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Abstract

A large number of engineering examples show that plastic shrinkage and drying shrinkage are the
main reasons for the cracks of box girder concrete. This article studies the influence of mix pro-
portion parameters on the cracking performance of box girder concrete, such as the water binder
ratio, sand ratio, water unit content, the amount of admixture, etc., puts forward the mixture ratio
design method of improving plastic shrinkage and dry shrinkage crack resistance: appropriately
reducing the water cement ratio, the sand rate and the water consumption, and optimizing grada-
tion and evaluates the influence degree of parameters on concrete cracking and its order is: the
fluidity of the mixture, the water unit consumption, water binder ratio, sand ratio and aggregate
gradation.

Keywords

Box Girder Concrete, Mix Proportion Parameter, Plastic Cracking, Ring Dry Cracking

AL S LS HRERR R R RERYR T

OB, BB, RS, AAERY
VR KSR R 5 TR 2B, Y%

(e
PERAERE .

YESIH: BB, WIE, B, AR GE S EOT R R LI R D]. SR TAE, 2016, 5(4): 139-146.
http://dx.doi.org/10.12677/hjce.2016.54019



http://www.hanspub.org/journal/hjce
http://dx.doi.org/10.12677/hjce.2016.54019
http://dx.doi.org/10.12677/hjce.2016.54019
http://www.hanspub.org
http://creativecommons.org/licenses/by/4.0/

HWA ABRBEREER, i AT
LI R R A PR AR, L35 ma
Email: "1139129602@qq.com, *ginhonggen@seu.edu.cn

Wehs Hi: 201647 H8H; FHHEM: 20164F7H22H; KA HM: 20164F7H28H

R

RETEEFIRY, BHERES TR R FBRERBER T REF LN EEFER. AXH T KK,
BR, BAURKE. SMGIBESES LSHER AR LITRERRN, R TREERRENT
B TR REEC & LB 5 /KR PRI b A RK BRI RIS, FFPRFE T &
AMEEE S HHRE TR KRR, HF AR STt AL AKE. KB BRAERHE.

K
RRREL, MAWSY, BHFH, WHTHRFH

1. 518

TN SR e R A DU EE R . BRI RESR P 05 AR AL+ 32 IR I ARSEIR 2 15, RIAE IR
R AR B N 2 [1]o TN R e R AR R el T A RUR . AERVE . MO e, — MR C50 mifke
TR FOAN T, HAF fURsER, R R B R, B, %A BRI 5 A
AiZest . KPR TRERYT, RIVAER AIRATT IR TR A%, o BB VR e - S5 Ak B S TS R AR AR 23
o P R VR A A AN B FUT A5 A i R TS v B i AP (2] R W e AR AR Y T R A [3] .
9T ORAIE RS G 45 K60 A P A3 i AR AP, AR 20 2 2 0 v M e VR R AL i U AR I BE HEAT 1 22 7 THT AR AT 9
[41-[610 X S2Pr TREME TR, B 5 S 2 PR i AN Tl i /1, K SR A D v 1 TR ot - LA A
HEM PR 7] N, ASCemKIRE . . BAAKE ., BrisRs LRt SR ates
Howt C50 FHBLIREE LT RNERE M2 AT T

2. EHRISRET5E

2.1. [FHH
2.1.1. BREEAR

JK e K HFIZ P-11 52.5 7K Y6, %5 %y 3110 kg/m®, ELE H A1)y 309 m¥/kg, 28 d Hi /L5 J& Jy 59.5 MPa:;
KH PR IEIR, KRN 92.3%, ZHFE N 8.3% (45 um Jii). BRERTREHAL F s WA 1.

2.1.2. B

YRR 1 B RARITRE, AR Ny 2610 kg/m®, HEFIZJE 1580 kg/m®, 40 ik 2.75, &6
& 0.6%, VeHiEE 0.2%; HE KL 5~16 mm 5 5~25 mm PIANRAC A KA A 4 2:8 BT E L, #
M TE A 2750 kg/m®, HERUEEE 1450 kg/im®, % FR4 1 6.8%, JEWEEIERS 8.5%, &iE 0.3%, ik
T 0.1%. AL 5 IE BB 40.0%, Hii 2:8 FHC 47. 7% /)N

2.1.3. SMm3
% FH IR R B PCA-I BURBRIR S PERE IR, Tk R A 28%.
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22. REHZE

TR I M M REAR B (i VR A K AT RE AN A MR REIREG 77 75) GBIT 50082-2009 47 .
TR AE AR R TE VR A AR A8 3T, O T T R, 7R RGE AT AR R L T, B A S A R P s 21 30°C
VREE TR F 45T ST G e Wb RN 78 BRI s T il 32 Ak R BB B N 7 IR E8 77 7)Y ASTM
C1581M-09a 34T .

3. LWHERS SR
3.1. ARERTE AT

T WS A HE S HO AR R L PR B AR, A SO TANRIK IR EE . BPER L BT UK
B WKFBE EE R A% 10 40 C50 JRE T, R A5 T3 2 .
3.2. IKEREEFTR BT In R sE RS2
3.2.1. KERLEFHR BT R R 4 ERI S

KKEZEE 0.364 0.33. 0.30 A =41 C50 #2283k A7 AR PE U 4 F 2R 5, 56 45 351 T
3,

RIGLE R R, A KBS, 2248 1) P3P R BRI 4 4% AR PR %, A3 0.33. 0.30 /K
Jig IR B T 3 B bE 0.36 7K RS IR T R T 32.8%. 55.1%, J5# /KK 0.33. 0.30 Mkl 0.36 YR %k
5 BIAHS IR/ T 25.7%- 43.3%, BB [T - 2 4% 1) o T 4 T AR Bt 7K B il /N T 920 s {ELK S EE 0,33

Table 1. Chemical composition of cementitious materials (%)

7 1 REMRIELFE R (%)

Chemical composition CaO SiO, Al,O3 Fe,0; SO; P,0s K;0 Na,O MgO TiO,
Cement 56.3 22.4 8.5 3.10 4.20 4.65 0.56 0
Fly ash 131 57.82 31.96 3.07 0.23 0.25 1.03 0.30 2.68 1.25

Table 2. Concrete mix ratio of C50 box girder
72 2. C50 fAR R BT IRINE AL

Mix ratio parameter Quality of raw materials per square concrete (kg/m?)
erow WB S% FA% PCA% W © FA S G PCA-1
3z 0.33 38 15 0.85 156 402 71 691 1128 4.02
WB30 030 38 15 1.0 153 433 77 678 1106 5.10
WB36 0.36 38 15 0.60 159 374 66 703 1147 2.64
Sp35 0.33 35 15 1.1 156 402 71 637 1182 5.20
Sp4l 0.33 41 15 0.9 156 402 71 746 1073 4.26
W141 033 38 15 11 141 362 64 715 1167 4.69
w171 0.33 38 15 0.7 171 439 78 670 1093 3.62
JP 033 38 15 0.8 156 402 71 691 1128 3.78
GY 033 38 15 0.6 156 402 71 691 1128 2.84
MJ 0.33 38 15 1.0 156 402 71 691 1128 4.73

e IZ AR IP R RHR IR T GY U RIHE BB AL MI AP ERT . WOKBLR GRSt .



sap
Py

Q]

st
T

0.30 VRt i IR AR EEH H A T8N, WA BEAE /KR EE RO RIS, VRBE L A 2R B% DD, AHARGEI £,
YR . XA R T REE K LERIR R (8] B AR B Bk, BAR BN TR IROK, (BAERUIVRL
TFIHEET, YA R A A BN R B AR - 9F HOKIRHB i, AR RUR SRV 22, 72 AR
ERPETREROR . TR, K PRasl N S 7 YR A 2 4 B2t A 7K B EE BRI/ N T/ o

3.2.2. JKEZEEXF EIFF U AR FF R A

WB30. JZ. WB36 —ZHA[EIZK AR bL iR & L A PR i alae 2 <] 1, BE AR, JREE IR
BISAERE N, I H R SARG AR, R S B B kN, R IE TS TR E . WB30. JZ. WB36 4k
BEHFE 33 d FHRRIASE 43 58 242 x 107°, 461 x 10°°, 746 x 10°°, BEA /KA LLAOIG K, TR FR ) R AR
K, JKHEEE 0.33 F10.36 TR AL IR R4S LK AR EE 0.30 FOTREE 3R HIH N T 90%. 208%. T /K
Pk, JREE LR ILBR S, B, A5 KK, RIREE LN AR K

3.3. HtE AL SENRB L HBMERERI R

331 RtFREALSHAERT BRI M

& TR ERb A B K SR B RHRC TR R A AT AR B M A T 2R, PR
WEREERE T4 4

IR L AR, B RS AAA ADK B AER, R E L i S AL T AR B BT R AR oK ARSE TR
JZ. BAL A ARGEH E R AR ARG T T R ARG R . SPAL ZHIRBE L LE SP35 ZH s A i A b AT
AR B HIAR R H | o RSREE TR L . RRARARAE T 0T R AR 70 73 39 I 1 59.6% . 24.9% . 50.0%.

Table 3. Test results of plastic cracking of concrete with different water binder ratios
72 3. NEIKERELR R T RZE M ZUA TG L5 R

. The maximum Average The number of Total area of the cracks
Group W/B a?e?[zrknlpn%) (’:\::;T(Zeré;f width of cracks cracking area  cracks in unit area in the unit area C
%) (mm) A (Mm% B (%/m?) (mm?/m?)
WB36 0.36 370.2 19 0.32 9.74 40 386
JZ 0.33 274.9 21 0.24 6.55 44 286
WB30 0.30 210.0 24 0.24 4.38 50 219
Age(d)
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Figure 1. Effect of water binder ratio on ring strain of box girder concrete
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Table 4. Test results of plastic cracking of concrete with different mix ratio parameters
4. PR ALSH TRRTAZEEFZINIGLER

o Crddngara  Nomberof RO Aveagecrking iy Towlaeaofthe ks
7N (mm) S area B (4%/m?)
JZ 274.9 21 0.24 6.54 44 286
Sp35 211.6 20 0.20 5.29 42 220
Sp4l 337.6 25 0.30 6.75 52 352
w141 231.9 18 0.20 6.44 38 242
w171 395.4 30 0.40 6.59 63 412
JP 194.1 22 0.20 441 46 202

27.6%. AR RAIHIA, REE L Ak & B30, MRS, B A EZ, MR R AR
BEWHEZZ, IITEHATERIEE S PR W71 QLR+ i K Z44% 58 15 b W41 89hn 1 —1%, 3 HL8fr
FKEM 141 kg/m® #8503 171 kg/m®, JREE+ 507 TR 244 50 B A B A T AR b SR 24 A4 s n 1
66.7%- 70.5%, {HAFHRZLEE T35 FF S AR A K AR . fEKIREE—E B R, BEE
PEARFUR K I, Vg AR B, SRS BT, FLBRAIE R, KA IRAE I K. R,
BT KBGO, JRIE T R R B4 FL A S M BRI R 5, W KBIE R 2, TR A S I e N )
FAXEIE R, 20 s T VR S R XU

PAE BRI, TR AR5 A T TR B B FOR K 6.55 mm%/ 2% kN2 4.41 mm?/4%, I/ T
32.6%. [FIl}, BA7HAR F ST AR 286 mm?/m? (K F] 202 mm?m?, KT 29.4%. HFufe e rig:
Beje, RLERMOHERA 28 BERE R, BRI S BRIV, R 2SR R B R 2, AR T R IER %
R 0 R N SE R B SRR, 7S 3 T IR 0 s, AT IS TR - ST XU

3.3.2. HitEL St S ¥ xHRE LT T IREEFRBF M

W, B KR DL AR B R R B A B2 CB0 VREE T IR N AR R an [ 2. 5] 3 FlA 4.

WIGEE R, B TUREE LR IUREEA, WAE B R, TRE 3R B AR H AR A BA A R A
KRR WAL, (HBEE R E, JREE LI RIASIZR B K. BhZE M 35%IG N Z 38%. 41%H), JREE
LIRS TGN T 62.9%. 128%. EHT-RPEIGIN, JRE P IAERHERK, BRAAFAEXIER,
FLAERHA MR A 2, I T IR I A BT e PR . BRI 141 kg/m® #5013 156 kg/m®. 171
kg/m® I, TR IR IR AR 4 RN T 41%. 81%. AHEIKEZ LIS LR, G KR, SePRAH ST
/N B L R R AR, 3EOR TR EE L T R UAE AR AR, ekss 1R S e O BRIVE R, 4 7K
OYAEKYEAT FRIRY BT RE, IR TR e . A R S, A R T A A T SR N AR ik s
T 29.1%. EORMHERUEEE N, ASRREWCN, A RHETREE L IR T L R AR, IR AR &
b P AT AR R . R TR I RIS B R I e
3.4. MERRL RN TRR IR REATm

ST AR SN IS B A ORI B S TR L VR Bh R AR BT R I K B R K s
TREE, X2 C50 YRR LT PR R AR T RS, I AE R T 5 .

ORI S HELH 0.85%38 K 2 1.%, JREELF-AIHE B i 200 mm 3K F] 230 mm,  FH L4
KRG s KRk 1) 0.6% M Vi &t L HE- & W& FEI/NE 100 mm, A7 T AR e 4 FRURN 2 4% 2% 4



Table 5. Test results of cracking of concrete with different working properties
52 5. PRILIEMERRLINFARAELER

. The maximum Average The number of Total area of the
Group P(E/:? S(:::m)p a%?((:mrn%) Nurrll(berggf width of cracks  cracking area cracks in unit cracks in the unit
. cracks () (mm) A (mm?/%%) area B (4%¢/m?  area C (mm%m?®)
GY 0.6 90 238.2 12 0.40 9.25 25 231
z 0.85 220 274.9 21 0.24 6.55 44 286
MJ 1.0 230 419.2 42 0.20 4.99 88 437
Age(d
0 5 10 15 s (z(? 25 30 35
2 1 A '} A 1 2 1 A '} A 1 2 1
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Figure 2. Effect of sand ratio on ring strain of box girder concrete
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Figure 3. Effect of unit water consumption on ring strain of box girder concrete
[E 3. BuAKEMNERRETIHETHF N

RT& 80T 52.8%H1 100%, J5 /N T 19.2%F1 76%. HARFEAE R H AN K, ZL88H0 4 KR35
%, (H KZEEE T8 5 AN R 2 5 I T 2L AR/ o Bl KR35 3 R EE R s PR K, R
BRI, SR 2, RAIB USRI, A 5 A SRR AR T R . TR A A i SR
TEOL R IE M0 N E R, AMERT AT AR, e e TR L B R .
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BRI 4 P2 BRI 45 L4 5, GY. JZ. MJ LI ke 3R 33 d NAZ 374 265 x 1078, 461 x
107°, 594 x 107°, BHAH /KIS RN, BAVRIREMERE K, IRE AR RN AR R, IZ F1 MJ 4R %
+ 33 d MM AELL GY ALIREE L3 DI T 74%. 124%. SEPEIRRET BAR K BANE KIS 1k B, A
DUBC R = AR PR, BRI RI PR/, AT RAR 2 AR, FRAR T VREE IR RAR

35. FRIEALLSEARBLFARERHNT N

ANFIRL & LS HO R T RV BEREAR IR ZE AT 4 R T2 6 o WERai RR M, KB LX)
TR R, HUGRBUKAISE, NGRS RRE, ELWR, RIa2RAHKE. 150§
for AR (R 4 SR B K SE R R ZOR oK R 8, HUCR ALK E, RER—RIDHR, B RKRT, &
JaAE RGP R B PUR ML RESF IR B SRBEVE HE b N B AL T AR SR G T AR, P UR B L& S
HO I PURMEREA HEREM, PR KA B R B LR st . A KR KL, mY SR AE R
Beo 72w PERETR B0 & LT P B 78 0 5 R I M T & HL 2 ook TR e+ BUAR I RE R RE M
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Figure 4. Effect of aggregate gradation on ring strain of box girder concrete
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Figure 5. Effect of liquidity on ring strain of box girder concrete
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Table 6. Range analysis of various factors on concrete cracking performance index

7 6. EMERINER T RMEIETHRES

Factors The maximum width of Average cracking area The r!umber of cracks in Total area of the cracks in the unit
cracks (mm) A (mm?/4%) unit area B (4%/m?) area C (mm%m?)
wi/B 0.08 5.36 10 167
Sp 0.10 1.46 11 132
W 0.10 0.15 25 170
PCA 0.20 4.26 63 206
Gradation 0.04 2.14 2 84
4. &g

I AC A LE SO0 C50 AR B - JT RN RE R R B 7T, 1St R 458

1) fE—EVEHE N, I KR B RE RS (8 i KSR A B8 FL R/, T2 HOA P dn, ZREEdnfk, REEH TR
TR B 02l IR WITSE 2 9/ /KBS B AT v VR i - RO T 2R RE

2) RN HKE—EMFRMAET, EHEBOKFS R, EHRE SR, iRt
RYEHH

3) MR T RRE L RER BR BN HE T N FEEYTEh e, AL K E . JKIREE, Bb R AN
RHRHC .

4) RAIE LKL B A KR . BRI R L DA R R A2 S TR ik T sl PR S BOR
fEit, P E SR R L BT EC O R AN TR AT Rk R, Xt R AR R e Tk RE TR B I A BB
SEA T o

ELmAB
HHE R E AT S AR A S KR RIETE (2014-GX-209)
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