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CHUONG 1
KHAI NIEM VE NGHIEN CUU THUC NGHIEM
1. Vai tro cia phuong phap nghién ciu thuc nghiém (NCTN) trong xiy dung

Ngay nay trong nhiéu linh vuc khoa hoc ky thuat, vai tro NCTN ngay cang dudc
khing dinh nhim :
+ Gidi quyét cdc van dé vé cong nghé va cua thuc té san xuit doi héi thuc hién
nhanh, hiéu qua.
+ Giai quyét va hoan thién cdc bai toan ma cac phwong phap ly thuyét chua hoic
khong giai quyét day di hodc chi mdi 1a y tudng.
* NCTN 1a mot phuong phap cam thy truc tiép d€ nhan dudc céc tin hidu, thong tin
va hinh 4nh ciia mot hién tugng, mot su vat dudc goi 1a ddi tugng nghién ciiu.
Trong ky thuat xay dung, déi tugng nghién ctiu 1a vat liéu xay dung (VLXD), 1a két
c4u cong trinh (KCCT) da, dang va sé ton tai.
e D4i tugng tao nén dé€ nghién ciu ¢ dic trung hinh hoc va vat liéu bing thyc thi
goi 1a d6i tugng nguyén hinh.
e D6i tugng cd cdc dic trung hinh hoc va vat liéu tuan theo 1 quy luat tuong tu vat
ly xdc dinh thi goi 1a d6i tigng mé hinh.
* Tt NCTN c¢6 thé dua dén nhiing két luan mang tinh qui ludt cling nhu tinh tiéu
biéu déi vdi cac tham sé khao sat ca vé chét lugng 13n s lugng.
* NCTN ho trg cho qua trinh tinh toan, thiét ké, thay thé dugc 16i gidi cho cac bai
toan dic thu, phic tap ma di bing phuong phap ly thuyét thi mat qua nhiéu thdi gian hoic
chua giai quyét dugc.

NCTN ¢4 thé thuc hién dudc cac nhiém vu co ban sau :
1. Xdc dinh, danh gid khd neng lam viéc, tudi tho ciia VLXD va KCCT

+ Cong trinh trude khi dua vao st dung: danh gia chét luong qua kiém tra, kiém dinh
truc tiép trén cong trinh. Két qua 1a mat tai liéu quan trong trong hd so nghiém thu ban
giao cong trinh (dac biét luu y cac cong trinh xay dung tii VL dia phuong hay VL ci).

+ Nhiing cong trinh di x4y dung qua lau, hét nién han s dung, chat ludng bi giam
yéu, cac cong trinh ¢d yéu ciu stia chifa, ci tao, thay doi cong nghé san xuit, chiic ning
st dung...

+ Dénh gia trang thai, kha ning 1am viéc clia cic két cdu cong trinh sau cdc su cd
(dong dat, chdy, nd...). Viéc nghién ctiu nay nhdm phét hién va dénh gia muc d6 hu héng,
tti d6 dua ra nhiing nhan xét quyét dinh su ton tai, phd bd hay gia c6 stia chifa phuc hdi.

2. Nghién ciiu dé xudt, nghién ciiu iing dung cdc hinh thiic két cau mdi, két cdu ddc biét
vao viéc thiét ké xdy ding cong trinh :

+ Khi nhiing két cdu xay dung truyén thdng khong con phu hop, doi héi thiét ké va
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xay dung phai nghién ciu cac giai phap két cdu méi. Trong trudng hop nay bién phap dé
tién hanh tim kiém mat loai két cdu mdi, phu hgp 1a dung phuong phap NCTN.

+ D6i khi cong trinh theo mot dang két cdu va ly thuyét ¢é san nhung tiy thudc vao
qui md, tim quan trong cla cong trinh va muc do chit ché cla ly thuyét, ciing can tién
hanh thyc nghiém dé kiém chiing sy ding din cla phwong phdp tinh tdan ly thuyét va
tinh kha thi cia cong trinh.

3. Nghién cifu va phdt hién cdc VLXD mdi, ddanh gid chdt hiong ciia cdc loai VLXD
dang sif dung va tai sif dung, cdc loai VLXD dia phuong:

4. Nghién ciitu phdt minh nhiing vdan dé mdi trong khoa hoc, ky thudt chuyén nganh, ma
nghién ciiu Iy thuyét hoan toan hodc chiia gidi quyét ddy dii hodc doi hdi phdi cd két qud
nghién ciu thiic nghiém dé kiém chiing.

2. Y nghia ciia trang thdi US-BD trong nghién ciiu KCCT :
e Hién nay viéc tién hanh nghién ctu thuc nghiém trong c6 hoc vat liéu va cong

trinh thuc chit 1a khdo sat sy thay doi cla trang thai tng suét - bién dang
(USBD).

e Trén cd sé trang thai USBD dang mdi c6 thé xac dinh dudc gia tri va tinh chit
clia noi luc s& hinh thanh va phét trién qua qu4 trinh lam viéc cta déi tugng.

e Trang thai ting USBD phan 4nh dy du trang thai va kha ning 1am viéc thuc té
cua ddi tugng khao sat cling nhu cac yéu td cau thanh ddi tugng nhu vat liéu, ciu
tao hda hoc, so dd két ciu, cong nghé ché tao va ngoai luc tac dung...

Nghién cifu trang thai US-BD cho phép gidi quyét cdc van dé co bdn :

+ Gid tri va hinh anh phan b noi luc trén tong thé déi tugng khao sat, tui dé gidp bd
tri vat liéu va cdu tao két cdu thich hop.

+ Pénh gia dugc kha ning, muic do 1am viéc thuc té clia d6i tudng cho phép rut ra
cac tiéu chuan dé kiém tra do bén, do ciing, do on dinh.

+ Du doan dudc su ton tai va tudi tho clia cdng trinh khi trong qu4 trinh thuc nghiém
c6 tién hanh khdo sat va do dac su bién dong va téc do phat trién ctia US-BD cling nhu su
hinh thanh va phat trién khuyét tat trong qu4 trinh déi tugng lam viéc.

+ Trong nhiéu trudng hop két qua nghién ctiu USBD con 1a chuén muc dé danh gia
su dung din cta ly thuyét.

* Trong nghién ctu thuc nghiém, mic do chinh xdc va tin cdy cua trang thai USBD
thudng chiu anh hudng ctia nhiéu yéu té:

1. Kich thudc va s6 higng doi tugng khdo sdt :
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- Khao sat trén déi tugng nguyén hinh thi két qua tinh toan USBD nhén dugc 1a két
qua truc tiép va thuc (khong qua tinh toan chuyén déi) nhung sé lidu thudng bi han ché vi
ddi tugng khong nhiéu.

- Khio sat trén d6i tugng mo hinh thi két qua tinh toan USBD chi nhan dudc qua
mot qué trinh tinh toan chuyén doi tuong tu qua cac hé sd ty 1& cta cac tham sé do nén cé
thé ¢4 sai s6 nhd, din dén léch lac két qua. Nhung vi sé lugng déi tugng thi nghiém nhiéu,
nén tong hop nhiéu sé lidu ciing cho dudc sb lidu dang tin cay.

2. Hinh dang va cdu tao lién két cdc phdn tif ciia doi tuong :

- Két cdu c6 hinh dang don gidn, USBD thudng phan bé kha déng déu trong két cau,
tri s6 khong 16n va thudng dao dong trong mién dan héi clia VL, nén phép do thudng
khong c6 sai s6 dang ké.

- Két cdu cd hinh dang phiic tap hodc ghép tii nhiéu phan ti vdi nhau viéc khio sat
trang thai USBD c¢6 khé khin vi § day su phan bd USBD thudng thay déi 16n, nhiing diém
1an can nhau c6 thé ¢4 tri s6 rat khac nhau (do giai doan lam viéc 1a dan hdi hay bién dang
déo).

3. Cdu tao vdt liéu ciia déi tiong :
Trong thuc té ¢ nhiéu loai VL c¢6 trang thai USBD khac nhau :
- Tuyén tinh - hoan toan phi tuyén
- Khong dong nhét trong sudt qua trinh chiu tai
- Tuyén tinh & giai doan vat liéu chiju tai trong nhd sau dé qua maot gia tri dic trung
xac dinh (tuy thudc ban chét ctia vat liéu) thi khong con tuyén tinh nia.

4. Cong nghé ché tao doi tiong -

- Ché tao bing bién phap duc tai chd: cong trinh bétong, thach cao

- Lép ghép ti cac phan ti két cdu da ché tao sdn (bétong 1dp ghép, két cdu thép ldp
ghép bing han, bulong, dinh tan, ...)

- Ché tao bing tao luc cing trudc (bétdng ting sut trudc)

Du ché tao bing bién phap nao thi cudi cung trong déi tugng nghién ciiu déu ton tai
mot trang thai Ung suit ban dau hoic tng suit trudc. Mudn xdac dinh gia tri va quy luat
phan bd cua chung dé loai trui trong qua trinh khéo sat tinh toan USBD ctia déi tugng thi
that 1a kho khan.

5. Tinh chdt tdc dung ciia tdi trong ngodi :
- Két qua do mot déi tuong chiu tac dung tai trong tinh kha d& dang, dam bao dudc
do chinh x4c, sé do khong phu thudc théi gian, dung cu thiét bi don gian.
- Khi chiu tai trong tdc dung dong, lic xung kich thi cong viéc do luidng phiic tap, vi
qua trinh do thuyc hién trong moi truéng dong, phu thudc vao thdi gian lam anh hiidng muic
dd chinh xac ctia sb do.
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6. Méi triong tién hanh thi nghiém :

Mudn ¢6 s6 liéu chinh xac thi nghiém can phdi thuc hién trong mot méi trudng xac
dinh hodc méi truong chuan. Néu viéc thi nghiém VL hay cong trinh chiju anh hudng cia
moi trudng, dic biét 1a nhiét do, do 4m lam nhifu loan sé do (VL bién dang, dung cu do
bién dang, ...)

3. Bién dang ciia KCCT va phép do bién dang tuong ddi :

Cho dén nay, k¥ thuat do ludng cdc dai lugng co hoc, van dé do truc tiép gia tri clia
ting suat trong VL va KCCT van chua gidi quyét dudc. Do d6 trong NCTN khi can khao
sat trang thai ting suit clia mot déi tugng déu phai qua tham sé bién dang tucng ddi e.

- Péi véi VL dan hdi (tuyén tinh) hodc VL trong giai doan tuyén tinh thi viéc khao
sat d& dang vi qui luat phan b6 US- BD 1a hoan toan dong nhét, ty 1& qua hé sé : modun
dan hoi E (d6i tuong chiu trang thai US mot truc) hay hé s6 Poisson (d6i tudng chiju trang
thai US phing)

- Khi khdo sat VL khong tuan theo dinh luat Hooke hay VL lam viéc ngoai gidi han
dan hoi thi viéc khao sat nhu VL dan héi tuyén tinh 1a chua day di ma phai khao sat quy
luat phan b clia US, vi quan hé USBD la phi tuyén. Déi véi tridng hop nay, dé nhan
dugc gia tri US ctlia déi tugng trén co s cta s6 do bién dang ¢, can thiét phai dya vao biéu
dd quan hé thyc nghiém USBD khi thi nghiém ph4 hoai miu VL

* Viéc do tham s6 € con bi nhiéu han ché do phuong phap va k¥ thuat do hién nay
van chua dap ung dudc cac yéu cau clia cong viéc nghién ctu. Chi do dudc 6 16p VL bén
ngoai déi tugng (khd khin déi véi khdo sat bién dang khéi, hodc thanh phan bién dang
phan bd theo chiéu sau).

Tuy vay viéc do gia tri bién dang trén 16p vat liéu bé mit van giti mot vai trd quan
trong va van thda man yéu cau thyc té trong khao sat cdc cong trinh xay dung.

* Viéc do € can lvu y cdc anh huéng :
1.Khi c6 cdc yéu t6 co hoc bén ngoai khdc nhau tdc dung :

- Trang thai tinh hodc phat trién dan déu (khi chiu tinh tai, nhiét do ...). Khi khao sat
déi tugng thuc thi sé ludng diém do phai di 16n va di mau, phat sinh vin dé lam thé nao
dé qua trinh doc va do vdi s6 lugng 16n ma ngin nguia duge kha ning phan bd lai bién
dang trong déi tuong (do thoi gian) hodc dai lugng nhan dudc tai cic diém do khong
tuong ung cung mot tri sé ngoai luc vi phai gitf tai trong mot thoi gian dai. D& khic phuc
can chon phuong phap va thiét bi do nhanh, 6n dinh.

- Trang thai dong hodc bién thién nhanh (tac dung dong: va cham, nd ...) do phic tap
vi né bién déi nhanh theo thdi gian. cin dung cac phuong phép do tenzo cam bién dién
trd, dung thiét bi tu dong ghi, ...

2. Do trong diéu kién VL lam viéc & cdc trang thdi khdc nhau :
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Qua trinh 1am viéc clia VL i giai doan dan hdi sang giai doan déo thudng rat ngin.
e Dai véi cac két cdu don gian US phan bé tuong ddi déu din, tuan theo dinh luat
Hooke c6 thé dung cac tenzomet don gian. Tuy vay phan I6n két cdu trong cong
trinh thudng phtic tap cé quan hé gitfa bién dang theo cac phuong rat phic tap
thudng lam thay d6i nhanh sy phan bé US trong ving khio sat. Khi d6 VL tai
nhiing ving nay sé chuyén nhanh sang giai doan dan-déo hay déo.
3. Diéu kién doi tiong lam viéc vdi cdc trang thai US khdc nhau:

- Trang thai US theo mot truc va phan bd déu din trén sudt chiéu dai phan ti (két
cAu hé thanh, két cdu chiu luc doc dung tam, ...) do s& don gian va cho sé liéu tin cay.

- Trang thai US hai tryc. Tai mot diém trong vat thé ton tai ba 4n s6 : hai US chinh
va goc hop gitia hudng US chinh véi mot truc nao dé ndm trong mit phing cia US chinh.
DE xac dinh tai mot vi tri cin ba phép do (hoic bdn, cé mot dé kiém tra), thudng dung cac
tenzomet dién trd.

-Trang thai US ba truc: do rat khé khan hién van chua cd phuong phap hiiu hiéu.

sk sk sk ok ook sk skeosk kosk ok
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CHUONG?2 CAC PHUONG PHA!’ KHAO SAT VA PANH GIA
CHAT LUONG VAT LIEU

1. Cdc nguyén tic chung :

Khi nghién ctiu trang thai 1am viéc, kha ning chiu luc, tudi tho cia cac déi tugng
cho thdy yéu té anh hudng truc tiép dau tién 1a chdt luong ciia vit lidu. Chat luong dé
dugc thé hién qua céc loai cudng do, tinh chat va sé lugng cac khuyét tat da ton tai
hodc xuat hién mdi trong qua trinh déi tugng lam viéc.

Hién nay, viéc khdo sit va xac dinh cdc dic trung co ban cda VL bing thuc
nghiém thudng dugc thuc hién theo 2 phuong phéap co ban:

1.1. Phuong phap pha hoai mau va lap biéu dé djc trung VL:

Hinh dang va kich thudc miu thi xdc dinh tiy: cdu tao VL, muc dich nghién ciu,
tiéu chuan qui pham nha nudc.

Céac mau dugc thi nghiém tuong Ung véi trang thai lam viéc ciia VL (kéo, nén,
udn, xodn) ting dan tai trong tiing cip cho dén khi phd hoai. U"ng vdi cac cap tai p; ta
thu dudc &, , o; va v& dudc dudng cong biéu dién quan hé US-BD va dudc goi 1a bidu
dé ddc trung cia VL, bdi vi qua do nay c6 thé xac dinh cac dic trung co ly clia VL .

Phuong phap phd hoai mau chiu anh hudng tryc tiép cac yéu to:

1. Téc dé gia tdi

2. Nhiét do méi triong

3. Trang thdi iing sudt tdc dung

1.2. Phuiong phap khong pha hoai va 1ap biéu dd chuyén déi chuiin ciia VL
Phuong phdp ndy thudng giai quyét hai nhiém vu :
1/ Xac dinh cudng do tai nhiéu vi tri khac nhau, qua dé danh gid duge muc do
dong nhat ctia VL.
2/ Phét hién cac khuyét tat ton tai bén trong méi trudng VL do qua trinh ché tao,
do 4nh hudng céc tdc dong bén ngoai, hodc do tai trong .

2. Phuong phap khio sat thuc nghiém VL bé tong
2.1 Xac dinh cac diic trung co-ly cia BT biing phuong phap pha hoai méu
1/ Thi nghiém xac dinh cuong d9 gidi han chiu nén :

a/ Mdu thii :

Khéi 1ap phuong hoic ling tru dudc ché tao dong thdi vdi qua trinh thi cong bé
tong. Kich thudc miu, phuong phap ché tao, bdo dudng theo Tiéu chufin Viét Nam
TCVN 3105-1993 .

b/ Tién hanh thi nghiém :

Thi nghiém nén pha hoai mu chuin 150 x 150 x 150 mm

Cudng do : R=P,/F (kg/m’)
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Hinh 2.1. Tuong quan vé cuiong do chiu nén ciia béténg giiia
mdu hinh tru va hinh ldp phuong
Khi kich thudc miu khéc chuin phai nhan hé sé chuyén doi :

- MAu lap phuong : 100 x 100 x 100 mm - 0,91
200 x 200 x 200 - 1,05
300 x 300 x 300 - 1,10
-Mautru(DxH): 71,5x 143 va 100 x 200 mm - 1,16
150 x 300 - 1,20
200 x 400 - 1,24

2/ Thi nghiém xdc dinh cudng dd Ling tru, médun bién dang va hé s6 Poisson ciia

bé tong:
a/ Mdu thii : Khéi lang tru ddy vudng, chiéu cao gip 4 1an canh day:
100 x 100 x 400 mm ; 150 x 150 x 600 mm ; 200 x 200 x 800 mm

b/ Phudng phap thi nghiém :

- Cuong d6 lang tru - Modun dan héi ban dau

P o o0, - 0,
th: EO_ | |
F E, — &
1 0

- Mddun bién dang tiic thoi

g ] o . 5.
[ _ 1
E y = I|+ |
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- Hé s6 Poisson

&

2.2.P4nh gia chit lugng BT béing cdc phuong phap gidn tiép:
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1/ Nguyén tic chung ciia phuong phap :
Dung céc thiét bi co hoc tao nén nhiing va cham tryc tiép 1én bé mit cta vat liéu.
Khi khdo st chét lugng va cudng do ciia BT phai chui y dén céc yéu té thudc ban
chit clia VL lam anh hudng dén két qua nhu :
¢ Tinh khong déng nhit vé cdu tric va cuosng do ctia BT
¢ Do kha ning carbon hda 16p vat liéu ngoai theo thdi gian

2/ Panh gid chit lugng bétong biing dung cu bua bi (h. 2.2)

Lam sach bé mit ving thi ¢ kich thuée 100 x 100mm. Dung bua ¢ trong lugng
300 -400g, dap thdng gdc xudng bé mit ciu kién, vién bi s& d€ lai trén bé mit bétong
mot vét 10m. Quan sat vét 16m va so sanh vdi biéu dd chuin ¢ thé dua ra két luan dinh
ting vé chét lugng va cuong do cla bétong.

a)
NEEESEL 3
b N = i
REE T
ol ESJ? el i
- | i
=) I~
i —
| s 1 »
2 < 2% 75 125 175 225 275 325
K. 50 100 150 200 250 300 350
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o745 ” I :;]
ol . l
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Hinh 2.2. Bua bi
a. Cdu tao; b. Biéu dé quan hé chudn giita diiong kinh vét lom va ciong dg bétong
3/ Xac dinh cuong dé cia BT biing bia bi ¢ thanh chuin (h-2.3)

S6 luong diém thi trén mdi ving cla ciu kién khong it hon 5 diém., khoang cach
gitia cac diém thi trong ving dé 13 30 mm trén bé mit vat liéu va 10 mm trén thanh

chuan.

Pai lugng dic trung gian tiép H cua cudng do BT trong vung thi dudc xdc dinh
heo ty s6 : H =
theo ty sO sau Edc

>d, : tong dudng kinh cta cic vét 16m trén bé mit bétong, [mm)]
>d. :t6ng dudng kinh cdc vét 16m tucng ting trén thanh chuin,[mm]
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Hinh 2.3. Bua bi ctia thanh chuén
a. Cdu tao; b. Biéu dé quan hé chudn giita déc trung H va cuiong do bétong
c. Thii ddp tric tiép trén bé mdt bétong, d. Thii ddp nho bia
4/ Panh gid cuong do béténg biing thiét bi ndy va cham
a. So' dd ciu tao va van hanh sing thi loai N (h 2.4)

Hinh 2.4. So do cu tao sung thii chat lugng bétong

1- pittong truyén va cham, 2- bé mdt bétong, 3- vo sing, 4- kim chi thi, 5- thanh
dén kim, 6- mit ham, 7- truc dan qud bia, 8- dia ciing, 9- ndp giii & dau, 10- vong cé
dinh, 11- ndp sau, 12- 16 xo nén, 13- co sung, 14- qud biia, 15- 10 xo gidm chdn, 16- [0
xo kéo ddp, 17- 6ng dinh hidng, 18- dém chdn bui, 19- bang chia vach, 20- vit bt co,
21- écu ham, 22- chét co, 23- 1o xo dd?y co

Bai giang Thi nghiém cau - Page 11 of 168



b. Phuong phdp xdc dinh cuong dé bétong bing sing thi Schmidt
¢ Qua trinh xdc dinh cudng do cua bétdng trén cong trinh bing sung ndy va
cham dudc tién hanh theo cdc quy dinh trong tiéu nganh 20 TCN 85 - 03.

2.3.Khao sat vt liéu BT bing pp thi nghiém khong pha hoai:

Cac phuong phép thi khong pha hoai vat lidu dude dung rong rai dé danh gia chat
lugng ctia bétdong khi khao sat két cau cong trinh xay dung. Theo cac nguyén ly vat ly,
cac phuong phap nghién ciiu khong pha hoai dudgc chia thanh hai nhdm co ban.

1. Nhém thi nhit

Nhém nay bao gdm cdc phuong phap do ma két qua cho ngay gia tri ciia tham sé
khao sat, khong phai qua qu4 trinh tinh toan trung gian hoic so sanh chuyén déi chuén.
Tham s6 do co ban & day 1a khéi lugng thé tich (d6 dic chic) cia vat lidu .

Phuong phap tiéu biéu dé khao st chit lugng BT thudc nhém nay cd ban dua trén
hiéu ung cua cdc tia phong xa rongen va gamma.

Noéi dung cita phiiong phdp thii : Trong nghién ciu vat liéu bang tia phdng xa, dai
lugng dic trung cho do chit clia moéi trudng vat lieu 1a mdc do gidm yéu hay do phan
tan cudng do ndng lugng cia chum tia phong xa gamma roi qua méi trudng vat liéu do.

Hinh 2.5. X4c dinh do chit bétong bing phuong phdp roi tia

a- do dg chdt ting Idp, b, c- do dé chdt trung binh cdc Idp, d- do khi cdu kién

day hon 500mm hodc chi cé6 mét mdt ti do, e- do dé chdt va chiéu day cdu kién

1-nguoén phadt, 2-nguén thu ndng liong phong xa, 3- hiidng roi, 4- vat liéu

Khi khao sat mot hén hop BT dudc ddm chit hay BT trong cdc cdu kién duc sin

hay trén KCCT, can phai dit trong mdi trudng BT dé mot dau phat trong dé cé chia
chat phdng xa va mot dau thu ning luong dit trén bé mit cda moi trudng vat lidu. Sy
chénh léch cudng dd ning ligng doé cho phép suy ra do chit ciia moéi tridng vat lidu
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Inl,—Inl
Hy T

nho méi lién hé sau day : I=1,.67" —>p=
Trong do : I, - Cudng do phat xa ban dau;
I - Cudng do phat xa sau Iic truyén qua mdi truong;
p - DO chit cia mdi truidng vat lidu ;
r - Khodng céch gitia ngudn phat va dau thu;
1, - Hé s6 hap thu khéi lugng cla chat phdng xa.
Khi biét do chit ciia BT trong két ciu , bang mot phép do phdng xa theo so do (h
2.5¢), ¢4 thé xac dinh dugc kich thudc cia két cdu do’
o Inl,—-1Inl
Ho P
2. Nhém thit hai: La cic phuong phap thi nghiém ma sé do khong chi thi truc
tiép gid tri clia tham sé khao sat, mudn cé duge két qua thudng phai qua quan hé chuan
gitia tham sé khao sat va s6 doc trén thiét bj do. Nhom nay gém cac phuong phap thi
nghiém theo nguyén ly truyén song 4m thanh qua mdi trudng nhim muc dich kich thich
cac hat vat chét trong méi trusng dao dong. Theo cac thong s ctia hién tudng dao dong
nay va sy lan truyén cia dao dong trong moéi tridng c6 thé danh gia cac dic trung co -
ly va trang thai cda vat liéu khao sat. tiéu biéu 1a phuong phap truyén séng siéu am qua
moi trudng vat liéu khao sat.

a. Khdi niém vé phuong phap siéu Am

Siéu am 1a nhiing dao dong co hoc dan hdi truyén di trong méi trudng vat chét vdi

tan s6 dao dong tii 20kHz trd 1én.

Do tin s6 dao dong cao, budc song ngin nén siéu am c6 hai dic diém co ban khi

dugc khai thdc st dung trong ky thuat:

e Sy phat va truyén séng qua cdc mdi truong vat chat tuin theo cdc quy luat
quang hinh hoc, do d6 ¢4 thé 1¢i dung cac hién tugng phan xa, khic xa, nhidu
xa ... dé tip trung ning lugng cta séng siéu Am vao mot pham vi nhé hep.

e Do tap trung dudc ning ludng tdi da, nén cd thé tao ra mot hiéu ving mdi 1a
dao dong cla cac hat trong méi tridng cé song siéu am truyén qua sé cd bién
do dao dong Ion.

Khi viéc nghién ctiu tién hanh trén co sé s do clia cac tham s6 :

¢ Téc do (hay théi gian) truyén song;

¢ Muic khuéch tan ning lugng siéu Am trong mdi trudng ;

¢ Do tap trung song khi ra khdi moi trudng ;

Thi sé ¢é dudc cdc két luan vé chat lugng va gid tri clia cudng do BT hoan toan

chinh xdc. Nhung cung mot lic x4c dinh c4 ba tham sé trén day 1a khong thé thuc hién
dugc. Thuc té cho thay, khi chi nghién ctiu mét yéu t6 co ban vé téc do (thdi gian)
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truyén 4m cling ¢ thé nhan duge nhiing két qua danh gia dui do chinh x4c cin thiét.

b. So dé ciu tao mdy do siéu 4m qua mdi truong bétdng

Nguyén ly co ban clia mdy do siéu 4m bétong dugec mo ta trén so do khdi trong
hinh 2.6a.

a)

@ |

TF-liz .

@ —tMF ”*‘l>—d
| 10 MHz

@FD MHH)D@!
T

e e ]
& G2
® —F_1 @
FF —
[ M2 |
L]
b) €l
Ej ﬁ | T
. 3 4 ER |y
Jea ‘“::;—“;:-(’“;rﬂ-- -_'4."5,{_.-]', I_'__' - a;’;)‘- I
N —

Hinh 2.6. So do nguyén Iy ciia mdy siéu dm va kp thudt do
a- s0 dé khéi mdy siéu am, b- phiiong phdp do mdt, c- phuong phdp do xuyén

Chu trinh do dudc bt dau bing nhiing xung phat ra tti may dao dong tan s6 1 Hz
(1). Nhiing xung ban d4u nay lam hoat dong mach phat (2) dé cung cip nhiing xung
dién ap cao hang nghin von dén dau phat xung siéu am (3). Xung dién ap cao kich
thich cac tdm piezo trong dau phat va tao ra nhiing song dao dong dan hdi (xung siéu
am) c¢6 cung tan s6 dao dong cong hudng vdi cac tinh thé trong tAm vat liéu piezo; vi
thé, tan s6 dao dong clia song siéu Am phat ra phu thudc tan s riéng ctia tinh thé piezo.
Cac dao dong dan hoi trong dau phat sé qua mit tiép xuc va truyén vao moi trudng vat
liéu bétong. Mit khac, mot bd phan xung phat ra tti may (1) qua bd phan ché MF2; §
day, xung bi lam chdm mot thoi gian ti 3 - 12 ps [khodng thdi gian du dé xung dién
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truyén tti mdy dao dong (1) qua mach phét (2) va dén du phat xung siéu 4m] dé sau dé
dén bo phan dém (7) va bit dau tinh thdi gian truyén siéu &m phat vao mai trudng. Sau
khi cdc dao dong dan hoi qua khéi mai trudng va di vao gip cac tim piezo trong dau
thu siéu 4m (4), ning lugng co hoc cilia siéu am dudc bién thanh tin higu dién. B
khuéch dai (5) sé khuéch dai c4c tin hiéu dién do, truyén dén bao cho bo dan tin hiéu
FF (6) théi diém siéu am di qua khdi méi trudng dé ngling bd phan dém thoi gian (7).
Trong sudt thdi gian siéu am lan truyén qua moéi trudng bétong, nhd mdy dao dong tan
s6 10 MHz (8) bo dém hoat dong lién tuc cho dén khi ¢ tin hiéu "ngting" bao vé bd
dan (6). Chi s6 xuét hién trén bd dén 5 s6 trén may dém thdi gian (7) chi thi thsi gian
truyén cla siéu qua moi trudng bétong khio st tinh bing micro -gidy. Ngoai ra, bd
phan gitt MF1 dung dé ngin can viéc tit may dém thdi gian trong vong 20us diu tién
ké tui lic mé mdy vi ddy 1a khoang thdi gian c6 thé xuét hién cac tin hiéu dién trén bd
dan FF (6) do hién tugng nhidu khi mé may.

c¢. Ky thuét do :

1/ Chon ddu phat va dau thu siéu dm :

0 DE c6 dudc hiéu tng lan truyén song siéu 4m tét nhét trong moi trudng vt
liéu bétong thi chiéu dai cia budc song can phai tucng duong vdi kich thude
hat cda vat liéu don. Cho nén, vdi bétdng cd dudng kinh hat cda vat liéu don
dén 30 mm thi tAn s6 xung tt nhat 13 150 kHz. Diéu dé cho phép xdc dinh
pham vi tan s6 dao dong riéng cta dau do khi thi nghiém vat liéu bétong la
trong gidi han ti 25 dén 200kHz;

0 Khi do véi nhiing khodng cach ngin (chuén do < 300 mm) tét nhit dung loai
dau do ¢6 tan s6 >100 kHz;

0 Khi do véi nhiing khoang céch trung binh (chuén do tti 300 dén 2000 mm) nén
dung nhiing loai dau do ¢d tan s 60 - 100 kHz;

0 Khi thi véi nhiing khoan cdch 16n tii 2000 - 5000 mm hodc 16n hon thudng
dung loai dau do tan s6 thap 25 kHz.

2. Cdch phdn b6 dau do

Khi thi nghiém bétong bing phucng phdp siéu am, cac dau phat va thu siéu am

c6 thé phan bd theo hai céch :

0 Phéan bd dau phat va dau thu siéu am trén cing mot mit ngoai clia moi trudng
vat liéu, dudc goi la phép do mat (h.2.10b).

0 Phan bd dau phat va dau thu siéu 4m déi dién nhau trén hai mit song song cta
moi trudng vat liéu hay két cau, dudc goi 1a phép do xuyén (h.2.10c).

3. Két qud phép do.

Khi khao sit doi hoi phai thuc hién hai phép do :

0 Chiéu dai chuin do hay khoang céch truyén am L (m);
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0 Thdi gian truyén xung siéu 4m qua mdi trudng vat liéu t (us)
L
t
Téc do lan truyén siéu am trong bétong st dung trong cong trinh thudng khodng
tti 4000 dén 4800m/s.
d. Xdc dinh cuong dd chiu nén ciia bétdng trén co sé toc dd truyén Am.
Xdc dinh cudng do chiu nén cla bétong bang phuong phdp siéu am dudc xay

Tdc do truyén siéu am qua vat liéu V (m /s) : V=—10°

dung trén cd sé mdi lién hé gitia cudng do chiu nén R véi téc do truyén xung siéu am V
(hodc thdi gian truyén am t).
R=1(V)

Quan hé gitia tdc do truyén séng siéu 4m va cudng do cia bétong chiu anh hudng
ctia nhiéu yéu t6 nhu :

0 Chuing loai va sé lugng ximing dung trong cap phéi bétong ;

0 Dang, thanh phan va kich thudc 16n nhét ctia hat trong cdt liéu Chét phu gia st

dung va do 4m trong hon hgp bétong ...

Vi thé, d€ chuyén tii té¢ do truyén 4m qua cudng do cia bétong can thiét phai xay
dung bifu dé chudn (R - V) bing thuc nghiém hoic bing giai tich.

e. Phuong phdp tim kiém va xdc dinh khuyét tit cia BT trong cong trinh.

1. Phdt hién va do cdc bot rong ton tai trong két cdu bétong .

DEé phat hién cac khuyét tat d6, trong khi tién hanh cac phép do siéu am can st
dung loai ddu do ¢4 tin s riéng cao dé cho géc mé bé va c6 do tap trung ning lugng
siéu am 16n. Viéc xac dinh céc bot réng sé& thuan 16i khi tién hanh trén nhiing phan i
két cdu co hai mit tu do, lic nay cac phép do siéu am déu phai thuc hién trén c4 hai
mit clia két cdu. Kich thudc ngang t6i thidu cua bot réng ndm theo hudng vudng gdc
vdi phuong truyén song va dugc xac dinh nhu sau :

d - Dudng kinh bot rong;
D - budng kinh dau phat siéu am ;
L - Chiéu dai chuén do;
t, - Thoi gian truyén siéu 4am qua ving BT khong c6 khuyét tat ;
t,- Thoi gian truyén siéu 4m qua truc bot réng.
2. Xdc dinh do sdu ciia vét miit
DE ¢6 thé x4c dinh dudc do sdu cia cac vét niit xuat hién trong méi tridng bétong
bing phuong phap xung siéu am ; doi hdi vét mit phai thda man cdc diéu kién sau :
- Vét nit phai md va lién tuc, khong ngdt quang;
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- Pau dinh cac vét mit phai hoan toan kho rao.
Phuong phap I : (h.2.7a) : Tu két qua do théi gian truyén am ctia hai phép do do
c6 thé tinh do6 sau clia vét nuit theo quan hé sau day:

L - Chiéu dai chuin do (khoang cach gitia 2 diu do)

t- Thoi gian truyén siéu 4m qua ving c6 vét nit;

t,~ Thoi gian truyén siéu &m qua vung BT khong cd khuyét tat.
LA Y

g

Hinh 2.7. Po chiéu sdu vét mit béng kiéu do mdt
Phuiong phap II : (h.2.7b) : Khi thuc hién phép do ¢6 chiéu dai chuén 1a L s&
nhan dugc thdi gian truyén siéu 4m t, khi thuc hién phép do thi hai vdi chiéu dai chuan
2L s& ¢4 thdi gian t,. Tu hai s6 do d6, xdc dinh d6 sau clia vét niit nhu sau :

Phuong phdp III : (h.2.8) : Ap dung trén nhiing két cAu bétong cé hai mit ty do
ddi dién va ndm song song vdi chiéu dai vét niit.

Tai mot tiét dién ngang clia két cAu cat qua vét nut, trén hai canh song song véi
vét nit clia tiét dién dé, cung dich chuyén cac du do trén céc vi tri tuong ting khac
nhau, két qua nhan dudc 1a théi gian truyén siéu 4m sé nhu nhau trong ving khong ¢
vét ntit con nhiing di€ém do trong pham vi vét niit s& cho thoi gian truyén 16n dan khi
dich chuyén cac dau do dén céc diém 6 xa dan dinh vét niit. Dung db thi biéu dién su
phu thudc gitia thdi gian truyén siéu am vdi toa do cta cac diém do s& xdc dinh dugdc vi
tri dinh cta vét ntit can khao sat (h.2.8).
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a)

Hinh 2.8. Do chiéu sau vét nit
theo phuong phap do xuyén
a- vi tri cdc dau do

[ P

o e s
O (-

b- do thi xdc dinh dé sdu vét niit

3.Phuong phap khio sat chét lugng vat liéu kim loai:

Thép va hgp kim 1a loai VL ¢6 cAu tric tinh thé, duge ché tao dic luyén theo
cong nghé chit ché nén cd cht lugng va do dong nhat rat cao. Céc dic trung co- 1y cla
mdi chiing loai thép va hop kim ¢4 tinh 6n dinh cao trong diéu kién lam viéc binh
thuong. Vi thé trong qua trinh khio satva xay dung két ciu cong trinh, viéc thi nghiém
bing cac phuong phap pha hoai miu thi dé danh gid chat lugng cta thép va hop kim
qua céc dic trung co - ly ctia ching chi nhdm muc dich :

* Nhan dang va kiém tra chiing loai vat liéu cy thé dé sti dung vao cong trinh cho
phu hop véi yéu cau ctia thiét ké va cau tao;

* X4c dinh cdc chi tiéu co - 1y cta thép va hop kim khi khong nim dudc ngudn
gdc hoic da bi bién chat do dnh hudng cia cac yéu té moi trudng, diéu kién 1am viéc va
thoi gian khai thac sti dung dé cung cép cho viéc tinh toan thiét ké cai tao va khio sat
kiém dinh két cAu cong trinh.

Ngoai ra, viéc xay dung két cAu cong trinh bing kim loai 1a mot qua trinh ché tao,
14p ndi, lién két cac phan i va chi tiét két cdu tai hién trudng bing cac bién phdp cit,
khoan, han, tan ... nhiing cong viéc nay thudng lam xuat hién trong két cau thép va hop
kim nhiing khuyét tat nhu : niit né, rd, bot rong, phan tang, bién chét ..., anh hudng dén
chét lugng ctia cong trinh.

Nhu vay, mudn danh gia ddy du chat lugng vat liéu trong cac cong trinh thép va
hop kim cén tién hanh dong thdi ca hai phuong phap khao sét : phucng phap pha hoai
mau vat liéu thd va phuong phép thii khong pha hoai vat lidu.

3.1. Phuong phap pha hoai mau vat liéu thi
Do dic diém cdu tao va céng nghé san xuit di tao cho kim loai ¢6 nhiing tinh
chét rit 6n dinh, nén cong viéc thi nghiém dé xac dinh cac dic trung co - ly cta ching
da dugc quy dinh chit ché va cu thé trong tiéu chuin va quy pham Nha nudc TCVN -
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197-66 va 198-66, tii viéc chon 14y mau, hinh dang va kich thudc hinh hoc mAu thd,
phuong phap tién hanh thi nghiém va cach xii ly két qua.
1/ Thi nghiém kéo duit

* Muc dich thi nghiém:

Xéc dinh cdc dic trung do hoc : Gidi han chay o, , gidi han bén o, , Ung suit kéo
diit o, , do gian dai tucng ddi 5, do thit tuong ddi .

* Phuong phap thi nghiém:

Miu thit : Khi thi nghiém kéo dut can ché tao it nht ba mau vat liéu thii cd tiét
dién ngang hinh tron hosc hinh chi nhat (det). C4c mau tiét dién tron cé dudng kinh d
va chiéu dai phan khao st ctia mau I, bing nim hodc mudi 1an dudng kinh miu tuy
thudc diéu kién thi nghiém. MAu det thudng c6 chiéu rong b bang hai l1an chiéu day h
clia mau (thudng 1a chiéu day cta tdm vat liéu) va chiéu dai khao sat 1, cila mau det
cling nhu quy dinh cta miu tiét dién tron.

Mau dudc thi kéo duit trén cdc mdy thi nghiém cd cong suit chon 16n hon kha
ning chiu tai ciia miy i 1,2 dén 1,4 1an. Luc kéo mau dudc chia thanh nhiéu cdp, gia
tri mdi cap khodng (1/10 = 1/15) tai trong pha hoai mau va can khéng ché tdc do ting
tai trung binh khi thi nghiém ti 1 dén 2 kg/cm?/s. Tuong ung véi mbi cap tai tién hanh
do do gidn dai Al clia chudn do 1,. V6i qua trinh tién hanh thi nghiém nay hoan toan ¢
thé quan sét dugc su diém bién vé méi quan hé gidia luc tac dung va bién dang tuong
ddi cua vat liéu trong mau thi.

Xac dinh duge muic tai trong thi nghiém qua cdc giai doan lam viéc khac nhau cuia
vat liéu, trong do ¢o :

O Tai trong gay chay (P,), tuong ung véi lc gia tri luc tic dung khong thay doi,

nhung bién dang déo phét trién nhanh.

0 Tai trong cuc dai (P,,,), tuong ung vdi gia tri luc tdc dung Ién nhat ma mau

chiu dudc.

0 Tai trong phd hoai (P,,), tuong ting vdi gia tri lyc tdc dung lic mau duit.

T céac s6 do luc va do gian dai cé dudc trong thi nghiém kéo diit mau cho phép
xac dinh cdc chi tidu sau day cia vat liéu khao sat :

P
e Gidi han chdy o, : O'c:F_C[kglcmz]
(o]

Pmax
I:0
P

o Ung suét kéo duit Cpn - T ph = ¢
eo

e Gidihanbéno, : Op=
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|, I
e DO gidn tiong déi 5: 6 =——=100 %

F.—F,
e Do thit tuong déiy : ¥ :kF—loo %

(o]
Trong d6: 1, : chiéu dai khao sat khi mau dut
1, : chiéu dai khdo sdt ban dau cla miu
F, : dién tich tiét dién eo thit cila mau khi duit
F, : dién tich tiét dién ngang ban dau cla mau.

2/ Thi nghiém d¢ dai va dap :
UU* Muyc dich thi nghiém
Thi do dai va dap nhdm xdc dinh cudng do chiu va cham va khuynh hudng
pha hoai don cua vat liéu. Thép va hop kim chiu tdc dung cua lyc xung kich & nhiét do
thap thudng bi pha hoai don. Do dai va dap cua thép va hop kinh thé hién qua hé s dai
xung kich a :

-—

Hinh 2.9. Hinh dang va kich
thuidc mdu thit

W

Hinh 2.10. So do thi nghiém

va ddp

a=FA[kg .m /cm ?]

Trong do : A : cong can dé pha hoai miu [kg.m ]
F : dién tich tiét dién mau tai vi tri phd hoai [ cm?]
* Phy » thi nghic

Bai giang Thi nghiém cAu - Page 20 of 168

13



Miu thit : can ché tao cac mau vat lidu hinh ling tru ¢4 tkich thude 10 x 10 x
55mm & chinh gilia tao mot ranh ngang hinh ch v ¢é do sdu 1mm va rong 2mm
(h.2.9).

Trén hinh 2.10 gidi thiéu s6 do lam viéc ctlia thiét bi. MAu thif dudc ga lap trén hai
gdi cua thiét bj cach nhau 40mm va cdch tim quay mot doan 1. Qua bua nang 1én & do
cao H, khi dugc gidi phdng, bua roi tu do quanh tim quay; trén dudng roi bua gip phai
mau thti, dap giy mau thii va tiép tuc ving 1én do cao h.

Ning lugng tiéu thu hay cong pha hoai mau A khi trong tdm C cda bua trung véi
diém va cham M ctia bua dugc tinh bing :

A=P(H-h)

H : do cao xuét phat ctia qua bua :

H=1(1-cosa)

h : d6 cao cudi ciing clia qua bua sau khi pha hoai mau

h=1(1-cosP) ; o : gdc nang qua bua,

B : gdc ving cua qua bua
A =Pl (cos - cosa)
v6i trudng hop trong tam C trung véi diém va cham M :
A =QIl, (cos B -cosa)
3/ Thi nghiém mdi cua vat liéu :

* Muc dich thi nghié

Thii méi nhdm xdc dinh do bén mdi clia thép va hop kim. Do méi cia thép va hop
kim 1a qua trinh phd hoai dan vat liéu dudi tac dung cta ting suét thay doi theo chu ky.
lfng sudt Idn nhdt ma mdu chiu diigc khong bi phd hoai sau mot sé chu ky xdc dinh la
tiéu chuan dé danh gid gidi han bén mdi ciia kim logi. D) bén méi cta vat lidu phu
thudc vao do khong déi xiing clia chu ky dng suét thay doi (r = p,.;,/ Pray) V2 trang théi
ling sudt tac dung.

* Phuong phap thi nghiém :

Dé xac dinh d6 bén mdi ctia mot loai thép hodc hop kim cin tién hanh thi
nghiém pha hoai it nhat 1a sdu mau thi vat liéu. Mau thi hinh tru chiéu dai 250 mm, d
=8 + 12 mm, tron , nhin bong. Thi nghiém do bén méi clia vat liéu dudc tién hanh vdi
trang thai ting suit don ti s6 do gia tai kéo - nén, udn, xodn. Pon gidn nhat thudng 1a
tao trang thai ting sudt thay doi cé chu ky déi xting (r = - 1) nhu (h.2.11) (h.2.12).

Trong thi nghiém mdi can xdc dinh hai tham sé 1a gid tri ting suét cuc dai p,,, tac
dung vao miu va sd chu ky thay doi ddu cta dng suét cho dén Itic pha hoai mau.
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Hinh 2.11. So do thi nghiém
mdi theo so dé céngxon

Hinh 2.12 So dé thi nghiém
maéi uén theo so dé dam

L T o |
P

Hai tham sé nay c6 quan hé mat thiét vdi nhau déi vdi tting loai vat liéu , cho nén
trong thi nghiém, cin chon truidc mot tham sé dé xac dinh tham sé kia, thudng chon
trudc gia tri ting suit p,,,, tac dung vao mau dé xac dinh sé chu ky quay N (déi véi thép
Pmax = 0,6 oy, kim loai mau va hgp kim nhe p,,, = 0,4 c,,)

Qua trinh thi nghiém diéu chinh p,,,,,N sao cho trong miu thi cudi cuing dam bao
dudc gid tri tng sut p,,,, khong nhé thua 200 kg/cm?.

S6 chu ky phé hoai gidi han N déi véi thép xdc dinh trong khoang 5.10° ; véi kim
loai mau 20.10° va vdi hgp kim nhe 2.10°.

Tui nhiing cip s6 liéu nhan dudc sé xay dung dudc db thi bidu dién mdi quan hé
gitfa gi trj ting sudt cuc dai p,,, va sé chu ky pha hoai mau tucng ting N,. P4 1a dudng
cong mdi Weler cda vat lieu (h.2.13).

Hinh 2.13. Puong cong mdi khong pha hoqi

cia vat liéu

?
1
i
|
i
i
] i
chudn thi nghiém

3.2 Kiém tra chit lugng kim loai biing PP thit khéng pha hoai VL:

Phuong phap thi nghiém khong pha hoai dudc dung phd bién dé kiém tra chit
lugng va phat hién cac khuyét tat phat sinh trong qua trinh san xuat vat liéu, ché tao két
cAu va khai thac st dung cong trinh. Cac phuong phap thi nghiém khong pha hoai dugc
phan thanh cdc nhdm khdo sat khdc nhau tuy thudc co s6 vat ly cia phuong phép:
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* Nhom ung dung tia phong xa rongen, gamma;
* Nhom ung dung song am thanh, siéu am,;
* Nhom ting dung tui trudng va dién td.
1/ ITng dung su chiéu xa rongen - gamma dé quan sat KC kim loai
Khi tham do va phat hién cac khuyét tat trong KC kim loai, dic biét trong mdi han
c6 thé dung phuong phéap chiéu chup tia rongen hodc gamma.
Muén phét hién, xdc dinh vi tri va kich thudc clia mot khuyét tat nim trong két
cAu can phai tién hanh mot hodc hai phép chup tia gamma.(h. 2.14).

/—4
R R Hinh 2.14. S0 dé chup tia gamma dé
1 [t s oo
do khuyét tdt

! o - L [-vdt liéu, 2- khuyét tat, 3- ban phim,
4- chum tia, 5- thanh chudn

~3

/.77 W

a-b=12,7mm -4, 7mm dd=0l-4mm
G'
o W
T
b). ‘Q/-';‘— . /_/DL’U-"__
£

h | @O o7 |7
a-15+25mm Dmn
b.10+15mm DMax - 6+Bmm
c.2=6mm Dmin - 0OBmm

Hinh 2.15. Cdc loai thanh khuyét tdt chudn
a-thanh chudn qué’c 1€, b- thanh chudn Nga,
c- thanh chudn Anh, Phdp, Nhat, d- thanh chudn My
Kich thudc clia khuyét tat theo phucng roi dudc xdc dinh bing cach so sanh
cuong do téi cia khuyét tat véi cac anh khéc khi roi tia qua céc 16 chudn (c6 kich thudc
xéac dinh khdc nhau) trén mot thanh vat liéu cung loai dit ngay trén két cau.
Dé xac dinh do sau clia khuyét tat trong két cAu can tién hanh hai phép chup trén
cung mot tAm phim tu hai vi tri roi chum tia cach nhau mot doan ¢ va cung cach tim
phim mot khoang F (h. 2.16)
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Hinh 2.16. So do xdc dinh Hinh 2.17. Vi tri khuyét tdt
cdc ddc triung khuyét tdt

cF
c+cC'
Khi cdc khuyét tat trong két cdu c6 kich thudc nhu nhau, nhung hinh anh cta
ching nhan dudc trén phim cd thé ¢6 kich thudc va cudng do tdi khac nhau tiy thudc
gdc léch gitia hudng khuyét tat véi hudng chum tia roi (h. 2.17). Trong trudng hop nay,

X =

dé€ x4c dinh chinh x4c c4c dic trung hinh hoc clia khuyét tat trong thuc té cin phai thuc
hién hai phép roi chyp chum tia phong xa theo hai hudng khac nhau.
2/ Phuong phap siéu Am trong kim loai :

Phuong phap kiém tra chit lugng kim loai bing song siéu am dua trén cd sé
nghién ctiu qu4 trinh lan truyén song dao dong dan hdi cd tan sé tii 0,5 dén 25 MHz
trong mai trudng vat liéu cta két cAu. Qua trinh thuc hién cac phép kiém tra cé thé theo
nhiéu nguyén ly khac nhau nhu : bdng tat, xung doi, cong hudng, tdng trd va dao dong

tu do; trong dé dung phd bién va c6 hiéu qua nhét 1 phuong phap do bdng tat va
phuong phdp xung ngit quang.
a. Phuong phdp do bong tit (h. 2.18)

————— "_‘6 5 :
a). - x“"';).
s O
2/ 3
{ S
g = )
Hinh 2.18. '

Phuong phap
do bong tdt

d)

O

Tt may phat cao tn (1) tao mot dién trudng thay d6i truyén dén cac tAm ap dién
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(piezo) trong dau phat (2) sé tao ra chum siéu am. Khi chum siéu am do truyén qua san

pham hay két cAu khio sat (6), két qua sé nhan dudc mot trong nhiing trudng hgp sau :
- Néu trén dudng dao dong khong gip phai cdc khuyét tat thi cdc séng dao dong
dan hdi sé truyén thing dén dau thu (3). Cudng do siéu 4m nhan dudc & dau thu
(3) gidm thua cudng do clia chum siéu 4m phat ra tii dau phét (2). Diéu nay cho
thdy, trong qua trinh lan truyén c6 su mat mat ning lugng do hién tugng phan xa,
suy giam va su sai léch hinh hoc. Trudng hop két cAu khao sat cé chiéu day khong
thay d6i, hai mit déi phing va song song vdi nhau, vat liéu hoan toan déng nhat,
dau thu siéu am (3) dudc gin chit vao bé mit két ciu va dong truc vdi dau phat
(2) thi cudng do siéu am thu dudc sau khi qua khdi méi trudng & dau (3) hau nhu
khong bi suy gidm; kim déong ho chi thi (6) chi dao dong quanh gi4 tri cudng do
phét ban dau (h.2.18a)
- Néu trén dudng truyén song dao dong gip phai khuyét tat thi ty thudc vao dién
tich tiét dién cta chum tia siéu m, dién tich bé mit phan chiéu cia khuyét tat va

khoang cach tii khuyét tat dén mit sau cia két cAu sé xay ra ba kha ning nhu
(h.2.18b),(h.2.18¢), (h.2.18d).
b. Phu hi ¥t auing dé do khuvé it:

Hinh 2.19. So do
mdy do khuyét tat

bdng xung siéu dm

ngdt quang

May do khuyét tat bing xung siéu am dugdc dung rat rong rai trong nghién ciju
khao sat va kiém dinh cdc két cdu kim loai. Trén hinh 2.19 trinh bay so d6 nguyén ly
cAu tao clia cac mdy siéu am do khuyét tat trong kim loai gdm : b phan phat séng cao
tan (1) truyén dén bd phan tao xung luong ngit quang (2), tui ddy phét ra nhiing xung
dién trong thdi gian 1 - 5 micro -gidy, rdi ngling phét vai chuc micro-gidy va lai phat.
Xung dién dugc phat ra sau khi qua tim ap dién trong dau do (3) bién thanh song siéu
am cao tan truyén vao moi trudng vat liéu cla két cdu (4); mot phan nhd séng siéu am
khong truyén qua dudc mit tiép xdc véi méi trudng vat liéu da quay tr§ vé tdm ap dién
trong thdi gian ngting phét xung, dé dudc bién thanh dién ning truyén dén b khuéch
dai tin hiéu (5) va dudc chi thi trén man hinh (6) bdng mét tin hiéu xung (1). Séng siéu
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am truyén vao két cau dén gip khuyét tat bén trong vat liéu, phan séng cham phai bé
mit cia khuyét tat sé phan xa trd lai cac tm 4p dién trong dau do (3) va cho tin hiéu
xung khuyét tat (IT) trén man hinh. Phan séng khong bi khuyét tat chin sé dudc truyén
thing qua sudt chiéu day cta moi trudng vat liéu, rdi quay trd lai va dudc chi thi & vi tri
(IIT) trén man hinh. Trudng hop trong két cdu khong c6 khuyét tat, trén man hinh chi
ton tai xung (1) va (I11); khodng cdch cla hai xung nay chinh la doan dudng di cta siéu
am trong moi trudng vat liéu va vi thé, trong thuc té thiét bi con dudc dung dé x4c dinh
chiéu day ctia két cdu kim loai.

4. Khdo sdt chdt luong két ciu bétong cot thép

Khi dénh gi4 chét lugng cta cong trinh BTCT, trudc tién can tién hanh khao sat
riéng 1é chat lugng cia tliing loai vat liéu ciu thanh. P4 1a bétong va cot thép. Tuy
nhién, déi véi cong trinh BTCT, chit lugng con c¢d thé bi anh hudng tiy thudce vao mot
s6 cdc dic trung cAu tao cot thép trong tiét dién cla két ciu nhu:

0 Kich thudc, dudng kinh thanh cét thép;

0 Sé lugng thanh c6t thép;

O Vi tri c6t thép trong tiét dién va chiéu day cta I6p BT bdo vé.

DEé phat hién su cd mit cia cdt thép va xac dinh cdc dic trung hinh hoc cta né
trong két cAu BTCT ¢4 thé dung céac phuong phap chup tia rongen, gamma ... hoic
dung nhting thiét bi do chuyén dung nhu mdy do cét thép IC-2, mdy Profometer - 3 ...

4.1. Phuong phap chup anh biing cdc tia phong xa

Vi tri, khodng cach, kich thudc dudng kinh va chiéu day ctia 16p bétong bao vé
trong tiét dién cd thé xac dinh bing phudng phap chup tia réngen hoic gamma theo so
dd trinh bay trén hinh 2.20.

i

; Hinh 2.20. So dé do dé xdc dinh
\ ! cdc ddc trung cot thép trong két

F

cdu bétong cot thép

|1

—
b d

;J
-

Vi cac phép chup hinh trén, ta co dudgc cac kich thudc sau:
¢ - Khoang cach dich chuyén clia ngudn phat xa;
F - Khoang cach tii ngudn phat xa dén tAm phim;
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¢' - Doan dich chuyén ctia anh cét thép trén phim khi nguén phat chuyén vj tri;
d' - Kich thudc hinh anh cét thép trén phim.
T d6, ¢ thé tinh toan kich thudc dudng kinh d cla cbt thép ndm trong két cAu
theo cong thuic:
C

c+cC'

d=d'

Va chiéu day ctia 16p bétong bao vé :

be F c d

c+c' 2
4.2. Thiét bi chuyén dung dé xac dinh céc dic trung cia CT trong BT:

Cac thiét bi dung dé€ xac dinh nhiing dic trung cta cdt thép nim trong BT (dudng
kinh, vi tri cia c6t thép va chiéu day 16p bétong bao vé) dudc ché tao dua trén hiéu ting
cua hién tiong cam tng dién ti ( hinh 2.21).

CAu tao ¢o ban cia céc thiét bi nay (mdy IC-2, Profometer-3,...) 1a bo chuyén doi
cam ting kiu bién ap. Bo chuyén d6i gdm hai phan ti cAm bién (I) va (II), ching ¢6
c4u tao hoan toan giéng nhau. Mdi phan ti ¢é hai cudn day (1) va (2) bao quanh hai
nhanh ctia mot 16i sit bién thé (3) chii U. Khi c4c cudn so cap trén hai phan tii 1a dong
nhét va dugc mic tuong phan vdi nhau thi dién 4p ra trén bo chuyén d6i sé bing khong.

[ me— 1
= I |
| < .
1 Hinh 2.21. So do
| J| nguyén ly cua thiét bi
4 - } B _ xdc dinh cac ddc
R tring ciia cot thép

Trong phin tif cdm bién (I) dit bén trong may c6 bd phan ciu tao dé ¢ thé lam
thay doi dugc séc khang tii bing cach dich chuyén vi tri clia mot vit st tii (4) dén gan
cudn cam trén phén ti cdm bién. Vi tri tucng ting clia vit sit ttf v6i cudn cam s xéc
dinh mic do mat can bing cla b chuyén doi, tic 1a dai lugng cua stc dién dong trong
cudn thi cap.

Khi thiét bj da dugc hiéu chinh can bing, néu dich chuyén phan ti cim bién dau
do (IT) dén gan mot thanh cét thép ning trong bétdng thi trang thai cin bing sé bi pha
va gia tri clia nd ¢d xu huidng giam thap, tiy thudc vao kich thude dudng kinh clia
thanh c6t thép va khoang cdch tuong ting gitta dau do (IT) vdi thanh c6t thép nay.

Cac thiét bi do dudc ché tao theo nguyén ly nay thudng don gian va thuan tién
cho viéc sti dung trong thuc té.
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CHUONG 3:
DUNG CU VA PHUONG PHAP PO
CHUYEN VI, UNG SUAT-BIEN
DANG, PO DAO PONG

I- PO CHUYEN VI
II- PO UNG SUAT- BIEN DANG

I1I- PO DAO PONG
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- PO CHUYEN VI

Do chuyén vi ciing thuoc loai do do chuyén roi, nhung trong muc
nay ching ta han ¢hé do chuyén vi theo nghia khi vit the chiu tic dung
cua ngoai lue, cic diem cua vat the bi chuyén vi chi gay nén bién dang
thuan tiy (khong quay).

Trong cdc chi tiét may moc hoic cong trinh lam viéc trong micn
dian hoi, chuyen vi ¢o giid tri rac nho, ngay ca khi can xic dinh chuyen vi
tuyét doi cta diém nay so voi diem khie lay lam goc.

Trong thuc (€ do chuyén vi thuong gin lién vai vice do bicn dang
cua vat thé nhu: do chuyén vi thing gan lién véi viée xde dinh do din dai
tuyét doi cua thanh chiu kéo (nén), do do vong cua dam, cua tam chiu
uon...; do chuyén vi géc gan lién voi viée do géc xoan cia tam, cua thanh
hay do goc xoay cua dam, cua tam chiu uon,... Trong tai licu nay khong
trinh bay cich do chuyén vi ctia cic diém o bén trong vat thé.

D¢ do chuyen vi, ngudi ta thuong s dung cac phuong phiip sau:

- Phuong phap co.

- Phuong phap quang.

- Phuong phap dien

- Phuong phap dac bict.

1. PHUONG PHAP CC,

1.1. Do chuyén vi thang.

D¢ do chuyén vi thing nguoi ta so dung dong hé do chuyén vi. Co

hai loai dong K6 do chuyén vi: bich phan k& va thien phan ké. Hinh 1.1
bicu dien dong ho do chuyén vi.

Pong ho nay ¢ ba bo phan chinh:

- Bo phan tiép xuc vai vi tri can do.

- Bo phin khuéch dai.

- Bo phin chi thi.

Neuyén ly lam viéc cta dong ho nhu sau:

Diu tiep xtic A gin chit véi thanh kbia 1ty vuong géc voi miit do
ap lue ty nho 1o xo 2. Khi vit do chuyén dich thi dau tiép xtc A chuyén
dong theo vi day thanh khia 1 chuven dong tinh tién. Chuyén vi duoc -
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khuéch dai nho hé thong bdnh rang 3. Kim 4 dugc gin chit véi truc binh
xe ring cudi cing. Mat s6 5 ¢6 50 vach hodac 100 vach cdch déu nhau,
Gid tri khoang cdch giita hai vach clia dong ho bich phan 12 0,01 mm, cia
dong ho thién phan ké 1a 0,001 mm.

~FZ7A

Hinh 1.1. 1. Thudc khia; 2. Lo xo; 3. Bdnh rdng;
4. Kim chi; 5. Mt s6: 6. Vo.

Khi do chuyé'n vi thing tai mot diém nao dé va theo phuong
nao do, dat chuyén vi k€ sao cho dau tiép xtc A ty diing diém do va
phuong cua thanh 1 phi tring v6i phuong do, gid giit chuyén vi ké phai
viing va ¢6 dinh. Ty thuoc gid tri chuyén vi can do, lua chon luc cang 1o
x0 2 ban dau cho thich hop.

6
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1.2. Do chuyén vi goc.

Khi do chuyén vi géc nhu: xic dinh géc xoay clia mat cat ngang
dam chiu uon, xdc dinh géc xoin cta truc chiu xoin khi vat liéu lam viéc
trong mién dan hoi thi cdc chuyén vi ndy la dai luong rit bé, do d6 co the
xem tggp ~ ¢ (¢ 12 chuyén vi géc xoay hay géc xoin).

Tir tinh chét trén, dé do chuyén vi géc ¢6 thé thong qua cich do
chuyén vi thing nho gin thém chi tiét phu vao vi tri ¢in do.

Vi du 1.

Cho dam chiu : ‘f
uon dit trén hai goi tua P e
(hinh 1.2). Xic dinh p <
L//

goc xoay mit cit tai A.

Tai A gan cin
véi dim Ia mb(’_)t thunﬁ ”é/\% e J%;”’ g
vuong goc voi dam cé
do cao h. Khi dam chiu Hinh 1.2
luc, thanh gan bi quay di mot géc ¢, goéc ¢ chinh bing géc xoay ctia dam
tai A.

Tu hinh 1.2, ta co

A .
tggp = ™ ~ ¢ (vigoc ¢ rat bé)
!

Do chuyén vi A bira déng ho do chuyén vi, ¢6 thé tinh dugc
chuyén vi géc ¢.

Vidu 2.
Xdc dinh  géc Chuyén vi k&
xoan tuong déi cua hai i
mdt-cat A, B cua mot -
thanh chiu xoin thuan 9 /’L M Miota
’ ~ |
tiy (hinh 1.3). § : 7/_1
. . N A '
Tai A va B ¢6 § Bl _ 1 | L
gian cac thanh vuong 78 |
goc Vol truc  thanh. _T
Khi dam chiu luc a ?‘ o
momen xodn cdc mit uvén vi
cat A, B s€ xoay di mot Hinh 1.3

gée voi mit cat tai ngdm la - @, = Q.

Goc xoin tuong doi @5 = Qx- Qg
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Lan luot do ¢, @y tinh duoc ¢ 4.
Do chuyén vi thiing cta cic diém N, M s& tinh duoc ¢, ¢y
\ Ay

L ~ . - — A ~
tgpg = ~ g gpy = —— =Py
(!l «

Ay, Ay chuyén vi thing cua cic diem M, N.

a- khodng cdch tir truc thanh t6i cic diem M, N.

2. PHUONG PHAP QUANG

2.1. Do chuyén vi bang thude khac vach, thude ma hoa
3,11, Tl ke vach |
Nguyén ly do.

Chuyén vi co hoc duoc truyén qua mot thude di dong, thude nay
c6 thé 1a mot thude trong sudt, trén doé khac vach chia do den tring, cic
vach tring cho dnh sdng xuyén qua hodc phin xa tro lai.

Mot hé thong quang hoc chiéu dnh sing qua thudce vach. Khi
thude di chuyén cic tia sing tring, den dén t& bao quang dién va tao
thanh xung dién. Cic xung dién duge dua qua bo dém dén bo chi thi de
chi muc chuyén vi, ta cd:

D, = N,.d,
Trong do:
D, - khodng chuyén vi ctia thudc.
N, - s6 xung dém duoc.
d, - gid tri cua mot vach do.

Day la phuong phip do chuyen vi dat duogc do chinh xdc cao. Hién
nay nguoi ta co thé chia duge 2000 vach trén [ mm dai.

2.1.2. Thiuoe md lioa.

Dua trén co 56 cua thude khac vach nguoi ta ché tao ra thudc ma
héa. Thuée ma hoa la mot thude gom nhieu dai khac vach quan hé voi
nhau theo mot mi nhat dinh.

Thong thuong dung ma nhi phan. Khi dnh sing di qua Ia 1, dnh
sdng ngdn lai 12 0. Tuy theo con s6 can dém ma xdz dinh s6 phan nr dém
v so dong trén thudec ma héa. Méi bude cua thang do 1am thay doi trang
thdi cia mot hodc nhiéu phin tu cua bo s6 héa. Sau khi giai ma két qua
duoc thé hién bing con sd. Day 1a co sd cta phép do di chuyeén bing ciic
thiét bi so.

8
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2.2. Do chuyén vi bang may kinh vi.

Trong phin nay chi gidi thieu cich dimg mdy kinh vi dé do ciic
chuyén vi lon tr 10 mm to 1én, wong dicu kién Khong ¢6 vi tri gid di
dung cu do thuan lgi nhu: do do vong cua ciu khi chiu tai trong tinh v
do chuyén vi ngang ctia cot chong ciiu vuot,...

Cic dung cu quang hoc do chuyén vi bé ¢6 thé xem tai licu tham
khao [10].

Trén vat do gin mot thude ké theo phuong cin do hoilc theo hai
phuong (bang gidy ké vach chia khodng cich da dé quan sit). Mdy Kinh
vi dat vi tri thich hop ngam vao thude ke. Khi vit chiu tii di chuyén, s¢
duoc gid tri chuyén vi.

3. PHUONG PHAP PIEN

Trén co s cic chuyén doi so cip, ¢d the st dung nhi¢u nguyén 1y
chuyén doi khic nhau dé do chuyén vi thing va chuyén vi géc. Trong tii
licu nay chi trinh by hai phuong phdp: chuyén doi dién cam v chuyén
doi dién dung.

3.1. Phuong phap dién do cac dai lugng co.

Phuong phip ndy dua trén co so 1y thuyét do cic dai lugng co
thong qua do cic dai luong dien. Gin diy do sy tién bo rit nhanh cua
nginh k¥ thudt dién t nhiéu nude ¢ ché tao duoc nhicu thiet bi gon nhe,
¢6 do chinh xic cao ' dé do bién dang vi cic dai luong co hoe khic. Cic
thiét bi nay ¢d loai chuyén dung hay van ning, st dung khd thudn tién,
khong nhimg trong cic phong thi nghiém mi ngay ca trén cic cong trinh
o hién truong. :

Hinh 1. 4 1a so d6 khéi cic phuong phip dién ding dé do cic dai
luong co noi chung:

Vit do Cam bién Bo khuech

| |
| |
| |
} |
I dai I
I |
[ |
| |

Y
Y

Hinh 1.4
3.0 Cam bién (hay con goi la senxo)

Cam bién ¢6 nhiém vu bién dé6i cic dai lugng co cin do thanh
dién hay su thay doi cdc dai luong dién ¢ cim bién nhu: dién tro. dién
cam, dien dung.... '

9
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ll- PO BIEN DANG VA UNG SUAT

Bién cl’mg va ting suat la hai dai luong co ban khi tinh todn do bén
va do Lung clia mdy moc, cong trinh. Nhung gitta tmg suit va bién d mng
¢6 moi quan hé nhat dinh theo cic phuong trinh trang Ihdl Vi du, doi \m
vit thé dan héi tuyén tinh thi quan hé do la dinh u it Hic. Do do ve
phuong dién thuc nghiém c¢6 thé xem do bién d: ang hay tung sudt thuc 1€ 1a

mot.

Ung sudt 1a mot khdi niem duoc dat ra dé nghién ciiu vé mit ly
thuyet, truc quan thi khong thé nhin thiy duoc, con bién dang la mot dai
Iuonb hinh hoc, gid tri cua né ¢6 the quan st trye tiep bang mit thuong
hoic do dugc bing cic thiét bi don gidn h: ay cac thiét bi hién dai ¢6 do
chinh xdc cao. Do viy cic nha khoa hoc thuc nghiém tir trude dén nay da
tap trung nhiéu cong stic xdy dung cic phlr(mg phdp do va ché tao cic
thiet bi, cic dung cu dé do bién dang nhiéu hon cic phuong phap do truc
tiép ung sudt,

Dé do bién dang nguoi ta thuong su dung cic phuong phip sau:
- Phuong phdp co hoc.

- Phuong phip quang.

- Phuong phip dién.

- Mot so pero‘ng phap dic biét khdc dua trén co s ky thuat nhu
tia Ronghen, Lade,..

1. PHUONG PHAP CO HOC.

I.1. Dung cu co khi dé do bién dang.

Ciu tao dung cu co khi dé do bién dang thuong c¢o cic bo phan
chinh sau: chuan do; bo khuéch dai va bo chi thi.

1.1.1. Chudan do.

Ciu tao chudn do gom hai ludi dao, mot diu ludi dao ¢ dinh,

mot diu ludi dao di dOI]E. duoc. Hai dau lugi dao cdch nhau mot khoang
cach 301 la chudn do ctia dung cu. Chudn do ¢6 chiic nang xic dinh chiéu
dai ¢in do trén vat thi nghiém, dé tinh do bién dang dai ty doi cla doan

do. Vidu, ting véi chuan do 1, cla dung cu, vat thé bi bién dang dai 1a Al,,
do gidn dai ty doi € clia doan 1, duoc tinh bing cong thic sau:
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1.2. Do chuyén vi goc.

Khi do chuyén vi géc nhu: xic dinh géc xoay clia mat cat ngang
dam chiu uon, xdc dinh géc xoin cta truc chiu xoin khi vat liéu lam viéc
trong mién dan hoi thi cdc chuyén vi ndy la dai luong rit bé, do d6 co the
xem tggp ~ ¢ (¢ 12 chuyén vi géc xoay hay géc xoin).

Tir tinh chét trén, dé do chuyén vi géc ¢6 thé thong qua cich do
chuyén vi thing nho gin thém chi tiét phu vao vi tri ¢in do.

Vi du 1.

Cho dam chiu : ‘f
uon dit trén hai goi tua P e
(hinh 1.2). Xic dinh p <
L//

goc xoay mit cit tai A.

Tai A gan cin
véi dim Ia mb(’_)t thunﬁ ”é/\% e J%;”’ g
vuong goc voi dam cé
do cao h. Khi dam chiu Hinh 1.2
luc, thanh gan bi quay di mot géc ¢, goéc ¢ chinh bing géc xoay ctia dam
tai A.

Tu hinh 1.2, ta co

A .
tggp = ™ ~ ¢ (vigoc ¢ rat bé)
!

Do chuyén vi A bira déng ho do chuyén vi, ¢6 thé tinh dugc
chuyén vi géc ¢.

Vidu 2.
Xdc dinh  géc Chuyén vi k&
xoan tuong déi cua hai i
mdt-cat A, B cua mot -
thanh chiu xoin thuan 9 /’L M Miota
’ ~ |
tiy (hinh 1.3). § : 7/_1
. . N A '
Tai A va B ¢6 § Bl _ 1 | L
gian cac thanh vuong 78 |
goc Vol truc  thanh. _T
Khi dam chiu luc a ?‘ o
momen xodn cdc mit uvén vi
cat A, B s€ xoay di mot Hinh 1.3

gée voi mit cat tai ngdm la - @, = Q.

Goc xoin tuong doi @5 = Qx- Qg
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£ —= (2-1)

Chuén do 1, cang bé cing t6t vi khi cin xdc dinh ting sudt tai mot
diem nio dé. thuc ra ta do tng suat trung binh trong doan I, (trir truong
hop ting suit phian bé deéu tren doan |, , thi chiéu dai cua chuin do moi
khong bi anh huong). Khi vat licu chiu lue, v thé bi bién dang. dau ludi
dao ¢o dinh gin chit vao vat do, con dau dao di dong di chuyén, do do

xdc dinh duoce do dan dai tuyet doi Al cua doan chuin do.

[.1.2. Bo khuéch dai.

Tri 56 do do din dai tuyér doi Al thuong rit bé, bang mat thuong
khong thé doc dugc. Bo khuéch dai ¢6 nhiem vu kKhuéch dai tri so Al dén

muic ¢6 thé doc duoe mot cich thuan tién. Thuong c6 may loai Khuech dai
Sau:

- Khuéch dai kiéu don bay (mot lan hoic nhicu lin).
- Khuéch dai kiéu binh rang.

- Khuéch dai két hop kiéu don bay va kicu binh ring.
[.1.3.Bo chi thi.

Nhiém vu ctia bo phan ndy Ia ghi lai tri s6 bien dang Al,, sau khi
da duoe khuéch dai. Bo phan chi thi thuong dung la kim chi thi trén thang
chia do hoic mit dong ho, nho dé ¢o the tinh ngay duge gid tri do din dai
ty doi theo biéu thuc sau:

‘&]H

= — (2-2)
K1,

trong do:

Al,- do din dai tuyét doi trén bo phan chi thi.

K- do khuéch dai cua dung cu do.

l,- chuin do.

1.2. Gidi thiéu mot vai dung cu do.

1.2.1. Tensomet don (kién TP-794).

Cau tao vi nguyén ly lam viéc.

Hinh didng ctia tensomet don duge mo ti trén hinh 2.1. So do
tensomet don cho trén hinh 2.2. Trén Khung | cha tensomet ¢6 ludi dao
¢6 dinh 2, ludi dao di dong 3 hinh qua tram ty lén khung 1. Khoing cich
gitia hai lugi dao 12 chuan do *1," cia tensomet. Luoi dao 3 noi lién voi

23
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thanh thang 4. Khi do bién dang can cap tensomet vio miau do sao cho

hai [udi dao ty lén mar mau. Khi miu bien dang, 1uai dao 3 quay quanh
diém ty trén khung 1. Thanh 4 quay theo duong nét diit trén hinh 2.2 day
Kim chi thi 5 quay trén mat thang chia do 6, khoang cdch gitia hai vach
chia la I mm. Khi bién dang dai cua chuan do “1," 12 0,001 mm thi kim

chi thi 5 chay dugc mot vach trén mit thang chia do 6, nhu vay hé so
khuéch dai cua dung cu la: k = 1000 va thuc t€ gid tri khoang cich giita
hai vach 1a 0,001 mm.

Chuan do "1, cta tensomet thuong bang 20 mm. neu dung luoi
dao phu (chan phu) thi chuan do cua tensomet ¢6 the dai tdi 200 mm
hodac lon hon.

A 777 A
! £
= _\':’/ f L}
? I.x/l El _4
/A
V7 '.
/ ~.,

%yré—ﬂ‘m_ s
| li }/ .11[
M":‘rm-,-——l.,,. o}t Q‘: I f
' ! p —2 (3 P
- = -
L] 1 !.._ - Z_.._._.‘ 1
b Hinh 2.2,
) 1- khung; 2- luoi dao cé dinh:
Hinh 2.1. 3- ludi dao di déng; 4- thanh thdng.
[.2.2. Tensomet AISTOP. 5- kim chi thi; 6- thang chia do.

Tensomet AISTOP cling ding dé do biéh dang ¢6 gid tri bé.
Hinh 2-3 mo td so d6 tensomet AISTOP di duoc kep trén mau
(Khong vé bo phan kep trén hinh 2.3).
Trén khung 1 cua tensomet phan ra lam hai phin nho miéng cich
dién B ¢6 dao ¢ dinh 2 va vit 3. Trén mat dia tron 5 ¢6 chia vach déu,

khoding cich gitta hai vach 1a | mm. Dao di dong 6 hinh qua trim ¢6 cin
dar va tua tren khung 1. Khodng cdch giita hai 1udi dao 13 chudn do *|
cua tensomet,

LR}
n

24
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Khi mau bien dang, dao di dong quay quanh ranh tua o khung 1.

thanh 7 nghiéng di (duong nét duat trén hinh 2.3) voi
kéo. Gid st khi mau
chua  bien  dang,
quay dia tron 5 sao
cho mii nhon cua
vit 3 tiép xtc voi
thanh 7, khi tiép xuc
mach dien kheép kin
coi tin hiéu Kkeu,
xem vach nao trén
mit dia tron trung
vol vach dich trén

1
1
i
L
\
|
|
\
[}
1
I
1
I.

gia thiet la mau chiu

ntim chi thi 4, vi du, 2/// //%j

vach thua 20, sau khi

mau bien dang, lai

6

Vaeh 2] ey A\\\\ \\\\\\\\\_

N — -
tron 5 tring Vol B R
vach dich, nhu vay ‘."_
hiéu so 21 - 20 = | Hinh 2.3
vach chia chinh la 1- khung: 2- dao ¢6 dinh; 3- truc vit ; 4-ndam chi thi;
bién dang cua chuin 5- dia tron khdc vach; 6- ludi dao di déng; 7- cdn do.

do “1;". Song khong
phai bién dang d6 bing 1 mm, ma bién dang chi bing 0,001 mm, vi
tensomet da duoc ché tao ¢6 hé so khuéch dai k = 1000, nghia la thuc té
gid tri khodng cdch gitta hai vach chi bing: 1 mm: 1000 = 0,001 mm.

Sy

Hinh 2.4
1- khung; 2- dao di dong;

3- dan cd dinh ; 4- chét: 5- chuyén b
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1.2.3. Tenusonmet MK-3.

Tensomet
MK - 3 dung d¢ do
bién dang co giid tri
bé.

Hinh 24
trinh  bay so do
tensomet MK - 3 gd
trén mau thu (khong
vé bo phan keép). No
gom hai chuyen vi
ké 5 lap tréen khung
I, hai dao ¢o dinh 3
vit hai dao di dong 2
lip tren khung 1.
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—

Dao di dong quay quanh chot 4, diau du6i cua truc chuyén vi ke ty trén
cin dao di dong. Khoang cich gitia dao ¢a dinh va dao di dong la chuan
do cua tensomet. Chuan do cia tensomet ¢6 thé thay déi bing cich xé
dich dao ¢o dinh tren thanh diing cua khung 1.

Khi miu bién dang, dao di dong quay quanh chot 4 va day truc
chuyen vi ké di lén, kim chi thi trén mit s6 cua chuyén vi k€ quay. Mat s6
cua chuyén vi ké chia ra 50 vach cich déu nhau. Gia tri moi khoang chia
12001 mm. Khodng cich tir diém ty cia diu truc chuyén vi ké dén chot 4
vatr chot 4 den ludi dao di dong 3 dai bing nhau, nén chi ¢é chuyén vi
ke lam nhiem vu khuech dai bién dang. Nhu vay, gia sir vi tri cua kim chi
thi twong ting vai lic trude va sau khi mau bien dang cich nhau n khoang,
do bien dang cta chuyén vi do s& biing:

A=0,01 n (mm)

1.2.4. Tensomet DEMEC 4671 (hinh 2.5).

Phuong phap do.

Trude tien din hai khuy 6 vio khodng cin do. Khodng cich hai
tim cua khuy  ding bing chuan do 1,. Khuy ¢6 16 ¢ tam.

a o
7772722277277 7207702,
[ | | = L
( | \
\ |

Hinh 2.5. 1- dao ¢6 dinh; 2- dao di déng gdn trén thanh 3 quay xung quanh
khdp 4 ddt trén thanh. Chudn do Iy = 20 cm; 5- déng hé chi thi; méi vach do
tuong tng véi dé bién dang ty déi ¢ = 0,8.10°,

Sau khi chiu luc, hai khuy bat diu di chuyén tuong doi vdi nhau,

Dat hai diu dao 1, 2 viio hai 16. Déng hé chi thi cho biét do din

dai ty doi € cta vat chiu luc.
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‘3. PHUONG PHAP PIEN.

3.1. Xac dinh bién dang bang tam dié¢n tro.

Nguyeén Iy lam viéc cua loai chuyén déi dién tro nay la xem bién
dang nhu ham s6 cia su thay doi dién tro ctia cam bién. Thuong st dung

cac loai cam bién sau:

- Cam bién dién tro bing day kim loai.

- Cam bién dién trg bing vat liéu khong kim loai.

- Cam bien dién tro bang vat liéu ban dén.

Trong tai licu nay chi trinh bay cdc loai cam bién dién (ro bing
day kim loai.

A1 Cam bién dién trd bang diy kim loai.

Loai cam bién nay thudng dugc ché tao thanh cic tim goi 14 tam
di¢n tro. Tuy theo yéu ciu su dung ma tim dién tré ¢6 nhiéu hinh ding

khic nhau. Hinh 2.18 1a mot s6 dang taim dién tro.

Y
N o
— re _'77 _-___: - X__
. -~ T
—

*
a) Bitn frat oy

«
——
s
L=
-
. by
-
-—
—
= l!llllnlnmr-.
-
<«
«
-
—
« (RARNNT)
-
«
«
<
i
c) d) e)

N,

A

@

N
A

» N
o, "1?'&'\@
-

it (

F) EiEn Froo hoo

MM#Z/

('\?\I - \
h AN Sy
/\v N

Hinh 2.18
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3.1.2. Cdu tao va cach sie dung tdam dién tro.

Tam dien tro day gom mot day kim loai duge gap hay cuédn lai
trong mot mat phang, lam tu hop kim quy nhu:

- Constangtan gom 60Cu + 40Ni.
- Nicrom gom 80Ni + 20Cr hoidc 65Ni + 25Fe + 10Cr

Duong kinh day d nho khodng 0,025 mm (c6 thé dung day c6
duong kinh d = 0,04 + 0,05 mm), ¢6 dién tro tir 500 + 200€2.

Cuén day duge gilt chit nhoy mot loai keo dic biét trong tii bing
gidy hodc bang chat déo c¢é quét 16p cach dién tao thanh mot taim
mong. Tinh chat keo s& cho phép nhiét do su dung cua tam dién tro la bao
nhiéu.

/, 12 chuan do cua tdm dién trg. Tuy theo yéu ciu sir dung nguoi ta
thuomg ché tao cdc loai tim ¢6 cdc gid tri chuan do khdc nhau, vi du
l, =5 mm; 10 mm; 20 mm. Truong hop dudi tic dung ctia ngoai luc bién
dang vat do rit bé, nhu do trén bétong, ¢ thé ché tao cic loai tim ¢o
chuan do /, = 50 mm + 100 mm.

Nhin chung pham vi do bién dang dai tuong déi € bang cam bién
dién tro day c¢o dai rat rong: € = 0,005 + 0,02% hoic € = 1,5 + 2%, doi
khi co thé € = 6 + 10% (dung do vat licu composite).

Khi cin do bién dang tai mot diém theo mot phuong nio do, phai
ddn tim dién tro tai diém dé theo phuong can.do nho mot loai keo din
dic biét sao cho khi vat do bi bién dang thi tim dién tro s€ bién dang
theo. Loai keo nay dugc ché tao tuy theo nhiét do su dung.

Vi du.

Aceton - celluloide: nhiét do st dung + 60", thoi gian kho 10+12h.

Bakélit - phénol: nhiét do st dung (-50°C+ 180"C ), thoi gian kho
30 = 36h.

Khi ddn tadm dién tro 1én vat do can chi y theo ding quy trinh ky
thuat duoc chi dan nhu: danh bong sach vi tri can do véi dién tich 16n hon
tim dién tro; keo din phai quét thanh 16p mong, déu; tim dién tro phai
dit ding hudng do; phai kiém tra su cdch dién ding quy dinh gitta tdm
dién tro va vat do truée khi su dung,...

Uu diem cua cam bién dién tro 1a quin tinh nho, su dung duoc o
giai tin rong 0 + 100kHz, gid thinh ré, ¢6 thé do ca tinh 1an dong.

3.1.3. Cosdly thuyét.
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_ Xét tim dién tro ddi rong (hinh 2.18a), dién tro R cua tam duoge
xdc dinh theo biéu thiic:

s i 3
R=p = (231
trong do
R-dién tro cha tim, om (€2).
p- dien trd sudt cla day.
I- chiéu dai cua day.
F- dién tich mat cat ngang cia day.
Khi diy chiu kéo chiing han, chié¢u dai ciia diy ting mot luong Al,

tict dién F giam mot luong AF, do dé gy ra su thay déi dién trd R cla

tam mot lugng AR. B¢ tim quan h¢ gitta hai dai lugng AR va Al vi phin
phuong trinh (2.31) va xem R nhu 13 him cia p, 1, F, ta duoc

PEl + IFdp — lpdF

dR = - (2:32)
Goi V 1a thé tich cua day, ta co:
V=Fl
Vil dV =F.dl + I.dF (2.33)
Do bien dang thé tich ty doi la:
Néu bo qua vo cling bé bac cao, theo Iy thuyét dan hoi, ta ¢6:
O=¢g,+¢ +¢, (2.34)

trong do
£, €, €,- d0 ddn dii ty doi theo cic phuong tuong tng x.y.z.

Goi € = g, 1a do dan dai ty d6i theo phuong cin do, thi €,€,= -|lg,
thay vao (2.34), ta duoc:

B=¢, (1-2u)=¢g(l -2p) (2.35)
trong dé

Al

f- hé 56 Poatxong; € = 7

T (2.31), (2.34) va (2.35) suy ra
46
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R ,
= — (2.42)
K.R
Bicu thiic (2.42) 1a co s6 nguyén 1y lam viéc cta chuyén doi dién
tro.
F.1 4. Cac yéu 16" co bdn anh hiidng t6i si thay doi dién tré cria
dery.

- Anh huong cua nhiét do.

Dugi tic dung cua nhiét do thay doi, dién tr¢ ctia day ciing thay
doi mot dai luong ding ké (c& 60 N/cm® trén mot do). Vi vy khi do thuc
t¢ can ¢o6 phuong phap khir anh huong ctia nhiét do.

- Anh hudng cua do nhay theo phuong ngang.

Day dién tro dugc cudn lai nhu hinh 2.19 nén khi bién dang theo
phuong do cic phan bi uén cong chiu anh huong theo phuong vuong goc
voi phuong do - phuong ngang. Dé dic trung cho anh huong nay nguoi ta
dua vao hé s6 bién dang ngang duogc xdc dinh theo biéu thic sau:

K
- (2.43)

Kh.\. =T
Kd

trong dé

K,- do nhay theo phuong ngang duoc xdc dinh binge thuc nehiem
Y ¥ [ f= & : . f o o = F

hoiic don gian xic dinh biing biéu thic sau:

D
K,=-— (2.44)
/
ks~ do nhay theo phuong doc duoc xidc dinh bang thuc nghi¢m
hodc theo biéu thic sau:

K, = [—b
/

K (2.45)

. -,. 2
trong do AR

I- chiéu dai cua day.

b- chiéu rong day cuon.

Vi chi y o trén ¢o thé biéu dién su
thay doi dién tro ty doi 1a ham tuyén tinh ciia
bién dang doc va ngang theo biéu thiic:

AR
e 1ee Sd'Kti % 8|1'l<n
R

48 Hin 2.19
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trong do

- bién dang ty déi theo phuong truc cua tim di¢n tro.

- bién dang ty doi theo phuong ngang.

3.1.5. Plutong phap dién tro thay doi AR.

Dé xdc dinh dién trd thay doi cua tim dién tro, khi din vao vat do
bi bi€n dang ngudi ta thuong ¢6 hai phuong phap:

- Phuong phip bién tro.

- Phuong phip ciu (st dung cau ¢in biing Uynton).

Cic méy do hién nay thuong st dung phuong phdp ciu trén co 50
Iy thuyét vé cau can bang Uynton.

Tai liéu nay chi gidi thiéu phuong phap ciu, phuong phip bién

tra doc gia c6 thé xem [8].

Hinh 2.20 biéu
dién so do6  ciu cua
Uynton.

Ta goi ciu ©

trang thdi can bang 14
khi khong ¢6 dong dién
di qua dong ho chi thi,
c6 nghia Is= 0.

Khi Is# 0 noi
ciu mat can bang,
nguén cung c¢ip cho
ciu ¢6 thé sir dung ci:
dong khong doi va ca
dong thay doi. Khi xdc
dinh dién tro thay doi
AR c¢é thé st dung ca
hai phuong phip: ciu
can bing va cau khong
can bing. Moi phuong
plmp ¢6 nhiing uu di¢m
riéng.

1 A
— 7
4 Rlxg IR
= > Jip 5 @
T | <L
7 1:'\ 'y Is
+ R, ' /K\S\R~1
‘B
\
1
Hinh 2.20

E- siic dien dong; I- dong dién qua dong hé (day
DC): R, dién trd dong hé chi thi;
R,.RZ.R;.RJ dién trd dat & cde nhdnh cdu.

Trude hét xét diéu kien cian dé cdu cin bang khi st dung dong
khong doi(hinh 2.20). Theo dinh luat thd hai cia Kiéckhop:” Tong hicu

dién thé trong mot mach kin la biang khong”,

ta ¢ cdc phuong trinh sau:

49
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E=(R, +R)I-R ] -R,L-
0=R.J+ (R, +R;+RJ)I, -R,l, . (a)
0=R,J-R,], (R, +R+R)L,
Tir dinh luat Macxoen vé do 16n clia dong dién trong mach ré, ta
co
=1+, (b)
Thay (b) vao (a) dugc hé ba phuong trinh ba an I, I, I5. Sau khi
giai tim dugc biéu thic dé tinh I

I, = g (R\R,+R,R;)

trong d6 A la dinh thiic cua hé ¢6 dang

-R, -(R,+R),) R, +R,
A= R, R,+R, -R,
R,+R+ R, R, +R, -R,

~ Ly *a ~ P " 5 .
Vay diéu kién can dé ciu can bang la:

RiR;-R.R; =0 (2.47)
hay
R, R,
R, R,

3.1.5.1. Phuong phdp xdc dinh dién tré AR thay doi khi si dung
dong khong doi.

a) Phuong phédp cdu cin biang

Gia st chon dién tro R, lam viéc. Tdm dién trd R, cé kha nang
diéu chinh, con R, R, c6 gid tri xdc dinh. Trudc khi vat chiu tai cin diéu
chinh gid tri R, sao cho cdu & vi tri can bang, ¢ nghia 1a phai thod mén
diéu kién:

R,R,=R.R,

Khi chiu tai, gia sit dién tro 1am viéc R, thay d6i mot luong AR.,
do dé cdu mét can bing. Pé cdu trd lai can bing phai thay d6i mot luong
AR, sao cho c6 ding thic

(AR, + RJR, = (AR, + R,R,

Tt d6 tinh duoc
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I ; . _
AR, = ;e— AR, = hang s0.AR, (2.48)

]

Vay khi biét AR, sé tinh duoc AR,. Néi cich khdc khi biét gia tri
AR, ¢6 thé tinh dugc bién dang ctia vit cin do. Tri s6 AR, dugc chi thi
khong can khuéch dai hoac ¢6 khuéch dai ty do 16n dai luong bién dang
cin do va do chinh xdc cta thiét bi do. Dé tién st dung, mot s6 thiét bi
ghi ngay gid tri cua bién dang do dugc trén bo phan chi thi.

Khuyét diém cua phuong phdp nay 1a phai gilt gid tri bién dang
khong déi lau dé ¢6 du thoi gian diéu chinh cho ciu vé vi tri cin bing. Do
dé nd thuan loi khi do tai trong tinh, do trong phong thi nghiém. Khi do o
ngodi hién trudong, chi dp dung dugc cho truong hop tai trong chi la chuin
tinh, Vi rit kho giii tai trong khéng déi, con néu ti trong 1a dong thi cang
khé khan.

b) Phuong phdp cdu khong can biang.

Dién tr¢  thay doi, tic bién dang cin do duoc tinh theo do léch
ctia dong I (cua dong hé do), ta ¢6:

E
L= “(RR,-RRy) (2.49)

Gia st dién trg 1am viéc R, thay doi mot luong AR, khi dé 15 thay
déi mot luong Al theo biéu thiic

E
I+ Al = - [RIR, - R+ AR, = —f.—(R,m -R,R;+ AR.R,)

Vi AR, lanho, nén A= A’, tacod
) " p
Al = % R;.AR, =hiang s6 . AR,

Biéu thic trén chi ding khi A = A’. Néu chad y dén dién tr6 thay
doi ¢ miu s6, sé khong ¢6 quan hé tuyén tinh. Trong thuc té€ doi vdi dien
tr biing day ¢6 thé lay A = A’. Vi dy, khi do € < 0,001, hé s6 do nhay
K =2 thi AR =0,002 [a rit bé so vai R.

3.1.5.2. Phuong phap xdc dinh dié'n tro AR thay doi khi si dung
dong thay doi.

Khi tinh todn, néu thay gid tri dién trg thuin R, bing tong tro 7,
thi Z, c6 gid tri nhu sau:

Z, =R, +iX, (2.50)

trong do

<l
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i- O phuic.
R,- dién tro thuan.
X,- dién tro khang.

Bang cdch tinh todn tuong tu, gid tri dong I ¢6 dang

E
IS = 'g (Z|Z4 - Z-_.Z_;)

Trong doé
-Z, -(Z,+Z,) Z +2Z
o= ‘ -Zs Zyit Lo -Z,
’ Lot ZY L, Z + 2 -Z,

Diéu kién dé ciu can bang la:

Téch ra phan thuc va phén do, ta ¢6 diéu kién cdu can bing sau:
'R, R X X
e B~ S i st (2.51)

R, R X X

Phuong phép do dugc tién hanh tuong tu khi sir dung dong khong
doi, vi du, khi sir dung phuong phdp cdu khong cin bang, néu tdim dién
trg Z, lam viéc thay doéi mot lugng AZ,, khi d6 dong dién chay qua dong
ho thay déi mét luong Al ta ¢6

E
L + Al = :S—, [(Z, + AZ )2, . Z.Z;]

Khi dé
E
Al = -gZJ.AZj (2.32)
; E P
va AE;=AL Z;= = Z,Z; . AZ, =hang 56 . AZ, (2:93)

Nghia 13, téng tro thay d6i ty 1é thuan véi su thay doi cua dong
dién chay qua déng ho hodc véi dién dp cua dau ra.

3.1.6. Phuwong phdp khie anh hudng ctia nhiét do.

Nhu di biét, sit dung tim dién tro dé do bién dang thi anh huong
ctia nhiét do khi 1am viéc 1a 16n. B¢ khu anh huong cta nhiét do c6 thé st
dung phuong phip do mach cau.

52
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Gia st tam dién tro R, 12 tim dién tro lam viéc (hinh 2.20).

Diéu kién dé cdu can bang la: R, = — R,
1

Theo biéu thic trén, néu 1dy tim dién tré R, hoac R, cung loai voi
tam dién tro R, nghia 1a chon R, =R; =R hoac R, = R, =R va cho dién
tr& d6 chiu anh huong clia nhiét do trong dicu Kién tuong tu nhiét do cua
tim dién tro 1am viéc R, thi dudi anh huong cua nhiét do céu luon luon
o trang thdi can bang. Nghia la nhiét do khong ¢6 anh huong téi gid tri do
duoc. Do vay ta luén luon ¢é cdc biéu thic sau:

Vidu:

-Chon R, =R;=R:

R, + AR
R,+AR) = —=—2>R,

i

vi R, =R, =R suyraAR| =ARj =AR
-Hodc chon R, =R, =R

R, + AR}

R, +AR} = .
.

R;

vi R, =R,=RsuyraAR| =AR; =AR

Goi AB la dudng chéo vao, CD 14 dudng chéo do, tir hinh 2.20 va
biéu thiic trén ta thay, dé khir anh huong cla nhiét do phai mic tim dién
tro khir anh huong nhiét do nhu sau:

- Mic doi ximg doi véi dudng chéo vao: Ry =Ry =R .
- Mic d6i xtdng doéi véi duong chéo do: R, =R, =R.
R,, R;- tim dién tro anh huong cua nhiét do.

R, - tim dién tro lam viéc.

3.1.7. Plutong phdp mdc tam dién tyo' vao cau do.

Ciu do c6 thé st dung phuong phédp c6 khuéch dai va khong co
khuéch dai. D6i v6i cdu do khong ¢6 khuéch dai thi trén duong chéo do
mic truc tiép déng hé do (hinh 2.21). D6i véi ciu do khi dung khuéch
dai, dién dp do dugc dua ra bo khuéch dai. Két hop véi viéc khu anh
huong nhiét do, ngudi ta thuong sur dung cdch mic tdm dién tro trong cau
do theo ba cich sau:
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AR, =- AR, = AR
AR,=AR,=0

R6 rang 1a néu chon bién dang o hai tim tim di¢n tro R, R, la
nhu nhau AR, = AR, = AR thi cdu tr n6 luon luon & trang thdi can bing
khi dién tro 1am viéc, do biéu thiic sau luon duoc thoa man

R
(R, +AR,) = E’— (R, + AR,)

4

Vi R, =R,=R; AR, =AR,=AR

Mic doi xing véi dudng chéo vao, khi do phdi chon cap R, R;
Jam viéc hodc cap Ry, R, 1am viée. Gia sir tdm dién tr6 R, chiu bién dang
kéo thi tim dién tr& R, phai chiu bién dang nén.

R, =R, =R; AR, =- AR; =AR

+ Sir dung bon tam dién tro lam viéc (hinh 2.22¢).

Trong trudng hop niy phai chi y, n€u st dung tim dién tro R, da
chiu bién dang kéo thi tdm dién tro R, cling phai chiu bién dang kéo, con
hai tim dién trd con lai phai chiu bién dang nén, ta c6

AR, =-AR,=- AR; =AR,=AR

Véi cdch mic tim dién tro va st dung s6 dién tr¢ lam viéc nhu
cdc trudng hop trén thi dién dp o duong chéo vao V va dién ap o duong
chéo ra U c6 quan hé theo bang 2.2.

Bang 2.2
Cich mic S6 cam bién lam viéc
| 2 4

AR.=AR AR.=-AR =AR T L |

AR=AR =AR =0 AR.=-AR =AR AR = AR =AR =AR=OR
Doi ximg v dutmg V AR V AR
chéodo R;=R,=R ) Pt =
R,=R,=nR 4 R 2 R
Doi xiing voi dudng i AR _2n AR
chéovio R,=R;=R sy = = U=V T
R,=R;=nR (1+n)” R 14n° R

|

Tét ca nhu nhau __i ﬁ =_i ﬁ}_{_ U=--V ﬂ_R.
R,=R,=R;=R,=R 4 R 2 R R

Nhén xét:

- Sit dung phrong dn doi xing d6i véi dudng cheéo do tot hon
phuong 4n doi xding 5i voi duong chéo vao, vi quan hé gitta U va V
khong phu thuoe vao n. C6 nghia la dién trd R, = R, = nR ¢6 thé chon gid

tri bat ky.
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- Tuy theo 56 dién tro lam viéc, do nhay cua ciu tang theo ty lé

Uyiloay =1:2: 4
318 Cac chi tiéu ky thudt ciia tim dién 116

Chuan do: I, mm

Dien tro: R, Q

Nhiét do sur dung: T%, °C

Hé so do nhay: K

Cich tro: 50 mQ khi 30v.

Tuoi tho £ =500.10" : 107 chu trinh
e=1000.10° ; 10° chu trinh

Ky hiéu loai day hay thing hoa:

Vat liéu kim loai:

Keo din (nhanh, binh thuong, diéu kien lam kho: dé ngoai tu
nhien hay siy kho).

Tinh chat chiu tai: tinh, chuén tinh, dong.
Dicu kién bao quan:
Thot gian sirdung:

309, Xde dinh plicong, gid tri e sudr chinh o trang thai iing
sttt phang.

Phin trén da trinh bay cich do bién dang doi vai trang thdi tng
sut don. Ung sudt phdp dugc xdc dinh theo biéu thic sau:
g=E&g (2.54)
trong do
G- ung sudt phip.
e- do biét dang ty doi.
E- hing so (modun dan héi khi kéo, nén clia vit lieu do).

Doi véi trang thii ing suat phang, dé tim phuong va gid tri ting
sudt chinh dua vao dinh luat Huc. Theo dinh luat nay gia tri ng suat
phang ¢6 dang:
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[Ell\il\ - FtEﬂ‘l[i]

max

m|—

(2.55)

I))il‘]

1
c,...=—|[¢

min

- HE

min

m

trong do

G ,yaes O — CAC UNE sudt chinh.

min
Nhung khi do bién dang dé tinh ting suit cin chu y cdc truong hop
saus

3.1.9.1. Khi da biet hai phuong chinh.

Din hai tim dién tro theo hai phuong chinh. Do bién dang sé xdc
dinh dugc hai gid tri €, €,,, - Tl cong thiic (2.55) tinh duoc gid tri o,
o

Vidul.

Cho mot ong day bit kin hai dau, chiu dp luc phian b6 déu p bén
trong. Hay xdc dinh gid tri ting sudt chinh tai mot diém ¢ mit ngoai 6ng

(hinh 2.23).
[

Bai giai. [ / T —
: |

Tai mot diém & mit /_.._ f ‘ ,T\’P* t,
ngoai ong la trang thdi dng =— -V
suat phing, vi ting sudt hudng "'—/P b o -}
truc o, va dng suat vong o, la 7 . p__:/
hai tng sudt chinh, con tng suat Zm O ~
hudng tam o, = 0. s —

Vidu 2. Zn |(P N

|| | |
Vo tron xoay chiu tai |_/ 11y . RERE7Z |
. a > il

trong phin b6 déu trong. Tim |
(ng suat chinh tai mot diém o
mit ngoai vo (hinh 2.24). Hinh 2.23

Bai giai.

Ky hiéu nhu sau:

o, ung suat kinh tuyén.

o-\"

o,- ling sudt vi tuyén c6 phuong

vuong goc vai kinh tuyén.
Hinh 2.24
57

Bai giang Thi nghiém cau - Page 52 of 168



c,- Ung sudt theo phuong phip
tuyén véi vo, ¢ mit ngodi o, = 0.

Vay phan t6 ¢ trang thdi dng suit phing.

Vi du 3.

Xdc dinh tng suét tiép 16n nhat cua thanh ton chiu xoin thudn

tdy (hinh 2.25).

T

e

)

f
i

Hinh 2.25

Biét & thanh tron chiu xodn thuin tdy, diém c6 1, nam ngoai chu
vi, trang thai ting sudt & diém dé la trugt thudn tdy, hai phuong chinh
nghiéng véi truc cla thanh dudi cic goc + 45° (hinh 2.55). C6 nghia la ,

da biét hai phuong chinh.

Hinh 2.55a phan t6 ¢ trang thdi truot thudn tdy, hinh 2.55b la

vong MO ting suat.

Po bién dang theo hai phuong nghiéng véi truc cua thanh duéi
cic goc oo = + 45" (hinh 2.55¢). Tur d6 suy ra gid tri 7., theo cdc cong
thiic da biét. Goi £,, &, 1a bién dang do duoc theo phuong 1 va 3, Tir dinh

luit Hue ta co:

g = _];;_[Gk - uo;]
1
B3 E[Us - Ho ]
Chi y: |cr,‘ = ‘c‘nm =T oo ting suat kéo
‘0'3| = lcrm,-n =T ing sudt nén

Thay vao (2.56) va chii y dén dau, ta dugc

1
€= E [Tmux + P'tmux]

58
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l '
EJ: = __ [Tmm. + }'I'Tn\:ll-] kb)
E
T hai biéu thic (a) va (b) sau khi tinh toan ta dugc:
Ele, — ¢ =
—--—-—( e ) (2.57)

L 2(1+ p)

Vay dé tim phuong va gid tr1 ing suat chinh, do bién dang theo
hai phuong chinh, dugc ket qua dung cong thiic (2.55) suy ra gid 11l O
o, hoac ding (2.57) dé tinh T, 0 truong hop truot thuan tdy.

3.1.9.2. Khi chua biét hai phuong chinh.

Trong trudng hop nay, cin phdi do bién dang ca ba phuong bat ky
di qua diém cén tim, néu goi a la géc ctia mot phuong nao do doi val
phuong chinh o,

Tir Iy thuyét vé tng suat trén mat cit nghiéng, ta c6 biéu thic:

G-max + O-mm a

W T
GU_ — 4+ max . min coscL (2-58)
2 2

Tuong tu ¢ trang thdi bién dang phang:

& = Emax T €min + Emax ~ Emin cos20. (2 59)
* 2 2 } a
bart
A = Emax T €min i Emax ~ €min (2 60)
2 2 -
Khi do, ta co
A+B
Chax = (261 )
2
Enin = A = (262)
2
Thay (2.61) va (2.62) vio (2.59), ta duoc:
£, = A + B.cos2a (2.63)

DE fim duoc €., €, VA géc quay o sit dung phuong trinh (2.63)
¢6 ba in 1a A.B va c. Viy, cin do ba phuong dé dugc ba phuong trinh vai
ba 4n A.B, a. Do dé trong trudng hop nay cdn phai do bién dang 0 ba
phuong. Trong thuc t€ nguoi ta thuong chon cic phuong cach nhau
khoing 45" hoic 60" nhu hinh 2.26.
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y !
_“\8 P
&j\ﬂ
_ 3
' X
a) Onax
Hinh 2.26
al oy =a b) a; = «
o, = o - 45° a, = a; - 60°
Cf;{ = az = 450 =a1' QOU G'.rl-; = ﬂ':f 2 600 = GI & 1200
Vidu 1.

Can xac dinh phuong va gid tri ting sudt chinh o:
- Cic diém trén mat cia tim chiu uon.
- Cic diém nguy hiém & thanh tron chiu uén va xoin dong thoi.

- Cidc diém trén chiéu cao cua dim chiu uén ngang phing (trir cdc
diém o mép trén, dudi).

Vidu 2.

Xic dinh phuong va gia tri tng suit chinh cua thanh tron chiu uén
va xoan dong thoi (hinh 2.27). Thanh hinh tron mot diu ngam, mot diu tu
do. Pau ty do ¢6 gan chit mot tay don nam ngang, diu tay don ¢é treo
mot moc treo qua cian, moéc nay cdch truc thanh mot khoang cich a. Khi
dat qua can 1én moéc treo thanh sé bi uén + xoan.

Trén mat cit ngang cua thanh cdch diu tu do mét doan a, xét mot
diém m xa truc trung hoa nhat (hinh 2.27a). Tai diém ndy trén mat cit
ngang cua thanh xuat hién tng sudt phap do uén va ting sudt tiép do xoin,
con ung sudt ti€p do uén bang khong. Phin 6 tich ra cé dang nhu hinh
2.27b. Vay trang thdi ting sudt 1a phing.

Trong do, theo ly thuyét thi:

60
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M

T=

%O

i Pa

WI‘

Trong do:

- 0,2d°

M, - momen uon.

d- duong Kinh thanh.

b)

Dé xdc dinh bang thuc
nghiém, vi du, do bién
dang bing ba tim dién
tro ¢o cic goc cich nhau
45 (hinh 2.28).

Tam 2 theo chiéu
doc.

Tam | nghiéng
véi  truc  mot  goc
o =+45"

Hinh 2.27

Hinh 2.28. 1,2,3- ky hiéu tam.
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Tam 3 nghiéng vdi truc mét géc o = - 45°.

Goi o, = o la goc hop boi hai phueng din tim dién tro véi phuong
bién dang chinh 16n nhit cin tim g, . Khi d6
Tam 2 ¢6 goc a, = o - 45".
Tam 3 ¢6 g6c o, = o - 90"
Chu y:
Cos2o = sin2(a. - 457%).
Cos2a = -cos2(a - 90%).

Néu ky hiéu bién dang do duoc cla tim 1 la g,, tdim 2 1a €,, tam 3
la g5, theo (2.63), ta ¢c6

g, = A + B.cos2a (a)
g, = A + Bsin2a (b)
€; = A - B.cos2a (c)

Tur ba phuong do bién dang nay ta tinh duoc A,B, o nhu sau:
Cong (a) va (b), ta duoc

EI F 82 St 8111:Lx+ Emin
Chia (a) cho (b), ta duoc
| ~A
tg20 = —
&y =

Thay gid tri A = g + & dugc phuong cua ung suat chinh
(phuong tng sudt chinh tring véi phuong bién dang chinh).

tg2a = —

Tu (a) va (b) suy ra

€ - A =B.cos2u
€. - A = B.sin2a

Binh phuong hai vé€ réi cong lai, ta duoc
(g, -A) + (.- A =B
Vay

B= /e, ~A) + (e, - A) (d)
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Thay gid tri- A theo (d), ta duoc:

(81 _83); +(232 — & _53)2
\ 4

Hoiic: sau khi khai trién vi rit gon, ta duoc

B= —\[2_3\/(& "83)1 +(53 _53)1

B =

Gid tri €, Epiy duoc tinh ti biéu thic (2.61) va (2.62)

Ung suét chinh o,,,,0,,,dugc tinh theo biéu thic (2.55)

Biét €, ., €, tu dinh luat Hue va tinh dugc 6,0 mi, nhu sau:
E
Um;m il 1 12 [Em:u.\ % J‘lgmin]
~
O nin = 1 },L: [E‘min + pzm;l.\c]

3.1.9.3. Phuong phap do.

Phuong
phip do cling co
hai loai: phuong
phip co hoc va
phuong phap
dién.

a) Phuong
phap dién thuong
dung 1a su dung
cic tam dién o

Hinh 2.29
biéu dién cdc loai
dién tro hoa.

Hinh 2.29.

a) 45° véi 3 tam
dién tro;

b) 60 - Delta; r

c) 45° véi 4 tam |
dien tré; ) /|
d) T - Delta

Dé thuan loi tinh todn vi méi loai, tinh sn ket qua theo bang 2.3.
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lIl- KY THUAT PO PONG

Trong thuc nghiém viéc do dong cin chi y hon viée do tinh. Tuy
theo tinh chat cua loai tai trong tic dong, nguoi ta thuong ché tao cic
loai dung cu do khac nhau v cde phuong phap do thich hop. Khi do dua
trén cdc him thoi gian. Thudng ngudi ta chia cdc ham thoi gian ra ba loai
co bin sau:

|. Cic him ¢d chu ky. Cdc tri s6 can do duge 1ap di lap lai sau
mot chu ky T. Trong co hoc cdc truong hop thudng xudt hién loai nay
nhu: luc giay nén do cic may phat dong luc, truc quay mat can bang, co
ciu bon khau ban l€, v...v.

2. Cic ham xung va cham. Cic tri s6 c¢in do chi xudt hién trong

mot thei gian At tuong déi nho so véi thoi gian quan sit ¢ 107 + 107
gidy hodc bé hon. Hoic ulmng ting dot ngot trong mot thoi gmn ngan, vi
du, khi dat Tue dot ngot; mo cong tic dot ngot; anh huong cua cic may
bia, may dap; khi banh xe tiu qua cho noi ray, trén duong bo oto. qua 0
gi; kich dong do no;

3. Cic ham ngiu nhién. Cic him nay xdy ra hoan toan khong co
quy luit ndo. Vi du, dao dong gy nén do gid, xe chay trén mét duong,
anh huong do nhiéu nguon doc lap véi nhau,...

Sau day ching ta s& lan lugt nghién ctu timg van de, trong tam 1a
ky thuat dao dong (loai hium ¢6 chu ky), thuong goi la ky thuat do dao
dong.

1. KY THUAT PO KHI HAM THOI GIAN CO CHU KY.

1.1. Bi¢u thirc toan hoc.

Quing duong: (x(t)=x(1+T) T - chu ky dao dong.

Vé mit todn hoc, co so cua cic ham chu ky 1a ham tudn hoan
dang:

x(r) = Acos (ot + @) = A\coszTTI (t+ t,)

x(t) = Asin (ot + @)
Trong do
A- bién do.

2
- tan so vonu W= T
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_ s e o
f- tan s6 dao dong tinh bang Hezt (Hz), t = =

5
- . R T
(- pha ban diu cua dao dong, © = —t.
il

Ly cdc ham tudn hoan sin. cos Ia cdc ham chuan dé phin tich
cho cic ham chu ky. Vi cdc 1y do sau:

- Tit ca cdc ham c6 chu ky déu ¢é thé phan tich thanh tong cua
cic ham sin, cos nho phép khai trién chuoi Fourter theo biéu thiic:

o . i
x(t)= A, + ZA” cosnomt + Z B, sinnet
=1 n=|

trong do cic hé s6 A, A, B, dugc tinh theo cic biéu thiic sau:
Ao= — [x (t)dt

5 T

= Ix (t)cosnomtdt

{}

J

— |t

B =

X (t)sinnotdt

Néu hé la tuyén tinh diu vao chi chiu tic dung cua cdc dai luong
biéu dién cdc ham sin, cos, thi dia ra cua heé nhu: dong dién, dién dp,
chuyén doi, vin toc, gia toc,... cling bién thién theo quy luat hinh sin, cos,

1.2. Cac dai luong can do va nghién cuu.

- ¥ic dinh tin s6 dao dong riéng cua chi tiét, hoac két cau va cic
dang dao dong tuong tng.

- Xdc dinh bién do dao dong cudng biic, van toc, gia toc.
- Do ting suit dong cic chi tiét .
- Xic dinh do giam chan loga.

- Po do lén (song bien dang, séng tng sudt) s& lan truyen lam
rung dong dén cdc chi tiét xung quanh.

- Nghién ctiu cdc qud trinh chuyén tiép, dao dong on dinh, cic
hién tuong cong huong, hién tuong phach.

- Xidc dinh pho (bién do, tan so....).

C N ; .
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- Xidc dinh mot vai thong so co ban vé dao dongnhu: trong tam
khoi lugng, khoi luong thu gon, méomen quin tinh,...

1.3. Nguyén ly do dao dong.
Do dao dong dua vao hai nguyén 1y sau:
- Nguyeén ly dong hoc hay con goi la nguyeén ly tuong doi.

- Nauyén ly dong luc hoc hay con goi la nguyen ly tuyét doi hay
nguyén Iy quan tinh.

[ 3.1. Neuyénly dong hoc.

Co so nguyén ly nay la thiét bi do duoc gin chit véi mot hé toa do
¢o dinh, doc lap o ngeai vit do. Dai luong chuyén dich cia phin tir dao
dong doi vai thiét bi do biang chuyén vi thuc cua no.

Vi du,
diung thiét bi
tastograf dé do
do vong cua
dim. Khi do,
thict bi Phuong dao Déu do dat ti€p xic véi diém
tastograf  duoc dong | — ¢dn tinh chuyén vi
dat o ngodi vat . 1
do (hinh 4.1). |
Chuyén vi cua
vit do bing gid
tri thuc cua né Hinh 4.1
duoc biéu thi '
qua dau tiép xdc cua mdy do.

Thiét bi do

1.3.2. Nguyén ly dong lie hoc.

Theo nguyén Iy dong luc hoc, phai gan chit thiét bi do véi vit do.
Vit do va thiét bi do cung dao dong. Ca so 1y thuyét cua phuong phip
niy 1a trong thiét bi dao dong tao ra mot hé toa do dé do chuyén vi clia
chi tiét dao dong. So do cua thiét bi qudn tinh gom khoi luong m duoc
gin v6i vo ngoai cta thiét bi do nhd mot phin tir dan hoi ¢6 do ciing k.
Chuyén dong ctia khoi luong m déi véi vo tit din nho bo giam chan theo
s0 do hinh 4.2. Hé khai Juong va phin tir dan hoi goi 1 phin ta nhay cam
clia dau do.

Goi y i toa do dé do chuyén vi cua vit dao dong, y = f,(1). Khi
dao dong, khoi luong m dugc gan véi vo qua phan t dim hoi ciing dao
dong theo mot ludt x ndo do, x = f4(t). Vin deé dit ra 1a tim quan hé gitia
X va y, nghia Ia tim him sé x = f(y). Trong dé ham x = f,(t) duoc ghi lai
nho dau do (theo cidc phuong khic nhau cua dau do co, dién vi quang).
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Bai giang Thi nghiém cAu - Page 63 of 168



Ly %

>
7l -~ s i
i i
> k ]
— I x =k
TS e x| §*
: D 7Y
__1 m - _1 :
B 1A :
=2 | \ ™
T ,/ r] £ -
I
[
Vatdo | . Hudng vatdo
Vat do T daodong
Hinh 4.2

Dé tim quy luat ham sé x = f(y) phai viét phuong trinh chuyen
dong ctia khoi lugng m ¢o luc kich dong tai dau lo xo VOl gia tri my.
Theo so dé hinh 4.3 phuong trinh nay co dang:

mX +Bx +kx=my (4.1)
trong do

m- khoi luong.

. px
B- hé so can.
o . kx
k- do ciing cua o xo.
m
Pit o, = [— va goi la tin so dao .
' 3 m y
m \ ¥
dong riéng cua phan tr nhay ciam.
N Hinh 4.3
Pat a = —— va goi Ia tin so tat din.
2m
Phuong trinh (4.1) duoc dua vé dang:
" . Fo |
X +20Xx +0gX=Yy (4.2)

DPé tim nghiém phuong trinh (4.2) phiu khao sdt hai truong hop

Sl
a) Bo qua giam chan (o = 0).
Phuong trinh (4.2) dua ve dang :
X+ O;X= Y (4.3)
92
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~ a) Mdy tastogrraf.

So dé ciu tao cua thiét bi tastogrraf theo nguyén 1y do dong hoc
cho trén hinh 4.4a. Hinh 4.4b la mat ngoai cua mady tastogrraf.

I Vat dao dong ! -
\ O
Y
{01 mm
2
3 4 5
CU_ : = T e
e | [ |

Hinh 4.4. 1- ddu do; 2- 16 xo; 3- khop cdu; 4- ngoi bt vé;
5- bang gidy vé di chuyén.

Dic trung ky thudt ctia thiét bi tastogrraf.

Tén s6 st dung: 0 + 300 Hz.

Khoang bién do do: 0,01 + 20 mm.

Gidy vé: loai tu v&, kho rong gidy 20 mm.

Toc do gidy chay: co cic méc tir 2 = 7 m/phuit.

Do khuéch dai: 1: 4; 1: 10; 1: 20. Khi lip them ddu phu ¢6 ty s0
giam 10 : 1

Bo phin ddnh diu thoi gian: ¢6 hai mic 17 va 57 (di kem theo
may ).

Cong dung ctia thiét bi nay la do dao dong thing.
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b) Mdy Heiger.

Cong dung clia mdy nay 1a do chuyén vi thang (ding.ngang,
nghiéng) va do dao dong xoin.

So do cau tao cua thiét bi Heiger theo nguyén 1y do dong luc hoc
cho trén hinh 4.5.

10/
1

i
&\.‘.\
%

Hinh 4.5
Pic trung ky thuit cua mdy Heiger:
Khoang bién do do: 0,01 + 40 mm.
Gidy vé: loai tu vé, kho rong gidy 40 mm.
Do khuéch dai: 1: 3; 1: 62 11 12.

Thiét bi duoc gin vio vat do nhd bon vit 11. Vong 2 duge gan chil
vio thiét bi do. Lo xo 2, mét diu duoc néi chit vao vong 2, mot diu duot
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Trong do
v- van téc gidy chuyén dong.

t- khoang thoi gian tuong ting véi khoang cdch /.

Suy ra
!
T=-}::£-— (4.12)
v I on
I I n
F=—=—— 4.13)
T L't (

Chi y: khi do tén s6 thip, vat dao dong ¢6 thé quan sit bing mit,
dé€ don gian ding déng hé bam gidy dé do chu ky dao dong T. Vi du, do
chu ky dao dong cuia con lic don.

Khi bi€t tin sé vong o dung quan hé
2
m=21rf=$ (4.14)

dé suy ra tin s6 f = — vachuky T = =
2n ®
trong dé
f- tin s6.
- tin s6 vong.
T- chu ky dao dong.
[.6.2. Xdic dinh tan 6 dao déng riéng w,

C6 hai phuong phdp: phuong phdp dat tai dot ngot va phuong phap
cong huong.

+ Phuong phép dit tai dot ngot

Dat tai hay bo tai dot ngét khi vat dao dong tu do, ldic dé tan so
dao dong tu do 1a f,, suy ra tin sé Wy theo (4.14).

Viduy, xic dinh tan s6'dao dong riéng co ban ctia ciu.
) day c6 hai cdch tién hanh nhu sau:

- Dung “loai tén Ira” dat trén cau bin, gay tai trong tic dung lén
cilu, sau d6 do tdn s6 dao déng tu do ciia ciu.

- Cho tdu chay qua cdlu, sau d6 do tin s6 dao dong tu do cua ciu.
+ Phuong phdp cong huong.

104
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Tic dung luc kich thich 1én két cdu, cho luc tang dan t6i lic vuot
qud mién cong huong. Quan sat bién do dao dong, gid tri bién do 16n nhat
ing véi gid tri tan s6 cong huong Q , nhu sau:

Khi khong cé luc can: Q= o,

Khi ¢6 luc can: Q= ©

Tan s6 riéng cé luc can o va khong luc can o, c6 quan hé sau:
®=w,V]—06" (4.15)
trong do

6- d6 can Lehr, 6 = — (4.16)
o)

o- hang s6 tat dan:

o= — cho dao dong thang
2m

(4.17)

o = —  chodao dong goc
al

b- hé s can.

m- khoi luong vat dao dong.
J- momen quan tinh quay.
Vi du.

Do tin s6 dao dong riéng cua két ciu theo phuong ding, dam dat
trén hai goi tua (hinh 4.12).

O A/&mﬁf:&iﬂ

W VR AR

a) b)

Hinh 4.12

Pat trén dam mot banh xe léch tim (hinh 4.12a) hodc hai banh xe
léch tam (hinh 4.12b) déi xing nhau dé khu luc kich thich theo phuong
truc dim. Cho bdnh xe léch tAm quay cho téi lic cong huong. Khi dam
dao dong vai bién do 16n nhat, ta c6 tri s6 tan s6 cong huong. Dam dao
dong cd bién do 16n nhat (néu tiép tuc tang tan so thi bién d6 giam dan tai

105
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ltc dat téi gia tri cong huong lan hai, bién do lai ting nhanh ta ghi tin so
lan 2,...)

LAy o14d tri cong huong 1an tha nhat
YE I cong g

| 1
=0y,

1.6.3. Xac dinh do giam clidn loga o.
Theo dinh X
nghia do giam A
ety B Pyt n
chin loga bang :
logarit népe cua N A
bién do chu ky e

dalf) dong HtruU(‘: 0 e
chia cho bién do

chu ky dao dong

sau. Biéu thuc toan hoc co dang: Hinh 4.13

A[‘L

n+|

0 =In (4.18)

Trong do
A"- biéndo chu ky trudc.
A™'- bién do chu ky sau (hinh 4.13).

Trong thuc nghiém dé doc chinh xdc bién do, ngudi ta thuong
dung quan hé

1 A
§=—In— (4.19)
n A,
Trong do %
A,- bién A,
do chu ky tha ol
nhit nao do. /\/ /\ A g A,
A, - bién 0 \V/ AL (
do thi n chu ky /
dao dong tiép i
theo (hinh 4.14). \j
Hinh 4.14
Biét ring S=aT (4.20)

Do da, khi biét a va & tinh duoc chu ky dao dong T:

106

Bai giang Thi nghiém cau - Page 69 of 168



T=" (4.21)

o
T
Khi biét ¢, m tinh duoc hé so can b theo biéu thiic (4.17)
b=2om (4.23)
D¢ giam chan loga & vi do can lehr 0 ¢6 quan he
5|
0=2% = (4.24)
V1-0°
Suy ra do can Lehr
\/g'“ +4n”
[.6.4. Xace dinh hié so dong.
Phuong phip:
Diit tai trong tinh, do chuyén déng tinh (thing, goc).
Cho vat dao dong, do chuyeén vi lon nhat (hinh 4.15).
Do vong dong
g I
fry el
P 1 s '
e Do vong tinh
Hinh 4.15
Hé so dong:
&
K, =& (4.26)
Y

Trong do

Y~ bién do dao dong 16n nhat.
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thanh phan luc qudn tinh ngang gay dao dong ban rung 5 theo phuong

ngang rnJ thanh phan lo xo (hinh 4.10b).

m/ 3 Chuyén dong ngang
™

] 1[ |
: S

2

=St )

SITENTe

a)

Hinh 4.10. a) gay luc theo pnuong dung: 1- tru?Iéch tam; 2- truc dung ty icn
truc léch tam 1 (khi 1 quay, 2 di lén di xudéng): 3- ban rung: 4- 6 do; 5- 16 xo.
b) gay luc theo phuong ngang: 1.2 bdnh xe quay nguoc chiéu nhau; 3- khei

luong (khong can bdng); 4- 16 xo udn; 5- ban rung.

1.5.2. Phiiong phap dién.

Hinh 4.11 biéu dién so

do thiet bi tao luc tu thay doi [ i l
theo chu ky. 7 Al
Hinh 4.1 1. 34 /, et + - 7
1- 6 xo udn; all T AsS
2- ban tao hige: / :
3-vo bocy 5l TR AR
4- cugn ddy kich thich; B / . 7

S-cudn day
1.6. Cach do cac dai lugng co ban,
[.6.1. Xdac dinh tan .\'cﬁ)‘f'-w} chiky dao dong T,
Goi L 1 chiéu dai ghi tuong ting v6i n chu ky.
/ 13 khoang cdch gifra hai khoang thoi gian dinh dau.
2 1a chiéu dai song.

Tach A= —
n
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Trong do
v- van téc gidy chuyén dong.

t- khoang thoi gian tuong ting véi khoang cdch /.

Suy ra
!
T=-}::£-— (4.12)
v I on
I I n
F=—=—— 4.13)
T L't (

Chi y: khi do tén s6 thip, vat dao dong ¢6 thé quan sit bing mit,
dé€ don gian ding déng hé bam gidy dé do chu ky dao dong T. Vi du, do
chu ky dao dong cuia con lic don.

Khi bi€t tin sé vong o dung quan hé
2
m=21rf=$ (4.14)

dé suy ra tin s6 f = — vachuky T = =
2n ®
trong dé
f- tin s6.
- tin s6 vong.
T- chu ky dao dong.
[.6.2. Xdic dinh tan 6 dao déng riéng w,

C6 hai phuong phdp: phuong phdp dat tai dot ngot va phuong phap
cong huong.

+ Phuong phép dit tai dot ngot

Dat tai hay bo tai dot ngét khi vat dao dong tu do, ldic dé tan so
dao dong tu do 1a f,, suy ra tin sé Wy theo (4.14).

Viduy, xic dinh tan s6'dao dong riéng co ban ctia ciu.
) day c6 hai cdch tién hanh nhu sau:

- Dung “loai tén Ira” dat trén cau bin, gay tai trong tic dung lén
cilu, sau d6 do tdn s6 dao déng tu do ciia ciu.

- Cho tdu chay qua cdlu, sau d6 do tin s6 dao dong tu do cua ciu.
+ Phuong phdp cong huong.
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Tic dung luc kich thich 1én két cdu, cho luc tang dan t6i lic vuot
qud mién cong huong. Quan sat bién do dao dong, gid tri bién do 16n nhat
ing véi gid tri tan s6 cong huong Q , nhu sau:

Khi khong cé luc can: Q= o,

Khi ¢6 luc can: Q= ©

Tan s6 riéng cé luc can o va khong luc can o, c6 quan hé sau:
®=w,V]—06" (4.15)
trong do

6- d6 can Lehr, 6 = — (4.16)
o)

o- hang s6 tat dan:

o= — cho dao dong thang
2m

(4.17)

o = —  chodao dong goc
al

b- hé s can.

m- khoi luong vat dao dong.
J- momen quan tinh quay.
Vi du.

Do tin s6 dao dong riéng cua két ciu theo phuong ding, dam dat
trén hai goi tua (hinh 4.12).

O A/&mﬁf:&iﬂ

W VR AR

a) b)

Hinh 4.12

Pat trén dam mot banh xe léch tim (hinh 4.12a) hodc hai banh xe
léch tam (hinh 4.12b) déi xing nhau dé khu luc kich thich theo phuong
truc dim. Cho bdnh xe léch tAm quay cho téi lic cong huong. Khi dam
dao dong vai bién do 16n nhat, ta c6 tri s6 tan s6 cong huong. Dam dao
dong cd bién do 16n nhat (néu tiép tuc tang tan so thi bién d6 giam dan tai

105
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ltc dat téi gia tri cong huong lan hai, bién do lai ting nhanh ta ghi tin so
lan 2,...)

LAy o14d tri cong huong 1an tha nhat
YE I cong g

| 1
=0y,

1.6.3. Xac dinh do giam clidn loga o.
Theo dinh X
nghia do giam A
ety B Pyt n
chin loga bang :
logarit népe cua N A
bién do chu ky e

dalf) dong HtruU(‘: 0 e
chia cho bién do

chu ky dao dong

sau. Biéu thuc toan hoc co dang: Hinh 4.13

A[‘L

n+|

0 =In (4.18)

Trong do
A"- biéndo chu ky trudc.
A™'- bién do chu ky sau (hinh 4.13).

Trong thuc nghiém dé doc chinh xdc bién do, ngudi ta thuong
dung quan hé

1 A
§=—In— (4.19)
n A,
Trong do %
A,- bién A,
do chu ky tha ol
nhit nao do. /\/ /\ A g A,
A, - bién 0 \V/ AL (
do thi n chu ky /
dao dong tiép i
theo (hinh 4.14). \j
Hinh 4.14
Biét ring S=aT (4.20)

Do da, khi biét a va & tinh duoc chu ky dao dong T:
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T=" (4.21)

o
T
Khi biét ¢, m tinh duoc hé so can b theo biéu thiic (4.17)
b=2om (4.23)
D¢ giam chan loga & vi do can lehr 0 ¢6 quan he
5|
0=2% = (4.24)
V1-0°
Suy ra do can Lehr
\/g'“ +4n”
[.6.4. Xace dinh hié so dong.
Phuong phip:
Diit tai trong tinh, do chuyén déng tinh (thing, goc).
Cho vat dao dong, do chuyeén vi lon nhat (hinh 4.15).
Do vong dong
g I
fry el
P 1 s '
e Do vong tinh
Hinh 4.15
Hé so dong:
&
K, =& (4.26)
Y

Trong do

Y~ bién do dao dong 16n nhat.
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TIEU CHUAN NGANH

Nhom H
CONG HOA XA HOI | 22 TCN170-87
CHU NGHIA VIET NAM QUY TRINH
BO GIAO THONG VAN TAI THU NGHIEM CAU C6 hiéu Iuc tir
VA BUU BIEN Ngay 01-10-1988

(Ban hanh theo Quyét dinh sé 2269/KHKT ngay 11-12-1987)
1- QUY DINH CHUNG

1.1. Quy trinh nay ap dung dé t6 chic thi nghiém céc ciu trén dudng sit, duong 6
t6, dudng thanh phd va cdu chung cho dudng sit va dudng 6 to ¢6 ciu tao bing vat lidu
khéac nhau va két cdu khac nhau bao gdm cac loai:

- Cau bé tong cot thép.

- CAu bé tong cot thép ting sudt trudc.

- CAu thép. ‘

- CAu thép - bé téng lién hop.

- Cau dam diec.

- Cau dam dan.

- Cau vom

- CAu c6 két cau nhip tinh dinh, si¢ . tinh, mut thua, v.v...

Quy trinh nay c¢6 thé van dung titne phan dé td chice thi nghiém ciu treo, ciu day
viang.

Quy trinh nay khong dé cap dén viéc kiém tra, xem xét d6i chifu véi cac thist k& cAu,
cin phai thue hién theo nhitng quy dinh chung cla Nha nude vé nghiém thu cac cong
trinh xay dyng cd ban.

1.2. Véi hai loai déi tugng chinh cAn th nghiém la: cac cAu mdi xay dung va cac cdu
ct dang khai thac, quy trinh nay duge van dung dé thuc hién cac nhiém vu sau day:

- Thi nghiém khi nghiém thu ban giao cac ¢ong trinh méi x4y dung.

- Thit nghiém dé danh gia c&p tai trong cau cil.

- Thi nghiém khi hoan thanh stta chiia 1én céc cdng trinh cau ci.

- Khi ¢6 yéu cdu cu thé, quy trinh nay con duge van dung toan bo hay tung phén dé:

- Phuc vu san pham c6ng trinh dude ché tao hang loat.

- Phuc vu cho ¢éng tac nghién cau KHKT.

- Danh gia chat lugng ting phan coéng trinh dang xay dung.

1.3. D61 v6i cAu méi xdy dung thi:

- Bat bude phai thi nghiém khi cong trinh thude loai'lén, vinh ctiu hay cé két cau

mdi, dac biét.
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- Chi thit nghiém cac loai cAu vira, nho khac con lai (k& ca truong hgp ciu c¢6 dam
dan ché tao sin da duge nghiém thu theo quy dinh ctia nha may) khi c¢6 nghi vin vé
chit lugng.

Trong trudng hgp vi hoan canh dic biét, khéng thé thi nghiém dude mot cong trinh
thuoe loai 16n, vinh ettu thi phai cé su déng ¥ ctia cip x6t duyét thiét ké.

P&i véi cAu cii dang khai thac cAn md rong, gia ¢d thém thi phai tién hanh thi
nghiém dé danh gia kha ning chiu lue va diéu kién an toan hién tai lam cd sd xay dung
luan ching va gial phap tang cuong cu thé.

1.4. Tuy theo titng céng trinh cu thé. Hoi dong nghiém thu dugde thanh lap va hoat
dong theo quyét dinh ctia B hay cd quan quan 1y cip co sd Hoi ddng nghiém thu chi dinh
Hoi déng thit nghiém dé diéu hanh quéi trinh thi nghiém vdi dai dién cua cac thanh
phan sau day:

- Co quan thiét ké.

- Co quan truc tiép thi cong (déi véi cAu mdi).

- Cd quan quan 1y cong trinh (ké ca d6i véi cAu mdi hay cit).

- Co quan truc tiép do dac so liéu thit nghiém.

- Cd quan quan ly cAp trén va chu dau tu.

Néu cong trinh thuée loai 16n dic bigt thi phai ¢ ca co quan quan ly cép nha nude vé
ky thuat, tiéu chuin tham gia Hoi déng thi nghiém.

Dua vao muc dich va tinh chdt cta viée thu nghiém, cd quan thiét ké chiu trach
nhiém xiy dung dé cudng thi nghié¢m dé cd quan quan 1y cép trén xét duyét, cung cip
cac s0 lieu thidt k& va danh gia két qua thi nghiém d6i véi cong trinh cAu méi, co quan
quan ly cong trinh két hgp véi thidt ké hay két hgp véi co quan cé nhu cAu ngh]en clu
KHKT chiu trach nhiém xdy dung dé cuong thi nghiém d6i véi céng trinh cAu ct hay
cong trinh duge quy dinh phuc vu cho nghién cidu.

Cd quan kiém dinh chét lugng chuyén nganh hoéc cd quan khoa hoc duge trang bi
vac thiét bi thit nghiém chiu trach nhiém lap k& hoach thi nghiém theo dé cuong da
duyét, true tidp do dac so ligu va béo cao két qua thi nghiém.

(o quan thi edng hoic co quan quan ly céng trinh chiu trach nhiém lap du toan thu
nghiém va chudn bj day du nhiing diéu kién vat chat cAn thiét tai hién trudng dé dam
bao tién hanh coéng téc thit nghiém (thiét bi, ning lugng, vat tu, lao dong, tai trong, da
giao phan phdi giao théng, cung Ung hau cau v.v...).

Ho6i déng nghiém thu chiu trach nhiém duyét dé cudng tht nghiém, dén dée thuc
hi@.n va thong qua van ban tdng két cdng tac thi nghiém.

5. Dé thuce hién nhiém vu cd ban cta viée thit nghiém cAu la so sanh sy lam viée
thl_ic t& ctia cong trinh véi nhing gia thuyét dé ra trong tinh toan nhiam danh gia tong
thé trang thai cong trinh va kha ning thong qua tai trong trong qua trinh tha nghiém,
c¢in thu thap nhing théng s6 k¥ thuat co ban sau day:

13 Khi thit véi tai trong xép tinh:

- Do vong, do vong cua dam, dan.
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- D6 lan ctia mé, tru, goi.

- Chuyén vi ngang diu trén mé, tru, goi.

- Ung sudt 16n nhét § cdc mat cit cAn kiém tra.

- Ung suét tap trung, Gng suit cuc bo (461 véi cong trinh ¢6 nhu cdu nghién ctu
Khoa hoc k¥ thuat).

- Bién dang dan héi va bién dang du.

2) Khi tht véi tai trong di dong.

- Do vong, dd vong ctia dam, dan.

- D6 lun cua mo, tru, goi

- Chuyén vi ngang cia md, tru, goi.

- Ung sudt 1én nhat

- Bién do va tan sé’dqo dc}ng tu do theo phuong phﬁp thing ding.

- Bién dd va tan s6 dao dong theo phudng ngang (d&i véi cAu dudng sit).

- Bién dang dan hdi va bién dang du.

- Khi cin thiét theo quyét dinh ctia Hpi déng nghi¢m thu 6 thé do dac thém mot s6
thong s k¥ thuat khac d6i vdi nhiing cong trinh déc bigt va cling ¢6 thé loai bo mot so
hang muec.do dac khi diéu kién trang thiét bi hoac diéu kién hién truong khong cho phép.

Trong nhitng théng s6 k¥ thuat trén nhat thiét phai thu thap cho duge nhing s6 liéu
vé do véng, bién dang du, dng suft 16n nhat, bién d6 dao déng, tan sd dao dong dé cb co
54 t6i thidu di siu phan tich, d6i chifu vdi s6 lidu thigt k&€ nhim danh gia ding chat
lugng cdng trinh. i

1.6. CAn phai thi nghiém véi hoat tai thing ding d6i véi nhitng cAu méi xay dung
thude cac loai sau ddy trude khi nghiém thu ban giao céng trinh.

- Céu déac biét 16n do Nha nude quan ly.

- CAu c6 két cau méi dic biét.

- CAu trén dudng sat ¢ két cAu khong dinh hinh. -

- CAu bé tong ¢6t thép c6 khau do 16n hon hodc bé”lrig 40m.

- CAu dan thép c6 khAu dd 16n hon hoiic bing 80m.

- CAu ¢6 sai pham k¥ thuat 16n (tht nghiém theo yéﬁ cAu ctia bén A d8 nghiém thu).

Khi cAn thiét, theo quyét dinh ctia Hoéi déng nghiém thu, cé thé tién hanh thu
ngﬁiém vdi hoat tai thdng ding d6i véi nhiing loai cau khac khéng néu 6 trén.

Trong trudng hgp dic biét khong thé tién hanh thi tai trong di dong dude thi ciing
phai ¢6 ¥ kién quyét dinh ctia Hoi dong nghiém thu.

1.7. Khong phai tién hanh th nghiém déi véi nhing cong trinh sau day:

- Cau thude loai viza va nhd khéng ¢6 ghi yéu cau thit nghiém, trong .hhiém vu thiét
ké va khong do bén A dé nghi thu nghiém.

- CAu phai nghiém thu sdm dé dua vao st dung tam thdi trong mot thoi gian
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ngdn véi tai trong dudi mic tai trong thist k& va duge cd quan cAp trén cé thAm quyén
cho phép. _

Trong nhitng trudng hgp nay, tién hanh nghiém thu trén cd s hd so thist k& va cac
tha tuc quy dinh trong xay dung cd ban.

1.8. Trong moi trudng hop, vige 14y mau va ché tao mAu dé thi nghidm cd tinh cta vat
ligu lam cau phai tudn theo nhiing quy dinh trong cac quy trinh thi nghiém hién hanh.

Khi khong thé c6 miu thi 14y truc tiép ti trong két cau thi dude phép ap dung cac
phudng phap thi nghiém gian tiép nhu sidu am, xung kich, thi dé ciing bé mit theo quy
trinh htu quan da dugc c&p cé6 tham quyen xét duyét dé€ thu thap s lidu cho Hoéi déng
nghiém thu xem xét.

2. CHUAN BI THU NGHIEM CAU

2.1. Dé chufn bi thi nghiém ciu, trude h&t cAn xem xét cac difu kién cdn thidt sau
diy dé c6 cd s8 quy dinh ndi dung quy md té chitc va bién phap tién hanh trong dé cuong
thi nghiém:

- Ho so thiét k& duge duyet.

- Mitc d6 hoan thanh c¢éng trinh. ,

Kha ning an toadn cho ngudi, thiét bi va ban than céng trinh trong qua trinh tién
hanh th nghiém.

- Kha nang trang thiét bi thi nghiém va muc do thudn thuc ctia d6i ngii lam cong
tac th nghiém.

- Kha ning dap tng yéu cdu chudn bi hién trudng ctia don vi thi cong hodc quan ly
cong trinh.

- Y&u ciu bdo dam giao théng trén bd va dudi nude.

- Tai liéu kiém tra nghiém thu cong trinh ctia ban nghiém thu cd s6 (d8i véi cAu méi)
hodc tai liéu theo d6i qué trinh khai thac ctia ban quan 1y cong trinh (d6i véi cAu ci).

2.2. Khao sat ti mI mot s§ mat sau day dé danh gia thue trang cong trinh:

- Tinh trang cua céc b phan chiu luce chi yéu.

- Tinh trang méat ciu.

- Tinh trang cac géi cau.

- Tinh trang han gi, bong bat ctia cac bg phan két ciu céng trinh.

- Tinh trang cua nhiing khu vue va bé phan két cau chiu lue chi y&u.

- Tinh trang stta chita nhiing khuyét tat sai sot.

- Tinh trang dudng vao cau.

- Tinh trang thiét bi an toan, tin hiéu, bién bao, gac, ciu sinh, anh sang.

2.3. Thu thap va xem xét cac s6 liéu thiét k& nhu d6 vong cong trinh, ndi luc va tng
sudt trén mét s& thanh hoic bd phan két cdu chi y8u. D&i véi nhiing cong trinh khéng cé
tai liéu thiét k&, phai tién hanh nhiing tinh toan cin thiét nhim phuc vu cho viéc phan
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 tich cac két qua thi nghiém va xt 1y, phin doan trong quatrinh thi nghiém sau nay.

2.4. Xem xét cAc tai lidu ghi chép trong qué trinh giam st thi cong, nhing két luan
vi bién ban nhan xét vé chat luong céng trinh (nhat 1a dai véi nhitng bo phan 4n ddw), vé
nhitng su ¢ x4y ra trong qué trinh thi cong va nhitng sai léch so véi d an thiét ké dudge
duyét, xem xét chdt lugng cha nhitng vt ligu xAy dyng da st dung va nhitng chi tiét ché
tao ¢ nha may so véi yéu ciu cta thiét k& va nhiing chi tidu ky thuat cAn co caa vat liéu.

2.5. Thu thap cac s6 lidu dau tién clia céng trinh nhu dé véng, d6 tinh tai, do sai léch
cha goi tua, do nghiéng cta tru, méng, vi tri trung tdm cha con lan gdi cap (neu la cau
treo) va s6 liéu khac cé 1ién quan dén viéc phéan tich, danh gia chat lugng céng trinh sau
nay.

2.6. Xay dung chi tidt dé cuong th nghiém cdu bao gdm cac ndi dung cht yéu sau
day:

- Khai quat vé tinh chat va dic diém cong trinh.

- Mb t4 thuc trang cong trinh.

- Nhiing hién tugng cin luu y vé chat lugng thi cong cong trinh.

- Yéu cau va muc dich trong cdng tac thit nghiém.

- N6i dung cin quan sat, do dac khi thi nghiém.

- Tai trong st dung va tinh trang xé&p tai.

- St dung trang thiét bi thi nghiém.

-B6 tri diém do.

- B& tri lyc lugng do dac.

- B& tri phuong tién phuc vu do dac.

- X4c dinh thoi gian thi nghiém thich hgp.

- Céng tac hau can.

- Céng tac an toan lao dong, bdo vé thiét bi thi nghiém.

- Phén ¢6ng trach nhiém trong Hoi déng thi nghiém.

Sau khi ban bac nhat tri va théng qua ban dé cuong nay Hoi ddng nghiém thu phai
khin truong t8 chic chi dao chit ché va kiém tra chu dao ting khau céng tac chuin bi
hién trudng trude khi th nghiém.

2.7. Viéc lua chon, sp x&p ngudi vao cac vi tri do dac hodc théng tin, tin hiéu, an
toan va giam sat diéu d6 phai can c vao miic 46 thanh thao vé nghiép vu, tinh trang st
khod va dic diém tAm sinh ky cta ting ngudi dé bdo dam hoat déng duge khoa hoc va an
toan.

2.8. Viéc lua chon dung cuy, thiét bi thi nghiém phai cin c vao yéu cau thu thap cac
s6 lidu ky thuat, vao diéu kién cu thé clia hién trudng, hinh dang cta két cdu do va yéu
cAu vé mic dd chinh xac cAn dat. Nhitng dung cu, thiét bi thtt nghiém nay phai dugc co
quan chiic nang kiém tra dinh ky 6 thang mdt 1an va phai van hanh thua dé xac dinh do
tin cay, d6 an toan ciia ching trude khi lap dat; chi duge dung nhiing dung cu cai tién khi
dung cu do dé da duge thit nghiém thuc t& va da c6 két luan cho phép st dung cta co
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quan cé thAm quyén.

9.9. Viéc thist k& dan gido phuc vu viée 1dp dat thist bi va do dac thit nghiém phai
theo ding nhitng quy dinh vé tidu chuan k¥ thuat, an toan lao dong va phai dude ngudi
truc tiép phu trach cong tac thi nghiém théng qua.

9.10. Viée chudn bi tai trong thit cAu phai cin cd vao diéu kién thyc t& cia hién
trudng va trinh tu xép dd tai néu trong dé cuong, cé thé st dung dau rrny kéo doan toa
xe, doan xe 6 td hay nhiing tai trong di déng khac dé thi cau.

P61 vl trudng hgp thi tinh, cho phép st dung nhling loai tai trong khac (nhu vat
ning, cit, nude...) nhung phai Ap dung nhiing bién phap dé ddm bao truyén day du tai -
trong xudng diém 6 dinh ctia k&t cAu can thi, phai cdn, do khéi lugng dé dam bao dd
chinh x4c cta tai trong thu. Khi thi tinh phai ¢ bién phap dam bdo kha ndng chit tai
va dd nhanh nhdt déng thoi khéng lam thay d8i vi tri s8 ctia né trong qua trinh thu.

Sai s6 cta tai trong thit cAu khdéng vudgt qua + 5%.

9.11. Trong mét s8 trudng hop (th d&n phé hoai, thit nhiing b phan riéng cta két
ciu, thi véi tac dung luc ngang v.v...) ¢6 thé tao nén tai trong thit bang kich, toi va cac
thiét bi khac. Khi d6, cAn c¢6 bién phap dé xac dinh mot cach chéc chén tri s6 cua tai
trong dude truyén cho k&t cAu (nhu st dung luc k& da hiéu chuén, ap ké do bién dang va
ing suit trong cac bd phan duge truyén tai trong v.v...).

9.12. Trong k& hoach th& nghiém cAu, phai xac dinh ro thdi gian bat ddu va két
thdc cong viée, phai du tri bién phap déi pho khi thai tigt dién bién khong thuan lgi
(néng, mua, con gidng v.v...) va phai c6 bién phap bao dam an toan lao dfng-va bao dam
giao théng.

2.13. D& tht nghiém cAu duge thuan 1¢i, phai chudn bi ddy di cac biéu mau ghi chép
s6 lidu thi nghiém cho tiung vi trf do dac phu hgp véi tung loai dung cy, thiét bi thi
nghiom phai danh dau chinh xac cac vi tri xép tai trén cAu bing vach véi, son phai dam
bao dudng vao cAu va trén cau khong cé bat ct trd ngai ndo lam anh hudng dén tée do xe
chay quy dinh nhu thi ddng.

2.14. Trude khi chinh thice thi ciu, phéii téng kiém tra lan cudi tiing khau cong tac
chudn bj. V6i nhing céng trinh ¢6 yéu cdu thi nghiém phic tap, cAn phai t& chic tap
dugct truse dé thong nhat chi huy didu dg, théng tin, tin hiéu. Trong moi trudng hop phai
phd bién cin ké k& hoach tién hanh th nghiém dén tung thanh vién tham gia.

3. NHUNG THi NGHIEM CO BAN
DUGI TAC DUNG CUA TAI TRONG TINH

Nhiztng chi dan chung:

3.1. Sau khi téng kiém tra toan bd cong tac chudn bi cin chinh thdc hoid nhiing
théng s8 ky thuat cAn thu thap qua thi nghiém, khoi lugng cong tac thi nghiém, s8 lugng
va vi tri cdc b phan edng trinh (tru, két cAu nhip) can dua vao tha, cb trang bi cac dung
cu, thiét bi do dac da duge dé ra trong dé cuong thi nghiém.

3.2. Trong nhiing trudng hop cin thiét, phai ap dung nhing bién phap thich hgp dé
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bao vé dung cu, thiét bi thi nghiém khéng bi anh hufdng cua glo mua ning dé ddm bao sy
chinh xac cta s& liéu do.

3.3. Khi th nghiém, cdn phai du klen va thm hlen nhitng bién phap khéc phuc
nhiing can trd bat ky cho cong viée va bao dam an toan cho phuong tién van tai, ngudi di
lal trén doan duopg ti€p giap véi cAu va nhitng ngudi lam céng tac thi nghiém.

Néu trong thdi gian thit khéng thé dinh chi hoan toan viéc di lai trén cdu thi phai 4p
dung nhiing bién phap dam bao an toan cho doan tau, 6 t§, xe may va nguoi qua lai.

3.4. Khi thi tinh, trong trudng hgp théng thuang phai 14y hoat tai thing du:ng béng
hoat tai tidu chudn nhan véi hé s xung kich tinh toan. Khi khéng thé lap dude tai trong
nhu trén thi cho phép gidm nhe tai trong thi nhung trong bat c trudng hgp nao tai
trong thit ndy cting khéng duge nhd hon. _

- Tai trong thuec t& ning nhat da théng qua trén tuyén (d6i véi cdu dudng sit).

- 80% hoat tai tidu chudn nhan véi hé s§ xung kich tinh toan (d8i véi cAu dudng 6 t3).

3.5. T6t nhat nén bd tri tai trong thit cAu theo so d6 t6 hgp tai trong khong ché da
duge xac dinh trong hd sd thiét k& Né&u giap khé khin trong thuc t& (nhu tai trong truc
banh xe khéng dat y&u cdu...) thi c6 thé bé tri tai trong sao cho dat dude gia tri ndi luc
tudng duong véi ndi luc thidt k& & céc tiét dién c6 bd trf diém do. ‘

Trong trudng hdp ca b1et theo su thoa thuan véi cd quan dat hang, cé thé thi
nghuern cAu theo dé cudng quy udc véi nhitng tai trong th& khac véi nhiing chi din

“da néu.

3.6. Viée b6 trf tai trong doc va ngang cdng trinh, bd tri léch tdm hay ding taAm phai
xudt phat tit diéu kién gy nén trang thai lam viéc bat 1oi nh&t cho ¢6ng trinh va cac bd
phan cdu cdn thi nghiém cta né va phai dudc quy dinh chat ché trong dé cudng thu
nghiém ciu.

3.7. V6i mbi cAp tai trong & mdi diém do phai cho tai trong tac dung 3 14n va doc 3
14n dé 14y s6'liéu binh quén, néu sai s8 giita 3 k&t qua doc khéng qué 15%. Néu 1 trong 3
s0 liéu nay vugt qua + 15% thi 14y binh quén clia 2 s8 liéu gdn nhau lam két qua do dac,
néu ca 3 s lidu déu cach xa nhau qué + 15% thi phai do lai.

3.8. Trude khi doc s& lidu chinh thitc cAn phai cho tai trong thi tac déng vao két ciu
mot vai lugt (nhu cho xe chay qua cAu hodc chat tai bing vat liéu nang...) dé loai trit
nhiing sai s8 do k&t cAu chua &n dinh va diéu chinh lai d6 chinh xac cla thiét bi da lap
dat vao két cau. .

3.9. Cin quy dinh va thuc hién nhiing hiéu lénh théng nhdt vé diéu dong, bd tri tai
trong thit cAu dé tranh sai sét khi doc s8 1iéu hodc bd sét diém do.

Thoi diém doc s6 lidu 1a thdi diém ma cac tri s6 bién dang doc duge trén thit bi do
da 6n dinh va khoéng it hon 5 phut ké ti khi xép tai 1én cau.

Khi do tht, cAn phét hiéu 1énh chung dé ghi lai déng thdi cac tri s6 do & t4t ca cac
diém do. Sau khi doc xong s& liéu, néu phat hién thay thiét bi nao khéng lam viéc hodc
lam viéc khong tot thi phai thay bang thiét bi khéc hodc stta chita lai ngay de tiép tuc
cong viéc thi nghiém. .
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3.10. Trong qua trinh th nghiém, cAn theo ddi cAn than cdng trinh dé phat hién
kip thoi nhiing khuyét tat hodc bién dang mdi phat sinh lam anh hudng dén céac két
qua do dac.

Néu cé6 khuy8t tat bién dang phat sinh, cAn déi chiéu xem xét lal nhing két qua
kiém tra trude lde thi nghiém dé c6 co s6 phan tich két qua do dac chinh xac.

Do do vong cong trinh:

3.11. Théng thuong, nén bd tri diém do tai cac tiét dién c6 do vong 16n nhit, tai cac
vi tri bi suy gidm hodc cac tiét dién thay doi dot ngdt.

S6 lugng diém do nhidu hay it tuy thude vao khau d6 ciu, néu phai xay dung biéu do
dd vong cong trinh thi phai do nhiéu diém doc theo tim cau.

Dé cho viée chuan bi da gidao dude don gian va tiét kiém nhan luc, trong diéu kién

- . ~ ot PR . a ~ -~ s A 1 . n”
cho phép c6 thé b6 tri diém do db vong gan diém do ng suit.

Viée bo tri diém do ciing phai xét dén kha nang di chuyén thiét bi do trong dgt thi
nghiém sao cho thdi gian phai ngitng viée dé di chuyén thiét bi do dude ngan nhit.

3.12. Trong trudng hdp nhip don gian ma khong thé bd tri thiét bi do tai gita nhip
dude thi eé thé bé tri do tai tiét dién 1an can rdi sau dé tinh ra d6 véng tai gitta nhip.

Khi d6 lin cta mé tru dang ké, phai bé tri diém do dd vong nhip dim tai 2 goi. Trong
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truong hgp nay néu khong theé bo tri thiét bi do tai go1 duge thi bé tri do tai tiét dién lan
cAn cua 2 goi (cach goi khoang 0,5 - 1,0m) rdi sau d6 tinh ra dd véng tai gitta nhip.

3.13. D61 véi mat cdu c6 tir hai 1a xe trd 1én thi khi do d6 vong tai mdi tiét dién, nhAt
thiét phai do & cd hai bén thugng ha luu dé xac dinh duge dd véng & tim cAu va do
nghiéng ctia m:i. ¢au khi xép léch tam.

3.14. Viée bo trf diém do @6 vong d6i v6i ddm mut thita hay dam treo ciing tudng tu
nhu déi vai dam don gidn, song cin dic bié chu y dén chuyén vi cia géi tua. '

3.15. Khi do dd véng cuc b cta cac cl i tiét, cAn dic biét chd ¥ dén chuyén vi cua 2
dau chi tiét, gbc xién ctia chi tidt dé d61 vl mat phang nim ngang.’

3.16. Khi do d6 vong, néu ¢ dudi cAu khdng ¢6 nude (cau can) thi 14y ngay mit dat
lam diém ¢ dinh d€ xac dinh d6 vong, t&. nhat nén d#t thiét bi do ¢ ngay trén mit dat
hay mé da. Néu ¢ dudi cdu cé nude nong, luu tdc nho thi bd tri thiét bi do ¢ trén cdu va
tao diém cd dinh bang cach diung day tha doi xudng nude dé 1am chuin (qua doi ¢6 trong
lugng trén 10kg).

3.17. Khi do dd vdng, néu nudc séng su, luu tée 16n khong thé tao diém cd dinh &
dudi sdbng dude thi phai dung may thuy binh dé do d6 vong.

3.18. Phai dya vao dé véng 1dn nhat “ia cong trinh ¢6 thé xay ra dé lua chon thiét bi
do dd vong, dé viza ddm bao duge an toan cho thiét bi, vita dat do chinh xac cao nhat ¢6
thé duge. Thong thudng khi do dd véng, nén st dung cac thiét bi cd hoc, néu phai do dd
ving qui nho méi st dung dén cac thiét bi dién tit. Dol véi cac thiét bi nay, phai kiém tra
su lam viée cua ching trude khi ga 1dp phaj chon duge phuong an ga lap tét nhat, an toan
nhit trong qud trinh thi nghiém va phai ga lap chic chin dé tranh sai sé.
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3.19. Khi diéu xe vao cdu dé thi, phai dat duing vi tri danh d&u sin.
~ Thudng c6 hai phuong an xép xe d& thi theo phudng ngang cdu: x&p xe chinh tim
cdu va xép xe léch tAm cAu. Trong trudng hgp nao ciing phai thii theo phudng an xép xe
chinh tdm cdu, con tuy theo tim quan trong caa két cadu cu thé thi ci theo phuong an
thit hai. D61 véi ciu treo, cAu day vang, cau c6 hai 1an xe trd 16n, nhat thist phai thi theo
ca hai phudng an xép xe.

3.20. Dé xac dinh bién dang du cta cong trinh, cAn phai doc duge 3 tri s8 tGng vdi 3
truong hop sau day cta 14n xép tai ddu tién va lan xép tai cudi cung:

- Khi xe chua vao cAu.

- Khi xép xe trén cau.

- Khi xe ra khéi cau.

Tri s6 bién dang du ctia 2 1an x&p tai dé khong tinh theo tri s6 binh quan ma phai dé
riéng ré dé c6 thé phan tich chat lugng cong trinh duge chinh xac.

3.21. D8i v6i méi cdng trinh, phai ¢6 1 so d6 b6 tri chung cac diém do va nhiing diéu
cin thigt dé tranh sai sét trong thuc hanh. S§ ligu thi nghiém phai duge ghi chép bing
bit bi bén nhitng biéu théng nhat da duge chudn bi sin. Khi phai xo4 chit s6, chi gach dé
1én dé c6 thé doc lai dude khi cAn thiét,

Trude khi két thice cong viée, caAn kiém tra so b6 két qua do. Ngudi chd tri cong viée
phai tap hop ddy.du s6 liéu etia cac diém do, so sanh tudng déi gita chiing véi nhau, phat
hién nhiing sai sét trong qua trinh do va c6 bién phap bs sung kip thoi.

Kiém tra ing sudt trong két cdu:
3.22. Viée x4c dinh ing xuit trong k&t ciu dua trén cd sé do bidn dang tuong déi g,,,,
ctia két cau khi chiu lyc dé tinh trj s6 Ung suflt theo quan hé:

c=N.¢g. Emax

Trong dé:
o - Ung suét trong két cau (kg/mm?);
€ - md dun dan héi-eta vat lidu (kg/mm?):
€max - b1EN dang tuong d6i 16n nhit caa két ciu,

Khi can thiét, phai xac dinh E bing cach thi nghiém mau.

2.23. Déi v6i cAu nhiéu nhip, viée xac dinh nhip nao cdn kiém tra iing suat phai dua
theo cic nguyén tic co ban sau day:

1) Néu cau c6 cac nhip giong nhau vé chidu dai nhip, két cdu nhip va vat liéu lam
ciu thi phai chon nhip nao cé nhiéu néi dung kj thuat cAn kiém tra nhat déng thai cé
dieu kién thuan lgi khi kiém tra do dac.

2) Néu cdu c6 nhiéu nhip khac nhau vé chidu dai nhip nhung giéng nhau vé két cdu
va vat liéu thi nén chon nhip ¢6 khau d6 16n nhat dé kiém tra.

3) Néu ciu c6 nhiéu nhip khac nhau ca vé khiu d6 1an két cqu va vat liéu thi nhat
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thiét phai tién hanh thi nghiém tit ca cac nhip hodc nhip dai dién cho titng nhém nhip c6
két cau va vat liéu giong nhau. “

3.24. Viéc b tri cho 88 lugng diém do dng suat nhidu hay it tuy thude vao dic diém
ctia cAu hay muc dich nghién ctu KHKT. Diém do tng sudt thudng duge bé tri tai nhiing
phin ti két c&u chiu luc chinh, tai nhitng vi tri sé xuét hién nhiing tng suit lén nhat
hay tai nhiing tiét dién bi suy giam dét ngdt hodc cé khuyét tat.

Khi xét dén tng sud't 16n nhat, phai két hgp véi dudng anh hudng cua ndi luc doi véi
mdi thanh trong k&t cAu nhip cAu dé xac dinh vi trf can do.

3.25. Trén cing mot tiét dién cAn do, phai bd trf it nhat 1a 2 diém Gng suit & nhing
vi tri thich hop sao cho c6 thé ghi nhan dude tri s8 bién dang (kéo hay nén) thudn tuy doc
truc va két qua do it chiu Anh hudng nhat cla cac bién dang phu nhu xoin, udn...

Néu do yéu cau nghién cttu cAn phai biét cac bién dang phu nay thi phai c¢6 bién
phap tach ra ngay khi bé tri diém do cing nhu khi x 1y s8 liéu.

3.26. Tuy theo hinh dang cu thé cta phén ti k&t cdu (thanh diAm, ban) va vi tri cin
do, can phai lua chon thiét bi do sao cho viée ga lip va theo dbi, doc s6 lidu duge thuan lgi
nhat va dam bao dude an toan cho ngudi va thiét bi.

O cac diém nim dudi thap va c6 diu kién ga 1ip d& dang thi nén chon thiét bi co
hoc. D61 véi cac diém trén cao, kho ga 1dp, khé doc s6 lidu thi diing thiét bi dién t véi cac
chuyén déi thuong dung 1a t&m dién trd hodc ddu do cam tng.

Khi lua chon thiét bi do, cAn du kién trude gia tri do thuc t& sé xut hién khi chat tai
vit diic biét chd ¢ dén gia tri 16n nhat va nhd nhat cia s6 do ¢ thé ghi nhan trén may dé
tranh tinh trang gia tri do thuc t& qua nhd hofic qua 16n khong ghi nhan duge va ¢6 thé
lam hong thiét bi do.

3.27. Khi do bién dang tuong déi bing thiét bi dién ti, ciAn phai chuan bi diém do hét
stic ti mi va tudn theo nhing quy dinh vé dan tdm dién trd, vé gian dau do cidm tng, vé
thao tac va sit dung may ghi... duge néu trong ban hudng din sit dung thiét bi.

3.28. Khi ga 1dp thiét bi co hoc cling phai dam bao nhiing quy dinh duge néu trong
cac ban hudng dan st dung ting thiét bi.

Khong duge phép st dung nhiing thiét bi co hoc chua duge kiém tra ky ludng va
thiéu bién phap dam bao an toan cho nhiing thiét bi dé.

3.29. D51 voi mdi cAp tai trong, phai x&p tai 3 14n dé doc tri s§ bién dang dé tinh gia
tri binh quan va xt 1y s6 liéu giéng nhu ¢ diéu 3.7. .

Khi do bién dang, ciing 4p dung cic phudng phap chat tai lua chon thai diém doc
s liéu, ghi chép s6 lidu, kiém tra va xi 1y s6 liéu giong nhu 6 phan do dd véng trong
chuong nay.

3.30. Trong trudng hop dic biét va that cAn thiét, c6 thé xac dinh ndi luc do tinh tai
gy ra bing cach kich didm 1én dé do phan luc & 2 géi rdi tit d6 tinh ra ndi luc caa ting
tiét dién caAn nghién ctu hay ting thanh trong két cdu cdu.

3.31. Khi thit nghiém k&t c&u bé tong cot thép, cAn quan sat k&t cAu hét sic cin than
dé phat hién vét nat. Phai gii chép rd so d6 két ciu co xuét hién vét nit, s6 lugng,
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khoang cach, chiéu day, bé rong, chiéu siu vét nit va phudng phat trién cta vét nit...
phai cht ¥ chon diém do bién dang ctia két cdu bé tong cdt thép khong trung véi vét niit
¢6 sdn hay méi xudt hién trong bé téng hoac khong & vi tri bé téng c6 khuyét tat.

4. NHUNG THI NGHIEM CO BAN
DUGI TAC DUNG CUA TAI TRONG PONG

4.1. D61 véi mbi cong trinh cau, chi duge phép thi nghiém véi tai trong dong trén co
sd da thit nghiém véi tai trong tinh mot cach an toan.

Khi thi déng véi nhiing cong trinh c¢é bé rong mit cdu 1én nhé khac nhau, cho phép
chi st dung mét lan xe chay ding tim cau khi thi dong co thé st dung cac loai tai trong
sau day:

1. Tai trong di dong ¢6 dang phuong tién van tai riéng biét (ddu may, 6t6) hoic doin
tau, doan xe 6 to tidu chuan. _

2. TAi trong chin déng dat vao nhiing chd quy dinh trén cong trinh.

3. Tai trong va cham tac déng vao nhiing ché quy dinh trén cong trinh.

4. Luc ham xe dot ngdt trén cong trinh.

4.2. D& thit ddng, cAn st dung nhitng tii trong ddng ¢é thé tao nén nhiing tac dung
xung kich 16n nhat d6i véi két cdu, bao gém ca nhitng xung kich nhip nhang do tai trong
di chuyén trén cdu gay nén.

Trong trudng hop cAn thiét don vi thit cAu c6 thé ap dung nhiing bién phap riéng dé
tao nén tac dung xung kich cta tai trong di dong bing cach tao nén trang thai khéng déu
dan trén dudng xe chay (nhu cAu tao bac 6 mdi ndi ray, 6 vét banh xe 6.t6 hay cho xe chay
theo hinh chit chi v.v...).

4.3. Tac dung va cham 1én két cAu dude tao nén bing cach cho tai trong va cham tic
thai va truc ti€p vao két cau. |

Trong moi trudng hop thi tai trong va cham, phai ap dung nhiing bién phap cin
thiét dé tranh lam hu hong cuc bo két cau.

4.4. Khi cho tai trong di dong qua cAu dé thi nghiém, phai biat dau tu téc dé Skm/h
roi tang dan lén dén tdc do 1dn nhat ctia phuong tién van tai d6 hodic dén tée do do thidt
ké& quy dinh. Phuong tién phai dat dén tdc do6 quy dinh khi téi gin dau cAu va khong dude
tang toc do khi chay qua cau.

4.5. Khi thit dong, cAn thu thap dude nhiing thong s6 ky thuat co ban da néu ¢ diéu
1.4 trong d6 khi cAn xac dinh 3 dai lugng; dé vdng, ting suit va dao ddng cua cbng trinh
nhat thiét phai ¢6 thiét bi chuyén dung tu ghi lai hinh anh va trang ria phim dé xac
dinh biéu dé tong thé ctia cong trinh trong thoi gian tai trong di qua.

Viée su dung may tu ghi, trang rita phim anh, phan tich xac dinh nhing théng sd
ghi dude trén gidy anh phai thue hién ding theo quy dinh trong céae tai liéu hudng dan si
dung cac thiét bi nay.

4.6. Viéce lua chon vi tri do dé véng déng phu thude vao yéu cAu cAn nghién citu va
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thit nghiém. Thong thudng, cin b tri do dd véng & vi trf ¢6 dd vong tinh 16n nhat hode
& nhiing tiét dién xét th&y bi suy giam. Cho phép do d6 vong déng tai mét diém doc
tim cau. :

Khi cAu xAy dung biéu dd vong thi phai do tai nhidu diém doc tim ciu, tit cac do thi
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ghi dude ctia mai diém do tim ra cic gia tri dé véng 16n nhat dé vé biéu do.

4.7. CAn bd tri tng suat & ngay vi trf da do ng sudt tinh 16n nhait hodc & nhing vi
trf xét thay rat nhay cam déi véi lue xung kich ctia tai trong dong hoic ¢ nhiing vi tri dic
biét theo yéu cdu nghién ciu.

4.8. V& dao déng ddi véi cAu dudng 6 td chi can xac dinh biéu db dao dong theo
phuong thang ding, con ddi véi cAu dudng sit thi phai xac dinh dao dong ca theo phudng
ngang ciu va trong trudng hdp nay cdn phai tuan tha cach gan thiét bi do dao dong theo
tiing phuong riéng biét cua cAu.

4.9. Khi thit dong, ngudi diéu xe va ngudi diéu khién may ghi chup tu déng phai cé
litn hé chat ché véi nhau bang tin hidu riéng sao cho may ghi chup hoat déng trude khi
tai trong tac dung vao két ciu nhip ciu khoang 5 giay.

Khi muén nghién cttu Anh hudng ctia nhip bén canh déi véi nhip ciu thit thi may ghi
chup phai hoat doéng sudt thdi gian tai trong lin banh qua cau.
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4.10. Sau moi cap tai trong dong, phai kiém tra lai cac thiét bi duge gin vao cong
trinh va day an toan bude trén thiét bi, dong thdi thao gd gay nhiing thiét bi, dung cu do
khong tham gia thit dong dé dé phong trudng hop thiét bi roi ra khi két ciu chiu tac dung
cua luc xung kich.

4.11. Phai cha y ghi chép r6 chiu quay cia kim déng hé gin trén thiét bi trong moi
14n thi tai. Phai danh dau hoidc xac dinh bing déng ho bam gidy thai diém xe di vao ciu
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hoic ra khoi cAu trén bing gidy ghi biéu d6 cua tai trong dong.

5.XU LY SO LIEU PO DAC VA TRINH BAY
KET QUA THU NGHIEM CAU

5.1. Trén cd sé nhiing ban ghi chép sd lidu do dac d moi vi tri, tinh toan gia tri thuc
cia dd vong hodc bién dang (ing suit) véi moi cAp tai trong tucng tng dé xac dinh céc
gid tri binh quan va loai tri nhitng s6 liéu chénh nhau qua pham vi cho phép nhu da néu
G diéu 3.7.

Khi tinh toan gia tri cudi cung, phai dic biét chd y dén d6 phéng dai cua thiét bi do
va nhiing hé s6 hiéu chinh néu co.

5.2. Khi x4c dinh cac gia tri va bién dd dao déng tin sd dao dfng va ing sudt, do

ving dudi tac dung clia tai trong, phai can cit theo cic anh chyup va trang rua ré nhat,

phai dung thude do ¢6 do chinh xac dén 0,1mm.

5.3. Sau khi tinh toan ddy dh cac s8 liéu do dac, ngudi phu trach chung cé trach
nhiém nhin bao quat cac tai lidu thu thap dude, phén tich so bd dé loai tri nhing két qua
phi 1y khong phu hop véi dic diém lam viée ctia k&t edu. Néu khong c6 gi sai sot vé tinh
toan, vé& ghi chép, vé s8 liéu do thi td chie thi nghiém lai (néu khong bo qua duge) hoic
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khong dang s6'liéu phi ly do nhung phai thuyét minh r0 rang va khong huy s6 liéu do do
trong ho sd. '

Tyén co sd két qua thit nghiém da thu dude, phai phéan tich kha ning lam viéc cua
két ciu, danh gia chat lugng cong trinh so v6i nhigém vu thiét k&, xac dinh nhiing ton tai

thist k& ky thuat va néu lén y kién giai quyeét.

5.4. Bio cao thii nghiém, trinh bay dudi dang mot bao cao tong két ky thuat qua
trinh thi nghiém ciu, cAn bao ham dude cac ndi dung sau day:

1. M6 ta két cAu cong trinh.

9. Nhitng s6 liéu tom tat rit ra tit tai lidu thiet ké.

3. Nhitng truong hgp dic biét xAy ra trong qua trinh thi cong (cac su ¢d k¥ thuat, cac
pham vi déi vdi thiét ké).

4. Nhiing hién tugng khiém khuyét cta cong trinh (hlen tugng hu hong, nhiing nghi
vin vé chit luong, nhitng khuyé&t tat phat hién dudge v.v...)

5. Yéu cau va ndi dung thi nghiém cau.

6. Dung cu va thiét bi duge su dung dé thi nghiém cau va tai trong thi.

7. Trinh tu th nghiém cau.

8. Cac hién tﬁging phét sinh trong qua trinh thu nghiém.

9. Céc két qua do dac tinh va déng trén tit ca cac diém do dudi mbi cap tai trong.

10. Phan tich cac s6 liéu c6 két hgp vdi cac tai liéu kiém tra va diac diém cta két cau.

11. Panh gia mtc do ding dén vé nhiing gid thiét tinh toan va giai phap két cdu cua
thiét ké.

12. Nhiing két luan vé trang thai chit lugng ctia cdng trinh vé kha ning thong qua
cla tai trong.

13. Nhitng kién nghi vé quan 1y céng trinh va duy tu bao dudrs, nhing chi dan vé
gidi phap ky thuat cAn ap dung nl - khic phue nhing mat khiém khuyét da duge
phat hién.

5.5. Kém theo nhiing béo cao thi nghiém, con c6 nhing tai li¢u ky thuat phan anh
qua trinh do dac nhu s¢ do téng thé két ciu cau, cac mat cit di do va vi tri diém do trén
mit cat do (6 tung bd phan két c&u), anh chup dao déng, biéu db Gng suit va do vong
duéi tac dung cta tai trong dong va cac tai liéu minh hoa khac.

5.6. Bao céo thi nghiém cAn phai ¢6 phan phu luc bao gém cac tai ligu c6 gia tri la
ching cd phap ly nhu:

- Van ban yéu ciu kiém tra cong trinh.

- Quyét dinh thanh lap Hoi ddng nghiém thu.

- Dé cuong thi nghiém cau.

- Phan cong trach nhiém trong qua trinh thi nghiém cau.

- Két qua thi nghiém vat liéu.

- Bién ban thit nghiém ciu va cac tai liéu ¢6 lién quan khac.
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5.7. Viée danh gia chat luong cong trinh phai dua vio yéu cau thit nghiém duge dé ra
(nhu da néu trong muc 1.2) phii dua trén o sd tai lidu kiém tra va s6 liéu do dac khi thi
nghiém dé dam bao tinh chat khach quan, toan dién cta hoat dong thit nghiém. bé danh
gid téng hop cong trinh phai dua vao nhiing s6 liéu do dac co ban nhat trong thi nghiém
I do véng, bién dang du, Gng suit 16n nhat, tng suat tap trung bién do dao dong, tan sé

dao dong.
6. AN TOAN LAO DONG

6.1. Trong qua trinh thd nghiém ciu, phai tuyét déi chap hanh nhing quy dinh ¢6
litn quan trong cac tiéu chuan chung ¢ia Nha nude vé an toan lao dong, an toan giao
thong va nhing quy dinh bo sung dude néu trong chudng nay.

Trude khi bat ddu thit nghiém cAu, moi ngudi tham gia cong viée déu phai duge
hudng dan chu dao vé cace bién phap dam bdo an toan lao dong trong thai gian lam viée.

Khi thit nghiém cdu trén tuyén dudng 6t6, duong sit dang khai thic, cing can phai
¢6 bién phap bao dam an toan tuyét doi cho ngudi, déng thoi phai dam bao an toan cho
phucng tién van tai qua lai duge binh thudng theo tde do quy dinh.

6.2. Trong qua trinh thi nghiém, nhat thiét phai ¢6 can b chuyén trach vé an toan
lao dong. Ngudi nay cd trach nhiém kiém tra giam sat, vin dé an toan cho ngudi va thiét
bi trong sudt qua trinh chuan bi, qua trinh thd nghiém va thu don hién truong. Khi phat
hién ¢6 hién tudng khéng dam bdo an toan phai phian anh ngay vdi nguci phu trach
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chung dé ra lénh tam nglng cdng viée va tién hanh ho cau.

6.3. Khi lam viéc nay phai di lai ¢ gan hay & trén mit nude, phai bd tri sdn cac
phuong tién citu sinh (phao cttu sinh, xudng, qua cAu noi, gidy thung v.v...) va bd tri
ngudi gidm sat an toan biét phuong phéap citu ngudi bi tai nan hic ban dau.

Khi phai lam viée trén cdu qua séng rong, nhit thiét phai kiém tra kha ning sian
sang hoat dong ctia cac phuong tién ciu sinh trude khi tién hanh céng viée.

6.4. Khi lam viée & trén cao hon 1,5m va & chd khong 6 lan can tay vin, cin phai cé
cac day dai an toan da duge dinh ky kiém tra vé do bén 6 thang mot 1an.

6.5. Khi cAn lam viée ¢ dudi khu vue ¢6 dudng day cao thé di qua phai bao trude va co
s thoa thuan ctia cd quan quan ly dudng day.

Khéng dude dén gan hoidic mang ciac dung cu lam viée, déac biét la cac dung cu dai
nhu thang, thude, don v.v... dén gin dudng day tai dién tran hoic cac bd phan cua luédi
cap dién trong pham vi 2 mét.

Chi nhitng ngusi dude thita nhan c6 kién thic vé an toan lao dong, biét phudng phap
bao vé khi lam viéc gin dong dién va biét phudng phap ctu chita ban dau cho ngudi khac
khi giip tai nan mai dude phép dén chd lam viée ¢6 cac thiét bi dién di chuyén.

6.6. Can bd chuyén trach vé an toan lao dong phai chiu trach nhiém chinh va ngudi
phu trach chung phai kiém tra téng quat vé viée dam bao diéu kién an toan khi lam viéc
A ’ . .. . = 2 v . - ~ A~ ” A2 o A ~
trén cac da giao thi cong, trén gia treo, thang va cac két cAu khac dé thu nghiém cau

cling nhu dam bao do bén, dd ciing cin thiét cla cac phuong tién két cadu nay.
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6.7. Khi can tién hanh cong téc déng thoi trén nhiéu tAng § cic két cdu cong trinh cb
hai tdng trd 18n phai ¢6 dd nhing két cAu bao vé, van lat dé che chén cac tAng va co
nhing bién phap khac dé bao dAm an toan cho nhiing ngudi lam viée & phia dudi.

6.8. Khi tién hanh thi tai trong chin déng, ngudi khong cé phan su khong dude dén
gln chdé may chan dong lam viée dudi 1,5m. '

Khi tién hanh thi tai trong va cham, ngudi khéng c6 phan su khong duge dén gin
ché th dudi 3m.

6.9. Don vi thi céng hodc quan ly cong trinh phai ¢t ngudi truc tiép chi dao viée dat
va diéu khién tdi, kich ho#ic nhitng thidt bi khac dé phuc vu cho hoat dong thi nghiém.

Ngudi phu trach thi nghiém chung phai tryc tiép chi dao viée thit nghiém nhing bo
phén két cau riéng biét cho dén ph4 hoai cin thyc hién trén nhing bo gia chuyén dung.
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CAU O MON
KM 20+600, QUOC L0 91

Cdu O Mon duge xay dung tai km 20+600 trén Qudc 16 91. Chidu dai cAu 99.35m,
gbm 5 nhip bo tri theo so do6: 2x18,65 + 24,75 + 2x18,65m.

Cau dugc thiét k&€ cho 2 lan xe 6 tO v6i chiéu rong phan dudng xe chay bang 7,5m va
hai 1é duong nguoi di 2x1,25m. Chiéu rong toan cdu B =10m.

Két cau nhip stt dung ddm BTCT tién dp lap ghép, ché tao tai xudng bé tong Chau
Théi. M6 tru bang BTCT diic tai chd.

Hién tai, dau c4u cam bién cho phép xe c6 tai trong P = 25 tan qua cAu.

e Cdc can cit kiém dinh:

1- Quy trinh kiém dinh cdu trén dudng 6 t0: 22 - TCN-248-98

2- Quy trinh thtt nghiém cau: 22 - TCN-170- 87

3- Quy trinh thiét k& ciu cong theo trang thi giGi han: 22 -TCN-18-79

4- Céc tai liéu tham khao:

- Tiéu chudn khao sit thir nghiém cau cong (CHul1-8-06-87 clia Lién X0 cii)

- Quy trinh xdc dinh stc chiu tai cua két cau nhip cau dam BTCT ciu duong bo cua
Cong hoa Lién Bang Nga BCH -32-78

- Tiéu chuin Xay dung Cau va cong (CHull -2-05-03-84 cuia Lién X0 cii)
- Tiéu chuian Cau Pudng bo cia AASHTO tap 1, 2 clia phan I

e Muc dich kiém dinh:

- Do dac kiém tra danh gid hién trang cau

- Do dac trang thai tng suit, bién dang ctia cac bd phan két cdu chinh dudi tic dung

cta hoat tai tinh va dong
- X4c dinh nang luc chiu tai ctia cau
- Kién nghi giai phap va ché do quan ly (duy tu, stra chita va khai thac)

- B6 sung vao ho so quén 1y cau
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HO so Kiém dinh cdu O Mon, Km 20+600- QL91 3

1. KHAO SAT
1.1. KET CAU NHiP
1.1.1. Lan can, duong bo hanh, mdt duong xe chay

Lan can bang BTCT, cot cao 25x25 cao 93cm, bd tri cdch nhau 1.6m. Tay vin

15x15¢m. Chat luong con tot.

Puong bd hanh bang BTCT, rong 125¢m, cao 12cm so véi mat duong xe chay, chét

luong con tot.

Mait duong xe chay bang bé tong nhua diy trung binh 3cm, twong doi bang phang. Do

doc ngang cau khong dang ké.

Céc khe co dan chua c6 hién tuong hu hdng nhiéu.

1.1.2. Dam chu, dam ngang

Két cau nhip stt dung ddm BTCT tién dp, ché tao tai Chau Théi, gom 2 loai sau:

Nhip 1,2 va nhip 4, 5: L= 18,6m

Mat cat ngang gom 10 dam cha 1ap ghép chit T dang bung c4, khoang cdch giita cdc
dam bang 95cm. Chiéu cao dam tai ti€t dién gitta nhip bang 79cm va tai g6i bang 61cm. Két
céu nhip c¢6 3 dadm ngang, 1 dam tai gitta nhip va 2 dam trén goi. Cac dam chi duoc lién két
vGi nhau chi yéu thong qua ban BTCT day khoang 8cm pht 1én toan bo bé mit cac dam.

Doc theo ¢6 cdc dim bién (noi ti€p gidp gitta sudn dam va cdnh ban) thdy c6 cdc vét
ntit doc kéo dai.

Nhip 3 : L=24,7m

Nhip 24,70m gém 10 dam chia chit T ¢6 bau dam, khoang céch gitta cdc dAm bang
95cm. Chiéu cao dam khong thay déi. C6 5 dim ngang. Nhin chung chat luong dim con t6t,
lién két ngang ¢6 yéu hon so vdi thiét k€ ban dau (m6i moi bé tong nit, cap ngang bi chiing).

1.1.3. Goi cdu

Goi cdu bang céc tdm cao su day 4cm, hién dang khai thac binh thudng.
1.2. KET CAU DUGI

M6 cau dang md coc thép, vui trong dat c¢6 kich thudc bé 1a 130x150cm, dai 12m.
Tuong canh bi nit vd nhi€u, dac biét tai vi tri hai dau noi ti€p gidp gitta tudng cdnh va tudng

than.
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Tru cau BTCT ké trén coc thép duong kinh 60 cm. kich thudc bé 1a 90x120cm, dai

12m. Tru ciing c6 nhiéu vét nit & ddy va hai dau tru.
Nhin chung, mé tru chua cé nghiéng léch va x6i 16.
1.3. CHAT LUONG VAT LIEU CUA CAC BO PHAN KET CAU CHU YEU

Cac bo phan két cau chii yéu chia cong trinh déu dugc tién hanh kiém tra cudng do bé

tong.
Thiét bi: Sing ban bé tong bat nay.

KET QUA THi NGHIEM XAC BINH CUONG DO BE TONG (KG/CM2)

Dam chu nhip 18,6m Dam chu nhip 24,7m Tru Mo

400 410 185 200

Theo két qua thi nghiém, cudng do bé tong cta két cdu nhip va tru mé déu dam bao.

Chat lugng bé tong coc cling nhu phan ndm duéi dat ctia mo khong xdc dinh duoc.
1.4. PUSNG HAI DAU CAU

Ta luy dudong dau ciu chua c6 hién tugng sut 16.

Hé théng coc tiéu, bién bao hiéu day du.

1.5. ANH HUGNG CUA NHUNG TAC NHAN, MOI TRUGNG XUNG QUANH DEN AN TOAN
VA KHAI THAC CONG TRINH.

Céc hién tuong vé dong chay, giao thong thuy ciing nhu cédc tic dong dan sinh trong

khu vuc khong gay anh hudng dén su an toan va khai thac cong trinh.
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2. THU NGHIEM CAU
Cong tac thlr nghiém dugc thuc hién cho cac hang muc:
- Nhip N1: do ting suat, d6 vong va dao dong
- Nhip N3: do d¢ vong va dao dong.
- Tru T2: do chuyén vi ditng va ngang ciu.
2.1. THU TAI TRONG O 10 PUNG YEN
Tadi trong:

Dung 2 xe tai, ¢6 trong lugng P = 25 tan, véi cac chi tiéu nhu sau:

- S6 truc banh xe: 3
- Khoang cach giita tim hai hang banh xe theo phuong ngang cu: 1,85m
- Khoang cach giita truc truGe va truc gitta: 3,40m
- Khoang cach giita hai truc sau: 1,30m
- Trong luong truc trudc: 5,0T
- Trong luong hai truc sau: 2x10,0T

So do tai trong va cdc thé tai duoc thé hién trén hinh vé
Cdc noi dung do:
2.1.1. Po itng sudt dam chii
e Tiét dién: Giita nhip
e Thiétbi: - Tensomet don
- Mdy do tng bién P-3500
e Diém do:

Nhip N1: 20 diém do

- Thé dudi: Dam 1,2,3,4,5,6,7,8,9,10
- Thé day ban: Dam 1,2,3,4,5,6,7,8,9,10
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SO PO CAC THE TAI
NHiP N1

PHUONG NGANG CAU
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PHUONG NGANG CAU

SO PO CAC THE TAI
NHiP N3

THE TAI LECH TAM
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so PO BO TRi THIET Bj PO
NHIP N3

g PO UNG SUAT DAM CHU

3 PO PO VONG
\ \ \ \
@ ® 0] @ ®

é’ PO DAO DONG

PHUONG DOC CAU

. L/2=2470/2 L L/2=2470/2

DO CHUYEN V| TRY
et Ghi chii: T- Tensomet don; D- Tdam dién tré
I- Indicator
G- Mdy do dao dong
GT- Ddu do gia t6¢

TRU T2
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10

KET QUA DO UNG SUAT DAM CHU - NHIP N1 (L=18,6M) THE TAI 1

biém do Thiét S6 doc o c™
K{ hieu Vi trf bi trung binh (kg/cm?) (kg/cm?)
. T 9.0 31.500 31.850
D1 Thé duédi dam 1
b 92 32.200
o T 1.5 -5.250 -5.425
T1 Thé day ban dam 1
b -16 -5.600
T 9.5 33.250 33.600
D2 Thé dudi dam 2
b 97 33.950
. T -1.5 -5.250 -5.775
T2 Thé ddy ban dam 2
b -18 -6.300
PP T 10.0 35.000 34.650
D3 Thé duéi dam 3
b 98 34.300
. T -1.5 -5.250 -5.775
T3 Thé ddy ban dam 3
b -18 -6.300
. T 10.0 35.000 35.700
D4 Thé duéi dam 4
b 104 36.400
. T 2.0 -7.000 -6.300
T4 Thé dday ban dam 4
b -16 -5.600
. T 10.0 35.000 35.875
D5 Thé dudi dam 5
b 105 36.750
s 12 1A T 2.0 -7.000 -6.300
TS Thé day ban dam 5
b -16 -5.600
. T 10.0 35.000 34.650
D6 Thé dudi dam 6
b 98 34.300
o T 2.0 -7.000 -6.125
T6 Thé day ban dam 6
b -15 -5.250
i T 10.0 35.000 34.300
D7 Thé duéi dam 7
b 96 33.600
. T 2.0 -7.000 -6.125
T7 Thé day ban dam 7
b -15 -5.250
PP T 9.5 33.250 32.900
D8 Thoé dudi dam 8
b 93 32.550
. T -1.5 -5.250 -5.775
T8 Thé ddy ban dam 8
b -18 -6.300
. T 9.5 33.250 32.550
D9 Thé dudi dam 9
b 91 31.850
k12 1 T -1.5 -5.250 -5.425
T9 Thé day ban dam 9
b -16 -5.600
. T 9.0 31.500 31.675
D10 Thé duéi dam 10
b 91 31.850
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11

biém do Thiét S6 doc o o™
Ki hiéu Vi tri bi trung binh (kg/cm?) (kg/em?)
i v s T -1.5 -5.250 -5.425
T10 Thé d4ay ban dam 10
b -16 -5.600
KET QUA DO UNG SUAT DAM CHU - NHIP N1 (L=18,6M) THE TAI 2
biém do Thiét S6 doc o o™
Ki hiéu Vi trf bi trung binh (kg/cm’) (kg/em’)
o T 9.0 31.500 32.200
D1 Thé duéi dam 1 b o1 32.900
o T -5 -5.250 -5.600
T1 Thé ddy ban dam 1 b 17 5950
o T 9.5 33.250 33.425
D2 Thé duéi dam 2 b 9% 33.600
o T -5 -5.250 -5.775
T2 Thé ddy ban dam 2 b 18 6.300
o T 10.0 35.000 34.475
D3 Thé duéi dam 3 b o7 33.950
o T -1.5 -5.250 -5.775
T3 Thé day ban dam 3 b 18 6,300
o T 10.0 35.000 35.350
D4 Thé duéi dam 4 b ™ 35.700
o T 2.0 -7.000 -6.125
T4 Thé ddy ban dam 4 b 15 5950
o T 10.0 35.000 35.525
D5 Thé duéi dam 5 b 103 36.050
o T 2.0 -7.000 -6.475
TS Thé ddy ban dam 5 b 17 5,050
o T 10.0 35.000 35.175
D6 Thé duéi dam 6 b ™ 35.350
, . T 2.0 -7.000 -6.300
T6 Thé day ban dam 6 b 16 5600
o T 10.0 35.000 34.125
D7 Thé duéi dam 7 b 95 33.250
, . T 2.0 -7.000 -6.300
T7 Thé day ban dam 7 b 16 75.600
o T 9.5 33.250 33.075
D8 Thé duéi dam 8 b oa 32.900
o T -5 -5.250 -5.600
T8 Thé day ban dam 8 b 17 5950
D9 Thé dudi dam 9 T 9.5 33.250 32.900
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12

biém do

Thiét

S6 doc

TB

o (¢}
Ki hiéu Vi tri bi trung binh (kg/cm?) (kg/em?)
) 93 32.550
9 Thé dév ban dim 9 T -15 -5.250 -5.600
O ddy ban dam D 17 -5.950
D10 Th dusi dim 10 T 9.0 31.500 31.850
¢ duor dam D 9 32.200
10 Thé dév b dim 10 T -1.5 -5.250 -5.425
O ddy ban dam D 16 5,600
KET QUA DO UNG SUAT DAM CHU - NHIP N1 (L=24.75M) THE TAI 1
Piém do Thiét S6 doc G c ™
Ki hiéu Vi tr bi trung binh (kg/cm?) (kg/cm?)
. T 10.5 36.750 36.575
D1 Thé dudi dam 1
b 104 36.400
e 1o A T 25 -8.750 -9.100
Tl Thé d4y ban dam 1
b 27 -9.450
T 10.0 35.000 35.875
D2 Thé dudi dam 2
b 105 36.750
. T 2.5 -8.750 -8.925
T Thé ddy ban dam 2
b 26 -9.100
DT T 10.0 35.000 35.350
D3 Thoé duéi dam 3
b 102 35.700
. T 2.5 -8.750 -8.750
T3 Thé ddy ban dam 3
b 25 -8.750
. T 10.0 35.000 34.650
D4 Thé dudi dam 4
b 98 34.300
. T 2.5 -8.750 -8.750
T4 Thé ddy ban dam 4
b 25 -8.750
A T 9.5 33.250 33.425
D5 Tho6 duéi dam 5
b 96 33.600
e 1 s T 2.5 -8.750 -8.225
TS Thé day ban dam 5
b o)) -7.700
. T 9.0 31.500 31.325
D6 Thé dudi dam 6
b 89 31.150
e e ia T 2.5 -8.750 -7.875
T6 Thé day ban dam 6
b -20 -7.000
DT T 8.5 29.750 29.400
D7 Thé duéi dam 7
b 83 29.050
. T 2.0 -7.000 -7.525
T7 Thé day ban dam 7
b 23 -8.050
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biém do Thiét S6 doc

TB

(¢) ()
Ki hiéu Vi trf bi trung binh (kg/cm?) (kg/cm?)
e e T 7.5 26.250 26.425
D8 Thé dudi dam 8
b 76 26.600
T8 | Thé ddy ban dim 8 ! 20 -7.000 6630
b -18 -6.300
D9 Thé dugi ddm 9 T 6.5 22.750 23.975
b 72 25.200
s 1n 1A T 2.0 -7.000 -5.950
T9 Thé day ban dam 9
b -14 -4.900
D10 | The dusi ddm 10 T 6.0 21.000 21.000
b 60 21.000
T10 | Thé ddy ban dam 10 L 1 5250 5075
b -14 -4.900
KET QUA DO UNG SUAT DAM CHU - NHIP N1 (L=24.75M) THE TAI 2
Piém do Thiét S6 doc c c™
Ki hiéu Vi trf bi trung binh (kg/em?®) (kg/em?)
o T 8.0 28.000 28.350
D1 Thé dudi dam 1 b P~ 28700
X T 2.0 -7.000 -7.175
Tl Thé ddy ban dam 1 5 oY) =350
PPN T 8.5 29.750 29.225
D2 Thé dudi dam 2 b o~ 28700
X T 2.0 -7.000 -7.350
T2 Thé ddy ban dam 2 5 By =700
o T 8.5 29.750 30.100
D3 Thé dudi dam 3 5 7 30450
X T 2.0 -7.000 -7.875
T3 Thé ddy ban ddm 3 5 s 2750
o T 9.0 31.500 31.150
D4 Thé dudi dam 4 b 28 30.800
o T 2.0 -7.000 -7.875
T4 Thé day ban dam 4 b 5 8750
o T 9.5 33.250 32.725
D5 Thé dudi dam 5 5 %) 32.200
\ T 2.0 -7.000 -8.050
TS Thé ddy ban ddm 5 5 By 5100
o T 9.5 33.250 32.550
D6 Thé dudi dam 6 b o1 31850
T6 Thé ddy ban dam 6 T 2.0 -7.000 -8.050
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biém do Thiét S6 doc c c™
Ki hiéu Vi tri bi trung binh (kg/em?) (kg/em?)
b -26 -9.100
s T 9.0 31.500 30.975
D7 Thé duéi dam 7 b 7 30450
. T -2.0 -7.000 -8.225
T7 Thé ddy ban dam 7 5 7 0,450
o T 8.5 29.750 29.925
D8 Thé dudi dam 8 b 26 30.100
. T 2.0 -7.000 -7.525
T8 Thé ddy ban dam 8 b 3 3,050
o T 8.5 29.750 30.100
D9 Thé duéi dam 9 b 27 30450
. T -2.0 -7.000 -7.350
T9 Thé day ban dam 9 b B =700
s T 8.0 28.000 28.350
D10 Thé dué6i dam 10 b 0 58.700
. T 2.0 -7.000 -6.825
T10 Thé ddy ban dam 10 b 19 6.650

2.1.2. Do do vong dam chu

Tiét dién: Giita nhip
Thiét bi: - Vong k& (V)

- Indicator (I)
Piém do:

Nhip NI - 10 diém do:
Nhip N2 - 10 diém do:

Dam 1,2,3,4,5,6,7,8,9,10
Dam 1,2,3,4,5,6,7,8,9,10

KET QUA DO DO VONG - NHIP N1 (L=18,6M) THE TAI 1

biém do S6 doc trung binh ~
b6 vong (mm)
Ki hiéu Vi tri \Y (Ti+1j)/2
\2! Giita nhip dam 1 931 127 8.04
V2 Giita nhip dam 2 996 136 8.60
V3 Giita nhip dam 3 1024 132 8.92
V4 Giira nhip dam 4 1074 139 9.35
V5 Gitta nhip dam 5 1094 134 9.60
Vo6 Giita nhip dam 6 1065 127 9.38
\%i Giira nhip dam 7 1021 118 9.03
V8 Giita nhip dam 8 998 116 8.82
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15

A Gitta nhip dam 9 948 110 8.38
V10 Gitta nhip dam 10 898 107 7.91
KET QUA DO DO VONG - NHIP N1 (L=18,6M) THE TAI 2
biém do S6 doc trung binh _
; ) — Do vong (mm)
Ki hiéu Vi tri \Y (Ti+1))/2
Vi Giita nhip dam 1 930 119 8.11
V2 Gitta nhip dam 2 973 121 8.45
V3 Gitta nhip dam 3 1017 128 8.89
V4 Gitta nhip dam 4 1057 131 9.26
V5 Gitta nhip dam 5 1086 138 9.48
V6 Giita nhip dam 6 1065 125 9.40
V7 Giita nhip dam 7 1053 120 9.33
V8 Gitta nhip dam 8 1013 113 9.00
V9 Giita nhip dam 9 962 108 8.54
V10 Gitta nhip dam 10 907 104 8.03
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KET QUA DO DO VONG - NHIP N2 (L=24,7M) THE TAI 1
biém do S6 doc trung binh Do vong
Ki hiéu Vi tri A% (Ti+1j)/2 (mm)
V1 Gitta nhip dam 1 1133 146 9.87
V2 Giira nhip dam 2 1133 143 9.90
V3 Giita nhip dam 3 1099 131 9.68
V4 Gitta nhip dam 4 1064 127 9.37
V5 Giita nhip dam 5 1010 117 8.93
V6 Gitta nhip dam 6 940 105 8.35
V7 Gitta nhip dam 7 901 103 7.98
V8 Giita nhip dam 8 818 92 7.26
V9 Gitta nhip dam 9 728 86 6.42
V10 Gitta nhip dam 10 651 82 5.69
KET QUA DO DO VONG - NHIP N2 (L=24,7M) THE TAI 2
biém do S6 doc trung binh Do vong
Ki hiéu Vi tri \Y% (Li+1Lj)/2 (mm)
V1 Giita nhip dam 1 836 101 7.35
V2 Gitta nhip dam 2 898 111 7.87
V3 Giita nhip dam 3 960 118 8.42
V4 Gitta nhip dam 4 1007 128 8.79
V5 Gitta nhip dam 5 1035 136 8.99
V6 Giita nhip dam 6 1034 137 8.97
V7 Gitta nhip dam 7 991 125 8.66
V8 Gitta nhip dam 8 942 115 8.27
V9 Giita nhip dam 9 907 108 7.99
V10 Gitta nhip dam 10 854 102 7.52
KET QUA DO DO VONG (MM) - NHIP N1 (L=18,70M) - DO TINH TAI
Dam 1 2 3 4 5 6 7 8 9 10
b.v 8.5 8.21 8.05 7.92 7.89 8.95 8.06 8.11 8.15 8.34
KET QUA TINH DO VONG (MM) - NHIP N2 (L=24,70M) - DO TINH TAI
Dam 1 2 3 4 5 6 7 8 9 10
bV 9.2 8.64 8.45 8.29 8.23 8.21 8.56 8.72 8.75 8.90
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2.2. THU TAI TRONG PONG
Do tan s6 dao dong riéng va hé so dong luc hoc
e Thiétbi: - Dao dongké
e Diém do: 2 diém do
- Giita nhip dam s6 1 nhip N1
- Giita nhip dam s6 1 nhip N2
e Tai trong: Xe tai, P =25 tin
e Toc do xe chay: V= 20,30,40km/h
KET QUA DO DONG
Nhip Kd = (1+p) o (Hz)
N1 1,20 4,0
N2 1,09 3,6
Nhip N1: - Hé s6 xung kich véi toc do trung binh 40 km/h:  (1+p) = 1,20
- Tan s6 dao dong riéng: ® = 4,0 Hz
Nhip N2 - Hé s6 xung kich vé6i toc do trung binh 40 km/h:  (1+p) = 1,09
- Tan s6 dao dong riéng: ® = 3,9 Hz
Do chuyén vi tru
Cho xe ham tai cac vi tri, tru can do
e Thi€tbi: - mdy STA-830
e Diém do: 2 diém do
Tru: Tru T2
KET QUA DO CHUYEN VI TRU
Piém do Chuyén vi (mm)
Ki hiéu Vi tri Théang diing Doc cau Ngang cau
IT2 Tru T2 0.042 0.554 0.055
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3. KIEM TOAN
e Tai trong tinh: 2 xe tai, P = 25 tén.
e Tiét dién: Gitra nhip
o Thé tai: The'tdi |
3.1. XAC DINH ANH HUONG CUA LIEN KET NGANG DEN SU PHAN PHOI TAI TRONG
GITUA CAC DAM CHU.
KET QUA TiNH HE SO PHAN PHOI NGANG - NHIP N1 (L=18,6M)

Thé tai 1

Dam 1 2 3 4 5 6 7 8 9 10

Tinh | 0.188 | 0.195 | 0.201 | 0.207 | 0.209 | 0.208 | 0.205 | 0.198 | 0.190 | 0.180

bo 0.185 | 0.197 | 0.206 | 0.201 | 0.215 | 0.205 | 0.198 | 0.195 | 0.187 | 0.169

KET QUA TINH HE SO PHAN PHOI NGANG - NHIP N1 (L=18,6M)
Thé tai 2

Dam 1 2 3 4 5 6 7 8 9 10

Tinh | 0.185 | 0.193 | 0.201 | 0.207 | 0.211 | 0.211 | 0.207 | 0.201 | 0.193 | 0.185

bo | 0.180 | 0.187 | 0.208 | 0.211 | 0.214 | 0.205 | 0.201 | 0.209 | 0.203 | 0.192

KET QUA TINH HE SO PHAN PHOI NGANG - NHIP N2 (L=24,7M)
Thé tai 1

Dam 1 2 3 4 5 6 7 8 9 10

Tinh | 0.235 | 0.233 | 0.230 | 0.224 | 0.216 | 0.204 | 0.189 | 0.173 | 0.156 | 0.139

bo 0.231 | 0.229 | 0.233 | 0.227 | 0.201 | 0.205 | 0.196 | 0.185 | 0.152 | 0.134

KET QUA TINH HE SO PHAN PHOI NGANG - NHIP N2 (L=24,7M)
Thé tai 2

Dam 1 2 3 4 5 6 7 8 9 10

Tinh | 0.184 | 0.193 | 0.202 | 0.208 | 0.212 | 0.212 | 0.208 | 0.202 | 0.193 | 0.184

bo | 0.182 | 0.195 | 0.204 | 0.205 | 0.208 | 0.214 | 0.211 | 0.205 | 0.192 | 0.183

K&t qua so sénh cho thiy dang biéu d6 phan phéi tii trong theo phuong ngang giita cdc

dam chu tuong d6i pht hop véi két qua tinh toan 1y thuyét.
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3.2. TINH UNG SUAT DAM CHU DO TAI TRONG THU

KET QUA TINH UNG SUAT DAM CHU NHIP N1 (L=18,6M)

biém do Ung sudt (kg/cm?2)

Ki hiéu Vi tri Thé tai 1 Thé tai 2
D1 Thé dudi dam 1 35.636 35.115
Tl Thé ddy ban dam 1 -6.170 -6.080
D2 Thé dudi dam 2 37.083 36.725
T2 Thé day ban dam 2 -6.420 -6.358
D3 Thé dudi dam 3 38.246 38.184
T3 Thé ddy ban dam 3 -6.621 -6.611
D4 Thé dudi dam 4 39.325 39.370
T4 Thé ddy ban dam 4 -6.808 -6.816
D5 Thé dué6i dam 5 39.654 40.023
TS5 Thé ddy ban dam 5 -6.865 -6.929
D6 Thé dudi dam 6 39.504 40.023
T6 Thé ddy ban dam 6 -6.839 -6.929
D7 Thé dudi dam 7 38.824 39.370
T7 Thé day ban dam 7 -6.722 -6.816
D8 Thé dudi dam 8 37.514 38.184
T8 Thé ddy ban dam 8 -6.495 -6.611
D9 Thé dudi dam 9 36.110 36.725
T9 Thé ddy ban dam 9 -6.252 -6.358

D10 Thé dudi dam 10 34.523 35.115
T10 Thé ddy ban dam 10 -5.977 -6.080
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KET QUA TINH UNG SUAT DAM CHU NHIP N1 (L=24.75M)
biém do Ung sudt (kg/cm?2)
K{ hiéu Vi tri Thé tai 1 Thé ti 2
D1 Thé dudi dam 1 40.138 36.575
Tl Thé ddy ban dam 1 -10.164 -9.100
D2 Thé du6i dam 2 39.808 35.875
T2 Thé ddy ban dam 2 -10.081 -8.925
D3 Thé duéi dam 3 39.230 35.350
T3 Thé ddy ban dam 3 -9.934 -8.750
D4 Thé dudi dam 4 38.295 34.650
T4 Thé ddy ban dam 4 -9.697 -8.750
D5 Thé dudi dam 5 36.788 33.425
T5 Thé ddy ban dam 5 9.316 -8.225
D6 Thé dudi dam 6 34.855 31.325
T6 Thé ddy ban dim 6 -8.826 -7.875
D7 Thé duéi dam 7 32.314 29.400
T7 Thé ddy ban dam 7 -8.183 -7.525
D8 Thé duéi dam 8 29.587 26.425
TS Thé ddy ban dam 8 -7.492 -6.650
D9 Thé dudi dam 9 26.983 23.975
T9 Thé ddy ban dam 9 -6.833 -5.950
D10 Thé dudi dam 10 23.678 21.000
T10 Thé day ban dam 10 -5.996 -5.075
3.3. TINH DO VONG CAC DAM DO TAI TRONG THU
KET QUA TINH DO VONG (MM) - NHIP N1 (L=18,6M) THE TAI 1
Dam 1 2 3 4 5 6 7 8 9 10
b.v 9.18 | 9.64 | 10.06 | 10.39 | 10.55 | 10.50 | 10.25 | 9.85 9.38 8.89
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KET QUA TiINH DO VONG (MM) - NHIP N1 (L=18,6M) THE TAI 2
Dam 1 2 3 4 5 6 7 8 9 10
bV 9.03 | 951 9.96 10.32 | 10.52 | 10.52 | 10.32 | 9.96 9.51 9.03
KET QUA TINH DO VONG (MM) - NHIP N2 (L=24,7M) - THE TAI 1
Dam 1 2 3 4 5 6 7 8 9 10
bv 10.79 | 10.76 | 10.67 | 10.45 | 10.06 | 9.50 8.78 7.97 7.11 6.27
KET QUA TiNH DO VONG (MM) - NHIP N2 (L=24,7M) - THE TAI 2
Dam 1 2 3 4 5 6 7 8 9 10
bV [839| 887 | 933 | 968 | 988 | 9.88 | 968 | 9.33 | 887 | 8.39
3.5. SO SANH KET QUA TINH LY THUYET VA KET QUA PO
BANG SO SANH KE QUA KIEM TTOAN VA SO LIEU DO UNG SUAT THE TAI 1
Pidm do NHIP N1 (L=18,6M)
Tinh (kg/cm?2) bo (kg/cm2) Do/Tinh (%)
D1 35.636 31.850 10.624
T1 -6.170 -5.425 12.069
D2 37.083 33.600 9.391
T2 -6.420 -5.775 10.048
D3 38.246 34.650 9.402
T3 -6.621 -5.775 12.784
D4 39.325 35.700 9.219
T4 -6.808 -6.300 7.467
D5 39.654 35.875 9.529
TS5 -6.865 -6.300 8.233
D6 39.504 34.650 12.288
T6 -6.839 -6.125 10.444
D7 38.824 34.300 11.654
T7 -6.722 -6.125 8.876
D8 37.514 32.900 12.299
T8 -6.495 -5.775 11.082
D9 36.110 32.550 9.858
T9 -6.252 -5.425 13.223
D10 34.523 31.675 8.250
T10 -5.977 -5.425 9.235
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BANG SO SANH KET QUA KIEM TOAN VA SO LIEU DO UNG SUAT THE TAI 2

Piém do

NHIP N1 (L=18,6M)

Tinh (kg/cm?2) bo (kg/cm2) Po/Tinh (%)
D1 35.115 32.200 8.302
T1 -6.080 -5.600 7.887
D2 36.725 33.425 8.986
T2 -6.358 -5.775 9.173
D3 38.184 34.475 9.712
T3 -6.611 -5.775 12.642
D4 39.370 35.350 10.211
T4 -6.816 -6.125 10.139
D5 40.023 35.525 11.238
TS5 -6.929 -6.475 6.553
D6 40.023 35.175 12.112
T6 -6.929 -6.300 9.079
D7 39.370 34.125 13.323
T7 -6.816 -6.300 7.572
D8 38.184 33.075 13.379
T8 -6.611 -5.600 15.289
D9 36.725 32.900 10.416
T9 -6.358 -5.600 11.925
D10 35.115 31.850 9.299
T10 -6.080 -5.425 10.766
BANG SO SANH KE QUA KIEM TTOAN VA SO LIEU DO UNG SUAT THE TAI 1
L NHIP N3 (L=24.75M)
bicm do Tinh (kg/cm?) Po (kg/em2) Po/Tinh (%)
D1 40.138 36.575 8.877
T1 -10.164 -9.100 10.471
D2 39.808 35.875 9.880
T2 -10.081 -8.925 11.464
D3 39.230 35.350 9.891
T3 -9.934 -8.750 11.922
D4 38.295 34.650 9.518
T4 -9.697 -8.750 9.770
D5 36.788 33.425 9.142
T5 -9.316 -8.225 11.710
D6 34.855 31.325 10.128
T6 -8.826 -7.875 10.779
D7 32.314 29.400 9.019
T7 -8.183 -7.525 8.041
D8 29.587 26.425 10.687
T8 -7.492 -6.650 11.243
D9 26.983 23.975 11.149
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T9 -6.833 -5.950 12.923
D10 23.678 21.000 11.312
T10 -5.996 -5.075 15.362
BANG SO SANH KET QUA KIEM TOAN VA SO LIEU DO UNG SUAT THE TAI 2
- NHIP N2 (L=24.75M)
bicm do Tinh (kg/cm?) Po (kg/em2) Po/Tinh (%)
D1 31.456 28.350 9.873
T1 -7.966 -7.175 9.925
D2 33.013 29.225 11.474
T2 -8.360 -7.350 12.080
D3 34.472 30.100 12.682
T3 -8.729 -7.875 9.787
D4 35.494 31.150 12.240
T4 -8.988 -7.875 12.386
D5 36.174 32.725 9.534
T5 -9.160 -8.050 12.122
D6 36.174 32.550 10.018
T6 -9.160 -8.050 12.122
D7 35.494 30.975 12.733
T7 -8.988 -8.225 8.492
D8 34.472 29.925 13.190
TS -8.729 -7.525 13.796
D9 33.013 30.100 8.823
T9 -8.360 -7.350 12.080
D10 31.456 28.350 9.873
T10 -7.966 -6.825 14.319
BANG SO SANH KET QUA KIEM TOAN VA SO LIEU DO DO VONG NHIP N1 (L=18,6M)
THE TAI 1 THE TAI 2
biém do Tinh (mm) Po (mm) | DPo/Tinh | Tinh (mm) | Po (mm) | DPo/Tinh
(%) (%)
V1 9.18 8.04 12.42 9.03 8.11 10.23
V2 9.64 8.60 10.74 9.51 8.45 11.12
V3 10.06 8.92 11.32 9.96 8.89 10.78
V4 10.39 9.35 9.98 10.32 9.26 10.24
V5 10.55 9.60 8.97 10.52 9.48 9.87
V6 10.50 9.38 10.64 10.52 9.40 10.64
V7 10.25 9.03 11.87 10.32 9.33 9.57
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V8 9.85 8.82 10.45 9.96 9.00 9.68
Vo9 9.38 8.38 10.68 9.51 8.54 10.15

V10 8.89 7.91 11.02 9.03 8.03 11.02

BANG SO SANH KET QUA KIEM TOAN VA SG LIEU DO DO VONG NHIP N2 (L=24,7M)
THE TAI1 THE TAI 2
Piém do Tinh (mm) bo (mm) bo/Tinh | Tinh (mm) | Po (mm) bo/Tinh

(%) (%)

V1 10.79 9.87 8.51 8.39 7.35 12.36

V2 10.76 9.90 7.98 8.87 7.87 11.24
V3 10.67 9.68 9.26 9.33 8.42 9.78
V4 10.45 9.37 10.34 9.68 8.79 9.15
V5 10.06 8.93 11.21 9.88 8.99 8.97
Vo6 9.50 8.35 12.06 9.88 8.97 9.25

V7 8.78 7.98 9.15 9.68 8.66 10.56

V8 7.97 7.26 8.97 9.33 8.27 11.34
Vo9 7.11 6.42 9.65 8.87 7.99 9.89

V10 6.27 5.69 9.29 8.39 7.52 10.36

Phan tich cic két qua so sanh trén day cho thay:

- Lién két ngang gitta cdc dam chu c¢6 dugc cai thién, tuy nhién khong con kha nang

truyén luc ding véi thiét k€ ban dau.

- Dam bi niit doc nén khong con lam viéc nhu thi€t k& ban diu, vét nit doc da c6 biéu

hién lam tang do vong va ung suit trong dam.

3.5.tYnh kh{ n"ng chbu luc ciia kOt cEu nhbp

Nhip N1 (18.6m)

3.5.1. Tinh tai

e Trong luong dam chu: g,=0,670 T/m
e Trong lugng I6p phit mat cau: 2,=0.192 T/m
e Trong luong lan can, bo hanh : g2, =0.232 T/m

e Trong luong doan ngudi : g, =300 kg/m’

3.5.2. Hoat tdi

Gia4 thiét cho 2 1an xe (3 truc banh) c6 kich thuéc tiéu chuin qua ciu
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e Taitrong 1 xe 6t6:P=2,5P1

e Trong luong truc truée:  0,5P1
e Trong luong hai truc sau: 2P1

Ung suat do luc Ung suat do | Ung sudtdo tinh | Ung sudt do Ung sudt cho phép
cang trudc tinh tai [ tai IT (kg/cm?) nguoi di vGi hoat tai 6 to
(kg/cm?) (kg/cm?) (kg/cm?) (kg/em?®)
140.14 74.637 47.215 10.529 53.18

e Mo men tiéu chuin cho phép véi hoat tai 6 t6: M =27.39tm

e Tai trong 6 to6 cho phép : P = 22tan
Tai trong cho phép: P=22T

Nhip N2 (24.75m)

3.5.1. Tinh tai

e Trong luong dam chu:
e Trong luong I6p phtt mat cau:
e Trong luong lan can, bo hanh :

e Trong luong doan ngudi :

3.5.2. Hoat tai

g,=0,825 T/m
2,=0.192 T/m
g, =0.252 T/m

g, = 300 kg/m’

Gia thiét cho 2 lan xe (3 truc banh) c6 kich thudc tiéu chuén qua cau

e Taitrong 1 xe 6t0:P=2,5P1
e Trong luong truc truée:  0,5P1

e Trong luong hai truc sau: 2P1

Ung sudt do luc Ung sudt do | Ung sudt do tinh Ung sudt do Ung suit cho
cang trudc tinh tai [ tai IT (kg/cm?) nguai di phép véi hoat tai
(kg/em?) (kg/em?) (kg/cm?) 0 10 (kg/cm’)
172.64 59.382 34.704 7.507 33.02

e Mo men tiéu chuén cho phép véi hoat tai 6 t6: M = 26.18tm
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e Tai trong 0 t6 cho phép : P =23.218tin
Tai trong cho phép: P=23T
TT | Ky Cong thiic xac dinh Luc (T) | Canh tay| Mo men
hiéu don (m) (T.m)
I. TINH TAI BAN THAN MO - CANH TAY PON LAY VOI TRONG TAM BE MONG
Tiét dién I-I (qua ddy bé coc)
Gl (1.5%(2+10))*2.5 45 0.00] 0.00
G2 2%2%1.2*%.03*2.5 0.36 -1.80] -0.65
Téng cong theo tiét dién I-1 45.36 -0.65
n= 1.1 49.90 -0.72
n= 0.9 40.82 -0.59
Vi tri hop luc doi v6i trong tam bé mong -0.0143
vV |TINH TAI NHIP
Tinh tai I ,II 109.98 0.10/ 11.00
Cong 109.98 11.00
n>1 109.98 11.00
VI PPA[AN LUC GOI DO HOAT TAI H30 GAY RA (TINH THEO PHUONG DOQC
CAU)
Tai trong 0 to: 2.21P
Hé s6 phan phoi ngang 2.00
Hé s6 lan xe 1.00
Heé s6 xung kich (1+p) 1.20
Phan luc do 2 doan H30 (T) 5.30P 0.10| 0.53P
VII [PHAN I;UC GOI DO HOAT TAI NGUOI GAY RA (TINH THEO PHUONG
DOC CAU)
Tai trong ngudi trén 1m?2 1€ 0.30
dudng
Hé s6 phan phoi ngang cua nguoi 2.00
Dién tich Dah 9.30
Phan luc do nguoi (T) 5.58 0.10] 0.56
Cong phan luc do H30 va nguoi (T) 5.30P+|5.58 0.53P+ 0.56
n= 1.4 7.42P+|7.81 0.74P+ 0.78
n= 1.1 5.94P+|8.75 0.59P+ 0.63
IX |LUC HAM
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Luc ham =0.3P 1 0.30P
n= 1.1 0.34P
Dai vai tiét dién day bé coc 1.1 0.34P

AP LUC DAY NGANG KHI CO HOAT TAI TREN LANG THE TRUGT
1. H30 dat trén lang thé phd hoai

¢o=35" - 0.61
ytc 1.80
(T/m3)=
n,= 1.40
ng,= 1.20
H= 1.50
(45%-¢/2) 0.48
ddi ra
radian
tg(45'- 0.52
©/2)=
Chiéu dai ldng thé truot lo=Htg(45%-¢/2) 0.78
Khoang cachgiita mép ngoai cua hai banh xe S= 5.50
Chiéu rong cua dién phan b6 tai trong gia thi€t AH=10cm, b= 0.40
Ta thay: 2b+d=2b+1.6-b=0.4+1.6=2 > lo
ta co:
Chiéu cao quy doi 0.09P
h,=nh*2_P/(n,ySb")=nh*2%2*0.4P/(nd*1.8%5.5%2)
tgo = 0.52
o= 0.48
Hé s6 ap luc p=tg*(m) = 0.27

Cuong do ap luc do dat nén duong dap: p=n, X y,. X u x h; Eh=n,xyxh,xhxuxS
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Ei ho hi pi Luc ngang | Tay don M
El 1.5 0.73 3.01 0.50 1.51
Ehl 0.09P 0.04P 0.33P 0.75 0.25P
1. H30 dat trén lang thé pha hoai
=35 = 0.61
ytc (T/m3)= 1.80
n,= 1.12
ng= 1.20
H= 1.50
(450-¢/2) d6i ra radian 0.48
tg(450-¢/2)= 0.52
Chiéu dai lang thé truot lo=Htg(45°-¢/2) 0.78
Khoang cachgiita mép ngoai cua hai banh xe S= 5.50
Chiéu rong cta dién phan bé tai trong gia thi€t AH=10cm, b= 0.40
Ta thay: 2b+d=2b+1.6-b=0.4+1.6=2 > lo ta c6:
Chiéu cao quy déi 0.08P
hy=nh*2_P/(n;ySb")=nh*2%*2%0.4P/(nd*1.8%5.5%2)
tgm = 0.52
® = 0.48
Hé s6 4p luc p=tg*(w) = 0.27

Cudng do ap luc do dat nén dudng dip: p=n, X y,. X 1 X h; Eh=nxyxh,xhxpuxS

Ei ho hi pi Luc ngang | Tay don M
El 1.5 0.73 3.01 0.50 1.51
Ehl 0.08P 0.04P 0.33P 0.75 0.25P
TO HOP TAI TRONG

T6 |Ky |Cong thic xé4c dinh n  |Luc Ngang |Luc Diing Tay |Mo6 men

hop |hiéu don

1 Tai trong tai vi tri ngam
Tinh tai ban than (G1-G4) 1.1 49.90 |-0.01 -0.72
Tinh tai do két cdu nhip >1 109.98]0.75 11.00
H30 trén lang thé phd hoai;|1.2 [0.33P 0.76 |0.25P
¢=35%nh=1.4;nt=1.2
2H30 va ngudi trén nhip 1.4 7.42P 0.74P+ 10.784
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[Téng cong: 0.33P+/3.01[7.42P+]159.88 0.74P+ 2175

2 Tai trong tam vi tri ngam coc
Tinh tai ban than (G1-G4) 1.1 49.90 [-0.01 -0.72
Tinh tai do két cdu nhip >1 109.98 (0.00 11.00
Ap luc ngang clia dat 12 3.01 355 10.69
H30 trén lang thé phd hoai;|1.12 [0.33P 0.76 [1.99P
¢=35"nh=1.12;nt=1.2
2H30 va nguoi trén nhip 1.12 5.94P |8.75 |0.75 |0.59P+ |0.63
Luc ham 0.34P 5.40 |[1.84P
Tong cong: 0.67P+|3.01 (5.94P+|168.63 2.43P+ (21.60
Chiéu sau ngam: 2.7
Kha nang chiu luc ciia mot coc [N]= 40.00T
S6 lugng coc 14
Trong lugng coc 35*35 & do sdu ngam 11.58 T
Khoang cach giita hai hang coc 1.00

T6 hop 1
Luc tac dung 16n nhat 1én 1 do luc ding 0.53P+12.25
Luc tac dung 16n nhat 1én 1 domo6 men: 0.11P+3.11
0.64P+15.36

Nmax<[N]---> P= 3850 T

Vay vé6i t6 hgp 1 M6 1 di kha nang chiu Iuc 16n hon két cau nhip

T6 hop 2

Luc tac dung 16n nhat 1én 1 coc do luc ding:
Luc tac dung 16n nhat 1én 1 coc do M6 men:

Nmax<[N]---> P=

Vay mé c6 kha nang chiu tai 16n hon két cau nhip
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0.42P+12.045

0.35P+3.086

0.77P+15.131

3230 T
Vay véi t6 hop 2 M6 1 ¢6 thé chiu duoc doan xe theo so d6 H30 1a 31Tan
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4. KET LUAN VA KIEN NGHi

Lién két ngang giita cic ddm chua that dam bao tot. So d6 lam viéc cua két céu
nhip hién tai khong ding véi thiét k&€ ban dau. Cac lién két ngang yéu, dac biét 1a doi
v6i nhip 18.6m .

Céc tru c6 thé coi nhu dang trong tinh trang binh thudng, khong anh hudng dang

ké dén kha nang chiu luc va tudi tho clia céu,

Tai trong cho phép: Xe 6 to 22 tan.
Kién nghi

e Can c6 k€ hoach stra chira, gia c6 hé thong lién két ngang.

e Sira chita, gia c6 khe co gian, phan tiép gidp giita cdu va dudng, dé khic

phuc tinh trang hu hong va ngan chan tai nan ddng tiéc c6 thé x4y ra.

e Trong thoi gian chua thuc hién dugc viéc stra chita, phai thuong xuyén theo
doi kha nang dit roi hian cac méi ndi ngang, hién tugng nit doc tai ¢ dam,
dé€ c6 bién phap xu ly kip thoi.

Khong ché 'tdi trong xe qua cau khong vuot qua 22 tdn.

Luc Cinhtay Mo men

TT Ky hiéu Cong thitc xac dinh (T) don (m) (T.m)

TINH TAT BAN THAN MO - CANH TAY
I PON LAY VOI TRONG TAM BE MONG

Tiét dién I-I (qua ddy bé

coc)
Gl (1.5%(2+10))*2.5 45 0.00  0.00
G2 2%2%1.2%,03%2.5 0.36 -1.80  -0.65
Téng cong theo tiét dién I-1 45.36 -0.65
1.
n= 1 49.90 -0.72
0.
n= 9 40.82 -0.59
Vi tri hop luc doi véi trong
tam bé moéng -0.0143
V TINH TAI NHIP
Tinh tai I ,II 122.60 0.10 12.26
Cong 122.60 12.26
n>1 122.60 12.26
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PHAN LUC GOI DO HOAT TAI H30
GAY RA (TINH THEO PHONG DQC

VI CAU)
Tai trong 0 to: 2.21P
Heé s6 phan ph6i ngang 2.00
Heé s6 lan xe 1.00
Heé s6 xung kich (1+p) 1.20
Phan lyc do 2 doan H30
(T 5.30P 0.10 0.53pP

PHAN LUC GOI DO HOAT TAI NGOI
GAY RA (TINH THEO PHONG DQC

VIICAU)
Tai trong ngdi trén 1m?2 1€
dong 0.30
Heé s6 phan phoi ngang clia
ngoi 2.00
Dién tich Dah 9.30
Phan luc do ngoi (T) 5.58 0.10 0.56
Cong phan luc do H30 va
ngdi (T) 5.30P+5.58 0.53P+ 0.56
1.
n= 4 7.42P+7.81 0.74P+ 0.78
1.
n= 15.94P+8.75 0.59P+ 0.63
IX LUC HAM
Luc ham =0.3P 1 0.30P
1.
n= 1 0.34P

1.
Dai véi tiét dien ddy bé coc 1 0.34P

AP LUC DAY NGANG KHI CO HOAT TAI TREN LANG THE TROT
1. H30 dat trén lang thé phd hoai

o=35° = 0.61
ytc (T/m3)= 1.80
n,= 1.40
n= 1.20
H= 1.50
(45°-@/2) déi ra
radian 0.48
te(45°-¢/2)= 0.52
Chiéu dai lang thé trot lo=Htg(45%¢/2) 0.78
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Khoang cachgiita mép ngoai clia hai banh xe S= 5.50
Chiéu rong cta dién phan bé tai trong gia thi€t AH=10cm, b= 0.40

Ta thay: 2b+d=2b+1.6-b=0.4+1.6=2 > lo ta cé:

Chiéu cao quy ddi hy=nh*XP/(nsySb')=nh*2%2%0.4P/(nd*1.8*5.5%2) 0.09pP
tgow = 0.52
o= 0.48
Heé s6 4p luc p=tg*(o) = 0.27

Cong do 4p luc do dat nén dong dip: p;=n, x

Ye X L X by Eh=nxyxhyxhxpxS

Ei ho hi pi Luc ngang Tay don M
El 1.5 0.73 3.01 0.50 1.51
Ehl 0.09P 0.04P 0.33P 0.75 0.25P

1. H30 dat trén lang thé phd hoai

¢=35° = 0.61
ytc (T/m3)= 1.80
n,= 1.12
ng= 1.20
H= 1.50
(450-9/2) déi ra
radian 0.48
tg(450-¢/2)= 0.52
Chiéu dai lang thé trot lo=Htg(45%¢/2) 0.78
Khoang cachgiita mép ngoai clia hai banh xe S= 5.50
Chiéu rong cta dién phan bé tai trong gia thi€t AH=10cm, b= 0.40
Ta thay: 2b+d=2b+1.6-b=0.4+1.6=2 > lo ta cé:
Chiéu cao quy déi hyg=nh*Y.P/(nsySb')=nh*2%2%0.4P/(nd*1.8%5.5%2) 0.08P
tgo = 0.52
®= 0.48
Heé s6 4p luc p=tg*(o) = 0.27
Cong do 4ap luc do dat nén dong dip: p=n, X v, X L X h; Eh=nxyxh;xhxpxS
Ei ho hi pi Luc ngang Tay don M
El 1.5 0.73 3.01 0.50 1.51
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Ehl 0.08P 0.04P 0.33P 0.75 0.25P

T6 Ky Cong thitc x4c dinh n Luc Ngang Luc bung Tay don Mo men

hop hiéu : ; ;
Tai
trong
tai vi
tri

1 ngam

Tinh tai ban than (G1
G4) 1.1 49.90 -0.01 -0.72

Tinh tai do két cau
nhip >1 122.60 0.75 12.26

Ap luyc ngang cia dat 1.2 3.01 3.55 10.69

H30 trén lang thé pha
hoai;
¢=35%nh=1.4;nt=1.2 1.2 0.33P 0.76 0.25P

2H30 va ngoi trén
nhip 1.4 7.42P 0.74P+ 0.784

Tdng cong: 0.33P+ 3.01 7.42P+ 172.50 0.74P+ 23.01

Tai

trong

tam vi

tri

ngam
2 coc

Tinh tai ban than (G1-
G4) 1.1 49.90 -0.01 -0.72

Tinh tai do két ciu
nhip >1 122.60 0.00 12.26

Ap luc ngang clia ddt 1.2 3.01 3.55 10.69

H30 trén lang thé pha

hoai;

@=35%nh=1.12;nt=1.

2 1.12 0.33P 0.76 1.99P

2H30 va ngoi trén
nhip 1.12 5.94P 8.75 0.75 0.59P+0.63

Lyc ham 0.34P 5.40 1.84P
Téng cong: 0.67P+ 3.01 5.94P+ 181.25 2.43P+22.86

Chi€U SAU IZAITL: ..ottt ettt et e et eteete e teeteeseesseasessesesesensans 2.2
Kha nang chiu luc ctia mOt cOC [N]=...ouiiiiiieiecieeeceeeee e 70.00T
SO LOMNEZ COC..eiutiietiiiieeieeieeeteete et e st e s ae e e e steeebe e teessaessseesaesssesseesssasssessseenssennsens 5
Trong logng coc 35%35 & A0 SAU NZAM......cceevveeieiieieieere et 3.37T
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35

T6 hop 1
Luc tac dung 16n nhat 1én 1 do Iuc ing .........cceeeeeieevienieeieeieeees 1.48P+35.17
INMAX [N ettt st P=23.53T

Vay véi t6 hop 1 M6 1 dt kha nang chiu luc 16n hon két cau nhip

T6 hop 2
Luc tac dung 16n nhat 1én 1 coc do Tuc ding:.........cccveeverieeieenieeennens 1.19P+36.25
NMAXK[IN]==3 oottt e e sre e s e saeesseessaesse e seessseessaans P=28.36T

Vay véi t6 hop 2 M6 1 ¢6 thé chiu doc doan xe theo so d6 H30 1a 28,36 Tan
Vay mo c6 kha nang chiu tai 16n hon két cau nhip
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Introduction

The Bonham 1.603 steel truss bridge was selected for load testing by the Butler County
Engineers Office (BCEO) because it was representative of several structures currently

posted with restricted load limits. The structure was built in the 1950's and was based
on a standard pony truss design with an H-15 load requirement.

Description of Structure

Structure ldentification

Bonham Road 1.603

Location

Bonham Rd. Butler County, Ohio

Structure Type

5 panel steel pony truss

Span Length(s) 69'-0"
Skew Perpendicular
Roadway/Structure Widths 24'-0" / 25'-6"

Truss Connections

Welded connections with gusset plates.

Stringer Spacing 9 stringers @ 2'-8"

Deck type 10 Ga. corrugated steel deck filled with asphalt.
Stringers W12x31 typical

Exterior Beams Pony truss: 8'-0" deep

Abutments Concrete abutment with steel plates providing truss

bearings. No pin or roller mechanisms.

Structural Steel

Fy = 33 ksi, E=29000 ksi ASTM A-7 Typical.

Comments

Truss in good to excellent condition. Significant rust and
corrosion on floor deck, stringers, and floor beams.

Instrumentation Procedures

The primary goal of the instrumentation plan was to measure the live-load
response behavior of the main truss members and to determine the load distribution
characteristics of the floor system. The superstructure of the bridge was instrumented
with 32 re-usable strain transducers as shown in Figure 1. Based on previous tests on

similar trusses, it was known that the truss connections would resist moment and must
be analyzed as semi-rigid frames as opposed to being pinned (free rotation). In general,
truss member gages were located as near to the cross-sectional centroid to determine
the axial force experienced by each member and minimize the effects of bending. Floor
beam and stringer gages were typically attached to the bottom flange to measure the
strain at the extreme tension fiber. Additional gages were attached to the top flange at
several stringer cross-sections to verify that the beams were non-composite with the
deck and to detect any unusual responses.

Based on the construction details of the superstructure and prior experience with
similar structures, it was desired to obtain the following stiffness parameters:

e Determine the axial resistance of truss support conditions.

e Floor system contribution to the bottom chord stiffness.
e Transverse load distribution provided by the corrugated steel deck.
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Evaluation of these parameters was necessary to accurately assess the load
effect on each component due to an applied load condition.
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Figure 1 Bonham 1.603 Instrumentation Plan.

Load Test Procedures

A fully loaded, three-axle dump truck with a gross weight of 43.85 kips and wheel
weights and axle configurations shown in Figure 2 was used for the controlled load
tests. Two transverse truck paths (north and south lane lines) were defined so that the
lateral load transfer characteristics of the deck could be established. The load tests
were performed by driving the truck across the bridge at crawl speed along the
prescribed paths. Data was recorded continuously at 32 Hz during each pass and the
truck position was monitored in order to record strain as a function of vehicle position.
Truck crossings from each path were performed twice to ensure data reproducibility.
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Axle loads: 11.0 Kips 27.90 Kips

D |

‘A
‘

Figure 2 Load Configuration of Test Truck

All of the instrumentation and testing procedures were completed on August 13",

1998 with traffic control and a loading vehicle being supplied by BCEO.

Preliminary Investigation of Test Results

A visual examination of the field data was first performed to assess the quality of

the data and to make a qualitative assessment of the bridge’s live-load response.
Conclusions made directly from the field data were:

All responses were primarily elastic. Readings from all top chord, diagonal, floor-
beam and stringer gages returned to zero after each load cycle. Slight residual
tension was present in some of the bottom chord gages indicating friction in the
truss bearing pads. The residual strains were in the range of 2% of the maximum
bottom chord strain.

Midspan strain histories obtained from interior Stringers 4, 5, and 6 indicated that
the stringer ends are not firmly seated at the West abutment bearing locations.
Strains obtained from the midspan, bottom-flange gage locations in Bay 1 initially
went into compression (negative moment) when the axles where on the west-end of
the stringers. This response could only be caused by the beam not being in contact
with the abutment beam seat. The beam to be pushed down to make contact with
the bearing. Once contact was made with the abutment, the interior stringer
responses were similar to the other stringers. The reversal of flexural responses on
Stringer 4 can be seen in Figure 3.

Reproducibility of the load responses from identical truck crossings was excellent as
shown in Figure 4. Some differences in load response were detected at the bottom
chord near the abutment. These gages also showed the largest degree of inelastic
behavior. These responses indicate that some movement does occur in the truss
bearings, the slight nonlinear and inelastic behavior is due to the friction in the
support system.

The end bottom chord member (L0-L2) went into compression while the truck was
on the first span indicating that the truss support conditions have a significant
amount of axial force resistance. This response implies that pin/roller support
conditions cannot be assumed in a subsequent analyses.
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Comparison of similarly-placed gages on the North and South Trusses indicated that
the response behavior was reasonable symmetric. Gages nearest the abutment had
the largest difference indicating that the degree of friction in each bearing is not
consistent. Figure 5 contains stress history comparisons from the bottom chord (LO-
L2) from both trusses. It is apparent that both truss bearings have nearly the same
axial resistance during the initial loading while member LO-L2 experienced tension.
However, the south truss bearing was approximately twice as stiff as the north truss
when the load reversal occurred and member LO-L2 experienced compression.
Maximum measured live-load compression and tension stresses of -3.76 ksi (-
130ue) and +4.47 ksi (154ue) were obtained from the floor beams and stringers.
Maximum stresses obtained from the truss were -3.25 ksi (-112ue) and 2.65 (91pue).
Because of the gage placement, the strains measured in the truss members were
induced by axial force only and do not include bending responses. Maximum axial
stresses from each gage are provided in Table 1 for each truck path.
Measurements made during high-speed truck crossings (25mph) resulted in
maximum stresses of -3.82 ksi in compression and 4.59 ksi in tension. The largest
stress cycle from the dynamic component was approximately 0.85 ksi resulting in an
impact factor of 19%. The use of the AASHTO impact factor of 26% for the 69" span
truss would therefore be reasonable. However, a 30% impact factor as specified by
AASHTO for the floor beams and stringers was found to be conservative. Figure 6
contains a graphical comparison between stresses for slow and high-speed truck
crossings.

All of the above information was extracted directly from the field data just by

looking at the shapes and magnitudes of the strain histories. This illustrates how a
"qualitative" look at the data can provide significant insight into its live load behavior.
The following section illustrates how the field data was used to generate and “calibrate”
an analytical model of the structure.
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STRAIN INFLUENCE DIAGRAMS
STRINGER 4 BOTTOM FLANGE @ MIDSPAN OF WEST END BAY

120.

100.

80.

60.

40.

20.

STRAIN (micro—strain)

—20.
L ‘ ~ BEAM .END IN CONTACT WITH ABUTMENT SUPPORT

—40.
—10. 0. 10. 20. 30. 40. 50. 60.

TRUCK POSITION (ft.)
31:1

Figure 3 Stringer 4 @ West Bay - Abutment beam-end not in contact.

STRAIN INFLUENCE DIAGRAMS
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Figure 4 Reproducibility of test procedure and data acquisition.
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Figure 5 Asymmetric Stresses on North and South Truss.
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Figure 6 Strain Histories from Slow and Fast Truck Crossings.
Table 1 Maximum measured stresses on truss, stringers and floor beam.

Member Gage Truck Path 1 (ksi) Truck Path 2 (ksi)
C T Range C T Range
North Truss

Top Chord U1-U3 13| -1.17| 0.00 1.17 | -3.25| 0.02 3.27
Diagonal U1-L2 14 0.00 | 0.69 0.70 0.00 | 1.97 1.97
Bottom Chord L0O-L2 15| -0.28| 0.47 0.75| -0.68| 1.32 2.00
End Post LO-U1 16| -0.78 | 0.01 0.79| -2.11| 0.01 2.13
Top Chord U3-U5 21| -1.12] 0.01 1.13| -3.09| 0.01 3.09
Bottom Chord L4-L4' 22| -0.01| 0.71 0.72| -0.01| 2.11 2.11
Diagonal L2-U3 23| -0.41| 0.20 0.61| -1.24| 0.82 2.06
Bottom Chord L2-L4 24| -0.02| 0.92 0.94 0.00 | 2.65 2.65

South Truss

Top Chord U1-U3 1| -83.20| 0.00 3.21 | -1.27| 0.01 1.28
Diagonal U1-L2 2| -0.01] 2.04 2.05| -0.01] 0.80 0.81
End Post L0O-U1 3| -2.88| 0.02 290 | -1.14| 0.01 1.15
Bottom Chord LO-L2 4| -1.35| 1.30 265| -0.56| 0.43 0.99
Floor Beam & Stringers
Floor Bm - midspan 6| -0.05| 3.00 3.06 | -0.09| 4.34 4.43
Floor Bm - 1/4 pnt 8| -0.02] 1.42 1.44 | -0.06| 3.82 3.88
Stringer 2 midspan btm 29| -0.33| 4.43 476 | -017| 0.66 0.83
Stringer 3 midspan btm 30| -0.31] 3.20 3.51| -0.21| 1.03 1.24
Stringer 4 midspan btm 31| -0.60| 3.02 3.63| -0.21| 0.97 1.18
Stringer 5 midspan btm 32| -0.53| 1.41 1.94| -0.74| 1.64 2.38
Stringer 6 midspan btm 18| -0.15| 0.69 0.85| -0.98| 3.63 4.61
Stringer 7 midspan btm 20| -0.18| 1.04 1.22 | -0.36 | 4.47 4.82
Stringer 8 midspan btm 10| -0.12| 0.56 0.69| -0.29| 4.01 4.31
Stringer 9 midspan btm 12| -0.14| 0.13 026 | -0.24| 2.75 2.98
Stringer 7 3/4 pnt bay 1 26| -0.09| 0.87 0.95| -049| 2.95 3.43
Stringer 7 1/4 pnt bay 1 27| -0.11 | 0.66 0.77| -0.26| 2.49 2.75

Stringer 7 midspan bay 2 28| -0.09| 0.49 0.58| -0.18 | 3.93 4.11

Modeling, Analysis, and Data Correlation

From the above discussion, it is apparent that field data alone can provide a
considerable amount of useful information. But it is important to realize that strain values
can be influenced by a large number of factors, some of which are not obvious or may not
be reliable at higher load levels. In addition, the maximum strains did not necessarily
occur at the gage locations and the critical responses may not have been measured.
Therefore, it is important to verify measured responses through analysis and then
determine the critical responses throughout the entire structure. The most rational load
rating approach is to use sound engineering principles along with a realistic analysis. With
this reasoning, the best use of strain measurements is to aid in the generation of an
accurate model of the structure.

A 3-D finite element model of the superstructure was defined and the entire field
testing operation was essentially reproduced in the modeling and analysis procedures. 3-
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D frame elements were used to represent the truss members, stringers and floor beams.
The deck was represented by a combination of transverse beam elements and plate
elements. The beam elements provided the load transfer characteristics of the corrugated
deck, while quadrilateral plate elements were used only to receive the wheel loads and
distribute the wheel loads to the beams. To provide the ability to represent the actual
boundary conditions, linear displacement springs were placed at the truss support
locations.

In order to facilitate comparison of the computed and measured responses, strain
gage locations were defined that corresponded to the same locations defined in the field.
The same gage identifications were used so that comparisons could be made accurately
and efficiently.

The entire computer model including geometry, boundary conditions, member
cross-sections, and gage locations, was generated graphically and shown in Figure 7.
Even though the geometry of the structure was well defined, there were various
parameters that were not well known. These parameters included the effective stiffness of
the deck (“I” of the transverse beam elements) and the effective spring stiffness (k)
required to simulate the truss support conditions. Initial cross-section properties of the
truss members, stringers, and floor beams were obtained directly from AISC property
tables. Because the truss members did not exhibit any deterioration, it was assumed that
those stiffness parameters were accurate. Inspection of the stringers and floor beams did
indicate probable section loss. As a conservative starting point, all of the support spring
constants were initially set to zero.

Loading of the model was accomplished by defining a two-dimensional model (foot
print) of the test vehicle consisting of a group of point loads and then placing the truck
model on the structure model. Truck crossings were simulated by moving the truck model
at discrete positions along the same paths used during the field test. During the
comparison process, 18 longitudinal truck positions were defined for each test path.
Therefore, for each analysis run, strains were computed at 25 gage locations for 18 truck
positions on two truck paths. Accuracy of the analysis was determined by comparison of
900 (25x18x2) computed strain values with their corresponding measured strains.

Initial comparisons between the computed and measured strains indicated that the
stresses at the majority of locations (top chord, diagonals, verticals, stringers, and floor
beams) were reasonably accurate, but that the bottom chord stresses were greatly over-
predicted. Conclusions obtained from the initial comparison include:

e The large difference in bottom chord stresses indicated that the truss support spring
stiffnesses needed to be increased.

e The computed load distribution of the deck was incorrect such that the transverse
deck beams needed to be stiffened.

e The bi-linear bearing conditions observed at Stringers 4, 5, and 6 could not be
represented by the linear-elastic analysis. Therefore stringer gages were eliminated
for the final structural identification process. An assumed section loss of 5% was
applied to the stringers based on field observations.
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Figure 7 Computer generated display of bridge model.

To improve the model’s accuracy, various stiffness terms were modified through a
parameter identification process until a best-fit correlation between the measured and
computed strain was obtained. A total of three different stiffness parameters were
calibrated through an iterative process of analysis, data comparison, and structural
identification. At the end of this cycle, an acceptable correlation was obtained. Table 2
contains the initial and final values for each of the variable properties. To illustrate how
the parameter modification improved the accuracy of the model, initial and final error
values are shown in

Table 3. Please see Appendix B for an in-depth discussion on the parameter
identification method and error quantifications.

Table 2 Initial and Final Values of Variable Parameters

Member Property Units Initial Value | Identified Value
Transverse deck beams (Ix) in" 11.3 38.4
Truss supports axial restraint (Kx) Kip/in 0.0 1250.0
Floor Beam (Ix) in” 3270.0 2796.0
Stringer (Ix) in” 238.0 226.0
Table 3 Accuracy of initial and refined models

Error Value Initial Model | Refined Model
Absolute Error 9143ue 4363ue
Percent Error 31% 5.6%

Scale Error 14.6% 5.4%

Correlation Coefficient 0.89 0.97
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At this point, the model has been “calibrated” to the field measurements. Since
the load responses of the model are very similar to those of the actual structure, it can
be assumed that the stiffness and load transfer characteristics are correct. This method
of “integrating” the analysis with experimental results now provides a quantitative and
rational basis for further evaluation.

Discussion of Results
The accuracy obtained by this evaluation process was typical of steel truss
structures. The most important observations made from the load test data evaluation and
during the parameter identification process are as follows:

e The truss support pads do not allow free longitudinal translation during normal traffic
loading. The overall effect of this condition is that the bottom chord tension stresses
are greatly reduced because much of the axial force is transmitted into the truss
reactions. For example, the midspan bottom chord member (L4-L4" ) tension forces are
reduced by 50% when the bridge is loaded with two HS-20 (model) trucks. The
diagonal members are minimally affected, and there is essentially no affect on the top
chord and vertical members.

e The welded gusset plate connections cause the trusses to act as a rigid frame rather
than a truss with pinned connections. This causes the trusses to be stiffer than would
be predicted by a simple truss analysis. It is important to note, however, that the load
capacity may not be increased substantially because bending effects must be
considered when calculating stresses. The inclusion of bending stresses typically
offset the reduction of axial force stresses. While stresses at extreme fibers are not
significantly reduced, the stiffness of the truss is increased by the rigid connections
and the deflection is reduced compared to a truss with pinned connections.

e The bi-linear support conditions observed from Stringer 4, 5, and 6 at the west-end
bay could not be realistically represented by a linear analysis. The support conditions
induced unusual responses for the stringers and also had an effect on the lateral
distribution of the floor system in the first bay. Typical support conditions will be
assumed for subsequent evaluations.

Load Rating Procedures and Results

The main reason for producing a field-calibrated model was to have the ability to
compute realistic load ratings. Load test results are generally limited to the specific load
application. However, given a realistic model, analyses and load ratings can be performed
for any load configuration. In this section, a discussion of the load rating procedures is
given and load limits are provided for H-20 and HS-20 load configurations.

Inventory and operating rating factors were computed using Allowable Stress
Design (ASD) procedures. Member capacities were computed for the truss and floor
system member using the appropriate AASHTO design specifications. Allowable stresses
were computed for A-36 and A-242 steel with appropriate reductions in compression
stresses based on the members' KL/r ratios. Member capacities were computed for
individual responses such as tension, compression, and bending about each axis and are
listed in Table 4.
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The rating equation specified by the AASHTO Manual for Condition Evaluation of
Bridges was used to generate inventory and operating load limits (see Appendix C). The
appropriate load factors were applied to the dead- and live-load effects based on the level
of rating (A1 = Ao = 1.0 for Allowable Stress ratings). AASHTO impact factors of 20% were
applied to the truss members and 30% impact factors were applied to the stringers and

floor-beams.

Table 4 Inventory and Operating Component Capacities.

Member Inventory Capacities Operating Capacities
Tension| Comp. M-x | Tension | Comp. M-x
(kips) | (kips) (k-in) (kips) (kips) (k-in)
Top Chord
L0-U1 N/Al 1425 134.5 N/A 177.6 183.0
U1-U3 N/Al  175.5 198.0 N/A 218.9 269.5
U3-U5s N/A|  236.6 345.6 N/A 294.9 470.4
Btm Chord
LO-L2 109.6 N/A 31.1 149.2 N/A 42.4
L2-L4 158.8 N/A 37.1 216.1 N/A 50.5
L4-L4' 2124 N/A 90.0 289.1 N/A 122.5
Diagonals 168.3] 107.0 67.3 229.1 133.5 91.6
Floor Structure Shear-z M-x Shear-z M-x
(kips) (k-in) (kips) (k-in)
Stringers 35.0 N/A 694.8 48.0 N/A 945.7
FI. Beam 145.0 N/A| 4374.0 198.0 N/A| 5953.5

In the rating equation, dead- and live-load effects were computed from the

calibrated model. An additional dead load of 50 PSF to account for the asphalt and
corrugated deck was applied uniformly over the model. Critical live-load effects were
determined by computing axial force and moment envelopes for two different truck paths.
Multiple-lane loading was obtained by superimposing the two load response envelopes.

Because combined axial force and bending stresses had to be considered, overall

member rating factors were computed for compression members based on the

combination of individual force rating factor as shown in Equation (1). Tension member
rating factors were computed obtaining the combined tension and bending applied stress.
The results of the load ratings are presented in Table 5 and Table 6 for the standard
AASHTO design and rating vehicles.

1

1

- = +
R F R FAxiaI R FMx
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Table 5 Inventory and Operating Load Rating Factors for H-20 (20 tons)

Member Inventory Load Rating Operating Load Rating
RF Load Limit (tons) | RF | Load Limit (tons)
Top Chord
L0-U1 1.57 31.41 2.13 42.60
U1-U3 1.37 2743 | 1.85 36.99
U3-U5s 1.4 29.17 | 1.97 39.36
Btm Chord
LO-L2 2.97 59.40 4.09 81.79
L2-L4 2.24 4472 | 3.14 62.76
L4-L4' 3.05 60.92 4.32 86.42
Diagonals 1.96 39.21 2.80 56.05
Floor Structure
Stringers 1.33 26.60| 1.85 37.00
FI. Beam 1.61 3220| 2.34 46.80

Table 6 Inventory and Operating Load Rating Factors for HS-20 (36 tons)

Member Inventory Load Rating Operating Load Rating
RF Load Limit (tons) | RF | Load Limit (tons)
Top Chord
LO-U1 0.97 35.05| 1.32 47.67
U1-U3 0.86 31.12| 1.17 42.13
U3-U5s 0.91 3290 | 1.24 44.63
Btm Chord
LO-L2 2.01 72.34 2.77 99.72
L2-L4 1.39 49.97 | 1.95 70.22
L4-L4' 1.90 68.56 | 2.70 97.16
Diagonals 1.24 44.79 1.78 64.02
Floor Structure
Stringers 54.00| 2.08 74.88
Fl. Beam 41.04 1.66 59.76

As an alternate method of load rating the longitudinal stringers, a lateral distribution
factor for a wheel line load application was computed from the measured strains. Since
all of the stringers were found to have the same stiffness, the distribution factor was
obtained by dividing the maximum stringer strain by the sum of the stringer strains at
the same cross-section. Table 7 contains the measured lateral distribution factor for
one and two lane loading along with the corresponding AASHTO distribution factors.
For this bridge, it is apparent that the measured wheel distribution factor is very close to
the AASHTO "S over" factors. It is likely that if the observed stringer bearings are
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repaired so that all stringers are in contact with their supports, the lateral distribution will
improve slightly.

Table 7 Measured Lateral Distribution Factor for Stringers.

Distribution Factor Single Lane Load Two Lane Load
Measured 0.50 0.61
AASHTO 3.23.2.2 S/5.5=0.48 S/4.5 =0.59

Conclusions and Recommendations

From the load rating results, it is apparent that the stringers control the load limits
for H-20 loading and the top chord members are critical for HS-20 loading. Tension
along the bottom chord is not a critical factor because the tension forces are
significantly reduced by the truss reactions. In fact, the end bottom-chord members (LO-
L2) are limited by compression even through they are designed to be tension members.

Because of the truss construction details, the relatively low tension stresses, and
the low traffic volume on this structure, fatigue was not considered to be an important
factor and was therefore not included in the load rating calculations. Fatigue may need
to be considered on similar bridges that have a more typical truss support system (free
to expand), and that have a greater volume of truck traffic.

The observed bi-linear support conditions could not be realistically represented
with a linear-elastic analysis. Load ratings on the stringers were based on normal
bearing conditions. The observed stringer-bearing condition should be confirmed by a
visual inspection and repaired if it is found that a gap does exist between the stringers
and the beam seats. The effect of the poor beam-seats may be that the stringers
resting on their supports carry a higher load percentage than those that are not in
contact. Also, large impact forces may be induced when the stringer ends are pushed
(or slammed) down onto their bearings, which may have detrimental effects on the
abutment integrity.

The primary factors determined from the load testing operation, that could not
have been determined by a conventional inspection and load rating, were the effects of
the truss supports and the frame-like behavior of the trusses. While the support
conditions are not typical of most trusses, it does not appear that the axial restraint has
any adverse effects on the structure' s response behavior. The support conditions
provided some benefit in that the bottom chord tension stresses were greatly reduced.
However, the overall load ratings were not substantially affected because the top chord
members were essentially uninfluenced by the truss boundary conditions.

Rating values and information presented in this report are based on the condition
of the superstructure at the time of the actual field-testing. No effort has been made to
evaluate the condition of the substructure components and no implication has been
made concerning substructure load capacity.
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Measured and Computed Strain Comparisons

While statistical terms provide a means of evaluating the relative accuracy of
various modeling procedures or help determine the improvement of a model during a
calibration process, the best conceptual measure of a model' s accuracy is by visual
examination of the response histories. The following graphs contain measured and
computed stress histories from each truck path. In each graph the continuous lines
represent the measured stress as a function of truck position as it traveled across the
bridge. Computed stresses are shown as markers at discrete truck intervals. The two
sets of data for each gage represent the two different truck paths.
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Figure 8 Measured and Computed Stresses - North Truss LO-L2.
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Figure 9 Measured and Computed Stresses - North Truss L2-L4.
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Figure 10 Measured and Computed Stresses - North Truss L4-L4" .
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Figure 12 Measured and Computed Stresses - North Truss U1-U3.
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Figure 13 Measured and Computed Stresses - North Truss U3-U5.
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Figure 14 Measured and Computed Stresses - North Truss U1-L2.
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Figure 15 Measured and Computed Stresses - North Truss L2-US3.
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Figure 16 Measured and Computed Stresses - South Truss LO-L2.
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Figure 17 Measured and Computed Stresses - South Truss LO-U1.
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Figure 18 Measured and Computed Stresses - South Truss U1-U3.
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Figure 20 Measured and Computed Stresses - Stringer 2 Midspan Bay 1.
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Figure 21 Measured and Computed Stresses - Stringer 3 Midspan Bay 1.
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Figure 22 Measured and Computed Stresses - Stringer 4 Midspan Bay 1.
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Figure 23 Measured and Computed Stresses - Stringer 5 Midspan Bay 1.
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Figure 24 Measured and Computed Stresses - Stringer 6 Midspan Bay 1.
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Figure 25 Measured and Computed Stresses - Stringer 7 Midspan Bay 1.
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Figure 26 Measured and Computed Stresses - Stringer 8 Midspan Bay 1.
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Figure 27 Measured and Computed Stresses - Stringer 9 Midspan Bay 1.
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Figure 28 Measured and Computed Stresses - Stringer 7 Midspan Bay 2.
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Figure 29 Measured and Computed Stresses - Floor Beam at Midspan.
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Figure 30 Measured and Computed Stresses - Floor Beam at Quarter Span.
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Appendix A - Field Testing Procedures

The motivation for developing a relatively easy-to-implement field testing system
was to allow short and medium span bridges to be tested on a routine basis. Original
development of the hardware was started in 1988 at the University of Colorado under a
contract with the Pennsylvania Department of Transportation (PennDOT). Subsequent
to that project, the Integrated technique was refined on another study funded by the
Federal Highway Administration (FHWA) in which 35 bridges located on the Interstate
system throughout the country were tested and evaluated. Further refinement has been
implemented over the last several years through testing and evaluating several more
bridges, lock gates, and other structures.

The real key to being able to complete the field testing quickly is the use of strain
transducers (rather than standard foil strain gages) that can be attached to the
structural members in just a few minutes. These sensors were originally developed for
monitoring dynamic strains on foundation piles during the driving process. They have
been adapted for use in structural testing through special modifications, and have a 3 to
4 percent accuracy, and are periodically re-calibrated to NIST standards.

In addition to the strain sensors, the data acquisition hardware has been
designed specifically for field use through the use of rugged cables and military-style
connectors. This allows quick assembly of the system and keeps bookkeeping to a
minimum. The analog-to-digital converter (A/D) is an off-the-shelf-unit, but all signal
conditioning, amplification, and balancing hardware has been specially designed for
structural testing. The test software has been written to allow easy configuration (test
length, etc.) and operation. The end result is a system that can be used by people other
than computer experts or electrical engineers. Other enhancements include the use of
a remote-control position indicator. As the test vehicle crosses the structure, one of the
testing personnel walks along-side and depresses a button on the communication radio
each time the front axle of the vehicle crosses one of the chalk lines laid out on the
deck. This action sends a signal to the strain measurement system which receives it
and puts a mark in the data. This allows the field strains to be compared to analytical
strains as a function of vehicle position, not only as a function of time.

The use of a moving load as opposed to placing the truck at discrete locations
has two major benefits. First, the testing can be completed much quicker, meaning
there is less impact on traffic. Second, and more importantly, much more information
can be obtained (both quantitative and qualitative). Discontinuities or unusual
responses in the strain histories, which are often signs of distress, can be easily
detected. Since the load position is monitored as well, it is easy to determine what
loading conditions cause the observed effects. If readings are recorded only at discreet
truck locations, the risk of losing information between the points is great. The
advantages of continuous readings have been proven over and over again.

The following list of procedures have been reproduced from the BDI Structural
Testing System (STS) Operation Manual. This outline is intended to describe the general
procedures used for completing a successful field test on a highway bridge using the BDI-
STS. Other types of structures can be tested as well with only slight deviations from the
directions given here.
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Once a tentative instrumentation plan has been developed for the structure in
question, the strain transducers must be attached and the STS prepared for running the
test.

Attaching Strain Transducers

There are two methods for attaching the strain transducers to the structural
members: C-clamping or with tabs and adhesive. For steel structures, quite often the
transducers can be clamped directly to the steel flanges of rolled sections or plate girders.
If significant lateral bending is assumed to be present, then one transducer may be
clamped to each edge of the flange. If the transducer is to be clamped, insure that the
clamp is centered over the mounting holes. In general, the transducers can be clamped
directly to painted surfaces. However, if the surface being clamped to is rough or has very
thick paint, it should be cleaned first with a grinder. The alternative to clamping is the tab
attachment method outlined below.

1. Place two tabs in mounting jig. Place transducer over mounts and tighten the 1/4-20
nuts until they are snug (approximately 50 in-lb.). This procedure allows the tabs to
mounted without putting stress on the transducer itself. When attaching transducers to
R/C members, transducer extensions are used to obtain a longer gage length. In this
case the extension is bolted to one end of the transducer and the tabs are bolted to
the free ends of the transducer and the extension.

2. Mark the centerline of the transducer location on the structure. Place marks 1-1/2
inches on either side of the centerline and using a hand grinder, remove paint or scale
from these areas. If attaching to concrete, lightly grind the surface to remove any
scale. If the paint is quite thick, use a chisel to remove most of it before grinding.

3. Very lightly grind the bottom of the transducer tabs to remove any oxidation or other
contaminants.

4. Apply a thin line of adhesive to the bottom of each transducer tab.

5. Spray each tab and the contact area on the structural member with the adhesive
accelerator.

6. Mount transducer in its proper location and apply a light force to the tabs (not the
center of the transducer) for approximately 10 seconds.

If the above steps are followed, it should be possible to mount each transducer in
approximately five minutes. When the test is complete, carefully loosen the 1/4-20 nuts
from the tabs and remove transducer. If one is not careful, the tab will pop loose from the
structure and the transducer may be damaged. Use vice grips to remove the tabs from
the structure.
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Assembly of System

Once the transducers have been mounted, they should be connected into an STS
unit. The STS units should be placed near the transducer locations in such a manner to
allow four transducers to be plugged in. Each STS unit can be easily clamped to the
bridge girders. If the structure is concrete and no flanges are available to set the STS
units on, transducer tabs glued to the structure and plastic zip-ties or small wire can be
used to hold them up. Since the transducers will identify themselves to the system, there
is no special order that they must follow. The only information that must be recorded is
the transducer serial number and its location on the structure. Large cables are provided
which can be connected between the STS units. The maximum length between STS units
is 50ft (15m). If several gages are in close proximity to each other, then the STS units can
be plugged directly to each other without the use of a cable. All connectors will "click"
when the connection has been completed properly.

Once all of the STS units have been connected in series, one cable must be run
and connected to the power supply located near the PC. Connect the 9-pin serial cable
between the computer and the power supply. The position indicator is then assembled
and the system connected to a power source (either 12VDC or 120-240AC). The system
is now ready to acquire data.

Performing Load Test
The general testing sequence is as follows:

1. Transducers are mounted and the system is connected together and turned on.

2. The deck is marked out for each truck pass. Locate the point on the deck directly
above the first bearing for one of the fascia beams. If the bridge is skewed, the first
point encountered from the direction of travel is used and an imaginary line extended
across and normal to the roadway as shown in Figure 31. All tests are started from
this line. In order to track the position of the loading vehicle on the bridge during the
test, an X-Y coordinate system, with the origin at the selected reference point is laid
out. Longitudinal marks are placed with chalk powder the length of the bridge in even
increments. For spans less than 100-ft (30.5-m), 10-ft (3.05-m) increments are used,
although for very short spans, use 5-ft (1.5-m) For longer spans, marks are placed at
20-foot (6.1-m) intervals. This is done for each lane that the truck travels over. A
typical deck layout is shown in Figure 31.

In addition to monitoring the longitudinal position, the vehicle' s transverse position
must be known. The transverse truck position is kept uniform by first aligning the truck
in the center of the lane where it would normally travel at highway speed. Next, a
chalk mark is made on the deck locating the transverse location of the driver' s side
front wheel. By making a measurement from this mark to the reference point, the
transverse ("Y") position of the truck is always known. The truck is aligned on this
mark for all subsequent tests in this lane. For two lane bridges with shoulders, tests
are run on the shoulder (driver' s side front wheel along the white line) and in the
center of each lane. If the bridge has only two lanes and very little shoulder, tests are
run in the center of each lane only. If the purpose of the test is to calibrate a computer
model, it is sometimes more convenient to simply use the lane lines as guides since it
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is easier for the driver to maintain a constant lateral position. Responses due to critical
truck positions are then obtained by the analysis.

The driver is instructed that the test vehicle must be kept in the proper location on
the bridge. For example, the left front wheel needs to be kept on the white line for the
shoulder tests. Another important item is that the vehicle maintain a constant rate of
speed during the entire test.

Two more pieces of information are then needed: the axle weights and dimensions
of the test vehicle. The axle weights are generally provided by the driver, who stops at
a local scale. However, a weight enforcement team can use portable scales and
weigh the truck at the bridge site. Wheel base and axle width dimensions are made
with a tape measure and recorded.

TEST I REFERENCE MARKS
ONE SET FOR EACH LANE

REFERENCE | R |
POINT
107 Typ.
Figure 31 Typical Deck Layout for Load Position Monitoring

3. The program is started and the number of channels indicated is verified. If the number
of channels indicated do not match the number of channels actually there, a
malfunction has occurred and must be corrected before testing commences.

4. The transducers are initialized (zeroed out) with the Balance option. If a transducer
cannot be initialized, it should be inspected to ensure that it has not been damaged.

5. The desired test length, sample rate, and output file name are selected. In general, a
longer test time than the actual event is selected. For most bridge tests, a one or two-
minute test length will suffice since the test can be stopped as soon as the truck
crosses completely over the structure.

6. To facilitate presenting data as a function of load position, rather than time, two items
describing the Pl information must be defined. The starting position and Pl interval
distance allow the data to be plotted using position coordinates that are consistent
with a numeric analysis. The starting position refers to the longitudinal position of the
load vehicle in the model coordinate system when the data recording is started. The
interval distance(s) is the distance between position marks using the units and sign
convention of the coordinate system. Typically, all of the intervals are defined with the
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same length, however, in some cases this may not be possible and some other
reference points must be used. The distance between each position mark can be
defined. It is important that this information be clearly defined in the field notes.

7. If desired, the Monitor option can be used to verify transducer output during a trial test.
Also, it is useful to run a Position Indicator (PI) test while in Monitor to ensure that the
clicks are being received properly.

8. When all parties are ready to commence the test, the Run Test option is selected
which places the system in an activated state. When the Pl is first depressed, the test
will start. Also, the Pl is depressed each time the front axle crossed a chalk mark. The
Pl operator should either ride on the truck sidestep or walk beside the truck as it
crosses the bridge. An effort should be made to get the truck across with no other
traffic on the bridge. There should be no talking over the radios during the test as a
“position” will be recorded each time the microphones are activated.

9. When the test has been completed and the system is still recording data, hit "S" to
stop collecting data and finish writing the recorded data to disk. If the data files are
large, they can be compressed and copied to floppy disk.

10. It is important to record the field notes very carefully. Having data without knowing
where it was recorded can be worse than having no data at all. Transducer location
and serial numbers must be recorded accurately. All future data handling in BDI-GRF
is then accomplished by keying on the transducer number. This system has been
designed to eliminate the need to track channel numbers by keeping this process in
the background. However, the STS unit and the transducer' s connector nurber are
recorded in the data file if needed for future hardware evaluations.
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Appendix B - Modeling and Analysis: The Integrated Approach

Introduction

In order for load testing to be a practical means of evaluating short- to medium-
span bridges, it is apparent that testing procedures must be economic to implement in
the field and the test results translatable into a load rating. A well-defined set of
procedures must exist for the field applications as well as for the interpretation of
results. An evaluation approach based on these requirements was first developed at
the University of Colorado during a research project sponsored by the Pennsylvania
Department of Transportation (PennDOT). Over several years, the techniques
originating from this project have been refined and expanded into a complete bridge
rating system.

The ultimate goal of the Integrated approach is to obtain realistic rating values for
highway bridges in a cost effective manner. This is accomplished by measuring the
response behavior of the bridge due to a known load and determining the structural
parameters that produce the measured responses. With the availability of field
measurements, many structural parameters in the analytical model can be evaluated that
are otherwise conservatively estimated or ignored entirely. ltems that can be quantified
through this procedure include the effects of structural geometry, effective beam
stiffnesses, realistic support conditions, effects of parapets and other non-structural
components, lateral load transfer capabilities of the deck and transverse members, and
the effects of damage or deterioration. Often, bridges are rated poorly because of
inaccurate representations of the structural geometry or because the material and/or
cross-sectional properties of main structural elements are not well defined. A realistic
rating can be obtained, however, when all of the relevant structural parameters are
defined and implemented in the analysis process.

One of the most important phases of this approach is a qualitative evaluation of
the raw field data. Much is learned during this step to aid in the rapid development of a
representative model.

Initial Data Evaluation

The first step in structural evaluation consists of a visual inspection of the data in
the form of graphic response histories. Graphic software was developed to display the
raw strain data in various forms. Strain histories can be viewed in terms of time or truck
position. Since strain transducers are typically placed in pairs, neutral axis
measurements, curvature responses, and strain averages can also be viewed. Linearity
between the responses and load magnitude can be observed by the continuity in the
strain histories. Consistency in the neutral axis measurements from beam to beam and as
a function of load position provides great insight into the nature of the bridge condition.
The direction and relative magnitudes of flexural responses along a beam line are useful
in determining if end restraints play a significant role in the response behavior. In general,
the initial data inspection provides the engineer with information concerning modeling
requirements and can help locate damaged areas.

Having strain measurements at two depths on each beam cross-section, flexural
curvature and the location of the neutral axis can be computed directly from the field
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data. Figure 32 illustrates how curvature and neutral axis values are computed from the
strain measurements.
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Figure 32 lllustration of Neutral Axis and Curvature Calculations

The consistency in the N.A. values between beams indicate the degree of
consistency in beam stiffnesses. Also, the consistency of the N.A. measurement on a
single beam as a function of truck position provides a good quality check for that beam.
If for some reason a beam’s stiffness changes with respect to the applied moment (i.e.
loss of composite action or loss of effective flange width due to a deteriorated deck), it
will be observed by a shift in the N.A. history.

Since strain values are translated from a function of time into a function of vehicle
position on the structure and the data acquisition channel and the truck position tracked,
a considerable amount of book keeping is required to perform the strain comparisons. In
the past, this required manipulation of result files and spreadsheets which was tedious
and a major source of error. This process in now performed automatically by the software
and all of the information can be verified visually.

Finite Element Modeling and Analysis

The primary function of the load test data is to aid in the development of an
accurate finite element model of the bridge. Finite element analysis is used because it
provides the most general tool for evaluating various types of structures. Since a
comparison of measured and computed responses is performed, it is necessary that the
analysis be able to represent the actual response behavior. This requires that actual
geometry and boundary conditions be realistically represented. In maintaining reasonable
modeling efforts and computer run times, a certain amount of simplicity is also required,
so a planar grid model is generated for most structures and linear-elastic responses are
assumed. A grid of frame elements is assembled in the same geometry as the actual
structure. Frame elements represent the longitudinal and transverse members of the
bridge. The load transfer characteristics of the deck are provided by attaching plate
elements to the grid. When end restraints are determined to be present, elastic spring
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elements having both translational and rotational stiffness terms are inserted at the
support locations.

Loads are applied in a manner similar to the actual load test. A model of the test
truck, defined by a two-dimensional group of point loads, is placed on the structure model
at discrete locations along the same path that the test truck followed during the load test.
Gage locations identical to those in the field are also defined on the structure model so
that strains can be computed at the same locations under the same loading conditions.

Model Correlation and Parameter Modifications

The accuracy of the model is determined numerically by the analysis using several
statistical relationships and through visual comparison of the strain histories. The numeric
accuracy values are useful in evaluating the effect of any changes to the model, where as
the graphical representations provide the engineer with the best perception for why the
model is responding differently than the measurements indicate. Member properties that
cannot be accurately defined by conventional methods or directly from the field data are
evaluated by comparing the computed strains with the measured strains. These
properties are defined as variable and are evaluated such that the best correlation
between the two sets of data is obtained. It is the engineer’s responsibility to determine
which parameters need to be refined and to assign realistic upper and lower limits to each
parameter. The evaluation of the member property is accomplished with the aid of a
parameter identification process (optimizer) built into the analysis. In short, the process
consists of an iterative procedure of analysis, data comparison, and parameter
modification. It is important to note that the optimization process is merely a tool to help
evaluate various modeling parameters. The process works best when the number of
parameters is minimized and reasonable initial values are used.

During the optimization process, various error values are computed by the analysis
program that provide quantitative measure of the model accuracy and improvement. The
error is quantified in four different ways, each providing a different perspective of the
model' s ability to represent the actual structure; an absolute error, a percent error, a scale
error and a correlation coefficient.

The absolute error is computed from the absolute sum of the strain differences.
Algebraic differences between the measured and theoretical strains are computed at
each gage location for each truck position used in the analysis, therefore, several
hundred strain comparisons are generally used in this calculation. This quantity is typically
used to determine the relative accuracy from one model to the next and to evaluate the
effect of various structural parameters. It is used by the optimization algorithm as the
objective function to minimize. Because the absolute error is in terms of micro-strain (mg)
the value can vary significantly depending on the magnitude of the strains, the number of
gages and number of different loading scenarios. For this reason, it has little conceptual
value except for determining the relative improvement of a particular model.

A percent error is calculated to provide a better qualitative measure of accuracy.
It is computed as the sum of the strain differences squared divided by the sum of the
measured strains squared. The terms are squared so that error values of different sign
will not cancel each other out, and to put more emphasis on the areas with higher strain

Bai giang Thi nghienB@u - Page 162 of 168



magnitudes. A model with acceptable accuracy will usually have a percent error of less
than 10%.

The scale error is similar to the percent error except that it is based on the
maximum error from each gage divided by the maximum strain value from each gage.
This number is useful because it is based only on strain measurements recorded when
the loading vehicle is in the vicinity of each gage. Depending on the geometry of the
structure, the number of truck positions, and various other factors, many of the strain
readings are essentially negligible. This error function uses only the most relevant
measurement from each gage.

Another useful quantity is the correlation coefficient which is a measure of the
linearity between the measured and computed data. This value determines how well the
shape of the computed response histories match the measured responses. The
correlation coefficient can have a value between 1.0 (indicating a perfect linear
relationship) and -1.0 (exact opposite linear relationship). A good model will generally
have a correlation coefficient greater than 0.90. A poor correlation coefficient is usually an
indication that a major error in the modeling process has occurred. This is generally
caused by poor representations of the boundary conditions or the loads were applied
incorrectly (i.e. truck traveling in wrong direction).

The following table contains the equations used to compute each of the statistical
error values:

Table 8. Error Functions

ERROR FUNCTION EQUATION
Absolute Error Yleym - €cl
Percent Error Y (e - €c)2 / Ylem )2
Scale Error Y maxlg,, - eclgage
Zmaxlgmlgage
Correlation Coefficient Y(em - emNec - €0)
S(em - em ) (ec - e )

In addition to the numerical comparisons made by the program, periodic visual
comparisons of the response histories are made to obtain a conceptual measure of
accuracy. Again, engineering judgment is essential in determining which parameters
should be adjusted so as to obtain the most accurate model. The selection of adjustable
parameters is performed by determining what properties have a significant effect on the
strain comparison and determining which values cannot be accurately estimated through
conventional engineering procedures. Experience in examining the data comparisons is
helpful, however, two general rules apply concerning model refinement. When the shapes
of the computed response histories are similar to the measured strain records but the
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magnitudes are incorrect this implies that member stiffnesses must be adjusted. When
the shapes of the computed and measured response histories are not very similar then
the boundary conditions or the structural geometry are not well represented and must be
refined.

In some cases, an accurate model cannot be obtained, particularly when the
responses are observed to be non-linear with load position. Even then, a great deal can
be learned about the structure and intelligent evaluation decisions can be made.
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Appendix C - Load Rating Procedures

For borderline bridges (those that calculations indicate a posting is required), the
primary drawback to conventional bridge rating is an oversimplified procedure for
estimating the load applied to a given beam (i.e. wheel load distribution factors) and a
poor representation of the beam itself. Due to lack of information and the need for
conservatism, material and cross-section properties are generally over-estimated and
beam end supports are assumed to be simple when in fact even relatively simple beam
bearings have a substantial effect on the midspan moments. Inaccuracies associated
with conservative assumptions are compounded with complex framing geometries.
From an analysis standpoint, the goal here is to generate a model of the structure that
is capable of reproducing the measured strains. Decisions concerning load rating are
then based on the performance of the model once it is proven to be accurate.

The main purpose for obtaining an accurate model is to evaluate how the bridge
will respond when standard design loads, rating vehicles or permit loads are applied to
the structure. Since load testing is generally not performed with all of the vehicles of
interest, an analysis must be performed to determine load-rating factors for each truck
type. Load rating is accomplished by applying the desired rating loads to the model and
computing the stresses on the primary members. Rating factors are computed using the
equation specified in the AASHTO Manual for Condition Evaluation of Bridges - see
Equation (2).

It is important to understand that diagnostic load testing and the integrated
approach are most applicable to obtaining Inventory (service load) rating values. This is
because it is assumed that all of the measured and computed responses are linear with
respect to load. The integrated approach is an excellent method for estimating service
load stress values but it generally provides little additional information regarding the
ultimate strength of particular structural members. Therefore, operating rating values must
be computed using conventional assumptions regarding member capacity. This limitation
of the integrated approach is not viewed as a serious concern, however, because load
responses should never be permitted to reach the inelastic range.

Operating and/or Load Factor rating values must also be computed to ensure a
factor of safety between the ultimate strength and the maximum allowed service loads.
The safety to the public is of vital importance but as long as load limits are imposed such
that the structure is not damaged then safety is no longer an issue.

Following is an outline describing how field data is used to help in developing a
load rating for the superstructure. These procedures will only complement the rating
process, and must be used with due consideration to the substructure and inspection
reports.

1. Preliminary Investigation: Verification of linear and elastic behavior through

continuity of strain histories, locate neutral axis of flexural members, detect moment
resistance at beam supports, qualitatively evaluate behavior.
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. Develop representative model: Use graphic pre-processors to represent the actual
geometry of the structure, including span lengths, girder spacing, skew, transverse
members, and deck. ldentify gage locations on model identical to those applied in the
field.

. Simulate load test on computer model: Generate 2-dimensional model of test
vehicle and apply to structure model at discrete positions along same paths defined
during field tests. Perform analysis and compute strains at gage location for each
truck position.

. Compare measured and initial computed strain values: Various global and local
error values at each gage location are computed and visual comparisons made with
post-processor.

. Evaluate modeling parameters: Improve model based on data comparisons.
Engineering judgment and experience is required to determine which variables are to
be modified. A combination of direct evaluation techniques and parameter
optimization are used to obtain a realistic model. General rules have been defined to
simplify this operation.

. Model evaluation: In some cases it is not desirable to rely on secondary stiffening
effects if it is likely they will not be effective at higher load levels. It is beneficial,
though, to quantify their effects on the structural response so that a representative
computer model can be obtained. The stiffening effects that are deemed unreliable
can be eliminated from the model prior to the computation of rating factors. For
instance, if a non-composite bridge is exhibiting composite behavior, then it can
conservatively be ignored for rating purposes. However, if it has been in service for 50
years and it is still behaving compositely, chances are that very heavy loads have
crossed over it and any bond-breaking would have already occurred. Therefore,
probably some level of composite behavior can be relied upon. When unintended
composite action is allowed in the rating, additional load limits should be computed
based on an allowable shear stress between the steel and concrete and an ultimate
load of the non-composite structure.

. Perform load rating: Apply HS-20 and/or other standard design, rating and permit
loads to the calibrated model. Rating and posting load configuration recommended by
AASHTO are shown in Figure 33.The same rating equation specified by the AASHTO
- Manual for the Condition Evaluation of Bridges is applied:

RE = C- AjD (2)
A2 L(I + 1)
where:
RF = Rating Factor for individual member.
= Member Capacity.
= Dead-Load effect.
= Live-Load effect.
Ai = Factor applied to dead-load.
A> = Factor applied to live-load.
= Impact effect, either AASHTO or measured.
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The only difference between this rating technique and standard beam rating
programs is that a more realistic model is used to determine the dead-load and live-
load effects. Two-dimensional loading techniques are applied because wheel load
distribution factors are not applicable to a planar model. Stress envelopes are
generated for several truck paths, envelopes for paths separated by normal lane
widths are combined to determine multiple lane loading effects.

8. Consider other factors: Other factors such as the condition of the deck and/or
substructure, traffic volume, and other information in the inspection report should be
taken into consideration and the rating factors adjusted accordingly.

Axle Loads 8 32 32
(kips)
14.0° 14.0" to 30.0°
Axle No. 1 2 3

HS—20 VEHICLE WEIGHT = 72 KIPS (36 TONS)

Axle Loads 16 17 17
(Kips)
15.0° 4.00
Axle No. 1 2 3

TYPE 3 VEHICLE WEIGHT = 50 KIPS (25 TONS)

Axle Loads 10 15.5 15.5 15.5 15.5
(Kips)
11.0° 4.0° 22.0° 4.0°
Axle No. 1 2 3 4 5

TYPE 3S2  VEHICLE WEIGHT = 72 KIPS (36 TONS)

Axle Loads 12 12 12 16 14 14
(kips)
15.0 4.0° 15.0° 16.0° 4.0
Axle No. 1 2 3 4 5 6

TYPE 3-3 VEHICLE WEIGHT = 80 KIPS (40 TONS)

Figure 33 AASHTO rating and posting load configurations.
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