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Approximate Calculation of Design Indices for High-Performance
Lightweight Composite Bridge Decks
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Abstract; For the purpose of engineering application of High-Performance Lightweight Composite
Bridge Decks,it was necessary to study the approximate calculation method of structural design indices. On
the basis of finite element modeling, orthogonal tests were designed to obtain the key factors influencing
the maximum tensile stress of UHPC, the ratio of local deflection on bridge deck,and shear stress of stud.
The Latin hypercube sampling method was used to find out the internal relations between structural design
indices and their key factors. Approximate calculation formulas of the maximum tensile stress of UHPC,
the ratio of local deflection ,and shear stress of stud were presented, which were examined by statistical
tests,judgments based engineering experiences- full-scale model tests and push-out model tests The results
show that the linear correlations and regression effects of the formulas were significant,and the qualitative
analysis were consistent with the general engineering experiences. The relative error between the calculated
value of the three indexes and the measured value is less than 10%. They are of good applicability.
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Tab.1 Therange of structural design parameters mm
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K1 K- 2 K3
1 U Wy fEliE 4 500 600 700
2 UM F5Eb 150 190 230
3 Ul 155 u 260 300 340
4 U e h 240 280 320
5 UHPCHEiZEE/% 112 3.36 5.61
6  UHPCJEE T, 35 45 55
7 TR R RE T 12 14 16
8 MR AR A1 HE L 2 400 3 200 4000
9 UHPC#i¥Hi & E/GPa 37.6 40.5 43.5
10 Y1 i fif i 1 faf oL 2 iz 3
11 A i i 437 Tz 1 T iz 2 Tz 3
12 ¥ETHAR D 10 17.5 25
13 AT IR o 120 140 160
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Tab.2 Orthogonal experimental design of tensile stress and deflection of UHPC
Ak ’ ESES EIEL A3 SNl

1 2 3 4 5 6 7 8 9 10 11 12 13 ou/MPa &/mm 7s/MPa
1 1 1 1 1 1 1 1 1 1 1 1 1 1 9.277 0.843 19.381
2 1 3 3 3 3 3 3 2 2 2 1 1 1 5.745 0.339 22.540
3 1 2 2 2 2 2 2 3 3 3 1 1 1 9.986 0.890 24.332
4 1 2 2 2 3 3 3 1 1 1 2 2 2 12.988 0.658 19.381
5 1 1 1 1 2 2 2 2 2 2 2 2 2 6.928 0.540 23.028
6 1 3 3 3 1 1 1 3 3 3 2 2 2 11.771 0.684 30.126
7 1 3 3 3 2 2 2 1 1 1 3 3 3 4.142 0.349 15.741
8 1 2 2 2 1 1 1 2 2 2 3 3 3 4.013 0.240 13.739
9 1 1 1 1 3 3 3 3 3 3 3 3 3 2.46 0.158 17.904
10 2 1 2 3 2 3 1 2 3 1 2 3 1 10.624 0.638 25.227
11 2 3 1 2 1 2 3 3 1 2 2 3 1 5.255 0.327 17.234
12 2 2 3 1 3 1 2 1 2 3 2 3 1 7.653 0.479 21.323
13 2 2 1 1 1 2 3 2 3 1 3 1 2 2.641 0.188 18.528
14 2 1 3 3 3 1 2 3 1 2 3 1 2 4.485 0.147 14.588
15 2 3 2 2 2 3 1 1 2 3 3 1 2 3.641 0.231 11.281
16 2 3 3 2 3 1 2 2 3 1 1 2 3 10.79 0.841 39.680
17 2 2 2 1 2 3 1 3 1 2 1 2 3 11.626 0.518 39.516
18 2 1 1 3 1 2 3 1 2 3 1 2 3 11.603 0.593 32.382
19 3 1 3 2 3 2 1 3 2 1 3 2 1 5.047 0.128 19.532
20 3 3 2 1 2 1 3 1 3 2 3 2 1 4.054 0.186 15.128
21 3 2 1 3 1 3 2 2 1 3 3 2 1 3.620 0.157 11.598
22 3 2 1 3 2 1 3 3 2 1 1 3 2 8.420 0.403 24.537
23 3 1 3 2 1 3 2 1 3 2 1 3 2 9.426 1.367 33.600
24 3 3 2 1 3 2 1 2 1 3 1 3 2 8.753 0.479 27.097
25 3 3 2 1 1 3 2 3 2 1 2 1 3 13.444 0.585 39.947
26 3 2 1 3 3 2 1 1 3 2 2 1 3 12.351 0.718 26.543
27 3 1 3 2 2 1 3 2 1 3 2 1 3 9.604 0.328 25.548
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Fig.6 Stressdistribution of tyransverse
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Tab.3 Maximumtensile stress range analysis table of UHPC MPa

25 d b u h k T, T, L E i s D a
K 59.26 89.45 82.56 69.32 80.07 97.10 97.09 71.70 66.84 112.6 70.75 81.05 61.26
K> 68.32 85.25 71.08 93.88 86.71 80.47 72.72 66.49 82.70 95.63 70.38 79.03  71.00
K; 114.7 67.60 88.66 79.09 75.52 64.72 72.49 104.1 92.76 34.10 101.2 82.22  66.03
R 55.46 21.86 17.58 24.56 11.18 32.38 24.59 37.61 25.93 78.47 30.80 3.20 9.74
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Tab.4 Localdeflection span ratio range analysis table 1074

SR d b u h k T T, L E  Ghaifarfs B D a
K, 14.85 14.84 12.99 14.01 13.28 14.64 16.77 15.18 14.68 19.58 13.59 12.77  12.56
K, 12.37 12.87 13.80 14.40 13.24 15.48 11.68 11.06 13.31 14.90 13.09 13.93  12.93
K3 13.18 12.70 13.62 11.99 13.89 10.29 11.95 14.18 12.42 5.92 13.73 13.70  11.92
R 2.48 2.14 0.81 2.41 0.64 5.19 5.09 4.12 2.26 13.66 0.64 1.16 1.02

P 5 8 11 6 12 2 3 4 7 1 13 9 10
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Tab.5 Maximumshear stress range analysis tyable MPa

SR d b u h k T T, L E  Ghaifarf B g D a
K, 186.4 211.2 191.1 221.9 204.1 212.4 195.0 190.3 282.2 230.6 216.5 263.1 176.3
K, 219.8 199.8 215.9 204.6 204.4 223.8 207.0 208.3 235.9 202.7 204.3 228.6  202.4
K3 223.5 218.8 222.7 203.3 221.3 193.4 227.7 231.1 201.6 196.4 208.8 138.0  251.0
R 37.1 19.0 31.5 18.6 17.2 30.4 32.7 40.7 80.6 34.2 12.2 125.0  74.7
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= d L T E T, ou/MPa
] 12 680.3 36585 49.8 37.7 12.5 6.737
v 13 636.5 3546.2 42.7 434  15.4 7.869
I\ n=5.N=20 14 691.1 3801.8 51.8 42.6 12.1 8.991
15 525.5 2990.1 50.5 42.6  14.2 5.600
v 16 675.9 3101.1 451  43.0 145 9.887
BEALAE bR v IE 2S5 M Z v 17 657.8 39858 37.4 39.8 13.6 11.979
7 18 628.7 2893.6 53.9 409 152 5.166
- 19  596.9 2418.6 40.6  40.7  15.3 7.448
’I 20 5527 3845.2 52,9  40.3  14.1 7.842
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_ i=i+1
(=200 = In(x,)31n(T)  In(T,)  In(L)
v ln(d)yln(h),i:LZ»'“aZO (2)
j=j+1 In(z,;);In(D),In(E),In(a),
_ -l
i =D (Fy(x;)) i=1,2,++,20 (3)
v Bt (D), () FD R R BEC R L B
xij=li+%(j+§ij)(ui—li) y=XB+e D

HFx o)l BIHERA3Hi B %L rand (0, 1D A (0, 1D ]AE—PE
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Tab.6 Sampling andcalculation results of UHPC mm

Fig.8

LHS flow chart

#* 6 UHPCH#ESIHHELER

¥ d L T E T, ou/MPa
1 665.9  3377.4 47.9 38.9 13.2 7.184
2 644.0  2584.5 41.8 39.5 13.1 7.905
3 512.5 2559.2  54.9 38.2 13.5 6.633
4 604.2  3452.5  39.5 41.5 12.8 8.909
5 564.5 3206.2  48.8 38.6 14.9 6.341
6 614.2  3298.3 46.1 37.9 15.7 6.249
7 574.9  3196.6  43.9 42.3 12.3 8.894
8 589.2  2849.7  37.0 39.3 13.9 6.411
9 532.8 2743.7  35.4 41.8 12.6 7.427
10 540.0 3 701.6  44.2 40.0 14.7 6.792
11 506.5 2702.1  38.7 41.2 15.9 5.687
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In(T,) + B In(L)In(T ) + B In(L)In(T>) +
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Tab.7 Accuracy analysis of approximate calculation formula

[ F B0 A AN R R %
KD 1996 Foos(6,13)=5.48 R2=0.900
(100 2817 Foo05(6,13)=5.48 R?=0.962
H(13) 2347 Foo05(3,16)=6.30 R?=0.955
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Fig.9 Comparison of estimated and calculated values
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dy 1
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8 W KA CA AR E RO

2017 4

dy _ 1
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Fig.10 Full-scale model test
25 R E B KA SE PR 1) 32 8 A B8 A0 58 TR
TR BE R R AR T 70 kKN, INZR AL R 0.6 m X
0. 2 m, KT IT BUEHNZE ks - 70 kN1
R ED—>91 kKN(L.3 fF5 80 —140 kN(2 15580
—210 kN3 f5 4030 AR A2 7 i (25 O &M T

AT
HiAB N o 91 kNCL 3 A5 5220 - I\ A 1h]
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Tab.8 Themain parameters of the full-scale model mm
UHPC J& T, TRIE T HEFR AR H] B L
50 16 2 500
U HilalfE d U i h UHPC 5§ /GPa
570 296 42.6

SEAE 3 UHPC S KA [m) H2 3 3 2 6.51 MPa, T
R REREE Ky £=0.253 mm, 52N T R FRE S
FA=&/L=1.01X10"",
32 8 PSS EARA R (D, XA,
SRR ou s X PUTHERAE . WL 9.
®9 BRRERRKESEMTEAKXITEE
Tab.9 Thefull-scale model test value and approximate
calculation formula to calculate the value of contrast

E2d g {E EE /%
ou/MPa 6.51 6.04 7.2
A 1.01X10°4  0.91x10* 9.9

22 9 w2 (7 L2 (13) AT 5 Se i
FHXFRZE/NF 10%.
4.3.2 I BB XA T

WRIEE 7 iR AT BROGH B 25 3 0 Fr T 4
BT B I 3 530 AR A 1) S 1. R I A T B
F1HER  ABEGE B BAHIVE T & 11 Frs (A i s
RIS A 11O AL PN A 4 AT B
K SN 10 FiR.

¥2 10 B S EUCA R LD it E T <
=24.78 MPa, [Al B 5 S HARAFIE 2 14 BT
BRI AR B FS 55 0.050 mm,

(a3 4%

CDREFTRA
A1l A dke
Fig.11 Push-out test
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Tab.10 Parameters of push-out test

MegTIEE 4T AR UHPC gfp:As kT o R
a/mm D/mm /GPa /GPa
120 13 12.6 206

AR AT R 32 BT Y 2 AR AR AT A B
AT A2 AR AT ] S AR 2 AR fe 9 g A [A]. 1
KSR 0.05 mm i Nz Sy 24.0 kN, 35
FHEET I BI I J) 2 79 =22.61 MPa, 3D I
(A FESEMIELR 9.6 20, S0 {EL G /N Y 2 2 JRL R - 2
BIRNLTT 7o ANTAREET T2 B R Y I A

ERGI LR R I | A RO R S A 5
T AR UHPC s KA Iyt a2 3%
VS E - R RN W S AR FNE LI R i R/AS N
AIZRAMEAR OGS IR SOR B35 BTG a1 — ik
SR S BRI AT .

5 & it

D) I 38 LWL 50 B R 7 22 50 M 32 B B2 Wi
UHPC 5 R J7 19 55 PR O - U il ) BE B
Mele] i, UHPC JEJE  UHPC #: #5 | T5AUS
SN JR R R 85 He i S B R 30 UHPC JRJE L TiiAR
JREJE R AR B BE U S R]EE U Ul i B R R BT
RT3 0 O R 3R O« AR 4T A% L UHPC SRR
TR B

DAY UHPC S AL 73T L5 2
RTERTR B Lo AR BT B R0 1 e L3R 2
G HEAROCR R B3, B S — BT
LT

3)YUHPC fig KAL I 5B H 2 1 =) 3 e i
PO 5 2 OB Y G 6 S0 L 4 O 22 L A BT 5
T3 S e R S IR i 22 25 /8T 1006 3iE
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