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Abstract. The safety review calculation of the gate is an important job in the safety evaluation
of metal structures. In accordance with the requirements of the specification, this paper has
developed an intelligent software for metal structures safety review calculation, which can
automate the calculation process and generate a review evaluation report. In order to simplify
the labor of the manual input of a large number of gate review calculation parameters, this paper
used a deep-learning-based image recognition technology to partially realize the collection of
the information relevant to the calculation from the drawings of metal structures, laying the
foundation for later realization of the fully intelligent gate safety review.

1. Introduction

As a water-retaining structure that intercepts the flow of river and channels to raise the water level or
regulate the flow, reservoir dam is an important engineering measure to control the temporal and spatial
distribution of water resources and optimize the allocation of water resources. Zhejiang Province has
many mountains and few plains, which is suitable for the construction of reservoirs to give full play to
the comprehensive benefits of flood control, irrigation, and power generation. At present, Zhejiang
Province has 5 large (1) reservoirs, 29 large (2) reservoirs, 158 medium reservoirs, and at least 4105
small reservoirs. A comprehensive and reasonable assessment of the safety status of these reservoirs and
dams can provide good technical support for the scientific dispatch and safe operation of reservoirs, and
is of great significance for ensuring social public safety. Therefore, the Ministry of Water Resources
promulgated and implemented the Reservoir Dam Safety Appraisal Measures on August 1, 2003. The
appraisal content mainly includes evaluation of the engineering quality, dam operation management, the
standard for flood control, structural safety of the dam, seepage safety, seismic safety, metal structure
safety and comprehensive dam safety[1].

As an important job of the safety appraisal of reservoirs and dams, the safety review calculation of
gates is an important component of the safety evaluation of metal structures. According to the Guidelines
for Safety Evaluation of Reservoirs and Dams (SL 258), the calculation and analysis of gates should
focus on reviewing the strength, stiffness and stability of the structure[1]. The method of calculation,
load combination and control standards shall be implemented in accordance with the Code for Design
of Steel Gates for Water Conservancy and Hydropower Engineering (SL 74). Specifically, the gate
calculation review content mainly includes: gate panel thickness and converted stress, main beam
strength and deflection, secondary beam strength and deflection, radial steel gate arm strength, radial
steel gate main frame stability, lifting lugs and hinge strength, the force of opening and closing gates,
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etc[2]. In order to simplify the above calculation process and improve the efficiency of metal structure
safety review, the author developed the Metal Structure Safety Review Intelligent Entry and Report
Generation Software (Registered Copyright No. 6064630). The advantages of the software are as
follows:

Firstly, it is developed in the Java programing language, and has all material mechanics formulas and
parameter tables coded in the program, which overcomes the shortcomings of traditional methods using
Excel spreadsheets that are poor in encapsulation and scalability.

Secondly, the SQLite3 embedded database is used to store the section steel parameters into the
database, which is convenient for users to quickly check and use the geometric and mechanic parameters
of a specific steel section.

Thirdly, applying the Browser-Server architecture, the HTML, CSS, and JavaScript languages are
used to develop the Internet user interface. Users of this software only need to install the chrome browser
in order to run the software without having to setup an installation environment.

Finally, it can intelligently generate safety review reports for gates.

In the process of undertaking the safety review job of the metal structure of the dam safety assessment
of water conservancy projects, the author found that the archives kept by the reservoir management unit
are mostly paper documents. Even electronic documents are mostly scanned images, making it difficult
for the computer to quickly process information. Usually engineers have to identify important
information from these gates drawings and enter the data manually. Although the calculation software
has been developed in accordance with relevant specifications, which has improved the work efficiency
to great extent, the manual input of parameters of the materials, positions, and cross-sectional shapes of
the horizontal and vertical beams, rubber seal strips and other components of the gate is still tedious and
error-prone. According to preliminary statistics, the review calculation of a plane gate requires at least
86 key parameters such as materials, locations, and calculation conditions, and the review of a radial
steel gate requires at least 105 key parameters. If paper document information can be intelligently
imported into metal structure safety review calculation software through computer technology, work
efficiency will be greatly improved.

Image recognition technology based on deep learning provides effective information technology
methods for solving the problems above. In recent years, breakthroughs in deep learning technology
have brought about considerable progress in image recognition technology, especially Optical Character
Recognition (OCR) technology. Zhi Tian et al. proposed Connectionist Text Proposal Network (CTPN),
which can accurately locate text areas in natural scene pictures[3]. Jianqi Ma et al. used Rotation Region
Proposal Networks (RRPN), which can effectively perform horizontal text detection[4]. Yuchen Dai et
al. adopted Fused Text Segmentation Networks (FTSN)[5], and Yuliang Liu et al. adopted Deep
Matching Prior Network (DMPNet), which can support oblique text detection[6]. Baoguang Shi et al.
used Convolutional Recurrent Neural Network (CRNN) and Connected Temporal Classifier (CTC) and
achieved effective recognition of variable length text[7].

In this paper, CTPN, CRNN and CTC are used in combination to extract important engineering
information relevant to gate safety review calculation from the metal structure drawings, which can
realize the automation of the calculation input process to a certain extent.

2. Model Architecture of Neural Networks

2.1. Connectionist Text Proposal Network(CTPN)

A 3x%3 spatial window is slided through the last convolutional map(conv5)of the VGG16 model. The
sequential windows in each row are connected by a Bi-directional LSTM (BLSTM) recurrently. The
RNN layer is connected to a 512D fully-connected layer, followed by the final output layer, which
jointly predicts text/non-text scores, y-axis coordinates and side-refinement offsets of k anchors.
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Figure 1. Architecture of CTPN

2.2. Convolutional Recurrent Neural Network (CRNN)
CRNN mainly includes three parts:

(1) Convolutional layers, which are mainly used to extract spatial features of images.

(2) Recurrent layers, which use deep bidirectional LSTM to extract sequence features.

(3) Transcription layers, which are used to convert the prediction result of each frame into the final
tag sequence.
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Figure 2. Architecture of CRNN

2.3. Connected Temporal Classifier (CTC)

Concatenated temporal classifier (CTC), a tool for sequence modeling which is widely used in the fields
of speech recognition and optical character recognition, is currently the main method for variable-length
annotation learning in the field of machine learning. Its main advantage is that there is no need to carry
out cumbersome position labeling of sequence fragments, and the optimization of the objective function
can be smoothly realized by labelling sequence tags.

3. Training dataset

The experiment uses International Conference on Document Analysis and Recognition Dataset 2013
(ICDAR 2013) as training data for CTPN network. The multi-directional text recognition data set
(HUST-TR 400) is used as the training data of the CRNN+CTC network.

4. Graphs for Inference

This test uses drawing pictures of the layout, the master plan and the detailed structure of the radial steel
gate of the spillway of the Baixi Reservoir in Ningbo City, Zhejiang Province. The table area or text
area of the pictures above are used to test the image recognition performance of this model.
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5. Experiment result and analysis

5.1. Connectionist Text Proposal Network (CTPN)

After 70,000 training steps of this model, during which the gradient optimization process is involved,
the model training loss convergence curve is shown in Figure 3. The figure shows that: (a) the initial
loss of the model at the beginning of this training (0 to10000) is relatively large, ranging from 0.8 to 1.0;
(b) the loss of the model in the middle period of this training (10000 to 67000) is gradually reduced,
though overfitting occurs at individual step lengths, where the loss is large; (c) the model loss gradually
stabilizes below 0.2 in the final training period (67000 to 70,000).

After training, we applied the model to the pictures for detection, and the detection performance can
be shown from Figure 4 through 7. From Figure 4 through 7 we do the analysis as follows:

Firstly, the scene text detection model has an excellent performance on the recognition job of the
plain text information area without tables (Figure 6), and can achieve accurate recognition.

Secondly, the model does not perform well enough in the detection of the text area in the table, as
shown in Figure 5, where picture areas of many serial numbers and quantity information cannot be
accurately identified.

The reason for the different performance of the model upon plain text pictures and table text pictures
is that the images of the CTPN model training data set are all text areas in the natural scene, and there
is no table boundaries around them. Therefore, the model has a better recognition effect on Figure 6,
while the detection performance of Figure 4, 5, and 7 needs to be improved.

Mode| Loss
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Step

Figure 3. Convergence of CTPN model during training.
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5.2. Convolutional Recurrent Neural Network (CRNN) and Connected Temporal Classifier (CTC)

The convolutional recurrent neural network (CRNN) and Connected Temporal Classifier (CTC) uses a
pre-trained Chinese character recognition model to perform Chinese character recognition on the text
area extracted by the CTPN model in 4.1. The pictures of texts after recognition are shown in Figure 8.

As shown in Figure 8 (a) to (d), we can get:

Firstly, the overall performance of this model when doing text recognition on plain text information
areas without tables (Figure 8(c)) and regular table text areas (Figure 8(a) to (b)) is good, based on which
we can effectively extract important engineering information.

Secondly, the model does not perform well when doing recognition on text areas in the irregular
table. As shown in Figure 8(d), because the table is arranged irregularly, multiple columns of
information are mixed together, and engineering information cannot be effectively processed. However,
the overall accuracy of Chinese character recognition is high.
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FAR$FME (Technical Characteristics)

1 fLA#EK  FE(1 Orifice type  open top type)

2 LA 15.0m(2 Orifice width  15.0m)

3[R W], X WG Gatetype  Radial door, inclined arm)
4 IEW#KAL  170.0m(4 Normal water storage level ~ 170.0m)
s T2 173.5m(5 gate top elevation  173.5m)

6 JKIKHEFE  161.80m(6 sill elevation  161.80m)

7 SUKHEF LL602KN(7 Total water pressure  11602KN)

s TEHHIZEPESE  13.0m(8 Panel curvature radins  13.0m)

9 IHA BIAER(O hinge type  cylindrical hinge)

10 FHHTE  168.50m(10 Hinge elevation  168.50m)

11 FEFLEE 14.1m(1L Center distance of hinge  14.1m)
12 fAFE  9.0m(12 Lifting point distance  9.0m)

13 #{E&M  #hkJA FI(13 Operating conditions  dynamic)

14 FLO%E 3 FL(14 Number of ports

3 holes)

15 (B[ AR 3 Bi(1S Number of gates  3)

16 §RJEMI[1HEE  79.4(16 Radial gate weight
17 [JHEEEMEEEE 6.05t(17 Door slot embedded parts weight

79.4)
6.051)

18 JAMINA R RAER  HQ-2x630kN(18 Hoist type and capacity ~ HQ-2x630kN)

19 JAHINA R
20 fAHINLZE R

24 K TibE-20X100X484  fF 2
SARINEN-10X400X500 P 24 Q235B 9.5
AN INEBR-10X144XL

Q235B 7.6 152
228 EEYIE

EJFH(T)-20x420<1740 1 fF 4 Q23SB
NEH-12X202X300 4+ 48 Q235B 302
ERMHR-10X202X1518
KR -6X1800X7430 {1
RREH-12X1100XL 2
g

1147 4588
1882 HPADIE

16 Q235B 24.0 384.0 #EYE
2 Q235B 6299 1259.8

Q235B 920 1840 HEIMUFER T

H-20X300XL 2 Q235B 497 994 L ILMFERTsE

CHe[25g-13988 Q235B 3853 3843
FHibLS H-20X300XL Q235B 69 345 L HMBER &
THRUR-10x1528 5 Q235B 86 430 LLMUFERsE
T H-10X160X13988  Q235B 1757 3514
RBIH-16X1518X13988 {2 Q235B 25242 5048.8
R (—)-20X420X10480 £ 2 Q235B 691.1 13822
PREHUER-20X300XL  ff 5 Q235B 215 1075 L LR E
/N(T)I1250-13988 3 Q235B 532.9  4263.2
PEEHBII-10X1750XL ff 5 Q235B 775 3875 {&HUFERiE
ANEREI-10X145X 120 Q235B 1660 (ANFHHLIFEE
H(-)[220-13988 ff 4 Q23SB 349.6 1398.4
4 FFbUS R-20X300XL Q235B 510 2550 L %HCPER I
_EREHAER-10X1528XL 1 5 Q235B 3701 1850 #%fAUIE]
2 -12X12171X14980 1 £ Q235B 1717471 1171747
Ti[250-14980 1 fF Q235B 4115 4115

A5 ME RE QS

1i H
LA ER. iS5 mit, Rl mm it

18.0m(19 Hoist head
181.20m(20 Hoist installation elevation 181.20m)

124 Q235B 250 (A4, HuilthEss

18.0m)

(@)

24 Bottom water capping plate-20X100X484 pieces 2 Q235B 7.6 15.2
Side beam stiffening plate-10X400X500 pieces 24 Q235B 9.5 228 Cut according to the picture
Small beam stiffening plate at the side column-10X144XL piece 124 Q235B 250 (varies, according to
stakeout
Main rear wing (2)-20%420%1740 pieces 4 Q235B 114.7 458.8
Stiffening plate-12X202X300 pieces 48 Q235B 302 188.2 cut according to the picture
Main beam stiffening plate-10X202X1518 pieces 16 Q235B 24.0 384.0 Cut as shown
Bearing plate-6X1800X7430 pieces 2 Q235B 6299 1259.8
Edge beam web-12X1100XL 2 Q235B 920 1840 According to the loft size
Side beam rear wing-20X300XL 2 Q235B 497 994 L according to the loft size
Bottom beam [25g-13988 Q235B 3853 384.3
Lower baffle rear wing-20X300XL Q235B 69 345 L according to the loft size
Lower board -10x1528x 5 Q235B 86 430 L is determined according to the stakeout size
Main beam front wing-10X160X13988 Q235B 175.7 351.4
Main beam web-16X1518X 13988 pieces 2 Q235B 2524.2 5048.8
Main beam rear wing (1)-20X420X10480 pieces 2 Q235B 691.1 13822
Central partition rear wing-20X300XL piece 5 Q235B 215 1075 L is determined according to the loft size
Trabecular (2) 1250-13988 3 Q235B 532.9 4263.2
Middle partition web-10X1750XL piece 5 Q235B 775 3875 According to the loft size
Trabecular support plate-10X145X pieces 120 Q235B 1660 (varies according to stakeout
Beam (-) (220-13988 pieces 4 Q235B 349.6 1398.4
4 The rear wing of the upper baffle-20X300XL Q235B 510 2550 L is determined according to the loft size
Upper partition web-10X1528XL piece 5 Q235B 3701 1850 Cut according to the picture
2 Panel-12X12171X14980 1 piece Q235B 17174.71 117174.7
Top beam [250-14980 1 piece Q235B 411.5 4115
Drawing number material unit weight total weight

(b)

2.0 [T TR ST B, AR RV M E N RS CORORI I R TR ] 6 it 7 2R A SO T )

(DL/T5018-94)f] 8.5 “H fHIHL7E.

3. BUBTHT R TE S E S T S RO PR S F R AREE N = P A AR IREE S E 16mm, FUBTIR SR

ik o T A R R
4.m FLAE 1]

[T TR IR T (T B SRHR, ARAESEY 16mm.

SV ERERT O AU AT R AR L, AR S RIS L F AR T so2 S, MEEEZHTE 40-70pm.

NRZHEA 702 HEE S FE 8, THEE 30um,
Mm% 670-3 F i EE—E, TE 100pm.

Description

[z 842 SRE T HLIRHE—E, THEE 100pm,

1. In the figure, the elevation and pile number are in m, and the size is in mm.

2. The gate should be assembled as a whole before leaving the factory, and the allowable deviation of the
assembly should comply with the provisions of Section 8.5 of the "Specification for Manufacturing,
Installation and Acceptance of Steel Gates for Water Conservancy and Hydropower Engineering” (DL/T5018-

94).

3. The shear plate should be welded after the diagonal branch pipe is connected to the door leaf structure. The
weld is a three-sided continuous fillet weld. The height of the weld is 16mm, and the end surface of the shear
plate and the contact plate must be in close contact.

4. The lifting lugs are welded to the door leaf panel during assembly at the gate site, and the weld height is

16mm.

5. Surface pretreatment must be carried out before the gate is painted. The cleanliness level of the base metal
is not lower than So2 level, and the roughness value is 40-70pm. /The primer is a 702 epoxy zinc-rich paint,
and the dry film thickness is 30um. One middle layer of 842 epoxy mica primer, dry film thickness of 100pm,
top coat: 670-3 oxide rubber paint, dry thickness of 100pm.

(©)



2020 6th International Conference on Hydraulic and Civil Engineering

IOP Publishing

IOP Conf. Series: Earth and Environmental Science 643 (2021) 012187

1% E4303
23 GB93-87
717 HEEEEEL
22 HX471-6D4-401-11
M 478175 478175
21 GB5780-86 1ZF: M16X00 4.6% 0.158 032 #Esfifh 2
Heft 8925 17785
20 HX471-6D4-401-10
ff 5279 10558

19 HX47J-6D4-401-09
18 HX471-6D4-401-08 JE/KE SF6674 46.5 46.5
17 HX47J-6D4-401-07 JRKE BN Q235B 231.8
16 GB5780-86 W2 MI6X40 4.6 #F 0.087
HX47]-6D4-401-0

15 GB6170-86 IRFEM36 64t 0371
14 GB5780-86 MEE M36X100 4.6 £ 1.1
79400kg 150

13 HX47J-6D4-401-06 HiBIHL Q235B 41.8
12 HX471-6D4-401-05-0 7w H45H) RfEiE 1488
I H1x475-604-401-04-0 {U%: 4H-54F
B - 1 e

10 CB5780-86 #2f: M16X70 4.6%4% 0.1201 194 Heehifl
9 GB853-76 [ 16 2 Q235B 0.028 0.06 WEML A

I 36 64 65Mn  0.052

[ERER 2

iz & L-60 2 SF6674

231.8

2076 2 %
1812 7248 Kk

SF6674 0.135 0.26 3 HX47J-6D4-401-03

MZkHIER 2 Q235B 62.0 1240 HE
HE LR ittt SREHSs

244 HEEEHIAL

167.2 5 fHE 8
i
(IehE ] EEEH A ood ER

doi:10.1088/1755-1315/643/1/012187

1347 5 GB6170-86 IEFFM48 24 6% 0957 23.0 HieEHifk
133 4 GB5780-86 URfE M48X160 4.6 £ 2987

It

HX471-6D4-401-02 #1# 4%

20.7 41.4 HX47]-6D4-401-01-0 8 A&

Ji E TE R ] 15X11.7m

237 HEEEEie AEP wE OEEA )
1704 HEFHL WE CHSE ETF B

Wit 2

Electrode E4303 1347 5 GB6170-86 Nut M48 24 Class 6 0957 23.0 Galvanized passivation
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passivation

22 HX47J-6D4-401-11 Bottom water sealing plate 2 SF6674 0.135 0.26 3 HX47J-6D4-401-03 Door leaf

structure welding parts 478175 478175

21 GB57B0-86 bolt M16X90 4.6 grade 0.158 0.32 galvanized passivation 2 HX47J-6D4-401-02 oblique

support welding piece 88925 17785

20 HX47J-6D4-401-10 Side water seal L-60 2 SF6674 20.7 41.4 HX47]-6D4-401-01-0 Hinge assembly 5279

10558

19 HX47J-6D4-401-09 Side water seal pressure plate 2 Q235B 62.0 124.0 Weight
18 HX47J-6D4-401-08 Bottom water seal SF6674 46.5 46.5 Mother Baixi Project Technical construction

design Metal structure part

17 HX47J-6D4-401-07 Bottom water sealing angle steel Q235B 231.8 231.8

16 GB5780-86 Bolt M16X40 Class 4.6 0.087 2.44 Galvanized passivation Spillway arc gate 15X11.7m

HX47J-6D4-401-0

15 GB6170-86 Nut M36 Grade 6 0371 23.7 Galvanized passivation Production British type weight
14 GB5780-86 bolt M36X100 4.6 grade 1.1 170.4 galvanized passivation quantity file number signed | date

79400kg 150

13 HX47J-6D4-401-06 Shear plate Q235B 41.8 167.2 Piece number Piece number
12 HX47J-6D4-401-05-0 Welding parts of lifting lug structure 148.8 297.6 2 total approval
1 H1%475-604-401-04-0 Side wheel assembly 181.2 724.8 Check gate leaf general plan State Power

Corporation 004 East China Survey, Design and Research Institute

10 CB5780-86 bolt M16X70 4.6 grade 0.1201 19.4 galvanized passivation design 2
9 GB853-76 pad circumference 16 2 Q235B 0.028 0.06 galvanized passivation tracing

(d)

Figure 8. Text recognition Results of graphs for inference.

6. Conclusion

We utilized a model for engineering information extraction, which combined CTPN and CRNN and
CTC. CTPN is used to perform text areas detection and CRNN and CTC are used jointly to achieve text
recognition results based on text areas detection results mentioned before. In summary, this model has
better performance on pictures of plain text areas and regular table areas than those of irregular table
areas. At this stage, the experiment results achieved so far showed that this model can be reliably used
to extract important engineering information in order for the computer to process so as to automatically
feed these parameters into another calculation model, which is used to perform the mechanical

calculation on gates.
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7. Future works

The CTPN model training data set can be improved in the following works. Adding table pictures for
text areas detection training may achieve better results, thus improving the overall performance of the
whole model.
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