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Design and Application of Simple and Efficient Steam
Curing Trolley for Tunnels

YAN Tengfei' >, LIU Xing" >, BAO Hanying" *, ZHANG Jiaxuan®, LI Chang®
(1. China Construction Civil Engineering Co. , Ltd. , Beijing 100070, China;
2. China Construction Eighth Engineering Bureau Co. , Lid. , Shanghai 200122, China)

Abstract: Aiming at the dry climate and large temperature difference of a tunnel, which leads to
untimely and irregular secondary lining maintenance, drying and shrinkage cracks and slow strength
enhancement, we independently researched, developed and designed a simple and high-efficiency steam
curing cart, which includes the main cart skeleton, walking system, heat preservation and moisturizing
structural layer, peripheral airbag blocking module, electric power system and high-power steam
generating system, etc. , and carried out the field processing and application. The study shows that the
structure of the steam curing cart can meet the structural safety calculation in the context of process
installation and application. Steam curing cart is simple, efficient, field processing and production tests
learned that the overall production and processing cycle for 17d, the comprehensive cost of 240,
000yuan. The strength of secondary lining C35 concrete under 7d curing is 25. 6% and 49. 5% higher
than that of spraying and natural curing respectively, which realizes the purpose of rapid improvement of
strength ; the strength of 56d curing is 5. 7% and 10. 8% higher than that of spraying and natural curing
respectively, which meets the needs of tunnel curing in dry environment.

Keywords : tunnels ; steam curing; structural design ;testing; cracks ; strength

0 3% I3 —J7 WHRHE - B R 4 o, o R 35 - 7 AR
BEIE AT AR BE L IR R B E I TR BRI RZ S S R BN Sy, S BOR EE 4 1 B
PR AL AR R BE T AL IR A SRS Fe oy b

R E , — 7 T 2 DN e R K T 2 M K D 4K 22K Ak AT BRI — A B R 5 19 2P Al O A

IRFRY REIE AT W TR AN PEAT N T A1, o iR
* AR TR BB ( CSCEC-2022-2-2) BEAE AOARZEME T REAL; @WK TRY BB T A Wit
O oG B, A A BCRLE TRE, Bomlls 5 ) N TR 07 2 AT A SRR 1)

[¥eAs B A3 ] 2024-06-28 RN IE I L 20K OZ IR RIS MR 4



12 il THEA (FF3E30)

553 &

Wit U AT 35 0, AR X N T K, BIL B Ak
w L @B IR R B AR X e R 2 T
AT E Sk A, A R AR 55 s B, 2 H R
L3 A OE 1= Al B A

AT RE I A B3R A7 e (4 ) A . D A 2R
TP PSR T S K, 8 B 7 A S A
B s @ N TG A M DA IE T 7K 359 4, B A R X R X
B R A R, X DR IR SR 7 A, T K 2 2 i
SRS R TR B, T K g SO BB L IR P R
N T K X 38 38 188 B ) S 0 S v f ol T
B X6 el WD O - e R S A YA W, e R
JRE A R L A 4 o TR B R T S WK IR 22 4
K, TR BE - Do ol e T R R AN ¥ 5 4 7= A A
DATHRIPFEL NGER, — B TECE 1~2 IR
T AL, 55 shol B &, 32 N T AR o, 37
PR,

BRI TR AR, SRET SRR K
Af AN 5 5 BOR EE IR AT, AT R A T 46
240 SZWREE O TR ARG A RS A TR
JE RN AR VR L, R LI & 4t ] 2594
FPEEINERE T
1 BRFPEFLEMIIELT

A A FWFR T BRI R4 B A 2R R
PEE, FEAFREETIET RS RIREIE
G52 N R BB B RGO KT R
RRERGETR AR (A 1), BB JF R T
AZ J AL ) i LA 1 R B R 1 B 4 B 1A kA
Wiy fa], I it 2R kA RS s A
FrEAP12S (] PN 118 T RT3, AT S5 3 — YR A 1 15
FRY RINHARYE 28 3% & ZE B i B S PRAE i,
T e 2 ik

XN
A/
)
W
4

-

PN
X
\—

LY,
X7/
Y

f
/X

B1 ZAFIPEESN

Fig.1 Structure of steam curing trolley
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Fig.2 Car frame
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Fig.3 Trolley door structure model
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Fig.4 Skeleton assembly welding
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Fig.5 Rock wool sandwich color steel plate
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Fig.7 Airbag installation

6) THAIUR R AE 2 IR Iy 1 FE 0 22
FIIAE IR LB T R 2 ) 24kW 5
VR BB E T B ICE A L NI £ 2
VUR A2 th I FE R 5L T 5 A B )
P L S) .

B8 #HREEEAR
Fig.8 Steam pipe connection method

7) RSl SRAe U R B AR
Kot m Bdbmlh =S P (UL 9) o RIFERAT T 15T
2 PRI, TR T R TR T T340 EEA T E
4 ZRFBRREX

BT A IR AL A LA DR TR B T 1V E ) 4

B9 HAIR=ME
Fig.9 Closed airface

P ORISR 4P 28 ), i i 280k A R S s AR
e IR TRAP A B YA IR T R DA T S B R
W RR I

1) ZR IR 6 4B AT 200 B R ) L
BAL,

2) KRR LRI ETAIRE,

3) RIS IR SR (ILIET 10) .

B 10 #ZSHER
Fig. 10 Steam situation

FEIE G R 48kW K IPRIEIR A A A H T 77
PR AR, PTAE 3h B aA U IR R, TR
FPEHITE 10°C/h, 1B B AR RE 95% LA L, IR A i
B 55— i) AP 78 9% & G ia B & FR 98w JT 16 37
IR 3d, FEAK AR 1 400kg/d, FRPRESS 1
FARFEAE 45°C, 5 2 RZWiHh 45CHhE T HE
35°C, %5 3 KM 35C TREE 30°C, ZEBFRGHRE, —
YA D 2k 2R PG K O o8 R 2235740
5 HEKRE

2023 4F 7 HIF SR & N E X DL B X OR
5 it ) SR 1O, K 5 T R B A R A A e R
B ARG, SR A 789 6 40 5 1
TR, 8—11 F R aERE RO 4 IR T 2 97%
98% ,96% ,97% ( WLIE 11)

C35 WA WIR & + 7d F ¥ T M 5g &
(29.9MPa ) %% Wi %% (23.8MPa) 1 [ 2k 3 4
(20. OMPa) 43 BT} 25. 6% ,49. 5% , 5280 T Pk i
T B ) H 5 56d R T Y 5REE (39. 1MPa) 45
% (37.0MPa) F1 [ #& #2 97 (35. 3MPa) 43 5l £ Ft
5.7%,10.8% (WLIK 12) .

6 ZEiE
RO S7S i SR € R B AN 3 NI Y



2024 No. 23

S R SN T G Tk = K a2 WA AL 15

i T)/(4F-H)
NN

Sl SR e el e g
VAR IR S
O N U S Y

&167 ) - —80§
S o mEREE | W
5 %
® o8t 140
& R
4t 120
0 0
B 11 REEFIER
Fig. 11 Crack control situation
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Fig. 12 Strength enhancement status

RO, A L BE TE 150 H Sy 5 5T R A B R
PBIFTE , BT 52 2 5 g il i B2 DR Tl B M RE Y 42
B PR SR S (8] JF i 28R A RS A
P RS IR B s ) N B IR R BT T 2R IR SR
FrEd, FERBLUTNSE,

1) B FMF & T BRI ) 1) 4 A 28 R R
B4, M ER G ETRICET RGBS
2 AR EEAR ) RS RIERZRKE
RGN,

2) o BUE T, 25537 5 R A i R i R
% S S 50T S 2 25

3)ARZEFIR B G B A T S w0k R, TS
HEAT TN AR IR A AR P A Oy 17d, 25
B 24 T T,

(1] skl tEbR, BT, . BEGE 2 BT IEMECE X S8
PABBEFELT]. BETHAR (H3EI0) , 2023, 52(21) ; 48-54.
ZHANG S, LIU S L, XUE J L, et al. Research on optimization

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

of support parameters for tunnel crossing compressive soft rock
[J]. Construction technology, 2023, 52(21) . 48-54.

XK. LI 22 B BEE — A TREE T 25T R 3 # K B va 4 it
[J]. BleEdARBIHT, 2020(21) : 109-110.

LIU T H. Analysis and prevention measures for cracking of
secondary lining concrete in mountain highway tunnels [ J].
Scientific and technological innovation, 2020(21) : 109-110.
TN, B Y R IR B L S A R B B A R ST
[J]. el #5450, 2022(5) ; 130-131.

AN J G. Research on the causes and prevention measures of
common quality problems in secondary lining concrete of tunnels
[J]. Transportation construction and management, 2022 (5) ;
130-131.

ZAb. BEIE IR A N BT ], AR, 2021, 42
(2):68-72.

PENG W. Application research of automatic spray maintenance
trolley[ J]. Construction mechanization, 2021, 42(2) : 68-72.
Tdh, AR, — BRI AW SRR BTSN [T].
BAHE AR SR, 2018(12) : 46-47.

QIN L, WU J J. Research and application of a spray maintenance
device for tunnels [ J]. Modern manufacturing technology and
equipment, 2018(12) . 46-47.

S, b, R AR, 4 BRIE AR IR EE L B Bk SR
PRGEVGTENALT]. BIER, 2019, 48(S1) : 711-714.
ZHOU P, ZHONG S, ZHOU Z Q, et al. Design and application
of tunnel second lining concrete automatic sprinkler maintenance
system[ J]. Construction technology, 2019, 48(S1) . 711-714.
WTH, RIS, T, . FEXEEE R miREE L& %
METHEAE R ARBTE [T]. A4 195 TR ¥, 2013, 32
(1): 150-160.

TAN X J, CHEN W Z, WANG H, et al. Research on
temperature control technology for winter construction of tunnel
concrete lining in cold regions [ J]. Chinese journal of rock
mechanics and engineering, 2013, 32( 1) 150-160.

RERK, TR, Ti, 5. BERBEREIRTP G0
B SATSE[ )], TR, 2020, 51(5): 13-17,6.

WU J X, WANG B S, WANG H, et al. Design and research of
intelligent steam maintenance trolley for tunnelining [ J ].
Construction machinery and equipment, 2020, 51 (5). 13-
17,6.

BRI, — B A TR B T S [ )] kil AR
R, 2023(5) : 46-48,117.

LI T R. Development and application of a digital maintenance
trolley[ J ]. Railway construction technology, 2023 (5): 46-
48,117.

Bk K. BEIER IR EE L AVRIR Y B E BT[], &
SIHLAL, 2023, 44(8) : 73-75.

LIAO Y F. Design study of tunnel lining concrete steam curing

trolley[ J]. Construction mechanization, 2023, 44(8) . 73-75.



