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LOI CAM ON

Nghién ctru sinh xin dugc bay t6 long biét on chan thanh dbi véi tap thé hudng
dan PGS. TS Nghiém Manh Hién, GS.TS. Nguyén Tién Chuong d3 tan tinh huéng dan,
gitip d& va cho nhiéu chi din khoa hoc ¢ gia tri nham gitp cho nghién ctru sinh hoan
thanh luan an nay, cling nhu nang cao nang luc khoa hoc, phuong phap nghién ctru.

Nghién ctru sinh xin tran trong cam on Ban lanh dao Vién Khoa hoc cong nghé
xdy dung, Vién Chuyén nganh két cau cong trinh xay dung, Vién Théng tin, ddo tao va
tiéu chuan hoa da tao moi diéu kién va gitp d& nghién ctru sinh hoan thanh luan an.

Nghién ctru sinh xin tran trong cam on cic Can bo Phong thi nghiém va Kiém dinh
cong trinh, truong Pai hoc Xay dung; Phong thi nghiém cong trinh, Trung tam Khoa
hoc Cong ngh¢ GTVT, truong Pai hoc Giao thong van tai da nhi¢t tinh giup do to1 trong
viéc thuc hién céc thi nghi¢m cua luén an.

Nghién ctru sinh xin tran trong cdam on Ban Gidm Hi¢u truong Pai hoc Kién trtc
Ha Noi, BO mon Két ciu bé tong cbt thép - gach da truong DPai hoc Kién trac Ha Noi,
Lanh dao va anh chi em Phong Thanh tra, Khao thi &DBCL truong Pai hoc Kién tric
Ha Noi da tao nhiéu diéu kién thuan loi dé toi hoan thanh luan 4n nay.

Nghién cuu sinh xin chan thanh cam on cac nha khoa hoc trong va ngoai Vién
Khoa hoc cong nghé xay dung da tin tinh chia s¢, trao d6i kién thirc, dong vién va giup
dd nghién ctru sinh trong qua trinh thyc hi¢n luan an.

Cubi ciing, nghién ctru sinh xin bay to 1ong cam on d6i véi nhitng ngudi than trong
gia dinh, ban bé, ddng nghiép da thong cam, dong vién va chia sé nhitng kho khin véi
nghién ctru sinh trong sudt thoi gian nghién ctru va thyc hién luan an.

Nghién ciru sinh

Giang Van Khiém
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LOI CAM DOAN

To1 1a Giang Van Khiém xin cam doan luan dn nay la cong trinh nghién ctru cua
riéng t6i. Céc so li¢u, két qua trong ludn an 1a trung thuc va chua tirng dugc cong bo
trong bat ky cong trinh nao. Cac ngudn thong tin va so li€u sur dung trong luan an duogc

trich dan rd rang.

Nghién ctru sinh

Giang Van Khiém
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MO PAU
1. Ly do chon @@ tai, linh vire nghién ciru

Hién nay vach bé tong ct thép dang st dung rong rii trong két cdu chiu luc cua
céc cong trinh tir 20-40 ting tai Viét Nam, mic di dd c6 mot s6 nghién ciru Iy thuyét va
thue nghiém vé van dé nay, nhung cac két qua van con han ché va chua day du.

Trude ddy, quan diém vé thiét ké két cAu bé tong cbt thép thuong tip trung vao
viéc dam bao d6 bén va do6 ctng cia két cau. Tuy nhién hién nay phuong phap thiét ké
két ciu dura theo chuyén vi (DBD: the displacement-based design) da duoc 4p dung rong
rdi tai cic nudc trén thé gidi. Viéc nghién ctru ing xir phi tuyén cuia vach bé tong cot
thép s& lam sang to cac giai doan 1am viéc ctia vach tir giai doan dan hoi dén khi bi sup
do.

Céc phan mém phan tich két ciu pho bién hién nay nhu Etabs, Sap2000, Robot, va
Midas vv... chua c6 mé hinh phi tuyén dbi véi vat 1iéu hdn hop 13 bé tong cbt thép cho két
ciu vach ctng. Do vay, dé tai nay c6 tinh cap thiét va thyc tién trong viéc phan tich tng
xtr phi tuyén cta két cAu nha cao tang bé tong cdt thép chiu tai trong lip dao chiéu.

2. Muc tiéu va nhiém vu nghién ctru
2.1. Muc tiéu

- Xay dung phan tir hitu han tim phang d¢é mé hinh hoa g x\r phi tuyén ctia vach
bé tong cdt thép.

- Xay dung va giai bai toan phén tich phi tuyén vach bé tong cdt thép chiu tai trong
ngang lap dao chiéu.

- Nghién ctru thyc nghiém vach bé téng cbt thép chiu tai trong dao chiéu dé 1am rd
g x1r phi tuyén ctia vach bé tong cot thép.

- Xay dung chuong trinh phan tich tng xu phi tuyén vach bé tong cdt thép.

2.2. Nhiém vu

- X4y dung phan tir hdn hop bé tong cdt thép c6 xét dén tinh phi tuyén cua vat liéu.

- Thi nghiém ddi v&i cAu kién vach cing bé tong ct thép chiu tai trong dung khong
dbi va tai trong ngang dao chiéu.

- Xay dung chwong trinh phén tich tmg xr phi tuyén ctia vach bé tong cbt thép.



3. P6i twong va pham vi nghién ciru
3.1. Poi twong nghién ciru

Viach phing bé tong cbt thép trong nha cao ting duoc thiét ké, ciu tao phu hop véi
tiéu chuan Viét Nam.
3.2. Pham vi nghién ctru

Ung x@r phi tuyén cia vach bé tong cbt thép chiu dong thoi tai trong ding khong
d6i va tai trong ngang dao chiéu.
4. CAu tric cia luin an
4.1. N¢i dung ctiia Chuong 1

- Tong quan vé véach bé tong cdt thép.

- Téng quan vé dic trung phi tuyén cua vat liéu bé tong cdt thép va mo hinh phi
tuyén cua cac cdu kién.

- Tong quan vé phuong phap phan tir hitu han di v6i phan tir tim phang.

- Téong quan vé thi nghiém vach bé tong cbt thép.
4.2. Noi dung ciia Chwong 2

- Xay dung md hinh phan tir hitu han phi tuyén ddi voi ciu kién vach phang bé
tong cot thép.

- Thiét 1ap va giai bai toan mo hinh phi tuyén cta cau kién vach ciing bé tong cot
thép.
4.3. Noi dung ciia Chwong 3

Xay dung mé hinh thi nghiém, thuc hién thi nghiém két cu vach climg bé tong cot
thép chiu tai trong lip dao chiéu.
4.4. N§i dung ctia Chwong 4

- Xay dung chuong trinh phan tich phi tuyén vach bé tong cbt thép chiu tai
trong lap dao chiéu.

- Khao sat tmg xt ctia vach bé tong cdt thép da thi nghiém trong Chuong 3 va vach
trong thi nghiém cta tac gia khac da cong bd.
5. Cach tiép can va phwong phap nghién ctru

- Nghién ctru 1y thuyét: Phuong phap phan tir hitu han: xdy dung cac ma tran do



cirng, ma tran khdi luong, ma tran dan déo va véc to tai nat; phuong phap phan tich
két cAu va giai cac bai toan phan tich phi tuyén tinh va dong;

- Nghién ctru thire nghiém: thi nghiém ciu kién vach bé tong cdt thép chiu tai trong
lap dao chiéu.

6. Nhirng diém méi khoa hoc

- Phat trién m6 hinh phi tuyén vat liéu bé tong trong khong gian tng suét ba chiéu.

- Xay dyng phan tir hiru han hdn hop bé tong cbt thép trong phan tich phi tuyén
vach bé tong cbt thép chiu tai trong lip dao chiéu.

- Nghién ctru tng xtr thie nghiém moé hinh vach bé tong cbt thép chiu tai trong lap
dao chiéu;

- Xay dung chuong trinh phan tich (g xir phi tuyén cta vach bé tong cot thép chiu
tai trong l3p dao chiéu véi do tin cdy duoc danh gia thong qua viée so sanh két qua phan
tich va két qua thuc nghiém.

7. Y nghia khoa hoc va thuec tién

- Phén ttr hdn hop bé tong cbt thép trong d6 ké dén tinh phi tuyén cua vat lidu duoc
xay dung.

- Chuong trinh CSW duoc xay dung gitip cho cac nghién ctru phan tich rng xtr phi
tuyén ctia vach bé tong cbt thép dé dang thyc hién.

- Cung cap bo sb lidu vé két qua nghién ctru thyc nghiém véach bé tong cbt thép
chiu tai trong 1ap dao chiéu.

- Két qua ctia luan 4n 1a tai liéu tham khao c6 gia tri cho cong tac giang day, nghién
clru ctia nghién ciru sinh, sinh vién nganh x4y dung ciing nhu cong tac thiét ké két cdu

véach bé tong cbt thép.



CHUONG 1
TONG QUAN VE VAN PE NGHIEN CUU
1.1. Gi6i thiéu chung vé vach bé tong cot thép
1.1.1. Khdi niém vach cing BTCT
Theo tiéu chuan thiét ké cia mot sé qudc gia trén thé gidi [6, 55, 57] nhiing cau
kién chiu tai dugc xem la vach cung néu thoa man diéu kién

Lw > hw /2 va I, > 5h. Véach cimg bé tong cbt thép co thé dugc ché tao bang cach
ghép coppha, lip dit ¢t thép roi d6 bé tong tai vi tri thiét ké cua két cdu trong cong trinh
hoic c6 thé duge ché tao bang cach san xuat cac tim tuong trong nha mdy rdi tién hanh
lap ghép tai vi tri thiét ké.

Vach cimg chiu tai trong ngang tac dong song song véi mit phang cua vach. Ngoai
ra, khi tinh todn mé men quan tinh ctia vach cung phai xét td1 anh hudng cua cac vach
cimg ndm ¢ phuong vudng goc lién két véi né [55, 56].

Vach cting chiu cit c¢6 thé c6 nhiéu hinh dang bao gdm vach phang, vach c6 canh
hoic tiét dién hinh long mang. Tiét dién vach phéng 13 hinh chit nhét c6 hoic khong c6
cac md rong & vung bién. Tiét dién cua cac vach chiu cit co canh thuong 1a hinh chit T
hozc chit L. Vach bé tong cdt thép xung quanh 15i thang may va giéng thang thudng co
tiét dién chit C hodc U (vach chiu cat hinh 1ong mang) (Hinh 1.1). Céc thong s6 vé kich
thude vach thé hién trong Hinh 1.1, trong d6 4 1a chiéu day vach; A, 1a chiéu cao vach

va I, 1a chiéu dai véch.
I,
[ T h\/ﬂ N \/ X
/\ \
L Ly Ly A

Vach Vach cé Vach c6 tiét dién
phang canh long mang

‘

Hinh 1.1. Céc loai tiét dién ngang ciia vach chiu cit



1.1.2. Phan loai vach cung

* Phan loai vach cing theo chiéu cao
Vach cao ¢6 ti sO Ay /1y = 2

Vach thap c¢6 ti 56 0,33 <hy /lw <1 —2
Vach d6i ¢6 dam ndi (tuong kép)

Véach c6 16 khoét
[l o
a)- Vach cao b)- Viach thip ¢)- Viieh doi d)- Vich khoét 16

Hinh 1.2. Phan loai vach theo chiéu cao

* Phan loai vach ciing theo cong nang st dung

- Hé két cau véach chiu luc phuong dung (Bearing walls): vach chiu gan nhu toan
b tai trong dung. Loai vach nay thuong gap trong cong trinh nha &, dugc str dung nhu
twong ngan trong cac can ho.

- Véch chiu tai trong dung theo dién truyén tai va chiu toan b tai trong ngang.

* Phan loai vach cing theo phuong phép thi cong

Viach bé tong cbt thép thi cong toan khdi va vach thi cong lip ghép.
1.1.3. Sw pha hoai cua vach cung

Tuy vao hinh dang cua vach (kich thudc, ti s6 chiéu cao/chiéu rong, cot thép), dudi
tac dung cua cac loai tai trong ma cac cAu kién véach co cac cach ung xu khac nhau.
Nghia 13 tmg xr cia vach it nhiéu phu thudc vao méi quan hé giita bién dang udn, bién
dang cit va bién dang doc truc tai tiét dién cua vach. Ngoaira, co ché phurc tap nhu xoay
tdm cimg do mét lyc bam dinh cua cbt thép & chan vach, anh hudng cua hién tuong bo
cbt thép, vét nut, sy tap trung Uing suét, tir bién, hién tuong tang dot ngodt do cing vung
kéo ciing c6 thé 1am thay ddi timg xtr ciia vach. Van dé nay da duoc trinh bay trong nhiéu

nghién ctru khac nhau [41], [73], [81], [85].



Vi du, vach duoc sir dung trong nha cao ting chil yéu chiu ubn, véi bién dang tap
trung tai nhiing vi tri c6 mo6 men lon, dién hinh 13 vi tri mat dat. Dang pha hoai nay dugc
dic trung boi nhirg vét nirt ngang ¢ ria cta vach. Bén canh do, trong nha thap tang, két
céu vach chi yéu chiu ct, thi nhitng vét nirt chéo lai thuong xuat hién. Tuy nhién, nhiing
mg xtr nay chu yéu xuét hién & vach don dting doc 1ap, khi vach 1am viéc két hop véi
cac cdu kién khac hodc vach khéc, tng xur c6 thé thay d6i va tao ra nhitng dang pha hoai
khac nhau nhu udn thuan tiy hodc cat thuan tay. Vi két ciu vach co tng xu phirc tap
nén da cé rat nhiéu nghién ctu 1y thuyét cling nhu nghién ctru thyc nghiém duoc tién
hanh trong nhitng thap ky qua. Cac nghién ctru vé vach déu tap trung moé phong ciu kién
nay mdt cach tuong dbi dﬁy du, sao cho st voi su lam viéce thuc té nhat, tao ra cac mod
hinh phan tich tinh toan dé c6 thé dy bao dugc tng xir va nhitng dic tinh quan trong ciia
vach nhu sy tdng d0 clirng cua bé tong, hinh thanh vét nirt, hién tuong mét luc bam dinh
va su dich chuyén cua truc trung hoa.

1.1.4. Thiét ké vich bé tong cot thép theo mét so tiéu chudn
a. Thiét ké theo tiéu chuan Viét Nam TCVN 5574-2018 [101]
* Thiét ké vdch theo phuwong phdp phén bé ving sudt dan hoi
Phuong phép nay chia vach thanh nhitng phan tir nhd, xem mdi phan tir nhu céu

kién chiu nén (kéo) diing tdm, coi (mg suat phan bd déu trong mdi phan tu.
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Hinh 1.3. Phin chia vach dé tinh theo rng suit dan hoi
a) So do luc tac dung; b) Phdn chia cdc ving trén tiét dién ngang vich;
¢) Ung sudt do lyc doc N; d) Ung sudt do mé men M.

Cac budec tinh toan:

Buéc 1: Chia vach thanh cac phan tir nho véi kich thude hxa, véia > h va < 0,51y;
a cang nho thi d6 chinh x4c cang cao. Nén chia vach thanh 5 ving bang nhau, tiét dién
mdi ving: hx0,2 ly.

Buéc 2: Xac dinh ing suit trong mdi phan tir do luc doc N va md men trong mit
phing M gay ra:

- Ung suat trung binh (kéo, nén) cia moi vung la:

=4 1.1
o=t (1.1)

Trong d6: A = h x ly; I = h x 1y 3/12; y; 12 khoang cach tir tAm phan tir thir i dén
truc chinh trung tam.

- Luc doc kéo (nén) tac dung vao phan tir thir i:



Ni=0,2 xh x 1y xo, (1.2)

Budre 3: Tinh toan dién tich cdt thép chiu nén, kéo

C6t thép timg ving phan tir tinh nhu c4u kién chiu kéo (nén) dung tam.

* Phirong phdp xdy dung biéu do twong téc

Thuc chét ctia phuong phap nay coi vach 1am viéc nhu cdu kién chiu nén 1éch tim.
Nguyén tic chung ctia phuong phép xay dung biéu do twong tac 1a dya vao bién dang
cuc han cua bé tong vung nén va vi tri cia truc trung hoa duoc thé hién qua chiéu cao
ving nén x, ta c6 thé xac dinh dugc trang thai ing suat trong bé tong va cot thép trong
véch, cac tmg suat nay tong hop lai thanh mét lyc doc va mot mé men tai trong tm hinh
hoc ctia vach, chinh 13 1 diém cua biéu do twong tac. Tap hop cac diém nay sé tao thanh
mot duodng cong lién hé gitta lyc doc N va m6 men M. Vi biéu dd tuong tac 12 mot
duong cong, mdi diém trén dudng cong twong tmg véi mot vi tri cua truc trung hoa trén
tiét dién vach. Anh huong lyc doc (N) trén Grng xur cla tiét dién vach nhan théy duoc

qua biéu d6 twong tic N - M (N-M interaction chart) nhu vi du sau day:

e,

-l _\-\_\-\-\_\_"

g
=

Al lad, ¥y

Hinh 1.4. Biéu dd twong tac

Niam diém dugc nhan dang trong biéu d6 twong tac ¢ Hinh 1.4 1a:



- Piém A: nén thun tiy, khong momen ubén M =0;

- Piém B: nén + uén léch tdm nho, tit ca cot thép trén tiét dién déu chiu nén
(x = chiéu cao tiét dién): . = & (bé tong) va & < g, (thép);

- Piém C: pha hoai can bang, bién dang 16n nhét ciia bé tong ving nén dat dén bién
dang cuc han quy udc cia bé tong dong thdi bién dang 16n nhit cua cdt thép dat dén
gi61 han chdy: & = gcu (b€ tong) va & = gy (thép);

- Piém E: uén thuan tay, khong ¢ luc doc N=0.

b) Thiét ké theo tiéu chuan Hoa Ky ACI 318 - 2018

Phuong phap ving bién chiu mé men cho rang cét thép dit trong viing bién & hai
dau vach chju toan bd mdé men. M6 men twong duong mot cip ngau luc dit tai hai ving
bién cua vach. Luc doc gia thiét 1a phan bd déu trén toan bo chiéu dai mat cit ngang cua

vach.

/2 !

Hinh 1.5. Phan chia vach dé tinh theo phwong phap viing bién chiu mé men

Céc budc tinh todn:

Budc 1: Gia thiét chiéu dai ving bién Bt, Bp chiu mé men (Bt, Bp =0,21y,). M6 men
M tuong duong mot cip ngau luc dit ¢ hai ving bién cua vach.

Budc 2: Xac dinh luc kéo, nén trong vung bién cua vach



Bude 3: Tinh cdt thép chiu kéo, nén, trong mdi doan vach nhu cAu kién nén hodc
kéo dung tam.

Budc 4: Kiém tra ham luong cdt thép va bb tri ¢t thép

Budc 5: Kiém tra phén vach con lai gitra hai vung bién nhu ddi v6i cau kién chiu
nén dung tam.

Phuong phap gia thiét ving bién chiu mé men twong ty nhu phuwong phép phan bd
ng suat dan hoi, chi khac & chd bb tri tap trung lugng cbt thép chiu toan bé mé men &
hai dau vach. Phuong phap nay thich hop véi cac truong hop vach co tiét dién ting
cudng ¢ hai dau.

1.2. Cac mé hinh phan tich vach bé tong cdt thép
1.2.1. Mé hinh dam twong dwong

Phuong phap don gian dé mé hinh héa tng xtr phi tuyén cua cau kién vach dé 1a
stt dung phan tir thanh (m6 hinh ddm hodc mé hinh dam-cot). Néu phuong phap nay
duoc sir dung dé mo hinh héa mét toa nha, phan tir thanh mic dinh dugc dit ¢ truc tim
ctia vach va duoc lién két voi phan con lai ciia hé két cdu bang céc lién két cing. Trong
cac mo hinh trudc ddy, phan tir thanh duge mé hinh héa bang cach sir dung dim dan hoi
v6i khép déo. Cac khép nay dugc thé hién boi cac 10 xo xoay dan hoi phi tuyén dit tai
cac dau dam [3]. Cac dang khac nhau cta quy luat ngiu nhién c6 thé duoc sir dung cho
mbi quan hé mémen - goc xoay ctia mdi lién két phi tuyén. Ngoai ra, viéc ké dén 16 xo
xoay phi tuyén khac tai dau lién két cting c6 thé str dung dé tinh dén sy xoay ¢ dinh tai
bé mit lién két bat ky [82].

Mo hinh nay da duoc cai thién dé c6 thé mo phong thém tng xtr khac xay ra trong
vach, Takayanagi va Schnobrich [82] vao ndm 1976 da gidi thi€u mdt loai 10 xo xoay
phi tuyén b sung dura trén luc cit tai ddu mdi phan tir thanh dé mo phong bién dang cit.
Va sau d6 vao nam 1979 Soleimani va cong su [82a] dd dua thém vao tng xir phi tuyén
bang viéc sir dung nhém 10 xo trong phéan tir dim. Keshavarzian va Schnobrich [49] da
két hop hiéu tmg cua luc doc va sy bién thién ctia ving phi tuyén. Otani va cong su [70]
vao ndm 1985 va Roufaiei va Meyer [54] da dua ra hi€u ing cua sy suy giam lyc bam

dinh, Ariatizabal va Ochoa nim 1983 d3 dua ra ing xtr cit phi tuyén. Ngoai ra, ngudi
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ta ciing c¢b ging str dung méd phong cua phin bd déo phat trién theo chiéu dai cho phan
tr dAm-cot voi cac thiét 1ap vé luc va hinh thanh thé tiét dién cho vach dugc thyc hién
boi1 Martinelli va Filippou [61] nam 2009.

Han ché co ban cta dang mé hinh nay d6 1a khong thé mé phong hiéu tng tuong
tac trong lién két ctia vach véi cac phan tir khac ciing nhung 14 su thay doi vi tri cta truc
trung hoa cua tiét dién vach, ngoai trir viéc hinh thanh thé tiét dién. Su xoay cua vach
do anh huodng cia truot lyc dinh ciling khong thé duoc mo phong vi mé hinh nay gia
thiét ring ciu kién bi xoay tai tryc trung tdm cta vach [3], [41], [73].

1.2.2. M6 hinh dang Gian

Mot cach khac dé mo phong véach 1a st dung gian twong duong, nghia 13 coi vach
nhu mot két cu gian twong dwong [3]. Trong kiéu mé hinh nay, két cau dugc mé phong
nhu mot chudi cac phan tir gian phi tuyén va chi chiu tai trong kéo va nén. Nhin chung
trong kiéu moé hinh nay, bé téng s& duoc mo phong bai cac phan tir chiu nén con cot
thép hodc mot phan t6 hop cia BTCT sé& duoc md phong boi cac phan tir chiu kéo, nham
mo phong dugc ting xr co hoc cia vach. Hiraishi [26] ndm 1983 da su dung mo phong
v6i cac phan tir gian dan-déo tiét dién thay d6i dé phan tich tmg xir ctia vach thuc hién
trong mot thi nghiém thudc chuong trinh hop tac nghién ctru My-Nhat. Phan tir gian tiét
dién thay doi nay duoc st dung dé ké dén su thay ddi ciia Gmg suat doc chiéu cao cia
cac phan tr bién. Trong kiéu mo phong nay, 2 ciu kién bién thiang dting duoc sir dung
dé chju thanh ph?m mo men, cu kién chéo duoc st dung dé chiu luc cat, cAu kién theo
phuong ngang dé tao thanh mot gian twong dwong. Dang mo phong nay kha trang khép
véi két qua thi nghiém dugc thyc hién dé so sanh. Panagiotou va cong su [52] ndm 2012
da sir dung cach nay dé mo phong tmg xir cia vach BTCT dudi tac dung cua tai trong
1ap. M6 hinh duogc dé xuét boi Panagiotou va cong su [52] ké dén hién tuong tang dot
ngot do cing chiu kéo theo phuong ngang, xem xét anh hudng cua kich thude cua ludi
chia phan ttr khi mé hinh vat liéu bé tong, va thay cho viéc sir dung gian don gian hodc
cac 6 cho mdi vach thi mé hinh nay dugc chia nhé thanh téi thiéu 9 6 nho. Su thay ddi
moi dé cap nay ciia phuong phap mé hinh gian da cho két qua kha phu hop véi két qua
thi nghiém.
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Mot sb kho khin ciia mé hinh nay dé 1a viée dinh nghia phan tir gian va dic trung
co hoc cua chiing, duoc moé phong bang quy ludt ngau nhién ciing nhu viéc lua chon hé
gian tuong dwong, phu thudc vao mé hinh vét nirt trong sudt qua trinh gia tai [3]. Dang
mo hinh twong duong nay hién nay dugc sir dung trong nghién ctru va thiét ké dam cao
(mo hinh nut va thanh chéng).

1.2.3. Mé hinh té hop

Nam 1997, Eimani [73] da dé xuit mot mo hinh vi mé, trong d6 vach dugc roi rac
hoa thanh mot loat cac ph?ln ttr con. Phan dan hdi cta vach duoc biéu dién bsi mot 6
phan tir dan hdi, duoc st dung dé mo phong tmg xir trong miat phang. Nhitng phan bi
ntt hodc ving chay déo duoc biéu dién boi mot loat cac 10 xo phi tuyén. Mdi 10 xo trong
phén tir duoc dé xudt tir cac ung xu vat li¢u da biét. Viéc nay nham muc dich loai bé cac
phan hoan toan phu thudc vao két qua thi nghiém dé dinh nghia 16 xo va ving nut déo.
Vung vét nut dugc nhom lai boi hai hé 10 xo & mdi bién, chiu tai trong doc truc va tai
trong u6n. Trong khi d6, phan bung ctia vach dugc biéu dién boi phan tir dang dam c6 tiét
dién thay ddi ¢ mo phong bién dang cit va udn str dung phwong phap ma tran d6 mém.
MB&i hé 16 xo0 & bién duogc biéu dién bai 2 tap hop 16 xo con; mbi tap hop 1 10 xo don ma
biéu dién cho tmg xt phi tuyén cuia bé tong, va mot tap hop chira 2 16 xo dé biéu dién cho
hiéu g mat luc dinh va hiéu g phi tuyén cta cét thép.

1.2.4. M6 hinh tho

Dang phan tir nay duoc dic trung bai t6 hop cac 10 xo doc, cét va xoay lam viée
ddng thoi, mot sb thi song song v6i nhau, mot s6 khac thi ndm trong cac nhom dé biéu
dién tng xr tong thé cua phan tir vach BTCT. Mot trong s6 cac nghién ctru dau tién dé
xdy dung dang phén tir nay d6 1a mo hinh Ba Puong Thang dimg (Three Vertical Line
TVL) duoc dé xuét boi Kabeyesawa va cong su [80] nim 1982, dang mé hinh nay dya
vao két qua thi nghiém cho mot trudng hop kiém chimg véi toa nha 7 ting cd vach. Phan
td TVL bao gém 2 16 xo doc dit & bién ctia vach va mot hé 10 xo ¢ tam duge két ndi véi
nhau téi mot dam siéu cung & dinh va day. Hé 16 xo trung tdm gdm 1 ngang, 1 thing
ding va 1 xoay tap trung ¢ day cua vach. Lo xo xoay va 1o xo ngang dugc mo6 phdong

v61 mot “mo hinh tré dinh hudng” va 10 xo doc dugce bi€u dién bdi mdt “mo hinh tré do
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ctimg doc truc”. Dang md hinh nay di tao ra nhitng cai tién trong sb nhitng dic trung
quan trong ctia phan tir vach, va cho thay sy twong thich voi két qua thi nghiém. Tuy
nhién, rat kho dé tién hanh vi 1y do phtec tap trong sir dung va két qua thi nghiém dya
vao céac dinh luat tré ma trong phan 16n céc truong hop cho ra nhitng nghiém bat thuong.
Tuong tw, md hinh ndy ciing khong xét téi cac Gmg xtr nén, udn va cit déng thoi [41].

Mo hinh nay duoc cai tién thém vao nim 1987 boi Charney [17], va Vulcano cing
cong su [4] vao nam 1988. Nhirng su diéu chinh méi nay dugc thyc hién mot cach don
gian bang viéc thay thé 10 xo xoay & tim bang mét chudi cac phan tir tuyén tinh doc truc
thong qua chiéu dai cua tiét dién ngang. Bang viéc diéu chinh nay, mo hinh c6 thé két
hop anh huéng uén - doc truc dong thoi, va mo phong tét hon sy dich chuyén cua truc
trung hoa trén mit cat ngang, nd cling md phong t6t hon dinh luat tré cho phan tir doc
tryc va cho cbt thép. Dang mé phong nay duoc biét dén nhu M6 hinh phan tr nhiéu
duong thang dimg (MVL hoic MVLM) di cho thiy su phi hop véi két qua thi nghiém,
nhung lai thiéu sy dong nhat gitta cac phan uén va cat, twong tu nhu cic van dé xdy ra
v6i mo hinh Ba Puong Thang Pung (TVL), mé hinh ma twong d6i nhay cam voi hé sb
Lamda khong thir nguyén. Nam 1990, Fajfar va Fischinger [60] d3 dé xuét diéu chinh
thém cho hé 10 xo trong md hinh Ba Puong thing ding (TVLM).

Kabeyasawa va Milev [79] nam 1997 da dé& xuat mot su bién doi cia mo hinh Ba
Puong Thang bang viéc thay thé hé 10 xo trung tim bang mot phan tir panel, dé co thé
du bao tot hon ung xu cua vach BTCT chiu tai trong don di¢u va tai trong lap, va ké dén
dong thoi thanh phan lyc cit va luc doc. Phan tir nay thé hién sy tuong thich tong thé
v6i két qua thi nghiém, tuy nhién c6 mot sb sai khac vé bién dang udn va cit so véi két
qua thi nghiém, va van khong thé tinh dén cua Gng xtr udn va cat dong thoi.

Sau mot loat cac thi nghiém duoc thyc hién dé khao sat su tuong tac va sy két hop
giita bién dang uén va cat cho vach BTCT mong boi Massone va Wallace [45] nim
2004, nghién ctru di chi ra rang tac dong udn va bién dang cit trong vach mong bi chi
phdi boi su udn. Dé két luan vé Gmg xtr ndy va sy udn-cit dong thoi, Orakeal va cong su
[41], Massone [90] nim 2006 di diéu chinh phan tir da dudng thing (MVL). Viéc diéu

chinh nay gdm viéc thay thé cac 1o xo trung tim bang mot chudi cac 10 xo thang ding
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(cac phan tir mot chidu) qua mit cit ngang cta vach, nghia 1a mdi thé hodc phan tir thang
dung duogc thé hién boi tim BTCT véi ing xir trong mit phang. Ap dung cac dinh luat
co ban cho cac tim nay, dd sir dung mot mé hinh bé téng goc xoay, dwa vao mé hinh
dan mém xoay (RA-STM) duoc dé xuat boi Pang va Hsu [91] nam 1995 v6i mé hinh
tmg xuit bién dang cho bé tong, duoc chuin hoa bing cac sb liéu thi nghiém cua
Massone va Wallace [45] nim 2004. M6 hinh nay cho thiy sy tuong thich véi két qua
thi nghiém cho vach mong nhung da chua ké dén toan bo anh hudng cua bién dang cat
va da ké dén anh hudng cia ing xir uén cho vach mot cach qua mirc. Tuy nhién, nhitng
sai s6 trong két qua ciia mo hinh va thi nghiém thyc té da tang 1én véi vach ngan, cau
ki€n ma ung xt cit lai chiém uu thé.

Xiaolei va cong su [30] dd md rong phan tir Pa duong thang dé ké dén tac dong
ba chiéu khi st dung mé hinh vach chit I, T va chit L. M6 hinh nay di ting s luong
phﬁn tir doc truc dé ké dén sy thay ddi bién dang cua vung canh tiét dién vach chix I, T
vaL ciing nhu 10 xo phuong ngang bo sung vao theo phuong cta phan tir ¢é ké dén tng
XUt cdt theo hai phuong.

1.2.5. M6 hinh vi mé

Mo hinh vi mé dua trén phuong phap phan tir hitu han (PTHH) va cac 1y thuyét vé
co hoc moi trudng lién tyc. Trong phuong phap nay, phan tir vach dugc chia thanh céac
phan tir don gian hon, duoc lién két voi nhau béi cac diém nat, ing xir co hoc cta phan
tir duoc biéu dién boi cac phuong trinh 1a ham cuia céc s6 hitu han bac tu do & mdi nt.
Phuong phap PTHH d3 duoc ap dung d&é mo phong tGng xir phi tuyén cta hé vach vi
phuong phap nay c6 thé mé hinh hoéa duoc. Tuy nhién, ban dau, phuong phap PTHH bi
han ché trong viéc mo phong ung xir cia vach doc lap do thoi gian tinh todn ctia may
tinh khi mé hinh héa nhiing két cdu vach phurc tap, diéu nay duoc dé cap boi Vulcano
va Bertero [3].

M6 hinh vi mé cho vach BTCT c¢6 thé duoc chia thanh 3 nhém chinh: Phan tu
mang st dung mé hinh 2D, phan tir tim vo6 va phan tir khéi cirmg mé hinh 3D. Sy khac
nhau chu yéu gitta 3 nhom nay d6 1a sy khac nhau trong vi¢c mo phdng vat li¢u vach,

dinh nghia mdi quan hé tmg suat-bién dang ctia bé téng va cac thanh cbt thép bén trong
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mdi phan tir. Cac nguyén tic co ban trong mé hinh héa tmg xtr cta két cdu BTCT c6 thé
duoc phan loai nhu mé hinh vét li¢u phi tuyén, mo hinh co hoc phé huy, moé hinh truc
huéng, mé hinh déo, mé hinh dan héi, mé hinh phiang vi mé va mé hinh co hoc méi
truong lién tuc khong cuc bo [1], [38].
1.3. M6 hinh vt liéu trong phén tich phi tuyén két ciu

Cac nghién ctru chuyén sau da dugc thuc hi¢n dé mo ta ung xu cua vat liéu bé tong
va cbt thép. Pic tinh co ban cia bé tong d6 1 hinh thanh vét nirt khi chiu cac trang thai
ung suét khac nhau. Pic tinh nay dan dén kho co thé phat trién mot md hinh vat liéu bé
tong thich hop, boi vi vét nit tao ra cac ung suat bé mat hodc cac tac dong phuc tap bén
trong, tir d6 gay ra sy phan phdi lai g suit va su thay d6i vé do cimg cua vt liéu [71].
Thém vao do, ung xur phi tuyén cua vat liéu bé tong phu thudc vao ung suét (kéo hoac
nén) trong phuong tac dong cling nhu ng sut theo cac phuong khac (tac dong da truc).
Ung xtt ciing duoc diéu chinh théng qua sy suy giam do cimg trong qua trinh chat tai va
gia tai khi chiu tai trong lap.
1.3.1. Mo hinh co bdan cua bé tong

a. Gioi thiéu chung

Trong cac nghién ctru, d& mo ta tmg xur cia vat lidu bé tong nguoi ta da dung rat
nhiéu md hinh khac nhau, trong 6 mé hinh phan tan duoc wu tién st dung. M6 hinh
nay cho phép mé ta do climg téng thé va dic trung vé cuong do cua bé tong dd bi nit ma
khong gip phai cac vin dé kho khin nhu trong mé hinh roi rac 12 bé rong cua vét nirt va
khoang cach gitra cac vét nut, boi vay noé su dung dé dai dién cho ung suét va bién dang
trung binh [38]. M6 hinh bé tong phan tan c6 thé duoc 1am sang to phu thudc vao gia
thiét duoc sir dung dé tao nén mo hinh. Pho bién 13 cac mo6 hinh phang vi mo, mé hinh
khéng cuc bd, mé hinh déo, mé hinh pha hoai lién tuc, mé hinh dan hdi phi tuyén, mé
hinh truc hudng [71]. Tuy nhién, mé hinh déo va mé hinh truc hudng 13 pho bién hon
ca v6i sy da dang trong phat trién nghién ctru. Su khac nhau cua cac mé hinh di duoc
t6ng hop boi Powanusorn [71] nam 2003. Nam 1997, Willam va cong sy [42] ciing da
cung cdp mot cai nhin tong quan vé cac mo hinh vét niit phan tan, su phén tich vé vét

nit xoay, vét nut ¢d dinh va moé hinh déo.
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Mo hinh phing vi mé dwgc phép trién boi Bazant va Oh [97] nim 1985. M6 hinh
nay dya vao giai thiét rang tinh chat cua vat liéu duoc mo ta boi méi lién hé cia sy cau
thanh ¢mg suat va bién dang trong mit phing cta cac hudng khac nhau, chinh 13 dai
lugng dai dién cho cAu trac vi mé cua vat liéu. Mdi lién hé nay duoc bat ngu@)n tir viéc
str dung cac nguyén 1y céng ao dé biéu dién tng suit & mot diém dic biét trong phan tir
duoc tinh toan nhu 13 gia tri trung binh ctia véc to kéo trén mit phang [98].

Mo hinh khéong cuc b duoc dua vao gia thiét ring tmg xir cia trang thai ing suat-
bién dang tai mot diém khong bi giéi han téi qua trinh cua diém d6. Piéu nay c6 nghia
12 d¢ mo ta Gng xir cia mot diém thi cAn phai biét diéu kién cta cac diém khac xung
quanh diém nghién ctru. Huéng tiép can nay duoc st dung vi bé tong 1a vt liéu khong
ddng nhat vai cac mdi quan hé twong hd phir tap gilta cac phan tir khac nhau theo cu
truc vi mo cua bé tong [71].

Mo hinh déo nhin chung dya vao 1y thuyét déo, 1y thuyét nay cb ging dé xac dinh
ung xu cua vat liéu bdi viéc phan chia bién dang thanh 2 phﬁn, 1 phﬁn dan héi va 1 phﬁn
chay déo. Ung xu cua vat liéu dugc dinh nghia béng chi tiéu chay déo, xac dinh khi vat
liéu bat dau co6 bién dang déo. Chi tiéu chay dugc sir dung dé mo ta bé tong 1a Mohr-
Column, Druker-Prager, Prandtl-Ruess (J2) va Willam-Warnke [89]. Dang mo hinh nay
duoc str dung dé mo ta cac dang tai trong khac nhau, tuy nhién n6 c6 nhuoc diém 1a: chi
phi cho thi nghiém cao, phirc tap dé thyc hién .

Mo hinh vat liéu dan hdi phi tuyén don gian hon va dé dung, boi mé ta Gmg xr cia
vat liéu voi mo hinh dan hoi. Hai dang mo ta vat liéu dugc st dung la: vat li¢u
hypoelastic va hyperelastic [89]. V&1 mo hinh hyperelastic, viéc mo ta dugc thuc hién
trong mdi quan hé tong tng suat-bién dang duoc trinh bay béi Evans va Pister [62] nim
1966. Trong khi d6, mé hinh hypoelastic c6 thé moé ta trong ting giai doan cua trang
thai timg suat-bién dang dugc dé xuit boi Truesdell [8] nam 1955. Dang mé hinh nay
chi dugc st dung dé mo ta khi chju tai trong tinh.

M6 hinh vat li¢u bé tong truc hudng dugc dua vao gia thiét do Darwin va Pecknold
[12] ndm 1974 va Darwin va Pecknold [11] ndm 1977. Gia thiét nay 13 ing xr cta vat

li¢u trong g suat hai truc c6 thé dugc mo ta bdi moéi quan h¢ ing suat-bién dang mot
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tryc twong dwong & truc chinh. Tr ddy, nhiéu nha nghién ctru d3 mé rong va nang cao
mo hinh ndy, va mbi quan hé tng suat-bién dang mét tryc twong duong di miéu ta tot
hon rng x1r cia bé tong va cac dac tinh quan trong cua nd. Thém vao do, n6 da dugc mo
rong sang mo hinh 3D, dugc dé xut boi Vecchio va Selby [19] nam 1991.

b. M6 hinh tryc hudng cho bé tong

Tu sau nghién ctru ciia Darwin va Pecknold [12] nam 1974 va [11] ndm 1977,
nhiéu nha nghién ctru di s dung gia thiét ring tng suét 2 truc c6 thé dugc mo ta bang
mbi quan hé tng suit-bién dang mot truc twong dwong & truc chinh dé moé ta tmg xtr cua
bé tong.

Viéc mod hinh vét liéu BTCT trong ing suit 2 truc sir dung mo hinh tryc giao da
duoc phat trién. Tuy nhién, c6 2 nhom nghién ciru khac nhau, mot nhom tir trudng dai
hoc Toronto va mot nhém tir truong dai hoc Houston, da thyc hién céc nghién ctru va
thi nghiém dé phat trién mé hinh bé téng [118].

Mo hinh tir nhém ctia dai hoc Toronto dwa vao hudng tiép can vét nirt phan bé.
Nhitng nghién ctru dau tién duge thuc hién boi Collins [46] nam 1978 va Vecchio va
Collins [23] nam 1982, phat trién Ly thuyét ving nén (CFT), dé mo ta tai trong don. M6
hinh nay sir dung céc gia thiét sau:

- Hudng Gmg suét va bién dang chinh 13 nhu nhau

- Kha ning chiu kéo cta bé tong sau ntt co thé dugc bo qua

- Méi quan hé tmg suit-bién dang c6 thé duoc mé ta bing tng suit-bién dang trung
binh

- M6 hinh co ban cho bé tong ving nén c6 thé duoc mé ta véi mé hinh don truc.

- Ct thép duoc xem xét nhu 13 phan tan va chi 1am viéc theo hudng cua nd. Mo
hinh co ban cho ¢t thép 1a vat liéu dan-déo (song tuyén tinh)

- Hé s6 Poatxong duoc bo qua sau khi bé tong nirt

Mo hinh nay dé du bao tot khi chiu tai trong pha hoai, tuy nhién n6 khong thé mé
ta d6 cimg chéng cit trong thi nghiém va qua chi trong toi bién dang. Nam 1986,
Vecchio va Collins [24], sau khi thuc hién rat nhiéu thi nghiém, da nang cao CFT va

dua ra Ly thuyét ving nén cai tién (MCFT). Sy chinh stra ndy duoc thuc hién bang viéc
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két hop tmg xir kéo cua bé tong sau nirt, va dua thém vao mot hé sb dé ké dén sy mém
hoa ctia bé tong khi né chiu tng suat kéo-nén trong céac truc co sd clia ing suit.

Vecchio [20] nim 1992 d3 dé xuat mot diéu chinh khac cho mé hinh MCFT. Trong
mo hinh nang cao nay, mét h¢ s6 duoc dua ra dé ké t6i su tang 1én cua kha nang chiu
tai cao nhit ciia bé tong & trang thai chiu tai trong nén 2 truc.

Nhom nghién ctru cta dai hoc Houston ciing phat trién mé hinh bé tong dua vao
hudng tiép can vét nirt phan tan (smeared crack). M6 hinh nay nhin chung dugc dya vao
két qua thi nghiém thuc hi¢n trong céc tam, dugc dat tai truong dai hoc Houston. M6
hinh khai niém duoc dé xuét boi Hsu [75] ndm 1988, duoc thuc hién 1an dau tién ¢ dai
hoc Houston. M6 hinh nay dya vao céc biéu thic can bang va cac biéu thirc két hop nhu
trong CFT. M6 hinh nay dya vao céc gia thiét sau:

- Truc chinh cua ng suét va bién dang 13 nhu nhau

- Su kéo trong bé tong sau nut dugc ké dén

- Méi quan hé tmg suat-bién dang c6 thé dugc mé ta bang ing sudt-bién dang trung
binh

- M6 hinh co ban cho bé tong chiu nén cé thé dugc mo ta véi mo hinh da truc vai
2 thanh phén bién dang chinh

- Cbt thép ciing duge xem xét nhur phan tan va chi 1am viéc trong hudéng cua no.
Mo hinh co ban cho cbt thép dya vao mbi quan hé tmg suit-bién dang trung binh cua
cot thép trong bé tong

- Hé s6 Poatxong bi b6 qua sau khi bé tong nurt

Véi nhitng gia thiét trén, mé hinh nay c6 thé sir dung cac biéu thirc can bing va
két hop dua vao tinh lién tyc cua vat liéu.

Mot s6 nha nghién ctru khéc ciing nd luc dé moé phong tng xir ctia bé tong str dung
céc g suat hai truc cho trudng hop chiu tai trong don va tai trong 1ap.

Nam 1993, Sittipunt va Wood [7] di phat trién mot phan tir hitu han dwa vao phan
tir (mg sut phang 4 nat va mé hinh vét nit ¢ dinh, phan tan. N6 da ké dén ung xir tré,
do cung chiu kéo, sy suy bién cta bé tong, su mém hoa chiu nén cua bé tong, mot phén

ttr dan dé mo phong thanh thép. Mot goc ¢ dinh phan tan duoc sir dung dé xem xét su
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lién két trong cua cot lidu, anh hudng cua chét chuyén vi va su suy bién khi chiu tai
trong lap.

Nam 1998, Ayoub va Filippou [1] d4 st dung mé hinh géc xoay truc hudng dé du
doan ng xr clia bé tong trong trang thai (mg xuét 2 truc, str dung két hop véi mé hinh
Vecchio [20] ndm 1992 va mo hinh Balakishnan va Murray [66] ndm 1988. Nam 1998,
Kaufmann [90] dd d& xuit mot mé hinh mang vét nit (CMM), mé hinh nay 13 su két
hop gitta MCFT va mdi quan hé tmg suit-bién dang mdi cho tng xtr kéo cuia bé tong.
Mo hinh kéo nay da két hop d6 cimg véi viée str dung mot mo hinh bam dinh bé tong-
cot thép déo cung.

Nam 2003, Foster va Marti [67] dd m& rong md hinh CMM [90] dé loai bo gia
thiét rang truc chinh ctia Gmg suét tring voi truc chinh cua bién dang, va ciing két hop
g xtr lip cua bé tong. Hiéu tng ting dot ngdt do cimg ving kéo duge mod phong bang
cach sir dung mdi quan hé cbt thép cting bam dinh theo béc, va mé hinh 3 duong thing
cho c6t thép. M6 hinh nay dugc st dung voi phan tir ing sudt phang 4 nit. Dé kiém
chtng két qua, mot s6 thi nghiém duoc tién hanh trén phan tr vach chiu cit. Phan tir nay
cho thay két qua phu hop véi thi nghiém.

c. Thiét 1ap biéu thirc cho mé hinh bé téng

Mo hinh dé mé phong tmg xir Gng suat phang cia bé tong s& dugc str dung dé mo
phong Gmg xr ctia mdi 16p bé tong. Vat liéu bé tong tng sudt phing nay dya vao phuong
phap vét niit phan tan st dung mé hinh tryc hudng véi céc truc truc hudng biéu dién
bang mbi quan hé tng suat-bién dang mét truc trung binh twong duwong. Cac truc truc
huéng duoc gia thiét 13 tring véi truc chinh cua bién dang.

C6 nhiéu dang mo hinh vat liéu khac nhau dugc nhiéu nha nghién ctru thiét 1ap va
g dung trong phén tich két ciu cong trinh, cic mé hinh c6 nhitng vu nhuwoc diém khéc
nhau, tiy theo dbi twong nghién ciru va muc dich nghién ctru ma mdi tac gia c6 thé lya
chon mo hinh vat liéu cho phu hop.

Bé tong chiu nén

* Mo hinh theo Eurocode? [69] va Karayannis (1994) [32]
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Hinh 1.6. Quan hé ng suit - bién dang bé tong
(a) - Mo hinh vat liéu bé tong theo Karayannis (1994) [32]
(b) - Mo hinh vat liéu bé tong theo Mander (1988) [94]
Puong quan hé Gng suét - bién dang cta bé tong duge biéu dién nhu (Hinh 1.6)

trong do:

o = f[z(“’—j(iJ } Khi 0<¢ <ég, (1.3)
80 80

o,=f Khi ¢, > ¢, (1.4)

V6i f. 1a cudng d chiu nén cua mau tru, &, = 0,002

M6 hinh vat liéu nay don gidn, bé qua cuong do chiu kéo ctia bé tong, chi xét
cuong do cua bé tong tang tur 0 cho dén khi dat cuong do chiu nén lon nhét cta no,
khong ké dén giai doan xuét hién cac dudng nut 16n hay ép v hodc pha huay va khi d6
cudng do cua bé tong giam dang ké. M6 hinh nay duoc st dung trong tiéu chuin
Eurocode 2 [69].

a. Mo hinh Mander (1988) [94]

M5 hinh do Mander dé xuit vao nim 1988, md hinh Mander dugc thanh 1ap dua
trén dudng cong quan hé tng suit - bién dang don truc ctia bé tong do Popovic dé xuit
(1973) (Hinh 1.6b), mé hinh ¢6 xét dén sy han ché bé tong do cdt thép dai (khong no
héng). Cét thép dai sir dung ngoai tac dung han ché sy nd ngang cua bé téng con c6 kha

nang gilr 6n dinh cho cot thép doc va tang cuong kha nang chiu cat cho cau kién.
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Vé6i £ va &, la cuong d6 va bién dang chiu nén ctia mau try bé tong khong ng
hong, Ec 1a md dun dan hoi ctia bé tong, £, va g, 1a cuong do va bién dang chiu nén
cia mau try bé tong né hong.

Mo hinh vat li€u nay bo qua cudong do chiu kéo cua bé tong, chi xét cuong do cua
bé tong tang tir 0 cho dén khi dat cudng d6 chiu nén 16n nhat, ¢ ké dén giai doan xuét
hién cic duong nut 16n nhung chua xét dén trang thai ép v& hodc pha hiy hoan toan va
khi d6 cudng do cua bé tong giam dang ké. M6 hinh nay duoc sir dung trong cac nghién
ctru: Jung-Woong Park va Seung-Eock Kim (2008) [63], Wai-Fah Chen va Lian Duan
(2014) [5].

* Mo hinh Kent va Park (1973) [58]
G , Ung suit nén
o Kfe

Z)  B& tong khong ng hong
Z

Beé tong no hong

1

|

' Bicn dang nén
g G

0 3
Hinh 1.7. M6 hinh vit li€¢u bé tong theo Kent va Park (1973) [58]

DPuong quan hé Gng suét - bién dang (o, —¢,) khi bé tong chiu nén duogc thé hién

ac=1<.fc.[z(ij[iu Khie < g, (1.6)

o.=K.f.[1-Z(e-¢)]20,2K.f, Khi g <e<g, (1.7)

nhu sau:

0,.=0,2.K.f, Khi ¢>¢, (1.8)
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Trong d6: - ¢ : bién dang ciia thé bé tong chiu nén twong (mg, o, : ing suit ciia
thd bé tong (MPa), ¢,: bién dang twong tng véi ing suat 16n nhat, g, bién dang cuc
han cua bé tong, K: hé¢ s6 xét dén su tang cuong do bé tong do hi€u trng han ché ng
ngang, Z: do doc cua dwong bién dang, f.: cwong do chiu nén ctia bé tong miu tru
(MPa).

Mo hinh Kent va Park duoc dé xuat nim 1973, mé hinh nay dugc danh gia cao do
cac cong thure rd rang va c6 do chinh xac cao, mo hinh cé xem xét dén hiéu ung han ché
nd ngang ciia bé tong, md hinh nay c6 ké dén giai doan xuit hién cac dudng nut 1on,
trang thai ép v& hodc pha huy hoan toan va khi d6 cuong d6 cia bé tong giam dang ké.

Khi thd bé tong vuot qua bién dang 16n nhit, duoc gia thiét 1a dén trang thai v
nhé va dugc xem xét 1a khong con kha nang chiu lyc nira. Kent va Park dé nghi theo

phuong trinh sau dé tinh toan cac thong s trén duong bao:

£, =0,02K (1.9)
k=140 (1.10)
7 0,5 ' (1.11)
S3+0.290c 695, [T 0,002k
145.f —1000 s,
£,=0,004+0,9p..(f,,/300) (1.12)

Trong do: £, - gi6i han chay cuia cot thép dai, p, - ti 1¢ dién tich cét thép dai véi
dién tich 16i bé tong, 4'- chidu day bé tong bao vé tinh tir mép ngoai ¢t dai, s, - budc
cot thép dai, &,- bién dang cuc han cta bé tong.

Bé tong chiu kéo

* Mo hinh Vecchio and Collins (1982) [40] (Hinh 1.8a)

Dé c6 dugc mo hinh quan hé g suit- bién dang cua bé tong khi chiu kéo, Vecchio
and Collins (1982) [40] d4 thi nghiém nhiéu miu bé tong chiu kéo. Tir nhitng két qua
thi nghiém tac gia di xay dung cong thirc Iy thuyét cia mo hinh, quan hé tmg suit- bién

dang cua bé tong khi chiu kéo.
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Hinh 1.8. M hinh quan hé ing suét- bién dang ciia bé téng khi chiu kéo
(a) - Mo hinh Vecchio va Collins (1982) [40]
(b) - Mo hinh Vebo, A. va Ghali, A (1977) [50]
E_ & khi 0<¢g <¢g,
Ja=y__ &
I+ 2005,

Trong dé: &, : bién dang cua thd bé tong chiu kéo twong tng, £,, : bién dang twong

. fl=033/f/ (Mpa) (1.13)

khi g >¢,

ung véi ing suat kéo 16n nhat, Ec: médun dan hoi chiu kéo cua bé tong, E cwong do

chiu kéo doc truc ctia bé tong mau tru (MPa), fc : cwong do chiu nén doc truc cua bé
tong mau tru (MPa).

* Mo hinh Vebo, A. va Ghali, A. 1977 [50] (Hinh 1.8b)

bé don gian trong viéc phan tich ma van phan anh dung sy lam viéc cua vat liéu
bé tong khi chiu kéo, Vebo, A. va Ghali, A (1977) [50] di dé xuit cong thirc 1y thuyét
ciia mo hinh quan hé ng sut- bién dang cta bé tong khi chiju kéo. Wai-Fah Chen va
Lian Duan (2014) [18] c6 ap dung mo6 hinh nay.
o,=E_ ¢ khi e<¢,
o,=f,—0,8E .(¢6—-¢,) khiec,<e<eg,
o,=0,5.1,-0,075E .(¢ —%) khie,<e<eg,

c

(1.14)

o,=0 khi € > ¢ ,
Trong d6: & : bién dang ctia thd bé tong chiu kéo twong ung, o, :(mg suat cia thd

bé tong chiu kéo (MPa), ¢, : bién dang twong (mg véi tng suat kéo 16n nhat, £,y bién
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dang twong g voi 0,5f,, .,: bién dang tong ing véi £, =0, £, : cwong do chiu kéo

ct?
doc truc cuia bé tong mau try (MPa), E, : modun dan hdi chiu nén cua bé tong, E,:
modun dan hdi chiu kéo cua bé tong (£, =0,5E,).

-30 T

(&,f')

Ung suét (oc) [MPa]

-10 b

1 1 1 1
0 -0.002 -0.004 -0.006 -0.008 -0.01

Bién dang (ec) [mm/mm)]
Hinh 1.9. Dudng bao, cong, nén ciia mo hinh bé tong don giin héa

Chang-Mander [61a]

(eafo)

Ung sut (o) [MPa]

0 1 1 1 1
0 0.0005 0.001 0.0015 0.002 0.0025

Bién dang (ec) [mm/mm)]
Hinh 1.10. Pudong cong chiu kéo ctia cic mo6 hinh bé tong don gian hoa

Chang-Mander [61a]

5 T T
A — - YA N S
E 0 0.07Ec 0.07E. 0.07E¢
2 5L B E _
G E
\;g - f
S-15¢ 1
25 *
| | | | | |
-0.01 -0.008 -0.006 -0.004 -0.002 0 0.002

Bién dang (&) [mm/mm]

Hinh 1.11. Céc quy tic hysteretic (tré) cho méd hinh bé tong [61a]
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Ung suét (o) [MPa]
— T

1 1 1 1 1 1
Bién dang (g¢) [mm/mm]

Hinh 1.12. Céc quy tic hysteretic (tré) cho mé hinh Bé tdng Chang- Mander don
gian héa dwoc dé xuat béi Waugh [147] trong nim 2009 [61a]

-30 T T T T
L (e,,f') i
g !
E 20 F ,,(Em 4
/g // \\\\\
E - / N -
2 / I
e / S
S -10F- / \\\\\\\ 4
i/ \\\\‘\‘\\
- / I — |
/
0 1 1 1 1
0 -0.002 -0.004 -0.006 -0.008 -0.01

Bién dang (&) [mm/mm]
Hinh 1.13. Hiéu tng mém héa vung chiu nén [61a]

1.3.2. M6 hinh co ban ciia ¢t thép

Cac md hinh thuc nghiém tng suét - bién dang (o - €) cta vat liéu thép co dang

tuong ddi phirc tap. Trong tinh toan thuong sir dung cac md hinh don gian sau

(¢) () ¢
I
ful fol fol \
! | ! ] El / ! I }
\ \ , I ‘
| L o |
E | El ) Ei }
T r |/ 11 | \
j of ¢, € ; of &,/ e O & &, €, €
| |
\ \
\ \
| |
(a) (b) ()

Hinh 1.14. Quan hé {rng suit - bién dang ciia ¢t thép [51],[61]
a. Mo hinh dan déo ly tuong theo Eurocode 3 [51]

25



Mo hinh dan déo 1y twéng 1a mé hinh don gian duoc dic trung boi hai doan thang
(Hinh 1.14a) va dugc dic trung boi hai thong s6: M6 dun dan hoi E va Gmg suit chay
déo f;. Tiéu chuan Eurocode 3 [51] str dung mé hinh nay khi phan tich déo két cAu thép.

6‘<8},—)O'=E.8

Quan hé tmg suét bién dang ctia vat lidu thép: { (1.15)

6‘26‘},—>O'=fy

b. Mé hinh dan déo 2 doan thing

Mo hinh “dan déo 2 doan thang” 1a mé hinh duoc dic trung boi hai doan thang c6
m6 dun dan hdi twong tmg 14 E va E; (Hinh 1.14b). M6 hinh nay ké dén su tai bén (ting
clmg) cua vat liéu thép, nén co thé goi 1a mo hinh dan déo tai bén tuyén tinh.

Quan hé ung suét bién dang cua vat li€u thép:

(1.16)

{g <¢, »>o=Es
eze, >o=f +E.(e6-¢))

c. Mo hinh Kent - Park (1973) [61]

Mo hinh nay duoc dé xuat bai Kent - Park (1973) dua theo nhitng thi nghiém trén
thép cac bon. Trong mé hinh nay, cac tmg xtr dan hoi, chay déo, sy ting cliing (sau chay
déo) dugc xem xét (Hinh 1.14c). So sanh voi két qua thu dugc cho thdy mé hinh Park
mé ta kha chinh x4c su lam viéc thuc té cua vat liéu thép.

Quan h¢ ung suat bién dang cua vat li¢u thép:

o, =F ¢, khi0<e <g,

o, =1, khi e, <e <e, (1.17)

E. —&, .
O-s:-f;/+ * . (fu_f:v) khl gshsgsggsu

su sh

M0 hinh nay duogc st dung trong cac nghién ctru sau: Wai-Fah Chen va Lian Duan

(2014)[18], phan mém phan tich MIDAS[44].
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Ung suét trong cdt thép

R \ Ung suét trong cbt thép stra dbi

‘ ddi véi cbt thép ndm trong bé tong
! (Tamai va cong su 1988,

{ Belarbi va Hsu, 1994)
\

\

\

\

Ung suét (fs)

v

Bién dang (&)
Hinh 1.15. Quan hé &ng suit - bién dang ciia thanh thép nim trong bé tong va

thanh thép doc lap [72]

(Ludt 2T)

(Luit 1)

Ung suét ()

(Lut 2C) /

Bién dang (es)

Hinh 1.16. M6 hinh co ban dé mé hinh héa cic thanh thép nim trong bé tong [2]

@6 B

(enfo) B

Ung suit (fs)

Bién dang (&)

Hinh 1.17. M6 hinh co ban theo Menegotto va Pinto Steel [61a]
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1.4. Nghién ciru thwe nghiém vach bé tdng cot thép chiu tai trong Lip

Vén d& vé nghién ctru cho vach bé tong cdt thép chiu tai trong lap da dugc nhiéu
nha khoa hoc trén thé gi¢i quan tdm va thyc hién trong nhiéu thap ky qua. Dién hinh c6
thé ké dén mot s6 nghién ciru sau:

+ Thi nghiém cua Lefas va cong su [33]

Lefas va cong su [33] nim 1990 d3 trinh bay két qua thi nghiém cta 13 vach chiu
tai trong dung khong d6i va tai trong ngang tang dan dat tai dinh vach dén khi vach dat
td1 trang thai pha hoai. Thi nghi€ém duogc thuc hi¢n vé1 muc dich nghién ctru anh hudng
cua lyc doc, ty s6 chiéu cao/chiéu rong, cuong do cua bé tong va ham lugng cot thép
dén ung xu cua vach tiét dién chit nhat. Mau thi nghi¢m duogc chia thanh hai loai phu
thudc vao ty sd chiéu cao/chiéu rong. Vach loai I twong tng voi mau co ty sb chiéu
cao/chiéu rong bang 1 (chiu cao 0,75 m va chiéu rong 0,75 m), chiéu day vach 1a 0,07
m. Vach loai I ¢6 ty sé chiéu cao/chiéu rong bing 2 (chiéu cao 1,3 m va chiéu rong 0,65
m), chiéu day vach 13 0,065 m. Ca hai vach dugc déu c6 dam véi chiéu day 16n hon vach
& chan va dinh vach, c6 tac dung truyén luc va neo thanh thép dimg ¢ dinh vach, 1am
mong va neo & chan vach. Vach va dam duoc duc lién khoi.

Ngoai trir hai mau thi nghiém thi tat ca cac mau con lai duoc thiét ké theo ACI3 18-
83. Ba loai cot thép co dudng kinh khac nhau duoc sir dung trong vach nhu trong Bang
1.1. Hai trong sb ndy c6 bién dang kéo 16n v6i duong kinh 8 mm va 6mm. Loai ¢t thép
duong kinh 8 mm duoc sir dung 1am thép doc c6 khoang cach 60 mm ddi véi vach loai
I va 62 mm d6i véi vach loai II. Loai c6t thép duong kinh 6 mm dugc sir dung 1am cot
thép ngang v6i khoang cach 80 mm d6i voi vach loai I va 115 mm dbi véi vach loai I1.
Loai thtr ba c6 duong kinh 4 mm dugc sir dung lam cdt thép dai voi muc dich gidm nd
héng cua phan tir bién cua vach.

Ham luong cdt thép trong mdi mau duoc trinh bay trong Bang 1.1.

Bang 1.1. Tinh chét cia ¢t thép [33]

Gidi han chay Gidi han bén

e (f,) [MPa] (f.) [MPa]
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8 [mm] Thanh thép cuong do6 cao 470 565

6 [mm] Thanh thép cuong d6 cao 520 610

4 [mm] Thép thuong 420 490

Hai loai bé tong dugc sir dung cho cac mau thi nghiém bao gom loai c6 cuong do
45 MPa va 30 MPa, tuy nhién, gia tri thuc té cua bé tong thu duoc co su sai khac nhu
trinh bay trong Bang 1.2.
Bang 1.2. Tinh chit ciia miu thi nghiém [33]

N Ham luong cot thép Cu’E‘mg dod Luc doc truc
. | Mau thi mau lap
Loai .
nghlem Phor Pver Pflex Ps phlIO’l’lg Fy F
[%] | ["%] [%] | [%] | Fecwe [MPa] | [KN]| ¥ = g7
SW11 1,10 | 2,40 3,10 | 1,20 52,3 0 0,0
| SW12 1,10 | 2,40 3,10 | 1,20 53,6 230 0,1
SW16 1,10 | 2,40 3,10 | 1,20 51,7 460 0,2
SW22 10,80| 2,50 3,30 | 0,90 50,6 182 0,1
1 SW23 10,80 2,50 3,30 | 0,90 47,8 343 0,2
SW24 0,18 | 2,50 3,30 | 0,90 48,3 0 0,0

Trong qué trinh thi nghiém, mdi mau vach dau tién duoc nén véi cac ty s6 0; 0,1
va 0,2. Tai trong dimg duoc giit 6n dinh trong sudt qua trinh thi nghiém. Budc tiép theo
1a dat tai trong ngang ¢ dinh vach véi toc d6 gia tai 1a 0,04 kN/gidy. So d6 thi nghiém
dugc mo ta nhu trong Hinh 1.18.
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Hinh 1.18. So' @6 thi nghiém ctia Lefas va cong sw [33]

Két qua thi nghiém cho thdy, véi cing gia tri luc doc tac dung 1én véach thi kha
ning chiu tai trong ngang cua vach thi nghiém c6 gia tri trong tu. Dbi v6i vach loai I,
kha ning chiu tai ngang véi ty s6 luc doc bang 0,1 va 0,2 twong tng cao hon 25% va
30% so véi vach khong chiu luc doc. Diéu nay cling dugc théy tuong tu so vai vach loai
I1. P6i v6i vach cé cuong do bé tong cao hon thi kha ning chiu tai ngang 1a twong tu
néu cing gia tri ty s luc doc. Vi sy sai khac 35% vé cuong do bé tong nhung cé hai
mau cho thiy cuong d6 bé tong khong anh huong nhiéu dén kha ning chiu tai trong
ngang. Bién dang cta vach dugc thiy 1a phi tuyén kha rd rang trong tit ca cac truong
hop. Luc doc khéng nhirng 1am ting do cing ngang ma con giam chuyén vi ngang tai
thoi diém phé hoai. Mtrc d6 giam chuyén vi ngang khi gia ting luc doc ddi v6i mau II
14 nhiéu hon so v&i mau L. Mic du chuyén vi dinh vach cua hai loai I va II 1a 16n nhung
chuyén vi twong ddi 13 tuong tuy.

+ Thi nghiém cua Thosen va Wallace [34]

Thosen va Wallace [81] thi nghiém hai vach tiét dién chit nhat (RW1 va RW2) véi
chiéu cao tiét dién 1,219 m va hai vach chir T (TW1 va TW2) v6i chiéu cao phan bung 1a
1,12 m va phan canh 13 1,219 m. Cac mau vach dugc thiét ké theo ty 1& thu nhé Y cta vach

thyc té theo tiéu chuan UBC vdi bo sung thém phan chan vach. Cac mau thi nghiém c6
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chiéu cao 1a 3,658 m, chiéu day 0,102 m. Hon nitra, vach chit T c6 cac tdm san véi khoang

cach 0,9145 m nhu trén Hinh 1.19.

102 jmim

Hinh 1.19. Vach thi nghiém béi Thosen va Wallace [34]

Kich thay lwc dam truyén tai

Load Cells
Kich thay luc \ /

g
yava O KO £
/ e .
Load Cell '\ /‘
Kep goc
Cap du trng lwc
Twong phan lwc Mau thi nghiém g

-~

Neo chdng nhd

Dé mong

N N

[] 1

690 [mm]

Hinh 1.20. Vach thi nghiém béi Thosen va Wallace [34]
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Cac mau thi nghiém duoc duc lién khéi véi phan dé dé neo thanh thép dimg va dé
1am viéc nhu mong cing. Phan dé cta vach phang day 0,69 m, rong 0,41 m va dai 1,93
m. Phan dé caa vach chir T day 0,69 m, phan bung rong 0,61 m va dai 1,677 m, phan
canh rong 0,41 m va dai 1,524 m. Cac mau duge chit T dugc duc theo 5 budc theo mdi
muc mong va san.

Bang 1.3. Tinh chét ciia ¢t thép [34]

Loai Gidi han chay (f,) [MPa] | Dién tich tiét dién [mm?]
S63-9,53 [mm] 414 71
S62 - 6,35 [mm] 448 32
4,75 [mm] thép tron ~448 17,72

Cac mau thi nghiém sir dung ba loai duong kinh thép khac nhau nhu trong Bang
3. C6t thép #3 c6 duong kinh 9,53 mm duoc sir dung lam cot thép doc. Cot thép #2
(duong kinh 6,35 mm) duoc dung cho thép ngang va cdt thép tron dudng kinh 4,75 mm
da lam suy giam cudng d6 dugc dung trong mAiu thi nghiém theo yéu cau.

Bé tong st dung trong cac mau thi nghiém va cac murc san cua tudng du kién c6
cuong d6 27,6 MPa. Tuy nhién, cac gia tri cuong do thu dugc tir cac mau thi nghiém
hinh try khac nhau 1 khic nhau tai thoi diém thi nghiém vach. Gia tri cudng d6 bién doi
tir 28,7 MPa dén 58,4 MPa vdi gia tri trung binh 1 37,7 MPa dbi véi bé téng vach mirc
san dau tién hay 32,8 MPa ddi véi mau RW1 va TW1 va 42,8 MPa d6i voi mau RW2
va TW2.

Céc miu vach duoc thi nghiém tai phong thi nghiém nghién ctru ki thuat két cau
(SERL) tai truong dai hoc Clarkson, Hoa Ky. Mdi vach duoc lién két véi san cing bang
8 thanh thép cudng d6 cao. Dé truyén tai trong dung va ngang dén vach, dam thép to
hop tir hai thép chir C-12x68 dugc sir dung. Dam thép duoc lién két voi vach bang bu
16ng 25 mm (6 bu 16ng d6i véi vach chir nhat va 9 bu 16ng véi vach chit T) va cac thép
gdc, cac bu 16ng nay dugc dit san trong vach khi d6 bé tong. Luc doc trong vach duoc
tao ra tir kich thuy luc gin vao dinh vach phia trén dam truyén luc va cac day cap cing
sau ndi v6i chan vach. Luc doc trong vach duge ting dan tir viée ting luc cing trong

cac day cap cho toi khi dat ty s6 nén 1 0,1 va giit nguyén tai trong nay trong qua trinh
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thi nghiém. Tai trong ngang ciing str dung kich thiy lwc dong 556 kN duoc gin vao
tuong phan lyc cach mat san 4,6 m tir san chiu luc. Kich thuy luc dong duoc lién két véi
dam truyén luc bang lién két khép. Mot hé dan chdng d& theo phwong ngoai mit phiang
véch ciing duogc lap dat dé chéng xodn cho vach. M6 sé lugng 16n thiét bi do va thu s6
li¢u duogc s dung dé do luc, chuyén vi va bién dang tai cac vi tri khac nhau trong va
trén mau thi nghiém.

Sau khi dat tai trong dtng va gitr on dinh, qua trinh dat tai trong lap theo phuong
ngang bit dau. Qu4 trinh ndy duoc diéu khién bing chuyén vi va méi mirc chuyén vi
duoc thyuc hién trong hai chu ky lap. Mirc chuyén vi dau tién 13 0,1% va sau d6 14 0,25%.
Budc tiép theo, chuyén vi dugc ting dan cho dén khi dat 1% véi s6 gia 1a 0,25%. Sau

khi dat 1%, budc chuyén vi ting 1én 0,5% dén khi pha hoai.
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Hinh 1.21. So' @b gia tai ngang [34]
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Tuy nhién, ddi voi tuong RW2 va TW2, sau khi dat muc 1,5%, hai mtic 1% va
1,5% duoc thuc hién lai nhu trén Hinh 1.21, sau d6 tiép tuc tang 0,5% td1 khi dat 2,5%
va 3% cua do léch tﬁng.

+ Thi nghiém cua Deng va cong su [13]

Deng va cong su [13] thi nghiém 4 mau vach c6 chiéu cao 2,8 m va chiéu day 0,16
m, trong d6 hai mau c6 chiéu cao tiét dién 1a 0,75 m va hai mau con lai ¢6 chiéu cao tiét
dién 13 0,9 m. Cac miu dugc duc tir bé tong C30 ddi v6i phan mong va dam truyén luc,
C15 dbi véi vach. Loai cbt thép duoc sir dung 1a HRB335 (Hinh 1.22).

Nhu trinh bay trén Hinh 1.23, hé thong gia tai bao gdm kich thuy lyc theo phuwong
dig va kich thuy luc dong theo phuong ngang. Kich thuy luc theo phuong ding duoc
c¢d dinh vao khung gia tai dé tao ra lyc doc trong vach. Kich thuy luc dong theo phuong
ngang duogc ¢ dinh vao tuong phan luc. Véi kich thude manh va luc doc 16n, vach dugce
bao vé dé khong bi mat 6n dinh theo phuong vudng goc véi phuong chiu Iyc. Hé thong
nay cé cac con lan tiép xtac véi vach dé dam bao tai trong ngang duoc truyén toan bo

vao vach.
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Hinh 1.22. Chi tiét vach thi nghiém [13]
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+ Thi nghiém cua Yigiu Lu va cong sy [94a]

Nghién ctru nay dugc thuc hién vao nam 2016, dya vao vi¢c quan sat cac vét nat
ctia mot s6 vach BTCT trong céc toa nha nhiéu tang tai New Zealand trong tran dong
dat tai Canterbury xay ra vao nam 2010/2011 thay rang chi hinh thanh mét s vét nut

han ché & chan tuong va c6 cac vét nut doc. Trong nghién clru gan day, cac nha khoa
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hoc da chira r’fmg do cac vach BTCT duoc thiét ké vai cbt thép doc tbi thiéu theo tiéu
chuan hién hanh ctia New Zealand nén khong c6 do déo 16n chéng lai dugc cac tac dong
dong dat. Do do, dé nghién ciru tng xtr sdu hon ctia véch, tac gia da thiét ké tong cong
06 vach BTCT chiu uén véi 2 16p ¢t thép doc tuwong tmg vi yéu cau t6i thiéu cua thi
nghiém. Cac vach BTCT duoc st dung trong thi nghiém 1a dién hinh cta cac vach BTCT
trong nha nhiéu tang noi xdy ra tran dong dat, sir dung dé kiém tra anh hudng cua ti 16
nhip cét, tai trong doc truc va c6t dai & ving bién cua vach. Cac két qua thi nghiém da
cho théy cbt thép doc ti thiéu hién co khong du dé dam bao su xuét hién cac vét nit do
ubn xay ra tai ving khop déo. Ung Xt tai trong ngang cua vach duoc kiém soat bai mot
hoic hai vét nirt udn 16n chinh & chan vach. Ung xir ndy lam giam dang ké sy lan truyén
d6 déo va dan dén mot s6 van dé tiém an, nhu kha ning chuyén vi ngang, giy cot thép
giai doan som. Trong nghién ctru ndy dua ra mot s6 khuyén nghi lién quan dén yéu cau
cot thép tdi thiéu, cac gia dinh vé chiéu dai khép déo, va lugng cdt thép can c6 dé chong
lai sy mat 6n dinh cua vach.

Céc thiét bi thi nghiém duoc lip dung nhu thé hién trén Hinh 1.24.

Hinh 1.24. Lip d:t thiét bi va vach cho thi nghi¢m [94a]
Mot s6 hinh anh phé hoai duoc quan sat trong qué trinh thi nghiém thé hién nhu

Hinh 1.25.
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Hinh 1.25. Mét s6 hinh dnh pha hoai vich trong qua trinh thi nghiém [94a]

+ Thi nghiém cua M.A.Hube va cong sy [54a]

Nghién ctru nay thuc hién nam 2014, dua vao viéc quan sat hu hong thuc té tai toa
nha chung cu cao ting trong tran dong dat tai Chile, xay ra vao nam 2010. O ddy, quan
sat thiy pha hoai gion xay ra ddi voi cac vach BTCT, va pha hoai nhiéu nhat trong bé
tong do twong tac nén-udn, mat 6n dinh va pha hoai cta cdt thép doc ciing nhu nurt tai
céc vi tri cbt dai. Muc dich cua nghién curu [54a] 1a tir viéc quan sat thuc té hu hong cua
cAu kién vach BTCT dé thuc hién va phan tich béng thuc nghiém rng x1r ciia nhirng loai
vach nhu vay ddi véi tai trong dong dat. Ngoai ra, tir két qua nghién ctru s& dua ra mot
s6 khuyén nghi dé udc lugng duoc chuyén vi ngang va do cimg hiéu dung cua vach
BTCT manh. Dé dat duoc myc tiéu nghién ciru d6, thi nghiém véi ti 1& 6.5 vach BTCT
duoc tién hanh sir dung quy cach thi nghiém chuyén vi ngang tang dan theo chu ky thong
thudng véi tai trong doc truc khong ddi. Su phé hoai trong vach thir nghiém theo quan
sat thdy twong tu voi su pha hoai trong toa nha cao ting da bi hu hong trong tran dong
dat xdy ra vao nam 2019 tai Maule. Sy pha hoai duogc xac dinh khi mét kha nang chiu
tai trong doc truc, xuét hién dot ngot nhu phé hoai nén doc theo toan bo tiét dién tai chan
véch thir nghiém. Két qua thi nghiém chi ra rang chiéu day vach giam 25% da suy giam
chuyén vi t6i han, do déo va kha ning phan tan nang luong cia vach. Ti 1 d6 ctg hiéu
dung trung binh cua véch thur nghiém la 0,39, 16n hon mot chut so véi gia tri ma ACI
318 khuyén céo 13 0,35.

Trén Hinh 1.26 thé hién chi tiét cit thép cua vach thir nghiém W1 (kich thuéc mm)
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Hinh 1.26. Chi tiét cot thép vach thir nghiém [54a]
Tuong ty, trén Hinh 1.27 thé hién lap dit thiét bi thi nghiém va cac thiét bi do dac.

Hinh 1.27. Hinh &nh lip dit thi nghiém [54a]

Tac gia tién hanh thi nghiém véi 9 mau W1-W9, véi cac thong sb nhu trong Bang

1.4.
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Bang 1.4. Tinh chit ciia cac miu thir nghiém va muc dich ciia timg miu [54a]

h : Tai doc
Vach | Muc dich TN v " truc | M/Vly | p? pe peC
(mm) | (mm)
(kN)

W1 | Mau dbi ching | 1600 100 287 2,5 0,45 0,72 0,44
wa | Anhhuongdd |, | 216 25 | 049 | 0,67 | 046

manh cua vach

Anh huéng
W5 M/VI,, 1180 100 287 1,9 0,45 0,72 0,44

Aph huong cua
W6 | cot thép doc 1600 | 100 287 2,5 0,0 1,34 | 0,44

phan b déu
W7 Qérih huong chi | 00 | 100 287 25 | 045 | 0,72 | 044
wg |Anhhuong 00100 | 287 25 | 045 | 072 | 0,64
diéu kién bién
wo | Anhhuongeot | 00|00 287 25 | 045 | 0,72 | 056

dai
Két qua nghién ctru thu dugc bién dang cua cdt doc thay d6i theo thoi gian cua

vach W4 nhu trong Hinh 1.28.

4 .

|- WiB V2
W3 W
W5 VE

73 et {_ AP
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0 500 1000 1500 2000 2500 3000 Isn0 4000
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Hinh 1.28. Su thay déi bién dang theo thoi gian ciia c6t doc vach W4 [54a]
Két qua nghién ctru cia M.A. Hube va cong sy [54a] trong thi nghiém véi vach
BTCT ti 1é 6.5:1 dé quan sat hu hong trong vach tir d6 két luan duoc vé anh hudng cua
cac thong so thiét ké khac nhau 1én sy 1am viéc chéng lai tic dong dong dat cua cau kién

vach.
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+ Thi nghiém cua Bing Li va cong su [5a]

Tuong tu cac nghién ctru néu trén, nghién ctru nay dugc thuc hién nam 2015, Bing
Li va cong su tién hanh phan tich thuc nghiém dé danh gia sy lam viéc cua vach chiéu
cao khong 16n voi chi tiét ¢t thép c6 dd déo han ché so véi dé xuat ciia ACI 318. Tong
co6 8 vach BTCT ¢6 ph'?m tur bién, trong d6 c¢6 5 vach voi ti 1€ mau 1a 1,125: 1, va 3 vach
tién hanh vdi ti 16 mau 14 1,625: 1. Trong thi nghi¢m cac vach déu chju tai trong nén doc
tryc & cAp thap va tai trong dong dat mo phong, dé kiém ching su 1am viéc ctia vach véi
cot thép ngang han ché. Tur két qua nghién ctru dua ra cac dang pha hoai, d6 1éch ting
16n nhét, kha nang chiu lyc, thanh phﬁn bién dang tai dinh va déc tinh ti€u tdn nang
lwong cua vach theo tng xir dong dat véi cdt thép ngang han ché. Anh huong cua tai
trong doc truc, c6 thép ngang trong cac phan tir bién ctia vach va sy ¢6 mit ciia méi ndi

thi cong ¢ chan vach dén g xir dong dat cua vach cling dugc dé cap trong nghién ctru

nay.
Két qua lap dung vach thi nghiém duoc thé hién hinh 1.29.
— "y
Hinh 1.29. Lip dit vach trong thi nghiém [5a]
Quy trinh gia tai gdm cac budc kiém soat chuyén vi dugc minh hoa trén Hinh
1.30
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Hinh 1.30. Lich sir gia tai theo thoi gian [Sa]

Két qua nghién ctru chi ra rang, dbi voi cac mau c6 nhiéu cdt thép ngang hon trong
céc phan tir bién cua vach, sy dong gop ctia phan bién dang udn trong tong bién dang sé&
16n hon. Piéu nay cho thiy rang, su lam viéc dbi v6i dong dit nhu do 1éch ting, kha
nang tiéu tan nang lugng ciing ¢ thé dugc cai thién bang cach tang sb luong ct thép
ngang trong cac phan tir bién cua vach. Tuy nhién, sb luong cot thép ngang trong phan
tir bién cia vach khong c6 anh hudng dang ké dén cac dic tinh vé d6 cting tong thé cua
cac vach thtr nghiém dudi sy tac dong cua luc nén doc truc khac nhau. Co thé du doan
cac bién dang kéo trong cac thanh cdt thép ngang ctia vach c6 chiéu cao khong 16n bang
cach sir dung cac md hinh thanh chong-giang 4o, gia dinh phu hop véi dir liéu thir
nghiém. Piéu nay cho thiy rang cic mo hinh thanh chéng-gidng 4o 1a mé hinh hop 1y.

1.5. Nhan xét chuwong 1

Vach bé tong cot thép di dugc nhiéu tac gia trén thé gidi nghién ctu vé 1y thuyét
va thuc nghiém trong nhiéu thap ky qua. C6 rat nhiéu mé hinh tinh toan duoc dé xuat
nhu mé hinh dim twong duong, gian, t6 hop, thd va moé hinh phan tir hitu han. Cac mo
hinh trude day déu xem xét riéng 1é bé tong va cdt thép cho nén chi phu hop véi muc

dich nghién ctru, viée ap dung vao phan tich thiét ké con kho khan.
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Céc biéu thirc ctia m6 hinh vt liéu bé tong con chua dap tng duoc hoan toan dé
mo ta Gmg xur phi tuyén ctia vat liéu bé tong khi chiu tai trong lap, dac biét 1a dbi véi
quan hé mg suét bién dang khi chuyén trang théi tir nén sang kéo hodc kéo sang nén.

Trong cic mo hinh tinh toan thi moé hinh phan tich phi tuyén theo phwong phap
phan tir hitu han cho phép mé phong cau kién vach sat v6i su 1am viée cta vach bé tong
c6t thép thyc té nhat.

Cac nghién ctru vé thuc nghiém duoc nhiéu tac gia trén thé gidi thuc hién véi viée
st dung nhiéu loai mé hinh thi nghiém khéc nhau, trong cac nghién ctru vé vach BTCT
thi cac tac gia thuong thu nho kich thude so véi kich thude thuc té hodc theo kich thudce
thue té nhung giam ham luong cbt thép cho nén miu thi nghiém chua phan anh ding
g xtr cia vach trong thuc té. Do d6, trong khuon kho ludn an, tic gia dé xuat nghién
cuu vach BTCT b?lng thuc nghiém véi ti 1 kich thudc 1:1 trén 2 mau thi nghiém dé

khao sat trng xtr ctia vach bé tong cbt thép chiu tai trong thay ddi theo thoi gian.
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CHUONG 2
XAY DUNG PHAN TU HON HOP BE TONG COT THEP THEO
PHUONG PHAP PHAN TU HUU HAN
2.1. Ung suit va bién dang
2.1.1. Thanh phén @ng suét
Trang thai ing suét trong vach 13 trang thai Gmg suit phang trong d6 thanh phan
g suit theo phuong vudng goc véi mit phang vach o. =0.Trang thai ing sudt tai mot
diém trong vach dugc thé hién béng véc to trong h¢ toa do Pé -c4c nhu sau:
(o}=[o. o, 7,] 2.1
trong d6 o, va o, la ung sudt phap twong tng theo truc x va y; 7., laung sut
tiép.
Dé thuan tién trong tinh toan theo cac biéu thirc ctia m6 hinh vat liéu thi c6 thé st
dung cac thanh phan Gng suat chinh. Véc to tng suat chinh c6 dang:
[0'l o, 0'3]T (2.2)

MG&i tmg suit chinh c6 thé dugc viét dudi dang ham s cua cac bat bién tng suit
thir nhat, 7,, bt bién ung suét léch thir hai, J,, va goc Lode, # (Smith va Griffiths,

2004) [1]:
o, =%\/J_zsin(9—2?ﬁj+%
o, =%\/J—zsin(0)+% 2.3)
o, :%\/J_zsin(0+2?ﬁj+%

Céc gid tri ciia bt bién ing sut dugc tinh todn nhu sau (Smith and Griffiths, 2004)

[1]:
I=0,+0, (2.4)

J, :—[(Gx—ay)z+(0'y)2+(0'x)2}+rfy (2.5)
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1. (=33 J
9 =§SIH I(TJ;2] (26)

Jy=5,5,8.—S.T, (2.7)

z%xy

. 1 1 1
trong do S, :(ax —?j; s, :(O'y —?1); s, = (—?1] (2.8)

Vi phan cuia céc bat bién ing suat vdi cac thanh phan ing suat:

{%}z[l 1100 of

oo

aJ, I, I, 1, ’
—=|lo,—— o,—-—— o,—— 2t 2t 2t
E e R S

%}: ssz+£—rz,z szsrvtﬁ—rfY 5.8 +£—rf
oo ! 37 -3 i T3 !

(2.9)

T
-2s.7,+2r, 7, 257, +2r. 7. 287 4207 }

yz'zx xy " zx xy " yz

{ﬁ}_ V3 _{8J3}+3J3{6J2}
dc ] 2c0s30J)*\ |ooc] 2J, |00

2.1.2. Thanh phén bién dang

Tenxo bién dang tai mot diém duoc viét trong h¢ toa do Dé - cac ¢ dang nhu sau:
T
{e}=[e. & 7] (2.10)
trong do ¢, va ¢, la cac bién dang doc truc theo phuwong x va y; 7, la bién dang
truot.
Quan hé giita cac thanh phan bién dang véi cac thanh phan chuyén vi, u va v trong

hé toa do Bé - cac c6 dang nhu sau:

9
ox
o ||lu
{5}— 0 5{‘}} (2.11)
9 9
| Oy Ox |
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2.1.3. Quan hé giira irng suét va bién dang

Quan hé giita ing sut va bién dang cho vat thé dan hoi dang hudng tuan theo dinh

luat Hooke ddi véi trang thai img sudt phing nhu sau:

I |
o, 1 v O £,
P .
o, =17 v 10 |\e, (2.12)
z-ch 0O 0 I__V 7w
i 2 |
hay:
(o) =[E]le) (2.13)

Ma tran dan hoi cta vat liéu [E] trong biéu thirc (2.12) ¢6 hai gia tri, £ 12 mé dun

dan hoi cta vat li€u, va v 1a h€ so Poisson. Quan hé gitra mé dun dan hoi, £, véi mo
dun dan hoi truot, G , va mo6 dun thé tich, K, dugc cho boi biéu thirc:
E E

G= ; K=
3(1-v)

T (2.14)

2.1.4. Ung xir dan hoi déo ciia vat li¢u
Gia thiét khi vat liéu chay déo, sb gia bién dang bang tong ctia sd gia bién dang
dan hoi va sb gia bién dang déo. Do d6, s gia bién dang dan hdi c6 thé xac dinh theo
biéu thirc nhu sau:
{de*| ={de}-{de"} (2.15)
trong do: {dg‘"} 1a s6 gia bién dang dan hoi; {dg” } 1a sb gia bién dang déo
Chi c¢6 thanh phan s6 gia bién dang dan hdi gay ra sy gia ting tng suét theo dinh
luat Hooke:
{daj
{do)

[E]{de"}
[E]({de}—{dep})

Gia thiét véc to so gia bién dang déo vuong goc voi mat thé nang déo doi vdi bai

(2.16)

toan chay déo khong két hop. Do viy, sb gia bién dang déo co thé viét dudi dang ty 18

v6i dao ham cia ham thé nang déo nhu sau:
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og
de’t=14—= 2.17
faer} =212} 1

trong d6: gla ham thé ning déo; 4 13 hé sb déo, 4 bang 0 khi vat lidu dan hoi,
nguoc lai khi chdy déo, 4 co gia tri khac 0.

02

A v 2 2
Mat chay déo f=0

B ({ftrialn+1})

A ({fn}) C ({fn+1})

Pan hoi

» O

Hinh 2.1. X4c dinh ng suit trén mit chay déo
Khi trang thai ing suit tai budc tai trong nao d6 théa man phuong trinh mét chay
déo f, >0 tuong Gmg vdi trang thai img suat chuyén tir diém A ({o.,}) sang diém B
(nhu trén Hinh 2.1) véi Gmg suat tai diém B ({o,}) duoc xé4c dinh nhu sau:
{of=lo. ) +[E]{de] (2.18)
Dé xac dinh sb gia bién dang déo, khai trién Taylor bac mot dbi vi ham chay

déo tai diém C nam trén mat chdy déo do6i voi diém B nhu sau :

Jiw) +[§i}{d6}+[i}{dep} = fe) (2.19)

o2 og’

Do diém C nam trén mit chay déo nén Jiey=0. Thay thé biéu thirc (2.16) va (2.17)

Finy =2 [[%} [E]{g—i} - [g} {S—i}] —0 (220)

Tur bi€u thire trén xac dinh duoc hé s6 déo theo biéu thire sau:

vao biéu thirc (2.19):
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Jis)
| e

Véi h=— [a‘lp} {g_g} la tham s6 ting bén, bing 0 khi vat lidu dan hdi déo Iy tuong
& (2

A=

(2.21)

va bang hang s6 khi mo hinh ting bén.

Thay thé (2.21) vao (2.16):

il 55
{do} [E]{dg}[é’f(j[E]{{j«s}}+h
Jdo

Jo

(2.22)

2.1.5. Thuit toan xac dinh wng suit trén mit chay déo

Biéu thire (2.22) x4c dinh sb gia tng suit dé trang thai tng suit nim trén mit chay
déo hay ham chay déo c6 gid tri bang khong. Tuy nhién, do sai sb tinh toan, ham chay
déo co thé khong bang khong dan dén sai s6 tinh toan tich liy. C6 hai thuat toan chinh
dé giai bai toan nay 1a phuong phap diém déo gin nhat (CPPM) va phuong phap mat
phang cit (CPA) [1-4]. Ca hai phuwong phap déu cé vu va nhuoc diém riéng va ca hai
phuong phap déu duoc ap dung rong rii trong phan tich phi tuyén vat liéu. Dudi day 1a
quy trinh tinh todn theo phuong phap CPA.

1. Thiét 1ap cac gia tri ban dau cho tng suit va bién dang:

k=03 {e) =g, )5 20 =0 {0} =[E]({e,0} - ()

2. Kiém tra hoi tu tai vong 1ap k

F% <T1OL, néu khong hoi tu thi chuyén sang budc 3.

3. Tinh toan tham s6 déo

f(k)

meg

4. Tinh toan s gia ing suét
(a0 =20 [£){0)
5. Tinh toan bién dang déo va (mg suat
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A ok 0
[ o
k- k+1 trd vé bude 2

Quy trinh tinh toan theo phuong phap CPPM nhu céc budc trinh bay nhu sau:

1. Thiét 1ap cac gia tri ban dau cho tng suit va bién dang:
k=0, {55,0)} = {51,’,,} ; A0 =0 {0'(0)} = [E]({gml}—{gg,o)})
2. Kiém tra hoi tu tai vong lap k

o). )

W <ror, <ToL2, néu khong hoi tu thi chuyén sang budc 3.

)

3. Tinh to4an tham sb déo

4. Tinh toan s6 gia ung suat

(a0} = [ KO0} 10 &0]{0)

5. Tinh toan bién dang déo va (mg suat
)b s 4 20
U1 (k) A4 (F)

) ) o

k= k+1 trd vé budc 2
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Hinh 2.2. CPA va CPPM
2.2. M6 hinh vt li¢u bé tong

2.2.1. Thi nghiém nén va kéo lip miu bé tong

Thi nghiém dau tién duoc thuc hién béi Sinha va cong su [6a] dé nghién ciru ung
XUr ctia bé tong dudi tac dung cua tai trong lap (hinh 2.3a). 48 mau bé tong hinh tru c6
cuong do chiu nén tir 20 MPa dén 28 MPa dugc thi nghiém dudi tac dung cua tai trong
nén lip doc truc nhiam xac dinh cac yéu t6 chinh anh huong dén tmg xtr lip cua bé tong.
Tai trong duoc thay d6i dé tao ra cac dudng tmg xuat khac nhau nhu dé tai hoan toan
hay do tai mot phén. Céc thi nghi€ém nén 13p doc truc con dugc thuc hién bdi Okamoto
va cong su [69a], Tanigawa va Uchida [16a] va Bahn va Hsu [5b], va két qua cta cac
thi nghiém nay dugc trinh bay tuong tng trong cac hinh tir 2.3b dén 2.3e. Cac két qua
thi nghiém nay déu cho thdy dudng bao phé hoai do nén c6 cing mot dang bao gém hai
doan. Poan thir nhét khi bién dang nho hon muc bién dang tuong ung vdi cuong do chiu
nén, tmg suét ting khi bién dang ting nhung quan hé tng suit-bién dang 1a phi tuyén. O
doan thi hai khi bién dang 16n hon mirc bién dang twrong (mg v6i cudng do chiu nén, bién
dang tang 1én nhung cudng do ciia maiu bé tong suy giam. Cac vong lap déu tao ra dudng
dd tai va gia tai khong trung nhau va quan hé giita Gng suit-bién dang 14 phi tuyén. Nhu

vay, ké ca khi d& tai thi cling khong tao ra mién dan hdi phia dudi duong pha hoai. Céc thi
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nghiém ctia Okamoto va cong su [69a], Tanigawa va Uchida [16a] va Bahn va Hsu [5b]
cho két qua duong gia tai gan voi duong thang hon so vai thi nghiém ciia Sinha va cong su

[6a].

0.9
0.8
0.7
0.6
0.5
0.4
0.3

0.2
0.1 /

0
0 0.5 1 15 2 2.5 3

/g,

o/fc'

a) Thi nghiém nén cua Sinha va cdng su [6a]

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

o/fc'

0 0.5 1 15 2 2.5 3 3.5

/g,

b) Thi nghiém nén cua Okamoto va cOng su [69a]

Hinh 2.3. Cac thi nghiém nén lap
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0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

o/fc'

/g,

c¢) Thi nghi¢m nén cua Tanigawa va Uchida [16a]

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

o/fc'

/e,

d) Thi nghi¢ém nén cua Bahn va Hsu [5b]
Hinh 2.3. Cac thi nghiém nén lap
Reinhardt va Cornelissen [29a] tién hanh cac thi nghiém kéo doc truc miu bé tong
hinh tru dé x4y dung mot cach hoan chinh cac duong cong tng sudt bién dang cua bé
tong khi chiu kéo nhu trén cac hinh 2.4. Két qua thi nghiém cho thdy duong bao pha
hoai 14 duy nhat va quan hé ing suat-bién dang 14 phi tuyén khi d& tai va gia tai. Doi vé6i
truong hop d& tai va gia tai trong ving kéo, do cting cat tuyén cua duong do tai va gia
tai giam khi bién dang ting. Tuy nhién, di v6i truong hop d& tai va gia tai trong ving
kéo va viing nén véi ing suit nén nho, d6 cimg d tai giam theo murc bién dang tai thoi
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diém d& tai nhung do ctng gia tai twong dwong v6i do ctng ban dau va giam dan khi
chuyén sang ving kéo. Pdi véi truong hop do tai-gia tai trong ving kéo va nén véi ting
sudt nén 16n, do cung d& tai ting dan va duong cong g sut-bién dang gan giéng voi
giai doan dau cia dudng cong tng sudt-bién dang nén. Khi d& tai, do cimg giam dot
ngot khi tng suit chuyén tir nén sang kéo.

30

25
20
E
£ 15
£
o]
10
5
0
0 20 40 60 80 100 120 140
6 (um)
a) Dd tai-gia tai trong vung kéo
30
25
20
E 15
£
~
£ 10
o
5

0 20 40 60 80 100 120
& (um)

b) D& tai-gia tai trong ving kéo va nén (ing suit nén nho)

Hinh 2.4. Thi nghiém kéo lip ctia Reinhardt va Cornelissen [29a]
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¢) D& tai-gia tai trong ving kéo va nén (g suat nén 16n)
Hinh 2.4. Thi nghiém kéo lip ctia Reinhardt va Cornelissen [29a]

Mot loat céac thi nghi¢m ciing dugc thuc hién bdi Ramtani va cong sy [71a] dé
danh gia su pha hoai do kéo dén cuong do chiu nén. Cac két qua thi nghiém cho thay
khi vét nut dong lai hoan toan khi mau bé tong dat tmg sudt nén nhit dinh. Khi vét nut
khép lai, d0 cung ctia bé tong hoan toan khong bi anh hudng bdi pha hoai tich liy do
kéo.

Hién nay, cac thi nghiém da thuc hién chua phan anh diy du cic dudng tng suit
nhu do tai to vung nén khi bé tong vung nén bi phé hoai sang vung kéo va gia tai tu
vung kéo sang ving nén tuong tng. Vi vdy, anh huéng cia sy pha hoai do nén dén
cudng do chiu kéo cta bé tong chua duoc nghién ctru day di. Do d6 quan hé g suit-
bién dang vé6i dudng tng suit nhu trén chi duoc mé phong theo dy doan.

2.2.2. X4y dung mé hinh phi tuyén vit liéu bé tong

D3 c6 nhiéu tac gia xdy dung mo hinh phi tuyén vat liéu bé téng nhu da trinh bay
trong Chuong 1 cua luin an. Tuy nhién, cic biéu thirc cia mé hinh con chua dép tng
duoc hoan toan dé mo ta tng xir phi tuyén cua vat liéu bé tong khi chiu tai trong lip,
dic biét 1a d6i v6i quan hé Gng suit bién dang khi chuyén trang thai tir nén sang kéo

hodc kéo sang nén (Dabbagh va Aslani [25a]). M6 hinh m6 ta dudi day dugc nghién ctu
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sinh phat trién dua trén cac thi nghiém trinh bay & trén va cac nghién ciru khac [25a,16b]
dé mo phong quan hé tng suat-bién dang ctia bé tong dudi tic dung cia tai trong dong.

Duong bao pha hoai

Karayannis (1994) [32], Mander (1988) [94] va Kent va Park (1973) [58] da dé
xuét dudng bao phé hoai cia bé tong chiu nén ciing nhu Vecchio va Collins (1982) [40]
va Vebo va Ghali (1977) [50] da dé xuat dudng bao phé hoai ctia bé tong chiu kéo, duoc
trinh bay trong Chuwong 1. Dya trén cac quan sat tir thi nghiém mau bé tong chiu tai
trong dong thi cac dudng bao pha hoai 1a dudng khong thay doi twong ty nhu duong bao
pha hoai khi mau bé tong chiu tai trong tinh. Tuy nhién, néu ap dung cac biéu thic dé
Xuét clia cac tac gia trén c6 thé dan dén sai sb dang ké do cac hé sb cua cac biéu thuc 1a
hang s6. Pé dam bao céac biéu thirc cia duong bao pha hoai ¢ sy xap xi tot hon véi két
qua thi nghiém mAiu bé tong thi cac hé sb cua biéu thirc duong bao pha hoai duoc xac
dinh dua trén két qua thi nghiém méu bé tong. Cac biéu thire tir (2.23) dén (2.28) dudi
day duoc tac gia nghién ciru va dé xuat (hinh 2.5a) d6i v6i duong bao pha hoai nén va
kéo ciia mau bé tong.

Giai doan C1: giai doan dan hoi khi chiu nén

o=E.¢e vbi g, <e<0 (2.23)

Véi

Eol = & a\l/O( - & ? (a-1) (2.24)

c

Giai doan C2: giai doan phi tuyén khi chiu nén, ¢, <&<¢,,

oo f{;(i} _Li] (2.25)
l-al g, l-a g,

Giai doan C3: giai doan pha huy khi chiu nén, ¢ <g,

a B
o f{ ! (@J A i] (ij (2.26)
l-al g, l-a g, |\ &
Giai doan T1: giai doan dan hoi khi chiu kéo, 0<e<e¢

c=Ee (2.27)
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Giai doan T2: giai doan hinh thanh vét nit khi chiu kéo, &> ¢,

o= [8 j (2.28)

£

trong d6: o 1a Gng suit trong bé tong; & la bién dang doc truc trong bé tong;
g, =0.00008 14 bién dang gidi han nut; &, 1a bién dang miu try twong tmg voi cuong
d0 nén cua bé tong f'; E = 3875\/W 12 m6 dun dan hdi cia bé tong;
£, =031/ f'(MPa) 1 cudng d6 kéo nit ctia bé tong; ,, 1a mic bién dang khi bé tong
chuyén tir tuyén tinh (C1) sang phi tuyén (C2); &,, 1a bién dang twong ng tai diém
chuyén déi tir dudng cong C2 sang dudng cong C3, £n/E =1.5; a, B va K lacac tham
s6 duoc xac dinh dua trén duong cong thi nghiém nén va kéo ctia mau bé tong. Khi thiéu
cac so lidu thi nghiém thi c6 thé 14y céc gia tri phd bién ciia cac tham s nhu sau: o =1.3,
B=2.0,va x=0.8. Cac biéu thirc ciia cac tac gia [32, 58, 94] 1a trudng hop dic biét khi
a=2.

Do tai va gia tai

Nhu trinh bay trong céc thi nghi€ém & trén, duong do tai va gia tai cling la cac
duong cong va mé ta chinh xac cac duong cong nay din dén sy kho khin vé mit toan
hoc. Do vdy, dudng d tai va gia tai dugc xap xi bang cac doan thing dugc biéu dién
bang biéu thirc chung nhu sau:

o=0,,+¢{E (e-¢,,) (2.29)

trong do: o, va ¢, lang suét va bién dang tai vi tri do tai; & 1a hé sb suy giam
m6 dun dan hoi.

Khi do tai tir vung nén, h¢ ) suy giam mo dun dan hdi duge xac dinh nhu sau:

_Ja 2.30
'3 7 (2.30)

trong d6 /" 1a gia tri Ung suat nén trén dudng bao pha hoai trudc khi do tai.
Nhur trén hinh 2.5b, khi d& tai tir diém A trén duong bao pha hoai nén, duong g sut

s& 1a AB, néu bién dang kéo 16n hon mirc bién dang kéo nut, dudng tng suét s& theo duong
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suy giam cuong do BC. Gia tri cuong do chiu kéo duogc xac dinh lai khi bién dang nén trong

bé tong trudc d6 da vuot qua bién dang &, nhu sau:

fo=toy 2.31)

Khi gia tai tir diém C trén duong bao pha hoai kéo, duong tng suét 1a CD trong d6

diém D twong tng v6i ing suat khép lai vét nat:

fl =0.1f1] (2.32)
o
i
fiu-l T
bz & £y J-‘..'\“»-TE_ . E
| |
! |
i |II"M
i p Ol o=Eee
‘I\ - ! ."lr.
., 'H_ : /";_\
ca~._ | g
St e P "f'-.:

,,,,,,,,,,,,,,,,,,,,,,,,,, f,

b) Puong dd tai tir bén nén va gia tai tir bén kéo

Hinh 2.5. Puwdng bao pha hoai, d& tii va gia tdi cia vat licu bé tong
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P £
“1-0.1f Dudng d& va gia tai

£,

c) DPuong do tai tir bén kéo va gia tai tir bén nén
Hinh 2.5. DPuwdng bao pha hoai, d& tii va gia tdi cia vat li¢u bé tong
Céc biéu thirc (2.23) dén (2.28) duoc so sanh véi cac két qua thi nghiém trinh bay
trong hinh 2.6. Puong bao pha hoai nén duoc so sanh véi bon két qua thi nghiém cta
bdn tac gia khac nhau trong hinh 2.6a dén hinh 2.6d va duong bao pha hoai kéo duoc so
sanh v6i hai két qua thi nghiém trong hinh 2.6e va 2.6f. C6 thé nhan thdy duong bao pha

hoai dwoc dé& xuat mé phong twong d6i chinh xac ddi véi dudng bao phé hoai tir thi

nghi¢m.
1.2
1 -
// AN
0.8 7 \
/
o / \
L 0.6 /i N
° /
N
0.4 / =
0.2 ==
0
0 0.5 1 1.5 2 2.5 3 35
/g,
Thi nghiém — — =M0 hinh

a) Thi nghiém nén cta Sinha va cong su [6a]
Hinh 2.6. So sanh duong bao pha hoai
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o/fc'

3.5
/g,
Thi nghiém — — =M®b hinh
b) Thi nghi€ém nén ctia Okamoto va cdng su [69a]
12
0 1 2 3 4 5
/g,
Thi nghiém  — — =M®b hinh
c) Thi nghi¢m nén ctia Tanigawa va Uchida [16a]
1.2
1
0.8
XS}
£ 06
@)
0.4
0.2
0
0 05 1 1.5 2 2.5 3 3.5 4

/g,

d) Thi nghiém nén cua Bahn va Hsu [5b]
Hinh 2.6. So sanh duong bao pha hoai
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0 0.005 0.01 0.015 0.02 0.025 0.03
& (um)

Thinghiém  e== == M0 hinh

e) Thinghiém kéo cua Reinhardt va Cornelissen [29a]

o (N/mm?3)

0 0.005 0.01 0.015 0.02 0.025
& (um)

Thi nghiém == == M0 hinh

f) Thi nghiém kéo cua Reinhardt va Cornelissen [29a]
Hinh 2.6. So sanh duwong bao pha hoai

2.2.3. Cdc mdt chdy déo mé hinh phi tuyén vit liéu bé tong

Dbi v6i bai toan phan tich phi tuyén vat liéu thi quan hé ung suat-bién dang doc
tryc can dugc xay dung trong khong gian ng suit ba chiéu dudi dang cac ham déo.
Theo phuong phap phén tich déo ¢6 dién, cac ham déo nay sé& diéu khién trang thai ing
suét khi két cau dat t6i trang thai déo.

Mit chay déo dong dugc thiét 1ap dua trén dudng cong dong quan hé Gng suit bién

dang ciia bé tong. D6i v6i phan tich vach bé tong cdt thép theo phuong phap phan tir
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hitu han, viéc xdy dung mit chay déo dong cua bé tong 1 rat can thiét vi ké dén quan
hé (mg suat bién dang trong khong gian ba chiéu, dong thoi viée xir 1y ing suét trén mit
chay déo dugc thyc hién mét cach hiéu qua theo 1y thuyét déo.
Mo hinh dong ctia bé tong bao gdm ba mit chiy déo twong tng véi cac giai doan
nhu sau:
- Giai doan T2: mat chay déo khi bé tong chiu kéo
- Giai doan C1: mit chay déo ting bén khi bé tong chiu nén
- Giai doan C2: mat chay déo hoa mém khi bé tong chiu nén
Mit chay déo tuong tng vé6i cac giai doan duoc viét trong khong gian g suat ba

chiéu nhu sau:

Giai doan T2:
2 . 2 I cr , .
fr, = =\[Tzsin (6+Z)+2-f, (—) Voi > ¢, (2.33)
Giai doan C2: ¢, <e<¢g,
& a a &
fe, = —%Tsin (6-Z)-2+f.|= (50) _Egl (2.34)

Giai doan C3: ¢<¢,,

fe, = == \Tasin(6 - 5) -2+ ' | = (802) — o] (Eﬂ)ﬁ (2.35)

1-a & &
Céac mit chay trén mo ta ba giai doan chinh trén duong cong tng sut bién dang
cua bé tong. Mat chay tuong ung voi gian doan T2 1a mat chdy mo ta gidi han chiu kéo
clia bé tong, voi giai doan C1 1a ting bén, va vé6i giai doan C2 13 hdéa mém.

2.3 M hinh vat liéu cét thép

DPuong cong tng suit-bién dang cta cbt thép dudi tac dung cia tai trong dong bao
gdém duong bao va dudng d tai/gia tai (hinh 2.7) duoc thé hién bang cac biéu thirc sau:
Giai doan 1 khi ¢ <¢&:
f.=E¢, (2.36)
Giai doan 2T khi ¢, > & :
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& )

fi=1, {(0.91—2B)+(O.02+0.2583]] (2.37)

Bzi[%] ; £, =031/ f/(MPa); p=0.15% (2.38)
P\ Jy

£ =g, (0.93—28) (2.39)
Giai doan 2C:

fi=—1, (2.40)

Giai doan 3 va 4 :

R-1
&—e‘gi——jp“_f"[HAR L), ] (2.41)
A=1.9k, (2.42)
—0.2
R=10k, (2.43)
gP

k,= - (2.44)

trong d6 ¢, 1a bién dang déo doc truc cua cbt thép.

Vi bién dang duoc biéu dién dudi dang ham sb cia Gmg suat trong biéu thirc (2.41)
nén dé xac dinh dugc g suét thi cin c6 qua trinh giai lip dé tim ra ng suat khi da biét
bién dang. Jeng (2002) [5] dé xuit phuong phap da dudng thiang dé xap xi duong cong
bang cac doan thang dé xac dinh nghiém cta biéu thic (2.41). Trong hinh 2.4, duong

cong nét dirt 1a dudng do tai/gia tai va duong nét lién 1a duong tuyén tinh don gian hoa.
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Cot thé

Cét thép thi nghiém
f 0 p trong bé téng

Giai doan 3

f /

S,i+1//
-

€

s,i+1

Giai doan 2C

Hinh 2.7. Pwong cong trng suit bién dang dong ciia cot thép
2.4. Phwong phap phan tir hitu han
2.4.1. Phwong trinh phén ti hitu han
MGéi lién hé giita ing suat va bién dang theo 1y thuyét dan hdi cho béi biéu thirc
nhu sau [33]:
{O'}Z[E]({g}_{go})+{o'o} (2.45)
Trong do :

{00} 12 ma trin Ung sut ban dau
{80} 12 ma trin bién dang ban dau

Theo cic phuong trinh lién hé giita chuyén vi va bién dang (cac phwong trinh
Cauchy), bién dang ctia mot diém trong phan tir 1a:
{eo) =[0uj =[o][N U} = [BI{U]} (2:46)
trong do :
[N] 1a ma tran ham dang

[B]=[0][N] duoc goi 1a ma tran tinh bién dang
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{U} 1a véc to chuyén vi nut cta hé
Ma tran [8] c6 kich thuéc 3x2 dbi v6i bai toan hai chiéu. Thay biéu thirc (2.46)
vao biéu thirc (2.45) ta co:
{o}=[E][BJ{U} -[E]{,} +{o} (2.47)
Thé ning toan phan cta hé phan tir:
= [{ e} [E)e) o) £+ 1o} o} o
Jlut" (Glar - [{u} (o} as- (o} {7}

S

(2.48)

trong do:
{u} = [”x u, }T ,u, vau, la chuyén vi twong tmg theo phuong truc X va'Y
{G}= [Gx G, ]T la véc to tai trong ban than
{®} = [CDX @},]T 1a véc to ap luc bé mat
{P} 1a véc to tdi trong ngoai dat tai cac nit

S, V dién tich bé mit va thé tich cua két cau

Thay biéu thirc (2.47) vao biéu thic (2.48)

ri= [ S0 (8 [E) Y0 —0) 8] ()i} + 0 {5 {en) Jav

(2.49)
—J{U}T [N {G}dV—l{U}T [N {@}as—{U}' {P)
Hay
=2 30} (KLU}~ 240y, (R} {0y (P) 2.50)
trong do:
Ma tran do ctmg phan tir:
(K], = (8] [£)[8) % @51)

Véc to tai trong phan tur:
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(R}, = I (8] (]} +(B) {0} - [NT' (G} )a; - I [N] {@}as, (252)

Trong d6 Vi, Si 14 thé tich va dién tich bé mit ctia phan tir thi i.
Thay thé véc to chuyén vi nut ctia phan tir bang chuyén vi nat ctia hé, phuong trinh

(2.50) tr¢ thanh:

M= {u)' [K]{U}-{v} {F) (2.53)
trong do:
[K]=Y[K], va {F}={P}+ Y (R}, (2.54)

P i1

Biéu thirc ndy biéu dién thé ning toan phan [1 cta hé theo véc to chuyén vi nit
cua hé {U } Ap dung nguyén 1y thé ning toan phan dimg (nguyén 1y Lagrange) ta co
diéu kién can béng ctia toan hé tai cac diém nut:

{2_2}:{0} hay [K]{U)} = {F) (2.55)

2.4.2. Phan tir tim tir gidc ding tham so

Quy trinh thiét 14p ma trdn d6 ctng cho phan tir tim tir giac thong thuong s& gip
kho khin khi mé rong xdy dung ma tran do ctng cho phan tir tim tir giac bac cao. Tuy
nhién, khi str dung phan tir dang tham s thi van dé khé khin s& dugc giai quyét d& dang.
Phan tir dang tham s6 1 phan tir trong d6 dac trung hinh hoc va truong chuyén vi déu
duoc viét theo ham dang nhu sau:

Toa d6 mot diém bat ky nam trong phan tir, ndi suy tir toa do diém nut:

m

DN =1, x=) xN va y=) yN/ (2.56)
i=1 i=1 i=1
Chuyén vi tai mot diém bét ky trong phan tir ciing duoc ndi suy theo chuyén vi nut:

u =S N L =N (2.57)
i=1 i=1

Phén tir tAim t0r gidc 4 diém nGt nhu trong hinh 2.8. Cac ham dang cua phan tir

nay cé dang nhu sau:
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(2.58)

"K

Hinh 2.8. Phin tir tAm tir giac 4 nit trong hé toa do tong thé va dia phwong
Tuong ty, phan tir tAm tr giac 8 diém nit nhu trong hinh 2.9 va ham dang cta phan

tu nay la:

N =5 (1=8)(1=n)(~¢=n-1):

N, =1+ &) (1=n)(E=n-1):

N, =5 (1) n)(E+n-1):

N, = (1=8) (1) (&4 -1); 2.59
N, =5 (1+8)(1-8)(1-n);

N, =31+ ) (em)(1-n);

N, =31+ )(1-8)(1+n);

65



Hinh 2.9. Phin tir tAm tir giac 8 nit trong hé toa dd tong thé va dia phwong

Ham dang ctia cac phan tir trong bai toan phing xac dinh theo hé toa do quy
chiéu. Do d6 can chuyén dao ham ham dang tir h¢ toa do quy chiéu sang hé toa do thuc.
Moi lién hé gitra dao ham ham dang trong h¢ toa do quy chiéu va hé toa do thuc la:

ON; ax Oy [[ON, ON,
¢ 05 0S5 || ox Ox
= =[J 2.60
o [T o fJov[Phaw 250
on) [on onJloy Oy
Trong do: [J ] la ma tran Jacobi. Nghich ddo phuong trinh (2.60):
an, av,
ox | 08
= 2.61
AR EY 260
oy on
Ma tran Jacobi duoc xac dinh nhu sau:
a ] [av, N,  oN[x n
of 05| _|oc or T |m n 262

& | |oN, aN,  aN,
on on] |on on  on |x, v,

Doi voi phan tir tam tr gidc 4 diém nut:

oN,_ 1. AN, 1. N, 1, aN, 1
o =g migg =g e =g ()i g = (1en) - 263)
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T e T
D6i voi phan tir tam tir gidc 8 diém nut:
‘2_]\;:%(1—77)(2&77);66]\;2 =%(1—77)(2é‘—’7)5
aa]é :i(un)(zﬁm);a@]? =i(1+ﬂ)(2f—’7);
o S S(-0)
66]\; =—(1+7)¢; aa—]?=—%(1_772)5
T8 ): =1 2) (20
aa_]\;:%(ug)(zrﬁé); aa]f? =%(1—é)(2f7—§)s
oy~ Gyt
oy 30 E) Gym-a

Véc to bién dang dugc viét theo ham cta chuyén vi:

g

e1-{o, =La1]!}

Yy

(2.64)

(2.65)

Ma tran tinh bién dang duoc xay dung bang cach sip xép cac thanh phan dao ham

cua ham dang vao vi tri tuong rng trong ma tran nhu sau:

[oN, 0o N, N,
o& o0& o0& o0&
5] o oN, , N, OV 0N,
on on on on
oN, ON, 6N, oN, ON, ON, ON, &N,
L on 0¢ on 05 on 05 On 0 |

(2.66)
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Ma tran do ctiing cuia phﬁn tir tAm tir giac viét theo hé toa do dia phuong nhu sau:

K =[[B] [E][B]aV = hj j”B]T [E][B]||d&dn (2.67)

—1-1
Tich phan trong biéu thirc (2.67) c6 thé thuc hién bang st dung tich phan s6 nhu sau:

11

[[r(&n)dzan= idnff(é,n)dﬁz jdniW,.f(é,n)
-1-1 -1 -1 -1 i=l (2.68)

<YW (Em,)= S f (6,

j=1 i=1
Toa d6 Gauss va trong s cho trong Bang 2.1 nhu sau:

Béng 2.1. Toa d¢ va trong so cua tich phan so trén mién tir giac

Do chinh xac Trong sb
n Toa dy, ¢
2n—1 /8
1 1 0 2
2 3 -1/\3,1/\3 1,1
5 —3/5,0, 4/3/5 5/9, 8/9, 5/9

2.4.3. Phan tir cot thép

C6t thép duge md hinh hoa bang phan tir thanh mét chiéu chiu kéo nén nhu trén
hinh 2.10. Phan tir thanh c6 chiéu dai 1a L , dién tich mat cét ngang la 4, va m6 dun
dan hoi E . M&i phan tir ¢6 hai diém nut hai dau duoc dat tén 1a nat i tai dau phan tir

va j tai cudi phﬁn tir. Mdi nut c6 ba bac tu do trong hé toa do dia phuwong nhung chi co

thanh phan chuyén vi doc truc u; va u; giy ra ndi luc trong phén tir.

EA j

Hinh 2.10. Phén tir c6t thép
Quan h¢ ung suét bién dang cua phén tor dudi tac dung cua tai trong doc truc dugce

xac dinh nhu sau:
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M _g_ oL (2.69)
dx E EA

trong d6: O 1a Gng suét phap; & bién dang doc truc; va P la luc doc. Tu biéu

thire (2.69), chuyén vi tai mot diém bt ky trong phan tir duoc xac dinh nhu sau:

uzjidxzix+C (2.70)
YEA" T E4

trong d6: C 14 hang s6 xac dinh theo diéu kién bién: =1 taix=0 nén C=u va
u=u; tai x=L nén P/EA=(u,—u,)/L. Tir cic mOi quan h¢ nay, chuyen vi tai mot diem
bat ky trong phan tir dwoc viét lai nhu sau:
X X
u=|l-—|u+—u, 2.71
(1-5 s 2 eER

Noi lyc trong phén tur lién hé véi chuyén vi nt tr diéu kién bién th hai trinh bay

nhu trén va luc nat 1ién hé véi ndi luc tir so dd can bang cia phan tir (hinh 2.11):

EA _ —
p:T(uj ~u,); P=/; and P=—f (2.72)
C6 thé thay duoc d6 clng cua phan tir tir biéu thire (2.72) nhu sau:
EA
k==2 2.73
: @73)
X
f N
i, s
f P P f
—\— <—D—J>
| |
| L |

Hinh 2.11. Lyc nit va ndi luc

Ma tran dg ciing cua ph?m tr dwoc viét nhu sau:
_ EAl 1 -1
K| =— 2.74
2.4.4. Phin tiv hon hop bé tong cot thép

Phén tir hon hop bé téng va cdt thép duge phat trién nhim giam khdi luong tinh

toan ma khong anh huéng dén két qua phan tich. Phan tir hon hop c¢6 dang twrong ty nhu
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phan tr phang nhu d3 trinh bay & trén. Tuy nhién, phan tir hdn hop duoc bd sung thém
phan tir c6t thép lién két voi phan tir phang bang cac nit 4o & trén bién ciia phan tir
phang. S6 luong va hudng cua phan tir ¢t thép bén trong phan tir phiang 1a bat ky. Phan
tir hdn hop duoc thiét 1ap dua trén cac gia thiét nhu sau:

1) Phan tir phang dugc ké thira tir phan tr phing di duoc trinh bay ¢ trén

2) Phan tir cdt thép bén trong phan tir phang chi lién két véi phan tir phang trén
bién cua phan tir phang

3) Chuyén vi hai dau cta phan tir cot thép duoc ndi suy tir chuyén vj tai cac diém
nat ciia phan tir phiang. Véi cac gia thiét nhu trén thi co thé thay luc doc trong phan tir

cot thép 1a hing sb.

Hinh 2.12. Phén tir hdn hop bé tong cdt thép

Chuyén vi ctia niit 40 5 duge xac dinh nhu sau (7=-1):

uxS = uxlzvl +ux2N2 > uyS :uyljvl +uy2]V2 (275)
trong do:
1 1
N, =5(1—§); N2=5(1+§) (2.76)

Chuyén vi ctia niit 40 6 dugc xac dinh nhu sau (7=1):
U, = ux3N3 -|-ux4N4 , uy6 =uy3N3 +uy4M 2.77)
trong do:

1 o1
Ny=—(1-¢)s Ny =—(1+¢) (2.78)
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Ma tran chuyén vi nut tir cia phan tir cot thép sang phan tir hon hop duoc thiét 1ap

nhu sau:
uxl
u,
uxS ux2
Ups | _ [T] Uy (2.79)
ux6 ux3
U U,
ux4
u,,
trong do:
N 0 N, O 0 0 0 0
[T]: 0O N O N, O 0 0 0 (2.80)
0 0 0 0O N, O N, O
0 0 0 0 0 N 0 N

3 4

Ma tran d6 ctng cta phan tir hdn hop duge xac dinh nhu sau:
[k],, =[K], +2_[K], 2.81)

Ma tran do cta cdt thép xac dinh nhu sau:

Y[k, =2Ir1.[K],[7], (2.82)
2.5. Giai hé phwong trinh cin bang
Ma tran d6 cing cua hé dugc luu trit dudi dang Skyline dé tiét kiém bo nhé cua
may tinh. Dé giai hé phuong trinh, phuong phap tot nhat hién nay 1a phwong phap
Cholesky. Vi phuong phap giai nay chi can luu trit nira trén hoic nira dudi ma tran do
ctimg. Pay 1a phuong phap phd bién nhat dugc st dung dé giai hé phuong trinh can bang
khi ma tran 1a d6i xang. Diéu kién nay chac chan cé mit trong bat ky ma tran do cimg
téng thé ciia hé két cau.
Ma tran d¢ cting dugc phan tich thanh tich hai ma tran tam giéc:
[K]=[L] [] (2.83)
Trong d6 [L] c6 dang:
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_Lll Ly, Lij L, |
Ly Ly L,,
L, . . . L
[L]= S (2.84)
- L"n -

Ma tran [L] dugc goi 1a ma tran lié€n hop. Cac thanh ph'?ln duong chéo cua nd duogc

tim theo cong thurc:

— _ Kl./
Lll_ K119L1j_L H

11

L, =.K,=Y L voii>l (2.85)

Kzf - sziij
L, =—  véij>i
L

i
L; =0 véi j<i

-1 T

. - - -1 T -1 N -1 -1 -1\7

Tacd [K]'=[L]"([2]') va ([£] ) =([]") nen [&T" =[2]"([£]")

Trinh ty thyc hién viéc giai phuong trinh nhu sau:

+ Tam gidc hod ma tran d0 cing: [K|= [L]T [L]

+ Giai phuong trinh tim véc to {Z}: [L] {z) ={F}

+ Giai phuong trinh tim chuyén vi nat: [L]{D} ={Z}
2.6. Phwong phap giai lip phi tuyén

Khi phan tich két cAu theo mo hinh phi tuyén vat li€u hay phi tuyén hinh hoc, ma
tran do cing hodc véc to tai trong phu thudc vao chuyén vi. Thong thudng, cac bai toan
phi tuyén duoc giai dwa trén su xap xi hod tuyén tinh. Hién nay, hai phwong phap duoc

str dung nhiéu nhit 1 Newton-Raphson va Newton-Raphson cai tién (hinh 2.13) [4].
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Fp a b B Fp a b . B
k
F2 t
FB'FI Al 1|2 FZ FB'Fi A
F] /é(kt 1 kt FB-FA Fl /Akt 1 2 FB-FA
F F
F F
A Au, Au, A Au, Au,
0 pu 0 pu
0 uy u u, up 0 wuy u U, up
a) b)

Hinh 2.13. Phwong phap Newton-Raphson (a) va Newton-Raphson cai tién (b)

Phuong phap Newton-Raphson 13 phwong phéap trong d6 ma tran vé phai cua
phuong trinh can bang 1a ma tran do ctimg thay d6i phu thudc vao gia tri chuyén vi tinh
toan dugc. O thoi diém ban dau, gia tri chuyén vi bang 0. O cac vong lip tiép theo, ma
tran d§ cung cuia h¢ dugc tinh toan lai theo chuyén vi tinh dugc tir vong 1dp trudc. Qua
trinh tinh toan dugc thuc hién qua nhiéu vong 1dp cho dén khi hoi tu.

Phuong phap Newton-Raphson cai tién khac véi phuong phap Newton-Raphson &
chd ma tran d6 ctng 1a khong thay doi sau mdi vong lap va su suy giam d6 cing ctia hé
khi chiu tai trong duoc thay thé bang tai trong phu thém. Do d6, phuong phap nay doi
hoi c6 nhiéu sb vong lap hon dé dat duoc sai s6 hoi tu can thiét. Phuong phép nay ¢6 wu
diém 1a khi gidi cac bai todn c6 s6 bac tu do 16m, khong can tinh lai ma tran do cung sau
mbi vong 13p vi cong viée nay mat rat nhiéu thoi gian. Cac budc tinh toan theo phuong
phép Newton-Raphson cai tién ddi v6i hé co dic trung vat liéu 1a phi tuyén phu thude
vao muc tai trong nhu sau:

Xay dung ma tran d cing cua céac phén tr va cua hé:

N, Ny
K=Y [[8) [Cl[Blar + 3 &
= = (2.86)
Trong d6: N, 1a s6 phan tir vach; N, 1a s6 phan tir két cau
Thyc hién budc 1ap thi i
Xéc dinh véc to ngoai lyc méi néu co: £’

Xéc dinh phan luc cta cac phan tir trong két cau:
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r= iJ.BTaé"ldV + i[(tu
pa P

Tinh toan tai trong khong can bang:

Af =f'—r
Thiét 14p gia tri ban dau cho sb gia chuyén vi: Au =0
Tao vong lap mdi: j — j+1
Giai s6 gia chuyén vi theo vong 1ap j: su = K 'Af
Thém vao s gia chuyén vi: Au’ = Au™™" + Su
Tinh toan bién dang: A = BAu
Tinh toan Ung suét dan hdi: o° =o' + EAs
Tinh toan tng suat déo tir biéu thirc: o7 = o' +do

Xéc dinh phan luc cta cac phan tir trong két cau:
Ny ) Ny
r= ZJ.BTO'é_IdV-FZKtM
i=1 i=1
Tinh toan tai trong khong can bang:
Af =f'—r
Af

Tinh toan sai sO: e = ‘7 ;néu e>e . — vong lap moi

Thém chuyén v1 tinh duogc vao chuyén vi budc trudc:
u'=u = Au
2.7. Phuong phap gidi bai toan djng luc hoc
Newmark (1959) [5] dua ra biéu thirc tich phan sb dé giai bai toan dong luc hoc
ctia két cAu chiu tai trong dong dat dugc goi 1a phuong phap Newmark’s . Phuong
phap Newmark duogc 4p dung rong rii trong phan tich dong luc hoc két ciu. Sau nay

phuong phap dugc stra d6i va cai tién bai nhiéu nha khoa hoc [5].
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A
u(t+At)
x|

r\\ B=1/6

u(t) p=1/4

p=1/8

At
Thoi gian
t t+At

Hinh 2.14. So’ do tinh toan ciia phwong phap Newmark S
Chuyén vi va van tdc tai budc thoi gian hién tai co thé dugc viét tir tht ca cac bude

thoi gian trude st dung chudi Taylor nhu sau:

: A AP ..
u, =u, ,, +Am, ,, +Tu,_m +?u,_m + e (2.87)
L ” At ..
u, =u, ,, +Ati, ,, +Tu,w + e (2.88)

Hai bi€u thirc trén dugc thu gon dén vi phan cua gia toc va dugc biéu dién nhu sau:

2

W o=u_, + A+ %u‘,m N (2.89)
u, =u,_,, +AMii,_, +yACi (2.90)
Gia toc duoc gia thiét 1a bién doi tuyén tinh theo biéu thirc sau day:
o (e, i)
i =———"0 291
Y (2.91)

Thay thé biéu thirc (2.91) vao biéu thirc (2.89) va (2.90), biéu thirc Newmark duoc viét
dudi dang chuén véi cac hé s6 duoc thay thé boi tham sb B vay:

u, =u,_,, +Ani,_,, +(1/2— B)A%i_,, + PALii, (2.92)

t

i, =1, ,, +(1—y)Adi,_,, + yAtii, (2.93)

Biéu thirc (2.92) va (2.93) duogc viét lai nhu sau:

75



s U, —U_p — Atut—At B (1/2 - IB)Atziit—At

U =
' PAL’
1 1 1
= U, =1,y )= ——tiy y —| ——1 i
ﬂAtz( t t—At) ﬂAt t—At (2,3 ] t—At

BAC,_, + PAC (1-y) Adii,_,, + yAt ((u, —u,_,, )—Ani,_,, — AL [;ﬂ —~ 1)@_@

“s PAL

_ ﬁ(u, —u, )+ [1 —%j i, + [1 —é] Atii_,
U, =b (”t U A )+ by, . +bsii, ,, (2.94)
th = b4(ut _ut—At)+b5ut—At +b6ijt—At (295)

trong do b, dén b, 1a cac hé s6 duge dinh nghia nhu sau:

1 1 1 y y y
b=——by=——: by =l——: b=—2— p =[1-2|. b =At|1-
1 ﬁAtza 2 3, s 73 2ﬂ’ 4 ﬁAt’bS ( ﬂjabG t( 2ﬂj

Thay thé biéu thirc (2.94) va (2.95) vao biéu thirc (2.93) dé phuong trinh can bang
dong cua hé tai thoi diém ¢ duoc viét theo thanh phén chua xac dinh la chuyén Vi, u,.
Thay thé chuyén Vi U, van tbe, 4 , va gia tbe, i , bﬁng véc to chuyén vi, {U}, vec to
van tdc, {U } , va véc to gia tdc, {U } , biéu thirc cua phuong phép Newmark viét dudi
dang ma tran c6 dang nhu sau:

(B [M ]+, [CI+ KU = {E}+ [M)(b AU} =5 {U, =03 (U} +
[C](b4 (U, - {U, )b, {UA})

Mot wu diém quan trong cua phuong phap Newmark d6 14 su lira chon tham sé dé

(2.96)

thoa min yéu cau vé hoi tu. Khi khong cé can, phuong phap Newmark hoi tu néu thoa

man diéu kién sau:

and A7 < (2.97)

trong 6 ®,,,, 1a tn s6 16n nhat cua hé két cau. Phuong phap Newmark hoi tu
khong diéu kién néu:
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2>y % (2.98)

Viéc Iyra chon cac tham sé ctia phuong phap Newmark S va » sé& dinh nghia ccs
ddc diém cta qua trinh tich phan. Bing cach gan cho B va y céc gia tri khac nhau s&
thu duoc cac biéu thic tich phan khac nhau. Cac biéu thirc dugc sir dung pho bién theo
ho phuong phap Newmark £ la (Hinh 2.14):

+ Gia toc khong d6i, y =0, B=0

+ Gia toc trung binh, y=0.5, 8 =0.25

+ Gia tdc tuyén tinh, =0.5, f=1/6

Trong pham vi nghién ciru ctia luan 4n, tic gia str dung phuong phép gia toc trung

binh do théa man héi tu khong diéu kién.

2.8. Nhan xét chuwong 2

Chuong 2 trinh bay co s 1y thuyét cia phan tich phi tuyén vach bé tong cbt thép
chiju tai trong dao chiéu theo phwong phap phan tir hiru han. Ung xtr cia vt liéu bé tong
duéi tac dung cua tai trong ddo chiéu 1a phi tuyén bao gdm dudng bao pha hoai bén kéo
va bén nén, duong d tai va gia tai. Cac biéu thirc mé ta tmg xtr cia vat liéu bé tong
duoc dé xuit dua trén cac thi nghiém mau bé tong cta cac nghién ctru trude dy va tir
két qua thi nghiém vach bé tong cdt thép trinh bay trong Chuong 3. Mit chay déo dya
trén cac biéu thirc md phong Gng xir ctia vat liéu bé tong duoc xay dung dé ap dung
trong phan tich phi tuyén vach bé tong cot thep trong khong gian tmg suét ba chiéu.
Phan ttr hon hop bé tong cdt thép theo phwong phap phan tir hitu han di duoc xay dung
duoc phat trién nham muc dich don gian hoa viéc mé hinh hoa két cau nhung vin dam
bao d6 chinh xac cua két qua phén tich va co6 thé img dung trong thuc té thiét ké két cdu
cong trinh. D¢ giai bai toan phi tuyén vat lidu, cac phuwong phap xir Iy (g suat trén mit
chay déo 1a phuong phap diém déo gan nhit (CPPM) va phuong phap mit phing cit
(CPA) va giai lap hé phuong trinh phi tuyén theo phuong phap Newton-Raphson cai

tién duoc ap dung.
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CHUONG 3. NGHIEN CUU THUC NGHIEM UNG XU CUA
VACH BE TONG COT THEP CHIU TAI TRONG LAP PAO CHIEU

3.1. Muc tiéu nghién ciru thuc nghiém

Thi nghiém khéo sat ing xir ctia vach bé tong cdt thép chiu tai trong thay doi theo
thoi gian qua cac thong sd: kha ning chiu luc, bién dang cua bé tong, cot thép, quan hé
I - chuyén vi, mirc do suy giam do ctng cia vach duoc nghién ciru.

Kiém chimg két qua mo phong s6 phan tich phi tuyén vach bé tong cdt thép chiu

tai trong thay doi theo thoi gian bang mé hinh phan tir hdn hop bé tong cbt thép.

3.2. Miu thi nghiém va vat liéu ché tao
3.2.1. Mdu thi nghiém

Pé thyc hién duoc cic ndi dung trén nghién ciru thyc nghiém trong phong thi
nghi¢m duoc tién hanh trén 02 mau vach véi ti 1& 1-1 duoc thiét ké, cAu tao theo tiéu
chuan TCVN 5574-2018 [101]va TCVN 9386-2012[102]. Cac miu c6 cung kich thudc
hinh hoc 150x800x3250 mm va dac trung vat li¢u bé tong.

Mau thi nghiém luya chon c6 chiéu cao 3250mm tuong duong chiéu cao ctia mot
tang nha trong thuc té va phu hop véi vi tri dat kich thiy luc gia tai ngang tac dung 1én
vach khi thi nghiém, tiét dién ngang c6 kich thude 1y x h = 800x150 (mm) théa méan yéu
cau cdu kién dugc xem 13 vach cimg va phit hop véi cac thiét bi tao va duy tri luc nén
doc truc trong vach khi thi nghiém.

C6t thép doc trong vach c6 duong kinh @12 & ving giita vach va @14 hodc B16
bb tri & viing bién thoa min cac yéu cu cau tao trong TCVN 5574-2018 [101]va TCVN
9386-2012[102]. Hinh 3.1 va Hinh 3.2 thé hién kich thudc va cu tao ¢t thép cua timg
mau.Thong sb ky thuat cta timng mau duge thé hién trong Bang 3.1.

Kich thudc dé mong 1200x1200x600 mm bb tri thép @20@160 duogce tinh toan
dam bao diéu kién vach dugc lién két ngam véi san phan lyc, trong qué trinh thi nghiém
khong xay ra pha hoai & dé moéng va lién két.

Ngoai ra kich thuéc mau thi nghiém dugc lua chon dam bao khong vuot qua sirc

truc ctia cau truc trong phong thi nghiém str dung dé cau lap mau vao vi tri thi nghiém.
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Bang 3.1. Thong s6 k¥ thuit ciia cic mAiu sir dung nghién ciru thwe nghiém

C6t thép doc £ C6t dai viing A o
STT Ving bién Gitra vach ot ngang bién Be tong
Mau 1 D14 D12 210 ?6 B20
Mau 2 016 012 010 06 B20

Dé khong xay ra pha hoai cuc bo tai dinh vach (ving tac dung tai trong dimg va

tai trong ngang), trong qué trinh thi nghiém, cbt thép ngang dugc bd tri ting cudng

6@10@50 trong pham vi 200mm theo chiéu cao tinh tir dinh véch.
Cot thép doc chiu luc ¢ ving bién: Vach V1 sur dung 4 @16; Vach V2 st dung 4 O14.

Cét thép doc cAu tao st dung 4 O12.

C6t thép ngang bd tri @10@200.
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Hinh 3. 2. Ciu tao méu vach V2

3.2.2. Vit liéu ché tao miu thi nghiém
3.2.2.1. Bé tong ché tao mdu

Ca 2 mau vach thi nghiém déu duoc ché tao tir cing loai bé tong c6 cip do bén
B20, cudng do chiu nén trung binh ctia mau tru tai thoi diém thi nghiém la 30,83MPa.
Cac mAu thi nghiém duoc dtc tai Phong thi nghiém va Kiém dinh cong trinh, truong
DPai hoc Xay dung Ha No6i. Bé tong vach duogc ché tao tir xi mang Hoang Thach PCB30
, cat vang Song Lo, d4 dam 1x2 Kién Khé vdi ti 18 cap phdi nhu Bang 3.2:
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Bang 3.2. Cép phdi vt liéu ché tao bé tong B20 (Kg/m®)

Ximang PCB30 Cat vang ba 1x2 Nudc Ty 1€
(Kg) (Kg) (Kg) (Kg) nudc/xi mang
390 720 1160 190 0,487

P,

Hinh 3.3. Ché tao miu bé tong
Cac mau bé tong hinh tru kich thudce 150x300mm duoc dic dong thoi khi dd bé

tong vach va bao dudng trong phong thi nghiém, thé hién qua hinh 3.3. Thiét bi thi

nghiém 13 may nén bé tong 2000 kN c6 ki hiéu TYA-2000 va sir dung tiéu chuan thi
nghiém TCVN 3118:1993 [100] dé xac dinh cudng do.

Bang 3.3 tong hop céac két qua thi nghiém nén mau va thi nghiém xac dinh mé dun

dan hoi cta bé tong vach thi nghiém.

Trén hinh 3.4 trinh bay biéu dd quan hé ng suit - bién dang ciia bé tong.

Bang 3.3. Cuong dd chiu nén va mé dun dan hdi cia bé tong

Mau 1 2 3
Ri(MPa) 33.2 30 29.3
R;® (MPa) 30,83
E (Mpa) 31675 28222 31587
Ei® (MPa) 30494.67
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Hinh 3.4. Quan hé irng suit nén - bién dang doc truc ciia bé tong

3.2.2.2. Cot thép trong vich

C6t thép doc, cbt thép ngang trong vach va cdt thép trong dé mong sir dung thép

CB300 - V ctia Hoa Phat, ¢t thép dai trong vung bién ctia vach dung thép CB240 - T

cua Hoa Phat.
Bang 3.4. Cac dic trung co ly ciia cot thép
Puong kinh cbt thép 016 a14 310 a6
fy (Mpa) 355 345 350 235
fu (Mpa) 500 518 520 405
Es (Mpa) 200000 200000 200000 200000

Cot thép doc duoc kiém tra theo cac tiéu chuan: TCVN 198:2008 [104]; TCVN
1651:2008 [103]. Thuc hién thi nghi¢m tai Phong thi nghi€ém - Truong Dai hoc Xay

Dung.
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Hinh 3.5. Céc dic trung ing suit - bién dang caa c6t thép

3.2.3. Tinh todn khd néng chiu lyc ciia mdu thi nghiém

Mau thi nghiém sé& chiu tac dung cua tai trong gy nén-udn dong thoi trong khi lam
viéc. Duya trén cac thong s6 vé kich thude hinh hoc, cAu tao cbt thép va cac gia tri cuong
dd cua vat li¢u bé tong va cbt thép ché tao mau va cin ct theo chi dan trong ti€u chuin
TCVN 9386-2012 [102] va TCVN 5574: 2018 [101], c6 thé xac dinh duoc kha ning
chiu Iyc ctia mau nhu thé hién trén Hinh 3.6 ( chi tiét két qua tinh toan xem phu Iyc 1).
Viéc du bdo nay la co s cho viéc lya chon gia tri tai trong ding, ngang tdc dung 1én

mAu va lya chon céc thiét bi gia tai phu hop
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Hinh 3.6. Kha nang chiu lwe cta vach
3.2.4. Ché tao mAiu thi nghiém
Céac mAu thi nghiém duoc diic nim ngang tai Phong thi nghiém va Kiém dinh cong

trinh , truong Pai hoc Xay dung Ha Noi.

Hinh 3.7 Chi tiét ché tao miu
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3.3. So d6 tic dung tai trong va quy trinh gia tai trong thi nghiém
3.3.1. So do tic dung tdi trong

Hé thong gia tai 1én mAu thi nghiém gdm kich thuy lyc tinh loai 1000KN tao ra
Iire nén doc truc va kich thuy lyc dong gia tai ngang 1000KN tao ra lyc cit, mo men ubn
trong vach.

Tai trong tac dung 1én mau thi nghiém gdm tai trong doc truc N va tai trong ngang

P lap déo chiéu dit ¢ dinh vach nhur hinh 3.8.
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Hinh 3.8. So' dd tic dung tii trong 1én miu thi nghi¢m
Gia tri lyc doc tac dung 1€n vach N = 350KN, tuong ung vdi 25% kha nang chiu

nén cua vach va dugc gilr 6n dinh trong sudt qua trinh thi nghiém.

85



Gia tri lyc ngang P tac dung ¢ dinh vach ting dan theo timg cip, duoc kiém soat
thong qua chuyén vi ngang & dinh véch, cho dén khi vach bi pha hoai va duoc kiém soat
thong qua chuyén vi cta kich thuy luc dong.

3.3.2. Quy trinh gia tii thi nghiém

a) Tai trong dung

Budc 1: Gia tai trong ban dau dé kiém tra sy lam viéc cua hé théng thiét bi gia tai,
thiét bi do va loai bo do vénh, sai s6 vé 1ap dung mau thi nghiém.

- Kiém tra tat ca cac thiét bi do va 1ay s6 liéu ban dau vé6i cap tai 0;

- Bat dau tang tai tinh dén 20 % gia tri tai trong thiét ké thi nghiém va lay sé liéu
trén tt ca céc thiét bi do dién tur, gia tri lyc doc lac nay bﬁng 70KN;

- Giam tai vé 0, 1ay s6 liéu do cap tai 0.

Budre 2: Tang tai thang dung doc truc tir 0 % dén 100 % gia tri tai trong thiét ké
thi nghiém N = 350KN. Giir nguyén gié tri tai trong dtng N = 350KN trong sudt qua
trinh thi nghiém.

b) Tai trong ngang

Thi nghiém dugc thuc hién véi tai trong dao chiéu theo tung chu ky, gia tri thay
d6i dugc kiém soét bang dich chuyén ngang cua dau kich gia tai ngang (ciing 1a chuyén
vi ngang & dinh mau thi nghiém).

Trén Hinh 3.9 trinh bay so dd gia ting chuyén vi ngang & dinh miu thi nghiém
theo thoi gian. Can cir vao dac diém ctia mau c6 thé xac dinh so bd gia tri chuyén vi 16n
nhat ¢ dinh mau. Trén co sé do, dé xuét cac budc gia ting chuyén vi nhu trén hinh 3.9.
Chuyén vi ngang ciia mau duoc gia ting lién tuc theo tirng bude cho dén khi miu bj pha
hoai hoan toan.

Trong thi nghiém nay do kich thudc miu 16n chiéu cao tinh tir mit san dén dinh
véch 1a 3850mm, c6 nhiéu thiét bi dat trén dinh vach nén néu mau sup d6 trong qua trinh
thi nghiém s& gdy ra mat an toan cho thiét bi cling nhu cac can b tham gia theo ddi vén
hanh, ghi chép s6 liéu. Quy trinh gia tai ngang ding lai khi vach bi ph4 hoai hoan toan

nhan biét qua cac d4u hiéu sau: toan bo cdt thép doc trong vung bién da bi chay déo, vét
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ntt xut hién trén toan bo tiét dién ngang, bé tong da bi ép v&. Tri s6 chuyén vi ngang

tuyét dbi tai dinh vach xac dinh nhu Hinh 3.9.

T . T T T ;] T

40 |

20 -

ﬁ%VVVVVV

-40 | = : -

Chuyén vi ngang (mm)
(=]

1 M 1 L | M 1

Chu ky (s)

Hinh 3.9. Gia tii ngang tic dung lén vach

3.4. So d6 thi nghiém va so dd bd tri thiét bi dung cu do
3.4.1. So d6 thi nghi¢m

Dé mo phong so dd thi nghiém vach bé tong cdt thép chiu tai trong ding va tai
trong ngang thay d6i theo thoi gian, @& méng cta vach thi nghiém dugc lién két v6i nén
phong thi nghiém day 500mm bang 4 bulong @36 cip bén 8.8 dam bao cic bu 1ong
khong bi phé hoai va giir cho mau khong bi dich chuyén trong subt qua trinh thi nghiém.

Luc nén doc truc trong vach dugc tao béng cach st dung kich thay luc két hop véi
tram bom dau va thong qua hé phan luc duoc tao thanh tir ddm phan lic (bing thép hinh
t6 hop) va 02 thanh thép cuong do cao . Kich thuy luc tac dung luc 1én dam truyén luc
H250, mot dau ti 1én dim ganh 1a 2 thép hinh C250 théng qua 2 thanh thép cudng do
cao 036 duoc lién két v4i san phan luc ctia phong thi nghi€ém. B9 16n cua lyc nén dugc
kiém soat thong qua sb chi trén déng ho do ap luc dau. Sau khi lyc nén dat gia tri do 16n
yéu cau, ap luc dau duoc gitta 6n dinh va theo ddi trong sudt qua trinh thi nghiém. Dong
thoi, dé kiém soat sy 6n dinh cua tai trong nén tac dung 1én mau trong qua trinh thi

nghiém, trén mdi thanh thép cudng do cao duoc dan 01 phién dién tré do bién dang. Két
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qua theo dbi s6 doc bién dang cua 02 phién dién tré nay cho thiy trong subt qua trinh
thi nghiém, tai trong nén doc truc tac dung 1én mau thi nghiém duogc duy tri 6n dinh.
Tai trong ngang tao nén boi kich thuy luc dong 1000KN c¢6 kha nang tac dung tai
dao chiéu. Kich nay mot dau duoc lién két v6i tuong phan luc tai cao do dinh miu thi
nghiém dau kia dugc lién két v6i dam truyén luc ngang 1 thanh thép hinh H250. Dam
truyén luc dugce lién két voi dinh vach thong qua 08 bulong @16 duge chén sin ¢ dinh
mau thi nghiém c6 tac dung tao ra luc cit va md men udn trong vach. Hinh 3.10 minh

hoa so dd lip dung va tac dung tai trong 1én mau thi nghiém.
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Hinh 3.10. Lip dwng miu thi nghiém tai phong thi nghiém

a - Minh hoa so d0 lip dung va chat tai 1én mau thi nghiém
b - Lap dung tai phong thi nghiém

3.4.2. So d6 bd tri thiét bi do, dung cu do

a) Cdc théng sé do dac

bé dat duoc muc tiéu thi nghi¢m dy kién, céc thong s6 sau s& dugc thu thap, xac
dinh trong qua trinh thi nghiém ¢ mdi cip gia ting tai trong ngang tac dung 1én mau

1 - Lyc tac dong ngang ¢ dinh vach;

2 - Chuyén vi ngang ¢ dinh vach, ngang cao trinh tac dong luc;

3 - Bién dang cit ¢ ving chan vach;

4 - Bién dang udn ¢ vung chan véch;

5 - Chuyén vi xoay cuia vach;

6 - Bién dang ctia bé tong va cdt thép tai cac ving téi han cua vach.
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7 - Qué trinh hinh thanh, phat trién va mé rong cac khe nut trong bé tong véach.
b) Cdc thiét bi do

Céc thiét bi do sau day da dugc st dung dé thu thap cac s6 liéu thi nghi¢m:

1 - Céc dau do LVDT (Linear Variable Differential Transformers) (Hinh 3.11a);
2 - Céc phién do bién dang c6 d6 gidn dai cao (Hinh 3.11b);

3 - Thiét bi do chuyén vi ngang chuyén dung;

4 - By thu thap va xtr Iy s6 liéu TDS 530 va mdy tinh ghi dit liéu (Hinh 3.11c);

5 - Cac thiét bi kiém soat kich thay luc.
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Hinh 3.11. Céc dung cu do va b thu s liéu
a. Thiét bi do chuyén vi LVDT;: b. May doc tin hiéu TDS 530: 30 kénh;
c. Phién do bién dang.

c) So do bo tri cac thiét bi do va cdch sir dung dir liéu thu duoc
I- Luee tée dung ngang & dinh vdach va chuyén vi ngang & dinh vdch tai vi tri cao
trinh tac dong lyc

So dd bb tri kich thity lyc duge thé hién ¢ Hinh 3.9.
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Céc sb liéu vé lyc tac dong ngang va chuyén vi ngang thu dwgc qua cam bién do
chuyén vi ngang va dau do chuyén vi ngang LVDT trong qua trinh thi nghiém cho phép
tinh toan dugc luc cat trong vach va goc 1éch ciia vach mau thi nghiém khi bién dang.

* Luc cit trong vach truong hop khong xét toi hiéu ing bac hai:

P=V (3.1)
* Goc léch cua vach twong dbi theo ting, goi la goc (d0) léch ting
-4
Q= (3.2)

Trong do: A 1a chuyén vi ngang ¢ dinh vach; hy 1a chi€u cao cua vach.

2-Bétri dung cu do bién dang cdt ciia vach

900

Hinh 3.12. So' dd b6 tri cac LVDT do bién dang cit ciia vach
Cac dau do LVDT duoc gin trén cac thanh thép dudng kinh 6mm chén sau vao
trong bé tong dé tranh bi mat dir liéu do bé tong & mit mau thi nghiém co thé bi bong
tach trong qua trinh thi nghiém. Chung dugc bd tri tai chan véach: vung bién, doc truc
véach va chéo nhau. Dé do cac bién dang cit cua vach st dung cac dau do LVDT duoc
b tri nhu & Hinh 3.12a. Bién dang cat cua vach y 1a hiéu gitta goc xoay theo phuong
dimg a va gbéc xoay theo phuong ngang £ dugc tinh toan theo phuong trinh sau (Hinh

3.12b):
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A1+ A2
Dsin2

(3.3)

Vib =
trong do: - D: Chiéu dai dudng chéo pand trude khi bién dang (khoang
cach giita hai diém gan LVDT theo phuong dudng chéo);
- tan® = d/hw1 v6i d va hy1 tuong Gng 13 khoang cach gitra cac diém gan LVDT
theo phuong ngang va ding.
3 - B6 tri dung cu do chuyén vi ngang ciia véich
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Hinh 3.13. So' dd b6 tri cac LVDT do chuyén vi ngang ciia vach
Chuyén vi ngang & dinh mau thi nghiém (vi tri tac dung tai trong) 1a thong sé kiém
so4t qua trinh gia tai trong ngang 1én mau thi nghiém. Gi4 tri chuyén vi ngang & cac cp
tang chuyén vi duoc 14p trinh thong qua hé théng phdn mém diéu khién kich thiy luc
gia tai trong dong (Vi cac cap do gia ting chuyén vi nhu trén hinh 3.9). Pong thoi, dé
kiém soét thém gia tri chuyén vi ngang nay, bd tri thém dung cu do chuyén vi LVDT-3

tai vi tri dinh mau ( khoang do + 200 mm)

92



Doc theo chiéu cao vach trong mit phang udn tién hanh lip dit 04 LVDT dé xéc
dinh chuyén vi ngang cua vach tai cc vi tri khac nhau khi thi nghiém. Chuyén vi ngang
ctia vach thi nghiém thay dbi trong sudt qué trinh thi nghiém duoc tir dong ghi lai qua
mot Bo thu thap va xir 1y s6 liéu (Dataloger TDS 530) két ndi voi may tinh. Hinh 3.13.
trinh bay cach bd tri thiét bi do chuyén vi cua vach trong mit phiang udn.

4-Bo tri dung cu do xdc dinh chuyén vi xoay va bién dang uén cia vach

Cac dau do LVDT dung dé xac dinh bién dang udn va chuyén vi xoay ctia vach
duoce bd tri nhu trong Hinh 3.14 tai cac vi tri khop déo c6 kha nang xuét hién.

Bién dang udn cta vach duge biéu thi qua dd cong cua truc vach, hodc chuyén Vi
xoay cac tiét dién vach. Trong qua trinh dinh vach chuyén vi ngang, chiéu dai ciia mot
trong cac LVDT s€ méd rong trong khi LVDT ddi dién c6 thé co lai. Su khac biét gitra
cac gi tri ciia hai LVDT chia cho khoang cach ngang (750 mm) dan dén goc xoay tuong
ddi cua vach. Goc xoay 0 cua tiét dién vach duoc tinh toan theo biéu thirc sau:

0= (A1 + A)/d. (3.4)

Trong d6 A1 va Ay — twong tng 13 do dan dai va co ngén do & ving bién bi kéo va
bi nén cua vach, d — khoang cach theo phuong ngang cia hai LVDT.

Do cong trung binh ciia vach duoc xac dinh bang cach chia chuyén vi xoay tuong

do1 do duoc tai moi tiét dién cho chiéu dai doc theo cau kién ma trén d6 no xuat hién.

LVDT24R L0123

LVDT7§ LT

LVDT6§
LVDTS
LVDTAfg

\LVDT9
|ILVDISB
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Hinh 3.14. Vi tri caic LVDT do chuyén vi xdc dinh géc xoay ciia vach
5 - B6 tri dung cu do chuyén vi ngodi mdt phang vdch
Cac LVDT s6 21 va 22 bé tri vudng goc voi mit phing udn cua vach tai vi tri cach
mit mong 2000mm sir dung dé do chuyén vi cia vach theo phurong ngoai mit phang
ubn trong sudt qua trinh thi nghiém. Thong qua sé doc trén 02 dung cu do nay dé kiém
soat sy 1am viéc ctia vach ngoai mit phang udn.
Hinh 3.15 thé hién vj tri bd tri LVDT xéc dinh chuyén vi theo phuong vudng goc

v61 mat phang uon.
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Hinh 3.15. Vi tri LVDT do chuyén vi ciia vach ngoai mit phiang uon
6 - Bé tri dung cu do chuyén vi ciia dé mong
Céc LVDT nhu Hinh 3.16 duoc bd tri dé theo ddi, kiém soat chuyén vi theo phuong

dung va phuong ngang ciia dé mong trong qua trinh thi nghiém.
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Hinh 3.16. Vi tri cic LVDT xac dinh chuyén vi dé méng

7 - Phién do bién dang ciia cot thép

Phién dién tr& do bién dang duoc st dung c6 ki hi¢u la KFG-5-120-A1- 11L1M2R
dang chiéu dai 5 mm c6 dién tré 120 Q do hing Kyowa (Nhat Ban) san xuat. Cac vi tri
dé dan cac phién dién tro do bién dang duoc xac dinh tir két qua mo phong so b &
nhirng khu vuc tng suit 16n va bién dang ¢t thép dat dén gidi han chay. Co tat ca 64
phién dién tré duogce sir dung cho 2 mau thi nghiém va chia lam 2 nhom:

« Nhom 1: tir phién dién trd 01 dén 24 (ky hiéu D1 dén D24) duoc bd tri trén cac
thanh thép doc trong vach dé do su thay ddi bién dang doc theo chiéu cao cua vach.

« Nhom 2: tir phién dién tré 25 dén 32 (ky hiéu N1 dén N8) dé do su phat trién
bién dang ctia c6t thép ngang trong vach. Tong s phién dién trd bién dang duoc sir dung

cho mdi mau thi nghiém 1a 32.
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Hinh 3.17. Vi tri cac phién dién tré' do bién dang ciia c6t thép.
8 - Phién do bién dang ciia bé tong
DPdi v6i mau V1: tai vi tri cach mat mong 2000mm dan 05 phién dién tro dé do

bién dang ctia bé tong trong qua trinh thi nghiém Hinh 3.18
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Hinh 3.18. Vi tri cic phién dién tré do bién dang bé tong miu 1
Pbi véi mau V2: tai tiét dién chan vach cach mat méng 100mm déan 05 phién dién

tré dé do bién dang cua bé tong trong qu4 trinh thi nghiém Hinh 3.19

[ lu'r 2 -I' -

Hinh 3.19. Vi tri cic phién dién tré do bién dang bé tong miu 2

9 - Do lyc tac dung lén mau khi thi nghiém

- Tai trong nén tac dung theo phuong dimg: Qua s chi trén dong hd do ap luc dau
dé xac dinh gia tri tai trong do kich thuy luc tao ra. Nhu da trinh bay, gia tri luc nén dugc
gilr on dinh trong subt qua trinh thi nghi¢m va dugc kiém soat qua s6 doc bién dang trén
cac phién dién tré do bién dang gén trén 02 thanh thép cudng do cao sb 2.

- Tai trong ngang: Tai trong ngang tdc dung 1€n vach do kich thuy luc dong tao ra
duoc xac dinh tuong tng véi mdi cap do dich chuyén cia xi lanh thity luc cua kich (hay
chuyén vi ngang & dinh vach thi nghiém). D6 16n cua tai trong ngang duogc xac dinh tu
dong thong qua hé thong gia tai trong dong ctia Phong thi nghiém.

10 - Theo doi sy hinh thanh, phan bé va do bé rong cua vét nirt xudt hién trén vach
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Cac vét nit xuat hién trén mau ciing nhu sy phat trién cta ching dugc theo doi,
ghi nhan va vé& lai thanh so @6 vét nit tir khi bat dau xuét hién cho dén khi mau bi pha
hoai. Bé rong cua vét nirt xuat hién trén vach thi nghi¢m (& khu vuc chan vach) duoc do
dac bang thiét bi quang hoc chuyén dung nhu minh hoa trén hinh 3.20 (v6i gia tri mdi
vach do béng 0,01mm). Viéc do dac su phat trién bé rong vét nut duge tién hanh trong

sudt qua trinh thi nghiém.

Hinh 3.20. Thiét bi do bé rong khe nit
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Hinh 3.21. So dd b tri thiét bi do chuyén vi ciia vach
3.5. Phan tich va danh gia (ng xir ciia cAc méu thi nghi¢m
3.5.1. Kiém sodt thi nghiém
- Lién két ctia vach véi san phan lyc trong qua trinh thi nghiém: cac sb liéu, do thi
thé hién trong sudt qua trinh thi nghiém mong ciia vach chuyén vi rat nhé, vach coi nhu
duoc ngam vao méng. Hinh 3.22 thé hién chuyén vi ctia dé méng trong subt qua trinh

thi nghiém.
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Hinh 3.22. Chuyén vi tai dé méng trong qua trinh thi nghiém
- Chuyén vi ngoai mit phang uén ctia vach trong qua trinh thi nghiém thé hién trén
hinh 3.23. Céc sb liéu, dd thi thé hién trong subt qua trinh thi nghi¢ém vach khong bi

xoan.
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Hinh 3.23. Chuyén vi ciia vach theo phwong ngoai mit phing uén
- Luc doc tac dung 1én dinh véach trong qua trinh thi nghiém duoc kiém soat thong
qua bién dang ctia 02 thanh thép cuong do cao @36 dugc lién két voi san phan luc cia

phong thi nghiém thé hién trén hinh 3.24. Cac s6 liéu, d thi thé hién trong sudt qua
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trinh thi nghiém lyc nén trong vach duogc duy tri 6n dinh. Mot sd thoi diém lue doc trong
thanh thép @36 tang 1én so voi gia tri trung binh, tuy nhién hién tugng nay chi xay ra
tic thoi trong thoi gian rat ngin (khoang 1,0 gidy) khong anh huéng dén tng xir cua

mau trong qua trinh thi nghiém kéo dai 9,0 gio.

250 T T : T q 1 I ; T y T

)
(=]
= ]
]

150

100 B I I ! ! I -

Tai trong nén doc truc (kN

0 | ; I . | | i I
Théi gian (s)

Hinh 3.24. Luc dgc trong thanh thép tao luc nén trong vach
3.5.2. Sw phd hoai ciia cdc méu thi nghi¢m
3.5.2.1. Mdu thi nghiém V1

O cép chuyén vi 1,0cm bat dau xudt hién vét nirt nho dai 8cm. Khi tang chuyén Vi
1én muc 1,5cm bat dau xudt hién vét nut c6 bé rong 16n hon 0,3mm. O cip chuyén vi
1,75cm bat dau xuét hién vét nut nghiéng dai khoang 20cm. Tiép tuc gia tai dén 1,88cm
thi cbt thép doc & bién ngoai cung bi chay déo, dén cip chuyén vi 2,2cm (chu ky 9) thi
toan bo cbt thép doc tai viung bién da bi chay déo. O cap chuyén vi 3,5cm thi bé tong
d3 bat du bi ép v4.

S6 luong va hinh dang vét nit & hai phia ving bién cta vach 1a gan gidng nhau
do tac dong d6i chiéu cua tai trong. Thoi diém dung thi nghiém twong tng khi chuyén
vi 4,25cm: cac vét nit mé rong va phat trién trén toan bo tiét dién ngang, cbt thép doc
& ving bién déu di chay déo, bé tong chan vach di bi ép vd tir d6 thay rang vach di bi
pha hoai hoan toan, xay ra truong hop phé hoai déo. Do gia tri tai trong doc truc cao,

trugt cat khong dang ké trong subt qua trinh thi nghiém. Hinh anh khe ntt ciing cho thay
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co cau pha hoai cia vach hoan toan giong véi két qua thuc nghiém cia nhi€u tac gia

khéc da thyc hién trudc day. Hinh 3.25 thé hién hinh anh bé tong chan vach bi ép vo,

chiéu dai vét nut ngang tai chan vach V1.
n

Bé tong bi ép v Vét nirt ngang trén toan b tiét dién
Hinh 3.25. Bé tong chan vach V1 khi dirng thi nghiém
Hinh 3.26 thé hién hinh anh, sé lugng, chiéu dai vét nit trong vach V1 khi ding
thi nghiém. Khéi méng hoat dong twong ty nhu mot dai mong nguyén khdi twong duong,

khong c6 hu hong nao ciia dé méng dugce quan sat thdy trong qua trinh thi nghiém.

' [

Hinh 3.26. Nt vo trong bé tong vach V1 khi dirng thi nghiém

3.5.2.2. Mdu thi nghiém V2
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O cép chuyén vi 0,75cm bat ddu xudt hién vét nirt nho dai 8cm. Khi ting chuyén
vi 1én mirc 1,25cm bat dau xuat hién vét nit co bé rong 16m hon 0,3mm. O cép chuyén
vi 1,75cm bét ddu xuat hién vét nirt nghiéng dai khoang 20cm. Trong pham vi 1/3 chiéu
cao cua vach xudt hién nhiéu vét niit udn vudng goc véi truc vach, sé luong va hinh
dang vét nirt & hai phia ving bién ctia vach 1a gan giéng nhau do tac dong d6i chiéu cua
tai trong. Thoi diém vét nit md rong, cbt thép doc & ving bién déu di chay déo tir d6
thdy rang vach di xay ra phd hoai déo. Do tai trong doc truc cao, truot cit khong dang
ké trong sudt qua trinh thi nghiém. Hinh anh khe nut ciing cho thiy co ciu pha hoai cia
véach hoan toan gidng véi két qua thuc nghiém ciia nhiéu tac gia khac di thyc hién trude

day [94a].

Hinh 3.27. Nut vé trong bé tong vach V2

Hinh 3.27 thé hién hinh anh, s6 lugng, chiéu dai vét nit trong vach V2 khi dirng
thi nghiém.
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Khéi méng hoat dong twongty nhu mot dai mong nguyén khéi twong duong,
khong c6 hu hong nao trong dé méng duoc quan sat thay trong qua trinh thi nghiém.
Do duong kinh ¢t doc trong miu V1 16n hon trong mau V2 1am cho lyc dinh giita bé
tong va cbt thép tang 1én nén khi thi nghiém vét nirt ngang xuat hién trong mau V1 mudn
hon tai mau V2.

3.5.3. Quan hé giira tdi trong ngang va chuyén vi ngang dinh méu

Trong qua trinh thi nghiém miu V2, thiét bi thu s liéu cta kich gia tai ngang bi
161, gi4 tri tai trong ngang khong luu lai duoc, cho nén viée phan tich, danh gia két qua
thi nghiém mau V2 chi yéu dya trén cac hinh anh vét nat, thoi diém chay déo trong cot
thép doc. Ung xtr phi tuyén ctia mau thi nghiém chu yéu dua trén két qua thu duoc cua

qua trinh thi nghiém mau V1.
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Hinh 3.28. Quan hé giira tai trong ngang P - Chuyén vi ngang A dinh vach
Hinh 3.28 thé hién quan hé gii¥ tai trong ngang P - chuyén vi ngang A & dinh vach.
Cac duodng cong tré trong hinh trén dugc dic trung boi 3 do dbc: do dbc tai chuyén Vi
bang khong, cac d6 doc chat va dd tai. o ddc khi chuyén vi bang khong duoc dung dé
so sanh véi cac d6 doc chat tai va d& tai s& cho théy muc do bi bo hep lai cua duong
cong tré & cac chuyén vi nho va dong thoi cho cac dau hiéu vé phan tng cua cac mau

thir 461 véi cac tai trong gay ra cac chuyén vi nho. Khi cac chuyén vi gia tang vuot qua
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vung co hep lai ciia cic vong tré nhung chua dat toi cac cap d6 gy ra pha hoai mdi,
céc phan chua bi pha hoai cia mau thi nghiém bét dau chiu tai va tam thoi co Gng xir
dan hoi. Didu nay duoc biéu thi qua phan thang cta vong tré ngay sau ving bi co hep.
Sau khi dat t&i chuyén vi dinh, miu thi nghiém bat dau qua trinh d& tai. Phan dau tién
clia qua trinh d& tai thuong 13 phi tuyén do hai nguyén nhan. Dau tién 1a do bién dang
trong ving bé tong vira méi bi phé hoai nén chua hoan toan phuc hdi khi giam tai trong.
Th hai, 13 viéc d& tai cot thép bi chay co tinh phi tuyén. Sau ving khoi dau nay, trudce
khi téi ving bi co hep, qua trinh d& tai duoc dic trung boi mot doan gan tuyén tinh khac
biéu thi ing xir ctia cdc phan con chua bi pha hoai ciia mau thi nghiém ké tir khi dat
dinh.

Biéu d0 trén cho thay cac vong tré ¢6 dang gan ddi xtng. Nguyén nhén cta sy co
thit cac vong tré 1a do truot va chay cbt thép doc trong vach. Sy mat Iyc bam dinh s&
kéo theo sy pha hoai cua bé tong bao quanh cdt thép khi ¢t thép bi chuyén vi. Hé qua
ctia n6 1a sy xuat hién cac vét nit trong vach. Hinh 3.29 trinh bay duong bao quan hé

tai trong ngang - chuyén vi ngang & dinh véch.
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Hinh 3.29. Pwong bao tii trong ngang - Chuyén vi ngang tai dinh vach
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Hinh 3.30. Thoi diém c6t thép chay déo; bé tong nirt khi thi nghiém
3.5.4. Phin bé dé cong theo chiéu cao vich.

Su phan b do cong trung binh duoc tinh toan tir cic LVDT do chuyén vi nim trén
chiéu cao vach, thé hién trong Hinh 3.31. Vach cting thi nghiém bi chi phéi béi hai dén
ba vét ntt 1on, rat kho dé tach su bién dang do cdt thép truot & chan vach tu vét nirt ubn
rong nhat.

Sy phan bb d cong chirng minh dugc ring vach cing thi nghiém c6 sy bién doi
turong quan khép véi cac dang vét nut duoc thé hién trong Hinh 3.26. Dinh cong rd nét
tai vi tri ctia cac vét nirt rong va phan bé lién tuc cac do cong trén sudt chiéu cao cua
vach. Cac dinh c6 do cong 16n nhat xay ra ¢ chin vach dbi voi tit ca cac thi nghiém va
x4c nhan thém dugc rang bién dang bién tap trung hau hét tai cac vét nit do tng suit
ubn chinh gy ra & chan vach. Pung nhu du doan, sy phan bd d6 cong bi anh huodng rat
nhiéu béi vét nit. Boi véi Vach ¢ ty 1€ nhip cit cao, cac vét nlirt mé rong cao hon theo
chiéu cao cta vach,va do do, sy phan bd do cong chi ra cac dinh xa hon (dinh d6 thi)
theo chiéu cao vach . Do cong 16n nhit xay ra ¢ gan chin vach ddi véi tat ca cac vach

duogc thi nghiém.

106



T T T Y T = T Y T T T T
] o - - 1= (1)
| Trung Binh e (2)
g T T & A (3)
AEDG I~ o .i:'- =1 5w [‘4}
E o & ek & (5)
£ 400 4 (6)
ﬁ i - 1
3 M & (8)
) % & ig}
T 300 ¢ 2 :
S mwr 7 & (10)
; 2 (11)
200 | bt . (12)
- < (13)
l?'uﬁ e ]
100 L1

L0010 00005 00000 00005 00010 Q0045 0.0020
B¢ cong

Hinh 3.31. Phan b6 dd cong theo chiéu cao vich

3.5.5. Quan hé tdi trong ngang - goc xoay tai chdn vdach

Hinh 3.32 trinh bay quan hé giira tai trong ngang va géc xoay tai chan vach. Giai
doan dau khi tai trong ngang con nho va vach chiu tdc dung cua luc nén doc truc, bé
tong chua bi nit nén géc xoay chan vach con kha nhd, quan hé gitra tai trong ngang va
gdc xoay 1a tuyén tinh. Khi tai trong ngang tiép tuc tang 1én P=60,4KN lam cho bé tong
vung kéo bi nit, sau d6 dén tai trong ngang P=88,8KN thi c6t thép chay déo, tiét dién
ngang ctia chan vach bi suy giam so voi tiét dién nguyén ban dau, d6 cing cta vach bj
suy giam va quan hé tai trong ngang - chuyén vi xoay chan vach la duong cong. Khi tai
trong ngang tiép tuc ting 1én P=113,5KN, bé tong bit dau bi ép v, mot sd vét nirt ngang
c6 chiéu dai phat trién trén ca tiét dién ngang cua vach. Trong truong hop ndy, goc xoay
tai chan vach khong tang tuyén tinh voi tai trong ngang ma thay doi khong déu va cudi
cung 1a duong nim ngang. Diéu nay chi ra rang vach khong con c6 kha ning chiu tai

trong ngang va da vuot qué gidi han an toan.
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Hinh 3.32. T4i trong ngang - géc xoay chan vach

3.5.6. Quan hé giira tdi trong ngang - bién dang cit

Trong qué trinh thi nghiém, bién dang cat trong vach van ting déu dén khi quan

h¢ tai trong ngang

- bién dang cat 12 duong nam ngang. Mau bi pha hoai van chua c6

budc nhay dot bién qua d6 thiy rang pha hoai cua vach 1a pha hoai do udn gy ra. Hinh

3.33 trinh bay quan hé giita tai trong ngang va bién dang cat tai chan vach.

Tai Trong Ngang (kN)
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Hinh 3.33. Tai trong ngang - bién dang cit
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3.5.7. Moi quan hé giita ning lwong bién dang va dp déo
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Hinh 3.34. M6i quan hé giira niing lwong bién dang - d déo

Hinh 3.34 trinh bay mdi quan hé giita nang luong bién dang va d6 déo ctia mau thi
nghiém. O giai doan dau, tai trong tic dung 1én vach nho, vach 1am viéc trong giai doan
dan hdi do déo cua vach lac nay duogc xéac dinh bdi tinh chit dan hoi cta bé tong va cbt
thép. Khi tai trong duoc loai bo, vach c6 kha ning hdi phuc vé hinh dang ban dau, ning
luong bién dang bi tiéu tan it. Khi tai trong ngang ting 1én dén mot mirc nao do s& lam
cho bé tong bi nit, cbt thép bi chay déo, vach khong phuc hoi duoc vé hinh dang ban
dau sau khi bién dang va mot phan ning luong bién dang bj tiéu tan. Tuy nhién vach
van con kha ning chiu tai va khong bi hu hong hoan toan. Tai trong ngang tiép tuc tang
1én, cac vét niit trong bé tong s& ma rong, s6 luong, chiéu dai vét nit ciing ting 18n, vach
s& bi mat dan tinh déo va khong thé phuc héi duoc vé hinh dang ban dau khi d tai.

Ning luong bién dang déo bi tiéu hao trong giai doan nay 1a cao nhét.
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3.5.8. Moi quan hé giita tdi trong ngang va bién dang trong cot thép doc & ving bién

150 ] . l
Cét thép chay déo 3

100 - - . |
iy 5 A .. .I\.H\‘ s 1 3
E m Cotthépdec D1 ¥4 |Cét thép chay déo
TR Cét thép doc D2 o i
o S0 W posc "
=
[0
(=]}
Z ]
o (¥ ’
g- ;.z"
; E 5 e -
o Cotthep chay deo
= -80F = N

; s
-100 — . i
~-— |Cot thep chay deo
1 ] [ ;

Bién dang cbt thép doc (x10°°)
Hinh 3.35. Moi quan h¢ giira ti trong ngang - bién dang cot thép doc

Khi tai trong ngang 1a P = 88,8KN vét niit trong bé tong ving kéo tiép tuc phat
trién, sy mé rong vét nit trong bé tong vach 1a nguyén nhan chinh lam cho cot thép doc
D1 chay déo. Tai trong ngang tiép tuc ting 1én cdt thép tiép tuc bién dang va vét nut
ngay cang mo rong dan dén cac thanh thép doc D2 & phia trong D1 tiép tuc chay déo.
Khi tai trong ngang P = 113,5KN, bé tong bat dau bi ép v&, mot sd vét niit ngang co
chiéu dai phat trién trén ca tiét dién ngang ctia vach, do cimg cia mau suy giam, mau bi
pha hoai.

3.5.9. Sw suy giam d¢ cung cua vach

Mot hé két ciu chiu dong dat tot 1a hé két cAu duoc thiét ké dé co mot sy can béng
gitra do bén, d6 cimg, d6 déo va kha ning tiéu tan ning luong. DO cling phai du 16n dé
kiém soat chuyén vi ngang va dong thoi khong bi suy giam hodc it bi suy giam khi chiu
tai trong ddo chiéu. Phan 16n cac cdu kién bé tong cbt thép déu bi suy giam do cimg khi
chiu tai. Sy suy giam do ctimg 1a do luc dinh giita c6t thép va bé tong bi suy giam, su
bong tach bé tong khoi ¢t thép va sy phat trién cta cac vét nit mo ra dong lai khong

hét. PO cling cua cadc mau thi nghi€ém duogc xac dinh bang cach dung d6 cting cat tuyén
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(dinh dén dinh) dua vao biéu dd luc - chuyén vi va duoc tinh toan nhu d6 dc déi voi
truc ngang cua duong thang ndi hai dinh ciia cing mét chu ky do tai.

Trong qua trinh thi nghiém, chuyén vi ngang tai dinh vach ting 1én trong 13 chu
ky gia tai 1am cho bé rong, chiéu dai vét nat trong vach ting 1én, bé tong bi ép v& dan
dén @6 cung cua vach suy giam dan. Hinh 3.36 thé hién quan hé giita do cimg - Drift

trong qua trinh thi nghiém.

N5
o | _

gl 2

£6 clrng cat tuyén (kN/mm)

u
gk . E
"1.._“_&.
4} . S8 J
L “-‘H“H"I
3k """"-..-_____--. =
2 | s | 1 i | s | | L
0.0 0z 0.4 0.6 08 1.0 1.2 1.4
Drift (%)

Hinh 3.36. Quan h¢ giira d§ cirng - Drift
3.5.10. Hé s6 cin nhdt twong dwong

Can ndi c6 thé duge sinh ra tir nhiéu nguén khac nhau, bao g@)m bién dang cua cdt
thép va ma sat giita bé mat c6t liéu v6i nhau. Ngudn phan tan ning lugng nay thay doi
theo tan sb va thuong duoc xem 1a can nhét. Co thé xac dinh do can nhét twong duong
lam cho mot hé tuyén tinh c6 phan tng gidng nhu két cau phi tuyén chiu tac dong doi
chiéu. Theo d6, d6 can nhét trong duong duoc xac dinh bang cach can bang ning luong
phan tan trong mdi chu ky ¢ hé két cau phi tuyén véi hé két cau tuyén tinh twong duong.
Tuy can twrong duong lién quan dén ning luong duoc phan tan ¢ mdi chu ky, nghia 1a

lién quan t6i can tré, can twong duong thuong duge coi 1a hé sé can nhdt twong duong.
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A\
Lyc ngang /7\
dinh ¢dt

B
Chuyén vi ngang
dinh ¢t

Hinh 3.37. Pinh nghia h¢ s6 cin nhét twong dwong
Dinh nghia hé sd can nhét trong dwong & dugc xac dinh theo biéu thirc sau (Hinh

3.37)

1 S(ABCDA)
2 S(AOAE+AOCF)

é:

Trong d6: S(ABCDA) - dién tich dudng cong ABCDA biéu thi ning luong duoc

(3.5)

phan tan & mdi chu ky duéi dang nhiét do can nhét va bién dang déo cua vat liéu. Su
phan tan ning luong nay con duoc goi 1a can tré;

S (AOAE + AOCF) tong dién tich tam gidc OAE va OCF la thé nang tich lily trong
két cau.

Hé sb can twong duong dugc sir dung dé so sanh kha ning phin tan ning luong
ciia mau thi nghiém, nd dong thoi 1a mot chi dan gian tiép biéu thi sy co thit cua céac

vong tré. Hinh 3.38 thé hién hé s6 can ctia mau V1.

8 =
|1 Fan
3 n
Eﬂ— \ i
o ,
=

i e

[#] 5 10 15 20 25 30 35 40
Chuyén vi ngang (mm)

Hinh 3.38. Hé s6 can ciia miu V1
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3.6. Bién dang ciia bé tong trén tiét dién ngang ciia vach

Bién dang ciia bé tong trong qua trinh thi nghiém: Tir két qua do bién dang ctia 4
tem dan cach chan vach 2000mm thiy ring bién dang ctia bé tong trén mit cit ngang
véch 1a khong tuyén tinh.

Hinh 3.39 thé hién quan h¢ cua bién dang tai 4 vi tri trén mat cit ngang cach chan
vach 2000mm. Puodng F3 Gng voi thoi diém chuyén vi ngang dinh vach 1a 1,86mm lac
nay toan bo bé tong trén tiét dién ngang cta vach déu chiu nén. Pudng F7 tng voi thoi
diém chuyén vi ngang dinh vach 1a 4,3mm, lac ndy trén tiét dién ngang cua véach co 1
phan bé tong chiu kéo nho. Pudng F11 tmg véi thoi diém chuyén vi ngang dinh véach 1a
6,5mm, luc ndy bién dang kéo trong bé tong di ting 1én. Puong F15 tng véi thoi diém
chuyén vi ngang dinh vach 1 8,8mm, bién dang kéo trong bé tong da ting 1én nhiéu va
vét nirt trong bé tong ving kéo da sip xuat hién. Chuyén vi ngang dinh vach biang 10mm,
bat dau xuat hién vét nut trén bé tong vach.

1[:].[:' T 1 T ¥ T T T I T ¥ T T

(%0}
=
|

=
I

=100
-150 |-

-200 |

Bién dang cua bé téng pe (10°mm)

250 | | = - ]

A S VSR S O T /! | i

400 -300 -200 400 O 100 200 300 400
Vi tri tiét dién ngang (mm)

Hinh 3.39. Bién dang ciia bé tong tai tiét di¢n ngang cach chan vach 2000mm

trong giai doan dan hdi
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3.7. Nhin xét rat ra tir cac két qua nghién ciru thi nghiém

Sy phan bd d6 cong cta vach cing thi nghiém khong tuyén tinh va c6 mot sé dinh
nhon trén biéu d6 thé hién sy tap trung cac gia tr1 do cong va bién dang tai cac vi tri c6
vét nit ubn 16n.

Bién dang cua bé tong trén 1 tiét dién ngang vach khi vach 1am viéc trong giai doan
dan hdi 1a khong tuyén tinh.

Tiéu chuan TCVN 9386-2012 cho phép coi dd cing cua vach khi chiu tai dong dat
suy giam 50% khong xét dén gia tri lyc nén tac dung 1én vach, tuy nhién qua két qua
thi nghiém thay rang tai thoi diém do cimg cua vach suy giam 50% thi chuyén vi ngang
& dinh vach 13 12,9mm bang khoang 32% chuyén vi ngang dinh vach khi mau pha hoai.
Do cing cia vach tai thoi diém ngay khi dao chiéu tai trong ting vot do khi d6 vét nirt
duoc khép lai cung véi lyc nén tdc dung 1€n dinh vach lam cho d6 ctiing duoc hdi phuc
kha 16n.

Khi lyc nén tac dung lén vach chiém khoang 0,25RpA, vach thudc loai vach cao thi

pha hoai cua vach khi chiu tai trong dao chiéu 1a pha hoai dang udn.
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CHUONG 4
XAY DUNG CHUONG TRINH PHAN TiCH UNG XU PHI TUYEN VACH BE
TONG COT THEP

4.1. Chuong trinh phan tich ing xir phi tuyén vach bé tong cot thép CSW
4.1.1. Gioi thiéu chwong trinh CSW

Hién nay, cac phan mém thuwong mai nhu Sap2000, Etabs duoc ap dung dé thiét
ké vach bé tong cbt thép nha cao ting, trong d6 phan tir tim dugc sit dung dé mo hinh
hoa véach bé tong cbt thép. Tuy nhién, hai phan mém nay khong ¢ chirc ning phan tich
c6 ké dén g xir phi tuyén cua vat lidu vach bé tong c6t thép. Cac phan mém phén tich
khac nhu Abaqus hay Ansys c6 chirc ning phan tich phi tuyén vat liéu phan tir vach bé
tong cot thép. Mac du vay, mo hinh vét li¢u chua ké dén su thay doi dac trung bién dang
giai doan gia tai va d& tai khi bé tong bi kéo ntt hodc nén v&. Dé khic phuc nhirng nhuoc
diém con ton tai nhu trén, chuwong trinh phan tich tng xir phi tuyén vach bé tong cbt thép
CSW di dugc xay dung duya trén 1y thuyét phan tir hitu han duoc trinh bay trong Chuong
2 cta luan 4n. M6 hinh vat liéu phi tuyén cta bé tong va cdt thép, 1y thuyét phan tir
phang bén va tam diém nat, phan tir c¢bt thép va phan tir hon hop dugc lap trinh dé xay
dung phan mém. Tai trong tic dung bao gém hai giai doan: 1) tai trong theo phuwong
dng; 2) tai trong theo phuong ngang. Cac tai trong ndy dugc chia thanh tirng budc tinh
toan nhu 1y thuyét giai bai toan phi tuyén trong Chuwong 2. Két qua phan tich bao gdm
chuyén vi cac diém nut, Gng suat trong phan tr md hinh bé tong va cbt thép, vi tri xut
hién nut.
4.1.2. So do khoi ciia chwong trinh CSW

So d6 khéi ctia chuong trinh phan tich ing xir CSW duoc trinh bay trong Hinh 4.1.
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HINH HOC VAT LIEU THAM SO
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MA TRAN MA TRAN
DO CUNG TAI TRONG
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]
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KHONG

Hinh 4.1. So d0 khéi
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4.1.3. So @6 hinh hoc ciaia vach

So dd hinh hoc trinh bay trong Hinh 4.2 duoc xay dung dé mo hinh hoa véch thi
nghiém trong Chuong 3, déng thoi ciing c6 thé 4p dung dé phan tich tng xtr mod hinh
thi nghiém cua cdac tac gia khac. Vach duogc chia thanh 3 phﬁn theo chiéu cao, phén dé,
phan than vach va phan gia cuong dinh vach. Phin dé vach va phan gia cuong cdt thép
dinh vach c6 thé day hon phan than vach dé mé ta chinh xac so d6 hinh hoc cta véach.

Hinh 4.3 trinh bay hdp ho thoai nhédp dir liéu hinh hoc cua véch trong chuong trinh.

W

A
v

A
hSI

th,

A\ t hl

A
v

Wy,

Hinh 4.2. So' @6 hinh hoc ciia vach
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Shear Wall Geometry X

Strengthening Height | Boundary Rebar Diameter

Dimensions Rebar
Width ’@ | Main Rebar Diameter
Total Height |325 | No. Main Rebars
Thickness |[}|1 5 | Stirrup Diameter
Cover Thickness |0.03 | No. Stirrup

Strengthening Thickness | No. Boundary Rebars in X-Dir

No. Boundary Rebars in Z-Dir

Base Dimensions
Boundary Rebar Scaping in X-Dir  |0.1

Nl ez o] ~]e
g(1™M& =t
3] [x¥] [&%]

Width
|1'2 | No. Stirrup in Strengthening Zone
Height 06 |
Thickness 12 |
Accept Cancel

Hinh 4.3. Nhap dir li€éu hinh hgc cia vach
4.1.4. Dir li¢u tai trong

Tai trong tac dung 1én vach theo hai giai doan. O giai doan 1, tai trong dimg duoc
gia tai tir 0 dén gia tri dat vao vao vach. O giai doan 2, tai trong dting duoc gitr khong
ddi & gia tri dat vao vach ¢ giai doan 1 ddng thoi tai trong ngang thay doi theo thoi gian
duoc dit vao dinh vach. Hinh 4.4 13 m6t vi du vé tai trong ngang thay doi theo thoi gian
va Hinh 4.5 1a hop hdi thoai nhap dir liu tai trong.

150

; ,A“/\v/\V/\V/\v/\\/\\/\\//\\//\\//\\//\\/

Hinh 4.4, So d6 tai trong ngang
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sl Load X

Wertical Load

Load 400

Mo, steps 10

Horzostal Load

o 0 v

1 11 A50E045H

& X RS

i =10.38E

4 -5.0450 TESE

5 ]

6 1 LEBhZE 250

! ERR [E R

& R

El LT

il 23080194

1 -1

12 -HOLS AR ESE 2
Accept Larcel

Hinh 4.5. Nhap dir li€u tai trong

4.1.5. Cac dic trung veé vat liéu

O B X
List
Parameters:
S |Base |
Young's Modulus ??m—|
hisadidia 02 |
Compression Strength 30000 |
te Cangel

sesent

Hinh 4.6. Dir li€u vat li¢u bé tong
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Rebar Materia

O = [y X
List
2-Boundary
3-Stirrup
Rebar Material hd
Parameters
Mame ‘
Young's Modulus ‘
Poison's Ratio ‘
Yield Strength 1300000 |
Accept . ‘ Cancel |
| Ac-::epl- _' | Cancel
Hinh 4.7. Dir liéu vat li¢u cot thép
O £ oy X
List

o
2-Boundarny

3-Stirrup
Rebar Property b4
Parameters
Name |!'.-'Ia1'n |
Diameter TR |
Material [1-Main o
Accept LCancel
Accept Cancel

Hinh 4.8. Dir liéu dwong kinh va loai ¢t thép
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4.2. Phén tich &ng xir phi tuyén vach bé téng cot thép da thi nghiém trong Chuong
3 bang chwong trinh CSW

Kich thuéc hinh hoc va ciu tao vach duoc trinh chi tiét trong Chuong 3 cua luan
an. Cac dac trung vat li€u sir dung trong phan tich dugc xac dinh tir cac két qua thi
nghiém mau bé tong va cbt thép nhu trong Hinh 4.9 va Hinh 4.10.

Tir cac két qua thi nghiém nay, cac tham sb vat liéu ciia bé tong va thép dugc tinh
toan va trinh bay trong Bang 4.1 va Bang 4.2.

Hinh 4.9 dong thoi trinh bay sy so sanh giita duong cong thi nghiém va duong
cong md hinh vat liéu ctia mau bé tong. Co thé thiy toan bd phan dudng cong thi nghiém
1a trung khép v6i duong cong mé hinh vat liéu xac dinh theo cong thirc dé xuét trong
Chuong 2.
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Bién dang (%)
Thi nghiém == = M0 hinh
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Hinh 4.9. Quan h¢ \rng suit bién dang thi nghiém ciac miu bé tong
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Hinh 4.10. Quan hé trng suit bién dang thi nghi¢ém cic miu cot thép

D14

2 4
Bién dang twong daéi (%)

D16

2 3 4
Bién dang twong ddi (%)

Béang 4.1. Vat liéu bé tong

Tham s6 Don vi Gia tri
M6 dun dan hoi MPa 30904
Hé s6 Poisson - 0.2
Cuong d6 chiu nén MPa 30
Cuong d6 chiu kéo MPa 1.7
& % 0.2
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Tham sb Don vi Gia tri
En % 0.3
- 1.3
B - 2.0
K - 0.8

Bang 4.2. Cot thép

Tham s6 Unit Value

M6 dun dan héi MPa 200000
Hé s6 Poisson - 0.3
Cuong do chay ( f,) MPa 350

Chia luéi phan tir

Lu6i phan tir hitu han mé hinh hoéa vach duoc thé hién nhu trén Hinh 4.11. Phan

tir hiru han hon hop bé tong va thép nhu trinh bay trong chwong 2 dugc str dung trong

mo hinh va phan tich tmg xtr mau vach bé tong cdt thép thi nghiém. Ludi phan tir ¢6 thé

chia theo kich thudc bat ky. Tuy nhién, néu luéi thua dan dén két qua phan tich khong

chinh x4c va néu min qua dan dén thoi gian phén tich bi kéo dai. Kich thudc phan tir co

thé 1ay tir 0.1 m dén 0.5 m khong nho hon 4 phan tir & mdi canh cua véch.
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TR
Hinh 4.11. M hinh vach bé tong c6t thép

Két qua phan tich

Phén tich vach chiu tai trong 1ap dao chiéu voi cac thong s dau vao va ludi phan
tir da trinh bay & trén dé kiém chimg muc do chinh xac cta phan tir hon hop d6i véi
vach thi nghi¢ém. Quan hé luc va chuyén vi tai dinh vach nhu trén Hinh 4.12. Duong
cong luc - chuyén vi chiu tai trong dao chiéu tir két qua phan tich c6 dang twong tyr nhu
dudng cong thi nghiém. Mirc tai trong 16n nhét 1a twong dong do khi phan tich, gia tri dau

vao 14 tai trong. Tuy nhién chuyén vi theo phén tich nhd hon cho thidy mé hinh c6 d¢ cimg
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16n hon so véi mau vach thi nghiém do mé hinh tinh toan c6 diéu kién bién 1y twéng khi
lién két ngam déay vach.

Hinh 4.13 trinh bay cac diém déo trong bé tong twong Gmg v6i chuyén vi ngang 10
mm tuong ing vé6i thoi diém cac vét nirt bat dau xuat hién & chan vach. Hinh 4.14 cho
thdy cac diém déo twong tmg vdi tai trong tac dung 16n nhit. Khi d6 bé tong dat cé hai
trang thai pha hoai 1a nat thé hién boi cac diém déo mau xanh va pha hoai nén thé hién
bang cac diém déo mau do. Hinh 4.15 dén Hinh 4.17 14 Gng suat trong vach. Ung suét
kéo va nén 16n nhit xuat hién trong cdt thép ¢ ving bién. Ung suét kéo dat cudong do
chiu kéo trong khi irng suat nén nhé hon nhiéu. Theo phuong ding, phan tng suat kéo
chiém phan 16n dién tich phan bén trai than vach (xét hudng tai trong ngang tir trai qua
phai), va phan vach chiu nén c6 pham vi tir nira than vach tré xubng. C6 thé thay khi
vach bi pha hoai, c6t thép bén vung kéo dat tmg suét chay déo. Ung suit cit 16n nhit c6
dang tuong ty nhu ing suat theo phuong dung (do twong ddng véi sy chénh 1éch ung

suét chinh).

150
100

50

-50

Tai Trong Ngang (kN)
o

-100

-150
-50 -40 -30 -20 -10 0 10 20 30 40 50

Chuyén vi (mm)

Thi nghiém e Phan tich dong

Hinh 4.12. So sanh quan h¢ lirc - chuyén vi ngang
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Hinh 4.13. Piém déo trong vach twong itng A=10mm
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Hinh 4.14. Piém déo trong vach khi bé tong bi nén v
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2244 504
-2047 488
1850.471

-1653.455
-1456.438
-12563.421
-1062.405
-865.388
-668.371
-471.355
-274.338
77.322
119.695
316712
513.728
710.745
307.762

Z

Hinh 4.15. Ung suit trong vach theo phwong ngang (T/m?)
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-19347.253
-18047.843
-16748.414
-15448.973
14143545
-12850.110
-11550.676
-10251.241
-8351.806
-f652.372
£352.937
5063.502
-3754.068
-2454.633
1155139
144.236
1443671

Hinh 4.16. Ung suit trong vach theo phwong dirng (T/m?)

Z

A
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0.000
557 500
1114.999
1672493
2229998
2787.498
3344998
3902.497
4459997
5017.496
5574.996
E132.49%6
£689.995
7247495
7804,994
8362494
8919993

Hinh 4.17. Ung suit tiép trong vach (T/m?)
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4.3. Phén tich vach bé tong c6t thép trong thi nghiém ciia Thosen va Wallace bing
chwong trinh CSW

Thosen va Wallace thi nghiém hai vach tiét dién chit nhat (RW1 va RW2) véi
chiéu cao tiét dién 1,219 m. Cac miu vach dugc thiét ké theo ty 1é thu nho Y cta vach
thue té theo tiéu chudn UBC véi bd sung thém phan chan vach. Cac mau thi nghiém c6
chiéu cao 14 3,658 m, chiéu day 0,102 m.

Cac mau thi nghiém duoc duc lién khdi véi phan dé dé neo thanh thép dimg va dé
1am viéc nhur méng cing. Phan dé cua vach phang day 0,69 m, rong 0,41 m va dai 1,93 m.

Bing 4.3. Tinh chit ciia cot thép

Loai Gi6i han chay Di¢n tich tiét dién
: (fy) [MPa] [mm?]
S63-9,53 [mm] 414 71
S62 - 6,35 [mm] 448 32
4,75 [mm] thép tron ~448 17,72

Cac mau thi nghiém str dung ba loai duong kinh thép khac nhau nhu trong Bang
4.3. C6t thép #3 c6 duodng kinh 9,53 mm duoc st dung 1am cdt thép doc. Cot thép #2
(duong kinh 6,35 mm) duoc ding cho thép ngang va cbt thép tron dudng kinh 4,75 mm
da lam suy giam cudng d6 duoc dung trong mAu thi nghiém theo yéu cau.

Bé tong st dung trong cac mau thi nghiém va cac murc san cua tudng du kién c6
cuong d6 27,6 MPa. Tuy nhién, cac gia tri cuong do thu duge tir cac mau thi nghiém
hinh tru khac nhau 1a khac nhau tai thoi diém thi nghiém vach. Gi4 tri cudng do bién doi
tir 28,7 MPa dén 58,4 MPa vdi gia tri trung binh 1 37,7 MPa ddi véi bé tong vach mirc
san dau tién hay 32,8 MPa ddi voi mau RW1 va 42,8 MPa d6i vai mau RW2.

Céc miu vach duoc thi nghiém tai phong thi nghiém nghién ctru ki thuat két cau
(SERL) tai truong dai hoc Clarkson, Hoa Ky. Mdi vach duoc lién két véi san cing bang
8 thanh thép cuong d6 cao. Dé truyén tai trong dung va ngang dén vach, dam thép to
hop tir hai thép chir C-12x68 duoc sir dung. Dam thép dugc lién két v6i vach bang 6 bu
16ng 25 mm va cac thép goc, cac bu 16ng ndy duoc dit sin trong vach khi d6 bé tong.
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Luc doc trong vach duogc tao ra tir kich thiy lwc gin vao dinh vach phia trén dim truyén
Iire va cac day cap cing sau ndi v6i chan vach. Luc doc trong vach duoc ting dan tir
viée tang luc cing trong cac day cap cho t6i khi dat ty s6 nén 1a 0,1 va giit nguyén tai
trong nay trong qua trinh thi nghiém. Tai trong ngang ciing su dung kich thuy luc dong
556 kN duoc g.’fm vao tuong phan lyc cach mat san 4,6 m tir san chiu lyc. Kich thay luc
dong duoc lién két v6i dam truyén luc bang lién két khép. Mot hé dan chdng d& theo
phuong ngoai mit phang vach ciing dugc lap dit dé chong xoan cho vach. Mo sb lugng
16n thiét bi do va thu sd lidu duge sir dung dé do luc, chuyén vi va bién dang tai cac vi
tri khac nhau trong va trén mau thi nghiém. Sau khi dat tai trong dung va gitt 6n dinh,
qua trinh dat tai trong 1ip theo phuong ngang bat dau.

Tai trong su dung dé phan tich vach duogc xac dinh tir tai trong do dugc khi thi
nghiém vach nhu trong Hinh 4.18. Mb hinh tinh toan v&i luéi phan tir hitu han duoc
trinh bay trong Hinh 4.19. Két qua chuyén vi dinh vach twong tmg véi tai trong ngang
trong Hinh 4.18 duoc so sanh v&i két qua thi nghiém nhu trong Hinh 4.20.
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Hinh 4.19. M6 hinh phin tir hitu han
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4.4. Nhan xét chwong 4

Chuong 4 trinh bay so dd khéi va mot sé hinh anh giao dién cta chuong trinh mé
phong va phan tich (mg xtr phi tuyén vach bé tong c6t thép chiu tai trong lap dao chiéu.
Ly thuyét co ban dé xay dung chuong trinh dugc trinh bay trong Chuong 2 va ndi dung
1ap trinh dugc trinh bay trong phan phu lyc. D6 chinh x4ac cta chuong trinh dugc kiém
chtng théng qua viéc phan tich tng xtr phi tuyén vach bé tong ¢t thép do tac gia thi
nghiém va trinh bay trong Chuong 3 va vach bé tong cbt thép do Thosen va Wallace
thuc hién. Két qua phan tich st dung chuong trinh CSW phat trién kha sat khi so sanh

v6i két qua thi nghiém vach bé tong cdt thép.
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NHUNG PONG GOP MOI CO Y NGHIA KHOA HQC VA
THU'C TIEN CUA LUAN AN

- Phét trién m6 hinh phi tuyén vat liéu bé tong trong khong gian tmg suét ba chiéu.

- P& xuit phan tir hdn hop bé tong cdt thép trong d6 ké dén tinh phi tuyén cta vt
lidu c6 thé tich hop trong cac phan mém phan tich PTHH.

- P 1am 1 ung xir cia két cau vach BTCT va cung cap bd sb lidu vé két qua
nghién ctru thuc nghiém véach bé téng cbt thép chiu tai trong 1ap dao chiéu.

- Xay dung chuong trinh phan tich (g xir phi tuyén cta vach bé tong cot thép chiu
tai trong lap dao chiéu voi do tin ciy dugc danh théng qua viée so sanh két qua phan

tich va két qua thuc nghi¢m.
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KET LUAN VA KIEN NGHI

A.KET LUAN

Qua cac két qua nghién ctru Iy thuyét va thuc nghiém nhu da trinh bay, luin an da
dat duoc mot sb két qua chinh nhu sau:

1. Xay dung duoc phan tir hitu han hdn hop bé tong cdt thép dang tAim trong phan
tich phi tuyén vach bé tong ¢t thép chiu tai trong lip dao chiéu.

2. - Xay dung va giai bai toan phan tich phi tuyén vach bé tong cdt thép chiu tai trong lap
ddo chiéu.

3. Nghién ctru thyc nghiém mo hinh vach bé tong cdt thép chiu tai trong lip dao
chiéu, 1am rd anh hudng cac tham s dén g xir ciia két cau.

4. X4y dung phan mém tinh toan dé phan tich tmg xtr ctia vach bé tong cdt thép
chiu tai trong 13p dao chiéu.
B. KIEN NGHI

Cén c6 thém cac nghién ctru thyc nghiém va 1y thuyét vé img xir ciia vach ngan,
vach chiu tdc dung cua luc doc thay ddi dé tir d6 hoan thién duge bai toan thiét ké vach

bé tong cdt thép co ké dén phi tuyén vé vat liéu va hinh hoc.
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Phu luc 1. Xac dinh kha niing chiu lc ciia méu vach

Maiu vach V1 (Thép doc viing bién 4616)

I. Vat lidu sir dung
- Bé tang cip dd bén: B20

Fh = 278 MPa {da ap dung gamma_b3)

- Cit thép nhém: CR300-Y
s = 260 MPa
Rsc = 260 MPa

Il. Bic trng tiét dién
- Dign tich tiét dign: & = 1200 cm2
- Diién tich cét thép: As = 206 cm2
- Ham lrong eft thép: 1.72 %

Hl. Két qua kiém tra

- Tiét dién d3m bao kha ndng chiju lyc, hé s& huy dang: CF = 0.280

IV. Sor db tiét dién

——
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V. S6 liéu chi tiét
V.1. Cap néi lwe nguy hiém nhét
- Cap ndi luc c6 hé sb huy dong kha ndng chiu lwc Ién nhat
STT | Pier Story Load Loc. N (kN) Mx (kNm)| My (kNm)| CF
V-1 Story 1 COMB1 Bottam | 350 0 235 0.980
Céc thong sb xac dinh anh hudng cia udn doc
+ Chiéu cao tang: 3600 mm
+ Chiéu dai tinh toan udn doc: 2880 mm
+ Hé s6 ubn doc: Eta Mx=1.24 Eta My =1
+ Gia tri md men sau khi xét uén doc: Mxn = 4.3 kNm Myn = 235 kNm

- Gia tri huy déng kha nang chiu luc cla tirng twrdng hop tai trong duoc liéu ké sau trang nay

V.2. Mt cét biéu db twong tac di qua diém ndi lyc nguy hiém nhéat
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Miu vach V2 (Thép doc viing bién 4014)
1. Wt ligu s dung Il. Bic trung tiét diégn
- Bé tang cip dd bén: B20 - Dién tich tiét dién: A = 1200 cm2
Fh = 278 MPa {da ap dung gamma_b3) - Diién tich cét thép: As = 206 cm2
- Cit thép nhom: CE3I00-Y - Ham |uromg eit thép: 1.72 %
Rs = 260 MPa
Rsc = 260 MPa
HL. Két qua kiém tra
- Tiét dién dam bao khd ndng chiu ke, hé s& huy dang: GF = 0.980
IV. Sor db tiét diégn
-
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V. S0 liéu chi tiét

V.1. Cép nbi lwc nguy hiém nhit
- Cép ndi lue eé hé sb huy déng kha ndng chiu luwe Ién nhit

STT | Pier Story Load Loc. N (kN} Mx (kNm)| My (kNm)| CF
W1 Stery 1 COMB1 Baltorn | 350 i 205 0.985
Cac théng sé xac dinh anh hwdng cla ubn doc
+ Chiéu cao tang: 3600 mm
+ Chiéu dai tinh toan uén doc: 2880 mm
+ Hé s6 ufn doc: Eta Mx=1.24 Eta_My = 1
+ (Gid tri m& men sau khi xét udn doc: Mxn = 4.3 KNm Myn = 205 kNm

- Gia trj huy dgng kha nang chiu lwc cia tirng twémg hop tai trong dugre liéu ké sau trang nay

V.2. Mat cat biéu do twong tac di qua diém ndi e nguy hiém nhat
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Phu luc 2. Ciu tao cac chi tiét hd tro thi nghiém
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Panh s6 cac phién do bién dang trong cét thép
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Phu luc 4. Hinh anh thi nghi¢m vit li¢u bé tong, cot thép

Thi nghiém kéo thép Thi nghiém nén bé tong




unit udata;
interface
uses SysUtils,Dialogs;

type

ainteger2=array[1..2] of integer;

ainteger3=array[1..3] of integer;

ainteger6b=array[1..6] of integer;
ainteger8=array[1..8] of integer;
ainteger9=array[1..9] of integer;
ainteger9x3=array[1..9,1..3] of integer;
ainteger=array[1..1] of integer;
areal2=array[1..2] of real;
areal3=array[1..3] of real;
areald=array[1..4] of real;
areal6=array[1..6] of real;
areal8=array[1..8] of real;
areal9=array[1..9] of real;
areall6=array[1..16] of real;
areal24=array[1..24] of real;
areal=array[1..1] of real;
areal2x2=array[1..2,1..2] of real;
areal2x8=array[1..2,1..8] of real;
areal2x16=array[1..2,1..16] of real;
areal3x2=array[1..3,1..2] of real;
areal3x3=array[1..3,1..3] of real;
areal3x24=array[1..3,1..24] of real;
arealdx3=array[1..4,1..3] of real;
areal6x6=array[1..6,1..6] of real;
areal6x24=array[1..6,1..24] of real;
areal8x2=array[1..8,1..2] of real;
areal8x3=array[1..8,1..3] of real;
areal9x3=array[1..9,1..3] of real;
areal10x2=array[1..10,1..2] of real;
areall6x2=array[1..16,1..2] of real;
areal24x3=array[1..24,1..3] of real;
areal24x6=array[1..24,1..6] of real;
areal24x24=array[1..24,1..24] of real;

//

ShearWallGeo=Packed Record
w,h,t,sh,st:real;
bsw,bsh,bst:real;
ct:real;//concrete cover thickness
bc,tc:real;//bottom cover, top cover
End;

RebarConfiguration=Packed Record



mrd,sd:real;
nmr,ns,nssh:integer;
brd:real;
nbrx,nbrz:integer;
brsx:real;//boundary rebar spacing
nsbs:integer;//no. of base stirrup
sbd:real;//diameter of base stirrup
mbd:real;//diameter of base main rebar
End;
WallVerticalLoad=Packed Record
vl:real;
nstep:integer;
End;
joint=Packed Record
Xj,yj:real;
End;
ajoint=array[1..1] of joint;
restraint=Packed Record
name:integer;
fx:ainteger3;
End;
arestraint=array[1..1] of restraint;
plan=Packed Record
jn:aintegers;
nj:integer;
th:real;
nm:integer;
ngp:integer;
sr,er,nr:integer;//inside rebar
End;
aplan=array[1..1] of plan;
member=Packed Record
jn:ainteger2;
np:integer;
npln:integer;
f:real;//factor for number of elements
npl:integer;//plan element
End;
amember=Array[1..1] of member;
MemberPro=Packed Record
name:string[50];
d:real;
nm:integer;
End;
aMemberPro=Array[1..1] of MemberPro;
MemberMaterial=Packed Record
name:string[50];
e,p:real;



fy:real;
End;
aMemberMaterial=Array[1..1] of MemberMaterial;
PlanMaterial=Packed Record
name:string[50];
e,p:real;
w:real;
fc:real;
fcrreal;
eps0,eps02:real;
ap,bt,kappa:real;
End;
aPlanMaterial=Array[1..1] of PlanMaterial;
JointLoad=Packed Record
name:integer;
w:areal3;
End;
alointLoad=Array[1..1] of JointLoad;
jointconnect=Packed Record
num:integer;
ns,ne:integer;
mark:integer;
End;
ajointconnect=Array[1..1] of jointconnect;
codej=Packed Record
imax,imin:integer;
End;
acodej=Array[1..1] of codej;
blockinf=Packed Record
ns,ne:integer;//dong bat dau va dong ket thuc block
num:integer;//So gia tri cua ma tran trong block
js,je:integer;//Nut dau va nut cuoi cua khoi
End;
ablockinf=Array[1..1] of blockinf;
cblock=Packed Record
fp:integer;//gia tri cot dau tien
fom:longint;//vi tri cot dau tien
num:integer;//so phan tu cua dong
End;
acblock=Array[1..1] of cblock;
Memberinforce=Packed Record
fs:areal6;
st:ainteger6;//path
End;
aMemberinforce=Array[1..1] of Memberinforce;
PlanStress=Packed Record
s:areal9x3;
eps0t,epsOc:areal9x3;



st:ainteger9x3;
srev,epsrev:areal9x3;
fet,fec:areal9x3;
End;
aPlanStress=Array[1..1] of PlanStress;
oshearwall=0Object
public
swg:ShearWallGeo;
rc:RebarConfiguration;
vl:WallVerticallLoad;
hl:Aareal;nhl:integer;
//
jnt:Aajoint;njnt:integer;
res:Marestraint;nres:integer;
pln:*aplan;npln:integer;
memb:*amember;nmemb:integer;
mpro:*aMemberPro;nmpro:integer;
mmal:*aMemberMaterial;nmmal:integer;
pmal:*aPlanMaterial;npmal:integer;
//
rlst:Aainteger;nrist:integer;
//
jldj:*alointLoad;njldj:integer;
//
MeshSize:real;
MeshOption:integer;
//
renj:Mainteger;
ecode,etype:Mainteger;nect:integer;
neq:integer;
cdis:Mainteger;
//Memory Size Block
MemSizeBlock:integer;//Mega byte
{Bien luu tru nut truoc khi danh lai so}
jntl:7ajoint;
{Bien dinh vi ma tran do cung}
cdejl,cdej2:acodej;
cdel:*ainteger;
jcon:Majointconnect;
//
block:*ablockinf;nblock:integer;
blocklist:*ainteger;nblocklist:integer;
blocklistindex:*ainteger;numblocklist:*ainteger;
cline:Macblock;
//
km:”areal;nkm:integer;
kmi,kmj:~areal;nkmi,nkmj:integer;
pm:*areal;npm:integer;



//

ifs:*aMemberinforce;nifs:integer;

pls:*aPlanStress;npls:integer;

//

dis,distmp:~*areal;ndis:integer;

Id:~areal;nld:integer;

//

nloadstep,njload:integer;

nrealloadstep:integer;

//

NOrphanedJoint:integer;

//

Procedure redimmmal(i,j:integer);

Procedure redimpmal(i,j:integer);

Procedure redimmpro(i,j:integer);

Procedure zerommal(mmall:MemberMaterial);

Procedure zeropmal(pmall:PlanMaterial);

Procedure zerompro(mprol:MemberPro);

Procedure InitPro;

Procedure Mesh;

//

Procedure SaveData(FName:string);

Procedure ReadData(FName:string);

//

Procedure fmquad(Var der:areal2x8;Var fun:areal8;xi,eta:real);
Procedure derquad(Var der:areal2x8;xi,eta:real);

Procedure formb8(Var a:areal3x24;b:areal2x8;c:areal8);

//

Procedure twoby2(Var a:areal2x2;b:areal2x2;Var det:real);

Procedure matmul28x82(Var a:areal2x2;b:areal2x8;c:areal8x2);
Procedure matmul22x28(Var a:areal2x8;b:areal2x2;c:areal2x8);
Procedure matmul324tx33x324(Var a:areal24x24;b:areal3x24;c:areal3x3);
Procedure matmul624tx66x624(Var a:areal24x24;b:areal6x24;c:areal6x6);
Procedure gauss(Var a:areal10x2;n:integer);

Procedure deemat(Var a:areal3x3;e,p:real);

//

Procedure Solve3Eqs(Var x:areal3;a:areal3x3;b:areal3);

//

Procedure DBmatmembrane8(Var bee:areal3x24;Var det:real;coor:areal8x2;xi,eta:real);
Procedure stiffmatplan8(Var ks:areal24x24;coor:areal8x2;e,p,th:real;ngp:integer);
Procedure CalTransformationMatrix(Var t:areal6x24;ni,nr:integer);
Procedure planstiffmat(Var ks:areal24x24;ni:integer);

//

Procedure CalMembPro(Var eax,eiz,gay:real;ni:integer);

Procedure membfixstiffnessmat(Var ks:areal6x6;eax,eiz,gay:real;ell:Real);
Procedure mcos(Var cs:areal3x3;xi,yi,xj,yj:Real);

Procedure membstiffmat(Var ks:areal6x6;ni:integer);

1/



Procedure invariantstress2d(Var il1,j2,j3,teta:real;inf:areal3);

Procedure mainstress2d(Var infl:areal3;inf:areal3);

Procedure StressDerivativeFunction(Var dr:areal3x3;inf:areal3);

//

Procedure InvariantStrain2D(Var ils,j2s,j3s,tetas:real;eps:areal3;p:real);
Procedure mainstrain2d(Var epsi:areal3;eps:areal3;p:real);

Procedure StrainDerivativeFunction(Var dr:areal3x3;eps:areal3;p:real);
Procedure PrincipalStrainDerivative(Var dr:areal3x3;eps:areal3;p:real);

//

Procedure ConcretefcrFunction(Var fun:real;Var
der,dfdep:areal3;inf,eps:areal3;fcr,ec,p,kappa:real;eps00:real;code:integer);
Procedure ConcretecompressionFunction(Var fun:real;Var
der,dfdep:areal3;inf,eps:areal3;fc,p,ap,bt,eps0,eps02:real;eps00:real;code:integer);
//

Procedure SetPlasticStressBackward(Var
infl:areal3;inf0,dinf,eps:areal3;ec,p,fc,fcr,ap,bt,kappa,eps0,eps02,eps0t,epsOc:real;fet,fec:areal3);
//

Procedure PlanNonlinearLoadVector(Var bload:areal24;Var
sigl:PlanStress;sig0:PlanStress;ds,dds:areal24;h,i:integer;step,iter:integer);
Procedure MemberNonlinearLoadVector(Var
bload:areal6;infl:MemberInforce;inf0:Memberinforce;ds,dds:areal6;n:integer);
//

Procedure renamejnt;

Procedure codejl;

Procedure DellCon;

//

Procedure redimcline;

Procedure redimblock;

Procedure setcline(i:integer;fp:integer;fpm:longint;num:integer);

//

Procedure codej2;

Procedure StiffnessSize(var size:real);

Procedure setmemkm;

Procedure setmempm;

Procedure StiffnessMatrix;

Procedure LoadMatrix(step:integer);

//

Procedure cholin_outcore(Var err,ndof:integer);

Procedure chobkl_outcore(j:integer);

Procedure chobk2_outcore(j:integer);

//

Procedure cholin_incore(Var err,ndof:integer);

Procedure chobkl_incore(j:integer);

Procedure chobk2_incore(j:integer);

//

Procedure delrun;

Procedure rerenamejnt;

Procedure delkm;



Procedure delpm;

//

Procedure InitData;
Procedure DelData;
Procedure DelElement;
Procedure InitResult;
Procedure DelResult;
Procedure InitAll;
Procedure DelAll;

End;

Var sw:oshearwall;
implementation
uses math,fnclib;

Procedure oshearwall.redimmmal(i,j:integer);
Begin

If j>i then

Begin

If i>0 then

Begin
ReallocMem(mmal,j*sizeof(MemberMaterial));
End;

If i=0 then
Getmem(mmal,j*sizeof(MemberMaterial));
End;

If j<i then

Begin

If j>0 then

Begin
ReallocMem(mmal,j*sizeof(MemberMaterial));
End;

If j=0 then
Freemem(mmal,i*sizeof(MemberMaterial));
End;

End;

Procedure oshearwall.redimpmal(i,j:integer);
Begin

If j>i then

Begin

If i>0 then

Begin
ReallocMem(pmal,j*sizeof(PlanMaterial));
End;

If i=0 then



Getmem(pmal,j*sizeof(PlanMaterial));
End;

If j<i then

Begin

If j>0 then

Begin
ReallocMem(pmal,j*sizeof(PlanMaterial));
End;

If j=0 then
Freemem(pmal,i*sizeof(PlanMaterial));
End;

End;

Procedure oshearwall.redimmpro(i,j:integer);
Begin

If j>i then

Begin

If i>0 then

Begin
ReallocMem(mpro,j*sizeof(MemberPro));
End;

If i=0 then
Getmem(mpro,j*sizeof(MemberPro));
End;

If j<i then

Begin

If j>0 then

Begin
ReallocMem(mpro,j*sizeof(MemberPro));
End;

If j=0 then
Freemem(mpro,i*sizeof(MemberPro));
End;

End;

Procedure oshearwall.zerommal(mmall:MemberMaterial);
Begin

End;

Procedure oshearwall.zeropmal(pmall:PlanMaterial);
Begin

End;

Procedure oshearwall.zerompro(mprol:MemberPro);
Begin



End;

Procedure oshearwall.InitPro;
Var i:integer;

Begin
//Plan material
npmal:=2;

Getmem(pmal,npmal*sizeof(PlanMaterial));
i:=1;

pmal?[i].name:='Base’;

pmal”[i].fc:=35000;
pmalA[i].e:=3875*sqrt(pmal”[i].fc/1000)*1000;
pmal?[i].p:=0.2;

pmal?[i].w:=25;
pmal/[i].fcr:=0.31*sqgrt(pmal”[i].fc/1000)*1000;
pmal*[i].eps0:=0.002;
pmal*[i].eps02:=1.5*pmal”[il.eps0;
pmalA*[i]l.ap:=1.3;

pmalA[i].bt:=2.0;

pmalA[i].kappa:=0.8;

i:=2;

pmalA[i].fc:=34500;

pmal*[i].name:="Wall';

pmalA[i].fc:=35000;
pmalA[i].e:=3875*sqrt(pmal”[i].fc/1000)*1000;
pmal?[i].p:=0.2;

pmal*[i].w:=25;
pmalA[i].fcr:=0.31*sqgrt(pmal”[i].fc/1000)*1000;
pmal*[i].eps0:=0.002;
pmal?[il.eps02:=1.5*pmal”[i].eps0;
pmal*[i]l.ap:=1.3;

pmalA[i].bt:=2.0;

pmalA[i].kappa:=0.8;

//Member pro

nmpro:=3;
Getmem(mpro,nmpro*sizeof(MemberPro));
i:=1;

mpro”[i].name:='"Main’;

mpro”[i].d:=rc.mrd;

mpro”[il.nm:=1;

//

i:=2;

mpro”[i].name:='Boundary’;
mpro”[i].d:=rc.brd;

mpro”[il.nm:=2;

/]

i:=3;

mpro”[i].name:='Stirrup";



mpro”[i].d:=rc.sd;
mpro”[il.nm:=3;
//Member material
nmmal:=3;
Getmem(mmal,nmmal*sizeof(MemberMaterial));
i:=1;
mmalA[i].name:='"Main’;
mmal*[i].e:=200000000;
mmal”[i].p:=0.3;
mmalA[i].fy:=300000;

//

i:=2;
mmal”[i].name:='Boundary’;
mmal”[i].e:=200000000;
mmal[i].p:=0.3;
mmalA[i].fy:=300000;

//

i:=3;
mmalA[i].name:="Stirrup’;
mmal”[i].e:=200000000;
mmal[i].p:=0.3;
mmalA[i].fy:=300000;
End;

Procedure oshearwall.Mesh;
Var i,j,k,l:integer;
nx,ny:integer;
nbx,nby:integer;
ndx1,ndx2,ndx3,ndx4:integer;
nx1,nx2,nx3,nx4,nx5:integer;
dx1,dx2,dx3,dx4,dx5:real;
nyl,ny2,ny3,ny4,ny5,ny6,ny7:integer;
dyl,dy2,dy3,dy4,dy5,dy6,dy7:real;
ndyl,ndy2,ndy6:integer;
nyt,dyt:integer;
mrs:real;//Main rebar spacing
ss:real;

nxb,nxw:integer;

x,xb,yb:real;

yl,y2:real;

njb,nplb:integer;

ell:real;
ml,m2,m3,m4,m5:integer;
Begin

DelElement;

If MeshOption=0 then

Begin

/X



//Number of element between two main rebars
//Main rebar spacing
mrs:=(swg.w-2*swg.ct-2*rc.brsx*(rc.nbrx-1))/(rc.nmr+1);
ndx1:=trunc(mrs/MeshSize)+1;

If ndx1<1 then

ndx1:=1;

//Total number of elements in the main rebar zone
nx1:=ndx1*(rc.nmr+1);

If nx1<1 then

nx1:=1;

//Element size in main rebar zone

dx1:=mrs/ndx1;

//Number elements in boundary zone
ndx2:=trunc(rc.brsx/MeshSize)+1;

If ndx2<1 then

ndx2:=1;

dx2:=rc.brsx/ndx2;

//

nx2:=ndx2*(rc.nbrx-1);

//Number elements in concrete cover zone
ndx3:=trunc(swg.ct/MeshSize)+1;

nx3:=ndx3;

dx3:=swg.ct/ndx3;

//Base

ndx4:=ndx1;
nx4:=(trunc((swg.bsw-swg.w-2*swg.ct)/2/mrs)+1)*ndx4;
dx4:=(swg.bsw-swg.w-2*swg.ct)/2/nx4;

//concrete cover

nx5:=trunc((swg.ct)/MeshSize)+1;
dx5:=swg.ct/nx5;

/Y
ndy1:=trunc((swg.h-swg.sh-swg.bc-swg.tc)/(rc.ns-1)/MeshSize)+1;
nyl:=(rc.ns-1)*ndy1;
dyl:=(swg.h-swg.sh-swg.bc-swg.tc)/ny1;

//Bottom wall to first rebar layer
ny3:=trunc(swg.bc/MeshSize)+1;

dy3:=swg.bc/ny3;

//top wall to last rebar layer
ny5:=trunc(swg.tc/MeshSize)+1;

dy5:=swg.tc/ny5;

//Strenthen
ndy6:=trunc((swg.sh-swg.ct)/(rc.nssh-1)/MeshSize)+1;
ny6:=(rc.nssh-1)*ndy6;

dy6:=(swg.sh-swg.ct)/ny6;

//Cover

ny7:=trunc(swg.ct/MeshSize)+1;

dy7:=swg.ct/ny7;

//Base



ndyl:=trunc((swg.h-swg.sh-swg.bc-swg.tc)/(rc.ns-1)/MeshSize)+1;
nyl:=(rc.ns-1)*ndy1;
dy1:=(swg.h-swg.sh-swg.bc-swg.tc)/ny1;

//
ndy2:=trunc((swg.bsh-2*swg.ct)/(rc.nsbs-1)/MeshSize)+1;
ny2:=(rc.nsbs-1)*ndy2;
dy2:=(swg.bsh-2*swg.ct)/ny2;

//Concrete cover
ny4:=trunc(swg.ct/MeshSize)+1;
dy4:=swg.ct/ny4;

//Number of joints for 8-node element
//Base
nxb:=2*nx5+2*nx4+2*nx3+2*nx2+nx1;
//corner

njnt:=(nxb+1)*(ny2+2*ny4+1);

//Middle X

njnt:=njnt+nxb*(ny2+2*ny4+1);

//Middle Y

njnt:=njnt+(nxb+1)*(ny2+2*ny4);

//Wall

nxw:=2*nx3+2*nx2+nx1;

//corner
njnt:=njnt+(nxw+1)*(nyl+ny3+ny5+ny6+ny7);
//Middle X
njnt:=njnt+nxw*(nyl+ny3+ny5+ny6+ny7);
//Middle Y
njnt:=njnt+(nxw+1)*(nyl+ny3+ny5+ny6+ny7);
End;

//

If MeshOption=1 then

Begin

//X

ndx1:=1;

//Total number of elements in the main rebar zone
nx1:=trunc((swg.w-2*swg.ct)/MeshSize)+1;
//Element size in main rebar zone
dx1:=(swg.w-2*swg.ct)/nx1;

//Number elements in boundary zone
ndx2:=0;

dx2:=0;

nx2:=0;

//Number elements in concrete cover zone
ndx3:=trunc(swg.ct/MeshSize)+1;

nx3:=ndx3;

dx3:=swg.ct/ndx3;

//Base

ndx4:=1;
nx4:=trunc((swg.bsw-swg.w-2*swg.ct)/2/MeshSize)+1;



dx4:=(swg.bsw-swg.w-2*swg.ct)/2/nx4;
//concrete cover
nx5:=trunc((swg.ct)/MeshSize)+1;
dx5:=swg.ct/nx5;

/Y

ndyl:=1;
nyl:=trunc((swg.h-swg.ct)/MeshSize)+1;
dyl:=(swg.h-swg.ct)/ny1;

//Bottom wall to first rebar layer
ny3:=0;

dy3:=0;

//top wall to last rebar layer

ny5:=0;

dy5:=0;

//Strenthen

ndy6:=0;

ny6:=0;

dy6:=0;

//Cover
ny7:=trunc(swg.ct/MeshSize)+1;
dy7:=swg.ct/ny7;

//Base
ndyl:=trunc((swg.h-swg.sh-swg.bc-swg.tc)/(rc.ns-1)/MeshSize)+1;
nyl:=(rc.ns-1)*ndy1;
dyl:=(swg.h-swg.sh-swg.bc-swg.tc)/ny1;
//
ndy2:=trunc((swg.bsh-2*swg.ct)/(rc.nsbs-1)/MeshSize)+1;
ny2:=(rc.nsbs-1)*ndy2;
dy2:=(swg.bsh-2*swg.ct)/ny2;
//Concrete cover
ny4:=trunc(swg.ct/MeshSize)+1;
dy4:=swg.ct/ny4;

//Number of joints for 8-node element
//Base
nxb:=2*nx5+2*nx4+2*nx3+2*nx2+nx1;
//corner

njnt:=(nxb+1)*(ny2+2*ny4+1);

//Middle X
njnt:=njnt+nxb*(ny2+2*ny4+1);
//Middle Y
njnt:=njnt+(nxb+1)*(ny2+2*ny4);

//Wall

nxw:=2*nx3+2*nx2+nx1;

//corner
njnt:=njnt+(nxw+1)*(nyl+ny3+ny5+ny6+ny7);
//Middle X
njnt:=njnt+nxw*(nyl+ny3+ny5+ny6+ny7);
//Middle Y



njnt:=njnt+(nxw+1)*(nyl+ny3+ny5+ny6+ny7);
End;

//

Getmem(jnt,njnt*sizeof(joint));

//Joint coordinate

//Base

For i:=1 to ny4+ny2+ny4+1 do

Begin

If i<=ny4 then

Begin

y1:=(i-1)*dy4;

y2:=(i-1)*dy4+dy4/2;

End;

If (i>ny4) and (i<=ny4+ny2) then

Begin

y1:=ny4*dya+(i-ny4-1)*dy2;
y2:=nyA*dy4+(i-ny4-1)*dy2+dy2/2;

End;

If i>ny4+ny2 then

Begin
y1l:=ny4*dy4+ny2*dy2+(i-ny4-ny2-1)*dy4;
y2:=nyA*dy4+ny2*dy2+(i-ny4-ny2-1)*dy4+dy4/2;
End;

//Cover

//Corner

For j:=1to nx5+1 do

Begin

//Corner

jntA[(i-1)* (nxb+1+nxb+nxb+1)+2*j-1].xj:=(j-1) *dx5;
jntA[(i-1)* (nxb+1+nxb+nxb+1)+2*j-1].yj:=y1;
//

If i<=ny4+ny2+ny4 then

Begin

l:=nxb+1+nxb;

jntA[(i-1)* (nxb+1+nxb+nxb+1)+l+j].xj:=(j-1) *dx5;
jntA[(i-1)* (nxb+1+nxb+nxb+1)++j].yj:=y2;
End;

End;

For j:=1to nx5 do

Begin

jntA[(i-1)* (nxb+1+nxb+nxb+1)+2*j].xj:=j*dx5-dx5/2;
jntA[(i-1)* (nxb+1+nxb+nxb+1)+2*jl.yj:=y1;
End;

//

Forj:=1to nx4 do

Begin

k:=2*nx5+1;

x:=dx5*nx5;



//Corner node

jntA[(i-1)* (nxb+1+nxb+nxb+1)+k+2*j].xj:=x+j*dx4;
jntA[(i-1)* (nxb+1+nxb+nxb+1)+k+2*j].yj:=y1;
//Mid x node

jntA[(i-1)* (nxb+1+nxb+nxb+1)+k+2*j-1].xj:=x+j* dx4-dx4/2;
jntA[(i-1)* (nxb+1+nxb+nxb+1)+k+2*j-1].yj:=y1;
//Mid y node

If i<=ny4+ny2+ny4 then

Begin

l:=nxb+1+nxb+nx5+1;

JntA[(i-1)* (nxb+1+nxb+nxb+1)+I+j].xj:=x+j*dx4;
jntA[(i-1)* (nxb+1+nxb+nxb+1)+l+j].yj:=y2;

End;

End;

//

Forj:=1to nx3 do

Begin

k:=2*nx5+2*nx4+1;

x:=dx5*nx5+dx4*nx4;

jntA[(i-1)* (nxb+1+nxb+nxb+1)+k+2*j].xj:=x+j*dx3;
jntA[(i-1)* (nxb+1+nxb+nxb+1)+k+2*j].yj:=y1;

//

jntA[(i-1)* (nxb+1+nxb+nxb+1)+k+2*j-1].xj:=x+j*dx3-dx3/2;
jntA[(i-1)* (nxb+1+nxb+nxb+1)+k+2*j-1].yj:=y1;

//

If i<=ny4+ny2+ny4 then

Begin

l:=nxb+1+nxb+nx5+1+nx4;

jntA[(i-1)* (nxb+1+nxb+nxb+1)+1+j].xj:=x+j*dx3;
jntA[(i-1)* (nxb+1+nxb+nxb+1)+l+j].yj:=y2;

End;

End;

//

Forj:=1to nx2 do

Begin

k:=2*nx5+2*nx4+1+2*nx3;
x:=dx5*nx5+dx4*nx4+dx3*nx3;

jntA[(i-1)* (nxb+1+nxb+nxb+1)+k+2*j].xj:=x+j*dx2;
jntA[(i-1)* (nxb+1+nxb+nxb+1)+k+2*j].yj:=y1;

//

jntA[(i-1)* (nxb+1+nxb+nxb+1)+k+2*j-1].xj:=x+j*dx2-dx2/2;
jntA[(i-1)* (nxb+1+nxb+nxb+1)+k+2*j-1].yj:=y1;

//

If i<=ny4+ny2+ny4 then

Begin

|:=nxb+1+nxb+nx5+1+nx4+nx3;

jntA[(i-1)* (nxb+1+nxb+nxb+1)+14+j].xj:=x+j*dx2;
jntA[(i-1)* (nxb+1+nxb+nxb+1)+l+j].yj:=y2;



End;

End;

Forj:=1to nx1do

Begin

k:=2*nx5+2*nx4+1+2*nx3+2*nx2;
x:=dx5*nx5+dx4*nx4+dx3*nx3+dx2*nx2;
jntA[(i-1)* (nxb+1+nxb+nxb+1)+k+2*j].xj:=x+j*dx1;
jntA[(i-1)* (nxb+1+nxb+nxb+1)+k+2*j].yj:=y1;

//

jntA[(i-1)* (nxb+1+nxb+nxb+1)+k+2*j-1].xj:=x+j*dx1-dx1/2;
jntA[(i-1)* (nxb+1+nxb+nxb+1)+k+2*j-1].yj:=y1;

//

If i<=ny4+ny2+ny4 then

Begin

l:=nxb+1+nxb+nx5+1+nx4+nx3+nx2;

jntA[(i-1)* (nxb+1+nxb+nxb+1)+1+j].xj:=x+j*dx1;

jnt A (i-1)* (nxb+1+nxb+nxb+1)+l+j].yj:=y2;

End;

End;

Forj:=1to nx2 do

Begin

k:=2*nx5+2*nx4+1+2*nx3+2*nx2+2*nx1;
x:=dX5*nx5+dx4*nx4+dx3*nx3+dx2*nx2+dx1*nx1;
jntA[(i-1)* (nxb+1+nxb+nxb+1)+k+2*j].xj:=x+j*dx2;
jntA[(i-1)* (nxb+1+nxb+nxb+1)+k+2*j].yj:=y1;

//

jntA[(i-1)* (nxb+1+nxb+nxb+1)+k+2*j-1].xj:=x+j*dx2-dx2/2;
jntA[(i-1)* (nxb+1+nxb+nxb+1)+k+2*j-1].yj:=y1;

//

If i<=ny4+ny2+ny4 then

Begin

|:=nxb+1+nxb+nx5+1+nx4+nx3+nx2+nx1;
jntA[(i-1)* (nxb+1+nxb+nxb+1)+1+j].xj:=x+j*dx2;
jntA[(i-1)* (nxb+1+nxb+nxb+1)+l+j].yj:=y2;

End;

End;

//

For j:=1to nx3 do

Begin
k:=2*nx5+2*nx4+1+2*nx3+2*nx2+2*nx1+2*nx2;
x:=dX5*nx5+dx4*nx4+dx3*nx3+dx2*nx2+dx1*nx1+dx2*nx2;
jntA[(i-1)* (nxb+1+nxb+nxb+1)+k+2*j].xj:=x+j*dx3;
jntA[(i-1)* (nxb+1+nxb+nxb+1)+k+2*j].yj:=y1;

//

jntA[(i-1)* (nxb+1+nxb+nxb+1)+k+2*j-1].xj:=x+j*dx3-dx3/2;
jntA[(i-1)* (nxb+1+nxb+nxb+1)+k+2*j-1].yj:=y1;

//

If i<=ny4+ny2+ny4 then



Begin

|:=nxb+1+nxb+nx5+1+nx4+nx3+nx2+nx1+nx2;

jntA[(i-1)* (nxb+1+nxb+nxb+1)+1+j].xj:=x+j*dx3;

jntA[(i-1)* (nxb+1+nxb+nxb+1)+1+j].yj:=y2;

End;

End;

//

For j:=1to nx4 do

Begin
k:=2*nx5+2*nx4+1+2*nx3+2*nx2+2*nx1+2*nx2+2*nx3;
x:=dx5*nNx5+dx4*nx4+dx3*nx3+dx2*nx2+dx1* nx1+dx2* nx2+dx3*nx3;
jntA[(i-1)* (nxb+1+nxb+nxb+1)+k+2*j].xj:=x+j*dx4;
jntA[(i-1)* (nxb+1+nxb+nxb+1)+k+2*j].yj:=y1;

//

jntA[(i-1)* (nxb+1+nxb+nxb+1)+k+2*j-1].xj:=x+j* dx4-dx4/2;
jntA[(i-1)* (nxb+1+nxb+nxb+1)+k+2*j-1].yj:=y1;

//

If i<=ny4+ny2+ny4 then

Begin

l:=nxb+1+nxb+nx5+1+nx4+nx3+nx2+nx1+nx2+nx3;
jntA[(i-1)* (nxb+1+nxb+nxb+1)+1+j].xj:=x+j*dx4;

jnt A (i-1)* (nxb+1+nxb+nxb+1)+l+j].yj:=y2;

End;

End;

//

For j:=1to nx5 do

Begin
k:=2*nx54+2*nx4+1+2*nx3+2*nx2+2*nx1+2*nx2+2*nx3+2*nx4;
x:=dx5*nx5+dx4*nx4+dx3*nx3+dx2*nx2+dx1*nx1+dx2*nx2+dx3*nx3+dx4*nx4;
jntA[(i-1)* (nxb+1+nxb+nxb+1)+k+2*j].xj:=x+j*dx5;
jntA[(i-1)* (nxb+1+nxb+nxb+1)+k+2*j]l.yj:=y1;

//

jntA[(i-1)* (nxb+1+nxb+nxb+1)+k+2*j-1].xj:=x+j*dx5-dx5/2;
jntA[(i-1)* (nxb+1+nxb+nxb+1)+k+2*j-1].yj:=y1;

//

If i<=ny4+ny2+ny4 then

Begin
l:=nxb+1+nxb+nx5+1+nx4+nx3+nx2+nx1+nx2+nx3+nx4;
jntA[(i-1)* (nxb+1+nxb+nxb+1)+1+j].xj:=x+j*dx5;

jnt A (i-1)* (nxb+1+nxb+nxb+1)+l+j].yj:=y2;

End;

End;

End;

//Wall

xb:=dx5*nx5+dx4*nx4;

yb:=dy4*nyd+dy2*ny2+dyd*ny4;
njb:=(nxb+1+nxb+nxb+1)*(ny2+ny4+ny4)+nxb+1+nxb;

//



Fori:=1to nyl+ny3+ny5+ny6+ny7 do

Begin

If i<=ny3 then

Begin

yl:=yb+i*dy3;

y2:=yb+(i-1)*dy3+dy3/2;

End;

//

If (i>ny3) and (i<=ny3+ny1) then

Begin

y1l:=yb+ny3*dy3+(i-ny3)*dy1;
y2:=yb+ny3*dy3+(i-ny3-1)*dyl+dy1/2;

End;

//

If (i>ny3+ny1) and (i<=ny3+nyl+ny5) then

Begin

y1l:=yb+ny3*dy3+nyl*dyl+(i-ny3-nyl)*dy5;
y2:=yb+ny3*dy3+nyl*dy1+(i-ny3-ny1-1)*dy5+dy5/2;

End;

//

If (i>ny3+nyl+ny5) and (i<=ny3+nyl+ny5+ny6) then

Begin
yl:=yb+ny3*dy3+nyl*dyl+ny5*dy5+(i-ny3-nyl-ny5)*dy6;
y2:=yb+ny3*dy3+nyl*dyl+ny5*dy5+(i-ny3-nyl-ny5-1)*dy6+dy6/2;
End;

//

If (i>ny3+nyl+ny5+ny6) and (i<=ny3+nyl+ny5+ny6+ny7) then
Begin
y1:=yb+ny3*dy3+nyl*dyl+ny5*dy5+ny6*dy6+(i-ny3-nyl-ny5-ny6)*dy7;
y2:=yb+ny3*dy3+nyl*dyl+ny5*dy5+ny6*dy6+(i-ny3-nyl-ny5-ny6-1)*dy7+dy7/2;
End;

//

Forj:=1to nx3+1 do

Begin

l:=njb;

x:=xb;

JntA[(i-21)* (nxw+L+nxw+nxw+1)++j].xj:=x+(j-1) *dx3;
jntAL(i-1)* (nxw+1+nxw+nxw+1)++jlyj:=y2;

//

k:=njb+nxw+1;

JntA[(I-21)* (nxw+1+nxw+nxw+1)+k+2*j-1].xj:=x+(j-1) *dx3;
JntA[(i-1)* (nxw+1+nxw+nxw+1)+k+2*j-1].yj:=y1;

End;

For j:=1to nx3 do

Begin

x:=xb;

k:=njb+nxw+1;

JntAL(-1)* (nxw+1+nxw+nxw+1)+k+2 *j].xj:=x+(j-1) *dx3+dx3/2;



JntAL(i-1)* (nxw+1+nxw+nxw+1)+k+2*j].yj:=y1;

End;

/]

Forj:=1to nx2 do

Begin

l:=njb+nx3+1;

x:=xb+dx3*nx3;

JntA[(I-21)* (nxw+1+nxw+nxw+1)+1+] . Xj:=x+j* dx2;
JntA[(I-1)* (nxw+1+nxw+nxw+1)++j].yj:=y2;

//

k:=(njb+nxw+1)+2*nx3+1;

JNtA[(I-21)* (nxw+1+nxw+nxw+1)+k+2*j].xj:=x+j* dx2;
JtA[(I-21)* (nxw+1+nxw+nxw+1)+k+2*j].yj:=y1;

//

JntAL(i-1)* (nxw+1+nxw+nxw+1)+k+2*j-1].xj:=x+j*dx2-dx2/2;
JntA[(-1)* (nxw+1+nxw+nxw+1)+k+2*j-1].yj:=y1;
End;

//

Forj:=1to nx1do

Begin

l:=njb+nx3+1+nx2;

x:=xb+dx3*nx3+dx2*nx2;

JntAL(i-1)* (nxw+1+nxwHnxw+1)+1+j].xj:=x+j*dx1;
JntAL(i-1)* (nxw+1+nxw+nxw+1)++jl.yj:=y2;

//

k:=(njb+nxw+1)+2*nx3+1+2*nx2;

JntAL(i-1)* (nxw+1+nxwHnxw+1)+k+2*j1.xj:=x+j*dx1;
JntA[(I-1)* (nxw+1+nxw+nxw+1)+k+2*jyj:=y1;

//

JntAL(I-1)* (nxw+1+nxw+nxw+1)+k+2*j-1].xj:=x+j*dx1-dx1/2;
JntA[(I-1)* (nxw+1+nxw+nxw+1)+k+2*j-1].yj:=y1;
End;

//

Forj:=1to nx2 do

Begin

l:=njb+nx3+1+nx2+nx1;
x:=xb+dx3*nx3+dx2*nx2+dx1*nx1;

JntAL(i-1)* (nxw+1+nxwHnxw+1)++j].xj:=x+j*dx2;
JntA[(i-21)* (nxw+1+nxw+nxw+1)++j].yj:=y2;

//

k:=(njb+nxw+1)+2*nx3+1+2*nx2+2*nx1;
JntA[(I-1)* (nxw+1+nxw+nxw+1)+k+2*j].xj:=x+j*dx2;
JntA[(I-21)* (nxw+1+nxw+nxw+1)+k+2*jl.yj:=y1;

//

JntAL(-1)* (nxw+1+nxw+nxw+1)+k+2 *j-1].xj:=x+j*dx2-dx2/2;
JntA[(i-1)* (nxw+1+nxw+nxw+1)+k+2*j-1].yj:=y1;
End;

//



For j:=1to nx3 do

Begin

l:=njb+nx3+1+nx2+nx1+nx2;
x:=xb+dx3*nx3+dx2*nx2+dx1*nx1+dx2*nx2;
JntA[(I-21)* (nxw+1+nxw+nxw+1)+1+] . Xj:=x+j* dx3;
JntA[(I-1)* (nxw+1+nxw+nxw+1)++j].yj:=y2;

//

k:=(njb+nxw+1)+2*nx3+1+2*nx2+2*nx1+2*nx2;
JntA[(I-21)* (nxw+1+nxw+nxw+1)+k+2*j].xj:=x+j*dx3;
JtA[(I-21)* (nxw+1+nxw+nxw+1)+k+2*jl.yj:=y1;

//

JntA[(i-1)* (nxw+1+nxw+nxw+1)+k+2*j-1].xj:=x+j*dx3-dx3/2;
JntA[(i-1)* (nxw+1+nxw+nxw+1)+k+2*j-1].yj:=y1;
End;

End;

//plan element
npln:=nxb*(ny4+ny2+ny4)+nxw*(nyl+ny3+ny5+ny6+ny7);
Getmem(pln,npln*sizeof(plan));

//Base

For i:=1 to ny4+ny2+ny4 do

For j:=1to nxb do

Begin

pInA[(i-1)*nxb+j].th:=swg.bst;
pIn”[(i-1)*nxb+j].nm:=1;

//

pInA[(i-1)*nxb+j].nj:=8;

pInA[(i-1)*nxb+j].ngp:=2;

//

pInA[(i-1)*nxb+jl.jn[1]:=(i-1)*(2*nxb+1+nxb+1)+2%*j-1;
pInA[(i-1)*nxb+j1.jn[2]:=(i-1)*(2*nxb+1+nxb+1)+2*j+1;
pInA[(i-1)*nxb+j].jn[3]:=i*(2*nxb+1+nxb+1)+2*j+1;
pInA[(i-1)*nxb+j].jn[4]:=i*(2*nxb+1+nxb+1)+2*j-1;

//

pInA[(i-1)*nxb+j].jn[5]:=(i-1)*(2*nxb+1+nxb+1)+2%*j;
pInA[(i-1)*nxb+jl.jn[6]:=(i-1)*(2*nxb+1+nxb+1)+2*nxb+1+j+1;
pInA[(i-1)*nxb+j].jn[7]:=i*(2*nxb+1+nxb+1)+2%*j;
pInA[(i-1)*nxb+j].jn[8]:=(i-1)*(2*nxb+1+nxb+1)+2*nxb+1+j;
End;

//Wall

nplb:=nxb*(ny4+ny2+ny4);

For i:=1 to nyl+ny3+ny5+ny6+ny7 do
For j:=1to nxw do

Begin

If i<=nyl+ny3+ny5 then

Begin
pInA[nplb+(i-1)*nxw+j].th:=swg.t;
pInA[nplb+(i-1)*nxw+j].nm:=2;

End;



/]

If i>ny1+ny3+ny5 then

Begin
pInA[nplb+(i-1)*nxw+j].th:=swg.st;
pInA[nplb+(i-1)*nxw+j].nm:=2;
End;

//

pInA[nplb+(i-1)*nxw+j].nj:=8;
pInA[nplb+(i-1)*nxw+j].ngp:=2;

//
If i=1 then
Begin

pIn?A[nplb+(i-1)*nxw+j].jn[1]:=njb-(2*nxb+1)+2*nx5+2* nx4+2*j-1;
pInA[nplb+(i-1)*nxw+j].jn[2]:=njb-(2*nxb+1)+2*nx5+2* nx4+2*j+1;
pInA[nplb+(i-1)*nxw+j].jn[3]:=njb+nxw+1+2*j+1;
pInA[nplb+(i-1)*nxw+j].jn[4]:=njb+nxw+1+2*}-1;

//

pInA[nplb+(i-1)*nxw+j].jn[5]:=njb-(2*nxb+1)+2*NnNx5+2*nx4+2*j;
pInA[nplb+(i-1)*nxw+j].jn[6]:=njb+j+1;
pInA[nplb+(i-1)*nxw+j].jn[7]:=njb+nxw+1+2*j;
pInA[nplb+(i-1)*nxw+j].jn[8]:=njb+j;

End;

If i>1 then

Begin
pInA[nplb+(i-1)*nxw+j].jn[1]:=njb+nxw+1+(i-2)*(2*nxw+1+nxw+1)+2*j-1;
pInA[nplb+(i-1)*nxw+j].jn[2]:=njb+nxw+1+(i-2)* (2*nxw+1+nxw+1)+2*j+1;
pInAnplb+(i-1)*nxw+j].jn[3]:=njb+nxw+1+(i-1)* (2*nxw+1+nxw+1)+2*j+1;
pInA[nplb+(i-1)*nxw+j].jn[4]:=njb+nxw+1+(i-1)* (2*nxw+1+nxw+1)+2*j-1;
//

pInA[nplb+(i-1)*nxw+j].jn[5]:=njb+nxw+1+(i-2)* (2*nxw+1+nxw+1)+2*j;
pInA[nplb+(i-1)*nxw+j].jn[6]:=njb+nxw+1+(i-2)* (2*nxw+1+nxw+1)+2*nxw+1+j+1;
pInA[nplb+(i-1)*nxw+j].jn[7]:=njb+nxw+1+(i-1)* (2*nxw+1+nxw+1)+2*j;
pIn?[nplb+(i-1)*nxw+j].jn[8]:=njb+nxw+1+(i-2)* (2* nxw+1+nxw+1)+2* nxw+1+j;
End;

End;

//Rebar element

If MeshOption=0 then

Begin

//Main

//left base

nmemb:=2*ny2*round(nx4/ndx4);

ml:=nmemb;

//Main
nmemb:=nmemb+2*(ny3+nyl+ny5+ny6+ny2+nyd)*(rc.nmr+2*rc.nbrx);
m2:=nmemb;

//right base

nmemb:=nmemb+2*ny2*round(nx4/ndx4);

1/



m3:=nmemb;

//Stirrup

//Base

nmemb:=nmemb+2*(nxb-2*nx5)*rc.nsbs;

m4:=nmemb;

//Wall

nmemb:=nmemb+2*(nxw-2*nx3)*rc.ns;

m5:=nmemb;

//

nmemb:=nmemb+2*(nxw-2*nx3)*rc.nssh;

//

Getmem(memb,nmemb*sizeof(member));

//Left base

For i:=1 to round(nx4/ndx4) do

Begin

k:=nx5+(i-1)*ndx4;

Forj:=1to ny2 do

Begin

memb”[(i-1)*2*ny2+2*j-1].np:=1;
memb”[(i-1)*2*ny2+2*j].np:=1;

//
membA[(i-1)*2*ny2+2*j-1].jn[1]:=(2*nxb+1+nxb+1)*ny4d+(j-1)*(2*nxb+1+nxb+1)+2*k+1;
memb”[(i-1)*2*ny2+2*j-1].jn[2]:=(2*nxb+1+nxb+1)*nyd+(j-1)*(2* nxb+1+nxb+1)+2*nxb+1+k+1;
//
memb”[(i-1)*2*ny2+2*j].jn[1]:=(2*nxb+1+nxb+1)*ny4+(j-1)*(2*nxb+1+nxb+1)+2*nxb+1+k+1;
memb”[(i-1)*2*ny2+2*j].jn[2]:=(2*nxb+1+nxb+1)*ny4+j* (2*nxb+1+nxb+1)+2*k+1;
End;

End;

//Main

For i:=1 to rc.nbrx+rc.nmr+rc.nbrx do

Begin

If i<=rc.nbrx then

k:=nx5+nx4+nx3+(i-1)*ndx2;

If (i>rc.nbrx) and (i<=rc.nbrx+rc.nmr) then
k:=nx5+nx4+nx3+nx2+(i-rc.nbrx)*ndx1;

If i>rc.nbrx+rc.nmr then
k:=nx5+nx4+nx3+nx2+nx1+(i-rc.nbrx-rc.nmr-1)*ndx2;

/]

For j:=1to ny2+ny4 do

Begin

If i<=rc.nbrx then
membA[m1+(i-1)*2*(ny3+nyl+ny5+ny6+ny2+ny4)+2*j-1].np:=2;
If (i>rc.nbrx) and (i<=rc.nbrx+rc.nmr) then
membA[m1+(i-1)*2*(ny3+nyl+ny5+ny6+ny2+ny4)+2*j-1].np:=1;
If i>rc.nbrx+rc.nmr then
membA[m1+(i-1)*2*(ny3+nyl+ny5+ny6+ny2+ny4)+2*j-1].np:=2;
//



membA[m1+(i-1)*2*(ny3+nyl+ny5+ny6+ny2+ny4)+2*j-1].jn[1]:=(2*nxb+1+nxb+1)* ny4+(j-
1)*(2*nxb+1+nxb+1)+2*k+1;
membA[m1+(i-1)*2*(ny3+nyl+ny5+ny6+ny2+ny4)+2*j-1].jn[2]:=(2*nxb+1+nxb+1)* ny4+(j-
1)*(2*nxb+1+nxb+1)+2*nxb+1+k+1;

//

If i<=rc.nbrx then

membA [m1+(i-1)*2*(ny3+nyl+ny5+ny6+ny2+ny4)+2*jl.np:=2;

If (i>rc.nbrx) and (i<=rc.nbrx+rc.nmr) then

membA [m1+(i-1)*2*(ny3+nyl+ny5+ny6+ny2+ny4)+2*j].np:=1;

If i>rc.nbrx+rc.nmr then

membA[m1+(i-1)*2*(ny3+nyl+ny5+ny6+ny2+ny4)+2*j].np:=2;

//
memb/A[m1+(i-1)*2*(ny3+nyl+ny5+ny6+ny2+ny4)+2*j].jn[1]:=(2*nxb+1+nxb+1)*nyd+(j-
1)*(2*nxb+1+nxb+1)+2*nxb+1+k+1;

membA[m1+(i-
1)*2*(ny3+nyl+ny5+ny6+ny2+ny4)+2*jl.jn[2]:=(2* nxb+1+nxb+1)*nyd+j* (2*nxb+1+nxb+1)+2*k+1;
End;

//

If i<=rc.nbrx then

k:=nx3+(i-1)*ndx2;

If (i>rc.nbrx) and (i<=rc.nbrx+rc.nmr) then

k:=nx3+nx2+(i-rc.nbrx)*ndx1;

If i>rc.nbrx+rc.nmr then

k:=nx3+nx2+nx1+(i-rc.nbrx-rc.nmr-1)*ndx2;

//

For j:=1 to ny3+nyl+ny5+ny6 do

Begin

If i<=rc.nbrx then
memb/A[m1+(i-1)*2*(ny3+nyl+ny5+ny6+ny2+nyd)+2*nyd+2*ny2+2*j-1].np:=2;

If (i>rc.nbrx) and (i<=rc.nbrx+rc.nmr) then
memb/A[m1+(i-1)*2*(ny3+nyl+ny5+ny6+ny2+nyd)+2*nyd+2*ny2+2*j-1].np:=1;

If i>rc.nbrx+rc.nmr then
memb/A[m1+(i-1)*2*(ny3+nyl+ny5+ny6+ny2+nyd)+2*nyd+2*ny2+2*j-1].np:=2;

//

If j=1 then

Begin
memb/A[m1+(i-1)*2*(ny3+nyl+ny5+ny6+ny2+ny4)+2*ny4+2*ny2+2*j-1].jn[1]:=(njb-
(2*nxb+1))+2*nx5+2*nx4+2*k+1;
memb/A[m1+(i-1)*2*(ny3+nyl+ny5+ny6+ny2+ny4)+2*ny4+2*ny2+2*j-1].jn[2]:=njb+k+1;
End;

If j>1 then

Begin

membA [m1+(i-1)*2*(ny3+nyl+ny5+ny6+ny2+nyd)+2*nyd+2*ny2+2*j-1].jn[1]:=njb+(j-
1)*(2*nxw+1+nxw+1)-(2*¥nxw+1)+2*k+1;
memb/A[m1+(i-1)*2*(ny3+nyl+ny5+ny6+ny2+nyd)+2*nyd+2*ny2+2*j-1].jn[2]:=njb+(j-
1)*(2*nxw+1+nxw+1)+k+1;

End;

//



If i<=rc.nbrx then
memb/A[m1+(i-1)*2*(ny3+nyl+ny5+ny6+ny2+nyd)+2*nyd+2*ny2+2*j].np:=2;

If (i>rc.nbrx) and (i<=rc.nbrx+rc.nmr) then
memb/A[m1+(i-1)*2*(ny3+nyl+ny5+ny6+ny2+nyd)+2*nyd+2*ny2+2*jl.np:=1;

If i>rc.nbrx+rc.nmr then
membA[m1+(i-1)*2*(ny3+nyl+ny5+ny6+ny2+ny4)+2*nyd+2*ny2+2*jl.np:=2;

//
memb/A[m1+(i-1)*2*(ny3+nyl+ny5+ny6+ny2+ny4)+2*ny4+2*ny2+2*jl.jn[1]:=njb+(j-
1)*(2*nxw+1+nxw+1)+k+1;
memb/A[m1+(i-1)*2*(ny3+nyl+ny5+ny6+ny2+ny4)+2*ny4+2*ny2+2*j].jn[2]:=njb+(j-
1)*(2*nxw+1+nxw+1)+(nxw+1)+2*k+1;

End;

End;

//right base

For i:=1 to round(nx4/ndx4) do

Begin

k:=nx5+nx4+nx3+nx2+nx1+nx2+nx3+i*ndx4;

Forj:=1to ny2 do

Begin

membA[m2+(i-1)*2*ny2+2*j-1].np:=1;

membA[m2+(i-1)*2*ny2+2*j].np:=1;

//
membA[m2+(i-1)*2*ny2+2*j-1].jn[1]:=(2*nxb+1+nxb+1)*ny4+(j-1)*(2*nxb+1+nxb+1)+2*k+1;
membA[m2+(i-1)*2*ny2+2*j-11.jn[2]:=(2*nxb+1+nxb+1)*ny4+(j-1)*(2* nxb+1+nxb+1)+2*nxb+1+k+1;
//
membA[m2+(i-1)*2*ny2+2*j].jn[1]:=(2*nxb+1+nxb+1)*nyd+(j-1)*(2*nxb+1+nxb+1)+2*nxb+1+k+1;
membA[m2+(i-1)*2*ny2+2*j].jn[2]:=(2*nxb+1+nxb+1)*ny4+j*(2*nxb+1+nxb+1)+2*k+1;
End;

End;

//Stirrup

//Base

Fori:=1to rc.nsbs do

For j:=1 to (nxb-2*nx5) do

Begin

memb”[m3+(i-1)*2*(nxb-2*nx5)+2*j-1].np:=3;
memb”[m3+(i-1)*2*(nxb-2*nx5)+2*j].np:=3;

/]

memb”A[m3+(i-1)*2*(nxb-2*nx5)+2*j-1].jn[1]:=(2*nxb+1+nxb+1)*ny4+(i-
1)*(2*nxb+1+nxb+1)*ndy2+2*nx5+2*j-1;
memb”A[m3+(i-1)*2*(nxb-2*nx5)+2*j-1].jn[2]:=(2*nxb+1+nxb+1)*ny4+(i-
1)*(2*nxb+1+nxb+1)*ndy2+2*nx5+2%*j;

//

memb”A[m3+(i-1)*2*(nxb-2*nx5)+2*j].jn[1]:=(2* nxb+1+nxb+1)*ny4+(i-
1)*(2*nxb+1+nxb+1)*ndy2+2*nx5+2%*j;
membA[m3+(i-1)*2*(nxb-2*nx5)+2*j].jn[2]:=(2*nxb+1+nxb+1)*ny4+(i-
1)*(2*nxb+1+nxb+1)*ndy2+2*nx5+2*j+1;

End;

//Wall



/1

Fori:=1to rc.ns+rc.nssh do

For j:=1to (nxw-2*nx3) do

Begin

membA[m4+(i-1)*2*(nxw-2*nx3)+2*j-1].np:=3;
membA[m4+(i-1)*2*(nxw-2*nx3)+2*j].np:=3;

//

membA[m4+(i-1)*2*(nxw-2*nx3)+2*j-1].jn[1]:=njb+(2* nxw+1+nxw+1)*ny3-(2*nxw+1)+(i-
1)*(2*nxw+1+nxw+1)*ndy1+2*nx3+2*j-1;
membA[m4+(i-1)*2*(nxw-2*nx3)+2*j-1].jn[2]:=njb+(2* nxw+1+nxw+1)*ny3-(2*nxw+1)+(i-
1)*(2*nxw+1+nxw+1)*ndy1+2*nx3+2*j;
membA[m4+(i-1)*2*(nxw-2*nx3)+2*j].jn[1]:=njb+(2*nxw+1+nxw+1)*ny3-(2* nxw+1)+(i-
1)*(2*nxw+1+nxw+1)*ndy1+2*nx3+2*j;
membA[m4+(i-1)*2*(nxw-2*nx3)+2*j].jn[2]:=njb+(2*nxw+1+nxw+1)*ny3-(2* nxw+1)+(i-
1)*(2*nxw+1+nxw+1)*ndyl1+2*nx3+2*j+1;

End;

//Strenthening

For i:=1to rc.nssh do

For j:=1to (nxw-2*nx3) do

Begin

membA[m5+(i-1)*2*(nxw-2*nx3)+2*j-1].np:=3;
membA[m5+(i-1)*2*(nxw-2*nx3)+2*j].np:=3;

//

membA[m5+(i-1)*2*(nxw-2*nx3)+2*j-1].jn[1]:=njb+(2* nxw+1+nxw+1)*ny3-
(2*nxw+1)+(2*nxw+1+nxw+1)*ny1+(2* nxw+1+nxw+1)*ny5+(i-1)* (2 *nxw+1+nxw+1)*ndy6+2 *nx3+2 *j-
1

membA[m5+(i-1)*2*(nxw-2*nx3)+2*j-1].jn[2]:=njb+(2*nxw+1+nxw+1)*ny3-
(2*nxw+1)+(2*nxw+1+nxw+1)*ny1+(2*nxw+1+nxw+1) *ny5+(i-1)* (2* nxw+1+nxw+1) *ndy6+2*nx3+2*j;
membA[m5+(i-1)*2*(nxw-2*nx3)+2*j].jn[1]:=njb+(2*nxw+1+nxw+1)*ny3-
(2*nxw+1)+(2*nxw+1+nxw+1)*ny1+(2*nxw+1+nxw+1)*ny5+(i-1)* (2* nxw+1+nxw+1) *ndy6+2 *nx3+2*j;
membA[m5+(i-1)*2*(nxw-2*nx3)+2*j].jn[2]:=njb+(2*nxw+1+nxw+1)*ny3-
(2*nxw+1)+(2*nxw+1+nxw+1)*ny1+(2*nxw+1+nxw+1)*ny5+(i-
1)*(2*nxw+1+nxw+1)*ndy6+2*nx3+2*j+1;

End;

End;

/]

If MeshOption=1 then

Begin

//Main

//left base

nmemb:=2*ny2*round(nx4/ndx4);

ml:=nmemb;

//Main

nmemb:=nmemb+2*(ny3+nyl+ny5+ny6+ny2+nyd)*(rc.nmr+2*rc.nbrx);

m2:=nmemb;

//right base

nmemb:=nmemb+2*ny2*round(nx4/ndx4);

1/



m3:=nmemb;

//Stirrup

//Base

nmemb:=nmemb+2*(nxb-2*nx5)*rc.nsbs;

m4:=nmemb;

//Wall

nmemb:=nmemb+2*(nxw-2*nx3)*rc.ns;

m5:=nmemb;

//

nmemb:=nmemb+2*(nxw-2*nx3)*rc.nssh;

//

Getmem(memb,nmemb*sizeof(member));

//Left base

For i:=1 to round(nx4/ndx4) do

Begin

k:=nx5+(i-1)*ndx4;

Forj:=1to ny2 do

Begin

memb”[(i-1)*2*ny2+2*j-1].np:=1;
memb”[(i-1)*2*ny2+2*j].np:=1;

//
membA[(i-1)*2*ny2+2*j-1].jn[1]:=(2*nxb+1+nxb+1)*ny4d+(j-1)*(2*nxb+1+nxb+1)+2*k+1;
memb”[(i-1)*2*ny2+2*j-1].jn[2]:=(2*nxb+1+nxb+1)*nyd+(j-1)*(2* nxb+1+nxb+1)+2*nxb+1+k+1;
//
memb”[(i-1)*2*ny2+2*j].jn[1]:=(2*nxb+1+nxb+1)*ny4+(j-1)*(2*nxb+1+nxb+1)+2*nxb+1+k+1;
memb”[(i-1)*2*ny2+2*j].jn[2]:=(2*nxb+1+nxb+1)*ny4+j* (2*nxb+1+nxb+1)+2*k+1;
End;

End;

//Main

For i:=1 to rc.nbrx+rc.nmr+rc.nbrx do

Begin

If i<=rc.nbrx then

k:=nx5+nx4+nx3+(i-1)*ndx2;

If (i>rc.nbrx) and (i<=rc.nbrx+rc.nmr) then
k:=nx5+nx4+nx3+nx2+(i-rc.nbrx)*ndx1;

If i>rc.nbrx+rc.nmr then
k:=nx5+nx4+nx3+nx2+nx1+(i-rc.nbrx-rc.nmr-1)*ndx2;

/]

For j:=1to ny2+ny4 do

Begin

If i<=rc.nbrx then
membA[m1+(i-1)*2*(ny3+nyl+ny5+ny6+ny2+ny4)+2*j-1].np:=2;
If (i>rc.nbrx) and (i<=rc.nbrx+rc.nmr) then
membA[m1+(i-1)*2*(ny3+nyl+ny5+ny6+ny2+ny4)+2*j-1].np:=1;
If i>rc.nbrx+rc.nmr then
membA[m1+(i-1)*2*(ny3+nyl+ny5+ny6+ny2+ny4)+2*j-1].np:=2;
//



membA[m1+(i-1)*2*(ny3+nyl+ny5+ny6+ny2+ny4)+2*j-1].jn[1]:=(2*nxb+1+nxb+1)* ny4+(j-
1)*(2*nxb+1+nxb+1)+2*k+1;
membA[m1+(i-1)*2*(ny3+nyl+ny5+ny6+ny2+ny4)+2*j-1].jn[2]:=(2*nxb+1+nxb+1)* ny4+(j-
1)*(2*nxb+1+nxb+1)+2*nxb+1+k+1;

//

If i<=rc.nbrx then

memb?A[m1+(i-1)*2*(ny3+nyl+ny5+ny6+ny2+ny4)+2*j].np:=2;

If (i>rc.nbrx) and (i<=rc.nbrx+rc.nmr) then

membA [m1+(i-1)*2*(ny3+nyl+ny5+ny6+ny2+ny4)+2*j].np:=1;

If i>rc.nbrx+rc.nmr then

membA[m1+(i-1)*2*(ny3+nyl+ny5+ny6+ny2+ny4)+2*j].np:=2;

//
memb/A[m1+(i-1)*2*(ny3+nyl+ny5+ny6+ny2+ny4)+2*j].jn[1]:=(2*nxb+1+nxb+1)*nyd+(j-
1)*(2*nxb+1+nxb+1)+2*nxb+1+k+1;

membA[m1+(i-
1)*2*(ny3+nyl+ny5+ny6+ny2+ny4)+2*jl.jn[2]:=(2* nxb+1+nxb+1)*nyd+j* (2*nxb+1+nxb+1)+2*k+1;
End;

//

If i<=rc.nbrx then

k:=nx3+(i-1)*ndx2;

If (i>rc.nbrx) and (i<=rc.nbrx+rc.nmr) then

k:=nx3+nx2+(i-rc.nbrx)*ndx1;

If i>rc.nbrx+rc.nmr then

k:=nx3+nx2+nx1+(i-rc.nbrx-rc.nmr-1)*ndx2;

//

For j:=1 to ny3+nyl+ny5+ny6 do

Begin

If i<=rc.nbrx then
memb/A[m1+(i-1)*2*(ny3+nyl+ny5+ny6+ny2+nyd)+2*nyd+2*ny2+2*j-1].np:=2;

If (i>rc.nbrx) and (i<=rc.nbrx+rc.nmr) then
memb/A[m1+(i-1)*2*(ny3+nyl+ny5+ny6+ny2+nyd)+2*nyd+2*ny2+2*j-1].np:=1;

If i>rc.nbrx+rc.nmr then
memb/A[m1+(i-1)*2*(ny3+nyl+ny5+ny6+ny2+nyd)+2*nyd+2*ny2+2*j-1].np:=2;

//

If j=1 then

Begin
memb/A[m1+(i-1)*2*(ny3+nyl+ny5+ny6+ny2+ny4)+2*ny4+2*ny2+2*j-1].jn[1]:=(njb-
(2*nxb+1))+2*nx5+2*nx4+2*k+1;
memb/A[m1+(i-1)*2*(ny3+nyl+ny5+ny6+ny2+ny4)+2*ny4+2*ny2+2*j-1].jn[2]:=njb+k+1;
End;

If j>1 then

Begin

membA [m1+(i-1)*2*(ny3+nyl+ny5+ny6+ny2+nyd)+2*nyd+2*ny2+2*j-1].jn[1]:=njb+(j-
1)*(2*nxw+1+nxw+1)-(2*¥nxw+1)+2*k+1;
memb/A[m1+(i-1)*2*(ny3+nyl+ny5+ny6+ny2+nyd)+2*nyd+2*ny2+2*j-1].jn[2]:=njb+(j-
1)*(2*nxw+1+nxw+1)+k+1;

End;

//



If i<=rc.nbrx then
memb/A[m1+(i-1)*2*(ny3+nyl+ny5+ny6+ny2+nyd)+2*¥nyd+2*ny2+2*jl.np:=2;

If (i>rc.nbrx) and (i<=rc.nbrx+rc.nmr) then
memb/A[m1+(i-1)*2*(ny3+nyl+ny5+ny6+ny2+nyd)+2*nyd+2*ny2+2*jl.np:=1;

If i>rc.nbrx+rc.nmr then
membA[m1+(i-1)*2*(ny3+nyl+ny5+ny6+ny2+ny4)+2*nyd+2*ny2+2*jl.np:=2;

//
memb/A[m1+(i-1)*2*(ny3+nyl+ny5+ny6+ny2+ny4)+2*ny4+2*ny2+2*jl.jn[1]:=njb+(j-
1)*(2*nxw+1+nxw+1)+k+1;
memb/A[m1+(i-1)*2*(ny3+nyl+ny5+ny6+ny2+ny4)+2*ny4+2*ny2+2*j].jn[2]:=njb+(j-
1)*(2*nxw+1+nxw+1)+(nxw+1)+2*k+1;

End;

End;

//right base

For i:=1 to round(nx4/ndx4) do

Begin

k:=nx5+nx4+nx3+nx2+nx1+nx2+nx3+i*ndx4;

Forj:=1to ny2 do

Begin

membA[m2+(i-1)*2*ny2+2*j-1].np:=1;

membA[m2+(i-1)*2*ny2+2*j].np:=1;

//
membA[m2+(i-1)*2*ny2+2*j-1].jn[1]:=(2*nxb+1+nxb+1)*ny4+(j-1)*(2*nxb+1+nxb+1)+2*k+1;
membA[m2+(i-1)*2*ny2+2*j-11.jn[2]:=(2*nxb+1+nxb+1)*nyd+(j-1)*(2* nxb+1+nxb+1)+2*nxb+1+k+1;
//
membA[m2+(i-1)*2*ny2+2*j].jn[1]:=(2*nxb+1+nxb+1)*nyd+(j-1)*(2*nxb+1+nxb+1)+2*nxb+1+k+1;
membA[m2+(i-1)*2*ny2+2*j].jn[2]:=(2*nxb+1+nxb+1)*nyd+j*(2*nxb+1+nxb+1)+2*k+1;
End;

End;

//Stirrup

//Base

Fori:=1to rc.nsbs do

For j:=1 to (nxb-2*nx5) do

Begin

memb”[m3+(i-1)*2*(nxb-2*nx5)+2*j-1].np:=3;
memb”[m3+(i-1)*2*(nxb-2*nx5)+2*j].np:=3;

/]

memb”A[m3+(i-1)*2*(nxb-2*nx5)+2*j-1].jn[1]:=(2*nxb+1+nxb+1)*ny4+(i-
1)*(2*nxb+1+nxb+1)*ndy2+2*nx5+2*j-1;
memb”A[m3+(i-1)*2*(nxb-2*nx5)+2*j-1].jn[2]:=(2*nxb+1+nxb+1)*ny4+(i-
1)*(2*nxb+1+nxb+1)*ndy2+2*nx5+2%*j;

//

memb”A[m3+(i-1)*2*(nxb-2*nx5)+2*j].jn[1]:=(2* nxb+1+nxb+1)*ny4+(i-
1)*(2*nxb+1+nxb+1)*ndy2+2*nx5+2%*j;
membA[m3+(i-1)*2*(nxb-2*nx5)+2*j].jn[2]:=(2*nxb+1+nxb+1)*ny4+(i-
1)*(2*nxb+1+nxb+1)*ndy2+2*nx5+2*j+1;

End;

//Wall



/1

Fori:=1to rc.ns+rc.nssh do

For j:=1to (nxw-2*nx3) do

Begin

membA[m4+(i-1)*2*(nxw-2*nx3)+2*j-1].np:=3;
membA[m4+(i-1)*2*(nxw-2*nx3)+2*j].np:=3;

//

membA[m4+(i-1)*2*(nxw-2*nx3)+2*j-1].jn[1]:=njb+(2* nxw+1+nxw+1)*ny3-(2*nxw+1)+(i-
1)*(2*nxw+1+nxw+1)*ndy1+2*nx3+2*j-1;
membA[m4+(i-1)*2*(nxw-2*nx3)+2*j-1].jn[2]:=njb+(2* nxw+1+nxw+1)*ny3-(2*nxw+1)+(i-
1)*(2*nxw+1+nxw+1)*ndy1+2*nx3+2*j;
membA[m4+(i-1)*2*(nxw-2*nx3)+2*j].jn[1]:=njb+(2*nxw+1+nxw+1)*ny3-(2* nxw+1)+(i-
1)*(2*nxw+1+nxw+1)*ndy1+2*nx3+2*j;
membA[m4+(i-1)*2*(nxw-2*nx3)+2*j].jn[2]:=njb+(2*nxw+1+nxw+1)*ny3-(2* nxw+1)+(i-
1)*(2*nxw+1+nxw+1)*ndyl1+2*nx3+2*j+1;

End;

//Strenthening

For i:=1to rc.nssh do

For j:=1to (nxw-2*nx3) do

Begin

membA[m5+(i-1)*2*(nxw-2*nx3)+2*j-1].np:=3;
membA[m5+(i-1)*2*(nxw-2*nx3)+2*j].np:=3;

//

membA[m5+(i-1)*2*(nxw-2*nx3)+2*j-1].jn[1]:=njb+(2* nxw+1+nxw+1)*ny3-
(2*nxw+1)+(2*nxw+1+nxw+1)*ny1+(2* nxw+1+nxw+1)*ny5+(i-1)* (2 *nxw+1+nxw+1)*ndy6+2 *nx3+2 *j-
1

membA[m5+(i-1)*2*(nxw-2*nx3)+2*j-1].jn[2]:=njb+(2*nxw+1+nxw+1)*ny3-
(2*nxw+1)+(2*nxw+1+nxw+1)*ny1+(2*nxw+1+nxw+1) *ny5+(i-1)* (2* nxw+1+nxw+1) *ndy6+2 *nx3+2*j;
membA[m5+(i-1)*2*(nxw-2*nx3)+2*j].jn[1]:=njb+(2*nxw+1+nxw+1)*ny3-
(2*nxw+1)+(2*nxw+1+nxw+1)*ny1+(2*nxw+1+nxw+1)*ny5+(i-1)* (2* nxw+1+nxw+1) *ndy6+2 *nx3+2*j;
membA[m5+(i-1)*2*(nxw-2*nx3)+2*j].jn[2]:=njb+(2*nxw+1+nxw+1)*ny3-
(2*nxw+1)+(2*nxw+1+nxw+1)*ny1+(2*nxw+1+nxw+1)*ny5+(i-
1)*(2*nxw+1+nxw+1)*ndy6+2*nx3+2*j+1;

End;

End;

//Restraint

nres:=2*nxb+1;

Getmem(res,nres*sizeof(restraint));

Fori:=1to nres do

Begin

res/[i].fx[1]:=1;

res/[i].fx[2]:=1;

res/[i].fx[3]:=1;

res”[i]l.name:=i;

End;

//Load

nloadstep:=vl.nstep+nhl;

njload:=2*nxw+1;



njldj:=(2*nxw+1)*(vl.nstep+nhl);
Getmem(jldj,njldj*sizeof(jointload));
For i:=1 to nxw do
Begin
For j:=1to vl.nstep do
Begin
If 2*i-1=1 then
ell:=jntA [njnt-(2*nxw+1)+2*i+1].xj-jnt [njnt-(2*nxw+1)+2*i-1].xj;
If 2*i-1>1 then
ell:=jntA[njnt-(2*nxw+1)+2*i-1].xj-jntA[njnt-(2* nxw+1)+2*i-3].xj+jntA [njnt-(2* nxw+1)+2*i+1].xj-
jntA[njnt-(2*nxw+1)+2*i-1].xj;
//
jidjr(j-1)*
jidjr(j-1)*
jldjr{(j-1)*
jidjr{(j-1)*
//
ell:=jntA [njnt-(2*nxw+1)+2*i+1].xj-jnt [njnt-(2*nxw+1)+2*i-1].xj;
jIdjA[(-1)* (2*¥ nxw+1)+2*i).name:=njnt-(2* nxw+1)+2*i;
IdjAL(-1) * (2 * nxw+1)+2*i].w[1]:=0;
JIdjAL(G-1)* (2 nxw+1)+2*i).w[2]:=(2/3) *ell*j*vl.vl/vl.nstep;
JIdjAL(-1) * (2 * nxw+1)+2*i].w[3]:=0;
//
If i=nxw then
Begin
ell:=jntA[njnt-(2*nxw+1)+2*i+1].xj-jnt A [njnt-(2*nxw+1)+2*i-1].xj;
jIdjr[(G-1)*(2* nxw+1)+2*i+1].name:=njnt-(2*nxw+1)+2*i+1;
IdiAL(-1)* (2* nxw+1)+2*i+1].w[1]:=0;
JIdIAL(-1)* (2* nxw+1)+2*i+1].w[2]:=(1/6) *ell*j*vl.vl/vl.nstep;
JIdiAL(-1) * (2* nxw+1)+2*i+1].w[3]:=0;
End;
End;
//
For j:=vl.nstep+1 to vl.nstep+nhl do
Begin
If 2*i-1=1 then
ell:=jntA [njnt-(2*nxw+1)+2*i+1].xj-jnt [njnt-(2*nxw+1)+2*i-1].xj;
If 2*i-1>1 then
ell:=jntA [njnt-(2*nxw+1)+2*i-1].xj-intA [njnt-(2*nxw+1)+2*i-3].xj+jntA [njnt-(2*nxw+1)+2*i+1].x]-
jntA[njnt-(2*nxw+1)+2*i-1].xj;
//
JIdir[(j-1)* (2% nxw+1)+2*i-1].name:=njnt-(2*nxw+1)+2*i-1;
JIdjA[(-1)* (2*¥ nxw+1)+2*i-1].w[1]:=(1/6) *ell*hI* [j-vl.nstep];
(
(

2*nxw+1)+2*i-1].name:=njnt-(2*nxw+1)+2*i-1;
2*nxw+1)+2*i-1].w[1]:=0;
2*nxw+1)+2*i-1].w[2]:=(1/6)*ell*j*vl.vl/vl.nstep;
2*nxw+1)+2%*i-1].w[3]:=0;

—_— e~~~

JIdjAL(-1)* (2*¥ nxw+1)+2*i-1].w[2]:=(1/6) *ell*vl.vI;

IdjAL(-1) * (2 * nxw+1)+2 *i-1].w[3]:=0;

/]

ell:=jntA [njnt-(2*nxw+1)+2*i+1].xj-jntA[njnt-(2* nxw+1)+2*i-1].xj;
jIdjrL(G-1)*(2* nxw+1)+2*i].name:=njnt-(2* nxw+1)+2*i;



JIdjALG-1)* (2*¥ nxw+1)+2*i].w[1]:=(2/3) *ell*hI*[j-vl.nstep];
A1) * (2 * nxw+1)+2*i].w[2]:=(2/3) *ell*vl.vl;
IdjAL(-1) * (2 * nxw+1)+2*i].w[3]:=0;

//
If i=nxw then
Begin

ell:=jntA [njnt-(2*nxw+1)+2*i+1].xj-jnt [njnt-(2*nxw+1)+2*i-1].xj;
JIdir(-1)* (2% nxw+1)+2*i+1].name:=njnt-(2*nxw+1)+2 *i+1;
JIdjr[(-1)* (2* nxw+1)+2*i+1].w[1]:=(1/6) *ell*hI7[j-vl.nstep];
JIdjALG-1)* (2 nxw+1)+2*i+1].w[2]:=(1/6) *ell*vl.vI;
JIdjA[(-1)* (2*¥ nxw+1)+2*i+1].w[3]:=0;

End;

End;

End;

End;

Procedure oshearwall.SaveData(FName:string);

Var i:integer;

fxt:TextFile;

Begin

AssignFile(fxt,FShortName(FName)+'.txt');Rewrite(fxt);

//

Writeln(fxt,swg.w,"' ',swg.h,' ',swg.t,' ', swg.ct,'',swg.bsw," ',swg.bsh," ',
swg.bst,' ,swg.sh,' ',swg.st,' ',swg.bc,' ',swg.tc);

//

Writeln(fxt,rc.mrd," ',rc.nmr,' ',rc.sd,' ',rc.ns,' ',rc.brd,' ',rc.nbrx,"' ',
rc.nbrz,'',rc.brsx,' ',rc.nssh,' ',rc.nsbs,"' ',rc.sbd,' ',rc.mbd);

//

Writeln(fxt,npmal);

Fori:=1to npmal do

Writeln(fxt,pmal?[i].e," ',pmal?[il.p," ', pmal?[il.w,' ',pmalAr[i].fc,' ',
pmalA[il.fcr," ', pmal?[il.eps0,' ', pmal*[i]l.eps02,' ', pmalr[il.ap,' ', pmal?[il.bt,' ', pmal*[i].kappa,’
', pmal”[i]l.name);

//

Writeln(fxt,nmpro);

For i:=1 to nmpro do

Writeln(fxt,mpro”[i].d,' \,mpro”[i].nm," ,mpro”[i].name);

/]

Writeln(fxt,nmmal);

For i:=1 to nmmal do

Writeln(fxt,mmal?[il.e,' ,mmalA*[i].p,' ,mmalAr[i].fy,' ,mmal”[i].name);
//

Writeln(fxt,vl.vl,' ',vl.nstep);

//

Writeln(fxt,nhl);

Fori:=1to nhl do

Writeln(fxt,hl*[i]);

//



CloseFile(fxt);
End;

Procedure oshearwall.ReadData(FName:string);

Var itinteger;

fxt:TextFile;

Begin
AssignFile(fxt,FShortName(FName)+'.txt');Reset(fxt);
ReadIn(fxt,swg.w,swg.h,swg.t,swg.ct,swg.bsw,swg.bsh,
swg.bst,swg.sh,swg.st,swg.bc,swg.tc);

//

ReadIn(fxt,rc.mrd,rc.nmr,rc.sd,rc.ns,rc.brd,rc.nbrx,
rc.nbrz,rc.brsx,rc.nssh,rc.nsbs,rc.sbd,rc.mbd);

//

ReadIn(fxt,npmal);

If npmal>0 then
Getmem(pmal,npmal*sizeof(PlanMaterial));

Fori:=1to npmal do
ReadIn(fxt,pmal”[i].e,pmal”[i].p,pmal*[i].w,pmal?[i].fc,
pmalA[i].fcr,pmal”[i].eps0,pmal?[i].eps02,pmal?[il.ap,pmal?[i].bt,pmal?[i].kappa,pmal?[i].name);
//

ReadIn(fxt,nmpro);

If nmpro>0 then
Getmem(mpro,nmpro*sizeof(MemberPro));

For i:=1 to nmpro do
ReadIn(fxt,mpro?[i].d,mpro”[i].nm,mpro?[i].name);

//

ReadIn(fxt,nmmal);

If nmmal>0 then
Getmem(mmal,nmmal*sizeof(MemberMaterial));

For i:=1 to nmmal do
ReadIn(fxt,mmal*[i].e,mmal*[i].p,mmal?[i].fy,mmal”[i].name);
//

ReadIn(fxt,vl.vl,vl.nstep);

//

ReadIn(fxt,nhl);

If nhI>0 then

Getmem(hl,nhl*sizeof(real));

Fori:=1to nhl do

ReadIn(fxt,hI*[i]);

CloseFile(fxt);

End;

Procedure oshearwall.fmquad(Var der:areal2x8;Var fun:areal8;xi,eta:real);
{Chuong trinh con tinh ham dang fun va dao ham der cua no

Phan tu tu giac bat ky 8 diem nut ung suat phang

Cac nut duoc danh so nguoc chieu kim dong ho}

Begin



{Ham dang cac nut phu}
fun[5]:=0.5*(1-xi*xi)*(1-eta);
fun[6]:=0.5*(1+xi)*(1-eta*eta);
fun[7]:=0.5*(1-xi*xi)*(1+eta);
fun[8]:=0.5*(1-xi)*(1-eta*eta);

{Ham dang cac nut chinh}
fun[1]:=0.25*(1-xi)*(1-eta)-0.5*(fun[8]+fun[5]);
fun[2]:=0.25*(1+xi)*(1-eta)-0.5*(fun[5]+fun[6]);
fun[3]:=0.25*(1+xi)*(1+eta)-0.5*(fun[6]+fun[7]);
fun[4]:=0.25*(1-xi)*(1+eta)-0.5*(fun[7]+fun([8]);
{Dao ham ham dang theo xi}

{Cho ham dang cac nut phu}
der[1,5]:=-xi*(1-eta);

der[1,6]:=0.5*(1-eta*eta);
der[1,7]:=-xi*(1+eta);
der[1,8]:=-0.5*(1-eta*eta);

{Cho ham dang cac nut chinh}
der[1,1]:=-0.25*(1-eta)-0.5*(der[1,8]+der[1,5]);
der[1,2]:=0.25*(1-eta)-0.5*(der[1,5]+der[1,6]);
der[1,3]:=0.25*(1+eta)-0.5*(der[1,6]+der[1,7]);
der[1,4]:=-0.25*(1+eta)-0.5*(der[1,7]+der[1,8]);
{Dao ham ham dang theo eta}

{Cho ham dang cac nut phu}
der[2,5]:=-0.5*(1-xi*xi);

der[2,6]:=-(1+xi)*eta;

der[2,7]:=0.5*(1-xi*xi);;

der[2,8]:=-(1-xi)*eta;

{Cho ham dang cac nut chinh}
der[2,1]:=-0.25*(1-xi)-0.5*(der[2,8]+der[2,5]);
der[2,2]:=-0.25*(1+xi)-0.5*(der[2,5]+der[2,6]);
der[2,3]:=0.25*(1+xi)-0.5*(der[2,6]+der[2,7]);
der[2,4]:=0.25*(1-xi)-0.5*(der[2,7]+der[2,8]);
End;

Procedure oshearwall.derquad(Var der:areal2x8;xi,eta:real);
Var etam,etap,xim,xip:real;
Begin

etam:=0.25*(1-eta);
etap:=0.25*(1+eta);
xim:=0.25*(1-xi);
Xip:=0.25*(1+xi);
der[1,1]:=etam*(2*xi+eta);
der[1,2]:=-8*etam*etap;
der[1,3]:=etap*(2*xi-eta);
der[1,4]:=-4*etap*xi;
der[1,5]:=etap*(2*xi+eta);
der[1,6]:=8*etap*etam;
der[1,7]:=etam*(2*xi-eta);



der[1,8]:=-4*etam*xi;
der[2,1]:=xim*(xi+2*eta);
der[2,2]:=-4*xim*eta;
der[2,3]:=xim*(2*eta-xi);
der[2,4]:=8*xim*xip;
der[2,5]:=xip*(xi+2*eta);
der[2,6]:=-4*xip*eta;
der[2,7]:=xip*(2*eta-xi);
der[2,8]:=-8*xim*xip;
End;

Procedure oshearwall.formb8(Var a:areal3x24;b:areal2x8;c:areal8);
Var i,j:integer;

Begin

{Chuong trinh con sap xep mang b(derl) vao a(bee)

Phan tu tu giac 8 diem nut ung suat phang}

Fori:=1to3 do
Forj:=1to 24 do
a[i,j]:=0;

//

Fori:=1to 8 do
Begin

a[1,3*i-2]:=b[1,i];
a[2,3*i-1]:=b[2,i];
//
a[3,3*i-2]:=b[2,i];
a[3,3*i-1]:=b[1,i];
//

End;

End;

Procedure oshearwall.twoby2(Var a:areal2x2;b:areal2x2;Var det:real);
Var i j:integer;

Begin

{Chuong trinh con nghich dao b(2x2) thanh a(2x2) va cho det cua no}
det:=b[1,1]*b[2,2]-b[1,2]*b[2,1];

a[1,1]:=b[2,2];

a[1,2]:=-b[1,2];

a[2,1]:=-b[2,1];

al2,2]:=b[1,1];

If det>0 then

Fori:=1to 2 do

Forj:=1to 2 do

a[i,jl:=ali,jl/det;

End;

Procedure oshearwall.matmul28x82(Var a:areal2x2;b:areal2x8;c:areal8x2);
Var i j,k:integer;



{Chuong trinh con nhan ma tran 22=28x82 a=b*c}
Begin

Fori:=1to 2 do

Forj:=1to2do

Begin

ali,jl:=0;

For k:=1to 8 do

a[i,jl:=ali,jl+bli,k]*c[k,jl;

End;

End;

Procedure oshearwall.matmul22x28(Var a:areal2x8;b:areal2x2;c:areal2x8);
Var i,j,k:integer;

{Chuong trinh con nhan ma tran 28=22x28 a=b*c}
Begin

Fori:=1to 2 do

Forj:=1to8do

Begin

ali,j]:=0;

Fork:=1to 2 do

a[i,jl:=ali,jl+bli,kl*c[k,jl;

End;

End;

Procedure oshearwall.matmul324tx33x324(Var a:areal24x24;b:areal3x24;c:areal3x3);
Var i,j,k:integer;

d:areal24x3;

{Chuong trinh con nhan ma tran 32433 a=bt*c ma tran b chuyen tri
nhan tiep ma tran 243324 a=a*b}
Begin

Fori:=1to 24 do

Forj:=1to3do

Begin

d[i,jl:=0;

For k:=1to 3 do
d[i,jl:=d[i,jl+b[k,i*c[k,jl;

End;

Fori:=1to 24 do

Forj:=1to 24 do

Begin

a[i,j]:=0;

For k:=1to 3 do
a[i,jl:=ali,jl+d[i,kI*blk,jl;

End;

End;

Procedure oshearwall.matmul624tx66x624(Var a:areal24x24;b:areal6x24;c:areal6x6);
Var i j,k:integer;



d:areal24x6;

{Chuong trinh con nhan ma tran 62466 a=bt*c ma tran b chuyen tri
nhan tiep ma tran 246624 a=a*b}
Begin

Fori:=1to 24 do

Forj:=1to6do

Begin

d[i,j]:=0;

For k:=1to 6 do
d[i,jl:=d[i,jl+b[k,i*c[k,jl;

End;

Fori:=1to 24 do

Forj:=1to 24 do

Begin

a[i,jl:=0;

For k:=1to 6 do
ali,jl:=ali,jl+d[i,kI*blk,jl;

End;

End;

Procedure oshearwall.gauss(Var a:areal10x2;n:integer);
{

Trong so va hoanh do cua cac diem thu trong phep cau phuong
gauss-legendre doi voi n diem tich phan

Mang chua ali,j] : Toa do co j=1;Trong so co j=2
}

Var i j:integer;

Begin

Fori:=1to 10 do

Forj:=1to2do

ali,jl:=0.0;

If n=1 then

Begin

a[1,1]:=0.0;

al[1,2]:=2.0;

End;

If (n=2) then

Begin

a[1,1]:=1.0/sqrt(3);

a[2,1]:=-a[1,1];

a[1,2]:=1.0;

a[2,2]:=1.0;

End;

If (n=3) then

Begin

a[1,1]:=0.2*sqrt(15.0);

a[2,1]:=0.0;

a[3,1]:=-a[1,1];



a[1,2]:=5.0/9.0;
a[2,2]:=8.0/9.0;
a[3,2]:=a[1,2];

End;

If (n=4) then

Begin
al1,1]:=0.861136311594053;
a[2,1]:=0.339981043584856;
a[3,1]:=-a[2,1];
al4,1]:=-a[1,1];
a[1,2]:=0.347854845137454;
a[2,2]:=0.652145154862546;
a[3,2]:=a[2,2];

al4,2]:=a[1,2];

End;

If (n=5) then

Begin
a[1,1]:=0.906179845938664;
a[2,1]:=0.538469310105683;

a[3,1]:=0.0;
al4,1]:=-a[2,1];
al5,1]:=-a[1,1];

a[1,2]:=0.236926885056189;
a[2,2]:=0.478628670499366;
a[3,2]:=0.568888888888889;
al4,2]:=a[2,2];

a[5,2]:=a[1,2];

End;

If (n=6) then

Begin
al1,1]:=0.932469514203152;
a[2,1]:=0.661209386466265;
a[3,1]:=0.238619186083197;

al4,1]:=-a[3,1];
a[5,1]:=-a[2,1];
a[6,1]:=-a[1,1];

a[1,2]:=0.171324492379170;
a[2,2]:=0.360761573048139;
a[3,2]:=0.467913934572691;
al4,2]:=a[3,2];

a[5,2]:=a[2,2];

al[6,2]:=a[1,2];

End;

If (n=7) then

Begin
a[1,1]:=0.949107912342759;
a[2,1]:=0.741531185599394;
a[3,1]:=0.405845151377397;



a[4,1]:=0.0;

a[5,1]:=-a[3,1];
al6,1]:=-a[2,1];
a[7,1]:=-a[1,1];

a[1,2]:=0.129484966168870;
a[2,2]:=0.279705391489277;
a[3,2]:=0.381830050505119;
al4,2]:=0.417959183673469;
a[5,2]:=a[3,2];

al6,2]:=a[2,2];

a[7,2]:=a[1,2];

End;

If (n=8) then

Begin
a[1,1]:=0.960289856497536;
a[2,1]:=0.796666477413627;
a[3,1]:=0.525532409916329;
al4,1]:=0.183434624495650;

a[5,1]:=-a[4,1];
al6,1]:=-a[3,1];
a[7,1]:=-a[2,1];
a[8,1]:=-a[1,1];

a[1,2]:=0.101228536290376;
a[2,2]:=0.222381034453374;
a[3,2]:=0.313706645877887;
al4,2]:=0.362683783378362;
a[5,2]:=al4,2];

a[6,2]:=a[3,2];

al7,2]:=a[2,2];

a[8,2]:=a[1,2];

End;

If (n=9) then

Begin
a[1,1]:=0.968160239507626;
a[2,1]:=0.836031107326636;
a[3,1]:=0.613371432700590;
al4,1]:=0.324253423403809;

a[5,1]:=0.0;

a[6,1]:=-a[4,1];
a[7,1]:=-a[3,1];
a[8,1]:=-a[2,1];
a[9,1]:=-a[1,1];

a[1,2]:=0.081274388361574;
a[2,2]:=0.180648160694857;
a[3,2]:=0.260610696402935;
a[4,2]:=0.312347077040003;
a[5,2]:=0.330239355001260;
al6,2]:=a[4,2];



a[7,2]:=a[3,2];

a[8,2]:=a[2,2];

al[9,2]:=a[1,2];

End;

If (n=10) then

Begin
a[1,1]:=0.973906528517172;
a[2,1]:=0.865063366688985;
a[3,1]:=0.679409568299024;
a[4,1]:=0.433395394129247;
a[5,1]:=0.148874338981631;
a[6,1]:=-a[5,1];
a[7,1]:=-a[4,1];
a[8,1]:=-a[3,1];
a[9,1]:=-a[2,1];
a[10,1]:=-a[1,1];
a[1,2]:=0.066671344308688;
a[2,2]:=0.149451349150581;
a[3,2]:=0.219086362515982;
al4,2]:=0.269266719309996;
a[5,2]:=0.295524224714753;
a[6,2]:=a[5,2];

a[7,2]:=al4,2];

a[8,2]:=a[3,2];

al[9,2]:=a[2,2];
a[10,2]:=a[1,2];

End;

End;

Procedure oshearwall.deemat(Var a:areal3x3;e,p:real);
Begin

{Chuong trinh con tinh toan ma tran dan hoi d
Phan tu ung suat phang 3 nut hoac 4 nut}
{Ung suat phang}

a[1,1]:=e/(1-p*p);

a[1,2]:=e*p/(1-p*p);

a[1,3]:=0;

a[2,1]:=e*p/(1-p*p);

a[2,2]:=e/(1-p*p);

a[2,3]:=0;

a[3,1]:=0;

a[3,2]:=0;

a[3,3]:=(e/(1-p*p))*(1-p)/2;

End;

Procedure oshearwall.Solve3Eqs(Var x:areal3;a:areal3x3;b:areal3);
Var
k11,k12,k13,k21,k22,k23,k31,k32,k33:real;



f1,f2,f3:real;

Begin

k11:=a[1,1];k12:=a[1,2];k13:=a[1,3];

k21:=a[2,1];k22:=a[2,2];k23:=a[2,3];

k31:=a[3,1];k32:=a[3,2];k33:=a[3,3];

//

fi1:=b[1];

f2:=b[2];

f3:=b[3];

//
x[1]:=(f3*¥k13*k22-f3*k12*k23-f2*k13*k32+f1*k23*k32+f2*k12*k33-f1*¥k22*k33)/(k13*k22*k31-
k12*k23*k31-k13*k21*k32+k11*k23*k32+k12*k21*k33-k11*k22*k33);
x[2]:=(f3*¥k13*k21-f3*k11*k23-f2*k13*k31+f1*k23*k31+f2*¥k11*k33-f1*k21*k33)/(-
(k13*k22*k31)+k12*k23*k31+k13*k21*k32-k11*k23*k32-k12*k21*k33+k11*k22*k33);
X[3]:=(f3*¥k12*k21-f3*k11*k22-f2*k12*k31+f1*k22*k31+f2*k11*k32-f1*¥k21*k32)/(k13*k22*k31-
k12*k23*k31-k13*k21*k32+k11*k23*k32+k12*k21*k33-k11*k22*k33);

End;

Procedure oshearwall.DBmatmembrane8(Var bee:areal3x24;Var det:real;coor:areal8x2;xi,eta:real);
Var k:integer;

{Ham dang va dao ham theo eta xi cua tam 8 nut}
fun:areal8;der:areal2x8;

{Ma tran jacobi va nghich dao : jac=der*coor; jacl=jac"-1"}
jac,jacl:areal2x2;

{Dao ham theo x y : deriv=jacl1*der}

deriv:areal2x8;

Begin

{Lap ham dang va dao ham}

fmquad(der,fun,xi,eta);

{Tinh ma tran jacobi va nghich dao}
matmul28x82(jac,der,coor);

{nghich dao ma tran}

twoby2(jacl,jac,det);

{Tinh dao ham ham dang o he toa do xy}
matmul22x28(deriv,jacl,der);

{Lap ma tran bee}

formb8(bee,deriv,fun);

End;

Procedure oshearwall.stiffmatplan8(Var ks:areal24x24;coor:areal8x2;e,p,th:real;ngp:integer);
Var

{Bien dieu khien}

i,j,k l:integer;

{Ham dang va dao ham theo eta xi cua tam 8 nut}

fun:areal8;der:areal2x8;

{Ma tran jacobi va nghich dao : jac=der*coor; jacl=jac"-1"}

jac,jacl:areal2x2;

{Dinh thuc ma tran}



det:real;

{Dao ham theo x y : deriv=jacl*der}
deriv:areal2x8;

{Ma tran dao ham : duoc sap xep tu deriv}
bee:areal3x24;

{Ma tran dan hoi}

dee:areal3x3;

{Ma tran do cung}

btdb:areal24x24;

{Mang gauss va so diem tich phan}
samp:areal10x2;

Begin

gauss(samp,ngp);

deemat(dee,e,p);

Fori:=1to 24 do

Forj:=1to 24 do

ks[i,j1:=0;

Fori:=1to ngp do

For j:=1to ngp do

Begin

{Lap ham dang va dao ham}
fmquad(der,fun,sampli,1],samplj,1]);
{Tinh ma tran jacobi va nghich dao}
matmul28x82(jac,der,coor);

{nghich dao ma tran}
twoby2(jacl,jac,det);

{Tinh dao ham ham dang o he toa do xy}
matmul22x28(deriv,jacl,der);

{Lap ma tran bee}
formb8(bee,deriv,fun);

{Nhan ma tran 243x33x324 duoc ma tran 2424}
matmul324tx33x324(btdb,bee,dee);

For k:=1to 24 do

For l:=1to 24 do
ks[k,1]:=ks[k,I]+th*det*sampli,2]*samp[j,2]*btdb[k,];
End;

End;

Procedure oshearwall.planstiffmat(Var ks:areal24x24;ni:integer);
Var i,j,k:integer;

coor:areal8x2;

ksm:areal6x6;

kspm:areal24x24;

eax,eiz,gay,ell:real;

t:areal6x24;

Begin

For i:=1 to pIn”[nil.nj do

Begin



coorli,1]:=jnt*pIn*[ni].jn[i]].xj;
coorli,2]:=jntpIn?[nil.jn[i]l.yj;

End;

//
stiffmatplan8(ks,coor,pmal?[pIn?[ni].nm].e,pmal*[pIn*[ni].nm].p,pIn”[ni].th,pIn*[ni].ngp);
If pIn?A[ni].nr>0 then

Begin

For i:=pIn”[ni].sr to pIn”[ni].er do

Begin

CalMembPro(eax,eiz,gay,rist [i]);
membfixstiffnessmat(ksm,eax,eiz,gay,ell);
CalTransformationMatrix(t,ni,rIst*[i]);
matmul624tx66x624(kspm,t,ksm);
Forj:=1to 24 do

For k:=1to 24 do
ks[j,kl:=ks[j,k]+kspml[j,k];

End;

End;

End;

Procedure oshearwall.CalMembPro(Var eax,eiz,gay:real;ni:integer);
Var ax,iz,ay:real;

Begin

ax:=sqr(mpro”r[memb”[ni].np].d)*pi/4;
iz:z=sqr(sqr(mpro®[memb?[ni].np].d))/32;

ay:=0.9*ax;

//

eax:=mmal*[mpro”*[membA[ni].np].nm].e*ax;
eizz=mmal*mpro”[membA[ni].np].nm].e*iz;
gay:=(mmal*[mpro*[membA[ni].np].nm].e/(2*(1+mmal*[mpro”[memb”[ni].np].nm].p))) *ax;
End;

Procedure oshearwall.membfixstiffnessmat(Var ks:areal6x6;eax,eiz,gay:real;ell:Real);
{

ks la ma tran do cung thanh hai dau ngam

e la mo dun dan hoi

p he so poisson

ax ix iy iz la dien tich mcn mo men quan tinh trucxy z
ell chieu dai phan tu

bien al den a8}

Var al,a2,a4,a6,a8:Real;

k,l:integer;

by,bz:real;

Begin

{He so ke den anh huong cua bien dang truot}
bz:=12*eiz/(gay*ell*ell);

{Tinh toan cac dac trung hinh hoc}

al:=eax/ell;



a2:=12*eiz/(ell*ell*ell*(1+bz));
ad:=6*eiz/(ell*ell*(1+bz));
a6:=(4+bz)*eiz/(ell*(1+bz));
a8:=(2-bz)*eiz/(ell*(1+bz));
For k:=1to 6 do

Forl:=1to 6 do

ks[k,1]:=0;

{bien ma tran cung phan tu hai dau lien ket cung ks}
ks[1,1]:=al;

ks[4,4]:=al;

ks[1,4]:=-al;

ks[4,1]:=-al;

ks[2,2]:=a2;

ks[5,5]:=a2;

ks[2,5]:=-a2;

ks[5,2]:=-a2;

ks[3,3]:=a6;

ks[6,6]:=a6;

ks[3,6]:=a8;

ks[6,3]:=a8;

ks[2,3]:=a4;

ks[3,2]:=a4;

ks[2,6]:=a4;

ks[6,2]:=a4;

ks[3,5]:=-a4;

ks[5,3]:=-a4;

ks[5,6]:=-a4;

ks[6,5]:=-a4;

End;

Procedure oshearwall.mcos(Var cs:areal3x3;xi,yi,xj,yj:Real);
Var xl,yl,ell,den,c,s:Real;
Begin

x|:=xj-xi;

yl:=yj-yi;
ell:=sqgrt(xI*xl+yl*yl);
c:=xl/ell;

s:=yl/ell;

//

cs[1,1]:=c;

cs[1,2]:=s;

cs[1,3]:=0;

cs[2,1]:=-s;

cs[2,2]:=c;

cs[2,3]:=0;

cs[3,1]:=0;

cs[3,2]:=0;

cs[3,3]:=1;



End;

Procedure oshearwall.membstiffmat(Var ks:areal6x6;ni:integer);
{Giai thich bien

km la ma tran do cung cua thanh o toa do tong the}
Var k,|,h:integer;

ksi,r,ksj:areal6x6;

cs:areal3x3;

ell:real;

eax,eiz,gay:real;

Begin

xi:=jntA[membA[ni].jn[1]].xj;
yi:=jnt*"[membA[ni].jn[1]].yj;
Xj:=jntA[memb”[ni].jn[2]].xj;
yj:=jntA[membA[ni].jn[2]].yj;

//

mcos(cs,xi,yi,xj,yi);

//

ell:=sqrt(sqr(xj-xi)+sqr(yj-yi));

//

CalMembPro(eax,eiz,gay,ni);
membfixstiffnessmat(ksj,eax,eiz,gay,ell);

//

For k:=1to 6 do
Forl:=1to 6 do
r[k,1]:=0;

//

For k:=1to 3 do
Forl:=1to 3 do
Begin

r[k,1]:=cs[k,l];
r[k+3,1+3]:=cs[k,l];
End;

{Nhan Rt*K}

For k:=1to 6 do

Forl:=1to 6 do
Begin
ksi[k,1]:=0;

For h:=1to 6 do
ksi[k,1]:=ksi[k,1]+r[h,k]*ksj[h,1];
End;

{Nhan K*R}

For k:=1to 6 do

Forl:=1to 6 do

Begin

ks[k,I]:=0;

For h:=1to 6 do



ks[k,11:=ks[k,1]+ksi[k,h]*r[h,I];
End;
End;

Procedure oshearwall.invariantstress2d(Var i1,j2,j3,teta:real;inf:areal3);
Var cos3teta,sin3teta:real;

Begin

i1:=inf[1]+inf[2]+O0;
j2:=(sqr(inf[1]-inf[2])+sqr(inf[2]-0)+sqr(0-inf[1]))/6+sqr(inf[3]);
j3:=(inf[1]-i1/3)*(inf[2]-i1/3)*(0-i1/3)-(0-i1/3)*sqr(inf[3]);
If j2-(1E-12)>0 then

Begin
sin3teta:=-3*sqrt(3)*j3/(2*j2*sqrt(j2));
If (sin3teta>=1) or (sin3teta<=-1) then
Begin

If sin3teta>=1 then

teta:=pi/6;

If sin3teta<=-1 then

teta:=-pi/6;

End

Else

Begin

cos3teta:=sqrt(1-sqr(sin3teta));

If abs(cos3teta)>(1E-12) then
teta:=arctan(sin3teta/cos3teta)/3

Else

Begin

If sin3teta>0 then

teta:=pi/6;

If sin3teta<0 then

teta:=-pi/6;

End;

End;

End

Else

teta:=0;

End;

Procedure oshearwall.mainstress2d(Var infl:areal3;inf:areal3);
Varil,j2,j3:real;

teta:real;

Begin

invariantstress2d(il,j2,j3,teta,inf);
inf1[1]:=(2/sqrt(3))*sqrt(j2)*sin(teta-2*pi/3)+i1/3;
inf1[2]:=(2/sqrt(3))*sqrt(j2)*sin(teta)+i1/3;
inf1[3]:=(2/sqrt(3))*sqrt(j2)*sin(teta+2*pi/3)+il1/3;

End;



Procedure oshearwall.StressDerivativeFunction(Var dr:areal3x3;inf:areal3);
Var i:integer;

i1,j2,j3,teta:real;

dj3:areal4;

sx,sy,sz:real;

Begin
invariantstress2d(il,j2,j3,teta,inf);
sx:=inf[1]-i1/3;

sy:=inf[2]-i1/3;

sz:=-i1/3;

//Dao ham bat bien i1 theo ung suat
dr[1,1]):=1;

dr[1,2]:=1;

dr[1,3]:=0;

//Dao ham bat bien j2 theo ung suat
dr[2,1]:=sx;

dr[2,2]:=sy;

dr[2,3]:=2*inf[3];

//Dao ham cua J3 doi voi ung suat
dj3[1]:=sy*sz+j2/3;
dj3[2]:=sz*sx+j2/3;
dj3[3]:=-2*sz*inf[3];

//Dao ham cua teta theo ung suat
Fori:=1to3 do

Begin

If (j2-(1E-12)>0) and (abs(sin(teta))<=0.49) then
dr[3,i]:=(sqrt(3)/(2*j2*sqrt(j2)*cos(3 *teta))) *(-dj3[i]+3*j3*dr[2,i]/(2*j2))
Else

dr([3,i]:=0;

End;

End;

Procedure oshearwall.InvariantStrain2D(Var ils,j2s,j3s,tetas:real;eps:areal3;p:real);
Var cos3tetas,sin3tetas:real;

epsl:areald;

Begin

epsl1[1]:=eps[1];//X

epsl[2]:=eps[2];//Y

eps1[3]:=-(eps[1]+eps[2])*p/(1-p);//Z

epsi[4]:=eps[3];//XY

//

ils:=eps1[1]+epsl[2]+epsl[3];
j2s:=(sqr(eps1[1]-eps1[2])+sqr(eps1[2]-eps1[3])+sqr(eps1[3]-epsl[1]))/6+sqr(epsl[4]/2);
j3s:=(eps1[1]-ils/3)*(eps1[2]-i1s/3)*(eps1[3]-i1s/3)-(eps1[3]-ils/3)*sqr(eps1[4]/2);
If j2s-(1E-12)>0 then

Begin

sin3tetas:=-3*sqrt(3)*j3s/(2*j2s*sqrt(j2s));

If (sin3tetas>=1) or (sin3tetas<=-1) then



Begin
If sin3tetas>=1 then

tetas:=pi/6;

If sin3tetas<=-1 then
tetas:=-pi/6;

End

Else

Begin

cos3tetas:=sqrt(1-sqr(sin3tetas));
If abs(cos3tetas)>(1E-12) then
tetas:=arctan(sin3tetas/cos3tetas)/3
Else

Begin

If sin3tetas>0 then

tetas:=pi/6;

If sin3tetas<0 then

tetas:=-pi/6;

End;

End;

End

Else

tetas:=0;

End;

Procedure oshearwall.mainstrain2d(Var eps1:areal3;eps:areal3;p:real);
Var ils,j2s,j3s:real;

tetas:real;

Begin

InvariantStrain2d(ils,j2s,j3s,tetas,eps,p);

//Min eps1
eps1[1]:=(2/sqrt(3))*sqrt(j2s)*sin(tetas-2*pi/3)+ils/3;
//mid eps2
eps1[2]:=(2/sqrt(3))*sqrt(j2s)*sin(tetas)+ils/3;

//max eps3
eps1[3]:=(2/sqrt(3))*sqrt(j2s)*sin(tetas+2*pi/3)+ils/3;
End;

Procedure oshearwall.StrainDerivativeFunction(Var dr:areal3x3;eps:areal3;p:real);
Var i:integer;

i1,j2,j3,teta:real;

dj3:areal4;

sx,sy,sz:real;

a:real;

Begin
invariantstrain2d(i1,j2,j3,teta,eps,p);
/]

a:=p/(1-p);
sx:=(eps[1]*(2-a)-eps[2]*(1+a))/3;



sy:=(-eps[1]*(1+a)+eps[2]*(2-a))/3;
sz:=(eps[1]*(2*a-1)+eps[2]*(2*a-1))/3;

//Dao ham bat bien i1 theo bien dang

dr[1,1]:=1+3;

dr[1,2]:=1+3;

dr[1,3]:=0;

//Dao ham bat bien j2 theo bien dang
dr[2,1]:=(1/3)*(2*eps[1]*(1+a+a*a)+eps[2]*(-1-2*a+2*a*a));
dr[2,2]:=(1/3)*(eps[1]*(-1-2*a+2*a*a)+2*eps[2]*(1+a+a*a));
dr[2,3]:=2*eps[3];

//Dao ham cua J3 doi voi bien dang
dj3[1]:=((2-a)/3)*sy*sz-sx*((1+a)/3)*sz+sx*sy*(2*a-1)/3-(2*a-1)*sqr(eps[3]);
dj3[2]:=-((1+a)/3)*sy*sz+sx*((2-a)/3)*sz+sx*sy*(2*a-1)/3-(2*a-1)*sqr(eps[3]);
dj3[3]:=-2*sz*eps[3];

//Dao ham cua teta theo bien dang

Fori:=1to 3 do

Begin

If (j2-(1E-12)>0) and (abs(sin(teta))<=0.49) then
dr[3,i]:=(sqrt(3)/(2*j2*sqrt(j2) *cos(3*teta))) *(-dj3[i]+3*j3*dr[2,i]/(2*j2))
Else

dr[3,i]:=0;

End;

End;

Procedure oshearwall.PrincipalStrainDerivative(Var dr:areal3x3;eps:areal3;p:real);
Var i,j,k:integer;

i1,j2,j3,teta:real;

drl:areal3x3;

dr2:areal3x3;

Begin

invariantstrain2d(i1,j2,j3,teta,eps,p);
StrainDerivativeFunction(drl,eps,p);

//

dr2[1,1]:=1/3;

If j2-(1E-12)>0 then
dr2[1,2]:=(1/sqrt(3))*(1/sqrt(j2))*sin(teta-2*pi/3)
Else

dr2[1,2]:=0;
dr2[1,3]:=(2/sqrt(3))*sqrt(j2)*cos(teta-2*pi/3);
//

dr2[2,1]:=1/3;

If j2-(1E-12)>0 then
dr2[2,2]:=(1/sqrt(3))*(1/sqrt(j2))*sin(teta)

Else

dr2[2,2]:=0;

/]

dr2[2,3]:=(2/sqrt(3))*sqrt(j2) *cos(teta);

//



dr2[3,1]:=1/3;

If j2-(1E-12)>0 then
dr2[3,2]:=(1/sqrt(3))*(1/sqrt(j2))*sin(teta+2*pi/3)
Else

dr2[3,2]:=0;

//

dr2[3,3]:=(2/sqrt(3))*sqrt(j2) *cos(teta+2*pi/3);
//

Fori:=1to 3 do

Forj:=1to3 do

Begin

dr[i,j]:=0;

For k:=1to 3 do

drli,jl:=dr[i,j]+dr2[i,k]1*dr1[k,j];

End;

End;

Procedure oshearwall.ConcretefcrFunction(Var fun:real;Var
der,dfdep:areal3;inf,eps:areal3;fcr,ec,p,kappa:real;eps00:real;code:integer);
Var i,j:integer;

i1,j2,j3,teta:real;

drl:areal3x3;dr2:areal3;

epscr:real;

f,f1,f2:real;

epsl:areal3;

Begin

MainStrain2d(eps1,eps,p);

fun:=0;

//

epscr:=fcr/ec;

//

InvariantStress2d(il,j2,j3,teta,inf);

//sig3

If code=0 then

Begin

f:=2*sqrt(j2)*sin(teta+2*pi/3)/sqrt(3)+i1/3;
fun:=f-fcr*Power(((epscr-eps00)/(eps1[3]-eps00)),kappa);
End;

//5ig2

If code=1 then

Begin

f1:=2*sqrt(j2)*sin(teta)/sqrt(3)+i1/3;
fun:=f-fcr*Power(((epscr-eps00)/(eps1[2]-eps00)),kappa);
End;

//

StressDerivativeFunction(drl,inf);

//Dao ham cua f2 theo bat bien

dr2[1]:=1/3;



If j2-(1E-12)>0 then

Begin

If code=0 then
dr2[2]:=sin(teta+2*pi/3)/sqrt(3*j2);

If code=1 then
dr2[2]:=sin(teta)/sqrt(3*j2);

End

Else

Begin

If code=0 then
dr2[2]:=sin(teta+2*pi/3)/sqrt(3*(1E-12));
If code=1 then
dr2[2]:=sin(teta)/sqrt(3*(1E-12));

End;

If abs(sin(teta))<=0.49 then

Begin

If code=0 then
dr2[3]:=2*sqrt(j2)*cos(teta+2*pi/3)/sqrt(3);
If code=1 then
dr2[3]:=2*sqrt(j2)*cos(teta)/sqrt(3);
End;

If abs(sin(teta))>0.49 then

dr2[3]:=0;

//Dao ham cua ham deo theo ung suat
Fori:=1to 3 do

Begin

derl[i]:=0;

Forj:=1to3do
der[il:=der[i]+dr2[j1*dr1[j,i];

End;

//

PrincipalStrainDerivative(drl,eps,p);
Fori:=1to 3 do

Begin

If code=0 then
dfdepli]:=kappa*fcr*Power(abs(epscr-eps00),kappa)*Power(1/abs(eps1[3]-eps00),kappa+1)*dri[3,i];
If code=1 then
dfdepli]:=kappa*fcr*Power(abs(epscr-eps00),kappa)*Power(1/abs(eps1[2]-eps00),kappa+1)*dri[2,i];
End;

End;

Procedure oshearwall.ConcreteCompressionFunction(Var fun:real;Var
der,dfdep:areal3;inf,eps:areal3;fc,p,ap,bt,eps0,eps02:real;eps00:real;code:integer);
Var i,j:integer;

i1,j2,j3,teta:real;

drl:areal3x3;dr2:areal3;

f:real;

epsl:areal3;



Begin

fun:=0;

/]

Fori:=1to 3 do

Begin

derl[i]:=0;

dfdepli]:=0;

End;

//

MainStrain2D(eps1,eps,p);

//

InvariantStress2d(i1,j2,j3,teta,inf);

//Change sign because parameters for compression are negative
eps0:=-eps0;

eps02:=-eps02;

//sigl

If code=0 then

Begin

f:=-(2*sqrt(j2)*sin(teta-2*pi/3)/sqrt(3)+i1/3);

If eps1[1]-eps00>eps02 then
fun:=f-fc*((ap/(ap-1))*abs((eps1[1]-eps00)/eps0)-(1/(ap-1))*Power(abs((eps1[1]-eps00)/eps0),ap));
If eps1[1]-eps00<=eps02 then
fun:=f-fc*((ap/(ap-1))*abs(eps02/eps0)-(1/(ap-1))*Power(eps02/eps0,ap))*Power(abs(eps02/(eps1[1]-
eps00)),bt);

End;

//sig2

If code=1 then

Begin

f:=-(2*sqrt(j2)*sin(teta)/sqrt(3)+i1/3);

If eps1[2]-eps00>eps02 then
fun:=f-fc*((ap/(ap-1))*abs((eps1[2]-eps00)/eps0)-(1/(ap-1))*Power(abs((eps1[2]-eps00)/eps0),ap));
If eps1[2]-eps00<=eps02 then
fun:=f-fc*((ap/(ap-1))*abs(eps02/eps0)-(1/(ap-
1))*Power(abs(eps02/eps0),ap))*Power(abs(eps02/(eps1[2]-eps00)),bt);
End;

/]

StressDerivativeFunction(dr1,inf);

//Dao ham cua 2 theo bat bien

dr2[1]:=-1/3;

If j2-(1E-12)>0 then

Begin

If code=0 then

dr2[2]:=-sin(teta-2*pi/3)/sqrt(3*j2);

If code=1 then

dr2[2]:=-sin(teta)/sqrt(3*j2);

End

Else

Begin



If code=0 then
dr2[2]:=-sin(teta-2*pi/3)/sqrt(3*(1E-12));

If code=1 then

dr2[2]:=-sin(teta)/sqrt(3*(1E-12));

End;

//

If abs(sin(teta))<=0.49 then

Begin

If code=0 then
dr2[3]:=-2*sqrt(j2)*cos(teta-2*pi/3)/sqrt(3);

If code=1 then
dr2[3]:=-2*sqrt(j2)*cos(teta)/sqrt(3);

End;

If abs(sin(teta))>0.49 then

dr2[3]:=0;

//Dao ham cua ham deo theo ung suat

Fori:=1to 3 do

Begin

der[i]:=0;

Forj:=1to3do

der[i]:=der[i]+dr2[j]*dr1[j,i];

End;

//

PrincipalStrainDerivative(drl,eps,p);

Fori:=1to3 do

Begin

If code=0 then

Begin

If eps1[1]-eps00>eps02 then
dfdepli]:=-fc*((ap/(ap-1))/abs(eps0)-(ap/(ap-1))*(1/abs(eps0))*Power(abs((eps1[1]-eps00)/eps0),ap-
1))*dr1[1,i];

If eps1[1]-eps00<=eps02 then
dfdepli]:=fc*((ap/(ap-1))*abs(eps02/eps0)-(1/(ap-
1))*Power(abs(eps02/eps0),ap))*bt*Power(abs(eps02),bt)*Power(1/abs(eps1[1]-eps00),bt+1)*dri[1,i];
End;

If code=1 then

Begin

If eps1[2]-eps00>eps02 then
dfdepli]:=-fc*((ap/(ap-1))/abs(eps0)-(ap/(ap-1))*(1/abs(eps0))*Power(abs((eps1[2]-eps00)/eps0),ap-
1))*dr1[2,i];

If eps1[2]-eps00<=eps02 then
dfdepli]:=fc*((ap/(ap-1))*abs(eps02/eps0)-(1/(ap-
1))*Power(abs(eps02/eps0),ap))*bt*Power(abs(eps02),bt)*Power(1/abs(eps1[2]-eps00),bt+1)*dri[2,i];
End;

End;

End;



Procedure oshearwall.SetPlasticStressBackward(Var
infl:areal3;inf0,dinf,eps:areal3;ec,p,fc,fcr,ap,bt,kappa,eps0,eps02,eps0t,epsOc:real;fet,fec:areal3);
Vari,j,n:integer;

infe:areal3;

a:areal2x2;

b1,b2:areal3;

Id1,ld2:real;

codel:integer;

f1,f2,f3,f4:real;
df1,df2,df3,df4:areal3;
dfdepl,dfdep2,dfdep3,dfdeps:areal3;
deetl,deet2,deet3,deecl,deec2,deec3,deel,dee2:areal3x3;
epsl:areal3;

eps01,eps03:real;

strm:areal3;

Begin

//

f1:=0;

f2:=0;

f3:=0;

f4:=0;

//

MainStrain2D(eps1,eps,p);

//eps03 not change

eps03:=fcr/ec;

//eps01 not change
eps01:=-epsO*Power(ap-eps0*(ec/fc)*(ap-1),1/(ap-1));
//

deemat(deetl,fet[1]*ec,p);
deemat(deet2,fet[2]*ec,p);
deemat(deet3,fet[3]*ec,p);
deemat(deecl,fec[1]*ec,p);
deemat(deec2,fec[2]*ec,p);
deemat(deec3,fec[3]*ec,p);

//

deel:=deecl;

dee2:=deet3;

//Elastic force

Fori:=1to 3 do

infe[i]:=infO[i]+dinf[i];

//

n:=0;

Repeat

n:=n+1;

//

MainStress2D(strm,infe);

//
//Cases



//cl

If strm[1]<0 then

If eps1[1]-epsOc<eps01 then
ConcreteCompressionFunction(f1,df1,dfdep1,infe,eps,fc,p,ap,bt,eps0,eps02,eps0Oc,0);
//c2

If strm[2]<0 then

If eps1[2]-epsOc<epsO1 then
ConcreteCompressionFunction(f3,df3,dfdep3,infe,eps,fc,p,ap,bt,eps0,eps02,epsOc,1);
//t3

If strm[3]>0 then

Begin

If eps1[3]-epsOt>eps03 then
ConcretefcrFunction(f2,df2,dfdep2,infe,eps,fcr,ec,p,kappa,epsOt,0);
End;

//t2

If strm[2]>0 then

If eps1[2]-epsOt>eps03 then
ConcretefcrFunction(f4,df4,dfdep4,infe,eps,fcr,ec,p,kappa,epsOt,1);
//t2 13

If (f2>0) and (f4>0) and (f1<=0) then
Begin

f1:=f4;

dfl:=df4;

dfdepl:=dfdep4;

deel:=deet2;

End;

//C1C2

If (f1>0) and (f3>0) and (f2<=0) then
Begin

f2:=f3;

df2:=df3;

dfdep2:=dfdep3;

dee2:=deec2;

End;

//C1T3

//Do nothing

//

//Calculate parameter

If f1>0 then

Begin

Fori:=1to 3 do

Begin

b1[i]:=0;

Forj:=1to3 do
b1[i]:=b1[i]+deelli,j1*df1[j];

End;

a[1,1]:=0;

Fori:=1to3 do



a[1,1]:=a[1,1]+df1[i]*b1]i];
//

Fori:=1to3 do
al[1,1]):=a[1,1]-dfdep1[i]*df1[i];
End;

//

If (f1>0) and (f2>0) then
Begin

a[2,1]:=0;

Fori:=1to3 do
a[2,1]:=a[2,1]+df2[i]*b1[i];
//

Fori:=1to3 do
a[2,1]:=a[2,1]-dfdep2[i]*df1][i];
End;

//

If f2>0 then

Begin

Fori:=1to3 do

Begin

b2[i]:=0;

Forj:=1to 3 do
b2[i]:=b2[i]+dee2]i,j1*df2[j];
End;

//

al[2,2]:=0;

Fori:=1to3 do
a[2,2]:=a[2,2]+df2[i]*b2[i];
//

Fori:=1to3 do

a[2,2]:=a[2,2]-dfdep2[i]*df2]i];
End;

//

If (f1>0) and (f2>0) then

Begin

al1,2]:=0;

Fori:=1to 3 do
a[1,2]:=a[1,2]+df1[i]1*b2[i];

//

Fori:=1to 3 do
a[1,2]:=a[1,2]-dfdep1[i]*df2[i];
End;

//Cal lambda

1d1:=0;

1d2:=0;

If (f1>0) and (f2<=0) then
ld1:=f1/a[1,1];

If (f1<=0) and (f2>0) then



Id2:=f2/a[2,2];

If (f1>0) and (f2>0) then

Begin
Id1:=(f2*a[1,2]-f1*a[2,2])/(a[2,1]*a[1,2]-a[2,2]*a[1,1]);
ld2:=(f1*a[2,1]-f2*a[1,1])/(a[2,1]*a[1,2]-a[2,2]*a[1,1]);
End;

//

Fori:=1to 3 do

inf1[i]:=infe[i]-ld1*b1[i]-ld2*b2[i];

//

infe:=inf1;

//

Until (n=100) or ((f1<=1E-2) and (f2<=1E-2) and (f3<=1E-2) and (f4<=1E-2));
End;

Procedure oshearwall.PlanNonlinearLoadVector(Var bload:areal24;Var
sigl:PlanStress;sig0:PlanStress;ds,dds:areal24;h,i:integer;step,iter:integer);
Var j,k,I,m,n:integer;

r:real;

samp8:areall0x2;ngp:integer;

det:real;

der8:areal2x8;fun8:areal§;
bee8:areal3x24;

coor8:areal8x2;

sigmatotal:areal4;

y,ey:real;

¢ fi,si:real;

ilo3:real;

inf13d:areal6;

inf03d:areal6;

deps3d:areal6;

dee3d:areal6x6;

dinf3d:areal6;

dee:areal3x3;

eps,sig:areal3;

deps,dsig:areal3;

ec,p,fc,fcr,ap,bt, kappa,eps0,eps02,epsOt,epsOc:real;
epsm,depsm:areal3;

fet,fec:areal3;

Begin

//Initial unbalance load vector of element
Forj:=1to 24 do

bload[j]:=0;

//

ngp:=pIn*[i].ngp;

gauss(samp8,ngp);

//

Forj:=1to 8 do



Begin
coor8[j,1]:=jnt*[pIn~[il.jn[j1].xj;
coor8[j,2]:=jnt [pIn*[il.jin[jl].vj;
End;

//\teration over gauss point

For j:=1to ngp do

For k:=1 to ngp do

Begin

//
fmquad(der8,fun8,samp8[j,1],samp8[k,1]);
//
DBmatmembrane8(bee8,det,coor8,samp8[j,1],samp8[k,1]);
//Increment strain

For m:=1to 3 do

Begin

eps[m]:=0;

deps[m]:=0;

For n:=1to 24 do

Begin
eps[m]:=eps[m]+bee8[m,n]*ds[n];
deps[m]:=deps[m]+bee8[m,n]*dds[n];
End;

End;

//Path
MainStrain2D(depsm,deps,p);

For m:=1to 3 do

Begin
sigl.st[(j-1)*ngp+k,m]:=sig0.st[(j-1)*ngp+k,m];
//From O

If sig0.st[(j-1)*ngp+k,m]=0 then
Begin

//Initial load

If depsm[m]>0 then
sigl.st[(j-1)*ngp+k,m]:=1;

//Initial Unload

If depsm[1]<0 then
sigl.st[(j-1)*ngp+k,m]:=-1;

End;

//From positive loading

If sig0.st[(j-1)*ngp+k,m]=1 then
Begin

//Loading

If depsm[m]>0 then
sigl.st[(j-1)*ngp+k,m]:=1;
//Unloading

If depsm[m]<0 then

Begin

sigl.st[(j-1)*ngp+k,m]:=2;



If epsm[m]-sigl.epsOt[(j-1)*ngp+k,m]>fcr/ec then
sigl.fet[(j-1)*ngp+k,m]:=0.5;
End;

End;

//From negative loading

If sig0.st[(j-1)*ngp+k,m]=-1 then
Begin

If depsm[m]>0 then
sigl.st[(j-1)*ngp+k,m]:=-2;

If depsm[m]<0 then
sigl.st[(j-1)*ngp+k,m]:=-1;

End;

//From positive unloading

If sig0.st[(j-1)*ngp+k,m]=2 then
Begin

//Reloading

If depsm[m]>0 then
sigl.st[(j-1)*ngp+k,m]:=3;
//Unloading

If depsm[m]<0 then

Begin
sigl.st[(j-1)*ngp+k,m]:=2;

End;

End;

//From negative unloading

If sig0.st[(j-1)*ngp+k,m]=-2 then
Begin

If depsm[m]>0 then
sigl.st[(j-1)*ngp+k,m]:=-2;

If depsm[m]<0 then
sigl.st[(j-1)*ngp+k,m]:=-3;

End;

//From positive reloading

If sig0.st[(j-1)*ngp+k,m]=3 then
Begin

If depsm[m]>0 then
sigl.st[(j-1)*ngp+k,m]:=3;

If depsm[m]<0 then
sigl.st[(j-1)*ngp+k,m]:=2;

End;

//From negative reloading

If sig0.st[(j-1)*ngp+k,m]=-3 then
Begin

If depsm[m]>0 then
sigl.st[(j-1)*ngp+k,m]:=-2;

If depsm[m]<0 then
sigl.st[(j-1)*ngp+k,m]:=-3;



End;

End;

/]

ec:=pmal”*[pIn*[il.nm].e;
p:=pmal*[pln”[i]l.nm].p;
fc:=pmal?[pIn*[i].nm].fc;
fcr:=pmal?[pIn*[i].nm].fcr;
eps0:=pmal”[pIn*[i].nm].eps0;
eps02:=pmal”[pIn*[i].nm].eps02;
ap:=pmal”*[pIn*[i].nm].ap;
bt:=pmal*[pIn*[i]l.nm].bt;
kappa:=pmal*[pln*[i].nm].kappa;
//

deemat(dee,ec,p);

//Increment Stress

Form:=1to 3 do

Begin

dsig[m]:=0;

Forn:=1to 3 do
dsig[m]:=dsig[m]+dee[m,n]*deps[n];
End;

//Previous stress

Form:=1to 3 do
sig[m]:=sig0.s[(j-1)*ngp+k,m];

//
SetPlasticStressBackward(sig,sig,dsig,eps,ec,p,fc,fcr,ap,bt,kappa,eps0,eps02,epsOt,epsOc,fet,fec);
//

For m:=1to 3 do
sigl.s[(j-1)*ngp+k,m]:=sig[m];

//

//Load vector

For m:=1to 24 do

Forn:=1to 3 do
bload[m]:=bload[m]+sigl.s[(j-1)*ngp+k,n]*bee8[n,m]*det*samp8[j,2]*samp8[k,2];
End;//gauss

/]

End;

Procedure oshearwall. MemberNonlinearLoadVector(Var
bload:areal6;infl:MemberInforce;inf0:Memberinforce;ds,dds:areal6;n:integer);
Var i,j:integer;

eax,eiz,gay:real;

ell:Real;

ks:areal6x6;

fsy:areal6;

Begin

infl:=inf0;

Fori:=1to 6 do



Begin

//Initial

If inf0.st[i]=0 then
Begin

If dds[i]>0 then
infl.st[i]:=1;

If dds[i]<0 then
infl.st[i]:=-1;

End;

//Loading to positive
If inf0.st[i]=1 then
Begin

If dds[i]>0 then
infl.st[i]:=1;

If dds[i]<0 then
infl.st[i]:=2;

End;

//Loading to negative
If infO.st[i]=-1 then
Begin

If dds[i]>0 then
infl.st[i]:=-2;

If dds[i]<0 then
infl.st[i]:=-1;

End;

//UnLoading in positive
If inf0.st[i]=2 then
Begin

If dds[i]>0 then
infl.st[i]:=3;

If dds[i]<0 then
infl.st[i]:=2;

End;

//UnLoading in negative
If infO.st[i]=-2 then
Begin

If dds[i]>0 then
infl.st[i]:=-2;

If dds[i]<0 then
infl.st[i]:=-3;

End;

//Reloading in positive
If infO.st[i]=3 then
Begin

If dds[i]>0 then
infl.st[i]:=3;

If dds[i]<0 then
infl.st[i]:=2;



End;
//Reloading in negative
If infO.st[i]=-3 then

Begin

If dds[i]>0 then
infl.st[i]:=-2;

If dds[i]<0 then
infl.st[i]:=-3;
End;

End;

//

ell:=sqrt(sgr(jnt* [memb”[n].jn[2]].xj-int*[membA[n].jn[1]].xj)+sqr(jnt* [memb”[n].jn[2]].yj-
jntA"[memb”[n].jn[1]].yj));

//

CalMembPro(eax,eiz,gay,n);
membfixstiffnessmat(ks,eax,eiz,gay,ell);
//

Fori:=1to 6 do

Begin

infl.fs[i]:=inf0.fs[i];
Forj:=1to6do
inf1.fs[i]:=inf1.fs[i]+ks[i,j1*dds[j];
End;

//Elasto plastic

Fori:=1to 6 do

Begin

If inf1.fs[i]<0 then

If infl.fs[i]<-fsy[i] then
infl.fs[i]:=-fsy[i];

If inf1.fs[i]>0 then

If inf1.fs[i]>fsy[i] then
infl.fs[i]:=fsy[il;

End;

//

Fori:=1to 6 do
bload[i]:=inf1.fs[i];
End;

Procedure oshearwall.renamejnt;

{Chuong trinh con danh lai so nut}

{Ten nut sau khi danh trung voi so thu tu sau khi danh lai

renj la mang ma : Gia tri cua no la so thu tu nut cu, so thu tu cua no

la ten nut hay so thu tu moi

-Trong chuong trinh con nay co su dung ma dinh vi de danh lai so nut}
Var i,j,k,l,g,h,m,n,p,q:integer;

{Mang xac dinh nut mo coi}

renjl:Mainteger;

min:integer;



tmp:integer;
con:Mainteger;ncon:integer;
Firstloint,Lastloint:integer;
MaxBandWidth:Array[1..3] of integer;
time:integer;

fxt:TextFile;

//

Procedure redimcon(n1,n2:integer);
Begin

If n2>n1 then

Begin

If n1>0 then

Begin
ReallocMem(con,n2*sizeof(integer));
End;

If n1=0 then
Getmem(con,n2*sizeof(integer));
End;

If n2<n1 then

Begin

If n2>0 then

Begin
ReallocMem(con,n2*sizeof(integer));
End;

If n2=0 then
Freemem(con,n1*sizeof(integer));
End;

End;

//Chuong trinh chinh

Begin

{Kiem tra nut mo coi}

{Cac nut mo coi duoc danh so dau tien}
Getmem(jcon,njnt*sizeof(jointconnect));
For I:=1 to njnt do

Begin

jcon”[l].num:=0;

jcon”[l].ns:=0;

jcon”[l].ne:=0;

jcon”[I].mark:=0;

End;

{Nut lien ket voi thanh}

For I:=1 to nmemb do

Begin
jcon*[memb/[l].jn[1]].num:=jcon?*[membA[l].jn[1]].num+1;
jcon*[memb”[l].jn[2]].num:=jcon*[membA[l].jn[2]].num+1;
End;

{Nut lien ket voi tam}

For I:=1 to npln do



For m:=1 to pIn”*[l].nj do
jcon?[pInA[l].jn[m]].num:=jcon?[pIn*[I].jn[m]].num+1;

/]

nect:=0;

For k:=1 to njnt do

Begin

nect:=nect+jcon”[k].num;

jcon?[k].ne:=nect;

jcon?[k].ns:=jcon”*[k].ne-jcon*[k].num+1;

End;

//Khoi tao bien danh sach va bien kieu phan tu trong danh sach
Getmem(ecode,nect*sizeof(integer));
Getmem(etype,nect*sizeof(integer));

For I:=1 to njnt do

jcon”[I].num:=0;

{Nut lien ket voi thanh}

For I:=1 to nmemb do

Begin
jcon*[memb/[l].jn[1]].num:=jcon*[membA[l].jn[1]].num+1;
ecode’[jcon*[membA[l].jn[1]].ns+jcon*[membA[l].jn[1]].num-1]:=l;
etype”[jconA*[memb2[l].jn[1]].ns+jcon*[memb?[l].jn[1]].num-1]:=1;
jcon*[memb[l].jn[2]].num:=jcon*[membA[l].jn[2]].num+1;
ecode’[jcon*[membA[l].jn[2]].ns+jcon*[membA[l].jn[2]].num-1]:=l;
etype”[jcon*[memb2[l].jn[2]].ns+jcon*[membA?[l].jn[2]].num-1]:=1;
End;

{Nut lien ket voi tam}

For I:=1 to npln do

For m:=1 to pIn”*[l].nj do

Begin

jcon[pIn2[Il.jn[m]].num:=jcon?[pIn*[I].jn[m]].num+1;
ecode”[jcon?[pIn?[l].jn[m]].ns+jcon?[pIn”[I].jn[m]].num-1]:=I;
etype”[jcon?[pInA[l].jn[m]].ns+jcon?[pIn[I].jn[m]].num-1]:=2;
End;

//Danh so cho nut mo coitruoc

NOrphanedJoint:=0;

For I:=1 to njnt do

If jcon?[l].num=0 then

Begin

NOrphanedJoint:=NOrphanedJoint+1;
renj*[NOrphanedJoint]:=I;

LastJoint:=renj*[NOrphanedJoint];

End;

{Bat dau danh lai so nut tu nut co so phan tu lien ket nho nhat
-Su dung bien dia chi nut psi}

Firstloint:=0;

|:=0;

min:=0;




Repeat

|:=I+1;

If (min=0) and (jcon*[l].num>0) then
Begin

min:=jcon™[l].num;

Firstloint:=l;

End;

If (min>0) and (min>jcon?[I].num) and (jcon”*[I].num>0) then
Begin

min:=jcon™l].num;

Firstloint:=l;

End;

Until I=njnt;

{Danh so nut cho cac nut tiep theo}
Getmem(renjl,njnt*sizeof(integer));
{Danh so 4 lan}

time:=0;

Repeat

time:=time+1;

//

For I:=NOrphanedJoint+1 to njnt do
renj?[l]:=0;

For I:=1 to njnt do
jcon™[l].mark:=0;

For I:=1 to NOrphanedJoint do
jcon”[renj*[I]].mark:=1;

//

k:=NOrphanedlJoint+1;
renjA[k]:=Firstloint;
jcon[renj”[k]].mark:=1;
Lastloint:=renj*[k];

//

{Neu khong phai la nut mo coi}
{Vong lap qua cac nut moi}

m:=k-1;

Repeat

m:=m+1;

{Neu co nhieu ket cau thi renj*[m]=0 do do phai tim nut nam o ket cau
moi de tiep tuc danh so}

If renj*[m]=0 then

Begin

i:=0;

Repeat

i:=i+1;

n:=0;

Forj:=1tok do

If i=renj”[j] then



n:=n+1;

If n=0 then

Begin

renjA[m]:=i;

k:=k+1;
jcon?renj”r[k]].mark:=1;
LastJoint:=renj*[k];

End;

Until (n=0) or (i=njnt);
End;

}
If renj*[m]>0 then
Begin

//Xac dinh so nut noi voi nut m

For n:=jcon”™[renj*[m]].ns to jcon”[renj*[m]].ne do
Begin

//Tinh so nut chua duoc danh dau noi voi nut
ncon:=0;

//Thanh

If etype”[n]=1 then

For p:=1to 2 do

If memb”[ecode”[n]].jn[p]l=renj*[m] then
Forq:=1to 2 do

If g<>p then

If jcon?*[memb”[ecode”[n]].jn[q]].mark=0 then
Begin

redimcon(ncon,ncon+1);

ncon:=ncon+1;
con?[ncon]:=memb”[ecode”[n]].jn[q];

End;

//Tam

If etype”[n]=2 then

Begin

For p:=1 to pIn*[ecode”[n]].nj do

If pin*[ecode”[n]].jn[p]=renj*[m] then

For q:=1 to pIln*[ecode”[n]].nj do

If g<>p then

If jcon?[pIn~*[ecode”[n]].jn[g]].mark=0 then
Begin

redimcon(ncon,ncon+1);

ncon:=ncon+1;
con”[ncon]:=pIn*[ecode”[n]].jn[q];

End;

End;

/]

If ncon>0 then

Begin

//Sap xep con theo thu tu tu be den lon ve so luong phan tu lien ket



For p:=1to ncon-1 do

For q:=p+1 to ncon do

If jcon?[con?[p]].num>jcon”[con”[q]].num then
Begin

tmp:=con”[p];

con”[p]:=con”[q];

con”[g]:=tmp;

End;

//Danh so cho cac nut

For p:=1to ncon do

Begin

k:=k+1;

renj*[k]:=con”[p];
jcon?renj?r[k]].mark:=1;
Lastloint:=renj*[k];

End;
Freemem(con,ncon*sizeof(integer));
End;

End;//For n

End;//If

Until m=njnt;//Ket thuc vong lap qua nut
//

//1f time=1 then

For I:=1 to njnt do
renj17[l]:=renj?[l];
Firstloint:=LastJoint;

//Tim do rong band max

Until time=4;//ket thuc danh lai so nut 4 lan
For I:=1 to njnt do
renjA[l]:=renj1/[l];
Freemem(renjl,njnt*sizeof(integer));
//
//sloan.sloanrun;
== = }
= }

======)
======)

{PHAN KIEM TRA MANG DANH LAI SO NUT}
{AssignFile(fxt,'renj.txt');

Rewrite(fxt);

For k:=1 to njnt do

Writeln(fxt,k," ',renj*[k]);

CloseFile(fxt);}

{Tao mang renjl co tac dung giong nhu psi nhung gia tri cua renjl lai la



so thu tu cua nut sau khi danh so}
Getmem(renjl,njnt*sizeof(integer));
For k:=1 to njnt do

renj17[k]:=0;

For k:=1 to njnt do
renj1*[renjrk]]:=k;

//Phan danh lai so nut cho

//1-Cho thanh

For k:=1 to nmemb do

For m:=1to 2 do
memb”[k].jn[m]:=renj1*[membA[k].jn[m]];
{2-Cho tam}

For k:=1 to npln do

For m:=1 to pIn*[k].nj do
pInA[k].jn[m]:=renj1/[pInA[k].jn[m]];

{Cho tai nut}

For k:=1 to nres do
Begin

|:=res”[k].name;
resk].name:=renj17[l];
End;

{Cho tai nut}

For k:=1 to njldj do
Begin

I:=jldj*[k].name;
jldjrkl.name:=renj17[l];
End;

//

Freemem(renjl,njnt*sizeof(integer));

{Cho nut

/ chuy danh lai ten nut phai sau khi danh lai ten nut cho pt}
{AssignFile(fxt,'jnt");Rewrite(fxt);

For k:=1 to njnt do

writeln(fxt,k,' ',jnt* [renj*[k]].name);

CloseFile(fxt);}

{Lay jnt1 lu giu du lieu ban dau cua nut}
Getmem(jnt1,njnt*sizeof(joint));

For k:=1 to njnt do

jnt1A[k]:=jntA[K];

For k:=1 to njnt do

Begin

jntA[k]:=jnt1MrenjAk]];

End;

End;



Procedure oshearwall.codejl;

{Day la chuong trinh con xac dinh ma dinh vi nut}
Var i k,l,m,n:integer;

Begin

//

For k:=1 to njnt do

Begin

cdejlr[k].imin:=k;

For I:=jcon”[renj*[k]].ns to jcon*[renj*[k]].ne do
Begin

{Thanh}

If etype”[l]=1 then

Begin

If memb”[ecode’[l]].jn[1]=k then

If cdejir[k].imin>memb”[ecode[l]].jn[2] then
cdej17[k].imin:=memb”*[ecode”[I]].jn[2];

If memb”[ecode”[l]].jn[2]=k then

If cdejir[k].imin>memb”[ecode[l]].jn[1] then
cdej17[k].imin:=memb”*[ecode”[I]].jn[1];

End;

{Tam}

If etype”[l]=2 then

Begin

For m:=1 to pIn*[ecode”[l]].nj do

If pIn*[ecode”[I]].jn[m]=k then

For n:=1 to pIn*[ecode”[l]].nj do

If n<>m then

Begin

If cdejir[k].imin>plnA[ecode”[I]].jn[n] then
cdej17[k].imin:=pIn*[ecode[I]].jn[n];

End;

End;

//

End;

cdej1r[k].imax:=k;

End;

//

End;

Procedure oshearwall.DellCon;

Begin
Freemem(jcon,njnt*sizeof(jointconnect));
Freemem(ecode,nect*sizeof(integer));
Freemem(etype,nect*sizeof(integer));
End;

Procedure oshearwall.redimblock;
Begin



Getmem(block,nblock*sizeof(blockinf));
End;

Procedure oshearwall.redimcline;
Begin
Getmem(cline,neq*sizeof(cblock));
End;

Procedure oshearwall.setcline(i:integer;fp:integer;fpm:longint;num:integer);
Begin

cline/[i].fp:=fp;

cline?[i].fpm:=fpm;

cline”[il.num:=num;

End;

Procedure oshearwall.codej2;

Var

i,j,k,1,m,n,g h:integer;

Begin
Getmem(cdejl,njnt*sizeof(codej));
codejl;
Getmem(cdej2,neqg*sizeof(codej));
i=0;

Fori:=1to njnt do

With cdej1/[i] do

Begin

{tinh so luong cac thanh phan bi khoa tu nut 1 den nut nho hon imin}
{xac dinh gia tri cot imin imax cua cdej2}
k:=0;

For m:=1to imin-1 do

Forl:=1to 3 do

If cdis?[(m-1)*3+l]=1 then

k:=k+1;

m:=0;

Forl:=1to 3 do

If cdis?[(imax-1)*3+|]=0 then

Begin

m:=m+1;
cdej2A[j+m].imin:=3*(imin-1)-k+1;
End;

For m:=imin to imax-1 do
Forl:=1to 3 do

If cdis?[(m-1)*3+l]=1 then

k:=k+1;

m:=0;

Forl:=1to 3 do

If cdis?[(imax-1)*3+I]=0 then

Begin



m:=m+1;
cdej2”[j+m].imax:=3*(imax-1)-k+m;
End;

j=jm;

End;
Freemem(cdejl,njnt*sizeof(codej));
{Tinh toan so khoi cua ma tran}
i:=0;k:=0;1:=1;m:=0;

Repeat

i:=i+1;

n:=0;

Forj:=1to3 do

If cdis™[(i-1)*3+j]=0 then

Begin

n:=n+1;
m:=m+cdej2*[k+n].imax-cdej2A[k+n].imin+1;
End;

If (m>268000000) or (m*sizeof(real)>MemSizeBlock*1024*1024) then
Begin

|:=I+1;

i:=i-1;

m:=0;

End

Else

Begin

k:=k+n;

End;

Until i=njnt;

//! la so khoi tinh duoc

nblock:=l;

nblock:=nblock;

redimblock;

redimcline;
i:=0;k:=0;1:=1;m:=0;g:=0;
block?[1].js:=1;

block?[l].ns:=1;

Repeat

i:=i+1;

h:=m;

n:=0;

Forj:=1to3 do

If cdis™[(i-1)*3+j]=0 then

Begin

n:=n+1;
m:=m+cdej2*[k+n].imax-cdej2A[k+n].imin+1;
End;

If (m>268000000) or (m*sizeof(real)>MemSizeBlock*1024*1024) then
Begin



block/[1].je:=i-1;
blockM[I+1].js:=i;
block?[l].ne:=k;
block?[I+1].ns:=k+1;
block?[I].num:=h;
l:=1+1;

i:=i-1;

Begin

Forj:=1to3 do

If cdis™[(i-1)*3+j]=0 then

Begin

k:=k+1;

If g=0 then

Begin

g:=1,
setcline(k,cdej2”[k].imin,g,cdej2”[k].imax-cdej2*[k].imin+1);
End

Else

Begin
g:=g+cdej27[k-1].imax-cdej2*[k-1].imin+1;
setcline(k,cdej2”[k].imin,g,cdej2/[k].imax-cdej27[k].imin+1);
End;

End;

End;

Until i=njnt;

//

block*[nblock].je:=njnt;
block*[nblock].ne:=neq;
block*[nblock].num:=m;

//

Freemem(cdej2,neq*sizeof(codej));

/]

//Xu ly cac tinh chat cua block

If nblock>1 then

Begin
Getmem(blocklistindex,nblock*sizeof(integer));
Getmem(numblocklist,nblock*sizeof(integer));
For i:=1 to nblock do

Begin

numblocklist?[i]:=0;

For j:=i+1 to nblock do

Begin

|:=0;

For k:=block?[j].ns to block”[j].ne do



If cline”[k].fp<=block”[i].ne then
|:=I+1;

If I>0 then
numblocklistA[i]:=numblocklist*[i]+1;
End;

End;

//

nblocklist:=0;

For i:=1 to nblock do
nblocklist:=nblocklist+numblocklist*[i];
//

If nblocklist>0 then

Begin

//Count index of block in list

j=0;

Fori:=1to nblock do

Begin

blocklistindex”[i]:=0;

If numblocklist*[i]>0 then

Begin

j:=j+numblocklist/[il;
blocklistindex”[i]:=j-numblocklist[i]+1;
End;

End;

//Assign block name in list
Getmem(blocklist,nblocklist*sizeof(integer));
For i:=1 to nblock do

Begin

m:=0;

For j:=i+1 to nblock do

Begin

|:=0;

For k:=block?[j].ns to block”[j].ne do
If cline”[k].fp<=block”[i].ne then
|:=I+1;

If I>0 then

Begin

m:=m+1;
blocklist*[blocklistindex*[i]+m-1]:=j;
End;

End;

End;

End;//nblocklist>0

End;//nblock>1

//
End;

Procedure oshearwall.StiffnessSize(var size:real);



Var i:integer;

Begin

size:=0;

Fori:=1 to nblock do
size:=size+block?[i].num*8;
End;

Procedure oshearwall.setmemkm;

Var f:File;
fread:integer;
Begin

nkm:=block*[1].num;
Getmem(km,nkm*sizeof(real));

{Doc du lieu}
AssignFile(f,'km'+IntToStr(1)+'.mat');Reset(f,1);
BlockRead(f,km”,nkm*sizeof(real),fread);
CloseFile(f);

End;

Procedure oshearwall.setmempm;
Var i:integer;

Begin

npm:=negq;
Getmem(pm,npm*sizeof(real));
Fori:=1to npm do

pmA[i]:=0;

End;

Procedure oshearwall.StiffnessMatrix;
Var

i,j,k,1,g,h,n,m,p,q,r:integer;
kmi2:areal6x6;kmid:areal24x24;
Xi,yi,zi,xj,yj,zj:real;

coor8:areal8x2;

ks:Mareal;

ff:File of Real;
mcode,plcode:*ainteger;

grav:real;

Begin

//

If nmemb>0 then

Begin
Getmem(mcode,nmemb*sizeof(integer));
Fori:=1 to nmemb do

mcode”[i]:=0;

End;

If npln>0 then

Begin



Getmem(plcode,npln*sizeof(integer));
Fori:=1to npln do

plcode”[i]:=0;

End;

{Lap ma tran do cung theo khoi}

//Vong lap qua cac khoi

For p:=1to nblock do

Begin
AssignFile(ff,'km'+IntToStr(p)+'.mat');ReWrite(ff);
Getmem(ks,block?[p].num*sizeof(real));

For i:=1 to block*[p].num do

ksA[i]:=0;

//Vong lap qua cac nut trong 1 khoi

For g:=block”[p].js to block?[p].je do

Begin

If jcon?[renj*[q]].num>0 then

For r:=jcon”™[renj*[g]].ns to jcon*[renj*[g]].ne do
Begin

i:=ecode’\[r];

{Lap ma tran do cung cho cac thanh}

If etype”[r]=1 then

If mcode”[il<2 then

Begin

{Ma tran do cung tung thanh}
membstiffmat(kmi2,i);

{Cong ma tran do cung thanh vao ma tran cung tong the}
Forn:=1to 2 do

If (membA[i].jn[n]>=block*[p].js) and (memb*[i].jn[n]<=block*[p].je) then
Begin

mcode”[i]:=mcode”[i]+1;

j=0;

For k:=1to 3 do

If cdisA[(memb[i].jn[n]-1)*3+k]=0 then

Begin

=i+,

{im-jn}

For m:=1to 2 do

If memb[i].jn[m]<memb?[i].jn[n] then

Begin

|:=0;

Forg:=1to 3 do

If cdis?[(membA[i].jn[m]-1)*3+g]=0 then

Begin

|:=I+1;

ks [clineMcdel*membA[i].jn[n]]+j-1].fpm+cdel*[memb”[i].jn[m]]-cline*[cdel* [memb”[i].jn[n]]+j-
1].fp+l-1]:=




ks [clineMcdel*membA[i].jn[n]]+j-1].fpm+cdel*[memb”[i].jn[m]]-cline*[cdel*[memb/[i].jn[n]]+j-
1].fp+l-1]

+kmi2[k+(n-1)*3,g+(m-1)*3];

End;

End;

{Cong phan jn-jn}

1:=0;

Forg:=1tokdo

If cdis?[(membA[i].jn[n]-1)*3+g]=0 then

Begin

l:=1+1;
ks*[clineM[cdel[membA[i].jn[n]]+j-1].fpm+cdel*[membA[i].jn[n]]-cline”*[cdel*[memb/[i].jn[n]]+j-1].fp+I-
1]:=
ks*[clineM[cdel[membA[i].jn[n]]+j-1].fpm+cdel*[membA[i].jn[n]]-cline*[cdel*[memb/[i].jn[n]]+j-1].fp+I-
1]

+kmi2[k+(n-1)*3,g+(n-1)*3];

End;//jn

End;

End;

End;{Ket thuc lap ma tran do cung cho cac thanh}
======)

{Lap ma tran do cung cho cac tam}

If etype”[r]=2 then

If plcode”[i]<pIn”[i].nj then

Begin

//Kiem tra xem nut da duoc lap ma tran chua
m:=0;

For n:=1 to pIn”[i].nj do

If (pIn*[i].jn[n]<q)

and (pIn?[i].jn[n]>=block?[p].js)

and (pIn?[i].jn[n]<=block?[p].je) then
m:=m+1;

//Neu chua

If m=0 then

Begin

{Ma tran do cung}
planstiffmat(kmi4,i);

{Cong ma tran cung cho tam 4 nut}
For n:=1 to pIn”[i].nj do

If (pInA[i].jn[n]>=block*[p].js) and (pIn~[i].jn[n]<=block*[p].je) then
Begin

plcode”[i]:=plcode”[i]+1;

i=0;

For k:=1to 3 do

If cdis™[(pIn”[i].jn[n]-1)*3+k]=0 then
Begin

j=i+;

{Cong phan jn-jm}



For m:=1 to pIn”[i].nj do

If pIn*[i].jn[m]<pIn?[i].jn[n] then

Begin

|:=0;

Forg:=1to 3 do

If cdis?[(pIn”[i].jn[m]-1)*3+g]=0 then
Begin

l:=1+1;
ks*[clineM[cdelMpInA[i].jn[n]]+j-1].fpm+cdelpInA[i].jn[m]]-cline*[cdelM pInA[i].jn[n]]+j-1].fp+I-1]:=
ks*[clineM[cdelMpInA[i].jn[n]]+j-1].fpm+cdelpIn[i].jn[m]]-cline*[cdelpInA[i].jn[n]]+j-1].fp+I-1]
+kmid[k+(n-1)*3,g+(m-1)*3];

End;

End;

{Cong phan jn-jn}

|:=0;

Forg:=1tokdo

If cdis?[(pIn”[i].jn[n]-1)*3+g]=0 then

Begin

|:=I+1;
ks”[clineM[cdelMplInA[i].jn[n]]+j-1].fpm+cdelr[pInA[i].jn[n]]-cline”[cdel M [pInA[il.jn[n]1+j-1].fp+l-1]:=
ks [clineMcdelMpInA[i].jn[n]]+j-1].fpm+cdel A [pInA[i].jn[n]]-cline”[cdel*[pIn/[i].jn[n]]+j-1].fp+I-1]
+kmid[k+(n-1)*3,g+(n-1)*3];

End;

End;

End;

End;//m

End;{Ket thuc vong lap qua cac tam}
End;//Forr

End;//For q

//Ghi du lieu

For i:=1 to block”*[p].num do
Write(ff,ks”[i]);

CloseFile(ff);
Freemem(ks,block?[p].num*sizeof(real));
End;//For p (block)

/]

If nmemb>0 then
Freemem(mcode,nmemb*sizeof(integer));
If npln>0 then
Freemem(plcode,npln*sizeof(integer));
End;

Procedure oshearwall.LoadMatrix(step:integer);
Var i,j:integer;

Begin

For i:=1to nld do

Id”[i]:=0;

Fori:=1to njload do



Forj:=1to3do
IdA[(jldjA[(step-1)*njload+i].name-1)*3+j]:=jldj*[(step-1) *njload+il.wj];
End;

Procedure oshearwall.cholin_outcore(Var err,ndof:integer);
Var i,j,k,I,m,n,p,q:integer;
ff:File;
f:File of real;
fread,fwrite:integer;
Begin
{Chuong trinh con phan tich km theo cholesky}
{km la ma tran luu tru duoi dang tam giac duoi}
{sau khi phan tich van luu duoi dang tam giac duoi}
{Ket qua luu tro lai km}
{Cac gia tri can thiet phuc vu cho chuong trinh con nay la}
{neq : so phuong trinh}
{cline : Ma dong dinh vi cac gia tri cua MTDC}
}
{Dat ma loi}
err:=0;
ndof:=0;
}
{Vong lap qua cac block}
I:=1;
While (I<=nblock) and (err=0) do
Begin
nkmi:=block”[I].num;
Getmem(kmi,nkmi*sizeof(real));
{Doc du lieu}
AssignFile(ff,'km'+IntToStr(l)+'.mat');Reset(ff,1);
BlockRead(ff,kmi®,nkmi*sizeof(real),fread);
CloseFile(ff);
{Tam giac hoa cho khoi I}
i:=block”[l].ns;
While (i<=block?[l].ne) and (err=0) do
Begin
{tinh cac gia tri tren duong cheo aii=sqgrt(aii-sum(sqr(aij))}
For j:=cline”[i].fp to i-1 do
kmir[clineM[i].fpm+i-cline/[i].fp]:=kmi” [cline/[i].fpm+i-cline?[i].fp]-sqr(kmir[clineM[i].fpom+j-cline/[i].fp]);
If kmi~[cline?[i].fom+i-cline”[i].fp]>0 then
kmir[clineM[i].fpm+i-cline”[i].fp]:=sgrt(kmi”[cline”[i].fpm+i-cline[i].fp])
Else
Begin
err:=1;
ndof:=i;
End;
{tinh cac gia tri duoi duong cheo aji=(aji-sum(aik*ajk))/aii}




If err=0 then

Begin

{}

{j bat dau tu i+1}

ji=i+l;

While (j<=block?[l].ne) and (err=0) do

Begin

If cline”[j].fp<=i then

Begin

p:=cline”[j].fp;

If cline™[j].fp<cline”[i].fp then

p:=cline?[i].fp;

For k:=p to i-1 do
kmi~[clineM[j].fpm+i-clineM[j].fp]:=kmi” [cline”[j].fpm+i-cline”[j].fp]
-kmi~[cline/[i].fpm-cline/[i].fp+k]*kmi~ [cline”[j].fpm-clineA[j].fp+k];
If abs(kmi*[cline?[i].fpm+i-cline”[i].fp])>(1E-30) then
kmi~[cline[j].fpm+i-cline[j].fp]:=
kmi~[cline[j].fpm+i-cline?[j].fpl/kmir[cline?[i].fom+i-cline/[i].fp]
Else

Begin

err:=1;

ndof:=i;

End;

End;//If

j=itL;

End;//While j

{}

End;//err=0

i:=i+1;

End;//While i

{Tam giac hoa cac khoi lien quan den khoi I}

If (err=0) and (numblocklist*[I]1>0) then

Begin

q:=1;

While (g<=numblocklist”[l]) and (err=0) do

Begin

m:=blocklist*[blocklistindex”[l]+qg-1];

/]

nkmj:=block*[m].num;

n:=block?[m].ne;

//

Getmem(kmj,nkmj*sizeof(real));

{Doc du lieu}
AssignFile(ff,'km'+IntToStr(m)+'.mat');Reset(ff,1);
BlockRead(ff,kmj?,nkmj*sizeof(real),fread);
CloseFile(ff);

//

i:=block”[l].ns;



/]

While (i<=block”[l].ne) and (err=0) do

Begin

{tinh cac gia tri duoi duong cheo aji=(aji-sum(aik*ajk))/aii}
If err=0 then

Begin

{}

{j bat dau tu block*[m].ns}

j:=block”*[m].ns;

While (j<=n) and (err=0) do

Begin

If cline”[j].fp<=i then

Begin

p:=cline”[j].fp;

If cline”[j].fp<cline”[i].fp then

p:=cline”[i].fp;

For k:=p toi-1 do
kmjr[clineM[j].fpm+i-cline[jl.fpl:=kmj*[cline”[j].fpm+i-cline[j].fp]
-kmi~[cline/[i].fpm-cline/[i].fp+k]*kmjr[clineM[j].fpm-cline”[j].fp+k];
If abs(kmi*[cline”[i].fpm+i-cline”[i].fp])>(1E-30) then
kmj~[cline?[jl.fpm+i-clineA[j].fpl:=
kmj~[cliner[jl.fpm+i-clineA[j].fpl/kmir[cline?[i].fom+i-cline?[i].fp]
Else

Begin

err:=1;

ndof:=i;

End;

End;//If

=il

End;//While j err=0

{}

End;//err=0

i:=i+1;

End;//While i err=0

{Ghi du lieu}
AssignFile(f,'km'+IntToStr(m)+".mat');Reset(f);
Seek(f,0);

For k:=1 to nkmj do

Write(f,kmjr[k]);

CloseFile(f);

Freemem/(kmj,nkmj*sizeof(real));

//

q:=q+1;

End;//While q

End;//err=0

{Ghi du lieu}
AssignFile(f,'km'+IntToStr(l)+'.mat');Reset(f);
Seek(f,0);



For k:=1 to nkmi do
Write(f,kmi~r[k]);

CloseFile(f);
Freemem(kmi,nkmi*sizeof(real));
//

l:=1+1;

End;//While |

Procedure oshearwall.chobkl_outcore(j:integer);

Var i,k,l:integer;

ff:File;

fread:integer;

Begin

{Ly=f}

{Chuong trinh con giai ma tran tam giac duoi cho npm truong hop tai trong}
{pm la ma tran tai ve phai kich thuoc npm*neq}

{km la ma tran tam giac duoi}

{Ket qua lai ghi vao pm}

{Vong lap qua cac block}

For |:=1 to nblock do

Begin

nkmi:=block”[l].num;

Getmem(kmi,nkmi*sizeof(real));

{Doc du lieu}

AssignFile(ff,'km'+IntToStr(l)+'.mat');Reset(ff,1);
BlockRead(ff,kmi®,nkmi*sizeof(real),fread);

CloseFile(ff);

{ma tran ket qua bi=bi-sum(aij*bj)}

For i:=block”[l].ns to block”[l].ne do

Begin

For k:=cline”[i].fp to i-1 do

pmA[(j-1)*neqg+i]:=pm~[(j-1)*neg+i]-kmi~* [cline/[i].fpm-cline/[i].fp+k]*pm~[(j-1) *neq+k];
pmA[(j-1)*neqg+il:=pmA[(j-1)*neg+i]/kmi*[cline?[i].fpm-clineM[i].fp+il;
End;

Freemem/(kmi,nkmi*sizeof(real));

End;//For block

Procedure oshearwall.chobk2_outcore(j:integer);
Var i,k,l:integer;

ff:File;

fread:integer;

Begin

{Lx=y}



{Giai Ma Tran Tam Giac Tren}

{km la ma tran tam giac tren luu tru duoi dang tam giac duoi}
{pm la ma tran ve phai cung la ma tran ket qua}

{Vong lap qua cac block}

For l:=nblock downto 1 do

Begin

nkmi:=block”[l].num;

Getmem(kmi,nkmi*sizeof(real));

{Doc du lieu}
AssignFile(ff,'km'+IntToStr(l)+'.mat');Reset(ff,1);
BlockRead(ff,kmi®,nkmi*sizeof(real),fread);

CloseFile(ff);

{ma tran ket qua bi=bi-sum(aji*bj)}

For i:=block”[l].ne downto cline*[block”[l].ns].fp do

Begin

If i>=block”[l].ns then

Begin

For k:=i+1 to block*[l].ne do

If cline”[k].fp<=i then
pmA[(j-1)*neg+i]:=pm~[(j-1)*neqg+i]-kmi*[cline?[k].fpm-cline” [k].fp+i] *pm~[(j-1)*neqg+k];
pmA[(j-1)*neqg+il:=pmA[(j-1)*neg+i]/kmi*[clineM[i].fpm-clineM[i].fp+il;
End;

If i<block”[l].ns then

Begin

For k:=block”[l].ns to block?[l].ne do

If cline”[k].fp<=i then
pmA~[(j-1)*neqg+il:=pmA[(j-1)*neqg+i]-kmi* [cline”[k].fpm-cline [k].fp+i]*pmA[(j-1) *neqg+k];
End;

End;

Freemem(kmi,nkmi*sizeof(real));

End;//For block

End;

Procedure oshearwall.cholin_incore(Var err,ndof:integer);
Var i,j,k,l:integer;
Begin
{LDL}
{Chuong trinh con phan tich km theo cholesky}
{km la ma tran luu tru duoi dang tam giac duoi}
{sau khi phan tich van luu duoi dang tam giac duoi}
{Ket qua luu tro lai km}
{Cac gia tri can thiet phuc vu cho chuong trinh con nay la}
{neq : so phuong trinh}
{cline : Ma dong dinh vi cac gia tri cua MTDC}
}
{Dat ma loi}
err:=0;




ndof:=0;
—_— - _}
{Phan tich thanh nhan tu}

{tinh cac gia tri tren duong cheo aii=sqgrt(aii-sum(aij*aij*ajj))}

i:=1;

While (i<=neq) and (err=0) do

Begin

For j:=cline”[i].fp to i-1 do
km~[clineA[i].fpm+i-cline”[i].fp]:=km”[cline”[i].fpm+i-cline/[i].fp]-
kmA[cline?[i].fpm+j-clineM[i].fp]*kmA~[cline”[i].fpm+j-cline/[i].fp] *km~ [cline [j].fpm+j-cline”[j].fp];
{Kiem tra gia tri do cung tren duong cheo chinh}

If km~[clineM[i].fom+i-cline”[i].fp]<=(1E-30) then

Begin

err:=1;

ndof:=i;

End;

{tinh cac gia tri duoi duong cheo aji=(aji-sum(aik*ajk))/aii}

ji=i+l;

While (j<=neq) and (err=0) do

Begin

If cline”[j].fp<=i then

Begin

l:=cline[j].fp;

If cline”[j].fp<cline”[i].fp then

l:=cline/[i].fp;

For k:=lto i-1 do
kmA[cline?[jl.fpm+i-cline?[j].fpl:=km”[cline”[j].fpm+i-cline”[j].fp]
-kmA~[cline[i].fpm-cline[i].fp+k]*km~[cline?[j].fom-cline?[j].fp+k]*km~ [cline” [k].fom-cline/ [k].fp+k];
//
kmA2[cline?[j].fpm+i-cline”[j].fp]:=km”[cline”[j].fpm+i-cline”[j].fp]/km~[cline?[i].fpm+i-cline”[i].fp];
End;//If

//

=i+

End;//While

i:=i+1;

End;//While

End;

Procedure oshearwall.chobkl_incore(j:integer);

Var i k:integer;

Begin

{LDy=f}

{Chuong trinh con giai ma tran tam giac duoi cho npm truong hop tai trong}
{pm la ma tran tai ve phai kich thuoc npm*neq}

{km la ma tran tam giac duoi}

{Ket qua lai ghi vao pm}



{ma tran ket qua bi=bi-sum(aij*bj)}

Fori:=1to neq do

With cline”[i] do

Begin

For k:=fp to i-1 do
pmA[(j-1)*neg+i]:=pm"[(j-1)*neg+i]-kmA* [fpm-fp+k] *kmA[cline”[k].fpm-cline”[k].fp+k] *pm~[(j-
1)*neq+k];

pmA[(j-1)*neq+i]:=pm”[(j-1)*neq+il/kmA [fpm-fp+i];

End;

End;

Procedure oshearwall.chobk2_incore(j:integer);

Var i,k:integer;

Begin

{Lx=y}

{Giai Ma Tran Tam Giac Tren}

{km la ma tran tam giac tren luu tru duoi dang tam giac duoi}
{pm la ma tran ve phai cung la ma tran ket qua}

{ma tran ket qua bi=bi-sum(aji*bj)}

For i:=neqg-1 downto 1 do

Begin

k:=i+1;

While k<=neq do

Begin

If cline”[k].fp<=i then
pmA~[(j-1)*neq+il:=pmA[(j-1)*neg+i]-kmA[cline*[k].fpm-clineA [k].fp+i] *pm~[(j-1) *neq+k];
k:=k+1;

End;

End;

End;

Procedure oshearwall.delrun;

Begin
Freemem(jntl,njnt*sizeof(joint));
Freemem(renj,njnt*sizeof(integer));
Freemem(cdis,3*njnt*sizeof(integer));
Freemem(cdel,njnt*sizeof(integer));
End;

Procedure oshearwall.rerenamejnt;
Var i,j:integer;

Begin

Fori:=1to nres do
resM[i].name:=renj*[res”[i].name];
{Doi ten cho jld}

Fori:=1to njldj do
jldjr[il.name:=renj*[jldj*[i].name];
{Doi ten cho thanh}



Fori:=1to nmemb do

Begin
memb”[i].jn[1]:=renj*[membA[i].jn[1]];
membA[i].jn[2]:=renj*[membA[i].jn[2]];
End;

{Doi ten cho tam}

Fori:=1to npln do

For j:=1to pIn”[i].nj do
pIn[i].jn[jl:=renj* [pIn~[il.jn[j1];

{Doi ten cho nut}

Fori:=1to njnt do

jntA[i]:=jntdAfi];

End;

Procedure oshearwall.delkm;
Begin

If nkm>0 then
Freemem(km,nkm*sizeof(real));
nkm:=0;

End;

Procedure oshearwall.delpm;
Begin

If npm>0 then
Freemem(pm,npm*sizeof(real));
npm:=0;

End;

Procedure oshearwall.InitData;

Begin
swg.w:=0.8;
swg.h:=3.25;
swg.t:=0.15;
swg.ct:=0.05;
/]
swg.bsw:=1.2;
swg.bsh:=0.6;
swg.bst:=1.2;
/]
swg.sh:=0.35;
swg.st:=0.15;
//
swg.bc:=0.05;
swg.tc:=0.125;
/]
rc.mrd:=0.012;
rc.nmr:=2;

1/



rc.sd:=0.012;

rc.ns:=15;

/]
rc.brd:=0.016;
rc.nbrx:=2;
rc.nbrz:=2;
rc.brsx:=0.1;
//

rc.nssh:=6;

//

rc.nsbs:=3;
rc.sbd:=0.016;
//
rc.mbd:=0.016;
//

MeshSize:=0.2;
MeshOption:=0;

//

njnt:=0;
nres:=0;
nmemb:=0;
npln:=0;
njldj:=0;

//

nmpro:=0;

//
MemSizeBlock:=200;//Bo nho 1 block mac dinh 200MB
//
vl.vl:=-350;
vl.nstep:=100;
//

nhl:=0;

//
nloadstep:=0;
njload:=0;

//

nrlst:=0;

End;

Procedure oshearwall.DelData;

Begin

DelElement;

//

If nmpro>0 then
Freemem(mpro,nmpro*sizeof(MemberPro));
nmpro:=0;

//

If nhI>0 then



Freemem(hl,nhl*sizeof(real));
nhl:=0;

//

nloadstep:=0;

njload:=0;

//

If nrist>0 then
Freemem(rlst,nrist*sizeof(integer));
nrist:=0;

End;

Procedure oshearwall.DelElement;
Begin

If njnt>0 then
Freemem(jnt,njnt*sizeof(joint));
njnt:=0;

If nres>0 then
Freemem(res,nres*sizeof(restraint));
nres:=0;

If nmemb>0 then
Freemem(memb,nmemb*sizeof(member));
nmemb:=0;

If npln>0 then
Freemem(pln,npln*sizeof(plan));
npln:=0;

If njldj>0 then
Freemem(jldj,njldj*sizeof(jointload));
njldj:=0;

End;

Procedure oshearwall.InitResult;
Begin

nifs:=0;

End;

Procedure oshearwall.DelResult;

Begin

If nifs>0 then
Freemem(ifs,nifs*sizeof(Memberinforce));
nifs:=0;

End;

Procedure oshearwall.InitAll;
Begin

InitData;

InitResult;

End;



Procedure oshearwall.DelAll;
Begin

DelData;

DelResult;

End;

end.



