi tiét. Khic phuc nguyén nhan:
tuc. Gia cuong céc tiét dién thang
goc theo tinh toan. Xt 1y vét nit
va chdng dn mon cdt thép.
25 | Vét nit xién & géi Tac dong cua luc cat va luc | Giam kha nang chiu lyc va do
tua. ngang khi qua tai. Khong du | 6n dinh.

cot thép dai. Khic phuc nguyén nhén:

Khao sat chi tiét. Giam tai, gia cuong cac tiét
dién xién theo tinh toan. Xur ly
vét nat va chéng an mon cot
thép.

26 | Cac vét nut gan gbi | Neo bi hu hong cot thép mat | Giam kha niang chiu lyc va do
tua. bam dinh vi bé tong. on dinh.

Khao sat chi tiét. Khic phuc nguyén nhan:

Gia cuong theo tinh todn.
27 | Gbi tua ciia dam bé | Cuong do bé tong thip, cdt | Giam kha ning chiu lyc va do
tong ¢t thép tmg | thép neo bi hong. 6n dinh.
lyc trude bi tach. | Khao sét chi tiét. Khic phuc nguyén nhan:
Gia cuong theo tinh toén.
28 | Vét nut doc trong | Qua tai, cudng d6 bé tong | Giam kha ning chiu lyc.
vung nen. thap. Khic phuc nguyén nhén:

Khao sat chi tiét. Giam tai, gia cuong vung chiu
nen.

29 | Bé tong giira cac vét | Qua tai, cuong d6 bé tong | Giam kha ning chiu luc, ¢ kha
nt xién bi vo. thap. ning dan t&i tinh trang nguy

Khao st chi tiét. hiém.

Khic phuc nguyén nhan:
Giam tai, gia cuong dam.
Céc tAm
30 | Cac vét nut thing | Qua tai, cudng d6 bé tong | Giam kha ning chiu luc.
gdc trong ving chiu | thap, ¢t thép bi an mon. Khic phuc nguyén nhan:
kéo va vét nut xién | Khao sat chi tiét. Giam tai, gia cuong theo tinh
& gbi tua. toan, chong an mon cdt thép va
xt 1y vét nit.
31 | Vét nit & phan gobi | Hu hong neo va cot thép bi | Giam kha ning chiu luc.

tua cua tam bé tong

truot.

Khic phuc nguyén nhén:
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TT | Dang khuyét tat Nguyén nhin c6 thé va Hau qua cé thé va giai phap
va hw héng phwong phap phap xac dinh khic phuc
cot thép ung suat Gia cuong gbi tua.
trudc. Khao sét chi tiét.
32 | Vétnut 6 ban tAim. | Qua tai, cuong do6 bé tong | Giam kha ning chiu luc.

thip, cot thép bi dn mon. Khic phuc nguyén nhén:

Khao sat chi tiét. Giam tai, gia cuong theo tinh
toan, Chdng an mon cho cbt
thép, xir Iy vét nit.

33 | Vét nut theo chu vi | Khong du lwong cot thép neo | Giam kha ning chiu lyc.
tam. giita ban v6i sudn cla tAm. Khic phuc nguyén nhén:

Khio sat chi tiét. Gia cuong ban.

34 | Vét niit vudng goéc | Van chuyén va xép kho bai | Giam kha ning chiu luc.
trong vung chiu | khong dang quy dinh. Noi lyc | Khac phuc nguyén nhan:
nén. 16n trong cot thép kéo cang. Gia cuong theo tinh toan.

Khao sét chi tiét.

35 | Bétong bi vo ¢ gitra | Qua tdi, cuong do bé tong | Giam kha nang chiu lyc, cé thé
cac vét nirt xién. thap. dan toi tinh trang nguy hiém.

Khao sat chi tiét. Khic phuc nguyén nhén:

Giam tai, gia cuong theo tinh
toan.
Vi keo
36 | Vét nit vuong goc | Qua tai, khong du ndi luc | Gidm kha nang chiu luc.
¢ canh duoi. trong cdt thép kéo cang. Khic phuc nguyén nhan:

Khao sat chi tiét. Giam tai, gia cuong theo tinh
toan. Chéng an mon cho ct
thép va xir 1y vét nut.

37 | Vét nut doc & canh | Bé tong bi tdch do lyc nén bd | Giam kha nang chiu luc.
dudi. sung cua cbt thép kéo ciang. | Khic phuc nguyén nhan:

Van chuyén va xép kho bai | Gia cuong theo tinh toan.

khong dung quy dinh. Chéng an mon cho cdt thép va

Khao sét chi tiét. xir 1y vét nt.

38 | Vét nut xién & nat | Qua tai, cudong d6 bé tong | Giam kha ning chiu lyuc, co thé
gdi ta. thap, hong cdt thép neo, thiéu | dan téi tinh trang nguy hiém.
cot thép dai. Khic phuc nguyén nhan:

Khao sat chi tiét. Giam tai, chéng an mon cho cdt
thép va xir Iy vét nut.

39 | Vét nut doc & canh | Qua tai, cudng d6 bé tong | Giam kha ning chiu lyc.
trén. thap. Khic phuc nguyén nhén:

Khao sat chi tiét. Giam tai, gia cuong theo tinh
toan.

Chéng dn mon cho ¢t thép va
xtt 1y vét nit.
40 | Vét niit vuéng goc | Bi cong ngoai mat phang khi | Giam kha ning chiu luc.

& canh trén.

van chuyén va xép kho bai.
Khao sat chi tiét.

Khic phuc nguyén nhan:

Gia cuong theo tinh toan.
Chéng dn mon cho cdt thép va
xir 1y vét nut.
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TT | Dang khuyét tat Nguyén nhin c6 thé va Hau qua cé thé va giai phap
va hw héng phwong phap phap xac dinh khic phuc
41 | Vét nut ¢ ving tiép | Hong cdt thép neo cua cac | Giam kha ning chiu lyc.
giap cac thanh chiu | thanh chiu kéo. Khic phuc nguyén nhén:
kéo vai ntt. Khao sat chi tiét. Gia cuong theo tinh toan.

Chéng dn mon cho ¢t thép va
xt 1y vét nut.

42 | Vétnit & cac nit | Qua tai, thiéu cot thép o nt. | Giam kha nang chiu luec.

Khao sat chi tiét. Khic phuc nguyén nhén:

Giam tai, gia cuong theo tinh
toan.

Chéng dn mon cho ¢t thép va
xu 1y vét nut.

43 | Vét nat vudng goc | Tai tac dung ngoai nut, xé dich | Giam kha nang chiu lyc.

& phan dudi cua cac | cac xa go. Khic phuc nguyén nhén:
thanh cénh trén va | Khao sat chi tiét. Gia cuong theo tinh toan.
canh dudi. Loai bo cac tai ngoai nut.

Chéng an mon cho cbt thép va
xu 1y vét nat.

1.2. Trinh ty khao sat ky thuat

Muc dich khao sét 1a xac dinh tinh trang k¥ thuat cua céc cau kién, két cau
va ciia nha va cong trinh, danh gia dinh luong cac dic trung hién trang cua cau
kién, két cau cd ké dén su thay doi cia ching theo thoi gian. Két qua khao sat
phuc vu cong tac danh gia, dua ra két luan vé diéu kién dé sir dung tiép, bién phap
nham dam bao d¢ tin cay ciing nhu d6 bén 1au hoac phai pha bo.

Phu thudc vao nhiém vu va céac giai doan st dung cong trinh, céng tac khao
sat ky thuat dugc phan loai nhu sau:

- Khao sat phuc vu stra chira I6n hoac cai tao;

- Khao sat phuc vu bao tri;

- Khao sat do tac dong cua chay, nd, dong dat,v.v.. .

Khao sat ki thuat bao gom cac giai doan: khao sat so bd, khao sét chi tiét,
lap bao cao, trén co s& do xac dinh mirc @6 hu hong cua nha va cong trinh hoac
bo phan caa né.

1.2.1. Khdo sdt so bo

Khao sat so bo (truc quan) duoc tién hanh nham muc dich danh gia so bo
tinh trang k¥ thuat cua két cau va hé théng ki thuat cong trinh theo cac dau hién
bén ngoai cua ching. Trong giai doan khao sat so bo can tién hanh nghién ctu
C4c tai liéu luu trit, tiéu chuan da dung dé thiét ké, thi cong cong trinh va tién hanh
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cong tac diéu tra truc quan mot cach day du cac két cau va hé théng ky thuat cua
cong trinh. Néu két qua diéu tra truc quan chua du dé giai quyét nhiém vu dit ra
thi tién hanh diéu tra chi tiét (bang thiét bi).

Trong giai doan khao sat so bo can thu thap:

- Ho so va bao cdo ctia cac diéu tra trude d6 cua nha hoic cong trinh;

- Céc tai liéu thiét ké, thi cong, nghiém thu cong trinh. Bao gém ca giai
doan cal tao, stra chira lon;

- Tric dia c6ng trinh do t6 chuc chuy&n mén thuc hién;

- Céc tai lidu khao sat dia chat cong trinh trong vong 5 nim gan day;

- Théng tin vé vi tri nha hoac cdng trinh nim gan/ trén khe san 1ap, hang
carst, viing sat 16 va cac tai bién dia chat khac;

Trén co sd cac tai liéu nhan duoc, tién hanh céc cong viéc sau day:

a) Xac dinh:

- Tac gia thiét ké, nam thiét ké, thoi gian xay dung céng trinh;

- So dd két cau nha hoic cong trinh;

- Céc co so da &p dung trong tinh toan thiét ké két cau;

- So dd lap ghép cua cac cau kién dac san, thoi gian ché tao ching:

- Cac kich thudc hinh hoc caa nha hoidc cong trinh, cac cau kién va két cau;

- Céc dac trung cua vat liéu (bé tdng, kim loai, da, v.v...) duoc su dung cho
cac két cau;

- Gidy chtrtng nhan, hd so k¥ thuat caa san pham va vat lidu trong xay dung
cong trinh;

- Céc dac trung cua dat nén;

- Cac thay doi xay ra vé vi tri va sai léch so véi thiét ké;

- Pic trung cua cac tac dong bén ngoai 1én két cau:

- Dit liéu vé moéi trudng xung quanh;

- Vi trf va cong suit cua hé théng cap dién, nude, thoat nude, nhiét, khi dét
va hé thong thoat nuéc;

- C4c biéu hién khuyét tat, hu hong,vv... trong qua trinh sir dung;

- Hao mon vd hinh cua cong trinh c6 lién quan téi cac khiém khuyét trong
cach b tri va thiét ké khong phd hop véi tiéu chuan hién hanh;

b) Thiét lap chuong trinh, trong d6 chi ro:
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- Danh muc can phai diéu tra vé cac két cau xay dung va cac thanh phan
cua chang;

- Danh sach can diéu tra vé hé thng ky thuat cong trinh;

- Vi tri, phuong phép do va thtr nghiém bang thiét bi;

- Vi tri 1ay mau vat liéu dé thir nghiém mau trong phong thi nghiém;

- S can thiét phai tién hanh cac khao sét dia chat cong trinh;

- Danh sach cac tinh toan kiém tra can thiét, vv...

Két qua cua khao sat so bo thé hién cac noi dung:

- So @6 va ban liét ké cac khuyét tat va hu hong clng véi viée xac dinh vi
tri, md ta, hinh anh khu vuc bi khuyét tat va dic tinh cua ching;

- Céc két qua kiém tra c4c bién dang dic trung ctia nha hoic c¢ong trinh va
cac két cau xay dung riéng biét cua chiing (46 vong, dd nghiéng, cong vénh, bién
dang, gay,w...);

- X4c dinh céc bo phan/khu vuc bi hu hai (néu c6);

- Chinh xé4c hoa so dd két cau caa nha hoic cong trinh;

- Lam rd két cau chiu luc theo céc tang va vi tri caa ching;

- X4c dinh so d6 cac vi tri duc, lay mau va khao sat két cau;

- Cac dic diém cua diéu kién dia chat, dia hinh trong khu vuc;

- Panh gia so bo tinh trang cua cac két cdu va hé théng k¥ thuat cua cong
trinh dya trén mac d6 hu hai va dic diém cu thé cua cac khuyét tat.

1.2.2. Khdo sat chi tiét

Khao sét chi tiét nham muc dich xac dinh lai so d6 két céu, kich thudc cau
kién, tinh trang cua vat liéu va két cau tong thé. Khi khao sét chi tiét, bang nhiing
dung cu va thiét bi chuyén dung, can tién hanh cac cong viéc sau:

- Po dac dé kiém tra cac théng s hinh hoc ctua nha hoic cong trinh, két
cau, cac bo phan va méi néi caa ching;

- Khao sat dia chat cong trinh (néu can thiét);

- X4c dinh bang thiét bj cac thong s6 cua cac khuyét tat va hu hong;

- X4c dinh céac dic trung vat liéu cua cac két cau chiu luc co ban va cac bo

phan cua chdng;

- Do cac théng s6 ciia méi truong dbi voi nha va cong trinh;
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- Xac dinh tai trong va tac dong sir dung thuc té ma céc két cau co ké dén
anh huong bién dang cua dat nén;

- Xac dinh so dd tinh toan thyuc té cua nha hoic cong trinh va cac két cau
riéng biét caa no;

- Xac dinh céc noi luc trong cac két cau chiu luc theo tai trong sir dung:

- Tinh toan kiém tra kha ning chiju luc cua cac két cau theo céc két qua
khao sat;

- Phan tich nhitng nguy@n nhan gay ra cac khuyét tat va hu hong trong céc
két cau;

- Lap céc tai lidu tong két (két luan) theo nhitng két qua khao sat.

Két luan theo tong két caa diéu tra tinh trang ki thuat caa céng trinh bao
gom:

- Panh gia tinh trang k§y thuat (loai tinh trang k¥ thuat) theo tiéu chuan;

- Tai liéu chirng minh cho céc loai tinh trang k¥ thuat caa cong trinh;

- Giai thich rd nhitng nguyén nhan c6 kha niang nhat cua khuyét tat va hu
hai trong cac két cau (néu co);

- Nhiém vu thiét ké cac bién phap dé khdi phuc hoic gia cuong két cau (néu
can thiét).

1.3. Céc két qua nghién ciru trong va ngoai nuéc vé hu hong va tudi tho ciia két

cau cong trinh xiy dung

Ngay nay viéc danh gia tudi tho con lai cua nha va cong trinh xay dung
khong nhiing 1a mot trong nhitng nhiém vu cap thiét ma con 1a mot trong nhiing
bai toan k¥ thuat phuc tap can dugc nghién ctu, giai quyét.

C6 rat nhiéu phuong phap va cach tiép can dé giai quyét van dé nay Véi
nhitng wu diém va ton tai cua chung, song dé lva chon mot phuwong phap mang
tinh tong hop dé dap ung cac yéu cau thuc té thi van chua co.

Theo [49], [50], [51], [61], [71], [76], [82], tudi tho con lai caa cong trinh
xay dung duoc hiéu Ia thoi gian (tinh bang nam) dén khi két cau dat dén trang thai
giéi han, khi d6 khong cho phép sir dung tiép néu khong tién hanh sta chixa Ion
(c6 thé phai gia cuong va thay thé mot s6 bo phan két cau). Bai toan xac dinh tudi
tho con lai ¢6 thé thyuc hién vai cac sai s6 khac nhau c6 nghia 13 véi mirc d6 chinh
x4c va do phuc tap khac nhau. Do chinh xéac cao cé thé dat duoc khi sir dung Iy
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thuyét do tin cay voi cac thong sb phan b theo thoi gian. o chinh xé&c trung binh
khi c4c thong sé tinh toan duoc lay theo gia tri trung binh va do Iéch chuan. B
chinh x4c dat yéu cau cd thé sir dung cac tinh toan tién dinh, khi khéng cé céc
cdng thuc tinh chinh xac thi c6 thé s dung cac quan hé thuc nghiém.

1.3.1. Mt sé cdng trinh nghién citu ¢ nwéc ngoai

Mot s6 cong trinh nghién ciru anh hudéng cua céc yéu td an mon bé tong va
cbt thép do carbonat hda va xam nhap ion clo dén kha nang chiu lyc, tudi tho cua
cau kién, két cau. Trong [26] do Vién Geocisa va Vién Torroja Tay Ban Nha thuc
hién dua ra 2 phuong phap danh gia két cau bé téng cét thép bi an mon do Clo va
Carbonat la: phuong phap don gian héa va phuong phap chi tiét.

Phuong phap don gian hoa: Banh gia don gian dé xac dinh nhanh trang thai
hu héng cong trinh 1am co sé cho chil dau tu ra quyét dinh kip thoi xtr Iy sy ¢b va
1am co so ban dau cho danh gia chi tiét vé sau, bao gdbm 03 bude: Khao sat hién
trang, danh gia va du bao. Phuong phép nay dua vao chi s6 don gian héa hu hong
két cau theo 04 muc d6 (Khong dang k&> 10 nam, Trung binh> 5 nim, Xau 2-5
nam, R4t xau 0-2 nam) twong ung v4i khoang thoi gian khac nhau dé du bao ké
hoach sép t6i (stra chita, bao tri hay khdng).

Phuong phap chi tiét: Phuong phap ndy bao gém céc quy trinh thuc hién,
yéu cau diéu tra nhiéu s6 liéu. Céc sd liéu khong chi vé trang thai lam viéc két cau
ma con vé qua trinh, co ché an mon nhu kich thudc dn mon, mé réng dn mon,
nguyén nhan an mon, vv... dua vao viéc lugng hda su giam tiét dién chiu luc cta
bé tong va ¢t thép. Dy bao vé xu hudng an mon dua vao do dac muic d6 dn mon
cbt thép. Phuong phap nay gdm 5 budc: (i) Khao sat hién trang (thu thap dit liu
va moi truong); (i) Xéac dinh tac dong an mon bé téng va ¢t thép (dic trung 16p
bam dinh, mat cat ngang ¢t thép, kich thudc hinh hoc va vét niit do an mon); (iii)
Phan tich va danh gia tai trong (ké dén su giam tiét dién cua bé tong va cot thép);
(iv) Xac dinh stc chiju tai ctia két cau hién trang va (v) Xac dinh tng xtr cta két
cau (hién tai va du bao twong lai) thong qua 1y thuyét trang thai giéi han va trang
thai sir dung binh thuong. Cubi cung, nghién ctru dwa ra miu béo cdo danh gia
cong trinh cho cac dir li¢u thu thap duoc tir khao sat, danh gia va thi nghiém.

Han ché cua tai liéu nay 1a: chua tinh toan duoc cu thé tudi tho con lai 1a
bao nhiéu - ma chi xac dinh, dy bao trong khoang thoi gian nhét dinh nao d6 két



20

C4u can stra chita, bao tri hoac khdng hoic sau bao 1au thi can tién hanh danh gia
lai. Khdng chi rd viéc xac dinh cac tham sé c6 thé thay doi theo thoi gian thuc
hién nhu thé nao?

Chat lugng 6 hién tai

Duong cong suy giam

Chat lugng
cho phép
nho nhat

Tudi tho con lai

CHAT LUONG KET CAU

KHOI DPAU QUA TRINH XAM NHAP THOI GIAN

Hinh 1.1-Qua4 trinh suy giam chat lwong ciia két cau theo thoi gian [26]

Mot s6 nha khoa hoc sir dung Iy thuyét xac suat dé thiét 1ap mé hinh ly
thuyét xac dinh tudi tho sir dung cua cau kién, két cau bé tbng cét thép. Nam 2014,
trong [42] nhom tac gia Sanjeev Kuma Verma, Sudhir Singh Bhadauria da diém
lai mot s6 mo hinh danh gia tudi tho st dung cua két cau bé tong cdt thép dua theo
khai niém xéc suat. Theo d6, ham xac suat xac dinh tudi tho st dung S duoc danh
gia theo biéu thic:

S()=1—F(t)=P(T >t) = Joof(u)du
t

trong do: F 12 x4c suat két cau xay ra sy ¢ trude thoi gian t, T 12 thoi gian dén ldc
xay ra su co, f 12 ham mat do xac suat. Cac tac gia cling chua dé cap dén anh
huong ciia hu hong dén tudi tho cua két cau.

Nam 2005, trong [29] nhom tac gia Fabio Biondini, Elsa Garavalia da trinh
bay mot md hinh xac suat dé danh gia tudi tho sir dung cuia cac cong trinh dang bi
hu hong dya vao dix liéu quan tric dugc. Sy tién trién hu hong duoc mé hinh héa
duéi dang mot qué trinh nira-Markov va céc biéu thiac caa mé hinh nay cho phép
giai thich cé&c lan gia cuong sau ciing cua cac dic trung két ciu. Mo hinh nay ciing
c6 thé str dung dé lap ké hoach bao tri va thyc hién su can thiép dé phuc hoi cong
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trinh. Quy trinh dé xuat duoc 4p dung vao viéc du doan tudi tho ciia mot tru cau
va lya chon kich ban pht hop dé bao tri, phong ngira hu hong.

Theo céc tac gia, su thay doi cac dic trung két cdu theo thoi gian 12 mot
qué trinh ngau nhién cua cac bién ngau nhién ;, trong d6 ; 1a tudi tho cua hé két
cau. Xac suat hu hong duoc xac djnh nhu sau:

Pe(t, ty) = P{t; < t} = F;,(t, t0)
trong d0: to 12 tudi caa hé két cau & trang thai i va Fy 14 ham phan b tich lity cua
bién ngau nhién t;. Dang mé hinh hda nay cho phép phan biét sy khac nhau giita
c4c trang thai cua hé két cau ma mdi trang thai gan voi mot thoi gian khac nhau.
C6 thé thay rang, viéc du béo tudi tho theo mé hinh nay ciing khong don gian.

Trong [30] cac tac gia Fabio Biondini, Franco Bontempi, Dan M.
Frangopol F.ASCE, Pier Giorgio Malerba di danh gia tudi tho sir dung theo Iy
thuyét xac suat. Bai bao trinh bay cach tiép can chung dé du bao tudi tho sir dung
ctia két cau theo xac suat va 1ap ké hoach bao tri cong trinh bé téng bi hu hong.
Panh gia tinh nang két cau bién d6i theo thoi gian do tac dong khuéch tan cua cac
tac nhan xam thuc bén ngoai. Dya vao phuong phap md phong Monte Carlo dé
Xét tinh ng?tu nhién cta cac tham sd két ciu, bao gé)m cac tinh chat vé vat liéu,
hinh hoc, dién tich va vi tri ctia c6t thép, kha ning khuéch tan vat liéu va toc do
hu hong. Lac d6, do tin cay bién ddi theo thoi gian duoc tinh toan dbi véi cac tinh
nang két cau thich hop. Cac két qua phan tich d6 bén lau theo tudi tho duoc sir
dung dé lya chon kich ban bao tri hop 1y.

Cach tiép can xac suat ciing c6 thé dugc ap dung dé danh gia tudi tho st
dung thuc té T, cua két cau:

T, = min{(t — ty)|R = S,Vt = t,}
trong d6 to 14 thoi diém két thuc giai doan xdy dung. Cu thé, ngudng gidi han T™
ctia bién ngau nhién T, g:fm vo1 mot mue do do tin cady muyc tiéu quy dinh, chéng
han, dugc biéu thi dudi dang cac gia chap nhan cta xac suat hu hong P*r hodc chi
sb do tin cay £, co thé duoc tinh toan mét cach truc tiép nhu sau:
T; = min{(t — ty)|Pr < Pp,Vt = ty}
= min{(t — ty|f = B*,Vt = t,}

Nim 2008 trong [31], Finkelstein. M trinh bay cac khai niém vé ham phan

phdi tich Iy F(t), ham tudi tho trung binh con lai m(t). m(t) dugc biéu thi nhu sau:
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m(®) = B[] = BT~ 7 > 1] = | F () = #
0
Véi: F(t) = {(Iir[T < t],tSZOO

Nhu mét bién ngau nhién, tudi tho cdng trinh dugc dic trung hda mot cach
day du bang ham phan bé cua nd. Ham tc do hu hong (nguy hiém/rai ro) A(t)
duoc biéu thi qua x4c suat hu hong. Néu ham nay tang Ién, thi d6i tugng cong
trinh xem xét 1a dang xudng cap. C6 thé thay rang ham phan phéi tich liy duoc
mo ta theo bién ngau nhién trong khoang thoi gian rat nho, trong khi dé tudi tho
trung binh con lai dugc mo ta trong toan bo khoang thoi gian con lai. Hai ham nay
két ndi voi nhau théng qua phuong trinh vi phan twong @ng. Viéc tinh toan dbi
véi két cau xay dung voi cac dic trung ngau nhién theo thoi gian 1a rat phuc tap,
cac gia thiét va cac ham duoc biéu thi dudi dang cac ham chic niang mang tinh
tong quat. Vi vay, dé ap dung vao tinh toan thyc té xac dinh tudi tho con lai la kho
thuc hién.

Trong [41] nhom tac gia R. Blok, F.V. Herwijnen dua ra dinh nghia, yéu t
anh huéng va mdi quan hé cua ba loai tudi tho: (i) tudi tho thiét ké, (ii) tudi tho
st dung k¥ thuat va (iii) tuoi tho chic nang. Ngoai ra, dé cap dén vong doi cua
két cau. CAc tac gia dé xuat can cd su két hop hai hoa gitra ba loai tudi tho néu
trén. Tudi tho sir dung k¥ thuat khong can thiét phai 16n hon tudi tho chirc ning,
t6t nhat 1a xap xi hoic bang nhau. Bai béo ciing chi néu tong quét cac loai tudi
tho, chua dé cap céch tinh toan.

Trong tiéu chuan [35] dua ra cac budc dy bao tudi tho sir dung cia cau
kién, két cau cua nha duya trén cac dic trung k¥ thuat va chic ning cta ching.
Cung cap co sé chung, nguyén tic va yéu cau dé tién hanh nghién cau va thuc
hién. Khi dy bao tudi tho st dung dugc ding 1am tudi tho sir dung tham chiéu cua
bo phan két cau cho muc dich thiét ké cu thé, dudi nhitng diéu kién khac nhau thi
du b&o su phan b thoi gian sir dung cta bd phan két cau s& thu dugc két qua it
sai léch nhat. Thuc hién du bo tudi tho st dung véi cac diéu kién khac nhau ciing
goi md mot cach danh gia cac hé sé cua phuong phap hé sb, trong nhiéu truong
hop, nhét 1a hé s6 co xét dén su khac biét gitta moi trudng cu thé va moi trudong
bén ngoai.
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Pinh nghia
Nhu ciu cta ngudi sir dung, bdi canh xay dwng, loai va pham vi tac
nhan, yéu ciu veé tinh ndng, cdc dic trung vat liéu

A4

Chuan bj
Nhan biét cac tdc nhan suy thodi, co ché va anh huédng, lya chon

cac ddc trung tinh ndng va ky thuat danh gia,
phan hoi tir cac nghién ctru khac

l

Thir nghiém truwéc
Kiém tra co ché va tai trong, tham tra viéc lya chon

cac ddc trung va ki thuat bang sy tiép xtc ngan han

Tac dong trong

diéu kién str dung

Tac dong va danh gia

Tac déng cé gia toc Tac dong Tac dong Tac dong
(lam cho nhanh Ién) | ngénhan daihan [ | | hiéntruong
I
i :
Thanh/kiém tra
Sy suy thoai t5a nha
tuong ty? !
|
s . N an Toa nha
Phan &rng theo cap do ean .aA
Cap phan thyc nghiém
|
ng |
(chibdo A4 Tac dong khi
su suy Phan tich/Giai thich sir dung
thoai) & ly tinh nang qua thoi gian hodc
Cap dé mdi trudng ham phan (rng theo cap do

dé thiét 1ap m6 hinh du bao

Dy bdo tudi tho sir dung

A

Xem xét lai [an cudi, l14p béo cdo

Hinh 1.2-Phuong phap luin hé thong du bao tudi tho sir dung cho

cac bo phan ciaa nha [35]
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Cac cong trinh nghién ctiu vé tudi tho con lai cua két cau cong trinh do cac
nha khoa hoc lién bang Nga thuc hién rat da dang va kha day da. Nam 2001, Vién
nghién ctru cac cong trinh céng nghiép trung wong lién bang Nga da ban hanh
huéng dan [82]. Pay 1a mot trong nhitng tai liéu dugc dung dé danh gia nhanh,
danh gia gan ding d6 tin cay két cdu xay dung cta nha va cong trinh theo dau
hiéu bén ngoai. Trong d6 phan ra 05 tinh trang ki thuat cua két cau xay dung.
Dua vao dau hiéu hu hong bén ngoai cua két ciu, hé sb d tin cay ban dau va hé
sb db tin cay thuc té dé tinh toan tudi tho con lai cua ching.

Nam 2006, trong luan an tién si k§ thuat [63] do Maiictpenxo .10 thuc
hién, tac gia dat ra muc dich nghién ctru la hoan thién phuong phap danh gia du
trir con lai ciia két cau thép dang sir dung. Xay dung phuong phap danh gia du trix
con lai caa két cau thép dwa trén co sé mé hinh hoa thong ké va phan tich hoi quy.

Céc tac gia C.M benses; [Tepmsikos M.b; K.B I'ony6es; A.C AKyIoB u Jp.
trong [45], [46], [50], [51], [59], [60], [61], [65] da dé cap dén mot s6 phuong
phép danh gia tudi tho con lai ciia nha va cong trinh. Xac dinh tudi tho con lai cua
nha va cong trinh theo cac du hiéu khéac nhau, cac dau hiéu do c6 thé Ia:

- Hao mon vat 1y (vat thé);

- P bén tinh hodc dong hoc cua vat liéu c6 xét dén khuyét tat va hu hong;

- 6 moi cua vat liéu.

Xac dinh tudi tho con lai ciia nha va cong trinh phu thudc vao sb lidu két
qua khao sat. Bé dam bao do tin cdy ciia két qua tinh toan tudi tho trong nhiéu
truong hop can tién hanh céc thi nghiém bo sung.

Tinh tudi tho con lai theo hao mon vat 1y, danh gia tong thé hu hong cua
cong trinh theo céng thuec:

oo BT O

a+a, ..t
trong do:
£, £5,...& - 1a hu hong 16n nhat cua ting loai két cau riéng l¢;
oy, a,...a; - 1 trong so cua tung loai két cau riéng 1é.
Thong qua quy luat suy giam kha ning chiu luc cua két cau theo ham s
mii, tudi tho cua nha hodc cong trinh dugc xac dinh theo cong thuec:
T =—-Iny/A
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Mot cach tiép can khac dé tinh tudi tho con lai caa cong trinh 14 trong cong
thiee trén dai luong y - do tin cay twong dbi duoc thay bang hé sé du trir tuong doi
vé kha ning chiju luc - w. Nhu vay cdng thic c6 dang:

T =—-lnw/A

Hé sé du trit trong d6i vé& kha nang chiu luc cua nha hoic cong trinh dugc

xac dinh theo céng thuc:

_ (ZAN; Ay + X AMAg; + Y AQ; Ay

B XAy +2XY Ay

trong do: AN, AM;, AQ;, Avi, Agi - 1an luot Ia du trit kha nang chiu lyc cua cac cau
kién va dién tich sap d6 cua cac cau kien.

Nam 2015, trong [81] t&c gia B.C Ytkun da dung phuong phap tich phan
thi nghiém dam va phuong phap xac suat d¢ mé ta cac dai luong ngau nhién. Bai
bao gidi han van dé nghién ciru 1a x4c dinh kha niang chiju tai con lai caa dam chi
theo tiéu chi bén caa cét thép va bé tong ma khong xét dén cac tiéu chi khac nhu

w

hu héng, an mon v.v...

Nam 2016, trong luan an tién si khoa hoc [55] do 3omuua T.B thuc hién,
tac gia da nghién ctu co so khoa hoc dé phat trién 1y thuyét va phuong phéap luan
du bao du trit con lai cua nha cdng nghiép mot ting cd cau truc trén co sé nghién
ctiu su thay doi trang thai g suat - bién dang do hu hong tich Iy trong qué trinh
st dung. Pé thuc hién myc tiéu nghién ctiu tac gia da st dung cac phuong phap
co hoc két cau, ly thuyét do tin cay, ly thuyét xac suat va thong ké, dong luc hoc
théng k&, md hinh toan hoc va Iy thuyét chon quyét dinh.

Nam 2016, trong luan an tién si ki thuat [74] do Cyxuma K.H thyc hién,
véi ddi twong nghién ctu 14 vi kéo mai bang bé tdng cét thép, tac gia da nghién
ctru chon giai phap danh gia du trix con lai cia nha cong nghiép co tinh dén suy
giam kha nang chiu luc cua céc ciu kién két cau theo thoi gian sir dung. Dé thuc
hién nghién ctu tac gia st dung ly thuyét xac suat, ly thuyét do tin cay va trang
thai gioi han, chap nhan luat phan bé chuan trong viéc xac dinh xac suat hu hong
cua két cau. Sir dung md hinh phan bé Gumben dbi vai tai trong tuyét.

Trong [80] cé4c tac gia C.IT Cymes, H.A Camonusos, M1.A Anemenko dé
Xuat danh gia tudi tho con lai ciia nha (cong trinh) c6 thé thong qua cac dic trung
co 1y caa cong trinh, R = f(Ro,t), gia thanh cuaa céng trinh C = f(Co,t), thoi gian
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khai thac st dung caa cong trinh T(To,t). Nhu vay tudi tho con lai cia co thé viét
dudi dang:

K= f(Pi,t/ Pi,o).
trong do: 1=1,2,3; Pi:={R,C, T}

Dai lugng trong cdng thirc trén xac dinh chat luong cua cac két ciu riéng
1é va ciia cong trinh. Cac dai lugng nay c6 tinh chat ngau nhién vi chling phu thudc
vao sy thay ddi cua tai trong va tic dong ciing nhu sy thay doi theo thoi gian.
Trong diéu Kién binh thuong thi su thay doi va suy giam chat luong dién ra tir tir
va du bao tudi tho con lai duoc thuc hién theo céc s6 liéu quan tric va khao sat
k¥ thuat.

Nam 2018, B xay dung va nha ¢ - dich vu cdng cong lién bang Nga ban
hanh tai liéu [76] dé hudng dan xac dinh tudi tho con lai caa két cau nha va cong
trinh. V& co ban dua theo phuong phap da néu ¢ [82], trong d6 c6 dua thém vao
mét phu luc khuyén nghi vé chi sé d6 tin cay téi thiéu f, thuc chat n6 1a bang B2
trong tiéu chuan EN 1990-2010 Eurocode - Basic of Structural design.

1.3.2. Mét sé cdng trinh nghién citu trong nwéc

Trong linh vyc xay dung mot sé nha khoa hoc trong nudc da co nhiing
nghién ctiu vé tudi tho ciia két cau cong trinh. Nam 2004, trong [2] tac gia Nguyén
Xuan Chinh di trinh bay két qua danh gia mac d6 hu hong cua nha & nhiéu tang
thong qua sb liéu khao sat dugc tinh toan theo tidu chuan danh gia mic do nguy
hiém (TCVN 373) dé du bao tudi tho con lai chiing. Nam 2006, trong [8] tac gia
Nguyén Vin Hung da trinh bay phuong phap dénh gia chat luong va tinh tudi tho
cong trinh hién hitu theo chi s6 do tin cay p. Ciing trong nam 2006, trong [10],
tac gia L& Xuan Huynh da bién tap bai giang cao hoc vé ly thuyét do tin cay va
tuoi tho cong trinh. Bai giang da trinh bay mot s6 kién thirc tong quét vé tinh toan
d6 tin cay cua két cau va du bao tudi tho caa két cau cong trinh dya trén do tin
cay va ly thuyét moi.

Nam 2012, tiéu chuan [21] dugc ban hanh dé danh gia mtc d6 nguy hiém
cua két cdu nha. Tiéu chuan nay dugc bién soan dya trén tiéu chuan cua Trung
Quéc va mot sd tidu chuan caa lién bang Nga. Co so ly thuyét dé xay dung tiéu
chuan 1a st dung ly thuyét tip mo va ham thude dé xur Iy sé liéu va tinh toan phan
cap két cau nha. Bé xac dinh céc cau kién nguy hiém can c6 céc sd liéu quan trac,
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khao sat hién truong. Mac do nguy hiém cuaa ciu kién, két ciu, phan thanh hai
loai: cAu kién nguy hiém (Tg) va ciu kién khdng nguy hiém (Fg). Dua vao ty Ié
phan trim (%) cau kién nguy hiém cua két cau dé phan cp ra mic d6 nguy hiém
cua cac bo phan nha va cua nha theo céc cap: A, B,C, D. Két qua danh gia xac
dinh dugc cap nguy hiém cua nha, 13 co s¢ quyét dinh tién hanh cdng tac sira chixa,
cai tao hoac dinh chi str dung cong trinh.

Nam 2021, trong [18] tac gia Vii Lé Quyén da gidi thiéu cach dy bao tudi
tho con lai ctia bé chira tru thép co khuyét tat dang vét nirt & tAm dau tién thong
qua tinh toan s6 chu ky van hanh con lai cho t&i khi bi pha hoai theo cac quy dinh
hién hanh & lién bang Nga. Diém khac biét cta cach tinh nay 1a tinh dén trang thai
ung suét phtrc tap thanh bé, st dung cac tham s6 vé dd bén theo chu ky dugc xac
dinh theo Ung suat hai phuong va phuong trinh hiéu chinh cho kich thuéc va vét
nirt cu thé cua bé.

Trong linh vuc giao thdng, cau cang, cong trinh thuy lgi mot sé nha khoa
hoc d3 c6 nhirng nghién cau vé tudi tho caa két cau cong trinh. Nam 2003, trong
[7] céc tac gia Nguyén Van Huén, Phung Vinh An da tng dung cac két qua nghién
clru trong nudc va trén thé gisi vé ly thuyét do tin cay dé xay dung mot hé thong
tiéu chi, phuong phap danh gia an toan va xay dung |y thuyét du béo tusi tho cho
cong dudi de.

Nam 2007, trong [9] céc tac gia Nguyén Hiru Hung, Tran Thi Thu Héng,
Tran Minh Long tap trung phan tich tudi tho méi con lai ctia két cau nhip cau gian
thép tir két qua do dac thyc té, co dua vao cac hé so diéu chinh ldy tir mo phong
s6. Phuong phép phén tich trong bai bao dya vao phuong phap Palmgren-Miner.

Niam 2014, trong [4] nhém tac gia Vii Pam Chinh, Dinh Quang Cudng dé
cap mot phuong phap va quy trinh tinh toan hiéu chinh s liéu duong cong moi
S-N theo thi nghiém vat liéu khi ké dén anh huong caa Gng suat tinh, dé xac dinh
tudi tho mai cua két ciu cong trinh bién ¢ dinh bang thép tinh theo Palmgren -
Miner 1a ly thuyét dang dugc sir dung rong réi trong cac tiéu chuan thiét ké hién
hanh va 4p dung dé tinh toan moi cua két cau gian thép cé dinh dién hinh trong
diéu kién bién Viet Nam.,

Nam 2018, trong [14] nhom tac gia Cao Van Lam, Than Puc Phuc da dua

vao phuong phap Palmgren - Miner dé phan tich tudi tho con lai cta nhip cau thép
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tir két qua do dac Gmg suét thuc té co dua vao hé sé quy d6i tir mé hinh phan tir
htru han.

Nam 2018, trong [12] nhom tac gid Hoang Van Khanh, Hoang Phuong
Hoa, Nguy&n Vin Chau d trinh bay két qua khao sat 18 nhan t6 (NT) anh huéng
dén tudi tho cau ¢ Viét Nam, tir d6 tién hanh danh gia, phan tich va xép hang cac
NT dya vao diém sé mtc do quan trong (MPQT). Cac NT xac dinh dugc duoc
phan thanh 3 nhém chinh. Nghién ctiru da cho thay su can thiét cua viéc xac dinh
va danh gia MPQT cua cac NT anh huong dén tudi tho cau, tir d6 dua ra cac giai
phap ung pho véi ching va c6 ké hoach quan ly, khai thac va bao tri cau duoc tot
hon. Két qua nghién ctru ciing chi ra thuc trang cong tac quan ly, khai thac va bao
tri cau hién nay ¢ nudc ta.

Nhiéu nha khoa hoc nghién anh huéng cia cac yéu té an mon téi kha niang
chiu luc va tudi tho con lai cia két cau cong trinh. Nam 2008, trong [11] tac gia
Nguyén Tuan Khai da ké thira két qua nghién ciu trong luan an tién sy ki thuat
ciia Lé Puc Vinh dé xay dung phuong phap va tinh toan tudi tho cua ciu kién
dam, cot BTCT bi dn mon trong moi truong khi hau bién theo DTC. Ap dung tinh
toan cho cau kién dam, cot BTCT trong cong trinh tai viing khi hau ven bién Hai
Phong.

Nam 2014, trong [6] tac gia Pao Van Dinh, di nghién ciu vé
su Xam nhap clo gay ra an mon c6t thép ddi véi cac cau bé tong cdt thép ven bién.
Xay dung phuong phap va mo hinh du bao tudi tho sir dung cho cac cong trinh
cau bé tong cbt thép & ven bién Viét Nam theo sy xAm nhép clo. Tir do, dé ra bién
phap ting cuong kéo dai tudi tho sir dung.

Nam 2018, trong [18] nhom tac gia Nguyén Xuan Twoi, H5 Vin Quan,
Tran Thé Truyén, Pham Thai Uyét, Nguyén Trung da trinh bay cach tinh toan du
bao tudi tho do carbonat hoa va xam nhap ion clo dya vao két qua thi nghi¢m xac
dinh hé sé carbonat hoa, d6 chong tham ion clo ctia bé tong trong mot sé cong
trinh giao thong bang bé tong cbt thép ven bién khu vuc Pa Nang. Tir d6, dé ra
bién phap ting cudng kéo dai tudi tho sir dung.

Niam 2019, trong [1] tac gia H6 Xuén Ba di trinh bay cac phwong phap tinh
toan du bao tudi tho cong trinh bang bé tong cdt thép. Phuong phap phan tir hiru
han, sai phan hitu han, phuong phap giai tich da duoc ap dung dé tinh toan tudi

tho két cau bé tong cot thép theo tiéu chi khoi an mon ¢t thép trong bé tong. Céac
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két qua tinh todn duoc so sanh véi két qua tinh theo phan mém Life 365. Két qua
thu duoc cho thiy tudi tho tinh theo phuong phéap giai tich va tudi tho tinh bang
phuong phap phan tir hitu han kha gan v6i két qua tinh theo phan mém Life 365,
trong khi két qua tinh theo phuong phap sai phan hitu han kha 16n so vdi céc gia
tri trén. Nhiét do moi trudng va chiéu day 16p bé tong bao vé c6 anh hudng dén
tudi tho két cau cong trinh.

Niam 2019, trong [15] tac gia Huynh Quang da str dung 1y thuyét do tin ciy,
thong qua tinh toén chi s6 do tin cay muc tiéu dé danh gia kha ning khai thac va
du bao tudi tho cua cdng trinh cau gian thép khi xét dén su thay doi tiét dién do
an mon va bién doi tai trong. Qua do, tinh toan thoi gian khai thac an toan hiéu
qua con lai va thoi gian can gia cb stra chira vé sau.

1.4. Cac két qua dat dwoe tir cic cong trinh nghién ciru di cong bd

Tur tong quan tinh hinh nghién ctu trong va ngoai nudc di duoc céng bd
vé danh gia, xac dinh tudi tho caa nha va cong trinh xay dung khi xét dén anh
hudng cua khuyét tat, hu hong rat ra dugc mot sé két qua chinh nhu sau:

- Nhiéu cdng trinh tap trung nghién ctu anh huong cua cac yéu té dn mon
bé tong va cot thép do carbonat hda va xdm nhap ion clo dén kha nang chiu luc
va tudi tho cua cau kién, két cdu cong trinh. Tur s6 liéu khao sat, sb ligu thi nghiém
trong phong va ngoai hién truong, xay dung phuong phap va mé hinh du béo tudi
tho cua két cau.

- Mot s6 md hinh dénh gia tudi tho sir dung ciia cau kién, két cau bé téng
cot thép dua theo khai niém xac suat. Céc tac gia trinh bay mé hinh xéac suat dé
danh gia tudi tho str dung cua cac cong trinh dang bi hu hong dwa vao di liéu
quan tric duoc. Sy tién trién hu hong duge moé hinh héa dudi dang mot qué trinh
hoic cac biéu thirc, ham phan phéi tich liy. Vé goc do ly thuyét viéc danh gia va
du bao tudi tho theo cac md hinh nay kha chit ché va co do tin cay cao. Tuy vay,
viéc ap dung vao thuc té gap nhiéu khé khian vi doi hoi dir lidu vé cac dic trung
cua vat liéu va két cdu theo thoi gian 1a rat khé dap tng.

- Céc két qua nghién ctu caa cac nha khoa hoc lién bang Nga c6 thé chia
thanh hai nhom:

Nhém thir nhat 12 st dung céc ly thuyét xac suat thong ké, ly thuyét do tin
cay, tiép can 16gic - X4c suat, dua trén co sd ly thuyét xac suat (dinh ly gia thuyét,
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dinh ly xac suat toan phan, v.v...), phuong phap 1y thuyét tip hop va phuong phap
ra quyét dinh trong truong hop khong xac dinh.

Nhom thir hai 1a phwong phap thuc hanh dé danh gia tudi tho cua cau kién,
két cAu dua vao mirc do hu hong va do tin cay. Tai liéu: Huéng dan ky thuat vé
danh gia do tin cay va tudi tho con lai caa két cau theo dau hiéu hu hong bén ngoai
[82] duoc sir dung dé danh gia nhanh, danh gia gan ding d tin cay cua két cau,
qua d6 danh gia duoc tinh trang k¥ thuat caa cau kién, két cau va tudi tho con lai
cta nha va cong trinh. Phuong phap nay dap tmg duoc yéu cau thuc té 1a dé ap
dung, song mirc do tin cdy chua cao vi phwong phap chu yéu dyua vao dau hiéu hu
hong bén ngoai.

1.5. Cac van dé cin nghién ctru ciia luan 4n

Véi cac van dé néu trén, trong luan an nay, tac gia dinh hudng noi dung
nghién cau chinh 1a: Nghién cizu phwong phdp xdc dinh tuéi the con lgi ciia nha
va cdng trinh dua vdo tinh todn dé tin cdy cua cdu kién, két cdu theo céc sé lidu
khdo sdt hwe hong thuc té hién trieong (khong theo dau hiéu hu hong bén ngoai)
dé nang cao DTC trong tinh toan. Ung dung cu thé 1a bai toan xac dinh tudi tho
con lai caa nha khung bé tdng cbt thép khi xét dén céac so liéu khao sat vé hu hong
cua cau kién bé tong cot thép. Véi dinh hudng nghién ctru d6 luan &n tap trung
nghién ctu cac noi dung:

- Nghién ctru xay dung quy trinh khao sat va xir Iy s6 liéu khao sat 1am co
s& xac dinh sd lidu dau vao phuc vu tinh toan do tin ciy va danh gia tudi tho con
lai caa nha khung bé téng cot thép;

- Nghién ctru tinh toan DTC cua cau kién, két cau theo tiéu chuan thiét ké
hién hanh (TCVN) khi xét dén cac hu hong cua cau kién, két cau;

- Nghién ctu xay dung trinh tu tinh toan xac dinh tudi tho con lai cia nha
va cdng trinh dya vao tinh toan do tin cay caa cu kién, két cau theo cac sé lidu
khao sat hu hong thyc té hién truong;

- Nghién ctu xay dung chuong trinh tinh toan xur ly s6 liéu nham ty dong
hoa qua trinh tinh d¢ tin cay va du bao tudi tho con lai cua két cau nha khung bé
téng cot thép.
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1.6. Két luan chwong 1

Trong chuong ndy, da nghién ciru tong quan vé mot sé noi dung lién quan
t6i dé tai: tong quan vé khuyét tat, hu hong trong két cAu bé tong cbt thép, trinh
tu khao st ky thuat dé danh gia hién trang cng trinh va cac nghién ctu tinh toan
xéc dinh tudi tho va tudi tho con lai cua cdng trinh. Tir nghién ciu tong quan nay,
da phan tich danh gia cac két qua dat dugc, nhitng van dé ton tai va dé ra dinh
huéng nghién ctu va nhiém vu cu thé cho luan én.
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CHUONG 2. XAC PINH PQ TIN CAY CUA CAU KIEN, KET CAU BE
TONG COT THEP SU DUNG LY THUYET XAC SUAT THONG KE VA
PO TIN CAY

2.1. Mé dau

Dé tinh toan do tin cay cua cAu kién, két cAu dbi vai cong trinh hién hiru
can co céc so liéu quan sat, do dac trong phong thi nghiém hay ngoai hién truong.
Khi di c6 s6 liéu thi phai xtr 1y thong ké dé c6 cac dai lugng hay ham sé can thiét.
Chang han, d6i véi dai lwong ngau nhién can c6 ky vong va phuong sai. Khi nhiéu
dai lugng ngiu nhién tham gia bai toan can c6 thém hé sb tuong quan. Thong
thuong trong bai toan do tin cdy cua két cau xdy dung can phai xét hai dai luong
dac trung, do6 1a kha nang chiu lyc va hé qua tac dong.

Trong chuong nay trinh bay phuong phéap xac dinh DTC cua ciu kién, két
ciu bé tong cbt thép trén co s& sir dung 1y thuyét xac suat thong ké va 1y thuyét
PTC, bao gom:

- Mot sb dic trung bang sé cua dai luong ngau nhién;

- X4c dinh quy luat phan phdi cua dai luong ngu nhién theo s6 liéu thuc nghiém;

- M6t s6 ham phén bd xac suat thudng gip trong ki thuat;

- Mot s6 phuong phép tinh d6 tin cay.

Néi chung, cac nguyén tic ndy c6 thé ap dung dé danh gia két cau cac cong
trinh hién hitu hodc cong trinh co thay d6i vé cong ning. Tuy nhién, viéc danh gia
trong mot vai phuong dién di kém véi sy xem xét tinh dic trung cua cac bién co
ban va cac mo hinh tinh toan.

2.2. Pic trung bing so ciia dai lwong ngiu nhién
2.2.1. Ky Vong todn, phwong sai, dp léch chudn

Trong thong ké thong thuong ky vong 1a gia tri trung binh ciia cac gia tri
quan tric. Pai luong ngau nhién cé thé lién tuc hay ro1 rac, nghia 1a gia tri cua dai
lwong ngiu nhién X co thé 1ay lién tuc trén mot doan nao dé (a< X <b), hodc X
chi nhan nhiing gia tri roi rac trén doan [a,b]. Chang han, khi quan trac n lan gia
tri X thu duoc:

X =% (lan 1);

X = X, (lan 2);
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X = X, (lan n).

Céc gi tri x; c6 thé tring nhau. Gia trj trung binh 1a [15],[17]:
L o
n -

Dic trung muc sai léch cta két qua thuc nghiém quanh gia tri trung binh 1a

dai Iugng phuong sai. Phuong sai dugc xac dinh theo cong thire [15], [17]:
)i — - -
D==(x,—x) +(x, =)+ (x, = X)’| (2.2)
n

va d6 1éch chuan duoc x4c dinh theo cong thic [15],[17]: o — VD
Khi thu thap sb liéu, can ct vao cac tiéu chuan vé khao sat, thi nghiém dé

xéac dinh cac s6 liéu ngoai 1& (dot bién), khong dua vao trong tinh toan.
2.2.2. Mét, trung vi, phan vi

Ngoai cac gia tri bang s6 dic trung cho mot dai lwong ngau nhién, con xét
thém mot s6 dai luong khéc sau day:
- Mot: M6t 1a diém tai d6 c6 mat d6 xac suét 1on nhat.
A

f(x)
[

S

O 0 X
Hinh 2.1-Ham mat dd xac suit

Trén db thi f(X) 1a ham mat do xac sudt, tai x = g thi f(x) dat cuc dai. Gia tri
1 20i 1a mét cua dai luong ngau nhién X. Vi vy ciling c6 thé noi mét 1a gia tri tai
d6 c6 xac suat cuc dai.

- Trung vi: Truong hop ham mat do c6 phan bd dbi xting quanh gia tri trung

binh (phéan phéi chuén) thi trudc va sau gia tri trung binh déu c6 xac xuat 1/2 .

A
£(x)

(0] [T X

Hinh 2.2-Ham phan b chuan
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Gia tri trung vi 1a gia tri ma xac suit 16n hon va bé hon né bang nhau va
n6i chung 1a bang 1/2, do d6 khi phan b6 khong ddi xtmg thi gia trj trung vi va ky
vong khong trung nhau. Khi phan b6 khong dbi xtmg thi gia tri X =  c6 tinh chat:
PX<u)=P(X>p.

f(x)

T

|

0 Le X
Hinh 2.3-Trung vi ciia hAm phan b6

- Phdn vi: Gia str dai lugng ngau nhién X phan phdi chuan véi ky vong pix

X— i ; X' duogc goi la dai
g

x

va do léch chuan o. Ta xét dai luong ngiu nhién X' =

luong ngﬁu nhién da dugc chuan hod. Ham mat do cua X la:

Flx)=plx) = \/;76'; (2.3)
P thi c6 dang
A
P (x)
-1 -1
| 0 | X >

Hinh 2.4-Ham phén b6 chuin ho4

Gia tri ham ¢(X) dugc tinh thanh bang.

Ham phan phdi xac suat cia dai lugng X' (phan phdi chuan hoa) c6 dang:

F(x)= %dx (2.5)

1 7 -
— | e
)
Gia tri cia F(X) ciing da duoc tinh thanh bang.

Tién hanh tim cic dic trung bing so6 cla dai luong ngau nhién X'
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‘ 1
Kyvong: o =p v =— m—p =0

X
Tx

Phuong sai: D, =D

LN

1 o
—.D, =—-
o o

X—Hx
'

— 1. Nén do léch chuan: o=+1=1

RS

Do d6, trong céc tai liéu hay chuong trinh may tinh phan phdi chuan hoa
duoc ky hi¢u 1a N(0;1).

Ngoai ky vong va phuong sai trong phan phdi chuan c6 mot dai luong khéc
c6 nhiéu tmg dung trong thyc té d6 13 phan vi chuan.
Phén vi chuan mirc o (ky hiéu 1a X,) 13 gia tri cua dai lugng ngau nhién X'
c¢6 phan phdi chuan hoa thoa man diéu kién P(X' < X») = «
VIP(X <x) = [9(0dx. Do d6, P (X' <xa) = % [e7ax=a.(8)
Yo 2w Y
Vén dé 1a cho trudc mirc o tim gia tri xac dinh X, do d6, dwa vao biéu thirc

(2.6) tinh ngugc lai dé tim a.. Theo phu luc vé bang tinh ham F(x) ¢ biéu thuc (2.5)
tra bang, cho F(Xa) = a suy ra Xe.

A

P (x)

P
Xa 0 X]—q X

Hinh 2.5-Phén vi ciia phin bd chuén

Phan vi chudn c6 tinh chit sau: X = X1. ». Theo ¥ nghia vé an toan thi xac
suat an toan 1a sau (hay truéc) phan vi.

2.2.3. Khai nigm vé mé men ciia dai lwong ngdu nhién

Xét dai luong ngau nhién X, c6 ham mat do f(x) truong hop X 1a dai luong
ngau nhién lién tyc thi mo men bac S cua X la [15], [17]:
o [X]= jxsf(x)dx (2.26)
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R& rang md men bac 0 (s = 0) thi (2.26) tro thanh &, [X] = | £(x)dx 1 ky

vong todn (gia tri trung binh).

Truong hop X nhan gia tri roi rac thi [15], [17]:

as[X]=inp,» (2.27)
Trong d6 pi 14 tin suat xuat hién x;.
Xét bién méi X=X —m, (2.28)
trong do my la ky vong cua X.
X goi 12 dai luong ngau nhién trung tam.

ky vong toan cta X 1a M[}O(] =0

Mo men trung tdm bac S ctia dai luong ngau nhién X Ia:

L [X]ZM[)?S}:M[(X_MX)S] (2.29)
Vivay: u = an:(x,. -m, )S D (2.30)
hay: g, = [ (x—m,)’ £(x)dx (2.31)

Cho S =1, 2,3, 4... c6 cac m6 men bac khac nhau.
Vi vy d6i voi mot dai luong ngau nhién bat ky ¢ cac md men trung tim sau:
#, =0
H,=a, — mi
W =a, —3m.a, +2m
2.3. X4c dinh quy luit phan phdi ciia dai lwong ngiu nhién theo so liéu khio sat
2.3.1. Ham phan phaéi théng ké

Vé toan hoc, cic ham mat 6 hay ham phan phdi 1a nhitng ham toan hoc 1y
thuyét, trong thuc té céac s6 lidu thu duoc lai 1a nhing két quéa khong hoan toan
tuan theo 1y thuyét. Vi vay c6 khai niém "phan phdi thong ké".

Xét dai lugng ngau nhién X, quy ludt phan phdi ctia n6 chua biét trudc mot

cach chinh xéac, can tim quy luat dé tir tap s liéu thuc nghiém. Mudn vay trudc
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hét phai tién hanh mot loat thi nghiém (hoic quan sat) doc 1ap. Két qua mdi 1an thi
nghiém 1a mot gia tri xac dinh va thuong duoc ghi trong mot bang. Tur chudi s6 liéu
c6 cac cach xir Iy khac nhau, sau ddy c6 thé xay dung ham phéan phdi thong ké.
Ham phan phéi x4c suit cua dai lugng X lién tuc 1a ham:
F(X) = Prob (X < X) (2.7)
Truong hop X chi cc gia tri roi rac theo s lidu thuc nghiém ghi trén duoc
ky hiéu la:
F'(x) =P" (X <x) (2.8)
Khi ting s6 phép thir n, voi x bat ky tan s6 bién cd X < x hoi tu vé xac xuat
ctia bién ¢b nay (dinh 1y Bernouli). Vi vay khi taing n ham phan phdi théng ké
F*(x) dan vé ham phan phdi F(x) cta dai lugng ngiu nhién X.

A

F(x)

e

1

v

0 X

L

Hinh 2.6-Ham phan phéi dai lwong ngiu nhién lién tuc
2.3.2. Chudi thong ké - Biéu dé té charc
Khi s6 1an quan sat 16n, dé bat khoi lugng tinh toan (ngay nay véi cac may
tinh c6 kha nang cao thi khéi luong tinh toan khong phai van dé kho khan), c6 thé
tién hanh nhu sau: Chia day gia tri s6 liéu quan st cta dai luong ngau nhién X
thanh timg khoang va tinh sb gi tri roi vao khoang d6. Chang han tai khoang i s6

lan roi vao la m;, nhu vay tan so tuong tmg véi khoang i la:

* m « R oA L *
P“=—". Hiénnhién Y P =1
n i=1

Lap chudi théng ké

li

X1-X2

X2-X3

Xi=Xi+1

XK=XK+1

pi

*

*

p1

*

p2

*

pi

*

p1

tan sb tuong tng, k 1a sd khoang.

Trong d6 li1a ky hiéu cac khoang, X; ,Xi+1 1a gidi han cac khoang do, P;” la
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Khi chia nhém gia tri quan sat ciia dai lugng ngau nhién theo timg khoang
thi can tuan theo mot nguyén tic théng nhat 1a khoang nao nhan gia tri ¢ dau mut
khoang. Chfmg han, chia d6i cho hai mut 1ién nhau, hoic gia tr1 tai mut trai (hay
phai) thudc vé khoang tuong tng.

S6 khoang chia nhom s6 liéu khong thé qué 16n, song cling khong thé qua
it. Thyc té tinh toan thudng chon tir 10 dén 20 khoang. Ngay nay véi cc may tinh
kha nang 16n thi c6 thé ting sd khoang. Chiéu dai cac khoang c6 thé bang nhau
hozc khac nhau, song dé don gian thudng chon bang nhau. Biéu d6 t6 chuc dugc
biéu dién nhu hinh 2.7.

0 Tox
Hinh 2.7-Biéu db 6 chire
T biéu do to chue, ¢ thé xay dung biéu do gan dung ctia ham phan phoi
cho mét s6 diém dua vao cong thirc dang:
F(x,)=0
F'(x,)=p/
.................... (2.9)

k-1
Fi(x.)=>p/
i=1

K
F*(xkﬂ) = ZP; =1
i=1

'y
1 F:.(X)

Seail

Hinh 2.8-Ham phan phdi

Y

0 X
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2.4. Mot s6 ham phan phdi xac suat thuong gip trong ky thuat

Theo 1y thuyét xac suit va thong ké, néu xét dai luong ngiu nhién X thi
ham phan phdi xac suit ciia X 1&: F(x) = P (X< x). Ttrc 1a F(X) bang xac suit cua
cac gia tri ctia dai luong ngdu nhién X khi tién hanh cac phép thir thi né roi vao
sau gia tri X.

X
T -
Ving sau x Ving truéc x

OF (x)
ox

Cac ham F(x) va f(x) trong trudng hop X nhan gia tri roi rac thi khong lay

Ham mat do: f(x)=

dugc dao ham (hay tich phan) ma sir dung cong thire gan dung. Néu c6 F(x) hay
f(x) thi tinh duoc x4c suét trong mot khoang bt ky. Trong thuc hanh, di 1ap thanh
bang nén co thé sir dung dé dang.

Trong x4y dung cong trinh thudng chi ding mot s6 ham phan phéi xac suat
va ham mat d6 xac suét quen thudc.

Sau day trinh bay mot sé ham phan phdi va ham mat do hay gap trong tinh

toan do tin cay két cau xay dung.
2.4.1. Phan phéi chudn hay phan phéi Gauss

Phéan phdi chuan 1a mot trong nhiing phan phdi quan trong nhat ctia cac bai
todn k¥ thuat.
Ham mat d6 ctia phan phdi chuan 1a [15], [17]:

1 lox—p 0
f(x)—amexp{ 2( - )}, 00 < X < 400 (2.10)

Trong d6 gia tri ky vong xva d6 1éch chuan o 1a hai tham sb ctia phan phdi,
cac tham sd nay duogc xac dinh theo cac sd liéu thuc nghiém qua xu 1y théng ké.
Ham phan phéi xac suat 1a [15], [17]:

F(x)zj 12 exp{—%(x’u j }dx (2.11)

O T

Trong phan phdi chuin -0 < X <+o0, nghia I x bién thién trén toan truc

s6. Do d6, khi ¢ dai luong chi nhan gia tri duong thi phai dung phan phdi khac.
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Do thi ciia ham mat d6 va ham phan phdi thé hién & hinh 2.9.

A
f(x) +F(x)
|
|
|
- H —
H »- -
0 X 0 X
Hinh 2.9 a) Him mat do b) Ham phén phoi

Phan phdi chuin dugc dung rong rii trong xiy dung di véi cac dai luong
vé tinh chat vat liéu, kich thudc hinh hoc, thuong viét tat 1a N(x,0).
Trong tng dung c6 thé dung mdt bién khac 1a H.
X—u
o

H= (2.12)

Bién H duoc goi la bién chuan di dugc chuan hoa, H co ky vong béng
khong va d6 1éch chuan bang 1; (uy = 0, oy = 1).

Tu d6, ham mat do duoc viét lai nhu sau:
1

f(x) = —exp[-H? ~o0< H <+ 2.13

(x) TS p[-H’] ( ) (2.13)
va ham phan phéi [15],[17]:

"o 1 5 :‘
FX)=| —exp | ——H" |dH 2.14
W= tew|-] 214

Phan phdi chuan hoa duogc ky hiéu 1a N(0,1) va ham phan phéi duoc ky

hi¢u la @(H).
Ham phan phdi chuan hoa duoc dung rong rii trong k¥ thuat nén da lap

thanh bang.
Vi tinh chat d6i xtmg ctia ham phan phdi chuan hoa qua gbc toa do nén:
d-H)=1-dH)=p (2.15)
Khi p <0,5 ta co:
-H = ol(p) =- &'(1-p) (2.16)

Thi du: Tim @ (- 0,1)
Tu bang phu luc 1 tim dugc #(0,1) =0,53983
Tt phuong trinh (2.15) ta c6: #(-0,1) = 1,0 - #(0,1) = 0,46017
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Ciing tir phu luc 1 ¢c6 #(0,0) =0,5
Diéu d6 co nghia riang phan phdi chuin ho4 tai cic gia tri 4m cua H c6 gia
tri nho hon 0,5.

A
ﬂfi\\\\\\ Fh(x)
B
0 X

Hinh 2.10-Ham mat dg va ham phén phoi chu?ln hoa

Bién ngau nhién X co N (x,,0,), thi x4c suat ctia X roi vao trong doan (a,b]

la:
Pa< x <b A 2.17
o= w2 e
Dung phép bién d6i dé dua vé bién chuan hoa H, ta co:
Pla<x <b) = % exp[—lHZ}dH hay P(a< x <b)
T a- Ly
b—u. a—u,
O — || — = (2.18)
O-X O-X

Tir (2.18) dung bang tra, d& dang tinh duoc xac suét cua dai lugng ngau
nhién chuan roi trong doan (a,b].
2.4.2. Phan phéi Loga chudn

Trong nhiéu bai toan ky thuat, do dac diém khong c6 gié tri am. Mo hinh
hoa cac dai luong d6 co thé dung bién ngau nhién 16ga chuéan, bién nay khong
nhdn gia tri dm.

Ham mat do phan phdi ctia bién loga chuan X 1a [15],[17]:

1 Winx—a Y
- —— 1]y 0<x< 2.19
e | K 219

Trong d6 Ax va & 14 hai tham s6 cua phan phéi loga chuan
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fs(x) Fs(x)

0,5

o -
0 X 0 X

Hinh 2.11-Ham mét @9 va ham phén phdi loga chuin
Do thi ciia ham mat d6 va ham phan phdi loga chuan ciing tuong ty nhu
ham phan phdi chuan, song c6 khac 1a chi xac dinh v6i x > 0. Hai tham s6 cua
phan phdi loga chuan c6 thé tinh tir hai tham s6 ctia phan phdi chuan. Gia st tir

tap hop sb liéu c6 gia tri trung binh z va d6 1éch chuan o ta co:

Ay = E(inx) =it~ & (2.20)
2
va & =D(InX)=In 1+{&J =In(1+65;) (2.21)
Hy
Pé tinh x4c suat cua dai luong phan phéi loga chuan ciing twong tu nhu véi
Ko 2 A \ l X - 2/
dai luong c6 phan phoi chuan, song can cht y rang: H = L : = (2.22)
X

Ta co:

(5]

Pla<X <b)=—— éj exp(—%Hz)ds=@(lnbg_l*}—@(lnag_ﬂ*}(2.23)
VA !
(75%) "

Tir (2.23) thay rang dé tinh x4c suét roi vao trong khoang (a,b) nao d6 thi

X

can dung bang ham @ .

2.5. Mt s6 phwong phap tinh dd tin ciy
2.5.1. Pdt vin dé

Tinh d6 tin cay la tinh xac suit thoa man mot sb diéu kién nao do. Chéng
han, yéu cau thoa man diéu kién R > S, trong d6 R 1a kha nang chiu luc, S 13 hiéu
g tac dong. Do R va S 1a cac dai luong ngiu nhién nén co thé néi R > S & mirc
do nao, vi vay phai tinh xac Suét:

P(R >S) (2.24)
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Tu diéu kién an toan R>S, xét dai luong Z = R — S, dugc goi la lugng du
trtr an toan hay khoang an toan.

Do d6 diéu kién an toan 1a Z>0

Vay dé tinh (2.24), dua vé tinh P(Z >0) (2.25)

Thong thudng diéu kién an toan 1a diéu kién trang thai giéi han, nén kho
c6 thé viét mot cach twong minh R>S ma chi co thé viét diéu kién sau day:

Z = F(X1, Xa,...,Xn)>0 trong d6 X1,Xz,..., X, 1a cac bién co ban cua bai toan.
Céc bién X; c6 thé 12 ngau nhién, ciing co thé 14 tién dinh. Néu 14 bién ngiu nhién
thi c6 2 gia tri dic trung bang s 13: ky vong toan (gia tri trung binh) va do léch

chuan, néu 1a tién dinh thi phuong sai bang khong.

2.5.2. Phwong phdp momen cdp 2 bac nhét (phwong phdp dé tin cdy bdc nhat
(FORM)) [67]

2.5.2.1. Khai niém

- Bac nhat 1a phuong phéap da dua vao khai trién Taylor cia ham coéng ning
F(X1,X2,...Xn) tai gia tri trung binh ctia cac bién, 14y gan ding bang cach bo cac
thanh phén bac cao, chi giir lai $6 hang bac khong va bac nhét.

- Mémen cip 2 1a trong phuong phap nay dung 2 gia tri ky vong va phuong
sai, nghia 1a dung 2 gia tri mémen dau tién ctia bién ngau nhién.
2.5.2.2. Noi dung phwong phap

Xét trudong hop 2 bién ngiu nhién chuin va doc 1ap théng ké R va S

Ham cong naing Z =R - S

Diéu kién an toan R > S

Chi s6 d¢ tin cay £1a ty so:

Hy He — H
f=—"=+F——== (2.32)
0y \/ :qu + :uzs

Khi c6 gi4 tri £, theo bang s6 ham phan b da duoc chuan hod @dé tim ra P,

Pi=d(-f=1-@(h (2.33)

Truong hop cac bién R va S 1a cac bién loga chuan thi:

P = 1-@{MJ (2.34)

VR +¢5
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Nhu vay dé tinh S can tinh gz (ky vong hay gia tri trung binh) va do léch
chuan o, = JD cia ham coéng ning Z.

Cong thure (2.49) 1a cong thure tinh gia tri £ cho truong hop Z la ham c6 2
biénZ=R-S.

Truong hop Z 12 ham cta nhiéu bién ngau nhién X1,X,,... X, thi viéc tinh 27
va oz khong don gian.

Xét 2 truong hop:

a) Truong hop Z = Z (X1,Xz...Xs) 1a ham tuyén tinh cta cac bién X;

/= do + a-lxl + a2X2+ .+ aan ZCIX + a, (235)

P
Trong d6 cac a; 12 hang s6, cac X; 1a cac dai lwong ngau nhién c6 phan phdi
chuan va doc 1ap (hé s twong quan bang khong) uz va oy duoc tinh nhu sau:
L, = Ay + Ay, + Qo flyr + ...+, Ly, (2.36)
Trong d6 i 1a ky vong (gia tri trung binh cta X;)
o, = (a0, ) +(a,0, ) +..+(a,0y ) (2.37)

Vi @ 1 hang s6 c6 phuong sai bang khong.

b) Truong hop Z = Z(X1,X2,....Xn) = g(X1,X2,...,.Xn) 12 ham phi tuyén

Hién nay chua c6 cong thirc tuong minh dé tinh ky vong va phuong sai ctia
ham phi tuyén. Do d6 chung dugc tinh gan dung nhu sau:

Khai trién theo chudi Taylor ham céng ning g(X) quanh gia tri trung binh

Z:g(”;)J“i%
—ZZ

(X =y )+
(2.38)

— X — +...
X aX (X, =y )

2

0X.0X,

Trong d6 cac dao ham ;. lagiatri cac dao ham tai gia tri trung binh

Hs Lay gan diing bang cach bo cac s6 hang bac 2 trd 1én, chi giit lai s6 hang bac

"0" va bac nhat ta co:

n ag
Zrglu )+ >
S ;ax

(X (2.39)
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(2.39) 1a ham bac nhat cta cac bién ngau nhién X;, khi thay vao (2.39) gia

tri ky vong cua cac bién X ta c6 gia tri ky vong cua Z.

TR VRIS (2.40)
va phuong sai: o _ZZ 08 08 i COV(X,, X)) (2.41)

i=1 j= 18X 8X
Trong do6 cov (X;,X;) 1a hi¢p phuong sai cua X; va X;

Néu céc bién 1a khong twong quan thi:

2
2 (0
o =Z(57gj var(X,)

(2.42)
Cac cong thue (2.40), (2.41) va (2.42) cho gia tri ky vong va phuong sai
ctia Z. Tir d6 ta co chi s6 do tin cay Sl

p=2 (2.43)

O-Z
2.5.2.3. Mo réng phuwong phdap FORM vao tinh toan do tin cdy cua cong trinh

Pé tinh d6 tin cay theo FORM can phai tinh i, VA o, va thuc hién theo cac
budc sau day:

a) Lap ham cong nang Z va diéu kién an toan Z; >0; (i = 1,2,...,m)
hay Zi (X1,X2,....Xn) 20; (i =1,m).

Néu m = 1, nghia 1a chi mot diéu kién bat dang thirc thi do tin cay 1a P(Z >
0), thuc hién FORM theo cach trinh bay ¢ trén.

Néum >1, vé nguyén tic khong thuc hién dugc FORM.

Trong tinh toan cong trinh diéu kién an toan (diéu kién trang thai giéi han)
khong phai chi c6 mot ma 1a mot tap hop bat dang thuc.

Dé khic phuc kho khan trén, khi tat ca cac diéu kién an toan déu dugc biéu
dién dudi dang Z; >0; (i =T,722) thi ¢6 thé tinh riéng cac Pi=P(Z'i >0); (i=T,m).

Z'i duoc ky hiéu la Z'i= Z(X'1,X"2,...,X"n)

. X - i
trong do: X =— Py, . (i=1m)

O-X,

P, =minP,
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Do d6 tinh Ps dua vé tinh xac suat thoa man timg bat dang thirc trong khong
gian toa do da duogc chuin hoa.

Khi tinh Pi=P(Z'; >0) van ding duoc FORM. Nhu viy véan dé nhiéu bét
dang thire dd dugce giai quyét.

b) Tinh &,

1 12 ky vong cua Z', thira nhan gan ding (cong thire 2.40)

M= Z (g, fy ..., Hy ) nghia la thay cac an ctia ham boi ky vong cia no,

ta c6 ky vong cua ham.

Thong thuong trong xiy dung thi ky vong chinh 1a gia trj tinh toan tién
dinh, khi d6 coi phuong sai béng khong. Do do, tinh tién dinh duoc ndi luc cua
két cdu, d6 chinh 13 ky vong ctia ndi luc.

c) Tinh o; (cong thuc 2.41 hay 2.42)

Trong céc cong thuc (2.41) hay (2.42) kho khan nhat 13 xac dinh cac dao

(/4

ham —,(i=1..n
oX. ( ‘

Khi tinh toan véi két cau (hé nhiéu yéu t) thi ham coéng nang dugc thanh
1ap tai cac diém nguy hiém, diém cé 14 bé, ¢ kha ning o; 16n (mbi ndi, chd thay
d6i dot ngot kich thudc va tai trong).

Z phu thudc vao tit ca cac tham s ctia hé va tai trong, do d6 n6i chung
khéng c6 biéu thirc Z = Z(X1,X2,..., Xn)

Vi vdy, ta phai thay gan dung

oz AN Z(X,X,,.X +AXi,Xi+1)—Z()7)

X, AX AX,

Z(Xi) dugc xé4c dinh do 1an tinh dau tién, con Z(X1, Xz,...Xi+AXi, Xis1...Xn)
tinh lai vai X thay bai (Xi+A4X).

Nhu vy v6i phuong phap FORM thi khi du sé liéu (ky vong, phuong sai)

bat ky két cu nao ta tinh duoc bang phuong phap tién dinh (phuong phéap hién
hanh - tinh voi ky vong) déu co thé tinh duoc do tin cay.

2.5.3. Phwong phdap Hasofer - Lind trong truwong hop Z = R — S [33]

Phuong phap Hasofer - Lind ap dung cho céc bién chuan. Trudc hét thuc
hién phép bién d6i.
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X~y (i=1,2,.....n) (2.44)

Trong d6 X'; 1a bién ngdu nhién v&i gia tri trung binh bang “0” va do 1éch
chuan bang don vi.
Phuong trinh (2.44) 1a phép bién d6i tir an X; vé X';. do d6 no s& chuyén mit

gi61 han trong hé toa d§ ban dau Z( X )=0 trong h¢ toa do Xi, Xz, ..., Xn vé hé toa
o X,,X,....X,, nghia la Z(X)=0 =Z(X')=0. Chi ¥ rang céc bién X; la
chuan thi X'; 12 bién chuan hoa.

2.5.4. Phuwong phap mo phong Monte Carlo [23]

Phuong phap Monte Carlo thuc chit 1a mot phuong phép dung céac sb gia
ngau nhién dé mo phong tinh chat ngau nhién cta cac bién va truc tiép udc luong
d6 tin cdy trén co s& luat s 1on. Xac sudt an toan co thé dugc xac dinh khi tinh
duoc xac suét su cb.

Xét ham cong nang Z =Z (X, X,)=f(X)
trong d6 véc to X =[X,, X,,..., X, ] 12 vec to ngiu nhién dau vao.

Mién an toan dugc djnh nghia bdi diéu kién f(X)>0. Xé4c suat khong an

toan cua hé s€ duoc xac dinh nhu sau.

P = icra x (X)X =E[ 1010 245
trong do:

1 khi f(X)<O
If(X)<O:

0 ki f(X)20 (2:46)

Theo Iy thuyét xac suat thong ké, néu chiing ta c6 N cac thé hién ciia véc to
ngau nhién X, ching ta s& tinh dugc mot mau gdm N cac gia tri cua ham | f(X)<0"

Khi d6 ky vong cua I, (X)<0 c6 thé tinh x4p xi trung binh cong ctia miu.

P =E| I ] ZI' (2.47)

D4 tin cdy ctua h¢ dugc tinh theo biéu thirc.
P=1-P, (2.48)
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Chung ta nhan thay rang, trong phuong phap nay cac bién ngau nhién dau
vao khong nhét thiét phai 1a cac bién chuan. Hon nita, phuong phap nay co thé ap
dung duoc ngay ca khi ham trang thai khong c6 dang biéu thirc giai tich cling nhu
khong co dang tuyén tinh. Do tin cdy hay xac suit roi vao mién an toan s& dugc
udc lugng bang ty sd gitta s6 1an két qua roi vao mién an toan Ns trén tong sb 1an
gieo N theo biéu thirc (2.49). Piéu kién hoi tu ching t6 do tin cdy cia gia tri xac
suét uéc luong duoc.

N

Pp=—2 2.49
= (2.49)

2.5.5. Lwa chon phwong phdp tinh todn dé tin c@y trong nghién cizu

Céc cong trinh nghién ciru 1y thuyét va thuc nghiém [3], [43], [67] d4 chi
ra ré“mg cac dai luong vé tinh chét co 1y cua vat liéu, tai trong, kich thudc hinh hoc
déu mang tinh chit cta dai luong ngiu nhién va c6 luat phan b6 chuan. Hon nita
trong tinh toan do tin cay cua cAu kién, két cAu theo kha nang chiu lyc, ham cong
nang déu dugc thiét 1ap bang cac cong thirc gii tich. Pay 1a nhiing diéu kién dé
viéc ap dung phuong phap FORM dam bao d9 tin cay. Két hop véi vu diém 16n
nhat ctia phuong phap FORM la tinh toan don gian, c6 thé thiét 1ap chuong trinh
tinh toan trén cac phﬁn mém thong dung nhu excelle. Vi vy NCS lya chon
phuong phap FORM dé tinh todan BDTC trong nghién ciru.

Trong tiéu chuan [34] vé cac nguyén tac tinh cong trinh theo d6 tin ciy cho
phép tinh theo FORM.

2.6. Luong héa d9 tin cdy trong danh gia do tin cdy ciia cau Kién, két cau xay
dung

Tinh toan két ciu xay dung co xét dén tinh bién dong cua vat li¢u, tai trong
va tac dong ciing nhu diéu kién 1am viéc thuc té ctia két cdu nén hau hét tiéu chuan
cac nudce déu dua vao tinh toan cac hé sd tin cdy. Trong nhiéu truong hop con ké
dén hé sb tim quan trong ctia cong trinh.

Thure té cho thay, du duoc tinh toan ddy du nhung trong qua trinh khai thac,
sir dung van xay ra hu hong, tham chi xay ra sy ¢ nghiém trong do cic nguyén
nhan khac nhau. Theo két qua nghién ctru vé hu hong va su ¢d cong trinh xay

dung c6 thé phan ra cic nguyén nhan sau:
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- Nguyén nhan do khao sat, thiét ké: Sai sot trong cong tac khao sat dia
chit, thuy van; mo hinh tinh két cAu khong phu hop véi su lam viée thuce té; gidi
phap két cdu, cau tao khong hop 1y; sai sot trong tinh toan.

- Nguy@n nhan thi cong: Thi cong khéng tuan tha theo yéu cau thiét ké;
chat lwong vat liéu khdng bao dam; cdng nghé thi cong khdng phu hop: tay nghé
cong nhan thap; khdng tuan tha cac quy dinh cua tiéu chuan va yéu cau ky thuat.

- Nguyén nhan do khai thac st dung: Tai trong va tac dong thuc té vuot
qué tai trong tinh todn; cong tac bao tri khong tot dé xay ra thim dot, in mon;
v.V...Hu hong tich lity theo thoi gian 1am cho cu kién, két cau dat téi trang thai
gidi han.

Néu goi Ng 1 sb cau kién cung loai dugc thir nghiém dé xac dinh mot dac
trung nao day (cuong do, do vong...), trong d6 Ny cau Kién dap tng yéu cau cua
tiéu chuan, N, cau kién khong dap tng, thi do tin cay cia cac cau kién trong qua
trinh thir nghiém & bat ct thoi diém t s& 1a:

Ny Ny

R(E) = 2 = (2.50)
Tuong GNg X4c Suat tir chdi sé 1a:
_Nao_ _No
M) =3 =3m (2.51)

Nhu vay & bt cir thoi diém nao ta clingcé: R+ Q=1

X&c suat tin cdy ban dau cua cau kién, két cau 1a: P, > /P,], nghia 1a xé4c
suat tin cay thyc té ban dau P, phai bang hoic Ion hon xéc suat tin cay cho phép
[P.].

X&c suat tin cay thuc té co thé lay bang xac suat tin cay cho phép, dugc xac
dinh bang thuc nghiém trén co s& danh gia thong ké sy bién dong dic trung xac
suat tin cay ban dau cua cau kién, két ciu ciing loai trong diéu kién 1y tuéng. Diéu
kién ly twong duoc hiéu la két cau 1am viéc theo ding mé hinh tinh toan.

Tuong tu, cO thé danh gia x4c suat xuat hién hu héng. Trong trudng hop
nay diéu kién bén lau 1a: Hy > /Hp], trong d6: Hy - ¢ bén lau cua cau kién, két
cau; [Hp] - d6 bén 1au cho phép duoc xac dinh bang thuc nghiém dya vao danh
gia thdng ké bién dong dic trung d6 bén 1au so véi diéu kién 1y tuong (vat liu
khong thay doi cau tric, khdng bi tac dong ciia moi truong).

Do tin cay cua két cau xay dung khong bao gid dat 100%, vi trong thuc té
khong c6 gi 1 tuyét dbi, nd phu thudc vao rat nhiéu yéu té ngau nhién.
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Khi tinh toan két ciu xay dung theo trang thai gii han, su bién dong cua
cac dic trung tinh toan dugc nhan véi cac hé sé tin cay thanh phan. Muc d6 dong
nhat cua vat liéu duoc nhan vai hé sb tin cay vat liéu, gia tri cua hé sé nay duoc
xéac dinh bang phuong phap thong ké toan hoc, trén co sd thi nghiém hang loat
mau cling loai. K&t qua chi ra rang sy bién dong cua hé sé ddng nhat tuan theo
luat phan bé chuan. Sy sai Iéch kich thudc hinh hoc cua cac cau kién so véi gia
tri ky vong, khéi lwong vat liéu ciing tuan theo luat phan b chuan [44], [67].

Tiéu chuan xay dung cua cac nuéc khi tinh toén tai trong va tac dong ciing
duoc nhan véi hé sé tin cay. Nhiéu két qua nghién ciu cho thay sy bién dong cua
tai trong ciing theo luat phan b4 chuan. C6 thé quan niém maot cach gan dang rang
quan hé giira cac yéu té anh huong dén do tin cdy ban dau cua cau kién, két cau
la quan hé tuyén tinh. Nhu vay, tir dinh Iy phan phdi thanh phan Gauss rut ra két
luan: C6 thé danh gia d6 tin cay ban dau cua cau kién, két cau dya trén co so luat
phan b chuan.

Nhu da noi & trén, da s cac dic trung co 1y cua vat li¢u, sy chénh 1éch
kich thudc hinh hoc, su bién dong cua tai trong thong thuong v.v... déu co luat
phan bb chuan. Bé xac dinh dugc do tin cdy cta ciu kién hay két cau thi phai danh
gia dugc su anh huong ciia cac tham sé mang tinh ngau nhién thong qua viéc xac
dinh ky vong va do léch chuéan ciia chung.

Theo [44] dé d4nh gia duoc d6 1éch chuan tong cong S(s-xghy clia tmg suat thyc
trong cAu kién hodc két ciu ta can xac dinh duge do 1éch chuén ctia cac tham sd thanh
phan (cac bién thiét ké).

Trong trudng hop nay co thé c¢d cac do léch chuan sau:

Sm - Do 1éch chuan cac dic trung co - 1y cta vat lidu;

Si - Do 1éch chuan cua tai trong va tac dong;

Sy - P léch chuan ciia d6 léch tam, kich thudc hinh hoc;

Sq - Po 1éch chuan do thiét ké chua xét dén dung sai trong thi cong.

Ciing thay rang gi tri bang s6 cua nhiing dai luong nay co thé xac dinh
dugc bang phuong phap thong ké trén co sd sé liéu thuc nghiém. Trong trudng
hop cac tham s6 ¢ phan b6 chuén, khong tuong quan va co6 sai 1éch bé thi dg 1éch

chuan tong hop sé 1a:

2 2 2 2
S(o- dogn) = \/Sm +5, +S, +S, (2.52)
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Tt biéu thire (2.52) nhan thay rang vé phai bao gdm d¢ 1éch chuan cta cac
tham s co ban anh hudng dén d6 bén cua cau kién hodc két cAu. Trong nhitng
truong hop cu thé thi biéu thire (2.52) ¢ thé thém hodc bt mot s6 thanh phan.
Trong thiét ké két cau xay dung, ta stir dung hé s an toan vao cong thirc tinh toan
va da dugc thé hién trong biéu thic (2.52), (o - Acyg) <Mak.

')

A
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o<

Yy

0)
—

A
Y

A
Y

3
Q

-
o

A

Hinh 2.12-Puong cong phan bd chuin ciia vimg suat

Hinh 2.12 thé hién dudong cong mat do phan bd chudn cia tng suat thyc
trong cau kién hodc két cau.

O day tng suét tinh toan oy dugc lay theo truc hoanh twong tng véi dinh
duong cong phan b chuan va bang gia tri ky vong ciia phan bd tmg suét thyc té
cua cau kién hodc két ciu.

o3Va oy - Cac gia tri Gmg suét trong cdu kién (két cau);

y - Tan sd phan bd tng suét;

m - Hé sb an toan (hé sb du tri).

Tir day thay rd rang cau kién hodc két cau s& an toan néu (mg suat trong nd
khong vuot qua ung suat tinh todn c6 nhan véi hé s6 an toan, ¢ nghia 14 trong
truong hop o < M. Néu o >moy thi cau kién hodc két ciu c6 thé xéy ra su c.

Xac suat xuat hién su cb c6 thé danh gia bﬁng dién tich dugc gidi han boi

duong cong mat do phan bd chuin va tung do y, (phan hinh duoc gach).
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Do cac dai lugng nay c6 phan bb chuin vi vy dé tinh xéac suit ta sir dung
ham Laplace [17,23]
Xac suat dé cho: o - Aogh > Moy sé 1a: P( o - Aogy™> Moy) (2.53)

Ta chiig minh rang;

P(o £ Aogh > mow) = (2.54)

2
X t

\ 2 2 . .
O day: @(x)= N f e dt(gia tri cia ham theo bién x da dugc 14p san
0

thanh bang).

That vay, moy la dai lugng tién dinh o * Aoyn la dai lugng ngﬁu nhién. Theo
gia thiét trong xay dung thi dai luong ngau nhién nay c6 phan phdi chuan [15],
[32], [82]. Theo cong thirc x4c suat [31], [81], [82] ta co:

PM>W-—¢K>¢VSﬂ ! b—a

Zli-o
S
Trong d6: a la ky vong, S 1a do 1éch chuan. & day X = o £ Aoy,

2

b=mow, a=owvasS=S,,, ) Tudotaco:

1 1 _{(mo —o 1 1 m—1ao
P lLA 2m :___¢ It 1t :___¢ 113
(o2 Aoy, 6“)22[5]22 S

Xac suat an toan véi hé s6 m>1 la:

1 1
P(oc+Aog <moy)= —-+=9

5T (2.55)

m—1 o,
e

Nhu vay st dung cong thirc (2.55) c6 thé x4c dinh duogc xac sudt ma ung
suit ¢ trong cdu kién hoic két cdu vuot gia tri ung suat cho phép. Day 1a co s
gitip ta lya chon hé s6 an toan va thong qua nd quyét dinh chap nhan ty 1 rui ro
c6 thé xay ra. Trong thiét ké tuy thudc vao tinh chat va yéu cau kinh té - k§ thuat
ctia cong trinh ma quyét dinh lya chon hé sb nay.

Tir nhimg van dé da néu trén ta thiy rd rang dé tinh dugc do tin cay cua cau
kién can phai x4c dinh dugc ky vong va phuong sai clia cac tham sé. Trén co s

do tin cdy cua cac cau kién ta c6 thé danh gia do tin cdy cua két cau.
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Trong trudng hop tong quat, ta biét rang nodi luc 1a mot ham cta nhiéu bién
s6 ma céc bién nay dac trung cho tinh chit co 1y caa vat liéu, kich thudc hinh hoc,
tai trong va tac dong, vv..., co thé biéu dién duéi dang ham:

F=Z (%, XXX, ) (2.56)

Trong d6 X1,X2,Xs...Xn 12 cac dai lugng thay ddi twong tmg véi cac yéu td
duoc xét dén.

Do su bién dong cua cac yéu td ndy khong 16n nén ta co thé tuyén tinh hoa
moi quan hé (2.56) quanh gia tri ky vong va viét né dudi dang:

Foay—F=AF = %Ax1 +%Ax2 +2—ZAX3 +...+%Axn (2.57)

O day AF,Ax,, Ax,, Ax,..Ax, 13 sai 1éch ciia cac dai lwong so véi gia tri ky
vong ctia chung, ddy 14 cac dai lwong ngiu nhién. Khi bo qua cac s6 hang bac 16n
hon mét (s6 hang bac cao) thi (2.56) 1a ham tuyén tinh cta AX;.

Vi dai luong dugc xac dinh 1a ham tuyén tinh cta cac bién s6 doc 1ap co

phéan phoi chuan nén dg 1éch chuan cua né dugc tinh theo cong thirc sau:

ozY 2 (azY 2 (oz) .2 oz Y 2
Fo=dl —|Su+— S+ — S+t —|S (258)
OX, toLox, 2o 0% : OX. A%,

T biéu thte (2.57) va (2.58) cho thiy do l1éch chuan cua céc tham sd sé
dugc xac dinh, vi du X; 1a dai lugng dac trung cho tinh chét co 1y cua vat li¢u thi

s -|%
0

m

S, - Tuong ty nhu vay d6i voi cac tham sb khac Xa,X,...,Xn.

Béng phuong phap nay, gia tri tuyét ddi cua dai luong duge dao ham co thé
xem nhu 13 hé s anh huong su thay doi tham s6 dén su thay ddi cua nodi luc. Céc
gia tri nay c6 thé xac dinh bang phwong phép giai tich néu biét mdi quan hé giita
n6i luc F véi cac tham s6 lién quan (X1,X2,X3,...,Xn) dudi dang ham s6. Truong hop
khong biét 1 (theo quy luat ham s&) mdi lién hé thi hé s6 anh huéng co thé xac
dinh bang phuong phap gan dang. Pé thuc hién myc tiéu nay can cho thong sd
phai tim mot gia s& Ax so véi gia tri ky vong, con cac dai lugng khac thi van giir
nguyén gia tri va s€ xac dinh dugc do 1éch chuén cua noi luc. Vi gia tri gﬁn dang
ta co thé viét:

(74
OX

~|AZ
AX

(2.59)
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2.7. Két luan chuwong 2

Trong chuong 2 cta lun 4n, sau khi trinh bay mot sb khai niém co ban cua
Iy thuyét xac suat théng ké va mot sé phuong phap tinh DTC, nghién ctru sinh
phan tich 1am rd va lwa chon phuong phap FORM d¢é tinh toan DTC trong céac
nghién ctru cua luan an.

Trong chuong 2 ciing trinh bay cac gia thiét da dugc chip nhan dé ap tinh
toan do tin cay cua cAu kién, két cau BTCT d6 1a cac tham sd 1a cac dai luong
ngau nhién, doc lap va tudn theo luat phan bd chuan. Tir d6 lwong hoa cach tinh
toan DTC cua cau kién, két cdu x4y dung. Pay 1a co s dé tinh toan chi tiét DTC

cua cau kién, két cau trong chuong 3.
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CHUONG 3. CO SO KHOA HQC VA PHUONG PHAP TiNH TOAN XAC
DPINH TUOI THQ CON LAI CUA CONG TRINH CO XET PEN KHUYET
TAT, HU HONG

3.1. Dit van dé

Trong co hoc cdng trinh ndi chung va co hoc két cdu xay dung néi riéng co
2 loai bai toan chinh, do la:

Bai toan thiét ké cong trinh va bai toan chan doan k¥ thuat céng trinh (trong
d6 bao gdm bai todn xac dinh tudi tho con lai caa cong trinh).

Hai bai todn nay lién quan chat ché vai nhau, song cach thanh lap va
phuong phap giai quyét 1a khac nhau.

3.1.1. Bai toan thiét ké

Bai toan thiét ké két ciu dua trén co sé thiét ké kién trac, diéu kién dia chat
cdng trinh va nhu cau st dung dé lya chon hé két ciu chiu luc va cac vat liéu chiu
lyc chinh. Cac budc tiép theo la:

- Lya chon so bo cac tham sd cho cac cau kién va bd phan chinh cua hé két
CAu;

- Xd&c dinh tai trong va tac dong 1&n hé két cau:;

- Tinh to&n ndi luc va tinh toan lua chon cét thép;

- Kiém tra dap ung cua hé két cau theo céc trang thai giéi han, cac yéu cau
cua tiéu chuan va cua chu dau tu;

Néu thoa man thi chap nhan, néu khong thoa mén thi Iap lai cac budce trén.

3.1.2. Bai toan chdn dodn kj thudt (bai todn ddnh gid cdc céng trinh hién hitu)

Déi voi cong trinh da duoc xay dung (d3, dang va sé& st dung), can cir theo
tiéu chuan an toan dé xac dinh:

- Mtic an toan (xé4c suat tin cy) hién tai (10c kiém tra);

- Quy luat suy gidm kha nang chiu lyc cua cong trinh;

- Thoi gian khai thac an toan con lai ctia cong trinh.

Ba vén dé trén ¢ lién quan chit ché voi nhau, song déu 13 nhitng bai toan
chan doan k¥ thuat va kho thuc hién hon bai toan thiét ké vi phai giai quyét cac

van dé sau:
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- Panh gi4 hién trang cta cong trinh da dua vao khai thac, can phai khao
sat, thu thap s6 lieu, xur ly s6 liéu, danh gia hién trang va dua ra két luan nhu
chuong 1, chuong 2 di dé cap.

- Tim phuong phép chan doan (d4nh gia);

- Tim tiéu chuan danh gia (khong dong nhét véi tiéu chuan thiét ké).

Trong chuong nay chi tap chung vao bai toan xéac dinh tudi tho con lai cia
cong trinh, sau khi da xac dinh dugc cac thong s6 chit luong phan anh muc d6 hu
hong. Cu thé xét 2 van dé chinh:

- Co s0 1y luan cua cac phuong phép 1a dya vao do an toan (do tin cay -
DPTC) dé danh gia;

- Trén co s6 suy giam DTC theo thoi gian khai thac dé dé xuat phuong
phap xac dinh tudi tho con lai cta cong trinh.

Viéc xac dinh tudi tho con lai cta cong trinh da duoc nhiéu tac gia dé xuét
nhu d3 néu trong chuong 1. Chuong nay, sau khi tom tat két qua da duoc cong
bd, danh gia wu diém va nhuoc diém, tir d6 dé xuét cach khic phuc cic nhuoc

diém cua phuong phap hién co.
3.2. Co sé khoa hoc ciia cic phwong phap xac dinh tudi tho con lai

Pé chan doan (dy bao) mot van dé nao d6 nguoi ta thudng tién hanh theo
2 cach:

- Chan doan dinh tinh;

- Chan doén dinh luong.

Chén doan dinh tinh c6 uu diém 1a: don gian, dé thuc hién, nhanh chéng
dap Gmg yéu cau thuc té khi khan cép, song c6 nhuoc diém 14 d6 chinh x4c khong
cao. Vi dién dat bang 10 nén c6 thé hiéu theo cac nghia khac nhau, tir 46 ddn dén
kho quéan 1y va dua ra céac tiéu chuan.

Chan doan dinh luong c6 vu diém 1a chinh x4c hon, thuan loi cho viéc phan
cap quan 1y theo chi tiéu kinh té, k§ thuat, song kho khan vi doi héi nhiéu s6 liéu,
trong thyc té nhiéu truong hop khong dap tmg duoc. Chan doan dinh lugng gom
3 budc:

a. Chon dai lugng dic trung cho chét luong cong trinh
Vi c6 nhiéu tham s6 anh hudng dén chat lugng cong trinh nén c6 thé chon

la vecto dac trung
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® = {w;} ={w,wy,...., w,} (3.1)
b. Theo thuc trang cua cong trinh, tinh toan (danh gia) cac gia tri w;
c. Can cu cac quy dinh vé diéu kién an toan dé dua ra két luan: an toan, an toan
nhung phai stra chira, khong an toan, v.v...

Thong thuong 3 budc trén duoc tién hanh va két luan tai thoi diém kiém
tra, két luan theo hién trang, khong (hay it) quan tim dén qua kht va tuong lai.

Chén doan c6 tham gia ctia thoi gian t 1 bai toan kho. Dién hinh cua bai
toan chan doan co phu thudc thoi gian t 1a bai toan xac dinh tudi tho con lai cua
cong trinh. Trong bai todn ndy, yéu to thoi gian t chiém vi tri quan trong, khi d6
phai quan tdm dén s6 liéu ctia qua kha, hién tai va twong lai.

- SO liéu qua khu: s liéu vé thiét ké, thi cong, khai thac trudc thoi diém
khao sat;

- S6 liéu hién tai: s6 liéu vé thuc trang tai thoi diém khao sat (thoi diém bat
dau cho qua trinh xac dinh tudi tho con lai);

- S6 liéu twong lai: s6 lidu du bao vé qua trinh suy giam kha niang chiu lyc,
vé qua trinh khai thac,v.v...

Tt cac s6 liéu trén, phai xtr 1y, tinh todn, so sdnh voi ticu chun an toan dé
dua ra két luan.

S6 liéu thuong thiéu do khong theo ddi dinh ky trong khai thac, khong dugc
kiém tra theo phuong phap pha hity, khé 14y s6 liéu ciia cac bd phan cong trinh &
dué6i dat, dudi nudce, nhimg khe hep,v.v...

Khi thiéu s liéu thi phai chap nhan mot sé gia thiét da duoc nhiéu tai liéu
khoa hoc sir dung ma chua danh gia duoc sai s6. Chang han, thuong chap nhan
quy luét suy giam do tin cdy cta cong trinh xay dung theo quy luat ham sé mi.

Trong thuc té, bai toan chan doan yéu cau phai c6 két luan, khong cho két
qua nghién ctru 1y luan chinh xac. Do d6, bai toan xac dinh tudi tho con lai cia
cong trinh 14 bai toan tong hop cta: 1y ludn, sd liéu (thuc trang), chap nhan gia
thiét, tinh toan, so sanh két qua voi ti€u chuén an toan.

Gia thiét véc to dic trung dinh luong duoc chon 1a:

K@) = ¢(t, Ko, &)

Trong d6 Ko 1a dic trung ban dau Ko = K(t=0)

w = {w;} 1a véc to cac tham so6 cta cong trinh lién quan dén tuoi tho.
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w=w(t)= (3.2)

@, (1)

w;(t) 1a cdc ham s0 cua thoi gian.

Dai luong dic trung K(t), néi chung 13 ham sb giam theo thoi gian t. Cong
trinh dat dén tudi tho & thoi diém T khi K(T) = Kpin . Trong d6 Kpin duoc xac dinh
theo tiéu chuan va yéu cau cua chu dau tu.

Tudi tho con lai duge x4c dinh: AT =T —t*

Trong d6 t* 14 thoi gian di khai thac, ké tir thoi diém bat dau dua vao khai
thac, st dung (t=0).

Nhu vay dé xac dinh tudi tho con lai ctia cong trinh phai:

- Chon ham dac trung K(t);

- Xac dinh cac ham w; (t) i = 1,n;

- Xac dinh tham sb K(T) = Kpmin

Tudi tho con lai caa cong trinh: AT =T —t*

Chung ta théy rr?mg: Xac dinh tudi tho con lai cua cong trinh, ngoai vi¢c tim
s6 liéu con phai xac dinh quy luat suy thodi w; (t), xac dinh K,,.;;, theo tiéu chuén.
Trong d6, xac dinh cac ham w; (t) 12 khé khan nhat, vi né doi hoi sb liéu do dac
dinh ky ctia qua khtr va du bao s6 liéu tuong lai.

Thuong tudi tho con lai dugc xac dinh theo tai trong thiét ké (tai trong va
tac dong theo tiéu chuan) khi c6 tai trong bat thuong (va dap, dong dat, hoa
hoan...) thi phai danh gia lai.

3.3. X4c dinh tuoi tho con lai theo ham dic trung 1a PTC

Khi thiét ké hay danh gia cong trinh hién hitu, c6 nhiéu tiéu chi phai quan
tam nhu: an toan, tién dung, chi phi, méi trudng, v,v....C6 nhiing tiéu chi tong hop
thoa man dugc nhiéu yéu cau.

Trong céc tiéu chi tong hop thi DTC 14 day du nhat (Do tin ciy cta cong
trinh xay dung 1a kha ning hoan thanh cac chiic niang yéu cau chiu luc, do bén,
d6 bién dang trong qua trinh sir dung theo thoi gian tinh toan thiét ké [52]), vi vay

khi x4c dinh tudi tho con lai nguoi ta thuong chon PTC lam dai lugng dac trung.
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Tir quy luét suy giam DTC theo thoi gian, x4c dinh dugc tudi tho con lai ctia cong
trinh. Khi str dung DTC, can phan biét DTC thiét ké va DTC khai thac

3.3.1. Pé tin cdy thiét ké

DTC thiét ké 1a xac suit an toan duoc tinh tir hd so thiét ké. Can ¢t theo
tam quan trong hay phan loai cong trinh, PTC thiét ké dugc chon 1a: 0,99; 0,999;
0,9999;....

Néu thiét ké dtng, thi cong bao dam chét lugng thi ¢6 thé coi DTC thiét ké
1a PTC cia cong trinh khi nghiém thu dua vao st dung. Trong thuc té kho dat
dugc didu 46, song ngudi ta chap nhan mot sai s cho phép (diéu nay ciing duoc
lwu ¥ trong cac quy dinh cta tiéu chuan thiét ké).

Khi thiét ké, can cr vao tudi tho T ctia cong trinh da duoc quy dinh trong
nhiém vu thiét ké dé xac dinh cac tham sb can thiét.

Chang han, véi tai trong gi6 theo TCVN [22], quan hé gitta tai trong gi6

thiét ké va thoi gian str dung nhu sau:

Thoi gian su dung gia dinh 5 10 20 30 40 50
T (nam)
Hé s diéu chinh tai trong gi6 | 0,61 | 0,72 | 0,83 | 0,91 | 0,96 | 1

Nhu vay tai trong gié tinh toan phu thudc va tudi tho T va ban dd phan ving
tai trong gié cua tiéu chuan.

Diéu kién an toan cuia cong trinh theo DTC 1a:

P = [P] (3.3)
trong d6 P; 13 x4c suét an toan cua cong trinh, [P,] 14 x4c suit cho phép dugc quy
dinh trong tiéu chuan.

Trong thyc té thiét ké diéu kién (3.3) duoc thé hién bang cac biéu thuc hay
cac bang biéu dé dé sir dung.

Tir Iy ludn va thuc té quan sat, ngudi ta thiy rang muc do an toan (BDTC)
ctia cong trinh giam theo thoi gian. Sau gia c¢b hay sta chita 16n thi DTC c6 thé
tang, sau do lai tiép tuc giam.

Do tin cay thiét ké 1a DTC khi nghiém thu cong trinh. P, = P,(t = 0), do
d6 diéu kién an toan 1a:

P;(t =0) = [P(t = 0)] (3.4)
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Ky hiéu t = 0 & day dugc hiéu 1a thoi diém nghiém thu cong trinh dua vao
khai thac, hay thoi diém sau khi hoan thanh gia cd, sira chita 16n.

P.(t = 0) 1a x4c suét an toan ctia cong trinh tai thoi diém ban dau (d3 duoc
xét trong chuong 2), nghia 14 tai mot thoi diém, vi khong c6 su tham gia ctia tham
s6 thoi gian t, nén khi tinh toan khong dung dén céng cu toan hoc 1a cac qua trinh
ngau nhién (chuan, dimg, & go dic, v.v...).

Khi xét theo thoi gian trong subt qua trinh str dung tir thoi diém ban dau
dén thoi diém cong trinh dat tudi tho, thi didu kién (3.3) tré thanh:

P.(t) = [P(8)] Vt € [0,T] (35)

Do P,(t) giam theo thdi gian, nén ngudi ta thay diéu kién (3.5) boi diéu
kién:

Ps(t) = [Flmin YVt €[0,T] (3.6)

Trong d6 [P,],nin 1a [Ps] nho nhat trong sudt thoi gian tudi tho T. Hay noi
cach kKhac [P,]min 12 DTC khi hét tudi tho. Do d6, nguoi thiét ké phai quan tam
dén hai gia tri [P,(t = 0)] Va [P,],nin = Ps(T).

P.(t = 0) va P,(t = T) c6 lién quan véi nhau qua quy luat suy giam DTC
P(t), song viéc tinh toan rat phirc tap va doi hoi nhiéu s6 liéu. Dé dé dang ap dung,
trong tiéu chuan chi quy dinh [P,(t = 0)] cho timg loai cong trinh (két cau thép,
bé tong cot thép, gach da, v.v...).

Khi quy dinh gia tri [P,(t = 0)], can dam bao luong du trit can thiét, dé
trong sudt qua trinh khai thac DTC cua cong trinh du suy giam nhung van thoa
man diéu kién (3.6). Chang han dbi véi nha ¢ P,(t = T) = 0,75 [82].

Vi vay, khi thiét ké cong trinh theo do tin cdy, nguoi thiét ké chi can thoa
man diéu kién kiém tra DTC tai thoi diém ban dau (3.4)

Ghi ch: khi thiét ké cong trinh theo PTC, dé kiém tra an toan chi can hai
dai luong P,(t = 0) va [P,(t = 0)], d6 1a quy dinh v&i hau hét cac cong trinh.
Truong hop dac biét hoac do yéu cau cta chu dau tu, thi co thé tdng do tin cay
[P,(t = 0)], con néu giam DTC thi bat budc phai thoa man (3.4). Khi thay doi
cong ning thi [P,(t = 0)] c6 thé ting hodc giam. Cac diéu nay dugc minh hoa

trong hinh v€ sau:
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Fo A

N — —

0,75
0,65

—
—

t

0

Hinh 3.1-Suy giam DTC cia cong trinh theo thoi gian

Sau stra chita 16n thi DTC va qua trinh suy giam mdi van tiép tuc, song thoi
diém ban dau t=0 duoc thay d6i va P,(t = 0) thay doi.

0‘ t t

Hinh 3.2-PTC ciia cong trinh thay doi sau sira chira 16
Tai thoi diém ¢’ 6 gia cd, do tin cdy tang, sau do tiép tuc giam. Vay phai xét
tai qué trinh £~ va coi ¢’ la t=0.
3.3.2. D¢ tin cgy khai thac

O cac phan trudce da trinh bay dén do tin cay trong qua trinh khai thac, trong
muc nay trinh bay qué trinh suy giam DTC theo thoi gian khai thac caa cong trinh.

Trong bai toan thiét ké, cac tham sé anh hudng t6i PTC di duge cho trudc.
Pé xac dinh PTC trong qua trinh khai thac doi hoi mot khdi luong sé liéu thuc
nghiém (quan sat, do dac) rat 16n, tap sé liéu d6 phai duoc theo déi dinh ky theo
thoi gian khai thac. Khi da du s6 liéu thi xt Iy bang cach tim duong hodi quy theo
thoi gian, dé suy ra quy luat suy giam cia DPTC. Cach 1am nhu vay gap kho khan.

Trong thuc té, trir cac truong hop dac biét (cong trinh dic biét quan trong,
cong trinh c6 kha nang xay ra su ¢, V.v...), cac cong trinh thong thuong khdng
duogc theo ddi dinh ky nén thiéu sé liéu. Chinh vi vay, nguoi ta thuong tiép can
bang mot cach khac. Theo két qua quan sat suy giam chat luong cua cac hé thdng
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phtic tap (trong d6 co két cau cdng trinh) thay rang: qua trinh suy giam tuén theo
quy luat s6 mii [49], [50], [75], [76]. Vi vay ngudi ta chap nhan quy luat suy giam
DTC P(t) theo ham sé mil. Vi vay tong quat nhu sau:

P(t) = A.e™™ (3.7)
trong d6: A 1a hang s thuc nghiém, A 1a chi s6 hao mon thuong xuyén cua cng trinh
Tai t = 0 thi P(0) = A, vi viy ngudi ta chon gan dung A = 1. LUc nay:

P(t) = e M (3.8)

R0 rang la t tang thi P(t) giam, A I6n thi P(t) giam nhanh, A bé thi P(t) giam
cham. Pé xac dinh P(t) ta chi can phai xac dinh tham s6 L. Xac dinh A theo s6 liéu
thuc nghiém nhu sau:

Khao sét thuc trang cong trinh tai thoi diém t* nao do, ta xac dinh duwoc DTC
P(t*), thay gia tri P(¢t*) vao (3.8) ta xac dinh duoc A.

y=P(t") = e*"
Suy ra: A = -Iny =14 = -Iny/t"

3.4. X4c dinh tudi tho con lai clia cong trinh theo cac bién thé ciia phwong phap
chon DTC lam dai lwgng dac trung

Trong chuong 1 d3 trinh bay mot s6 phuong phap xac dinh tudi tho con lai
ctia cdng trinh theo cac chi tiéu DTC (d6 an toan) hay céac bién thé cua no. Trong
d6 c6 néu danh gia va nhan xét cac wu nhuogc diém.

Trong muc nay luan an trinh bay mot luge d6 tinh tudi tho con lai caa cong
trinh, n6 12 mot sy tong quat hda cac bién thé cua cac phuong phap di cong bd.
Nhan xét vé cac uu va nhuge diém ciia cac luoc d6 tinh di cong bd, tir 46 dé nghi
cach khic phuc cac nhuge diém.

3.4.1. Co sé Iy lugn cia cac bién thé
3.4.1.1. Tinh BTC dwa vio cdc quan niém ciia 1y thuyét xdc sudt.
X4c suat xuat hién su kién ngau nhién:
P, = lim il
n—oo N
trong d6 n 1a tong phép thir doc 1ap, m 1a sb 1an xuat hién hién twong ngau nhién.

X&c suat khdng xuat hién:
n—m

n—oo n
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Twdosuyra P+ Pr=lhay B, =1— P

Pé khac phuc kho khan vé tinh PTC cila cong trinh, ngudi ta chuyén y
tuong xuat hién va khong xuat hién sang “hu hong” va” “khong hu hong”. Trén
quan diém d6 nguoi ta dwa ra khai niém “do tin cay twong doi”.

DTC tuong ddi 1a ty s6 cua dai luong chi mirc d6 hu hong trén dai luong
chi mure d6 hu hong hoan toan.

3.4.1.2. Bai lwong chi murc do hu hong

- Mure d6 khong hu hong duoc coi la trang thai ban dau t = 0, voi diéu kién
1a thi cong diing thiét ké.

- Phan loai cac cau kién caa cong trinh: Cong trinh ¢ nhiéu loai cau kién
va s6 lugng khac nhau. Céc cau kién d6 duoc phan thanh cac nhém, ¢6 chic niang
giéng nhau nhu c6t, dAm, san, mai, v.v...

- Panh gia hu hong caa ting loai cau kién bang cach chon cau kién hu hong
nhiéu nhat cua loai 1am dai dién, chi danh gia cau kién kém nhat (thién vé an toan).

Goi ¢; 1a hu hong dai dién cua ciu kién thir i, i = 1,n. Xac dinh ¢; tir s6
liéu khao sat hién treong theo danh gia chuyén gia hoac theo tinh toan, ;=1 1a hu
hong hoan toan, ;= 0 1a khong hu hong, dap (ng cac yéu cau cua thiét ké. &; duoc
xac dinh theo cac chi dan k§ thuat [70], [71], [82].
3.4.1.3. Pai lrong biéu thj dé tin cdy twong doi.

C4c loai cau kién két cau co vai tro khac nhau trong DTC cua cong trinh.
Do d6 hu hong mdi loai cau kién trong hu hong tong thé caa hé két cau 1a khac
nhau, ching c6 céc trong s6 a; khac nhau. Nghia 1a loai cau kién tha i tham gia
vao hu hong tong thé cua két ciu la ¢;. a;, i = 1,n.

n

Biéu thirc dinh luong hu hong tong thé caa cong trinh Ia: Zaiai

i=1

Khie = 1,Vi = 1,n thi ung voi hu hong hoan toan, khi do:

n n

Zaiai =Y a;, c6 nghia 1a hu héng 16n nhét. Do d6 ty sé giita hu hong &

=1 =)

murc trung gian nao d6 (voi muc 0 < ¢; < 1, Vi) va mirc d6 hu hong hoan toan la:
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= (39)

Dai luong € duoc goi 1a d6 hu hong twong dbi cua két cau.
Xét trén cac ty s6 muc dinh lwgng vé khong hu hong 1a 1 — . Tir d6 ngudi
ta coi do tin cay twong di cua cdng trinh tai thoi diém t* 1a:
y=1-—¢ (3.10)

3.4.1.4. Quy lugt suy giam do tin cqy theo thoi gian

Nhiéu cong trinh khoa hoc va chi dan ky thuat thira nhan quy luat suy giam
cua chat luong cong trinh ( hay BDTC cong trinh) theo thoi gian tuan theo quy luat
s6 mii [49], [50], [75], [76] nén tai thoi diém t*, DTC cua cong trinh dugc Xac
dinh theo cbng thuc (3.8):

y=e~At’
trong d6: A 1a chi s6 hao mon thudng xuyén caa cong trinh. Pugc xac dinh bang
cach lay loga tu nhién hai vé ta co:

Iny = —At”

Suy ra: A=—-Iny/t" =—-In(1—-¢)/t"

Nhu vay tir quan sat, do dac s6 liéu hién truong ta tim duoc cac &;; tir &;
suy ra duoc ¢ (khi da c6 cac «;), tu € suy ra:

A==-In(1—-¢)/t" (3.11)

Cubi cung d6 tin cay tuong dbi dugc biéu dién 1a: y = P,(t) = e
trong do: t 1a thoi gian duoc tinh tir IGc bat ¢au khai thac cong trinh.

3.4.1.5. Xdc dinh tuéi the con lgi cia cong trinh

Trong phan trén di trinh bay do tin cay suy giam theo thoi gian dén mic
nao do6 thi hét tudi tho nghia 1a phai xac dinh: P (T) = [P,()]min
Gia tri [Py(t)]min YVt € [0,T] do céc tiéu chuan quy dinh. Tir gia tri
[P;(t)]min Xac dinh dugc tudi tho T.
Tudi tho con lai caa cong trinh tinh tir thoi diém khao sat t*:
AT =T —t*
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3.4.2. Nhdn xét

Xac dinh mirc do hu hong va do tin ciy tuong ddi cua cau kién, két cau va
cua cong trinh 1a budc quan trong nhit trong luge d6 tinh toan xac dinh tudi tho
con lai cua cong trinh. Dua vao két qua khao sat hién truong, mac do hu hong caa
cau kién, két cau duoc xac dinh théng qua danh gia cua chuyén gia hoic theo tinh
toan.

Trong muc 3.5 s& trinh bay chi tiét phuong phap xac dinh mic d6 hu hong
cua cau kién, két ciu dya theo dau hiéu hu hong bén ngoai [82]. Rut ra wu diém,
nhuoc diém cua phuong phap va dé xuat khac phuc.

3.5. Phuong phap xac dinh mirc dd hw hong ciia ciu kién, két ciu

Nhu phan tich trong muc 3.4, viéc xac dinh mac d6 hu hong caa cau kién,
két cau co ¥ nghia quan trong va anh hudng 16n téi két qua du béo tudi tho con
lai cua cong trinh.

Theo [82], mtrc d6 hu hong cua cau kién, két cau co thé dugc xac dinh
nhanh dua vao két qua khao sat cac dau hiéu hu hong bén ngoai, qua d6 danh gia
duoc tinh trang ky thuat cua cau kién, két cau hodc cua nha va cong trinh.

Trong muyc nay sé trinh bay chi tiét cach xac dinh mirc d6 hu hong cia cau
kién, két cdu cong trinh theo phwong phap nay. Tir d6, danh gia wu nhuoc diém
ctia phuong phéap va dé xuat hudng khac phuc

3.5.1. Phwong phdp ddnh gid mirc @6 hw héng cia cdu kign, két cdu dwa theo
ddu hiéu hw héng bén ngoai

Can ctr vao két qua khao sét cac dau hiéu hu hong bén ngoai, dua vao bang
tra phan loai mc d6 hu hong cua cac cau kién, ¢6 thé xac dinh dugc mic d6 hu
hong va do tin cay tuong d6i cia cu kién, trén co s¢ d6 xac dinh tinh trang ky
thuat caa két cau cong trinh.
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Bang 3.1. Phén loai tinh trang k§ thut ciia két cAu theo mire d9 hwr héng [82]

Phan loai M6 ta tinh trang k¥ thuat P§ tin | Mirc
tinh trang cay do
ky thuat twong | hw
déi | héng
y 3
1.Tinh trang | Khong c6 hu hong nhin thay, tinh trang ky | 1,00 | 0,00
tiéu chuan | thuat binh thuong. Pap ung cac yéu cau cua
tiéu chuan va tai lieu thiét ké hién hanh.
Khong can tién hanh stra chia.
2.Tinh trang | Tinh trang 1am viéc dat yéu cau, kha ning | 0,95 | 0,05
du kha ning | chiu lyc cua két cdu duoc dam bao, céc yéu
lam viéc cau tiéu chuan vé trang thai gisi han th hai
va do bén lau c6 thé bi vi pham nhung van
dam bao diéu kién st dung binh thuong. Can
c6 bién phap chong dn mon va stra chira cac
hu hong nhdé.
3.Tinh trang | Chua dap ung hoan toan yéu cau su dung. | 0,85 | 0,15
kha  nang | Kha nang 1am viéc c6 han ché. Tén tai nhiing
lam viéc han | hu hong lam giam kha nang chiu lyc. Dé tiép
ché tuc st dung binh thuong can tién hanh sira
chira cac két cau bi hu hong.
4.Tinh trang | Tinh trang lam viéc khéng dat yéu cau. Ton | 0,75 | 0,25
khong  du | tai nhitng hu hong chung té khong dap ung
kha  nang | sir dung cua két cau. Yéu cau sira chira I6n
lam viéc véi su gia cuong két cau. Khi két cau chua
duoc gia cudng can han ché cac tai trong tac
dong. Két cau sau khi stra chira va gia cuong
ma&i dua dugc vao st dung.
5.Tinh trang | Tinh trang nguy hiém. Ton tai hu hong c6 thé | 0,65 | 0,35
nguy hiém | din dén sap d6 két ciu. Yéu cau giam tai

khan cap va c6 bién phap chéng d& kip thoi,
rao chan ving nguy hiém. Sira chira chu yéu
|l tién hanh thay thé cac két cau nguy hiém.
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Bang 3.2. Phén loai mirc @) hw héng va @ tin ciy twong doi ciia két cau bé tong

cot thép [82]

Loai Diu hiéu hw héng Do tin | Murc
tinh | (Theo mét trong cac dau hiéu thu dwoe tir khido | cdy | dd hw
trang sat) twong | hong
k§ thuat doi g
y
1 - Trong két ciu bé tong cdt thép c6 mot sb vét nit | 1,00 0,00
nho bé rong vét nit khong qua 0,1 mm.
- M6t vai chd bi rd
2 - Hinh thanh vét nit & vung kéo cac cAu kién chiu | 0,95 0,05
udn véi bé rong dén 0,3 mm. Vét nit & moi ndi cta
cac tAm san lap ghép bé rong dén 2 mm.
- Cbt thép cAu tao va thép dai bi ri, bé mit bé tong
am bi doi mau.
3 - Vét niit trong vung bé tong chiu kéo dén 0,5 mm. | 0,85 0,15
- Vét nut chay doc theo cot thép bi gi. An mon ¢t
thép dén 10% tiét dién. Bé tong trong ving chiu
kéo gitra cac cot thép dé bi v& vun dén hét 16p bao
ve.
4 - Bé rong vét niit vudng goc véi truc dam khong | 0,75 | 0,25

16n hon 1 mm va chiéu dai vét nit 16n hon 3/4 chiéu
cao dam. V&t ntit xuyén ngang ¢ cot khong 16n hon
0,5 mm. DB§ vOng cua cu kién chju uén 16n hon
1/75 khau do.

- O ving kéo cua cac cu kién chiu uén hinh thanh
cic vét nit bé rong dén 0,5 mm. Cac tim san bé
tong cdt thép lap ghép bi dich chuyén léch nhau
theo chiéu cao dén 3 cm.

- Lép bé tong bao vé bi bong tach cbt thép bi an
mon dén 15%. Cudng do bé tong giam dén 30%.
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5 - Bé rong vét niit vudng goc véi truc dam 16n hon | 0,65 | 0,35
1 mm va chiéu dai vét ntt 16n hon 3/4 chiéu cao
dam. Vét nit xién cét qua ving gbi tua va ving neo
cot thép chiu kéo ctia dam.

- Trong céc ciu kién chiu nén co cac vét nirt xién
xuyén cau kién. Cac vét nit trong két ciu chiu tac
dong ddi chiéu. CHt thép trong ving chiu nén cua
cOt bi phinh. Mot s6 cot thép chiu lyc trong ving
chiu kéo bi dut, cac cdt dai trong ving vét nirt xién
b1 dit. BE tong trong vung chiu nén bi vo.

- Do vong trong cac cau kién chiu udn 16n hon 1/50
khau d6 dong thoi trong ving chiu kéo co cac vét
nut 16n hon 0,5 mm.

- Tiét dién cdt thép bi giam dén 15% do bi an mon.
Cudng do bé tong bi giam dén 30%. Mdi ndi bi hu

hong. Dién tich tiét dién gdi tua cua tAm giam (nho

hon 5 cm?).

Sau khi xac dinh duoc mtc do hu hong caa cau kién, két cau, mic do hu
hong caa nha va cong trinh theo cong thurc (3.9) trong muc 3.4.1.3:

0,6, T0LE, ... TOLE;

8:
o, Ta,t...to;

trong d6: &,,&,,..€;gia tri 1on nhat ciia cac hu hong cia loai két cau riéng lé;
0., 0.,...0;,— CAC trong sb cua loai két ciu riéng Ié. CAc trong sb cua két
cau duoc thiét 1ap trén co sé danh gia chuyén gia c6 xét dén hau qua kinh té - x&
hoi do loai két cau riéng Ié bi pha hay va tinh chat pha hay (pha huy véi cac dau
hiéu bao trudc nhu ¢ giai doan bién dang déo hoic pha huy gion tuc thoi). Khi
khong co s dé chon gia tri trong sb thi ¢6 thé 1y nhu sau [82]:
-Sanvaméi: a=2;

- Dam: a=4
- Dan: a=T;
- Cot: o=8;
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- Twong chiu lyc va méng: a = 3;
- Céc dang két cau khac:  a = 2.

3.5.2. Nhdn xét wu nhwoc diém ciia phwong phdp xdc dinh mirc dj hw hong
ciia cdu kign, két cdu dea theo ddu higu bén ngoai [82]

Uu diém: Dua vao cac ddu hiéu hu hong bén ngoai cua cAu kién, két cau,
tra bang 3.2 ¢6 thé dé dang xac dinh dugoc mirc do hu hong va do tin cay tuong
ddi cua céc cau kién, tir 36 xac dinh nhanh tudi tho con lai cta cong trinh tinh dén
thoi diém phai stra chira 16n hodc dimg khai thac.

Nhuroe diém:

- Trong thyc té, cac ddu hiéu hu hong bén ngoai nhiéu khi chua phan 4nh
dung tinh trang chiu lyc (hay mutc d6 hu hong) ciia ciu kién, két cau. Do d6, xac
dinh mac d§ hu hong cua cAu kién, két ciu theo cac dau hiéu hu hong bén ngoai
s& ¢6 sai s6 nhat dinh.

- Bang phan loai muc d6 hu héng duoc phan ra cac khoang: 0,05; 0,15;
0,25; 0,35, cac khoang nay c6 do chénh léch kha 16n dan dén viéc x4c dinh tudi
tho con lai c6 thé co sai s6 twong d6i 16n khi nim gitra cac muc do danh gia;

- Khong dua ra phuong phép xac dinh trong sb cia nhém céu kién, chi néu
khi khong c6 co sé thi lua chon cac gia tri cho san.

Pé xudt:

- Mittc 6 hu héng cua cac cAu kién, két cAu duoc xac dinh theo d9 tin cay
ctia ciu kién, két cu va hoan toan c6 thé tinh toan dua trén sd liéu khao sat, do
dac, thi nghiém nghiém hién truong. Vi vy NCS dé xuat phuong phap xac dinh
tudi tho con lai theo tinh toan DTC cia cau kién, két cau;

- Trong tinh toan cong trinh, cac tham s6 co ban c6 anh huéng khac nhau
dén PTC hay anh huong khac nhau téi lugng du trit an toan cta cong trinh. Vi
vay luan an dé xuét cach xé4c dinh trong s6 cua nhom ciu kién dua vao phan tich

dd nhay cua cac tham s6 co ban téi DTC.
3.5.3. Phuong phdp dé xudt danh gid mirc dé hw héng cia cdu kién thong qua
tinh toan dé tin cdy cia cdu kién, két cdu theo TCVN [20].
Céc cong trinh nghién ctru va thuc nghiém [3], [43], [67] d3 chi ra ring:
cac dai lugng vé tinh chét co 1y cua vat liu, tai trong, kich thudc hinh hoc déu
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mang tinh chét cua dai luong ngau nhién va c6 luat phan bd chuan. Vi vay khi c6
s6 liéu khao sat chi tiét vé cuong d6 cua vat lidu bé téng, cbt thép; vé tiét dién
chiu luc; vé ham luong cét thép, ap dung phuong phap tinh toan do tin cdy FORM
da trinh bay trong chuong 2 dé tinh toan PTC cua ciu kién, két cau.

Diéu kién an toan vé kha nang chiu lyc tai tiét dién dang xét la:

F<F, (3.12)
trong d6: F - Gia tri noi luc bét loi nhét co thé phat sinh trén mat cat dudi tac
dong cua ngoai luc; Fig - Kha nang chiu lyc cua tiét dién dang xét.

Cac dai luong F, Fy c6 thé biéu dién duéi dang cac ham:
F=2Z(q,p,lb,a) (3.13)
Fw= Z (Ro,Rs,b,ho, As) (3.14)
Khi xét dén cac sai léch ngau nhién khong tranh khoi, nghia 1a ton tai cac
gia s6 ¢6 gia tri Am hodc duong ciia F va Fy, tir (3.12) c6 thé viét:
(F + AF) < (Feq + AF:y) (3.15)
O day: AF, AF,4 1a cac dai luong bién thién cua F va Fy. Cac dai luong
nay c6 thé xem 1a cac dai lugng ngau nhién c6 phan phdi chuan. Thuc hién chuyén
vé ta co:
F —Fy < AF; — AF
Trong biéu thirc nay vé trai 1a mot dai luong xac dinh con vé phai 1a mot

dai lugng ngiu nhién. Ap dung cong thirc (2.54) ta c6 xac suat su co 1a:

P, :%_%q) SFtd—_F (3.16)
(ARg—AF|
Xéc suat an toan s& la: Ps = 1-P; (3.17)
Theo tinh chit ctia phuong sai dbi véi bién doc 1ap ta co:
S(ZAFtd AF) T Siﬁd +S5

Tir (2.57) va (2.58) c6 thé tinh:
Sir, =S TSR ASAHST+SY
S2. =§2+821§?
Khi khong xét t6i su thay ddi vé tai trong (cong trinh khong c6 su thay ddi

vé cong nang st dung) c6 thé bé qua thanh phan S2- . Khi do:
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2 2
S(AFtd AF) SAFtd

Trong d6 S Rb;S F{S;S b;S'hO;S'AS;S'OI;S'IO;S'I 1a d6 léch chuan thanh phan

ctia tirng tham s d6i voi ndi luc dang xét (cac gia tri ndy dugc xac dinh bang tich

ctia dao ham riéng theo timg tham sé v&i d6 1éch chuan tuwong tmg cta cac tham

s0 d6) va duoc xac dinh nhu sau:

|9 - _|oF oF - _|oF
S :_tds ’S ‘ tdS ’S ‘ tdS .S YNy
Ry T OR, | TR VR T R oA |5 S ho
_|oF oF . _|oF, . |oF,

S| Sosi | T dsq;sf\—asd\sp;sf\—a;d S

& day SRb : SRS ;..5,14 d6 léch chuan cuia cac tham s6 xac dinh dugc tir s6 lidu thong

ké két qua do dac, thi nghiém thyuc té.

Trong két cAu nha khung bé tong cdt thép cac cau kién cot, dim, san thudng
duoc kiém tra & trang thai c4u kién chiu nén uén (nén 1€ch tam), chiu udn, va chiu
cat. Viéc tinh toan DTC cua cac ciu kién tai cac trang thai chiu luc s€ dugc trinh

bay chi tiét trong cac muc dudi day.
3.5.3.1. Cdu kién bé tong cot thép chiu uon

a) Cau kién ba tong cét thép chiu udn dit cbt don
So d6 (g suat cua tiét dién chir nhat dit ¢t don duoc thé hién trén hinh 3.3.
Ry |

M
RbAb
<
ffffffffff g
-  — T 0/77

Hinh 3.3-So’ @ ndi luc va biéu do vimg suit ciia tiét dién chir nhat dit cot don [20]
Piéu kién dé dam bao cho tiét dién khong vuot qué trang thai gigi han vé
cuong do la [20]:

M < My —M <R bx(h, —g) (3.18)
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Tur didu kién can bing luc [20]: Rpx=R.A = X = F:;’;s (3.19)
b

Tir (3.18) va (3.19) c6 thé viét:
RA RA R2A52
My =RbS h — A | .
Lan luot xét cac tham sb khi ching 1a céc bién ngiu nhién va xac dinh d6
léch chuan caa ching:

- _|Myle Myle _ RA|c .
S8, = R, SRb_ 2R%b SRb S, ‘aRS SRS_‘M“’_ R,b Sr
- aMtd _ Rszﬂ . ‘ aMtd
SAS—WSAS_RShO—ﬁSAS, Sho ‘aho |RAS|S
oM R2A |
S = ob S = 2Rb2\ -

Phuong sai tong hop ciia My s& bang tong cac phuong sai thanh phan:
2 _Qn 12 12 12 12
Samy, =S R TS RHFSHHST +SY
Nhu vay tir day s& xac dinh duge do Iéch chuan téng hop ctia md men gidi
han SAMm.
b) Cau kién bé tdng cbt thép chiu uén dat cbt kép
So d6 wng suat cua tiét dién chir nhat dit cbt kép duoc thé hién trén hinh 3.4.

2
/77 As

Hinh 3.4-So d ndi luc va biéu do tmg suit ciia tiét dién chir nhat dit cdt kép [20]

Piéu kién dé dam bao cho tiét dién khong vuot qué trang thai gigi han vé
cuong do 1a [20] M <My

M, = Rbbx{ho —g}u R A (h,—a) (3.21)
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T diéu kién can bang luc [20]:
RyA = R bx+Ry A (3.22)
T (3.22) rat ra :

X = Rs _ Rsc
b Rpb
Thay gia tri cia x vao (3.21) thuc hién bién déi ta c6 :

E e R WSS

=(RA—RSCA;)[ho b Es;;’i;} Ry -2)

M

.. R? Ag R2A2 RAR,A : :
=R,Ah, —R, Ah, - s sets LR -a

R RZAZ RAR.A -
Mi =RAR - 2RAB 2RD SAE SCAS “ReA (3.23)
b

Pé xac dinh dugc anh huong cua cac tham s, thuc hién viée xac dinh dao
ham riéng theo ting tham s va xac dinh do Iéch chuan caa ching. St dung tinh
doc 1ap cua cac tham sé dé xac dinh phuong sai tong hop cia mé men gigi han

Tur (3.23) tacod:

2 ' 2 '
aM As ) — RsA% +A5RscAs ;aMtd ZRShO_RsA +RSRSC&
R, RD  Rb ' oA RD  Rpb

oM My  RAZ RAA .. 0M .
W _RA: =——% 54 -Aad ;,—%=-R
oh, A R, R,b R,b A da' o/
aMtd — RSK + R2A2 R KRSC'A%‘ aMtd R AS R2A2 RS'ASRSC'%l
R, 2RM 2R®D  Rb ' b 2RD’ 2RP' R
oM 2 oM :
td :_RscAs +RSA5A%_ASa td — _ scAs_I_RsA%Rsc_Rsca
R, Rb = Rp oAy, Rb  Rp

Can ctr vao s6 liéu do dac, khao sét thi nghiém cd thé xac dinh duoc do léch
chuan cua cac tham s R, AR, A,R,.b,hy,a" 12s", 8", .S" S",,8"%.5,.5,.8",.
Khi do:

My
R,

' aMtol
5, -Mils, s

: oM
SRS:‘ A TRy ‘ “

R,

oM
S, ‘ i

Re I BR,
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oM,
ob

oM,

ho;Sa':‘ oa’ >

S

' 6Mtol
S5,
Phuong sai tong hop caa momen giéi han ma tiét dién c6 thé chiu dugc

duoc xac dinh:

5, -

s a'

‘GMtd

aT'SSA'S?Sb:‘

SﬁMw :S'RS+S‘is+S'RSC+S'A.S+S'§b+8'ﬁo+8'b+8‘§.
Tir do xéc dinh dugc dd léch chuan tong hopS,y, -
3.5.3.2. Cdu kién bé tong cot thép chiu nén léch tam

So @6 ndi luc va biéu @6 tng suat cua tiét dién chix nhat dit chiu nén léch
tam thé hién trén hinh 3.5.

~ )
~QD l al L | Rb ! As
— T A 7 —— |~ ———— RA's %
— R
o L E= T bﬂb ] g
4 7777777‘77&7
- R, —— o e / # /
I - " = - - T

Hinh 3.5-So d ndi luc va biéu do vmg suit trong tiét dién chiu nén léch tim [20]
Viéc tinh todn ciu kién chiu nén léch tam tiét dién chit nhat theo diéu kién
bén dugc kiém tra theo cong thirc [20]:
Ne< Rbbx[ho—gjmscpg(ho—a') (3.24)
Trong d6 chiéu cao ving nén x dugc xac dinh nhu sau [20]:

- khi & = x/hy < &
N +R,A —RyA =R bx

Suy ra: X = N+RA ~Ro A (3.25)
RD

-khi & = x/hy > &r
N +o0,A —Ry, A =R bx

Trong do: o, = (Zm—l)RS
1-cq
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N+R AEH?—RSCA;

Suyra: x= R (3.26)
RO+ 2RA,
hy(1- &%)
Tur cong thic (3.24) rat ra:
td _ Rbeho Rbe scAsho B RAa' (3.27)
e 2e e e

Tinh dao ham theo ting tham sé:
aNtd — thO _ bx? . aNtd — RthO _ RbX2 .aNtd — Rbe + RSCA;

’

R, e 22 b e 2¢ "oh, e e

Ny _ Rjbhy RbXx oNy _ Ahy Aa' N, _Rehy Rya

x e e "R, e e ' oA e e
Ny __Rbxhy Rbx’ ReARy LReAa’

de e’ 26’ e’ e’
aNtd —_ RscA;

oa e

Can ctr vao sb liéu do dac, khao sat thi nghiém c6 thé xac dinh duogc d6 1éch
chuan cua cac tham s6 Ry, A, Ry, b, o, X, € 12 Sg_, Sa., Sg,:Sb, Sho, Se, Sx. T

do6 xac dinh duoc:

_ ONtd _ aNtd QY aNtd .
SRSC _‘aRsc A'g _‘aAls SA'S , SRb - aRb SRb ’
+|ON oN
S = ‘ Mls, s, ah als se_‘ als, sx_‘ Nals,

Phuong sai tong hop cua luc doc gidi han cua tiét dién duoc xac dinh:
§3, =S2 +52 452 +S248% 452457

Tir d6 x4c dinh duge do léch chuan tong hop cua luc doc gisi hanS AN

3.5.3.3. Cdu kién bé tong cot thép chiu kéo ding tam

Khi tinh toan cau kién bé tong cdt thép chiu kéo dung tam phai tuan tha
diéu kién [20]:
N <R Aot (3.28)

Nhu vay ta co:
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Nig = ReeAstot (3.29)
Tinh dao ham theo ting tham sé:
OoN oN
8RZ = AS’tOt;W,ttdm =Ry
Do léch chuan cua céc tham sb twong Gng:
_|ONg|e | _[My
Re " |OR, | P’ Astot OA 1ot As tot

Phuong sai tong hop cua luc doc gigi han cua tiét dién:

2 _ Q1 12
SANtd =S Rsc+ S A tot

Tir d6 x4c dinh dugc do léch chuan tong hop cua luc doc gisi han S AN

3.5.3.4. Cdu kién bé tong cot thép chiu kéo léch tam tiet dién chir nhdt

Tinh toan cau kién bé tong cét thép chiu kéo léch tam duoc tién hanh tiy
thudc va vi tri dat luc doc N:
a) Néu luc doc N dit trong khoang giita cac hop luc trong cot thép Sva S’

| . A

¢¢ 0
|

| A
- Az R et ], ———

Hinh 3.6-luc doc dit giira cac hop lue ciia cac ndi luc trong cac cot thép S, S’[20]
Luc doc gidi han dugce kiém tra theo cong thuc [20]:
N.e <R;A (h,—a) (3.30)
Ne'<R;Ah,—a’ (3.31)

Sau khi x4c dinh luc doc giéi han 16n nhat trong hai cong thtc trén, tinh
dao ham riéng cua luc doc gigi han theo cac tham sé va xac dinh dugc do léch
chuan cua cac tham s twong ung. Tir 6 xac dinh dugc phuong sai tong hop va
d6 leéch chuan tong hop caa lec doc gidi han
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b) Néu N dit ngoai khoang céch gitra cac hop luc trong ¢t thép S va S’

| A

jAj
i

Hinh 3.7-luc doc dat ngoai khoang cach giira cac hop luc ctia ciac noi luc trong
cac cot thép S, S’ [20]

Luc doc gidi han duoc tinh theo céng thuc [20]:

N.eSRbbx(ho—g)+RscA;(ho—a') (3.32)
Trong d6 chiéu cao viing nén x dugc xac dinh theo cong thuc [20]:
N +R,A — R, A =R bx (3.33)

Néu trong cdng thirc (3.33) khi x > &h, thi x duoc xac dinh theo cong
thic (3.26), khi x < &z h, thi x duoc xac dinh theo cong thac (3.25).

Tuong tu nhu truong hop cau kién chiu nén léch tam, c6 thé xac dinh dugc
phuong sai thanh phan va phuong sai tong hop, do Iéch chuan tong hop cua luc
doc giai han.
3.5.3.5. Cdu kién bé tong cot thép chiu tac dung cua lyc cat

a) Kiém tra cau kién bé tong cot thép chiu tac dung caa luc cat theo dai bé
téng gitra cac tiét dién nghiéng

Piéu kién kiém tra [20]:

Q< ¢,R,bhy (3.34)

Trong do:

Q 14 lyc cat trong tiét dién thang goc;

©pq: 12 hé s6, ké dén anh huong cua dic diém trang thai tng suat caa bé
téng trong dai nghiéng, liy bang 0,3.

Nhuvay: Qg =0.3R bh, (3.35)

Tinh dao ham theo ting tham sé:
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Qy _ 0Qy Qu _
R =03y 03RS ~03RD
Do léch chuan cua céc tham sb tuong Gng:
o 8Qtd Q' _ aQtd .Q' _ 8Qtd .
SRb‘a_RbSRb’Sb“ 3 |70, = oh, Sty

b) Kiém tra ciu kién bé téng cbt thép chiu tac dung cua luc cit theo tiét
dién nghiéng

/

_b._____i.__/ll_d_.__d_c-
/o

Su | Su
V. ~
Z :

3 1 lo\.
C

¥ : |

Hinh 3.8-So d6 ndi luc ciu kién btct theo tiét dién nghiéng chiu cit [20]

ho

Piéu kién kiém tra [20]:

Q<Q, +Qqy (3.36)
Trong do:
Q. : luc cit chiu bai bé tdng trong tiét dién nghiéng [20]:
b
_ 9o RybN;
Q=2 (3.37)

Q, khong 16n hon 2,5R, bh, va khdng nhé hon0,5R, bhy trong tng véi viéc
C nam trong khoang (0.6h; 3hy).
Q. 12 luc cat chiu bai ¢t thép ngang trong tiét dién nghiéng [20]:
R
st = PswlswC = Psw %ASWC (3-38)

w

©py: 1ahé s, ké dén anh huang cua cot thép doc, lye bam dinh va dic diém
trang thai Gng suat cua bé téng nam phia trén vét nut xién, lay bang 1,5.

Ps: 12 hé b, ké dén sy suy giam noi luc doc theo chiéu dai hinh chiéu cua
tiét dién nghiéng C, lay bang 0,75.

Chiéu dai C xét trong khoang (ho; 2hy).
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Nhu vay luc cat gisi han:

2
Qtol :1,5M+0,75MC
C Sw

2R, ,bh’s,,

SW© sw

Nhan xét: Ham Qg ting dan khiC >

C< 2R, bhis,, |
RSW'AgW

(3.39)

va giam dan khi

Nhu vay khi kiém tra kha ning chiu cit caa tiét dién can kiém tra tai cac vi

tri dat C twong ung vai cach xac dinh Q.4 phu hop:

Q, (0)=2,5R, bh, +0,75 RsuAw py .

w

Qy (hy) =1,5R,bh, +0, 75 RwAw hy;

W

Q (2hy) =0,75R, bh, +1’5R52Ah0;

Qg (8hy) =0,5R, bh, +1,5RSVgA ho

0

4,5R,bhyRy. A
S

w

Qtd (Cl) = \/4’5Rbtbh02qsw = \/

TimQ, =min(Q, (0), Qg (), Q (2hy), Qy (3My), Qy (Cy))
Thé’y réng: Qtd = min(Qtd (ho)1Qtd (3hy), Qtd (C))

(3.40)
(3.41)
(3.42)

(3.43)

(3.44)

Sau khi tim dwgc Q4 s€ xac dinh dwoc ham céng nang cua Q4 la mot

trong cac ham so6 néu trén.

Khi: Q, =Q,, (h,) =L5R_bh, +0,75RSVSVA h,

w
Tinh dao ham riéng theo tirng tham sb:

0Qy
ORy; 3 Sw

aRSW W W w 88W W

Kh| Q’[d (3h0) - O’5Rbtbh0 +1’5 RsWASW hO

w

Tinh dao ham riéng theo tirng tham sé:

=1,5bh, a—l;d =1,5R h, 8Tt —1,5R h+0,75swsw .

Qy :0’75%%; 0Qu :0’75Rs_wh0;aQ_td—_0,75ASW—§5Who
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X _,50h, aQtd ~0,5R,h+1,5 swAw Qg5 Aw .

aRbt O , ’ Sw ' ast Sw
aQtd =15 Rsw h aQtd --15 Asw Rsw ho _
A Sw Sw szv

4,5R, bR, A,
S

w

Khi: Qtd = Qtd (Cl) = \/41 5Rbtbh§qsw = \/
Tinh dao ham riéng theo tirng tham sé:

aQ’[d _ 4’5bh02stAsw . aQtd _ 4’5Rbth02st'%w .
OR, 4R.s, = ob 4bs,, ’

’

aQtd :\/4’5RbtbstAsw . 6Qtd :\/4 5Rbtbh§&w .

oh, S, " ORyy, 4R, S,

0Qy  [45RyPR,,  0Qy  |45R, PR, AL

oAw \  AALS, T Bsy Sw

Do léch chuan cua céc tham sb twong Gng:

b aQtd b aQtd . v aQtd

She 7[R, | DR’ _‘—ab T S e

= aQ_td -GS = aQ_td S aQtd S

Rsw ORy, Rew ' =~ Asw oA, Aw * TSw 0S,, Sw

Phuong sai cua luc ¢t gigi han ma tiét dién cd thé chiu duoc:

2 _gw 2, Q2 g 2 2
SAQd SRbt+Sb+Sh0+SRSW+S +375,,

3.5.3.6. Nhdn xét vé tinh todan do tin cdy cua cau kién, két cau

Vi cau kién, két cAu, tai bat ky trang théi chiu luc ndo, dua theo diéu kién kiém
tra kha nang chiu lyuc, sau khi thiét 1ap dugc ham cong ning, ¢ thé tinh toan DTC cua
cau kién, két cau.

Viéc tinh toan DTC cua cau kién, két cau hoan toan cd thé tu dong hoa bang
phan mém théng dung nhu excelle cho timng loai cdu kién & cac trang théi chiu luc
khac nhau.

3.5.4. Trinh tu tinh todn mike dg huw héng cia cdu Kién theo phwong phdp duwa
theo ddu higu bén ngoai va phwong phdp dé xudt tinh todn theo PTC

Téng hop muc 3.5.1, 3.5.3, trinh ty tinh toan xac dinh mic d6 hu hong cta cau
kién theo 2 phuong phap dugc thé hién nhu so d6 sau:
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Khao sat cong trinh

Xac dinh cac thong tin
vé hién trang cong trinh o
Phuwong phap dé xuat

N

én ngoai

Chay chuong trinh tinh toan két cau
xac dinh noi luc (F) trong cau kién

A

Thiét lap ham cong niang xac dinh
kha nang chiu lyc t6i han (Fy) cua
tiét dién cac cau kién

Phuwrong phap xac dinh muee do hu

hong dua theo ddu hiéu b

Xac dinh d6 léch chuan cua cac

. tham s6: Sy, : S, 55,35, 55, -
Xac dinh mac do hu s h

hong cua cac loai cau
kién chinh
Xac dinh d6 léch chuan
thanh phan: §', :S", :8',:8",:S", ...

Xac dinh phuong sai va d¢ léch

A +A . 2
chuan tong hop: § AR, ’Sﬂu";t;

Xéc dinh d tin ciy caa cu kién

Xac dinh mac do hu hong
I&n nhat cuaa cac cau kién

Hinh 3.9-So’ @6 tinh toan xac dinh mirc dd hw héng ciia cau kién
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3.6. Phuong phap xic dinh trong s «;

Trong tinh toan cong trinh, cac tham sé co ban ¢ anh hudng khac nhau dén
DTC hay anh hudng khac nhau téi luong du trit an toan caa cong trinh.

Vi viy, theo d6 nhay cta cac tham sé co ban déi véi DTC, c6 thé du doan
vé anh hudng cua ching dén DTC. Do d6, sau dy luan an dé nghi cach xac dinh
cac trong s a; theo do nhay cua cac tham s co ban.

3.6.1. Chon tham sé co ban dai dién cho nhom cdu kién

Céc nhom cau kién tham gia vao chiu lyc (hu hong) chung caa cong trinh 1a
khéac nhau nén ching ¢ vai tro (trong s6) khac nhau. Khi phan tich két cau thi viéc
chon cac tham s co ban cua cac cau kién da dugce quy dinh trong co hoc két cau
va phu thudc vao so d6 két cau cong trinh. Mdi nhdm (cot, dam, san, v.v...) ¢6 thé
c6 nhiéu tham sb co ban. Vi vay trude khi tinh d6 nhay ta can xac dinh céc tham sb

co ban cua tng nhom x; trong d6 i 1a chi so nhém i = 1,7, j 1a chi s6 cac tham so
trong nhom j = 1, m.
3.6.2. Xdc dinh dé nhay cia cac tham sé co ban va tham sé dai dign nhom

- Do nhay ctia ham mat bién s6 f(x) tai gia tri x,.
Xét su tang giam cua f(X) tai x, khi x, nhan mot gia s6 nao d6 Ax, (Ax, €6
thé &m hoic duong). Gia s6 twong (ng caa ham f(x) tai x, 1a:
Afy, = fxo +Ax0) — f(x0)
Khi d6 do nhay ty doi cua f(x) tai x, Vi gia s6 Ax, la:
_ Af (%)

K%)=~ )

Pbi voi ham nhiéu bién f(x 1, x5, ...., x ,) cling cd biéu thirc twong tu:

S S
k(i) =0 20)
f (%)

Do nhay thé hién sy nhay cam cua su thay doi caa ham sb. Khi két cau bi hu
hong, tic cac tham sb ban dau bi thay doi. Néu tham sé c6 do nhay 16n, tic nd c6
vai tro quan trong trong su danh gia dinh lugng su hu hong cua hé.

- Luong dy trix caa nhém cau kién.
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Ttr diéu kién an toan, cd thé tim duoc luong du trit an toan chang han, truong
hop @ng suat L mot chiéu, diéu kién an toan 1a:
O-max S [O-]
Khi d6 lugng du trir an toan 1a: [6] — Opmax = q
q

Gmax

Luong du trit an toan ty sb 1a: | =

Truong hop nhiéu chiéu thi g,,4, 12 Mot ham nao dé, song van c6 thé tinh
toan duoc gié tri. Luong du trit c6 thé anh huong truc tiép dén BTC cta cong trinh.

- Can ctr vao do nhay dé chon céc tham sb tinh toan, trudng hop nhiéu tham
s6, tham s6 do nhay kém thi cd thé khong xét sy nhay cam. Nhu vay, khi do nhay
ctia hu hong thap thi né c6 vai tro nho trong hu hong tong thé.

- Chiing ta ciing thay rang: khi g 16n thi mtc d6 an toan cao va nguoc lai.
Do d6 cac cau kién, két cau (dai dién 1a cac tham s6) dong gop lugng du trit cao thi
chling ¢é anh huéng 16n dén do an toan.

Ghi chu: Do don vi va thir nguyén cua cac dai lugng tinh toan khac nhau nén
khi tinh toan da dung dai luong ty doi (hay dai luong tuong d6i).

3.6.3. Co 56 chen trong sé

Tir cac nhan xét trén, thiy rang: néu cac nhdm ciu kién c6 do nhay cao Ia
nguy hiém hon nhom dé nhay thap. Cho nén véi nhém c6 do nhay cao duoc chon
trong sb cao va nguoc lai. Vi nhoém c6 luong du trix cao thi it nguy hiém hon nhém
c6 lwong du trir an toan thap. Vi vay nhom cé luong du trit thiap duoc chon trong
s6 cao va nguoc lai.

Bang 3.3. Quan hé giira do nhay va do du trir

Do nhay k Do du trir q

2] o i &
< Ko 02 o

a0 g
,g k3 q3 B0
iy~ o
= d B R B =
s Kn-1 Qn-1 o
O )

kn On v

{a} = {ap a3, as,...an}T
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n
Viéc chonzaiza bang bao nhiéu 1a tiry theo ngudi nghién ciru, sao cho n
i=1

gia tri a; 0 tong a, ciing khong anh huéng dén muie d6 hu hong cua cong trinh &
Vi tinh theo ty sb.

Nhdn xét:

- Luong duy trix g lién quan chat ch& véi DTC, song tinh DTC ndi chung rét
phtic tap va doi hoi nhiéu sé liéu. Vi vy trong truong hop c6 thé tinh dugec DTC
cua cac loai yéu to thi khéng dung g. Néu khong thi phai ding g.

- Cac phuong phap chi dung cho mot loai cong trinh (ngay trong nha khung
BTCT ciing c6 nhiéu loai).Vi vay, khdng thé 4p dung mét loai phuong phap nio d6
cho nhiéu loai cong trinh khac nhau. Song khi can hozc khong doi hoi yéu cau chinh
X4&c cao thi van dung dugc.

Vi vay, trong pham vi cua luan an, phan xac dinh trong sé cua nhém cau
kién chi dé xuat phuwong phép tinh toan, khéng thuc hién tinh toan chi tiét.

3.7. Cac budc tinh toan xac dinh tudi tho con lai ciia cong trinh theo phwong
phap dua theo dau hiéu hw héng bén ngoai va phuong phap dé xuat theo tinh
toan PTC

Dua theo theo két qua da trinh bay trong muc 3.4, 3.5, trinh ty tinh toan xéac
dinh tudi tho con lai cta cong trinh duoc thé hién qua cac budc va so do tinh toén
dudi day:

Buwéc 1: Xac dinh mirc d6 hu hong cta céc cau kién.

Mtrc ¢6 hu hong caa cac cau kién tai mot thoi diém khao sat duoc xac dinh
theo hai phuong phap thé hién trong so d6 tinh toan xac dinh mirc d6 hu hong cua
cau kién trong hinh 3.9 tai muc 3.5.4.

Buéc 2: Xac dinh mic @6 hu hong ctaa nha va cong trinh.

Hé két cAu caa nha va cong trinh gom nhiéu cau kién va bo phan két cau,
danh gia tong hop muac d6 hu hong cua nha va cong trinh theo cong thic [82]:

0,6, T0LE, ... TOLE;

e= (3.46)
o, Ta,t...to;

trong do: &,,,,..¢; gia tri 16n nhat cta cac hu hong cua loai két cau riéng lé. Cac gia
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tri ndy duoc tong hop tir todn bo cac sé liéu hu hong cua cac cau kién trong nha
hoac cong trinh, xac dinh trong budc 1;
0., 0.,,...0;— CAC trong s cuia loai két cau riéng lé. Khi khong co so dé chon
gid tri trong s6 thi c6 thé Iy céc gi tri o nhu sau [82]:
-Sanvamai: a=2;

- Dam: a=4
- Dan: a=T;
- Cot: o=8;

- Tuong chiu lyc va mong: a = 3;
- C4c dang két cau khac: o =2.
Buwéc 3: Xac dinh d6 tin cay twong ddi caa nha hoic cong trinh theo cong
thuc:
y=1-¢ (3.47)
Buwéc 4: Xac dinh hao mon thuong xuyén cua nha hoac cong trinh.
Hu hong cua cac két cau xay dung sau thoi giant*nam sir dung duoc xac
dinh theo cbng thuc (3.11):
A=—lny/t' =—In(1—¢)/t*  (3.48)
Buwéc 5: Xac dinh thoi han st dung két cau tir thoi diém khao sat dén khi
can tién hanh stra chira Ién va dén khi cd thé xay ra su cd.
Thoi han str dung két cau (tinh bang nam) tir thoi diém khao sat dén khi can
tién hanh stra chira 16n duogc xac dinh theo cong thic [82]:
T=210 (3.49)
A
Thoi han st dung két cau tir thoi diém khao sat dén khi tinh trang cd thé
xay ra su cd dugc tinh theo cong thuc [82]:

1,=222 (3.50)
A
Tudi tho con lai cia cong trinh: AT = T — t* (3.51)

Céc budc tinh toan xac dinh tudi tho con lai cia cong trinh duogc thé hién
theo so dd sau:
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Khao sat céng trinh

Xac dinh cac loai hu hong,
khuyeét tat cua cau Kién

Phurong phdp dira theo dau hiéu bén ngoai Phurong phdp dé xuat

Xac dinh cac tham s
anh huong toi kha nang
chiu luc cua cau kién

Xac dinh muc d6 hu hong
cua cac loai cau kién theo

e - Tinh toan xac dinh do
dau hiéu bén ngoai

tin cay cua cac cAu kién

Xac dinh mic d6 hu
hong tuong doi cua cac
cau kién chinh

Xéc dinh mie d6 hu hong
tong hop caa cong trinh

Xéc dinh hao mon thuong
Xuyén cua cong trinh

Xac dinh tudi tho con lai
cua cong trinh

Hinh 3.10-So' do tinh toan xéc dinh tudi tho con lai ciia cong trinh



87

3.8. Két luan chwong 3

Trong chuong 3, trén co s& cac nghién ciu vé mot sé phuong phap xac dinh
tudi tho con lai cua cong trinh duoc néu trong chuong 1, NCS da tong hop va dua
ra co so khoa hoc cuia cac phuong phap xac dinh tudi tho con lai caa cong trinh.

Trén co sé phan tich vu nhuge diém caa phuong phap xac dinh tudi tho
con lai dya theo dau hiéu hu hong bén ngoai cua lién bang Nga, da dé xuat phuong
phap xac dinh tudi tho con lai theo tinh toan DTC cua cau kién, két cau va dé xuét
huéng xac dinh trong sé cia nhém céu kién ma trong phuong phap xac dinh tudi
tho con lai dwa theo diu hiéu hu hong bén ngoai chwa dé cap cach tinh toan.

Pa xay dung quy trinh xac dinh mtc d6 hu hong caa cau kién, két cau va
quy trinh xac dinh tudi tho con lai cua cong trinh theo hai phwong phap.

Ca&c noi dung nghién ctru trong chuong 3 sé dugc ap dung vao tinh toan
tudi tho con lai cho mot cong trinh cu thé trong chuong 4.
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CHUONG 4. KHAO SAT PANH GIA, XAC PINH TUOI THQ CON LAI
CUA CONG TRINH XAY DUNG

4.1. Mé dau

Trong chuong 3, luan 4n da phan tich co sd ly luan vé xac dinh tudi tho con
lai caa cong trinh. Cung véi phuong phép tinh toan xac dinh tudi tho con lai cua
cong trinh dya theo dau hiéu hu hong bén ngoai cua két cau [82], NCS dé xuat
phuong phép tinh toan xac dinh tudi tho con lai caa cong trinh theo tinh toan do
tin cay cua cau kién, két cau khi xét dén cac yéu té thay doi va suy giam cua két
cau théng qua két qua khao sat hién truong va thi nghiém kiém dinh.

Pé danh gia mirc d6 ap dung thuc hanh trong thyc té dong thai rit ra nhiing
so sanh danh gia vu nhuoc diém cua hai phuong phap, cac muc tiép theo sé trinh
bay quy trinh va két qua tinh toan xac dinh tudi tho con lai cia mot cong trinh cu
thé theo hai phuong phap.

4.2. Thong tin chung hién trang cong trinh theo két qua khao sat
4.2.1. Thong tin chung hién trang cong trinh

- Cong trinh la tru so van phong trén dia ban Ha No6i dugc xay dung va
hoan thanh vao nim 1995. Dén thoi diém khao sat, cong trinh da khai thac su
dung duoc 27 nam. Cong trinh c¢6 dién tich xay dung la 344 m2, gom 04 tang mdi
tang cao 3.6m2 vai chiéu cao cong trinh 12 14.4m. Tong dién tich san xay dung 1a
1376 m2;

- Tinh trang tai thoi diém khao sat: Cong trinh da xubng cap, xuat hién
nhiéu hu hong cuc b trén két cdu cong trinh nhu: xuat hién cac vét nut, 16p bé
téng bao vé bi bong tréc, cbt thép bi an mon ning & Mot sb vi tri.

4.2.2. Quy trinh khdo sat hién trang

Cong viéc khao sat hién trang, kiém tra danh gia bao gdm céac budc sau:

- Khao sat so b cdng trinh, thu thap cac thong tin lién quan dén cong
trinh;

- Khao sét truc quan kién trdc, hé thong co dién cua cong trinh;

- Kiém tra, x4c dinh kich thudc cau kién, 1ap mat bang két cau hién trang;

- Khao sat, ghi nhan hién trang hu hong caa cong trinh;
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- Quan tric lun, do do nghiéng tong thé, do nghiéng caa mot sd két cau
chiu luc;

- Khao sét cac vét nut xuat hién trén céng trinh;

- Kiém tra cudng do bé tong (ddi vai két cau bé téng) bang cac phuong
phap khoan lay 131, siéu am két hop sting bat nay;

- Kiém tra cuong do cbt thép bang phuong phap 1ay mau thi nghiém hién
trudong. Xac dinh b tri cbt thép trong cau kién bang phuong phap siéu &m va
i chiéu voi hd so hoan cong;

- Kiém tra cudng d6 gach, vira biang phuong phap thi nghiém mau lay tir
két cdu tuong gach chiu luc;

- Kiém tra mac do an mon cua cbt thép ddi véi cac két cau chiu luc bé
téng cot thép;

- Kiém tra do pH cua bé tong ving can cbt thép cho mot s6 két cau bé
téng cdt thép.

4.2.3. Két quda khdo sat hign trang

-Vé giai phap kién tric: Cong trinh véi cong nang 14 van phong, giao thong
theo phuong ding la cau thang bo bé tri gitra nha, giao thong trén mot mat bang
la hanh lang bén. Cac phong dugc ngan chia béi cac twong xay 220mm. Trong
qua trinh khai thac str dung cong trinh khong thay ddi cong ning so vai thiét ké
ban dau. Do d6 khi tinh toan DTC cta cau kién, két cau khong xét dén sy thay doi
cua tai trong.
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quan trac lGn, nghiéng thay rang cong trinh khong c6 hién tuong 1Gn nghiéng, két
hop véi két qua khao sat danh gia chat luong két cau méng dam bao yéu cau thiét
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ké. Vi vay, khong xét tdi hu hong caa két cAu méong trong hu hong caa cdng trinh.

Giai

phap két cdu phan than cua cong trinh dugc thé hién nhu sau:
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ban dau, muc d

’

- Két qua khao sat v

cot thép duoc thé hién chi tiét trong muc 4.3, 4.4.
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4.3. Xac dinh tuoi tho con lai ctia cong trinh theo phuwong phap danh gia mirc

dd hu héng qua diu hiéu bén ngoai

Tai liéu [82] da dua ra phuong phap xac dinh nhanh tudi tho con lai cua
cong trinh theo c4c dau hiéu hu hong bén ngoai nhu: vét nat, mac d6 bong troc
16p bé tong bao vé, mic do an mon cbt thép trén két cau,vv...

Cac budc tinh todn tudi tho con lai cia cdng trinh theo dau hiéu bén ngoai

duoc thé hién theo so d6 nhu sau:

Khao sat cong trinh

Lap bang tong hop hu hong
theo ddu hiéu bén ngoai, tra
bang 3.2 xac dinh d0 tin cay
twong doi va mie do hu hong

Lap bang tong hop hu héng
cua cac loai cau kién

Xéc dinh mire d6 hu hong
tong hop caa coéng trinh

Xac dinh gia tri hao mon
thuong xuyén

Xac dinh tudi tho con lai cua
cong trinh

Hinh 4.11-So d0 tinh toan xac dinh tudi tho con lai ciia cong trinh theo dau
hi¢u hu hong bén ngoai
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Buwéc 1: Dua trén bang 3.2 chuong 3 phan loai mac d6 hu hong va do tin
cay tuong d6i cua két cau bé tong cbt thép, 1ap bang tong hop hién trang va muc
d6 hu hong cta cac cau Kién trén cong trinh nhu sau:

Bang 4.1. Tong hop hién trang va mirc d6 hw héng ciia cAu kién

STT | Chu | Vitri | Hién trang Hinh anh khao sat do tin Miirc
kién cay do hu
twong | hong
doi
Bé tong bi
nut, vo,
San | Tang | phong hda
bé 2 16 cbt thép.
1 | tong | Truc | Cbt thép bi 0,75 | 0,25
cot | A-B- an mon
thép | 4-5 | nang, gind
bong tréc gi
nang
S TS | san b i, ,
2 | tong | Truc | DS TOnE Vet 0,95 | 0,05
£ nat dén 0.3
cot | B-C- mm
thép | 6-7 P
Bé tong bi
nut, vo,
San | Tang | phong hda
bé 3 | 10 cbt thép.
3 | tong | Truc | Cét thép bi 0,75 | 0,25
cdt | B-C- an mon
thép | 5-6 | nang, gi nd
bong tréc gi
nang
Bé tong bi
T‘ﬁ,l'lg nli’t, VG:
Mai 9 phong hoa
4 . 10 cot thép. 0,75 0,25
hien | Tric | ot thep bi
A-5-6 | ~OLHCP DI
an mon
nang, gi nd
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STT | Chu | Vitri | Hién trang Hinh anh khao sat do tin Miirc
kién cay do hw
twong | hong
doi
. Dam bi o /
A Tang | bong vira,
Bg;n 2 (,:6 khf: nut
5 X Truc | gitta dam va e 0,85 0,15
tang \ A A }
2 A-B- | san, bé rong ,
4 khe nut dén
0.6 mm
Bé tong bi
T ﬁng nut, V(~r3
1 phong hoa
6 Cot 10 cot thép. 0,85 0,15
U 1 44 thép bi
A-5 ..
an mon
ning, gi no
7 | tong | Tryc | DErTOnE Vel 095 | 005
P nut dén 0.3
cot | A-B- mm
thép | 7-8
Tang | Bé tong bi
8 | cot | L | DoLvo, 095 | 005
Truc | phong hoa
A-3 | 16 cbt thép.
San bi nut,
San | Tang | vita trdn bi -
bé 3 bong troc
9 tong | Truc nang, cac 0,95 0,05
cot | B-C- | goc tiép giap
thép | 9-10 | voi tudng bi

tham am
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STT | Chu | Vitri | Hién trang Hinh anh khao sat do tin Miirc
kién cay do hw
twong | hong
doi
San | Tang .
e |13 oo
10 tf)ng Truc r 0,95 0,05
£ moc, tham
cot B-C, im
thép | 2-3
1398 | Be tong bi
11 | LN | qpye | DUVO, ot 095| 005
can thép lién ket
A9 i i, 19 the
10 . g 3 v p
Tang | Bé tong bi
Lan 2 nit v, cot
12 can | Truc | thép lién két 0,95 0,05
A-3-4 | bi gi, 10 thép
‘ Sén bi 1’11’I,t
San | Tang | bérdng vet
bé 4 nat dén 0.3
13 | tong | Tryc | mm. Trén 0,95 0,05
cot | A-B- | dam vasan
théep | 3-4 bi am réu
moc nang
ST San b nit
14 | tong | Truc | CSTOn8 Vet 095 | 0,05
< nut dén 0.3
cot | A-B- mm
thép | 4-5
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STT | Chu | Vitri | Hién trang Hinh anh khao sat do tin Miirc
kién cay do hw
twong | hong
doi
Bé tong bi
. nut, vo,
Tang | phong hda
A 3 10 cot theép.
15 | Cot Truc | Cét thép bi 0,85 0,15
A-3 an mon
nang, bong
troc gi nang
San | Tang S;a nAbl nu’:g,
n bé rong vét
be 4 Gt dén 0.2
16 | tong | Truc g 0,95 0,05
X mm. Vira
cot | A-B- tran bi bon
thép | 6-7 | bong
troc
5 Két cau bi
Tang A
N xam thuc
Dam | 4 1 hohiem
17 | bé | Truc ghier 095 | 0,05
o trong, tham,
tong A-B- | n X
3 am, réu moc
nang.
San | Tang | qu b i,
bé mal 1y rong vét
18 tor)g Truc ntt dén 0.6 0,85 0,15
cot | B-C- mm
théep | 2-3 '
Tang Bé‘maflt than
‘ 2 dam xuat
19 | Dam | Truc | hién vét nut 0,95 0,05
8-B- xién, bé
C | rong 0.2 mm
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STT | Chu | Vitri | Hién trang Hinh anh khao sat do tin Mire
kién cay do hw
twong | hong
doi
San | Tang N
20 | tong | Truc | ~Srone 085 | 0,15
) nut dén 0.6
cot | B-C- mm
thép | 4-5 '
5 Nt diém
Tang Ao
3 ‘tlep Xuc
21 | Dim | Truc | &% damva 085 | 015
san, bé rong
4-B- X . R
C vet nit dén
0.4 mm
Ta1,1_g Bé tong bi
) Mal | i, v, the
22 | DAm | dam | 0 YO TP 085 | 015
bi gi va an
B-C- N
mon nang.
6
. Chan cot bi
Tang | nut, vo 1op
o 1 bé tong bao
23 Cot Truc | vé. Cét thép 0.85 0.15
9-A | bigivaan
mon nang
. Chan c6t bi
Tang | nut, v& 16p
n 1 bé tong bao
24 | Cot Truc | vé. Cét thép 0,85 0,15
7-A | bigivaan

mon nang.
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STT | Chu | Vitri | Hién trang Hinh anh khao sat do tin Miirc
kién cay do hw
twong | hong
doi
San bi nut,
Truc A A £
5 - bé rong vet
25 | Osan | A%p | DUt Odmm. 095 | 005
Ting Lop bé tong
9 bi tham
moc.
Truc Lf)*p bp tong
1. | san bi bong
26 | Osan | A-B | G 10 thep 085 | 015
Tin 16p dudi, cot
5 & | thép bian
mon nang.
Bé tong bi
Tﬁn Ill:l't, V6’,
i 4 & phong héa
27 | O | Trye | 100t thép, 0,75 | 0,25
San B-C. Cot thép bi
9-10 | 2% MOM
nang, bong
troc gi nang
Vi tri hu hong ciia cac cau kién dugc thé hién trong cac hinh vé sau:
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Hinh 4.16-Mit bang vi tri hién trang hw héng ting mai

Buwéc 2: Két qua phan loai mic ¢ hu hong va d6 tin cay twong ddi cua két
cau cdng trinh theo dau hiéu hu hong bén ngoai dugc téng hop trong bang 4.2 nhu

sSau.

Bang 4.2. Tong hop mirc dd hw héng ciia cac ciu kién

TT Loai ciu kién S lwong | Murc d6 hu hong
(cai, tAm) 16n nhat

1 Cot tang 1 32 0,15
2 Cot tang 2 30 -

3 Cot tang 3 30 0,15
4 Cot tang 4 30 -

5 Dam tang 2 59 0,15
6 Dam tang 3 56 0,15
7 Dam tﬁng 4 56 0,05
8 Dam tang mai 55 0,15
9 san tang 2 71 0,25
10 san tang 3 69 0,25
11 san tang 4 69 0,25
12 San tang mai 76 0,15

Budéc 3: Xac dinh hu hong tong hop ciia nha theo cong thire (3.46):

e=(goy+ea,+..+50p) (o +a,+...+ ;)

Trong d6: a,,0,,...,, 1 cAc trong so cua loai két cau riéng lé.
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- Véi két cau san: a = 2;
- V6i két cau dam: a = 4;
- Vi két cau cot: o = 8;
¢=(0,15x8 + 0,15x4 + 0,25.2) / (8 + 4 + 2) =0,164
Xéc dinh d¢ tin cay twong ddi ctia nha theo cong thirc (3.47):
y =1- £=1-0,164=0,836
Buwéc 4: Xac dinh hao mon thuong xuyén cuaa nha theo cdng thure (3.48):
A=—=Iny/t
A=-1In0,836/27 =0,00664.
Bwéc 5: Xac dinh tudi tho va tudi tho con lai ciia nha theo cong thuc (3.50):
022 0,22
~ 4 0,00664
Tudi tho con lai caa cdng trinh theo cong thic (3.51):
AT = 33,1 —-27 = 6,1 nam
Nhan xét: Viéc xac dinh tudi tho con lai ciia nha theo két qua khao sat hu
hong théng qua dau hiéu bén ngoai c6 thé dugc thuc hién mot cach don gian va
nhanh chéng, c6 thé danh gia nhanh vé tinh trang k¥ thuat va thoi han st dung
con lai caa cong trinh.

=33,1nam

4.4. Xac dinh tui tho con lai ciia cong trinh theo phwong phap tinh toin dd tin

cay cuaa cau kién ket cau

Trén co so két qua khao sét hién trang cong trinh, ngoai cac sé liéu hu hong
theo dau hiéu bén ngoai, thong qua két qua cua cac cong tac: do dac chi tiét, lay
mau va thi nghiém chuy@n nganh két qua khao st con cung cap céc sd liéu chi tiét
vé mirc d6 sai khéac hoac suy giam tinh chat co 1y cua vat liéu bé téng, cét thép, tiét
dién cua cau kién, dién tich cot thép so vai thiét ké ban dau. Pay 1a cac tham sb
phuc vu qua trinh tinh toan do tin ciy cua cac cau kién theo trang thai gigi han thi
nhét (kha nang chiu lyc), tir 6 xac dinh mac do hu hong cua cac cau kién va tudi
tho con lai cua céng trinh,

Céc budc toan xac dinh tudi tho con lai caa cong trinh duoc thé hién theo so
d6 sau:
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Khao sat céng trinh

Xac dinh Thiet Iap Xac dinh
cac chi mat bang tai trong

tiéu co ly kien trdc, tac dung
cua vat két cau I&n cong
lieu va cong trinh trinh
muc do

suy giam

Chay chuong trinh tinh

toan két cAu tat dinh

Tinh toan do tin cay caa
Cac cau kién

Xac dinh mrc d6 hu hong
I&n nhat cua cac cau kién

Xac dinh mrc d6 hu hong
cua cong trinh

Xéac dinh mirc @6 hao mon
cua cong trinh

Xac dinh tudi tho con lai
cua cong trinh

Hinh 4.17-So @b tinh toan xac dinh tudi tho con lai cia cong trinh theo
tinh toan do tin cay
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4.4.1. Két qua khdo sat phuc vu céng tdc tinh todn va xdc dinh tuai the con lai
cua cdng trinh

4.4.1.1. Thiét ldp mdt bang kién triic, két cau céng trinh

Mt bang kién trdc, két cdu cong trinh duoc thé hién trong muc 4.2.3.

Qua két qua do dac chi tiét kich thuéc tiét dién thiy rang kich thuéc tiét
dién cd mirc d6 sai léch trung binh 4% so véi thiét ké ban dau. Két qua chi tiét
xem trong phu luc tinh toan.

4.4.1.2. Tinh chat co Iy vt liéu va mike do suy giam

Qua két qua khao sét va hd so hoan cong, vat liéu st dung tai céng trinh cd
théng s6 nhu sau:

- Bé tong:

+ Bé tong cot: B25;

+Bé tong dam, san: B22,5

+ Cuodng do bé tdng cua cac mau thi nghiém cé do léch so véi cuong do
thiét ké. Do léch trung binh duogc xac dinh 12 2%. Két qua chi tiét xem trong phu
luc tinh toan.

- Cét thép:

+ Cot thép cot: All

+ C6t thép dam: All

+ C6t thép san: Al
Trong do Al, All, 1a loai thép duoc quy dinh trong phu luc C caa TCVN [20]

+ Cuong d6 cot thép cta cac mau thi nghiém cé6 d6 léch so véi cudong do
thiét ké. o léch trung binh duoc xac dinh 12 3%. Két qua chi tiét xem trong phu
luc tinh toan.

Theo tong hop céc sb lidu khao sat an mon cbt thép duong kinh cét thép
suy giam so véi thiét ké dbi vai két cau cot, dam 1a 10%, vai két ciu san 1a 15%.

4.4.1.3. Xdc dinh tai trong tac dung lén cong trinh

Tinh tdi
Tai trong tinh tai lay theo [22].

n
Tai trong tinh tai, TT = ZGi *h*n,
i=1
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Trong d6 Gi la trong lugng riéng cua Iop vat ligu th i, hi 1a chiéu day cua
16p vt liu thir i, ni 12 hé sé vuot tai. Tai trong ban than duoc khai bao trong

Etabs. Chi xac dinh gié tri tai trong phu thém nhu sau:

San dién hinh
Céc 16p hoan thién Chicuday| TTtigu | Héso | TT tinh
16p (KG/m3) chuan | vuot tai toan
(kG/m2)
- Ldp gach lat 15 2000 30 1.1 33
- Lop vira lot 20 1800 36 1.3 46.8
- Vita trét tran 15 2000 30 1.3 39
- Tong cdng cac 16p hoan thién: 96 1.24 118.8
San khu vé sinh
Céc 16p hoan thién Chicuday| TTtiéu | Hé so | TTtinh
16p (kG/m3) chuan | vuot tai toan
(kG/m2)
- Ldp gach lat 15 2000 30 1.1 33
- Lop chong thdm 15 2000 30 1.3 39
- Lop vira lot 20 1800 36 1.3 46.8
- Vira trat tran 15 2000 30 1.3 39
- Tong cdng cac 16p hoan thién: 126 1.25 157.8
San cdu thang
Céc 16p hoan thién Chiéu day v TTtiéu | He s6 | TTtinh
16p (kG/m3) chuan | vuottai | todn
(kG/m2)
- Lop gach lat 20 2000 40 1.1 44
- Lop vira lot 20 2000 40 1.3 52
- Béc xay gach 150 1800 270 1.1 297
- Trat day ban thang 15 2000 30 1.3 39
- Tong cong cic 16p hoan thién: 380 1.14 432
Ban cong
Céc 16p hoan thién Chicuday| TTtiéu [ Héso | TTtinh
16p (kG/m3) chuan | vuottai | toan
(kG/m2)
- Lop gach lat 10 2000 20 1.1 22
- Lop vira lot 20 1800 36 1.3 46.8
- Vira trat 15 2000 30 1.3 39
- Tong cdng cac 16p hoan thién: 86 1.25 107.8
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Mai bang
Céc 16p hoan thién Chicuday| vy TTtiéu | Héso | TT tinh
16p (kG/m3) chuan | vuot tai toan
(kG/m2)
- L6p bé tong chong nong 100 2200 220 1.3 286
- L6p bé tong chong thdm 40 2200 88 1.3 114.4
- Vira trat 15 2000 30 1.3 39
- Téng cdng cac 16p hoan thién: 338 1.30 439.4
Twong xdy gach réng day 110mm
Céc 16p hoan thién Chiéu day Y TTtieu | He s6 | TT tinh
16p (kG/m3) chuan | vuottai | toan
(kG/m2)
- 2 16p trat 30 1800 54 1.3 70.2
- Gach xdy 110 1500 165 1.1 181.5
- Tai twong phén bo trén 1m dai: 219 1.15 251.7
Twong xdy gach rong 220mm
Céc 16p hoan thién Chiéu day Y TTtieu | He s6 | TT tinh
16p (kG/m3) chuan | vuottai | toan
(kG/m2)
- 2 16p trat 30 1800 54 1.3 70.2
- Gach xay 220 1500 330 1.1 363
- Tai twong phén bo trén 1m dai: 384 1.13 433.2

Hoat tai

Hoat tai tdc dung Ién cong trinh dugc xac dinh theo [22]. Hoat tai dugc
phan chia thanh hoat tai dai han va hoat tai ngan han va phu thudc vao céng ning
st dung cua tirng khu vuc cu thé trén cong trinh. Gia tri cua hoat tai dugc dua ra
trong phan phu luc tai trong.

Céc phong chire ning TTTC; TTTC dai T;I'TC Hé Séw TT tll'nh

toan phan han ngan han | vuot tai toan

-Vén phong 200 50 150 1.2 240

- Sanh, hanh lang 300 100 200 1.2 360

- Thang 300 100 200 1.2 360

- Ban cong 200 70 130 1.2 240

- Mii bang khong str dung 75 - - 1.3 97.5

- Mai tén 30 - - 1.3 39
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Tdi trong gio
Tai trong gi6 tac dung 1én cong trinh dugc tinh theo [22]. Do chiéu cao
cong trinh dudi 40m nén tai trong gi6 chi tinh dén thanh phan tinh cua tai trong
gid. Thanh phan tinh cta tai trong gié duoc xac dinh theo cdng thuc:
de (Whj) = Wo.j/.k.Hi.Ci

Trong do:

Wqj (Wry): tai trong phan bé quy doi trén cac dam bién twong ung véi mat
d6n gié (mat hat gio) tai ting thi i;

Theo phan cap ving va khu vuc xay dung, cong trinh dugc xay dung tai
Thanh Phé Ha Noi thudc ving I1.B, dia hinh B ¢6 &p luc gio tiéu chuan: W, = 0,95
KN/m?;

. Hé 6 @6 tin cay, y=1,2;

k: Hé s6 ké dén sy thay doi ap luc gi6 theo d6 cao va dia hinh;

Hi: Chiéu cao gdm mét ntra chiéu cao cua tang dudi va tang trén tinh véi
Muc san dang xét;

Ci: Hé s6 khi dong twong ung véi mat dimg: Pon gié C; = 0,8, hit gi6 C; =
0,6.

Tai trong gio tac dung Ién cac san duoc tinh theo bang sau:

Bang 4.3-T4i trong gio tac dung lén cac mirc san

STT Tang hj Zi K; Wi W,
(m) (m) (kN/m) | (kN/m)
1 | TANG MAI 3.6 14.4 1.068 | 1.858 | 1.493
2 | TANG 4 3.6 10.8 1.014 | 2.773 | 2.080
3 |TANG3 3.6 7.2 0942 | 2578 | 1.934
4 | TANG?2 3.6 3.6 0.832 | 2276 | 1.707
Ghi cha:

- Zjla cao do cua tang thir j so v6i mat dit;

- W, va W, 1an luot 1a tai trong gié day va gi6 hat.

T4 hop tinh toén

T6 hop tinh toan két cau cong trinh bao gém céc to hop sau:
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Bang 4.4-Cic to hop tinh toan két ciu

TH1: | TT+HT
TH2: | TT+GX
TH3: | TT-GX
TH4: | TT+GY
TH5: | TT-GY

TH6: | TT+0,9xHT+0,9xGX
TH7: | TT+0,9xHT-0,9xGX
TH8: | TT+0,9xHT+0,9xGY
TH9: | TT+0,9xHT-0,9xGY

BAO |EVL(THL1;TH2;TH3;TH4;TH5;TH6;TH7;TH8;TH9)

4.4.2. Lap mo hinh phan tich két cdu va xdc dinh ngi luc trong cdu kién.

Str dung phan mém Etabs dé phan tich két cau, xac dinh noi luc trong cac
cau kién cuaa cong trinh.

Hinh 4.19-Mit bang mé hinh két cau tang 3
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Hinh 4.22-M5 hinh két ciu tong thé cong trinh
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4.4.3. Tinh todn d¢ tin c@y cia cac cdu kién

Céc budc tinh toan do tin cay cua cac ciu kién két cau duogc thé hién qua
so do sau:
Khao sat céng trinh

Chay phan mém tinh toan két cau
xac dinh noi luc trong cau kién

Lap biéu thirc xac dinh kha ning
chiu luc téi han cua tiét dién Fy

Xéac dinh d6 léch chuan cac tham
SO 8y 184 +Sp 15,5 15,08, 1S, -

Xac dinh do léch chuan thanh
phan s, .5, .S, ,S,,S . 85,.5, .S, .-

Xéc dinh phuong sai thanh phan

Siy» Sk > Sk sS4,+85 sS4+ 55 -

Xac dinh phuong sai va do léch
chuan tong hop 7 .S,

Xéc dinh d tin cay caa cu kién
két cau

Hinh 4.23- So' dd cac bude xac dinh dé tin ciy ciia ciu kién
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Dura trén cac budc tinh toan do tin cay cua cac cdu kién, két ciu va cac cong
thirc tinh toan cho cac truong hop chiu luc trong muc 3.5.2 trong chuong 3.
Nghién ciru sinh thiét 1ap chuong trinh tinh toan d6 tin ciy cua cac cau kién cot,
dam, san bang phan mém excelle. Béi véi cac cau kién cot, DPTC duoc xac dinh
theo diéu kién léch tam phang cua timg phuong. Trong cong trinh cu thé nay, cot
cha yéu 1am viéc theo phuong canh dai (phuong Y) nén DTC cua cot duoc Xac
dinh theo truong hop léch tim phang theo phuong Y.

So d6 khdi ciia phan mém duoc thé hién nhu sau:

Module 1 Module 2 Module 3 Module 4
= - S =
g> g> (@) (@)
Q Q@ = a
=, =, — =
= S =3 S)
< .

0% §~ g)x .a).

3 =: = =1

o @ .(_:D_;' %
Module 5

Tinh toan d¢ tin cay cua cau kién

Hinh 4.24-So @6 khoi phan mém tinh toan d tin ciy ciia két cAu

Module 1: Thdng tin vé vat liéu: trong module nay thé hién théng tin vé
vat liéu bé téng, cét thép sir dung trong cong trinh.

Vit liéu st dung:

Bé tong: B22.5
Ry= 1.3 KN/cm2 AR, = 2% Sro= 0.03 KN/cm2
Cot thép: All
Rs= 26 KN/cm2 AR; = 3% Srs= 0.78 KN/cm2
Re= 26 KN/cm2 AR, = 3% Sre= 0.78 KN/cm2
p, =  10%
Abh = 4%

- Trong bang nay khi nhap théng tin vé cap d6 bén cia bé tong, va mac thép
(trén la B22.5 va All) sé cé 6 théng tin lién quan téi cuong do tinh toan cua bé
tﬁng, Cét thép Rb,Rs ,Rsc.
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- Cac gia tri 4Ry, 4Rs, AR, AR, AAs, Abh 1a @6 léch twong ung thu duoc
tir két qua kiém tra va thi nghiém so véi gia tri thiét ké vé cuong do bé téng, ct
thép, dién tich cét thép, kich thudc hinh hoc cua tiét dién.

Module 2: Thong tin vé tiét dién (Frame Sections): Day la module thé
hién céc thong tin vé tiét dién cau kién: tén tiét dién, vat liéu st dung, kich thuéc
tiét dién. Cac thong tin nay trong muc Frame Sections dugc xuét ra tir két qua tinh
toan cua Etabs. Thong tin trong module 2 dugc thé hién nhu trong bang sau:

TABLE: Frame Sections

C22X22
C22X50
D22X40
D22X60

Name

(1)

Material Shape

(2) (3)
B20 Concrete Rectangular
B20 Concrete Rectangular
B20 Concrete Rectangular
B20 Concrete Rectangular

Bang 4.5. Bang minh hoa module 2

t3
m

(4)

0.22
0.22
0.4
0.6

t2
m
(5)
0.22
0.5
0.22
0.22

Module 3: Théng tin vé cau kién (Frame Assignments): Thé hién céc
thong tin vé tang, nhan, dang cau kién, tén ciu kién, kich thudc va cdt thép bd tri
tai ca&c mat cat can kiém tra.

Bang 4.6. Bang minh hga module3

TABLE: Frame Assignments - Summary

Story

(1)
TANG MAI
TANG MAI
TANG MAI
TANG MAI
TANG MAI
TANG MAI
TANG MAI
TANG MAI
TANG MAI
TANG MAI
TANG MAI
TANG MAI
TANG MAI
TANG MAI

Label

(2)

B1
B2
B3
B4
B5
B6
B7
B8
B9
B10
B11
B12
B13
B14

Design Type Length

Analysis Cau kién

Section
admin: As A's As A's
=RIGHT(A6,1)886 | v m m cm2 m2 cm2 cm2
(3) (4) (5) (6) ‘f (7) (8) (9) (100 (11) (12) (13)
Beam 4.2 D22X40 1Bl 22 0 6.2¢8 5.09
Beam 4.2 D22X4 5.0
~dmin: 22X40 5.0
=VLOOKUP(F6,'Frame ~ |D22X40 6.28 5.0
Sections'lA$5:E$8,5,0) |D22X40 6.28 5.09
=VLOOKUP(M6,U$6
Beam admin: |fadmin: D.22 ¥$9,3,0) 6 6.28 5.09
Beam =VLOOKUP(F6,'Frame | |f=E® D.22 o z—our— 6§ 6.28 5.09
Beam  LSections1AS3:E3840) I gg o/g admin: 628 628 5009
Beam 4.2[admin: .22|=VLOOKUP(M6,U$6(6.28 6.28  5/09
Beam 4.2|=VLOOKUP(M6,U$6:Y$9 ) 75|:Y$9,4,0) 6.28 6.28 509
Beam 4, 2:0) 22 0.4 4.2 5.093dmin: .09
Beam 4.2 D22X40  1B12 0.22 0.4 4.2 5.0y=VLOOKUP(M6,U$6 }.09
Beam 4.2 D22X40 1B13 0.22 0.4 4.2 5.0{:Y$9,50) .09
Beam 4.2 D22X40 1B14 0.22 0.4 42 509 628 6.28 5.09



113

- Céc thdng tin tir cot (1) dén cot (5) trong bang dugc xuit ra tir muc frame
assigments cua cau kién tir phAm mém Etabs, thé hién thong tin vé tén tang, tén
cau kién, dang c4u kién, chiéu dai (chiéu cao cua cau kién) va kich thuéc cua cau
kién.

- Thong tin trong cot (6): tén cau kién. Sir dung ham Right dé tao tén cau
kién. Vi du: J6= Right(A6,1)&B6=Right(TANG MAI,1)&(B1)= IB1. IB1biéu thi
cau kién dam B1 tai ting mai. Cau Iénh dugc thé hién trong ghi chi trén bang 4.6.

- Gié tri trong cot (7), ( 8) 1a cot vé kich thude tiét dién cua cau kién. Dung
ham loc vlookup dé loc: bé rong, chiéu cao cua tiét dién cua cu kién trong cot
(4), (5) cuia module 2. Cau lénh loc tai mdi cot duoc thé hién trong ghi chl cua
cot (7), (8) trén bang 4.6.

- Gia tri dién tich cot thép tai cot (10), (11), (12), (13): duoc xac dinh theo
bé tri cbt thép trong cau kién tai cac mat cat can kiém tra ang véi truong hop noi
lyc 16n nhat. Gia tri cét thép nay duoc loc theo kich thuéc dam twong tng. Cau
1énh loc tai mdi cot duoc thé hién trong ghi chi cua cot (7), (8) trén bang 4.6.

Module 4: ndi lwc cau kién (Beam forces): Trong module nay sé& loc noi
lyc nguy hiém nhat trong cau kién. Di vai cau kién kiém tra chiu udn (dam, san)
la gia tri Mmax (md men duong 16n nhat), Muyin (M6 men am Ién nhat); véi cau
kién chiu nén léch tam (cot) 1a: Pmin (Iuc nén 16n nhat) + Mg (M6 men tuong
Ng), Mimaxt Pring VA Minin + Prang. Bang 4.7 du6i day 1a module 4 cua bang tinh
ddi véi cau kién dam.

Bang 4.7. Bang minh hoa Module 4

TABLE: Beam Forces

Story Beam Unique Load Station P V2 v3 T M2 M3 Element Element Location
Name Case/Combo Station
m  tonf tonf tonf tonf-m tonf-m tonf-m m

(1) (2) (3) (4) (8) (8 7) (8) (9) (10) (12) (12) (13) (14)

TANG MAI B1 205 BAO Max 011 0 -02207 0 04141 0 -0.0904 205-1 011 B1 8 1181 24254\ -2.
TANG MAI B1 205 BAO Max 0475 0 -0.2207 0 0.4141 0  0.3462 205-1 8 .229
TANG MAI B1 205 BAO Max 08 0 -02207 0 04141 0 1.1468 2051 SSATIRS ha 2220
TANG MAI B1 205 BAO Max 08 0 -01158 0 02788 0 1.1985 2052 1985 -, B 4iBa 12781 2.4
TANG MAI B1 205 BAO Max 126 0 -01158 0 02788 0 1.6784 2052 .42 . i?/T(;'('):KUp(vs,p$5:R$14240,2,0) 3
TANG MAI B1 205 BAO Max 168 0 -01158 0 02788 0 2.1156 2052 000041 B CTBe 27792747
TANG MAI B1 205 BAO Max 1.68 0 0.3058 0 0.1071 0 2.1254 205-3 A -0.0904 | B 7187 1.2447 -2.222
TANG MAI B1 205 BAO Max 21 0 04075 0 01071 0 1.9767 2053 -0.0904 | [admin: 44
TANG MAI B1 205 BAO Max 252 0 05092 0 01071 0  1.8032053 -0.0904 | | TVLOOKUP(VSPSSRS14240,3,0) 1313
TANG MAI B1 205 BAO Max 252 0 18143 0 -0.0223 0 1.7704 2054 009041 B 101B10 2.3518 -2.505
TANG MAI B1 205 BAO Min 409 0 02444 0 -0.2601 0 -2.2702 2055 227021 B 301830 0.079 -1.645
TANG MAI B2 206 BAO Max 011 0 -02206 0 03735 0 -0.1491 206-1 014911 B 311831 0.0635 -1.833
TANG MAI B2 206 BAO Max 0475 0 -0.2206 0 03735 0 -0.0686 206-1 014911 B 321832 0.0687 -1.797
TANG MAI B2 206 BAO Max 084 0 -02206 0 03735 0 0.0119 206-1 014911 B 331833 0.072 -1.765
TANG MAI B2 206 BAO Max 08 0 0121 0 01904 0 00172062 014911 B 341834 0.0869 -1.702
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- Trong bang 4.7 céc thong tin tir cot (1) dén cot (14) 1a két qua xuat ra tir
phan mém tinh toan két ciu Etabs. Phan mém xuat ra noi luc tai rat nhiéu vi tri
tiét dién trong cau kién. Vi vy can loc ra tiét dién twong tng véi noi luc nguy
hiém nhat.

- C4c cot tir (15) t6i (18) 1a cac bude dé loc ra tén cau kién va gia tri md
men tai tiét dién c6 Mmax , Mmin. Str dung c&c ham IF trong excelle dé loc. Cau
trdc cau Iénh tai mdi cot duoc thé hién ghi chd trong bang 4.7. Trong bang ta thay
tai dong cudi cung cua ndi luc dam B1 & tang mai, trong cot (16) ta xac dinh dugc
tén cau kién 1B1 cO gia tri Mmax=2.154 tonf-m tai cot (17) va gié tri Mmin = -2.27
tonf-m tai cot (18).

- Cot (22), (23), (24) sip xép lai tén cau kién, noi luc theo thi ty. Sir dung
ham vlookup dé loc. Cau trlic cau lénh tai mdi cot dugc ghi chl trong bang 4.7
day 1a cac thong tin duoc lién két vai module 5.

Module 5: tinh toan dé tin cay cia cau kién

- Théng tin vé vat liéu va mirc d6 suy giam cuong do tinh toan bé tong, cét
thép, dién tich cdt thép va kich thuéc cau kién duoc lay tir module 1.

- Thdng tin vé kich thudc tiét dién, dién tich cot thép bo tri tai tiét dién can
kiém tra ctia cau kién duoc lay tir module 3.

- Thong tin vé noi luc kiém tra dugc ldy tir module 4.

- Gia tri noi lyc téi han, @6 1&éch chuan cua ting tham sé, dao ham riéng cua
ting tham sd, do Iéch chuan thanh phan, phuong sai va do Iéch chuan tong hop
duoc tinh toan theo cong thirc dai s6 cho ting trang théi chiu luc dugc thiét 1ap
tai muc 3.5.2 trong chuong 3.

- Gia tri @6 tin cay cua cu kién dugc tinh toan todn dya trén ham mat do
X4C SUAL.

Bang 4.8 1a bang minh hoa tinh toan d6 tin cay cua cu kién dam khi kiém
tra chiu udn.



TINH TOAN PQ TIN CAY CUA CAU KIEN DAM CHIU UON
Vit liéu sir dung:

Bang 4.8. Tinh toan d¢ tin cdy ciia cau Kién
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Bé tong: B22.5
Ry = 1.3 KN/cm2 AR, = 2%  Swrp= 0.03 KN/cm2
Cot thép: All
R&= 26 KN/cm2 AR; = 3% Sks= 0.78 KN/cm2
Ree= 26 KN/cm2 ARy, = 3% Srs= 0.78 KN/cm2
A, = 10%
akh = 4%
Cot | Cét ,
4 4 . . X M
Kich thuée thép | thép D6 lach chudn Pao ham riéng ciia timg tham s& D6 léch chudn S Sy | M|
Tén | . M | chiu | chiu | My AMy M
dim | Vil kéo | nén
b h|a | h L A A, S'b | S'ho | Sa | SAs | SAs | Srs SAs | Sho [ SRsc [SRb| Sb | SAs | Sa SkRs | SAs | Sho | SRsc | S'Rb Sb | SAs Sa
cm [cm|cm|cm | m | T.m | em? | cm® | KN.em | cm | em |cm | em? [ em? | em® [KN/em| KN | cm® | cm® | KN [KN/ecm| KN [KN.cm|KN.cm|KN.cm|KN.cm|KN.cm|KN.cm|KN.cm|KN.cm| (KN.cm)? | KN.cm
D@ [ @ 6|6 [ O] 6 | © |0 @) [(12)|@3) (14|15 |@6) | @7) | (28) | (19) | (20) | (21) [(22) | (23) | (24) | (25) | (26) | 27) | (28) | (29) | (30) | (31) | (32) (33) (34) | (35) | (36)
- max | 22 |40 | 4 36 2.06| 5.09 | 6.28 | 4093.37 [ 0.88 | 1.4 |0.16|0.51 | 0.63 | 188.7 | 964.2 |132.32|-31.95| 304 | 0.77 |164.81|-163.4| 147.2 | 490.7 [190.55|-24.92 8 0.67 |103.55|-26.14| 310883.72 | 557.57 | 2.0 [1.000
a 4.2
o min | 22 |40 | 4 36 -2.89| 6.28 | 5.09 | 5334.92 (0.88 | 1.4 [0.16]| 0.63 | 0.51 | 219.4 | 907.8 |163.36|-14.83| 304 | 0.77 |164.81|-132.3| 171.1 | 570.4 |235.24|-11.57 8 0.67 | 83.88 |-21.17 | 417628.42 | 646.24 | 1.8 [1.000
~ max | 22 |40 | 4 36 1.16| 5.09 | 6.28 | 4093.37 | 0.88 | 1.4 |0.16|0.51 | 0.63 | 188.7 | 964.2 [132.32(-31.95| 304 | 0.77 |164.81|-163.4| 147.2 | 490.7 |190.55|-24.92 8 0.67 |103.55|-26.14| 310883.72 | 557.57 | 3.5 [1.000
a 4.2
o min | 22 |40 | 4 36 -2.57| 6.28 | 5.09 | 5334.92 (0.88 | 1.4 [0.16]|0.63 | 0.51 | 219.4 | 907.8 [163.36|-14.83| 304 | 0.77 |164.81|-132.3| 171.1 | 570.4 |235.24|-11.57 8 0.67 | 83.88 |-21.17 | 417628.42 | 646.24 | 2.1 (1.000
- max | 22 |40 | 4 36 1.17| 5.09 | 6.28 | 4093.37 | 0.88 | 1.4 |0.16| 0.51 | 0.63 | 188.7 | 964.2 [132.32(-31.95| 304 | 0.77 |164.81|-163.4| 147.2 | 490.7 |190.55|-24.92 8 0.67 |103.55|-26.14| 310883.72 | 557.57 | 3.5 [1.000
Kol 4.2
o min | 22 |40 | 4 36 -2.47| 6.28 | 5.09 | 5334.92 (0.88 | 1.4 [0.16]|0.63 | 0.51 | 219.4 | 907.8 [163.36|-14.83| 304 | 0.77 |164.81|-132.3| 171.1 | 570.4 |235.24|-11.57 8 0.67 | 83.88 |-21.17 | 417628.42 | 646.24 | 2.2 (1.000
< max | 22 |40 | 4 36 1.11| 5.09 | 6.28 | 4093.37 | 0.88 | 1.4 |0.16| 0.51 | 0.63 | 188.7 | 964.2 [132.32(-31.95| 304 | 0.77 |164.81|-163.4| 147.2 | 490.7 |190.55|-24.92 8 0.67 |103.55|-26.14| 310883.72 | 557.57 | 3.7 (1.000
pe) 4.2
o min | 22 (40| 4 36 -2.79| 6.28 | 5.09 | 5334.92 (0.88 | 1.4 [0.16]| 0.63 | 0.51 | 219.4 | 907.8 [163.36|-14.83| 304 | 0.77 |164.81|-132.3| 171.1 | 570.4 |235.24|-11.57 8 0.67 | 83.88 |-21.17| 417628.42 | 646.24 | 1.9 (1.000
o max | 22 |40 | 4 36 1.91| 5.09 | 6.28 | 4093.37 | 0.88 | 1.4 |0.16| 0.51 | 0.63 | 188.7 | 964.2 [132.32(-31.95| 304 | 0.77 |164.81|-163.4| 147.2 | 490.7 |190.55|-24.92 8 0.67 |103.55|-26.14| 310883.72 | 557.57 | 2.1 (1.000
o 4.2
o min | 22 (40| 4 36 -3.32| 6.28 | 5.09 | 5334.92 [ 0.88 | 1.4 [0.16]|0.63 | 0.51 | 219.4 | 907.8 [163.36|-14.83| 304 | 0.77 |164.81|-132.3| 171.1 | 570.4 |235.24|-11.57 8 0.67 | 83.88 |-21.17 | 417628.42 | 646.24 | 1.6 (0.999
© max | 22 |40 | 4 36 1.11| 5.09 | 6.28 | 4093.37 | 0.88 | 1.4 |0.16| 0.51 | 0.63 | 188.7 | 964.2 [132.32(-31.95| 304 | 0.77 |164.81|-163.4| 147.2 | 490.7 |190.55|-24.92 8 0.67 |103.55|-26.14| 310883.72 | 557.57 | 3.7 (1.000
o 4.2
o min | 22 (40| 4 36 -2.79] 6.28 | 5.09 | 5334.92 | 0.88 | 1.4 |0.16| 0.63 | 0.51 | 219.4 | 907.8 |163.36|-14.83| 304 | 0.77 {164.81|-132.3| 171.1 | 570.4 |235.24|-11.57 8 0.67 | 83.88 [-21.17|417628.42 | 646.24 | 1.9 |9.000
~ max | 22 |40 | 4 36 1.17| 5.09 | 6.28 | 4093.37 | 0.88 | 1.4 |0.16| 0.51 | 0.63 | 188.7 | 964.2 [132.32(-31.95| 304 | 0.77 |164.81|-163.4| 147.2 | 490.7 |190.55|-24.92 8 0.67 |103.55|-26.14| 310883.72 | 557.57 | 3.5 [1.000
o) 4.2
o min | 22 |40 | 4 36 -2.47| 6.28 | 5.09 | 5334.92 (1 0.88 | 1.4 (0.16]| 0.63 | 0.51 | 219.4 | 907.8 [163.36|-14.83| 304 | 0.77 |164.81|-132.3| 171.1 | 570.4 |235.24|-11.57 8 0.67 | 83.88 |-21.17| 417628.42 | 646.24 | 2.2 (1.000
o max | 22 |40 | 4 36 1.16| 5.09 | 6.28 | 4093.37 | 0.88 | 1.4 |0.16|0.51 | 0.63 | 188.7 | 964.2 [132.32(-31.95| 304 | 0.77 |164.81|-163.4| 147.2 | 490.7 |190.55|-24.92 8 0.67 |103.55|-26.14| 310883.72 | 557.57 | 3.5 [1.000
o] 4.2
o min | 22 |40 | 4 36 -2.57| 6.28 | 5.09 | 5334.92 (0.88 | 1.4 [0.16]| 0.63 | 0.51 | 219.4 | 907.8 [163.36|-14.83| 304 | 0.77 |164.81|-132.3| 171.1 | 570.4 |235.24|-11.57 8 0.67 | 83.88 |-21.17| 417628.42 | 646.24 | 2.1 (1.000
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- Tai cot (1) 1 t&n cau kién can kiém tra duoc dit theo tén cau kién trong
module (3), (4) 1a co s& dé loc cac thong tin trong cAu kién: kich thuéc tiét dién,
noi luc, bé tri ct thép.

- Céc thdng tin trong bang tir cot (3), (4), (7) va cot (9), (10) duoc loc bang
ham loc Vlookup véi gia tri muén tra ctu 1a tén cau kién & cot (1) va gié tri can
tim tai cot tu (7), (8), (9) va cot (10), (11), (12), (13) trong bang 4.8 cua module
3.

- Théng tin vé& noi luc tai cot (8) duoc loc bang ham Vlookup véi gia tri
mubn tra ctu 13 tén cau kién & cot (1) va gia tri can tim tai cot (15), (16) trong
bang 4.7 cua module 4.

- Cot (11) 1a gia tri gigi han chiu luc cua tiét dién duoc tinh todn theo cong
thirc trong muc 3.5.3 cua chuong 3 (ng vai ting trang thai chiu luc.

- Cot (12) dén (16) 1a d6 léch chuan thanh phan dugc tinh todn theo cac
cong thtrc trong muc 3.5.3 cua chuong 3.

- Cot (17) dén (24) 1a dao ham riéng cua tirng tham sé duoc tinh toan theo
cac cong thac trong muc 3.5.3 chuong 3.

- Cot (25) dén (32) la cac gia tri ¢o léch chuan cua cac thanh phan trong
ham cong nang.

- Cot (33), (34) la gia tri phuong sai va do léch chuan téng hop.

- Cot (35) la ty sb gitra M/M

- Cot (36) la gia tri do tin cay cua cdu kién duogc tinh toan biang ham
NORM.DIST(x,mean,standard_dev,cumulative) 1a ham mat d6 xac suat cua mot
gia tri cho trung binh s hoc va d¢ léch chuan da cho. Trong d6:

- x dugc lay gié tri My tai cot 11 12 gia tri kha ning chiu luc cua tiét dién;

- mean duoc lay gié tri tai cot 8 gi tri noi luc cua tiét dién;

- Standard_dev: 1a d¢ léch chuan duoc lay tai cot 34;

- Cumulative: True dé tra gia tri cia ham phan phdi tich liy.

Két qua tinh toan db tin cay cua cac cdu kién cot, dam, san tai cac trang
thai chiu lrc duoc thé hién trong phu luc tinh toan
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Trén co sé tinh todn toan bo cau kién caa cua cong trinh, két qua tong hop
d6 tin cay cau kién va mic do hu hong cau kién nhu sau:
Bing 4.9. Tong hop két qua tinh toan

TT Loai ciu kién S6 lugng | Potincady | Mic do hu
(cii,tAm) | thapnhat | hong Ion nhat

1 Cot tang 1 32 0,831 0,169
2 Cot tang 2 30 0,985 0,015
3 Cot tang 3 30 1 -

4 Cot tang 4 30 1 -

5 Dam tang 2 59 0,834 0,166
6 Dam tang 3 56 0,891 0,109
7 Dam téng 4 56 0,897 0,103
8 Dam tang mai 55 0,933 0,067
9 san tang 2 71 0,769 0,231
10 san ting 3 69 0,769 0,231
11 san tang 4 69 0,769 0,231
12 San tang mai 76 0,769 0,231

4.4.4. Xdc dinh tugi the con lai ciia két cdu cong trinh
Hu hong tong hop caa nha tinh theo cdng thic (3.46):
e=(goq+5,0,+...+505) (o +o, +...+ %)
e =(0,169x8 + 0,166x4 + 0,231x2) / (8 + 4 + 2) =0,177.

Do tin cay twong ddi cua nha tinh theo cong thuc (3.47):
y =1-£=1-0,177=0,823

Hao mon thuong xuyén caa nha theo céng thuc (3.48):
A=-Iny/t=-In0,823/27=0,00722

Xac dinh tudi tho caa nha theo cong thuc (3.50):
T 022 022

A 0,00722

Tudi tho con lai cua cdng trinh theo cong thic (3.51)

AT = 30,5 — 27 = 3,5 nam

=30.5nam
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4.5. Panh gia két qua tinh toan xac dinh tudi tho con lai ciia cong trinh theo hai

phuong phap

Két qua tinh toan tudi tho con lai cua cong trinh theo phuong phap [82] va
phuong phap dé xuat lan luot 1a 6,1 nam va 3,5 nam, chénh 1éch 2.6 nim (twong
ting khoang 42% so véi két qua cia phuong phéap [82] va khoang 74% so voi
phuong phéap dé xuat), la mtc do chénh léch twong d6i 16n. Nguyén nhan do viéc
xéac dinh mirc d6 hu hong cua ciu kién cua hai phuong phap c6 su khac nhau.
Duéi day 1a phan tich cac két qua tinh toan khac nhau cta hai phuong phap va rit
ra nhitng danh gia nhan xét:

- Hu hong I6n nhat cua cot, dam, san theo phuong phap [82] lan luot
0,15; 0,15; 0,25, theo phuwong phap dé xuat la: 0,169; 0,177; 0,231. Chénh léch
két qua tinh toan gitra hai phuong phap lan luot 1a: 0,019; 0,027; 0,019, 14 khong
I6n so vai budc phan loai 1a 0,1 gitra cac khoang phéan chia mirc @6 hu hong theo
phuong phép [82] (0,05; 0,15; 0,25; 0,35). Nhu vay, c6 thé danh gia rang trong
phuong phap [82] c4c khoang phan loai mirc do hu hong caa cau kién 1a 16n, dan
t6i két qua tinh toan tudi tho con lai cua cng trinh ¢6 sai sé lon.

- Hu hong 16n nhat cua két cau dam tang 2, dam tang mai, caa két cau cot
tang 3 xac dinh theo phuong phap [82] 12 0,15, theo phuong phap dé xuat lan luot
1a 0,169 va 0,067, ~ 0 (d¢ tin cay bang 1). Phan tich thuc té lam viéc cua két cau
thay rang: Do tai trong tac dung Ién két cau dam tang 2 Ion hon nhiéu so véi két
cau dam mai nén thuc té mirc d6 hu hong (do tin cay) s& 16n hon du biéu hién hu
hong bén ngoai nhu nhau. Véi két cau cot tang 3, do lugng du trir trong thiét ké
l6n (theo yéu cau kién trdc, tiét dién cot khong thay d6i nén tai tang 3 kha ning
chiu luc cua tiét dién cot I6n hon nhiéu noi luc tac dung) nén thuc té cot van dam
bao d6 an toan khi chiu lyc ngay ca khi xuat hién hu hong bén ngoai. Diéu nay
khing dinh: ddnh gid mirc dp hw héng bén ngodi chwa phdn dnh diing tinh
trgng chdt lwong cia két cdu.

Nhu vay, khi cd s6 liéu khao sat day dua viéc tinh toan DTC cua cau kién s&
cho két qua tin cay hon so v&i phuong phép tra bang phan loai cho truéc.
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4.6. Két luan chuong 4

NCS d4 xay dung dugc quy trinh tinh toan d6 tin cay cua cau kién, két ciu
khi c6 sb liéu khao sat hién trudng, trén co s& d6 xac dinh dugc tinh trang ki
thuat, tudi tho con lai caa cong trinh.

P4 thiét lap duoc cac bang tinh toan do tin cay cua cau kién, két cau va tuoi
tho con lai ciia cng trinh. Bang tinh duoc lap bang phan mém excelle, dé sir dung
va d& nhap, kiém tra sé liéu dau vao dau ra.

Trén co s¢ nhitng két qua dat duoc khi tinh toan tudi tho con lai cia mot
cong trinh cu thé bang hai phwong phép, rat ra nhitng nhan xét vé uu nhugc diém
cua hai phuong phéap. Cu thé:

a. Phuong phép xac dinh tudi tho con lai ciia nha va cong trinh dya trén dau
hiéu hu hong bén ngoai [82].

- Uu diém:

+ Dé thyc hién vi sir dung cac bang tra c6 san;

+ Panh gia nhanh dugc trinh trang ky thuat cua cong trinh.

- Nhuoc diém:

+ P4 tin cay chua cao do dau hiéu hu hong bén ngoai chua phan anh ding
tinh trang chat luong cua két cau (cuong d6 vat lidu, kha ning chiu luc cua két
Céu, VV...);

+ Mirc d6 hu hong cua ciu kién duoc phan loai véi khoang kha rong (0,05;
0,15: 0,25; 0,35) dan dén két qua tinh toan co thé co sai sb kha lon.

b. Phuong phap dé xuat xac dinh tudi tho con lai ciia nha va cong trinh dua
vao tinh toan d¢ tin cay cua cau kién, két cau theo céc so lieu khao sét thuc té hién
truong (khdng theo dau hiéu hu hong bén ngoai).

Uu diém cua phuong phap nay 1a:

+ Xéc dinh duoc d tin cay cua ting cau kién két cau, trén co sd st dung
cac chuong trinh tinh toan két cau BTCT thong dung va cac quy dinh khéc cua
tiéu chuan thiét ké hién hanh;

+ Kha niang ap dung ctia phuong phap dé xuat 1a cao vi hién nay, c6 day du
thiét bi va tiéu chuan dé khao sat, thi nghiém va trong tinh toan céc k¥ su chi can

dung cac chuong trinh quen thudc;
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- Phan tich két qua xac dinh tudi tho con lai caa hai phuong phap cho thay:
khi c6 sb liéu khao sat twong d6i diy du cho phép tinh toan dugc do tin ciy cua
cac cau kién, két cAu vai cac gia tri xac dinh chir khong phai & trong cac khoang
nhu theo dau hiéu bén ngoai. Vi vay cd thé noi phuong phéap xéac dinh tudi tho con
lai dua theo tinh toan d6 tin cay cua cau kién, két ciu thong qua s liéu khao sat
dam bao duge d6 tin cay va co thé 4p dung vao thuc té.
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KET LUAN VA KIEN NGHI
1. Nhirng két qua dat duoc

1.1. Hé théng hoa va tom luge cac phuong phap xac dinh tudi tho con lai cua cong
trinh xay dung khi xét dén anh huong cua khuyét tat, hu hong. Phan tich danh gia
cac uu nhuoc diém cia cac phuong phép, tir d6 rat ra dugc nhiing van dé can
nghién ctru hoan thién,

1.2. Tap trung phan tich danh gia phuong phap xac dinh tudi tho con lai caa nha
va cong trinh dang dwgc st dung phd bién cua lién bang Nga “Hudng dan danh
gia do tin cay cua két cau nha va cong trinh theo dau hiéu bén ngoai” va céc tai
liéu lién quan. Lam rd duoc nhitng wu nhuge diém cta phuong phap nay, trén co
s d6 dé xuat mot cach tiép can khac dé nang cao d6 tin cay caa phuong phép.
1.3. Nhitng dong gép mdai cia lugn an

1.3.1. Bé xuat phuong phép tinh toan tudi tho con lai cua cong trinh theo tinh toan
DPTC cua cau kién, két cau. Phuong phap nay 1a mot cai tién cuia phuong phap tinh
toan tudi tho con lai cua cong trinh dya theo dau hiéu hu hong bén ngoai cua lién
bang Nga dé nang cao d tin cay trong tinh toan.

1.3.2. Thiét 1ap duogc cé4c thuat todn va quy trinh tinh todan DTC cta cau kién, két
cau BTCT theo tiéu chuan thiét ké hién hanh (TCVN).

1.3.3. Thiét 1ap cac bang tinh toan d6 tin ciy cua cau kién, két cau. Bang tinh duoc
lap bang phan mém excelle, dé sir dung va d& nhap, kiém tra s liéu dau vao dau
ra.

1.3.4. Xay dung duoc quy trinh tinh toan tudi tho con lai caa cong trinh theo hai
phuong phap va ap dung tinh toan trén mot cong trinh cu thé dé danh gia mic do
thuc hanh va rat ra uu nhuoc diém cua hai phuong phap. Cho thiy phuong phap
dé xuat c6 do tin cay va kha nang ng dung vao thuc té (vi sir dung cac phan mém
tinh toan thong dung).

2. Kién nghi

2.1. Vé6i phuong phap tinh toan tudi tho con lai cia cong trinh theo dau hiéu hu
hong bén ngoai chi nén sir dung dé danh gia nhanh tudi tho con lai va tinh trang
ky thuat caa nha va cong trinh.
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2.2. Khi can danh gia mot cach day da va bao dam do tin cay cao hon thi nén tién
hanh khao sat chi tiét hién trang cong trinh va c6 thé st dung phuong phap Xxéac
dinh tudi tho con lai theo tinh todn PTC cua cau kién, két cau.

3. Huéng phat trién ciia dé tai luan an

3.1. Trén co s& cac nghién ctu vé tinh toan xac dinh tudi tho con lai cua cong
trinh d4i vé&i dang cong trinh két ciu bé téng cbt thép, cd thé nghién ctu bo sung
dé thiét 1ap quy trinh tinh toan xac dinh tudi tho con lai cua cong trinh két cau
thép.

3.2. Trong tinh toan xac dinh tudi tho con lai caa céng trinh dai luong do hu hong
tuong ddi caa cdng trinh ngodi phu thuc vao mic do hu hong cua tirng loai cau
kién con phu thudc vao gia tri trong sé cua tieng loai cau kién. Khi khong cé tinh
toan thi c6 thé lva chon theo cac gia tri cho trudc. Thyc té ngay trong mot nhém
cau kién su tham gia cua céac cau kién vao PTC chung ctia cong trinh ciing khéc
nhau, hon nita véi mdi dang két cdu anh huang cua mdi nhdm két cau téi BTC
chung cua cong trinh cling khac nhau. Trong luan an da dé dé xuat cach xac dinh
trong s6 theo do nhay cua cac tham sé co ban. Vi vay, co thé phat trién hudng
nghién ciru nay dé xac dinh trong sé ciia nhom cau kién cho cac dang cong trinh.
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XAC PINH CAC BDAC TRUNG CUA KiCH THUOC
CAU KIEN COT, DAM

STT|CAu kién do| vitri do |kich thwdc [Kich thwdc| DO léch Phuongsai | D6 léch
thuctd | thigtk& | (a-a) .. A_z D:lef chugn
&, Ay g ' n o=yD
cm cm % %
1 | CT1(1-C) |chiu cao 48.7 50 -2.60 6.76
2 | CT1(1-Q) bé rong 21 22 -4.55 20.66
3 | CT1(2-B) |chiu cao 49 50 -2.00 4
4 | CT1(2-B) bé rong 21.2 22 -3.64 13.22
5 | CT2(9-C) |chiu cao 48.7 50 -2.60 6.76
6 | cT2(9-C) | berong | 22.8 22 3.64 |13.22
7 | CT2(7-C) |chiéu cao 48.8 50 -2.40 5.76
8 | cT2(7-C) | berong | 20.8 22 -5.45 | 29.75
9 | CT3(4-C) |chiéu cao 48.2 50 -3.60 12.96
10 | CT3(4-C) bé rong 23 22 4.55 20.66
11| CT3(6-B) |chiéu cao 51.5 50 3.00 9
12 | CT3(6-B) bé rong 22.9 22 4.09 16.74
13 | CT4(10-C) |chiéu cao 48.5 50 -3.00 9
14 | CT4(10-C) | berong | 23.1 22 5.00 25
15 | CT4(8-C) [chiéu cao 51.5 50 3.00 9
16 | CT4(8-C) | barong 21 22 455 | 20.66
17 | B2-1(4-5) |chiéu cao 38.8 40 -3.00 9 1599 4.00
18 | B2-1(4-5) | bé réng 21 22 -4.55 | 20.66
19 |B2-7(3-B-C)|chiéu cao 58 60 -3.33 11.11
20 |B2-7(3-B-C)| bé réng 20.8 22 -5.45 29.75
21| B2-2(8-9) |chiéu cao 38.5 40 -3.75 14.06
22 | B2-2(8-9) | béréng 21.2 22 -3.64 13.22
23 | B3-1(7-8) |chiéu cao 38 40 -5.00 25
24 | B3-1(7-8) | béréng 21.4 22 -2.73 7.438
25 [B3-7(8-B-C) |chiéu cao 57.5 60 -4.17 17.36
26 |B3-7(8-B-C)| barong | 22.8 22 3.64 |13.22
27 | B3-2(4-5) |chiéu cao 41.3 40 3.25 10.56
28 | B3-2(4-5) | bérong 20.8 22 -5.45 29.75
29 | B4-2(2-3) |chiéu cao 38.2 40 -4.50 20.25
30 | B4-2(2-3) | bérong 21 22 -4.55 20.66
31 |B4-8(5-B-C)|chiéu cao 58.5 60 -2.50 6.25
32 |B4-8(5-B-C)| bé rong 23.3 22 5.91 34.92
33 | B4-3(9-10) |chiéu cao 38.6 40 -3.50 12.25
34 | B4-3(9-10) | bé rong 20.9 22 -5.00 25
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XAC BINH CAC BAC TRUNG CUA CHIEU DAY SAN

STT| Vitrido Chiéu day | Chiéu day| Do léch Phuong sai| D6 léch
th Lﬁtté thiéh':kké ) - @ 100 Aiz o % ZA? Ucr; l.j%’\
mm mm % %
1 [ST2(2-3&B-C) 125 4.17 17.36
2 |ST2(4-5&B-C) 124 3.33 11.11
3 |ST2(9-10&A-B) 124 3.33 11.11
4 |ST3(1-2&A-B) 125 4.17 17.36
5 |ST3(4-5&B-C) 116 -3.33 11.11
6 |ST3(5-6&A-B) 120 120 0.00 0.00 16.20 4.00
7 |ST4(3-4&B-C) 115 -4.17 17.36
8 |ST4(7-8&A-B) 112 -6.67 44.44
9 |ST4(2-3&A-B) 125 4.17 17.36
10 |STM(1-2&A-B) 124 3.33 11.11
11 |[STM(6-7&B-C)| 126 5.00 25.00
12 |STM(8-9&A-B) 124 3.33 11.11
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XAC BINH CAC BAC TRUNG CUA TIET DIEN COT THEP COT, DAM

STT| CAu kién | Vitrildy | Puong | duwong | D6 léch Phuwongsai| D6 léch
kiém tra mau kinh do kinh 2 1w 2 chuan
dtt danh A-=(dn_dlk).100% A, D :HZAi
" o=+D
dinh dtk t
(mm) (mm) (%) (%)
1 TM-1 C-2 16.9 -6.11 37.35
2 TM-2 C-3 17.2 -4.44 19.75
3 TM-3 Cc-7 17.1 18 -5.00 25.00 25 36 5.04
4 TM-4 B-4 16.9 -6.11 37.35
5 TM-5 B-6 17.1 -5.00 25.00
6 TM-6 B-9 17.5 -2.78 7.72
XAC BINH BDAC TRUNG CUA TIET DIEN COT THEP SAN
STT| CAu kién | Vitrildy | Duwong | dudng | Do léch Phuwongsai| D6 léch
kiém tra mau kinh do kinh 2 1,2 chuan
d danh LR | A, [P
tt an e o=D
dinh dtk t
(mm) (mm) (%) (%)
1 ST2 (9-10&A-B) 7.1 -11.25 126.56
2| st3 |(1-28A-B)| 7.4 750 | 56.25
2 2-3&B- . -8. .
3 ST (2-3&B-C) 7.3 3 8.75 76.56 85.42 9.24
4| sT3 |(1-28A-B)| 7.2 -10.00 | 100.00
5 ST4 (3-4&B-C) 7.3 -8.75 76.56
6 ST4 (6-7&B-C) 7.3 -8.75 76.56
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XAC BINH CAC BAC TRUNG CUA CUONG DO COT THEP

STT| MAuthi | Vitrildy | &ngsuat |Cudngdo DRé |Réch ,|Phuwong sai| Do léch
N x 2 N . e - 2 pd
nghiém mau chay trén | chiu kéo A= M 1000 A |p :lei chuan
ReH Rs,n W n o=+D
(N/mm2) | (N/mm2) (%) (%)
1 T™-1 C-2 287 -4.33 18.78
2 TM-2 C-3 290 -3.33 11.11
3 T™-3 Cc-7 293 300 -2.33 5.44
4 T™-4 B-4 292 -2.67 7.11
5 TM-5 B-6 291 -3.00 9.00
6 TM-6 B-9 290 -3.33 11.11
8.960 3.000
7 ST2 (9-10&A-B) 233 -2.92 8.51
8 ST3 (1-2&A-B) 234 -2.50 6.25
9 ST2 (2-3&B-C) 234 240 -2.50 6.25
10 ST3 (1-2&A-B) 232 -3.33 11.11
11 ST4 (3-4&B-C) 235 -2.08 4.34
12 ST4 (6-7&B-C) 233 -2.92 8.51
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XAC PINH CAC BPAC TRUNG CUA CUONG PO NEN
BE TONG DAM SAN

STT |MAuthi| Vitrildy |Cuongdd | Cudng dd bé | Po léch Phuwong | D6 Iéch
nghiém mau bé .tf)ng tc“>\ng hién (Mk) 2 _slai , chi,lé’n
hién truongtrung | L==El | A, D—EZAi o=+/D
truong | binh Rhti !
(N/mm?) (N/mm?) % %
1 | M1-1 [s2(2-3&B-C)| 19.1 -3.56 | 12.66
2 M1-2 [S2(4-5&B-C) 19.5 -1.54 2.37
3 | M1-3 52(9-10&A-B)| 19.7 -0.53 | 0.28
4 M2-1 |S3(1-2&A-B) 19.7 -0.53 0.28
5 | M2-2 |S3(4-5&B-C)| 19.6 -1.03 | 1.07
6 M2-3 |S3(5-6&A-B) 19.7 -0.53 0.28
7 | M3-1 |s4(3-4&B-C)| 20.5 3.51 | 12.32
8 M3-2 | S4(7-8&A-B) 20.1 1.49 2.22
9 | M3-3 |s4(2-3&A-B)| 19.3 -2.55 | 6.50
10 M4-1 [SM(1-2&A-B) 19.3 -2.55 6.50
11 | M4-2 |SM(6-7&B-C)| 19.7 19.80 -0.53 | 0.28 4.19 2.00
12 M4-3 [SM(8-9&A-B) 20.8 5.03 25.25
13 | M5-1 | B2-1(4-5) 20 0.99 | 0.97
14 M5-2 B2-3(3-4) 19.5 -1.54 2.37
15 | M5-3 | B2-7(3-B-C) | 19.8 -0.02 | 0.00
16 M6-1 B3-1(7-8) 20.5 3.51 12.32
17 | M6-2 | B3-2(4-5) 19.8 -0.02 | 0.00
18 M6-3 | B3-7(8-B-C) 19.8 -0.02 0.00
19 M7-1 | B4-8(5-B-C) 19.6 -1.03 1.07
20 M7-2 | B4-3(9-10) 20 0.99 0.97
21 | M7-3 | B4-7(A-B-3)| 19.9 0.48 | 0.23

Cudng dd bé tong thuc té cha két cidu cb thé dugc xac dinh theo diéu kién

Rpe 2 0.9R
Rimin > 0.75 Ry

Trong d6 cudng d6 bé tong yéu cau (R,.) chinh la c&p bé téng B (MPa, N/mm?)
- V&i bé tbng dam, san

Ryc theo thiét ké Ryctk
Ryc thuc té: = R,,/0.9 Ryett
Diéu kién Ry, > 0.75 Ry,
(Ryctk_Ryctt/Ryctk)Xloo%

22.5 N/mm?
22.01 N/mm®

Pat
2

%
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XAC PINH CAC BDAC TRUNG CUA CUONG PO NEN BE TONG COT

STT | MAu thi | Vitrildy | Cwong do | Cuong do bé | D6 léch , Phuwong sai| D6 Iéch
A x oA . A 2 2
e o biitg:g trfr?‘)'nnggrjclreunng it :Miﬂ(}% A b= %ZA‘ :rh:?/%
trwdng binh Rhti i
(N/mm?) (N/mm?) % %
Il. |MA3u thi nghiém cuong d6 bé tong cot
1 M2-1 | CT1(C-2) 22.1 0.30 0.09
2 M2-2 | CT1(B-4) 22.5 2.12 4.49
3 M2-3 | CT1(C-8) 22 -0.15 0.02
4 M5-1 | CT2(9-C) 22.8 3.48 12.11
5 | M52 |cT2(7-C) | 223 22.03 1.21 146 | 417 2.00
6 | M5-3 | CT2(3-B)| 21.3 -3.33 | 11.08
7 M9-1 | CT3(4-C) 21.7 -1.51 2.29
8 | M9-2 |CT3(6-B) 21.5 242 | 5.86
9 M9-3 | CT3(9-B) 22.1 0.30 0.09
Ghichu

Cudng dd bé tong thuc té cla két cdu cb thé dugc xac dinh theo diéu kién

Rpe 2 0.9R
Rimin > 0.75 Ry

Trong d6 cudrng dd bé tong yéu cau (R,.) chinh la c&p bé tong B (MPa, N/mm?)
- V@i bé tong cot

Ryc theo thiét ké

Ryc thl.J‘C té: = Rht/0.9
pigu kién Ryn> 0.75 Ry
(Ryctk'Ryctt/Ryctk)Xloo%

Ryctk

Ryctt

25
24.48
bat
2

%

N/mm2

N/mm3
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PHU LUC B: TiNH TOAN PQ TIN CAY CUA CAU KIEN, KET CAU



TINH TOAN PQ TIN CAY CAU KIEN COT

Vit li¢u sir dung:

140

Bé tong: B25

Eb= 3250 KN/em?

R, = 1.45 KNfem? ARy=29%  Sro= 0.03 KN/cm?

Cét thép: All

Es= 20000 KN/cm? A, =3%  Srs=  0.78 KN/cm®

= 26 KN/em? A, =3%  Sre= 078 KN/cm’

Ree= 26 KN/em® A, = 0%

Abit = 4%
Tén Tb hop Kich thuge Noi luc Ct thép Céac tham s6 Do lech chudn Dao ham riéng cua ting tham sd P 1éch chuin SZ Ny P,
cot g | TN | T
: = N
Cx|Cy | @' |Cox| Coy Lli(y Nz Mx Nan M |As=AsX | ey & X Ny S | Sho | Sa | SAs| Sksc Sas Stho S'Rb S'b Sa  |SRsc| SAs| Sho [ SRb | Sb | Sa
cm|cm|cm|{cm | cm | m | KN [KNm| KN | KNm | cm® | cm ecm | KN | cm | cm | em | cm® | ecm® |KN/cm?|KN/cm| cm® |KN/cm|KN/ecm|KN| KN | KN | KN | KN | KN | KN? | KN

@) (2 @ @(E[6G) | (@ |6 (9 | @0) | A1) | (12) | (13) |(24) | (15 |(16)| (A7) | (8) | (19) | (20) | (1) | (22) | (23) | (24) | (25) | (26) | (27) |(28)] (29) | (30) | (31) | (32) | (33) | (34) | (35) |(36)| (37)
- Pmax+Mt.u [ 22 | 50 | 3 | 19 | 47 | 3.6 |516.78| 17.41 | 452 15.27| 9.42 |39.19| 0.58 |{21.13|901.71 | 0.88 | 1.9 | 0.12 | 0.94 | 10.58 29.2 23.45 | 432.16 28 -6.25 [8.25(27.51(44.09|12.53|25.07|—0.75|3554.3(59.62| 1.7 | 1.000
13)

o Pt.u+tMmax [ 22 |50 | 3 | 19 | 47 | 3.6 |415.64| 89.19 | 452 15.27| 9.42 |44.06| 0.58 {19.35| 767.73 | 0.88 | 1.9 | 0.12 [ 0.94 | 9.41 26.0 19.57 | 360.71 24 -5.56 (7.34|24.47|36.80{10.46(20.92|-0.67|2554.5|50.54| 1.8 | 1.000
~ Pmax+Mtu [ 22 | 50 | 3 | 19 | 47 | 3.6 |440.17| 72.84 | 365.8 9.82| 9.42 |39.11| 0.58 [19.78|874.52 | 0.88 | 1.9 | 0.12 | 0.94 | 10.60 | 29.3 22.40 | 413.00 27 -6.27 [8.27(27.57|42.12|11.98|23.95|—0.75/3320.1(57.62| 2.0 | 1.000
Q

N Pt.u+tMmax [ 22 | 50 | 3 | 19 | 47 | 3.6 |299.71| 59.68 | 365.8 9.82| 9.42 [42.31|0.58 |17.32| 755.36 { 0.88 | 1.9 | 0.12 | 0.94 | 9.80 27.0 18.85 | 345.22 23 -5.79 (7.64|25.48|35.43({10.01(20.02|-0.69|2464.6(49.64| 2.5 | 1.000
. Pmax+Mt.u [ 22 | 50 | 3 | 19 | 47 | 3.6 [960.90| 29.56 | 833.8 | 25.45| 9.42 [39.67| 0.58 {28.93/1028.66| 0.88 | 1.9 | 0.12 | 0.94 | 10.45 | 28.8 29.44 | 522.00 34 -6.18 [8.15(27.18|55.35|15.14|30.28|—0.74|5015.0({70.82| 1.1 | 0.831
Q

D Pt.u+tMmax [ 22 | 50 | 3 | 19 | 47 | 3.6 |762.49| 99.29 | 833.8 | 25.45| 9.42 |[39.49| 0.58 |25.45|977.51 | 0.88 | 1.9 [ 0.12 | 0.94 | 10.50 | 29.0 26.76 | 485.88 32 -6.20 (8.19(27.30|50.31{14.09(28.18|-0.74|4336.2(65.85| 1.3 | 0.999
< Pmax+Mtu [ 22 | 50 | 3 | 19 | 47 | 3.6 [789.91| 88.07 | 674.9 | 22.65| 9.42 [39.48| 0.58 ({25.93|986.12 | 0.88 | 1.9 | 0.12 | 0.94 | 10.50 | 29.0 27.16 | 491.76 32 -6.21 [8.19(27.31|51.05|14.26|28.52|—0.74|4436.7(66.61| 1.2 | 0.998
N)

o Ptu+Mmax |22 |50 | 3 | 19 | 47 | 3.6 |781.01| 67.02 | 674.9 22.65| 9.42 |39.47| 0.58 |25.77]983.64 | 0.88 | 1.9 | 0.12 | 0.94 | 10.50 29.0 27.04 | 490.01 32 -6.21 (8.19|27.31|50.83(14.21|28.42|-0.74|4406.6(66.38| 1.3 | 0.999
o Pmax+Mtu [ 22 | 50 | 3 | 19 | 47 | 3.6 |932.80| 29.09 | 810 25.05| 9.42 |39.64| 0.58 |28.44|1022.18( 0.88 | 1.9 | 0.12 | 0.94 | 10.46 28.9 29.07 | 517.39 34 -6.18 [8.16(27.20(54.65|15.00|30.01|—0.74|4918.7(70.13| 1.1 | 0.899
)

D Pt.u+Mmax [ 22 |50 | 3 | 19 | 47 | 3.6 |740.87| 98.95 | 810 25.05| 9.42 |39.47| 0.58 |25.07|971.44 | 0.88 | 1.9 | 0.12 | 0.94 | 10.51 29.0 26.47 | 481.58 32 -6.21 (8.19|27.32|49.76(13.97|27.93|-0.74|4265.1|65.31| 1.3 | 1.000
© Pmax+Mtu [ 22 | 50 | 3 | 19 | 47 | 3.6 |764.22|87.54 | 652.4 | 22.21| 9.42 [39.45| 0.58 (25.48|979.04 | 0.88 | 1.9 | 0.12 | 0.94 | 10.51 29.0 26.81 | 486.74 32 -6.21 [8.20(27.33|50.40|14.12|28.23|—0.75|4351.3(65.96| 1.3 | 0.999
8]

D Ptu+Mmax |22 |50 | 3 | 19 | 47 | 3.6 |755.31| 66.20 | 652.4 | 22.21| 9.42 |39.45| 0.58 {25.32| 976.50 | 0.88 | 1.9 | 0.12 [ 0.94 | 10.51 29.0 26.69 | 484.96 32 -6.21 (8.20(27.33|50.18(14.06(28.13|-0.75(4321.3|65.74| 1.3 | 1.000
~ Pmax+Mt.u [ 22 | 50 | 3 | 19 | 47 | 3.6 [934.59|29.42 | 811.7 | 25.32| 9.42 [39.64| 0.58 ({28.47(1022.60| 0.88 | 1.9 | 0.12 | 0.94 | 10.46 28.9 29.09 | 517.69 34 -6.18 [8.16(27.20(54.69|15.01|30.03|—0.74|4924.8(70.18| 1.1 | 0.895
3]

o Pt.u+tMmax [ 22 | 50 | 3 | 19 | 47 | 3.6 |742.73| 99.19 | 811.7 25.32| 9.42 |39.47| 0.58 |25.10{ 971.97 | 0.88 | 1.9 | 0.12 | 0.94 | 10.51 29.0 26.49 | 481.96 32 -6.21 (8.19(27.31|49.81{13.98(27.95|-0.74(4271.3|65.35| 1.3 | 1.000
© Pmax+Mt.u [ 22 | 50 | 3 | 19 | 47 | 3.6 |765.47|87.90 | 653.4 | 22.52| 9.42 [39.45| 0.58 {25.50( 979.39 | 0.88 | 1.9 | 0.12 | 0.94 | 10.51 29.0 26.83 | 486.99 32 -6.21 [8.20(27.33|50.44|14.12|28.25|—0.75|4355.4(66.00| 1.3 | 0.999
Q

o Pt.u+Mmax |22 |50 | 3 | 19 | 47 | 3.6 |756.56| 66.76 | 653.4 22.52| 9.42 |(39.45| 0.58 |25.34|976.85 | 0.88 | 1.9 | 0.12 | 0.94 | 10.51 29.0 26.71 | 485.20 32 -6.21 (8.20|27.33|50.21{14.07|28.14|-0.75(4325.5|65.77| 1.3 | 1.000
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Kich thude

Noi luc

Cot thép

Céc tham s

PO léch chuan

Pao ham riéng cua ting tham s

PO léch chudn

cOt = SANW i, % Ps
Cx|Cy |a' |Cox| Coy Ly Nz Mx Nen Mg, [As=AsX | ey & X N Sb | Sho | Sa | SAs | Skrs S'A's Stho S'Rb S'b Sa  [SRsc| SAs| Sho [ SRb | S'b | Sa
cm|cm|cm|{cm | cm | m | KN [KNm| KN | KNm | cm® | cm cm | KN | cm | cm | cm | cem® | cm® |KN/ecm®|KN/cm| cm? |KN/cm|KN/cm|KN| KN | KN | KN | KN | KN | KN? | KN

@ @ B@IG|I6 | ®]|E | @ [1) | 1) | 12) | (3) |14 |15 [@16) | 17) |(18) [(19 | (20) | (1) | (22) | (23) | (24 | (25 | (26) | (27) |(28)] (29) | (30) | (31) | (32) | (33) | (34) | (35) |(36)| (37)
. Pmax+Mt.u |22 |50 | 3 | 19 | 47 | 3.6 |993.48| 31.38 | 853.3 | 26.60| 10.74 |39.62| 0.58 |29.38({1074.50| 0.88 | 1.9 | 0.12 | 1.07 | 11.93 28.9 30.71 | 527.10 35 -7.05 [9.31|31.02|57.73|15.29{30.57|-0.85(5550.4|74.50| 1.1 | 0.862
g PtutMmax [ 22 |50 | 3 | 19 | 47 | 3.6 [774.71] 99.63 | 853.3 | 26.60| 10.74 [39.44| 0.58 |25.76(1022.61| 0.88 | 1.9 | 0.12 | 1.07 | 11.99 29.0 27.92 | 490.32 32 -7.08 (9.35(31.16(52.49|14.22|28.44|-0.85(4825.7(69.47| 1.3 | 1.000
= Pmax+Mt.u |22 |50 | 3 | 19 | 47 | 3.6 |824.17|90.00 | 698.8 | 24.31| 9.42 |39.52| 0.58 |26.53|995.31|0.88 | 1.9 | 0.12 | 0.94 | 10.49 28.9 27.62 | 498.27 33 -6.20 (8.18|27.28|51.92|14.45(28.90|-0.74|4551.6|67.47| 1.2 | 0.994
8 PtutMmax [ 22 |50 | 3 | 19 | 47 | 3.6 [815.26| 70.06 | 698.8 | 24.31| 9.42 (39.51| 0.58 |26.37(992.91 | 0.88 | 1.9 | 0.12 | 0.94 | 10.50 29.0 27.50 | 496.58 33 -6.20 (8.19(27.29(51.69|14.40|28.80(—0.74(4521.3(67.24| 1.2 | 0.996
= Pmax+Mt.u |22 |50 | 3 | 19 | 47 | 3.6 |993.48| 31.38 | 853.3 | 26.59| 10.74 |39.62| 0.58 |29.38(/1074.50| 0.88 | 1.9 | 0.12 [ 1.07 | 11.93 | 28.9 30.71 | 527.10 35 -7.05 [9.31|31.02|57.73|15.29(30.57|-0.85(5550.4|74.50| 1.1 | 0.862
g PtutMmax [ 22 |50 | 3 | 19 | 47 | 3.6 |774.71] 99.63 | 853.3 | 26.59| 10.74 [39.44| 0.58 |25.76(1022.61| 0.88 | 1.9 | 0.12 | 1.07 | 11.99 29.0 27.92 | 490.32 32 -7.08 [9.35(31.16(52.49|14.22|28.44|-0.85[4825.7(69.47| 1.3 | 1.000
o Pmax+Mt.u | 22 |50 | 3 | 19 | 47 | 3.6 |824.16| 90.00 | 698.8 | 24.31| 9.42 |39.52| 0.58 |26.53|995.31 | 0.88 | 1.9 | 0.12 [ 0.94 | 10.49 | 28.9 27.62 | 498.27 33 -6.20 (8.18|27.28|51.92|14.45(28.90|-0.74|4551.6|67.47| 1.2 | 0.994
8 Ptu+Mmax |22 |50 | 3 | 19 | 47 | 3.6 |815.26| 70.06 | 698.8 | 24.31| 9.42 |39.51| 0.58 {26.37(992.91 | 0.88 | 1.9 | 0.12 | 0.94 | 10.50 29.0 27.50 | 496.58 33 -6.20 (8.19|27.29|51.69|14.40(28.80|-0.74(4521.3|67.24| 1.2 | 0.996
o Pmax+tMt.uw [ 22 |50 | 3 | 19 | 47 | 3.6 [934.59| 29.42 | 811.7 | 25.32| 9.42 |(39.64| 0.58 |28.47(1022.60| 0.88 | 1.9 | 0.12 | 0.94 | 10.46 28.9 29.09 | 517.69 34 -6.18 (8.16|27.20|54.69|15.01{30.03|-0.74(4924.8|70.18| 1.1 | 0.895
8 Ptu+Mmax |22 |50 | 3 | 19 | 47 | 3.6 |742.73|99.19 | 811.7 | 25.32| 9.42 |39.47| 0.58 |25.10{ 971.97 | 0.88 | 1.9 | 0.12 | 0.94 | 10.51 29.0 26.49 | 481.96 32 -6.21 (8.19|27.31|49.81|13.98(27.95|-0.74{4271.3|65.35| 1.3 | 1.000
S Pmax+Mt.w [ 22 |50 | 3 | 19 | 47 | 3.6 [765.46| 87.90 | 653.4 | 22.52| 9.42 |[39.45| 0.58 [25.50(979.39 | 0.88 | 1.9 | 0.12 | 0.94 | 10.51 29.0 26.83 | 486.99 32 -6.21 (8.20|27.33|50.44|14.12|28.25|-0.75|4355.4|66.00| 1.3 | 0.999
g Ptu+Mmax |22 |50 | 3 | 19 | 47 | 3.6 |756.56| 66.76 | 653.4 | 22.52| 9.42 |39.45| 0.58 |25.34|976.85|0.88 | 1.9 | 0.12 [ 0.94 | 10.51 | 29.0 26.71 | 485.20 32 -6.21 (8.20|27.33|50.21|14.07(28.14|-0.75|4325.5|65.77| 1.3 | 1.000
0 Pmax+Mt.u |22 |50 | 3 | 19 | 47 | 3.6 |932.82| 29.09 | 810.1 | 25.05| 9.42 |39.64| 0.58 |28.44{1022.19| 0.88 | 1.9 | 0.12 | 0.94 | 10.46 28.9 29.07 | 517.39 34 -6.18 (8.16|27.20|54.65|15.00{30.01|-0.74{4918.7|70.13| 1.1 | 0.899
g PtutMmax [ 22 |50 | 3 | 19 | 47 | 3.6 |[740.88| 98.95 | 810.1 25.05| 9.42 |39.47| 0.58 (25.07|971.45{0.88 | 1.9 | 0.12 | 0.94 | 10.51 29.0 26.47 | 481.58 32 -6.21 (8.19(27.32(49.76|13.97|27.93|-0.74|4265.2({65.31| 1.3 | 1.000
Q Pmax+Mt.u |22 |50 | 3 | 19 | 47 | 3.6 |764.16| 87.54 | 652.4 | 22.21| 9.42 |39.45| 0.58 |25.48(979.02 | 0.88 | 1.9 | 0.12 | 0.94 | 10.51 29.0 26.81 | 486.73 32 -6.21 (8.20|27.33|50.40|14.12{28.23|-0.75(4351.1|65.96| 1.3 | 0.999
g PtutMmax [ 22 |50 | 3 | 19 | 47 | 3.6 |755.26| 66.20 | 652.4 | 22.21| 9.42 |[39.45| 0.58 |25.32| 976.48 | 0.88 | 1.9 | 0.12 | 0.94 | 10.51 29.0 26.69 | 484.94 32 -6.21 (8.20(27.33(50.17|14.06|28.13|-0.75[4321.2(65.74| 1.3 | 1.000
~ Pmax+Mt.u |22 |50 | 3 | 19 | 47 | 3.6 |960.80| 29.56 | 833.7 | 25.45| 9.42 |39.67| 0.58 |28.93(1028.63| 0.88 | 1.9 | 0.12 | 0.94 | 10.45 28.8 29.44 | 521.98 34 -6.18 (8.15|27.18|55.35|15.14{30.27|-0.74|5014.6|70.81| 1.1 | 0.831
g Ptu+tMmax |22 |50 | 3 | 19 | 47 | 3.6 |762.41|99.29 | 833.7 | 25.45| 9.42 |39.49| 0.58 |25.45|977.49 | 0.88 | 1.9 | 0.12 | 0.94 | 10.50 29.0 26.76 | 485.87 32 -6.20 (8.19|27.30|50.30{14.09(28.18|-0.74|4336.0{65.85| 1.3 | 0.999
o Pmax+tMt.w [ 22 |50 | 3 | 19 | 47 | 3.6 [789.97| 88.07 | 674.9 22.65| 9.42 |39.48| 0.58 (25.93|986.13 [ 0.88 | 1.9 | 0.12 | 0.94 | 10.50 29.0 27.16 | 491.77 32 -6.21 (8.19(27.31(51.06|14.26|28.52|-0.74|4436.9(66.61| 1.2 | 0.998
g Ptu+Mmax |22 |50 | 3 | 19 | 47 | 3.6 |781.07| 67.02 | 674.9 | 22.65| 9.42 |39.47| 0.58 |25.77|983.65|0.88 | 1.9 | 0.12 | 0.94 | 10.50 29.0 27.04 | 490.02 32 -6.21 (8.19|27.31|50.83|14.21{28.42|-0.74|4406.8|66.38| 1.3 | 0.999
o PmaxtMt.w [ 22 |50 | 3 | 19 | 47 | 3.6 [516.74| 17.41 | 451.9 | 15.27| 9.42 |(39.19| 0.58 |21.13|/901.69 | 0.88 | 1.9 | 0.12 | 0.94 | 10.58 29.2 23.45 | 432.15 28 -6.25 (8.25|27.51|44.09|12.53(25.06|-0.75(3554.2|59.62| 1.7 | 1.000
8 Ptu+Mmax |22 |50 | 3 | 19 | 47 | 3.6 |415.64| 89.19 | 451.9 15.27| 9.42 |44.06| 0.58 |19.35| 767.73 | 0.88 | 1.9 | 0.12 | 0.94 | 9.41 26.0 19.57 | 360.71 24 -5.56 (7.34|24.47|36.80|10.46(20.92|-0.67|2554.5|50.54| 1.8 | 1.000
3 Pmax+Mt.u |22 | 50 | 3 | 19 | 47 | 3.6 |440.19| 72.83 | 365.8 9.82| 9.42 |39.11| 0.58 [19.79|874.53 | 0.88 | 1.9 | 0.12 | 0.94 | 10.60 29.3 22.40 | 413.01 27 -6.27 (8.27|27.57|42.12|11.98|23.95|-0.75(3320.2|57.62| 2.0 | 1.000
8 Ptu+Mmax |22 |50 [ 3 | 19 | 47 | 3.6 |299.73| 59.68 | 365.8 9.82| 9.42 |42.31|0.58 (17.32| 755.39 (0.88 | 1.9 | 0.12 | 0.94 | 9.80 27.0 18.85 | 345.23 23 -5.79 [7.64|25.48|35.43|10.01{20.02|-0.69(2464.8|49.65| 2.5 | 1.000




142

Tén T6 hop Kich thude Noi luc C6t thép Céc tham s& Do 18ch chuén Pao ham riéng cua ting tham sb Do l6ch chuén 52 " b P,
cot AN, | TN

. Cx|Cy |a' |Cox| Coy Lli(y= Nz Mx Nan Mg, [As=AsX | ey & X Nig Sb | Sho | Sa | SAs | Sks S'A's Stho S'Rb S'b Sa |SRsc| SAs| Sho | SRb | Sb | S d N

cm|cm|cm|cm | cm | m | KN [KNm| KN | KNm | cm® | cm cm | KN | cm | cm | em | cm? | cm® |KN/ecm®|KN/cm| cm® |KN/ecm|KN/cm|KN| KN | KN | KN | KN | KN | KN? | KN

1) @ @@A|OG|6 | O |@] 0 |10 | 11) | (12) | (@3) [(@4) [ (A5 |16 | (A7) [(18) |(19) | (20) [ (1) | (22) | (23) | (24) | (25) | (26) | (27) [(28)] (29) | (30) | (31) | (32) [ (33) | (34) | (35) [(36) | (37)
o | PmaxtMtu 221223 |19| 19 | 3.6 |157.99| 8.27 | 96.5 0.73| 9.42 |18.92| 0.58 | 9.00 | 427.27 | 0.88 | 0.8 | 0.12 | 0.94 | 7.97 22.0 | 28.13 | 151.75 10 | -12.95 |6.22]20.72|21.38| 4.40 | 8.80 |—1.55]1024.3|32.00| 2.7 | 1.000
S PtutMmax |22 [ 22 | 3 | 19 | 19 | 3.6 |144.15| 8.88 | 96.5 0.73| 9.42 |18.84|0.58 | 8.85 | 426.50 | 0.88 | 0.8 | 0.12 | 0.94 | 8.00 22.1 | 27.99 | 150.63 10 | -13.01 |6.24|20.81|21.27| 4.37 | 8.74 |-1.56/1022.4|31.97| 3.0 | 1.000
q | PmaxtMtu 22122 (3|19 | 19 | 3.6 |251.88| 8.47 | 173.8 0.88| 9.42 |19.57| 0.58 {10.00| 428.45 | 0.88 | 0.8 | 0.12 | 0.94 | 7.70 21.3 | 28.81 | 157.35 10 |-12.52 {6.01|20.03|21.90| 4.56 | 9.13 |-1.50{1023.2|31.99| 1.7 | 1.000
] Ptu+tMmax |22 [ 22 | 3 | 19 | 19 | 3.6 |215.52| 9.02 | 173.8 0.88| 9.42 |19.35|0.58 | 9.61 | 427.59 | 0.88 | 0.8 | 0.12 | 0.94 | 7.79 21.5 | 28.51 | 155.14 10 |-12.66 |6.08|20.26|21.67| 4.50 | 9.00 |-1.52]1020.7|31.95| 2.0 | 1.000
@ | PmaxtMtu 22|22 (3|19 | 19 | 3.6 |238.34| 847 |162.2 0.88| 9.42 |19.47|0.58 | 9.85|428.50 | 0.88 | 0.8 |0.12 | 0.94 | 7.74 21.4 | 28.73 | 156.68 10 | -12.58 |6.04]20.13|21.83| 4.54 | 9.09 |-1.51]1023.9|32.00| 1.8 | 1.000
S Ptu+tMmax |22 [ 22 | 3 | 19 | 19 | 3.6 [204.83| 9.02 | 162.2 0.88| 9.42 |19.27|0.58 | 9.50 | 427.56 | 0.88 | 0.8 | 0.12 | 0.94 | 7.83 21.6 | 28.44 | 154.55 10 |-12.72 |6.10{20.35|21.62| 4.48 | 8.96 |—-1.53]1021.2|31.96| 2.1 | 1.000
S | PmaxtMtu 22122 (3|19 | 19 | 3.6 |236.02| 8.48 | 160.7 0.88| 9.42 |19.46|0.58 | 9.83 | 428.49 | 0.88 | 0.8 [0.12 | 0.94 | 7.75 21.4 | 28.71 | 156.55 10 | -12.59 |6.04]20.15|21.82| 4.54 | 9.08 |-1.51]1023.9|32.00| 1.8 | 1.000
S Ptu+tMmax |22 |22 | 3 | 19 | 19 | 3.6 (203.31| 9.03 | 160.7 0.88| 9.42 |19.26| 0.58 | 9.48 | 427.55 | 0.88 | 0.8 | 0.12 | 0.94 | 7.83 21.6 | 28.43 | 154.46 10 |-12.72 {6.11]|20.36|21.61| 4.48 | 8.96 |-1.53(1021.3|31.96| 2.1 | 1.000
| PmaxtMtu 22122 (3|19 | 19 | 3.6 |259.43| 8.53 | 183.4 0.76| 9.42 |19.63| 0.58 [10.08| 428.29 | 0.88 | 0.8 | 0.12 | 0.94 | 7.68 21.2 | 28.86 | 157.67 10 |-12.48 |5.99(19.97|21.93| 4.57 | 9.14 |-1.50{1022.3|31.97| 1.7 | 1.000
8 Ptu+Mmax (22 |22 | 3 | 19 | 19 | 3.6 (215.58| 9.17 | 183.4 0.76] 9.42 |19.36| 0.58 | 9.61 | 427.36 | 0.88 | 0.8 | 0.12 | 0.94 | 7.79 21.5 | 28.50 | 155.06 10 | -12.66 |6.08]20.25|21.66| 4.50 | 8.99 |-1.52/1019.6|31.93| 2.0 | 1.000
© | PmaxtMtu 22122 (3|19 | 19 | 3.6 |259.43| 8.53 | 183.4 0.76| 9.42 |19.63| 0.58 {10.08| 428.29 | 0.88 | 0.8 | 0.12 | 0.94 | 7.68 21.2 | 28.86 | 157.67 10 |-12.48 |5.99(19.97|21.93| 4.57 | 9.14 |-1.50{1022.3|31.97| 1.7 | 1.000
S PtutMmax |22 [ 22 | 3 | 19 | 19 | 3.6 |215.58| 9.17 | 183.4 0.76] 9.42 |19.36| 0.58 | 9.61 | 427.36 | 0.88 | 0.8 | 0.12 | 0.94 | 7.79 21.5 | 28.50 | 155.06 10 | -12.66 |6.08|20.25|21.66| 4.50 | 8.99 |-1.52/1019.6|31.93| 2.0 | 1.000
5 | PmaxtMtu 22122 |3 |19 | 19 | 3.6 |236.03| 8.48 | 160.7 0.88| 9.42 |19.46| 0.58 | 9.83 | 428.49 | 0.88 | 0.8 | 0.12 | 0.94 | 7.75 21.4 | 28.71 | 156.55 10 | -12.59 |6.04|20.15|21.82| 4.54 | 9.08 |-1.51]1023.9|32.00| 1.8 | 1.000
S PtutMmax |22 [ 22 | 3 | 19 | 19 | 3.6 {203.31| 9.03 | 160.7 0.88| 9.42 |19.26| 0.58 | 9.48 | 427.55 | 0.88 | 0.8 | 0.12 | 0.94 | 7.83 21.6 | 28.43 | 154.46 10 | -12.72 |6.11]20.36|21.61| 4.48 | 8.96 |-1.53]1021.3|31.96| 2.1 | 1.000
@ | PmaxtMtu 22|22 |3|19| 19 |3.6|238.36| 847 |162.3 0.88| 9.42 |19.47|0.58 | 9.86 | 428.50 | 0.88 | 0.8 | 0.12 | 0.94 | 7.74 21.4 | 28.73 | 156.68 10 | -12.58 |6.04]20.13|21.83| 4.54 | 9.09 |-1.51]1023.9|32.00| 1.8 | 1.000
S Ptu+tMmax |22 [ 22 | 3 | 19 | 19 | 3.6 [204.85| 9.02 | 162.3 0.88| 9.42 |19.27|0.58 | 9.50 | 427.56 | 0.88 | 0.8 | 0.12 | 0.94 | 7.83 21.6 | 28.44 | 154.55 10 |-12.72 |6.10{20.35|21.62| 4.48 | 8.96 |—-1.53]1021.2|31.96| 2.1 | 1.000
Q | PmaxtMtu 22|22 (3|19| 19 | 3.6 |251.90| 847 |173.8 0.88| 9.42 |19.57| 0.58 {10.00| 428.45 | 0.88 | 0.8 | 0.12 | 0.94 | 7.70 21.3 | 28.81 | 157.35 10 | -12.52 |6.01]20.03|21.90| 4.56 | 9.13 |-1.50{1023.2|31.99| 1.7 | 1.000
S PtutMmax |22 [ 22 | 3 | 19 | 19 | 3.6 |215.54| 9.02 | 173.8 0.88| 9.42 |19.35|0.58 | 9.61 | 427.59 | 0.88 | 0.8 | 0.12 | 0.94 | 7.79 21.5 | 28.51 | 155.14 10 |-12.66 |6.08|20.26|21.67| 4.50 | 9.00 |-1.52{1020.7|31.95| 2.0 | 1.000
g | PmaxtMtu 22122 (3|19 | 19 | 3.6 {158.02| 8.27 | 96.53 0.73| 9.42 |18.92| 0.58 | 9.00 | 427.27 | 0.88 | 0.8 | 0.12 | 0.94 | 7.97 22.0 | 28.13 | 151.75 10 | -12.95 |6.22]20.72|21.38| 4.40 | 8.80 |-1.55/1024.3|32.00| 2.7 | 1.000
] Ptu+Mmax |22 |22 | 3 | 19 | 19 | 3.6 (144.17| 8.88 | 96.53 0.73| 9.42 |(18.84| 0.58 | 8.85|426.50 | 0.88 | 0.8 | 0.12 | 0.94 | 8.00 22.1 27.99 | 150.63 10 |-13.01 |6.24|20.81|21.27| 4.37 | 8.74 |-1.56{1022.4|31.97| 3.0 | 1.000
o | PmaxtMtu 221223 |19| 19 |3.6|36.23| 9.00 |26.23 1.28| 9.42 |[33.42| 0.58 | 7.70 | 228.66 | 0.88 | 0.8 | 0.12 | 0.94 | 4.51 124 | 1468 | 76.80 5 -7.33 |3.52|11.73|11.16| 2.23 | 4.45 |-0.88| 300.1 {17.32| 6.3 | 1.000
S Ptu+Mmax (22 |22 | 3 | 19 | 19 | 3.6 [29.21 | 9.42 | 26.23 1.28| 9.42 [40.89| 0.58 | 7.63 | 186.22 | 0.88 | 0.8 | 0.12 | 0.94 | 3.69 10.2 | 11.94 | 62.31 4 -5.99 |2.88]9.59 | 9.08 | 1.81 | 3.61 |—0.72| 199.4 |14.12| 6.4 | 1.000
S Pmax+Mtu |22 [ 22 | 3 | 19 | 19 | 3.6 [36.23 | 9.00 | 26.23 1.28| 9.42 (33.42| 0.58 | 7.70 | 228.66 | 0.88 | 0.8 | 0.12 | 0.94 | 4.51 124 | 1468 | 76.80 5 -7.33 |3.52|11.73|11.16| 2.23 | 4.45 |—0.88| 300.1 {17.32| 6.3 | 1.000
] PtutMmax |22 [ 22 | 3 | 19 | 19 | 3.6 [29.21 | 9.42 | 26.23 1.28| 9.42 [40.89| 0.58 | 7.63 | 186.22 | 0.88 | 0.8 | 0.12 | 0.94 | 3.69 10.2 | 11.94 | 62.31 4 -5.99 |2.88]9.59 | 9.08 | 1.81 | 3.61 |—0.72| 199.4 |14.12| 6.4 | 1.000
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Tén T6 hop Kich thude Noi luc C6t thép Céc tham s& Do 18ch chuén Pao ham riéng cua ting tham sb Do l6ch chuén 52 " b P,
cot AN, | TN
. Cx|Cy |a' |Cox| Coy Lli(y= Nz Mx Nan Mg, [As=AsX | ey & X Nig Sb | Sho | Sa | SAs | Sks S'A's Stho S'Rb S'b Sa |SRsc| SAs| Sho | SRb | Sb | S d N
cm|cm|cm|cm | cm | m | KN [KNm| KN | KNm | cm® | cm cm | KN | cm | cm | em | cm? | cm® |KN/ecm®|KN/cm| cm® |KN/ecm|KN/cm|KN| KN | KN | KN | KN | KN | KN? | KN

1) @ @@A|OG|6 | O |@] 0 |10 | 11) | (12) | (@3) [(@4) [ (A5 |16 | (A7) [(18) |(19) | (20) [ (1) | (22) | (23) | (24) | (25) | (26) | (27) [(28)] (29) | (30) | (31) | (32) [ (33) | (34) | (35) [(36) | (37)
— | PmaxtMtuw |22 (50 | 3 | 19 | 47 | 3.6 [388.32|43.72 | 345 38.44| 6.28 [39.16| 0.58 |17.41| 726.66 | 0.88 | 1.9 | 0.12 | 0.63 | 7.06 29.2 | 18.35 | 374.55 25 -4.17 |5.51|18.36|34.50{10.86|21.72|—0.50{2148.0{46.35| 1.9 | 1.000
& Ptu+Mmax |22 [ 50 | 3 | 19 | 47 | 3.6 |378.34| 87.39 | 345 38.44| 6.28 [45.83| 0.58 |17.20|616.62 | 0.88 | 1.9 | 0.12 | 0.63 | 6.03 25.0 | 15.54 | 317.09 21 -3.56 |4.71]15.68|29.21| 9.20 |18.39|-0.43[1544.4|39.30| 1.6 | 1.000
« | Pmax+Mtu |22 |50 | 3 | 19 | 47 | 3.6 [332.10| 69.67 | 283.8 | 36.39| 6.28 |43.54| 0.58 |16.25|628.01 | 0.88 | 1.9 | 0.12 | 0.63 | 6.35 26.3 | 15.66 | 319.24 21 -3.75 [4.95|16.51(29.44 9.26 |18.52|-0.45]1592.6|39.91| 1.9 | 1.000
& Ptu+Mmax |22 [ 50 | 3 | 19 | 47 | 3.6 {323.20| 49.44 | 283.8 | 36.39| 6.28 [39.07| 0.58 |16.07|695.14 | 0.88 | 1.9 | 0.12 | 0.63 | 7.08 29.3 | 17.30 | 352.53 23 -4.18 |5.52|18.40|32.52|10.22|20.45|-0.50{1949.5|44.15| 2.2 | 1.000
o | Pmax+Mtu |22 |50 | 3 | 19 | 47 | 3.6 [702.29| 79.50 | 615.5| 68.83| 6.28 |39.57| 0.58 |23.87|856.37 | 0.88 | 1.9 | 0.12 | 0.63 | 6.99 28.9 | 23.37 | 465.33 31 -4.13 |5.45|18.16|43.94|13.49|26.99|-0.50{3200.8|56.58| 1.2 | 0.997
& Ptu+Mmax |22 [ 50 | 3 | 19 | 47 | 3.6 {687.70{123.91| 615.5 | 68.83| 6.28 [41.00| 0.58 |23.57|821.06 | 0.88 | 1.9 | 0.12 [ 0.63 | 6.74 | 27.9 | 22.32 | 445.34 29 -3.98 |5.26{17.53|41.96|12.92|25.83|-0.48(2930.2|54.13| 1.2 | 0.993
< | Pmax+Mtu |22 |50 | 3 | 19 | 47 | 3.6 [586.06/114.02| 509.9 | 73.83| 6.28 |42.37| 0.58 |21.48| 756.04 | 0.88 | 1.9 | 0.12 | 0.63 | 6.53 27.0 | 20.03 | 404.41 27 -3.86 |5.09]16.97|37.65|11.73|23.46|-0.46(2419.3|49.19| 1.3 | 1.000
& Pt.u+tMmax |22 |50 | 3 | 19 | 47 | 3.6 |577.16| 76.61 | 509.9 | 73.83| 6.28 |39.41] 0.58 |21.29(809.09 | 0.88 | 1.9 | 0.12 | 0.63 | 7.02 29.0 | 21.38 | 432.19 28 -4.15 |5.47|18.24|40.20{12.53|25.07|-0.50{2764.7|52.58| 1.4 | 1.000
o | Pmax+Mtu |22 |50 | 3 | 19 | 47 | 3.6 |685.45| 78.25 | 601 67.80| 6.28 [39.55| 0.58 |23.52|850.35 | 0.88 | 1.9 | 0.12 | 0.63 | 6.99 28.9 | 23.10 | 461.11 30 -4.13 |5.45|18.17|43.44|13.37|26.74|-0.50{3141.1|56.05| 1.2 | 0.998
& Ptu+Mmax |22 | 50 | 3 | 19 | 47 | 3.6 |671.17(122.72| 601 67.80| 6.28 [41.26| 0.58 |23.23|809.67 | 0.88 | 1.9 | 0.12 | 0.63 | 6.70 27.7 | 21.92 | 438.26 29 -3.96 |5.23|17.42|41.21|12.71|25.42|-0.48|2836.5|53.26| 1.2 | 0.995
© | Pmax+Mtu |22 |50 | 3 | 19 | 47 | 3.6 [569.51|112.63| 495.2 | 72.67| 6.28 |42.68| 0.58 |21.14|743.95|0.88 | 1.9 | 0.12 | 0.63 | 6.48 26.8 | 19.63 | 396.93 26 -3.83 |5.05|16.84|36.90{11.51|23.02|—0.46|2333.2|48.30| 1.3 | 1.000
8 PtutMmax |22 [ 50 | 3 | 19 | 47 | 3.6 |560.60| 75.88 | 495.2 | 72.67| 6.28 [39.38| 0.58 |20.95|802.40 | 0.88 | 1.9 | 0.12 | 0.63 | 7.02 29.0 | 21.12 | 42751 28 -4.15 |5.48|18.25|39.71|12.40|24.80|-0.50{2708.5|52.04| 1.4 | 1.000
~ | Pmax+Mtu |22 |50 | 3 | 19 | 47 | 3.6 [686.27| 79.13 | 601.6 | 68.53| 6.28 |39.55| 0.58 |23.54|850.65 | 0.88 | 1.9 | 0.12 | 0.63 | 6.99 28.9 | 23.12 | 461.31 30 -4.13 |5.45|18.17|43.46|13.38|26.76|—0.50{3144.0|56.07| 1.2 | 0.998
& Ptu+Mmax |22 [ 50 | 3 | 19 | 47 | 3.6 {672.01|123.58| 601.6 | 68.53| 6.28 [41.38| 0.58 |23.25|807.76 | 0.88 | 1.9 | 0.12 | 0.63 | 6.68 27.6 | 21.87 | 437.27 29 -3.95 |5.21|17.37|41.12|12.68|25.36|—0.47(2823.8|53.14| 1.2 | 0.995
o | Pmax+Mtu |22 |50 | 3 | 19 | 47 | 3.6 [569.88|113.60| 495.5 | 73.51| 6.28 |42.85| 0.58 (21.14|741.19 (0.88 | 1.9 | 0.12 | 0.63 | 6.45 26.7 | 19.55 | 395.47 26 -3.81 |5.03|16.78|36.76|11.47|22.94|-0.46|2316.1|48.13| 1.3 | 1.000
& Ptu+Mmax |22 [ 50 | 3 | 19 | 47 | 3.6 |560.98| 76.41 | 495.5 | 73.51| 6.28 [39.38| 0.58 |20.96| 802.55 | 0.88 | 1.9 | 0.12 | 0.63 | 7.02 29.0 | 21.13 | 427.62 28 -4.15 |5.48|18.25|39.72|12.40|24.80|-0.50{2709.7|52.06| 1.4 | 1.000
o | Pmax+Mtu |22 |50 | 3 | 19 | 47 | 3.6 [725.07| 84.85 | 629.2 | 72.23| 6.28 |39.60| 0.58 |24.34| 864.40 | 0.88 | 1.9 | 0.12 | 0.63 | 6.98 28.9 | 23.73 | 470.96 31 -4.13 |5.45|18.15|44.62|13.66|27.32|-0.50(3282.5|57.29| 1.2 | 0.992
8 Ptu+tMmax |22 [ 50 | 3 | 19 | 47 | 3.6 {707.00|127.97| 629.2 | 72.23| 6.28 |[41.12| 0.58 |23.97|825.88 | 0.88 | 1.9 | 0.12 | 0.63 | 6.72 27.8 | 22.57 | 449.02 30 -3.97 |5.24|17.48|42.42|13.02|26.04|-0.48/2981.0|54.60| 1.2 | 0.985
g | Pmax+Mtw | 22 |50 | 3 | 19 | 47 | 3.6 |608.41/119.52| 525.1 | 78.54| 6.28 |42.60| 0.58 |21.94| 760.56 | 0.88 | 1.9 | 0.12 | 0.63 | 6.49 26.9 | 20.26 | 408.17 27 -3.83 |5.06|16.87|38.09(11.84|23.67|—0.46(2461.8|49.62| 1.3 | 0.999
& Ptu+Mmax |22 | 50 | 3 | 19 | 47 | 3.6 [599.51| 79.85 | 525.1 | 78.54| 6.28 |39.43| 0.58 |21.75(817.99 | 0.88 | 1.9 | 0.12 | 0.63 | 7.01 29.0 | 21.74 | 438.42 29 -4.14 |5.47|18.23|40.87(12.71|25.43|-0.50{2841.3|53.30| 1.4 | 1.000
o | PmaxtMtu 22|50 3|19 | 47 | 3.6 |725.07| 84.85 | 629.2 | 72.23| 6.28 [39.60| 0.58 |24.34|864.40 | 0.88 | 1.9 | 0.12 | 0.63 | 6.98 28.9 | 23.73 | 470.96 31 -4.13 |5.45|18.15|44.62|13.66|27.32|-0.50{3282.5|57.29| 1.2 | 0.992
& Ptu+Mmax |22 | 50 | 3 | 19 | 47 | 3.6 |707.00{127.97| 629.2 | 72.23| 6.28 |41.12| 0.58 |23.97(825.88 | 0.88 | 1.9 | 0.12 | 0.63 | 6.72 27.8 | 22.57 | 449.02 30 -3.97 |5.24|17.48|42.42|13.02|26.04|-0.48/2981.0|54.60| 1.2 | 0.985
o | PmaxtMtu 22 |50 |3 |19 | 47 | 3.6 |608.40|119.52| 525.1 | 78.54| 6.28 [42.60| 0.58 |21.94| 760.55 | 0.88 | 1.9 | 0.12 | 0.63 | 6.49 26.9 | 20.26 | 408.16 27 -3.83 |5.06|16.87|38.09(11.84|23.67|—0.46(2461.8|49.62| 1.3 | 0.999
& PtutMmax |22 [ 50 | 3 | 19 | 47 | 3.6 {599.50| 79.85 | 525.1 | 78.54| 6.28 [39.43| 0.58 |21.75|817.99 | 0.88 | 1.9 | 0.12 | 0.63 | 7.01 29.0 | 21.74 | 438.42 29 -4.14 |5.47|18.23|40.87|12.71|25.43|-0.50{2841.3|53.30| 1.4 | 1.000
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Tén T6 hop Kich thude Noi luc C6t thép Céc tham s& Do 18ch chuén Pao ham riéng cua ting tham sb Do l6ch chuén 52 " b P,
cot AN, | TN
. Cx|Cy |a' |Cox| Coy Lli(y= Nz Mx Nan Mg, [As=AsX | ey & X Nig Sb | Sho | Sa | SAs | Sks S'A's Stho S'Rb S'b Sa |SRsc| SAs| Sho | SRb | Sb | S d N
cm|cm|cm|cm | cm | m | KN [KNm| KN | KNm | cm® | cm cm | KN | cm | cm | em | cm? | cm® |KN/ecm®|KN/cm| cm® |KN/ecm|KN/cm|KN| KN | KN | KN | KN | KN | KN? | KN

1) @ @@A|OG|6 | O |@] 0 |10 | 11) | (12) | (@3) [(@4) [ (A5 |16 | (A7) [(18) |(19) | (20) [ (1) | (22) | (23) | (24) | (25) | (26) | (27) [(28)] (29) | (30) | (31) | (32) [ (33) | (34) | (35) [(36) | (37)
o | PmaxtMtu 22|50 3|19 | 47 | 3.6 |686.28| 79.13 | 601.6 | 68.53| 6.28 [39.55| 0.58 |23.54| 850.65 | 0.88 | 1.9 | 0.12 | 0.63 | 6.99 28.9 | 23.12 | 461.32 30 -4.13 |5.45|18.17|43.46|13.38|26.76|—0.50{3144.0|56.07| 1.2 | 0.998
8 Ptu+Mmax |22 [ 50 | 3 | 19 | 47 | 3.6 {672.01|123.58| 601.6 | 68.53| 6.28 [41.38| 0.58 |23.25|807.76 | 0.88 | 1.9 | 0.12 | 0.63 | 6.68 27.6 | 21.87 | 437.27 29 -3.95 |5.21|17.37|41.12|12.68|25.36|—0.47|2823.8|53.14| 1.2 | 0.995
s | PmaxtMtu | 22|50 | 3 | 19 | 47 | 3.6 |569.87|113.60| 495.4 | 73.50 6.28 |42.85| 0.58 21.14|741.18 | 0.88 | 1.9 | 0.12| 0.63 | 6.45 26.7 | 19.55 | 395.47 26 -3.81 |5.03|16.7836.76(11.47|22.94|-0.46|2316.0|48.13| 1.3 | 1.000
& Ptu+Mmax |22 [ 50 | 3 | 19 | 47 | 3.6 |560.97| 76.41 | 495.4 | 73.50| 6.28 [39.38| 0.58 |20.96|802.55 | 0.88 | 1.9 | 0.12 | 0.63 | 7.02 29.0 | 21.13 | 427.61 28 -4.15 |5.48|18.25|39.72|12.40|24.80|—0.50{2709.7|52.05| 1.4 | 1.000
w | Pmax+Mtw | 22 150 | 3 | 19 | 47 | 3.6 |685.47| 78.25 | 601 67.80| 6.28 [39.55| 0.58 |23.52|850.36 | 0.88 | 1.9 | 0.12 | 0.63 | 6.99 289 | 23.10 | 461.11 30 -4.13 |5.45|18.17|43.44|13.37|26.74|-0.50{3141.1|56.05| 1.2 | 0.998
& Ptu+Mmax |22 [ 50 | 3 | 19 | 47 | 3.6 |671.18]|122.72| 601 67.80| 6.28 [41.26| 0.58 |23.23|809.69 | 0.88 | 1.9 | 0.12 | 0.63 | 6.70 27.7 | 21.92 | 438.26 29 -3.96 |5.23|17.42|41.21|12.71|25.42|-0.48|2836.6|53.26| 1.2 | 0.995
@ | PmaxtMtw | 22 | 50 | 3 | 19 | 47 | 3.6 |569.45/112.62| 495.1 | 72.67| 6.28 |42.68| 0.58 |21.14|743.90 | 0.88 | 1.9 | 0.12 | 0.63 | 6.48 26.8 | 19.62 | 396.89 26 -3.83 |5.05|16.84|36.89(11.51|23.02|-0.46|2332.8|48.30| 1.3 | 1.000
& Pt.u+tMmax |22 | 50 | 3 | 19 | 47 | 3.6 |560.55| 75.88 | 495.1 | 72.67| 6.28 |39.38| 0.58 |20.95(802.38 | 0.88 | 1.9 | 0.12 | 0.63 | 7.02 29.0 | 21.12 | 427.49 28 -4.15 |5.48|18.25(39.70(12.40|24.79|-0.50{2708.3|52.04| 1.4 | 1.000
r~ | Pmax+Mtw | 22 |50 | 3 | 19 | 47 | 3.6 |702.18| 79.50 | 615.4 | 68.83| 6.28 |39.57| 0.58 |23.87|856.33 | 0.88 | 1.9 | 0.12 | 0.63 | 6.99 28.9 | 23.37 | 465.30 31 -4.13 |5.45|18.16|43.93|13.49|26.99|-0.50{3200.4|56.57| 1.2 | 0.997
& Ptu+Mmax |22 |50 | 3 | 19 | 47 | 3.6 |687.60{123.91| 615.4 | 68.83| 6.28 |41.01| 0.58 |23.57(820.97 | 0.88 | 1.9 | 0.12 | 0.63 | 6.74 27.9 | 22.32 | 445.29 29 -3.98 |5.26{17.53|41.96|12.91|25.83|-0.48/2929.5|54.12| 1.2 | 0.993
o | PmaxtMtu 22|50 3|19 | 47 | 3.6 |586.13|114.02| 509.9 | 73.83| 6.28 [42.37| 0.58 |21.48| 756.11 | 0.88 | 1.9 | 0.12 | 0.63 | 6.53 27.0 | 20.03 | 404.45 27 -3.86 |5.09(16.97|37.66|11.73|23.46|—0.46(2419.7|49.19| 1.3 | 1.000
& PtutMmax |22 [ 50 | 3 | 19 | 47 | 3.6 |577.22| 76.61 | 509.9 | 73.83| 6.28 [39.41| 0.58 |21.30|{809.12 | 0.88 | 1.9 | 0.12 | 0.63 | 7.02 29.0 | 21.39 | 432.21 28 -4.15 |5.47|18.24|40.20{12.53|25.07|-0.50{2764.9|52.58| 1.4 | 1.000
o | PmaxtMtu 22 |50 | 3|19 | 47 | 3.6 |388.27|43.72 | 345 38.44| 6.28 [39.16| 0.58 |17.41| 726.64 | 0.88 | 1.9 | 0.12 | 0.63 | 7.06 29.2 | 18.35 | 374.53 25 -4.17 |5.51|18.36|34.50{10.86|21.72|-0.50{2147.9|46.35| 1.9 | 1.000
& Ptu+Mmax |22 [ 50 | 3 | 19 | 47 | 3.6 |378.31| 87.39 | 345 38.44| 6.28 [45.83| 0.58 |17.20|616.58 | 0.88 | 1.9 | 0.12 | 0.63 | 6.03 25.0 | 15.54 | 317.06 21 -3.56 |4.70{15.68|29.21| 9.19 |18.39|-0.43|1544.2|39.30| 1.6 | 1.000
Q | PmaxtMtu 22150 3|19 | 47 | 3.6 [332.13| 69.67 | 283.9 | 36.39| 6.28 [43.53| 0.58 |16.25|628.04 | 0.88 | 1.9 | 0.12 | 0.63 | 6.35 26.3 | 15.66 | 319.26 21 -3.75 |4.95/16.51|29.44| 9.26 |18.52|-0.45/1592.8|39.91| 1.9 | 1.000
& Ptu+Mmax |22 [ 50 | 3 | 19 | 47 | 3.6 [323.23| 49.45 | 283.9 | 36.39| 6.28 [39.07| 0.58 |16.07|695.15|0.88 | 1.9 | 0.12 | 0.63 | 7.08 29.3 | 17.30 | 352.54 23 -4.18 |5.52|18.40|32.52{10.22|20.45|-0.50{1949.6|44.15| 2.2 | 1.000
o | PmaxtMtu 22|22 (3|19 | 19 | 3.6 |116.85|10.02 | 80.71 1.87| 6.28 [18.89|0.58 | 7.85|338.11 | 0.88 | 0.8 | 0.12 | 0.63 | 5.32 22.0 | 21.90 | 137.77 9 -8.65 |4.15/13.83|16.64| 4.00 | 7.99 |-1.04| 566.5 {23.80| 2.9 | 1.000
& PtutMmax |22 |22 | 3 | 19 | 19 | 3.6 |105.05| 10.35 | 80.71 1.87| 6.28 [18.81| 0.58 | 7.69 | 336.51 | 0.88 | 0.8 | 0.12 | 0.63 | 5.34 | 22.1 21.72 | 136.25 9 -8.68 |4.17|13.89|16.51| 3.95 | 7.90 |-1.04| 562.1 |23.71| 3.2 | 1.000
o | PmaxtMtu 22122 (3|19 | 19 | 3.6 {192.93|10.91 | 145.3 2.59| 6.28 |19.59| 0.58 | 8.89 | 344.04 | 0.88 | 0.8 | 0.12 | 0.63 | 5.13 21.2 | 22.81 | 145.27 10 -8.34 |4.00{13.34|17.33| 4.21 | 8.43 |-1.00| 584.2 |24.17| 1.8 | 1.000
& Ptu+Mmax |22 |22 | 3 | 19 | 19 | 3.6 (164.51| 11.02 | 145.3 2.59| 6.28 [19.37|0.58 | 8.50 | 341.43 | 0.88 | 0.8 | 0.12 | 0.63 | 5.19 21.5 | 22.43 | 142.40 9 -8.43 |4.05|13.49(17.05( 4.13 | 8.26 |-1.01| 575.5 {23.99| 2.1 | 1.000
o | PmaxtMtu 22122 (3|19 | 19 | 3.6 {182.86| 10.94 | 136.5 2.62| 6.28 |19.50| 0.58 | 8.75|343.48 | 0.88 | 0.8 | 0.12 | 0.63 | 5.16 21.3 | 22.70 | 144.42 10 -8.38 |4.02|13.41|17.25| 4.19 | 8.38 |-1.01| 582.2 |24.13| 1.9 | 1.000
& Ptu+Mmax |22 |22 | 3 | 19 | 19 | 3.6 [156.32| 11.05 | 136.5 2.62| 6.28 |19.29|0.58 | 8.39 | 340.89 | 0.88 | 0.8 | 0.12 | 0.63 | 5.21 21.6 | 22.34 | 141.64 9 -8.47 |4.07|13.55(16.98| 4.11 | 8.22 |-1.02| 573.8 |23.95| 2.2 | 1.000
g | PmaxtMtu 221223 |19| 19 | 3.6 |{183.05/ 10.96 | 136.8 2.62| 6.28 |19.50| 0.58 | 8.75|343.49 | 0.88 | 0.8 | 0.12 | 0.63 | 5.16 21.3 | 22.70 | 144.43 10 -8.38 |4.02|13.41|17.25| 4.19 | 8.38 |-1.01| 582.3 |24.13| 1.9 | 1.000
& PtutMmax |22 [ 22 | 3 | 19 | 19 | 3.6 {156.39| 11.07 | 136.8 2.62| 6.28 |19.29|0.58 | 8.39 | 340.89 | 0.88 | 0.8 | 0.12 | 0.63 | 5.21 21.6 | 22.34 | 141.65 9 -8.47 |4.06|13.55|16.98| 4.11 | 8.22 |-1.02| 573.8 |23.95| 2.2 | 1.000
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Tén T6 hop Kich thude Noi luc C6t thép Céc tham s& Do 18ch chuén Pao ham riéng cua ting tham sb Do l6ch chuén 52 " b P,
cot AN, | TN

. Cx|Cy |a' |Cox| Coy Lli(y= Nz Mx Nan Mg, [As=AsX | ey & X Nig Sb | Sho | Sa | SAs | Sks S'A's Stho S'Rb S'b Sa |SRsc| SAs| Sho | SRb | Sb | S d N

cm|cm|cm|cm | cm | m | KN [KNm| KN | KNm | cm® | cm cm | KN | cm | cm | em | cm? | cm® |KN/ecm®|KN/cm| cm® |KN/ecm|KN/cm|KN| KN | KN | KN | KN | KN | KN? | KN

1) @ @@A|OG|6 | O |@] 0 |10 | 11) | (12) | (@3) [(@4) [ (A5 |16 | (A7) [(18) |(19) | (20) [ (1) | (22) | (23) | (24) | (25) | (26) | (27) [(28)] (29) | (30) | (31) | (32) [ (33) | (34) | (35) [(36) | (37)
| PmaxtMtu 22122 (3|19 | 19 | 3.6 |184.38| 11.10 | 137 2.41| 6.28 |19.51|0.58 | 8.77 | 343.60 | 0.88 | 0.8 | 0.12 | 0.63 | 5.15 21.3 | 22.72 | 144.56 10 -8.37 |4.02|13.40|17.27| 4.19 | 8.38 |-1.00| 582.7 |24.14| 1.9 | 1.000
& PtutMmax |22 [ 22 | 3 | 19 | 19 | 3.6 [158.13| 11.40 | 137 2.41| 6.28 |19.30| 0.58 | 8.41 |341.06 | 0.88 | 0.8 | 0.12 | 0.63 | 5.21 21.5 | 22.36 | 141.83 9 -8.46 |4.06|13.54|17.00| 4.11 | 8.23 |-1.02| 574.4 |23.97| 2.2 | 1.000
g | PmaxtMtu 22122 (3|19 | 19 | 3.6 |184.38| 11.10 | 137 2.41| 6.28 |19.51|0.58 | 8.77 | 343.60 | 0.88 | 0.8 | 0.12 | 0.63 | 5.15 21.3 | 22.72 | 144.56 10 -8.37 [4.02|13.40(17.27| 4.19 | 8.38 |-1.00| 582.7 |24.14| 1.9 | 1.000
& Ptu+Mmax |22 [ 22 | 3 | 19 | 19 | 3.6 [158.13| 11.40 | 137 2.41| 6.28 |19.30| 0.58 | 8.41|341.06 | 0.88 | 0.8 | 0.12 | 0.63 | 5.21 21.5 | 22.36 | 141.83 9 -8.46 |4.06|13.54|17.00| 4.11 | 8.23 |-1.02| 574.4 |23.97| 2.2 | 1.000
| PmaxtMtu 22122 (3|19 | 19 | 3.6 {183.06]| 10.96 | 136.8 2.62| 6.28 |19.50|0.58 | 8.75|343.49 | 0.88 | 0.8 |0.12 | 0.63 | 5.16 21.3 | 22.70 | 144.43 10 -8.38 [4.02|13.41(17.25( 4.19 | 8.38 |-1.01| 582.3 |24.13| 1.9 | 1.000
& Ptu+tMmax |22 [ 22 | 3 | 19 | 19 | 3.6 [156.41| 11.07 | 136.8 2.62| 6.28 |19.29|0.58 | 8.39 | 340.89 | 0.88 | 0.8 | 0.12 | 0.63 | 5.21 21.6 | 22.34 | 141.65 9 -8.47 |4.06|13.55|16.98| 4.11 | 8.22 |-1.02| 573.8 |23.95| 2.2 | 1.000
@ | PmaxtMtu 22122 (3|19 | 19 | 3.6 {182.89]|10.94 | 136.5 2.62| 6.28 |19.50| 0.58 | 8.75|343.48 | 0.88 | 0.8 | 0.12 | 0.63 | 5.16 21.3 | 22.70 | 144.42 10 -8.38 |4.02|13.41|17.25| 4.19 | 8.38 |-1.01| 582.2 |24.13| 1.9 | 1.000
& Ptu+tMmax |22 |22 | 3| 19 | 19 | 3.6 [156.34| 11.05 | 136.5 2.62| 6.28 |19.29|0.58 | 8.39 | 340.89 | 0.88 | 0.8 | 0.12 | 0.63 | 5.21 21.6 | 22.34 | 141.64 9 -8.47 |4.07|13.55|16.98| 4.11 | 8.22 |-1.02| 573.8 |23.95| 2.2 | 1.000
g | PmaxtMtu 22122 (3|19 | 19 | 3.6 {192.95|10.90 | 145.4 2.59| 6.28 |19.59| 0.58 | 8.89 | 344.04 | 0.88 | 0.8 | 0.12 | 0.63 | 5.13 21.2 | 22.81 | 145.27 10 -8.34 |4.00{13.34|17.33| 4.21 | 8.43 |-1.00| 584.2 |24.17| 1.8 | 1.000
& Ptu+Mmax |22 |22 | 3 | 19 | 19 | 3.6 [164.53| 11.02 | 145.4 2.59| 6.28 |19.37|0.58 | 8.50 | 341.43 | 0.88 | 0.8 | 0.12 | 0.63 | 5.19 21.5 | 22.43 | 142.40 9 -8.43 |4.05|13.49|17.05| 4.13 | 8.26 |-1.01| 575.5 {23.99| 2.1 | 1.000
g | PmaxtMtu 22122 (3|19 | 19 | 3.6 {116.87| 10.02 | 80.75 1.87| 6.28 [18.89| 0.58 | 7.85|338.11 | 0.88 | 0.8 | 0.12 | 0.63 | 5.32 22.0 | 21.90 | 137.77 9 -8.65 |4.15|13.83|16.64| 4.00 | 7.99 |-1.04| 566.5 {23.80| 2.9 | 1.000
8 PtutMmax |22 [ 22 | 3 | 19 | 19 | 3.6 {105.07| 10.35 | 80.75 1.87| 6.28 [18.81| 0.58 | 7.69 | 336.52 | 0.88 | 0.8 | 0.12 | 0.63 | 5.34 22.1 21.72 | 136.26 9 -8.68 |4.17|13.89|16.51| 3.95 | 7.90 |-1.04| 562.1 {23.71| 3.2 | 1.000
—, | PmaxtMtu |22 50 | 3 | 19 | 47 | 3.6 [265.51|37.22 | 241 32.14| 5.09 [39.03| 0.58 |14.00|{ 606.93 | 0.88 | 1.9 | 0.12 | 0.51 | 5.74 | 29.3 | 14.83 | 315.70 21 -3.39 |4.47|14.92|27.89| 9.16 |18.31|-0.41{1439.6|37.94| 2.3 | 1.000
< Ptu+tMmax |22 [ 50 | 3 | 19 | 47 | 3.6 [263.51| 61.13 | 241 32.14| 5.09 |[45.76| 0.58 |13.96|516.68 | 0.88 | 1.9 | 0.12 | 0.51 | 4.89 25.0 | 12.62 | 268.59 18 -2.89 |3.82|12.72|23.73| 7.79 |15.58|-0.35[1043.1|32.30| 2.0 | 1.000
~ | Pmax+Mtu |22 |50 | 3 | 19 | 47 | 3.6 [225.37|53.02 | 199.8 | 32.89| 5.09 |46.01| 0.58 [13.12|494.38 (0.88 | 1.9 | 0.12 | 0.51 | 4.87 249 | 11.97 | 253.69 17 -2.88 |3.80(12.65|22.51| 7.36 |14.71|-0.35| 951.8 {30.85| 2.2 | 1.000
< Ptu+Mmax |22 [ 50 | 3 | 19 | 47 | 3.6 |216.47| 40.00 | 199.8 | 32.89| 5.09 [40.82| 0.58 |12.92|552.06 | 0.88 | 1.9 | 0.12 | 0.51 | 5.49 28.0 | 13.34 | 282.37 19 -3.24 |4.28|14.26|25.08| 8.19 |16.38|—0.39(1186.3|34.44| 2.6 | 1.000
o | Pmax+Mtu |22 |50 | 3 | 19 | 47 | 3.6 [459.09| 70.69 | 410.5| 60.85| 5.09 |39.31| 0.58 |18.27|709.42 | 0.88 | 1.9 | 0.12 | 0.51 | 5.70 29.1 18.19 | 387.11 26 -3.37 |4.44|14.81|34.20(11.23|22.45|-0.40|2038.8|45.15| 1.5 | 1.000
< Ptu+tMmax |22 [ 50 | 3 | 19 | 47 | 3.6 |453.94| 95.03 | 410.5| 60.85| 5.09 [43.80| 0.58 |18.15|634.37 | 0.88 | 1.9 | 0.12 | 0.51 | 5.11 26.1 16.24 | 345.82 23 -3.02 |3.99|13.29|30.54{10.03|20.06|—0.36{1628.2|40.35| 1.4 | 1.000
< | Pmax+Mtu |22 |50 | 3 | 19 | 47 | 3.6 [386.35|92.43 | 345.2 | 66.24| 509 |46.79| 0.58 |16.67|563.74 | 0.88 | 1.9 | 0.12 | 0.51 | 4.79 24.4 | 14.19 | 302.98 20 -2.83 |3.73]12.44|26.68| 8.79 |17.57|-0.34/1266.5|35.59| 1.5 | 1.000
< Ptu+Mmax |22 | 50 | 3 | 19 | 47 | 3.6 |377.45|66.80 | 345.2 | 66.24| 5.09 |40.27|0.58 |16.47|650.30 [ 0.88 | 1.9 | 0.12 | 0.51 | 5.56 28.4 | 16.33 | 348.78 23 -3.29 |4.34|14.46(30.70{10.11|20.23|-0.39(1682.2|41.01| 1.7 | 1.000
o | Pmax+Mtu |22 | 50 | 3 | 19 | 47 | 3.6 [449.48| 69.96 | 401.7 | 60.27| 5.09 |39.30| 0.58 |18.06| 704.72 | 0.88 | 1.9 | 0.12 | 0.51 | 5.70 29.1 18.02 | 383.83 25 -3.37 |4.44|14.82|33.89|11.13|22.26|—0.40{2007.2|44.80| 1.6 | 1.000
< Ptu+Mmax |22 |50 | 3 | 19 | 47 | 3.6 |444.39|94.33 | 401.7 | 60.27| 5.09 |44.09| 0.58 |17.94/625.81 | 0.88 | 1.9 | 0.12 | 0.51 | 5.08 25.9 | 15.99 | 340.51 22 -3.00 |3.96|13.21|30.05| 9.87 |19.75|-0.36(1580.9{39.76| 1.4 | 1.000
© | Pmax+Mtu |22 |50 | 3 | 19 | 47 | 3.6 [375.99| 91.57 | 335.7 | 65.55| 5.09 |47.22| 0.58 |16.44|553.95|0.88 | 1.9 | 0.12 | 0.51 | 4.74 | 242 | 13.91 | 297.00 20 -2.80 |3.70{12.33|26.14| 8.61 |17.23|-0.34{1220.3|34.93| 1.5 | 1.000
< PtutMmax |22 [ 50 | 3 | 19 | 47 | 3.6 |367.08| 66.29 | 335.7 | 65.55| 5.09 [40.63| 0.58 |16.24|639.07 | 0.88 | 1.9 | 0.12 | 0.51 | 5.51 28.2 | 16.01 | 341.91 23 -3.26 |4.30{14.33|30.10{ 9.92 |19.83|-0.39(1621.3|40.27| 1.7 | 1.000
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. Cx|Cy |a' |Cox| Coy Lli(y= Nz Mx Nan Mg, [As=AsX | ey & X Nig Sb | Sho | Sa | SAs | Sks S'A's Stho S'Rb S'b Sa |SRsc| SAs| Sho | SRb | Sb | S d N

cm|cm|cm|cm | cm | m | KN [KNm| KN | KNm | cm® | cm cm | KN | cm | cm | em | cm? | cm® |KN/ecm®|KN/cm| cm® |KN/ecm|KN/cm|KN| KN | KN | KN | KN | KN | KN? | KN

1) @ @@A|OG|6 | O |@] 0 |10 | 11) | (12) | (@3) [(@4) [ (A5 |16 | (A7) [(18) |(19) | (20) [ (1) | (22) | (23) | (24) | (25) | (26) | (27) [(28)] (29) | (30) | (31) | (32) [ (33) | (34) | (35) [(36) | (37)
~ | Pmax+Mtu |22 |50 | 3 | 19 | 47 | 3.6 [449.43| 70.66 | 401.6 | 60.85| 5.09 |39.30| 0.58 |18.05|704.69 | 0.88 | 1.9 | 0.12 | 0.51 | 5.70 29.1 18.02 | 383.82 25 -3.37 |4.44|14.82|33.88|11.13|22.26|—0.40{2007.0|{44.80| 1.6 | 1.000
< PtutMmax |22 [ 50 | 3 | 19 | 47 | 3.6 |444.30| 95.04 | 401.6 | 60.85| 5.09 [44.26| 0.58 |17.94|623.32|0.88 | 1.9 | 0.12 | 0.51 | 5.06 25.8 | 15.92 | 339.15 22 -2.99 |3.95[13.15|29.93| 9.84 |19.67|-0.36(1568.3|39.60| 1.4 | 1.000
o | Pmax+Mtu |22 |50 | 3 | 19 | 47 | 3.6 [375.99| 92.37 | 335.7 | 66.23| 5.09 |47.44|0.58 |16.44|551.35|0.88 | 1.9 | 0.12 | 0.51 | 4.72 24.1 13.84 | 295.61 19 -2.79 |3.68|12.27|26.02| 8.57 |17.15|-0.33[1208.9|34.77| 1.5 | 1.000
< Ptu+Mmax |22 [ 50 | 3 | 19 | 47 | 3.6 |367.08| 66.92 | 335.7 | 66.23| 5.09 [40.81| 0.58 |16.24|636.26 | 0.88 | 1.9 | 0.12 | 0.51 | 5.49 28.0 | 15.94 | 340.41 22 -3.24 |4.28|14.27|29.96| 9.87 |19.74|-0.39{1607.1|40.09| 1.7 | 1.000
o | PmaxtMtu |22 |50 | 3 | 19 | 47 | 3.6 |467.62| 76.14 | 414.6 | 64.40| 5.09 |39.32| 0.58 (18.46|713.59 [ 0.88 | 1.9 | 0.12 | 0.51 | 5.69 29.1 18.34 | 390.01 26 -3.37 |4.44|14.81|34.47(11.31|22.62|-0.40|2067.2|45.47| 1.5 | 1.000
< Ptu+tMmax |22 [ 50 | 3 | 19 | 47 | 3.6 {460.92| 99.88 | 414.6 | 64.40| 5.09 [44.59| 0.58 |18.31|626.30 | 0.88 | 1.9 | 0.12 | 0.51 | 5.02 25.7 | 16.07 | 341.87 23 -2.97 |3.92|13.06|30.20| 9.91 |19.83|-0.36(1589.7|39.87| 1.4 | 1.000
g | PmaxtMtw |22 |50 | 3 | 19 | 47 | 3.6 |394.83| 97.86 | 350 70.60| 5.09 [47.72| 0.58 |16.85|556.61 | 0.88 | 1.9 | 0.12 | 0.51 | 4.69 24.0 | 14.04 | 299.72 20 -2.77 |3.66{12.20|26.39| 8.69 |17.38|-0.33[1236.8|35.17| 1.4 | 1.000
Q Pt.u+tMmax |22 |50 | 3 | 19 | 47 | 3.6 385.92| 71.25 | 350 70.60| 5.09 [41.08| 0.58 |16.66|641.91|0.88 | 1.9 | 0.12 | 0.51 | 5.45 27.8 | 16.16 | 344.96 23 -3.22 |4.25|14.17|30.37{10.00|20.01|-0.39{1641.9|40.52| 1.7 | 1.000
o | Pmax+Mtw | 22 |50 | 3 | 19 | 47 | 3.6 |467.61| 76.14 | 414.6 | 64.40| 5.09 |39.32| 0.58 |18.46| 713.59 | 0.88 | 1.9 | 0.12 | 0.51 | 5.69 29.1 18.34 | 390.01 26 -3.37 |4.44|14.81|34.47|11.31|22.62|-0.40{2067.2|45.47| 1.5 | 1.000
e Ptu+Mmax |22 |50 | 3 | 19 | 47 | 3.6 [460.92| 99.88 | 414.6 | 64.40| 5.09 |44.59| 0.58 |18.31|626.30 | 0.88 | 1.9 | 0.12 | 0.51 | 5.02 25.7 | 16.07 | 341.87 23 -2.97 |3.92]13.06/30.20| 9.91 |19.83|-0.36(1589.7|39.87| 1.4 | 1.000
o | PmaxtMtu 22 |50 | 3|19 | 47 | 3.6 |394.82| 97.86 | 350 70.60| 5.09 |[47.72| 0.58 |16.85|556.60 | 0.88 | 1.9 | 0.12 | 0.51 | 4.69 24.0 | 14.04 | 299.71 20 -2.77 |3.66(12.20|26.39| 8.69 |17.38|—0.33[1236.8|35.17| 1.4 | 1.000
e PtutMmax |22 [ 50 | 3 | 19 | 47 | 3.6 [385.92| 71.25 | 350 70.60| 5.09 [41.08| 0.58 |16.66|641.89 | 0.88 | 1.9 | 0.12 | 0.51 | 5.45 27.8 | 16.15 | 344.94 23 -3.22 |4.25|14.17|30.37{10.00|20.01|{-0.39{1641.8|40.52| 1.7 | 1.000
o | PmaxtMtu 22 |50 | 3|19 | 47 | 3.6 |449.43| 70.66 | 401.6 | 60.85| 5.09 [39.30| 0.58 |18.05| 704.70 | 0.88 | 1.9 | 0.12 | 0.51 | 5.70 29.1 18.02 | 383.82 25 -3.37 |4.44|14.82|33.88|11.13|22.26|—0.40{2007.0|{44.80| 1.6 | 1.000
e Ptu+tMmax |22 [ 50 | 3 | 19 | 47 | 3.6 |444.30| 95.04 | 401.6 | 60.85| 5.09 [44.26| 0.58 |17.94|623.33|0.88 | 1.9 | 0.12 | 0.51 | 5.06 25.8 | 15.92 | 339.16 22 -2.99 |3.95/13.15|29.93| 9.84 |19.67|-0.36(1568.4|39.60| 1.4 | 1.000
& | PmaxtMtw |22 150 | 3 | 19 | 47 | 3.6 |375.98) 92.37 | 335.7 | 66.24| 5.09 |47.44)0.58 |16.44|551.3410.88 | 1.9 | 0.12 | 0.51 | 4.72 24.1 13.84 | 295.60 19 -2.79 |3.68|12.27(26.02| 8.57 |17.14|-0.33]1208.8|34.77| 1.5 | 1.000
e Ptu+Mmax |22 [ 50 | 3 | 19 | 47 | 3.6 |367.08| 66.93 | 335.7 | 66.24| 5.09 [40.81| 0.58 |16.24|636.21 | 0.88 | 1.9 | 0.12 | 0.51 | 5.49 28.0 | 15.94 | 340.38 22 -3.24 |4.28|14.27|29.96| 9.87 |19.74|-0.39(1606.8|40.09| 1.7 | 1.000
w | PmaxtMtw | 22 | 50 | 3 | 19 | 47 | 3.6 |449.49) 69.95 | 401.8 | 60.27| 5.09 |39.30| 0.58 |18.06|704.73|0.88 | 1.9 | 0.12 | 0.51 | 5.70 29.1 18.02 | 383.84 25 -3.37 |4.44|14.82(33.89(11.13|22.26|-0.40{2007.3|44.80| 1.6 | 1.000
g PtutMmax |22 [ 50 | 3 | 19 | 47 | 3.6 |444.41| 94.32 | 401.8 | 60.27| 5.09 [44.08| 0.58 |17.94|625.84 | 0.88 | 1.9 | 0.12 | 0.51 | 5.08 259 | 15.99 | 340.53 22 -3.00 |3.96{13.21|30.05| 9.88 |19.75|-0.36(1581.1|39.76| 1.4 | 1.000
@ | Pmax+Mtw |22 |50 | 3 | 19 | 47 | 3.6 |375.93| 91.57 | 335.6 | 65.55| 5.09 |47.23| 0.58 |16.44|553.86 | 0.88 | 1.9 | 0.12 | 0.51 | 4.74 24.2 | 13.90 | 296.95 20 -2.80 |3.70{12.33|26.14| 8.61 |17.22|-0.34{1219.9|34.93| 1.5 | 1.000
< Ptu+Mmax |22 | 50 | 3 | 19 | 47 | 3.6 [367.03| 66.30 | 335.6 | 65.55| 5.09 |40.64| 0.58 |16.24|638.93 [ 0.88 | 1.9 | 0.12 | 0.51 | 5.51 28.2 | 16.00 | 341.83 23 -3.26 [4.30|14.33(30.09( 9.91 |19.83|-0.39(1620.6|40.26| 1.7 | 1.000
~ | PmaxtMtu 22|50 |3 |19 | 47 | 3.6 |458.97| 70.69 | 410.4 | 60.85| 5.09 [39.31| 0.58 |18.26|709.36 | 0.88 | 1.9 | 0.12 | 0.51 | 5.70 29.1 18.19 | 387.07 26 -3.37 |4.44|14.81|34.19|11.23|22.45|-0.40{2038.4|45.15| 1.5 | 1.000
e Ptu+Mmax |22 |50 | 3 | 19 | 47 | 3.6 |453.83| 95.03 | 410.4 | 60.85| 5.09 |43.80| 0.58 |18.15|634.26 | 0.88 | 1.9 | 0.12 | 0.51 | 5.11 26.1 16.24 | 345.75 23 -3.02 |3.99]13.2930.53|10.03|20.05|-0.36{1627.6|40.34| 1.4 | 1.000
o | PmaxtMtu 22 |50 | 3|19 | 47 | 3.6 |386.41| 92.42 | 345.3 | 