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Study on crack control of concrete wall of
steel lined reinforced concrete penstocks

GONG Guo-zhi, ZHANG Wei, WU He-gao, MA Shan-ding
(State Key Laboratory of Water Resources and Hydropower Engineering Science, Wuhan University, Wuhan 430072, China)

Abstract: The concrete wall would crack under design load, which is the fact and one of working principles in steel lined reinforced
concrete penstocks. In order to release the contradiction between cracking and limiting crack width, model tests and FEM are adopted
to study on some measures of crack control, and calculation method of crack width. The results show that cracking width would
decrease when using more bars and thinner lining, that cracking width would decrease slowly when reducing the thickness of
concrete wall, that waterproof painting has the better properties of cementation and deformation, and can be studied on improve
durability of materials by long-term tests, and that the result using the calculation method in code II-780-83 to calculate crack width,
is coincident with the result of model test.
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Table 1 Parameters of test models and prototype

B g WENE  EERAKREKRE  ERERE TR ey e I g R
/ mm / mm / mm / mm / mm /%
JR 2y 10 500 1500 28 3 2 ¢32@200 12.06 0.804
A YRR 400 100 57 1.0 W4 g3.0 4h4Hg3.0 0.565 0.99
B 4157 400 100 57 0.5 W7 Hg3.0 48 Hiig3.0 1.059 1.86
C 4 400 100 38 1.0 W4 ig3.0 4b4Hg3.0 0.565 1.49

IR A B RN Ao A VR g L R R o)
GETEREIRREIT, ARSI (R AR TC R A B R 8 42
RGE R AR Bl . 75 A BERLSERE |-, B AR
TRFEF AN AL, AN REgR, e i H = .
76 A BERULAE b, CBRVINR AL EAANAR, T REE
JEWA A B 2/3,

BRI TE FHA SCATRE, AN R A3 ANAR, AW
KA HOR KL, N RIR R E, 4h
JEER R e L AN R T AR . AR L
¥ C20. FFIEREE % C25 BHATHEC A Eb it . A
TR S TR PRI, Se e A TR EE
1, ARGV TEIREE L. EIE SRR IE RN
DL AR B ] 1 mm 23R 2K 06 PS VAR

Y SLRRTT, AN SRRk 2.73 MPa, 4FiE T
S WURARE Ab, w8 VR B LIS AT T B AL
B, PR R, IR N B AR A
NIRY 28 do S ARIGAR A (1) ) LA ST S AN A7
DL 1.
23 MAMEHARRE

BRI ff 3 L% IR K g, SRAE RN
INEEEE, IENERINESN 380 mm, HEH
WA 10 mm N 23, 7525 1 P i FHAGUIR
BB, R AEE IR, AR
AR A B e, M ER i AN =S
W RS ) K R g, JEAT I R o SRR
Ho 5 BERAR B0 e £ A1 B 2.



513

SE[E 245, WA TR I ) A TR I R PRI 53

w
O
-
=
I
1300
(a) A 4171 B L
=z
X5
¢¢420 o QN\()
X 412
WIRIARYZ [
< o
ANl o
L_‘LE_J 4
Nal
\O|
=
<t
1300

(b) C AR

B 1 REARAY B LA RS AN AL B (RAL: mm)

Fig. 1 Dimensions of test model and layout of bars
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Fig. 2 Forcing system and equipment set of model test
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Table 2 Load level and place of the first and the second
cracks on test models

BB ARRME ORI ARGE B2 RME G2 AR
Gi'y  TFPRGTEYMPa I/ () TPRGGH/MPa ¥/ C )
Al 1.23 159 13 0

A2 13 16 13 158

Bl 1.6 18 1.7 154

B2 13 18 13 109

Cl 1.0 38 1.1 180

C2 0.8 0 0.8 143
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Fig.3 Layout of final crack in test models
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Table 3 Change of crack width with water pressure in model tests (unit: mm)
i 3%/ MP
B s i MPa
0.3 0.7 1.0 1.23 1.4 1.6 1.8 2.0 2.2
A1—0° 0.004 8 0.022 8 0.037 0.046 8 0.054 8 0.068 0.095 0.1315 0.176 3
A1—159° 0.008 8 0.029 0.045 0.056 8 0.064 3 0.075 0.0903 0.106 8 0.124 8
A2—16° 0.004 8 0.0185 0.029 0.0355 0.0403 0.048 0.0583 0.079 5 0.1315
A2—158° 0.006 2 0.028 0.044 3 0.0555 0.063 0.073 0.091 0.148 5 0.227
B1—18° 0.002 1 0.013 0.0205 0.0258 0.029 8 0.0358 0.046 0.059 0.083 8
B1—154° 0.004 0.0125 0.0193 0.0240 0.027 8 0.0322 0.0453 0.067 0.093 8
B2—18° 0.004 3 0.014 5 0.023 8 0.029 8 0.033 8 0.0393 0.044 8 0.055 0.079
B2—159° 0.004 5 0.0153 0.024 0.0315 0.0355 0.0413 0.047 3 0.0573 0.079
C1—42° 0.002 0.017 0.0300 0.0395 0.048 5 0.060 5 0.0825 0.109 0.1325
C1—135° 0.004 0.016 0.025 0.0335 0.041 0.049 0.062 0.0803 0.128 5
c2—0° 0.011 0.0358 0.053 8 0.0653 0.0715 0.084 5 0.103 8 0.1335 0.176
C2—159° 0.007 3 0.024 5 0.037 0.044 5 0.0503 0.059 5 0.073 5 0.089 0.098 5
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Fig. 4 Change of average width of two cracks with
water pressure in model tests

RGO, SRR

PRI 445 %. C 4l
5 A QBRI RGBT 48 B L B

1.6 %~18.8 %, WAMEMCK, 48Nk,

BN 6.9 %. £
N WA, IORH A R, EE
SR At A BT 3, A RO N REE (T

iR, ARSI R AAZ I O

RS



513

SE[E 245, WA TR I ) A TR I R PRI 55

B T RV G EAR R, AR R R
JE, TA)REE S R, X vl NS4 4 v T A BUR
EAE A BRI ORI 2, A B ne,  RCR
W m i Ak, SRR A Bk s, AN ) ARk
RO, 0 4% T 1) 5 ) B 42
34 FiKGERBRAR

P2 11 T 2R DA A (1) = B il 2 % T
U MM ARE . DA RIGHIFST T NI 7K
MORL, AZARL TR AR T RE ) 22, R s A
RORANEAR T8 R IR ARLS, ASCRIEST T R
FAEB AR e BEFNAS L RE ST o R0 W7
T B AR A= B 5345 e o0 1 Bl K
Bh o KIS IR = o LB R, AT
MU AR Z R0 Bh3), B 5 A A 4y Bl K v
MERE, FAT R st i PRI K .

RIS IR A AR i B RN SR 4% s R W A o
Ja, BAERZE; K5 &R SR o
K TR P AT IR, SRR RIRR 4 6, fm
JEFEZ) 0.2 mm A A, SRR RILEEBEAE 1 mm LAY
Bl 7Kk A A fE o BB AT Ik . ndsad
FEr, 24K A BEHHE 1.23 MPa I, #R5%5e7E
0.1 mm LAY, 4N KRB ST ik 1.2 5k
R, REZNEE, REEREPKREHEA
Wi ¥ Al BRI EINE 2.6 MPa, 4%%:iiA %
0.8 mm B, BhiZK¥REL AR TFRE, R n] WL A
IR, RUIBKERE DB AR TR R, AR 4
JCE 2 d 7E A IR B KRR T oAb AR R
IR, R4 TE L 0.3 mm, BhZKVREHT
F N

MARE 5 R, X R KRk & Rl etk o
AT BE T i (P o, AT RE— DRIP4
M APERKIIER . M s TR, 252
BRI, Akl 2 AR TE R ) FI5R %, B ml R
FIEERREZ DL AR 4% 58 S IR R v R 45
ik

4 HRRITR L

RIS AR LM AT IROTV%, TR T
i 3 AR, A2 SRR AR ) K s (1
AR, S5 AR A SR A SN B R 4R TR
FERAAL R BB A A BRITIAR W&l 5 BT
SR 52 A B T 2R 52 1 A5 1) A A 58 S PSRBT
L ARZRIEAT s Sy X ARIETRRE LR BATEH] R AR
ZMEAT 2 o LABHER P i A RO DL Tk - (R M A
GER o0 A SRR

90°
y
180° zt—; 0°

270

(a) FEARMIKE

(b) XI5 9 A%
Bl 5 A A B BT Mg

Fig.5 Finite element mesh of model A
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Fig. 6 Computed and tested stresses of outer bar at penstock’s waist
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