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Tém tit

Hién nay nganh xay dung dang ddi mit voi van dé thiéu cat dé str dung lam vat liéu san lap nén. Trong khi do,
viéc xur 1y lugng tro xi du thura tir cdc nha may nhiét dién lai hét stre cép bach. Do d6 viéc nghién clru tai stir
dung dét bun yéu két hop véi cac loai tro xi noi chung tré' thanh hudng nghién ctru cap bach hién nay & trong
va ngoai nude. Nghién ciru nay khao sat dic diém cuong do dat yéu co gia cb bang xi mang va céc loai tro xi
khac nhau nhu tro bay, tro day, va xi (slag), tr 6 xac dinh kha nang ap dung cac loai vt licu trong xay dung.
Mot s6 thi nghiém nén mét truc khong han ché no héng (UCS) dugc thyc hién véi cac mau vat liéu hdn hop.
Cac mau nen UCS duogc thuc hién tai do am tdi wu sau khi thuc hién thi nghiém dam chat. Két qua nghien ctru
cho thdy ring cuong do nén cua cac mau deu tang theo thoi glan bao dudng. Cudng do nén mau hdn hop dit
yéu va xi mang cho két qua t6t hon cac mau khéc. Sy phat trién cuong do ciia hdn hop dat va xi mac du cham
hon hdn hop dat va tro day (hodc tro bay) nhung cho cudng do 16n hon & thoi gian bao dudng mau dai hon (vi
du 14 ngay).

Tir khod: tro bay; tro day; xi; dat yéu; xay dung bén viing.

UNCONFINED COMPRESSIVE STRENGTH CHARACTERISTICS OF SOFT SOIL REINFORCEMENT
BY DIFFERENT TYPES OF ASH/SLAG

Abstract

Currently, the construction industry is facing a shortage of sand for use in concrete and backfill materials.
At the same time, addressing the disposal of ash (fly ash, bottom ash, and slag) from thermal power plants
is crucial to minimizing environmental impacts. Therefore, the study of reusing soft mud (or dredged soil)
combined with various types of ash and slag has become an urgent research direction both domestically and
internationally. This study investigates the strength characteristics of soft soil reinforced with different types of
ash and slag to determine their applicability in construction. Several unconfined compressive strength (UCS)
tests were conducted using mixed material samples, including soft soil combined with fly ash, bottom ash, slag,
and cement. These compression tests were carried out at the optimum moisture content following compaction
tests. The obtained results show that the compressive strength of the samples increases with curing time. The
mixture of soft soil and cement yielded the highest strength compared to other samples. Although the strength
development of the soil and slag mixture was slower than that of the soil and bottom (or fly ash) mixtures, it
achieved greater strength after longer curing periods (e.g., 14 days).

Keywords: fly ash; bottom ash; slag; soft soil; sustainable construction.
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1. Gioi thiéu

Do su phat trién kinh té ciing voi qua trinh gia ting dan s6 doi hoi nhu cau xay dung cac cong
trinh dan dung va cong nghiép hay co s ha tang giira cac ving mién ting cao. Do d6 nhu cau st dung
vat liéu tré nén rat 1om, dac biét la vat li€u sir dung trong san lép va ché tao bé tong. Cho dén nay, cat
van 1a vat liéu chinh va dugc str dung thudng xuyén trong cac hang muc xay dung (vi du nhur cong
tac san lap, bé tong, vat liéu dap nén duong). Nhimg nim gan day do sy ddy manh cac cong trinh xay
dung co so ha ting (nhu hé thdng dudng cao tdc) dan dén tinh trang thiéu tram trong ngudn cat. Theo
s6 lidu théng ké trén Tap chi Xay dung Viét Nam [1], nhu cAu s dung cat hang nam 1én dén 575 triéu
m’, tuy nhién cong suét khai thac cat trén ca nudc chi dat 4,58 triéu m?>. Con sb nay chi dap tng 1,5%
nhu ciu sir dung cat hang nim dé phuc vu cho céc cong trinh xay dung [1]. Diéu niy c6 thé lam chdm
dang ké dén tién 4o cac cong trinh xay dung va anh hudng dén gia thanh cong trinh ciing nhu tac dong
dén méi truong khi lwong cat duoc khai thac qua mire. Trude su khé khin nay, viéc nghién ctru nhitng
vat liéu m&i nham thay thé ngudn cat ty nhién trd nén cap bach trong linh vyc xay dung & trong va
ngoai nudc.

Nhing nam gan day, viéc tai sir dung cac loai dat yéu (dit bun, dat nao vét) dé thay thé cat trong
xdy dung duoc nghién ctru nhiéu ¢ trong va ngoai nudc [2, 3]. Viée tai st dung dat nao vét thuong
duoc nghién ctru khi cho két hop véi cac loai vat liéu phé thai khac nhu tro bay (fly ash), tro day
(bottom ash) hoic xi (slag). Nhitng vat liéu hon hop nay thuong dugc nghién ctru sir dung cho cac
cong tac san lap hodc dit dap nén du(‘mg [4]. Dét nao vét thuong la céc loai d4t bun yéu phan b6 ¢ khu
vuc ven kénh rach va song hoac blen Mot sb tru’O'ng hop do yeu cau xay du’ng trong cong tac mong,
mot luong 16n dat bun duoc yéu ciu nao vét dé thay thé bang dat tot hon. Dat yéu ciing can nao vét
nham dam bao yéu cau giao théng duong thily hay nhu cau cap va tiéu nudc & cac khu vuc nhu dong
bang séng Ctru Long (PBSCL). Do d6, khdi lwong dat nao vét hang nam thai ra méi truong rat 16m,
c6 thé 16n dén vai chuc triéu m? [5]. Phan 16n céc loai dit yéu nao vét duoc xem nhu loai vat liéu phé
thai va bo di. Piéu nay anh huéng dang ké dén moéi trudng xung quanh. Vi du, cac loai dat nao vét
phé thai néu d6 xudng bién s& gay anh hudng dén méi truong sdng cho cac loai ¢4, tio hodc sy phat
trién cho céc loai thuty sinh khac.

Hién nay viéc tai sir dung cac loai tro va xi cing trd nén cip bach do lugng tro xi thai ra méi
trudng ngay mot ting trén mdi quéc gia. Hi¢n tai ¢ Viét Nam c6 hon 13 tri€u tan tro, xi dugc thai tir
cac nha may nhiét dién [6]. C6 thé lay vi du luong tro bay ting déng ké tir 2005 dén nim 2020, xem
Bang 1 [7]. V6i khéi lugng tro xi thai ra hang ndm 16n, méi truong séng c6 thé chiu anh hudng déng
ké. Pidu nay la van dé cdp bach cin duoc nghién ctru xir Iy va tan dung céc loai phé thai trong xay
dung.

Béng 1. Tro bay tir cac nha may nhiét dién tir nam 2005 dén nam 2020 [7]

TT Nam Luong tro bay (triéu tan)
1 2005 1,3-1,52
2 2010 3,82-4,46
3 2015 5,61-6,55
4 2020 6,51-7,60

Mot sb nghién ciru trudc day [8—11] cho thiy riang co ché ting cuong d6 cta hdn hop dat yéu va
xi mang hodc cac loai tro xi dya trén qua trinh phan trng hoa hoc gitra xi mang (hoéc tro xi) va nudc,
va tuong tac gitra xi mang (hodc tro xi) va cling nhu cac thanh phan khoang trong dt. Qua trinh nay
¢6 thé chia thanh ba giai doan chinh nhu sau:
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(1) Qua trinh thuy héa: Khi xi mang (hodc tro/xi) dugc tron v6i nudce, phan tng thuy hoa bat dau
dién ra. Céc san pham chinh cua qué trinh nay bao gdm cac khoang chét nhu calcium silicate hydrate
(C-S-H), calcium aluminate hydrate (C-A-H), va calcium hydroxide (Ca(OH),). Nhiing khoang chit
nay dong vai tro chinh trong viéc tao ra cac lién két rin gitra cac hat trong hdn hop, gitip cai thién do
bén va d6 6n dinh cua vat liéu hdn hop.

(2) Tang cuong kha ning lién két giita cac hat dat: Cac san pham cua qua trinh thuy héa (dic biét
1a C-S-H) lap day céac 16 rdng va khe ho giita cac hat dat, tao ra mot mang ludi viing chic. Mang ludi
nay gitp cac hat dat két dinh chat ché hon véi nhau, giam thiéu kha nang trugt hodc tach roi gitta cc
hat khi chiu nén hodc kéo tir cac tac dong bén ngoai. P9 bén cua dat do do tang lén, cung voi kha nang
chiu tai trong.

(3) Su cai thién tinh chét co hoc ctia hdn hop: Su hinh thanh cac san phdm phan tng (nhu C-S-H)
va viéc 1ap day céc 10 rdng giira cac hat dat lam giam do rdng tong thé, ting mat do cua hdn hop dat
va xi mang (hodc tro xi). Piéu nay din dén sy gia ting dang ké vé strc chiu tai, do bén nén va kha
nang chéng cat. Pong thoi, d6 co ngét va do bién dang ciing giam, gitip ting do on dinh tong thé cia
nén dit. Co ché nay giup cai thié€n hi¢u qua cac dac tinh co hoc cua dét yéu, bién no6 thanh vat liéu
c6 kha ning chiu tai trong tot hon, dic biét trong cac ng dung xay dung nhu lam moéng, dudng, va
cong trinh k¥ thuat. Cac yéu t6 c6 thé anh huong dén qua trinh ting cuong do ctia hdn hop dét yéu va
xi mang (hoc tro xi) nhu (i) Ham luong hat sét, ty 1¢ 15 rdng, va tinh thAm cta d4t s& anh huong dén
tbc do phan tmg va muc do cai thién cudng do; (ii) Ham lwong xi méing cang cao thi cudng do cia
hdn hop cang 16n, nhung can phai tinh toan hop 1y dé tranh lang phi khi 4p dung; (iii) Piéu kién moéi
truong nhu nhiét do va dd 4m anh huong dén tdc d6 phan tng thity héa va su phat trién cua do bén
theo thoi gian.

Dé so sanh kha ning tai sir dung cho cac loai vat lidu tro (va xi) trong cong nghiép xay dung, muc
tiéu chinh cua bai bao 1a tién hanh khao sat va so sanh dic diém cuong do nén cua cac hdn hop dat
yéu két hop véi mot s6 loai vat lidu khac nhu tro bay, tro day, xi (slag) va xi mang. Mot sb thi nghiém
nén khong né hong (Unconfined Compressive Strength - USC) duoc thuc hién cho cac mau nén & cac
d6 4m t6i wu tir thi nghiém dAm chat dat. Trong nghién ctru nay, ham lugng gia ¢ dit yéu (ty sé khdi
luong tro (xi) trén khdi luong dat yéu) dugc cd dinh ¢ gia tri 10%. Trudc khi tién hanh thi nghiém
UCS, cac mau duoc bao dudng & cac thoi gian bao dudng (TGBD) lan luot 1 ngdy, 7 ngay va 14 ngay.

2. Phwong phap nghién ciru
2.1. Vat liéu sw dung

Trong nghién ctru nay, dat bun yéu dugc nao vét & khu vuc song Sai Gon tai cong trinh xay dung
cai tao Xa 10 Ha Noi, thuoc Quan 2, thanh pho Thi Puc, thanh phd Ho Chi Minh. Cac mau dat sau khi
xac dinh céc chi tiéu co 1y co ban (dugc trinh bay nhu Bang 2), tién hanh phoi va siy kho dé chuan bi
tron mau va tién hanh thi nghiém dam chat.

Béng 2. Céc chi tiéu co Iy dt bun yéu thu thap tir hién trudng

Céac chi tiéu Gia tri
Trong lugng riéng (y, kN/m?) 15,6
Do am (w, %) 67,38
Heé s6 rdng (eo) 1,79
Ty trong riéng (Gy) 2,6
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Xi (slag) trong nghién ciru nay dwoc sir dung 1 xi hat 10 cao nghién min S95 thudc nha san xuét
1a Cong ty C6 phan Thép Hoa Phat Dung Quét. Pic diém xi 10 cao hat min S95 tuan thi theo TCVN
11586:2016 [12] va c6 cac chi tiéu co 1y va thanh phan héa hoc nhu Bang 3.

Béng 3. Cac chi tiéu co ly va thanh phan hoa hoc xi st dung

Cac chi tiéu Gia tri
Khéi lugng riéng (g/cm?) 2,85
Do 4m (%) 1,0
Ham luong SiO; (%) 32,9
Ham lugng Al,O3 (%) 14,8
Ham lugng CaO (%) 354
Ham lugng MgO (%) 2,3
Ham lugng SO3 (%) 1,3

Tro bay str dung trong nghién ctru ndy dugc thu thap tr nha may nhiét dién Duyén Hai 1 thude tinh
Tra Vinh. Xi ming st dung 14 xi mang Holcim. Bang 4 trinh bay thanh phan hoa hoc cua xi ming va
tro bay sir dung trong nghién ciru. Cac mau vat liéu dugc sir dung dé tao vat liéu hdn hop nhu Hinh 1.

Béng 4. Thanh phan hoa hoc xi mang va tro bay sir dung trong nghién ctru

- Gia tri
Cac chi tiéu
Xi mang Tro bay
Khdi lugng riéng (g/cm?) 3,06 2,22
Ham luong SiO; (%) 23,5 59,2
Ham luong Fe; 03 (%) 3,7 6,1
Ham lugng Al,O3 (%) 6,0 26,7
Ham lugng CaO (%) 59,9 1,1
Ham lugng MgO (%) 2,0 0,9
Ham lugng SO3 (%) 0,4 0,1
Thanh phéan khac (%) 1,1 3,9

(a) Mau dit (b) Méu tro day (c) Mau tro bay (d) Méu xi

Hinh 1. C4c mau vat liéu ding trong nghién ctru

2.2. Thiét bi thi nghiém
Trong nghién clru nay, thi nghiém duoc thuc hién khao sat dac diém nén mau mot truc khong han
ché nd hong theo TCVN 9438:2012 [13]. TCVN 9438:2012 dugc xay dung trén co s& tham khao
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tieu chudan ASTM D 2166-06 [14] cia Hoa
Ky (Standard Test Method for Unconfined
Compressive Strength of Cohesive Soil). Cuong
d6 nén mau mot truc khong han ché né hong (g.,)
1a thong sb co ban nham danh gia cuong d6 khang
nén trong diéu kién né héng. Véi wu diém thi
nghiém dugc xac dinh nhanh, nén thi nghiém UCS
xéac dinh ¢, thuong dugc st dung trong thiét ké
cong trinh. Trong nghién ciru nay, cac mau nén
UCS duge thuc hién tai do am toi wu cia cac
mau hdn hop. D6 4m t6i wu duge xac dinh tir thi
nghiém dam chit theo TCVN 12790:2020 [15].
Thi nghiém nén mot truc nd hong dugc thye hién
trén may nén 3 truc hang UTEST (xem Hinh 2)
tai phong thi nghiém cong trinh thuéc Khoa Xay
dung, Truong Pai hoc Cong Nghiép TP. H Chi
Minh. Hinh 2. May nén 3 tryc hang UTEST str dung cho
thi nghiém nén UCS

2.3. Quad trinh thi nghiém

Nghién ctru nay khao sat dic diém cuong do cua dat yéu tron voi xi mang va céac loai vat liéu phé
thai khac nhau nhu tro day, tro bay va xi. Ham lugng vét li¢u phé thai trong vat li€u hén hop duogc
chon véi ty s6 theo phan tram khéi lugng ctia dat yéu 1a 10%. Theo cac nghién ciru trude day [16, 17],
ty 1& thich hop tron xi mang/vat liéu phé thai thuong thay doi trong khoang 7% dén 15% trong luong
kho ciia dat can duoc xtr Iy. Do d6 trong nghién ctru nay, ty 16 10% dugc chon nham 1am cin ¢t so
sanh cuong d6 cua cac hdn hop. O day luu ¥ phan tram khéi lwong duoc tinh theo ty s khéi luong
Myro

ctia xi mang (hodc tro xi) ddi véi khéi luong dat yéu (a = - 100%). Trong nghién ctru ndy, thi

Msoil
nghiém UCS duoc thyc hién tai d6 4am t6i vu mdi vat liéu hdn hop tron 1an luot v6i xi mang, tro day,
tro bay va xi. D6 am t6i wu thu duogc tir thi nghiém dam chat theo phuong phap dim nén tiéu chuin
[15]. O do 4m nay, nudc trong dat & dang nudc lién két tai dung trong kho 16n nhat. Cac do 4m tdi wu
cuia cac vat liéu hon hop cua dat yéu tron voi tro day, tro bay va xi lan luot 13 15,5%, 18%, 20,5%.
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Hinh 3. Pudng cong dam chit cac loai hdn hop d4t va cac loai tro xi khac nhau
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Trong khi d6 d6 4m t6i wu cua dat khong gia cb 14 21,8%. Nhin chung d6 4m t&i uu ctia hdn hop dat
yéu va xi 16n hon so v&i cac loai hdn hop khéac. Didu nay cho thiy xi ¢ tinh hap thy nudc tét hon so
v6i cic tro khac (tro bay va tro day). Cac duong cong dam chit thu duoc tir thi nghiém ddm chat duoc
thé hién nhu Hinh 3.

M3u duoc boc
nilon chuén bj

bao dudng M3u vira duc xong

Hinh 4. Hinh 4nh mAu dic trong thi nghiém UCS

Sau khi ddm chat dé thu duoc cac ¢ am toi uu,
tién hanh tao mau theo diing kich thuéc ctia khudn
nén UCS. Trong nghién ctru ndy, kich thudc miu
nén UCS c6 chiéu cao gép doi kich thudc duong
kinh mau, ¢ day duong kinh mau 5 cm va chiéu
cao mau 10 cm. Cac mau nén UCS sau khi hoan
thanh qua trinh dam chit duoc can, dé kiém tra lai
dung trong kho nhim dam bao khong sai khac qua
1% so v6i dung trong kho 16n nhét tir thi nghiém
dam chat (nhu Hinh 3). Cac mau sau khi dam chat
tao mau duoc bao dudng tranh bi mét nudce & nhiét
d6 phong (nhiét d6 khoang 25 °C) va dugc nén &
thoi gian bao dudng (TGBD) lan luot 1, 7 va 14
ngay tudi. Theo nghién ctru ciia Nguyén Sy Hung
va Vuong Hoang Thach [16], cuong do hdon hop
dat va xi ming tai thoi diém 14 ngay dat khoang
90-94% so v6i cuong do tai 28 ngay. Do d6 trong nghién ctru ndy, cuong do ciia cac mau dugc danh
gia tai thoi diém 14 ngay. Trong thuc té, d6i voi thi cong dam dit cho nén san lap (hay nén duong),
thong thudng céac 16p phia trén duoc thi cong ngay sau khi két thic qué trinh thi cong dim chit cia
16p dudi [17]. Do d6 thoi gian dudng 14 ngay c6 thé xem nhu dam bao cudng do cho hdn hop dat va
tro xi. Thuc té, thoi gian bao dudng nay cho phép khong lam gian doan thoi gian thi cong cong trinh.
Hinh 4 thé hién cic mau duge dac xong va boc nilon chuén bi bao dudng.

Sau thoi gian bao dudng mau (1, 7 va 14 ngay), tién hanh 1ip mau vao budng nén va nén mau dén
khi pha hoai. Téc @6 nén duoc cai dat & tbe do 1a 2 mm/phut cho tit ca cac mau nén. Hinh anh miu
pha hoai duogc thé hién nhu Hinh 5. Nhin chung, dang pha hoai mau trong thi nghi€ém nén khong han
ché no hong phu thudc vao nhiéu yéu t6 nhu: loai dat, do 4m toi wu, do chat, va cac yéu td lién quan
dén cAu trac hat va diéu kién thi nghiém. Dya vao hinh dang pha hoai mau trong nghién ctru nay, cho
théy mau bi pha hoai theo dang pha hoai do trugt cit doc theo mot mit phéng yéu hinh thanh trong
mau.

Hinh 5. Hinh anh minh hoa méu bi ph4 hoai trong
thi nghiém UCS
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3. Két qua nghién ciru

Cuong d6 nén UCS cua d4t nao vét phu thudc nhiéu vao céac yéu t6 nhu loai dat, ham luong nudc,
murc d6 co két, hodac mirc d6 dam chat. Trong truong hop dat yéu chira nhiéu ham lwong hiru co va
ham luong nudce 16n s€ cho tinh nén 16n. Thong thudong d6i voi dat nao vét trude khi dam chat, cuong
d6 UCS thuong nho hon 25 kPa [16, 17]. Tuy nhién d6i véi dat nao vét duge dam chat, cuong do UCS
0 do am toi uu thuong tur 70 dén 200, tuy thude loai dat. Hinh 6 so sanh cuong dd nén UCS ctia dat
khong gia cuong tai d6 am toi wu cua nghién ctru hién tai va cac nghién ctu trude day [2, 3, 18].

160
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Cuwong do nén UCS (q,, kPa)

40 |

20 A

Kimetal. [2] Nghién ciunay Karimetal.[18] Kim etal. [3]
Hinh 6. Cudng d6 nén UCS ciia dat khong gia cudng tai ¢ 4m tdi wu theo cac nghién ctru khac nhau

Hinh 7 dién ta két qua nén UCS cac mau sau cac thoi gian 1an luot 1 ngay, 7 ngay va 14 ngay. Két
qua nén mau cho thiy rang tit ca cac miu co cudng do ting theo thoi gian bao dudng (TGBD). Két
qua nhin chung pht hop véi cac nghién ciru trude day [19, 20]. Mau hdn hop dat va xi mang cho két
qué 16n nhét so v6i cac mau con lai. Két qua nay cho thay hdn hop dét va xi mang tao ra cuong do tot
nhit so v6i cac loai hdn hop dat va cac tro xi khac. Piéu nay chimg to xi ming c6 kha ning cai thién
tinh chat co hoc tét nhét so véi cac loai tro xi khac sir dung trong nghién ciru nay. Cac san phim hoa
hoc (vi du nhu C-S-H va C-A-H) tir qué trinh thily hda xi mang dong vai tro chinh trong vi¢e tao ra
lién két ran giita cac hat, tir 46 gia ting dang ké vé cuong do nén va kha ning chdng cit cuia mau.

Dbi v6i mau hdn hop dat va tro day, cudng do nén UCS nhé hon cudng d6 mau dat va xi mang
nhung 16n hon cac mau hdn hop khéc trong khoang TGBD ban dau (tir 1). Tuy nhién, két qua nén tir
7 ngay tré 1én cho thiy cudong d6 nén mau nhé hon cudng do cia mau hdn hop dit va xi, va mau dit
va xi mang. Nhin chung, cuong d6 nén ¢, cua hdn hop dit va tro day luén 16n hon cuong do dat va
tro bay va dat khong gia c¢b. Két qua con cho thay bién dang tai thoi diém pha hoai ctia hdn hgp mau
dat va tro bay ludn nho hon cac mau con lai. Két qua nay co thé giai thich ring hdn hop dat va tro day
¢6 ham lugng hat tho (tir tro d4y) hon cac hdn hop con lai. Mot sb nghién ctru trude day [2—4] cho
thdy rang ddi v6i dat khong dinh nhu cat, soi, hodc cac vat lidu co két cau roi rac, bién dang tai lac
pha hoai thudng nhé hon. Cac loai dét nay thuong co tinh chét gion, tirc 1a mau s& bi pha hily nhanh
chéng sau khi dat cuong do cuc dai véi mét lugng bién dang nho.

Tuong tu cho két qua nén mau hon hop dét va tro bay, cuong do nén mau ludn nhé hon cuong do
hdn hop dat va tro day (va hdn hop dat va xi ming) trong cac TGBD. Tro day c¢6 ciu tric hat 16n va
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goc canh hon, diéu nay c6 thé gitp cai thién tinh lién két co hoc giita cac hat trong hdn hop dat. Cau
trac hat cua tro day tao ra nhiéu diém tiép xtic va ma sat hon, giup ting cuong d6 nén cta hdn hop.
Dbi v6i hdn hop dét va xi, két qua nén nd hong cho thiy ring cuong d6 ciia mau phat trién cham
hon so véi cac hdn hop khéac (ngoai trir so véi xi mang). Cu thé, cuong d6 nén cua mau dat va xi ¢
cac thoi diém TGBD mau 1 ngay déu nhé hon mau hdn hop tro day va tro bay. Tuy nhién, dén TGBD
mau lic 7 ngay trd 1én, cuong d6 nén ting va xu huéng ting nhanh nhu mau hdn hop dét va xi méng.
Mot s nghién ctru trudc day [8—11] cho thiy ring tro bay va tro day co cdu tric hat min va dic tinh
khoang chat d& phan tng hon, cho phép chung nhanh chéng tham gia vao qua trinh két tinh va tao lién
két, dan dén viéc phat trién cuong d6 nhanh hon. Trong khi d6, xi thudng c6 cau triic tinh thé hoa cao
hon so v&i tro bay, 1am cho né it phan img hon & diéu kién binh thudng. Céu tric nay can nhiéu thoi
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gian hon dé phan huy va tham gia vao qua trinh phan tng, 1am cham qua trinh phat trién cuong do.
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Hinh 7. Cuong d6 nén UCS cac mau thi nghiém
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dat khong gia cuong). Két qua cho thay ring cudong do nén hdn hop dat va xi ting chdm trong giai

doan dau (tir ngay thir nhat), tuy nhién ting nhanh sau d6 va murc do tang twong duong cudng do nén
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clia mau d4t va xi ming tai cung thoi diém TGBD. Cu thé, trong khoang tir ngdy thir 7 dén ngay thir
14, cudng dd nén cta hon hop dat va xi ming ting 215 kPa, trong khi mirc ting twong tng ctia hon
hop dat va xi 1a 189 kPa.
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Hinh 8. Mdi quan hé giita cudng d6 nén UCS va TGBD cho cac mau

Nhin chung su phat trién cuong d6 caa hdn hop dat va tro xi phu thudc vao nhiéu yéu t6 nhu loai
dat sir dung (ham lugng hat sét, ham luong hiru co), ty sb gia cudng theo khdi lugng gira tro xi/dat va
thoi gian bao dudng mau. Mbi quan hé giita cuong d6 nén nd hong UCS theo ham luong tro xi gia cd
va TGBD dai hon (nhu 28 ngay, 90 ngay) s& duoc tiép tuc thuc hién trong cac nghién ciru tiép theo.

Hinh 9 trinh bay cuong do nén UCS ciia cic mau vat liéu theo cac nghién ctru khac nhau [21-24]
tai thoi diém bao dudng 14 ngay. Két qua cho thay ring, mic du cudng do ctia hdn hop dét va xi thap
hon so v&i hén hop dat va xi mang, nhung van cao hon so v6i hdn hop dét va cac loai tro (tro day
va tro bay). Nhin chung, két qua tir nghién ctru nay phu hop vai cac nghién ctru trude day, ngoai trir
truong hop cudng d6 ciia hdn hop dat va xi trong nghién ciru cia Wu va cs. [22] cao hon dang ké.
Theo Wu va cs. [24], cac khoang vat nguyén sinh (nhu SiO,, CaO, Al,O3) chiém ph.':fln 16n trong thanh
phan khoang ciia dat truong nd dugc nghién ciru boi Wu va cs. [22], tao diéu kién thuan lgi cho ty 1
két hop toi vu (AASS) trong qua trinh phat trién cudng do ciia hdn hop dat truong né va xi.

4. Két luan

Viéc téi sir dung cac loai vat liéu phé thai nhu tro xi dé két hop v6i dat yéu (nhu dét nao vét) nham
tao vat liéu moi thay thé vat liéu cat trong xay dung 13 nhu cu cép bach va la mot hudng phat trién
bén vimg trong xay dung. Nghién ciru nay tién hanh mot sé thi nghiém nén né héng nham khao sat
va so sanh cuong do nén cua cac hdn hop dat va cac loai tro xi khac nhau (tro day, tro bay, xi 10 cao)
va xi mang. Tur cac két qua thi nghiém, mot s6 két luan dugce rat ra nhu sau:

- Cudng do nén cac mau déu ting theo thoi gian bao dudng, trong d6 cudng do nén ciia mau hdn
hop dat va xi ming cho két qua 16n hon so véi cac mau hén hop con lai.

- Cuong d6 ctia hdn hop dat va xi (slag) phat trién chdm hon so v6i dit va tro day hay tro bay.
Diéu nay c6 thé do su khac biét vé tinh chat hoa hoc va qua trinh phan tng gitra cac loai vat liéu nay.

- Cuong d6 nén nd hong ctia mau hdn hop dat va xi cho két qua t6t hon khi TGBD kéo dai (vi du
nhu tr 7 ngay). Do d6 viéc két hop str dung vat li¢u xi va dat yéu nao vét co6 tinh kha thi trong viéc
tao hdn hop vat liéu méi dé dam bao yéu cau ky thuat nhim thay thé vat liéu cat trong xdy dung nhu
cong tac san lap nén.
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