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THE IMPACT STUDY OF THE FINE -DISPERSED VERMI CULITE POWDER ON THE
GYPSUM BINDER STRUCTURE BY THE SCANNING ELECTRON MICROSCOPY

PhD (Tech.) :. H Atynian, postgraduate student D S. Bukhanova,
D. Sc (Tech.)L. V. Trykoz, PhD (Tech.)S. M. Kamchatnaya
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M klZlle ~hkee”"m}livky Meipt hgh”*bkijkgh]l]h \_jfbdmeesIm ¢
fedjhkljmdImjm h]sikhYy mqgh]h hkdeevdb kzZf_ \hgZ_blayyjgggZ}cne
| _iehl_ogeqge \eZklb\hkle degp_\h]h Jeikh\h]h \bjh[m lhdzZa
lhgdhBki_jkghlh \_jfbdmeeslh\h]h ihjhrdm rljzelpldE ‘e ffZrhkb ]Jeikm }
hilbfZevghx 7~ey nhjfm\Zggy seevgh€ fedjhkljmddimgk [hMHf\h]
kdZgmxgh€ _e _dljhggh€ fedjhkdhmdi€hjegldyjh™ghhe"gh€ kmpeevgh€ |
exzeevVvigf jhalZrm\Zggyf djbklZee\ Jeikm

Dexqgh\e kehY¥mq Jekh_\ jfbdmeetepgeklv ijb klbkdmmdImjZz
kdZgmxqZ _e _dljhggZ fedjhkdhiey

The article aims the study of the structure formation of gypsum binder with the different
fractions of nororganic aggregate +vermiculite powder. Two fineness degsof vermiculite
powder have been used with average size 0.14 mm and 0.01 mm. To deterroptenal amount
of the aggregate, the gypsum binder samples are prepared in which the content of Ifermicu
powder is changed from 0 % to 8 %. After curingcanpesson strength is defined the entire
sample batches. The samples with 2 % of the ggégedemonstrate the maximal compression
strength 25 MPa. This percentage has been used during followiegrobgs. To determine the
impact of fineness degree dretilled gypsum material, three sample batches have been made. The
first batch does not cdéain the aggregate, the second and third ones contain 2 % vermiculite
powder with two types of dispersityfté& curing, a compression strength has been defined the
enire samplebatches. As the testing results show, the addition of filler with averag®.6ix mm
increase both the compression strength and a bending strength by 50 %. Tdiedersed powder
fills the cavities between the crystals of calcium seltitydrate. It allows to increase the number
of contacts between the crystals and enhaheestrength of the samplélhe investigation of the
structure formation has been executed by scanningreteaticroscopy.The electron microscope
photos of the gysum sanples aml the aggregate with average size 0.14 mm demonstrate a
nonuniform distributon of the structure elements. Also, a partial ties vermiculite and the gypsum
crystals are observed. In opgite, the electron microscope photos of the gypsum sanapd the
aggregate with average size 0.01 mm show a uniform distribution of the struslemeents.
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Moreover, the branched structure with contact bonds between vermiculite and the gypsum crystals

is found. The usage of vermiculite powder as

a fillerthergypsum products rises an efficiency of

constructions due to the bigger strength, impbtleermal insulation, and fireesisting property.

Keywords: gypsum binderyermiculite, co
microscopy
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n€Djef pvh]h pe gZih\gx\Zqge } g_]hj>
n] Z gZ \e~fegm \e” g hj]J]Zgeqgbo |
d jzZzfabl } [sevr e _]dbfb | _ieh}fgl
a”_r_\bfb m \bjh[gbpl\e > @
hi <bagZq_ggy f_Ib 1Z azZ\"Zg
d *hkee”" glgylhx pbVYh ~“hkegf@y }
\bagZqg_ggyl[ethkh ¢ nhjfm\Zggy
a\kljmdImjb Jeikh\h]h \fy mgh]lh ijb
hjbkZgge jeagbo njZdpec g_hj]JZg
xaZih\gx\zZg¥ jfbdmeelh\h]h ihjhrdm
g:>ey “hky]Jg_ggy f _Ib g _h[oe~gh \b
"thilbfZevgm deevdeklv \ jfbdme-
c ihjhrdm \klZgh\bIBImyegv ih~je[
bcg_owAaihgx\ZqzZ \iedpgd fepgeklv ijb

hiej
\b[h

mevljZ~2bki_jkgh€ k_j_

Ngec

k klbkdm [Z a]lbge ajZade\ ]Jeikh\h]h

v "hkee*~blb fedjhkljmdImjm hljbf
ajZade\ f _Ih~Ahf kdZgmxqgh€ e _d
fedjhkdhies€

A
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Al*jgbd gZmdh\bo ijZpkvWMh)jlz€ _j Z\gh]h mge\_jkbl_Im aZeesagbqgh]h Ij.

Hkgh\gZ gzZklbgZ “hkee+”” |g kvdh]h

FZI _jeZeb 1Z f_Imtesr
Ydkbjh\bgm \ jh[hls [rjiteKkE g\
\_jfbdmeslh\bc _glhglp

Oefeqgbc kdezZ™ \_j

jh~*h\bsZ Mdjz€gZ Db
osfeqgbc |Z feg_jZeh]eqgl
> @

vh[eZklv
d ydh]h gzZ\_~_gh \ 1Z[e

<Zkbeyde\

LZ[ebpy
fbdmeelm <Zkbaev@r\kvdh]h jh~h\b

<fekl

hdk\b

SiQ | TiO2 Al>O3 FeOs | FeO

CaO

MgO | MnO | NaO K20 H20

32,09| 1,22 8,79 11,01 | 1,97

9,18

7,23 | 0,17 | 0,50 5,38 | 6,77

Yd [Zgbfh kdezZ”™ \bdhjbk
\_jfbdmeesIm feklblv hkgh\ge
sh ml\hjxxlv p_f_glgbc deesgd
dZevwx hdkb” &PpAgex hdkbf

hdkb”b 203,H Al2Os3 0J2 [en @
ijhkex\Zggy kimg_gh]h \_jfbd
hljbfZzgh kex”~yg_ [hjhrgh a
njZdpeyfb \ jfbdmeeslm ca
jhafejhf qzZklbghd ffgz
\_jfbdmesIm [meZ ih”"j<[egh ge
lhgdh]hhf_em ~h_’kgyh]h jha
gZklbghd . ff

Yd \fy mqg_ \bdhjbklh\m
fZjdb-= \eZklb\hkle ydh]h \e”

>KLM ; < @ >ey “hkeen"
\b]Jhlh\e_gh Ijb k_j*€ ajZade\
ajZade\ feklbezZ ]Jeik \h”~m
k_4€ feklbeb ~h[Z\dm gZih\g
Ajm]lh€ *E_j \bdhjbklh\m\]
lhgdh”~bki_jkgbc \_jfbdme-lh\
L<I a jhafejhf qZklbghd
ij_"klZ\gbpvdh€ njZdp-€
lj Ivh€a jhafejhf qZklbghd (¢
ij_""klZ\gbpvdh€ njZdp-€
l[jvho K_jeyo]dbk¥h\_ \e~ghr_gg\}
h~gdhb f klZgh\beh
fepghkle ijb albge 1Z ]jZgbpx
klbkdm \bagZqZeb gZ ajZa
4040u ff \b]hlh\e _gbo =-a
klzg~rZjlgh€ dhgkbkl _gp+€ ¢
iskey dhglzdivh]hikly " mgh]h a
alj*"@abKLM ; <82[10].

<ieb\ jhafeje\ qgZklbghd

>

1j \a™\$ZKb bpgbf_glm

Ihfm\Z"gf]h _e _dljhggh€ fedjhkdhis€
dhfhtkgflbgv \bdhjbklh\m\Zeb kdZ¢
i el zdljhggbc fedjhkdhi6390 -60

6LAbjh[gbpl\h yihgkvih€ -HRO a

Zk e_dljhadlg~h\bfb ijbklz\dxfb "e
mehlahZ gvigehlh  fedjhZgZeeam - _g_j]
Njkeelgdpib  ki_dljhf_I]j ('6 « o\bevh
ki jdMdeff_|] "6 \bjh[gbpHh Zg]
Q 2kttkvdh€ nejfb 2;)25" ,167580(176
/7 Jiha”eevgZ aZlgeklv _e _dljh
fejimdjhkdhiZz gf fZbblkcbht2&vgl]j

ajZadz ff zZ\IhfzZlbaZpeggy i_j_ fe
Z\lkkhheb«dK ajZadzZ azZ IljvhfZ tgZijyfc
ihXeYZxlvhilbfZevgbc gZobe klhebdZ
_gMilpheh

| _jrZddjjeiyhlih]jZnm\Zggy
jmjZaldzZljsly€E€ ZgZeea
x\KdZgmA\&ygy \b\_"~ ggy gz f
Z\Idyh fi xI_jZ Mgeh qZklbge dzZ7je\
0 c\ diZjdamb tv ky ijbkdhjx\gZdwgZ
gZl5[devr a[eevr_ggy agefdZz
fifldZ ey ghf_j dZ~jm ghf_j
ZAWENT _gQgy hljbfm\Zeb \
ff\IhNlbggbm e _dljhge\
[melhkee”r ggy \ieb\m deevdhkl
jZWlbmpix gy ih”je[g_ggy L<I| gZefepg-Kkl
s pgvileZiggybfZevgh€ dekewtdmkéeh
d Z\d a ghigohefjtpfg e klv ajZajb a]bg-e
beflelgzh x deevdhkle "h[Z\db \e~
jbkamevlZlb
\hk\h&qZlv sh hilbfZevghx } deey
Ilhgdh”bki_jkgh]lh ihjhrdm [ebavdh
LAy §ZebqbgZ i[jingdZ ~ely*Zevrbo

ih\_jo
ijh\h~Ab\ky

fZkrl
ajZz
j_"b

ca
A

klimdimjm ]eikh\h]lh dZf _gx *

h keh R em\ Z egv

A
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Al*jgbd gZmdh\bo ijZpkvWMh)jlz€ _j Z\gh]h mge\_jkbl_Im aZeesagbqgh]h Ij.

Mirngicts, MIla

0 T T 1
5,0 7,5

Kimekicte mo0aBki, %

Jbk Age&lv fepghiblalbges \+n deevdhkle ~h[Z\db

ih™je[g_ggy L<I ey dh gh€ k_jelijrajdagg¥\ ~ gh gZ jbk

>ey hpegdbieb\m kimi| ghZz ]jZgbpx fepghkle ijb klbkdm J_a
[meYbagZq _gh ]jZgbpx fepghk|e ijb a]Jbge

12

—
<

[e2e]

Minuicts, MIa
FSECN

]
|

Bes nodasxu 0,01 0.14
Jhafej njz&ipff

Jbk Ageklfepghkle ijb kibkijm a]bBs \+” jhafejm njZdp+€ gZih\gx\.

Yd \bhga jbk [tevr_ ih%jekagnegh ZIm dZevpex sh ~zZ} fh'e
njZdpey L<lI "hal\hebeZ if*"abhsbribl b deevdeklv dhglzdle\
fepgeklv Jeikh\h]h dzf_gx f&c|_dgEklZeZzfb Z \eNik\eivdhbsblb
ijb klbkdm |z ©Zc _ ijb alggdepgeklv \Ty mqghihklhkvlkih}fm
Lhgmd*bki_jkgbc gZih\gx\Bggx| kdez” e Zdlb\pfd mh_fg_a_fm o
ihjh gbgb fe° djbklzZezfb ANb]Z&pZflegexm adnyaa qgbf NhBZyg-

Al*jgbd gZmdh\bodjZMAMIO \bi 88
10



Al*jgbd gZmdh\bo ijZpkvWMh)jlz€ _j Z\gh]h mge\_jkbl_Im aZeesagbqgh]h Ij.

chl]h~h Jeikm ie*\bsm}livky | kimieghkee""_ggy dkjjm Jeikh\bo
]*™jZlZpe€ ]Je”jZ\eeqgh]lh \ y raphdtie\ a& ~h[EkxdhxzZ "hihfh]hx
jZomghd ml\hj_ggy p_glje\ djbkéZdtphhgmtE€hkiddi«€& 2Z ih’Zbo
Q_j_a gbavdm |_iehijh\e~rgtkivhIkZnbpo ijh[ jbk a jeagbfb
gZklbghd \miébdn 2z 1Zdh" pzZ)\\gglhb a[ecevrflygyZ ih[Zqgblb sh
lhgdbf ijEfdZf ih\eljy fo' emkhqklldfbdImjZz mmikeg h]h Jeikh\h]h
kex"bhljbfzgbczZIf jezZezjzdl_jbpmdzZf_gx a3 k\h}fm kdezZ”e JheqZk
}lvky gbavdhx |_iehijh\ergeklx cdjbkhdelx ]Jeikm <boh”~ygb a fZzi
\h]g_klecdeklx Z 1zZzdh  Ix k|l_lbgrdek\ fh gZ RHAbmgZsh jhafejb
oefeqghx kKlecdeklx g_lhdkblgghkkilxklZzgh\eylv \e~r dffhsh f
\erkmligeklix "bfhmlI\hj_ggy \eNih\enrZ} klZg”™Zjlgec kljmdIimje

15kV »0X3,000. S5um” _ 0004 641 . 45kV  X10,000  1pm 0005 641

Jbk Fedjhnhlh]jZne+€ Jeikm [_a ~h[Z\db

AjZadb a L<Il a jhaidp#t€En] jfbdmeeslh\h€ ~h[Z\db sh ha
0,14ff jbk ijb - djZlghfm i_j\bggm kex”ygm [m”~h\m Z
a[eevr_gg- ihdZamxlv g_h"ghh"gpige a\ yadb \_jfbdmeeslm
jhaih”~ee kdeZ"m gZ iehsbge djbRidheehib ]Jeikm jharzZjm\Zggy \
]Jeikh\h]h _dy&f ljb [eevrhf gZklbgzZo
a[eevr_gg- Kihkl_je]Z}Ivky iehsbgZz
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Al*jgbd gZmdh\bo ijZpkvWMh)jlz€ _j Z\gh]h mge\_jkbl_Im aZeesagbqgh]h Ij.

-

S
50um... 0002

7

CTES o,

X250 100pm . 0007, ® 441

Jbk Fedjhnhkh]pZkh\[Zmade\ a 4 ghafsjhf njZdp €

GZ _e_dljhggbo nhlh]jZneyod&jfZxgde\ Iab [*evrhfm afeevr_gg
L<l a jhafejmjZdp-€ ff jbkkihkl _jelZ}IvkZejha gZ\Zml il |1Z
[Zgbf \erghkgh h~ghjergbc | jKZ€iH"eehk j ~gec a\ yahd a djbklZi
kdeZz"m gZ iehsbge \e~"dhe milkhxklh hrghjergm kijmdIimjm
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Al*jgbd gZmdh\bo ijZpkvWMh)jlz€ _j Z\gh]h mge\_jkbl_Im aZeesagbqgh]h Ij.

“W15kV | X4,500 VA0 0013 841

Jbk Fedjhnhlh]jz -€]-|kh\bcaqhb

(+1N

djh f an j&d p 4€

gZeecamxqgb hljbfageevljiZ|b dZf _gx h™z\zZggylfhgdh”bki_jkgh]h
fh gz ajhjblbkgh\hd sh ihgye<[g\ gfbdmeeslh\h]hrdimjhdZazZzgh sh
gbavdh\bgBéglv \_jfbdmeelm ~h| npddpe§gy Laxl jhafejhf gZc[eevr
0,14 ff ih\geklx g_ jmcgm} chlhklZz\gbpvdh€ nPpoOd pfe€ m
ijhklhjh\bo a\ waaxdzklhkhllan cth] deevdhkle \er fZkb p_f_glm ~Ze
yd “"h[zZz\dm g_ “"hpeevghfellglodreafikevrblb gfelplv ijb afZge gZ
} chl]h g _h~ghjergbc jhaih”ee| 30 hf{fjildnkibkdimZ >hkee"" _ggy
]Jeikh\h]hf_&& jbk Lzdh [fhfgihkljmdIimjb ajzZzade\ f_Ih~hf kdZg
ih[Zgqblb ch]l]h hge’hg'g a\ yadb e _dljhtgE fedjhkdhie€ i\ _j™b
djbklZzezfb Jeikm L<Il ih”je[g nglblej gy h~rghje*gh€ kmpeevgh€
njZdpe€ ff ihdzaz\ hrghjergdbcseevgbfZjmalZzggyf djbklZee\ ]Jeik
jhaih~ee ihfm[f]kikh\h]h dZf_|gx<b@hjbklZggy [Zdh]h ihjhrdm
lzdh™ [_aihk_j_"gec a\ yahd |a gZbk\ge\Zdpkhibo \bjh[e\ } nZdlhjhf
]Jeikm sh ihfelgh afegx} kljsdImjagZqgh i*"\bsm} ekhv dlb\g
fZljeZem AZ Ahihfh]hx f\bhhhmh\e gbo dhgkljmdpec azZ |
_e _dljhggh€ heidghkd \m)E[gv gZ[eevih€ fepghkle iheeir _ggy | _i
fepgeklv [meh h[jZgh njZdpex [Ldl ogeqgfdbo ihdZagbde\ [1Z \h]g_Ijl
yd "h[zZz\dm ~h Jeikh\h]h \fy mighdithjm™I1", i_jki_dlIb\gbf gzZijyfdhf

<bkgh\dM j_amevljike "i_gho ey ih”"Zevrh]h \"hkdhgZe_ggy ]Je*ik
"hkeeN" gV \klZgh\d_gb\ekly } \bdhj&Zlggy gh\h]h fh”rbnedh\Zgl
ihdjZs_ggy \eZklb\hkl_c ]\ \imdph]h a jeaghfZgZlidbéx\zZ
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Al*jgbd gZmdh\bo ijZpkvWMh)jlz€ _j Z\gh]h mge\_jkbl_Im aZeesagbqgh]h Ij.

lgkangZkgbo kmi_jieZklbneddlhjs\ |Z
\lodfeqgpho "h[Z\hd

aZemqg_ggy \ J-"jZhBpkdbgghije
Zdlb\gbo feg _jZevgbo Ah

qZfb a jhafejhf ~h nghqzqgmihgn\_ddlb\gbo op\\iEdIb\gbo j_gh\bg

Jbk FedjjBEhe€ J+ikhdB] _gx a ~h[Z\dhx LlghfanjEdpe€ J ff
. )
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peevgZcde_}gtcj_\bdrkkdeeVvdbr iZg_egdeyxlkh[hXdeZ ghZlhrZjh\m
kljmdImafmhdidadaz}fghji_g~meéyjgbdhalZrm\zZiggkmfe glwdjZo Ih
\bgbdegh\FjZgbgath\bek!|_j gs\dhelhgbfh " mlvimlghalZrh\Zglgfd_ "«
ih\arh\"gvhi& ihi_j_qgh®¥hsrd >ey hpegdbthklh\ejghklrljbfZgbo
_dki_jbf_glzenadild \bdhgzghzZelbtlgkes~ggmijh]jZzfghfahfe _dk
Ansysey \kebh eb\bfokpyhalZrm\Zghy gemihi_j _qgghfm jeddD>iZg e
shfh ' mlviieb\Zlgz\_ebgbfgbghklamjZom\Zgjgwfgh&€h”_eAgeahljhic€
A_j_\bghb

Dexghkeh\Ade }gkzZe Y%l _j gealejgiZg_efepgeklyZ\bkbdiygy
ihi_jggde_}0Zj \bd@>CLT, & "gZgbéy-gag- _cef db, jhajZomArisys.

New types of woeHdased building materials, one of which is CLT, require an accurate
assessment of the strength of various types ofsjoConnections of CLpanels on gled-in steel
rods have great interest in connection witie tdevelopment of prefabricated modular buildings
with high factory accuracy of mating joints parts. Gliadteel rods are very effective type of rigid
and semtigid joints in GLT eéments of diérent constrations and allow produce structural
elementswith high level of prefabrication for fast and reliable installation of timber buildings.
Positive experience of using gluad steel rods during large period itimber constructionsni
Eastern Euope praxis sems effective in joints of cross laminateailtier (CLT) panels.

The results of the strength of the gltiedods by puHpull tests, which were installed in the
cross section of the CLT panel, showed nesults that were diffidti to predictby taking inb
account practice of using glued steel ods in solid and glued laminated timber. Cross laminated
timber panels are a complex multilayer structure of boards with mutually perpendicular to their
locationin adjacent layers crda new boundy conditionsfor the rods, when they can be located
at the boundary of the longitudinal and transverse boards. In order to evaluate the reliability of the
obtained experimental data were performed analytical studigseirnsys software fail possible
locations of pds in the cross section of the CLT pandliclv may affect the strength values, taking
into account elastic anisotropy of wood. Analysis of the ginedbds strength by pulling,
depending position in therosssection, is the @ame as desdoed in paper & prof. H. J. Blass
(2007) where the positis of axially loaded sethpping screws were varied.

Beywords:gluedin steel rods, prefabricated panels, shear strength, cross laminated timber,
CLT, connectios, finite element modal, calculaton, Ansys saivare.
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