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Long-Term Prediction of Prestress in Concrete Bridge

by Nonlinear Regression Analysis Method

In-Hwan Yang'*
“Daelim Industrial Co., Ltd., Seoul 110-732, Korea

ABSTRACT The purpose of the paper is to propose a method to give a more accurate prediction of prestress changes in
prestressed concrete (PSC) bridges. The statistical approach of the method is using the measurement data of the structural
system to develop a nonlinear regression analysis. Long-term prediction of prestress is achieved using nonlinear regression
analysis. The proposed method is applied to the prediction of prestress of an actual prestressed concrete box girder bridge. The
present study represents that confidence interval of long-term prediction becomes progressively narrower with the increase of in-
situ measurement data. Therefore, the numerical results prove that a more realistic long-term prediction of prestress changes in
PSC structures can be achieved by employing the proposed method. The prediction results can be efficiently used to evaluate
prestress during the service life of structure so that the remaining prestress exceeds the control criteria.
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Fig. 1 Span geometry and tendon arrangement
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Table 1 Prestress measurement data
Measurement (N/mmz)
Tendon | Sensor 1 2 3 4 5 6 7 8 9
t=0 days t=61 t=79 t=117 t=161 t=170 t=189 t=230 t=280
1 1472.7 1298.7 1274.9 1215.8 1181.8 1188.3 1193.1 11919 1190.7
2 1729.5 1675.3 1676.5 1640.2 1634.2 1650.8 1672.9 1674.1 1670.5
Bl 3 1080.5 11383 1137.1 1116.9 1113.8 1122.8 1134.1 1137.1 1128.2
4 2236.1 2053.8 2034.1 1982.2 1936.9 1936.3 1921.4 1929.2 1916.6
5 1488.8 1398.2 1361.8 1321.9 1304.0 1296.2 1289.1 1289.7 1283.1
6 875.5 950.0 952.9 9375 9434 954.1 953.5 963.1 961.9
Mean 1480.5 1419.0 1406.5 1368.9 13522 1358.2 1360.6 1364.2 1358.2
1 1487.5 1369.5 1360.0 1332.6 1292.2 1306.3 1317.7 1310.0 1304.6
2 1602.6 1555.5 1557.3 1518.5 1501.8 1516.1 1513.8 1503.1 1509.6
B 3 13284 1291.5 1294.4 1274.8 1281.9 1296.2 1311.2 1293.9 1302.2
4 1682.4 1610.3 1606.7 1557.3 1552.5 1562.6 1570.4 1558.5 1549.6
5 1184.2 1176.4 1174.1 1134.7 1132.3 1144.8 1155.0 1146.1 1144.9
6 1468.5 1367.7 1357.0 1320.7 1303.4 1295.1 1320.1 1295.1 1292.1
Mean 1458.9 1395.2 1391.6 1356.5 1345.1 13535 1364.8 1352.8 1350.5
1 1287.9 1248.6 1251.0 1198.5 1176.4 1186.0 1196.1 1199.1 1189.0
2 1140.7 1091.8 1097.2 1059.1 1056.1 1070.4 1090.1 1093.6 1091.2
B3 3 1602.0 1465.5 1468.5 1427.9 1415.5 1422.0 1432.2 1442.9 1420.2
4 868.3 9232 949.4 946.4 970.8 985.2 1004.8 1011.4 998.9
5 1786.7 1656.8 1660.4 1611.5 1579.4 1586.5 1597.2 1606.2 1588.3
6 1345.7 1304.0 1307.6 1260.5 1242.6 1253.4 1262.3 1266.5 1265.9
Mean 1338.6 1281.9 1289.1 1250.9 1240.2 1250.3 1264.1 1270.0 1258.7
1 1267.1 1298.7 1283.2 1232.5 1213.4 12325 1233.1 1224.2 1232.5
2 1196.7 1236.1 1257.5 1234.9 1251.6 1268.3 1287.3 1281.9 1292.7
B4 3 1855.9 1606.8 1604.4 1557.9 1523.9 1526.9 1529.9 1521.0 1527.5
4 1450.1 1360.6 1366.6 13273 1300.4 1305.2 1304.0 1300.4 1314.1
5 1351.1 1375.5 1380.9 1333.8 1320.1 1331.4 1348.1 13374 1334.4
6 1223.6 1082.9 1079.3 1030.5 1011.4 1019.7 1029.3 1028.1 1051.3
Mean 1391.1 1326.7 1328.5 1286.1 1270.0 1280.7 1288.5 1281.9 1292.1

HIMY S[7EA7|HE 0|88t 232|E ng =Z2|~=~0f FT| ol | 511



1700 — -
i o Measurement Data
1600 | | Nonlinear Regression
NE 1500 } | - - - -FEM Analysis
5]
2 1400 — .
£ 1300 [ T
L BRI
§ -----------------------
& 1200
1100 |
1000 :
0 50 100 150 200 250
Time (day)
{(a) Tendon B1
1700
e Measurement Data
1600 Nonlinear Regression
JUE 1500 - - - - FEM Analysis
e B
el .
Z 1400 2 -
% X e ® A4
2 1300 Fo~em L.
£ 1200 |
1100 |
1000 :
0 50 100 150 200 250
Time (day)
(b) Tendon B2
1500
®  Measurement Data
1400 | i Nonlinear Regression
g { = - - -FEM Analysis
§ 1300 k. . . .
Y L] . .
B 1200 [,
& | T T e el
[-»
1100
1000 - *
0 50 100 150 200 250
Time (day)
(c) Tendon B3
1500
1450 F i e Measurement Data
1400 L | Nonlinear Regression
- 1350 1 - - FEM Analysis
o
g 1300 | [ B 3
€ 1250 P
8 1200 F Tl
£ 1150
1100 +
1050 ¥
1000
0 50 100 150 200 250
Time (day)
(d) Tendon B4

Fig. 3 Nonlinear regression analysis
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Table 2 Correlation coefficient (Rxy)

Tendon X'=log, X | X'=log;o X X'= =

Bl -0.890 -0.870 -0.830
B2 -0.915 -0.910 -0.823
B3 -0.880 -0.850 -0.818
B4 -0.890 -0.869 -0.824
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Fig. 4 Confidence interval according to measurement number
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Fig. 5 Long-term prediction of prestress up to 10,000 days
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