Tap chi Khoa hoc Cong nghé Xay dung, PHXDHN, 2021, 15 (5V): 132-145

KHAO SAT MO HINH SUC KHANG SUP PO CUA SAN PHANG
BTCT CO MU COT KHI BI MAT COT

P4 Kim Anh®, Nguyén Ngoc Tan**, Pham Xuan Pat, Nguyén Trung Hiéu®

“Khoa Xdy dung Ddn dung & Cong nghiép, Truong Pai hoc Xdy dung Ha Noi,
55 duong Gidi Phong, qudn Hai Ba Trung, Ha Noi, Viét Nam

Nhdn ngay 15/8/2021, Siia xong 25/9/2021, Chdp nhdn ding 29/9/2021

Tém tat

San phéang bé téng cbt thép (BTCT) dudc dung phd bién cho céc cong trinh dan dung. Tuy nhién, nhuge diém
ctia loai két cAu nay 1a sic khang choc thing tai dau cot thip, din dén nguy co sup d6 mot phan hay toan bo
cong trinh. Nghién cifu ting xi cin sup d6 va sup d6 két cdu BTCT la mot van dé phic tap do su tham du ctia
hai yéu t6 12 phi tuyén hinh hoc va phi tuyén ctdia vat liéu bé tong cbt thép. Bai bdo trinh bay mot mo phdng ting
Xt sup do ctia két cAu san phang c6 mii cot sau khi mot cot bién bi pha hoai. Ky thuat mo phong dudgc thuc hién
bing phan mém LS-DYNA va dudgc kiém chiing véi cc két qua thi nghiém sup d6 ciia hai mau san phang. Dua
trén mo phong nay, cac khao sat phan tif hitu han da dugc thuc hién nham xéc dinh anh hudng ctia mot s6 tham
s6 dbi véi siic khang sup d6 ctia san phing ¢6 mii cot, nhu 1a (i) ham lugng cbt thép trong mii cot, (ii) cudng do
chiu nén ctia bé tong, va (iii) vi tri mét cot. Nhitng két qua thu dugc chi ra rang ham lugng c6t thép trong mii
cot anh hudng khong dang ké, trong khi d6 kha ning chiu luc c6 thé ting khoang 13-14% khi ting cudng do
chiu nén ctia bé tong tii 18 dén 30 MPa. Trong sb céc kich ban mét cot chiu luc, thi vi tri mit cot trong cin géc
12 nguy hiém nhét d6i véi stic khang sup d ctia san phang c6 mii cot.

Tir khod: sup d&; san phing c6 mii; bé tong cbt thép; mat cot; ting xi phi tuyén; mé hinh phan tit hitu han.

NUMERICAL INVESTIGATION ON THE COLLAPSE BEHAVIOR OF RC FLAT SLABS WITH CAPITAL
UNDER COLUMN REMOVAL SCENARIOS

Abstract

Reinforced concrete (RC) flat slab is among the favorite structural systems for residential and office buildings.
However, the main disadvantage of this structure type is a very low punching shear resistance of the column
capitals, resulting in the severe collapse of a large part or entire buildings. Research on the collapse of RC
structures is highly complicated due to both materials and geometrical nonlinearities. This paper presents a
numerical simulation of the flat slab structures with column capital subjected to a penultimate column removal.
The numerical modelling was performed using LS-DYNA software and validated by the experimental data
obtained from the collapse tests on two flat slab specimens. Based on these models, finite element investigations
have been conducted to determine the effect of several parameters on the collapse resistance of the flat slab
systems with column capital, such as concrete compressive strength, reinforcement ratio of column capital, and
the position of a column to be removed. The obtained results show that the reinforcement ratio in the column
capital does not significantly affect, while the load-carrying capacity can increase by 13-14% when increasing
the concrete compressive strength from 18 to 30 MPa. Among the column loss scenarios, the loss of the corner
column is the most dangerous for the collapse performance of flat slabs with column capital.

Keywords: collapse; flat slab with capital; reinforced concrete; column removal; nonlinear behavior; finite
element model.
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1. M6 dau

San phang 12 mot trong nhiing loai két cAu dudc wa chudng sit dung cho cic toa nha dan dung va
cong nghiép, do thdi gian thi cong xay dung nhanh va chiéu day ciu kién nhd, nén cho phép tbi da
héa chiéu cao cong trinh. Nhudc diém 16n nhit ctia loai két cAu ndy 1a sic khang choc thing tai cic
dau cot thip, dan dén nguy co sup d6 mot phan hay toan bo cong trinh. Pic biét 1a cong trinh phai
chiu nhiing loai tii trong dic biét (séng xung kich do nd bom, nd dudng 6ng din khi, ti trong va
cham. ..), 1am mot cot chiu luc bi giy dd. Trong thuc t&, su mat dot ngdét mot cot chiu luc 12 nguyén
nhan din dén su sup d& lily tién hay sup d& day chuyén ctia mot phan hodc toan bd toa nha, giy ra
nhiing thiét hai tham khdc vé con ngudi va vat chat. Mot s6 cac vu sup d6 cong trinh tiéu biéu c6 thé
dugc ké ra, nhu 12 sy sup dd cira hang bach héa Sampoong Han Quéc xay ra nim 1995 lam khoang
500 ngudi chét va 937 ngudi bi thuong [1, 2], Toa nha 16 ting & Massachusetts, My dang x4y dung bi
sup d6 vao nim 1971 [3], Bai dau xe Pipers Row & Anh bi sup d6 mot phan vao nim 1997 [4, 5], vu
tAn cong khing bd 1am sup d6 Trung tim thuong mai thé gidi [6].

Tir thuc té trén, nghién ctiu vé sic khang sup d6 ctia két cdu cong trinh khi bi mét cot 13 mot chi dé
dugc cic nha khoa hoc va k§ su thiét ké quan tim. Mot nghién citu thuc nghiém Hawkins va Mitchell
[7] da dudc thuc hién san phang chiu ti trong ti han va két luin ring loai ciu kién nay can dugc
thiét k& dé duy tri dudc tinh toan ven khi xay ra pha hoai cuc bo. Mot s6 nghién citu thuc nghiém bdi
Yap va Li [8], Choi va Kim [9], Qian va Li [10-13] déu x4c nhén ring pha hoai cit tai khu vuc dau
cot 1a yéu t6 chinh 1am gidm kha ning bién dang ctia hé két ciu, va hiéu ting day cing c6 kha ning
ting stic khang ctia hé 1én ddng ké. K&t qua nghién cifu thuc nghiém ctia Pat va Tan [14, 15] trén san
BTCT bi mét cot cho thiy, khi dd vong dat 5% chiéu dai nhip déi tuong ting véi 50% kha ning chiu
ubn, thi san da bi pha hoai cat xay ra tai dau cot.

Cung véi céc nghién cifu thuc nghiém, phuong phap phan ti hitu han (FEM) 12 mdt cong cu hitu
ich cho phép khéo sét ing xi co hoc ctia sin phang. Pham va cs. [16], Dat va cs. [17] di kho sét hiéu
ting day cing trong dam va hiéu ting mang kéo trong san dbi v6i hé san dam chiu tai trong phan b
hoic tap trung khi bi mit cot, va két luan r?mg mét cot bién c6 thé 1a kich ban nguy hiém nhét ctia sup
d6 day chuyén. Trong khi d6, mot nghién ciiu ctia Do va cs. [18] thuc hién trén md hinh san phang
khong mii cot thi x4c dinh rang mit cot géc 6 thé 1a trudng hdp can dugce quan tim nhét. Nhiing két
qua nghién citu ctia Dabiri va cs. [19, 20] chi ra ring, khi ting tiét dién cot thi do déo ctia két chu ting
dé€ duy tri tinh toan ven néu xdy ra phd hoai cuc bo. Weng va cs. [21] danh gia su phan b lai tai trong
ctia két cAu san phang sau khi mét cot dé xac dinh vi tri cot nguy hiém tiép theo. Faria va cs. [22] x4c
dinh mifc d6 anh hudng ctia cdt thép 16p trén dén kha ning chiu cét va d6 vong ciia san phang. Trong
khi d6, nghién cttu cia Mostofinejad va cs. [23] st dung md hinh FEM dé€ nghién cifu 4nh hudng clia
16 md dén siic khang choc thiing ctia san phang khong mii cot.

Cho dén nay, mic du cac nghién ciu dudc thuc hién da cung cip nhiéu thong tin vé stic khang sup
d6 cia san phang, nhung van con mot s6 van dé van chua dudc giai dap. Thi nhét, pha hoai cuc bd
ban dau c6 thé x4y ra ngiu nhién tai mot vi tri bAt ky trén mit bf?mg két cAu, cau hoi dit ra 12 vi tri mat
ot nao 1a nguy hiém nhat? Thi hai, san phang c6 thé dudgc thiét ké cé hoic khong mil cot, st dung
bé tong c6 cudng do chiu nén khac nhau, ham lugng cbt thép khac nhau. Do d6, cdc tham s nay anh
hudng nhu thé nio dén sic khang ctia san phang? Pay 1a nhiing van dé quan trong dbi véi cac ky su
trong qud trinh thiét k& va du bdo stic khang sup dd cho cac toa nha. D€ giai quyét mot phan cc cau
héi trén, trong nghién ctiu nay, hai mau san phang c6 mii cot bang bé tong cbt thép tuong tng véi hai
trudng hop mét cot khac nhau da dugec mo phong biang phan mém LS-DYNA. C4c md hinh nay dudc
kiém chiing dua trén cac két qua thuc nghiém, bao gom biéu do ti trong — chuyén vi, tai trong phan
bd vao cot va dang pha hoai. Tir d6, nhiing két qua khao sat tham sd da cho phép xdc dinh anh hudng
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ctia ham lugng cbt thép trong mii cot, cudng do chiu nén clia bé tong va vi tri mat cot dén siic khang
sup d6 ctia két cAu san phang.

2. M6 hinh san phang ¢é ma cot

Mot cong trinh thuc té c6 nim tAng nhu minh hoa trén Hinh 1, v6i buéc cot 6 x 6 m, va két ciu
san phang c6 chiéu day 240 mm c6 mii cot day 120 mm. Cong trinh nay dudc thiét ké theo tiéu chuin
Eurocode EN 1992 véi tinh tai 1 kN/m? va hoat tai 4 kN/m?. Mot cau hoi dit ra 1a: Néu ¢ mot su
cb xay ra dan dén mit mot cot thi ting xi ctia cong trinh sé nhu thé nao? Liéu c6 bi sup d6 liy tién
hay khong? Dua trén két qua nghién ctiu da dudc cong bd [24], thi khi bi méit mot cot & tang mot thi
ting x{f clia c4c tang phia trén déu gidng nhau nén san ting mot dudc chon 1am hé két cAu dai dién dé
nghién cdu.
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Hinh 2. Kich thudc va ciu tao cbt thép ctia mau san phang SP4
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Thuc té, hai vi tri c6 xdc sult xay ra su cb rii ro cao 1a cot bién can géc (CBCG) va cot bién giiia
(CBG), nén céc 6 san xung quanh hai vi tri ndy cin dudc quan tdim nghién ctiu. Trong nghién cifu
nay, mau san mat CBCG va miu san mit CBG dugc ki hiéu 1an lugt 13 SP4 va SP6, nhu minh hoa
trén cdc Hinh 2 va 3. Nhu vay, hai mau san dudc gia thiét 13 ¢ mit truc mot cot, chi con nam cot.
Hai miu san nay dugc mo hinh vdi ty 1& bang 1/3 kich thuéc thuc té, d€ ddm bio cédc yéu cu ctia Iy
thuyét tuong tu nham tdi wu hda tai nguyén khi thuc hién viéc khao sat. Do d6, mau san phang SP4
c6 céc kich thudc 1a 2800 x 4800 x 80 mm, chiéu dai nhip tif truc dén truc 13 [ = 2000 mm, c6t c6 tiét
dién 200 x 200 mm véi mii cot c6 kich thuse 700 x 700 x 40 mm. Phan md rong vé phia bén trdi va
phia trong (Hinh 2), ¢6 bé rong 700 mm tinh tif tim cot. Trong khi d6, mau san phiang SP6 c6 cac kich
thudc 1a 2800 x 5400 x 80 mm, vSi phan mé rong vé cac phia bén trai, bén phai va bén trong (Hinh 3),
cling c6 bé rong 700 mm. Phan md rong clia hai mau san dudc st dung dé€ xét dén 4nh hudng ciia cac
0 san 1an cén § phia trong khu vuc khao sat.
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CAu tao cbt thép ctia hai miu san phang SP4 va SP6 dugc tém tat trong Bang 1. C6t thép st dung
1a thép tron tron c¢6 dudng kinh danh nghia ®6 mm, da dudc thi nghiém kéo trén mot t6 mau dé xdc
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dinh gi6i han chdy va gii han bén c6 cdc gia tri trung binh 1an lugt 12 380 va 410 MPa. Bé tong st
dung c6 cudng do chiu nén trung binh & 28 ngay tudi 1a 20 MPa, dudc xac dinh tit thi nghiém nén mot
mau bé tong hinh tru c6 dudng kinh 150 mm v chiéu cao 300 mm.

Tiép theo, hai mau san phang SP4 va SP6 c¢6 mii cot vSi cac thong sd vé hinh hoc va vat liéu dudce
trinh bay & trén sé dugc md phong s6 bang phin mém LS-DYNA [25, 26] d€ khéo sét ing xi clia san
khi xay ra su c6 mat cot. Diéu nay rit can thiét trudc khi tién hanh nghién ctiu thuc nghiém. Noi dung
tiép theo sé trinh by phuong phép xay dung va ki€ém chiing d tin ciy ctia mo6 hinh FEM cho hai miu
san noi trén.

3. Xay dung va kiém chiing mé hinh FEM
3.1. Xdy dung mé hinh FEM
a. Bé tong

Trong nghién ctiu nay, md hinh vat liéu MAT_159 (Continuous Surface Cap Model) [25] dudc
st dung d€ mo phong bé tong, nhu minh hoa trén Hinh 4. M6 hinh nay c6 nhiéu wu diém, nhu chinh
xéc, 6n dinh vé& mit toan hoc, yéu ciu it thong s6 dau (cudng do chiu nén, kich thudc cbt liéu va don
vi tinh), va phu hdp vé6i bé tong thong thuong. Thuit todn trong md hinh vat liéu MAT_159 cho phép
t6i vu thdi di€ém pha hoai ctia bé tong, 12 khi ing suét cit va va ing sudt nén cung dat gia tri cuc dai.
Mo hinh nay c6 tinh déing hudng, quan hé giita ing suit va bién dang tuén theo dinh luat Hooke dén
khi ting suit dat dén gid tri cudng do nén, ky hiéu 7 (MPa), tuong ting v6i mo dun dan hdi ban dau E
(MPa). Sau d6, quan hé ting suit va bién dang c6 dang phi tuyén, tuong ting v6i giai doan bién dang
mém ctia vat liéu. Su hu hdng ctia vat liéu dudc x4c dinh thong qua mot dai lugng vo huéng, ky hiéu
1a d, c6 gid tri trong khoang tli 0 dén 1. Néu d = 0 thi vat liéu khong bi hu hong, trong khi néu d = 1
thi vat liéu bi hu hdng hoan toan. M6 dun suy giam ctia vat liéu dudc tinh toan thong qua hé sb suy
giam (1 — d) nhan v6i md dun ban dau E.
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Hinh 4. M6 hinh quan hé dng suét — bién dang ciabé  Hinh 5. M hinh quan hé ting suét — bién dang ctia
tong [25] cbt thép

b. Cbt thép

Khi thiét 1dp mo6 hinh FEM, md hinh vt liéu MAT_024 (Piecewise Linear Plasticity Model) [26]
da dudc chon d€ mo phong cbt thép, nhu minh hoa trén Hinh 5. Quan hé ting suit — bién dang clia
cbt thép c6 dang tuyén tinh khi ting suét ting tir 0 dén gia tri gi6i han chay. Tiép theo d6 1a giai doan
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thém chay, ung suit trong c6t thép khong thay ddi, trong khi bién dang ting cho dén khi bi pha hoai.
M0 hinh nay gia thuyét ting xt kéo va ing xi nén ctia cot thép 1a giébng nhau. Céc tham s6 st dung
trong md hinh, bao gdbm khéi lugng thé tich y = 7800 kg/m®, mé dun dan hdi E; = 210 GPa, hé s6
Poisson bang 0,3, giéi han chdy ciia thép fy =380 MPa, bién dang gi6i han iy bang 0,17.
c. Bam dinh giiia bé tong va cot thép

Trong nghién ctiu nay, lién két bam dinh giita bé tong va cbt thép dugc xem Ia li tudng va st dung
tlly chon Constrained_Lagrange_In_Solid trong phan mém LS-DYNA, d€ khi mo hinh cic phan ti
bé tong khong cin tring véi cdc niit clia phan ti cbt thép. Piéu nay sé khic phuc dugce kho khin khi
10i rac va chon kich thudc 1u6i phan ti trong mot hé két cAu phiic tap gdm nhiéu cot lién két v6i san
va ¢6 nhiéu loai ¢t thép dudc bb tri. Hinh 6 minh hoa mé hinh lién két tai nuit gitta san phang va cot,
trong d6 phan ti ¢t thép dudc “nhiing” vao phan ti bé tong.

C6t thép san
16p dudi
C6t thép

dai cot
Hinh 6. M6 phong lién két cbt thép véi bé tong
d. Do nhay ctia luéi phan ti

Khi 1ap m6 hinh FEM, viéc luya chon kich thu6c 1udi phan ti c6 thé dnh hudng dén do chinh xac
ctia két qua, cling nhu thdi gian tinh toan. D€ c¢6 cd s& lua chon ludi phan ti, ba kich thuéc 1usi da

>
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(a) Biéu dd tai trong — chuyén vi (b) M5 hinh san SP4-FEM va SP6-FEM
Hinh 7. Phan tich d nhay lu6i phan ti
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dugc khao st 1an luot 1a 10 x 10 x 10 mm (dang 1), 20 x 20 x 10 mm (dang 2) va 40 x 40 X 10 mm
(dang 3) & khu vuc xung quanh nit san - cot. Biéu dd tai trong — chuyén vi tuong tng vdi ba truong
hop trén dudc gidi thiéu trén Hinh 7(a). Nhitng két qua thu dudc cho thy, khi giam kich thudc ludi
phan tir thi khong thay ddi ddng k& két qua. Do do6, d€ tiét kiém thdi gian tinh todn va tai nguyén may
tinh, 1udi phan ti ¢6 kich thu6e 16n hon da dudce chon. Nghia 13, bé tong 13 mot phan ti khdi c6 sau
mit tdm nit v6i kich thude 40 x 40 x 10 mm, cbt thép 1a phan tir mot chiéu gdm hai niit, c6 do dai
12 40 mm. Hai mAu san phing c6 mii cot da duge md phong bang phan mém LS-DYNA, ky hiéu 1a
SP4-FEM va SP6-FEM, nhu minh hoa trén Hinh 7(b).

3.2. Kiém chitng moé hinh FEM

Nhiing k¥ thuat mé phdng trinh bay trong muc 3.1 dugc st dung d€ mo hinh hai mau san phang
khong mi cot, ky hiéu 1a SP1 va SP3, trong mot nghién ctiu thuc nghiém ctia Cuong va cs. [27]. Cac
thong s6 hinh hoc va cAu tao vat liéu ctia hai mau san nay hoan toan tuong tu nhu hai miu san SP4 va
SP6, v6i diém khac biét duy nhit 12 khong c6 mii cot. Nhiing két qua thu dudc tit mo hinh FEM dudgc
so sanh v6i s6 lidu thuc nghiém, dé ki€ém chiing va danh gia do tin cdy ctia mo hinh.

a. Quan hé tai trong - chuyén vi

Hinh 8 gi6i thiéu biéu d6 quan hé tai trong - chuyén vi thu dudc tir thi nghiém va mo hinh sb. Pbi
v6i mbi san, hai dudng cong rat trung khép trong giai doan dau tién khi két cAu chua xuét hién vét
ndt, vat liéu 1am viéc dan hdi tuyén tinh, tuong dng véi chuyén vi nhé hon 5 mm. Tiép theo, khi xut
hién céc vét nit bé tong thi do ciing gidm, két ciu chuyén sang giai doan lam viéc phi tuyén, quy luit
clia dudng cong ti trong — chuyén vi gin nhu khong thay déi. Tuy nhién, trong giai doan chuyén vi
ting tif 5 dén 50 mm, su chénh léch vé tai trong giita thi nghiém va md hinh c6 thé dudc x4c dinh, 16n
nhét khodng 10%. Sau d6, quan hé tai trong — chuyén vi thu dugc tir thi nghiém va mo hinh 1a tuong
ddi gibng nhau khi chuyén vi ting tir 50 dén 90 mm dbi v6i san SP1 va ting tir 38 dén 80 mm dbi véi
san SP3. San SP1 bi pha hoai tai tai trong bang 14 kN/m? (bao gdm tai trong ban than) khi cot C1 bi
dich chuyén ti tif vdo phia trong do luc kéo phit trién & khu vuc gitta san, gdy mit &n dinh va din dén
sup d& hoan toan. Trong khi d6, san SP3 bi pha hoai tai tai trong bang 18 kN/m? (bao gdm tai trong
ban than) do pha hoai cit tai cac vi tri dau ¢t C1 va CS, vé6i cac dau hiéu dic trung 1 bé tong bi v
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Hinh 8. So sanh quan hé téi trong - chuyén vi tif thi nghiém va mo hinh FEM
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va cdc vét niit mG rong rit 16n [27]. Nhu vay, quan sét trén cac biéu dd c6 thé nhan xét rang md hinh
FEM c6 kha ning mé ta ting X\ tai trong — chuyén vi clia hai san phang thi nghiém. Su chénh léch vé
tai trong 16n nhét gitta thi nghiém va mo hinh 1 rit nho.
b. Bién dang cbt thép

Trong hai miu san phang SP1 va SP3 khong c¢6 mii cdt, bién dang ciia cbt thép 16p trén va 16p
duéi da dugc do dac bing cach dan phién dién tré tai mot sb diém dién hinh nhu chi ra trén Hinh 9.
Phién dién trg (strain gage), ky hiéu BSG-1, ding dé khéo sit bién dang ctia cot thép 16p dudi gan véi
vi tri mit cot. Phién dién trd, ky hiéu TSG-13, dugc dung d€ khéo st bién dang ctia cbt thép 16p trén
& gan véi cot C3.

\

'C4

N\

TSG-13

1~ BSG-1 Cl
B EEN
Cot bi mét Cot bi mt
(a) San SP1 (b) San SP3

Hinh 9. Céc vi tri khdo sat bién dang cbt thép trong san
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Hinh 10. So sanh quan hé bién dang cbt thép - chuyén vi san tif thi nghiém va md hinh FEM

Hinh 10 gidi thiéu biéu dd quan hé bién dang cbt thép - chuyén vi san thu dudc tif thi nghiém va
mo hinh. Quan sit biu dd trén cac Hinh 10(a) va 10(c), khi chuyén vi ting tit 40 dén 60 mm thi hai
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dudng cong c6 su chénh léch 16n nhét vé bién dang khodng 30%. Sau d6, hai dudng cong tuong dbi
phtt hop nhau. Su chénh 1&ch tuong d6i 16n vé bién dang cbt thép 16p duéi gitta thi nghiém va mo hinh
c6 thé dugc gii thich do nhiéu nguyén nhan, bao gdm dd chinh xac ctia md hinh, va cic sai s6 do
dac do san lam viéc & trang thdi bién dang 16n kém theo su xuat hién nhiéu vét nit phat trién trén mat
duéi clia san. Trong khi d6, cac két qua tai vi tri TSG-13 clia cdt thép 16p trén tuong ddi trung khép
nhau gitta thi nghiém va md hinh, nhu chi ra trén cac Hinh 10(b) va 10(d).

c. Dang phd hoai

Mot trong céc tiéu chi quan trong khi danh gia do tin cdy ciia mo6 hinh FEM, d6 1a kha nang mo
phéng dang pha hoai ctia két cAu thi nghiém. Trong nghién ciiu nay, hai mAu san phang SP1 va SP3
déu bi pha hoai 6 trang thai chuyén vi, trong khoang 80 — 90 mm, tuong tng v6i 4 — 4,5% chiéu dai
nhip ctia 6 san (I = 2000 mm). Dang pha hoai dic trung bsi su hinh thanh cdc vét nit trén bé miit
dudi va bé mit trén clia cdc 6 san. Tai cdc nut lién két giita san va cac cot C1, C3, va C5, bé tong da
bi vd. Tuong ting tai nhiing vi tri d6 trén mo hinh sd, trang thdi ph4 hoai dugc dic trung béi chi s6
hu hong tiang tir 0 dén 1, tuong ting v6i thang mau thay ddi tif mau xanh ddm dén mau doé. Do d6, khi
mot phin tif bé tong trong mo hinh bi pha hoai, thi né c6 chi s6 hu héng bang 1, va bi x6a khéi mo
hinh (element erosion). Cac hinh anh pha hoai thu dudc tu thi nghiém va m6 hinh dudc gidi thiéu va
so sanh trén Hinh 11.

ive Plastic Stain
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(c) Mit dudi san SP1 (d) Mt duéi san SP1-FEM
Hinh 11. So sanh cdc hinh anh pha hoai san gitta thi nghiém va mé hinh FEM

Nhu véy, viéc kiém chiing mé hinh s6 da dudc thuc hién trén hai mau san phang khong mii cot,
dua trén cac tham sd chinh dic trung cho ting xii cd hoc clia san phang nhu biéu do tii trong — chuyén
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vi, biéu d6 bién dang cbt thép — chuyén vi va hinh dang pha hoai. Nhitng két qua chi ra ring cic mo
hinh FEM di xay dung dam bao d9 tin ciy va chinh xdc d€ mo phéng ting xi phi tuyén clia san phang
BTCT. Tit d6, nghién ctiu dugc md rong trén hai md hinh san phiang SP4-FEM va SP6-FEM c6 mii
cot, d€ khdo sat cac tham sd anh hudng dén siic khang sup dd cia loai san nay.

4. Nghién cttu tham sb
4.1. Ham lugng cot thép mii cot

Trudng hop khio sit thi nhét, ky hiéu “1 m”, cdt thép mii cot dudge bd tri gibng nhau theo hai
phuong 1a ®6@ 160, nhu minh hoa trén Hinh 12. Ham lugng cbt thép dudgc tinh toan va thong ké trong
Bang 1. Tiép theo, ba mo hinh di dugc phit trién dé ting ham lugng cdt thép trong mii cot thém 30%,
60% va 100%, ky hiéu 1an luct 12 1,3 m, 1,6 m va 2 m. Viéc bd tri cbt thép trong mi ¢t dbi véi cac
truong hop khao sat nay dugc thuc hién biang cach la giam khoang cach gilta cac thanh cdt thép, tuong
ting 123 mm, 100 mm va 80 mm so vdi cach bd tri cbt thép mil cot dudc trinh bay trén Hinh 12.

D6@30,
: e
17 L o » o L o .‘ L L »

. R
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Hinh 12. Chi tiét cAu tao nit giita san va mii cot (mit cat 4-4 trong Hinh 2 va 3)

R A

140 40 80

350
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Hinh 13 gi6i thiéu cdc biéu dd tii trong — chuyén vi ctia hai mau san phang c6 mi SP4 va SP6,
véi cac ham lugng khac nhau dbi véi cbt thép trong mii cot. Nhitng két qua thu dudc chi ra rang, khi
ting ham lugng cot thép thi bi€u dd ti trong — chuyén vi gan nhu khong thay ddi, dic biét d6i v6i giai
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Hinh 13. Biéu d6 tai trong - chuyén vi khi thay d&i ham lugng c6t thép mil cot
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doan tai trong ting tit 0 — 10,4 kN/m? trén san SP4-FEM, ting tit 0 — 16,0 kN/m? trén san SP6-FEM,
va tuong ting véi chuyén vi ting tif 0 — 20 mm. Néu gia thiét chuyén vi t6i han 1a 150 mm, tuong
duong 7,5% chiéu dai nhip ctia 6 san (I = 2000 mm), thi stic khang sup d6 cdia hai san nay dudc du
béo 1an lugt 12 khoang 18 kN/m? va 22 kN/m?. Do chénh 1éch vé siic khdng sup d& giita cdc trudng
hop khéo sat 1a nho. Do d6, c6 thé két luan rang, ham lugng c6t thép trong mii cdt chi can bd tri dé
dam bao kha niing khang choc thiing va dnh hudng khong dang ké dén wng xi clia san phang.

4.2. Cuong do chiu nén cua bé tong

Hinh 14 gi6i thiéu cic biéu d6 quan hé tai trong - chuyén vi clia hai mau san phang c6 mi SP4 va
SP6, dé khéo sat cudng do chiu nén ciia bé tong ting ti 18 - 30 MPa. C6 thé nhan théy, khi chuyén
vi nhé hon 50 mm, cdc dudng cong tii trong — chuyén vi gan nhu tring nhau, nghia 1a cudng do nén
bé tong anh huéng khong dang ké dén kha niing chiu luc trong giai doan nay, v6i d6 chénh léch vé tai
trong nhé hon 2%. Trong giai doan tiép theo, nhidu vét niit xuit hién, do ciing suy gidm va san phang
chuyén sang giai doan 1am viéc phi tuyén. Khi chuyén vi cang 16n thi cidc dudng cong c6 xu huéng
chénh 1éch nhiéu hon. Tuong tu nhu da phan tich & muc 4.1, néu gia thiét chuyén vi t6i han 1a 150
mm, thi san SP4 chiu dudc tai trong bing 15,9 kN/m? khi bé tong c6 cudng do nén dic trung 1a 18
MPa, trong khi d6 néu cudng do nén ting tir 22 — 30 MPa thi tai trong tGi han gin nhu giéng nhau,
khoang 18,1 — 18,2 kN/m?. Do dé, siic khang ctia san phing SP4 ting khoang 13,8% khi ting cudng
do bé tong tu 18 1én 30 MPa.
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Hinh 14. Biéu d6 tai trong - chuyén vi khi thay d&i cudng do chiu nén clia bé tong

Tuong tu, d6i v6i san SP6 sit dung bé tong c6 cudng do nén 18 MPa, tai trong tSi han bing
21,7 kN/m? tuong ting v6i chuyén vi 150 mm, va c6 thé dat gia tri 24,6 kN/m? néu cudng do nén bé
tong san bing 30 MPa. Stc khang sup dé ciia san SP6 dudc ting 1én khoang 13,4%. Anh hudng cta
cudng do bé tong dén stic khing sup d6 1a ddng ké hon so véi dnh hudng ctia ham lugng cdt thép trong
mu cot.

4.3. Cdc kich bdn mdt cot

Hinh 15(a) trinh bay nim kich ban mét cot c6 thé xdy ra, d6 1a mét cot trong (CT), mét cot bién
gitta (CBG), mat cot goc (CG), mat cot bién can goc (CBCG), va mat cot trong can goc (CTCG).
Trong phan nay, nim moé hinh FEM dé dudc phat trién cho nim san phang c6 mii cot vSi cdt bi mét
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tuong Ung véi cac kich ban ké trén. Cic biéu do quan hé - tai trong chuyén vi thu dugc tif phan tich mo
hinh dugc gi6i thiéu trén Hinh 15(b), cho phép so sanh kha ning chiu luc gitta cdc san. C6 thé nhan
thiy, khi tai trong ting tit 0 — 10 kN/m?, tuong tng véi chuyén vi nhd trong khoang 0 — 6,75 mm, thi
vi tri cot bi mat gan nhu anh hudéng khong dang ké dén ving xi co hoc trén ca hai tham s 12 tai trong
va chuyén vi. Khi tai trong 16n hon 10 kN/m?, thi hai san bi mit CBCG va CTCG c6 chuyén vi 16n
hon dang ké (d6 cting nhd hon) so véi nhém ba san con lai (mit CT, CBG va CG). Ung xt ciia ba san
nay chi bit diu xut hién sy phan tan khi tai trong 16n hon khoang 15 kN/m?.

— ] 28
|
} 24 H
_____ x_ e
Cot trong < 20
An o6 <
can goc E 16
\;.0 15
& 12
;E 10 bién gitra
=8 1 —©— Cot goc
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4 —t+— C6t trong can goc
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Chuyén vi (mm)
(a) Vi tri cOt bi mét (b) Tai trong — chuyén vi

Hinh 15. So sanh quan hé tai trong - chuyén vi khi thay d6i vi tri mét cot

D€ so sdnh siic khdng sup d6 giita cic kich ban mit cot, chuyén vi t6i han clia san ciing dugc gia
thiét 1a 150 mm. Khi dé, tai trong gi6i han ctia san bi mit CTCG c6 gid tri nhé nhét bing 16,1 kN/m?,
tiép theo san bi mét cot CBCG chiu dugc tai trong 16,5 kN/m?. Tai trong gidi han ctia san bi mit CT
c6 gid tri 16n nhét, bing 23,4 kN/m?. Trong khi d6, hai san bi mit CBG, CG chiu dudgc tai trong gidi
han tuong duong nhau, nim trong khoang trung gian tir 21,5 - 21,8 kN/m?. Nhiing két qua nay cho
phép nhan dinh ring, trudng hgp mit CTCG la kich ban nguy hiém nhit d6i v6i san phang cé mii cot,
do stc khang sup d§ giam nhiéu nhét (31,2%) so vé6i nhiing trudng hop con lai nhu dudc trinh bay
trong Bang 2.

Bang 2. Khé niing chiu luc ctia nim trudng hop mét cot tai chuyén vi 150 mm

) Tai trong tai chuyén vi 150 mm Ty s6 so véi san mat CT
Vi tri cot bi mat - p . . 2 X

Ky hiéu Ket qua (kN) Ky hiéu Keét qua (kN)

Cot trong Per 23,4 Per/Pcer 1,000

Cot bién gitra Pcac 21,8 Pcpc/Pcr 0,932

Cot goc Pci 21,5 Pcg/Pcr 0,912

Cot bién can goc Pcpea 16,5 Pcgeg/Per 70,500

Cot trong can goc Pcrea 16,1 Pcrea/Per 68,800
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5. Két luan

Nghién ciiu nay trinh bay phuong phap xay dung md hinh sb cho két ciu san phang khong va cé
mil cot, d€ mo phdng ting xt phi tuyén khi bi méit mot cot. Cac mo hinh s6 da dugc kiém chiing dua
trén cac két qua thuc nghiém thu dudc trén hai mau san phing khong mii cot. Tir d6, mot nghién citu
tham s6 dd dudc tién hanh trén hai mau san phang cé mii ¢6 céc kich thudc hinh hoc va ciu tao cbt
thép tuong tu. Nhitng két qua thu dudgc tif cic mo hinh s6 cho phép dua ra mot s6 nhan xét nhu sau:

- Néu nhu, pha hoai choc thiing khong x4y ra, thi viéc thay d&i ham luong cbt thép & mii cot khong
lam thay d6i kha ning chiu luc ctia san. Nhu vay, d6i v6i san phang c6 mii cot, thi cdt thép trong mii
cot chi yéu cau ham luong ti thi€u d€ dam bio siic khang choc thing tai dau cot.

- Anh hudng ctia cudng do bé tong dén kha ning chiu luc ctia san phing c6 mii cot 1a déng ké hon
so v6i anh hudng ctia ham lugng cbt thép trong mil cot. Khi ting cudng do chiu nén tir 18 - 30 MPa,
thi siic khang sup dd ctia san phang c6 thé ting thém 13-14%.

- Trong sb céc kich ban mét cot, tuong ting v6i chuyén vi t6i han clia san dudc du bio bﬁng 150
mm, thi mit cot trong cin géc 12 trudng hop nguy hiém nhét, do stic khang sup d6 da giam téi 31,2%
so véi khi mét cot trong, tiép dén 12 trudng hop mat cot bién cot géc. Trong khi d6, mat cot trong 12 it
nghiém trong nhit trong nim trudng hop mét cot.
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