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Abstract：An inspection for a CFST arch bridge has been carried out, including general 
appearance inspection and in-situ water quality investigation. Two criteria, Technical 
Code of Maintenance for City Bridge (CJJ 99-2003) and Technical Code of 
Maintenance for Highway Bridge and Culverts (JTG H11-2004) are applied to 
appraise the technique condition of the bridge. The appraisal results show that the 
bridge is in Grade D and Third level respectively, which means that the bridge needs 
a general repair. It is found from the appraisal that the two aforesaid codes have 
limitation in this process because there is no special items for CFST arch bridges in 
them. Although the appraisal results by the two codes are similar, however, the 
assessment index and the weight factor of superstructure, substructure and deck 
system by these two codes are difference. The consistency of these two codes needs 
check by more appraisals of other bridges. 
 
0. INTRODUCTION 

In China, concrete filled steel tubular arch bridges are 
widely used in the last two decades. Reference [1] has 
recorder information of 327 existing CFST arch bridges 
whose spans are all over 50 m. By industry (use) they are 
divided into four categories: highway bridges, municipal 
bridge, railway bridges and other bridges (pedestrian bridge, 
quay bridges, etc.). Distribution of investigated concrete 
filled steel tubular arch bridges is shown in Figure 1. It can 
be learned that highway bridges and municipal bridges 
account for 87.9% of all, which makes concrete filled steel 
tube arch bridge the main body of bridge application
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In the current construction system of our country, the administrative department for highway  
bridge or municipal bridge construction varies from construction stage to service stage, their 

standards are from different systems. But in practice, both this two bridges mainly undertake motor 
vehicle loading; they are quite similar in structural behavior and function. At the same time, along with 
the scaling up of cities, speeding up of urbanization processes in China, many bridges exhibits 
functions of  highway bright and municipal bridge concurrently. Therefore,Fujian Province recently 
issued a local building standards the “Concrete Filled Steel Tubular Arch Bridge Technical Regulation" 
(DBJ/T13-136-2011) [2] includes both highway bridges and municiple bridges. Maintenance part of the 
regulation proposes that assessments of municiple and highway concrete filled steel tubular arch 
bridges should be in accordition to the “Muniple Bridge Maintenance Technical Specification” (CJJ 
99-2003) [3] (CJJ 99-2003) and "Highway Bridge Maintenance Technology specification (JTG the 
H11-2004) [4] (JTG H11-2004) to consider. In fact, the exisiting two maintenance technical 
specifications contain not much about the CFST arch bridge.Meanwhile, if there are differernt 
assessment results when using different specifictions to evaluate a CFST arch concrete with both 
functions of a highway bridge and a municle bridge, it has not been investigated. 

Therefore, this article take a half-through concrete filled steel tube arch bridge engineering as the 
background, achieve a overall appearance inspection, including regular appearance inspection and 
water quality survey at bridge location, then accomplish asessments with CJJ 99-2003 and JTG 
H11-2004 in order to understand actual conditions of the bridge, the evaluation standard of concrete 
filled steel tube arch bridge is discussed in the end. 

 
1. PROJECT BACKGROUND 

A certain triple-span arch bridge is 224 m in total length. It is a half-through concrete filled steel tube 
arch bridge with a net main span of 90 m and an arch rise of 20 m, the rise span ratio is 1/4.5, the arch 
axis of it is a quadratic curve, the space between two arch ribs is 10.3 m, each arch rib has a 1.9m 
deep dumbbell-shaped section made by ф 800 mm x 10 mm steel tube which is poured into Concrete 
C30; between the two arch ribs , there set 3 transverse bracings above the deck slab and 2 K 
transverse bracing below, all the bracings are made of steel tubes. 

Concrete deck ribbed arch are adopted at the two side spans, for each arch, the span is 48m，its 
rise span ratio is 1/6, the arch axis is a funicular curve with the arch axis coefficient of m=1.543; there 
arrange 3 arch ribs in the section, the arch rib has I-shaped sections, it is 1.2m in depth and 0.8m in 
width, above the ribbed arch the beam spandrel arch is built, it is made of Columns, beams supporting 
prefabricated reinforced concrete simply supported plate, spacing 4.25m. The general layout shown in 
Figure 2. 

 
Fig.2 General arrangement diagram (Unit: cm) 

The construction of this bridge has proceeded on April 1994 and it has been completed on July 
1995. After the operation of 12 years, an appearance inspection and assessment is taken on on 
February 2008. 
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2. THE ARCH RIBS INSPECTION OF CONCRETE FILLED STEEL TUBE MAIN SPAN 

2.1 Arch rib inspection of concrete filled steel tube  

After careful visual inspection, the unfitness, undercut and uneven weld transition will be clearly seen 
in the butt joints, cover plates and arch ribs of Concrete Filled Steel Tube, most of the unfitness ranges 
from 1 to 5mm, a part of arch ribs shows the sag or the salient protrusions obviously in rolling joints. 

much aging and discoloration, foaming, peeling, secondary corrosion and flaking can be easily 
seen in the bottom of the arch rib beneath bridge decking. Besides, the fluctuations of reservoir water 
level result in frequently wet-dry alternating in steel tube outsourcing the rib arch, and its protective 
paint  shows phenomenon of aging, secondary corrosion. 

When checking the density of concrete in the tube with the hammer, the gaps are found between 
the upper as well as lower chord and the top concrete, the transverse extension of the upper chord gap 
is 0.20 ~ 0.80 m, while it is 0.15 ~ 0.80 m for the lower chord. The gaps also exist in most of the cover 
slabs above hangers and in pouring ducts. 

 
2.2 Transverse bracings inspection of main span 

Uneven transitions are found in transverse braces and butt joints of main span; paint of X-braces in 
vault is partly found secondary corrosionand peeling; the phenomenon of corrosion is seen in steel 
pipe surface of the K-braces in springing 

 
2.3 Inspections of hangers and vertical props 

Many hangers rust on the surface and minority of sleeve junctions are found staggered. Most 
connections of hanging sleeves and sidewalk plates or cross beams and shortest hanging sleeves 
crack, infiltration of rainwater may induce sleeves and wires of hangers to rust. Reinforcement 
exposing is found in some vertical props and corrosion is found in a few steel plates connecting 
concrete pillars and steel boxes. 

 
2.4 Cross beam inspection of main span 

Honeycomb and scale, reinforcement exposing are found in some cross beams. Cross beams of 
hangers crack along both vertical and diagonal directions;vertical cracks appeared mainly at the 
bottom flange plate of the I-shaped cross section, the maximum width of them is 0.18mm, some cracks 
extend to the web; diagonal cracks also appeared in the central location of webs near hangers, the 
maximum width of 0.16mm. The width of the two cracks did not exceed the limits of the provisions of 
the cracks in JTG the H11-2004. Figure 3 shows the crack distribution in No.8 suspender beam. 

     

Fig.3 Crack distributions of suspender beam(No.8) 

 

2.5 Inspection of deck and substructure of main span  

In the deck ,there exist cross cracks. pits,wear and exposing tendons are found in parts. Since the 
main span is a half-through arch bridge without tie bars, the arch ribs and cross beams carry the load 
individually, transverse cracks therefore appear mainly in the cross beams, they can be expressed as 
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straight joints extended to the sidewalk, thereinto, crack widths of bridge deck range from 1.10 mm to 
2.00mm; the crack widths of the sidewalk slabs are 0.10mm ~ 2.50mm. Vertical cracks form through 
joints in No.10 suspender beam and No.13 pillar cross beam with widths of 0.60mm ~ 1.80mm. Crack 
distribution is shown in Figure 4.  

In addition, the inspection also found that the bearings under some deck slabs and sidewalk girder 
have slipped or been gapped. In the expand joints, aging and damage are found in most rubber as well 
as transverse cracks on the surface, individual rubber has been stripped of, making the expansion joint 
damage quite serious. A few of the vent pipes clogged, causing the deck is flooded. Partical sidewalk 
railing crack or even damage. 

The two foundations, soaked by the stream, suffer serious concrete carbonation of 6mm atop. 

 

Fig.4 Crack distributions for deck of the main span (Unit: cm) 

 
2.6 Reinforced concrete arch bridge inspection of side span 

Arch Ribs at Upstream shows broken lines at vault, 
partical arch Ribs has Honeycomb and scale, concrete 
on top surface of arch rib is with sags and crests or 
even exposed tendons (as Figure 5). Surface of some 
transverse beams, spandrel vertical props and cross 
beams and there are exposed tendons in individual 
position. cracks exist in most cantilever (near the top of 
vertical props) , their widths are relatively wide and 
parts are bigger than the crack limitation wide 
prescribed by JTG the H11-2004.  

Test results with bridge deck system of main span issimilar and it is not repeated here. 
Flooded by the reservoir, the burder pier suffer serious carbonation on the surface of concrete, 

and there exist a number of excessive cracks, partical stirrups are found exposed and with severe 
corrosion. The west side of the abutment shows slight erosion and uneven settlement, a large number 
of cracks are found in the laies of sides and the concrete downstream is severely damaged at the top. 

 
2.7 Concrete strength rebound test 

Design grades for main span’s deck, side span’s deck, cross beams, vertical props, side arch ribs’ 
concrete are C30, C30, C25, C25, C30; the corresponding design compressive strength are 17.5MPa, 
17.5MPa, 14.5MPa, 14.5 MPa, 17.5MPa [5]. 

In accordance with the technical regulation to detect compressive strength of concrete with 
rebound method (JGJ / T 23-2001) [6] , a sampling test is carried out. testing results are as follow: the 
minimum values of average compressive strengths for main span’s deck and side span’s bridge deck 
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are 34.4MPa and 21.5MPa; the average compressive strengths of suspender beams and vertical 
props are 24.7Mpa and 31.8MPa; minimum average compressive strength of the side arch ribs is 
approximately 32.3Mpa. 

The test values of concrete strength for all the components are greater than the design value. 
 

2.8 Water quality survey 

A reservoir was constrcted after the bridge , which make the water level rise quite a lot. The springing 
of main arch is protected by outsourcing steel tubes,while no protective measure is taken for arch ribs 
of the side span, the springings thus have long been submerged. To this end, the water quality survey 
therefore is taken to determine the corrosion degree imposed on the concrete of bridge location by the 
environmental water. 

The corrosion judgement of sample water is made in accordance with the corrosion evaluation 
imposed on the concrete by environmental media in “evaluation criterion geological survey standards 
for highway engineering” (JTJ064-98) [7] By detecting the PH value of water and density of ions such 
as Cl-,SO4

2-,CO3
2-, HCO3

-,OH-,Ca2+, Mg2+, Ka+, Ka+,etc.,the judgement is made. 
Test date of each ingredient contant of the sample water extracted in the two springings is listed 

on Table 1. it can be condluded as follows: the contant of SO42- is less than 100 mg / L, meaning that 
environmental water causes no crystalline corrosion problems for concrete; the maximum densities of 
Mg2 + and Cl-+ are 2.8 mg / L and 22.55 mg / L, for the concrete, the crystallization-decomposition 
composite corrosion caused by environmental water will not occur; but the PH value of water is 
essentially larger than 6 and the density of HCO3- is approximately 50 mg/L. environmental water 
therefore will act decomposition corrosion on the concrete, but the corrosion is not heavy. 

 
ions Cl- SO4

2- CO3
2- HCO3

- Ca2+ Mg2+ Ka+ Na+ Ph value

upstream 5.35 17.2 0 50.8 2.1 2.8 4.0 9.6 7.54 
results 

downstream 5.05 17.1 0 50.2 2.0 2.7 3.9 9.3 7.14 
 

Table 1:Water sample composition analysis (Unit: mg/L) 
 

3 BRIDGE CONDITION ASSESSMENT 

3.1 Assessment according to city bridge technical specification(CJJ 99-2003) 

CJJ 99-2003 uses layer weighted method to achieve assessments of superstructure, substructure and 
deck system. Based on the assessments, the integrated score of bridge condition (BCI) is determined, 
which is divided into five levels and listed in Table 2. 

 

BCI BCI≥90 90>BCI≥80 80>BCI≥66 66>BCI≥50
BCI< 

50 

levels A B C D E 
 

Table 2:Intact status assessment standard（CJJ 99-2003）  for bridge  
 

Apply the survey results in Chapter 2 to evaluate condition indexes defined by CJJ 99-2003 of the 
superstructure, the substructure and the deck system which includes deck pavement, the bridgehead 
system, expansion joints, drainage system, sidewalks and guardrails; the superstructure consists of 
the main arch ring and transverse connections; the substructure consist of abutment capping beams, 
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piers and abutments, supports, wing walls and foundations. Table 6 shows assessment results of the 
bridge comprehensive status. Computational method for each segment of the assessment is listed in 
CJJ 99-2003[3], Grading levels and score-losing conditions are described in Appendix D. 

 

assessment factor weight condition index 

superstructure 0.40 sBCI  56.91 

deck system 0.15 mBCI  63.53 

substructure 0.45 xBCI  62.75 

Condition index for bridge (∑) 60.53 BCI

 
Table 3 Weight of each assessment factor and comprehensive evaluation result  

 
The comparison between Table 2 and Table 3 shows that the bridge intact condition at current 

stage rank Level D, it means the bridge is under substandard condition and need to be repaired. 
During the assessment, the deck system and the substructure of concrete filled steel tubular arch 

bridge reflect better at provisions of CJJ 99-2003 and score-losing conditions on Appendix D. But when 
it comes to the superstructure, there are the following shortcomings: 

(1) Component weight of superstructure of CJJ 99-2003 (Table 4.5.5-2) has listed bridge types of 
girder bridge, suspended cantilever beam, truss bridge, arch bridge, rigid frame bridges. the arch 
bridge of CJJ 99-2003 consists of main arch ring (truss) and transverse connection, apparently applies 
only to the traditional arch bridge deck to the arch filler-based boom in the modern arch, columns, 
beams of the Department of bridge Road, stringers and deck slabthese important components, CJJ 
99-2003 did not give the weight coefficients. 

(2)in the Grading table and score-losing table of Appendix D of CJJ 99-2003, the superstructure 
includes only steel structures, PC or RC beam components, transverse connections, and anti-fall 
beam device four to the lack of arch structure content, nor the content of the composite structure. 
CFST Arch Bridge Find the correspondence, the assessment would have a different understanding, 
and CFST arch bridge in the special issues, such as the main arch of steel and concrete debonding 
problem, not reflected. In this paper, the assessment when applied to the contents of the steel 
structures. 

 
3.2 Assessment made by《Technical code of maintenance for highway bridge an culvert》（JTG 
H11-2004） 

Comprehensive evaluation methods are taken by JTG H11-2004 to consider the weights of every part 
in the bridges. Firstly, based on factors such as the degree of defect (size, how much, weight) and the 
function of use of the structure as the defects arising, using the cumulative score method to assess the 
state of defect of every part, then conclude the grade of assessment of bridge comprehensively (as 
Table 4). 
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88rD ≥  88 60rD> ≥  60 40rD> ≥ 40 rD>  

1st type 2nd type 3rd type 
4th,5th 

type 
Table 4 Grade assessment standard（JTG H11-2004） for bridge  

 
Note: Dr——bridge structure technical condition assessment scores. 
Based on test result in section 2, make technical assessment of the bridge, showed as table 5. Rib, 

boom, column and beam are the main bearing assessment components, there are more serious 
defects in the components such as rib and beam, and corroded and exposed tendons phenomenon  
arisen in the steel pipe arch and concrete arch that has a greater impact on the using function of the 
structure, but the trend is slow; and the crack phenomenon was arisen in the beam, which dose not 
exceed the specification limit, and there is small impact on the mechanical properties of the structure, 
so the comprehensive assessment scale is Level 2. The upper part of the general load-bearing 
assessment components include deck and cross struts, the disease defect of deck is more serious, 
which has a greater impact on the using function of structure, but the trend is slow; and the defect 
grade of cross struts is low, so the comprehensive assessment scale is 4. The specific assessment of 
the calculation methods showed in the JTG H11-2004[4], of which the technical condition assessment 
standards is showed as the weights of every component table in the JTG H11-2004[4], Table (3.5.2-3). 

Compared the Table 3 and Table 4, conclusion made is that the bridge is a 3rd type bridge, and 
belonged to the “worse” bridge, so the bridge needed moderate repair and appropriate traffic control. 

 

components name weight(Wi)
assessment 
scale (Ri) 

corresponding 
components in
CJJ 99-2003

1 wing wall 1 0 
2 slope protection 1 0 
3 abutment and foundation 23 3 
4 pier and foundation 24 4 
5 subgrade scouring 8 0 
6 support 3 3 

substructure

7 main load-bearing component of superstrcture 20 2 

8 
general load-bearing component of 

superstructure 
5 4 

superstructure

9 bridge flooring 1 4 
10 connection of bridge head and embankment 3 3 
11 expansion joint 3 4 
12 sidewalk 1 4 
13 railing 1 1 
14 lamp and sign 1 1 
15 drainer 1 1 
16 regulating structure 3 0 
17 others（crash avoidance facility） 1 1 

 
deck system

 
deck system
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5/100 iir WRD Σ−=  46.6 
 

 
Table 5 Weight factors for each component and result of the bridge by JTG H11-2004 

 
Similar to CJJ 99-2003, JTG H11-2004 lacks the target in the superstructure of the CFST arch 

bridge: 
the weights of every component table in the JTG H11-2004, the superstructure only includes 

“brick, stone, concrete superstructure” and “steel structure”, lacking the contents steel-concrete 
composite structure, the arch bridge included in the former is only the stone arch bridge, no other types 
arch bridge constructed with other material. 

For the CFST arch bridge, the superstructure is divided into rib ,boom, columns, tied, stringers, 
beams, horizontal linkages and bridge panels and other components, these components which 
belongs to the main load-bearing components, which belongs to the general bearing members, the 
weights and the assessment standards of each component is no clear in the existing standards. For 
the CFST arch bridge, lacking target is existing. In this article, the main arch rib and boom are defined 
as the main load-bearing component, and the deck beams, deck slab, columns are defined as the 
general bearing members. 

 
3.3 comprisons of test results of JTG H11-2004 and CJJ 99-2003 

The assessment results according to the two specifications are similar; the bridge is in need of 
moderate repair. Comparison towards assessment contents of the two specifications are as followings.  

The components listed in table 5 are divided into superstructure, deck system, substructure (as 
the last row). According to CJJ 99-2003, The assessment standard In JTG H11-2004 is the defect 
degree, the Ri the worst state of structure is 5, 5 minus Ri in Table 5, then multiply it by the weight 
coefficient to conclude the intact value A of the three main parts; multiply the weights of each 
component and the worst state (that is 5) to conclude the gross defect B. the ratio of the two divided 
(A/B) is intact rate. The average of intact rate of the three parts is the assessment result of the bridge. 
After comparing, calculate the weight coefficients of superstructure, deck system and substructure, 
and assessing the bridge according to the condition index and calculation measure in CJJ 99-2003, 
the result is showed in Table 6. Through comparing, it can be concluded that the condition index in 
JTG H11-2004 is generally lower than the corresponding value in CJJ 99-2003 showed in Table 3. 

 

assessment factor 
intact 
value  

(A) 

gross 
defect 

(B) 

condition index ％

(C= A/B) 
100/iWΣ  

superstructure 65 125 52.00 0.25 
deck system 32 75 42.67 0.15 
substructure 126 280 45.00 0.60 

∑= ir CD
3
1

 46.6  

 
Table 6 Condition index and assessment factor of the bridge by JTG H11-2004   

 
simultaneously，the last row of Table 6 list the ratios of each weight in Table and the total weight 
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of the bridge, compare them with weights in Table 3, the weight of substructure in JTG H11-2004 is 
0.60, obviously larger than 0.45 in CJJ 99-2003, degradation degree of substructure influence much 
on bridge condition assessment while that of superstructure influence little. Since the special of a 
CFST arch bridge lies in its superstructure, though the assessment results evaluated by the two 
specifications are similar, more bridges need to be investigated and analyzed to considerate the 
consistency of the assessment results carried out by the two specifications 

 
4. CONCLUSION 

By detecting the technical status of a CFST arch bridge and making assessments according to 
《Technical code of maintenance for city bridge》(CJJ 99-2003) and《Technical code of maintenance 
for highway bridge an culvert》（JTG H11-2004）, the bridge is Grade D and the third type bridge, the 
current situation of the bridge is relatively bad and need to be repaired or overhauled. 

While assessing the technical status of a CFST arch bridge according to the two specifications, it 
can be inferred that the explicabilities of deck system and substructure are excellent, but there are not 
targeted on the superstructure, it is urgent to make a suitable measure to assess the state of 
technology CFST arch bridge. 

It is overall consistent to assess a bridge with the two specifications, but the conclusion is based 
on the lack-targeted content of the superstructure. There are some differences between the condition 
index and weights of the three major components, assessing the state of technology of according to 
the two specifications. The consistency test of the two specifications remains more verification of the 
bridge cases. 
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