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Reinforcement of massive non-member concrete bearing plate//HE Xue, WANG Jiwei, LENG Fei ( College of Civil
and Transportation Engineering, Hohai University, Nanjing 210098, China)

Abstract: The stress of massive non-member concrete bearing plate is calculated based on a practical project by means of
the simulating construction method and the composite beam method. The differences between their calculated results as well
as the influences of different formulae for the variation of elastic modulus with time are discussed. The reinforcement of
bearing capacity is determined by use of the stress graphic method, and the crack width is verified by means of the
reinforced concrete finite element method (RCFEM). The results show that the maximum tensile principal stress and
tensile force of the key cross section are not obviously affected by the formula for the variation of elastic modulus with time
by applying the simulating construction method. Although the maximum tensile principal stress yielded by the simulating
construction method is larger than that by the composite beam method, the distribution laws of their calculated stresses are
the same, and their tensile forces and reinforcements of bearing capacity of the key cross section are very close. The
reinforcement according to the stress graphic method can meet the requirements of crack width control. The distribution of
stress of massive non-member concrete bearing plate can be calculated by means of the simple composite beam method, and
the reinforcement can be determined by use of the stress graphic method. It is not necessary to employ RCFEM to verify the
crack width for similar structures except special ones.

Key words: massive concrete; structural reinforcement; simulating construction method; composite beam method; stress

graphic method ; finite element method

TAE AL HUR R s I NGRS 0 — O ke AR BC AT BT B R R ik il Y O B

2013 41 H
Jan. 2013

PR B0 e, FEDE SR, BE TR DAy bR T 3
JEE | 312t SR B fi73 e 25 b 7R O R 47 4 B A TR e L
IPEAE BTG, B ARy OB RS E R 13.5 m
(AR A5 LR @RS E B B 1A OBEH L
TRSUATR B L | RIS 4725 R AR 800 T TR TN A 420 B
RAT s OTRIE N IR BE L IFHES . e X Fh kb 3107
AP REBURH T RSB 8 B IR AL
BRI RS 2 b R G R A5 PR

HREMUR T RPN RIS 450, — Bk
3 EIFEAE EA T IE 177 , %) 3 2 A AR AT R TR BE 254
IR A 77 98 5 b AT BR Tk HE AT R 4R T 5
B

Fi2 1N 7 PRI I 16 51 B B 5 7R AR ) e A
FIRE S 73, PHAR SCR TR UL T3k Al 5 2 ik
XA I A1 73 A HEAT 5 DHE PR T ik SO
CIE e 8t NS g i R/N WO R R R 02

VEZ TR AT27 (1987 —) |, 3B LR B B8 A4, 5 MR IREE 25 1F9F . E-mail ; hxhexue@ 163. com

- 58 - KA K A B ,2013,33(1)  Tel:025 -83786335  E-mail :jz@ hhu. edu. cn hitp ://kkb. hhu. edu. cn



M) 5 PR P Bl R 5 - A7 BROCYE AU T 7, 1157
EETT R AT REETEE R

1 HERBSIHEZEH

B8 & s [ el 1T o T DR L B i = |
RSEILE 1, R 5 J2 B, Hom B 0k
6.0m.1.5m.2.0m 3.0 m Fl 3.0 m; KM IR 5
T U2 EE 3. 0m G, A 14 2, B AR 0
RIS 19 Zhes, Ltk HAEL MRS 2
GESIE Tad

93

¢1240.50

1202.00y

21162.00

B EHEREE(EAm)

FEAIEL 1 m 55, S5l R BBOR AR = F2 1)
86 m, Al v UM 7K AR IS HB 0] 2247 4% E K 120 m,
FEAH ) JECTHS 20 A O 22 A vk T S AT S JBE

PR PR S AE A0 7 A7 1 ) A% A9 735 TR ot -
HFRICHAF HohaiRCFE-P, iZFEF B W I T8 £ T
TR B B A B 5200 L AR ERAR L IR 5 3 S 1 R
4 ~8 GEESNIL, AT I MU T, RN
R IO A | S S 4 BRI I R4 AR AR 2%, % R 3 3
HETE 7 ) B, R LK 5 e BT RSP A KT
65 mm , 7E3E E{ /7 [0 K—28 KT 100 mm,,

ALt A fVE |, 322552 TN
Ko B A TR TR SO A R AT BT, 2
Z5 BT R H UL 3 BT 5 H AL AN A5 R A BB 45 1 A%
HE e R AR FH A5 A Bl R A A R
TR UM AL 3 B 5 SR FF S T 1 B 110 B 0B P A US4
B 1R B A5 1 A i 46 R Houde 2450 11
BRI R F AR 0.5 19 B8k B AR
Bt APERA AR BT

WA TR B £ 28 d P PERL & 28 GPa, A L
0. 16, % % 2500 kg/m’ ; L7 BRI 14 GPa, TR
Lt 0. 26, 7E AR AR be ST 3 7 UTRE O 58 1, SO %
& RVRR A SRR 80 MPa, JARA L 0. 30, A%
JEHE,

R IR BE 4R €25 114, 28 d R pE A
E (28)=28 GPa, &+ s A & Bl AT ] (19 28 £ 7
SR (1) R (2) T, LA AT L A i i T3]

AAL R AR [A) 2 2B i i sz, o2 (1)
ASL191—2008 ¢ 7K T iR Bt T 45 T HREVE ) H 2
;R (2) LA,

E (1) =1.44[1 - exp( - 0.41:"7) JE_(28) (1)
(2)

4 t
E(1)=4.3x10 21 21
s i

ARG ML T R k5 B HUR HEA, R AR TR e
+ 28 d Brhvk AR MEY £, (28) = 1. 78 MPa,28d #T
JE 5 B AR HEAE £, (28) = 16.70 MPa; 89 ff 5% H]
HRB335, il E, =200 GPa,

2 ZMHITE

2.1 BHEIETE

BRALLIE T35 S A J2 GE S A il T A, I %
JE SRR BEI TR A2 AL AT T . B SUZ B
WHEA 7 d, PR AR E 1 d, AR BUZ I B
P, RV 1 BIUZHRAME 1 K HHE
AN R DEFUR TR 28 K,

1 RREE L REFUR R BAUR T (A X) | I
FREER (B X .C X)) &2 4, i H. AR JE R 48
RTBEH(E2(a)) . &2 RIREELRTS , RKEMR
JEEHRAY R B R T b B R B A R Ty (& 2
(b)) M5, 2 ZREE L TEHn , BRI ) e KAA
Py BT R HR , DL 2 (e) o

A223

() S 192 LG 14K
B2 E#E TSR RER TR N
LHL (BN MPa)

2.2 EAPFUE

BB LAY 2 R T HAE
SRR AT R B S ] 1Y A8k, BoE AR AR DA 1 )2 A
TR A S R AN EARJZ NN T, 3T
BIFGRFEE 2 2055, X2 1 )2 10 s PR 1
28 d W sPERR S 2 2R A EHRAEH T 1 )2

KA R A H B 2013 ,33(1)  Tel:025 -83786335  E-mail :jz@ hhu. edu. cn hitp ://kkb. hhu. edu. cn 59 .



T P9 A7 ) RGN 565 3 J2 BESRUR A 2 SR sk
R HCH 28 d RYSRPERS R 5 3 J2 00 H BRI T
55 2 )2 TOUIHD B4 0 A7 4y 8008 0 5 oAb A% 2, DL
1R KR 2 )= B EAR g oA e it hn
Ja  REHURE _EE Az i HL R E Y 3
PIRLIRTIRHES . 26 2 JZ TR Ok 26 3 )2 A EARE N
O A far I AR BRI A RN E R T L
T B A FEHER T, 3K I g e R H B A
PO TIEAH 1813 S 1 BB K2 2 )R A
VER o AR a8t s 56 18 J23R T K58 19 2 AT
AR S 53 A 280068 T B8 AR B S L ) SRR AT

B 039 C 079
\ =
0.18 \} A 0.39
0.02 -0.02
o 0.18 -0.02
© A

(a) 522 11 TR A Sy 20 A1 i 80 I 380 55 123 mf

’
N

(b) FE19)2% H HAR A0 A far B N 2 26 18)= 1
B3 EBEREGIMNAIIRENNS
LELZ (BN MPa)
2.3 GMHEERSW
BT o B TS A kAR
(145 T2 BE SR 56 Je AR AR ) Je R FEh g g M LA A 1
7 AN TR AERC A 7 [ 82 &, o

B T 1 AR PR R X (1) T B T 2
AR R S (2) TR, R 1 T RUE

a. 5 3 JERBES SN, H 1IR 3 ROy T
PEVFELAT 108 7R 2 AR f5 K = PR 7 H B 7 B A
[, 359 BT R B O BRHT |, 2001 B 25 8 3 R A 44
PTG, B 320007 1 4340 B S5 AR AR A AR ]

b. BPEFUAAR AOIREE L2 BE T 1 S
P05t T 2 A5 A d R 32 1 7 A 25 R FE 10% LAY,
PS i (TR AR AW I WACIEs & B A A=A =
WABTE 10% LAY, SiREE T 5ot UG, FHin 7
(B 5 R B30, 435K 6. 74 MPa 5 6. 27 MPa, #H2% 7% ;
A I R, 2350 10543, 6 kKN 5 10396. 6 kN,
M2 1. 4% , BIUL, SRS 11 532 XK [ % 7R 3
BRI J1 R AN K,

c. BAPRAT RN E RN I R E I BN T
B T30, B A Bk SRR T 1 AH b, 7EBE K
A ZIT, B B B A 2 60% 2247 ;T
TEDES AR | 9 1 3= P70 7 (B AH 25 AE 40% 2
A WA DS S 58 WU, A 22 42% , (G EEAR
T =71 AR BC 7 1 R B T RN R 2
AT, FEDESFUR B AS JZ I, Ml 22 20% 2247 5 I AE D50
WURET 122 6% 7oA s AE IR RS 58 UG, HAH2E
4.2% . S FLRIIERME TR A TR
RO TR A 2R/, AT DA AL T3
2.4 BN HBERERES

H13% 1 FT 91 S R0 ) 76 B A3 O 1l ) 45 JI AL, 4%
DL/T 5057—2009¢ 7K T-IE#E T 25T AUE 1)

R1 KMHEER

BT 1 B T 2 TRk

BRERR S/ MPa A AFJ/kN  BRKRERRS/MPa fLE  HJ/KN BAKFEHRS/MPa f1E  &F1/kN
1 1.89 C 1838.1 1. 80 C 1753.2
2 2.23 A 2159.6 2.23 C 1946.8 0.79 C 1699.2
3 2.79 A 2828.8 2.56 A 2696.9 0.92 A 2274.3
4 3.36 A 3749.4 3.09 A 3583.6 1.55 A 3011.8
5 3.81 A 4371.2 3.52 A 4211.6 1.98 A 3846.9
6 4.19 A 4997.2 3.87 A 4759.5 2.30 A 4419.4
7 4.51 A 5513.4 4.18 A 5299.1 2.56 A 5006. 6
8 4.79 A 6139.8 4.45 A 5931.2 2.77 A 5792. 1
9 5.05 A 6646. 4 4. 69 A 6483. 1 2.96 A 6228.4
10 5.27 A 7118.7 4.90 A 6942.5 3.12 A 6733.8
11 5.48 A 7473.7 5.09 A 7183.9 3.26 A 7015.2
12 5. 66 A 7896.9 5.26 A 7651.8 3.39 A 7484.9
13 5.83 A 8229.2 5.42 A 8016.2 3.51 A 7830.2
14 5.99 A 8644. 1 5.57 A 8449. 1 3.61 A 8285. 1
15 6.13 A 8956.8 5.70 A 8806. 7 3.71 A 8541.6
16 6.27 A 9209.7 5.83 A 9037.5 3.80 A 8893.2
17 6.39 A 9530.6 5.95 A 9304.8 3.89 A 9211.5
18 6.51 A 9936.3 6. 06 A 9769. 4 3.96 A 9619.4
19 6.74 A 10543. 6 6.27 A 10396. 6 4.04 A 10102.9

60 - KA K A B ,2013,33(1)  Tel:025 -83786335  E-mail :jz@ hhu. edu. cn hitp ://kkb. hhu. edu. cn



AT, Ferboi s HE £, =300 MPa,,
FEASADUNE T 1 T BC A 2 48 325 mm?/m , B4
Jiti T2 h 47 648 mm*/ m , &5 421 46 305 mm’/ m %
3 M BT EAR M AT AR ZE AR, AR
A AN A R LA AN R 4 BT

5036/m
| ’—5Q28/m

' 5036/m
rsms/m

1 —10932/mUJf5)

5036/m

20932/mGfA)

B4 BHREE

3 FR&HE

FEE | JRIREBE L RHUS  REAMUIHS 2 548E
2 4% B KSAETERE R R 0. 09 mm , PIERA 0. 17 mm;
ARE M A A R PR TR 4k, T IR
TC A, S48 T AR IR 5 AR AR A7 MV 5525 e %
552 RIREE RS A8 JRUIC T R A% 1 20 ) S B
| SR BELE AR AR HB 2 2L 4 N 2 2534 n 5|
3%, R EETEE R0 0. 11 mm, I 0. 21 mm,
557 JRRBE L VRS | 6 R 2L 4% 1 A ) S B
1| Z5 R BE4E RIS BB AR M E] 4 4%,
KZLEE 56 BEF T 0. 20 mm N 0. 44 mm, )5 —)2
IREE L DESRIG , FEERAE N 5 4%, I R ZA4ETE i R Im
0.34 mm HFB0. 54 mm, &S5 AH T TR
AR ML AR

R

(2) S22 e i

.

(b) FE3JRVEIAT

N/

(c) ZE8JZPRAA AT

e/

(d) TP U S5 28 K

Bs5 AEFIRREST
R2HMTHKBEHG T — 2 RPN R4
SERE, MR 2 nT LI Y, 2448 5 B S T /N N R
MRS, N R S48 B Bt TR Ak i T 26 1 HE
5505 2 HEIAl 2 18], e K ZEBE ST R 1A 0. 34 mm |
W4 0. 54 mm, 35 KR TH TE FE#E KT 0.30 mm FR
1B, 7T AIA K FC A5 6 2 4% 9 JE T B2
KA K AR HE & 2013 ,33(1)

K2 BERIEHRARERE

B R ABE T/ mm B R BB T/ mm
Ve PSR

E3i] P [if] N
1 0.09 0.17 11 0.24 0. 44
2 0.11 0.21 12 0.25 0. 46
3 0.13 0.26 13 0.26 0.48
4 0.15 0.31 14 0.28 0.48
5 0.17 0. 36 15 0.29 0.51
6 0.19 0.40 16 0.30 0.51
7 0.20 0. 44 17 0. 31 0.52
8 0.28 0.40 18 0.33 0.53
9 0.22 0.42 19 0.34 0. 54
10 0.23 0.43

4 & it

a. P[RR A TS I 1R SR 3247
AR AR BE A 7 1) BRI U & 1 R/ NS Bc 4%
AT, RIS AR A A AN R X AR TRZMAAN R

b. FBIRE G R B AR EAR 50N ) R
(I HEREDUNE T3k /MR 22 (EL I 25 JOr 45 12 ) A AL A
FRIR) , ELSC B A 5437 B 0 76 B T 1) BOE I LAY
B FIR/INRR BT et 1A BC AT f2 80 HL AR

c. TN TIN5 I I B0 s FE 96 12 245 B Y

d. BEIRAMR A BC A BT Al R R &
GO F RS 5345 450 T PR RA BC AT, PR o1 B 22
LR S — R AN AN AR B8 AT BROT Ik R A7 2%
TR,

SE 3k

[ 1] SL191—2008 7k T.iR#E+ &M H MG S].

[ 2 ] DL/T 5057—2009 /K TR 45 Bt L[S .

[ 3] VESEA, sk S0, K TR IREE - 25 A BTt
JEOUL Y. KA oK H B, 2005, 25 (5) :44-47.
(WANG Jiwei, ZHANG Xiongwen. Calculation principle
for finite element design of hydraulic reinforced concrete
structures [ J ]. Advances in Science and Technology of
Water Resources,2005,25(5) :44-47. (in Chinese) )

[ 4] RS TESAR  ARUT. =0 TR HILIE A £ (A 45 44 TR
BCABIESE [ )] 0 R~ 27 4l A ARBEF I, 1998, 26
(2):21-25. (WU Shengxing, WANG Jiwei,ZHU Hong. A
study on temperature reinforcement of tube-structure of
ship lift for the Three Gorges Project[ J]. Journal of Hohai
University ; Natural Sciences, 1998, 26 (2):21-25. (in
Chinese) )

[ 5] dEFA, HAR, AR, ZWTHRTHL b W E 451 i
WiJr F WS LI]. AT, 2001, 32 (11) ; 8-10.
(WANG Jiwei, NIU Xinqgiang, YANG Benxin. Study on
structural reinforcement for the upper lock head of ship lift

for the Three Gorges Project[ J]. Yangtze River,2001,32
(11) :8-10. (in Chinese) ) (Tz%;ﬁ 94 )

Tel:025 -83786335  E-mail ;jz@ hhu. edu. cn hitp ;//kkb. hhu. edu. cn - 61 -



[5

[ 6

[7

[8

[9

[10

[11

Systems. Toronto; Computational Hydraulics International,
1999 141-160.

] National Climatic Data Center ( NCDC ). Climate maps of
the united states: mean daily average temperature
(annual) [ R]. Washington D. C. ; National Oceanic and
Atmospheric Association,2005.

] HERB W R, JANKE B, MOHSENI O, et al. Thermal
pollution of streams by runoff from paved surfaces [ J].
Hydrological Processes,2008,22(7) :987-999.

] VAN BUREN M A, WATT W E, MARSALEK J. Thermal
enhancement of stormment runoff by paved surfaces[ J].
Water Research,2000,34(4) ;:1359-1371.

] ROSSI L, HARI R E. Screening procedure to assess the
impact of urban stormwater temperature to populations of
brown trout in receiving water[ J . Integrated Environmental
Assessment and Management,2007,3(3) :383-392.

] U.S. Environmental Protection Agency. EPA region 10
guidance for pacific northwest state and temperature water
quality standards [ R]. Seattle; Region 10 Office of

Water,2003.

THOMPSON A M, KIM K, VANDERMUSS A J. Thermal

characteristics of stormwater runoff from asphalt and sod

[}

surfaces [ J ]. Journal of the American Water Resources
Association 2008 ,44(5) :1325-1336.

] BARBIS J, WELKER A L. Stormwater
mitigation beneath porous pavements [ C]//RICHARD N.

temperature

World Environmental and Water Resources Congress
2010. Challenges
Society of Civil Engineers,2010:3971-3979.

of Change. Providence: American

(12]

(13]

[14]

[15]

[16]

[17]

[18]
[19]

HERB W R,POSSLEY NELSON T M,CHAPMAN K A.
Modeling the thermal impact of land use change in the
Vermillion River trout stream watershed, MN [ C ]//
KENNETH W. Watershed Management 2010. Madison:
American Society of Civil Engineers, 2010,1328-1339.
HERB W R, JANKE B, MOHSENi O, et al. Runoff
temperature model for paved surfaces [ J]. Journal of
Hydrologic Engineering,2009,14(10) :1146-1155.
JONES M P,HUNT W F. Bioretention impact on runoff
temperature in trout sensitive waters [ J ]. Journal of
Environmental Engineering,2009,135(8) .577-585.
JONES M P,HUNT W F. Effect of storm-water wetlands
and wet ponds on runoff temperature in trout sensitive
waters[ J]. Journal of Iirigation and Drainage Engineering,
2010,136(9) :656-661.
WINSTON R J, HUNT W F, LORD W G. Thermal
mitigation of urban storm water by level spreader-
vegetative filter strips [ J ]. Journal of Environmental
Engineering,2011,137(8) :707-716.
ROSEEN R M, DIGENNARO N, WATTS A, et al
Preliminary results of the examination of thermal impacts
from stormwater BMPs [ C ]//RICHARD N. World
Environmental and Water Resources Congress 2010
Challenges of Change. Providence: American Society of
Civil Engineers,2010:3424-3451.
GB 3838—2002 MR K I B brifE[ S].
FbeE e IR W T K TR K B SR 45 AR 1Y 23 B 0F 5
[D]. Jt5 . AT H TR B, 2011
(Wi H91:2012 - 04 - 28

(L% 61 W)

[6

[7

[8

[9

.04 .

] TESEAS. IR R4 A B I R T A RIS [0 ] KK
LR ,2001,32(9) :59. (WANG Jiwei. Study on cause
of cracking and improvement measures of a lock [ J].
Water Resources and Hydropower Engineering, 2001, 32
(9) :59. (in Chinese) )

] EREAT KM S, MR B ISR A I 0 T A 2
SROCHIRIBTI SR [ )], TR J3°%,2008,25 (1) :97-
102. ( WANG Jiwei, ZHANG Xiongwen, LIN Xinzhi.
Research and applications of a plane embedded combined
element model considering bond and slip[ J]. Engineering
Mechanics,2008,25(1) :97-102. (in Chinese) )

] Jei ], SRAEDL, JHICTE. AR EE i A IE AR
[J]. T J1%,2007,24 (8 ) 1).4145. (LONG
Yuchuan,ZHANG Chuhan,ZHOU Yuande. Embedded slip
model for analyzing reinforced concrete structures [ J ].
Engineering Mechanics, 2007, 24 ( Supl ) : 4145. (in
Chinese) )

] DARWIN D,PECKNOLD D A. Non-linear bi-axial stress-

KA K A ,2013,33(1)

(10]

[11]

[12]

strain law for concrete [ J ]. Journal of the Engineering
Mechanics Division,1977,103(2) :229-241.
TEIEAS  RML, 2L - 1 28 AR 285 TR 45 - A5 Ak B Al 1z
ASAKGRERIWTFE [T ], W3 R 2 4 H AR Bl
2002,30 (1) :6-10. ( WANG Jiwei, ZHU Hong, WANG
Hong. Equivalent uniaxial constitutive model of concrete in
plane strain [ J ]. Journal of Hohai University; Natural
Sciences,2002,30(1) :6-10. (in Chinese) )
TEBRAR, BRI A - 1H0 W AR VR BE 1 0R BEARTE 10e 5 k
IR ARG REAL [ J]. AR R HARBL AR,
2005,35(5) : 775-779. ( WANG Jiwei, CHEN Yuquan.
Strength-deformation  test and  equivalent uniaxial
constitutive model of concrete in plane strain[ J |. Journal
of Southeast University; Nature Sciences, 2005, 35(5) :
775-779. (in Chinese) )
RV . AN AR TR BE A FROT AT [ M. bt . o [ KR
JKHL H R 1996.

(ihe H 1122012 -04 -22 4t . REAOR)

Tel:025 -83786335  E-mail ;jz@ hhu. edu. cn hitp ;//kkb. hhu. edu. cn



