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Nghién ctru dic tinh co 1y da voi Sebastopol
phuc vu stra chira, bao ton 1au dai ¢6 ¢ nudc Phap

Bui Trudng Son* )
Truong Dai hoc Mo - Dja chat

TOM TAT

Hién nay, nhiéu lau dai ¢d nhu Amboise, Chambord hay Chenonceau,...tai thung ling song Loire, Cong
hoa Phéap xudng cip nghiém ‘trong. Nguyén nhén 1a da voi trdng Tofus ding xay dung céc lau dai nay bi
phong héa manh liét, mau sic, tinh chét co 1y suy giam lam anh hudng dén stc chiu tai cua cong trinh,
anh huong dén vé dep thim my cua cong trinh dan dén khong thu hat dugc nhidu khach du lich dén tham
quan. Tuy nhién, vat liéu da voi tring Tofus ngay mot khan hiém do di khai thac qua mirc, vi vay viéc
tim kiém mot loai vat liéu mai ¢ tinh chét tuong tw d4 voi tring Tofus dé sira chita, bao ton cac lau dai
cb tai ving thung liing sdng Loire 1a hét stc can thiét. Két qua nghién ciru cho thay loai da Sebastopol co
mau sic, thanh phan khoang vat, héa hoc va cac dic tinh co hoc nhu cudng d6 khang nén, md dun dan
hdi va cudng do khang kéo duoc thi nghiém véi do bdo hoa khac nhau cé thé thay thé cho da véi tring
Tofus phuc vu cong tac stra chita, bao ton cac lau dai ¢d ctia nudc Phap.

Tirkhéa: da voi Tofus; da voi Sebastopol; tinh chit co 1y; 1au dai; thung ling song Loire.

1. Pit vén dé

Nude Phap duoc biét dén 1a noi co rat nhidu lau dai ¢ kinh, phan 16n duoc xiy dung tir thoi Trung
C6 dén thé ki 15. Vao thoi ky trung tim quyén luc cia nude Phap dit ¢ ving thung ling song Loire di co
42 1au dai duoc xay dung & day. Phan 16n céc lau dai c6 kién triic dic trung ctia thoi ki Phuc Hung, trong
d6 co cac lau dai rat noi tiéng nhu Amboise, Chambord hay Chenonceau, ...

Hinh 1. Lau dai Chambord nhin tir phia sau, dang duwoc tién hanh sira chira

Céc lau dai chii yéu dugc xdy dung bing loai da voi tring Tofus (tiéng Latin) dugc thanh tao tr ky
Creta. Loai da nay co dac diém co ban nhin bén ngoai toa ldu dai c6 mau tring nga dic trung, tuy nhién
lai c6 @06 rong cao, dé dang bi thAm nudc va dé bj phong hoa (Beck K., Al-Mukhtar M., 2017). Chinh vi
cac dgc tinh nay da lam cho céc lau dai b xay béng cac vat liéu da Tofus nhanh chong bi xudng cép, cac
khdi xay giam kha ndng chiu tai, mét thim my can phai thuong xuyén tu bd sira chita. Mat khac, de phuc
vu nhu cau xdy dung ngay cang tang, vat li¢u da voi trang Tofus ngay mot khan hiém, do do can thlet
phai tim kiém mot loai vat liéu méi c6 mau séc va tinh chat tuong duong dé thay thé sira chira, bao ton
céc lau dai ¢d ving thung ling song Loire 1a nhiém vu hét strc can thiét.

Trong bao cao nay s& trinh bay dic tinh co hoc ciia d4 voi Sebastopol nhim thay thé cho da voi tring
Tofus trong cong tac sua chira, bao ton cac lau dai c6 ¢ vung thung liing song Loire cua nudc Phap.

* Tac gia lién h¢
Email: buitruongson@humg.edu.vn
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(@)
Hinh 2. Hién twong an mon trén cdc vt liéu da Tofus
a. Mot phan birc twong cia ldu dai Chambord, b. Khung cika cia khdch san Effiat

2. Noi dung va cic két qua nghién ctru
2.1. Cdc tinh chit vt Iy ciia ctia dd Tofus va dd Sebastopol

- Mau sic: Quan sat bén ngoai ctia khdi da Tofus va Sebastopol trén hinh 3, vé mau sic 2 loai d4 nay
¢6 sy khac biét khong nhicu. Pa voi Tofus c6 mau trang, min trong khi d6 da voi Sebastopol c6 mau trang
be twong tng vi mau cua da Tofus khi chiu tdc dong ctia cac tdc nhan phong hoa.

(@) (b)

Hinh 3. Mau sdc bén ngoai cia da Tofus (a) va dd Sebastopol (b)

- Thanh phan héa hoc: Ching t6i sur dung phuong phap nhiét, thuc hién trén may LECO (model
SC144) dé phén tich thanh phan hoa hoc cua 2 loai da. Két qua phan tich thanh phan hoa hoc cua da
Tofus va da Sebastopol the hi¢n trong bang 1.

Bdng 1. Két qua phan tich thanh phan héa hoc cia 2 logi dd
Tén da SiOz Cao A|203 Fe O3 MgO Na,O | KO Ti02 P,Os | MKN
Tofus 41,78 | 27,741 199 | 0,88 | 0,23 |00 0,54 | 0,14 | 0,09 | 24,26
Sebastopol | 18,07 | 45,79 | 0,42 | 0,10 | 0,42 | 0,00 | 0,15 | 0,06 | 0,00 | 35,58

- Thanh phdn khodng vat: Nghién ciru thanh phan khoang vét dugc thuc hién trén kinh hién vi dién
tr tai phong thi nghiém da nganh cua Truong Bach khoa Orleans, két qua trén kinh hién vi dién tir cho
phép xac dinh dwoc thanh phan khoang vét va kich thudc cac khoang vét tao da. Tir két qua hinh anh va
kich thudc cac khoang vét tao da (hinh 4), cac khoang vat tao da chu yéu bao g6m thach anh, canxit,
mica,..trong do6 kich thudc cta cac khoang vat tao da Sebastopol 16n hon so véi da Tofus.
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(@)
Hinh 4. Hinh dnh va kich thudc cac Ighoéng vat
cua da Tofus (a) va da Sebastopol (b) trén kinh hién vi dién tir quét (x200)

(b)

- Khéi hegng riéng va dp réng ciia da: Khoi lugng riéng cua dé dugc xéc dinh theo phuong phap binh
ty trong, do rong cia da xac dinh theo phuong phép bao hoa. Két qua xac dinh khdi luong riéng va do
rong clia d4 trong bang 2.

Bdng 2. Két qiia xdc dinh khoi heong riéng va d6 rong ciia da Tofus va da Sebastopol

Cac chi tiéu b4 Tofus bé Sebastopol
Do rdng (%) 48,40 42,60
Khdi lugng riéng ys(g/cm?) 2,64 2,68

2.2. Cdc tinh chit co hoc va tinh chit déi véi nwéc ciia da Tofus va dd Sebastopol

- Cwong dp khdng nén mét truc: Phuong phap duoc sir dung phd bién nhit dé mo ta cac tinh chét co
hoc cua da la cuong d6 nén don truc. PO bén co hoc cua da phu thudc vao thanh phén khoang vat hoc,
hinh dang va kich thudc cua cac hat cdu thanh, d6 x&p, tinh di huéng va c6 thé bi anh hudng boi sy hién
dién cua nudc (Anne S., 2014). Cuong d6 khang nén mét truc dugce xac dinh theo cong thirc (1):

Fmax Fmax
A w

trong d6: R; - cuong do khang nén mot truc ciia mau da thi nghiém, MPa; Fra- tai trong pha hiy, MPa,
S - dién tich tiét dién mau thi nghiém,cm? ; R - ban kinh tiét dién mau hinh try tron, cm.

Bdng 3. Két qiia xdc dinh cuong d khdang nén mot truc cia da Tofus va da Sebastopol

L Cuong d6 khang nén mét truc, Rc (MPa) Hé sd bat
Loai da Phuong do —— ——— 2 B
Trang thai kho Trang thai bio hoa | dang huéng

Vuong goc 11,67 4,83

ba Tofus 21%
Song song 9,13 3,86
) Vubng goc 9,88 6,28

Pa Sebastopol 15%
Song song 8,43 541

Bdng 4. Két qiia xdc dinh Médun dan hoi cua da Tofus va da Sebastopol

Loai da

Phuong do

Mbdun dan hoi, E (MPa)

Hé¢ so bat

Trang thai kho Trang thai bao hoa ddng huéng
Vudng géc 2037 988
ba Tofus 99 29%
Song song 1481 687
4 Sebastonol Vudng gdc 1968 1500 Lo%
4 Sebastopo 0
P Song song 1806 1342

Thi nghiém xac dinh cuong do khang nén mdt truc duoc tién hanh theo tiéu chuén AFNOR P94-420.
Céac miu da dugc ché tao dang hinh try, duong kinh 4cm, chiéu cao 8cm. Cac mau nay dugc lay theo
phuong vudng goc va song song voi mit 16p. Hé thong may nén don truc s& kiém soat viéc gia tai véi toe
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d6 0,05MPa/phiit. Qué trinh gia tai dugc tién hanh lién tuc dén khi mau thi nghiém bi pha hiy hoan toan.
Cac mau dugc thi nghiém & trang thai kho, do bdo hoa (HR) 1an luot 1a 12%, 33%, 76% va 100%. Két
qué thi nghiém xéac dinh cudong do khang nén mot truc, mé dun dan hoi, hé s6 bat dang hudng trinh bay
trong cac bang 3,4 va hinh 5.

——sec
1| —HR=12%

@ (b)

Hinh 5. Biéu do quan hé ing sudt - bién dang thi nghiém nén mét truc cia mdu da Tofus (a) va da
Sebastopol (b) iing vdi cac trang thdai khé (sec), dj bdo hoa HR = 12%, HR = 33%, HR=76% va
HR=100% (sat)

- Cwong dj khang kéo: Theo tac gia Andreev G.E (2011), cudong d6 khang keo cua da co thé xac dinh
theo phuong phap gian tlep, thong qua thi nghiém Brazilian duoc tién hanh theo dé xuit phuong phap thu
ctia Hoi co hoc da qubc t& (ISRM) va tiéu chudn AFNOR P94-422. Mau thi nghiém hinh tru ¢6 dudng
kinh 40mm, chiéu cao 40mm dugc nén t6i khi pha hoai theo phuong phép tdc do gia tai khong dbi
0,002Mpa/phat (hinh 6). Mau thi nghiém dugc dat vao ban nén sao cho ban nén tiép xtc voi mau doc
theo duong sinh ctia mau. Thi nghiém dugc tién hanh cho dén khi mAu bi phé hoai.

Cuong do khang kéo cua mau theo thi nghiém Brazilian dugc xac dinh theo cong thirc (2):
o = 2P,
“ DL

trong d6: P - tai trong pha huy, MPa; D - dudng kinh mau thi nghiém, mm; L - chiéu dai cuaa mau thi
nghiém,mm.

(2)

Anh huong cua do bao hoa dén cudng do khang kéo ciing duoc xét dén thong qua C4C mau co6 do bao
hoa ¢ trang thai kho (sec), HR = 12%, HR = 33%, HR=76% va HR=100% (sat). Két qua thi nghiém xac
dinh cuong d6 khang kéo, mé dun dan héi, hé s6 bat dang hudng trinh bay trong bang 5 va cac hinh 7.

Hinh 6. Xéc dinh cwong dg khing kéo theo phwong phdp gian tiép,
thoéng qua thi nghi¢m Brazilian
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Bdng 5. Két qiia xdc dinh cwong do khdng kéo ciia da Tofus va déa Sebastopol

L Cudng d6 khang kéo, ok (MPa) Hé sb bét
Loai da Phuong do —— — 2 .
Trang thai kho Trang thai bdo hoa | déng hudng
) Vubdng goc 1,3 0,38
ba Tofus 19%
Song song 1,48 0,51
’ Vuong gdc 0,92 0,52
ba Sebastopol 13%
Song song 0,98 0,66
2 2 —
:::12% A:GRZTS

15 4| ——HR=T6%

- Vdn téc song sieu am: Dé xac dinh van tdc séng siéu am truyén qua cac mau da, chung t6i sir dung
hé théng siéu am hién dai cua hing Diagnostic Sonar c6 thé do dwoc van téc séng doc theo 2 phuong
vubng goc va song song vai mit phan I6p. Trong nghién cau nay, ching toi sir dung phuong phap do truc
tiép voi dau do siéu am loai P143-01, c6 kich thuéc (10x10x7,5)mm cua hang Physics Instruments, tan sb
hoat dong 150Khz. Két qua do vén téc song doc theo cac phuong vudng goc va song song véi mit phan

(@)

16p va theo d6 bdo hda trinh bay trong bang 6 va hinh 8.

(b)

Hinh 7. Biéu do quan h¢é ing suat - bien dang thi nghiém Brazilian cia mau da Tofus (a) va da
Sebastopol (b) wng vdi cac trang thdi kho (sec), dé bdo hoa HR = 12%, HR = 33%, HR=76% va
HR=100% (sat)

Bdng 6. Két qiia xdc dinh vin téc séng doc Vy ciia déa Tofus va da Sebastopol

L Van téc song doc, Vp (m/s)
Loai da Phuong do —— .
Trang thai kho Trang thai bao hoa
Vudng goc 1800 1940
ba Tofus
Song song 1870 1950
) Vubdng goc 2180 2460
ba Sebastopol
Song song 2200 2450
2000 .
1V, = 1800 mis Vp = 1940 mmf Vy = 2460 mis
1800 4\.— ——————————————————————————— - 2’4+ L
1600 & !.:; ------------------------ -?i __________________________
1 '_k"_“"‘"la-.-u-.l"r
1400 TN Ty 1900 & - - - - ]
] AR A s e TOUPELIEE Vp=1970mis
1200j'""“""""-,f:.':-\'.'. """"" 1700 - = e e e
] Do bio hoa 2 hio hi
1000 +—————7—— T llllllll 1500 ..................??b.acrhuoil
0 0 40 % 100 0 2 40 60 80 100

Hinh 8. Biéu do quan hé vdn téc séng doc Vp va dé bdo hoa

(@)
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- Tinh chdt déi véi nwéc ciia dd: Mot s6 tac gia nhu Schrefler & Delage (2010); Dessandier (2010) da
nghién ciru tinh chét déi v6i nudc cua da thong qua thi nghiém don gian d6 1a dat mau d4 co dang tru tron
(dwong kinh 4cm, chiéu cao 8cm) trén mot vién da tham trong thiét bi mé ta nhu hinh 5 dé nuée tham vao
mau thi nghiém, dudi tac dung ciia nudc s& 1am thay doi kich thudc chiéu cao ciia mau. Luong thay doi
chiéu dai mau da khi tac dung ddi voi nuéc duogc tinh bang ty sé AL/L, trong ¢ AL 1a chiéu dai mau da
(um), L chiéu dai ban dau cua mau da thi nghiém (m). Két qua thi nghiém xac dinh tinh chat truong no
cua d4 da Tofus va Sebastopol dugc trinh bay trong hinh 9 va hinh 10.

Cot nwéc
mao dan Y

Hinh 9. So do thi nghiém tinh chdt doi véi meéc cia mau da

500 &
4 ~
'g e A 1
b -
E 40t - I E a0} o __________
] - 2
- ] A 4
2 W - T g W o
3 1 | 4
b B et g ,-/-': ----------- 4ol /____
"g ] /‘”f 2 + .
111 = ] w0l ATy
= 1 & ShEo R =
o ] e B bio hoa,% g bio hoa,%
4 0 T
0 20 40 60 80 100 0 20 40 60 80 100

(@) (b)

Hinh 10. Biéu dé quan hé giira ty sé AL/L (um/m) cua mau dé Tofus (a) va Sebastopol (b)
Tir cac két qua thi nghiém trén cé thé nhan xét nhu sau:

- Dé Tofus va Sebastopol c6 mau sic tuong tu nhau, d4 Sebastopol ¢6 mau tring nga hoan toan c6 thé
thay thé cho da Tofus ma khéng dé dang nhan ra bang mat thudng trén cac khoi xay thay thé da voi Tofus
bang da voi Sebastopol.

- Thanh phén héa hoc va khoang vat cua 2 loai da cé sy chénh léch khé I6n, da voi Sebastopol ¢d ham
lugng CaO gan gap d6i da Tofus, kich thudc cac khoang vat tao da voi Sebastopol ciing 16n hon da Tofus.

- Cac chi tiéu co hoc, bao gébm cudng o khang nén mot truc, cuong do khang kéo, mé dun dan hf)i
cua dé voi Sebastopol thap hon khong nhieu so véi da voi Tofus. Tuy nhién da voi Sebastopol c6 su bien
doi cac tinh chat co hoc theo phuong vudng goc va song song mat I6p (tinh bat dang huéng) thap hon da
vbi Tofus. C4c chi tiéu co hoc cua 2 loai da déu giam khi d6 bao hoa ting, nhung mirc do giam cta da da
vbi Sebastopol nhé hon so v&i da voi Tofus.

- Théng qua két qua thi nghi¢m tinh chat doi véi nudc, da voi Sebastopol khong nhay cam ddi voi
nudc bang da voi Tofus, diéu nay cho thay khi trong cung diéu kién d¢ am méi truong nhu nhau, da voi
Sebastopol it bi tic dong hon so v6i da voi Tofus.

3. Két luan

_Viéc lya chon loai vat li¢u da thay thé d4 voi trang Tofus trong cong tac sira chita bao ton céc lau dai
co la rat can thict d¢ dam bao suc chju tai ctia cong trinh va ve dep tham my cia cong trinh. Trong d6 da
VOi Sebastopol duoc wu tién lya chon voi uu diem la trit luong lon, phan bo nhicu trong thung ling song
Loire, thuan tién cho cong tac khai thac. Pa voi Sebastopol c6 mau sac tuong tu véi da voi trang Tofus,
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nén khi thay thé cac khéi xay d4 Tofus bang da Sebastopol van dam bao tinh tham my, khdng tao su khac
biét khi nhin bang mat thuong.

Céc chi tiéu co hoc, bao gdom cuong do khang nén mot truc, modun bién dang, cuong do khang kéo
cuia d4 voi Sebastopol & trang thai khd thap hon so véi da voi Tofus. Nhung chung lai ¢6 vu diém d6 1a
khi d6 bao hoa tang va dat gia tri 100%, thi cac chi tiéu nay cua da voi Sebastopol l6n hon so véi da voi
Tofus. Pay la yéu t6 rat quan trong vi cac khoi xay céc toa lau dai khong c6 16p vira bao vé bén ngoai,

chung thuong xuyén chiu tac dong truc tiép cua cac yéu té khi hau nhu nhiét do, do am va cac tac nhan
khéc.
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ABSTRACT

Study on physic-mechanical properties of Sebastopol limestone for
repairing, conserving the ancient castles in France

Bui Truong Son
Hanoi University of Mining and Geology

Many ancient castles now in the Loire valley, France like Amboise, Chambord or Chenonceau... are
severely degraded. The main reasons are due to the serious weathering of Tofus limestone. The
weathering leads to change the color, decrease the physic-mechanical properties, and then affect the
bearing capacity and the beauty of these constructions. These phenomena result in decline the number of
tourist to visit these places. However, the white-Tofus limestone material is now scarce due to the
overexploitation. Therefore, finding a new material that has the same color and properties as Tofus
limestone for repairing and preservation of ancient castles in the Loire valley isurgent. This paper
presents the physico-mechanical properties of Sebastopol limestone which can be used to replace the
Tofus limestone in repairing and preserving these ancient castles in France.

Keywords: Tofus limestone; Sebastopol limestone; Physico-mechanical properties; Castle; the Loire
valley.
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