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ABSTRACT

In the colliery industrial environment, the materials of reinforced structure suffer relatively serious aging. The
cracking and deterioration of concrete and the corrosion of steel member lead to the degeneration of structural
performance and the decline of structural reliability. In this paper, the experiment is combined with the test
engineering instances of colliery industrial ground environment and the main reinforced structure of conveyor
gallery at Jiahe Colliery, Chacheng Colliery, Woniushan Colliery and Zhangji Colliery attached to Xuzhou mining
group co., Ltd in China. During the experiment, colliery industrial environment is analyzed qualitatively and
guantitatively; and at the same time, damage degradation characteristics and security design check method of
reinforced structure of conveyor gallery are studied. Then, deterioration mechanism of reinforced concrete conveyor
gallery under the coupling action in the industrial environment is investigated from the aspects of material &
components & structure. Finally the corresponding prevention and control technology are proposed, which provide
sound proof for the reliability of reinforced concrete conveyor gallery.
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INTRODUCTION

Exposed to the severe industrial environment [l{34tural environment, complex artisan and chemical
environment), the conveyor gallery deteriorate Kjyicwhich reduces the structural capacity [3~6hefefore,
investigation of the deterioration mechanism of twmveyor gallery in colliery industrial environnteand the
prevention techniques are of great necessity. Mbdewit is of significant importance to the repaginforcement
and maintenance of the conveyor gallery.

2. PROJECT OVERVIEW

The conveyor galleries in Jiahe, Chacheng, Woniusiral Zhangji colliery were built in the 1960s~189@arts

appearance were shown in Figure 1. General situatan be seen in table 1). They are reinforced retec
structures. Base, support frame and conveyor cemyihie conveyor galleries. The conveyor itself edenup of
precast reinforced concrete truss, precast reiefbeoncrete slab and retaining structure. The gamveontains

steel component. The unique usage and artisaneofdhveyor make the environment even worse. Tlouénet

alternation of dry and humid air, the continuousigreasing concentration of poisonous gas anddidom, the

accumulation of solid attachments on the componamtl long-term vibration load all contribute to thevere
deterioration of the structural component, suclerasking of surface concrete, reinforcement rustictv pose a
great threat to normal production and safety.
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Fig 1: The main structure of belt corridor of ChaCheng coal

Tabl: General situation of the colliery

. . ) Material
Position Building Time Concrete Rebar Steel Member
Jiahe collieryl 1980s 200# HPB235 —_—
Jiahe colliery 2 1980s 200# HPB235 —_—
Chacheng colliery 1970s 200# HPB335 —_
Woniushan colliery 1960s 200# HPB235 e
Zhangiji colliery 1990s C20. C40 HPB235 HRB335 Q235

To ensure the normal operation of conveyor galléng author fully detected the surroundings, amtisend
mechanical environment of the 4 collieries and drarhthe design methods. In the meantime, the autiiolied
the deterioration mechanism of conveyor gallery #ren proposed a technique that can reinforcectimeeyor
gallery after deterioration.

3. INDUSTRIAL ENVIRONMENT OF COLLIERY

3.1 Natural Environment

The natural environment of conveyor gallery is gusevere. On the one hand, the temperature ankuthality
change frequently, on the other hand, the cond@mtraf corrosive gas, liquid and solid media igyéigh.
Especially important, most of them are acid. Amtrggas media, &IHCI are high corrosive, moreover, SO0,
H,S, CQ are intermediate corrosive or low corrosive. Ldjmedia, which mostly consist of chloride and gelfaf
Sodium, calcium and magnesium, are low corrosivenoAg the solid media, the chloride of calcium and
magnesium are high corrosive. The concentratioth@fcorrosive media in the gas and solid envirortrcan be
seen in Tab 2 and 3.

Tab2: Corrosive medium content in gaseous environment

. . pH.S/ pHCI/ pCly/ pCO;,
Sampling Position (mg+m?) (mg+m?) (mg+m?) (ppm)
JiaHe collieryl 0.0110 1.4040 1.2450 444
JiaHe colliery2 0.0177 1.3440 1.6803 443
ChaCheng colliery 0.0107 1.5917 1.3887 453
WoNiushan colliery 0.0107 1.4035 1.2200 454
ZhangJi colliery 0.0084 1.1059 1.3628 450

Tab3: Corrosive medium content in solid environment (weight percentage, %)

Sampling Position Waoc ~ Wmgo ~ Waizos  Wsioz  Wcac  Wre2o:
JiaHe collieryl 2.7 1.7 8.5 473 287 35
JiaHe colliery2 2.4 1.6 8.4 49.4 28.2 3.4
ChaCheng colliery 25 14 8.8 52.2 26.1 35
WoNiushan colliery 2.6 15 8.0 46.2 24.1 35
ZhangJi colliery 2.7 1.8 7.8 40.6 34.1 3.8

3.2 Mechanical and Artisan Environment

After elevated from the derrick, coals are transgmbiby conveyor gallery to coal preparation plantcoal bunker.
The unique function of the conveyor gallery makes tinique layout of the structure. The body of ¢baveyor

gallery forms an angle to the ground, and actsctliréo the corbel section of the retaining framberefore, stress
concentration exists at the corbel section. Mealeytue to the movement of conveyor gallery, therss effects of
the dynamic load make the interior part of strugt@womponent fatigue, which poses a great threttectructural
safety. These all contribute to the unique artesash mechanical environment.
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4. DETERIORATION CHARACTERISTICSOF MAIN STRUCTURE

4.1 Foundation

The backfill soil and ground on the foundationngact, at the same time, the environment of bdckdil around
foundation relative to the upper structure corrogavironment is relatively mild,

4.2 Supporting Frame

The frequent alternation of dry and humid air, ¢fas, liquid and solid poisonous media, and thetloregvibration

all contribute to the reinforcement rust, concratcking and surface concrete falling. Crack widtlsoncentrated
in 0.56 mm to 3.93 mm. The rust rate ranges frod@%. to 16.00%. Moreover, the corbel is also infhemhby the
conveyor, and therefore suffers more deteriorafidre deterioration is so severe that the concrataat meet the
designed requirement. Some appearance can bersEgyuie 2 and 3.

Using crack viewer to test crack width, using tmic-rebound synthesis method to test Strengtioiérete, using
weighing method to test steel corrosion rate. Blséesults can be seen in table 4.

Fig 2: Concrete crumbling and steel bar rusting Fig 3: Concrete crumbling and steel bar rusting

Tab4: Corrosive medium content in gaseous environment

Matertial
Position Appearance Carbonation Depth Concrete Rebar Corrosion
(mm) Intensive Grade Rate (%)

; : Part of concrete damaged, rebar corrosion isissigoack _ _ _
Jiahe collieryl width is concentrated in 0.96mm~3.57mm 27.0-38.0 c15~c20 757123

; ; Part of concrete damaged, rebar corrosion isssigoack ~ - ~
Jiahe colliery 2 width is concentrated in 0.84mm~3.41mm 27.0-38.0 C€15-C20 6.8-11.4
Chacheng Part of concrete damaged, rebar corrosion isissigoack _ _ _
colliery width is concentrated in 0.98mm~3.64mm 28.0-39.0 C15-C20 8.6-13.5
Woniushan Part of concrete damaged, rebar corrosion isusiGoack _ _ _
colliery width is concentrated in 1.15mm~3.93mm 27.0-41.0 C15-C20 8.7-157
Zhangji Part of concrete damaged, rebar corrosion isissigoack _ - ~
colliery width is concentrated in 0.56mm~2.95mm 27.0-35.0 C15-C20 5:6-11.5

Fig 4: Truss component corrosion serious Fig 5: Steel component corrosion serious

4.3 Conveyor

Concrete crumbling is of great significance andesjgtead in precise reinforced concrete truss tga&rinforced
concrete beam, slab and opening show cracking andukting on the top and at the bottom of someibga The
concrete deteriorates so severely that it cannadt riiee design requirement. Some of the steel cosmpoof
conveyor gallery shows some extent of rust. Rat of C shape beam ranges from 5% to 15% andatesbf
angle bracing ranges from 5% to 10%. Part appearafthe truss component can be seen from Figarels.

The test results of member and material can beisdeable 5.
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Tab5: Corrosive medium content in gaseous environment

Material
iti : Concrete Rebar
Position Appearance Carbonation Intensive Corrosion Rate Stee_l Membe;r
Depth (mm) Grade (%) Corrosion Raté %)

Jiahe Part Qf cqncrete 'of beam damaged, .rebar

collieryl corrosion is  serious crack width is 16.0~34.0 C15~C20 5.4~10.2 —_—
concentrated in 0.88mm~3.23mm

Jiahe colliery Part of concrete of beam damaged, rebar

> corrosion is serious crack width is 17.0~34.0 C15~C20 5.1~10.1 —
concentrated in 0.74mm~3.11mm

Chacheng Part c_)f cor\crete _of beam dama_ged, _rebar

colliery corrosion is  serious crack width is 18.0~36.0 C15~C20 7.6~12.5 —_—
concentrated in 0.94mm~3.46mm

Woniushan Part c_)f cor\crete _of beam dama_ged, _rebar

colliery corrosion is  serious crack width is 17.0~39.0 C15~C20 8.5~14.9 —_—
concentrated in 0.99mm~3.63mm

Zhangii Part qf copcrete _of beam dama_ged, _rebar

colliery corrosion is serious crack width is 17.0~22.0 C25~C30 5.4~10.5 5.0%~10.0%

concentrated in 0.66mm~2.76mm

5. CHECKING METHOD OF THE DESIGH OF STRUCTURE
5.1 Checking Method of the Design
Checking can be performed by using structural desgjtware or hand calculation with the latest code

5.2 Checking Parameters

Models were built according to the layout and disien on the drawing or field measurement. Concsé&tength
was tested in the field. Machinery was considesedemd load and live load; in the meanwhile, wind @arthquake
load were considered. According to the “Code o Design of Buildings” (GB50011-2010)[7], thdléaving
parameters are taken[8,9]: wind pressure 0.35kNline load 4.0kN/f, 10.0kN/nf for those containing cycling
equipment, Surface roughness category Class CmigeRrevention category Class C, Intensity 7, Aeglon:
0.10g, Team: 2nd team, Seismic Level: 2. Redudtotor was taken into account for the deterioratingcrete and
capacity[5].

6. CAUSESAND MECHANISM OF THE DETERIORTATION OF THE MAIN STRUCTURE

6.1 Causes of the Deterioration

1) Most of the conveyors were built in 1980s anébiee Due to the poor construction quality and dificulty
involved in the construction, concrete was not shatompletely, which resulted in the poor surfatthe concrete
and the bar exposure. Moreover, the design didakat durability design into consideration, the cowas too thin
and the bar was not processed against rust. Thereforrosive media are more likely to enter andazte the inner
part of concrete.

2) Coupling effect of colliery natural environmenhique artisan and mechanical environment: Preldngpration
of conveyor made the continuous deterioration ahponents. Moreover, no proper maintenance wasechgut.
There is no cover for the steel and concrete compoirrequent washes of the conveyor made the goneentact
the acid environment directly, which acceleratesdaterioration of mortar, concrete and steel amcanding areas.
This is external cause for the insufficient duriépibf conveyor.

6.2 Deterioration Mechanism

1) Intact concrete is of high alkalescency. Thespasion film on the rebar surface is stable. Aaiddia such as
CO,, H,S, HCI, Cl,, SO, and water enter the inner part of concrete anavihtthe alkali material, which will lower
the alkalescency of concrete. When the pH is lawell.5, the passivation film will no longer beldta When the
pH is lower to 9~10, the function of passivatidmfiwill disappear completely. Meanwhile, CI- enténe inner part
of concrete. When the concentration of ClI- in théuson on the concrete surface is high enough,Ghewill
dissolve the passivation film. Under the effectswafter and oxygen, the de-passivated rebar begimast and
concrete cracks will lower the binding action betweebar and concrete, force area, and structurabdity.

Some of the reaction formulas are:

CO,; COs+H,0—H,CO; Ca(OHY2H,COs—Ca(HCQ),+H,0
Ca(OH)+H,CO;—CaCQ|+2H,0
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HCl: CaCQ+2HCl—CaCh+CO,? Ca(OHy+2HCI-CaCh+H,0
2ClL+2H,0—4HCI+Ox1 Ca(OHy2HCI->CaCh+2H,0

SO;  SO+2ChL+3Ca(OH)+2H,0—CaSQ|+2CaCh+6H,0 HO+SO—H,SO;
Ca(OH)+2H,SO;—Ca(HSQ),+H,0 Ca(OH,SO;—»>CaSQ|+2H,0

2) The poor quality of supporting frame and trusskenthe entrance of acid media into concrete eddieter the
effect of frequent alternation of dry and humid ieomment, cracks will appear on the interface oftawoand form
into capillary, which will increase the penetratyiliof concrete. Meanwhile, the accumulation ofga#é due to
dynamic load makes the concrete crack. Cracksgmks time goes by. Corrosive media ¢Q@S, HCl, SO, Cl-
and NaSQ,) enter and corrode the concrete, which in turnesakeasier for the acid media to enter the cdacre
Alternation of dry and humid environment, to sorméeat, accelerates the rate of spread and permetrati

Some of the reaction formulas are:

NaSOs+Ca(OH)+2H,0—2NaOH+CaSQ@ 2H,0|
MgSOy+Ca(OH)+2H,0—Mg(OH),+CaSQ- 2H,0]

3) Some of the steel components are exposed iaithend act with the surrounding media such gs@®,, SO,
which results in loose oxide and chemical corrosibime steel consists of different crystal and intguand these
components have different Electric potential. Wiaiposed to the water, primary battery will form the steel
surface. Moreover, the severe colliery environneaaelerates the pace of electrochemical corro3iba.chemical
and electrochemical actions, on one hand, corrodestirface of the structure and lower the capagitythe other
hand, corrosion on the surface of the componentaailise stress concentration and the fragile raptdrsteel.
These all will lower the structural capacity andahility and severely influence the safety of mstiructure.

4) Under the vibration load of conveyor for a Iaimpe, damages of the components of conveyor acatmand
crack will first appear on the weakest section.tiéyse goes on, crack will enlarge. Under the actiérfrequent
alternation of dry and humid environment, crackll appear on the interface of mortar and form dapjl which

will increase the penetrability of concrete. Thedleincrease the penetration factors, which willsa more acid
media to enter the concrete and accelerate theiatat®on rate. Meanwhile, the deterioration of eral lowers the
capacity of the component and structure, which gag makes the displacement larger.

7. RESTORATION, REINFORCEMENT AND PROTECTION TECHNIQUES OF MAIN STRUCTURE
Considering the unique industrial environment andent situation, deterioration mechanism shouladresidered
when we are designing to avoid further deterioratjip0]. Restoration and reinforcement are necessaryis
durability maintenance. Different strategies shobédtaken according to the different deterioratiate. To fully
display the structural potential, the reinforcemdasign should not only consider the current sibmatwhich
includes load capacity and continuous operatiomraéiarthquake, but also take economy and congiructi
convenience into consideration.

For the supporting frame, the severely deterioratmttrete should be removed first. After anti-noisicesses are
carried out for the rebars, polymer or modified tapor concrete is used to restore the concretgpoaamt. Then
for those components which have insufficient cagaenlarge their section area or attach carboer.fibast, put on
20mm-thick polymer mortar for protection.

For the conveyor, the severely deteriorated coaebuld be removed first. After anti-rust prooesare carried out
for the rebars, polymer or modified mortar or c@terare used to restore the concrete component fbhahose
components which have insufficient capacity, atachied to carbon fiber and put on 20mm-thick polymertar
for protection. For C-shape steel beam, after ¢éimneoval of rust, is attached to glass or carborr fimel then put on
20mm-thick polymer mortar for protection. For steeinponents, after the removal of rust, smearrastilacquer.

8. THE MAIN CONCLUSIONSAND SUGGESTIONS

1) Most of the current conveyor galleries have beatt for a long time. The internal cause of dietetion includes
poor design and construction techniques, poor tyuaf concrete. The coupling reaction of concretiéhw
surrounding corrosive media and unique artisan,haigical environment are the external cause of idestion.
Under the coupling action of internal and extercalises, the durability of the main structure cammett the
requirement of the later use.

2) The coupling action of natural deteriorationcohcrete itself and the fatigue caused by vibratiocelerate the
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deterioration rate of concrete components, lower rigliability of concrete structure, and cannotrgontee the
designed life-span. Therefore, advice is propose@dtore the component first, enforce those thae linsufficient
capacity and carry out a long-term maintenance.

3) The structure of the conveyor is quite spedfakcast reinforced concrete truss and reinforcettrete slab
deteriorate similarly; Cracks appear along the rebzoncrete cracks, rebars rust severely; Undechiemical and
electrochemical action, on one hand, the surfaddefconcrete is corroded and overall capacity ebeses, on the
other hand, some local component corroded, whidises stress concentration and brittle rupture. & laidower

the capacity, durability, and pose a great threathe safety of the main structure. Therefore,tfe reinforced

concrete, after restoration and reinforcement, rgd®rm maintenance should be carried out. For dieel

component, removal of rust and smearing of antifacgjuer is needed as well as regular check.

4) Considering the unique industrial environment agurrent situation, deterioration mechanism sholbéd
considered when we are designing to avoid furtheteribration. Restoration, reinforcement and logrgrt
maintenance should all be considered and appliéehpoove the capacity according to the type of congnt and
deterioration condition, durability of the compohand structure as well as the life of the conveyor
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