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TOM TAT

Ban mit ciu bé tong cdt thép tai cac ving khi hau nhiét d¢i gié mua & Dong bing Song
Clru Long Viét Nam thwdng chiu dong thoi (i) lwu lwong xe ting dén theo thoi gian va (i)
moi treong 4m wét kéo dai trong miia mwa. Bai bao phén tich co ché suy gidm kha nang
khang cit choc thiing cia ban mat cau hién hiru, dwa trén ly thuyét vét nitt cit téi han
két hop v&i md hinh suy thodi bé mit vét nirt thu dwoc tir thi nghiém trwgt doc. Nghién
ctru nay tdng hop va ddi chiéu cac két qua thi nghiém trén bé tong thwong lam viéc trong
trang thai cat trwot thun tiy dwéi tai trong lap, trong diéu kién kho va ngap nwéc. Két
qué cho thiy tiéu chuin thiét k€ hién hanh (TCVN 11823, AASHTO LRFD, JTG 3362, JSCE)
c6 xu hwdng danh gia cao strc khang cit clia ciu kién da nirt va bd qua sw mai mon cdt
liéu tai mat nitt, Anh hwdng clia nwde trong khe nirt. Dac biét, tai trong 13p ddi chiéu mo
phong banh xe di qua vét nirt giy suy gidm nhanh hon dang ké so véi tai trong lap mot
chiéu. Tl cac phan tich va thi nghiém, bai bdo dwa ra canh bao k§ thuit quan trong phuc
vu tinh todn kiém dinh va thiét ké gia cwdrng ban mat ciu bé tong cot thép cii & DBSCL.
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ABSTRACT

Reinforced concrete (RC) bridge decks in tropical monsoon regions (e.g., Mekong Delta
River, Vietnam) are frequently subjected to the coupled effects of increasing heavy-
vehicle traffic and prolonged wet conditions during rainy seasons. This paper
investigates the degradation mechanism of punching shear capacity in existing RC decks
using the Critical Shear Crack Theory (CSCT) combined with a surface degradation
model calibrated from push-off tests. The study synthesizes and contrasts experimental
observations on Normal Weight Concrete (NWC) interfaces subjected to pure shear
under cyclic loading, in both dry and submerged environments. The results suggest that
current design codes (TCVN 11823, AASHTO LRFD, JTG 3362, and ]JSCE) may
overestimate the shear capacity of cracked members by neglecting aggregate attrition,
water lubrication, and wash-out of crushed particles within cracks. Notably, reversed
cyclic loading-representative of wheel actions across existing cracks-induces much
more severe damage than pulsating loading. The paper provides practical warnings for
assessment and strengthening design of deteriorated bridge decks in wet environments.
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1. Gii thiéu

Hé thong ciu dwong bo tai Viét Nam, dic biét &
khu vuc Pong bang song Ciru Long (PBSCL), dang
d6i mat véi thach thic 1én vé suy gidm tudi tho
khai thac do diéu kién moi treong Am wét kéo dai,
xam thwc va lwu lwong xe tai ndng tang theo thoi
gian. Trong diéu kién khai thac, ban mat ciu BTCT
thwong hinh thanh cac vét niét udn, vét nit do co
ng6t hodc vét nirt mang lwdi (phu thudc dia chat
nén, thiét ké, thi cong, tai trong khai thac va cong
tac bao tri,...).

Trong cong tac duy tu, bdo dwdng va stra chita,
cai tao, gia cwong, cac giai phap thuwc hanh thwong
wu tién khoi phuc kha nang chiu uén (vi du dan
tdm s¢i carbon CFRP, thép tdm...) trong khi kha
ning khang cit-dic biét 1a cit choc thing cia ban
khong cot dai-it dwoc kiém tra mot cach day du.
Tuy nhién, cic nghién ctru vé co ché truyén lwc cat
qua mat nitt cho thay: dwéi tai trong 1ap déi chiéu
(reversed cyclic loading) theo dac trueng ctia banh
xe chay, két hop véi sy ton tai cia nwdce tai vet nirt,
bé mét vét nirt bi mai mon nhanh, lam suy giam co
ché ma sat/cai méc cot liéu (aggregate interlock) -
thanh phan then chét clia strc khang cit trong ban
khong cot dai. Viéc mo6 phdng thwe nghiém day du
co ché nay cho ban mat ciu bé téng gdp nhiéu
thach thirc vé thiét bi va chi phi [1], [2].

Muc tiéu cta nghién ctru la: (i) chi ra khoang
tréng trong danh gia an toan cit cho ban mit ciu
cli & mdi treong 4m wot, (ii) doi chiéu xu hudng
dw bdo cia céc tiéu chuin thiét k& hién hanh, va
(iii) dé xuat khung phén tich dwa trén CSCT két
hop luit suy thoai bé mat vét nitt tir thi nghiém
push-off nham hé trg kiém dinh va thiét k& gia
cwong cau ci [3], [4].

Bén canh cac nghién cru nén tdng vé co ché
trwot-cit tai mat nirt, cic nghién ctru gan day vé
moai bdn mat ciu dwdi tai banh xe di dong da cung
c4p thém bang chirng thwc nghiém cho thdy co ché
pha hoai chi phdi thuong 1a cat/choc thing va
khac biét dang ké so véi thi nghiém tai 13p tai mot
diém. Téng quan ctia Gao va Fam (2024) nhin
manbh tai banh xe chay tao ra hién twong dao chiéu
lwc cat va md men xodn, dan dén cha xat bé mit vét
ntrt nhiéu hon va rat ngan tudi tho ctia ban mat cau
[5]- Trén co sé& cac thi nghiém banh xe chay pha
hoai cat, Kongwang va cs. (2024) da dé xuit
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phwong phap du bdo tudi tho mai gin vai co ché
pha hoai, qua dé cho thiy viéc gia dinh tham so
truyén luc cit qua vét niet khong d6i c6 thé 1am sai
léch danh gia an toan khi két ciu da suy thoai do
khai théc 1au dai [6].

2. Cac tiéu chuén thiét ké lién quan va khoang
trong nghién ciru

2.1. Tiéu chudn Viét Nam (TCVN 11823:2017) va
Hoa Ky (AASHTO LRFD) [7], [8]

Theo TCVN 11823:2017, kha ning chiu cit clia
bé tong dwoc tinh toan dwa trén dang don gian hoa
cia Ly thuyét Trwong nén cai bién (Modified
Compression Field Theory - MCFT) [7]. AASHTO
LRFD ciing dwa trén cac biéu thirc twong tw, véi cac
hé s6 hiéu chinh cho diéu kién thiét ké [8].

V. = 0.083p/f7b,d, €)

Trong d6 hé s6 B dai dién cho kha nang truyén luc
qua vét nirt.

e V. (N): Kha ning chiu cat danh dinh cta bé
tong;

e f. (MPa): Cwong do chiu nén quy dinh ctia bé
tong & tudi 28 ngay;

e b, (mm): Bé réng hitu hiéu cta swon dam
hodc ban bung (d6i v&i ban dac, 14y bé rong don vi
b = 1000mm);

e d, (mm): Chiéu cao chiu cit hitu hiéu,
khoang cach gitra hop luc cot thép kéo va hop luc
vung nén (thwong 1y khong nhd hon 0.9d hoic
0.72h);

e [: Hé s6 biéu thi khd nang truyén luc kéo
chéo va luc cat qua vét nirt clia bé tong (trong
TCVN 11823:2017, gia tri nay thwong 1y mic dinh
la 2.0 cho két cAu khong cot dai chiu tai trong phan
bd, hodc tra bang theo bién dang doc truc &) [7].

Uu diém: C6 xét dén hiéu &ng kich thwdc va
bién dang doc truc.

Nhwoc diém: Cong thirc nay gia dinh c6tliéu con
nguyén ven va khong xét dén sw suy giam do nham
do moi hodc do nwée. V&i ban mit ciu, tiéu chuin
cho phép ap dung "Thiét ké theo kinh nghiém"
(Empirical Design) giam lwong cot thép, dwa trén
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gia thiét hiéu &ng vom (Arching Action) la vinh
ctru va khong bi suy thoai.

2.2. Tiéu chudn Trung Quéc (JTG 3362-2018) [9]

Theo Diéu 5.4.1 cta tiéu chuin JTG 3362-2018
(Specifications for Design of Highway Reinforced
Concrete and Prestressed Concrete Bridges and
Culverts), khd niang khang cit choc thung
(Punching Shear Capacity) cua ban mat ciu khong
c6t dai dwoc xac dinh nhw sau [9]:

F <07 B fta uUm - ho (2)

Trong dé:

e F; (N): Kha nang chiu lwc cuc bd gi¢i han
(Punching shear resistance);

e 0.7: Hé s6 chiét giam, xét dén do tin ciy cda
vat liéu va két cau (twong tw sirc khang ¢ trong
AASHTO nhung dwoc tich hop sdn) [8];

e fiq (MPa): Cwong do chiu kéo tinh todn cda
bé tong (Design tensile strength);

e U, (mm): Chu vi trung binh ctia ving kiém
soat choc thing (Critical perimeter). Pwoc tinh
biang trung binh cdng cta chu vi mit trén va mat
duéi khéi thap choc thing (ndm trong pham vi
cach mép vung dat tai mot khoang hy/2);

e hy (mm): Chiéu cao lam viéc hitu hiéu cda
miat cit ban (twong duwong d trong
TCVN/AASHTO) [8];

o PBn: Hé s6 hiéu chinh kich thwéc (Size effect
coefficient):

Br = 1.0 khi hy < 300 mm (thudng ding véi
ban mat cau).

B, = 0.9 khi hy > 800 mm.

Tiéu chuin Trung QuocJTG 3362-2018 tiép can
bai toan dwa trén cwong do chiu kéo cuia bé tong .
Mic du cong thirc c6 xét dén hiéu trng kich thuérc,
nhung vé ban chit diy van 1a cong thirc thuc
nghiém cho ciu kién bé tong mdi. Cong thirc nay
coi bé tong la mot dong chat va str dung cwong do
vat liéu chuin lIam tham sd dau vao duy nhit dai
dién cho vat liéu. Mac du c6 xét hé sé hiéu irng kich
thwdrc, cong thirc van phtuthop chu yéu cho ciu kién
ma&i. D6i véi ciu ci, khi ban mat ciu da nirt va bé
mat vét nirt bi mai mon dwdi tc dung cia tai trong
1ap két hop nwérc, viéc dung trwe ti€p cwong do vat
liéu danh dinh c6 thé dan dén danh gia thiéu an
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toan do khong xét suy gidm co ché ma sat/cai méc
cotliéu [1], [2], [9].

2.3. Tiéu chudn Nhét Ban (JSCE 2007 / 2017) [10]

Tiéu chuan JSCE 2007/2017 cua Japan Society
of Civil Engineers (JSCE) ti€p cin c6 tach biét ro
rang gitra thanh phan chiu cit cta bé tdong va cdt
thép. Ngoai ra, JSCE 2007/2017 dé xuit céng thic
riéng cho bai todn mdi ban mat cau [10].

- Kha ning chiu cat choc thing tinh (Static
Punching Shear Capacity) V.4 ctia ban khong cot
dai:

Vpcdzﬁd'ﬁp'ﬁr'fpcd'up'd (3)
Trong dé:

* fpca (MPa): Cuong d6 chiu cat tinh toan,
fpca = 0.20y/fr4 (v&i fzgla cwong dd nén thiét ké);

e u, (mm): Chu vi ki€ém soét choc thiing, lay
cach mép tai trong d/2;

e d (mm): Chiéu cao lam viéc hiru hiéu;

e B4: Hé s6 anh hwdng cda chiéu cao (Size
effect): B4 = 3/1000/d (vé&i d tinh bing mm);

o fp: Hé s6 dnh hwdng clia ham lwong cot thép:

B, = 3/100p;

e B.: Hé s6 anh hwdéng cda ty lé tai trong
(Loaded area ratio), thwong f.=1+1/(1+
0.25u/d).

- Kiém tra vé moi ban cia mat cau (Fatigue
Check)

JSCE st dung phwong trinh méi dwa trén quy
luat Miner va nghién ctru huwc nghiém ctia Matsui
[10], [11].

Phwong trinh dwong cong méi (S-N Curve) cho
ban mat cau bé tong [11]:

0g
Psx

e P: Tai trong banh xe tac dung (tai trong moi);

=—k-logN+C (4)

Trong dé:

e P,:Kha ning chiu cit tinh ctia ban (tinh theo
cong thirc Vpcq & trén);

e N:S6 chu ky tai trong cho dén khi pha hoai;
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e k: Hé s6 gboc cia dwong cong moi (Slope).
Theo JSCE, v&i ban mit ciu trong diéu kién kho
(Dry state), k ~ 0.078 (twong tng véi dé6 doc
1/12.7) [10].

e (:Hang sd thwc nghiém.

Uu diém: JSCE 2007/2017 c6 quy trinh kiém
tra mai ré rang cho ban mét ciu, thira nhan sy suy
gidm kha nang chiu lwc theo s6 chu ky N. Céng
nhan co ché ph4 hoai méi do cdt choc thing
(Punching shear fatigue). JSCE st dung cac dwong
cong S-N dé du bao tudi tho ciia ban mat cau [10],
[11].

Khoang trong nghién ctru: Cac hé so k trong
JSCE dwoc thiét 1ap chu yéu tir thi nghiém tai cac
phong thi nghiém trong diéu kién khé rao. [10] Cac
tiéu chudn khac khong dé cip dén viéc suy yéu do
ban mat ciu xudt hién vét nit. Trong diéu kién
mua nhiéu & DBSCL, hé s6 k nay sé thay déi (do
déc 16n hon, pha hoai nhanh hon). Do d6, 4p dung
nguyén xi cong thirc JSCE cho ban ciu thuwong
xuyén chiu tdc dong clla mia mwa & dong bang
song Ctru Long van chua dud an toan.

Tong hop lai, cac hé tiéu chuidn néu trén hwéng
téi ‘thiét ké méi’. Po6i véi ‘danh gia cau hién hivw’
dwéi tic dong kép (mai + nwére), hdu nhw chwa ¢
quy trinh ré rang xét dén hién twong tron héa va
suy giam d6 nham tai vét nirt.

Nhin tir géc d6 thue nghiém - co ché, cac két qua
téng quan va md hinh dw bio gan diy [5], [6] cho
thay: (i) tai banh xe chay (moving wheel) tao diéu
kién cho dao chiéu luc cdt va gia tdc mai mon mit
nit, do d6 dwong cong S-N thu dworc tir tai lap tai
mot diém c6 thé dwa ra két qua twong doi lac quan
so véi thue té chiu lwc; va (ii) cac phwong phap
thiét ké/kiém tra truyén thong thwong chwa mé
hinh héa r6 rang sy suy gidam do nham hiéu dung
theo s6 chu ky. Pay la co s& dé trong nghién ctiru
twong lai dé xuit cach chiét gidam tham sé truyén
lwc qua vét niet khi danh gia cau hién hitu trong
moi treong 4m, mwa nhiéu.

3. Co s& ly thuyét va chwong trinh thyce nghiém

Nghién ctru st dung tiép cin két hop: (i) CSCT
1am nén tang co hoc lién hé sirc khang cat véi do
m& vét nit, va (ii) thi nghiém push-off d€ mo ta
suy thodi co ché truyén lwc qua mit nit dwéi tai
trong lap trong moi trwong khé /wét [3], [4].

3.1. Ly thuyét Vét nivt cat téi han

Theo Muttoni (2008), kha ndng chiu cit ciia ban
khong c6t dai phu thudc vao dé6 mé rong cia vét
nitt cat téi han (w) va do nham cua cétliéu [3], [4].

Phuwong trinh pha hoai:
Vr 1
bod/f! = v-d (5)
0 1+155—5—
¢ dgo + dag

e Vz (N): Khd niang khang cit choc thung
(Punching Shear Resistance);

e by (mm): Chu vi kiém soat (Control
perimeter), dwoc xac dinh cach mép dién tich chiu
tai (hodc mép cot) mot khoang d/2;

e d (mm): Chiéu cao lam viéc tinh tir mién nén
ngoai cung dén trong tAm cét thép chiu kéo doc;

e 1 (rad): Géc xoay cua ban san tai vung lan
can vét nirt (Rotation of the slab). Tham s6 nay dai
dién cho trang thai bién dang ctia két cau; goc xoay
cang 1&n, vét nirt cang mé rong;

¢ dgg (mm): Pwong kinh 16m nhét cta cot liéu
thé (Maximum aggregate size). DAy l1a tham s6 dai
dién cho d6 nham (roughness) ctia bé mat vét nitt;

e dgo (mm): Kich thwéc cot liéu tham chiéu,
theo Muttoni (2008) 1y djo = 16 mm [3].

Trong d6, d6 mé& vét nit ty 1& véi goc xoay cla
ban:w « - d.

Nguyén ly co ban: Khi vét nirtt mé rong (w tiang)
hodc bé mdt vét nit bi mai mon (dg4 gidm hiéu
qua), kha nang truyén luc cit qua vét nirt giam di,
dan dén pha hoai.

3.2. Thi nghiém

Téc gia da thwc hién mot so thi nghiém dwa trén
mo hinh cda Esayas va cdng sw [12] trong dé st
dung Bé tong thong thwong cé cwong do 32 MPa.
Chi tiét thiét ké cap phoi va vat liéu tai Bang 1, 2.

Bang 1. Thiét ké cip phdi.

Ham lwong (Kg/m3)
Series wW/C S/A
W G S
co 280 180 920 897
65% 50
CO wet 280 180 920 897




Trwong Viét Phwong

Ddnh gid sy suy gidm khd ndng khdng cdt ctia bdn mdt cdu bé tong ...

Bang 2. Tinh chit vatliéu.

Khdéi lwgng

Vatliéu KY " Nhan higu riéng
hiéu
(kg/cm3)
Xi mang C Sumitomo 3.15
Cat S - 2.63
ba 1x2 G - 2.60

Cac mAu thi nghiém sau khi hoan tit cong tac do
bé tong (rat dng tao 16 cho thép xodn) (Hinh 1) sé&
dwoc bao dwdng trong 28 ngay.

MAu thi nghiém c6 kich thwéc 150 x 280 x 630
mm. (Hinh 2) Ranh 5 x 5 mm dwoc tao trén hai mat
bén dé€ dinh hwéng vét nirt 6n dinh. V&t nit dworc
tao chu dong bang phwong phap tach (splitting).

Hinh 1. M3u thi nghiém sau khi d6 bé tong.

Thitrong déng

Thanh thép xoan @22 Tam thép day

O/

—

9]
i /p,,_..r_-m-;k

\ Tl
=

| Sancdge [ S e |

-
5

-E|=|
=

2| O

mm

Hinh 2. Thiét ké mau thi nghiém.

Hai nira miu sau nirt dwoc kep gitr bang thanh
thép D22 khong dinh bam (unbonded) xuyén doc
mau, véi irng suit kep nhé (< 0,01 MPa) nham mé
phdéng diéu kién kim hdm ngang thu dong/hiéu
rng vom trong ban cau (Hinh 3).
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v

o

Hinh 3. Tao vét nitt chi dong cho mau.

Thinghiém dworc thiét ké dé cac phan tir bé tong
tai bé mat vét nit 1am viéc trong trang thai thuin
tdy chiu lwc cat doc truc. Chuyén vi twong ddi clia
2 bén vét nirt do chiu tac dong cta luc cat cung dod
mé& khe nitt dwoc do bang cic cdm bién dich
chuyén khe nit theo hai phwong, c6 kha nang do
déng thoi do treot 2 mat bé tdng va bé rong khe
nirt. Ung suit kéo dwoc xac dinh thong qua cac
strain gauge dan trén cac thanh thép xoan.

D6i véi mau thi nghiém CO kho, thuc hién viéc
gia tai sau d6 ha tai & cac mirc rng suit 0.5 Mpa, 1
Mpa va 2 Mpa sau d6 gia tai cho dén khi mau thi
nghiém pha hoai. Két qua cho thay, hiéu &ng vom
[4] d3 dwoc quan sat thdy & mic tai trong nho,
chuyén vi trot cé sw phuc héi nhe do tac déng ctia
rng suit kéo doc truc (Hinh 4.)

D6i véi mau thi nghiém CO wét, thwe hién tai
trong 13p déi chiéu & mirc tai trong 35% tai trong
pha hoai, sau d6 la 50% tai trong pha hoai. (Hinh
5). Thi nghiém tai trong lap d6i chiéu dwoc dirng
khi chuyén vi trwot dat 4mm (chuyén vi pha hoai
gia dinh).

Ung suat cat MPa
O R N W b~ OO

A

|

0051152 25 3 35 4 45 5

Chuyén Vi trugt mm

Hinh 4. Quan hé giira &ng suit cit va chuyén vi du¢i
tai trong don hwéng (moi trueong kho).
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Hinh 5. Quan hé gitra &ng suit cit va chuyén vi dwoi
tai trong 13p doi chiéu (moi tredng nwéce).

Thi nghiém d3 m6 phéng theo co ché chiu luc:
Cat thuin tuy (Pure shear) vdi luc kiém ché ngang
thu dong (d€ mo6 phong hiéu ng vom trong ban
cau).

Ché a6 tai thiét ké& Tai ldp mot chiéu
(Pulsating). [13] Tai lap doi chiéu (Reversed
cyclic) - M6 phong xe chay.

Moéi  trwong: Khé (Dry) va Ngap nuwdc
(Submerged).

4. Két qua va Thao luan
4.1. Co ché suy thodi bé mdt vét nirt

Két qua thi nghiém cho thiy co ché suy thoai
cht dao cia NWC dwéi tai trong lap la mai mon va
gay v& cac go nham (asperity attrition) tai bé mat
vét nirt. Do cot liéu tho thwdng c6 do clirng cao hon
vita xi mang, vét nit c6 xu hwéng phat trién vong
quanh hat c6t liéu; dwédi tai lap, cac ‘chot’ cot liéu
bi mai tron dan, lam gidm kha ndng cai méc va
gidm lwc ma sét truyén cit.

Duédi tac dung cta tai trong lap bang 35% tai
trong pha hoai (gia dinh mau thi nghiém pha hoai
khi chuyén vi treegt virot 1a 4.5mm), d6 nham cta
bé mit vét nirt van cung cip kha ning truyén tai
lwc cat voi chuyén vi treot thay ddi khong dang ké.

4.2. Anh hwéng ctia tdi trong Idp ddo chiéu

Phu hgp véi nghién ciru cia Esayas va cong sw
[12], tai ldp doi chiéu giy huw hong nghiém trong
hon ro6 rét so véi tai 1ap mot chiéu. D6 trwot tich
liiy cia mAu chiu tai d6i chiéu 16n hon khoang 10-
15 1an so véi mAu chiu tai mot chiéu & ciing s6 chu
ky. Co ché 1a do hai mat vét nit ‘cha xat’ theo hai

78

hwdng, lam ting nhanh toc d6 san sinh bét min va
mai mon go nham.

Ly do: Khi do chiéu lwc cit (50% tai trong pha
hoai), hai mat vét nitt "cha xat" 1én nhau theo hai
hwéng, lam tang tdc do san sinh bot min (powder)
va lam mon cac go' nham nhanh chéng.

Cac quan sat trén cling phu hop véi thi nghiém
quy mo lén gan day trén ban mit ciu dwoc phu
UHPFRC chiu tai banh xe di dong. Makita va cs.
(2024) ghi nhin tai bdnh xe chay tao dao chiéu luc
cit va lam ting mai mon mat nit so vai tai lap tai
mot diém; dong thoi két ciu cb thé pha hoai theo
cit choc thiing kém nirt viing gan mit tiép giap 16p
phti - nén [14]. Diéu nay ciing ¢4 nhan dinh rang dé
danh gia an toan cho ban mat ciu khai thic thuc
té, can ddc biét than trong khi 4p dung két qua tir
thi nghiém tai lip mot chiéu hoic tai tai diém sang
trweong hop thuc té cé tic dong ciia banh xe chay
qua.

4.3. Anh huéng ctia nwéc va hiéu ting thily luc trong
khe nut

Sw hién dién ctia nwéc lam gia ting téc d6 suy
thodi theo hai co ché: (i) boi tron lam gidm ma sat
tai mat nit, va (ii) cuodn troéi cac hat vun/bdt min
trong khe nttt. Esayas chi ra rang cac hat vun &
trang thai kho c6 thé déng vai tro nhw ‘vat chém’,
go6p phén duy tri truyén lwc; khi bi nwéc cudn di,
hai bé mat bé téng trwot truc ti€p 1én nhau lam
mon nhanh hon [12].

Ngoai co' ché bdi tron va cudn troi hat vun tai
mat nirt, doi véi cac ban mit ciu ¢ 16p phi/stra
chira, nwéc con cé thé 1am gia toc suy thoai tai mat
tiép giap thong qua gidm ma sat va tang trwot vi
mo theo chu ky. Feng va cs. (2024) cho thay tu6i
tho méi cat dinh gitra 16p UHPC (hoic vat liéu stra
chira cwong do cao) va nén bé tong thudong phu
thuéc manh vao d6 nham bé mit va mirc rng suit;
déng thoi da phat trién cac phwong trinh dw bo
tudi tho moi theo dd nhdm va mic rng suit [15].
Goi y nay cho thdy trong thiét ké gia cwong bang
1&6p vét liéu pht, can kiém soat nghiém ngat xi ly
bé mat va danh gia bén mai cua lién két theo diéu
kién khai thac 4m wét.

V&i ban mat ciu & PBSCL, noi bé mat thwong
xuyén chiu 4m va thdm nwéc theo chu ky mwa-
nang, co ché nay 1a mot yéu td khong thé bo qua
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khi danh gi4 an toan cat, dac biét ddi véi ban khong
c6t dai.

Esayas da chi ra rang nwéc cudn troi cac hat vun
(crushed particles) ra khoi vét nitt. Cac hat vun
nay khi & trang thai kho dong vai tro nhw cac "con
1an" hodc vat chém gidp tdng ma sat. Khi bi nwéc
cudn di, hai mat bé tong trwot tryc tiép 1én nhau
gay mon nhanh [12].

K&t qua thi nghiém ciing da chi ra két qua twong
tw véi nhitng sw mai nhin bé mit vé nitt quan sat
dwoc. Tir d6 c6 thé thiy rd, tac dong cia nwdc doi
v&i kha ndng chiu cit ciia ban ciu bé tong 1a khong
thé bdé qua. Ban ciu bi pha hoai chi véi tai trong
bang 50% tai trong pha hoai.

5. Panh gia an toan va canh bao cho thiét ké,
thyc hién gia cwong mat cau bé tong cii

Tt cac két qua trén, tac gid dwa ra nhitng canh
bao ky thuit cho cong tac thiét ké gia cwong cau cii
nhw sau:

5.1. Rui ro khi chi gia cwong khd ndng chiu uén ma
khéng kiém tra khd ndng chiu cdt

Thwc hanh pho bién hién nay 1a gia cwong udn
cho ban mit ciu yéu bang thép tdm hodc CFRP &
day ban. [16], [17] Viéc tang d6 clirng va sirc khang
udn c6 thé lam giam bién dang va nirt uén quan sat
dugc trong ngan han. Tuy nhién, khi tai trong khai
thac tang (hoac cho phép xe tai trong 1én hon), luc
cat tAc dung 1én ban ting twong tng, trong khi sttc
khang cit clia bé tdng nén-da nit, di mai va bi
nwédc lam tron héa-khéng nhitng khong tang ma
con suy giam theo thoi gian.

Hiu qua tiém 4n 1a co ché pha hoai c6 thé
chuyén tir dang déo (uén) sang dang gion (cit choc
thiing) xay ra dot ngdt, ddc biét trong mia mwa
hodc khi xuit hién xe qua tai. Do do, kiém tra cat
choc thing can dwoc xem 1a bwdc bat budc khi l1ap
phwong an gia cwong.

5.2. Goi y ky thudt cho kiém dinh va thiét ké gia
cwong

B0 sung theo hwéng gidi phap vat liéu, cac
nghién ciru gan diy cho thiy 1&p phu UHPFRC day
khoang 30 mm c6 thé ting dang ké tudi tho mai
cia ban mit ciu dwéi tdi banh xe di dong; tuy
nhién co ché& pha hoai cudi cing vin c6 thé 1a cat
choc thing va xuit hién nirt ving gan mat tiép giap
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[14]. Vi vay, khi dé xuidt phu UHPFRC/UHPC dé
chong thim va tang cwong, can dong thoi: (i) kiém
tra choc thing ctia ban sau gia cwong (theo CSCT
hodc quy trinh twong dwong) véi tham sé truyén
lwc da chiét giam theo suy thodi; va (ii) kiém tra
strc khang va tudi tho maéi cia lién két cat dinh tai
mat tiép giap, c6 xét dén d6 nhdm va mirc rng suit
lam viéc theo cac két qua thwc nghiém gin day
[15].

Tir két qua nghién ctru, c6 thé rat ra mot sé goi
y: (i) cdn chiét giam tham s6 truyén lwc qua vét nirt
khi dadnh gia ciu cf, (ii) nén wu tién giai phap
ch6éng thim va kiém soat nwéc mat cdu nhw mot
bién phap gia cwong gian tiép, hiéu qua, va (iii)
trong trweong hop gia cedng udn bang CFRP/thép
tdm, can dong thoi xem xét giai phap tang cuwong
khang cit (vi du ting cwong lién két, neo chdng
bong, 1&p phu/bé tong siéu tinh nang, hoac giai
phap cuc bd tai vung banh xe).

6. Két luan va Kién nghi

Nghién ctru két hgp CSCT va dir liéu thi nghiém
push-off d€ lam r6 co ché suy gidm kha nang khang
cat choc thung ctia ban mat cAu BTCT dwdi tac
déng kép cua tai trong 1ap va méi treong am.

6.1. Két ludn

* Bing chirng thuc nghiém gan day vé tai banh
xe chay cho thiy dao chiéu lwc cat va m6 men xodn
c6 thé gia t6c mai mon mat nirt, lam giam tudi tho
moi so véi tredng hop tai lap tai mot diém; do do
khi danh gia cau hién hiru nén wu tién dir liéu/gia
thiét twong (ng tai tir bAnh xe chay qua [5-14];

e D6i véi cac giadi phap phu UHPC/UHPFRC,
ngoai kiém tra cit choc thiing, cAn xem xét bén moi
cit dinh cia mit ti€p giap theo dd nham va mirc
rng suat lam viéc [15];

e Co ché truyén luc cit qua vét nirt (aggregate
interlock) suy gidm nhanh dwéi tai trong lap doi
chiéu va sy hién dién cua nwéc [3-12];

e Cac tiéu chuin thiét k& pho bién c6 xu hwéng
khong xét suy thoai d6 nham bé mat vét nirt trong
danh gia ciu hién hitu, do dé c6 thé danh gia thiéu
an toan trong diéu kién mwa nhiéu [7-10];

e Can dwa kiém tra choc thung v&i tham sé vat
liéu da suy gidm vao quy trinh 1ap ho so sira chira,
gia cwong cau cii; dong thoi xem chong thim va
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thoat nwéc mat ciu 1a gidi phap wu tién nham giam
tdc do suy thoai.

6.2. Kién nghi

Trong cac dv an stra chira, gia cwong ciu khu
vwc DBSCL, nén b6 sung bwéc khdo sat hién
trueong vé vét nirt va thdm nwéce, két hop danh gia
dinh lwong suy giam co ché truyén luc qua vét nit
(théng qua thi nghiém/hiéu chinh m6 hinh) dé lwa
chon mirc chiét gidm hop ly.
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