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Tém tat

Hién nay, cong nghé c6p pha nhom ngay cang dugc dp dung phd bién trong céc cong trinh bé tdng cbt thép
(BTCT) & Viét Nam. Di véi cac cong trinh chung cu cao ting, cong nghé nay khong nhiing dudc ap dung cho
cdc két cAu chiu lyc chinh ma con c6 thé dugc sit dung hiéu qué cho céc tuong ngin BTCT v6i mot sé mic do
khéc nhau va do vy c6 thé tic dong tich cuc t&i su 1am viéc ctia két cAu cong trinh nhu chu ky dao dong co ban,
dang dao dong, chuyén vi dinh, chuyén vi 1éch tang, v.v... Bai bdo nay gi6i thiéu cong nghé thi cong bing cdp
pha nhom cho tudng ngin (BTCT-CPN) va tién hanh mot thi du thuc t& d€ danh gid anh hudng clia hai thong s
(i) mic d6 4p dung; va (ii) hé sb gidm do cing khi md phong tudng ngin BTCT-CPN tdi tng xit tong thé clia
két cAu mot nha chung cu BTCT cao 40 ting. Két qué cho thiy khi 4p dung giai phdp tuong ngin BTCT-CPN
v6i cac mic do 50 va 100%, chuyén vi dinh clia cong trinh gidm tuong ting 1a 36,7 va 47,9% so véi phuong an
tudng ngin hoan toan st dung gach xay truyén théng va chi dugc mo phéng nhu tii trong trong md hinh héa
két cAu. Do dép ting tét hon vé yéu cau cong ning kién triic, phuong dn dp dung tudng ngin BTCT-CPN & mic
dd 50% c6 thé dudc st dung hop ly. Bén canh d6, hé s6 giam do cing anh hudng khong dang ké khi md phong
tuong ngin BTCT cung vé6i cac két cu chiu luc chinh ctia cong trinh.

Tir khod: két ciu; tudng ngin; bé tong cbt thép; nha nhiéu tang; cép pha nhom.

INVESTIGATION ON STRUCTURAL BEHAVIOR OF MULTI-STOREY BUILDINGS WITH CAST-IN-
SITU CONCRETE PARTITION WALLS USING ALUMINUM FORMWORK

Abstract

Nowadays, aluminum formwork technology is becoming more and more common in reinforced concrete (RC)
buildings’ construction in Vietnam. In high-rise apartment buildings, this technology can be efficiently used for
not only main structures but also partition walls with different utilization levels and may lead to positive effects
for the behavior of the building structure i.e. natural period, mode shape, building horizontal top displacement,
inter-storeys drift, etc. This paper introduces aluminum formwork technology applied for partition walls (RC-
AF) and produces a case study to investigate the effects of: (i) application level of RC-AF partition walls; and (ii)
stiffness reduction factor applied in the modelling on the structural behavior of a 40-storey apartment building
in reality. It is shown that when RC-AF partitions walls are applied at levels of 50 and 100%, the building
top horizontal displacement is respectively reduced by 36.7 and 47.9% compared to the case that traditional
masonry partition walls are only used and modelled as applied loads in the structural analysis. With better
adaption of functional program for architecture, the option of 50% application level can be sufficiently used.
Besides, the effect of stiffness reduction factor applied when modelling RC partition walls using aluminum
formwork technology is not significant.
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1. Giéi thiéu

Két cAu bé tong cbt thép (BTCT) 1a loai két ciu chi yéu trong xay dung hién dai va ludn can dugc
dau tu nghién ciu tir 1y thuyét co ban dén nguyén ly tinh todn thiét ké va cc gidi phap cong nghé
cho viéc hién dai héa cong tic ché tao ciu kién trong nha mdy ciing nhu thi cong toan khéi tai hién
truong [1]. Hién nay, cong nghé cdp pha nhom cho két ciu BTCT dang dan dugc ap dung khd phd
bién trong cic cong trinh xdy dung & Viét Nam, dic biét 1 cdc chung cu cao tang hién dai dugc thuc
hién bdi cac téng thau thi cong 16n nhu Tap doan Xay dung Hoa Binh, Tap doan Coteccons, V.v...
Khéc véi cong nghé truyén thdng trong d6 tudng gach xay hoic tudng ngin BTCT dugc thi cong sau
hé két cAu chiu luc chinh clia cong trinh, trong cong nghé thi cong nay, mdt phan hoic toan bd hé
thong tuong ngin dudc do bé tong toan khbi dong thoi véi hé két cdu chinh. Cong nghé thi cong cop
pha nhém gitip rit ngin tién do thi cong, nang cao chét lugng cong trinh, ddy nhanh cdng doan hoan
thién, tiét kiém nhan cong, v.v... Hon nifa, khi dugc thi cong dong thdi, tac dung tich cuc clia hé
tudng ngin BTCT st dung cong nghé c6p pha nhom (viét tat 1a BTCT-CPN) d6i v6i su 1am viéc clia
két cAu cong trinh (nhu ting do ciing tdng thé, giam chuyén vi dinh, gidm chuyén vi léch ting v.v...)
12 16 rét hon nhiéu so véi hé tuong ngin BTCT st dung cong nghé thi cong truyén théng. Do vy, can
thiét phai xét t6i sy c6 miit clia hé tudng ngin BTCT-CPN trong cc khau mo hinh héa, phan tich ndi
Iuc va thiét ké két cAu cong trinh.

Véi cdc cong trinh chung cu cao tang, cong nghé BTCT-CPN c6 thé dudc 4p dung cho tudng
ngdn vé6i cdc mic dd khac nhau nhu: (i) Toan bd tudng ngin khong dd bé tong (mic do dp dung
0%) ma st dung gach xay truyén théng; (ii) Tudng bao mit ngoai va tudng ngin gitta cac cin ho ap
dung BTCT-CPN, trong khi tudng ngin bén trong ctia tiing cin ho st dung gach xdy truyén théng
(mot cach tuong dbi c6 thé coi 12 mic dd 50%); va (iii) Toan bd hé tudng ngin st dung gidi phap
BTCT-CPN (mic dd 100%). Cac giai phap néu trén c6 do linh hoat khac nhau vé mit bd tri cong
ning kién tric va nhu ciu thay ddi thiét ké cin ho trong qua trinh sit dung, nén thuong dudc can nhic
k¥ dua trén yéu cau cia nha dau tu. Vé mit két ciu, hé tudng ngin BTCT-CPN 4nh hudng tich cuc
t6i do ciing tong thé clia cong trinh va c6 thé dua t6i mot gidi phap chiu luc hiéu qua hon. Tuy nhién
trong cong tac thiét k& két cAu hién nay van ton tai quan niém coi tudng ngin BTCT 1a mot loai tai
trong va do vy anh hudng ctia n6 bi bé qua trong phan tich két cAu cong trinh. Mot sb cong trinh
nghién cifu vé van dé niy da dudc thuc hién trong va ngoai nuéc [2, 3], nhung chi diing & miic do so
sanh cong nghé cbp pha nhom véi cic loai cop pha thong thudng khac va danh gia hiéu qua trong qua
trinh thi cong ma chua dé cap tdi khia canh tinh todn, thiét ké. Gan day, anh hudng cla tudng chén
t6i viéc ki€ém sodt co cAu pha hoai khung BTCT chiu dong dét dugc nghién ctiu bing ly thuyét trén
khung phéng thp ting tai Viét Nam [4]. Hon nifa, hé thong tiéu chudn thiét ké va thi cong hién hanh
clia cdc nudc trén thé gidi va Viét Nam [5—11] cling chua dé cép chi tiét dén anh hudng clia viéc phan
tich hé tuong ngin BTCT-CPN cung véi hé thong két cAu chiu luc clia ¢4 cong trinh.

Trong bai bdo nay, tong quan vé cong nghé thi cong tudng ngin BTCT-CPN dugc gi6i thiéu trudc
khi mot thi du phén tich tinh toén chi tiét dudc tién hanh trén mot két cAu cong trinh thuc té, tir d6 riit
ra su 4nh hudng t6i su 1am viéc tdng thé ctia két ciu cong trinh khi mo phéng tudng ngin BTCT véi
ba mtc d6 ap dung da néu & trén.

2. Chu tao va md phéng tuong ngin BTCT sir dung cop pha nhém
2.1. Cdu tao hé tuong ngin BTCT-CPN

Trong cong nghé BTCT-CPN cho cong trinh chung cu cao tang, c6 hai loai tudng chinh dudc st
dung (Hinh 1), d¢ la:

- Tudng day 200 mm (goi tit 1a tudng 200): Trén mit bang dién hinh ctia cong trinh chung cu cao
tang, tudng 200 thudng dudc bd tri bao quanh mit ngoai va ngin chia gitta cac cin ho. Tudng 200
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dugc b tri hai 16p 1u6i thép han @6 v6i khodng cach 1u6i 1a 200 mm. Ludi thép niy dudc neo vao
céc ciu kién xung quanh véi chiéu dai neo va nbi thép chd déu 1a 100 mm.

- Tudng day 100 mm (goi tat la tusng 100): thudng dudc sit dung dé ngin chia giita cic phong
bén trong ctia mot cin ho. Tuong tu nhu tudng 200, tudng 100 ciing dugc bd tri cbt thép ciu tao dam
bio yéu cau vét niit va kha niing chiu luc trong qua trinh 1am viéc cta két cAu véi mot 16p 1udi thép
han @6@200. Ludi thép nay ciing dudc neo vao céac ciu kién xung quanh véi chiéu dai neo va ndi
thép cho déu 1a 100 mm.
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Hinh 1. B6 tri cbt thép trong tuong ngin BTCT-CPN

Hé théng c6p pha nhom bb tri cho tudng ngin BTCT trén thuc té cong trudng dudc minh hoa trén
Hinh 2.

Hinh 2. Thi cong thuc té tudng ngin BTCT-CPN

C6 thé thiy ring véi lién két nhu trong Hinh 1, tudng ngin BTCT-CPN c6 thé khong bi ngin can
xoay 100% tai lién két, nhung c6 mot miic dd nhét dinh trong kha ning chiu luc cit doc theo giao
tuyén vdi cic cau kién chiu luc chinh xung quanh khi cong trinh bi bién dang. Nhu viy, bién phap
cAu tao thuc té can dugc mo phdng ding trong mo hinh héa két ciu, tir d6 méi c6 thé danh gid ding
muc d6 anh hudng cia tudng ngin BTCT-CPN dbi v6i hé thong két cau cong trinh.

2.2. Mo phong tuong ngin BTCT-CPN

V6i tiung muc do dp dung khic nhau cho tudng ngdn BTCT-CPN, c6 cac phuong an tudng dng
cho viéc mo hinh héa két cdu nhu sau:
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- b6i v6i gidi phdp toan bo hé théng tudng ngin st dung gach xay truyén théng (mifc dd 0%): Chi
két ciu chiu luc chinh gdm cot, vach, 16i, dim, san dugc md phong trong mo hinh. Hé tudng ngin
bing gach xdy chi dudc coi 12 tai trong phan bd déu trén mot don vi chiéu dai dim hodc mot don vi
dién tich san. Anh hudng ciia hé tudng ngin dén do ciing tong thé ctia két cdu dugc bd qua. M6 hinh
nay dugc goi la MH1-0.0.

- Dbi véi gidi phap hé tudng bao mit ngoai va tudng ngin gitta céc cin ho st dung BTCT-CPN
(mic dd 50%): Cac tuong nay thudng day 200 mm va dugc d6 BTCT trong cbp pha nhom clng véi
toan bd hé két cAu chiu luc chinh. Trong khi dé, cic tudng ngin giita cdc phong trong mét cin ho
dugc st dung tudng gach xay truyén thong. Nhu vay trong mo hinh héa két ciu, hé tudng 200 c6 thé
dugc md phong bang phan ti tim cling vi cac két ciu chiu luc chinh gdm cot, véch, 16i, dim, san.
Lién két giita tudng 200 véi cac cu kién cot, dam, san, vach xung quanh cho phép xoay theo nhu ciu
tao neo va nbi cot thép trong Hinh 1. C4c tudng ngin trong cin hd khong dugc mo hinh héa ma quy
vé ti trong. M6 hinh nay dudc goi 1a MH2-0.5.

- Déi v6i giai phap toan bd 100% tudng ngin st dung BTCT-CPN (mic d6 100%): Cac tudng
bao va ngén gilra cac can ho st dung tudng 200, cac tudng ngan gitta cac phong trong mot can ho su
dung tudng 100 va dudc d6 BTCT trong cdp pha nhom cling véi toan bd hé két cau chiu luc chinh.
Nhu vay trong md hinh héa két ciu, tit ca cac tudng déu dudec mo phong bang phan tir tim cung véi
cdc két cAu chiu lyc chinh. Lién két giita tudng véi cac ciu kién xung quanh cho phép xoay theo nhu
cAu tao neo va ndi cbt thép trong Hinh 1. M6 hinh nay dudc goi 1a MH3-1.0.

V6i cong nghé thi cong bé tong truyén thdng trude day, hé tudng ngin BTCT dudc dd bé tong sau
khi thi cong hé két ciu chiu luc. Hé két cAu chiu luc da 1am viéc chiu tai trong ban than ctia chinh n6
va di c6 bién dang nhit dinh trudc khi tudng ngin BTCT dudc thi cong. Do vay, mic do lién két giiia
tudng ngin BTCT véi cic ciu kién chiu luc xung quanh, ciing nhu mic do tham gia chiu luc ctia hé
tudng ngin BTCT cuing hé két cAu chiu luc déu han ché hon so véi cong nghé thi cong cdp pha nhom.

V6i cong nghé cdp pha nhom, hé tudng ngin BTCT dudc dd toan khdi cuing hé két cAu chinh va
c6 thé dugc mo hinh héa cuing véi hé két ciu chinh. Can luu y rang tudng ngin BTCT st dung cbp
pha nhom chi dugdc bb tri cbt thép ciu tao nén khong tranh khdi xuat hién vét nit trong qua trinh chiu
luc, do d6 can dudc 4p dung hé sb gidm do cing hop 1y trong mo hinh héa két cAu. Trong muc tiép
theo, mot thi du tinh toan dudc thuc hién trén mot cong trinh thuc té nham danh gia anh hudng téi
ting x1i tdng thé ctia két cAu cong trinh giy bdi hai thong s6 1a: (i) miic dd 4p dung; va (ii) hé s6 giam
d6 cing khi mo phdong hé tuong ngian BTCT-CPN.

3. Vi du tinh toan

3.1. Théng sé ddu vao

Khao sat mot cong trinh chung cu cao tang tai Ha Noi c6 mit bang tang dién hinh trén Hinh 3 va
mo hinh khong gian trong phén tich két ciu bang phan mém ETABS [12] trén Hinh 4. Cong trinh c6
chiéu cao 142,4 m gém ba tang ham va 40 ting ndi. T ting ham B3 dén tang 3F st dung hé két ciu
hé khung 16i chiu luc. Tang 4F bd tri dim chuyén véi chiéu cao 1,2 m ¢6 nhiém vu chuyén hé két ciu
khung - 16i sang hé két cAu vach - 16i ctia 36 ting dién hinh khu ciin ho phia trén. Cac céu kién cot,
véch va tudng ngin BTCT-CPN tif tang hAm B3 dén san tang 4F, tif ting 4F dén 12F, tir tang 12F dén
20F va tir tang 20F dén mai st dung bé tdng c6 cip do bén tuong ting 1a B45, B40, B35 va B30. Vit
liéu bé tong cip do bén B40 dudc st dung cho dam, san tang 4F va B30 cho dam, san cic tang con
lai. Vat liéu thép céc loai CB240T, CB400V va CB500V dudc st dung tuong tng cho cdc thanh cbt
thép dudng kinh @ < 8 mm, 8§ mm < @ < 14 mm va & > 14 mm.

DE lam rd 4nh hudng ctia cac muc do sit dung tudng ngin BTCT-CPN khac nhau t6i su lam viéc
tong thé ctia két cAu cong trinh, ba mod hinh MH1-0.0, MH2-0.5 vi MH3-1.0 néu trén dugc khio sat
bing phan mém phan tich két ciu ETABS (Hinh 5).
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Trong md hinh ETABS [12], tudng c6 thé dugc mo phdng bang céc loai phan tif nhu sau:

(i) Phan ti Shell 1a phan tit tim vo c6 thé chiu kéo nén trong mit phiang va udn ngoai mit phing.
Céc tim tuong c6 thé dugec mo hinh héa bang phan phan tif Shell-thin hoic Shell-thick tiy vao chiéu
day cta ching. Phan tit Shell-thick c6 ty 1& chiéu day/chiéu dai canh 16n hon 1/10, trong khi d6 ty 1&
nay dao dong tli 1/100 dén 1/10 db6i v6i phan ti Shell-thin. Dua vao kich thude thuc té, cdc tAm tudng
phan 16n thudc phan tif Shell-thin (hay con goi 1a phan ti tim méng Kirchhoff). Dy 1a phan td c6
kha ning chiu kéo nén trong mit phing, udn va cit ngoai mit phiang. Tuy nhién do Ia tim méng nén
ting sut theo phuong chiéu day tim va bién dang do luc cit dugc bd qua. Do vi tri tudng ngin BTCT
trong cong trinh 12 cc tim thang ding nhu hé cot vach, cic tim tudng nay dudc dinh nghia la Pier
va Spandrel (thudc loai phan tif Shell-thin). Pier 12 cic phan ti chiu nén ubn tuong tu nhu cot va vach
trong thuc té, con Spandrel c6 kha ning chiu ubn tuong t nhu dam (thuong 1a cac lanh t6 nim trén
céac 16 cta) [12].

(ii) Phan t Membrane (con goi la phin tif mang) 1a phan ti¥ chi chiu kéo nén trong mit phang,
mo men ubn ngoai mit phang dudc bd qua.

(iii) Phan ti Layered 14 phan i tAm c6 nhiéu 16p vit liéu khdc nhau cung chiéu day tuong ting.

Trong phan mém ETABS, céc phan tif Pier va Spandrel c¢6 thé dudc chia nhd thanh 1udi phan ti.
Do chinh xdc ctia phan tich két cAu phu thudc vao mic d6 chia nho ctia phan ti, mic do chia cang
nhd thi do chinh xéc ctia két qua cang cao nhung lam ting thdi gian phan tich. K&t qua phan tich cho
thdy khi gidm kich thu6c cac phan ti ti 1,5 m thanh 1,0 m thi gid tri m6-men dim phia trén va phia
dudi tAm tudng ngin thay ddi rat nhd (chénh léch trung binh khoang 4%) nhu thé hién trong Bang 1.
Nhu viy v6i kich thuéc chia nhd phan ti Pier va Spandrel 12 1,0 m thi két qua phén tich da tién dén
héi tu va chip nhan dugc.

Bang 1. So sanh md men dam khi tudng ngin BTCT chia phan t& 1,0 m va 1,5 m

M1,0 (kNm) M1,5 (KNm)
TS hop Tang  Dam  Kich thuéc chia  Kich thudc chia ~ Chénh 1éch (%)
phan tir 1,0 m phan tir 1,5 m
TTTHCBI 6F  B587 68,193 71,882 5
TTTHCB2 6F  B587 63,790 66,836 5
TTTHCB3 6F  B587 58,450 61,784 5
TTTHCB4 6F  B587 79,848 82,664 3
TTTHCBS 6F  B587 42,392 45,956 8
TTTHCB6 6F  B587 69,888 73,398 5
TTTHCB7 6F  B587 65,082 68,851 5
TTTHCBS 6F  B587 84,341 87,643 4
TTTHCBY 6F  B587 50,630 54,606 7
TTTHDB1 Max  6F  B587 86,377 87,833 2
TTTHDB2 Max  6F  B587 86,377 87,833 2
TTTHDB3 Max  6F  B587 86,377 87,833 2
TTTHDB4 Max  6F  B587 86,377 87,833 2
TTTHDBS Max  6F  B587 77,292 79,820 3
TTTHDB6 Max  6F  B587 77,292 79,820 3
TTTHDB7 Max  6F  B587 77,292 79,820 3
TTTHDBS Max  6F  B587 77,292 79,820 3
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V6i ciu tao cdt thép nhu trong Hinh 1, lién két giita tudng ngin BTCT-CPN va cic két cAu chiu
luc xung quanh khong dugc coi 1a nit cting hoan toan nhu lién két gitta hé vach chiu luc v6i hé san va
cdc chu kién chiu luc khéc. Trong bai bao nay, lién két gitta tudng ngin BTCT-CPN véi cdc cAu kién
xung quanh dudc coi 1a khdp dé thién vé an toan. Ban chit cda nit cting 12 d€ dam bao cho tht ¢4 cic
phan t quy tu vao nit c6 ciing mot chuyén vi xoay. Trong khi d6, tudng ngin BTCT-CPN dugc lién
két khép ga vao cdc ciu kién khdc, tai vi tri khép md men trong tudng bang khong nhung trong cic
cAu kién khdc mo men c6 thé khac khong (Hinh 6).

tuong ngan BTCT

77

Hinh 6. So sanh noi luc giita lién két khép va nit cling

Trong ca ba md hinh ETABS, hé sb gidm do cting theo diéu 6.6.3.1.1 ctia tiéu chudn ACI 318-19
[7] (Bang 2) déu dudc ap dung cho céc ciu kién chiu luc chinh. P6i véi cic tim tudng ngin BTCT-
CPN dugc khai bdo trong cidc md hinh MH2-0.5 va MH3-1.0, hé sb giam d6 cting 0,35 dugc 4p dung
v6i gia thiét tudng bi nit (Bang 2).

Bang 2. Hé s6 gidm do cing cho ciu kién BTCT theo ACI 318-19 [7]

Chu kién Cot Vich (khong niit) Vich (ntt) Dim San phang
Mo men quan inh 0,71, 0.71, 0351, 035,  025I,
Dién tich tiét dién 1,04, 104, 1.0A, 1.0A, 1.0A,

Trit m6 hinh MH1-0.0, trong tit ¢4 cdc m6 hinh con lai, tudng ngin BTCT-CPN dudc md phéng
bing phan ti tAm 4 mit dudc lién két khép véi cac ciu kién xung quanh. Cic tii trong tac dung 1én
cong trinh bao gdm tinh tai, hoat ti, tdi trong gi6 (thanh phan tinh va thanh phan dong), tai trong
dong dat va t6 hop tdi trong dugc xdc dinh theo cic tiéu chuin thiét ké hién hanh cta Viét Nam
[9—11]. Tinh tai bao gdm trong ludng ban than két ciu BTCT dugc tinh toan tu dong bang phan mém
ETABS véi trong lugng riéng y = 25 kN/m®, tinh tai dudc tinh toan dua trén cAu tao cic 16p hoan
thién san va tai trong tudng dudc xac dinh qua céc 16p cAu tao tudng. Hoat tai tic dung 1én cong trinh
tuong Ung véi cong ning cong trinh trén mit bang va dugc l1iy theo Bang 3 ctia TCVN 2737:1995.
Cong trinh dugc xay dung tai Bic Tir Liém - Ha Noi, tai trong gi6 tac dong 1én cong trinh thudc viing
gi6 1I-B, dang dia hinh B.

3.2. Khdo sdt miic do dp dung tuong ngdn BTCT-CPN

Két qua phan tich két chu giita cic md hinh MH1-0.0, MH2-0.5 va MH3-1.0 dudc st dung dé
khéo sdt anh hudng ctia mic do 4p dung tudng ngin BTCT-CPN t6i két cAu cong trinh.
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a. Vé chu ky dao dong co ban

Két qua phan tich két cAu cho chu ky ctia dang dao dong co ban thi nhét cia MH1-0.0, MH2-0.5
va MH3-1.0 1an luct 1a 4,986; 3,734 va 3,373 gidy. Chu ky ctia dang dao dong co ban thi nhét ctia
MH2-0.5 va MH3-1.0 gidm tuong tng 12 25,1 va 32,4% so véi s6 liu ciia MH1-0.0. Nhu vy, khi
tudng ngidn BTCT-CPN dugc md phdng trong md hinh da lam gidm déng k€ chu ky dao dong co ban
va ting dang ké do cling tdng thé clia cdng trinh.
b. Vé dang dao dong co ban

Dang dao dong ctia ba mo hinh khao sit dugc biéu dién trong Bang 3. C6 thé thiy ring véi cong
trinh cao 40 tang dudc khio sit, hé thong tudng ngin BTCT-CPN khong chi dnh hudng téi chu ky
dao dong ma con anh hudng dén dang va phuong dao dong ctia két cAu. Cic dic trung dao dong nay
s& anh hudng dén cac thanh phan luc dong (gi6 dong, dong dit) va sé& anh hudng truc tiép dén ndi luc
trong c4c cAu kién chiu luc.

Bang 3. So sanh dang dao dong

Chu ky dao dong co ban (gidy) Phuong dao dong
Dang dao dong
MHI1-0.0 MH2-0.5 MH3-1.0 MHI1-0.0 MH2-0.5 MH3-1.0
1 4,968 3,734 3,373 Y - xo0in Y Y
2 4,605 3,288 2,899 Y - xodn Xoan Xoan
3 3,952 1,629 1,464 X X X
4 1,479 1,451 1,451 Xoan Xoin X
5 1,451 1,035 0,936 Y Y Y
6 1,353 0,916 0,823 Y Xoin Xoan

c. Vé chuyén vi dinh

Két qua phan tich két chu cho thiy chuyén vi dinh do t8 hop c6 tai trong gié ctia MH1-0.0, MH2-
0.5 v MH3-1.0 1an lugt 12 0,340, 0,215 va 0,177 m. Chuyén vi dinh cia MH2-0.5 vi MH3-1.0 gidm
tuong tng 1a 36,7 va 47,9% so véi s6 liéu cia MH1-0.0. Nhu vy, khi tudng ngin BTCT-CPN dugc
mo phoéng trong md hinh da 1am ting dang ké do ciing tong thé clia cong trinh.
d. Vé chuyén vi léch ting

Chuyén vi léch tang gilta cic md hinh dugc biéu dién trong Hinh 7 va Hinh 8. Tuong tu nhu
chuyén vi dinh, ton tai chénh l&ch khd 16n (1&n dén 60%) trong chuyén vi lé&ch tang giita MH1-0.0,
MH2-0.5 va MH3-1.0. Chuyén vi léch tang 16n nhét trén mod hinh MH1-0.0, tiép theo dén MH2-0.5
va nhé nhét tai MH3-1.0 do c6 su tham gia chiu luc ctia hé théng tudng ngin BTCT-CPN. Nhu vay,
hé théng tudng ngin BTCT-CPN lam giam ddng ké chuyén vi léch tang.

e. Vé hé sb luc doc quy ddi v, clia vach chiu luc

Hinh 9 cho thdy su ¢ mit ctia tudng ngin BTCT-CPN lam thay d6i ddng ké hé sb luc doc quy
ddi ctia phan 16n cic vach. Hon nita, MH3-1.0 vé co ban lam gidm hé s6 ndy & hau hét cic vach.
Tuy nhién, trén mdt sb vach, hé sb luc doc quy ddi 16n nhit trén MH2-0.5 hoic trén MH3-1.0 nhu
V1-1, V1-2, V3-2, v.v... Két qua khéo sét cho thdy véi cac trudng hop tai trong thang diing (tinh
tai, hoat tai), luc doc trén nhiing vach nay nhd hon khi moé phong tuong ngan BTCT-CPN va giam
dan tr MH1-0.0 dén MH2-0.5 va nhd nhét trén MH3-1.0. Tuy nhién, véi trudng hop tai trong dong
dat, ty vao vi tri vach trén mit bang va tlly vao tling mo hinh phan tich ma dnh hudng ctia tai trong
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Chuyén vi Chénh léch (%)
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Hinh 7. Chuyén vi léch tang ciia cic mo hinh Hinh 8. So sanh chuyén vi 1éch tang giita cdc md hinh

dong dat 12 khac nhau. Do t& hop tinh todn luc doc quy d6i bao gdm tinh tai, hoat tai va tai trong
dong dét, tuong quan clia anh hudng gifa tinh tai, hoat tai véi ti trong dong dit 12 khac nhau lam
4nh hudng dén hé s6 luc doc quy ddi trong vach. K&t qua cho thiy nhiing vach chiu 4nh hudng cta tai
trong diing (tinh tai, hoat tai) 16n va chiu anh hudng ctia dong dit nhd sé c6 luc doc quy d6i 16n nhit
trén MH1-0.0, tiép theo 1a MH2-0.5 va nhd nhét trén MH3-1.0. Tuy nhién dbi v6i nhiing véach c6 anh
hudng ctia dong dit 16n va anh hudng ctia tai trong diing nhd c6 thé xay ra trudng hop luc doc quy ddi
16n nhét trén MH2-0.5 (V1-1, V1-2) hoiic trén MH3-1.0 (V3-2) tuy vao tdc dong clia dong dat khac
nhau trén tiing mo hinh va viéc phan phéi luc dong dat khac nhau vao cac vach trén mi mod hinh.
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Hinh 9. So sanh luc doc quy ddi véch gilta cdc md hinh

f. V& ndi luc ctia mot sb ciu kién cu thé

Két qua khéo sit cho thay:
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- Gid tri luc doc trong vach gidm dan tit MH1-0.0 dén MH2-0.5 va nhé nhit 14 8 MH3-1.0. Chénh
léch gia tri luc doc trung binh gitta MH2-0.5 va MH3-1.0 véi MH1-0.0 14n lugt 1 29 va 35%;

- M6 men am va duong trén cling mot dam c6 xu huéng gidm trén MH2-0.5 vi MH3-1.0 do hé
tuong ngin déng vai trd nhu nhiing gbi d6 dé€ gidm mo6 men cho dAm. Bén canh d6, chénh léch mo
men duong dim gitta cdc mo hinh 13 kha 16n (I6n nhit 12 hon 30%) trong khi d6 chénh 1éch md men
am dam 16n nhat khoang 25%:;

- M6 men ubn cla san giam dan tt MH1-0.0 MH2-0.5 va nho nhét 1a 8 MH3-1.0 do c6 su tham
gia chiu lyc clia hé tudng ngin. Pic biét trén MH3-1.0, m6 men gidm rat nhiéu (trén 70%), do d6
chiéu day va c6t thép san khi mo phéng tudng ngin BTCT-CPN déu c6 thé gidm dang ké;

- Biéu d6 m6 men udn ctia dim chuyén giita cdc md hinh khac nhau ddng ké ca vé hinh dang
14n gia tri. Hé tudng ngin c6 xu huéng lam ting tai trong tudng tac dung truc tiép 1én dam va do d6
lam ting m6 men dim trong céc tS hop chi c6 tii trong ditng. Tuy nhién, dbi véi t& hop c6 tai trong

Bang 4. So sanh biéu d6 md men dim chuyén giita cic mo6 hinh

T6 hop MH1-0.0 MH2-0.5 MH3-1.0
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ngang, hé tuong ngin BTCT-CPN lam gidm chuyén vi xoay ctia dam, phan phéi lai ti trong tudng
1én dim va 1am gidm mo6 men dam chuyén. Bang 4 cho thiy su thay ddi biéu dd mdé men dam chuyén
trén MH1-0.0, MH2-0.5 va MH3-1.0 khi m6 phdng tuong ngan BTCT-CPN;

- V6i hé s6 gidm do ciing cho hé tudng ngin BTCT-CPN 1a 0,35, hé s6 luc doc quy ddi trong céc
tuong ngin 1a rit nhé. Do vay cbt thép trong tudng chi can dugc bd tri theo cu tao d€ ddm bio kha
ning chiu lyc clia tudng trong qud trinh 1am viéc ctia két cAu.

3.3. Khdo sdt dnh hudng ciia hé sé gidm do ciing cho twong ngin BTCT

biéu 4.3.1(7) ctia TCVN 9386:2012 [9] quy dinh: “Tru khi thyc hién phan tich chinh xac hon doi
véi cac chu kién bi niit, cac dic trung vé do ciing chdng cat va do ciing chdng udn dan hdi ctia cic ciu
kién bé tong va khoi xdy c6 thé 14y bang mot nita do ciing tuong dng ciia cac ciu kién khong bi niit”.
Nhu vay, d& danh gia hé sb gidm do cing hop ly, mot phép khao sat thid hai dugc thuc hién trén ba
mo hinh st dung 100% tudng ngin BTCT-CPN (MH3) nhung véi cdc hé s6 gidm dd ciing cho tudng
l1a 0,35; 0,5 va 0,7. Cac md hinh tuong ting dugc dat tén 1a MH3-0.35, MH3A-0.5 va MH3B-0.7. Két
qua phan tich két cAu giita cdc md hinh nay dudc st dung dé khao sit anh hudng ctia hé s6 giam do
ciing cho tudng ngin BTCT-CPN t6i su lam viéc ctia két cdu cong trinh.

a. Veé chu ky dao dong co ban

Két qua phan tich két ciu cho chu ky ctia dang dao dong co ban thi nhit cia MH3-0.35, MH3A-
0.5 va MH3B-0.7 1an lugt 1a 3,372; 3,337 va 3,222 gidy. Chu ky clia dang dao dong co ban thit nhét
ctia MH3A-0.5 va MH3B-0.7 giam tuong ting 12 1,0 va 4,0% so vdi s6 liéu cia MH3-0.35. Nhu vy,
khi tudng ngin BTCT-CPN dugc mo phong trong md hinh, hé s6 gidm do ciing anh hudng khong
dang k€ do cing tong thé clia cong trinh.
b. Vé dang dao dong

Dang dao dong clia cdc md hinh dugc biéu dién trong Bang 5. Bang 5 cho thiy dang dao dong
ctia ba mo hinh khi thay ddi do ciing tudng ngin BTCT-CPN véi ba gid tri 0,35; 0,5 va 0,7 gan nhu
tuong tu nhau. Nhu vay, viéc thay d6i do ciing ctia hé tuong ngin BTCT-CPN tac dong khong dang
k€ t6i cac dang dao dong clia cong trinh.

Bang 5. So sanh dang dao dong

Chu ky dao ddng cd ban (gidy) Phuong dao dong
Dang dao dong
MH3-0.35 MH3A-0.5 MH3B-0.7 MH3-0.35 MH3A-0.5 MH3B-0.7
1 3,372 3,337 3,222 Y Y Y
2 2,898 2,837 2,710 Xodn Xodn Xodn
3 1,464 1,477 1,451 X X X
4 1,451 1,394 1,306 X X X
5 0,935 0,915 0,874 Y Y Y
6 0,822 0,801 0,761 Xodn Xodn Xoan

c. Vé chuyén vi dinh

Két qua phan tich két cAu cho chuyén vi dinh do t& hop c6 tai trong gi6 ctia MH3-0.35, MH3A-
0.5 va MH3B-0.7 1an lugt 12 0,177; 0,168 va 0,160 m. Chuyén vi dinh cia MH3A-0.5 va MH3B-0.7
giam tuong ting 1a 5,0 va 9,6% so véi sb lieu cia MH3-0.35. Nhu vay, khi tuong ngin BTCT-CPN
dugc md phéng trong mod hinh véi cac hé sb6 giam do cing khac nhau anh hudng khong dang ké t6i
do ciing tdng thé clia cong trinh.
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d. Vé chuyén vi léch ting

Chuyén vi 1&ch tang giita cac mo hinh dugc biéu dién trong Hinh 10 va Hinh 11. Tuong ty nhu
chuyén vi dinh, chénh 1&ch trong chuyén vi léch tang gitia cac mo hinh 12 khong dédng k€& (nhd hon
10%). Nhu vy, su thay d6i do cting hé tudng ngian BTCT-CPN c6 thé dudc bd qua trong ki€m tra
chuyén vi léch tang ctia cong trinh.
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Hinh 10. Chuyén vi 1&ch tang ctia cdc md hinh Hinh 11. So sanh chuyén vi 1éch ting giita cic m6 hinh

e. Danh gid su 1am viéc cla hé tudng ngin BTCT-CPN qua hé s6 luc doc quy ddi vy
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Hinh 12 va Hinh 13 cho thiy khi thay d6i do ciing tudng ngin BTCT-CPN § céc gia tri 0,35; 0,5
va 0,7, luc doc quy ddi giita cic mo hinh khong thay ddi nhiéu va c6 xu hudng ting tuong ting véi hé
s6 do cing clia tudng ngin.

02

0.18
0.16

Luc doc quy dbi

Q'\ Q:\, Q'% Qy Q") Q’\ Q;\, Q'% Q’b‘ Qb
Q Q Q Q Q Q Q
N N N N N v v W
&S & S Q&S
Tuodng ngéan
MH3-0.35 MH3A-0.5 MH3B-0.7

Hinh 13. So sanh luc doc quy ddi ctia tudng ngin BTCT-CPN giita cic md hinh

Hé s luc doc quy ddi trong mbi mo hinh sé thay ddi tiy vao vi tri tudng ngin BTCT-CPN. Mbi
tuong ngin BTCT c¢6 tng x{ v6i cic tai trong 14 khic nhau, trong d6 tudng ngin TN200-1 c6 hé sb
luc doc cao nhit (gan 0,2 trén MH3B-0.7). Do vay, trong tinh todn nén dp dung hé sb gidm do ciing
cho tudng & muc 0,35. Cic hé sd giam do cing cao hon ciing c6 thé dugc dp dung trong thiét ké
nhung tai mot sb vi tri tudng ngin 6 ndi luc 16n can dugc tinh todn va b tri thém cdt thép.

4. Két luan

Két qua trinh bay trong bai bao cho thiy dbi vi cong trinh chung cu cao 40 ting bing bé tong cbt
thép (BTCT) dugc khao sét, su c6 mit ctia hé tuong ngin BTCT st dung cong nghé c6p pha nhom
(CPN) 4nh hudng kha 16n va c6 1oi dbi véi két cau cong trinh, thé hién & cdc mit sau:

- Lam ting dang ké do ciing cong trinh so v6i phuong dn tudng xay truyén thong: (lam giam chu
ky dao dong co ban (hon 25~30%), giam chuyén vi dinh (hon 30~40%), giam chuyén vi léch tang,
thay d6i dic trung dao dong va cac dang dao dong clia cong trinh, v.v...);

- Lam giam ddng ké hé s6 luc doc quy ddi trong véch chiu Iuc chinh (hon 30%);

- C6 xu huéng lam giam noi luc trong céc cAu kién chiu luc (luc doc trong vach, mo6 men uén
trong dam, san) do hé tudng ngin BTCT lam viéc nhu nhitng gbi d6 chiu mot phan tai trong diing.

Két qui khao sit cho thiy phuong 4n chi sit dung tudng ngin gitta cic cin ho 1a BTCT-CPN
(phuong 4n 50%) viia c6 hiéu qua kha cao vé két cAu, vita ddp ting dudc yéu cau linh hoat trong bd
tri cong ning kién triic va do vay dudc khuyén cdo 4p dung.

Bén canh do6, khi thay ddi cac hé s gidm do ciing cho tudng ngin BTCTCPN, su lam viéc cta
céc két cAu chinh trong cong trinh bi 4nh hudng khong ding ké. Tuy nhién dé thién vé an toan, hé sb
giam do cing & muc 0,35 dugc khuyén céo ap dung. Khi dp dung hé sd gidm do ciing cao hon, can
tinh toan c6t thép cho tudng ngin BTCT-CPN tai mot sb vi tri c6 noi luc 16n.
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