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The main objective of this paper was to investigate the effect of material uncertainties on dynamic
response of segmental box girder bridge subjected to a moving load, in this case a rapid passing trains.
Literatures concerned with the design of segmental box girder bridge, the application of finite element
analysis to model the segmental box girder bridge, and the minimum requirement for structural conditions
of the bridge were described and discussed in detail. A series of finite element analysis was carried out using
SAP2000 Nonlinear software. The effect was investigated by varying the Modulus of Elasticity by 5%, 10%
and 15%. The results were then compared with the case of assumed uniform property which had already
been checked for model accuracy using the Standard prEN 1991-2.

The results showed that, for the uniform case, the dynamic responses of the bridge gave the highest
response at the resonance speed. When considering the non-uniform material properties (non-uniform case),
the  effect  of  material  uncertainties  appeared  to  have  an  effect  on  both  displacement  and  acceleration
responses. Nonetheless, the dynamic factor provided in the design code was sufficient for designing the
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segmental box girder bridge with either uniform or non-uniform material properties for the train speeds
considered in this study.
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material uncertainties

∫∑§—¥¬àÕ

 ÿ™“µ‘  ≈‘Ë¡°µ—≠êŸ
 1
 ·≈– °‘µµ‘»—°¥‘Ï ¢—πµ‘¬«‘™—¬

 2

º≈°√–∑∫¢Õß§«“¡‰¡à·πàπÕπ¢Õß§ÿ≥ ¡∫—µ‘¢Õß§Õπ°√’µµàÕ°“√µÕ∫ πÕß

∑“ßæ≈»“ µ√å¢Õß –æ“π ·∫∫ Segmental Box Girder

«.  ß¢≈“π§√‘π∑√å «∑∑.  2550 29(6) : 1537-1550

®ÿ¥ª√– ß§åÀ≈—°¢Õßß“π«‘®—¬‡æ◊ËÕ»÷°…“º≈°√–∑∫¢Õß§«“¡‰¡à·πàπÕπ¢Õß§ÿ≥ ¡∫—µ‘¢Õß§Õπ°√’µµàÕ°“√µÕ∫

 πÕß∑“ßæ≈»“ µ√å¢Õß –æ“π·∫∫ segmental box girder ¿“¬„µâ·√ß·∫∫‡§≈◊ËÕπ‰À« (Moving load) Õ—π‡π◊ËÕß¡“

®“°¢∫«π√∂‰ø∑’Ë«‘Ëß¥â«¬§«“¡‡√Á« Ÿß ‚¥¬„π∫∑§«“¡®–ª√–°Õ∫¥â«¬∑ƒ…Æ’∑’Ë‡°’Ë¬«¢âÕß°—∫À≈—°°“√ÕÕ°·∫∫ –æ“π

·∫∫ segmental box girder  ‡∑§π‘§°“√®”≈Õß –æ“π·∫∫ segmental box girder ‚¥¬„™â√–‡∫’¬∫«‘∏’‡™‘ßµ—«‡≈¢

(finite element method) ·≈–À≈—°‡°≥±å°“√µ√«® Õ∫‚§√ß √â“ß –æ“π™π‘¥π’È ‚¥¬°“√»÷°…“„π§√—Èßπ’È‰¥â„™â‚ª√·°√¡

SAP2000 Nonlinear  º≈°√–∑∫¢Õß§«“¡‰¡à·πàπÕπ¢Õß§ÿ≥ ¡∫—µ‘¢Õß§Õπ°√’µ®–∂Ÿ°»÷°…“‚¥¬„™â°“√·ª√º—π¢Õß

§à“‚¡¥Ÿ≈— ¬◊¥À¬ÿàπ¢Õß§Õπ°√’µ∑’Ë 5  10 ·≈– 15% µ“¡≈”¥—∫

º≈°“√»÷°…“· ¥ß„Àâ∑√“∫«à“„π°√≥’∑’Ë§ÿ≥ ¡∫—µ‘¢Õß§Õπ°√’µ ¡Ë”‡ ¡Õ °“√µÕ∫ πÕß¢Õß –æ“π (§à“°“√

·Õàπµ—« ·≈–§à“§«“¡‡√àß) ¡’§à“∑’Ë Ÿß∑’Ë ÿ¥‡¡◊ËÕ§«“¡‡√Á«¢Õß√∂‰ø‡∑à“°—∫§«“¡‡√Á««‘°ƒµ‘  ”À√—∫°√≥’∑’Ëæ‘®“√≥“∂÷ß§«“¡

‰¡à ¡Ë”‡ ¡Õ¢Õß§ÿ≥ ¡∫—µ‘¢Õß§Õπ°√’µæ∫«à“¡’º≈µàÕ°“√µÕ∫ πÕß∑—Èß§à“°“√·Õàπµ—«·≈–§à“§«“¡‡√àß  ·µàÕ¬à“ß‰√

°Áµ“¡ §à“µ—«§Ÿ≥æ≈»“ µ√å∑’Ë°”Àπ¥„π¢âÕ°”Àπ¥°“√ÕÕ°·∫∫‚§√ß √â“ß –æ“π·∫∫ segmental box girder π—Èπ

 “¡“√∂§√Õ∫§≈ÿ¡∂÷ßº≈¢Õß·√ß°√–∑”·∫∫æ≈»“ µ√å ·≈–§«“¡‰¡à·πàπÕπ¢Õß§ÿ≥ ¡∫—µ‘¢Õß§Õπ°√’µ

1
¿“§«‘™“«‘»«°√√¡‚¬∏“ §≥–«‘»«°√√¡»“ µ√å ¡À“«‘∑¬“≈—¬ ß¢≈“π§√‘π∑√å Õ”‡¿ÕÀ“¥„À≠à ®—ßÀ«—¥ ß¢≈“ 90112 

2
¿“§«‘™“

«‘»«°√√¡‚¬∏“ §≥–«‘»«°√√¡»“ µ√å ¡À“«‘∑¬“≈—¬Õÿ∫≈√“™∏“π’ Õ”‡¿Õ«“√‘π™”√“∫ ®—ßÀ«—¥Õÿ∫≈√“™∏“π’ 34190

For thousands of years, human has used
bridges to cross any obstructions from traveling
(e.g. river, road). Several types of bridges have
been used and various types of bridge construct-
ion techniques have been created (Xanthakos,
1994). Novel and innovative construction tech-
niques,  however,  are  still  needed.  External-pre-
stressed precast-concrete segmental hollow box-
girder bridge is one of the major developments in
bridge construction techniques over the last few
years.  This  development  was  due  to  the  high
demands on economical design, high durability,
and  fast  and  versatile  construction.  The  great
advantage  of  this  construction  technique  has
rendered  them  the  more  desirable  structures  for

many large elevated highways and railway bridges,
especially in Southeast Asia region. As opposed to
classical monolithic structures, a segmental bridge
consists  of  "small"  pieces  stressed  together  by
external tendons as shown in Figure 1.

With regards to railway bridges, one of the
main  design  issues  is  related  to  the  dynamic
(moving) loadings, for which basic solutions were
described by Timoshenko, Young, and Weaver
(1974), and fully discussed by Fryba (1972, 1996).
Most engineering design codes for railway bridges
have followed the approach using the dynamic
amplification factor proposed in UIC (1979), FS
(1997), IAPF (2001), and prEN 1991-2 (2002). This
approach takes into account the dynamic effects
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Table 4. Comparison of the distribution of displacement response due to different variation of
material properties.

Train Variation Min. Mean Max. Different between Different between
Speed of material Displacement Displacement Displacement   Min. and Mean Mean and Max.
(kph) property (m) (m) (m) response (%) (%)

100 Uniform - 0.004529 - - -
5% 0.004413 0.004515 0.004604 2.26 1.93
10% 0.004344 0.004519 0.004705 3.87 3.95
15% 0.004316 0.004542 0.004840 4.98 6.16

150 Uniform - 0.004823 - - -
5% 0.004506 0.004787 0.005083 5.87 5.82
10% 0.004301 0.004813 0.005439 10.68 11.52
15% 0.004299 0.004817 0.005444 10.71 11.52

Table 5. Comparison of the distribution of acceleration response due to different variation of
material properties.

Train Variation Min. Mean Max. Different between Different between
Speed of material Acceleration Acceleration Acceleration   Min. and Mean Mean and Max.
(kph) property (m/s2) (m/s2) (m/s2) response (%) (%)

100 Uniform - 0.7098 - - -
5% 0.6788 0.7139 0.7418 4.92 3.76
10% 0.6555 0.7122 0.7658 7.96 7.00
15% 0.6301 0.7108 0.7891 11.35 9.92

150 Uniform - 0.7214 - - -
5% 0.6582 0.7144 0.7614 7.87 6.17
10% 0.6054 0.7172 0.8111 15.62 11.58
15% 0.6052 0.7176 0.8116 15.64 11.58

effects of dynamic loads and material uncertain-
ties on the responses of the segmental box girder
bridge  are  also  sufficient  for  the  acceleration
response.

Conclusions

This paper presented the effect of material
uncertainties of concrete on the dynamic response
of segmental box girder bridge using the finite
element  software  SAP2000  Nonlinear.  The
analyses  deal  with  the  material  properties,  i.e.
uniform material properties (uniform case) and
non-uniform material properties (non-uniform case)

of the bridge. For the uniform case, the dynamic
responses of the bridge gave the highest response
at the resonance speed (V=174 km/hr) because of
the resonance phenomena. When considering the
non-uniform  material  properties  (non-uniform
case), the effect of material uncertainties appears
to  have  an  effect  on  both  displacement  and
acceleration  response.  There  is  an  important
evidence from this study that the dynamic factor
provided  in  the  design  code  is  sufficient  for
designing  the  segmental  box  girder  bridge
containing either uniform or non-uniform material
properties for the train speeds considered in this
study.
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