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Nghién cuu anh huéng caa khéi luong thé tich
dén cuong do chiu néen déi véi gach dat -

xi mang khéng nung dung trong xay dung
nha 6 vung mién nui phia Bac

Study of the influence of density on the compressive strength in Compressed cement
stabilized earth blocks (CCSEB) for housing construction in Northern mountainous regions
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TGM TAT

Bai bao trinh bay ket qua nghién citu anh hiréng cda khdi lrgng thé
tich dén cuang do chiu nén cia gach dét - xi mang khang nung
(Compressed cement stabilized earth blocks -CCSER). Két qua cho
thay, viec tang ham lurgng xi mang (HLXM) va khdi lrgng thé tich
(KLTT) gidp céi thien dang ké cuirng da chiu nén (CBCN) va gidm da
hat nwac. Khi KLTT tich vegt 1.700 kg/m3, curiang da chiu nén dat
trén 3,0 MPa & trang thai kha va 1.0 MPa @ trang thai béo hoa, dap
irng yéu cdu xay dung tuirng nha mat tang tai ving nii, dong thii
nang cao da bén va kha nang chiu thai tigt. KLTT ca anh huéng quan
trong dén céu tric gach. Mau ca KLTT cao hon thi thrang dic chac
hon, gidm |8 ring va tang kha nang chiu lyc. Vai cing mat HLXM,
gach ca khdi legng the tich |an hon luan dat COCN cao hon, ching
minh vai trd quan trong cia vigc tdi vu haa khi lrgng thé tich trong
sén xuft gach. Vigc xay dung nha & ving ndi gap nhigu kha khan do
chi phi nhén cang. vat ligu va van chuyén cao. Sir dung gach dat - xi
mang khong nung |3 giai phap phi hop, tan dung ngudn nguyén ligu
dia phwong, giam chi phi xay dung, ddng th gap phan xaa nha tam,
cdi thien diéu kign séing cho ngui dan, hudng dén ma hinh xay dung
bén vitng va than thién vai mai truang.

Tir khéa: Gach dat- xi mang khang nung; khdi lrgng thé tich;
cuirng da chiu nén; ham lrgng xi mang.
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ABSTRACT

This paper presents experimental results on the influence of density on
compressive strength in Compressed Cement Stabilized Earth Blocks
(CCSER). The findings indicate that compressive strength is considerably
improved, and water absorption is reduced simultaneously by either an
increase in cement content or density. As the density is more than 1700
kg/m?>, the compressive strength is more than 3.3 MPa in dry and 1.0
MPa in saturated states, thereby meeting the structural demands for
one-story walls in mountainous areas and enhancing durability and
weather resistance. Density is a fundamental parameter governing block
structural integrity. Higher-density samples tend to be more compact,
less porous, and more able to sustain loads. With constant cement
content, the higher the density in blocks, the greater their compressive
strength will be, suggesting the necessity of optimizing the density in
manufacturing. Construction of houses in mountainous regions is very
challenging because of the high cost of labor, materials, and
transportation. The use of CCSEB offers a good solution, as it uses locally
sourced materials to make construction more affordable while helping
to eradicate poor housing and upgrade the living standards of poor
communities. |t is also in line with sustainable and green construction.
Keywords: Compressed cement stabilized earth bloc; density;
compressive strength; cement content.



www.tapchixaydung.vn

1.GIGI THIEU

bat la mot vat liéu ty nhién, than thién véi méi trusng, cé trir
lugng doi dao va da dugc con ngudi st dung réng rai tir xa xua. Tai
Viét Nam, dac biét la & khu vuc mién nui phia Bic, déng bao thiéu
s6 ndi ti€ng véi nhiing ngdi nha trinh tudng, trong d6 tudng dat nén
dugc xay dung bang cach st dung dat sét dia phuong, déong khuon
g6 va nén chit thi cong dé tao do lién két. Tuy nhién dat sét dac
tinh truong nd va co ngét cao, rat nhay cdm véi nhing thay déi cta
moi trudng [5]. Khi ti€p xdc véi diéu kién thoi tiét kho - 4m luan
phién, tudng dat nén cé thé bi phéng rdp. nit né va bi hu héng
nghiém trong.

Vat liéu dat tén tai mot s6 nhugc diém nhu gidm d6 bén khi bao
hoda nudc, dé x6i mon do gi6é hodc mua va tinh én dinh kém [5].
Nhiing han ché& nay cé thé dugc khic phuc dang d€ béng cach bé
sung chat én dinh, trong d6 xi mang Portland 1a mét Iua chon phé
bién nh¢ tinh sdn va hiéu qua gia c6 cao [4, 9]. Gach xi mang dat
khéng nung (Compressed cement stabilized earth block - CCSEB) la
loai loai vat liéu xay dung dugc san xuat bang cach tron dat vdi xi
mang va nudc, sau d6 ép dinh hinh va tu déng rdn ma khéng can
trai qua qua trinh nung & nhiét do cao. Nho vao kha nang tan dung
nguén nguyén liéu dia phuong, gidm thiéu khi thai va chi phi san
xudt thap, loai gach nay dang tr& thanh mét giai phéap tiém nang
cho xay dung bén viing, déc biét tai khu vuc mién nui - ngi ¢ diéu
kién kinh t& kho khan cung véi diéu kién van chuyén vat liéu xay
dung nhiéu tré ngai.

CDBCN la mot chi tiéu quan trong phan dnh kha nang chiu luc
cla gach. Cac nghién ctiu trudc day thudng chi yéu tap trung vao
anh hudng ctia HLXM, ty & nudc, dé &m dén cudng do. Tuy nhién,
mot yéu t6 quan trong khac quyét dinh truc tiép dén CDCN la KLTT
cla gach hay con dugc thé hién qua d6 chat. Khi KLTT tang, cau tric
gach tré nén dac chac hon, tir d6 tang kha nang chiu luc. M&i quan
hé tuong quan nay da dugc kiém ching théng qua du liéu thi
nghiém trong 30 nam qual3] va & An d6 CDCN dugc kiém soat
théng qua KLTT [8].

Muc tiéu cta nghién ctu la danh gia méi quan hé gila KLTT va
CDCN clia gach, dong thadi xem xét su tuang tac clia yéu té nay vai
HLXM cling nhu dé xuat cap phai t6i uu. K&t qua nghién cltiu sé gép
phan téi uu héa qua trinh san xuat gach CCSEB nham nang cao chat
lugng, dong thai ddm bao tinh kinh té va bén ving trong xay dung.

2. VAT LIEU VA PHUONG PHAP THi NGHIEM

2.1 Vatliéu st dung

2.1.1 Ddt

Nguyén liéu dat dugc st dung la dat & sét mau xam vang, nau
vang c6 nguén géc & xa Tan Minh huyén Da Béc tinh Hoa Binh. Dat
Ia loai dat d6i khéng cé khé nang canh tac. Mau dat duoc hong khé,
danh tai, sang cé kich thudc <5mm

Bang 2:Tinh chat co ly clia xi mang PCB30 Nam Son

Cac thi nghiém lién quan dén vat liéu dat:

- Thi nghiém xéc dinh thanh phan hat cta dat theo tiéu chudn
TCVN 4198 : 2014 "Dat xay dung - Phuong phap phan tich thanh
phan hat trong phong thi nghiém"”.

- Thi nghiém xac dinh d& &m tu nhién cta dat theo 22TCN 333-
2006

- Thi nghiém xac dinh @& chit tiéu chuin cda dat theo TCVN
4201: 2012 "dat xay dung

Bang 1:Tinh chat chia dat ché tao

STT Pactinh Gia tri
1 Phan loai dat Dat & sét xam
vang, nau
vang
2 Gidi han
Gidi han déo(%) 33,48
Gidi han chay(%) 73,66
3 Dochattiéuchuan
Khéi lugng thé tich khé 16n nhat (kg/m?) 1884
D6 4m t6t nhat (%) 11,1
4 Kich thudc hat (%)
Séi (>2000um) 36,45
Cat (50-2000um) 37,73
Bui (5-50um) 18,33
Sét (<5um) 7.5

Hinh 1. Thanh phan hat ctia dat ché tao

Theo Rigassi[9], thanh phan dat phu hgp dé sadn xudt gach
CSCEB bao gém: 0-40% soi, 25-80% cat va 6-30% sét. Chi s6 déo ly
tudng doi ctia dat dao déng trong khoang 5-15, giup dam bao kha
nang két dinh khi sttdung xi mang la chat gia c6. K&t qua thi nghiém
dat cho thay loai dat st dung trong nghién ctiu c6 thanh phan gém:
36,45% sdi; 37,72% cat va 7,5% sét. Do d6, dé tang dd 6n dinh va
dam bao két dinh, can bé sung xi mang lam chat gia cé.

2.1.2 Ximang

St dung Xi mang PCB30 Nam Son tai dia phuang. Chat lugng xi
mang st dung phai dap Uing dugc cac quy dinh tiéu chuin TCVN
2682:2009 “Xi mang Portland- Yéu cau ky thuat”

Tinh chat Pon vi Két qua thi Quy pham Phuong phap thi
D6 min TCVN 4030:2003
- Lugng st sang 0,09mm % 2,8 <10
-Dé min Blaine cm?/g 3020 > 2800
D6 déo tiéu chusn % 29,5 - TCVN 6017:2015
D6 6n dinh thé tich mm 1,1 <10 TCVN 6017:2015
Khi luong riéng g/cm? 3,05 - TCVN 4030:2003
Thai gian dong két
- Bdt ddu Phut 95 >45 TCVN 6017:2015
- Két thuc Phut 360 <420
GiGi han bén nén
-Sau 3 ngay MPa 17,5 > 16,0 TCVN 6016:2011
-Sau 28 ngay MPa 34,6 > 30,0
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2.1.3 Nudc:

Nudc st dung trong dé tai théa man cac yéu cau ky thuat cla tiéu
chudn Viét Nam TCVN 4506 : 2012 d8i v6i nudc tron vira va bé tdng

2.2 Cap phéi

9 cap phdi dé ché tao mau dugc thiét k& cin cu vao:
o HLXM chon tur 8,12,15% (trong lugng khé cda dat), dam bao

cai thién tinh chat cda dat [1,6].

e D6 &m t6i uu cla dat xac dinh 13 11.01%, nén lugng nuéc ¢

dinh I8y 11% (trong lugng khé clia dat).

e KLTT chon 3 muic 1800, 2000, 2200 kg/m?3, kiém soat béng cach

can do chinh xac vat liéu trugc khi ép mau.

Bang 3: Cap phéi thiét ké dung trong thi nghiém

e Cac mau thi nghiém dugc ché tao bang may nén thay luc voi
luc ép 10 MPa véi kich thudc 5x5x5 cm, bao dudng diéu kién tu
nhién trong phong thi nghiém.

2.3 Ché tao méau va chuong trinh thi nghiém

Trudc khi trén, dat duge dao 1én, phoi khé dusi ndng, nghién
nhé va ray qua ludi 2.5 mm dé loai bd tap chat. Sau d6 d&t dugc tron
déu véi xi mang va nudc theo cap phdi thiét ké. Hén hop dat - xi
mang dugc nén chat bang may ép thay luc véi luc ép 10MPa.

Mau thi nghiém hinh lap phuong (50x50x50 mm) dugc bao
dudng tu nhién trong phong thi nghiém dén thai diém thi nghiém.

Ty lé thanh phan vat liéu, %

Khéi lugng vat liéu tinh cho Tm3 theo

K:nhs':“ theo khéi luong khéi lugng thé tich, kg KLTT, kg/m?
P4t XM Nuséc Téng XM /(D&t+XM) D4t XM Nudc
$8-1.8 82,9 7,2 9,9 100 8 1492 130 178 1800
$12-18 793 10,8 9,9 100 12 1427 195 178 1800
S15-18 766 13,5 9,9 100 15 1378 243 178 1800
$8-2.0 82,9 7,2 9,9 100 8 1658 144 198 2000
$12-20 793 10,8 9,9 100 12 1586 216 198 2000
$1520 766 13,5 9,9 100 15 1532 270 198 2000
$8-2.2 82,9 7,2 9,9 100 8 1823 159 218 2200
S1222 793 10,8 9,9 100 12 1744 238 218 2200
$15-22 76,6 13,5 9,9 100 15 1685 297 218 2200

Ché'tao méu
Hinh 2. Ché tao mau va Thi nghiém nén

Méu 50x50x50 mm

Thinghiém nén

S6 lugng mau va cac thi nghiém cac dac trung ca ly dugc thuc hién (Bang 4)
Bang 4. S8 lugng mau va cac thi nghiém dugc thuc hién

Ham lugng xi mang Khéi lugng thé tich S8 lugng mau Thinghiém Tiéu chuan
8% 3 Cudng doé chiu nén khé 28 ngay TCVN 6355-2:2009
12% 1800,2000,2200 kg/m?3 3 Cudng doé chiu nén bao hoa 28 ngay TCVN 6355-2:2009
15% 3 Khai lugng thé tich 28 ngay TCVN 6355-5:2009
3. KET QUA VA THAO LUAN Két qua cho théy, cdc mau thi nghiém & trang thai kho KLTT déu

3.1 Khaéi lugng thé tich
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Hinh 3. Khai lugng thé tich thuc t€ & 28 ngay tudi & trang thai a) kho va b) bao hoa nudc
Ghi chi: 8-12-15: tuong ung véi HLXM 8-12-15%, 1.8-2.0-2.2: tuong

Ung vai KLTT thiét ké 1800-2000-2200 kg/m?>.
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khéng dap (g thiét ké dé ra do tai trong ép duoc Iua chon chuahgp ly,
dan dén do lén chat ctia hén hgp khong dat muc t6i uu. Tuy nhién xu
hudng chung & hai trang thai khé va bao hoa nuéc cho thay KLTT tang
khi HLXM t3ng tir 8% lén 15% va khi KLTT thiét ké ting tir 1800 kg/m?
l&n 2200 kg/m3. § trang thai kho, KLTT dao dong tir khoang 1500 kg/m?
dén hon 1900 kg/m?. Khi bao hoa nudc, KLTT tang do su hap thu nuéc
clia mau, nhung muc tang nay c6 xu huéng giam khi HLXM cao han,
phan anh kha ning chdng hat nudc t6t hon. G mau c6 KLTT thiét ké
2000-2200 kg/m3 c6 KLTT thuc té cao hon va it chénh léch gitfa hai trang
théi kho va béo hoa nudc so véi nhdm 1800kg/m?>. Diéu nay cho thay
mau thi nghiém c6 dé dac chic cao hon sé it hap thu nuéc hon. Nhin
chung, su gia tang HLXM va d6 lén chat gitip cai thién dé dac chéc va
kha nang chdng hut nudc clia mau.
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3.2 Cuong d6 chiu nén
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Compressed earth blocks: standards

Hinh 4. Gid trj tdi thiéu cia CDCN, bao hoa (MPa) theo cac tiéu chudn khac nhau: IS 1725
(An D0), NBR (Brazil), ARSO (Chdu Phi), NT (Tunisia), NZS (New Zealand), KS 02-1070 (Kenya),
XP P13- 901 (Phép), NTC 5324 (Colombia), UNE 41410 (Tay Ban Nha), SLS 1382 (Sri Lanka),
ASTM E2392M-10 (M), NMAC 14-7-4 (New Mexico)[2]

b)
Hinh 5. CDCN § tudi 28 ngay & trang thai a) kh va b) béo hoa nudc

Ghi chu: 8-12-15: tuong ung véi HLXM 8-12-15%, 1.8-2.0-2.2: tuong
Ung vGi KLTT thiét ké 1800-2000-2200 kg/m?

Hinh 4 thé hién tiéu chuin quéc té vé CDCN t6i thiéu clia gach
& 2 trang théi khoé va bdo hoa nudc. Hau hét cac tiéu chudn yéu cau
CDCN khé t6i thiéu tir 2.0-3.5 MPa, trong khi CDCN bao hoa téi thi€u
tur 1.0-15 MPa. Dua vao tiéu chuén trén, lua chon CDCN t6i thiéu 3.5
MPa & trang thai khé va 1.0 Mpa & trang thai bdo hoa cho nghién
clru nay ddm bao CCSEB dat chat lugng vira d dé€ st dung trong xay
dung, déng thai phu hgp vdi diéu kién moéi trudng khi gap do am
cao.

Cudng d6 chiu nén(MPa)

A00 500 1,600 1,700 800 1,900 2,000

Khéi lugng thé tich(kg/m?)

Hinh 6. Quan hé giita CDCN va KLTT 6 trang thai kho 6 tudi 28 ngay

Hinh 5 thé hién CBCN clia mau CCSEB trong nghién clu & 2
trang théi khé va bao hoa nudc. Khi xét cac mau c6 cung HLXM
nhung & cdc muc KLTT khac nhau, ¢6 thé thdy rang mau c6 KLTT cao
hon sé giup tdng COCN. Mau ¢6 cung HLXM 12%, CDCN tang tu
2.55-5.05-6.72 MPa theo tiing muc KLTT thiét ké va c6 KLTT thuc la
1550-1783-1866 kg/m?. Xu hudng nay cling xuat hién & cac nhém
HLXM la 8% va 15%. Diéu nay chiing minh rang KLTT phan anh mdic
dd dac chac cha vat liéu, khi KLTT cao hon, su lién két gitia cac hat
t6t hon, tr d6 giup tang kha nang chiu luc ctia gach. COCN cao nhat

e
&, 3‘9? Jg{ )q

dat 9.52 MPa khi KLTT thuc dat trén 1900 kg/m? véi HLXM 15%. O
diéu kién kho, khi HLXM trén 8% va KLTT trén 1700 kg/m? thi CDCN
dat trén 3,5 MPa.  trang thai bao hoa, CDCN dat xap xi bing 50%
50 vdi trang thai kho va & cac mau c6 KLTT trén 1700 kg/m3 va HLXM
8% dat CDCN t6i thiéu 1.0 Mpa. Khi xét & cung muic KLTT thiét k&,
mau c6 HLXM cao hon thugng c6 CDCN cao hon, khi HLXM tang tir
8% lén 15% thi CDCN cling c6 xu thé cao hon trong nhu cing muc
KLTT thiét ké 2000 kg/m* CDCN tang tu 3.15-5.04-7.8 MPa tng véi
HLXM 8-12-15% va c6 KLTT thuc lan lugt la 1614-1699-1783 kg/m?.
Diéu nay c6 thé giai thich do khi HLXM tang, CBDCN clia mau cling
tdng do cac san pham thdy hoa C-S-H tao lién két bén ving, lam
tang d6 dac chac [7]. Dong thdi, xi mang nhiéu hon gitp hén hop
[én ch&t han, 1am tdng KLTT va cudng d6 cGia mau, thé hién rd trong
ma&i quan hé KLTT va CBCN & Hinh 6.

4, KET LUAN

Trén cd s& két qua nghién ctu thuc nghiém vé mét sé tinh chat
cla Gach dat xi mang khéng nung véi ham lugng khac nhau tur 8-
12-15%, va 3 muic KLTT thiét ké 1800-2000-2200 kg/m? mot s6 két
luan cé thé rat ranhu'sau :

- Khi tang KLTT, CBCN clia mau cling tang. Diéu nay la do mau
6 KLTT cao hon thudng cé cdu tric dac chdc hon, gidam 16 rdng bén
trong va tang kha nang chju luc.

- Véi cing mét lugng HLXM, mau c6 KLTT cao hon luén c6 CBDCN
I6n hon. Diéu nay thé hién ré trong cdc nhém mau ¢6 cing HLXM
nhung khac KLTT, cho thdy muic d6 lén chat cda vat liéu déng vai trd
quan trong trong viéc nang cao cudng dé

-0 ca hai trang thai, mau c6 KLTT cao hon déu dat CBCN I6n
hon. Tuy nhién, khi bdo hoa nudc, mic gidm cudng dé ciing phu
thudc vao KLTT do nuéc lam suy yéu lién két trong vat liéu c6 16 rong
I&6n hon

- trang thai kho, khi ham lugng xi mang trén 8% va cé KLTT
trén 1700 kg/m?, CDCN ctia mau dat trén 3.5 Mpa va trén 1.0 Mpa
khi & trang thai bao hoa nudc. Cudng do nén clia mau cao nhat la
9.52 Mpa khi KLTT dat trén 1900 kg/m?3.

TAI LIEU THAM KHAO

[1]. Bailly GC, El Mendili Y, Konin A, Khoury EJE. "Advancing Earth-Based Construction:
A Comprehensive Review of Stabilization and Reinforcement Techniques for Adobe and
Compressed Earth Blocks". 2024;5(2):750-83.

[2]. Cid-Falceto J, Mazarrdn FR, Cafias 1). "Assessment of compressed earth blocks made
in Spain: International durability tests". Construction Building Materials. 2012;37:738-45.

[3]. Guillaud H, Doat P, Houben H, Odul P, Joffroy TIC, Villefontaine, France. Compressed
Earth Blocks: Volume II: Manual of Design and Construction. 1995.

[4]. Meukam PJ. "Val.orisation des briques de terre stabilisées en vue de l'isolation
thermique de batiments". Université de Yaoundé 1. 2004;5:10-00.

[5]. Narasihma R, Penchalaiah B, Chittranjan M, Ramesh PJ. "Compressibility behaviour
of black cotton soil admixed with lime and rice-husk ash". International Journal of innovative
Research in science, engineering technology. 2014;3(4):11473-80.

[6]. Nguyén Trung Hiéu, Nguyén Van Tudn. "Dé tai RD 49-22 " Nghién ctiu gidi phap va
cong nghé xay dung nha 6 cho ddng bao dan tdc viing nii phia Bac st dung céc vat liéu tai
chd"". Dé tai nghién ctiu khoa hoc va cong nghé cap Bo. 2023.

[7]. Nshimiyimana P. Effect of the type of clay earthen materials and substitution
materials on the physico-mechanical properties and durability of compressed earth blocks:
Liege University; 2020.

[8]. Reddy V. "Characteristics of stabilized mud blocks using ash-modified soils". Indian
Concrete Journal. 2003;77(2):903-11.

[91. Rigassi VIN. Compressed earth blocks: Manual of production. 1985.

ISSN 2734-9888 |04.2025 XNAYOUNG 103



