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บทคดัยอ่ 

 สะพานอนุรกัษ์พจิารณาจากอายุการใชง้านมากกว่า 75 ปี โดยในพืน้กรุงเทพฯ มสีะพานเหล่านี้มากกว่า 10 แห่งซึง่
ถือเป็นความส าคญัในการอนุรกัษ์เชิงสถาปตัยกรรมอกีทัง้ยงัคงเปิดใช้งานในปจัจุบนั ทัง้น้ีมาตรฐานการออกแบบ
สะพานเก่าเหล่านี้ไม่เพยีงพอต่อการอา้งองิดา้นความแขง็แรงของโครงสรา้งจงึจ าเป็นต้องไดร้บัการตรวจสอบดา้นก าลงั
ทัง้เชงิการทดสอบ และการวเิคราะห์เพื่อปรบัปรุงก าลงัรบัน ้าหนักบรรทุกให้สามารถใช้งานไดอ้ย่างปลอดภยัในภาวะ
ปจัจุบนั งานวจิยันี้น าเสนอกระบวนการตรวจสอบสภาพและประเมนิก าลงัการรบัน ้าหนักของสะพานอนุรกัษ์อา้งองิตาม
มาตรฐานปจัจุบนั โดยระเบยีบวธิกีารที่น าเสนอไดล้ าดบัแยกย่อยในกระบวนการวธิกีารตรวจสอบซึ่งครอบคลุมการ
ตรวจสอบโครงสรา้งสะพานอนุรกัษ์ ในทัง้การทดสอบวสัดุเชงิกายภาพ การทดสอบเชงิสถติยแ์ละพลศาสตร ์การสรา้ง
แบบจ าลองเชงิคณิตศาสตร ์และการประเมนิสภาวะการรบัน ้าหนักของสะพาน ผลทีไ่ดส้ามรถน าไปเป็นแนวทางปฏบิตัิ
เพื่อประเมินโครงสร้างสะพานเก่าภายใต้สภาวะการใช้งานปจัจุบนั ทัง้น้ีกระท าการตรวจสอบสามารถท าได้ในเชิง
กายภาพและเชงิตวัเลขไปพรอ้มกนั การประเมนิทีไ่ดส้ามารถระบุถงึความสามารถในการรบัก าลงั ซึง่หากไม่เขา้เกณฑท์ี่
ก าหนดสะพานอนุรกัษ์นัน้ ๆ จะถูกเสรมิก าลงัเพื่อใหส้ามารถรบัน ้าหนกัใชง้านปจัจุบนัไดอ้ย่างปลอดภยั  
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Abstract 

 In the Bangkok zone, historical bridges, defined as bridges built more than 75-year old, are observed more 
than 10 bridges. These bridges are valuable in both architecture and existing-traveling purposes. With the old 
design practice, the strength of the historical bridge might not be safe and sufficient for carrying the current 
traffic loads. Therefore, an inspection and strength evaluation of the historical bridges shall be standardized. 
This paper provides procedures for structural adequacy assessment of historical bridges in Bangkok zone, 
which consists of a combination of physical inspections, static and dynamic load tests, a nonlinear analysis, 
and a method for condition load rating. A guideline of techniques for inspection of long serviced bridges under 
the present service condition is also provided. In addition, physical inspection and numerical analysis are 
carried out in parallel to obtain a specification for strengthening the historical bridges in order to gain an 
operational load rating.  
 
Keywords: Bridge Inspections, Nonlinear Analysis of Structures, Geotechnical Analysis of Bridges,  
     Bridge Load Rating 
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1. Introduction
Bridges are very important for the city’s 

infrastructure since the ancient time, making 
transportations possible across the river for trading, 
commence and military purposes. For some special 
occasions, bridges were built for royal celebrations or 
memorials. These bridges related to the historical 
events, marking the civilization of the country.  

In the history of Siam which in the present day is 
Thailand. At the time of founding the capital of Siam, 
well-known to foreigners as “Bangkok”, most of the 
Siamese population lived by canals and the 
Chaopraya River. The canals are connected as the 
network throughout inner Bangkok. Because of the 
waterways and the canal networks, Bangkok was also 
known as “Venice of the east”.  

 
Fig. 1 A historical bridge in the present service load 

During the King Rama V’s reign (H.M. the King 
Chulalongkorn of Siam), buildings such as 
government offices and bridges were greatly 
influenced by western architectures. Many historical or 
memorial bridges built in the western style are still 
being used as road bridges for Bangkok’s traffic 
today.  

Up to the present, the historical bridges from the 
King Rama V’s era are still in service for the traffic 
transportation and become the city’s landmarks 
around the Bangkok. In term of historical bridges 

herein, therefore, focus on the bridge built more than 
75-year old.  

Since these old bridges have been in service for 
road traffic for a very long time, the requirement for 
rehabilitation is concerned. The objectives of the 
rehabilitation include: (1) to maintain the bridges 
capacity for current traffic loading, (2) to ensure that 
the city’s historical and architectural landmarks still 
remarkable for tourists, and (3) to stage royal 
ceremonies. 
 Figure 2 summarizes three key factors for 
evaluating the historical bridges including 
Architectural, Material Testing, and Structural and 
Geotechnical Analysis. These can be done by 
physical inspection, load test simulations (truck 
loading), and numerical analysis of Super- and Sub-
structure.   

   

 
Fig. 2 Evaluation procedure outline 

 
2. Material Testing 

Existing properties of historical bridges are 
required for strength evaluation. This can be done 
by six standard procedures listed in Table 1. 
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 Table 1 Lists of material testing methods 
Ferro Scan Method  
(ASTM A615) [1] 

 

 

Ferro scan is used for examining the 
location of reinforcing steel bars and their 
sizes. This data is used for the reinforced 
concrete section capacity evaluation and 
determining reinforcing steel bar layout in 
the member. 

Schmidt Hammer Test   
(ASTM C805) [2]  

 

 

Schmidt hammer test is a non-destructive 
test used for inspecting the concrete 
compressive strength.  
 
 

Core sampling Test   
(ASTM C42) [3] 

 

Core sampling is used for evaluating the 
existing concrete compressive strength. 
This process will be required if the 
strength observed by Schmidt hammer 
varies in many cases  

Hardness Test 
(ASTM A956-12) [4] 

 

 

Hardness test is used for evaluating the 
existing yield strength of the reinforcing 
steel bars.   

Carbonation and   
Chloride Test 
(ASTM C876-09), 
(ASTM C1152) [5, 6] 

 

Carbonation and Chloride test is for 
evaluating the existing carbonation of the 
concrete structure and concrete members’ 
degradation due to chemical reactions. 

Half Cell Potential Test 
ASTM C876-91(1999) 
[7] 

 

Half Cell Potential is used for examining 
degradation due to corrosion of the 
reinforcing steel bars inside concrete 
members  
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3. Static and Dynamics Load Test  
The material testing listed in the previous section 

is used for materials characterization and finding the 
materials’ properties in order to create the numerical 
simulation. The physical measurements data are used 
as data for the boundary conditions of the bridges’ 
numerical model and also as for validation of the 
model. The measurement devices are shown in Fig. 
3, which consist of data logger and data acquisition 
system.  

 

 
Fig. 3 Sets of data logger and data 

             acquisition system 

Figure 4 shows a schematic for equipment set up 
to determine dynamic response to the superstructure 
including strain gage, displacement transducer, 
accelerometer and tilt meter. The sampling rate of the 
measuring devices is above 100-data points per 

second and the measurements are made at more 
than 20 locations on each bridge.  

 
Fig. 4 Schematic for typical bridge load test of  

    superstructure: strain gage, displacement 
transducer, accelerometer and tilt meter 

Prior to the strengthening process, the load 
carrying capacity of the historical bridges are 
evaluated both in static and dynamic load tests The 
equivalent static load test is carried out by moving 
truck loads across the bridge at certain points of 1/4, 
1/2 and 3/4 of the span length. The dynamic load 
test, in the other hand, carried out by a single truck 
load ran across the bridge with speed rating of 5, 20 
and 40 km/hr.   

The schematic describing the truck load test both 
static and dynamic process is shown in Fig.5. The 
load pattern depends on number of lane and a width 
of the bridge. 

  

   
Fig. 5 the schematic diagram of truck load pattern, the equipment test set up, and lane load in FEA model
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The data collected from field tests (bridge 
section and physical inspection) and material 
testing is implemented as input information for finite 
element modelling. The results obtained from the 
finite element simulations are then employed for 
the determination of the required strengthening 
process. Figure 6 shows a diagram describing the 
aforementioned flowing of data. 

 

Physical 
Inspection

Material 
Testing

Bridge 
Section

Geotechnical 
Simulation

Structural 
Simulation

Strengthening 
Determination

 

Fig. 6 A flow diagram of information required for 
   strengthening determination 

One of important data obtained from the dynamic 
load test is the dynamic amplification factor or known 

as “DAF” [9]. This parameter is comparable to static 
parameter in the term of an impact factor. The 
parameter plays a crucial role in the inventory and 
operating rating factor [10, 11] which can be obtained 
by using Peak Picking Method, Fast Fourier 
Transform Analysis, Power Spectral Density Analysis, 
Cross-Spectral Density Analysis and ARMA Time 
Series Method (PP, FFT, PSD, CSD and AR) [9]  
respectively. 

     For the static load test, the key measurements 
are the strain and displacement under the equivalent 
static loading. The key measurements for the 
dynamic load test, however, require additional 
parameters: structural responses (acceleration, 
natural frequency, damping and dynamic response) 
under the dynamic moving load and the dynamic 
properties (dynamic amplification factor). Figure 7 
displays the method for evaluating the static and 
dynamic responses and the required parameters.   

 

 
Fig. 7 The method for evaluating the static and dynamic response and parameters 

 

4. Structural Engineering Simulation and 
Evaluation 

    After obtaining the preliminary data from the 
previous session, physical and material testing data 
are evaluated for assessment of the bridge’s current 

condition. In this part, these parameters are input into 
the numerical model and finally provided the results in 
term of the load rating factor referring to the AASHTO 
HS20-44 method [10, 11]. A three-dimension 
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structural finite element model [8] is employed for the 
numerical simulation.  

The structural engineering simulation is 
summarized in Fig 8. The response of the structure 
according to the internal resisting forces such as 
moment and shear forces can be obtained from the 
simulation. The bridge condition is to be determined 
in terms of the inventory and operating rating factor. 
The inventory rating factor is related to load, including 
loads in multiple lanes that can safely utilize the 
bridge for an indefinite period of time. On the other 
hand, the operating rating factor is related to the 
maximum permissible live load that can be placed on 
the bridge.  

 
 

Fig. 8 Structural engineering simulation using Finite  
     Element Method 

The equation of inventory and operating rating 
presents in Eqn. (1) and Eqn. (2) respectively as 
written in the following: 

inv
1.3

2.17 (1 )
UC DL

LL

R R
RF

R I



     (1) 

opr
1.3

1.3 (1 )
UC DL

LL

R R
RF

R I



      (2) 

Where: 
invRF  Inventory Rating Factor 
oprRF  Operation Rating Factor 

UCR    Ultimate capacity of the member 
DLR    Dead load effect on the member 
LLR    Live load effect on the member 

   I      Impact Factor 
In the case of the parameter of Dynamic 

Amplification Factor (DAF) which is obtained from 
the previous session, it depends on the impcact 
factor (I) in Eqn. (3) as follows 

1I DAF           (3) 
The inventory and operating rating factor are 

determined for structural strengthening evaluation 
purposes. 

 
5. Geotechnical Engineering Simulation and 

Evaluation 
Another important factor of the bridge capacity 

evaluation is the geotechnical engineering criterion. 
For the geotechnical simulation, the procedure is 
similar to that of structural ones. Instead of data 
collecting from superstructure, the simulations require 
data obtaining from substructure. To simulate the 
behavior of the bridge pier, the displacement data at 
the pier or abutment due to Thai Truck 25 tons 
(TH25) is required. This can be done by monitoring 
data from displacement transducer and strain gage 
placed at the pier as shown in Fig. 9.  

 

 
Fig. 9 Typical set-up of the strain gauge and the 

          displacement transducer and at the pier 
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Additional information to be input into the 
numerical model is the size of the reinforced concrete 
piles of the pier. The size of the pile can be obtained 
using the parallel seismic test data of each pile which 
their dimensions can then be determined. The internal 
resistance parameters obtained using the parameters 
listed in Table 2 can use for simulating the bridge pier 

response and is to be compared with the actual 
measured capacity. This simulation evaluates the limit 
loading of the pier capacity. The Elasto-Plastic 
response of Mohr-Coulomb’s failure criterion [12, 13] 
is employed in the finite element simulation with the 
nonlinear analysis. These procedures are 
summarized in Fig.11 and Fig. 12. 

 
Table 2 The preliminary determination data for soil layers and their parameters of the elasto-plastic Mohr-  

Coulomb’s failure criterion [12, 13] of the soil element 

 
 

 
Fig. 11 Simulation of the bridge’s pier and displacement response under Thai Truck 25 tons (TH25) 
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Fig. 12 Elasto-Plastic analysis of the reinforced concrete pile capacity 

6. Concluding Remarks 
This paper presents guideline procedures needed 

for evaluating the strength of the historical bridges 
under current loading resistant condition. The 
appropriate procedures comprise material testing, 
physical field tests, assessment evaluation using load 
rating method, and numerical simulation of both 
super- and sub-structure as analyzed with structural 
and geotechnical Finite Element Method. The data 
and analyses obtained from the presented procedures 
are also to be used as information for the 
consideration of an appropriate structural 
strengthening process [14-17] with typical steel and 
concrete techniques or utilizing Fiber Reinforced 
Polymer (FRP). The latter case has technique used 
for historical bridges presented in reference [18].  
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